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SUMMARY

This is the second of two volumes devoted to a computer program
for'predicting the performance of an annular combustor, [t is intended
to form a self-contained operating manual allowing the program to be

operated without reference to Volume |,



INTRODUCTI1ON

In this volume the computer program, which incorporates the

methods discussed in Volume }, is described and presented.

Arrangement of Report

First, there is a brief description of each of the subroutines,
and the complete set of flow charts is presented. Then thé procedures for
setting up the program input are described, and samples of input data--
for library data and for the overall test case described {n Volume | - are
shown. The output format is illustrated by the computer printout for the ,

same test case.

The Fortran listing of the program, a compilation of program

messages, and a guide to the Fortran nomenclature, are presentec as appendices.

A copy of the program can be obtained by anyone
interested in using it by writing to Mr. Jack S.Grobman,
NASA-Lewis Research Center, 21000 Brookpark Road,
Cleveland, Ohio 44135.



PROGRAM DESCRIPTION

This section shows how the calculation methods described in
Volume | are fitted fnto the program.

As explained in Volume |, the program consists of four
“independent subprograms; each of which contains a family of subroutines.
A brief discussion of the purpose and~content of each subroutine is
given here, together with a set of floﬁlcharts. Numerical techniques

used in the program are also discussed. A complete Fortran listing of
the program is given in Appendix IV, and the Fortran nomenclature is

defined in Appendix VI.

Control Subprogram

The control subprogram sets up starting values for the whole
calculation. The action taken depends on the values of the indices
NCASE and INPUT. NCASé is the number of cases to be considered in the
run; if NCASE > 1 the control subprogram prepares starting values for
the second case at the conclusion of the first. INPUT indicates which
variables are to be_altered from one case to the next.

If NCASE. = 0, the input data are read in and written out,
but none of the main calﬁulations are carried out.

The main program and subroutines will now be described in

turn.

Program CLARE

This is the main program. it calls subroutines INPUTI and
INPUT2 and the control subroutines for each of the subprograms. The

flow chart is shown on Figure 1,



Subroutine INPUTI

In this subroutine, all run data (i.e. data that do not change
from one case to the next) are read in. Units are converted where
necessary, subroutine TAPE is called tc obtain the data required from
the library tape, and subroutine GEOM i§ vaiiad to set up geometric
parameters raquireé later in tne pragram,»the data are then written
out in a convenient format. INPUTI is aiily callad once in each run,
at the beginning of the first case.

The flow chart for subroutine INPUT] is shown on Figure 2.

Subroutine INPUT2

This subroutine is called by CLARE at the beginning of each
case of a run. It reads in the case data (i.e. the data that alter
from one case of a run to the next) and writes them out.

The flow chart for Subroutine INPUT2 is shown on Figure 3.

Subroutine TAPE

Subroutine TAPE selects from the library tape the data that
are required for use in the program. The library tape is designated
KTAPE in the program, and Subroutine TAPE is the only subroutine that
refers to-it.

The discharge-coefficient and initial-jet-angle data are
taken from the library tape as follows. The first set of hole data
is read into core storage. Then the set of indices denoting hole
types in the flame tube is searched to see whether hole type "1'" is-

required. |f so, these data are preserved in core storage; otherwise,



the data are overwritten by the set of data for the next hole type on the
library tape. In this way, a '"short list! of data for the hole types
that are to be used in the combustor is assembled.

The generalized empirical diffuser data and the flame~
emissivity data are treated in a similar way. The flow chart is

given on Figure 4.

Subroutine GEOM

This subroutine calculates various geometric quantities, such
as reference area, total hole areas, and cross-sectional areas, that are
of interest or required elsewhere in the program. It also fixes the
axial locstions of the calculation points as follows:

1. One calculation point for each axial position at which

holes are located. There may be more than one row of
holes at a given axial position; the calculation point for
all these hole rows is located at the upstream edge of the
holes in the first row specified on the input data.

2. Calculation points at specified intervals downstream of

all cooling slots (up to a maximum of five per cooling
slot).

3. Calculation points as specified in the input. (These are

specified as rows of holes with hole type zero).

L., A calculation point at the very end of the combustor.

Linear or parabolic interpolation is used to provide the
values of quantities that are required at each calculation point. (Input
quantities are provided at each geometric input point or at each hole-row

centerline).



The flow chart for subroutine GEOM is shown on Figure 5.

Subroutine BLOCKDATA

This subroutine consists of a series of data statements
providing recommended starting values for a number of variables, in-

cluding "optional' input quantities.

Diffuser Subprogram

The diffuser subprogram calculates the flow properties in the
diffuser from the compressor outlet to the first calculation point in
each annulus. Subroutine DIfLOW contains the entry points to the diffuser
subprogram, and organizes the internal calculation procedure. The methods
of calculation used are:

1. The streamtube method

2. The empirical-data method

3. The mixing-equation method
The streamtube method is organized in subroutines TUBCTS, TUBSTA, and
TUBSA1, and the analysis is carried out in subroutine TUBFWI, TUBEIN,
TUBANL, and NEWRAD. The empirical-data method is organized in subroutines
EMPTCS and EMPSTA, and the analysis is carried out in EMPANL and PROFL.
The mixing-equation method is contained in subroutine DIFLOW. The diffuser
subprogram also calls subroutines DCUTPT, GASTBL, SLOPE, 11AP1, and INTPLS.

An overall flow chart for the diffuser sdbprogram is shown on
Figure 6. The function of each subroutine will now be discussed in more

detail.



Subroutine DIFLOW

Subroutine DIFLOW has three main functions:

1.

To organize the calculation procedure used in the diffuser
subprogram debending on the input variable NDIFF

To calculate the flow propefties in the two annuli between
the snout and the outer casing if the mixing equation is
being used

To calculate the flow properties beyond Station 2 if

the diffuser does not have a snout

Station numbers for the diffuser are defined on pages 14-16 of Volume 1.

The subroutine has three entry points splitting the program into three

separate parts. The three parts perform the following functions:

The first part organizes the calculation procedure
between Stations 1 and 2. |If the mixing equation is
to be used between Stations 2 and 4, a corrective
term for the curvature of the passages is calculated.
Following Entry DIFLW ;he calculation procedure
between Stations 2 and 4 is organized. |1f the diffuser
does not have a snout} or if the mixing equation is
being used between Stations 2 and 4, the flow
properties at Station 4 are calculated.

The third part, following Entry DIFLW2, calculates
the flow in the diffuser with a given mass=-flow split

using the streamtube method throughout,

A flow chart for subroutihe DIFLOW is shown on Figure 7.



Subroutine TUBLTS

Subroutine TUBCTS is called by DIFLOW if the streamtube method

is to be used between Stations 1 and 2, The subroutine:

1.

Calls subroutine TUBEIN to calculate the inlet static
pressure and the inlet streamtube properties

Calculates the reference velocity, Mach number, and dynamic
head

Sets up an iteration loop calling TUBANL and NEWRAD to
calculate the flow properties and the boundary-layer
characteristics

Calculates the outlet velocity profile and the diffuser
performance

Calls DOUTPT to print out the diffuser performance,

and NEWRAD to print out the boundary-layer

characteristics

A flow chart for subroutine TUBCTS is shown on Figure 8.

Subroutine TUBSTA

Subroutine TUBSTA is called by DIFLOW if the streamtube method

is to be used between Stations 2 and 3. This subroutine is called before

the iteration on the mass flow commences, and its function is to set up

the geometric data in a form that can be used by subroutine TUBSAI.

The flow chart for subroutine TUBSTA is shown on Figure 9.

Subroutine TUBSAI

Subroutine TUBSA1 is called by DIFLOW to perform a streamtube



calculation between Stations 2 and 4. The subroutine is organized as

a large DO loop for the two annular passages, with the following steps:

1.

Call subroutine TUBEIN to calculate the streamtube
properties

Set up an iteration loop calling TUBANL and NEWRAD to
calculate the flow properties and the boundary-layer
characteristics

Calculate the flow properties and diffuser performance
up to Station 3

Calculate flow properties and diffuser performance

up to Station 4, assuming the flow mixes between
Stations 3 and 4

Call DOUTPT to print out the diffuser

performance, and NEWRAD to print out the boundary-

layer characteristics

The flow chart for subroutine TUBSAl is shown on Figure 10.

Subroutine TUBFW]

Subroutine DIFLOW calls TUBFWI during the iteration on the

mass-flow split if the streamtube method is used between Stations 1 and

2. For a given flow split at Station 2, TUBFWI calculates:

I,

2.

The geometric positions of the flow split
The area-mean velocity and weight-mean velocity for the

flow streams into each annulus and the snout

The flow chart for subroutine TUBFWI is shown on Figure 11,
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Subroutine TUBEIN

Subroutine TUBEIN is called by TUBCTS and TUBSAl to calculate
the input quantities for the streamtube calculation. |In TUBEIN the
following calculations are performed;

1. If the static pressure is not given (i.e. 1f TUBEIN is

called by TUBCTS), calculate the static pressure

2. Split the flow into a number of streamtubes and

calculate the total pressure for each streamtube

3. Calculate the flow area for each streamtube when the

flow is accelerated isentropically to Mach |

The flow chart for subroutine TUBEIN is shown on Figure 12,

Subroutine TUBANL

Subroutine TUBANL is called by TUBCTS and TUBSAl, to
calculate:

1. The pressure at each calculation point in the diffuser

2. The velocity and density of the wall streamtubes at

each calculation point

3. The outlet velocity profile
TUBANL calculates the above properties by performing a one-aimensional
analysis for each streamtube, and satisfying the continuity equation
for the section at each calculation point. Its flow chart is shown

on Figure 13.

Subroutine NEWRAD

Subroutine NEWRAD is called by TUBCTS and TUBSAl to perform
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a boundary-layer calculation for each wall of the diffuser.

Subroutine NEWRAD also:

1. Calculates the position of separation, if it occurs

2. Checks the solution for convergence

3. Calculates a new guess for the boundary.layer displace~
ment thickness

L. Following Entry NEWRI, prints out the boundary-layer
properties

The flow chart for subroutine NEWRAD is shown on Figure 14,

Subroutine EMPCTS

Subroutine EMPCTS is called by DIFLOW if the empirical=-
data method is to be used between Stations 1 and 2. The subroutine
is divided into two parts. The first part:

1. Calculates the static pressure at inlet

2. Calculates the reference velocity, Mach number, and

dynamic head

3. Calls EMPANL to calculate the diffuser performance

from empirical data

L. Ccalls FROFL to calculate the outlet velocity

profile

5. Calls DOYTPT to print out the results

The second part following Entry EMPDTI is called during the
iteration on the mass-flow split, io:

1. Call PROFL to calculate the geometric posiiion of the
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flow split
2. Calculate the weight-mean, and area-mean velocities for
the flow. streams into each annulus and the snout

The flow chart for subroutine EMPCTS is shown on Figure 15.

Subroutine EMPSTA
Subroutine EMPSTA is called by DIFLOW to calculate the
diffuser performance between Stations 2 and 3 using empirical data.
The calcuiation is performed in the following steps:
1. Set up a DO loop for the two annular passages
2. Call EMPANL to calculate the diffuser performance
between Stations 2 and 3
3. Call PROFL to calculate the flow properties at
Station 3
L. Calculate the flow properties'at Station 4 assuming
the flow mixes between Stations 3 and 4
5. Call DOUTPT to print out the diffuser
performance

The flow chart for subroutine EMPSTA is shown on Figure 16.

Subroutine EMPANL

Subroutine EMPANL is called by subroutines EMPCTS and EMPSTA
to calculate the diffuser performance from empirical data. EMPANL
calls INTPL8 to perform Langrangian interpolation from a table of
data of diffuser effectiveness at various values of area ratio and a

nondimensional length at a fixed value ot inlet blockage. A correction
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Is made to allow for variations in inlet blockage. The flow chart for

subroutine EMPANL is shown on Figure {7,

Subroutine PROFL

Subroutine PROFL !z called by EMPCTS and EMPSTA and it is in
two parts, The subroutine assumes that the velocity distribution at any
section is glven by a top=hat profile, and the first section calculates
this velocity . The second section, following Entry PROFL1, calculates
for a given flow split:

1. The geometric positions of the flow split

2. The area-mean velocity, and weightemean velocity for the

flow stream into each annulus and the snout

The flow chart for subroutine PROFL Is shown on Figure 18.

Subroutine DOUTPT

DOUTPT is called by ENPCTS, EMPSTA, DIFLOW, TUBCTS, and TUBSAI

to print out the diffuser performance for the various diffusing passages.

Subroutine GASTBL
Subroutine GASTBL is a general subroutine which calculates:
1. The Mach number
2. The ratio of static temperature to stagnation temperature
3. The ratio of static pressure to stagnation pressure
L. The ratio of flow area to flow area for the same mass
flow expanded isentropically to Mach 1
gither of the last two ratios may be given. It is assumed in this
subroutine that the flow behaves as a perfect gas with constant

specific heats; the specific heat ratio, 7:15 taken to be 1.4,
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Subroutine SLOPE

From a tabulated set of variable x against y, subroutine SLOPE

calculates the gradient dy/dx from the equation:

(gx _ 1 (Vi+1'yi N Yi"yi-l)
Il 2 AX X X TNy

Subroutine 1| 1AP1

Subroutine |1AP1 performs parabolic interpolation for a single

tabulated function.

Subroutine INTPL8

Subroutine INTPL8 is used to perform Lagrangian interpolation
from a two-dimensional table of y tabulated against x and z. INTPL8 also

calls upon its own subroutines, UNS, LAGRAN, and DISSER.

Air-Flow Subprcgram

The air-flow subprogram calculates the flow properties in thé
flame tube and annuli from the first calculation point (which corresponds
to the first hole row on the wall, as distinct from the dome) to the end
of the combustor. [t also organizes the mass~flow-split iteration.

The overall flow chart for the air-flow subprogram is shown on

Figure 19. Each subroutine will now be described in turn.

Subroutine AIRFLO

This subroutine controls the air-flow calculation. It carries

out the following operations:

1. An'initial estimate of the mass-flow split is based on the



total hole areas in the dome and on each annulus .
Subroutine DIFLOW is called to obtain initial conditions
on the dome and at the start of each annulus.
From the discharge characteristics of the holes in the
dome, the primary-zone pressure is obtained.
The annulus equations are solved (Subroutine EQUAN) at
each calculation point along the inner annulus to the
secondary holes; then along the outer annulus to the
secondary holes.
Subroutine PRTEMP is called to obtain the primary-zone -
temperature and initial conditions fof the flame-tube
calculations.
At each calculation point from the secondary holes to the
end of the combustor:
a. The annulus equations are solved for the
inner annulus.
b. The annulus equations are solved for the
outer annulus.
c. The flame-tube equations are solved (Sub-
rbutine EQUFT).
{f the air mass flows remaining in the annuli are
of opposite sign, the initial mass-flow split between
the two annuli is adjusted and Steps 2 to 6 are repeated.
If the air mass flows remaining in the annuli are not
approximately zero, the initial mass-flow split between
dome holes and annuli is adjusted and Steps 2 to 7 are

repeated .

15
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The flow chart for Subroutine AIRFLO is shown on Figure 20. To
avoid overflowing the computer memory, this subroutine has been divided into

two sections (AIRFLO and BIRFiL0) as noted on ths fiow chart.

Subroutine DISJET

Subroutine DISJET determines jet discharge parameters:

1. Jet information to be used by Subroutine JETMIX:
a. Initial jet-air mass flow rate
b. Jet angle of discharge
c. Jet-discharge coefficient

2. Jet information to be used by Subroutines EQUAN and EQUFT:

a. Initial jet-air mass flow rate
b. Initial jet momentum
¢. Initial axial jet momentum

d. Initial jet énthalpy

This subroutine uses discharge~coefficient and jet-angle data
that have been selected from the library tape and set up in COMMON by
Subroutine TAPE.

Another function performed by this subroutine is to sense when
unrealistic conditions are occurring in the combustor (due to an incorrect
mass-flow-split estimate), and fo set the residual annulus flows so as to
ensure that the next estimate of mass-flow split is adjusted in the right
direction. This is done in the following-way:

1. When the flame-tube static pressure is higher than the

annulus static pressure (or, in the case of scoops, the
annulus total pressure), the annulus equations are not

solved in the normal way. Instead, increments of mass
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flow proportional to the local hole area are added to the
annulus flow at all subsequent calculation points down to the
end of the combustor. The positive mass flow at the end of
the annulus ensures that in subsequent flow-split estimates
the flow through the dome will be increased and the flame-
tube pressure lowered.

2. VWhen the pressure drop from annulus tb flame tube is such
that the rgquired flow through the hole exceeds that available
in the annulus, the annulus equafions are not solved in the
normal way. Instead, increments of mass flow proportional to
the local hole area aré subtracted from the annulus flow at
all subsequent calculation points down to the end of the
combustor. The negative mass flow at the end of the annulus
ensures that in subsequent flow-split estimates the flow
through the dome will be decreased and the flame-tube pressure
increased.

An overall flow chart for Subroutine DISJET is shown on Figure 21.

Subrout ine PRTEMP

This subroutine calculates conditions within the primary zone by
solution of a simplified form of the flame-tube equations, assuming the
primary zone acts as a stirred reactor. Flame~tube conditions are thus
set up for the secondary-hole calculation point, so that from then on the
flame-tube equations can be solved in the normal way.

This subroutine also calculates the fraction of air entering the
secondary holes which recirculates upstream, if this fraction is not

specified as input.
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The flow chart is shown on Figure 22,

Subroutine EQUAN

This subroutine solves the equations for flow in the annuli,
The main equation is a quadratic in Uan.2°® The rest of the subrdutine is
]
concerned with evaluating the constants in this equation, The following

effects are incldded:

1. A total-pressure loss due to expansion of the annulus air
as it passes across the hole

2. The loss of air bled from the annulus for cooling
purposes

3. The loss of air due to transpiration cooling, as well as
air passing through penetration holes and cooling slots

The flow chart for subroutine EQUAN is shown on Figure 23.

Subroutine EQUFT

This subroutine solves the equations for flow in the flame
tube downstream of the primary zone. As explained in Volume |, the
solution follows an iterative procedure, For convenience, this procedure
is summarized again here. Calculations are performed for a control volume
bounded by two adjacent calculation stations (defined as Station 1 and 2
for this discussion).

l. Initial values are assumed for Ugy 22 Cp2’ and §q based on

conditions at the upstream station (Station 1).
2. The energy equation is solved for Tft,z'

3. Using this estimate of Tft,z’ improved estimates of cp2
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and g are obtained.

L. Steps 2 and 3 are repeated until the change in Tft 9 between
successive cycles is smaller than FIENTH (which is supplied
as data).

5. The momenfum, continuity, and state equations are solved
for an improved estimate of uft,z'

6. Steps 2 to 5 are repeated until the changes in Uey and

’
Tft,z between successive uft’z-cycles are smaller than
Ue, 2.FIPHI and FIENTH respectively

The flow chart for subroutine EQUFT is shown on Figure 24.

Subroutine HEATAD

This subroutine provides EQUFT with the heat-addition term in
the energy equation. |t makes use of:

1. The fuel-burning rate, supplied as input to the program.,

2. The effective fuel calorific value, including a correction

for dissociation.

3. Correlations for the specific heat of air and of a mixture

of stoichiometric combustion products.

The flow chart is shown on Figure 25.

Subroutine JETMIX

This subroutine provides EQUFT with the characteristics of the

residual jets (entering the flame tube through holes upstream of the
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point under consideration). Mixing is calculated using one of three
models, according to the vaiue of the index NEF: |

1. Mass-loss model

2. Equivalent-entrainment model

3. Profile~substitution model

L. Instantaneous-mixing model
Wall jets and penetration jetS'areAcalcdlated separately using the same
model but different values of the mixing constant. In each case, the
calculation proceeds stepwise along the jet from the hole to the axial

position of the current calculation point.

The flow chart for this subroutine is shown on Figure 26.

Heat-Transfer Subprogram
An overall flow chart for the heat-transfer subprogram is

shown on Figure 27.

Subroutine HEAT!

This subroutine carries out a noniterative heat-transfer
calculation. The route through the subroutine is controlled by the index
NHT1, which takes the following values:

1 for one-dimensional radiation, uncooled wall

2 for one-dimensional radiation, cooled wall

3 for two-dimensional radiation, uncooled wall

4 for two-dimensional radiation, cooled wall

The coefficients in the heai-balance equation are evaluated,
using subroutines EEFT, COOL, and PROP, and the results are put in a

form suitable for output.



21

The flow chart for this subroutine I> shown on Figure 28.

Subroutine HEAT2

This subroutine carries out an iterative heat-transfer
“calculation. The route through the subroutine is controlled by the
index NHT2, which takes the following values:

2 for longitudinal wall conduction

3 for radiation interchange between walls

4  for longitudinal conduction and radiation interchangu

] if none of these options required

The subroutine aiso writes out the results for the heat-
transfer subprogram (whether the calculation is iterative or noniterative).

The flow chart is shown ori Figure 29.

Subroutine TWALL

This subroutine uses Newton's approximation to solve the heat-
balance equation, which is of the following form:

b 2.5
Dy T # 0y T2 #05 T, =Dy,

The flow chart is shown on Figure 30.

Subroutine EEFT

This subroutine calculates the emissivity of the flame in one
of six ways, according to the value of the index NLUM:

1 Non-luminous correlation for distillate fuels

2  Non-luminous correlation for residual fuels

3 Lefebvre correlation for luminous flames
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L NREC 1964 correlation for luminous flames
5 NREC 1966 correlation for luminous flames

6 Interpolation from a table of experimental data

Subroutine PROP

This subroutine cbtains average values for the specific heat,
thermal conductivity, and the dynamic viscosity of a gas mixture con-
taining oxygen, nitrogen, carbon dioxide, and water vapor. The flow

chart for this subroutine is shown on Figure 31,

Subroutine COOL

This subroutine calculates wall cooling parameters according
to the value of the index NCOOL:

1 Film cooling

2 Transpiration cooling

The flow chart for this subroutine is siown on Figure 32,

Overlay Structure

In order to fit the whole program into the storage space
available on the 7094, the program has been split into several 1inks,
which overwrite each other as the calculation proceeds. The sketch
~on the next page shows the overall arrangement, and the correct

position for each subroutine is shown on Figure 33.
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Main Program
Control Programs
for Diffuser and

Atr Flow
, L —
r L
Diffuser Input and
Qutput Subprogram Geometric
Subprograms
) R ) T - )
Subroutines Subroutines AireFlow Heat~Transfer
for Streamtube for Empirical . Subprograms Subprograms
Diffuser Diffuser

Caleulations

Calculations

Numerical Techniques

The numerical techniques used in this program are quite simple, .

and need not be described in great detail. Most of them have been

covered adequately in Volume 1; only the iteration scheme on the overall

mass=-flow split will be discussed here,

Normal lteration Procedure

As mentioned in Volume |, the iteration proceeds in two

stages:

If the annulus flows at the end of the combustor, AFSTA and
AFSTB, are of opposite sign, the mass flow through the dome
is held constant and the ratio of the flows entering the
two annuli is adjusted. The following ratio is used:

. AFA
AFC = ZFA + AFB (2)

where  AFA flow entering inner annulus
AFB = flow entering outer annulus
A running check is kept on AFCL, the highest value of AFC for

which AFSTA Is negative and AFSTB is positive, and AFCU, the
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lowest value of AFC for which AFSTA is positive and AFSTB is
negative. At each step, the new value of AFC s taken to be
(AFCL + AFCU)/2. At the start, values of AFCL and AFCU well
outside the realistic range are choseﬁ and the step slze is

limited to 1 per cent of AFC. |In using this procadure it is
assumed that the AFC corresponding to the converged solution
will not lead to residual annulus f]ows of opposite sign at

other values of AFS, the flow th’rogéh'tﬁe dome.

2, 1If AFSTA and AFSTB are of the same sign, AFS is adjusted

in the following way. A running check is kept on AFSL,
the highest value of AFS for which the residual flows are
positive, and AFsu; the lowest value of AFS for which the
residual flows are negative. At each step, the new value
of AFS is taken to be (AFSL + AFSU)/2 and the change in
AFS 1s split equally between AFA and AFB. At the start,
values of AFSL and AFSU well dutside the realistic range
are chosen and the maximum step size is limited to 30 per
cent of AFS,

Starting values of AFCL, AFCU, AFSL, and AFSU may be assigned as
input; by judicious choice of these values the number of flow=split iterations
may be substantially reduced. Likewise, starting values of AFS, AFA, and AFB
may be assigned by supplying the input quantities DAFA and DAFB.(fractions of

total flow passing through inner and outer annuli, respectively). If no

input values are supplied, starting values are assigned in Subroutines
GEOM and INPUT2 on the basis of the total hole areas in the dome and the

flame~-tube wails,
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Characteristics of the Method

In a well-designed combustor (that is, one in which there is
no flow out of the flame tube at the converged solution), the number of
cycles to convergence depends on the aécuracy required and the number of
hole rows. To reduce AFSTA and AFSTB to | per cent of AF2 (the total
mass flow) typically requires about 18 cycles. The number of cycles in=-
creases with the number of hole rows because the effect of smal! changes
in upstream pressure builds up cumulatively down the combustor.

If the limit on the number of cycles permitted (LCANIL) is set
too fow, the program will print out an error message, 'Increase LCANIL"
when convergence fails to occur. However, there is no point In in=-
creasing LCANIL beyond about 50 because by that time the limit of accuracy
of the machine has been reached ~ effectively:

AFSL = AFS = AFSU

and/or

AFCL = AFC = AFCU

If there is no convergence at 50 cycles and pressure revarsal
acruss the flame tube is still occurring, the program will print out an
error message ''Combustor poorly designed'. This case will now be dis~
cussed more fully,

The relationship between the pressure at any point in the

flame tube and the mass flow through the dome is of the form shown in

the sketch.
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F lame-Tube Pressure, Pee

Dome Mass Flow, ms

By contrast, the pressures in the annuli are relagively unaffected by
changes in the dome mass flow.,

At low dome mass flows there will be a region (marked A in the
sketch)}in which pressure reversal across flame tube holes occurs. At
high flows (B) the flame-tube g€c§shféaQill be lowered, the t~le pressure
drop will be so high that more air will be called for than there is in
the annulus, and the residual annulus flow will be negative.

Between Arand B there will be a region C in which the residual
flow is positive but no pressure reversal occurs.

in a badly designed combustor, region A may include the
convergence point; there will then be no region C and the program will
attempt to converge on the interface between A and B. Convergence will
not be detected since the residual flows will not be near zero.

Decreasing the dome hole area wiil increase thé flow re~
sistance through the dome and may rectify the pressure reversal.
Alternatively, the hole distribution along the flame-tube wall may be
adjusted; the critical holes can easily be recognized since their dis-

charge coefficients are zero when pressure reversal is just about to occur.
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INPUT AND OUTPUT

This section contains the procedure for preparing the input
data for program CLARE and a description’'of the types of output, Inbut
and output sheets for the sample case discussed in Volume | of this
report are shown,

Data required by the program are fed in via two input tapes,
designated ITAPE and KTAPE, |ITAPE refers to the normal input tape.
KTAPE contains the library data which will only occasionally be altered
between one run and the next; a deck of library data is suppiied with

the program,

Library Data

The library dats consist of:

1. Hole-discharge-coefficient and jet-angle information. The
data provided cover 100 different hole types, including all
those mentioned in Reference 1 ; any number of additional
hole types may be added, A key to these hole types is

given in Table 1,

2. Diffuser-performance data for all straight-walled-annular
and two-dimensional diffuser types shown in Figures 9 and
23 of Volume |. Space is available for further data (such
as curved;wall-diffuser data) te'be added as they become
available,

3. Flame-emissivity data for particular combustor configura-
tions. Initially, no data are provided for this table, but

the option is available for inserting a set of values of
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emissivity at various pressures and temperatures and
using an emissivity obtained from this table in the heat-
transfer calculation, :

The method used to prepare the data-input sheet for this group

is described below,

Line Location input Type of Fortran Description
| tem Numbe r* Name
1 1-10 1 NMXTYP Number of hole types for

which discharge-coefficient
data are to be given,

There is no limit on this
quantity,

2 1-10 | NHTYP ldentification number indi~
cating hole type, These
numbers should run from 1
through NMXTYP, A key to
the hole type numbers is
given in Table 1,

2 11-20 R DXH Hole radius or distance
from hole center-line to
upstream edge, inches,
For continuous cooling slots,
this quantity should be zero,

2 21-30 R HAA Hole area, square inches,
For continuous cooling slots
this is the face area per
inch width, i.e, the slot
height, inches,

2 31-35 I NSC00Q Index. 1 in tens position
indicates that no initial-
jet-angle data are available.
0 in units position indicates
that the discharge coefficient
is based on flush hole area, 1 in-
dicates that it is based on hole face
area, and 2 indicates that the hole
type is a continuous cooling scoop.

K
"

R refers to real numbers. These should be written with decimal points;
they may appear anywhere within their allotted fields.. | refers to
integers. These are written without decimal points on the right side
of their fields.



Line

Location . input

36=40

k=50
51-60
61-70
11-20

21-30

31-40°

41-50

51-60

61-70

- Ap,
T+ o=
. an

Fortran
~Name

NSPA

DPHSA

CDSA

GX1SA

DPHSA

" CDSA

GX1SA

DPHSA

© CDSA

GX | SA
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Description

Number of values of pressure-
loss factor at which dis=
charge coefficient is to be
given (maximum value 15),

First value of pressure-loss
factor

First value of corrected
discharge coefficient,

First value of initial jet
angle .

~ Second value of pressure=loss

factor

Second value of corrected
discharge coefficient

Second value of initial jet
angle

Third value of pressure=-loss
factor

Third value of corrected
discharge coefficient

Third value of initial jet
angle

The n?maining values of
h
I+ g Gy and E are listed

on subsequent lines in the
same format as Line 3 until
all NSPA of the sets of values
for this hole type have been
given, The last set is on
line N,

Lines 2 through N are repeated
until all NMXTYP hole types
have been covered, The last
values are on line NA' E
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Line Location Input Type of Fortran Description
| tem Number Name
NA+1 72 I INDEX The program expects to find

a ! here, indicating that
the correct number of hole-
data cards have been read,

N, 2 1-10 | NWALMX Number of diffuser types

for which performance data
are to be given, There is
no limit on this quantity.]

N, +3 1-10 I NCARD (1) Number of lines used for
data for first diffuser type.

Np+3 11-20 | NCARD(2) Number of lines used for
data for second diffuser type.

The remaining values of NCARD

are entered on this line (and,

if necessary, subsequent lines up
to Ng) in the usual 7-column
integer format until all NWALMX
values are listed,

The following lines Ny +1 through
Nc relate to the first diffuser

type.

N_+] 1-10 | NWALL ldentification number
indicating diffuser type,.
These numbers should run
from 1 through NWALMX,

Ng+! 11-20 i NXDIFD Number of values of ARDTA
(area ratio A,/A}) that are to be

given (maximum value 200).

N,+1 21-30 ] NYDIFA Number of values of EFDTA (diffuser
effectiveness) that are to be given
(maximum value 200).

N_+1 31-40 _ | NZDIFA Number of values of XLNDTA

° (nondimensional length) that are to
be given (maximum value 20).
NB+I 41-50 | NCDIFA Index, Sign indicates the

form in which the data are
tabulated: positive sign

I .
If NWALMX Z 10, the dimension of NCARD should be increased.
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Line Location input Jype of Fortran Description
| tem Numbey Name

indicates that NXDIFD =
NYDIFA/NZDIFA; negative

sign indicates that NXDIFD =
NYDIFA, Hundreds position
should always contain 1,

Number in tens position ,
indicates degree of Langrangian
interpolation in X direction
that is to be used with these
data. Number in units position
indicates degree of inter-
polation in Z direction, -

NB+I 51-60 El R EIDTAA Value of (l=-inlet blockage) at
' which this set of data was
taken,
Ng#2  1-10 E R EFDTA(1) First value of diffuser
. effectiveness,
Ny +2 11-20 £ R EFDTA(2) Second value of diffuser .

effectiveness,

The remaining values of
diffuser effectiveness are
entered on this and subsequent
lines in the usual 7-column
real format, The first set of
values of EFDTA are for the
first value of XLNDTA, the
next set of values of EFDTA
are for the second value of
XLNDTA, and so on,

Immediately following (not
necessarily on a new card),
‘the NXDIFD values of area

ratio, ARDTA are listed, then the
NZD1FA values of nondimensional
length, XLNDTA. The last value is on
Tine Nc = NB + NCARD(1).

Data for the second diffuser
type (NWALL = 2) are presented
in the seme way as for type 1,
on line Nc+l through line Nc+
NCARD(2),
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Line

" N+l

N, +2

N +2

Nn+2

ND+3

No+1

N, +2

72

1120

21-30

.31=40

1«10

72

 INDEX

Fortran
Name

INDEX

Description

Data for the remaining
diffuser types are entered in
the same way. The last data
for diffuser type NWALMX are
on line ND. :

The program expects to find a

1 here, indicating that the

NTFT

NEFT

NPFT

NFORM

TABTFt(a)

correct number of diffusers=
data cards have been read.

Number of points at which
flame temperature is to be
specified in table of empirical
flame=emissivity data.

Number of points at which
emissivity is to be given in
table of empirical flame~
emissivity data. Normally
NEFT = NTFT x NPFT.

" Number of points at which

pressure is to be given in
table of empirical flame~
emissivity data.

Index. This refers to the way

in which data are presented and
interpolated; rules for assigning
values to it were given above in
connection with NCDIFA. It
normally takes the value 133.

First value of flame temperature
(deg F) in table of empirical

"flame-emissivity data,

‘Subsequent values of flame tem=

perature are eintered in the
usual 7=column format, immediately
followed by vajues of pressure,

- TABPFT (1bf/fté) and emissivity,

TABEFT. The last value Is on-llneAnﬁ

The program expects to find a |

. here, indicating that the correct



33

Line Location Input JType of Fortran
1tem Number Nam Description

number of emissi:ity-data
cards have been read.

This completes the library data.

Normal Input Data
The procedure used for setting up the normal input data is

desciibed below. There are a number of quantities that the user wil)
only occasionally Qfsh to specify; these are treated in the following
way. Recommended valueévgrgfautomatically supplied to the program via

a BLOCK DATA subroutine; any quantities that the user wishes to vary

are then overwrfttgn via the READ statement. In the list below, the word
"optional'” is given with these quantities, and the‘recomménded values

are shown in paventheses.

Run ldentification

Line 1 of the normal input data contains a run ldentification-
message in columns 1-72, This message is later written out at.the head

of the output sheet.

Fixed Data = Integer
The first group of data is fed in via the namelist FIXEDI,

using the normal formét'. The variables in FIXEDI are as follows:

Name . Bescription
NCASE No. of cases to be considered. If zero, major sﬁﬁ?i}

routines are not entered. Optional (0).

l$FlXEDl beginning in column 2 of the first card, followed by the names
of the variables and their input values in pairs, separated by commas,
on this card and columns 2 to 80 of succeeding cards. The 'and of the
list is marked by a §. ‘ . :
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Name Description
NRECT Index. 1 for annular combustors, 2 for combustors

of rectangular cross-section, Optional (1).

NG No. of geometric input points. Maximum value 120,
NH No. of hole rows. Maximum value 50.
NWH No. of first hole row on the flame~tube wall (as

distinct from the dome).

NSH No. of hole row that marks the end of the primary zone.
If there are hole rows on hoth annuli at this location,
NSH must equal the hole row number on the inner annulus.

NSNOUT Index. 1 if there is a snout. O otherwise,
NWALLI Indices designating empirical diffuser data to be used
NWALL2 in sections i=2 and 2~L4 respectively. Optional (1} for
annular combustors, 2 for two-dimensional).
iNPUT Index. 0 if input flow conditiions varied between
cases. | if program routing varied. Optional (0).
Kb Index, 1 if flow split at secondary holes is specified.

Otherwise 0. Optional (0).

K6 index. 0 for no swirler
I for specified swirler
2 for unspecified swirler
Optional (0). '

NCOOL Index. 1 for film cooling
2 for transpiration cooling
Optional (1).

NUMSW Number of swirlers. Optional (0). NUMSW must be supplied
if Kb = 1or 2.
NBLADE Numbar of swirler blades. Optional (8)
~ IPRINT Index. 1 if intermediate results are to be printed!

0 otherwise.
Optional (0).

Combustor Geometry

The next set of cards contains the combustor geometry. The first

and last cards define the beginning and end of the combustor., There should

‘This option is only available if output Is on tape unit 6.
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be NG cards in this group, each containing the following:

Location Type of Fortran ' Descrivtion
Numbep Name
1-10 R XiNCH Axial location, measured from compressor

discharge, inches. The XINCH values
should increase monotonically; no two
should be equal, It Is advisable to
specify the geometry at points a small
distance downstream of each stepped cool-

ing slot.
11=-20 R CA Inner casing diameter, inches.
21-30 R SA ' fnner snout diameter! inches. This

field should be left blank if there is
no snhout at this location.

31-40 R FTA Inner flame=-tube diameter! inches. |f
XINCH coincides with the location of a
cooling stot, the larger of the two
FTA values should be given.

41-50 R FTB. Outer flame-tube diameter. inches. |f
' there is a cooling slot at this point,
the smaller of the two FTB valu:zs
- should be given. C

51460 : R SB Outer snout diameter! inches., |f
there is no snout at this location,
the field should be left blank.

61-70 R cB Outer casing diameter! inches.

The diffuser section should not occupy more than 50 geometric
input points, and at least one geometric input point should lie upstream

of the snout lip.

Hole and Miscellaneous Data

The next set of cards contains the hole data and fuel-burning-
rate distribution. The casing temperature may a156 be specified on these

cards. There should be NH cards in this group, eécﬁ‘containing the following:

Location Type of Fortran Description
Number Name S
1-10 R XH Axial location of hole-row center-

‘lf the combustor is of rectangular cross section, ''diameter' is replaced

by "dimension from arbitrary datum''.
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Location Type of
Number
11-20 R
21-30 R
31-40 R
41-50 R”
51«55 !
56-60 |
61-65 I

Fortran

Name

HAB

TCATA

TCATB

FF8

NAB

NHH

NHTU

Description

line, inches. These values should lie
between the first value of XINCH for
which flame tube coordinates are given,
and the last value of XINCH. Values
of XH should generally increase, but
there may be up to six rows of holes
(i.e. six cards) corresponding to a
single value of XH. For splash-ring
cooling stots, the location specified
should be that of the slot exit.,

Hole area, square inches., In the case
of continuous cooling slots, this is
the height of the slot in inches,

This field may be left blank if the
hole area is the same as that used in
the experiments on which the hole data
are based (see Table ).

Inner casing temperature, deg F.

Outer casing temperature, deg F,
These fields should be left blank

if the casing temperature is not
specified, To specify the casing
temperature, it is only necessary to
give a value on the first of each
group of cards corresponding to a
distinct value of XH.

Fraction of fuel burned up to this
hole row. These values should in-
crease from 0 to 1; it is only neces~
sary to give a value on the first of
zach group of cards corresponding to
a distinct XH. -

Index indicating whether the hole row
is on the inner or the outer wall,

| for inner wall.

2 for outer wall,

Number of holes in this row. For
continuous cooling slots this quantity
should be made equal to 1,

Index designating hole type. (Used

to locate discharge~coefficient and
jet=angle data on library tape). A
zero indicates that calculations are

to be performed at this point, al-
though there are no holes., If NHTU = 0,



Location Type of
Number

The next group

variables are as follows:

Name
XINT

THIKFT
FLCV

FHCR
SHAFST

AF23A
AF23B

XAF23A

XAF238

BETA
DSWLOU
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Fortran Description
ame

[~

the following columns may be left
blank: HAB, NAB, NHH. It is not
permissible to set NHTU = 0 for the
first hole row.

Fixed Data - Real

of data is fed in via the namelist FIXEDR. The

Description

Interval downstream of cooling slot at which
?all)temperatures required, inches, Optional
100).

Flame-tube wall thickness, inches, Optional
(a very small value).

Fuel lower heating value, Btu per lbm,
Optional (18540)

Fuel hydrogen=carbon ratio. Optional (0.17).

Fraction of secondary air recivrculating up~
stream. Optional (0.5).

Fraction of inlet air bled from inner annulus.
Optional (0). Up to three values may be pro=-

vided, using the format shown in the example:

AF23A = 0.02, 0,05, 0,03.

Fraction of inlet air’bled from outer annulus.
Optional (0). Up t +hree values may be pro=
vided. S .

Axial location, inches, at which bleed air is
removed from inver annulus. Optional (0). One
value should be provided for each value of . .
AF23A; it Is not possible to bleed air from
the diffuser.

Axial location, inches, at which bleed air is
removed from outer annulus. Optional (0).

Swirler blade angie, degrees. Optional (50).

Quter diameter of swirler, inches.
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Name

DSWLIN

ABSW
EMW
EMC

CONDFT

XF1LMZ

DOMLOS

PERCO

WIDTHI

Description

Inner diameter of swirler, inches. DSWLOY and
DSWLIN must be supplied if K6 = 1,

Absorptivity of flame-tube wall. Optional (0.85)
Emissivity of wall. Optional (0.85).
Emissivity of casing. Optional (0.8).

Conductivity of flame-tube wali material, Btu per
ft hr deg F. Optional (15.0).

Constant in film-cooling correlation (Xo in
Equation 3-22 of Volume 1). Optional (3.5).

Number of velocity-heads of pressure lost inside the
snout. Optional (0).

Permeability coefficient of porous wall, sq ft.
Optionatl (9).

Width, .inches, of rectangular-cross-section

combustor. Optional (12).

imits and Tolerances

e

The next group
variables are as follows:
. Name

NXDIF

NXDIF1, NXDIF2

LCANIL

of data is fed in via the namelist LIMITS. The

Description

No. of geometric input point corresponding to
station "'2" (just upstream of snout) in diffuser
analysis. Optionai (if this value is not specified,
NXDIF will be taken as the last geometric input
point before the snout).

Nos. of geometric input points corresponding to
Station 3 in inner and outer annulus respectively.
These values must be specified if NDIFF = 11, 12,
or 22.  The annulus areas at Stations 3 and &4
(upstream edge of hole row NWH) must be equal.

Loop counter limit in the mass-flow=split interation.
Optional (50). :
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Descrigtio

Step size in jet-mixing calculation. inches.

Optional (0.25).

This completes the data that are unchanged from case to case

within a run.

below.

Case Data

The set of cards required for the first case is described

These continue straight on from the 'ibrary-data cards, the

last of which is on line Las

Line Llocation Type of  Fortran
" Numbér  Name
Lt 1-10 | R STAGT
LA+>1 =26 R STPREF
Lyl 21-30 R AF2
Lt 31-ho R FAR
Lytl B150. R ABLOBK -
LAﬁ 51-60 R
Lt E1-70 R Sy
LA+2' 1=10 R sg.o'ekfti
-

Description

Total temperature at compressor
discharge, deg F.

Weight-mean total pressure at com~

pressor disaharge, 1bf per sq in

Air mass flow rate at compressor
dischart®, 1bm per sec. .

Overall fuelegir ratio based on air=-
flow rate at eempressor discharge.

Fraction of fnlet béundary-layer
vlockage thdt ls on inner wall.

Initial boundary-layer shape f?ctor
on inner wall. Opticnal (1.4)

initial shape factor on outer wall,

- gptiomal Q.41
Beundary» layer blockage at inlet.

--P{rst estimates of the blockage at

downstream geomeiric input points

are given in the usual format {7
columns of 10} on this and sube
sequent lines. There should be

NXD}F such vaiues, ifcluding the first.
The 1ast value is on line LB.

A method,of ealculating the !nitial shape factor more accurately is
given off bage 134 of Volume 1, .=
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Line Location Type of Fortran
Number Name
Lgt | I-10 R DAFA
Lgt 1 11-20 R DAFB
LB+ 1 21-30 R AFCL
LB+ I 31-ho R AFCU
LB+ 1 4i-50 R AFSL
LB+ 1 51-60 R AFSU
Lgt 2 -10 | NTUBE
Lg* 2 11-20 | NUPR
LB+ 3 i-10 R VPDATA
LB+ 3 11-20 R RDATA
Lc+ | 1-10 i NDIFF

Description

Estimated fraction of total fl?w
passing through inner annulus.

Estimated fraction of total fl?w
passing through outer annulus.

Lower bound on the ratio of the
flow through the inner annuluf to
the flow through both annuli.

Upper bound on the ratio of the
flow through the inner annulu? to
the flow through both annuli.

Lower bounf on the flow through
the snout.

Upper boun? on the flow through
the snout.

Number of streamtubes considered
in diffuser calculation. Maximum
value 15,

Number of points at which inlet
velocity profile specified. Minimum
value 2, maximum value 15.

First value of velocity.

First value of annulus height.

The other points on the velocity pro-

iile are entered on subsequent lines
up to L.=L, + NUPR + 2, RDATA should

" be made dimensionless so that all

values lie between 0 (for the inner
wall) and 1 (for the outer wall).
VPDATA may consist of any set of
numbers proportional to the velocity.

Index for diffuser calculations.
Tens position indicates method for
Stations 1-2:

| For streamtube analysis

2 For empirical data

and units position for Stations 2-4:

] These quantities can be estimated from information obtained from previous runs.
If such informatiorn is not available, the gquantities should all be set equal to
0.0 in which case they will be estimated within the program. :



ine  Llocation Type of  Fortran
Number Name

Lt ! 11-20 i " NEF
Le* | 21-30 | NLUM
Lt 1 3140 | LANHET
Lot 1 4i-50 | NHTT

b

Description -

1 For streamtube analysis

2 For empirical data

3 For mixing equation

Note, however, that 1 in the units .
position cannot be specified with 2 in
the tens position. 1 in hundreds
position implies streamtube method to
be carried out after empirical data

~method; negative sign implies no

diffuser calculation: fixed effective- -
nesses supplied as input.

‘Index indicating entrainment correlation

to be used.
1 For mass-loss method
2 For equivalent-entrainment method

3 For profile-substitution method
L4, For instantaneous mixing

Index indicating correlation to be

used for flame emissivity.

1 For nonluminous flames, distillate
fuels :

2 For nonluminous flames, residua

fuels

For Lefebvre correlation

For NREC 1964 correlation

For NREC 1966 correlation

For emissivity from table of

experimental data

[<aRC o I V1]

Index.

0 |If heat transfer to annulus air
ignored :

I f heat transfer to annulus air
considered )

2 If no heat transfer caiculation
required

Index indicating route through non=
iterative heat-transfer calculation.
| For uncooled wall, l-dimensionai
radiation :
For cooled wall, l=-dimensional
_radiation

radiation .
For cooled wall, 2-dimensional
Padiation

2
3 “For uncooled wall, 2-dimensional
4



L.+1

L.+2
+2
LC

L.+2

L.+2

L +2

Location Type of Fortran Description
Number Name T
51-60 | NHT2  Index indicating route through

31-40

L1-50

This

iterative heat-transfer calculation.

2  For longitudinal conduction

3  For radiation interchange between
walls

4  For longitudinal conduction and
radiation interchange

1 Otherwise

R EFC(1) Constant used to specify rate of
mixing of penetration jets.

R EFC(2) Constant used to specify rate of
mixing of wall jets.

R EFDT(1) Effectiveness of diffuser between
Stations | and 2 (i.e. between geo-
metric input points no. 1 and NXDIF).

R .- EFDT(2) Effectiveness of inner diffusing
. passage between Stations 2 and 4.

R EFDT(3) Effectiveness of outer diffusing
passage between Stations 2 and L.

The three values of EFDT are required
for the model in which no diffuser
calculation is required, but experi-
mentai data for a diffuser of similar

geometry operating under similar flow

conditions are specified as input.
For this case, NDIFF takes a value
of -22. If this option is not re-
quired, the last threes columns may
be left blank.

completes the data for the first case. Subsequent cases

are specified in one of two ways:

1.

2.

Inout Flow Conditions Vafied'

If INPUT = 0, only the ff}st part ot the case data (Iiﬁes
Ly+l to Lc) is given for subsequent cases. - ‘
Program Routing and Correlations Varied

I INPUT = 1, only the second part of the case data (lines

Le+! and Lc+2) is given for subsequent cases.
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~ Sample Input Data

Appendix | contains samples to illustrate the preparation of
library data input. iIn Appendix ll'tﬁe input data fbr Overall Test Case
3 are listed., Appendix Il i1lustrates the instructions ngen above for
the preparation of input data and also shows whare the library data should

be placed if ITAPE = KTAPE.

OQutput Data

The format for the computer output is self-explanatory and need
not be discussed he}é. If problems arise, intermediate resuits may be
printed out by setting IPRINT = 1. (This option is only available when
output is on tape unit No. 6.) The format for these intermediate resul ts
is rudimentary, and the program user must refer t6 the individual WRITE
statement for details, COhdenged outpdt is obtained on tape unit JTAPE
" (JTAPE = 8 in the present BLOCKDATA) by setting IPRINT = 0, With IPRINT= 1|
under the present arrangement, intermediate results are written on tape
unit 6 and condensed results on unit JTAPE (8);

Appendix 11l contains the condensea computer output from Test
Case 3, and illustrates the format for this output. |

Output of computer test-case inbut only may be obtained by

setting NCASE = 0,

Program Messages

_A number of messag.s aie printed out by the program, either as
part of the normal output or as Indications of errors in program operation,
A list of these program ﬁessages is included as Appendix V, with explanatory

notes.
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Dittrich, R, T, and Graves, C, C,, Discharge Coefficients for Com~
bustor-Liner Air=Entry Holes, | = Circular Holes (NACA TN 3663),

National Advisory Committee for Aeronautics, 965.

Kaddah, K. Sh., Discharge Coefficicnt and Jet Deflection Studies for
Combustor=Liner Air-Entry Holes, Thesis No. 17/10, College of

Aeronautics, Cranfield, England, June, 196k,

Venneman, W. F,, Flow Coefficients and Jet Deflection Angles for

Combustor=Liner Air-Entry Holes, Part |, General Electric Company,

Schenectady, New York, 1959.

Dittrich, R, T., Discharge Coefficients for Combustor=Liner Air=

Entry Holes, |l = Flush Rectangular Holes, Step Louvers, and Scoops
(NACA TN 3924), National Advisory Committee for Aeronautics, 1958.

Marshall, L. A,, Aerodynamic Characteristics of Combustor-Liner
Air-Entry Passaqes (Rep. R58 AGT 558), Aircraft Gas Turbine Division,

General Electric Company, Cincinnati, 1958.

Venneman, W, F., Flow Coefficients and Jet Deflection Angles for

Combustor=Liner Air-Entry Holes, Part |1, General Electric Company,

Schenectady, New York, 1960.
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TABLE | « KEY TO HOLE~D)SCHARGE-COEFFICIENT AND JET=-ANGLE DATA

Number Hole Description Referencn | . Figure Curve

Flush Circular Holes

} ~ Flush hole 0,125 in dia ] 6(a)
2 Flush hole 0,25 in dia | 6(b)
3 Flush hole 0,328 in dia 2’ L2
L Flush hole O.hfz_!n dia 2 L3
5 Flush hole 0,75 in dia 3 7
with 45 degree bevel ‘
6 Flush hole 0,75 In dia N 6(e)
7 Flush hole 0,75 in dia | oo h E-1
8 Flush hole 0,75 In dia 5 3
9 Flush hole 0,759 in dia .3 6
10 ~ Flush hole 0,807 in dia 2 Ty
N Flush hole 0,985 In dia. 2 s
12 Flush hole 1,5 in dis P 6(k)
13 Flush hole 1,69 in dia . 2 | 46
4 Flush hole 1,809 in dia 3 13
Flush Rectangular Holes
15 Flush hole 0,5 in squari X b b A=l
6 Flush hole 0,708 in iqu.ra 2 90

17 Flush holg 0,412 In long and 2 83
0,206 In wide .
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TABLE | (CONTINUED) = KEY TO HOLE-DISCHARGE-COEFFICIENT AND JET-ANGLE DATA

Number Hole Description Reference Figure Curve
18 Flush hole 0,436 in long and 2 60
0,218 in wide with semi~
circular ends
19 Flush hote 0,591 in long 2 84
and 0,295 in wide
20 Flush hole 0,624 in long 2 61
and 0,312 in wide with
semicircular ends
21 Flush hole 1,0 in long 2 85
and 0,5 in wide
22 Flush hole 1,0 in long L 4 A=2
and 0,5 in wide
23 Flush hole 1,062 in long 2 62
and 0,531 in wide with
semicircular ends
24 Flush hole 1,24 in long 2 86
and 0,62 in wide
25 Flush hole 1,312 in long 2 63
and 0,656 in wide with
semicircular ends
26 Flush hole 2,0 in long and 2 87
1,0 in wide
27 Flush hole 2,0 in long and L 4 A=l
1.0 in wide
28 Flush hole 2,124 in long 2 6L
and 1,062 in wide
29 Flush hole 1,42 in long and 2 91
0.355 in wide
30 Flush hole 1,497 in long 2 67
and 0,375 in wide with semi~
circular ends
31 Flush hole 4,0 in long and L 12 A-3
0.5 in wide
32 Flush hole 2,0 in Jong and 2 92

0.25 in wide
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TABLE | (CONTINUED) = KEY TO HOLE-DISCHARGE-COEFFICIENT AND JET=ANGLE DATA

teference

Number Hole Description Figure | Curve
13 Flush hole 2,1 in long and 2 68
0.25 in wide with semi-
cirecular ends
34 Flush hole 4,0 in long and N 14 A=5
0,25 in wide
Thimbled (Plunged) Holes without Scoops
35 Thimbled hole 0,475 in dia 5 b
with tapered skirt
36 Thimbled hole 0,625 in dia 5 )
with tapered skirt '
57 Thimbled hole 0,792 in dia 5 6
with tapered skirt
38 Thimbled hole 1,286 in dia 3 9
with full tapered skirt |
39 Thimbled hole 1,82 in dia 3 10
with tapered skirt '
Lo Thimbled hole 1,828 in dia -3 3
with full gkirt '
b Thimbled hole 1,832 in dia 3 1
with half tapered skirt '
b2 Thimbled hole 2,281 in long 3 8
and 1,281 in wide with
semicircular ends and full
skirt :
Step Louvers (For continuous cooiing films)
I3 Step louver 0,095 in high b 16{a) Baly
with overlap ‘
L Step ijouver 0,095 in high b 16{a) B-6
with wiggle strip
bs Step louver O.IOhfin,thh b - 15 B=)
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TABLE 1| (CONTINUED) « KEY TO HOLE-D! SCHARGE-COEFFICIENT AND JET-ANGLE DATA

Number Hole Description Reference Figure Curve
L6 Step louver 0,168 in high L 15 B-10
L7 Step louver 0,25 in high h 16(b) B=5

with overlap
48 Step louver 0,25 in high L 16(b) B-7
with wiggle strip
L9 Step louver 0,255 in high b 17 B-2
(without sidewail extension)
50 Step louver 0,26 in high b 15 B-3
51 Sten louver 0,38 in high b 15 B-9
52 Step louver 0,623 in high b 15 B-8
Holes with Scoops
53 Thimbled hole 1,843 in dia 3 2
with scoop 0.31 in high an
2.5 in wide :
54 Hole 2,0 in long and 1,63 3 L
in wide with scoop 0,5 iIn
high and projecting 0,43
in into flame tube
55 Hole 2,0 in long and 2,87 3 5
in wide tapering to 1,5
in wide at rear with scoop
0,437 in high and projecting
0,375 in into flame tube
56 Half thimbled hole 1,286 in 3 1z
dia with scoop 0,437 in high
and 2,83 in wide
57 Triangular hole assumed 2,0 3 16
in long and 2,87 in wide ;
with scoop assumed 0.437 in
high and 2,87 in wide
58 Hole 2,3 in long and 1,3 in 6 8

wide with semicircular ends,
scoop, and turning vane
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TABLE | (CONTINUED) - KEY TO HOLE-D!SCHARGE-COEFFICIENT AND JET-ANGLE DATA

Number

Hole Description

Reference

Figure

Curve

59

60

61

62

63

64

65

Thimbled hole 1,05 in square
with 0,3 in radius at
leading edge corners,
trailing edge raised 0,112
in, and tapered skirt

Thimbled hole 1,05 in square
with 0.3 in radius at
leading edge corners,
trailing edge raised 0,112
in, scoop projecting into
flame tube, and tapered
skirt

Thimbled hote 1.05 in square
with 0,3 in radius at leading
edge corners, trailing edge
raised 0,112 in, 90 degree
vane projecting into flame
tube, and tapered skirt

Thimbied hole 1,05 in square
with 0.3 in radius at

teading edge corners,
trailing edye raised 0,075
in, vane projecting into
flame tube, and tapered skirt

Hole assumed 0,75 in long and
0,55 in wide with 0,26 in
radius at leading edge
corners and raised trailing
edge

Hole assumed 0,75 in long and
0,65 in wide with 0.26 in
radius at leading edge
corners, raised trailing edge,
and vane projecting into
flame tube

Hole assumed 0,75 in long and
0,65 in wide with 0,26 in
radius at leading edge corners
raised trailing edge, and 50
degree vane projecting into
annulus and flame tube

14

10

N

12

L

16

18
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TABLE | (CONTINUED) - KEY TO HOLE-DISCHARGE-COEFFICIENT AND JET-ANGLE DATA

Number

Hole Description

Reference

Figure

Curve

66

67

68

6¢

70

71

72

73

74

75

Hole assumed 0,75 in long
and 0,65 in wide with 0,26
in radius at leading edge
corners, raised trailing
edge, and 70 degree vane
projecting into annulus and
flame tube

Hole 2,3 in long and 1,3 in
wide with semicircular ends,
scoop, and turning vane

Hole 2,3 in long and 1,3 in
wide with semicircular ends,
scoop raised 0,125 in, and
turning vane

Hole 2.3 in long and 1.3 in
wide with semicircular ends,
scoop raised 0,25 in, and
turning vane

Hole 2,3 in long and 1.3 in
wide with semicircular ends,
scoop, and turning vane
with rounded corners

Hole 2.3 in long and 1.3 in
wide with semicircular ends,
scoop with leading edge
raised 0,125 in, and turning
vane

Semicircular hole assumed
0.295 in radius with
thumbnail scoop 0,15 in
high

Semicircular hole assumed
0,373 in radius with
thumbnail scoop 0.265 in
high

Hole 0,75 in dia with scoop
0,75 in wide and 0,427 in
high

Hole 0,75 in dia with scoop
0,75 in wide and 0,636 in

high

19

20

21

22

23

2

18

18

19

19

c-1

C-2

D-1

D-2




TABLE | (CONTINUED) =~ KEY TO HOLE-DISCHARGE-COEFFICIENT AND JET-ANGLE DATA

Number

Hole Description

Refearence

Figure

Curve

76

77

78

79

80

81

82

83

84

Hole 0,75 in dia with scoop
0,753 in wide and 0,891 in
high

Hole 0,75 in dia with scoop
1,461 in wide and 0,585 in
high

Thimbled hole 2,155 in long
and 1,27 in wide with semi-
circular leading end,
trailing edge raised 0,19
in, and tapered skirt

Thimbled hole 2,155 in long
and 1,27 in wide with semi-
circular leading end,
trailing edge raised 0,19
in. scoop 0,7 in behind
leading edge, and tapered
skirt

Thimbled hole 2,155 in long
and 1,27 in wide with semi~
circular leading end,
trailing edge raised 0,19
in, scoop 0,32 in behind
leading edge, and tapered
skirt

Thimbled hole 0,815 in dia
with scoop 0.312 in high and
full skirt

Hole 1,0 in dia with scoop
0.312 in high and long tube
in place of skirt

Thimbled hole 0.8 in dia
with scoop 0,312 in high

Thimbled hole 0,815 in dia
with scoop 0,312 in high
placed at 20 degrees to
anrulus flow direction and
full skirt

19

15

10

1

12

D-3

D-L
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TABLE | (CONTINUED) - KEY TO HOi.E-DISCHARGE~-COEFFICIENT AND JET-ANGLE DATA
Number Hole Description Reference Figure Curve

85 Hole 0,49 in long and 1,012 5 13 "Rear
in wide with scoop 0,21 in Hole
high and turning vane Closed"

86 Hole 0,7 in long and 1,012 5 13 "Rear
in wide with scoop 0,21 in Hole
high and turning vane Open"

87 Hole 0,123 in wide with 5 15
scoop 0,47 in high

88 Thimbled hole 0.75 in long 5 16 La
and 0,745 in wide with
scoop 0,506 in high and 0,765
in wide and full skirt

89 Thimbled hole 0,48 in long 5 16 1)
and 0,745 in wide with
scoop 0,506 in high and
0.765 in wide and full
skirt

a0 Thimbled hole 0,24 in long 5 16 Le
and 0,745 in wide with scoop
0.506 in high and 0,765 in
wide and full skirt

91 Thimbled hole 0.57 in long 5 17
and 0,51 in wide with scoop
0.5 in high and 0,555 in
wide and full skirt

92 Thimbled hole 0,325 in long 5 18 "Based
and 0,74 in wide with scoop on Exit
0.53 in high and 0,76 in Area'!
wide and full skirt

93 Thimbled hole 0,325 in long 2 18 "Based
and 0,74 in wide with scoop on Inlet
0.53 in high and 0,76 in Area"
wide and full skirt

9l Hole 0,75 in long and 0,765 5 19

in wide with scoop 0,545 in
high placed 0,75 in in
front of hole leading edge
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TABLE | (CONTINUED) = KEY TO HOLE-DISCHARGE-COEFFICIENT AND JET-ANGLE DATA

Number

Hole Description

Reference

Figure

Curve

95

96

97

98

99

100

Thimbled hole 0.875 in long
and 0,8 in wide with scoop
0.507 in high and 0,76 in
wide and half skirt

Hole 0,375 in dia fitted
with elbow scoop 0,385 in
dia with entrance centre-
line 00,528 in from wall

Hole 0,68 in long and 0,65
in wide with scoop 0,165 in
high and 0,63 in wide
projecting into flame tube

Hole 0,69 in long and 0,65 in
wide with scoop 0,205 in

high and 0,63 in wide
projecting into flame tube

Hole G,69 in long and 0,65
in wide with scoop 0,305 in
high and 0,642 in wide

projecting into flame tube

Hole 0,92 in long and 0,89
in wide with scoop 0,273 in
high and 1,02 in wide

projecting into flame tube

20

22

22

23

24

25
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[Call _INPUTT to set up fixed data)

[Call _INPUT2 to set up case data)

Call DIFLOW to calculate diffuser
performance in first part of diffuser

i

If empirical data used in secohd
part of diffuser, set up appropriate
set of data in core storage

|

[Call Air-Flow Subprogran|

[call Heat«Transfer Subprogram

FIGURE 1 = FLOW CHART FOR MAIN FROGRAM _CLARE




Read in fixed data, combuétor geometry,
hole data, limits, and tolerances

~ Assign recommended values
to any quantities whose values
have not bsen specified

|

Convert values
where necessar

[Cal) TAPE Subroutine]

Icall GEOM Subroutine]

[Write out input data]

FIGURE 2 - FLOW CHART FOR SUBROUTINE INPUT!

57



58

(&)

Entry

Sy
~Ta/
|

|Read in Cgse Dg&éﬂ

[Write out Case Datal

[Convert Units Where Necessary]

Returri

FIGURE 3 - FLOW CHART FOR SUBROUTIME INPUT2




Read from l}brary tape to dummy locations

set of data for one hole type

&
this type of .

hole used anywhere 5“‘*‘::2,529

in combustor under
S~...consideration?

Yes

Store hole radius, area, and v
values of C,, £, and | +Ap/q.
Allocate hole type number on
short list — _

Have ;TT\‘*\*~\\N~‘m

Move to next holé
type on library tape

»-4”0 hole types been

considered

Yes

Is library data No
to be used for emissivity -
calculation?
Yes
[Read it into core storage]
Y
J{Read data for one diffuser type}

__No

in the combuiigglfaf”'

T |

[Store data in corel

/"S\\
‘=::::::Eiii~type used

Next
|diffuser type

m

No diffuser types been

considered?,

Yes

FIGURE 4 - FLOW CHART FOR SUBROUT!NE TAPE
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[Find reference area
!

Find total areas of penetration and cooling holes at
each station, in dome, in wall, and in whole combustor

L §
ISelect first hole rowl|
}

Find cross~-sectionai areas of flame tube and
annuli and ratios of these to reference area

]
'A Find ratios of hole area to total hole area
for both penetration and cooling holes

Select next
hole row

Fix locations of calculation points]
)

Set up geometric quantities required
. in other parts of the program

FIGURE 5§ = FLOW CHART FOR SUBROUTINE GEOM




Returr

DIFLN

Compressar outlet to
300ul_or_gone

Use sither 1. Stireamtube

anglys.s

TUsCTS TUBEIN TuBANL
Caleuiates stream- Parforms stresme
tude Inlet propers tubs analysls
ties

Ordery the
computation

61

NEWRAD

Parforms boundary-
tayer colcilation

Prints resuits

s
solution

convarqed}

Yoy

EMPLTS

ENPANL

PAOSL

or 2. Empicical.
data analysis

Ordars the
computation

Set up starting conditions
for neat section accordiag
to whether Lompytation
thare iy based vas

TUBSTA

Extrapolates ex-
parimental dets

V. Streamtube

Set up geometric
properties of
annuli

analysis

ERPSTA

or 2. Empiricaledata
analysis

or ). Aixlng equation
St up geonmtr

eroperties of annuhl

- m -

Diftupgr flow b

v Vip vr_d

{Entry hece during sass-flom
iteration)

1f previous anslysis wes:

Set uo geometric
oroperties of
snpuli

T

TUsFwi

Lalculates theoe

. Streamtute
method

retical flow splig

and Flow proper-
ties

Fits 3 velocity
profilas at the
exit J

ERPTS

PROFL

bm - — e -

Calculates mean

2. Empiricel dats
method

Use one of:

b, Streamtute
analysis

of 2. Ewpiricei-data
andlysis

or }. Nixing
equation

flow properties

Calculates theo-
ratical flow split

TuBSAI

Orders the
computation

TUBEIN

TUBANL

Calculates stream-

tube inlet props
erties

Performs stream-
¢ be analysis

/,m\/‘n%
solutlon 5

convarged?

NEWRAD

Performs boundary-

tover calculation

A

Priats resuits

Heve both

pissoges been
onsidered?,

EMPSTA

“oraers the

computation

EMPANL

PROFL

/\ o
« both

Cbosrages baen

onsidared?
Ye

Extrapolotes en-

perimsntal date

Fits » velocity

profile st the
exit

o m oo

FIGURE 6 ~ OVERALL FLOW CHART FOR DIFFUSER SUBPROGRAM
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Entry
. e I's
gzzérncal streantube or streamtube
empirical data used
stations 1-2?
Call | | Call
EMPCTS TUBCLTS
Entiy!
s
Calculate Pdome there a
i\ spout?
- o s Yes
:gﬁér'ca] streamtube, streamtube

empirical data or
mixing equation used
between stations

mixing

"~ Calculate geometric
properties of passages

FIGURE 7 = FLOW CHART FOR SUBROUTINE DIFLOW




Entry
DIFLW2

Call TUBCTS

Y

Call TUBSTA

¥

Call TUBFWI!

v

Call TUBSAI

s No
there a
snout?

Is
streamtube or
empirical data used
between stations

63

empirical

data

Call

EMPSTA
Entry 2

empirical
data

Call
EMPDT

streamtube

Call
TUBFWI

o |

streamtube or
empirical data or

mixing equation used
between stations

streamtube’

4/

mixing

expansion analysis

(Eq 44+ to 48)

Sudden contraction Call

or TUBSAI

Y

Mixing analysis
(Eq 49) |

X

Bend losses
(Eq 50)

fCalcuiate temperature]

Fe

All references are to Volume |

FIGURE 7 (CONTINUED) - FLOW CHART FOR SUBROUTINE DIFLOW
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Entry

v

Sat up geometric variables,
flow area, wall slope,
displaced wall coordinates

\

{Call TUBEIN|

] Call TUBANL|

Calculate new
. Call NEWRAD
displaced wall Entry |

coordinates "”—i
— N F

- =\

Yes
Call NEWRAD
Entry 2

i

Calculate outlet
velocity profile

1

Calculate Ejp, C , C .
(Eqs 8, 10, andpll)pi

[Print out results]

All references are to Volume |

FIGURE 8 - FLOW CHART FOR SUBROUTINE TUBCTS




Entry

Calculate geoinetric properties: = flow
area, wall coordinates, displaced wall co-
ordinates, and wall slope for both passages

Return

FIGURE 9 =~ FLOW CHART FOR SUBROUTINE TUBSTA
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’ Calculate new displaced

Call NEWRAD
Entry 1

wall coordinates

Has
solution
converged?

Yes |
Allow for mixing between
stations 3 and 4 (Ea 49)

\
Calculate temperature] ——1 Call
E -
GASTBL

Are
results _No

to be
rinted?

Yes

Call NEWRAD
Entry 2

! Y

Write out g3, Cpi23'
Cp23: Eour Cpiol+ Cpal

Have
both annuli
been considered?

A1l references are to Volume |

FIGURE 10 - FLOW CHART FOR SUBROUTINE TUBSAI




FIGURE 11

Calculate flow area at
exit station to give
specified mass split

Calculate G andf for
these three streams

FLOW CHART FOR SUBROUTINE TUBFWI

67
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Fix values of A; and
interpolate to find UJ/U

1

Guess value of U (Ea 2k)

s v
static pressure

given? [Guess static pressure

(Eq 23)
Y

> ¢ - #

Cuess Guess
new U new p
(Eq 27) (Eq 28)

Yes

%

Calculate mj, AJ. Pj' M.n' Pref

Was
static pressure
given?

Yes

No

s
total pressure
close to input
value?

A1l references are to Volume |

FIGURE 12 - FLOW CHART FOR SUBROUTINE TUBEIN
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[Calculate wall siope ]
) ,

Guess pressure at next
station downstream

(Eq 31)
1

Guess at streamline
slope (Eq 30)

Calculate sy Trs —-r]
alculate uJ f pj ; g ]
, 1 o )
Calculate streamline
slope and new guessl.

‘ at ZA, (Eqs 32,33)

Make new guess
at pressure at
this station

(Eq 31)

No g",z’fﬁrgllhe last
gtation to be

onsidered?

All references are to Volume |

FIGURE 13 = FLOW CHART FOR SUBRGUTINE TUBANL
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Entry'

Y

Calculatewé. H, Qnd
hence § . for both walls
_ (Eqs 34, 36, and 37)

flow separated?

No

r—-ﬁ——uJCalculate new values of 0. (Eq 37)]

[Expand at constant flow area
from point of separation

|

Entry low Converged? >
EWR1
y .hBE {13
Print out
boundary-layer
properties !

A ' . - -y
1
<:il|i’ GESEEED

All references are to Volume |

FIGURE 14 =~ FLOW CHART FOR SUBROUT!NE NEWRAD



{calculate inlet properties)
[

Calculate diffuser leﬁgtﬁ,”'
area ratio, and inlet dynamic head

1

Call
EMPANL

|

Y

Write out diffuser parameters

Cor Cpi’ §l2{rand velocity prof|‘ﬁ -

Call
PROFL

%

Are
/ - .
empirical data or
mixing equations used
between stations 2~47

empirical data

Icatculate inlet blockage to each annulus)

Return

©Cr

Call
PROFLI

!

Calculate @, B,
and theoretical
flow area for
each annulus

Return

-

FIGURE 15 ~ FLOW CHART FOR SUBROUTINE EMPCTS
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Entry

[Calculate geometric properties:- area ratios, wall slopes|

————-E%lculate inlet dynamic head]
Call EMPANL]

[Calculate B and @ at outlet Call PROFLI

\

Allow for mixing between
stations 3 and 4 (Eq 49)

[Calculate temperature Call GASTBL]

Are
results

No
to be printed? d

Write out g23, CPZB’

Coinzr ot Cpon Cpian 1

“ Have
both annuli

been considered?

All references are to Volume |

FIGURE 16 =~ FLOW CHART_FOR SUBROUTINE EMPSTA




Are special
data used?

73

call j—ee] Calculate Calculate call
effectiveness effectiveness
!NTPL8 . from data . from special date VAP
Correct for o ' '
blockage
(Eq 15)
Y
i |
Calculate

blockage at
exit (Eq 17)

All references are to Volume |

FIGURE 17~ FLOW CHART FOR SUBROUTINE EMPANL



Calculate vefocity prafife
(Eqs 13 and 14)

Calculate theoretical flow
area for each streamtube
(Egs 51 and 52)

i

Calculate inlet blockage
associated with the flows into
the two annuli (Eqs 56 and 57)
Calculate { for each

annulus (Eq 58)

(&ijurn

All references are to Volume |

FIGURE 18 -~ FLOW CHART FOR_SUBROUTINE PROFL




Entry

Return

AIRFLO

1

Call DIFLW

-

1

Annuli

ave from hole to
hole up to secondary
holes, After secon=
dary holes move from
calculation point to
calcutation point

DISJET

Determine C,, £,
NPT, d
h* “h

75

11apl

EQUAN

After
Secondary [
Holes

Conditions at Secondary

Holes

Determine conditions in
the flame tube at the
secondary holes

Solve annulus Eqs
for d, u, p,p, T

PRTEMP

flame Tube

Move from calcula~
tion point to calcula~

Calculate the tem=
perature in the
primary zone

EQUFY

tion point
When end
y of flame
tube is
reached
Overall jteration

|terates to reduce
remaining annuluys mass
flows to zero

- I

4

Solve flame tube
Eqs form, u,p,
p, T

Interpolation

JETMIX

Y

Calculates prop-
erties of residual
jets

HEATAD

Calculates heat
addition due to
burning fuel

FIGURE 19 - OVERALL FLOW CHART FOR AIR-FLOW SUBPROGRAM
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Set quantities
obtalned from
HEAT whdprogram

1o 2ero

—'—"'—{tmnuu alr matvafion \p'iﬂ

|ln control par leul

Set initial

—
lluw.o&_ n8 DIFLW

for inner
annulus?,

[cateutate dome preswure and density]

1Cc|enlm primyry zone puum

8ot tnitie) conditions for ianer annulus |

Updete annulus
siefiow parsmeters]
set valocity In
annulus

Set aanulus
| parameters ond
updste

[
Subsout ing EQUAN

Hove to aext I

coleulation point
.
Mo I Store and update
ouvter aanulus
arameters

11
this the inner

ot ennvius;
condicions, ]

I.nl:ulau flox wpiit

|Su flow-1p}it ratio to 1

Hodify air mars flow
in both anowli

baing solved?,

Modify alr mess flow
In_snout end camutl

[Store_sscondary-Poie ot paransters]

Sot 2)) jot parameters up
te sncondary hole to saro

annulug and
Tlanestube equations
baing solvad?

Is
rematning alreflow

cotin within specified
Himied

is
lr rass flow
remalning within
specified Hmit

Y .y ey

[
Writa hole and alrtlow pareeters
- o =) - - suin 0 W P

+ Subroutine

Return

FIGURE 20 - FLOW CHART FOR SUBROUTINE AIRFLO




Calealate spe

citle
heat of aeautus air

by there™( .

a bale on this
S

Yoo

— Cateulate tetel
Aule ates

Calculate cooling
slot acna

Sture hole data
from stort 1ost
in dummy Joucations

Is ¥
\ Ap/q £ O
™~
No

ser 1402
e equsl
to 256.0

is
1 » Aplqg > 2562

OUtain dirchdrge

cactlicient und Subrontine
‘aiciat et s 11AP1
anale for given

'+ ap/a

dis harge
toutticernt
avqative?

Set jel pa-ameters to zero
Cateutate flow iato annulu

$et annulus
total pressure

St tulic
presaure

tulated corcected
wharge cnetticient

ota available’

Calcalate .
el angle

yat
it tlow
<-v- anrvive
eativel

Caboal aid waas, thow,
(el mumeatom, axiai jer

I

moaentur jet velocity
Is
~ flow ttrongh Vs se1 velocity pressure,aic
tole greater than

mass flow, temperature,

fable in annutus density In sonulus

rosentom, and air
mass Vlow rate of
tets entering al
this calenlstion
point

Py
Yo more hule rows
this caleutatao

FIGURE 21 - FLOW CHART FOR SUBROUTINE DISJET
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Is
fuel=air
ratio

2ero?

primary 2zone to

temperature

Set temperature in

| compressor inlet

Calculate fuelaair

Modify primary-zone
mass~flow rate

ratio in primary
zone

talculate stoichiometric
fuet-air ratio

s
fuel-air
ratio greater than
stoichiometric?

No

Set fuel-air ratio equal
to stoichiometric value

i !

Calculate fuel-air
ratio remaining

I

Set initial conditions
for solution of primary ‘
zone enthalpy equation

1

Solve equation for
temperature In
primary zone

Is flow split
specified?

Calculate
flow split

Is
change in primary-zone <
alr-mass-flow rate
greater than
tolerance?

Calculate flame-tube
pressure, density,
air mass flow, and
velocity

1

Set secondary-hole
jet parameters

FIGURE 22 - FLOW CHART FOR_SUBROUTINE PRTEMP
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(ﬁntry

Has
heat subprogram
been called?

Yes

Set parameters obtained
from heat subprogrem to
typical values

Is
inner annulus
being conslidered?

Yes

Calculate for outer
annulus transplration
cooling nnd friction

Calculate for inner
annulus transpiration
cooling and friction

parameters parameters
Solve quadratic
equation for Ual -

Calculate pressure,
density, temperature,
and air mass flow ra:el

Add jet mass flow
to primary zone

air mass flow rate
S
”~

faner annulus
belng considered

-Ealculate:

Calculate:

Bleed for cooling
ofr, accumulated
pressure drop due
to friction and
expansion

Bleed for cooling
air, accumulated
pressure drop due
to frictlon and
axpansion

Return

FIGURE 23 - FLOW CHART FOR SUBROUTINE EQUAN




80

Entry

{set_inicial conditionst

LY
calculation
point a secondary
hole?

Yeos

set jet
parametsrs |

Call

JETMIX

Calculate specific
heat of sir-fuel
mxture

Determine constants
in equation for Uy

ratio greater
than zero?

Call
HEATAD

[]

Calculate heat addition

Sut fuel parameters
to zero

term in equation for Y

Calculare ritlo
of specific hsats

Calculate constants
in equation for g,

Solve equation
for velocity

Calculate temperature,
pressure, and air mass
flow rate

time through
iteration cycle?

change of

tempersture
greater thsn
specified
Vimit?

Calculate veloclity,
temperature,
pressure, and mass
flow rate

FIGURE 24 - FLOW CHART FOR SUBROUTINE EQUFT
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Determine fueleair
ratio between
calculation points
K and K+l

ls

fuel-air N Set fuelaai ti
ratio greater than © -alr ratio
stoichiometric? left equal to zero

" Yes

Set fuel-air ratio
equal to stoichiometric
value

¥

Determine fuel-air
ratio remaining

Calculate heat-release I
rate (Eq 86)

[Rate of burning of fqel]

Reference is to Volume |

FIGURE 25 -~ FLOW CHART FOR_SUBROUTINE HEATAD
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Salect firat et

Fenatration

{Dnlol jat characteristics iy, u,

Wall jet of

-y

Hove downsteemn In
current calculation
distance along jet axts (Eq 98, fo1)

steps from hole to
point, summing

,LM center)ine veloclty
(Ea_99)

Profile
Substitution

tralnment function?

/Equlvnlem
,Entnlm\ent

A

Calculate jet velocity at
position m In profile
2 -

AN

N

| (Eq 108)

Sum across profile to obtain
enthalpy flux In actual jet

Sum across profile to obtaln
mass flux in actusl jet
{Eq _106)

~

wall

F..............u-]
Oischarges
Loeffictent

L. Subrqutine ]

-y
Jet-angle |
L Subrouting

\W

eeren ot st mm o

el s

NP

Jet manimum velocity
£q 0

Which

Proflle /E
Substltution

l

Entraimment funclli)ﬁ/.

quivalent
Entral nment

Hasse
Loss

Calculate }at velocity
at position n in profile
AEa 110 1o 112) .

“

~

N

Sum across profite to obtain
anlhllp‘ flux In actus) jet

(€q 116

Sum across
mass flux
(£a V1)

in actusl jet

profile to obtain

."u_
— — -
Obtain cross-sections) ares Obtain cross=sectional srea obtair cross-sectional area,
{Eq 105}, velocity, ond (Eq 118), velocity, valocnr. and mass flux
mass flux in Idealized jet and mass flux {gq 121) in {€q 118} in ldealized jet
1dealized jet
TN J\ il e

Have atl jets up
0 current celculation point
been considerad?

All References Are to Volume |

FIGURE 26 -~ FLOW CHART FOR SUBROUTINE JETMIX
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s Ses MR B e e S MR M e e R R s M e K L LB PR 05 b IR AR w L SR G e S s S

! |
1
i j&voluau coefficients in heat-balance equu!on] |
| 7 |
| l?olve heat-balance equation for wall tempuruura_] :
] |
| s |
| . 7 ve ] Noniterative haatotransfer calculation
oth walls been
1 |Nov 10 othar wall considered? : (Subroutine HEATY)
! '
| |
: Hos last :
talcutation point
| quu to next caleutation point besn reached? )
| |

e e e s o i it e ot i o o oon e o e moe YOS it s e e e aa ]

Are longltuding)
conduction and/or redlastion
interchange to be
considered?

Kodify coafficiants In heat-balance equation |

\_ Yes

[Solve for new wall temperatures )

Have
both walls been
consldered?

Move 0 other wall

|

|

|

|

|

|

|

|

!

|

|

{

|

J

! Jterstive heat-transfer calculation
I {Subroutine HEAT2)
|
[
!
{
|
|
|
1
)
|
t
{
\
!
]
|

Hos fast
calculation point
Seen reached?

Ooes maximum
" difference between
Yes 01d and new temperature

lnelwn to flrst calcolation polint - distribution exceed
spacified tolerance?

[ Hove to next calculation point

rite out results

[

Pty e B et o e By e ot i e P b e whw M W B e O e M Mm ETh g P g v G e cam o v aee o

FIGURE 27 - OVERALL FLOW CHART FOR HEAT-TRANSFER SUBPROGRAM
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—7
Evaluate R! (Eqs 131 and 148)

.
| Evaluate R2 (Eq lszﬂ

lEvaluate C1 (Eqs 156, 157, or 161

!

Evaluate C2 (Eq 162),
A Q. (Eq 163) if required

1

Call
EEFT

Call
PROP

Call

COOL

g

1 )
Evaluate T, (Eq 170)_1 =

both walls been
considered?

Has
fast axial
calculation point
been reached?

No

Al} references are to Volume |

FIGURE 28 - FLOW CHART FOR SUBROUTINE HEAT

i

Call
TWALL




Entry

Are
longi tudinal
conduction and/or
radiation

required?

Cond .
—:"A

- - * PR e—

effect (Eq 169)

Evaluate conduction Cond and Rad . Evaluate radiation
A effect (Eq 155)

g
led -
\ ‘/f“—
A N

Evaluate T, (Eq 130) e

Call

3

Have

- No both walls been
considered?
Has
No last axial
—— 3

calculation point
been reached?

Does
maximum difference
between cold and new
temperatures
exceed
tolerance?

TWALL

85

=

Write out heat-
transfer results

All refersnces are to Volume !

FIGURE 29 =~ FLOW CHART FbR SUBROUTINE HEAT2
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Entry

Set |teration number
equal to |

Make first guess at
wall temperature

{ Evaluaie the error

I's the

| as first guess

Put new guess

iteration number
even?

No

Make second guess at
wall temperature
’ \

Put new guess as

second gquess

-..;._L Evaluate the error |

i

T\

Y
Make new guess at wall

temperature by linear
interpolation of errors

“1s the
new temperature
close encugh to the
old temperature?

Ts the ,
iteration number

equal to
1007
'>No

lincrease iteration number by 1]

s Yes

wiWrite ""NO SOLUTION" |

iteration number
~_evenl.

Return

FIGURE 30 =~ FLOW CHART FOR SUBROUTINE

TWAL

m—




Entry

[7 Calculate mole fraction

Evaluate:

Property
Specific heat :

] \ Equation
Viscosity 164 and

Conductivity Table |
and:

Reynolds number
"Prandt] number
Nusselt number

All references are to Volume |

o

_ FIGURE 31 - _FLOW CHART FOR_SUBROUTINE PROP
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Fflm or
transpiration
cooling?

Transpiration

Y

c?é:ﬂzgif X Calculate Nu
Evaluate<t *
(Eq 160) Calculate C,
* ' (Eq 161)
Calculate T
(Eq 158) *

All references are to Volume |

FIGURE 32 - FLOW CHART FOR SUBROUTINE COOL
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BLOCKDATA
CLARE
DIFLOW
AIRFLOW
INTPLS
GASTBL
SLOPE
11AP]
REMOVE
ORIGIN 1 l (REW)
J ' ]
SINCLUDE B2TBDS, B2TUB, B2EMP $INCLUDE FRDU, FIOU
DOUPT GEOM
INPUTI
INPUT2
TAPE
ORIGIN 2 (REW)
| | ]
NEWRAD PROFL EQUAN HEAT]
TUBE IN EMPANL EQUFT HEAT2
TUBANL EMPCTS DISJET EEFT
TUBSTA EMPSTA JETMIX cooL
TUBCTS HEATAD PROP
TUBFWI PRTEMP TWALL
TUBSAI

FIGURE 33 - OVERLAY STRUCTURE OF THE PROGRAM
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APPENDIX |

SAMPLE LIBRARY~DATA INPUT

computer card format used for the library data.

The following three sample input-data sheets illustrate the

The numbers at the tops

of the input data sheets correspond to the 80 columns in a computer card;

each line of data represents the content of one computer card.

input data sheet is a tabulated version of the data,

Beneath each

For a verbal description

of the library data-format the reader should refer to pages 27 to 33 of this

volume.,

Flame Emissivity

| lﬂl = H#J = 3081 __ - %ji = mﬁl = mkt
12 :

13
Lo, 1540, 540, 540, 11230, L6, 1.5
17 . 185 L 16 | 092 1) .13 . 085
. 054 .07 076 [ 05 , 03

Data®™ Employed in Above Example

[Pressure | Temperature| Flame
ibf/ft¢ | deg F Emissivityl
4230 540 17

1540 .185
2540 .16
3540 . 092
846 540 1
1540 .13
2540 . 085
3540 . 054
211.5 540 .07
1540 .076
2540 .05
3540 .03

wPurely fl1lustrative



Diffuser Effectiveness of Two Diffuser Types

92

] 1411 - 2(21 ~ 20131 - JgL#L <4L_RJR1, = A6l 207) = R0
2
5
1 1 1 " -1310.98
0.85 0.75 Q.3 0.2 0.2 n.2 0.2
0,73 0.85% 0.85 0.78 0.6 0.4 0.2
1.1 1.2 1.3 L4 1.5 1.6 1.2
1.1 1.2 1.3 1.4 1.52 1.82 1.25
1.0 2.0
A 14 y. 1330.98
0.9 0.9 0.88 0,87 0.86 0.8 0.67
0.58 0.88 0.9 0,9 0.88 0. 86 0.85
.8 0.7 1.1 1.2 1.3 1.4 1.5
1.6 1.2 1.8 1.0 2.0
]
Data Employed in the Above Example
Dimensionless | Area Diffuser Dimensionless | Area Diffuser
l.ength Ratio | Effectiveness Length Ratio | Effectiveness
1.0 1.1 0.85 l. 1.1 0.9
1.2 0.75 1.2 0.9
1.3 0.3 1.3 0.88
1.4 0.2 1.4 0.87
1.5 0.2 1.5 0.86
1.6 0.2 1.6 0.8
1.7 0.2 1.7 0.67
1.8 0.58
2.0 1.1 0.73
1.2 0.85 @.0 1.1 0.88
1.3 0.85 1.2 0.9
1.4 0.78 1.3 0.9
1.52 0.6 P.b4 0.88
1,62 0.4 1.5 0.86
1.75 0.2 1.6 0.85
107 0.8
1.8 0.7
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Discharge Coefficient and Initial Jet Angle

| I ¢ | I ,2gkg_ ;:<;ih] = 4451 LY ¢ N 6451 SN s v 2 IR -\
2 ,
110, 0625 0.01227 10__9al. 0, 0
2. 0.33 s 0, 477
3. D.555 16, 0.597 .
2, D. 623 ol . 0,642
128, L D.65 - 56, 0.656_
20, 164 D. Q845 (VB |
. . 475 . 525 Kb,
. . 565 16. 602 12.
2, 635 ph. 655 s
L 1
Data Employed in the Above Example
Hote Radius | Area Pressure Discharge Initial Jet
umber | Inches | Square Inches | Loss Factor { Coefficient | Angle Deg. |
] 0.0625 | 0.01227 1 0 0
2 0.33 -
L 0.477 -
8 C.555 -
16 0.597 -
32 0.623 -
64 0.642 -
128 0.65 -
256 0.656 -
2 0.164 0.0845 1 0 0
2 0.475 62
L 0.525 66
8 0.565 69
16 0.602 72
32 0.635 75
64 0.655 77




APPENDIX 11

SAMPLE INPUT DATA (OVERALL TEST CASE NUMBER 3)

94

b du - 2#21 - 3031 - bdul - gggl - 6061 7071 8
ATA ,
EST_CASE INC.._.3 A
| SFIXEDI_NCASE=1, NG=29, NH=19, NwH= = =1, NUMSW=2U4
32,5 351
5 32.3 35+9
1, 32, 36.2 _
1.8, 3.8 36.4 _
31.5 36.7 _
2.5 31.3 36.9
8 1311 33,1 36.1 372.1
31, 3. 35.2 3.2
by 30.5. 32.5 35.7 37.1
. 130.1 32,1 36.1 38.1
6. 29.6 1.6 36.6 38.4
7. 29.1 3.1 34,1 34, | 37,1 39.1.
8. 28.6 20.6 31.1 37.1 37.6 39.6
8 _{28.2 30.2 30.2 38. 38 Lo
9. 28.2 30.2. 30.2 138 38, 40,
9.1 28,2 29.9 29,9 38.3 38.3 Lo
14 28.2 29.9 29.9 38.3 38.3 4o,
15. 28.2 29.9 29.9 38.3 38,3 4Q.
15,1 28.2 9.6 Q.6 38.64 38.6 L0
0. 28.2 29.6 9.6 38.6 38.6 L0
21, 28.2 29.6 29.6 38.6 38.6 4o,
21,1 28.2 9,3 29,3 38.9 38.9 40
26. 28.2 29.3 29.3 138.9 38.9 _|uo,
1. 28,2 9.3 9.3 38.9 38.9 L0
27.1 28.2 29, 29, 39.2 39.2 E).
29. 128.2 9, 29, _139.2 39,2 0,
0. 28.2 29, £29. 18,2 18.2 4Q,
1. 28.2 29, 9 372.2 37.2 LN
32,8  ]28.2 9, 29, 37.2 37,2 Lo
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] Ldll = 1421 PO 10k T T TN N1 L8 I N Iy 1 b A TR - |
9. N , 0.1 B N Lly
9 o 21 NN
12 0.6 1__.Ah0 2%
12, 0,6 250 75
13.5 0.7 0
15, _ 0.8 | ] 4ty
15. 0.8 21 Ll
16.5 0.85 0.
18, n.9 140 27
18. 0.9 240 27
9.5 ) 0.95 )
21, 0.95_ | . L
21, 0.95 2 1] by
22,5 0.95 0
24, 0,95 1 784 27
24, 0.95 y L 21
21, 0.95 1 LY
27, 0.95 2 | Ll
32.7 : .95 a_
SFIXEDR NINT=0.5, WHIKFT=0.04. FLCV=18460., AF234=0.01, AF43B=0.03
XAF23A=32.8, XAF23H=32.8, DSWLOU=1.5, RETA=45., OSWLIN=1.$ )
SLiMITS HCANIL=30, INXDIFI=14) NXDIF2=14, NXDIF=74
o THE LIiBRARY DATA.CARDS ARE INJERTED HER
THE (FORMAT FOR THESE DAFA IS DESCHIBED ON PAGE 27
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] - _10]11 2021 3013} - 4LOiL) 50151 £0l6] 20421 80
1150, 90, 96, 0.018 Q.5 : .
0,00625__10.0] 0.01 0.0] Q.01 0.01 .01
0.0 0.0 0.0 0.0 0.0 0.0
1 )

0.89 Q.1
0.9 0,2
1. 0.4
0.2 0.5
0.9 0.6
0,9 0.8
0.85 0.9

13 2 3 0 2 |

Q.2




APPENDIX 111

SAMPLE COMPUTER QUTPUT

(RESULTS OF OVERALL TEST CASE NO. 3)



TEST CASF NO.

GEOME TRIC CONFIGURATICN (F COMRUSTIR

e o . e i . 1 e A o S A e . e i

3

4 NALY SIS

LI

1 ANL L APR

ce»»e L sTIon

2 %5 5 08 3 4 8 % 2 82 % INPUT CATA % $ % % ¢ % ¢ & ¢ 2 ¢ % *

THE GEOMETRY IS DEFItL AT 23 GECNMETRIC INPUT POINTS

AXIAL
POSITION
FRI™
COMPRESSCR
DISCHARGE
INCHES

[+ 2
0. 500
1.00C
L.500
2.000
24500
3.000
4,000
5.000
6. 000
7.000
8. 000
8.800
9. 000
9.100
14. 000
15.000
15.100
20.000
21.000
21.100
26.0Q00
27.000
27.100
29.000
30.000
31.000
32.800

INNFER
CASING

32500
32.300
324000
31800
31.500
31. 300
31.100
31.G00
30,500
30100
29.600
29100
28600
284 200
284200
282290
28.200
284 200
28,200
2142V
28.20C
2%« 200
274230
284200
280200
2R 2070
2H. 200
28,200
284200

INYER
SNOUT

~0.

-0

=0e

=0a

~0.

-0e

33.100
33.000
324500
32.100
3l.600
31,100
310,600
20.270
30.20)
29,4900
29 ..900¢0
294 400
29,600
29,600
73600
294309
294300
23,300
29,000
23.000
29.000
?729.00C
29.000

INKNER DOME
CR FLAME
TURE wALL

“0
“De
-0.
o ' I
Ve
=0e
=0
-0
~0e
“O.
-Cs
34. 100
31.100
30200
3g. 206
2%e 321
29.9CC
2949450
294697
?29.€J0
294 €00
29300
29. 330
29. 330
29.000
29.000
23.002
29,040
29 .000

CIAMETER (INCFES

CUTER COME DUTER

CR FLAME sNeur

TUBE wWALL
-C. -Ce
-Q. bl I
-0 =0
-G -0.
-0 -0
-0. -0
-0. 35.10C
-Ce 35,200
~Oe 35,700
-0. 36.100
-0e 264600
34,100 37.100
17.100 37.600
38,000 38.C0C
3B.CCO 38.00C
382.30D 31a,30C
is.IN0 14, 200
384300 38,300
38,600 3R.E&0C
134600 3P.600
32,600 18,600
38.9C0 38.90C
38.900 39.900
38,900 18.90C
39.200 12,200
38,2¢C 39.200
38.200 38.20C
37.200 37.20C
37.200 27.200

CLTER
CASING

35.70C
25.9CC
36.20C
2€.4CC
36,70C
36,900
37.10¢C
27.20C
27.70C
38.100
38, 60C
29.1QC
29, £0(C
40,00C
4C.00C
4C.CCC
4C.c00
40,00¢C
40,32C
&§C.GaC
40,009
40,00C
4C.0QC
4C.CCC
4C.000
0,000
40.00C
4C.CCF
4C.0NC

GECME TRIC
1Lt
PCINT
NUMBE R

MDD SN ND IN

86



SWIRLER DESIGN

(SPEC IFIED AS Lapul)

NUMBER OF SWIRLERS
NUMBER JF BLADES
BLADE STAGGER ANGLE
INNER DIAME 1ER
OUTER DIAMETER
AREA PER SwIRLLR

74

45,07 URGRETS
1.00  [4CHES
1.5C IACHES
0% STUARE INCHLS CIGKNCRING ALLCKSGe CUF TO VANESH

FE B I B ]

DETAILS OF AIR ENTRY PU3TS AND GEOMETRY AV EACH HOLE RCW

THERE ARE 19 HCLE RCwWS

HOLE AXI AL HOLZ INNFR  NUMEER TCTAL PDRT AREM RATIO TOTAL PCQT .CUNMLLATIVE Su¥» RATIO INTIC QAT §C
RO POSIVION TV¥Pe 12 CF HOLES AF TrIS HOLE ROW ARcA THIS ROu CF AEA RATIO FLAVE INNFQ ores
NUNBER OF HOLE QUTER IN THIS SQUARE FEET TO GRAND TOTAL (LAST COLLPFNY Tunt BANLLUS  ANNLLUS
. CEVTER~ NALL RCwW C S AREA C S Adaka C S ARFA
LINE PENEVYRAT COCLING PENETRAY COOULING PENETRATY CCCLING TC REF e “EF TN RFF
INCHE S . -ION SLCTS - 0N SLOTS ~1CN sLors A%EA ARES ACA
HOLES HCLES HOLES
- - e oenwm e owowomow DAIVE = - e w e e - - -
TITAL COOLING AIR ENTRY PCRT AREA IN THE DCME = C. SC FTV

TOYAL PENETRATION AI2 ENTRY PCRT AREA IN THE OCME = 0,164 SQ FT (INCLUDING TCTAL SwIRLFR AREA)

s = = = = = = FLAME TUBE WAL~ = = = = ~ -

1 9,000 &4 INNER 1 0. 0.067 0. o.ltt 0.0645 Cotll Ce651 0.145 D.1%4
2 $.000 44 CUTER ] O. 0.079 O 0.13% Ca045 0.25C 0,661 0145 Nl 9%
3 1€e330 75 INNER 50 0.153 C. 0,042 O 0.087 0e 25C C. 112 Cel23 [ P 3]
L} 12.000 79  QUiFR S0 Ua153 Ve 0.042 0. 0.128 Ca 25C 0. 712 0.123 N.168
3 13.9%00 [} -0 Ce 0. [+ 19 0. Ce.l28 Ce 25C 0,712 N.123 M. 1€5
& 1%.000 L 2 ITNNER 1 Ou C.Cte [ o.11C Co.l20 0+36C T T12 0.123 AFS ¥ 3]
7 15.000 44 QUTER 1 0. .09 C. Oesial c.12e C.5CC 0.712 Cel23 Ve lES
[ ] 16.50C [} ) Oe O Q. O. C.l28 Ce SUG C.781 0.101 .17
® 18,000 27 INNFR 40 0.5% 0. G152 O. C.2R0 0. 500 €Tk} n.1ct V13?2
10 18.000 27 OQUTER 40 04556 Ce C.152 Je Ce6 32 0. 50C Ce 763 c.1C1 Ma137
it 19.500 c -0 O, Qe C. 0. 0.422 CeSOC Ce 163 C.l01 Jel37
2 21.000 &6 TNNFR 1 0. 0.061 O. - 0.1C8 Ce612 Ce 608 CoThd N.101 N2
13 21.000 &% OutLrR 1 0. C+0R0 G, 0.161 Cet22 Ca 75C r.763 n.101 137
14 22,500 ¢ -0 0. 0. Ce [ IS Ce®22 Qe 75C C.816 DES o £ d.1C3
15 24 .,00C 27 TNNFR ™ 1,042 O. 0.284 0. Ca7lé Ca 75C N.816 0.373 J.1C8
| 1 26.000 27 QUIFCR [ &3 | PR P4 Oe C.204 Q. 1.0CC Ca I5C C.R14 0,219 V. 108
17 27.000 &4 ENNER t C. 0,061 n, 0,107 1.0CC CeB857 Codlb feTY T.103
18 27.000 44 OUTLR 1 0. 0.081 Ce [ XY L ls CCC 1.00¢C L2 T C.C79 J.1C3
19 32.70C [+) -0 0. Q. 0. Oe 1.00C0 1. 0CC [ PO 0.087 Ne269
SOTAL COOLING PORT ARFA TN THE FULAVE-TUBF WALL = C.%6% SC FT

TOTAL PENETRATION PORT AREA JN THE FLAME-TURE WALL = 3.501 SY FT

66



RATIU OF TCTAL HULE ANTA (INZLULT o5 Sul Lo2e LF¥F RULFS,
SAOLING SLOTSy AND A= T ATHow HEL™SY 10 S€F< "ANCEF A2B8 = - (S84

THER® ARE NG JET-ANLY TATY FC HOLE TYPE AL, The THT INITIAL JET-ANMLE 5. STIMATE LSER IN THE P2CCRAV 5 ACT 8§
ACCURATE FJ?2 SCLudPsS.

RISCELLAMNEOLS DATA - LIFFUSE: SECTICON

THE DIFFUSER SECTINY COUNTATNS A ST

INPUT POINT 7 IS The LAST STATIO SEFCF ThRI SNIUY

DIFFUSION IS CUNSIDESFD T END AT INPUT POINT AUNFLP Le TN THE INNER ANNLLUS
BIFFUSION IS CCOASIDEREG T1) END AT ENPUT POINT NUMRFR Lée IN THE CUTER ANNLLUS
THE ZMPIRICAL UATA .3 BE USEL 7EF IRE ThF SNCJUT [9 5-T QUMRER i

THE ZMPIRICAL CATA Tu BF USFL  AFTZ TrF SNCUT IS ST 1u4eFY 1

MESCE LLANECLS CATA - ADZFLOw SECTION

HOLE ROW NUMBER L IS THE FIPST HCLE RCw IN THE FLAVE-TUPF WALL,y AS DISTIANCT FRAOM [RE COMF
HOLE ROW NUMBER 3 IS CCASIDSRFL [0 MAWK THE SNC OF Tur DRIMARY ZOME (WHICH IS CSANSEDFREC AS 2 STIR2IFN 3522}
THE FRACTION OF AIR FLOWING THRUUGH THE SECCHDARY HULES THAY RECIICULATES
INYO THE PRIMARY ZONE IS wCRKEN CUT IN THE PRUIRAM
JHE FLOW RESISTANCE N TBE SNGUT IS O. VELCCITY KEADS (9ASFD ON CTONCIFECANS IN TRFE SNCLT LIF)
FRACTION JF- INLET AIR 2YPASSING CUMBUSTOR
. INNER ANNULUS C.C1C
CUTER ANNULUS 0,030
AXIAL POSITION AT WHICH THIS CCCURS
INNER ANNULUS 32.8CC 1IN
CUTER ANNULUS 32.800 1IN
FUEL DATA
: LCWER HEATING vaLUE~- 13560.0 BTU PFR LvM
HYDROGEN/CARECN 24TIN 0.173

MISCELLANEDQLS OATA -~ HFAT TRANSFER SECTICN

FLAME TUBE WALL THICKNTSSeeecacecscocces 0Oed6) IN

THERMAL CONCUC TIVITY OF «ALL MAT¢ATAL..s 19400 eTL 2ER FT #! FE7 F
ABSORPTIVITY OF FLAME TURF wAlLleosossoces Ca3at

EMISSIVITY CF FLAVLIUP® wAlLeecccccseces Da395)

EMISSIVITY OF TUTHR CASIMiveeeocnccassse L8300

THE CASING TEMPERATUNE IS \OT SPFCIFIFEC

FILM JQOLING CAN 8F USED

TRANSPIRATICN TOILING IS KCT USER

ate

001



LASES COPSIGRREL 4 T0IS 2uN

1 CASES &UE YO 8F LonSIDeREL
PROCHAM ROLTING §5 ALY 20 FROM JASF KU (A5

101



P e S S T R A R 6 & 2 % & % 5 % & 58 KR

ENLET FLOW CLOWITIUAS

TOYAL TEMPERATLRE AT LupPRT35CR CISCPARSE w0 L1S0L0LD CEG £

TOEAL PRESSURE AT SOMPIELSCR LESUHMmLE * G300 PSIA

SER ShUus RAT. AT COPPREXASZ {SCRALGE = QR OO LBF PR SECD
OVERALL FUEL-ALIR -aTL) * Dudln

DIFFUSER INPUT DATA

PHIYLAL SHMAPE FACTORS

IRMER Wil 1400
OLIER MALL 14400
IHLEY BOUNDARY LAYL Y 1 LDCKAGE = .00

FRASTION OF THLET 3LUCKIGE C8 INNER WALL = 0,500
MUMAER OF STREA® Tun-3% 10 PE CONSICEREC » ¥

SIRST ESTIMAYE CF BLECKACF AT DEWNSIREAF POINTS

[

ARTAL DISTANCE TNCHES PLECKACGE
Ca L4104
0,500 LKL
1,000 Lelil
L.%C0 D010
2 «000 £ 4 L
24800 L0320
2486C L.01C

el YELOACITY PROFILE

FRACTIONAL CISTAGLE ACRCSS (AL T PLAN YELECTEY ENTIIPEASIIAALILED
IMEASUNED FI0Y %R wALL) w1TE A0 AAMITIALY VELLLITYY
Je100 DattHL
G20 Q.900
€adn 1.0CC
Bt €.5(¢C
N800 S.90C
LLR00 f.50C

L H 0, #5¢C

zot



FUEL BUaNI RS RATE A« WML 179 % M, N S S b2 TIOs 2004y

o e - w1 o 0 300 O S .

CALCRAaYID ARIAL CIPLEMT sl 0 S INENG CASRILG TrmayRsIyny
01N POMTIIOY L ASCTILY e CEG ¥
HUME. R 1y FUEL TNt L0 P yel IRNER oLIrs
i 0. 000 Ja I i1 t15C.n 1500
2 FH00 Qelr 3 Fulhs 11500 1is0.C
3 10 000 QaIny e by 1180.8 130,00
» 10900 LA 3 2 T 1150,0 1150.10
5 1000 Gah33d Daldn 1150 1150.0
& 11.62% 0.5%7 Qedrd 1150.0 11500
[ 13,500 B FUG a8 11%0.0 fi%0.0
8 %000 V. ang del?d 1150.0 1i50.¢
2 15,500 Dani ¥ (PR S 1180 fisc. ¢
e 16,000 Gon}) D023 1150.0 1150.0
3 ¢ Y 6. 500 B0 G023 11%0.0 11%0.0
i2 i7.000 DuBh? .02 1150.0 115¢.C
2y 19,500 DL9%0 Tulbd 11%0,0 11500
s 25,000 QP50 2 7 11%0.0 $1%0.0
1% 2125920 O P50 Lo 115%0.0 11%50.0
1% 22000 D950 Qs 11%0.0 FIng.t
17 22500 D950 Ne 11500 1150.0
s 23,000 @950 O 11%0.0 11560
19 1.000 . 950 T 11%0.0 11%0.0
20 27,300 0950 O 11%0 .0 0. 8
21 28,000 $.950 N, 11950 .0 1150.0
&2 IR.500 Ge 950 Qe ! 11300 1150.0
23 $9.000 £, 9%0 i 1150.0 11%0.0
4% 2.0 S.9% L 1150.0 11%0.¢

an 32,800 Du 950 {139 11500 1150.0

ROGTING THROUGH THE A3054F

INE FOUITVALENT ENTRALNNENT BOQEL 15 US .0 T2 RIGORESEAT QBT MIXING It A CORSTARY CF 1.000 FPOv PENCERATION JEUS

M) 0.200 FOR wALL Jt1%

HEAT TRAMSFER IO ANAULUS AIR 15 NOT CUSSIDERED

THE FLAME 15 ASSUFED LU oF LUMINDUS, TEE LEFFOvRF CCRNELAVICN 1% LSFC

THE AASIC WPAT VRANSFEY CALCOLATICY SOLYES FUR & wApEL WITH COMC0 FLAFE~TLPE HALLS 3ND -OIYEASTOAAL

RAGIATION FRANMSEER FoUY THE BLEMS

MO CORRELTIONS MIE PALE TC THE BASIC HEAT TRANSFER CALCULAYION

me STREANTURE MLPFGD 1% USEU fu CALCULATE QIFFUSER PFRFCRMANCGE FROk IHE CIFFLSES INLET ¥7 IRE SAOUY

THEMIXING EQUATION 1400 15 USED I0 CALCULATE ThE DIRFJISER PERFORMANCE IN THE PASSAGFS AFTNIET SNCLT MNEC QOISR CASING
B ENPIRICAL DAYA 47F uSe 10 CALCULATT THE CIFFUSEY  FFFECTIVENESS, TRETE OATN &3F JAREN FI0W TuE LIBSAYY fiP€

£01



REFEIENLE COMITYIONS

REFERENCE MEA - 4389 L1 FL

RESERENCE WELDCITY - 145.24 FY PER SEC
FLEY mALa NUMGER » 0.287
REFERENLE BACH MM EX » Ca Uty
REFERENCE DYBARLIC PEOSSULE = e 30 PSE

DIFFILER PARANEYERS ~ COPPRESSCR DUTLEY YU THE 1P OF Thi SACut
IN WIS PARY OF THE QIFFUSER A STNERPTUBRE ANBLY SIS 5 uSID

DIFFUSER PERFORMINCE

NG RIKING AT DUILEY
TDERL PRESSURE ReCOVERY COEFF, » D718
PRESSLAE RECUVERY CULFE, * 0,50
DIFFUSER FEFECTIVINI S ® D.¥5
FRACVIOMAL JOVAL PROSSURE LOSE = 4.000

VELCLIYY PROFILE AT Exi) oF DIFBLSER
ERRLTIONAL ANMLLUS BFIGHE .. oane D115 01N Ga2.8 8,385 € A2  (.500C  0.577
MERCHY ALLDBING BUR SLOCKAGE <. O, L1080  C.200 0,300 AN 500 0.800
QELLC IV, FI PER Sluvoosunmesnss 04,40 320,99 M13.00 429,31 AT2.42 39%.84% 320.0%

BOURCARY LAYER PRUPESTIFS ~ SOLUTIUN WAS COMMERGED

ENMER MALL JUTER WAL

SN xin PRESSUTE CELEA  TeEla H DELYA MmMENA ¥ AN, ARER  FRACYTIOAM
WU TR in PIA in in N L] K Ix BLOIRACE
1 8. 84,902 Va00% D004 14400 0.00% 0.603 1.400 [E1. 7% O QUES
2 500 .99 D008 0,008 §.%82 VL1 CLONY 1008 52011 00124
3 2.000 BI.008 0,009 0,01 1.P12 D027 L0615 L.075 2% 99 DD
% 1500 87,410 G482 0,028 1.78C oM G, 023 1 709 A8, 359 Dbt 2
% F.000  RIA40 %0 0,08 0,080 2.15189 wn C.URC €L.038  2.137ee 18,593 0 Bals
& 29500 - W53 G253 0,030 3.%cC T.2%2 €009 1900 299, % H.1734
4 BY o 5A% B350 0080 1,400 G.3357 B8.0% .50 321.37% Cu2dIs

2800
SEPARATION BF 33 (CLumS 5 INDICATFD RY 88,00 o #%

Lo b5%% 8732
B 0T Sap0t
IR2.E6F IRGC

005 L8N
0800 f.000
ALY 2E%.0)

SIRTICY
MUSRER

el T R

"ol



DIFFUSER PARARLTCRE ~ 1R DIFSUSING PALIAGE SETMHEN SNIUT Ak CASINE
IN WIS PARY DF TME UIRFUSER TG PEREORNINCE 15 CALCUAATED ASTNG THE BIXING LCLATION

BIFFUSER PERBIMBANCE

FLOW ALLOWED TO ¥IX AT OQUTLEY =
BDEAL PRESSUME AECCVERY COEFF. »~0.130 1INCLUDING RIXING EFFECTS)
PRESSUNE BELLVERY CHEFE, -0, 27%
DIFFUNER EFFECTIVENESS = Ja44%

FRACTIORAL TURAML PRESSURE LESS = Q.007 {EASEL UK FIAG CONDITIONS AT COmSIRSSEN DLTLEY)
TMIS SELTION WAS AN AREA RAVIC LESS TUAN CNE 29D ACTS A% A SOZILE SN0 ROV AS & DIFFUSER
TR UALAE PRERTED DUT A% THE DIFFUSER FREFCTIVENESS 15 WOI AW INDICATIOY OF HOM oELL INE SECTIIN PERFCWPS
RISMATLR AT THE SHOUT §S LoAaCTERISED BY THe %3N0 -~
SEOTAL STREANMTUBE ARCA JUST BEFCRL THE SNOUTRZIFLOM AREA JUST IMSIDE InE SADLYE. WIS ®AYEY 15 1.3%
AS THIS RATID 1S DUTSIDE THE RARGE O.2%~1.15 THE FLOW SICTT ON THE 3MOUT 15 BOT wELL MATCHED

DIFFUSER PARAPETERS ~ DUYER GIFFUSING PAlSACE BETULEN SNOUT AL CASING
AN DS PARTE OF THE DIFFU. R InE PERFLCRMANCE 1S CALCUCRIED LSING THE PIRING EQLATION

EIFFLSER SERFORMANCE

PLOM BLLOWER YO SIR AT PUTLEY
IDEAL PRESIURE RECOVERY COEFF. »~0.114  CINCLUDING NINING EFERCYSH
PRESSUNME RECOVERY LOEFF, n ), JOA
DIFFUSER EfRsCIIW e 3s » 3.1
FRACVIOWAL TOIAL PRESSURE LTSS = 0,005  (PASED 0N MEA% CINDITIONS AT COMPRESSCR DLILET)S
YNES SECYIOM MAS AN AREA RATED LFSS THAM UNE AND ACTS 25 A MOZZLE ams ACY A% & DIFFuSEY
IHE WALUE PRINTED OOUT A% Tof DIFFUSER EFFECTIVIATSS 1S NOT A% JACICAYION OF #0 well IHE SPLUICR pIRSCRRS
RESHATCN AT Il SNOUT 1% CHBRACTFMISED RY TuE RaYIU ~
STOUAL STRCANTURE ARCA JUST GEFORE Tob SAOUTIZIFLON AREA JUST INSIDE THE SNOLTY. THIS RAFIC 15 1.4%
A% BHIS RATID 1S DOISIOE T0E SARSE D.bs=1.1% THE FLLE SPLIT OV THE SIELY 35S ROT MELL maYlwrn

AERDDWARIC PARAPESUAS AY Falw CALLULATICH POINY

RITRY FOTAL PRESSURE SYATIC PRESSLUNE Q“.K Kl“ i!? PALH ALNEE B ACCLMILATED PRESSLNE
msnm Eimn PLIA PSIA ¥ FER SE : LOS% In anuuLl #5)
:m:zw L At FLang RANR Y #L A L tun FLAPE  AnwuLE FLa0E  DLE WO e 1

501
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DISCHARGE FLak( U nwat . e TUPE FRICTICR SAL TWPRIS IO —
1N S TURE  TNNER DUTER IRNER DUTEY PONEN N8 Jwp 1 CLIER HEST ATCIVICN o
£8C ¥ . FARER CLUPR EANEL DLYER o
STATIC
weP AN

B0 FINE.T w06 BEAE B5.56  BALZYE BALZE 85,47 AA3.) VRN BM1.7 U.227 C.201 0.03 D, G B L
’.!‘ilss;g‘}:ig‘bi’hiﬁ B8.8%  25.%0 B0.3T BEL15 BS.A% AAL.T 196.9 110.7 L2300 C.208 €036 0.01 200 O, L
mn:‘”;:s;gh:a.u BE.6A  85.506 6.0l BAOR A5.AT A58, ALY THR.T 0,238 T.20% C.03¢ 0.0 G2 8, L 2N
3&!‘%:1;%35%;2::§\4i AR5 B5.%06 B5.90  BA.CT RU.4% A462.% A05.7 100.7 £.237 £.207 €036 0.04 0.0 8, e
10,000  3798.7 87,30 MR.BZ B5.50 MELB0 596 SN0 ARYS W09 THLLT Du2A0 £.20% 0,056 0.0% C.0% 0, Oa
n*n:“l;zsﬁr';s. 30 28,61 B5.55 RU.E0 BELAR B5.47 AT7.T 418,86 F1E.7 C.248 L2012 C.036 0.08 £.CS 0. By
‘&”:‘)‘::l;a‘:&:‘hl& RELSY A%.30 SO BT B5.27 AGL.S 338 139.% L.205 L0868 C.08A Aﬁai? 0.0 D09 T.0N
i&»”?l"s:iii:‘.:’!ull BB AT BRAT B0.%T B30 85,05 ADLLT 2639 BEX.E L 205 0,108 £.0%2 O.id .13 007 004
i&“§*“;:§§§:ﬂ :‘m,;z R4 83,50 ML.0F 88,09 BS.356 ANT.4 T09.0 15%5.% C.006 £.198 €081 C.1% 0.1 009 (.04
l&”:imig’;izt‘:mnﬂ BELAT  BN.50 BOLDD  BA.OT 85,75 47,5 TE9.0 161.T o224 C190 £.0%0 0.17 4.5 009 .06
li-”é:::éé!%;;::%hﬁ! BE.AS 85,50 AA.03 85.0% 5.5 4304 W) 165,4 0.024 (.19 0,057 0.20 0.1¢ 6.0% 006
EV.008 W63 89.0% FRAA BHLS0 B6.C0 BA.06 853 A37.7 20T Q80,4 Lo €199 €052 0.2 0.8 D.ow 08
n.soi“‘i:n::?‘:aas BRI B5:90 Bho8T 8671 B35, 510 T18.% IBELY CL17S L 161 0.00% C.08 0,34 071 L2
‘ 33»“:‘”&;‘3“:&&2 SR 26 BIGL BEES F6.OT  B5.37 ¥%1.7 Mhhed JUS.F o109 Codl o003 033 £27 .21 0.1
:x.w:“'iﬁf:h:a.n FELIT 85T BHuAS  BELAS B5,.4% 1LY IWLA JOT.Y DLISE LTS .06 CL37 077 DL (A2
l}aﬂ:‘”;;‘ii:;ﬂ‘:isﬂl BB.25 8573 88,48 856,83 B340 SBALY IWMMLE 0.6 (0% 04073 C.00% G.3 €29 0.2 G.02
&!ﬁ”:t";glgfgc.:&-ﬂl RE.23 BR.7% 86,50 BOA2 2548 3804 TMLA 204,.7 C.0% €173 0,070 £.36 Q.30 B.21 0.2
li»*:‘*&i}l;lﬁ:n‘:i* TV P21 B%.78% R A2 BAH.AC BS540 IBALS IIR.T JOALN 0.6 U103 CLE00 N3N £.37 0.1 Gul2
”a”g“‘;:(s;f:&:?a?n BT.24 85,90 B¥LE2 B7.11 R0 1LY WELT F70.0 £.03¢ (.UAT 0,107 0.3 £.33 1.7 1

A0 23073 BELET RELZY ALY By BTl PR AR INT 810 27%.4 0008 0.03) .10 03 038 .19 .09

lﬁﬂglwggtifgmgtd? BT.22 28,15 FT.0S BT.00 B5.4% 35,7 @l 280,7 C.0ME Cuv3l FL001 Q.A1 8,34 179 J.0%

%&‘”;:Jgﬁ*:tati BE.22 BasYS BF.1% BY.16 0%.45  35.3  41.0 2800 0.008 C.U81 €001 DAL G 1.7R 309
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COMBUSTOR TOTAL-PRE SSURT LUSS COFFFY SR IAN:® BWNLILS = S.RSCT (S1LAYINL J0 YEFFAERDS BYAARIC PRESSuRE)
COMBUSTOR JTCTAL-PRESSUTE LUSY LUFFET KON LUTER ABaius = T.0002

TOVAL ~PRESSULRE LOSS FACTOR FOR COPPERLT DIFRUSER A% COPRUSICN = L0200 IRFLATIVE B0 COPPRTSRLR DELIWERY SRESSLOER
CORBUSIIN TOFAL~PRESSURD LOSS FALTON FOX FMNER ANMLILES = 0,0349

LONBGSTOR YUTAL~SnESSURE LOSS FACION FER GUTER AMMAUS » Q.027)

EWPARSION TOTAL-PRESIURE LESS FaRUTER F0R JWNER AMNULUS = 8,019

ERPANSION YOUAL «-PRESSURE LLSA FACIUR FEZ CUIER aWtUS = C.0IN

PHE SSURE-LOSS FALIDY DUF TC FRICTION BAD HEIAT ALVITICN FDR BivER BOMMUS = (. CONE

PRESSURE-LOS FACIOR DUE TO FRICTICN Sn0 REAT ALCITION FOP OLTER SRMINLS = (.08}

MISCELLAMEOUS QuANTRRIES

ABIAL PI5ITION BALE OF BURLING FRICTION FALTON

FRON S ONPNE SN CF FulL L R
SESENARGE LB PER SEL PER
TACNE S Y AREML DISVANCE ERNER Lurce
2. 000 B 454 S000  D.D0AT2
508 o S04 Q.00 B.LCATE
inane 3.456 $.00008  0.00412
15,500 24058 D.00086 D002
11.00C B 450 SL00806  D.00472
i ‘w VT 000 D L00TE
1 %508C £=382 Q00479 Q. CLAFS
15,900 ®ale 93 S BBUR T D.00ARS
%500 B.821 . 00885 O.00492 .
16800 .09 B.0060%  B.00082 &
5500 B9l S 00485 0. 00
12.800 L] B.000%%  D.ODA%Y
500 Ou . 00898 D, 00508
21,000 L S.00038 GO0
21. %00 L2 S.00%0% 0. 00% Y
008 L Lo 0» . B.O0%Y
22,900 L L0500 D.O05LY
13901 L G.O0%08 O, 0NN ¥
2.800 8a 000671 0.0063)
1500 L S CB0348 D0
F8.000 8. 00343  B.000e)
M. Mo e S.00061 000781
b % T e : $.00043 B 00MI
100 8 S.00443% D000
32.80¢C L S 0084%  Q.0CYYF

Lot



QUAMTITIFS RELAYED fo FLDw THRCUGH wOLES

RHOLE RO% ANl HOLE  INNER  NUMEER  #OLT CESUPARGE COEFFICIENTYS  EFSECT  INITIAL  IRITIAL B RALYICH  MECnw-
NUNBE R POSIHION YPL L in PRESS b 21 4 JE€1 JEY WEL ¥ LLATED

EaQn Lon CUTER  ¥MIS ~JRE LOURECY AV ACTOSL  NOLE AMGALE oty Lunmeng AL 10N

«~PRE S SOR ALY HOLF L0585 -£L ¥ ARES CEGRIES  F1 PER AAMLALS £F InteY
CISCHAILE ROM FACIOH ALTUAL 3¢ 71 k117 AW S ile A% AN

INCHES ¥ LN IERCuGE  FLAVE
REC TED RCLES JURE

i 2000 »& 1 i tu 2% 0.92% 1,002 D.923 £:57% =0, 48622 8093 Q102
2 5.000 A4 2 e 2% G. 932 F.002 0.9 Conrl “Co A3%. 72 38 30 . 1%4
3 12000 5 i 50 T+l 0,938 1,000 0,534 0,082 .00 SAT,39  0.0% L2214
- 12.000 ™ 2 50 111 CaB3% 1001 €538 L.082 LU0 436.09 0,119 C. J08
5 13.500 B -0 =0 e G »La = S8 { =0a La =R LOL Gu 268
& 15.000 A4 i 1+%3  p.8% 12006 Q. 835 0,501 £ 4¥7a 1% Ll B.505
¥ 15000 44 2 i 1x%3 838 1003 QB39 05821 Le 459,90 0.119 V. 152
& 15500 $ - b L O =l e CLE e Do e =000 S350
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$SIBFTC CLAR LIST
¢ CLAROOLO
c PROGRAM FOR THE ANAZLYSIS OF AN CLARO020
c ANNULAR COMBUSTOR CLAROOD30
: CLARQC40
C PROGRAM CLARE. THIS IS THE MAIN PROGRAM. IT READS IN DATA, WORKS OUT CLAROOS0
¢ REFERENCE QUANTITIES, AND DIRECTS CONTROL THROUGH THE suaaourzueg CLAROO6O
c IN THE APPROPRIATE SEQUENCE. CLAROOTO
c CLAROCBO
c THIS PROGRAM CONTAINS THE FOLLOWING COMMON BLOCKS CLAROO90
¢ B3, B12, 813, B126, Bl68, B178, B12678 CLARO100
A CLARO110
COMMON/B3 /My NCASE, INPUT, ITAPE,FGIZ(45) CLARO120
COMMONZB12/ X1120),CA(120),CB(1201,SA(50),58(50), CLARO130
LNRECT s NXDIF,NDIFF;NSNOUT 4 NXDIF19sNXDIF2,NXDIFA,NXDIFB,NTUBE, CLARO140
2PRESIN, BLOCK(S0),ABLOCK,SHAPEH{ 2,500, CLARO150
3VPDATA{15) RDATA{15)sNUPR, ARDTA({200)+XUNDTA{ 203, EFDTA({200),NCOFy CLARO160
4NYDF , NZDF,E1DTA;, NXDFyAREFyW1DTH1, CLARDO170
5XMACH » RHOREF s EFDT (3} CLARO180
COMMON/B13/ AREALyNXDTFCyNYDIFBsNZDIFB)NCOIFB,E1DTAB CLARD190
1,XLNDTE(20),EFDTAB{200), ARDTAB{200) , CLARO200
INWALLI ,NWALL2 CLARO210
COMMDN/BLE/CDS (205 15) 3 DPHS 20, 1515 FLCV, THy NABX(45) CLARD220
1sNSPL20) s GXIS(20915) sKbsKbysFIToFIPHI,FIPST,FIAJFITAUSFID,FIENTH CLARO230
2 4SHAFST, FIFTPR, LCMFL¢LCANILCLARO240
3 ,LCANL (LCFTEL, LCFTLsLCPRTL sBETA, ASW,FFIZ(45) ,AHDOME 4NSCODP (20) CLARO250
4 3LCPTAL+PAFRZ, KHTU(50) CLARO260
5 ¢AF23A(3) ,AF238(3) 4XAF23A(3),XAF23B(3) CLARD270
COMMON/RL26/AF2, TAN1A,TAN1B,PANIA,PAN1B, AFAAFB 4PREDM, STAGTCLAROZ50
1,18LsSTPREF,PNRT Ay PNRTB, DPHSNT, DOMLOS CLARO290
CUMMON/BL68/AANA(45) ¢ AANB{4519CCAL45)5CCBI45) s FHCRoNLAST CLARD300
1 +KANHET ;LANHET ;PERCOy THIKFT CLARO310
2 yDANA(45) 4DANB{45) CLARO320
COMMON/B178/DFT(45} : CLARO330
COMMON/B1 26787 JTAPE 4 IPRINT CLARG340
CLARO350
c FORMAT STATEMENTS CLARD360
CLARO370
1 FORMAT(2X7E1043) CLARO380
CLAR0390
M=1 CLAR0C400
CALL INPUT1 CLARO410
CALL IAPUT2 CLARQ420
1CHNGE =0 CLAR0430
IDFLOW=1 CLARO440
NDIFF=AOIFF-100 CLARO450.
IF(NDIFF.GE.0) GO TO 200 CLARO%460
IDFLOW=0 t CLARO4TC
NDIEF=ADIFF+100 CLARD480
200 IPRINU=IPRINT CLAR0490
CALL DIFLOW , CLARDOS00.
IPRINT=1PRINU CLARDS10
[FIIBL.EQ.0) GO TO 500 CLARIS2C
C EMPIRICAL CATA REQUIRED TO CALCULATE &xfﬁvsaa PERFORMANCE STATIONS 2~4CLAR0530
IF (MOD(NDIFF,10) +NE+2.0RNWALL 1,EQ.NWALL2)GOTO105 CLARDS4
1sNXDIFC CLARDSS
1F (NXDF.GELI} IsNXOF CLAROS60
DUM=NXCF CLAROSTC
NXDF=NXDIFC CLAROSS( .
CLAROS90

_NXDIFC=DUM




2 s =

106

107

108

105

112
400
500

606

00 106 J=l,1
DUM=ARCTA(J) ‘
AROTA (J)= ARDTAB( J)
ARDTAB (J) =DUM
1=NYDIFB

IF (NYDF.GE1) I=NYDF
DUM=NYCF

NYDE=NYDIF8
NYOI F B=0UN

DO 107 Jal,l
DUM=EFDTALJ)
EFDTA(J)=EFDTABLJ)
EFDTAB(J)=DUM
I=NZDIFB

1F (NZDF.GE.1) I1=NZDF
DUM=NZCF

NZDF=NZDIFB
NZDIF8=0UM

DO 108 J=1,1
DUM=XLADTA(J)
XLNDTA () =XLNDTB (J)
XLNDTB (J) =DUM
DUM=NCOF

NCOF=NCDIFB
NCDI F B=DUM

ICHNGE=1

KANHET =0

LCMFL=0

CALL AIRL

FITAU=,05
IF(IBL.EQ.0) GO TO 500
IF (LANHET.EQ.2) GO TO 400
CALLHEAT1

LANHET = 1 IF HEAT TRANSFER TO ANNULUS AIR IS TO BE CONSIDERED

IF {LANHET .NE.1)6070112
CALLAIRFLO
IF(IBL.EQ.O) GO TO 500
CALLHEAT]

CALLHEAT2
IF(IDFLOW.EQ.1) CALL DIFLWZ2
IF (M. EC.NCASE) STOP
M=Mel

IF{1CHNGE.EQ.0) GO TO 600
I=NXDIFC

IFINXDF.GEsl) I=NXDF
DUM=NXLCF

NXOF=NXDIFC

NXDIFC=DUM

DO 606 J=1,1
DUM=ARLCTA(J)
ARDTA(J)=ARDTABLJ}
AROTAB(J)=DUNM

I=NYDIFB

IF(NYDF.GE+I) I=NYDF
DUM=NYCF

NYDF=NYDIFB

NYDIFB=DUM

00 607 J=1,]
DUM=EFDTA(J)

13

CLAROLOO
CLARDS1O
CLAROG620
CLARQ630
CLAROS4D
CLARQO&SO
CLARQG60
CLAROGTO
CLAROEBO
CLAROS90O
CLARO700
CLAROT10
CLAROT720
CLARO730
CLARO740
CLARO750
CLARDT60
CLAROTTO
CLAROT80
CLARO790
CLAROBOO
CLAROSBLO
CLAROB20
CLAROS30
CLARO84C
CLAROSSO
CLAROBGO
CLARQSBTO

- CLAROS880

CLAROB9O0
CLARC900
CLARO910
CLARG920
CLARG930
CLARG940
CLAR0O9S0
CLARD96C
CLARDS70
CLAR('980
CLARC990
CLAR1COC
CLAR1O10
CLARL020
CLAR1030
CLARLC40
CLAR1050
CLAR1060
CLAR1O70
CLAR1080C
CLAR1090
CLAR1100
CLARI110
CLAR1120
CLAR1130
CLARI140
CLAR1150
CLARL1S0
CLARL1ITO
CLAR1180
CLARI190
CLAR1200




607

608

600

14
EFDTA{JI=EFDTAB(J)
EFOTAR{J)=DUM
1=nNZDIFD
IFINZDF.GE.1) IsNIDF
DUM=NZCF
NZUFaNIDIFB
NZDIFR=DUM
DO 608 J=l,l
DUM=XLADTALJ)
XLANDTA(J)=XLNOTB(J)
XLANDTR{J)=DUM
DUM=NCCF
NCDF=NCODIFB
NCDIFB=DUM
ICHNGE=D
CONTINUE
CALL INPUTZ2
GO 10 200

END

CLAR1210
CLARI220C
CLAR1230
CLAR1240
CLAR1 250
CLAR1260
CLAR1270
CLAR1280O
CLAR129C
CLAR1300
CLAR1Z21C
CLAR132C
CLAR1330
CLAR1340

- CLAR135C

CLAR13240C

- CLAR13TO

CLAR1380
CLAKI390
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_SIBFTC BKDA LIST

e e

S

| BLOCK CATA BKDADCOL
o SUBROUTINE BLOCK DATA BKDAOCO2
c BKDAOCO3
c THIS SUBRGUTINE FILLS IN RECOMMENDED STARTING VALUES FOR A BXDADCO4
c NUCPER OF VARIABLES. SOME OF THESE MAY BE OVER=-WRITTEN, BKDAQGOS
c 1F LESIRED, VIA NAMELIST INPUTS. BKDAOCOS
C BKDAGCOT
C THIS SUPRFUTHNE USES COMMON BLOCKS Bl1,B34B12+B164B17,818,868,B167 BXDAQOOS
c Ble%.81670,B812678 BKDACOO9
C COMMUN STATEMENTS ' BKDAOOLOC
CGMMON/ZH1S/ABSHy EMW EMCy NLUM, NHT1,NHT2 BKDAOCL1
1 X1FCAL45) s X1FCBI45) s CONDFTo TCASA(45) 4 TCASE(45) ,TOLTW1 »TOLTBKDAOOL2
2W2XFILMZ, TABTFT(10), TABEFT{100) e TABPFT{10):NEFToNPFTNFORMBKDACOL2
33,0001, NUMAX 1, NUMAX2 BKDAOOL 4
COMMONZP 0B/ AFANALLS) o AFANBI4S) s AFFT 1451 AFPRZSC2A(45) 4C28(45) BKDAQOLS
2 yAFSYP,FARFT(45) s DENANAL45) s DENANE(45) BKDACO16
3 ,SAFTRAL45) ¢SAFTRB(45),0TRA{45)sQTRBI45),REAAN(45)4REBAN(45) B8KDAOOL7
44 THAL45) yTWBLAS) BKDAOOLS
CCMMON/B1G6R/AANAL4S5) 3 AANBIG5)sCCAL45)2CCBI4AS) o FHCR4NLAST BKDAOOL9
1 sKANHET s LANHET 4 PERCOy THIKFT BKDAOO20
2 4DANAL45) 4CANB(45) BKDAOC21
CLIMDN/ZP126787JTAPE L IPRINT BKDAOO22
CCrEON/uLl ZKTAPE, XINT:PI4:NWHyNGy FFB{50)FTAL120) BKDAOC23
1+FTR{120) ¢ NBLACE 4 NUMSH, DSWLOU, DSWLIN, BKDA0024
P TCATAL50) s TCATB(50),HAB(50) BKDAOD25
CONVMONZBOT/DENFT{45) ¢ EK174EK19,EK 20, EK16 BKDAQ026
1, C{501:GXIAL{50),K,WUJ(50) BKDAOC27
CCUMON/ZB2Z RADILOG) +DELTALZ2,50)EE1(2)3UJ(15) s THAyTHE, THS,PRES(50) ,BKDACC28
INGOsdWAY s 7ZRZZGAMAYBETALyBETAZs XMVA, XMVB, XMVS, 1ICP,IDIF BKDAGO29
1.HSIP  ,FLAREA{SO0)AREALS0) BKDAOC30
COPMON/RLY/ AREA1yNXDIFCyNYDIFByNZDIFB,NCDIFB,+E1DTAB BKDAOO31
1.XLNDTEL20) 4 EFCTABI200) 4 ARCTABL200) BKDADO32
INWALLL yAMALL2 BKDACC33
COMSON/H3/M NCASE, INPUT, ITAPE,FGIZL45) BKDADC34
COFVON/RL2Z X1120)49CA1120),CBL120),SA(50),5B(50), : BKDAOC35
INPECT S NXDIFsNDIFFsNSNCUTNXDIF1,NXDIF2,NXDIFA,NXDIFBNTUBE, BKDADC36
2P1ESIN, BLOCK(50),ABLOCK, SHAPEH(2450), BKDAGO37
3#9&&?3tlﬁa,aoﬁfﬁﬂlﬁl;NUPRgARQTA!ZGG)gXLRQTA(203;EFQ¥AKZOG)fMCDF, 8KDACO3B
4NYDF s NZDF2E1DT Ay NXDF, AREF(WIDTHI, BKDAOO39
5XMACH y RHOREF 4 EFDT(3) BKDAGO40
COV0 /8167605020415 4DPHS{20,15)+FLCVyIH, NABX[45) BKDACO4]1
155P {701 30X18020515) 4K4sK6,FIT4FIPHIZFIPSISFIAFITAU,FID,FIENTH  BKDAOC42
2 ySHAFS T, FIFTPRy LCMFLs LCANILBKDAOCS3
3,LCAILsLCFTEL LCFTLsLCPRTLyBETA ASWHFFIZ(45),AHDOME,NSCOOP(20) BKDAOO44
4 4,LCPTALyPAFRZ,NHTUL50) BKDAQO4S
5,AF23413) 4AF23B(2),XAF23A(3)¢XAF23B(3)} BKDAOCAS
CUFPMONZBLTZ XHULSO) o DXHULS0)EFCI2)y  NEFySTEP9JKSN{5C) ¢NSH BKDAOO4T
CCiii0N/B1567/GASCyGRAVCy GJOULEs IHI(50) ¢ XHI50)4NH BKDAOO4D
COMION/RL6T8/NSHCPyXCPI451,AFT(45),P1 BKDAOO4Y
1ohEHIS0) JKJSNLAS46) 2 HAULS0),CFTAL45)sCFTB(45),NABL50) 4NCODEA(45) BKDAOOS0
24NCHDEEL45)4T2 BKDAOOS]
Cﬁ?%ﬁk!ﬁl?&!hFZaTA&IA,TANiB,?AﬂIA;?A&iB; AFA4AFB¢PREDM, STAGTBKDAODS2
, 1416L s STPRCFyPNRT Ay PNRTB, DPHSNT COMLOS BKDACOS3
| € DATA STATZFENTS BKDAOOS4
% DLTA ITA?&,JTAP&,K?A?ia*IyPI&,GA&C;GRA?C:GJQUL&;TZIS;81513:1415@: BXDADOSS
10.7854453,3432.1897784.4459,7/ BKDAOOSS

| DATA K4 4KE o NCASE,NCOOLyNGyNHsNLUMyNRECT o NSHoNSNOUT4NWALLL,NWALLZy BKDAOOST

LNWH, NXOIF § INPUT/340,19300,1,700/ BKDA0OS8.
DATA ABSW, CONDFT s ENC » EMHs FHCR o FLCV SHAF ST STEP , THIKF T,BKDACOS9.
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I1TOLTWL o TOLTWZ2 ¢ XFILMZ s XINT/ o485, 1569089 085:41791854044454.254 BXDAOCSKO
2elE-6910s1e93454100./7 BKDADCOS]
DATA SHAPEH{191) oSHAPEH(291)/1e49144/7+(BLOCKI{T)41I22,50)1/4900,/ BXDAOOGK2
DATA (TWA{I),sTHB(I)sI=1,45)/90#2500./ BXDAOOS3
DATA NUMAXLoNUMAXZ LCANTLLCFTL FIDsFIASFITAULLCPTAL LCPRTL FITs BKDAOOG4
1 LCFTEL FIENTHoLCANLsFIPSISFIFTPR/ BKDAOCSS
1 20¢ 20+ 509 50s o001y +5¢ o3¢ 854 25, .0}y 25y leo 1009 +0141./7BKDADOSS
1:LCMFLZG/ BKDAQOSKT
1:FIPHI/.01/ BKDAOQSHR
DATA KANHET/O/ s {NAB{J)oJm1,50)/50=0/, BKDAOC0GY
1BETASASH/ 504904/ s AREF/04/ ‘ - BKOADOTO
DATA ICIFZG/ BXKDAOOTL
DATA ((XJSNIKsIX)oIX=1,6),K=1,45)/27000/ BKOAQGOT2
DATA [NCODEA(K)sNCODEB(K)yK=1445)179020/{NHH{J }sJ=1,50)750e1/ BKDAQOT3
1 +NSHCP/ZO/ BEDAOCOT4
DATA (C(K)4Kn1,50)/5080,/ : ~ BKDAOOTS
DATA (CTRA(K)yQTRB{K)yK=1,45)/9020./ ~ BKDAQOTS
DATA (SAFTRA(K)sSAFTREBIK) K=1,45)/9000,/ BKDAOOTT
DATALAF23A(1)AF23BL 14 XAF23A(TI )+ XAF23B(1)sInl43)1/1200./7 BKDAOOTS
DATALHAB(J)+J=1950)/50#0./ BKDAQOOT?S
DATA EK16sWIDTHL$STAGT/0esl2e914/ 8KDAGOBO
DATA (EFDT(J)yJ=1,3)/301./ BKDADOS]
DATA NUMSWoNBLADE, DOMLOS+PERCO/0589049047 BKDADOB2
"DATA HMSEP/1.9/ BKDAOCSA3
DATA PAFR1/.1/ - , BKDAQGOB4
DATAAF2/1.7 '~ BKDAQOBS
DATAIBL/Y/ B8KDAOOBS
1,IPRINT/O/ BKDADOBY

END BKDACOSS
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$1BMAP

«UNO1,
«UND2,
+UNO3,.
«UNO4e
- U!‘W?&
+UNO9.
+UN10.
oLN11s
«Unlé,
«UN13,
«UN14.
+UN19.
aURZQ«
«UN21,
«UN22.
«UN23,

i uﬂa*‘

REMOV
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
ENTRY
PZE
PLE
PIE
PLE
Pit
PIE
PIE
PIE
PIE
P2E
PZE
PZE
PiE
PIE
PE
P2E
PIE
END

+UNOC1 .
+UNC2 e
«UNUO3 .
«UNOG o
+UNOT .
«UNO9
+UN1D W
+UN11,
+UN12,
«UN13.
«UN14.
+UN19.
«UN20 .
+UNZ1,
+UN22,
«UN23,
+UN24 .

LSOO ODOCOOOOLOOO0D

17

REM 0001
REM 0002
REM 0003
REM 0004
REM 0005
REM 0CO7
REM 0CO8
REM 0CO09
REM 0010
REM 0C11
REM 0012
REM 00123
REM 0C14
REM 0015
REM 0016
REM 0017
REM Q018
REM 0019
REM 0C20
REM 0021
REM 0022
REM 0023
REM 0025
REM 0C26
REM 0027
REM Q028
REM 0029
REM 0030
REM 0031
REM 0032
REM 0033
REM 0034
REM 0035
REM 0036
RENM 0037
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S$IBFTC INP) LIST

INP10O0OLY
SUBROUTINE INPUT] INPLOCO2
INP10003
£ SUBRUOCUTINE INPUT ] IANPLOCOA
IAPLOCOS
e THIS SUSBROUTINE READS AND WRITES OUT THE FIXED RUN DATA INPLIOOOS
INP10OCO7
¢ THIS SUBROUTINE USES THE FOLLOWING COMMON BLOCKS INPL1OOOS
L Bl,B12+B813,B16,817,B18,B81264B167,C1484B178,81678481267¢ INPL1OCOS
£ ALSO B3 ([SHAREL WITH CLARE) » INP1COLO
INPI1OC1L
COMMON/BL/KTAPE, XINT¢Pl4yNWHe NG FFB(50) »FTAL120) INP10OO12
1oFTH(120) ¢y NBLACE 4 NUMSH,y DSWLOU. DSKLIN, INPL1OO1
ITCATALS0) +TCATE(50),HABIS0) INP1OC14
COMION/RIZMGNCASEy INPUT ITAPELFGIZL45) INPIOOLS
COFION/ZBL12/ XU120),CAL120),CB(120),SA150),5B{50), INPLIOGOLS
INRECT ¢NXDIF NDIFF¢NSKOUT NXCIF14NXOIF2,NXOIFA,NXDIFByNTUBE, INP10OO1Y
ZPRESIN, BLUCK(S0) s ABLOCK: SHAPER{ 2450}, INPLOCLE
AVPDATA(15) RDATAL15) ;NUPRy ARDTAL2C0) s XLNOTAL2C)+EFDTAL200) 4NCDFy [INP10O019
4NYDF ¢ NZDFEL1DT Ay NXDFyAREF,WIDTHI,y . IAPL1OC20
SXMACH, RHUREFEFDT(3) INPL1OC21
COMMON/NL 3/ AREALNXDIFCNYCIFB,NIDIFByNCDIFB,E1DTAB INPLOO22
1+XLNDTR(20)4FFOTAB(200)4ARDTABL200) INPIOO23
INWALLY ¢ NWALLZ INPLOD24
COFMON/BLA/CDS(20,15),DPHS(20415)4FLCV,IH, NABX{45]) INP10025
11N5Fi3€¥gﬁx15120a153gﬁﬁgﬁéy?lf!?lpﬁttFIPQI*Ftﬂfff1AUtF!ﬁ1F15N¥ﬂ INP10026
2 SHAFST, FIFTPR, LCMFLoLCANILINPLIOO27
3tLCANL:lCF?EL;LﬁF?L(lC?ﬁTL(QE?AtAS“:FF11545}tﬂ“ﬁﬁ”£1ﬁ35039‘20’ INPL1OC28
4y LCPTALPAFRZJNHTULSD) INP1OO29
S ¢AF23A(3),AF23B13) 4 XAF23A(3),XAF23B(3). INPLOO3O
COMMONZBL7/ XHULSO)¢DXHULSDYEFCL 2], NEFy STEPo JKSN(50) o NSH INPLOO3]
COPMON/BLIB/ABSH EMW EME  NLUM,y NHY14NHT2 INP1CO32
1y X1ECAL{45) 4 X1FCB{45)s CONDFToTCASALI45) o TCASB(45) 4 TOLTN1»TOLTINPL0033
ZUH2XFILMZ, TABTFT{10)TABEFT{100) o TABPFT(10) 4NEFTNPFT,NFORMINP10034
3 4NCOOL NUMAX 1y NUMAX 2 iNP10OC3S
COMAON/BL26/AFZyTAN1A,TANIBsPAN1A,PAN1S, AFA+AFBPREDM,STAGTINP10038
1+IBL,STPREF.P . ITA,PNRTBs DPHSNT ,DOMLOS 4 INPICO3?
COFMMON/BLIGT/GASC s GRAVE ¢ GJOULE IHJ{50) o XHI501 o NH INPL1OO3B
COMMON/ZE 1687 AANAL4LS) s AANBI45 ), CCAL45)CCBL45) o FHCRoNLAST IKP1003S
1 o KANHET o LANHET PERCO s THIKFT INPLOCAO
2+DANALAS ) CANDL45) INP1004]
COMMON/BLTE. UFRTL45 ) INP10042
COMMAON/BL6TRZNSHLP 4 XCP(4S)AFT(45),4P1 IKP10CA)
1;ﬁﬁ%fﬁﬂ’:KJSN(45;6)03#3(50?:557‘!45!13??&‘#330“*5‘50’Qﬂcoﬂﬁ‘(‘i‘ INP10044
2sNCODER(45),T12 . TEP10045
COMMON/BL12678/7JTAPE , IPRINT 1af10046
INPLOCAT
DIMENSION TA(60),DC(20),XINCH(120) INPL1OCASB
c INP10CAS
L NAMELISY DECLARATIONS INP10OOSO
E INP100S]
NAMELISTZFIXEDI/NCASESNRECToNGoeNHoNNHoNSHyNSNOUToNWALLLoNUALLR 1KP100S2
1 ¢ INPUT ;K4 K64 NUMSHoNBLADE INPLOOS?
1+ IPRINTZNCCOL INP10OS4
NAMELIST/FIXEDR/XINT ¢ THIKFToFLCV, FHCRySHAFSToAF23AsAF 2384 XAF23A9 XAINPL1OC55
1F23B, ABSW,ENN, EMC DOMLOS+ CONDFT o XFILMZ,PERCO INPL1OOSS
19 WIDTHLLEFDT INP10OST
2oDSHLOLUDSWLIN,BETA INP10OOS8
P;EX&IEI;&&&:?E:K%&IF . INPLOCSS
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119

4 INP10O060

FORMAT STATEMENTS INP10OS1
INP1O062

1 FORMATI(TEL10.3) INP10063
4 FORMAT(12A6) INP10O064
5 FORMAT(1Xy12A6/777/27) INP1006S
8 FORMAT(5E1043,315) INP100G6
14 FORMAT( 29X13(2He )y IOHINPUT DATAL3(2H #)//////3THOGEDINPLOOGY
2METRIC CONFIGURATION CF COMBUSTOR/1X36(1H-}) INPLOCSS
16 FORMAT(IHI25X69HA N A L Y 5 1§ OF A RECTANGULARINPLOOS
1 COrFBUST QORI INP10OTO
17 FORMAT(IHLIZ2BX63HA N A L Y S 1S OF AN ANNULAR C D INPLOCTL
1M 8U ST ORI inPlO0T2
18 FORMAT(BHO AXTIAL9X13(2H= },15HDIAMETER INCHES13(2H ~}} INPLOOT3
19 FORMATI(BHO AXIAL9XT(2H= )+3THDIMENSION FROM ARBITRARY DATUM INCHEINP10OT4
157(2H ~}) IKP10075
20 FORMAT(11H  PCSITION/TH  FROMyB1X9HGEOMETRIC/ INP10OT6
12H COMPRESSORAXSHINNERTXSHINNERINPLOOT?

15XZZHIh%Eﬁ DOME OUTER DOME4XSHOUTER7XSHOUTERs 6XSHINPUT/ INP1OOTS

1 124  DISCHARGESXGHCINP1007S
2ASINGEXSHSNOUT 2X2(3X9HOR FLAME 1, SXSHSNOUTTX6HCASING5X, SHPOINT/ 1NP100BO

1 9H  INCHES2TINPLOOSL
3X2(3X9HTUBE WALL)+28X,6HNUMBER//) INP10GCB2
21 FURMATUIXF1043+6F124396Xe13) IAPLGCB3
25 FORMAT(39HOTHE COMBUSTOR HAS A CONSTANT WIDTH OF oF743,3H IN) 1KP10084

27 FORMAT(////7/19H0OMISCELLANEOUS OATA/1X18{1H~]}//16H HOLE ROW NUMBER INP100BS
113,90H IS CONSIDERED TO MARK THE END OF THE PRIMARY ZONE (WHICH ISINPLOCSS
2 TREATED AS A STIRRED REACTOR)/54H THE FIRST HOLES ON THE FLAME~TUINPLOOB7?
3BE WALL ARE IN ROW NO.I3/10H FUEL DATAZ11X19HLOWER HEATING VALUE9XINPlOOSBS
41H=F1043,12H BTU PER LBM/11X21HHYCROGEN=CARBON RATIO7XIH=F10.3/46HINP100EY
S FRACTION OF INLET AIRFLOW BYPASSING COMBUSIOR/11X13HINNER ANNULUSINPLOC90
616XF10.3/11X13HOUTER ANNULUS16XF10.32/36H AXIAL POSITION AT WHICH TINP10091
THIS OCCURS/11X13HINNER ANNULUS16XF10.347H INCHES/11X13HOUTER ANNULINP10092
BUSI6XF10.3,47H INCHES/26H FLAME~-TUBE WALL THICKNESS13X1H=F10.3+7H IINPLO093
9NCHES/40H THERMAL CONCDUCTIVITY OF WALL MATERIAL =F10.3,20H BTU PERINP1IOO94
1 F{ HR DEG F/21H ABSORPTIVITY OF WALL18X1H=F10.3/719H EMISSIVITY OFINP10095

2 WALL2CX1H=Fl0.3/27H EMISSIVITY OF OUTER CASINGIZX1H=F10.3) INPLOC9S
37 FORMAT(63H SINCE %“CASE IS ZERUy NONE OF THE MAJOR SUBROUTINES ARE INP10OQ97
LENTEREL) INPLOOYS
50 FORMAT(1X//////29H CASES CONSIDERED IN THIS RUN/1Xs 29(1H-}) INP10O09Q
51 FORMAT(1X//////38H MISCELLANEOUS CATA - DIFFUSER SECTION/ IKP10O10C
11X438(1H-)) INP1O101
52 FURMAT(1X////7737H MISCELLANEOUS CATA - ﬁiRFLGK SECTINU/ INP10102
11X437 {1H=)) INP10O103
53 FORMAT(1X//277/742H MISCELLANEQUS CATA - HEAT TRANSFER SECYION/ {NP10104
11Xy43({1KH-1}) INPLO1US
61 FORMAT(1X.12427H CASES ARE TO BE CONSIDERED) INP1O106
62 FORMAT(1X426HTHE GEOMETRY IS DEFINED AT,13 INP1O107
14234 GECMETRIC INPUT POINTS) INPIO1OS
64 FORMATI1X+3Ab4A1426H ALTERED FROM CASE TO CASE) IKP1O109
65 FORMAT (3BH THE OIFFUSER SECTION CONTAINS A SNOUT) INP1O110
66 FORMAT(46H THE DIFFUSER SECTION DOES NOT CONTAIN A SNOUT) INP1O111
67 FORMAT(12H INPUT POINT, 13,32H IS THE LASTY $TA?!GH BEFORE THE ;kﬁ!ﬁ;xﬁllg
1) INP1O1]
68 FORMATYI53H DIFFUSION IS CONSIDERED YO END AT INPUT POINT NUMBERs INPI1O114
113, INPLO11S
18H IN THE oA5, 8H ANNULUS) INP1O116
69 FORMAT(19H INPUT POINT NUMBERs 13,47H MARKS THE END OF THE DIFFUSINPIOL17
1ING SECTICN IN THE ,A5,8H ANNULUS) INPLCL1E

70 FORMAT(31H THE EMPIRICAL DATA YD BE USED +Abs5H THE ¢ AS,14H 1S SEINPLO11Y
17 NUMBER,13) INP10120
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71 FORMAT(16H HOLE ROW NUMBERyI3y72H IS THE FIRST HOLE ROW IN THE FLAINPLO121
1ME-TUBE WALL, AS DISTINCT FROM THE DOME) INP10122
72 FORMAT(16H HOLE ROW NUMBERyI3,93H IS CONSIDERED TO MARK THE END OFINP10123
1 THE PRIMARY ZCONE (WHICH IS CONSICERED AS A STIRRED REACTOR) ) INP10O124
73 FORMAT(81H THE FRACTICON OF AIR FLOWING THROUGH THE SECONDARY HOLESINP10125
1 INTO THE PRIMARY ZONE ISy F7.3) INP10126
T4 FORMAT(36H THE FLOW RESISTANCE IN THE SNOUT IS, F7.3954H VELOCITY INP10127
1HEADS (BASEL ON CONDITIONS IN THE SNOUT LIP)) INPlO128
75 FORMAT (42H FRACTION OF INLET AIR BYPASSING COMBUSTOR, INP10O129
1 11X/ 36X, 13HINNER INP10130
1 ANNULUSF743/36X313HCUTER ANNULUS,F7.3/36H AXIAL POSITION AT WHICHINP10131
2 THIS CCCURS/35Xy14H INNER ANNULUSsF7.39 SH IN / 35Xs14H OUTER ANINP10132

3NULUSsFT7e3¢ 5H IN / ) INP10O133
76 FORMAT(10H FUEL DATA/10X,20H LOWER HEATING VALUE3XsFB8.1912H BTU PINP10134
1ER LBM/10X423H HYDROGEN/CARBON RATIO oF8.3) INP10O135

77 FCGRMAT (41H FLAME TUBE WALL THICKNESSecccovecsceceerssFT7e395H IN / INP1O136
1 41H THERMAL CONDUCTIVITY OF WALL MATERIALe«c9F7.2920H BTU PER FT INP10O137

2HR DEG F/ 41H ABSORPTIVITY OF FLAMETUBE WALLeccocccoee9gFT7e3/ INP1O138
3 41H EMISSIVITY OF FLAMETUBE WALLeccoccececeesFTe3/ INP10O139
4 41H EMISSIVITY OF OUTER CASINGeeeccsosccccece9FT7.3) INP10140
78 FORMAT (24H THE CASINC TEMPERATURE ,A6y 10H SPECIFIED) INP1O141
79 FORMAT(14H FILM COOLING 5A6y S5H USED) INP10142
80 FORMAT(23H TRANSPIRATION COOLING ,A6, SH USED) INPLO143
81 FORMAT(51H THE PERMEABILITY COEFFICIENT OF THE POROUS WALL IS, INP1O144
1E10.3y 6H SQ FT) INP10O145

87 FORMAT(74H THE FRACTION OF AIR FECWING THROUGH THE SECONDARY HOLESINPlO146
1 THAT RECIRCULATES/S51H INTO THE PRIMARY ZONE IS WORKED OUT IN THE INP10147

2PROGRAN) INP10148
90 FORMAT(19H1lees ERROR MESSAGE/38HOX(I) WAS FOUND TO BE LESS THAN XINP10149
1{I-1), INP10150

1 F7.3,50H INCHES ALONG THE COMBUSTOR. THIS IS NOT ALLOWED.)  INP10151
97 FORMAT(46H11F THERE IS NO SNOUT, NXDIF MUST BE SPECIFIED) INP10152
98 FORMAT(43HING, NH, NWH, AND NSH MUST ALL BE SPECIFIED) INP10153
INP10154

DATA DECLARATION 4 INP10155
| INP1O156

DATA DC{1),DC(5) /19HPROGRAM ROUTING IS »19HFLOW CONDITIONS ARE/ INP10157
DATA (CA(I),1=7,8)/SHSNOUT,5HDOME / INP10158
DATA (CA(I),1=9,10)/5HOUTER, SHINNER/ INP10159
DATA (DA(I),1=11,12)/6HBEFORE,6H AFTER/ INP1016C
DATA (CA(1),I=13,15)/76H IS ,6HIS NOT,6HCAN BE/ INP1O161
DATA NTEMP/0O/ INP10162

| INP10163

READ RUN IDENTIFICATION CARD : INP10164

| INP10165

READ(ITAPEs4) (DCUI)y129,20) » INP10166
INP10167

READ IN FIXED DATA, COMBUSTOR GEOMETRY, HOLE SPECIFICATIONS, LIMITS, INPL0168
AND TOLERANCES ~ INP10169
INP10170

READ{ITAPE,FIXEDI) | | INP10171

IF (NG#NH# NWH#NSH .EQ.0)60TO198 | INP10172

IF (NWALL1.EQ.O )NWALL1=NRECT | . INP10173

IF (NWALL2.EQ.O )NWALL2=NRECT INP10174
READ(ITAPEsL) (XINCH{T)9CACT)oSA(T)gFTACI)oFTB(I)SB(I)sCBII)I=14NINP10175
16) INP10176
READ(ITAPE8) (XH(J® yHABIJ) s TCATAGJ) s TCATBUJ) o FFB(J)oNABLJ) oNHH(J) s TNP10177
1NHTU( J) 3 J=1,NH) INP10178
IF(TCATA(1)oNE.O.) NTEMPsl - o INP10179
READ{ ITAPE,FIXEDR) . : INP10180

READUITAPESLIMITS) : : INP1O181
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FILL IN DUMMY SNOUT COORDINATES

104
102

103

i WRITE OUT GEOMETRIC CONFIGURATION OF COMBUSTOR

IF(NXDIF.NE.0)GOTO0102
D01041I=14NG
IF(SA(I).EQ.0.)60T0104
NXDIF=I-1

6010102

CONTINUE

WRITE(JTAPE,S7)

NXZ=NXCIF+1

D01031I=NXZ,450
IF(SA(I)eEQeO0.)SA(T)=FTA(I)
IF(SB(I)eEG.0.)SB(IN=FTB(I)
CONTINUE

IFINRECT.EQel) WRITE(JTAPES17)
IF(NRECT.EQ.2) WRITE(JTAPE,16)
WRITE(JTAPE,S5) (DCl1)¢1=9,20)
WRITE(JTAPEy14)

WRITE(JTAPE,62) NG
IF(NRECT.EC.1)WRITE(JTAPE,18)
IF(NRECT.EQ.2)WRITE(JTAPE,19)
WRITE(JTAPE,20)

121

WRITE(JTAPE921 M IXINCH(I)9CALIDoSACI)oFTAIL)oFTBII)oSBII)CBII),I,

1I=14NG) ’

IF(NRECT.EQe2) WRITE(JTAPE,25) WICTH]1

'C CONVERT UNITS

et

)

1085

109
130

WrOTH1=WIDTH1/12.
DC1091=14NG
X{I)=XINCH(I)/12.

IF(I.EC.1)G0 TC 1085

IFIX{I)LE.X(I~1))GO TO 190
CONTINUE
CA(I)=CA(1)/12.0
SA({I)=SA(1)/12.0
FTA(I)=sFTA(1)/12.0
FTB(I)=FTB(I)/12.0
S8(I)=SR(1)/12.0
CB(I)=CB(1)/12.0
D0130J=14NH
XH(J)=XH(J)/12.0
XINT=XINT/12.0
THIKFT=THIKFT/12.
STEP=STEP/12.

SELECT APPRCPRIATE DATA FROM LIBRARY TAPE

CALCULATE GEOMETRIC PARAMETSRS AND SELECT CALCULATION POINTS

1316

CALLTAPE

CALLGECHM
DC1316K=14NLAST
FGIZ{K)=FFIZ(K)

C WRITE OUT MISCELLANEOUS [ATA

INP1O18
INP1O18
INP10O18
INP1O18
INP10O18
INP1Ol8
INP10O18
INP10O18
INP10O19
INP10O19
INP1O19
INP1019
INP1O19
INP1019
INP10O19
INP10O19
INP1019
iNP10O19
INPL1G20
INP1020
INP1020
INP1020
INP1020
INP10G20
INP1020
INP1020
INP1020
INP1020
INPLO21
INP1021
INP1021
INP1021
INP1021
INP1021
INP1021
INP1021
INP1O21
INP10O21
INP1022
INP10O22
INPl022
INP1022
INP1O22
INP1022
INP1022
INP1022
INP1022
INP1O23
INP10O23
INP1023
INP10O23
INP1023
INP1023
INP1023
INP1023
INP10O24
INP1024
INP10O24
INP1024
INP10O24
INP1024



990
991

1995

992
993

1990
1991

1992
1993

WRITE(JTAPE,51)

IF(NSNCUT.EQ.1) WRITE(JTAPE,65)
IF(NSNCUTNE«1) WRITE(JTAPE,66)
IF(NSNCUT.EQel) WRITE(JTAPEs67) NXDIF,DA(T)
IF(NSNCUToNE.1) WRITE(JTAPE,67) NXDIF+DA(8)

IF(NSNCUT.EQ.1) WRITE(JTAPE,68) NXOIF1,0A(10)

IF(NSNCUT.EQ.1) WRITE(JTAPE,68) NXDIF29DA(9)
IF(NSNCLT.NEJ1) GO TO 990

WRITE(JTAPE,70) DA(11),0A(T)sNWALL]
HRITE(JTAPE,70) DA(12),DA(T)IoNWALL2

G0 7O s91

WRITE(JTAPE,70) DA(11),DA(8)yNNWALL1

CONTINUE

WRITE(JTAPE,52)

WRITE(JTAPEs71) NWH
WRITE(JTAPEy72) NSH
IF(K4.EQ.O0)WRITE(JTAPE,87)
IF(K4<EQe 1 )WRITE(JTAPEy 73)SHAFST
WRITE(JTAPE,74) DOMLOS

DO 1995 JL=1,3

IF(AF23A(JL) #AF23B(JL) .GT«0¢ IWRITE(JVAPE, 75)AF23A(JL) yAF23B(JL)
AXAF23A(JL) yXAF23B(JL)

XAF23AtJL)=XAF23A(JL)/12,
XAF23B(JL)=XAF23B8(JL)/12.
WRITE(JTAPE,76) FLCVyFHCR

WRITE (JTAPE,53)
THIKFT=THIKFT#12.
WRITE(JTAPE,77} THIKFT,CONDFT'ABSH,EHH,EHC
THIKFT=THIKFT/12.
IF(NTENP.EQ.1) GO TO 992
WRITE(JTAPE,78) DA(1l4)

GO TO 993

WRITE(JTAPE,78) DA(13)
IF(NCCCL.£EQ.1) GO TO 1990
WRITE(JTAPE,79) CA(1l4)

GO TO 1991

WRITE (JTAPE,79) DA(15)
IF(NCOCL.EQ.2) GO TO 1992
WRITE(JTAPE,80) DA(1l4)

GO0 TO 1993
WRITE(JTAPE,80) DA(15)
WRITE(JTAPE,81) PERCO
CONTINUE

IF(IPRINT.EQ.L)

LWRITE(€,FIXEDI)

IF({IPRINT.EQ.1)

1LWRITE (6, FIXEDR)

IF(IPRINT.EQ.1)

LWRITE(JTAPE,LIMITS)

WRITE(JTAPE,50)

WRITE(JTAPEy61) NCTASE

IF(NCASE.£EQ.0) HRITE(JTAPEp37)
IF(INPUT.EQe1l) WRITE(JTAPEy64) (LC(I)yI=l,e4)

INP10246

- INP10247

INP10248
TNP10249
INP10250
INP10251
INP10252
INP10253
INP10254
INP10255
INP10256
INP10257
INP10258
INP10259
INP1026£0
INP10261
INP10O262
INP10263
INP10264
INP10265
INP10266
INP10267
INP10268
INP10269
1NP10270
INP10271
INP1 272
INPL1 273
INP10274
INP10275
INP10276
INP10277
INP10278
INP10279
INPLO28O
INP10281
INP10282
INP1G283
INP10284
INP10285
INP10286
INP1O287
INP10288
INP10289
INP10290
INP10291
INP10292
INP10292
INPLO294
INP10295
INP10296
INP10297
INP10298
INP10293
INPLF0O300
INP10301
INP10302
INP10303
INP10304
INP10305
INP10306




IF(INPUTZEQe0) WRITE(JTAPE964) (DC(1),1=5,8)

RETURN
190 WRITE(JTAPE,90)X(I)
sToP
198 WRITE(JTAPE,98)
199 STOP
END

123

INP10307
INP10308
INP10309
INP10310
INP10311
INP10O312
INP10313
INP1 314
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IBFTC INP2 LIST
0010
SUBRQUTINE INPUT2 INP20020
INP20030
SUBROUTINE INPUT2 INP20C4C
1MP20050
THIS SUBRCUTINE READS ANC WRITES QUT THE CASE OATA INP20060
INP20070
COMMCN STATEMENTS INP2CCBO
. 1NP2CCSC
. THIS SUBRCUTINE USES COMMON BLCCKS WHOSE NAMES CONTAIN THE NUMBER 1 INP20100
P1,P124813,8Bl64B17,B18,B12¢4p167+B1684B178,B1¢7€9B12678 INP20110
ALSO B3 (SHARED WITh CLARE) INP20120
INP20130
CCMMON/EL/KTAPE, XINToPI4oNWHoNGyFFB(5C)FTA(120) INP20C) 40
LyFT2(120) yNELADE,NUNMSH, DSWLOUyDSWLIN, INP20150C
LTCATA(50), TCATB(50Q!,HAB(50) INP2016C
CUMMON/B3/ My NCASE, INPUT ( [TAPE,FGIZ(45) INP20170
CCMMON/BL12/ X(120),CA(1235),CB(120),SA(5C),SB(50), 1NP20180
INRECTyNXDIFyNDIFF4NSNOUT NXDIF1oNXDIFZ2yNXCIFA9NXDIFB ¢yNTUBE, INP201SC
2PRESIN, BLCCK (%0i9 ABLOCKySHAPEH(2450), INP2C200
3VFCATA(15)RDATA(15; .NUPRy ARCTA(20C) ¢ XLNDTA( 20) +EFDTA(20C) 4NCDOF, INP20210
4NYDF4NICFyEIDTAy NXCFyAREF,WIDTH], INP20220
SXNACH RHCREF,EFCT(3) INP20230
CCMMCN/B13/ AREAL yNXOIFC,NYDIFB,NZDIFB,NCDIFB,E1DTAB INP20240
1,XLNDTB(20),EFCTAB(200),ARDTAB(200) , INP20250
INWALLL AWALL2 INP20260
CCMPCN/216/7CDS(20415),0PHS 1209 15)9FLEV 9 IH,y NABX(48) INP2C270
LoNSPL2C) «GXIS(2Cy 15) K& KoyFITyFIPHI FIPSTyFLA,FITALFID,FIENTH  INP20280
24SHAFST, FIFTPRy LCMFL,LCANILINP2029C
3,LCANL,LCFTELsLCFTLyLCPRTLyBETAyASWyFFI2(45) yAHDOME 4NSCOCP (20) 1hP20300
4, LCPTALPAFRZ,NFTU(50) INP20310
SsAF23n'3),AF238B{3),XAF23A(3)yXAF238B(3) INP20320
CCMMON/BL17/ XHU(S0) ,DXEU(SC),,EFC(2), NEF ySTEP ¢ JKSN(SQ) yNSH INP2033C
COMMCN/B18/ABSW EMW, EFCoyNLUM» NHT1 yNHT2 INP20340
1, X1FCA(45) s X1FCBU4S)9yCCNDFT9TCASA(4S5) o TCASB(45)TOLTWLTOLTINP2035C
2W2 o XFILMZ, TABTFT(10)oTABEFT(10C),y TABPFT(10) yNEFT NPFT,NFORMINP20360
3 ,NCOOL, NUMAX14NUMAX2 INP2037C
CCMMCN/BL126/AF2,TANLA,TAN1B,PAN1A,PAN1B, AFAyAFByPREDMSTAGTINP2038C
1,IBL,STPREF,PNRTA,PNRTE,DPHSNT,DOMLCS : INP20390
CCMMCN/BL6T/GASCyGRAVC 9 GUOULF o IHJ(SC) ¢ XH(50) o NH INP20400
CCMMON/BL68/ AANA{45) yAANB(45),CCA(45),CCBI45) 4 FHCR4iLAST INP2041C
1 KANFFT o LANHET yPERCOy THIKFT INP20420
24DANA(45) 4DANB (45) INP20430
CCNMMCN/EBLTB/DFT (45 ) INP2044C
CCMMCN/BLO6T8/NSHCP o XCP (45) yAFT(45)4P1 ‘ INP2045C
1,NHH(S0) ,KJISN(45,96) 9y HAU(SC)9CFTA(45) CFTB(45),NAB(SC),NCCOEA(4S) TMNP20460
2yNCODEB(45),T2 INP204T0 .
CCMNCN/RL2678/JTAPE IPRINT INP2048C:
CCMVMTN/BL26D/ AFCL +AFCUy AFSLy AFSU INP2C490
c INP20500
C DIMENSICN STATEMENT INP20510 .
C INP 20520
; CIMENSION DA(6G)CB(40) JOUMF(46)WORDI(2) ¢hORE(645)(XINCH(120) INP2053C
c INP2054C:
‘C FORMAT STATEMENTS INP20550
¢ . INP20560
1 FCRMAT{7E10.3) INP20570.
2 FORMAT(7110) INP20580 !

3 FCRMAT(2E10.3)

INP20590°
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11 FCRMAT(////7/7c2HCINLETY FLOW CONDITIONS/ZIX21(1H-)/744HCTOTAL TEMPERATINP206CC
1URE AT CONPRESSCR CISCHARGE =F10,3,6K DEG F/44H TOTAL PRESSLRE AT INP20610
1CCMPRESSCR CISCHARGE =F10.345H PSIA/44F AIR FLOW RATE AT COMPREINP20620
3SSCR OISCHARGE =Fl0.3,12H LBM PER SEC/23H OVERALL FLEL-2IR RATINP20630
41C20X1H=F10.3//////20E0DIFFUSER INPUT CATA/1X19(1H-)1/722HOINITIAL SINP2064C
SHAPE FACTCRS/11X10HINNER WALL22XF7.3/11X1CHOUTER WALL22XF7.3/30H TINP2C65O
6NLET BCUNDARY LAYER BLOCKAGE1ZX1H=F7.2/43H FRACTION OF INLET BLOCKIAP20660
TAGE CN INNER WALL =F7.3/43F NUMBER OF STREAM TUBES TG BE CONSIDEREINP20670
80 =14///7/36X4THFIRST ESTIMATE OF BLOCKAGE AT DCWNSTREAM POINTS///1INP20680O
940X21HAXTAL DISTANCE INCHES10X8HBLOCKACGE//(30X2(14XF1C.3))) INP20690

22 FCRMAT(60H EMPIRICAL CATA ON LIBRARY TAPE IS USED FOR FLAME EMISSIIAP20700

LVITY) INP2071C
28 FCRMAT(1X,4A69A2438H MCDEL IS USED TO REPRESENT JET MIXING) INP20T20
29 FCRMAT(1X,4864A2,39K MODEL IS USED TO REPRESENT JET MIXING INP20730
1 3AEFO.INP20T40
13,3869A3/1X¢A34F6.343A6,A2) INP20750
311 FCRMAT(30H HEAT TRANSFER TO ANNULUS AIR Aéy,11H CCNSIDERED? INP20760
312 FCRMAT(47H THE FEAT TRANSFER CALCULATION IS NCT PERFORMED) INP207TC

32 FCRMAT(///49X22HINLET VELCCITY PROFILE///22X38HFRACTICNAL DISTANCEINP2078C
1 ACRCSS INLET PLAMNELOX2BHVELOCITY (NONDIMENSIONALIZED/28X26M(MEASLINP20790
2RED FRCM INNER WALL)16X27HWITH AN ARBITRARY VELCCITY)//7(2X2(32XF1CINP2080O
3.3))) Inp2C8B 10

33 FCRMAT(27H THE FLAME IS ASSUMED TC BEEAE,2CH CORRELATICN IS USED) IANP20820

34 FCRMAT(1HL28X13 (2KH* ),BHCASE NO.I3,13(2H *)) INP2C830

35 FCRMAT(/////28HORCUTING THROUCK THE PROGRAM/ 1X27(1H=)//) INP20840

36 FCRMAT(///7/5CHCALL THEE OTHER VARIABLES ARE THE SAME AS FOR CASE ,INP2085C.

113, INP20860
1/1X50(1H=)) INP20870
38 FORMAT(112H IF EMPIRICAL CATA ARE USEC TO CALCULATE THE OIFFUSER 1INP20880C
1EFFECTIVENESS, THESE CATA ARE TAKEN FROM THE LIBRARY TAPE) INP208SC

39 FCRMAT{ 85K DIFFUSSER EFFECTIVENESSES FOR THE DIFFLSING PASSAGES AINP20900:
INP20910 ;

LRE READ IN WITH THE FIXEC DATA)

40 FCRMAT( 6lH THE BASIC HEAT TRANSFER CALCULATION SOLVES FOR A MODELINP20920

1 WITH 4A6,A2,22H FLAME-TUBE WALLS AND

134H RADIATICN TRANSFER FRCM THE FLAME)
41 FCRMAT (26H CORRECTIONS ARE MACE FOR ,5A64A5) IAP 20950
42 FORNAT(26H CORRECTICNS ARE MADE FOR ,5A69A5,A5,5A6,4A5) INP209¢€0
43 FCRMAT (63H NO CCRRECTIONS ARE MADE TO THE BASIC HEAT TRANSFER CALCINP20970

1ULATION) INP20980
45 FCRMAT(SH THE 42A€9A3,8CHKH METFOD 1S USED TO CALCULATE DIFFUSER PERINPZ2099C

1FCRMANCE FROM THE CIFFUSER INLET TC THE,1X,AS) INP21000
£6 FCRMAT(4H THE,2864A3,77H METHOD IS USED TO CALCULATE THE DIFFUSER INP21010

LPERFORMANCE IN THE PASSAGES BETWEENs1X,

1 AS,17F AND CLTER CASING)

2Aly12H-DIMENSIONAL/ INP2093¢0

INP21030

47 FCRMAT(L111H SEPARATION IN THE DIFFUSER IS PREDICTED USING THE STREINP21040:

INP2094C

INP21C20

LAMTUBE METHOD AND THE MASS FLOW SPLIT OBTAINEC USING THE/ INP21050
239H CALCULATICN PROCEDURE As GIVEN ABOVE ) INP2106C
82 FCRMAT(73HOCALCULATION AXIAL CUMULATIVE FLEL BURNING CASIMNP2107C
1L ING TEMPERATURE / INP?1080
2 73H POINT POS IT ION FRACTION RATE INP21090
3 DEG F / 1rP211C0
4 73H NUMBER IN FUEL BURNT LBM PER SZC INIMP21110O
SNER CUTER /) ‘ INP21120
83 FORMAT(2X91399XoFTe396X9F6e396XeFTo39TXoFT,1:2%;FT61 ) INP21130

84 FCRMAT(1X//7/77763H fUEL BURNING RATE AND CASING TEMPERATURE AT CALINP2114C
1CULATICN POINTS/1 X963 1H=)) InP21150
85 FCRMAT(117H THE TWO-DIMENSIONAL-RADIATION QPTIQN CANNOT BE LSED ININP21:60
1 A CCMBYSTOR OF RECTANGULAR CRQSS SECTION. THE FLAME RADTATION/38HINP2117¢
2 WILL BE CALCULATED ONE-DIMENS IONALLY.) INP2118C

86 FCRMAT(98KHOTHE TWO~-DIMENS ICNAL-RADIATION CPTION CANNOT BE USED WITINP21190C
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1H TABULATEC EMISSIVITY DATA /30H NLUM HAS BEEN SEY E(NP21200

2CUAL TO 4 ) INP21210
INP21220

DATA STATEMENTS INP212230
INP2124C

CATA (DA{(1),1I=T7,8)/5HSNOUT ,SHCOME / INP2125C

DATA DA(20',0DA(22) /8HUNCCCLEC,8H COOLED /,0A(24),DA(25)/1H141H2/ INP21260
OATA DA(25'+DA(32),0A(38)/735KFLONGITUDINAL WALL CONDUCTION v INP21279

1 35HRACIATION INTERCHANGE BETWEEN WALLS,5H AN( / INP21280
PATA CA(50G19DA(53)4CA(56)/15K EMPIRICAL DATA,15H STREAMTILBE ¢+ INP2129C
115HMIXING ECUATION/ 1AP21300
DATA CB(6),0B(1),D0B(11)4CB(16)/ 26HTHE EQUIVALENT ENTRAINMENT, INP21310
126HTHE MASS LOSS » 26HTHE PROFILE SULBSTITUTION , INP21320
226HTHE INSTANTANECUS MIXING / INP21330

DATA DB(21),DB(24),0B(28),0B(29)/ 18HWITH A CONSTANT OF,21H FOR PEINP2134C
LNETRATICN JETS, 3HANDel14K FOR WALL JETS/ InNP21350
DATA(WCRD(1)I=142)/12H IS IS NOT/,((WORZ(I9J)yI=196),Jd=1,5)/718CINP21360
1H NCNLUMINQUS. REEVES CISTILLATE-FUEL NONLUMINOUS. REEVES RESIDVINP21370

2AL-FUEL LUMINCUS. THE LEFEBVRE LUMINOUS. INP211380
3THE NREC 1964 LUMINQUS, THE NREC 19¢¢/ INP21390
INP21400

CC13131=14+NG INP21410
XINCH{I)=X(1)*12, INP21420
WRITE(JTAPE,34)¥ I1NP21430
IF{M«NEels AND& INPUT .EC.1)G0TO110 INP21440C
: INP21450

CHANGE UNITS IF INPUT=0 INP2146C
INP21470

[F(M.EC.11AF2=1.0 INP21480
AFA=AFA/AF2 INP21490
AFB=AFB/ AF2 INP21500
DC 136 JL=1,3 INP21510
AF23A(JLI=AF23A(JL)/AF2 INP21520
AF23B(JL)=AF238(JL)/AF2 INP21530
IF(TCASA(L1).EC.STAGT) TCASA(1)=0. ' INP21540
*%* THERE ARE NO CARDS INP213560, 1570, AND 1580 1*» INP21550
CCNTINUE INP21590
INP21600

READ NEW CASE DATA TO CHANGE FLOW VARIABLES INP2161C
INP21620

DULMI=SHAPEH(L,1} INP21630
DUNM2=SHAPFH(2,1) INP21640
READ(ITAPE,1)STAGT4STPREF,AF2,FAR9ABLOCKy SHAPEH (191) ¢SHAPEH(2,1),y INP2165C
1(BLOCK(1),yI=1,NXCIF) INP21660
READ(ITAPE)1 )DAFA,CAFBy AFCL9AFCUy AFSLoAFSL INp21670
IF(CAFA.GT 0. )AFA=CAFA INP 21680
IF(CAFB.GT 0. )AFE=LAFE INP2169C
IFIAFCL.LELCL.)AFCL=0.1 INP21700
IF(AFCUCLE«Oe ) AFCUR0WS INP21710
IF{AFSU.LE.O. )AFSU=AF2 INP21720
IF(AFSL.LE.C.)AFSL=0.0- INP21730
IF(SHAPEH({141)eEC.0Qe) SHAPEH(1y1)=DUM] INP2174C
[F{SHAPEH(2y1)«EC.0s) SHAPEH(241)=pUM2 1AP21750
READ(ITAPE+2)NTUBE+NUPR ‘ INP21760
READ(ITAPE,3) (VPDATA(IS),RDOATA(I5),153]1,NUPR) INP21770
AFA=AFA*AF2 INP21780
AFB=AFB*AF2 INP2179¢C
FFPRZ=FAR*AF2 INP21800
DC 132 JiL=1,3 INP21810
AF23A(JL)=AF23A(JL)*AF2 1NP21820
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132 AF23p(JL)=AF23B(JL)*AF2 INP 21830
IF(TCASA(l)oNEJO.) GO TO 1361 IhP21840

CC 1360 K=1,NLASY INP21350
TCASA(K)=STAGT INP21860

1360 TCASB(K)=STAGT INP21870
1361 CCNTINUE INP21880
OUMF(1)=0, INP21890

DO 133 K=],NLAST INP21900

DUMF (K+1) =OUMF(K) ¢FFIZ(K) INP21910

133 FFIZ(K)=FGIZ(K)*AF24FAR ' INP21920

(o INP21930
C INP21940
DO 1341 K=1,NLAST INP2195%0

1341 XCP(K)=XCP(K)®l2, INP21960
( INP21970C
WRITE(JTAPE,)11)STAGTySTPREF )AF2,FAR)SHAPEH(L o 1) o SHAPEH(291) oBLOCK(INP21980
11)0ABLCCK¢NTUBE g (XINCH(1),BLOCK(1)olm]oNXCIP) INP21990
WRITE(JTAPEG32)(ROATA(L) VPCATALL)yI=])yNUPR) ' INP22000
WRITE(JTAPE,84) INP22C10
WRITE(JTAPE,82) 1Mp22020
WRITE(JTAPE,83) (K.!CP(K).DUMF(KOI).FFIZ(K).1CASA¢K).16!!0!!3.!-1.!&922030
INLAST) ) INP22040

c INP22CSO
c CCNVERT UNITS , , INP22C60
C INP22070
DC 1342 K=l NLAST , INP 22080
TCASA(K)=TCASA(K)+T] . INP2209¢C
TCASB(K)=TCASE(K)+TZ INP221CO

1342 XCP(K)=XCP(K)/12. INP22110
STAGT=STAGT+TZ , INP22120
STPREF=sSTPREF*144, . : INP22130
IF(M.NE.1)GCTCI111 INP2214g

' INP22150

READ NEW CASE DATA TO CHANGE PROGRAM ROUTING INP22160
INP22170

*% INCLUDE CARLS INP22181 THROUGH 218¢& *» ~ INP2218C

110 IF(M.EC.1)GCTOL109 IAP22181
AFCL=C.1 INP22182
AFCU=0.9 INP22183
ApSU=AF2 InNP22184&
AFSL=0.0 : INP2218S

109 WRITE(JTAPE,39) INP22186
REAO(ITAPEQZ’NDlFF'NEFoNLUNoLlNHEToNHTl.NHtZ InP22190
READ(ITAPEGLIEFC(L)sEFCL2)EFCT(1)4EFDT(2),EFDT(I) INp22200

1105 IF(NEF .EQe4) WRITE(JTAPE,28) (DB(IL)yIL=16,20) INP22210
IF (NEF.EC.4) GO TO 1106 : ‘INP22220
NFOsNEF*S 1NP22230
NFE=NFD-4 INP2224C
WRITE(JTAPE,29) (DB(IL)oIL=NFEJNFD)o (DBIIL)yIL®21,23),EFC(1),(DBL(IINP22250

L) 91 L=24928) oEFC(2)o(OB(IL )y IL=29,31) INP22260

110 CCNTINUE INP22270
LANHTsLANFET 42 INP22280
IF(LANKTLEC.3) LANEFT=] INP22290
IF(LANHT .ECe &) HR!TE‘JTAPEQ312, INP22300
IF(LANHT o NEo4) WRITE(JTAPE311) WORD(LANHKHY) {NP22310
TFINLUM.EQ.6)WRITE(JiAPE,22) INP2232¢
TFINRECT*NHT1.LT.6)60T011G2 INP22330
WRITE(JTAPE.85) ' INP22340
NHT1=sNHT1-2 INP223%0

1103 IF(NHT1eLEe20RNLUMLE.5)GOTOL1104 INP22360
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WRITE(JTAPEBS)
NLUVz24
)4 CCNTINUE
IF(NLUMJNE O IWRITE(JTAPEY33)(WORE(IBoNLUM)41IBu1,4¢€)
IF (LANHT.EC. 4) GO TO 1107
IFINHT1.ECe1) WRITE(JTAPE,40) OA(20)9CA(21)9DA(24)
IFINHT1.EQe2) WRITE(JTAPE,40Q) DA(22)4CA(23),DA(24)
TFINHT1.EC43) WRITE(JTAPE,4C) DA{20)9DA(21)0DA(25)
IFINHT1.ECe4) WRITE(JTAPE,40) DA(22)40A(23),4DA(25)
IFINHT2.EC, 1) WRITE(JTAPE,43)
IF(NHT2.ECe2) WRITE(..TAPEy41l) (DA(JL)»JIL=26431)
1F(NHT2.EQe3) WRITE(JTAPEy41) (DA(JL)4JL=32,3T)
IF(NHT2.ECe4) WRITE(JTAPEI42) (DA(JL)9JIL=32937)¢DA(38)9IDAIJLY,
1JL=26,31) ‘
107 CCNTNUE
NOI1F=1
NDIG=0
IF(NDIFF.GE.O) GO TC 1109
NCIF=-]
NDI FF=~NDIFF
1109 IF(NDIFF.LE.100) GO TO 1110
NDIFF=NCIFF-100
NDIG=1

1110 CCNTINUE

MWAY=NDIFF/10
NGO=NDIFF-NWAY*10
NOTFF=(NDIFF+100¢NCIG) *NDIF
IF(NSNOUT.EC.1) 1Ja7
IF(NSNCUT.EC.Q) IJ=8
TFINNAY.EC.LIWRITE(JTAPEL45) (DA(JK)9JK=53955)DA(1J)
IFINWAY.EC.2)WRITE(JTAPE94S) (DA(JK) ¢JK=50,52)+CA(1J)
IFINGC +ECel) WRITE(JTAPE,46)(DA(JK)JK=53,55) 4DA(1J)
IF(NGC +EC.2) WRITE(JTAPE,46)(DA(JK)¢JIK=50,s52) 4DA(1J)
IFINGO .EC,3) WRITE(JTAPE 46)(DA(JIK)yJK=56,58),DA(1J)
IF(NDIF.EC.1) WRITE(JTAPE,38) '
IFINDIF.EQe~1) WRITE(JTAPE,39)
IF(NDIG.EC.1) WRITE(JTAPE,47)

111 MN=1]
IF(M.NE,L)WRITE(JTAPE,36) MN
IF(NCASE.EQ.0)GOTC 1315 :
RETURN

1315 Mapel
GO TC 1314
END

YOUR CARD TCTAL IS =-- 289

INP22370
INP22380
INP2239C
INP22400
INP22410C
INP 22420
INP22430
INP22440
INP22450
INP224 80
INP22470
TNP22480
INP22490
INP22500
INP22510
INP225 20
INP22530
INP22540
INP2255C
INP22560
1NP22570
INP225%80
INP22590
INP226CO
INP22610
INP22620
INP22630
INP22640
INP22650
INP22660
INP2267¢
INP22680
INP22690
INP22700
INP22710
INP22720
INP22730
INP22740
INP22750
INP22760
INP22770
INP22780
INP22790
INP22800
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$IBFTC TAP

C TAPECOOL
SUBROUTINETAPE TAPE00O02

c TYAPECCO3
C READS DATA FRCM LIBRARY TAPE ANC ASSEMBLES SHCRT LIST OF RELEVANT TAPECCO4
c DATA IN CCRE YAPEOOOS
o] TAPE00O6
C COMMCN STATEMENTS TAPECCO?
c TAPEQOOB
C THIS SUBRCLTINE USES CTMMON BLCCKS WHOSE NAMES CONTAIN THE NUMBER 1  TAPECCEH
o viZz- 21,R12,813,810,8179B18,B167,8168,8178,81234,B1678,812346 TAPE0O: ¢
c TAPECC11
CCMMCN/B1/KT APE, XINT,PT4,NWH NG,FFB(5C),FTA({120) TAPECO12
1,FTE(120) 9 NBLADE NUNSH, CSWLOU,DSHLIN, TAPEOO13
1TCATA(S0) o TCATB(50),HAB (50) TAPEOQOL4
CCNMCON/BL27 X(120),CA0120),CB(120),SA(S50),SB(5C), TAPEOC1S
INRECT yNXDIFyNCIFFo NSNGUT o NXCIF1NXCIF2,NXCIFA,NXDIFB,NTUBE, TAPEOO16
2PRESIN, BLOCK(50)y ABLCCKy SHAPEH{ 2,50 TAPEOO1?
3VPDATA(15) yRDATA( 15)yNUPR,ARDTA(20C) ,XLNDTA(2C)oEFDTA(200) yNCOFy TAPEQO18
4NYCFyN2ZDF4E1DTAy, NXCF,AREF,WIDTH], TAPECC19
SXMACH,RFOREF ¢ EFCT(2) TAPECO20
CCMMON/BL16/CDS(20915)sDPHS{20915) ) FLCV, IH, NABX(45) TAPEOO21
LoNSP(20) ¢GXIS(20915) sK&oK&yFIToFIPHIZFIPSIFIA,FITAULFIDL FIENTH TAPE0022

2+ SHAFST, FIFTPR, LCMFL,LCANILTAPEQO23
3,LCANL JLCFTEL,LCFTL,LCPRTLyBETA,ASWyFFIZ(45) yAHDCME ¢ NSCOCP(20) TAPECC24
4,LCPTALyPAFRZ,NHTU(S50) TAPEOO2S
S9AF23A(3),AF238(3)yXAF23A(2),XAF23E(3) TAPEOO26
CCMMCN/B13/ AREA1 NXDIFC,NYDIFB,NZUIFB,NCOIFB,ELDTAB TAPE0027

1, XLNOTEB(20), EFCTAB(200), ARDTAB(Z00) TAPECC28
INWALLL JNWALL2 : TAPE0O29
CCMNCN/BLIT/ XHU(50) ¢DXEU(S0)9EFC(2)y NEFoSTEP ¢JKSAN(S0) oNSH TAPE0O30
CCMMON/RLB8/7ABSWo EMWy EMC 4 NLUM, NHT1,NHT2  TAPEO0O31

1y X1FCA(45) yX1FCB(45)yCCNDFT ,TCASA(45) ¢TCASB(45)oTCLYW1 ,TOLITAPECC32

2W2 JXFILNZ, TABTFT(1C),TABEFT(10C )y TABPFT(1C) ¢NEFT,NPF1,NFORMTAPEQO33
3,NCOOL, NUMA XLy NUMAX2 TAPEQO34
CCMVNCN/PL26/AF2,TANIA,TANLIBsPAN1A,PAN]1B, AFAAFB PREDM¢STAGTTAPE0O35

1o IBL STPREF o PARTA,PNRTB,0PHSNT,00MLOS TAPEOC36
CCMMCMN/BLET/GASCyGRAVCy GSJOULEs TFI( 50 ), XH(SC) oNH TAPECO37
CCMMON/RB168/AANA(45) JAANB( 45 )9eCCAL4S)sCCB(4S) o FECRoNLAST TAPECC3g

19 KANHET ,LANFET yPERCOsTHIKFT TAPEOO39
2yCANA(45) ,DANE(45) TAPECO040
CCVMCA/B178/0FT(45) v TAPENO4L
CCMMON/B1678 /NSHCP o XCP(45) ¢AFT(45),P1 TAPE0042

1 oNHH(S0 ) ¢ KJISN(4546) ,HAU(50)oCFTA(45)CFTB(45),NAB(SC)yNCODEA(45) TAPEC(43
2,NCOUEB (45),T2 TAPEOCL4
COMMCN/B12678/JTAPE 4+ IPRINT TAPE0O4S

C TAPE0O46
C DIMENSICN STATEMENTS TAPE0O&?
c TAPE0O48
CIMENS ICNCDSA(25) +OPHSA(25)yGXISAL{25), NCARD(10),10DX(60) TAPECO49

c TAPEOOS0
C FORMAT STATEMENTS TAPEOOS]
P TAPE0OS2
1 FCRMAT(7€10.3) . TAPEQOS)

2 FCRMAT(T7I10) TAPEQOS4

S FCRMAT(51104€10.3) TAPEOOSS

6 FCRMAT(70X12) TAPEQOS6

7 FCRMAT(110,2€10.3,215,3E10.3/(10X6E10,3}) TAPECCSY

96 FCRMAT(65H EMPIRICAL FLAME-EMISSIVITY DATA INCORRECILY WRITTEN ON TAPEOOSS

1DATA TAP:)

TAPEOOSY
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110

1025

103

101
109

aX N a0

104

97 FCRMAT(4TH DIFFUSER DATA INCORRECTLY WRITTEN CN DATA TAPE) TAPEOOSO
98 FORMAT(65H HOLE DISCHARGE COEFFICIENT DATA INCORRECTLY WRITVEN ON TAPEOOSL
1DATA TAPE) TAPEQOG2
99 FCRMAT(///7/3TH0%%¢  ERROR NESSAGE ~ PRQGRAM STOPPED) TAPEOO&S
TAPEQOG4

DCL10J=1,4NH TAPEOOGS
IHJ(J)=0 TAPEOOGS

2 TAPEOOQ&7
€ HOLE CISCHARGE COEFFICIENT AND JET ANGLE DATA TAPEOCeS8
F A TAPECO69
. In=l TAPEQO70
READ (KTAPE 2 INMXTYP TAPEOGTL
102 READ(KTAPE.?!hHTVPqDXF.HA‘.NSCOGQ.NSPI'lDPNSI(lloCDSA(!'oGX‘S&(l’oTlPEOO?Z
1I1=1,NSPA) TAPECC?3
NEND=0C TAPECO 74
DC101J=1,NH TAPEOO7S
IF(NHTYP.NE.NHTU{J))GOTO101 TAPECOT6
IF(HAB(J)oNE.O.) HaA=HABLJ) TAPECCT?
OXHU(J)=CXH/12. TAPEOO 78
HAULJ )=HAA/ 144, TAPEOQTS
IF(MOC(NSC00Q,10).NE.2)GOT01025 TAPECGCS80
HAU(J)=HAA/ 12, TAPECOB1
NHH(J)=1 TAPEOOB2
THJGJ)=1H TAPECQS3
IF(NEND.NE.O)GQTO1C1 TAPECC84
NEND=1 TAPECCSS
DC10314=1,NSPA TAPEOOBS
DPHS(IH,14)=ALOGI(CPHSA(14)) TAPECO87
COS(IH,14)=CDSA(14) TAPECCSS
GXIS{IH, 14)=GXISA(14)#*P1/18C, TAPECGO8Y
NSP{IH)=NSPA TAPEOCG90
NSCCCP(IH)=NSCOCQ TAPEOO91
CCNTINUE TAPEOQ92
TFINENC.EQ.1) IH=1H+1 TAPEOC93
CCNTINLUE TAPECO94
IF(NHTYP.LT.NMXTYP)GOTO102 TAPEOO9S
READ(KTAPE,6) INCEX TAPEOO96
IF(INCEX.NE.1)GCTO198 TAPEOQC97?
INDEX=0 TAPEOQ98
TAPECQ99

EMPIRICAL GENERALIZED DIFFUSER DATA TAPECL 00

' TAPECQ101

READ(KTAPE, 2) NWALMX TAPECLO2
READ (KTAPE+2) INCARC(I7)417=1oNWALMX) . TAPEOC103
DC10517=1 4NWALMX TAPEC104
READ (KTAPE 5 ) NWALL yNXD IFDy NYDIFA NZDIFA,NCDIFA, E10TAA TAPEO1CS
TFINKALL.NE.NWALL]1)GOTO10C TAPEO106
NXDF=NXCIFD TAPEQL07
NYDF=NYCIFA TAPEOL108
NICF=NIDIFA TAPECL109
NCOF=NCODIFA TAPEO110
E10TA=E10TAA TAPEOL11
READ(KTAPE 1) (EFOTA(T) o Inl oNYOF) o (ARDTALI) 2 Im14NXOF) ¢ (XULNDTA(L)yI=TAPEOL12
11,NZDF) TAPEOL13
GOTOIOS TAPEOL114
100 IF(NWALL.NE.NWALL2)GOTO106 TAPEOL15
NXDIFCsNXDIFD TAPEOL116
NYDIFB=NYDIFA TAPEOL17
NZDIFB=NIDIFA TAPEOL1S8
NCDIFg=NCOIFA TAPEOL19
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€E10TAB=ELDTAA

READ (KTAPE,1) (EFDTAB(T),I=1,NYDIFB), (ARDTAB(I), l'loNlDlFC)'

L(XLNDTE(X) 9o I=1oNZDIFB)
GCTO105
106 NCRO=NCARDINNWALL)

READ(KTAPEs6) (L ICX (11109 711=14NCRD)

105 CCNTINUE
READ(KTAPE 96) INDEX
IF(INCEX.NE.1)GOTO197
INDEX=0

EMPIRICAL FLAVE-ENMISSIVITY CATA

WHEN THIS TABLE IS SET UP CN THE CATA TAPE, NLUK IN BLOCK DATA

SHOULD BE CHANGED TQ 6.

IF(NLUMJNE «6£16G0TC107
READ(KTAPE,2)

1(TABEFT(12)412=1,NEFT)
DC 1055 12=14NTFT
1055 TABTFT(I2)=TABTFT(12)+47Z
READ(KTAPE+6) INDEX
IF(INDEX.NE.1)GOTO1S6
INDEX=0
107 RETURN
196 WRITE(JTAPE,99)
WRITE(JTAPE,96)
sTCe
197 WRITE(JTAPE,99)
WRITE(JTAPE,97)
sTOP
198 WRITE(JTAPE,99)
WRITE(JTAPE,98)
stop -
END

YOUR CARD TCTAL IS =--

157

NTFT, NEFT'NPFTvNFORH
READ(KTAPE,1) (TABTFT(12!0lZ'l'NTFTSo(TAGPFT(lz)olztloNPFTlo

TAPEO120
TaPEOL121
TAPEOL22
TAPEO123
TAPEOl24
TAPEQL125
TAPE0126
TAPEO127
TAPEC128
TAPEOL129
TAPEO130
TAPEO131
TAPEOL132
TAPEO133
TAPEOL34
TAPEOL135
TAPEO136
TAPEC137
TAPEOL38
TAPEO139
TAPEO140
TAPEO14])
TAPEO1 42
TAPEO143
TAPEO 144
TAPEO14S
TAPEOCL46
TAPEQL14T
TAPEOL48
TAPEC149
TAPEO150
TAPEOLS1
TAPEO152
TAPEC153
TAPEC154
TAPFS5155
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SIBFTC GEC LIST ~
ocC1icC .
SUBRCUTINEGEOM GECNMO020
C GECMOO30 ¢
C CALCULATES GEOMETRIC QUANTITIES AND FIXES LOCATIONS OF CALCULATION GECPO04O
c PCINTS GEOMCCSO
Cc GECPr0060
C COMMCN STATEMENTS GECNFOOTO
GECNOO8O
C THIS SUBROUTINE USES CCMMCN BLOCKS WHOSE NAMES CONTAIN THE NUFBER 1 GEOMQOSO
c viz- 81,812,813,816,817,818,8167,B168,8178,81234,81¢78,812346 GECPrO100
GECMOL110
CGMMCN/BL/KTAPE, XINT PI4NWENGFFBIS50),FTAL120) GEONMO120
LoFTBLL12C) o NBLADE ¢ NUMSH,y OSWLOU,DSHWL IN,y GECQNMO130
1TCATA(S50),TCATB(50),HAB(50) GECIMC140
COMMON/R12/ X(120)yCA(120)4CRI120)+SA(S5C)SB(50), GECMO150
LNRECT o NXDIFoNCIFFoNSNCUT JNXDIFLoNXCIF24,NXDIFAoNXDIFE,NTUBE GECrO160
2PRESIN, BLOCK(50) s ABLOCKy SHAPEH(2,50) ' GEONMOLTC
3VFDATA(15),RDATA{ 15) ,NUPR, AROTA(200)+ XLNDTA( 20) +EFDTA(20C) oACOFy GECPFO18C
4NYDF ,NZDF,E1CTA, NXDFyAREF¢WICTH1, GECMO190
SXMACH yRHCREFLEFCT(3) GECrO200
CCMMON/R16/CDS(20415)sDPHS (204 15) o FLCV o IH, NABYX (45) GEOYO210
LsNSP(20)¢GXIS(2Cs16) yKa K6 yFIToFIPHILFIPSI,FIA FITALyFIDJFIENTH GEONrO22C
2 +SHAFST, FIFTPR, LCMFL,LCANILGECNMO22C
3 oLCANL yLCFTEL JLCFTLoLCPRTL 4BETA9ASW,oFFI2145) ¢ AHDOME,NSCOOP (20) GECMO24C
4, LCPTAL ¢PAFRZ¢NHTU(S50) GEQOMO250
S,AF23A(3),AF23B1(3),XAF23A(3),XAF238(3) GEQPr0260
CCMMCON/RY Y/ AREAL,NXDIFCyNYDIFB,N2DIFB,NCOIFB,E1DTAB GEONMO27O
Lo XLNDTE(20) yEFOTAR(200),ARDTAB(200) » GECMC28C
INWALLL1 JNWALLZ ' GEOMO290
CCMMON/BLT/ XFU(S50),DXKU(SO),EFC(2) NEFSTEPJKSN(50) ¢NSH GEOQOMO3CO
CCMVMCN/B16T/GASCoGRAVCy GJCULE, IHJ (S0 ) s XHISC) oNH GEQNO310
CCMMON/BLT8/DFT(45) GECrFO320
CCPNCN/BLG6TB/NSHCP o XCP (45) yAFT (45),P1 _ GECNMO33C
1.NHH(50).KJSN(4S.6)pHAU(SO)oCFTA(45)pCFTB(45)9NAB(5C)'NCODEA(45) GEOMQ34C
2 NCCDEB(45),T2 GECQrO350
CCMMON/ 812678 /JTAPE » IPRINT GECFO360
CCMMCN/BLB/ABSWoEMK 4 ENC o NLUM, NHT1,NHT2 GEOMNC3TC
| ) X1FCA(45) yX1FCB(45),CONDFT TCASAL45),TCASB(45),TOLTW],TOLTGEQNMO38C
2W2 XFILNML, TARTFT(10),TABEFT(100)s TABPFT{1C)NEFToNPFT,NFORFGECNM0390
3oNCOOL, NUMAX 1y NUMAX2 , GECMO400
COMMCN/BL126/AF2,TANIA,TANL1B,PANIA,PAN1B, AFA,AFBPREDP,STAGTGECNMO410
LeIBLySTPREF,PNRTA,PNRTB,0P KSNT,D0OMLOS GEONO420
CCHMONIBI&OIAANA(45)9AAN8(45)9CCA(45)9CC8(45)9FHCR;NLAST GEOMrC430
1 ¢KANHET y LANHET yPERCOs THIKFT GECMO44O
2 DANA(45) DANE(4S) GEQMO4&SO
7 GEQOKO46C
C DIMENSION STATEVMENTS GECrCLTC
' , GECMO480
DIMENSICN HAT(50) o XFCU5195i0AR(2)y NAME(3) GELPMPO4SO
’ GEQM0S500
'C FUNCTION DEFINITIGNS GECMCS10
: GECr0520

FlNTRP(x,Xl,XZoXBaVleZoY!)'YiO(X-XZ)‘(X-X!)I((!b—!l)‘(ll-!!))OYZ‘GECM053O
LEX=X1)#(X=X3)/((X2=X1)® (X2=X3))e VYIS (X=X1)®(X~X2)/((XI=X1)®(XI~X2))GECPO54C

FINTLUXoX19X29Y19Y2)=V14(X=X1)#(V2-Y1)/(X2=X1)
:C DATA OECLARATICN
DATA NAME(1)/18H INNER OUTER /

GECFrCS550
GeOQrO0560
GEOMOS570
GEOrOS580
GEONMO590
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DATANER,KMAX, AHFCToFBLASTK2:K, LA¢LB/CoAS ¢Ce0.9290,2*1/GECNMOGO0

DATA AHTA,AKTE/2%0./ GEQMOS10
GECNMC620

C FORMAT STATEMENTS GECNMCOH3O
GEQNMOE&4D

1 FCRMAT(1HO10F1l.3) GEOMO65Q
2 FCRMAT(1HO10111) GECM0660
12 FCRMAT(52HOTCTAL COOLING AIR ENTRY PORT AREA IN THE D(CME =F8.3GECM0670
lo6H SC FT/52H TOTAL PENETRATICN AIR ENTRY PORT AREA IN THE DOME =FGECMCeBC
26.396H SC FTo31H (INCLUCING TOTAL SWIRLER AREA)//4SXT(2H- ), GECMO690
31SHFLAME TUBE WALL,7(2k~- )) GECGNCT00

13 FORMAT(S3HOTCTAL CCCLING PCRT AREA IN THE FLAME-TLBE WALL aF6.GECMOT710
1396H SC FT/53H TOTAL PENETRATION PORT AREA IN THE FLAME-TLBE WALL GECMOT20
2=F6.3496H SC FT) _ GEOMCT3C

14 FCRMAT{1XI44F11e3,1592XA6y 1792X3(2X2F83)93(F8.3,41X)) GECNMC740
15 FORMAT(BHOREACHEDII) GECNMOT750
16 FCRNMAT(/////5THCDETAILS OF AIR ENTRY PORTS AND GECFETRY AT EACH HCGECNMOT60
1LE KCW/1XS6(1k-)) GECMOTT0

17 FCRMAT(///777/30H THIS COMBUSTOR HAS NO SWIRLER/1X29(1H~-)) GEQMOT8C
18 FCRMAT(///7/77715H SWIRLER CESICN/IX14(1H-)) , GEQNMOT90
19 FCRMAT(21HG(SPECIFIED AS INPUT)) GECM0B0O
20 FCRMAT(31HO(DESIGNEC FRCM EMPIRICAL CATA)) GEC¥081C
21 FCRMAT (2gHONUMBER CF SWIRLERS = 14, /284 NUMBER OF BLACES GECMO0820
1 = 14,/26H BLADE STAGGER ANGLF = F6.2y914 OEGREES/2€H INNERGECKM(0830

2 DIAVETER = Fb6.298F [INCHES/2€¢H OUTER DIAMETER = FGEONOB4O
36.298H INCHES/25¢ AREA PER SWIRLER = Fle2948H SCUARE INCHESGECMO08S50
4 (IGNCRING BLOCKAGE DUE TO VANES)) GEOMOB6O

22 FCRMAT(STHORATIC CF TOTAL HCLE AREA (INCLUDING SwWIRLERy, CCME HOLESGECHMOBTO .
1+/59H CCCLING SLCTS, AND PENETRATION FOLES) TO REFERENCE AREA =F7GECMOB80
2+3) GECMOBS0

61 FCRMATI 13HOKCLE AXTALSX81HHOLE [INNER NUMBER TOTALGEQONO90O
2 FORT AREA RATIC TOTAL PCORT CUMLLATIVE SUM RATIO2(4XSHRATIO) /GEGKFOI1O
34H ROW4X1BHPOSITICN TYPE CRSX41KOF FOLES AT THIS HCLE ROw AREAGECM0O920
4 THIS RGWSX13FCF AREA RATIO4XSHFLANECAXSHINNER4XSHCUTER/1¢H NUMBER GECMO930
SCF HCLE BX28HOUTER IN THIS SQUARE FEETIX14HTC GRAND TOTALAX13H(GECNMO94C
6LAST COLUMN)4X4HTUBE3X2(2X THANNULUS) /7EXEHCENTER= 8X10HWALL ROWS9GEONMOSSC

7X3(9H C S AREA)/BXIELINE 22x3(184 PENETRAT CCOLING)»3(9H TO RGECNC9I60
8EF )/8XOHINCHES25X3(6H —1ONSXTHSLCTS ) ¢3(5F AREAGX)/ 28X3 (13 XSHGECM09T0
9HOLES)/,45X10 (2H~ ) ¢4HCOME,10(2H =)) GEOMO98C
63 FCRMAT(1X,9HTFERE ARE,13,10H HOLE ROWS) GEC¥C990

89 FORMAT(46HOTHERE ARE NO JET-ANGLE DATA FOR HCLE TYPE ACol4y67THe TGECM1000
1HE INTTIAL JET-ANGLE ESTXHATE USED IN THE PROGRAF IS NOT AT ALL/21GECPM1IO10

2H ACCURATE FOR SCOCPS.) GEOM1020

91 FCRMAT(19K1##% ERROR MESSAGE/22H NABX(1)=4 NCT ALLOWED) GEQM1C30

93 FCRMAT(42K11X HAS EXCEEDEC ITS LIMIT IN HCLE ROW NO.I3) GECP1040

95 FCRMAT(41H1K HAS EXCEEDED ITS LIMIT IN HOLE ROM NOo13) GECF1050
GEOM1060

C FIND REFERENCE AREA GEONV1CTO
| GEC¥1080

DO1141=1,NG - GECM1090
GECM1100

C --- TRUE ANNULUS GEOM1110
. GECNM1120
IF (NRECTEQe 1) A= (CRBI 1) ##2-CA(1)¥42)*P 14 - GECM1130
GEOM1140
C --- RECTANGULAR GEOML1SC
GECNM1160

IF (NRECT «£Qa2) A=(C3(1)=CALI))*WIDThI GECM1170
D=CB(I)-CA(I) _ GEOM1180

IF(1.ECel) AREAL®A f GEOM1190

)

R 1 .
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114

300
301
302
303

305

108

1080

156

1581
1582

157
162

1625

133 IF(AREF.GE.A)GOTOL14 GEcMLI200
AREF=A GeCM1210
CREF=0 GEOM1220
CCONTINUE GECPr1230

GECM1240
SWIRLER CESIGN GECM125C
GEOQOP1260
IF(K6)300,300,301 GECM1270
WRITE(JTAPE,1T) GECM1280
GC TC 305 . GECM1290
WRITE(JTAPE, 18) GEOVM1300
IF(K6-1)302,3C2,303 GECF1I31C
WRITE(JTAPE,19) GECNM1320
GO TO 304 GEONM1330
WRITE(JTAPE 20) : GEONM134C
CSWLOU=0.225%0.6T*DREF 40475 GECV¥1350
DSWLIN=0.1*%0.6T*DREF+0,25 GECM1360
ASh=Pi%x(CSWLOU**2-DSWLIN®%2)/4.0 GECM13TO
~WRITE(JTAFE921)NUMSW NBLACEs BETA,CSHL IN,DSHLOU sASH GEOM1380
CCNTINUE GEOM1390
BETA=RETA*PI/180. GECM1400
ASW=ASW/144.0 GECNM1 410
ASh=ASW¥FLCAT (NUMSW) GEOM142C
AHPT=ASW GEOM1430 -
AHFCT=0.0 GECM144C
I=1 GEOM1450 :
IFINHH.NEL.1) GO TC 1080 GEOM1 460
AHPTS=ASW GEOM14T0
AHFCTS=0, GECM148C
AFDOME=0. GECM1490
0C122J=14+NH GEOM1500
IF{JeGTelo ANDSFFB(J)LT.FFB(J=1)) FFB(J)=FFB(J-1) GEQM1510
IF(JoGTeleAND.TCATA(J)EQeCe) TCATA(J)=TCATA(J=]1) GECM1520
IF(JeGT o 1.ANC.TCATB(J) cEQeOs) TCATE(J)=TCATB (J-1) GECM15130
IFINHTU(J).EQ.0)GOTC122 GEQOM1S4C
#*% INCLUCE CARDS GEOM155]1 AND 1555 #*»» GEOM1SS0 .
IF(DXHU(J) .NELO.)IBCTOLST GECM1551
IFINRECT.EQ.2)G0 TC 1581 GECM155S
IF(X(I).GE.XH{J)IGCTOL158 GEOM1S 60
I=1+1 GEOPM1STC
GCTOols6 GECM;1S8C
158 IF{(NAB(J).EC. 1)HAT(J)tHAU(JltFlﬂtL(XH(JloX(l 1)oX(1)oFTA(L1=1) 4FTA(GECVM1590
11))*PI GECM1600
IF(NAB(J).EQe. Z)HAT(J)-HAU(J)'FlNTL(XH(J).!(I-I!.X(!).F!D(I 1),FTB(GEONMIGLIC
11))*pP] GECF1620
GC TC 1582 GECM1623
FAT(J)=HAU(J)*WIDTH] GEOM16217
AHFCT=AHFCT+HAT(J) GECMN1629
*% INCLUCE CARCS GEOM1623y 1627, AND 1¢2S5 o GEoM1630
c0T0162 GECM1640
HAT(J)=HAU(J) «FLOAT(NHH{J)) GECM1650
AHPT=AHPT+HAT (J) © GEOM166C
IF!J.LT<NWH)GCTC1625 GEONM1670
IFINAQIJ) EC 1) AHTASAFTA+FAT(Y) GEOM1680
IFINAB(J)eECe2)AHTE=AHTB*HAT(J) GEOM1690
GCTCl22 CECM1700
IF(J.NE.NWH=1)GOTC122 GEOoM1T10
AHPTS=AHPT GECM1T20
AHFC TSsAHFCT GECP1T30

AHDOME=AHPTS+AHFCTS ~ASM

GEQM1 740
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122

C MOVE DOWN FLAME TUBE WORKING CUT GEORETRIC PARAMETERS AT HOLE

C

106

1183

110
115

129

121

117

1170

CONTINUE

AHPTU= AHPT
AHFCTUsSAHFCT
AHPTTsAHPTU=AHPTS
AHFC TTs AHFCTU-AHFCTS

PCSITICNS

AHPT=ASH '
WHATT=ASW/AMPTU

XHATT=0,

AHFC T=0,

I=1

DC100J=1oNH

IH=IHJ(J)
IFINSCOOP(IH)EC.11)NER=NHTU(J)
IF(X({I).GE.XH(J))GOTOL18
=]+l

GCTC106

INTERPCLATE FCR GECMETRY AT HOLE POSIVION

TF(OXHU(J) «EQ.0.)GCTOL10 ‘

FTAHI =FINTLIXH(J) oX(I=1) o X(T ), FTA(I-1),FTA(1))
FTBHI=FINTLIXH({J) o X({I=2)eX (L) FTB( 1=1)FTR(I})
GCralls

FTAHI=FTA(I)

FTBHI=FTB(I)

CAHI=FINTRPUXH(J) o X (12D 9 X(I=1)9X{ 1)y CALT=2) oCALI=-1)oCALI)
CBHI=FINTRPIXF(J) oX(1=2)oX(1=1)eX{T)sCBITI=2) 9CBLI-1)oCBIL)

IF(NRECT.EC.2)G6CTC121

AFTARsPI&4* (FTRHISFTBHI-FTAHI*FTAHI)/AREF
AR(1)=PI4*(FT 2HI#%2-CAK I*%2)/AREF
AR (2 )=Plo*(CBKI**2-FTCHI®*2)/AREF
GCTCl17

AFTAR= (FTOHI=-FTAHI)/AREF ¢WIDTH1
AR(1)=(FTAHI-CAHI)/AREF *WIDTH1
AR (2)= (CBH]-FTBF1)/AREF SWICTH]
IF(NHTU(J)«NE.Q) GC TC 1170
WHAT=0, ’

XHAT=Q,

YHAT=0,

IHAT=0,

IF(NHTU(J) «EQ.0)GOTOL27

C FIND TCTAL HCLE AREAS IN COME AND FLAME TUBE WALL

123

124

IF(DOXHU(J) «GT 0016070123
YHAT=0,
ZEATsHAT(J)
AHFCT=AHFCT+HAT(J)
GCTC124
AHPTsAHPT+HAT(J)
YHATs HAT (J)
lHAT=Q,
WHAT=YHAT/AKPTU
XHAT=ZHAT/ AFCTU
WHATT= WHAT T+ WHAT,
XHATTSXHATTHXHAT

{
cecn11so§
GECF1760
GEOMLTTC
GEQNM1T80
GEOM1T790
GeOM1800
GEQOM1810.
GEOM1820
GECr1830
GEQM1840
GECM1850
GECKF1§00
GECM1870
GECM1880
GEONM189C
GEOM1900
GECM1910.
GECM1920:
GEONM1930:
GEOM1940
GECr195C
GECM1960:
GEON1970
GEQrL98BC
GECM1990
GECM2CO0C
GEOM2010
GEOM202C
GECM20C30
GEONM2C4O
GECM2CS50
GEOM2060:
GECNF20T0.
GEOM2080
GECM2090
GECM2100
GEOM211C™
GECr2120:
GECM2130
GEOM2140
GECM2150
GECNKF2160
GECM2170
GEQM2180
GEONM2190
GECr2200
GEQM2210
GEQM2220
GEONM2230
GECr2240.
GECN2250
GEOM2260
GEDOM2270
GeCr2280
GECM2290
GEOM2300
GEOr2310
GECr2320
GEOr2330
GECr2340
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c

OO0 OO0 O

127 IF{J.NE.1) GO TC 1270 GEOM2350 °
WRITE (JTAPE,16) GECM2360 .
WRITE(JTAPE.63) NH GECM2370
WRITE(JTAPE461) GEOM238C '
IF(NWH.EQel) WRITE(JSTAPE,12) AHFCTS,AHPTS GECM2390

1270 CCNTINLE GECN2400
XH(J)=12.%XK(J) GEOM2410 .
I0UM=NAB(J) GECNF2420
IF(NHTU(J).EQ,0) IDUM=3 GECr2430

126
104

131
100

FIX

NRIIE(JTAPE.IQ’J,XP(J)'NHTU(J)sNANl(IDUM)'NHH(J)'VHlTolHA7QHNAT.XHGECM2640‘

LAT WHATT \XHATTAFTAR, AR (1) yAR(2) GEOM245Q |
XH(J)=XH(J)/ 12, GEOM2460 .
IF(JeEQeNWH=1 IWRITE(JTAPE, 12)AHFCTS, AKPTS GEON24T0
XHU(J) = XH(J)=CXEU (J) . SECM2480
XFC(Jy1)=XHU(J) - GEOM2490
TF(OXHU{J) 6T +0.0.0RNHTU(J) .€Q.0) GO TO 104 GEOM2500 |

GEOM2510 |
OUMMY LCCATIONS DOWNSTREAM OF COOLING SLOT, USED IN SELECTING GECM2520
CALCULATICN POINTS GLON2530 ;
GEQM2540 -

CC126L22,5 GEON2550
XFCUJy LISXFCUJoL=1) X INT GECF2560
6CT0100 GEOMN2570
DO 131 L=2,5 GEOM2580
XFC(JyL)2999.9 GEOF259C
CCNTINUE GEC¥2600
CCNTINUE GECM2610
WRITE (JTAPE,13) AHFCTTy AHPTT GEOM2620
IF (AHDCME+ASWJLE. Qo ) AKDOME=, 0001 GEOM2630
AHT= AHT A+ AHT B+AHDOME +AS W GECNF2640
AFA=AHTA/ AHT GECF2650
AFB=AHTE/ANHT GECM2660
AHRAT =AHT/AREF GEOM2670
WRITE (JTAPE, 22) AHRAT GEOM268C
IF(NER<NE.O)WRITE (JTAPE,89 INER GECN2690
XFC (NH+1,1)=X (NG) GEOM2700

GEOM2710:

CALCULATION POINTS GEQN2720

GECM2730

K IS THE INDEX ON CALCULATICN POINTS. IT RUNS FROF 1 TO NLAST, WHIGECNM2740'
IS AT TFE VERY ENC OF THE CCMBUSTOR. GEOM275C
J IS THE INDEX CN HCLE ROWS. IT EQUALS NWH FOR THE FIRST CALCULATIGEQM276C
PCINT ( K = 1 ). GECM2770
1 1S THE INDEX CN GEOMETRIC INPUT POINTS. GEOM2780
K2 = 1 WHEN THERE ARE HOLES ON BOTH WALLS AT THIS CALCULATION PCINGECM2790
JA 1S THE VALUE OF J AT ThE MCST RECENT HOLE ROW ON THE INNER WALLGEOM2800
JR 1S THE VALUE OF J AT THE MOST RECENT HCLE ROW ON THE CUTER WALLGEOM2810
LA APPLIES MAINLY TC CONTINUOUS COOLING SLOTSe. IT RUNS FRCM 2 TO 6GECM2820
INTERVALS OF XINT COWNSTREAM GF EACH SLOT ON THE INNER WALL  GEOM283( |
LB DOES THE SAME CN THE OUTER WALL GEOM2840. |
L = 1 IF THERE IS A FRESH HOLE AT THE CURRENT CALCLLATION POINT  GECH2850
NCODEA(K) = 1 WHEN THERE IS A COOLING SLOT ON THE INNER WALL AT GEOM2860
THE CURRENT CALCULATION.POINT. GECM2870
IX RUNS FROM | TO 6 FCR ThE VARIOUS HOLE ROWS AT EACH CALCULATION GEOP2380
NABX(K) = 1 IF THERE ARE KCLES ON THE INNER WALL AT THIS CA CLLATIGEOr2890,
NABX(K) = 2 IF THERE ARE HOLES ON THE OUTER WALL AT TNIS CALCULATIGEON2900 |

NABX(K) = 3 IF THERE ARE HOLES ON BOTH WALLS AT THIS CALCULATION PGEOM2910
NABX{K) = & IF THERE ARE NO HOLES AT THIS CALCULATION POINT GEOH§920
GECP2930

I=] GECM2940
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J=AWH=~1 GEONM2950
JLAST=y : GECM2960
K2=0 GECGN2970
NSHCP=0Q . GEQONM2980
JA=NH GEOr2990
JBaNH GECF3000
112 K=K+l GECrv3010
Ix=1 GECr3020
IF{K.GT.KMAX)GOTC199 GEOM3030
IF(JA.EQeJB.ANDCNAB({JA) oEQel1.ANDe JALENH) JBeJA¢] GECM3040
IF(JAEQeJB.ANDNABIJA) oEQCe2:ANDaJALLENH) JA=JB ] GECM3050
XCP(K1=AMINL (XFCUJAsLA) ¢ XFCIJBYLER)yXFClJI#1y1)) GEOM3060

IF(ABS(XCPIK)=XFClJ+191))/XCP(KDeLELO00001) XCP(K)SXFClJ®1y1) GEOM3 070

TF(XCP(K).EQ.XFC(J+1,1))GOTC125 GECF3080
IF(XCP(K).EQ.XFC(JAyLA)IGCTOLS2 GECN3090

154 1F(DXHU(J)oNEeOeoORJLB.NE.1)GOTO20S GEOM3100
NCCOER (K) =1 GEQM3110
NABX (K)=2 GEC¥3120

109 L=LB GECM3130
LB=LB+1 GEOM3140
IF(K2.EC.1)LA=LE GEOM315C
IF(LB.LE.5)GOTO153 GECP3160
LB=1 GEON3170
JB=NH+1 GECM3180
GCTU153 GEOM3190

125 J=J+1 GEOF320C
IF(J.EQ.NH+1) GC TC 150 GECM3210
IF(J.EQ.NSH) NSHCP=K GEOM3220
JKSN{J)=K GEONM3230
IF(NHTU(J) .EQ.0) GC TC 1250 GEOM3240
IF(NAB(J)<NE.1)GOTC128 GECK3250
IF(CXKU(J?:eEQ,0.)NCODEA(K) sl GEOM3260
JAzJ : GEOM3270
LA=2 GEOM328¢

128 IF(NAB(J).NE.2)GQTO130 GECF3290
TF(DXHU(J).EQ.0.)NCODEB(K) =] GEON3300
JE=J GEOM3310
Le=2 GEON3320

130 L=1 GECKF3330
NABX (K)=NAB(J) GECM3340
K2=0 GEQM3350
GCTC153 : GEQM3360
1250 IF(ABS(XH(J)=XFCIJA,LA))/XH(J)eLE.0.00001) LASLA®] : GEOM33T0
[F(ABS (XH(J)=XFC(JByLB) )/XH(J)eLEcCoGCCCL) LBoLB] GECM3380
NABX(K)=4 ~ GECM3390
KJSN(K,1)=J GEOM340C
IF(LA.LE.5) GC TO 1251 : GECPF3410
LA=1 GECM3420
JA=NH+1 GEOM3430
1251 IF(LB.LE.5) GO TO 153 GEOM3440
LB=l GECM3450
JB=NH+1 GECP3460

GG TO 153 . . GEOM3470
150 NLAST=K GEOM3480
XCP(K)=X(NG) GEQV3490
FFIZ(K)=0. GECM3500
FTACPI=FTA(NG) GEOrF3510
FTBCPI=FTB(NG) GEOM352¢
CACPI=CA(NG) GEOM3530

CBCPI=CB(NG) GEQp3IS40
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152

102

NABX (K) =4
TCASA(K)=TCASA(K~-1)
TCASBIK)=TCASEB(K-1)
GCT01345
IF(UXHU(J) e NEeOeoCReLALNEL1)GOTOLC2
NCCOEA(K)=]
NABX(K)=1

L=z{A

LAsLA+]
IF(K2.ECe1)LB=LA
IF(LA.LE.5)GOTOL152
LA=]

JAzNH+1
IF{K2.NE.1)GOTO153
JB=NH+1

Lg=]

C QUANTITIES REQUIRED AT EACH CALCULATION PCINT

153

1530

1541

IF(JLAST.NE.O0) GO YO 1530
TCASA(1)=TCATA(L)
TCASB(1)=TCATE(1)
FBTUT=FFB(1)

GC TC 154¢C

IF(JLAST.NE.Nr) GO TO 1541
TCASA(K)=TCASA(K-1)
TCASB(K)=TCASB(K~-1)
FBTCT=FELAST

GO TO 1540

GECVM3550
GECKr3560
GECM3570
GECMISgQ
GEOM3590
GEOMIGO0O
GECM3610
GECOM3620
GEOM3630
GEQV3640
GEC#3650
GECKI660
GEOM36TO
GEOr3680
GEOQNM3690
GECM3700
GECM3T10
GEOM3T20
GECKF37230
GEQONF3T740
GEOM3 TS0
GEOM3T60
GECKr3T7T0
GECNM3TB0
GECM3IT90
GEOMIBOC
GECr381C
GEC¥3g2C
GEOM3830

FERTCT=FINTL(XCP(K)yXH{JLAST) s XH{JLAST+1) yFFBIJLAST) FFB(JLAST+1)) GEONM3B4OC
TCASA(K)=FINTL(XCP(K) 9XHIJLAST ) XH(JLAST+1), TCATA(JLAST) o TCATA(JLAGEOMIBSC

15T+1))

GECKF3860

TCASB{K)=FINTLIXCP{K)oXHIJLAST) ¢ XHIJLAST+1)y TCATB(JLAST) oTCATB(JLAGECM38T0

15T+1))

1540 FFI2Z{(K)=FBRTCT-FELAST

113

134

1345
135

136

FBLAST=FBTCT
TF(X(I).GE.XCP(K))IGCTC134
I=1+1

GCTOL13

FTACPI=FINTLIXCP(K) yX(I=1)9X({I)sFTA(I=1)4FTA(I))
FIBCPI=FINTL(XCP(K) o X{TI=1) oX(T)oFTE{I-1)oFTB (1))
CACPI=FINTRP(XCPIK)oX(1=2) ¢X(T=1)oX(1)oCALI=2)9CA(I=1),CAl
CecCpl= FXNTRP(XCP(K).X(I-ZD.X(l-l).X(ligCB(l'Z"CB‘l-l)oC.(

IF(NRFCT.EC.2)G0OTO136
AFT(K)=Pl4*(FTBCPI9FTECPI~-FTACP I#FTACPI)
AANA(K)=PT4* (FTACPTI*FTACPI-CACPI*CACPI)
AANB (K)=PT4#(CBCPI®CBCP i~FTBCPI®FTBCPI)
CCA{K)=PI#CACPI

CCBIK)=pI*CECPI

CFTA(K)=PI*FTACPI

CFTB(K)=PI*FTRBCPI

OFT(K)=FTBCPI-FTACPI
DANA(K)=FTACPI-CACPI
DANB(K)=CBCPI-FTBCPI

GCTC116

AFT{K)=(FTBCPI-FTACPI)*WICTKI

AANA (K )= (FTACPI-CACPI)SKICTH]
AANB(K)=(CBCPI-FTBCPI JsWICTK]
CCA(K)I=WIDTHKI

CCB(K)sWIOTH]

GECF38RC
GECNKF3890
GEON3900
GECM3910
GECF392C
GECV¥3930
GECM3940C
GEOMI950
GEOM39¢0
GEOM3ST0
GECN3980
GECM3990
GEQOM4000
GEOM4O10
GECr4O20
GEON4O030
GECM404O
GEGM4050
GECM4&CSO
GECPM&4OTO
GECr4080
GECNM4090C
GECM410C
GECMALYO
GEOM4120
GEOM4130
GEQrA140
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116 AANA(K)-AANA(K)‘COS(ATAN((CA(l)0FTl(l’-CA(l-ll-FTA(I-1
1 (240 X(1)=X(1=1
AANB (K)=AANB(K)SCCS(ATAN((CR(I)*FTB(1)=-CB(I-1)~-pTB(]~]
1 (2.,4(X{I)=X{1-1
IF (KeEGQeNLASTIGC TC 111
IF(L.EC.LIGCTC)5]
NABX (K )=4
GOTO112
151 KJISN(K,IX)=J

103
1030

1310

132

149

111

164
C SET
163

C - aw

138

CFTA(K)=WIDTHI
CFTB(K)=WIDTH1
DFT(K)=2.#(FTRCPI-FTACPI)
DANA(K)=2,*(FTACPI-CACP1)
DANB(K)=2,#(CRCPI-FTBCPI)

IF(J.EQ.NH)GOTC1030
IF(XH{Je1)eLEXNHIJ)) GO TC 1310
JLAST=J

G6Cralle

ACVANCE J UNTIL ALL HOLE RCWS AT THIS CALCUWLATION POINT CCRPLETED

J=J+l

JKSN(J)=K

IFINAB(J)<NEL1)COTOL32

JA=J

LA=2

IF(NAB(J)<NE.2)GOTC149

JB=J

LB=2

IX=[Xe1l

IF(IX«GE.7)G010193
TF(K2.,EQ.1.0R.NABi J~1) .EQ.NAB(J))GOTOL1S]
NABX(K)=3
IFINAR(J)oECale ANCOLXHU(J) .ECeO« INCCDEA(K)=]
IF(NAB(J) cECe2ANDCXHU(J) «EQe 0o INCODEB(K)=]
K2sl

GCTC151

CHANGE DIAMETERS OF ANNULAR COMBUSTOR TU RADII

IF(NRECT.EC. 2)6GOTO163
DG 164 1=1,AG
CA{l)=CAC(I)/2.
SA(l)=SA(1)/2,
FTA(I)=FTA(I) /2.
F1B8(I)=sFTB(I1)/2.
Se(l1i=se(tl/e.
ce(l)=cB(r1)/2.

INDICES REQUIRED IN DIFFUSER SUBPROGRAM

120

MCVE TC FIRST ROW ON WALL
[=1+]

TFIX{1)eLESXCP(1))CO TO 138

JJIsNABX(1)
€ TC (13991§0v1419142’0JJ

/
)
/
)

)
)

GEOM4150
GEONMA160
GEOra 170
GECr&180
GECN&4190
GEOML200
GECr&210
GECM&220
GEOM4230
GECr4240
GEJMe 250
GECra26C
GEON4270
GEOM&280
GEQM&290
GECrF&300
GECMa310
GECV4320
GEOM&3I30
GECM4340
GEOM&3SO
GEQP4 360
GEOV4370
GECPr4380
GECP4I90
GEOM4400
GEQMa41C
GECPr4420
GECM&4430
GEQM4440
GEOMA4SO
GEQNMa46Q
GECM44TO
GEOM4480
GEQM4490
GECM&SO00
GEQM4510
GEQr4AS520
GENr&53C
GECFa54C
GECM4SSC
EOMAS560
GEOM&STC
GECr4580
GECPrAS90
GECM4600
GEOM461C
GEOPr4S20C
GECP&630
GECr&640
GEONM4&650
GEOM4660
GECP4670
GECPF4ALEC
GEQM4E90
GEOMAT OO
GECPr4710
GECr&T 20
GECNMATIO
GEONMATAO
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C -=-

139
143

145

141
144

140
148

159

160
146

193
199

142
200

FIRSYT RCw ON INNER WALL

NXDIFA=]~]

K=K+l
IF(NABX(K)eNE,2ANDNABX(K)NE.3)GO TC 143
IFIX{I)eGTXCPIK))IGC TC 144

[ale]

GG T0 145

NXDIFA=[~-]

NXD1FR=] -]

GC T0O 146

FIRST RCW CN CUTER WALL
NXDIFRs] -]l

K=K+ 1

IF(NABX(K)oNEo Lo ANCoNABX(K ) NE.2)GO TO 14€
IFIX(I)GTXCP(K)IGC TG 160
[=1e¢]

GC 7C 159

NXDIFA=[-]

CCNTINUE

RETURN

WRITE(JTAPE.93)J

6CT0200

WRITE(JTAPE,95)J

6C TQ 200

WRITE(JTAPE,91)

sTCP

END

YOUR CARD TCTAL IS ==- 510

GECM&TS0
GECM& 760
GEQMATTO
GECM4TEO
GECMATOQ
GEOM4800
GEQMABIC
GECNF&B 20
GECM4830
GEOM484O
GEOML RS C
GECr4B 60
GECM4BTO
GECM4880
GEOM4B90
GEOM&ISCO
GECM4910
GECM4A920
GEOMAS3O
GEONM4940
GEQOM4950
GEOM4960
GECOM49T0
GEONr4980
GECPr4990

- GEQMS5000

GEOM5010
GEONFS5020
GEOFS030
GEQPMS04C
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$IBFTC DIFL
SUBROUTINE DIFLOW OIFLOCI1O
c DIFLO020
c THIS SUBROUTINE CONTROLS THE OIFFUSER CALCULATION DIFLOC30
¢ DIFLOO4O
c ‘ DIFLOCSO
C NOIFF CONTROLS THE METHOC OF CALCULATING THE DIFFUSER OIFLOC60
c PERFORNANCE DIFLOO70
c 1 IN TEN PCGSITION = USE STREAMTUBE ANALYSIS UP TO SNOUT DIFLOCBO
c 2 IN TEN POSITION = USE EMPIRICAL DATA UP TO SNOUT DIFLOC90
c 1 IN UNIT POSITION = USE STREAMTUBE ANALYSIS AFTER SNOUT LIP OiFLO100
c 2 IN UNIT POSITION = USE EMPIRICAL CATA AFTER SNOUT LIP DIFLO110
c 3 IN UNIT POSITION = USE MIXING ECUATION AFTER SNOUT LIP DIFLO120
C POSITIVE SIGN = USE EFFECTIVENESS PLOTY _ DIFLO130
c NEGATIVE SIGN = USE SPECIFIC DIFFUSER DATA DIFLO140
c OIFLO150
- COMMON/B2/ RAD(16),0ELTA(2,50)EE1(2)oUJ(15))THAsTHB, THSoPRES(50) DIFLO160
INGOyNWAY)ZZR9y2ZZGAMAyBETAL,BETAZ2) XMVA) XMYBy XMVS, LICP, IDIF DIFLO170
2HSEP HFLAREA(50),AREA(50) DIFLO180
CCMMON/B12/ X(120),CA(120),CB(120),SA(50),SB(50), DIFLO190
LNRECT yAXDIFoNDIFFyNSNOUTyNXDIF1oNXOIF2yNXDIFA9NXDIFBoNTUBE, DIFLO200
2PRESIN, BLOCK(350),ABLOCKySHAPEH(2950), DIFLO210
3VPDATA(15) ¢RDATA(15) ¢ NUPRs ARDTA(200) 4 XLNDTA(20),EFDTA{200) yNCOFy, DIFLO220
4NYDF, NZDFyE1DOT Ay NXDF,AREFsWICTH], DIFLO230
S XMACH ¢ RHOREF4EFDT(3) DIFL0240
COMMON/BL26/AF2,TANLAyTAN1ByPAN1A,PAN1B - AFA9AFBPREDMSTAGTDIFLO0250
141BLySTPREF)PNRT Ay PNRTB9 DPHSNT, DOMLOS DIFLO260
COMMON/B12678/JTAPE 4 IPRINT DIFLO270
COMMON/BZERO/ALPHAL(50) 4 ALPHA2(50)9 ALPHA3(50) s ALPHA4(50) yDMY(400) OIFLO280
COMMON/BPLOS/PLOSS(2) DIFL0290
DIMENSION ASTAR(2)9ARAT(3),AFUNI3)4DOPT(3)4AR(2),CPID(2)oCPACI2)y DIFLO300
1AF(2) 4¥DLS(3) DiFLO310
OIFLO320
8765 FORMAT(THODIFLCW10F11.3/(7X10F11.3)) g!FLOBBO
’ IFL0340
CALCULATE GAS PROPERTIES AND CHOOSE ROUTING THROUGH DIFFUSER DIFLO350
SUBPROGRAM CIFLO360
' ' : DIFLO3TO
1BL=1 ' DIFLC :80
IDIF=0 ' ’ DIFLO39¢C
IF(NRECT,EQ.2) AF2=AF2/W]IDTH] ) OIFLO400
CALL GASTBL(D1402¢0D39D4y=150692ZZR¢ZZGAMA) DIFLO410
11CP=2ZReZIGAMA/ (Z2GANA=1,) DIFLO420
IF(NDIFF) 90,99,98 y DIFLO430
90 IDIFs1 DIFLO4&0
NDIFF==NDIFF ) ) DIFLO450
GO YO 99 OIFLO460
9¢ IDIF=0 DIFLO470
99 NWAY=sNCIFF/10 OIFLO480
NGO =NCIFF = NWAY#10 ' DIFLO490
IF(IDIF.EQ.1) NDIFFm=NDIFF OIFLOSCD
c ' DIFLO510
c CALCULATE DIFFUSER PERFORMANCE FROM COMPRESSOR EXIT TO THE LIP OF DIFLOS520
C SNOUT CR TO THE OOME DIFLOS30
c ' , DIFLO540
GO TO (10C,140),NWAY DIFLOS50
100 CALL TUBCIS DIFLO560
IF(IBL) 14091404140} DIFLOSTO
140 NWAY=2 DIFLO580

RLAL I 1600,141,1400 OEFLOS590



(2 X 2N o]

141
1400

1401
102
111

150

1500

151

152
156

157

1570

158

1580

159
1590
1591
1592

142

NGO=2

18L=1

CALL EMPCTS

IF(IBL? 1401,900,1401
IF(NSNCUT.EQ.1) GO TO 150
PREDM=PRES {NXDIF)

Al=0,

Bl=0.

GG TO (1570,1580) ¢ NRECT

CALCULATE VARICUS GEOMETRIC PROPERTIES OF THE ANNULUS DIFFUSER

CALL SLOPE(XsCAyNXDIF oNXDIFAyALPHALlyNXDIFA+1)
CALL SLOPE(XsSA;NXDIF+2,NXDIFA,ALPHA2,NXDIFA+1)
CALL SLOPE(X.CByNXDIF oNXDIFBsALPHA3,NXDIFB+1)
CALL SLOPE(XoSB'NXDIF+2’NXDIFB.ALPHAQQNXDIFB#I’
NXOF1=AXDIF+1

NXP=2=AXDIF+2

NXDFAl1=NXCIFA-]

NXDFB1=NXCIFB~1

DO 1500 I=NXDIF,NXDF1

ALPHA2 (1) =ALPHAL(I)

ALPHA4 (1)=ALPHA3(])

DO 151 I=NXDIFJNXDIFA

0D=1.

DE=l. )

IF(ALPHAL(I).LT.0,) OC=-1.

IF(ALPHA2(1).LT.0.) DE=~1,

ALPHAL1 (1)=DD+#ATAN{DD#=ALPHAL(1))

ALPHA2 (1)=DE#ATAN(DE#ALPHA2(1))

DG 152 I=NXDIF,NXDIFB 4

DO=1.

DE=1.

IF(ALPHA3(I).LT.0.) DC=-1

IF(ALPEA4(]I).LT.0.) DE=-1.

ALPHA3 (I )=0D«ATAN(CO#ALPHA3(I)})

ALPHA4 (1)=DE=ATAN(DE#=ALPHA4(I))

A={ALPHAYL (NXDIF+1)4+ALPHAZINXDIF+1))/2.
B=(ALPHA3 {NXDIF+1)+ALPHA4(NXDIF¢1))/2.
Al=(ALPHAYL INXDIFAY+ALPHAZ2(NXDIFA))/2.
B81=(ALPHA3(NXDIFB)+ALPHA4{(NXDIFB))/2.

GO TO (157,158)4NRECT

THAL= (SA(NXDIF+1)ee2-CA{NXDIF+1)#22)#3,141593 #COS(A)
THB1=(CB(NXDIF+1)##2-SB(NXDIF+1)222)#3,141593 «COS(B)
THS1= (SB(NXDIF+]1)s#2=-SA(NXDIF+1)##2)#3,141593
SUMA=( SAINXDIFA)s#2-CA(NXDIFA)#22)23,141593
SUMB=(CB(NXDIFE) #»2~ SB(NXDIFB)®#a2)23,141593
GO TO 159

THAL= (SA(NXDIF+1)=CA(NXDIF+1))=COS(A)
THB1=(CB{NXDIF+1)}-SB(NXDIF+1))aC0S(B)
THS1=SB{NYDIF+1)=-SA(NXDIF+1)

SUMA=( SA(NXDIFA)=CA{(NXDIFA))

SUMB= (CB(NXDIFB)~ SBINXDIFB))

CONT I NUE

GO TO (159041591,1592)9NGO

CALL TUBSTA

GO TO 1600

CALL EMPSTA

GO TO 1600

COR1=0.

COR2=0.

DIFLO&00
DIFLOG&LO
DIFLO620
DIFL0630
DIFLO640
DIFL0650
OIFLO660
DIFLO6TO
DIFLO680
DIFLO690
OIFLO700
DIFLO710
DIFLO720
DIFLO730
DIFLO740
DIFLO750

DIFLO760

DIFLO770
DIFLO780

DIFLO790
DIFL0800

DIFLOG10

DIFLO820 !

DIFLO83C
DIFLO840
DIFLO850C

DIFLOB6C

DIFLO87O
DIFLO88O

DIFLO890

DIFLOSO0O
DIFLOS10

DIFLO920
DIFLO930

DIFLO94C

DIFLO9S0

DIFLOS6C
DIFLOSTO

DIFLO98C,
DIFL0990

DIFL1COO
DIFL1C10

DIFL1C20

DIFL1030
DIFL10C40

DIFL1050'
DIFL1C6C

DIFL1070
DIFL1C80:
DIFL1090.
DIFL1100
DIFL1L10.
DIFL1120
DIFL1130"
DIFL114C
oxFL11so§
DIFL1160'
DIFL1170C
DIFL1180;
DIFL1190

DIFL1200



CAad

cean

OO0

240

241

1600

00 240 I=NXDF2yNXDFAl
TURN:ABS(ALPHAI(ll-ALPHAl(I-l)#ALPHAZ(l)-ALPHA?(I-!))IZ.
RADC= (X(I)=X(I-1))/COSC(ALPHAL(I)+ALPHA2(T))/2.)/TURN
C=(SA(I)=CA{1))#COS((ALPHAL(I)+ALPHA2(I))/2.)

DHY=1. /732./2.4( (SAINXDIF+1)~CA(NXDIF+1))«COS(A )/C)ee2
COR1 =COR1 +DHY#(0.124+3,1#SQRT(C/2./RADC))*#TURN/3.14159

DO 241 I=NXDF2,NXDFB1

TURN=ABS (ALPHA3(1)=ALPHA3(1-1)+ALPHASL(])~-ALPHA4(I~1)) /2,
RADC= (X{I)=X{I=1))/COS((ALPHAZ(I)+ALPHA4(I))/2.3/TURN
C=(CB(I)=-SB(I))«COS({ALPHA3(I)+ALPHA4(I))/2.)

OHY=1, /324/2.#((CB{(NXDIF+1)=SB(NXODIF+1))eCOS(B )/C)ee2
COR2 =COR2 +DHY=(0. 124#3.ICSQRT(CIZ-IRADC))OTURNl3.14159
IF(NRECT.EQe2) AF2=AF24WIDTH1 :

DPHSNT=STPREF~PREDM

+ AG=A

165

166

169

170

190
200

210

220

BG=8B
RETURN

CIFFUSER CALCULATION ENTERED HERE DURING MASS FLOW ITERATION

ENTRY CIFLW

IF(NRECT.EQ.2) AF2=AF2/WIDTH1
AF(1)=AFA

AF (2) =AFB

IF(NSNCUT.EQ.1) GO TO 200

PRESSURE OCWN STREAM OF DIFFUSER CALCULATED AS AN ISENTROPIC
EXPANSION FROM PRESSURE(DOME) AND TSTAG.

PREM=STPREF-DOMLOS#(STPREF~PREDM)
PNRTA=STPREF-DOMLOS #DPHSNT
PNRTB=FNRTA

143

ASTAR(1)‘AFA!SQRT(ZZCP'STAGT*(ZZCAMA-I.)032-)O‘Iof(ZZGANA-l-)IZo,

les(({ZZGAMA+1,.)/(22GAMA=1.)/2.)/(PREM '32.)/(ZZGAHA’
ASTAR(2)=ASTAR(1)=AFB/AFA

AAS=SUMA/ASTAR(1)

CALL GASTBL(AAS'TT002104’1'lBLvD?pDS’

IF({IBL) 900,500,166

PAN1A= Z «PREM

TANLA=TTO#STAGT

AAS=SUVMB/ASTAR(2)

CALL GASTBL(AAS,TTO9ZyDé&y1,1IBL,D7,D8)

IF(IBL) 900,900,169

PAN1B=2#PREM

TANLB=TTO#STAGT

DP={STPREF-PREM )/STPREF

IF(IPRINT)190,190,170

CALL DCUTP1{NSNOUT,PREM ,PAN1A,D4,D5,D69yD793,1,084,DP)
CALL DCUTPLINSNOUT,PREM oyPAN1B¢D4sD5,D69D793924D8,DP)
GO TO <00

GO TO (210,220)4NWAY

USE STREAM TUBE ANALYSIS

CALL TUBFW1
GO 7O 230

USE EMPIRICAL DATA
CALL EMPDT]

DIFL1210
DIFL1220
DIFL1230
DIFL1240
DIFL1250
DIFL1260
BIFL127C
DIFL1280
DIFL1290
DIFL1300
OIFL1310
DIFL1320
DIFL1330
OIFL1340
DIFL1350
DIFL1360
DIFL1370
DIFL1380
DIFL1390
DIFL1400
DIFL1410
DIFL1420
DIFL1430
DIFL1440
DIFL1450
DIFL1460
DIFL1470
DIFL1480
DIFL1490
DIFL1500
DIFL1510
DIFL1520
DIFL1530
DIFL1540
DIFL1550
DIFL1560
DIFL1570
DIFL1580
DIFL1590C
DIFL1600
DIFL1610
DIFL1620
DIFL1630
DIFL1é40
DIFL1650
DIFL1660
DIFL1670
DIFL1680
DIFL1690
DIFL1700

-DIFL1710

DIFL1720
DIFL1730
OIFL1740
DIFL1750
DIFL1760
DIFL1770
DIFL1780
DIFLLT90
DIFL1800
DIFL1810



[ XXX

acO

QOO

a0

230

231

232
235

2300

14k

MIXING EQUATION USED IN DIFFUSING PASSAGE BEYOND TH! SNOUT LIP
USE SUCDEN EXPANSION OR CONTRACTION ANALYSIS

THA=THA«COS{AG)

THB=THE#COS(BG)

BETAS=1,

ARAT(1)=THA/THAL

ARAT(2)=THB/THBL

ARAT {3)}=THS/THS1

DO 235 I=l,)

IF(ARAT(1)=1.)232,232,231
AFUN(I)=(3.#ARAT(I)0e2,=2,~ARAT(1)) /4.
HOLS(I1)=0.50(1e=1/ARAT(I))

GO TO 235

AFUN{T)=ARAT(I)®a2=ARAT(I)
HOLS(I3=(1.=ARAT(1))ee2

CONTINUE

RHA =AFA/ THA/XMVA

RHB =AFB/THB/XVMVB

RHS =(AF2-AFA=AFB)/THS/XMVS

XV2S= (PETAS2XMVS ) na2

XV2A= (EETAl#XMVA )#a2
XV2B=(PETA2#XMVB)##2

PANDA=PRES (NXDIF)=RHA®XV2A«AFUN(1)/32.
PANDB=PRES (NXDIF)=-RHBeXV2B#AFUN(2)/32,.
PREDM=FRES (NXDIF)=RHS#XV2S®#AFUN(3)/22,
A= (AFA#ZZR/PANCA/THALl)#82/(2,832,18¢22ZCP)
TSTAT=(-1.4SQRT(1.+4.,#AeSTAGT))/2./A
PLOSS(1)=HDLS{1)*RHA®XV2A/64.36
RH2PA=FANCA/ZZR/TSTAT
V2PRA=AFA/THA1/RH2PA .
A=z (AFB#ZZR/P.NCB/THBl)#a2/(2.#32,18422CP)
TSTAT=(=1.+SQRT(1.+4 . #AaSTAGT)}/2.7A
PLOSS (2)=HDLS (2) #*RHBEXV2B/ 644,36
RH2PB=PANCE/ZZR/TSTAT
V2PRB=AFB/THB1/RH2PB

THA=THA/CCS(AG)

THB=THB/COS(BG)
DPHSNT=RHS#{XMVS®ARAT(3) )ee2/2./32.

GO TO (300431042300),NGO

MIXING EQUATION IS USED TO GIVE PRESSURE IN ANNULUS

THA=THA«CCS(AG)
THB=THE«COS(BG)
ARAT{1)=SUMA/THAL
ARAT {2)=SUMB/THB1
BLN=0.

DIFL1820
DIFL1830
DIFL1840
DIFL1850
DIFL1860
DIFL1870
DIFL1880
DIFL1890
DIFL1900
DIFL1910
DIFL1920
DIFL1930
DIFL1940
DIFL1950
DIFL1960
OIFL19TO
DIFL1980
DIFL1990
DIFL2000
DIFL2010
0IFL2020
DIFL2C30
DIFL2040
DIFL2050
DIFL2060
DIFL2070
DIFL2080
DIFL2C90
DIFL2100
DIFL2110
DIFL2120
DIFL2130
DIFL2140
DIFL2150
DIFLZ160
DIFL2170
DIFL2180
DIFL2190
DIFL2200
DIFL2210
DIFL2220
DIFL2230
DIFL2240
DIFL2250
DIFL2260
DIFL2270
DIFL2280
DIFL2290
DIFL2300

PANLIA=PANDA+(1+1./ARAT(1})#(BETALl~1./ARAT(1))eRH2PA®V2PRA®®2/64.4DIFL2310
PANLB=PANDB+(1l.+1. IARAT(Z))'lBETAZ-loIARAT(Z))ORHZPBGVZPRI'CZIG40401FL2320

ALLOW FOR LOSSES DUE TO BENDS

PAN1A=PAN]1 A-COR1 #RHA®XV2A#(THA/THAl)es2
PANIBSPANl8-C0R2!RHB'XVZBO(THB/THBI)COZ

CALCULATE TEMPERATURE AND TOTAL PRESSURE LOSS

Bsl,
Cs=STAGT

DIFL2330 .
DIFL2340
DIFL2350 -
DIFL2360
DIFL2370 '
DIFL2380 .
DIFL2390
DIFL2400
DIFL2410 |
DIFL2420



(2X2X 2/

QOO0

P a s

250

255

300

310

900

910

A= (AF (1) 2ZZR/SUMA/PAN1A)#22/(2,#22CP032,)
TANL A= (=B4+SQRT (BeB=4.0A8C) )/ 2.,/ '
PNRTA:PANIA'(STAGTITANIA)G'(ZZGAMAI(ZZGAHA-I.))
DPT(1)=(STPREF=PNRTA)/STPREF

A=(AF (2)#2ZZR/SUMB/PAN1B)##2/{2,422CP232,)

TAN1 B= (=B+SQRT (B#B=4#AeC))/2./A

PNRTB=PAN1B® (STAGT/TAN1B)#a(Z2GAMA/(ZZGAMA=1.))
OPT(2)=(STPREF=PNRTB)/STPREF

PRINT CUT RESULTS

IF(IPRINT) 900,900,250

AR(1)=THA/THAL

AR(2)=THB/THB1

ARZ={ SUMA/THA) a#2

CPID(1)=(2.,#(BETAl~1.)41e~1./ARZ)/BETALlws2

AR2={SUMB/THB) #22
CPID(2)=(2,#{BETA2~1a)+1e~1./ARZ)/BETA20e2

CPACL1)=(PAN1A-PRESINXDIF))}/(RHA®XV2A/2./32,)
1/BETAl=2#2

CPAC{2)=(PAN1B=PRES(NXDIF))/(RHB#XV28/2./32.)
1/BETA2442 .

DO 255 K=1,2

145

CALL DCUTPI(NSNOUT:DZ.DBQDQgCPID(K)tCPAC(K’oCPAC(K)ICPID(K)oB’K1

1AR(K) »CPT(K))
CONTINUE
GO TO 900

OIFL2430
DIFL2440
DIFL2450
DIFL2460
DIFL2470
DIFL2480
DIFL2490
DIFL2500
DIFL2510
DIFL2520
OIFL2530
DIFL2540
DIFL2550
DIFL2560
DIFL2870
DIFL2580
DIFL2590
DIFL2600
DIFL2610
DIFL2620
DIFL2630
DIFL2640
DIFL2650
DIFL2660
DIFL2670
DIFL2680
DIFL2690
OIFL2700

USE STREAMTUBE ANALYSIS IN DIFFUSING PASSAGES BEYOND THE SNOUT LIPDIFL2T710

CALL TUBSAL
60 TO 900

USE EVPIRICAL DATA IN THE DIFFUSING PASSAGES BEYOND THE SNOUT LIP

CALL ENPSAL
IFINRECT.EQ.2) AF2=AF2eWIDTHI1
RETURN

ENTRY CIFLW2

IF(NRECT.EQ.2) AF2=AF2/WIDTH1
IPN=I PRINT

IPRINT=3

CALL TUBCTS

IF(18L) 1000,1000,910

CALL TUBSTA

CALL TUBFW1

IF(IBL) 1000,1000,920

920 CALL TUBSAl

1000

IPRINT=]IPN
GO0 TO 900
END

- DIFL2720
DIFL2730
DIFL2740
DIFLZTS50
DIFL2760
DIFL2770
DIFL278C
OIFL279C
DIFL2800
DIFL2810
DIFL2820
DIFL2830
DIFL2840
DIFL2850
DIFL2860
DIFL2870

‘DIFL2880

- DIFL2890

DIFL2900
DIFL2910
DIFL2920
DIFL2930
DIFL2940
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gilBFTC T8CT LIST

[aNalal

' SUBRCUTINE TUBCTS TeCTCC1C
C TeC10020
C THIS SURRCUTINE PERFORNS A STREAMTURE ANALYSIS CF THE DIFFLSING T8CTQ03C
e SECTICN IMMEDIATELY FOLLOWING THE COMPRESSOR CUTLET 18C 10C40
c TECT0050
. CCMVMCN/B2/ RACLLE)4CELTA(2,50)4EEL(2)4UI(1S) , THAy THBy THSPRES (50) 4 TRCTO0060
INGCy NKAYZZRy22GAMA,BETAL4BETAZ2y XMVAXMVBy XMVS, 1ZcP, IOIF T8CT0070
2,HSEP JFLAREBA(50) AREA(50) 18CTCC80
CCMMUN/ B4/ DPREF TECT0090
CCMMON/B12/ X(120)4CA(12C),CBLL120),SA(5C),SB150), TeCT0100
INRECT yNXDIF ¢NCIFFoRSNCUToNXDIF1yNXCIF2,NXDIFAoNXDIFE,NTUBE, Teciollo
2PRESIN, BLOCK(50) y ABLCCKy SHAPEH(2450), Tecvotrac
JVFDATA(15) ,RDATA(15)yNUPRy ARDTA(200) » XLNDTA(20)EFDTA(20C) yNCOF, TBCTO130
4NYOF yNZDF9E1CTAy NXCFyAREF WICTF1, TeCT10140
SXMACH)RHOREF 4EFCT (3) TRCT015C
CCMMCN/B126/AF2yTANLA,TANLG,PAN]1AyPANLB, AFALAFB+PREDM,STAGTTBCTOL60
1,I8L ySTPREF,PNRTA,PNRTB, DPHSNT, COMLOS . 1eCTC170
COMMON/B12678/JTAPE o IPRINT T8CT0180
COMMON/BZERD/ ALFA(SO),ALFB(S0)yALFC(S50),VEL(2,5C)yRO(2,50), T8CTO190
LALFC(S0)oASTAR(15)sSTAGP(15)oRHO( 151, Y(11),YV(11),LJY(11),AR{2), TECTO20C
2CUMMY (70)4 ALFG(S0Q) T8CT021C
CCMMCN/B2TRCS/SHP(2) ,THET( 2) 4ROJL2) 9 VELJI(Z) o SLMXJ( &) TeCt0220
: COMMON/B2TUB/ XNMTB(15)¢ATURE(L15)9ALPHA(15)sCALLLS),CBLI(LS) T8CT0230
c ' 18CT024C
2 FCRMAT(91H SOLUTION FAILED TO CONVERGE IN SUBROLTINE TUBEIN. SOLUTTBCTO25C
21CN CCNTINUED USING EMPIRICAL DATA.) T8CT0260
3 FCRMAT(91H SOLUTION FAILEC Tc CONVERGE IN SUBROLTINE TUBANL. SOLUTTECTQ270
1ICN CCNTINUED USING EMPIRICAL DATA.) 18CT0280
T FCRMAT(86F SOLUTION FAILED TO CONVERGE AFTER 40 CYCLES. SOLUTION CTBCT029C
LICNTINUED USING EMPIRICAL CATAL/S54H THE LAST CALCULATED BOUNCARY LATpcTO0300
2YER PARAMETERS AREcece) TBCT0310
10 FORMAT(18HL#*% ERRCR MESSAGE) TBC1032C
11 FCRMAT(1X////7718H s*% ERRCR MESSACE) 18CT0330
21 FCRMAT(1H149X3(2H~ )+ THRESULTS3(2K ~)//7/7///21HOREFERENCE CCADITIONTBCTC340
15/71X20 (1H-) /1 SHOREFERENCE AREA13X1F=F10.3,6H SQ FT/1SH REFERENCE VTBCT0350
2ELOCITYIX1H=F10.1911H FT PER SEC/18H INLET MACH NUMBER1OX1H=F10.3/TBCTC360
322H REFERENCE MACH NUMBERG6X1H=F10.2/29H REFERENCE DYNAMIC PRESSURETBCTO37C
4 =Fl0.2+4H PSI) Tecrolae
22 FORMAT (115HCTHE DIFFUSER TREATMENT USED IN THIS PROGRAM BECOMES INTECT0390
ICREASINGLY INACCURATE AT INLET MACH NUMBERS GREATER THAN 0.1) TBCT0400
T8CV041C
SET UP GEOMETRIC VARIABLES TECT0420
‘ TECT0430
LA=1 - TECTO44C
[HLC=1 T8CT0450 -
GC TO (101,103),NRECT TECTC460
101 CO 102 I=1,AXDIF Tecvo470
AREA(I 123.14159*(CE(1)*%2-CA(])*52) TRC 70480
B=(1.-ABLOCK)*BLOCK(I) TeC1049C
DELTA(2,1)=CB(I)*(1,~SQRT(1.-B%(1l.~-(CA(I)/CE(1))®s2))) TBCTOSCO -
102 DELTVA(L,1)=CA(I)®(=]1.+4SQRT(1.+(BLOCK(1)=g)*({(CBII)/CA(]) )o2%2-1,)))TRCT0S510
AR(1)=3,141599 (SA(NXDIF+1)#¢2=-CA(NXDIF+]1)e%2) T8C 70520 °
AR(2)=3.141599(CBINXDIF+))#92-SBINXDIF+])992) TBCT053C
GC TO 106 TBC 10540
103 DO 104 I=1,NXCIF TeCT0550 .
AREA(1)=CB(I)=-CA(T) TBCT0560
DELTA(Z,I!‘AREA(I)OELOCKCI)‘II.-ABLOCKI > T8CT0570
104 DELTA(L,1)=AREA()*BLOCK(]I )®ABLOCK 18C 70580

AR(1)=SA(NXDIF+1)~=CA(NXDIF¢1) : T8C70590
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106

108

1080

1060

1082

1081

1084

1085

AR(2)=CB(NXDIF+1)-SB(NXDIF+1)

CC 108 I=1,NXLIF

ALFG(T1)=0C,
FLAREA(I)=AREA(I1)#*(1l.~BLOCK(I))
CAL(T)=CA(TI)+CELTA(1,41)
CBL(1)=CB(I)-CELTA(2,1)

CALL SLCPE(XyCAyl ¢yNXODIF4ALFC,NXDIF<+]1)
CALL SLCPE(X,CRBy)L ¢NXDIF,ALFDyNXDIF<¢1)
DC 1080 I=2,NXDIF

DC=1

DE=1

TE(ALFC(I)eLE.O4) CC==1
ALFC(T)=DO*ATANICC*ALFCI{I))
ALFD LT )=DE®ATAN(DE®ALFDII]))
CALCULATE INLET PRCPERTIES

CC 1060 J=14NUPR

ROATA(J)=(RCATA(J)I#(CB(1)-CA(1))+CA(1)-CAL(1))/(CBL{1)=CAL(1))

?1........;:

18CT0600 |
T0CTO61C |
TeCT0620
TBCT0630 |
TBCT064C |
18CTC650
TBCTC660
TRCT0670
TBC 10680
18C 10690
TeCT0700
TECTO710
TeCT072C
TBCTO730
TECTO740
TECTO750
TBCT0760
1BCTC770
TECTO780
TECT0790

CALL TUBEIN(IRL)NRECTyFLAREA(L),CAL(1)+CPL(1)4NTUBE AF29PRESIN,STATBCT0800

1GT1yVPDATA,RDATA,NUPR ,UJy ASTAR,STAGP ,RHCO, XMTBySTPREF 1)

PRES({1)=PRESIN

TIF{IBL) 1C81,1082,1081
WRITE(JTAPE,11)
WRITE(JTAPE,2)

RETURN

CYKC=0.

RH=0 e

CC 1084 J=1,NTUEBE
CYHO=DYHD4XNMTB{J)/7AF2%UJ(J)
RE=RH+XFTB(J) 7AF2%R¢E2LJ)
DYHD=DYHD*#2#%RH/2./32.
VEL(2,1)=UJINTURE)
VEL{1,1)=UJl1)

RCi2s1) = RHO(NTYBE)
RC(lys1) = REQ(1)
ALFAL1)=0.

ALFR(1)=0.

DC 1085 J=1,2
SUMXJ({J)=0.
SHP({J)=SHAPEH(J, 1)
THET(J)=DELTA{(J,1)/SHAPEH(Jy1)
RCJIJLJII=RCIJ» 1)
VELJUJ)I=VEL(Js1)

CALCULATE REFERENCE PROPERTIES

ASS=FLAREA(1)*0.532#STPREF/AF2/SQRT(STAGT)
CALL GASTBLUASS yTSSyPSSsVYMACHy Ly IBLyZZR4ZZGAMA)

ASS=AREF#ASS/FLAREA(1)
IF(NRECT.EQ.2) ASS=ASS/WIDTH1

CALL GASTBL(ASSyTSSyPSSyXMACHy19I8LyZZK9Z2ZGAMA)

DPREF=STPREF#*(1.0-PS5)/144.

UREF=XMACH*SQRT(ZZGAMA®ZZR*#32.,2*%5TAGT*TSS)

IF(IPRINT EQ.3) GO TO 1083
WRITE OUT REFERENCE CONDITIONS

WRITE(JTAPE,21)AREF,UREF,YMACH, XMACH,OPREF

IF(YMACH.GE«« 7T)WRITE(JTAPL,22)

-TBCT0950

TBCTO81¢
T8CT0820
TeCcros3o
TECTO840
TeCT0850
TBCTC860
TECTO087C
TeCT088C
TacT0890
TBCTC9CO
TB8CT0910
TBCT0920
TeCT093C
TBCTC940

TRCT096C
TBCT097C
18CTC980
TBCT0990
TECT1CCO
TECTLOLC!
18CT1C20
TECT1C30
TECT1040
TBCT10S5C
TBCT1060

TBCT1070 -
TBCT1080
T8CT1090
TBCT1100
TBCT1110
TBCT1120
TBCT1130
TBCT1140
TBCT1150
TBCT1160
TBCT1170:
TBCT1180
TBCT1190 |
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c

(2 XN e]

(s N el ol

1083

109

110
115

120

130 CALL NEWRAC (IBL'XpVELoRO'CELY&.SF!P!HoloNXD!F.IRLDQCI'Clg

135
137

140

141

l44
145

5000

510
512

515
517
518
520

525

DPREF=sCPREF*144. .
1F(NXCIF-1) 5000,%CC0y 109
ITERATICN LCOP STARTS HERE
ALFA(1)=0,

ALFB(1)=0,
DC 11C I=2,NXCIF

ALFA(T) = (CAL(T)=-CAL(TI=-1) )/ (X{L)=X(I=1))
ALFB( D)= (CRBLID)=CBLIT-1) )/ (X(1)=X{I=-1))
00=1
DE=l

ALFA(1)=DD*ATAN(CC*ALFA(]))

ALFB(1)=DE*ATAN(DE*ALFB(L))

CALL TUBANLUTELyLNyALFAoALFBy) THLDyNXDIF,PRES,ASTARoRHO
1STAGP,UJyVEL ROy FLAREA) ATUBE,STAGT ALPHANTUBE)

IF(18L) 120,120,130

WRITE(JTAPENL1)

WRITE(JTAPE,3)

RETURN

LALFCoALFRyHSEP yNRECT 4 ALFG)

IF(IBL) 1395,135,5CC0

LASLN¢]

IF(LN=40) 140,140,137

WRITE(JTAPEY10)

WRITE(JTAPE,T7)

GC 10 200

DC 145 Is2,NXCIF
CALII)=CA(T1)+DELTA(1,1)*CCSC(ALFC(1))
CEL(T)=CBU{I)-DELTA(2,1)*COS(ALFC(I})

GC TO (l41,144)yNRECT
BLOCK(I)Sl.-(CBL(lltiz-CAL(l)‘#ZDIQCB(l)‘*z-CAll)"Zl
GC TC 145
BLOCK(I)sl,={CBLIT)=CALII))/Z(CBLI)=CALI))
FLAREA(I)=AREA(I)®*(1.-BLOCK(I))

GC TO 109

CALCULATE OUTLET VELOCITY PROFILE

RAD(1)=CAL(NXCIF)

GC 70 (51C¢515) JNRECT

DC 512 J=1,MTUBE
RAD(J#I!'SQRT(RAO(J)**Z-OAIUBE(J)‘COS(ALPHAIJ)’13o1Q159’
GC TC 518

DC 517 J=1,NTUBE

RAD(J+1)sRAD(J)+ATURE!J)SCOS(ALPHA(J))

DC 520 J=1,NTUBE

RAD(J)I=(RADIJ}I+RAC(Je1) )/ 2.

Y{1)sCALI(AXCIF) .

DC 525 1=2,11
Y(l)'CAL(NXDIF)O(C!L(NXDIF)-CAL(NXDIFi!‘0.1‘(FLCAT(I)°I.’
DC 530 I=1,11

YIsY (1)

CALL IT1APL(YI,ANS,RADyUJ,NTUBE)

UJY(1)=sANS

YY(I)s (y(I)=CA(NXDIF))/{CB (NXDIF)-CA ,’XO!F))

78C 711200

TBCT1210
TeCT1220 |
TeCT1230 !

TeCT1240

T8CT12%C |
TeCT1260 |

TecCtT1270

TECT1280 -
TBCT1290 -
TBCT1300

Tecrlalo

TECT1320

T8CT1330 ¢

TeCT1340
T8CT135¢C

78CT1360

18CT1370
TeCT1380
TeCT11390
TECTl400
TBCT141C
18C 11420

TECT1430

TECT1 440
18CT1450

TBCT1460.

TeCT1470

TeCTl4n0

T8CT1490
18CT115¢0
TECT1S10

Tecris2o
T8CT1530

TBCT1540

TECT1550
T8CT1560-

TBCT1S570
TBCT158C

TEeCT1590.

T8CT1600

TRCT1610°
TeCTI62C
TECT163C

TBCT1640-
TRCT1650
TBCT1660"

Tectievo
T8CT1680

TEBCT1690:

18C T1700
TBCT1710;
TecTi720!
TECT1730
TBCT174C,
18CT1750!
TBCT1760°
TBCT1770,
TBCT1 780

T3CT179C¢



‘..oooooo‘o!oooooo.‘ooooooooo.ootooo.oo‘o.0000...‘6.0.O.‘.O'..l...]”‘o.0000000.3

530 Y(I)s(Y(1)=CAL(NXDIF))/{CELINXDIF)=-CALINXDIF)) : 78C71800

c TBCT1810
c PRINT CGUT SCLUTION T8CT1820
C Tecv1830
AR2=( AREA(NXDIF)/AREA(1))%22, T8CT1840
CPICL=l.~1./AR2 _ TeCT185C
CPACT=(PRES(NXDIF)-PRES(11)/CYHD : TBCT1860
EFECTN=CPACT/CPICL TBCT1870

CALL COUTPT(NSNCUT,CPIDLoCPACToEFECTNoUJY,YYYy1) TECT1880

200 IF{NRECT.NE.2) GO TC 202 TBCT1890
DC 201 I=]1,NXCIF ~ T8CT1900

201 AREA(I)=AREA(T)*WIDTH] . L Tecriole
202 CALL NEWRL(PRES,AREA,ELOCK) TecrT1920
IF(NRECT.NE.2) GO TC 204 TBCT1930

DC 203 I=1,NXCIF : T8CT1940

203 AREA(T)=AREA(1)/WIOTH] TeCT19%0
204 CCONTINUE TBCT1960
PO 21C K=1,2 T8CT197C

- EE1(K)=BLOCK(NXDIF)®DELTA(KyNXDIF)/(DELTA(2)NXDIF)*OELTA(L1,NXDIF))ITBCT1980
210 EEL(K)=1,~EEL1(K)SAREA(NXDIF)/AR(K) TeCT1990
900 RETURN A T8CT12000
END TeCY2010

YOUR CARD TCTAL IS =-- 203
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$1BFTC TBST

OO0

119

SUBRCLTINE TUESTA

THIS SUBRCUTINE PREPARES CATA FOR SUBROUTINE TUBSTA

lt.‘..........Q.l'.‘..'..“.........l‘..i

TBSTCCOL],
18570002}
18STCCO3

TEST0004,

TBST0005;

CCMVCN/B2/ RAC(16)4CELTA(Z295S0)4EELL2Z) ¢UJI15) 9 THA,THB o THS oPRES(50) TBSTQ006"

INGCoNWAY s 2ZZR¢2Z2ZGAMA,BETAL, BETA2,y XMVA,XMVBy XMVS,

2,HSEP  JFLAREA(50),AREA(SC)

CCMMCN/EB12/ X(120)4CA(1201+CB(120),SA(5C);S58(50),

Z1CP,IDIF

INRECTyNXOIFyNCIFF4NSNCUTyNXDIFLyNXDIFZyNXCIFA,NXCIFB oNTUBE,

2PRESIN, BLCCK (50) 4 ABLCCK o SHAPEH(2450),

IVFDATA(15)RDATA(15), NUPR, ARCTA(200), XLNDTA( 20) +EFDTAL120C) yNCDF,

4NYDF ¢yNZCFyEIDTAy NXDFyAREFWICTH],
SXVACHRHCREF,EFCT(3)

CCMMCN/BLZERN/ ALPA(S0),ALPB(SC),ALPC(S0),ALPD(SC),DUMNY(400)

CCMMUON/B2TRBCS/ZALFA(2950) 9 ALL 292950) ¢y WILI2:50)9WCL{2¢50)swI(2+50)
IWC(2950)9ARR(2950)9CiLT(292)9SHAPH{2¢2)sNX12)sNXDD(2),ARF(2,50),
)ovELJJI(2)

1SHPP{242) o THETT(202)9SUMXJJI(292),RCJI(2

CCMMCN/BZTBCS/SHP(2) ¢ THET(2)4,ROJ(2),VELJI(2)y SUMXJI(4)

CALCULATE GEOMETRIC VARIABLES AND INPUT PARAMETERS

AX(1)=NXDIF1

NX{2)=NXCIF2

NXDD(1)=NKXCIFA

NXDD(2)¥=NXCIF®

DELT(141)=0DELTA{1,KXDIF)

CELT(1,2)=0,

DELT(2,41)=0.

DELT(2,2)=CELTA({2,NXDIF)
SHAPH(1,1)=SHAPEK(1,NXDIF)

SHAPH{1,2)=1.4

SFAPP(ZvI”l-‘o

SHAPH(2,2)=SHAPEH(2,NXDIF)
SHPP{1,1)=SFAPEH(1,1)

SHPP(1421=1.4

SHPP (2,41)=1,.4

SHPP (2 42)=SHAPEF(2,1)
THETT(1,1)=CELTA(141)/SHAPEK(1y1)
THETT(1,2)=0.

THETT(2,1)=C,

THETT(2,2)=CELTA(24]1 )/SHAPEH(2,1)
SUMXJJ(1,1)=SUMXJ(3)

SUMXJJ(142)=0.

SLMXJJ(2,1)=C,

SUMXJJ(2,2)=SUMXJI(4)

RCJJ(1)=RCI(1)

RCJJ(2)=RCI(2)

VELJJ(1)=VELJ(]1)

VELJJ(2)=VELJ(2)

CALL SLCPE(X CAJNXCIFyNXDIFAZALPA,NXDIFA®])
CALL SLOPE(XyCByNXCIF,NXDIFB, ALPB,NXDIFB+1)
CALL SLOPE(X,SAyNXDIF+2,NXODIFA,ALPCyNXDIFA+]1)
CALL SLOPE(xXxySB,NXDIF42,NXCIFByALPOyNXDIFB+1)
NXOF 1=AX01F+l

CC 119 I=NXCIF,NXDF1

ALPC T )=ALPA(])

ALPD(I)=ALPB( )
SAINXDIF)=CA(NXDIF)+SAINXCIF+l)-CA(NXCIF¢]l)

TBSTOCOT_
TBST0008:
T8$70009:
TB8STOC1O
1BSTCOLL:
Testoo12;
TeSTOO013
18570014,
T8STCLIS:
TeST0016°
TeSY001i7
TeSTOO1¢&
1857001¢:
TesSTO0C2¢C
TesT0021
18ST1002¢
18570023
TBST0024
TeST002*
T8ST0026
185710027
TBSTCO2¢E
TesT1002¢
I18ST0030
18570031
I1BSTCC3¢:
TeST0033
TBST0J3¢
TBST003*
18S1CC36
18570037
TBST003¢
TBST003¢
TBSTCC40
TeST004]
TeST004Z
TB8S16043
T8ST004¢:
TESTO004Y
TeSY004€
TRSV004 1
18ST004¢E
TBSTOoC04S
TRSTO0CSO
T8STO0SI;
18S7005%
T8ST0053
TeSTg05

18810053
18ST00S

T8STCCS7
Test00s

1857005
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120

121

125

127
130

131

132
133

SBINXDIF )»SBINXCIF+1)-CB{NXDIF+1)¢CBINXDIF)

DC 120 I=AXCIFNXCIFA

DDs1

D=1

IF(ALPA(]I).LE.O,) OD=-]

IF(ALPC(I).LELO.) DE=~1
ALFA(I,I3'(CD.ATAN(DD.ALPI(I”ODE.‘T‘N‘CE“LPC(""lzo
WI(LoI)sCALL)

WC(l,1)=SA(])

WIL( oI)sWI{Lol)®DELTA(JoNXCIF)/COS{ALFA(]91))
WOL(Llol)suWC(Ll,1)
ALU1y1yT)=CCoATAN(CC*ALPA(1))=ALFA(]1o])
AL(192,1)=DESAVAN(DESALPCII))=ALFA(L,1)

00 121 IsNXCIP,NXDIFB

DDsl

DRe]

IF(ALPR(])eLEVOes) CC®=1

'F(ALPB“'.LE.O.’ DE.‘l
ALFA(2,]1)=(DDSATAN(OD*ALPB(1))4DE*ATAN(CESALPDLI)))/2,
Wl(2,1)=8B(1)

WC(2,1)=CB(I)

RILIZ2:1)=WI(2,1)
WOL(2+1)sWC(241)-DELTA(2,NXCIF)/COSIALFA(291))
AL(292y1)=DD*ATAN(CC*ALPB(I))=ALFA(2,1])
AL(241,1)=DE*ATAN(CE®*ALPD(I))=ALTA(2,1)

CC 130 x=1,2

NXD=NXCC(K)

OC 130 1=NXCIF,NXC

GC TO (1259127)4NRECT

ARR(K¢I)=3,1415G% (WC(Ky J)%%2 -WI(K,1)022 )SCOSI{ALFA(K,I))
ARF(Kys 1133,14159% (KOL(KoI)282=-WIL(Ky1)**2)*COSI(ALFA(K,I})
GC 1C 130

ARRIK I)={WO(KyI) ~WI(KyI) )SCOS(ALFA(K, 1))

ARF(K I (WOLIK,I)=WIL(K,1))*COS(ALFAIK,1))

CONT INUE

GC TO (131,4132)yNRECT

ARR( 1LoNXpIFA)=3,14]159% (SAINXDIFA)*92-CA(NXDIFA)}®*#2)
ARR(2 NXDIFR)=3,14159%(CBINXDIFB)*32-SB(NXDIFB)®#+2)
GC TC 133

ARR{1NXDIFA)sSAINXDIFA)=CA(NXDIFA)
ARR{2,NXDIFB)=sCRINXCIFB)-SBINXDIFB)

CUNTINUE

RETURN

END

YOUR CARD TCTAL IS ==- 108

TeST0C60
TEeST0061
TBST0062
18570063
TESTCCO4
T€ST0065
TBSTQ066
TBST0067
TBSTCO68
TeST0069
Te$100170
TBST0071
78ST0C72
TeST0073
TAST00 74
TBST0075
TRSTOCTS
18510077
TASTO0078
T8ST0079
18STCC80
78570081
T8S70082
T8ST0083
18ST0084

- T8ST10085

TEST008¢
TeST0087
18570088
T2£10089
TESTCO090
TeST0091
18570092
788S70C93
788710094
TRSY009S
T8ST0096
TBST0097
T8S70098
718510099
18870100
78870101
TeST0102
Test0103
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sl BFTC TBAl

s NaNalal

SUBRCUTINE TUESAL TBA100107]
1eaxoozo§
THIS SULRRCUTIANE FERFORMS A STREATURE ANALYSIS IN THE DIFFUSING T8A10030
PASSAGES PETWEEN Trg SNOUT AND THE OQUTER CASING TRA10040.,
TRALCOSC ||
CCMMCN/B2/ RAC(16)CELTAL2,50),EEL(2)4LJL15) s THA,THB, THS yPRES(50) ,TBAL1006C-
INGO NWAY2ZR y2ZGAMA ,RETAL, BETA 2, XMVA, XMVBy XMV S, 22CP,IDIF TRAL1CQT70
2,FSEF  JFLAREA(SO),AREALSC) TRA100R0:
CCNMMCAN/R12/7 X(120)9CA(120)4CBI120)¢SA{SC)SBISC), TRA1009C:
LNRECT JNXDUFyNCIFF NSNOUT yNXDIF 14,NXCIF2 yNXDIFA,NXDIFR,NTURBE, T8A10100
2PRESIN, BLCCK{S50), ABLUCK, SHAPEK(2,50), Tea10lic:
3VPDATA(15) yRCATA(15)yNUPRy ARCTA(200) s XLNOTA(20),EFDTA(20C) yNCOF, TEA10120
4NYDF yNZCF yELDTAy AXCF9AREF ¢WICTHL, TRA10130°
5 XVMACH,RHOREF yEFCT (3) TeAlL014C.
CCMMON/B1267/AF2,TANLA,TAN1E,PAN1A,PAN1B, AFA,AFBoPREOM,STAGTTEALOLSC
1,IBLy STPREF, PNRTA,PNRTE,CPHSNT ,DOMLOS TBALIC16C"
COMMON/R12678/JTAPE HIPRINT TBA10170
CCNNCN/B2TBCS/SHP(2)yTHET(2)yROJE2)4VELJI(2)y SUMRJ(4) TRA10180
CCMMON/BZCRO/ARK(5C) ,YBL(50),ALA(S0) ,ALB(SC),VEL(2,%0), T8A1019C
2RC(2,50) s XX{SU) yRCE1S5 )y UIK(15)yASTAR(15),STAGP{15),XMTB(15) yRHO(15TEA10200
3) s ALPHA(15) yATUBE(15),CUMMY(30) TBA10210
CCNMMCN/B2TBNS/ALFA(2,50)0AL1292,5C)oWIL(2950)eWCLIE2¢5C)onI(2950)s TBAL1022C
LWC(2,50) ¢ ARR(2950) 9CELT(2,2)SHAPH(2,2)4NX(2)4yNXDD(2) JARF(2,50), TBA10230
1SHPP(2,2) s THETT(292)sSUMXII(2,2)4ROJI(L2 ),VELIII(2) TEA10240
COMMON/BPLCS/PLCSS(2) TBA10250
DIMENSICN AF(2),YAL(S0)+ARRK(50) TeA10260
ECUIVALENCE (2RRK(1),YAL(1)) TBA1C270
TEA10280
1 FORMAT(71H SOLUTION FAILEC TO CONVERGE IN SUBROUTINE TUBEINe SOLUTTEA10290
LICN TERMINATEC.) TBA10300
2 FCRMAT(71F SOLUTICN FAILEC Tg CONVERGE IN SUBROUTINE TUBANL. SOLUTTBA1Q31C
1ICN TERMINATEC.) TEA10320
7 FORMAT(105H THE STREANMTURE ANALYSIS IN THE DIFFLSING PASSAGES BETNTEA101330
1eeN SNCUT AND OLTER CASING FAS FAILEC TO CONVERGE./Z1M SCLUTICN TETEAL0340
2RMINATED.//54H THE LAST CALCULATEC BOUNDARY LAYER PARAME TERS ARE.. TBA10350
3..) TBA10360
10 FCRFAT(18H1%%% ERRCR MESSAGE) TBA10370
TRALO38C
SET UP VALUES NEECEC IN THE DO LOCP TBA1039C.
TRA1C4CO
NXDF 1=AXDIF+1 TRAL1041C
AF(1)=AFA TRA10420
AF(2)=AFB TRA10430
XX(NXDIF)=X(NXCIF) TRA1044C-
GC TC (19C,199) yNRECT TRA1045C"
190 WCL(1,NXDIF)=SCRT(CA(NXCIF)#$24THA/3.14156) TBA10460°
RILI2,NXCIF)=SQRT(CRBINXDIF)##2-THB/3.14156) TBA1047C
GC 10 197 TEA10480;
195 WCL{14ANXDIF)=CAINXCIF)+THA TBA1049C.
WIL(2,AXDIF)=CBINXCIF)-THB TEA10500
197 ARR{1,NXDIF)=THASCCS(ALFA(LyNXDIF)) TBAL1051C:
ARR(2 NXDIF)aTHRB*COS(ALFA(2,NXCIF)) TBA10520:
WO (1 yNXDIF)=WCL(] yNXDIF) TEA10530
WI(2/NXCIF)=WIL(2yNXDIF) TB8A10540;

GC TC (197091971),NRECT

TBA1Q5S0:

1970 ARF(1,NXDIF)=3,14159% (WOL( 1, NXDIF)$92-WIL(1,NXDIF)®#2)8CCS(ALFA(1,TBA10560"

INXDIF))

TBA10570

ARF(24ANXDIF}23,14159%(WOLS2,NXDIF)#92-yIL(2,NXDIF)992)8CoS(ALFAL2,TBAL0580!

LNXDIF))

T8A1059C!



¢
c
c

19711

200

2000

210

GC 7C 200
ARF{LyNXCIF)= {OL(L1y NXOTF)=WILI1oNXDIF))sCOS(ALFA(1yNXD]IF))
ARF(2,AXDIF)=(WCL{2¢NXCIF)~WILI2,NXDIF))*COS (ALFA(2/NXDIF))

START CF CC LCOP FOR TWO ANNULI e

DC 500 K=1,2

THLO=AXOD IF

NXXsNX({K)

NXD=NXCC(K)

OC 2CCO U=NXDIF,NXX

XX 14l)mxx{I)e(X(I+1)=X{1))/CCSU(ALFA(K, 1))
CELTA(L1,1) =CELT(K, 1)

CELTA(2,1) =CELT(Ky2)

CCONTINUE

SHAPEH (1 yNXCIF )=sSKAPH(K 1)
SHAPEH(2,NXCIF)sSHAPHIK 2)
WILX=WIL{KyNXCIF)*COS{ALFA(KNXDIF))
WOLX=WCL{KyNXOIF)*COS (ALFA(KyNXDIF))

LA=]

CC 210 J=1,NTUBE
RO(J)=RAD(J)*CCSIALFA(KyNXCIF))
RD(J)=(ROUJI=WILX)/ (WCLX=NWILX)

caLl TUBE!N(lEL.NRECT.ARF(KoNXD!F).HILXcHOLXvNTUBE

l.AF!K).PRES(NxDIF)¢STAGToUJoRO.NTUBE.UJK"STAR.STAGP.RHO.IN'..

2PRES(NXCIF)40)

215

220

225

2250

2251

2252

226

IF(IBL) 21542154220
WRITE(JTAPE,1C)
WRITE(JTAPEy1)

RETURN

DC 2295 1=NXCTIFNXX
ARK(I)=ARF(K, 1)
ALA(TI)=AL{Ky1,1)
ALBUTI)=AL(Ky2¢1)

VEL (1,AXCIF)=sUJK(])

VFL (2,NXDIF)=UJK(NTUBE)
RC (1 yNXDIF) = RHO(1)

RC (2 NXCIF)=RROINTURE)
IF(K,EQ,2) CO TO 2259
RCJ(1)=ROJJ()1)
RCIJ(2)=RHOINTURE)
VELJ(1)=VELJJ(])
VELJ(2)=UJ(NTUBE)

GC TC 2251

RCJI1)IsRHC(1)
RCJ(2)=R0JJL2)
VELJ(1)=UJ(1)
VFLJI(2)=VELJJI(2)

DC 2252 J=1,2
SUMXJ(J)sSUMXII(KeJ)

SHP (J)=sSHPP K ¢J)
THET(J)sTHETT (K9 J)
SUM=(Q, :
SUMASO,

DO 226 J=1,ANTUBE
SUM=SUNEXMTB (J)/RHC(J)
SUMAsSUMA+XMTE(J)ISUJK(J)I/RHO(J)
RHR=AF (K)/SUM
BTA=SUMASARRIK yNXDIF)/SUMs2
OYHDs (SUMA /SUM) 9329QHR/ 32 /24

..Q.‘....‘....Q....‘......O.....0....Q.‘............C................1..O.....b’

TBA 10600
TeAl0610
18410620
18410630
TBA1C64C
TeA10650
TBA10860
TBA10670
TEA10680
T8A10690
T8A10700
T8A10710
TEA10720
78410720
TBA10740
TBA10750
TRA10760
TEA10770
TPALO780C
T8ALO79C
18410800
TBA10810
TBA10820
T8A10830
TEA1084C
T8A108 50
1RAL10860
10A10870
TEA1CRBO
T8A10890
TRA10900
TBA1091C
T8A10920
TeA10930
TRA10940
TEA1095C
78410960
TEA10970
TEA10980
TBA1099C
T8A11CCO
12411010
TEA11020
TBA11030
TEAL1040
TEA11CS0
TBA11060
T8A11070
18411 08C
TEA11C90
TBAL1100
TRAL1110
18411120
TEA11130
TeA11140
TBAL1150
TBA11160,
T8A11170
TBA11180!
TBAL1190}
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C
C
C

aNaNe

2217

228

230

2300

250
255
257
260
261
262
263

264
265

266

261

2170

320

321

51

START OF ITERATICN LOCP

CALL TUBANL(TRLyULNoALA ALBy [HLDyNXXyPRES jASTAR(RHCy
1STAGP JUJKyVELyRCo ARK yATUBE ¢ STAGT ,ALPFAINTURE)

IF(IRL) 228,228,230

WRITE(JTAPEL10)

WRITE(JTAPE2)

RETURN

CC 230C I=NXDIF/NXX

ALACT)I=AL(K,1,1)

ALB(I)=AL(Ky2,1)

ARK(I)=ALFA(K,1)

YALUI)= WI(K,E)*COS(ALFA(K,1))

YBL{I)= WCIKe1)#COS(ALFA(K,1)) _
CALL NEWRAD(TRLyXXoVEL yRO9 CELTA9 SHAPEFNXDIFoNXXoIHLD 4YBLyYAL,
LALAJALB,HSEP,MNRECT ,ARK)

IF({IBL) 250,250,32C

IFILN-60)255,270,270

Lh=LAe]l

CC 260 I=NXDF1.MXX

WILIKy D)=WI(KI)+DELTA(LoT )*CCSIALIK,1,1))/COSCALFA(K,I))
WOL(KyI)=HCIKoI)-DELTAL 2, 1)%COS(AL(Ky 29 1))/7COSLALFA(KoI))
GG TC (2614,263)y NRECT

DC 262 T=NXDIF,NXX
ARK(I)=3.14159%(WOL(Ky 1) 2s2-WIL(K,1)#%2)¢COS(ALFA(K,1))
BLOCK(I)=1a=ARK(I}/ARR(K,1)

GC TC 265

GC 264 [=NXDIF,NXX

ARK(I)=(WCLIKoI)=-WIL(Ky I))2COSU{ALFA(K,I))
BLCCK(TI)=1o-ARK{I)}/ARRIK,I)

DC 266 I=NXCIFysNXX

YAL(I)=WIL(Ky1)

YBL{I)=WOL(K,1)

CALL SLOPE({XX ,YALsNXDIF+1,NXXoALAZNXX)

CALL SLCPEIXX,YEL o NXDIF+1sNXXyALBy NXX)

DC 267 I=NXDF1oAXX

DC=1

DE=1

IF(ALA(]I).LE.O.) OC=-1

IF(ALP{1),LE.O.) CE=~1
ALA(T)=pDSATAN(COSALA(L) )-ALFALK, 1)
AIB(I)=DE*ATAN(CE*ALB(I))-ALFA(K,I)

GC TC 227

WRITE(JTAPE.10)

WRITE (JTAPE,LT)

GC TC 450

CALCULATE OUTLET PRCOPERTIES

RHM=0,

Xvv2=0,

XAV=0.

0C 321 J=1,NTUBE
XNMV2=XMV24UJIK(J) 2028 ATUBE( J)*COS(ALPHA(J))
XAV=XAV+UJK(J)SATUBE(J )*CCS(ALPHA(J))
X¢V2=XMV2/ARRIK yRXX)

XAVSXAV/ARR{ Ky NXX)

BY =XMV2/XAV382

RHM=AF (K )/ XAV/ARR (K9 NXX )

Teallaoo

TeA11210 -
TRA11220

TEAll230
TBAL124C

T8AL1250
TRAL1260

TBAL11270

~ TBA11280.
TEAll29C

TRALL1300

TeALL31C)
TBA11320°
 TeA11313¢
TBA11340
TBA11350:
T8A11360

TeA11370

TBA11380;
TBA1139C

TBAl114CO

TEAL141C;
TeA11420
TRA11430
TBA11440

TBA11450

TeAll460

TBA11470

TeAl148C.

TEA11490
TeA11500

TBA11510
TeA1152C

TEAL11530

TEA11540

TRAL155C
TeAL1560
TEAL1570
TBA11580
TBA11590
TBA11600
TBA1161C
TeAll620
TBA11630
TBAL164C
TBA1165C
TEA11660
TEAll67C
TBA1168¢
T8A11690
TEA11700
Teallric
TBA1172C
T8A11730
TEAL1174C
TeA1175¢
TeAl1760
T8A1177¢C
TEA1178C

TEALIL79C
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323

324

400

e N el

410

4101

4100

(aNaNal

420

4200

430

O0Oa

450

460
490

500

ARAT= ARRIKyNXD)/ARR(KyNXX)}
FRES(NXD) = PRES(NXX)+ (1e41/ARAT)I*(BT~-1. /ARAT

164.4
CALCULATE TEMPERATURE AT INLET TO ANNULI ANp TOTAL PRESSULRE LOSS

B=l.

C==STAGT

A=(AF(K)*2ZZR/ARR{KyNXD) /PRES(NXD))#%2/7 (2.422CP*32.)
TANA= (-B4SCRT (B#B-4.2A%C))/2./A
PART=PRES(NXD)#(STAGT/TANA )¢ (22GAMA/ (22GAMA=14))
PNRT=PNRT-PLOSS (K)
ASS=AF(K)*SCRT{STAGT)/(0.532%PNRT)
ASS=ARR(KyNXD)/ASS

CALL GASTBL{ASSoRATIRAP 9 XMACHy 19 IBLyZ2Ry22GAMA)
PRES{NXD)=RAP*PNRT

TANA=STAGU*RAT

DELTP= (STPREF-PNRT)/STPREF

GC TO (3235324)+K
PANLA=PRESINXD)
TAN1A=TANS

PNRTA=PNRT

GO TO 400
PAN1B=PRESINXD)
TAN1B=TANA

PNRTB=PNRT

IF(IPRINT) 5009500941C

CALCULATE DIFFUSER PERFORMANCE

CPACT= (PRES (NXX )~PRES(NXDIF) )/DYHD
AR=ARR (K yNXX )/ ARR (K4 NXDTF)
1F(AR~1.) 4100,41C1,4100

CPIDL=0.

EFECTN=1.

GO TC 420

CPIDL=le=14f AR/ AR

EFEC TN=CPACT/CPIDL

CALCULATE DIFFUSER PERFORMANCE ALLCWING FOR MIXING

CPCT= (PRES (NXC)~PRES(NXDIF))/CYHD
AR=ARR(K,NXC) /ARR(KyNXCIF)

BT=BT7A
CPID=(2.%(BT=1,)%1e=1./AR%42)/BT#%2
EFECT=CPCT/CPID

CONTINYE

PRINT QOUT RESULTS

CALL COUTPLINSNOUT,.CPIDL,CPACT, EFECTN,CP!DOCPCYQEFECTtloKo
LARR(KoNXDIF) JARR{KyNXOIF+1),CELTP)

OC 460 I=NYXDIF¢NXX

Wil=1.

IF(NRECT.EC.2) WIC=WICTK1
ARRK( T )=ARR(K,I)#WIOD

CALL NEWRL(PRES, ARRK¢BLOCK)
IF(IBL) %00,900,500
CCNTXNUE

TBA11800

JSRHMSXAVE$2/TBAL1810

TBall820
TEeA11830
TB8A11840
TEA11850
TeA11860
TpALl8TC
TBA11880
TEA11890
T8A11900
TEBALL910
TBALl1920
TEA11930
TEAl1l1940

-TRA11950

TEBAL1960
TEAL11970
TEA11980
TBA1199C
T8A12000
TBA12010
TEA12020
TBA12030
TBA12040
TBA12C50C
TeA12060
TBA12070
TBA12080
TBA12C90
TEA12100
TeAl2l10
TBAL2120
TBA12130
TEA12140
TBA1215G
TEAl12160
TEAl1217C
TEA12180
TeA12190
TEA12200
TBA12210
TEA12220
TRA12230
TBA12240
TeAl12250
TEA12260
TBA12270
TeAl2280

. TBA12290

T8A12300
TRA1231C
TBA12320
TEA12330
TBA12340
TeA12350
T8A12360
TRAL12370
T8A12380
TEA12390
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c | 18412400
900 RETURN | 18A12410
END | TEA12420C

YOUR CARD TCTAL IS === 264
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$IBFTC TBFW

SUBROUTINE TUBFWI1 TBFWGCO1

c TEFKOCO2
C THIS SUBRCUTINE CALCULATES THEORETICAL FLOW SPLITS TBFW0CO3
c USING CATA FROM SUBROUTINE TURCTS, TEFNOCO04
C TBFWO0O0S
CCMMON/B2/ RAD(16)4CELTA(2950)9EE12)4UJ(15)yTHA,THBy THSyPRES(50) 4 TBFWOCO6
1NGOyNWAY 4 7ZRZZGAMA, BETALy RETA29 XMVA ¢ XMVB ¢ XMVS 12CP,IDIF TBFWO007
2,HSEP yFLAREA(50),AREA(50) TBFWOCO08
CCMMON/B12/ X{120),CA(120),CB{1201,SA(50),SB(50), TBFWO009
LNRECT yAXDIFsNDIFFy NSNGUT 4 NXOIF1,NXDIF2,NXDIFA, NXDIFBoNTUBE TEFWO0010
2PRESIN, BLOCK (501 ABLOCK, SHAPEH(2450) TEFWOC11
3VPDATA(15),RDATA(15) NUPRy ARDTA( 2001 XLNDTA(20),EFDTA(200) yNCDFy  TBFWCC12
4NYDF y NZDF yE1DTA, NXDFyAREFWIDTH1, TBFYOC13

5 XMACH  RHOREF s EFDT(3) ° TEFWOC14
COMMON/8126/AF2, TAN1A,TAN1B, PANLA,PANIB, AFAoAFB,PREDMySTAGTTBFWOC15
1,1BLy STPREF, PNRTAy PNRTBy DPHSNT 9 DOMLOS , TEFROC16
CCMMON/B12678/ JTAPE 4 IPRINT ' TBFRGC17
COMMON/82TUB/ XMTB(15)yATUBE(15)e ALPHA(15)4CAL(15),CBL(15) TBFW0018

c TEFWOC19
4 FORMAT(96H SOLUTION FAILED TO CALCULATE THEORETICAL FLOW AREAS FORTEFW0020

1A GIVEN FLCW SPLIT. SOLUTION TERMINATED.) TEFWOC21

10 FCRMAT(18H1##s ERROR MESSAGE) T8FWC022

c ‘ TBFWOC23
THA=0, TEFW0024
THB=0. TEFWGC25
BETAl=(, TBFW0OC26
BETA2=C. TBFWOC27
XMVA=Q . TEFK0028
XMVB=0, _ TBFWOC29
XMVS=0., TEFW0030
SUM=0. TRFROC31

C TBFN0032
3 INNER ANNULUS TBFWOC33
: TRFWOC34
D0 600 J=1,NTUBE TEFWGO35
THA=THASATUBE ( J) #COS (ALPHA(J)) TBFWCC36
BETAL=BETAL+ATUBE(J)#UJ(J)#UJ(J)#COS{ALPHA(J)) TEFWOC37

XMVA= XFVA+UJ(J)#ATUBE(J)*#COS(ALPHA(J)) TBFWOC38
SUM=SUN+XMTB (J) ‘ TBFR0039

JK=J TEFh0040

IF (SUM-AFA) 600,610,604 : TEFWOC41

600 CCNTINUE TEFWOC42
WRITE (JTAPE,10) TBFWOC43

WRITE (JTAPE4) _ TEFWO0C44

STOP TEFW0045

604 J=JK TEFWCC46
THA=THA~( (SUM=AFA) /XMTB(J) )« ATUBE(J)#COS(ALPHA(J)) TBFW0047
BETAl=PETAL=((SUM=AFA)/XMTB(J))#ATUBE(J)#UJ(J)eUJI(J)eCOSIALPHA(J) I TBFWOC4S

XMVA= XFVA- ((SUM=AFA)/XMTB(J))#ATUBE(J )2UJI(J)SCOSIALPHA(J)) TEFW0049

: . TBFWOCSC

: OUTER ANNULUS TBFWOC51
C . TEFW0C52
61C SUM=0, TEFKCO53
DC 620 J=1,NTUBE TBFW0054
JI=NTUBE+1=J TBFWOCS5S
THB=THE+ATUBE(JJ)*CCS(ALPHA(JJ)) TBFW0056
BETA2=BETA2+ATUBE(JJ ) *UJ(JJ)sUJ(JJ)COS(ALPHALII)) TBFWO057

XMVB= XVVB+UJ (JJ) ®ATUBE(JJ)#COS(ALPHA(JII)) TBFWOO058
SUM=SUN+XMTB(JJ) TBF¥0C59
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620

625 THB=THE-(SUM-AFB)/XMTB(JJ)*ATUBE(JJ)«COS(ALPHA(JJ))

630

635

640

650

660

680

685
900

158
IF(SUM-AFB) 620496305625
CONTINUE
WRITE (JTAPE,10)
WRITE (JTAPEy4)
stap

TBFWO060
TBFK0061
TBFN0062
TBFWO063
TBFW0064
TRFWO065

TBFWO066 -

BETA2=BETA2=-(SUM=AFB)/XMTB(JJ)=ATUBE(JJ)2UJ(JJ)I*UJI(JJ)*COS(ALPHA (JTBFWOO067

1J))
XMVB=XNVB~ (SUM=-AFB)/XMTB(JJ)*ATUBE(JJ)*COS(ALPHA(JJ))eUJ(JJ)

FLOW INTO THE SNOUT

THS=FLAREA(NXDIF)=-THB-THA
IF(THS)635,6354640
THS=0.000001

CONTINUE

ALLOW FOR BOUNDARY LAYER BLOCKAGE

GO TO (650+660),NRECT
THA=THA+(CALINXDIF)##2,~CA(NXDIF)e#2,)23,14159
THB=THB+(CB(NXDIF) %22 ,~CBL{NXDIF)ee2,)03,14159
GO TO 680 ' '

THA=THA+ CAL(NXDIF)=CA(NXDIF)

THB=THE+ CB(NXDIF)-CBL(NXDIF)

CONTINUE

XMVA=XMVA/THA

XMVB=XMVB/THB .
BETAL=BETA1/THA/XMVA®«2

BETA2=BETA2/THB/ XMVB##2

DO 685 J=1,NTUBE A
XMVS=XMVS+UJ (J)#ATUBE(J) #COS{ALPHA(J))

XMVS= ( XMVS=XMV A6 THA=XMVB#THB)/THS

RETURN

END

TBFWOQ68
TBFWOC69
TBFWOC70
TBFWOOT1
TBFWOCT2
TBFW0073

" TBFW0074

TBFK0OO075
TBFW0076
TBFWOO077
TBFWOC78
TBFWOO079
TBFWOCSO0
TBFR0081
TBFX0082
TB"W0083
TBFWO084

- TEFWOC85

TBFWO086
TBFWO087
TBFWOO088
TBFWO0089
TBFWO0090
TBFWOC91
TBFK0092
TBFW0093
TBFWO094
TBFW0095
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SUBROUTINE TUBEIN(IBLyNRECTyAREAyYAsYByNTUBE,XMOOTPRESySTAGT, TBINOCO1

1VPDATA4RDATAyNUPRyUJyASTARySTAGPy RHO» XMTBy STPyN) TBINOCO2

' TBINOOCO3

THIS SUBROUTINE CALCULATES THE INPUT STREAMTUBE PROPERTIES TBINOQO4

FOR THE STREAMTUBE CALCULATION TBINOCOS

TBINOCO6

COMMON/B12678/ JTAPE, IPRINT TBINOCO7

DIMENSICN VPR(15) oVPCATA(1S5),RDATA(15)9UJ(15),ASTAR(15)y STAGP{1STBINOCOS

1)yATUBE(15)yRAD(16)9RHO(15),TI(15),XMNTBL1S) ,ATB(1S) T8INGOO9

TBINOQL10

1 FORMAT(99H1SOLUTION FAILED TO FIND A CONVERGED VALUE OF U. PROBLZEMTZHINOOLL

1TERMINATED. THE LAST TWO VALVES OF U HERE..l TEINOC12

2 FORMAT (1X46(E12.5)) TBINOCI3

10 FORMAT(1X//////18H ess ERROR MESSAGE) TBINOOl4

11 FCRMAT(66H SOLUTION FAILED TO CALCULATE STATIC PRESSURE AT CONPRESTBINOCIS

1SOR OUTLET) TBINOC16

TBINOC17

TBINCO18

CALL GASTBL(D19D29D3yD4y=14D69Z2ZRyZ2GAMA) TBINOO19

22CP=21R#22GAMA/ (Z2GAMA=]1.) TBINOO20

I18L=1 TBINOO21

' TBINOO22

CALCULATE AREA OF EACH STREANTUBE AND NONDIMENSIONAL VELOCITY TBINCO23

TBINOC24

SUMA=0. TBINOO25

RAD(1)=YA TBINOC26

GG TO (103,106)9NRECT TBINCO27

103 AR=3,14159#(YB#22-YA#s2) T8INOC28

DO 104 J=1,NTUBE TBINOC29

ATB(J)=AR/FLOAT(NTUBE) TBINOCG30
ATUBE (J)=AREA/FLOAT(NTUBE) TBINOO31 .

SUNMA= SUMA+ATB(J) TBINOO32

104 RAU(J+1)=SQRT(SUMA/3.14159+YAsa2) TBINOOQ33

G0 70 110 TBINOO34

106 AR=YB-YA TBINCO35

D0 108 J=1,NTUBE TBINOOC36

ATB{J)=AR/FLOAT(NTUBE) TBINOOQ37

ATUBE (J)=AREA/FLOAT(NTUBE) TBINOO38

108 RAD(J+1)=RAD(J)+ATB(J) TBINOO39

110 0O 115 J=1,NTUBE TBINOC4O
115 RAD(J)=((RAD(JI+RAD(J+1))/2.=YA}/(YB=YA) TBINOOS41 .
00 120 J=1,NTUBE TBINOO42 -

120 CALL T1AP1{(RAD{J)yVPR{J)sRDATA4VPCATA4NUPR) TBINOO43

RHOR=STP/ZIR/STAGT TBINOOG4

SUM=0. TBINQO4S

DO 121 J=1,4NTUBE TBINOO46

121 SUM=SUFM+VPR(J) #RHOR#ATUBE(J) TBINOOC4A7

U=XMDOT/SUM TBINOO43

LC=0 TBINQO49

’ ' TBINOO50

IS STAGNATION PRESSURE GIVEN (N=1) OR STATIC PRESSURE (N=0Q) T8INQOS51

. IF TOTAL PRESSURE GIVEN (N=1) GUESS STATIC PRESSURE TBINOOS2

TBINOOS53

IF (N<EQ.0) GO TO 1210 TBINOQS54

PRES=STP-UsU#RHOR/32./2. TBINOOCS5

LD=0 TBINOOS56

1210 SUM=0. TBINOOS?

TBINGGSS

T8INOO0S9

CALCULATE VELOCITY TEMPERATURE AND DENSITY FOR EACH STREANTUBE
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122

123

124

120

123
135

140

150

160

200
900

160

DO 122 J=1,NTUBE

UJ(J)}=VPR{J)=U

TJ(J) =STAGT=UJI(J)n22/(2.422CP032,)
RHO(J)=PRES/ZZR/TJ(J)
SUM=SUNM+VPR{J) *RHO(J) #ATUBE(J)
UU=XMDCT/ SUM

IS GUESS AT VELOCITY GOOD ENOUGH

IF (ABS ({UU-U)/U)=0.00001) 130,130,123
U=Ww

LC=LC+1

IF(LC-40)1210,1210,124

WRITE (JTAPE,1) |

WRITE (JTAPE,2)UU4U

18L=0

RETURN

CALCULATE TOTAL PROPERTIES FOR EACH STREAMTUBE

SUM=0.

DO 135 J=1,NTUBE

STAGP (J)=PRES#(STAGT/TJ(J) )##(22GAMA/(Z2GAMA=1.))
CALL GASTBL(AAS,D2yPRES/STAGP(J)yD4+0,1BL,D7,D8)
IF(IBL)900,900,133

XMTB{J)=RHG(J) #ATUBE(J)*UJ(J)
ASTAR(J)=ATUBE(J)/AAS

IF(N.CC.0) GO TO 900

STPP=0.

CALCULATE WEIGHT MEAN TOTAL PRESSURE

DO 140 J=1,NTUBE
STPP=STPP+STAGP(J)=#XMTB(J)/XMCOT

IS TOTAL PRESSURE NEAR ENOUGH TO INPUT VALUE
IF(ABS(STPP/STP-1.)-0.0001) 200,200,150
GUESS NEW VALUE OF STATIC PRESSURE

PRES=PRES/STPP#STP
LD=LD+1
IF(LD-40)1210+1210,160
WRITE(JTAPE,10)
WRITE(JTAPE,11)

1BL=0

RETURN

STP=STPP

RETURN

END

TBIN006O

TBINOO61
TBIN0O062 .
TBINOC63
TBINOO64

TBINOC6S
TBINOC66

TEINCO6T

TBINOC6S
TBINOC6Y -
TEINOOTO
TBINOO71

TBINOO72
TBINOOT3
TBINOOT4
TBINOCTS |
TEINOOT6

TBINOOT?
TBINOO78
TBINOOT9 -
TBINOOSO
TBINOOS1
TBINO082
TBINOOB3
TBINOO84
TBINOOSS
TBINOCB6
TBINOC8T
TBINOCSS
TBINOC89
TRING090
TBIN0OO91
TBINO09?
TBINO093
TBINOO94
TBINOO9S
TBINOO96
TBINOC97?
TEINOO9S8
TBIN0099
TBINO100
TBINO101
TRINO102
TBIN0103

TBINO10O4

TBINO10S
TBINO106

TBINO107
TBINO108
TBINO109
TBINO110
TBINO111
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$SIBFTC TBAN

SUBROUTINE TUBANL(IBLyLNyALPHAL,ALPHA2yNyNXoPRES)ASTAR,RHO, TBANOCO1
1STAGP yUJoVEL,ROy AREAy ATUBE,ySTAGT ¢ ALPHAyNTUBE) TBANOCO2
COMMON/B12678/7 JTAPE,IPRINT TBANQOO3

c . , TBANOOO4
c THIS SUBRCUTINE PERFORMS A STREAM TUBE ANALYSIS FROM GIVEN TBANOCOS
c STARTING CONDITIONS TBANOCOS6
c TBANOCO7
DIMENSION ALPHAL1(50),ALPHA2(50)sPRES(SC)9ASTAR(15), TBANQCOS
1RHO(15),STAGP(15)yVEL(2950),R0O(2450)9 AREA(50),ATUBE(15),VUJ(15), TBANOCO9

2 TJI15),ALPHA(15),C1(15),C2(15),XMTB(15) TBANOC10

c TBANOC11
2 FORMAT(1X49(E124591X)) TBANOOL 2

3 FCRMAT (34HLITERATION ON ALPHA AT STATION NOeyI3,10H CYCLE NOe,I3,5TBANOC13

15H HAS NOT CONVERGED., THE LATEST VALUES OF ALPHA AREeseee) TBANOO14

S FORMAT(33H ITERATION ON AREA AT STATION NOeoI3910H CYCLE NO.91346T7TTBANOOLS

1H HAS NOT CONVERGEDe THE LATEST VALUES OF GUESSED AREA AND FLOW ARTBANOO16

2EA) TBANCOC17

6 FORMAT(11H AREeeccceey2(E12. 5.2X)) : TBANOO18

10 FORMATI(1X////// 18H #se ERROR MESSAGE) TBANOO19

c T8ANOO20
CALL GASTBL{(D1,02¢D03y04y~19D69ZZRyZZGAMAY T8ANOO21
72CP=ZIR*ZIGAMA/ (ZZCAiMA=1,) TBANOO22

18L=1 TBANOO23

DO 125 J=1,NTUBE ' TBANOO24
1=PRES(N)/STAGP(J) TBANOGZ2S5

CALL GASTBL(AASyD2yZ;04+041BLyD7,08) TBANOC26
IF(IBL) 900,900,121 TBANOC27

121 ATUBE(J)=AAS®ASTAR(J) TBANOOZ8
TJ(J)=STAGT#D2 TEBANOO29
RHO(J)=PRESIN)/ZZIR/TJ(J) TBANOO30
UJ(J)=SQRT (32, #2ZCPa(STAGT~TJ(J))#2,) TBANOC31
XMTBLJ)=ATUBE(J) #UJ(J)#RHO(J) TBANOO32

125 ALPHA(J)=ALPHA1(N+1)0(ALPHA2(N*1)-ALPHAI(N*I))'FLOAT(JlIFLOAT(NTUBTBANOOBB
1E) TBANOC34

c ' TBANOO35
c GUESS PRESSURE AT NEXT STATION DOKWN STREAM TBANOQ36
c TBANOO37
N1=N+1 ' TBANQOO38.

DO 300 I=N1,yNX TBANOO39

150 PRR=PRES(I-1) , TBANOO4O
LR=0 . TBANOO41

2000 DP=10.#e¢10, : TBANOO42
00 201 J=14NTURE . TEBANOO43
C1(J)=RHO(J)«(US(J)=ATUBE(J))ne2/2./32, ' TBANOC44
C2(J)=Cl(J)/ATUBE({J)wn2 ' TBANOO4S

201 IF(DP.GE.C2(J))DP=C2(J) ' TBANOO46
R=0. TEBANOO4?

DO 202 J=1,NTUBE TBANOO4S

202 R=R+SQRT(C1(J)/C2(J))=COSIALPHA(J)) . TBANOCA4Y ,
R=R-AREA(I) TBANOGCS50

IF (R) 2020,2021,2022 TBANOOS51

2021 PRES(I)=PRR ' TBANOOS?2
GOTO 300 TBANOGS53

2022 DP=-10.#DP TBANOOS4
2020 SUM=ABS(DP/4. ) TBANOGOS55
DP=DP/2. TBANOOS56

00 206 KK=1,30 TBANOOS?

R=0. TBANOOS58

DO 203 J=1,"TUBE TBANOO59]
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R=R+SQRT(C1(J)/{C2(J)=0P))#COS{ALPHALJ))

203 TBANOCKO
R=R-AREA(I) TBANOO61
IF(ABS(R/AREA(1))-0,00001)2074207,2040 TBANOC62

2040 IF(R) 204,207,205 TBANOC63

204 DP=DP+SUM TBANOOG64
GO TO 206 TBANOC6S

205 DP=DP-SUM TBANOCGS

206 SUM=SUN/2. TBANOC6T

207 PRES{I)=PRR+DP TBANQOQGS
00 212 J=1,NTUBE TBANOC69
2=PRES(I)/STAGP(J) TBANOOQTO
CALL GASTBL(AASyTTO4ZyD440,1BL,07,08) TBANOCT71
IF(I8L)900,900,211 TBANOGQ72

211 ATUBE(J)=AAS#ASTAR(J) TBANCO73
TJ(J) =TTO=STAGT TBANOOT74
RHO(J)=PRESII)/ZZR/TJI(J) TBANOC?S

212 UJ(J)=SQRT(2.92ZCP#32.#(STACT=-TJ(J))) TBANCCT76

TBANOCT?

CALCULATE STREAM-TUBE SLOPE TBANOOT78
TBANOCT9

LC=0 TBANOCSBO
SUMA=Q, TBANQOS1

DO 215 J=1,NTUBE TBANOOB2

215 SUMA=SUMA+ATUBE(J)«COS(ALPHA(J)) TBANOCS3
2150 SUMB=0Q., TBANOOCSBS
DO 2151 J=1,NTUBE TBANOCS85
SUMB=SUMB+ATUBE(J)#«COS(ALPHA(J)) TBANOOBS

2151 ALPHA(J)=ALPHAL(I)+(ALPHA2(I)=ALPHAL(1))#{SUMB~ATUBE(J)*COS(ALPHA(TBANOCB?
1J))/2.)/SUMA TBANOOSS
SUMC=0. TBANOC89

DC 218 J=1,NTUBE TBANOO9O

218 SUMC=SUMC +ATUBE(J)«COS(ALPHA(J)) TBANOO91
IF(ABS{(SUMA-SUMC)/SUMA)~0,000005)225,225,220 TBANOO92

220 LC=LC+] TBANOO93
SUMA=SUMC TBANOO94
IF(LC-40)2150,2150,221 TBANDOO9S

221 WRITE(JTAPE,10) TBANOC96
WRITE (JTAPEy3) I4LN TBANOO97
WRITE(JTAPE,2) (ALPHA(J)9J=1,NTUBE) TBANOC98
I8L=0 TEANOOC99
RETURN TBANO100

TEANO101
COMPARE COMPUTED FLOW AREA AT THIS GUESSED PRESSURE YO ACTUAL FLOWTBANO102
AREA AT THIS STATION NUMBER T8ANO103
TEANO10O4

225 IF(ABS((AREA(I)=SUMC)/AREA(1))~0.,0001) 290,290,230 TBANC10S

230 LR=LR+1 TEANO106
IF(LR=40)240,240,235 TBANO107

235 WRITE(JTAPE,10) T8ANV108
WRITE(JTAPES) IsLN TBANO109
SUMB=AREA(T) TBANO110
WRITE{JTAPEs6) SUMA,SUMB TBANOL111
18L=0 TBANO112
RETURN TBANO113

240 PRR=PRES(I! T8ANO114
60 TO 200C TBANO115

290 VEL(1,1)=UJ(1) TBANOL116
VEL(2,1)=UJ(NTUBE) T8ANO117
RO{1,I)=RHO(1) TBANO118
RO(241)=RHO(NTUBE) TBANO119

300 CONTINUE TBANOL120

A w
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900 RETURN T8ANO121
END : TBANO122
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SUBROUTINE NEWRAD (IBLy¢XyVELyROyDELTBySHAPEHyNsNXy IHLD+CByCAy NEWROCO1
1ALFA, ALFByHSEP,INRECT 4 ALFC) NEWROCO2

C NEWRQCO3
c THIS SUBROUTINE CALCULATES THE BOUNDARY LAYER DISPLACEMENT NEWROCO4
c THICKNESS FOR A GIVEN VELOCITY DISTRIBUTION NEWROQOS
C NEWRO00O06
CCMMON/B12678/ JTAPE, IPRINT NEWROOO7
COMMON/E2TBCS/SHP(2) y THET(2),R0OJ(2) 9 VELJI(2) o SUMXJ(4) NEWROOOS8

> | DIMENSION VEL(2450), RO(2,50), SHAPEH(2450) yNEWR0009
: 1x{t 1),CA(L 1),CBU 1),ISEP(2),DELTB(2y50), NEWROO10
2 DELTA(2,50) s THETA(2,50)9E(4)oF(2),6(2),0T7(2), NEWROO11
3ALFA{1),ALFB(1) NEWROO12
44ALFC(1) NEWROO13

OATA A,C/2Hae,2H NEWROO14

c NEWROCLS
1 FORMAT(1X/// 35Xy50HBOUNDARY LAYER PROPERTIES - SOLUTION HAS CONVNEWROOC16
1ERGED) NEWROO17

2 FCRMATI(1X//) NEWROO18

3 FORMA T \.X/// 35X,54HBOUNDARY LAYER PROPERTIES = SOLUTION HAS NOT NEWROOL9

1 CONVERGED) NEWR0020

4 FORMAT(T6H INNER WALL NEWROC21

1 CUTER HWALL) NEWR0022

5 FORMAT(116H STATION X(1) PRESSURE DELTA THETA H NEWR0O023

1 DELTA THETA H AN. AREA FRACTIONAL STATION) NEWROC24

6 FORMAT({115H NUMBER = IN PSIA IN IN NEWRO0025

1 IN IN SQ IN BLOCKAGE NUMSER) NEWROOC26

T FCRMAT( 2X31432X3F7439F94393X9A293FTe39A293X9A2y NEWR0G27
13F7.3, A292X9F9e39Flleéy5Xy I4) NEWR0028

8 FCRMAT(51H SEPARATION IF IT OCCURS IS INDICATED BY ®#@,.cccee®®) ' NEWR0029

12 FCRMAT(1X/) NEWR0OO030

‘ NEWR0031

Int=1 NEWR0032
THETA(1,N)=DELTB(14N)/SHAPEH(14N) NEWROO033
THETA(2¢N)=DELTB(2,N)/SHAPEH(24N) NEWRO0O034
DELTA(1,N}=DELTB(1,N) NEWROC35
DELTA(2,N)=DELTB(24N) NEWROC36
NEWROQ37

CALCULATE THETA AND SHAPE FACTOR H FOR BOTH WALLS NEWRQO38
NEWR0039

N1=N+1 NEWROC40

00 140 J=1,2 NEWR0OO041
ISEPLJ)=N +1 NEWR0O042
SUMX=SUMXJ(J) NEWROO43

D0 105C I=N1yNX NEWRO044
I11=1-1 NEWR0O04S5
SUMXaSUMX4+(VEL(JyI)»#4eR0(Jy1)80(T7./60)4VEL(JyI1)0e4aRO(JyIT)ee(T.NEWR0OOSLE
1/6))/72.4(X(1)=-X(11)) NEWROO047
1050 THETA(J 1) =(THET(J)ea(T7./6.)0(VELJ(J}/VELIJyI))aa{25,/&,)@(ROJIJD/NEWROOLB
1R0(J, 1)) es(T7, /6.)+SUHX0.00760.231VEL(J11)"(ZSolbo,IRO(JQI’QO NEWRO049
2(Te/6e))88(6./74) NEWRO0O50
SUMXJ (J+2)=SUMX NEWROO051

DG 140 I=N1,NX NEWROC52

TA = (THETA(J,1)=THETA(J,y I-10)/7(X(I)=X{1I=1)) NEWROOS53
SHAPEH(JyI1)=SHP(J)+T70.#(SHP{J)~1.05)8TA NEWROOS54
IF(SHAPEH(Jy 1) elEalel) SHAPEH!JyI)=lel NEWROO55
IF(SHAPEH(J91):6GEe3e5) SHAPEH(Jy1)=3,5 NEWR0056

106 IF(SHAPEH(Jy1)=-HSEP) 108,108,110 NEWROO57
108 ISEPLJ)=]ISEP(J)+¢] NEWROO58

IF(ISEP(J).LE.I) ISER(J)=ISEP(J)~-]1

NEWROO0S59
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OO0

110 DELTA(JsI)sTHETA(JyI)eSHAPEH(JYI) NEWR0060
140 CONTINUE NEWR0O061
NEWROC62
CALCULATE NEW VALUES OF THE DISPLACEMENT THICKNESS FROM THE NEWRO063
PREVIOUS VALUES AND THE PREDICTED VALUES AT THE PREVIOUS BLOCKAGE NEWRQO64
NEWRQO065
ISP=NX+1 NENRQOO66
JH=) NEWRQCET
IF(ISEP(1)«GTLISEP(2) ) JH=2 NEWROOQ68
IF(ISEP(JH).EQ.NX+1) GO TO 145 NEWR0069
ISP=ISEP(JH) ' NEWROCT70
JK=1 NEWROOT1
IF(JH.EQ.1) JK'Z NEWR0072
145 0T(1)=0. NEWR0O073
0T(2)=0. NEWROOTS
E(3)=DELTB(1,4N) NEWROOTS
E(4)=DELTB(2yN) ' NEWR0O76
DO 200C I=N1lyNX NEWROOCTT
IF(1.GT.ISP) GO TO 250 . NEWROOT8
D0 2001 Js=1,2 NEWROOQ79
D=240.9(SHP(J)=1.,05)/SHAPEH(Jo I)eTHETA(Jo 1) /Z7(X(I)=X(I=1))¢3,.3 NEWR0080
IF(SHAPEH(JyI)=3,5) 1501,1503,1501 NEWR0081
1501 IF(SHAFEH(JeI)=-1l.1) 1500,1503,1500 NEWRQ082
1503 D=3.3 ‘ NEWR0083
0T(J)=0. NENWR0OOB4
1500 CONT INUE NEWR0OO08S
E(J)=DELTA(JoI)o(1.40/7(CB(1)~CA(I))a(DELTB(1,1)+DELTB(2,1))) NEWROC8B6
1-70.00T(J)O(SHP(J)~1.05)/$HAPEH|JOI)I(X(l)-X(l-l)’ NEWROCS87
2*DELTA(J, 1) NEWROOS8S
F(J)=DELTA(J,I)eD/7(CB(1)=CA(I)) NEWROORY9
2001 G(J)=F(J) NEWR0090
F(l)=F(l)+l,. NEWR0091
G(2)=G(2)+1. NEWR009?
G(1)=G(1)/F(1) MEWROOD3
E(1)=E(1)/F(1) NEWROC94
E(2)=E(2)-E(1)eF(2) NEKROO9S
G(2)=G(2)-G(1l)eF(2) NEWROC96
E(2)=E(2)/G(2) NEWRQOC97
E(L)=E(1)~E(2)eG(1) - , NEWROC98
ABLl=DELTB(1,1) NEWR0099
AB2=DELTB(2,1) ' NEWR0100
D0 2004 J=1,2 NEWRO101
IF(E(J).LELD.) E(J)=0. NEWRC102
IFLE(J)eGT0.,5¢(CB(IN=CA(]I))) E(J)=0.5e(CBL(I)=CAL])) NEWP0103
IF(DELTB(JyI)eLELO.024(CB(I)=CA(I))) GO TO 2002 NEWRO104
IF(ABS(E(J)=~DELTB(JyI))/DELTB(Jy1)LE.O.4) GO TO 2002 NEWRO10S
DELTB(Jy1)sDELTB(Jo1)8(1.40.20SIGN(L1e9E(J)/DELTB(JeI)=10)) NEWR0106
GO TO 2004 NEWRO107
2002 DELTB(J,I1)s(E(J)+DELTB(JsI))/2, NEWRO108
2004 CONTINUE ‘ NEWR0109
DO 2006 Js=l,y2 NEWRO110
2006 DT(J)==3,3eTHETA(JyI)8(E(L1)+E(2)-AB1~AB2)/(CB(I)=CA(])) NEWRO111
E(3)=E(]1) NEWRO112
El4)=E{2) NEWRO113
GC TO 220 NEWRO114
NEWRO115
IF FLOW HAS SEPERATED EXPAND AT CONSTANT PRESSURE J+Eo CONSTANT NENWRO116

FLOW AREA NEWROLLY
NEWRO11O
250 RTs(SHAPEH(JH, 1SP)=HSEP)/{SHAPEH(JHy I8P )=SHAPEI{(JHy18P=1)}) NEWROL1S
IF(ISP.EQ.N1) RT=], NEWRO120
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1F(RT.GT41.)RT=1. NEWR0121
ALF={ABS(ALFALISP) )+ABS(ALFB(ISP))) /4. NEWRO122
IF(NRECT.EQ.1)G0O TO 350 NEWR0123
FL1=CB(ISP)=CA(ISP)=DELTB(1, ISP)#COS(ALFA(ISP))=DELTB(Z,ISP)e® NEWRO124
1CCS(ALFB(ISP)) NEWR0125
FL2=CB(ISP=1)-CA(ISP=1)=DELTB(1, ISP~1)#COS(ALFALISP=1))=DELTB(2, NEWRO126
1ISP-1)+COS(ALFB{ISP-1)) . NEWR0127
FL=FL1#(1.~RT)+FL2#RT NEWRO128
FL=FL/COS (ALF) NEWR0129
AL1=COS(ALFA(I)) NEWRO0130
AL2=COS(ALFB(I)) NEWRO131
IF(ISEP(1).EQ. ISEP(2)) GO TO 270 NEWRO0132
IF(JH.EQ.2) ALL=AL2 NEWRO133
IF(JH.EQ.2)  AL2=COS[ALFA(I)) NEWRO134
E(JK)=CELTA(JK,1) NEWRO13S

E(JH) = (CB(I)=CAUT)=FL-DELTALJK, [)2AL2)/ALL. NEWRO136
SHAPEH(JHs 1) =3,5 NEYR0137

GO TO 2509 NEWR0O138

270 E(1)=(CB(I)~CA(I)=FL)/AL1l® E(3)/(E(3)+E(4)) NEWR0139
E(2)=(CB(T)=-CA(I)-FL)/AL2% E(4)/(E(3)+E(4)) NE WR0140

DO 251 J=1,2 NEWRO141

251 SHAPEH(Js1}=3.5 NEWRD142
¢0 TO 2509 NEWRO143

350 DO 351 K=1,2 NEWRO144
1S=I1SP+1-K NEWRO145
AA=3.141593% ({CB(1S)=DELTB(2, IS)#COS(ALFB(IS)) )en2=(CA(IS)+DELTB (INEWRO146
1,1S}#CCS{ALFACIS)) ) w#2)/COSIALFCLIS)) NEWRO147
IF(KeEC.1) FL1=AA NEWR0148

351 IF(K.EC+2) FL2=AA NEWRO149
FL=FL1#(1.=-RT)+FL2#RT ZHRO150
FL=FL/COS (ALF) NEWRO151

360 AL1=CCS(ALFA(I)) NEWR0152
AL2=CCS(ALFBLI)) NEWR0153
IF(ISEP(1).EQ. ISEP(2)) GO TO 370 NEWRO154
E(JK)=CELTA(JIK,1) NEWRO155
IF(JH.EQ.1) E(JH)=(SQRT((CB{I)-DELTB(2,I)#AL2 )os2-FL#COS(ALFCNEWRO156

4 (11)1/3.141593) -CA(I))/ALL NEWRO157

IF (JH.EQ.2) E{JH)=(CB(I)=SQRT{FL*COS{ALFC(I))/3.141593+(CA(I)+DELTNEWRO158
1B(1,1)%AL1)##2))/AL2 NEWRO159
SHAPEH(JH,1)=3.5 NEWRO160

G0 TO 2509 NEWRO161

370 E(1)=(CB(T)##2-CALT)#s2-FLoCOS(ALFC(1)1/3.141593)/2./(CBLI) + NEWRO162
1CA(I) ) /ALY NEWR0163
E(2)=E(1)/AL2#AL1 NEWRO164
SHAPEH(1,1)=3.5 NEWRO0165
SHAPEH(2,1)=3.5 ) NEWRO0166

2509 DG 2511 J=1,2 NEWRO167
2511 DELTB(Js1)=(DELTBLJs 1)+E(J))/2. NEWRO0168
< NEWRO0169
c FIND IF SCLUTION HAS CONVERGED (IBL=1) OR NOT (IBL=0) NEWRO170
c - NEWRO171
220 IF(IBL) 2008,2000,2008 NEWRO172
2008 IF(ABS(DELTB(1,1)/E(1)=1.)=0.01 ) 200,200,210 NEWRO173
200 IF(ABS(DELTBI241)/E(2)=1.)=0.01 ) 2054205210 NEWRO174
205 CONTINUE NEWRO175

. IfL=1 NEWRO176
: GO TO 2000 NEWRO177
- 210 IBL=0 NEWRO178
V IHLD=1-2 NEWRO179
: IF(IHLD.LE.N) IHLD=N NEWRO180
"< 2000 CONTINUE NEWR0181



OO0

490

491
500

510

560

565

570
1

IDELTA(ZOI,OTHETA(Zel)fsu‘PEH(ZQl,OCOARE“"OBLOCK("UI

575
1

1DELTA(241),THETA(291)sSHAPEH(291)9AyAREA(I)¢BLOCK(I)!

580
1

1DELTA(2,1) s THETA(2, 1)y SHAPEH(2,1)19CoAREA(T)5BLOCK(I) 1

585
1

1DELTA(2,1) sTHETA(29 1) s SHAPEH( 24 1) A9 AREA(T)¢BLOCK(I) 1

600

810

RETURN
WRITE CUT BOUNDARY LAYER PARAMETERS

ENTRY NEWR1(PRES,AREA,BLOCK)
DIMENSION PRES(50)9BLOCK(50)9AREA(50)
WRITE(JTAPE,12)

IF(IBL) 49094905491
WRITEUJTAPESI)

GO0 TO 500

WRITE(JTAPE,1)

DO 510 I=N,yNX
PRES[I1)=PRES(I)/144.
XtI)eX(1)el2.
DELTA(1,I)=DELTB(1,1)%12,
DELTA(2,1)=DELTB(2,1)%12,
THETA(1,1)=THETA(1l,1)#12,
THETA(2,1)=THETA(2,]1)#12,
AREA{I)=AREA(I)e1l44,

WRITE (JTAPE,2)
WRITE(JTAPE,4)
WRITE(JTAPE,S)

WRITE (JTAPE6)
WRITE(JTAPE,12)

DC 600 I=xNyNX

IF( ISEP(1l)=1) 56045654560
IF( ISEP(2)=1) 57045754570
IF( ISEP(2)-1) 580,585,580
WRITE(JTAPE,T)
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NEWRO182
NEWR0O183
NEWRO184
NEWRO185
NEWROL186
NEWRO187
NEWRO188
NEWRO189
NEWRO190
NEWRO191
NEWR0192
NEWRO193
NEWRO194

. NEWRO195

I9X(1)oPRES(I)yCyDELTA{1y 1)y THETACLy I)9SHAPEH(191)4CoCo

GO TO 600
WRITE (JTAPE,T)

I'X(I)tPRES‘I)!C'DELTA(l’l’DIHETA(IDI’!SHAPEH.IQ!'!c"'

GQ TO 600
WRITE(JTAPE.7)

IoX(I)sPRES(I) oAy DELTA( 1)y THETA(L9I) o SHAPEH(191)4AsC,

G0 TO 600
WRITE(JYAPE,7)

IQX(!,’PRES(I""DELTA(I’l’lTHETA(I'I)’SHAPEH“':’:"‘!

CONTINUE

WRITE(JTAPE,8)

DC 610 I=NyNX
PRES(1)=PRES(I)e144.
X(I)=Xtg1/12,
THETA(1,1)=THETVA(1s1}/12.
THETA(2,1)=THETA(2,T)/12,
AREA( I )=AREA(13/144,
RETURN

.END

NEWRO0196
NEWR0197
NEWRO198
NEWR0199
NEWRO20C
NEWR0201
NEWR0202
NEWR0203
NEWR0204
NEWRQ205
NEWR0206
NEWR0207
NEWR0208
NEWRD209
NEWR0210
NEWRO211
NEWR0212
NEWRO213
NEWRO214
NEWRO0215
NEWR0216
NEWRO217
NEWROZ218
NEWRO219
NEWR0220
NEWR0221
NEWR0222
NEWRO223
NEWR0224
NEWRQ225
NEWR0226
NEWR0227
NEWR0228
NEWR0229
NEWR0230
NEWRO0231
NEWR0232
NENWRO233
NEWRO234
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acYO

SUBROUTINE EMPCTS EMPCOC10
ENPCOC20

EMPCOO3O

THIS SUSRCUTINE USES EMPIRICAL DATA TO CALCULATE THE DIFFUSER EMPCOC4O
PERFORVMANCE FROM THE COMPRESSOR OUTLET TO THE SNOUT LIP OR EMPCOCS50

TO THE DOME EMPCOCEO
E¥PCOCTO

EMPCOOBO

CCMMON/B2/ RAD(16)+DELTA(2,50),EEL(2), UJ(IS) THA»THB » THS»PRES(50) ,EMPCO090
1NGO.NNAY,ZZR,ZZGAMA,BETAI,BETAZ'XMVA.XMVBpXHVSQ ZICPLIDIF EMPCO100

2 ,HSEP HFLAREA(50),AREA(50) EFPCOl10
CONMONIB4/DPREF EMPCO120
COMMON/B12/7 X(120)4CA(120),CB(120)+SA(50)+SB(50), EMPCO130
LNRECT yAXDIFyNDIFFyNSNCUT yNXDIF1yNXDIF2,NXDIFA9NXDIFByNTUBE, EFMPCO140
2PRESIN, BLOCK(50), ABLOCK, SHAPEH(2450), EMPCO150
3VPDATA(15) yRDATA(15)yNUPRy ARDTA(2G0) s XLNDTA(20)+EFDTA(200) yNCDOF, ENPCO160
4NYDF 9 N2DFELDTAy NXDFyAREFsWIDTH1, EFMPCOL170

5 XMACH s RHUGREF9EFDT(3) EvPCOl8C
COMMON/B126/AF2,TANLA,TAN1ByPAN1A,PAN1B, AFAAFB +PREDM,STAGTEMPCO190
14IBLy STPREFyPNRTAyPNRTB, DPHSNT, DOMLOS EVPCO200
COMMON/B12678/ JTAPE 4 IPRINT EMPCO210
COMMON/BZERO/ UJY(11),YY(11)9F(2)9D9(11)yDUMMY(565) ENMPCO220
CCMMON/D2EMP/ DUMMIE(135),UCL2 EMPCO230
1,2CTS EMPCO240
EMPCO250

1 FORMAT(1X//////18H w=#n ERROR MESSAGE/64H SOLUTION FAILED TO CALCULEMPCO260
1ATE STATIC PRESSURE AT COMPRESSOR EXIT) EVPCO270

21 FORMAT(1H149X3(2H= ), THRESULTS3(2K =)//////21HOREFERENCE CONDITIONEMPC0280
1S/1X20(1H-)/15HOREFERENCE AREA13X1H=F10.346H SQ FT/19H REFERENCE ¥EMPC0290
2ELOCITY9X1H=F10e1911H FT PER SEC/18H INLET MACH NUMBER10X1H=F10.,3/EMPC0300
322H REFERENCE MACH NUMBER6X1H=F10.3/29H REFERENCE DVNAHIC PRESSUREENMPCO310

4 =F10.254H PS1) EMPCO320
22 FORMAT(115HOTHE DIFFUSER TREATMENT USED IN THIS PROGRAH BECOMES INEMPCO330
1CREASINGLY INACCURATE AT INLET MACH NUMBERS GREATER THAN 0.7) EMPCO340
8765 FORMAT(THOEMPCTS10F11.3/(7X10F11.3)) EMPCO350
' EMPCO360

NXDF1=NXDIF-1 EMPCO370

GO TO (1004104)4NRECT EMPCO380

100 DO 102 I=14NXDIF,NXDF1 EVMPCO390
102 AREATI)=(CB{I)##2~CA(1)##2)%3,141593 EMPCO400
GC TO 1505 EMPCO410

104 DC 105 I=1,NXDIF,NXDF1 EMPCO420
105 AREA{I)=CB(I)=CA(I) EMPCO430
EFPCO440

CALCULATE STATIC PRESSURE AT INLET EMPCO450
EMPCO460

1505 LG=0 EMPCO4T70
106 FLAREA{1)=AREA(1l)#(1.-BLOCK(1)) EMPCO4BO
PRESIN=STPREF EMPCO490
A=le/ (2.422CP#32,) EMPCO500
C==STAGT EMPCO510
1500 B=FLAREA(1)#PRESIN/(AF2#ZZR) EMPCO520
U= (=B+SQRT (B#B~4.5A%C))/2./A EMPCO530
TEMP=STAGT-U#=U#A EMPCO540
PRS=STPREF#(TEMP/STAGT )ne(ZZGAMA/(ZZGAMA-1,.)) EMPCOS550

IF (ABS{PRS/PRESIN~1.)=0.0001) 150441504,1501 EMPCO560
1501 LG=LG+1 EMPCOS70
PRESIN=PRS EXPCO580
IF(LG-40) 1500,1500,1502 EMPCOS90
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131

EEI(1)=le=(io=02)/2.,/F(1)
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1502 WRITE(JVAPE,1) ENPCOEOO
I18L=0. EMPCOELD
RETURN LNPLOEPC

1504 PRCSIN=PRS FVPCCE30

FNPCOELD

CALCULATF INLTT AND PFFLRENGE PROAPERTIES ENPCOEST
EVPCO660

ASS=FLAREA(1)*0.532%STPREF/AF2/SQRT(STAGT) EVPCOLTO
CALL GASTBLIASSsTSSyPSSsYMACHs 19 I8LyZZRyZZGAMA) ENMPCO68O
ASS=AREF*ASS/ FLAREA( 1) EMPCO690
TFI(NRECT.EQ.2) ASS=ASS/WIDTH1 EMPCOTO00
CALL GASTBLIASS  TSSyPSSyXMACH,1,1BLoZZKyZZGAMA) EvPCOT10
DPREF=STPREF*(1.0-PS5S)/ 144, EMPCO720
UREF=XMACH#*SQRT (ZZGAMA*ZZR#32,2*STAGT*TSS) EMPCOT730
IF(IPRINT.EQ.3) GO T3 107 EMPCOT40
WRITE OUT REFERENCE CONDITIONS EMPCOT50

, EMPCOT60
WRITE(JTAPE, 21 )AREF,UREF,YFACH X" ACH, DPREF ENPCOTTC
IFIYMACH.GE. o TIWRITL(JTAPE,22) EVPCOT780
107 DPREF=CPREF#144, ENMPCOT790
ENPCOQ00

CALCUTATFE CIFFUSCR PERFORMAMNCYE ENPCOBLC
EvMPCCR2C

AR=AREA(NXCIF)/ZAREA(]) ENMPCO8B3C
B=B*AREA(1)/FLAREA(1) EVPCO84O
U= (=B+SQRT(B#P=4 . %22C))/2./A ENPCOBSD
RH=PRESIN/ZZR/ (STAGT-UxUxp) ENPCO860
DYHD=RE#U#U/2./32. ENPCORTO
CPIDL=1le=~1./AR/AR ENPLCOESRC
XLNGTH={X(NXCIF)=X(1))/(CR(1)=-CAL1)) ENMPCCB90
E1=FLAREA(1)/7AREA(]) ENPCCSOC
CALL ENMPANL{ARGXLNATH)ARDTAXLINLTAyEFCTASNCDFyNYDF, NZDF,El,chTA, ENPCCSL1C
1E24EFECTNy IDIF,EFUT,1) EVMPCOS20
CPACT=CPILL*EFECTN ENPC0OG30
PRES{NXDIF)=PRESIN+DYFDaCPACT ENMPCNG4C
B=F2# AKEA(NXDIF) #PRLS(NXCIF)/AFZ/2ZR ENPCOSSC
U=s(-B+SCRT(B#B=4 .#A%C))/Z /A ENMPCO96C
TECMP=STAGT=-U=l=A ENMPCCSOTC
RHO2=PRES{NXDIF)/2Z/P/TEMD EMPCOS8BO
UCL2=AFZ2/E2/AR, A(NXCLIFY/REC2 EMPCOS90
SUM=0 . EVMPCLCOO
CALL PRCFLIE2yLJY,ZCTS) EMPCIC1C
DC 120 J=1,11 E¥MPCIC20
UJY(J)=UJdY(J)=TL? EMPC1030
YY (J) =SUM EMPCLQ4O
120 SUM=SUNM+0D.1 ENPCLCSC
EFPCLCEC

PRINT CUT S LUTIGN EMPCLCTOC
’ EvpPClCeaC

CALL CCUTPT(: S CUT,CPIDLyCPACTEFFCTN,UJY,YY, 09,2) FNPC109G
EFMPCL10C

GG TO (150,120 150)4NGGC EVMPCL110
1200 GC TO (121,140)yNRECT EVMPC1120
121 F(1)=(SA(NXCIF+L)##2=CA(NYCIF+1)##2)/(CB(NXDIF+1)##2~CA(NXDIF+1)##ENPC1130
12) ‘EMPCl140
FE2)=(7 (NY . IF41)%22=-SBINYDIF+1)#22)/(CO(NXDIF+1)#%2-CA(NXDIF+1)#%ENMPC1150
12) EMPC1160
GC TO 1.1 EVMPCL170

130 F(2)=(CUo(NX t0 4L )=SBANXCIF+1))/{CRBINXCIF+1)=CA(NXDIF+1)) EMPC118C
FIL) = (SAINIGIC+L)=CAINACIF+1) )Y/ (CRINXIF+1)~- CA(NXDIF+1)) EMPCL1190

EVPC1200



v

(s X EuNe

150

900

0
EEl1(2)=1.~(l.~E2)/2./F(2)
RETURN ‘

ENTRY HERE DURING MASS FLOW ITERATION WITH MIXING EQUATION BEING
USED IN THE PASSAGE BETWEEN SNOUT AND GUTER CASING

"ENTRY EMPDTL

XMA=AFA/AF2

XMB=AFE/AF2

CALL PROFL1(XMAyXMByYA,YByEAyEBy ESyBETA14BETA242CTS)
THA=AREA(NXDIF) YA
THB=AREA(NXDIF)e(1,-YB)
THS=AREA(NXDIF)=THA-THB
XMVA=EA®UCL2

XMVB= EEeUCL2
XMVS=ESSUCL2Z
BETA1=BETAL

BETA2=BETA2

RE TURN

END

EVPC1210
EFPC1220
EFMPC1230
EMPCL240
EMPC1250
EVPCL1260
EVMPCL270
EMPC1280
EMPC1290
EVPC1300
EVPC1310
EVMPC1320
EVMPC1330
EMPC1340
E¥PC1350
EVMPC1360
EMPCL3TC

. EMPC1380 .

EMPC1390
EMPC1400
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SIBFTC EMPS

C
C
- C
c

(s NaEgl (@]

8765

119

120

121

130

SURRCUTINE EMPSTA

THIS SUBRCUTINE CALCULATES THE FLOW PROPERTIES IN THE ThO ANULI]

USING EVMPIRICAL DATA

EVPSO010
ENMPSCC20
EFPSCC3AOC
EMPSQ040
EVPS0050

CCMMON/B2/ RAD(16),0ELTA(2,50)4EEL(2)oUJ(15),THA,THB ,THS,PRES(50) 4EVPSOCEC

INGCoNWAY,ZZRy2ZCAMA, BETALy BETAZy XMVA » XMVB XMV S,y
2¢HSEP HFLARLA(50)4AREA(SO)
CCMMCAN/BL12/ X(120),CA(120),CBI120)9SA(SC),SB(S5C),y

INRECT yNXDIFyNCIFFyNSNOUT,NXDIF1,NXDIF2yNXDIFA,NXDIFB NTUBE,

2PRESIN, BLCCK(50) 9 ABLCCKySHAPEH(2450),

3VPDATA(15),RDATA(15)y NUPRy ARDTA(20C) ¢ XLNDTA(20) yEFDTAL20C) ¢NCDF,

4NYCF yN2ZCFoEL1DTAy NXCFoAREF,WICTHI,
SXVACHRHOREFL,EFCT(3)
CCVMON/BL26/7/AF2+TANLA, TAN1ByPAN1A,PAN1D,
1oIBLySTPREF¢PNRTA,PNRT 8y CPHSNT ,DOMLOS
CCNMCN/BL26T787JTAPE 4 IPRINT

CCMMON/BZERO/ ALPB(50)yALPC(50) 9 ALPB(5C),
1EUMNMY (400 ), ALPALSO)
CCMMCN/B2EMP/ NXCU2)9AR(392) s TH{2)R(2)9T(2):ASTR(2)4AF(2),

LLJY(11) XX (25 9DYD(2) 9 ALFA(2+50)9NX(2),UCL2
1,2CTS
CCMMUN/BPLOS/PLCSS(2)

FORMAT(THOEMPSTALOF11.3/7(7X10F11.3))
SET UP VALUES NEEDED IN THE CC LOOP

NXDF L=NXCTIF=-1

Mx(1)=NXCIF1

NX(2)=NXDIF2

MXD(1)=NXCIFA

NXD(2)=NXCIFB

CALL SLCPE(XyCAyNXCIFyNXDIFA)ALPAJNXDIFA+])

CALL SLCPF(X,CByNXDIF,NXDIFE,ALPB NXDIFB+¢1)

CALL SLOPE(XySAYNXCIF42,NXCIFA,ALPCyNXDIFA®l)

CALL SLCPF(XySByNXDIF+2,NXCIFByALPDyNXDIFB+1)
NXDF2=NXDIF+1 -

DC 119 I=NXCIF,NXCF2

ALPC(I)=ALPA(T)

ALPC(I)=ALPB(I)

D0 120 I=NXDIFsNXCIFA

CC=1

CE=1

IF{ALPC(I)eLE.O.) CE=-]

ALFA! lol)'(DD‘ATAN(DD‘ALPA(l))*DE*‘TAN(DE*ALPC(l))’/?o
CC 121 TI=NXDIF,NXCIFB

CC=1

DE=1

IF(ALPB(1)eLELOe) CC==1

TF(ALPD(1l)elEeO.) DE=-1
ALFA(241)=(COSATAN(CO3ALPR(I))+DE*ATAN(DESALPC(1)))/2.
DC 130 K=1,2

XX{K)=0,

NXX=NX (K)=-1

DC 130 I=NXCIF,NXX

XX(K)'XX(K)+(X(I#1) X(l)l/COS((lLFl(Kvl)*lLFA‘Kol‘l,)IZ.)
¢C TG (1409145)yNRECT

22CP,101F

ENMPSOO0TO
EMPSO0BO
EFMPSO09C
EVMPSOL1C0
EFMPSOL10
EMPSO120
EMPSOL13C
EMPSOL4C

AFA,AFB ) PREDM ySTAGTENMPSO150

EFVPSOL160
EFPSOLT0
EMPSO180
ENMPSO190
ENPS0200
EMPSO210
EMPS0220
ENPSO230
ENPSO240
EMPS0250
ENMPS0260
ENMPSC2T0
ENPSQ280
EMPS0290
EMPS0300
EMPSO310
ENPS0320C
EMPS0330

EMPS0340 -

EMPS035C
ENPSCI60
EMPSO370
EMPS038C
EVPS0390
EVPS0400
EMPSO410
EMPSO420
EMPSC430
ENMPS0440
EMPS0450
EMP S04 60
EFMPSQ4TQ
EFPS0480
EVPPS0490
EFPSO500
EFPSO510
EMPSC520
EMPSO0530
EMPS0540
EMPSOS50
E¥PSCS560
E¥PSO5T70
EVPSO0580
EMpS0590
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140 AR(241)=23.14159%(SA(NXDIF]1)**2~CA(NXDIF1)*%2)sCCS(ALFA(L1,NXCIF1)) ENMPS0600

145

147

200

222 CALL EMPANL(ARRXLNy ARDTAyXLNCTA9EFOTAyNCCFoNYDF ¢NZDFyEL9ELDTA,

223

224

AR(3910=3,164159*(SAINXCIFA)##2~-CA(NXOIFA)®»2)

AR(292)=3.14159*(CRINXDIF2)9#2=-SBI(NXDIF2)9%2 )*COS(ALFA(2,NXDIF2))

AR(3,2)=3.14159% (CBINXDIFB )9#2~SBINXCIFB)*%*2)
AR(191)=3.141594(SA(NXCIF¢1)*92-CA(NXCIF+])%%2)
L*CCS(ALFA(14NXDIF+1))
AR(192)=23.14159%(CBINXDIF+1)942=-SBINXCIF+1)%%2)
1*COS(ALFA(2yNXCIF+1))

GC TC 147
AR(2,1)={SAINXCIFL)-CA(NXDIF1))*COS(ALFA(1,NXDIF1))
AR(3,1)=(SA(NXDIFA)-CA(NXCIFA))
AR(2,2)=(CB(NXCIF2)=-SB(NXDIF2))*COS(ALFA{2,NXCIF2))
AR{3,2)=(CB(NXCIFB)-SB(NXCIFB)) ,
AR(Lo1)=(SA(NXDIF+1)=CA(NXCIF+1)) $COS(ALFA(14NXOIF+1))
AR{1,2)=2(CBINXDIF+1)-SBINXDIF+1)) *COS(ALFA({2,NXDIF+1))
R{L1)=(SA(NXCIF+1)=CA(NXDIF+1))*COS{ALFA(1,NXDIF+1))
R(2)={CB(NXCIF+1)-SBINXDIF+1))*COS{ALFA(2,NXDIF¢1))

RE TURN

ENTRY HERE CURING INTERATICN CN MASS SPLITY
ENTRY ENPSAL
CALCULATE DIFFUSER PERFORMANCE

AF{l)=AFA

AF(2)=AF8
TH(1)=THA*CCS(ALFA(1,NXDIF1))
TH(Z2)=THB*CCS(ALFA(2,NXCIF2)}))
DYB{1)=XMVA*%2

DYD(2)=XMVE*%2

CC 500 K=1,2

IF(K.EQel) ET=BETAL
IF(K.ECe2) BT=BETA2
ARR=AR(24K}/TH(K)
Elnle=(1e~EELIK))*AR({1,4K)/ TH(K)
RHC=AF (K) 7 TH(K)/SCRTIDYDI(K))
DYHD=RHC*CYC(K)/2e/32.%BT#%2
XLN=XX(K)}/R{K)

IF(ARR-1,) 223,223,222

LE2EFECTNyIDIF,EFDT,y Ke1)
GC TG 224

ASSUME THAT FLOW MAINTAINS A SIMILAR PRCFILE IF PASSAGE ACTS

AS A NCZZLE

EFECTN=1.

F2=F1l

CPACT=CPICL*EFECTN
PRSCUT=PRES(NXDIF)+CPACT*DYFKD
A=1./(22CP%2,.432.)
B=E2#AR(2+K)SFRSOUT/ (AF2#Z¢R)
C=<STAGT

UMz (=B+SCRT (B#B~4.*A%C))/2./A
RHC=PRSCUT/ZZR/(STAGT=UMSUN®A)
UCL3=AF (X)/E2/AR(24K)/RHO

CALCULATE OIFFUSER PERFORMANCE ALLOWING FOR MIXING

EMP SO610
EVMPS062C

EMPSO630

EFPS0640
EVPS0650

EFMPS066C

EMPSO6TO
EMPSO680

EFPS0690.

EMPSOTCC
EMPSOT1C

EVPSOT20

EMPSOT730
EVPSO740
EMPSOTSC

EMPSOT60"
EFPSOTT0.

EFMPSOT8C

EFPSCT90-

EFPS0800
EFPSO0B10

EMPSOB2C.

ErPS0830

EMPS0840

ENPS0850
EMPSO860
EMPSCAT0.,

i

EMPSCBBO |
EMPS0890

EVPSOS00.

EFPS0910

EN¥PS0920.- !

ENMPSO930

ENMPSQS4C |

EVMPSO950

ENFPSOS6C

ENFPSO9T0

ErPSO98C

ENMPSO9SC

- EMPSICCC .

EVPS1O10
EMPS1020

EMPS1030

EMPS104C
EMPSICSC.

EMPS1060

ENMPS1070C°

EMPS1C80

EVPS1090

EMPS1100

EMPS1110
EMPS1120
EFPPS1130
EMPS1140:

EMPS1150
EMPS1160

EMPS1170

EMPS1180

EMPS1190
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c EFMPS1200
CALL PRCFL(EZ2,UJY24AN) ENPS1210
CALL PRCFL1(14yCayC3¢C49059C69074BT90892AN) EMPS1220
ARR=AR (I K/ AR (24K} ErPS1230
DYH=RHC*UCL3I*22/32./2. EFPS1240
BTas] /E2 EMPS1250
PRR=PRSCUT*#(1e+1<7ARR)*(BTA~1,/ARR)*DYH EMPS1260
1/BTA%%2 . EMPS1270
Al =le=lo/(ARIIKI/THE(K))®*2 ENPS1280
CPIU=(2.%(BT=1)9AZ)/08T%92 EMPS1290
C EMPS1300
C CALCULATE TEMPERATURE AT INLET TO ANNULLI AND TCTAL PRESSURE LOSS EMPS131C
(o ENPS1320
B=1l. EVPS1330
==STAGT ( ENPSL340
A=(AF(K)* 2ZZR/AR(3yK)/PRR)#%2/(2.%21CP*32.) ENMPS13S50
TANA= (-B+SCRT(B*B-4 ., *A%C})/2./A EMPS1360
PANRT=PRR*(STAGT/TANA)#*(22GAMA/(22GAMA~]1,)) EMPS13TO
PNRT=PANRT-PLOSS(K) EMPS1380
ASS=AF (K)#SQRT{STAGT )/ (0<532*PNRT) . EMPS139C
ASS=AR(3,K)/ASS ENVPS14CC
CALL GASTEL(ASS,RAT,RAP)XMACH,1, I18LyZZRoZ2GANA) EFPS1410
PRR=RAP*PNRT ENPS1420
TANA=STAGT*RAT EVMPS1430
CFCT= (PRR-PRES(NXDIF))/DYHD ENMPSL440
EFECT=CPCT/CPID ENPS1450
DELTP=(STPREF-PNRT)/STPREF EMPS1460
IF(IPRINT) 300,300,250 EMPSL1LTC
C ErPSl48C
C PRINT CUT RESULTS EFPS1490
C EMPS1500
250 CALL CCUTPL(NSNCUTCPIDL+CPACT,EFECTN,CPIO,CPCT EFECT 92y Ky TH(K)/AREMPS1510C
1{1,K) DELTP) EMPS1520
300 GO TO (323,324) 4K EVPS1S30
323 PAN] A=PRR EMPS1540
IF(DELTPeLT<0«)PANIASPANLAS{1.4DELTP) EMPS1550
TANLA=TANA ENMPS1560
PNRTA=pART ENVPS15T0
GC 10 500 EMPS1580
324 PAN1B=PRR EVMPS1590
IF(DELTP.LT.O.)PAN[Q'P‘NIB.(lo’GEL'P, EMPS1600
TAN1B=TANA EMPSI610
PNRTB8=PART ENPS1620
GC 7C 500 EMPS1630
900 CCNTINUE ' EFPS164C
900 RETURN . : EMPS1650
END EMPS1660

YOUR CARD TCTAL IS --- 168



$IBFTC EMPA
SUBROUTINE EMPANL (ARyXLNGTHyARDTA¢XUNDTAsEFOTA9NCDFoNYDFyN2DF,E1,ENPAQCOL

100
101

117
110
120
130
135
200

900

1EIDTA,E24EFECTN; IDIF, EFDT ¢ NUDF)
DIMENSION ARDTA(1) ¢XLNOTA(1)oEFDTAL])
1+EFDT (1)

IF(IDIF)200,4100,200
CALL INTPL8( ARy XLNGTHyARDTAJEFDTAsXLNDTAJNCDFyNYDFyNZIDFEFECT)

SUM=0,25
EFB=0.5

DO 120 J=1.14
R=2,/0¢154{0.85~E10TA)#224C0S(3.141593#(EFB~0.5) )J4+EFB~EFECT
IF(R) 110,1304117

EFB=EFHE-SUM

GO TO 120

EFB=EFE+SUM

SUM=SUN/2.
EFECTN=EFR42+/0.15#(0.85-E1)#224C0S5(3.141593#(EFB~0.5))
E2=1¢ /SQRT (AR®#24(1,/ELl##2-EFECTN#(1e=1./AR%82)))
CPIDL=1e~1./AR®%2 ‘

GG TO <00

EFECTN=EFOT(NUOF)

GC TO 135
RETURN
END

EVMPAQCO2
EVPAQQO3
EMPAQOO4
ENMPAQOOS
EMPAQCOS
EMPACCOT
EMPAQCOSB
EMPADOO9
EMPAOC1O
EMPAOC1]
EMPAQOL2
EMPAOCL3
EMPAOOCL 4
EMPADOLS
EMPAOOLG
EMPAOOL?
EMPAOOL8
EMPAOOL9
EMPAOOC20
EMPAOO21
EMPAQO22
EMPAOO23
ENPAQCO24
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100

105
110

SUBRCUTINE PROFL{E2,UJ,2)
THIS SUBROUTINE ASSUMES A TOP HAT PROFILE
DIMENSICN UJ(11)

21=E2

00 100 J=l,11
UJdldl=1l,
EK=]l,

CC 110 J=1,9
JJ=12-J
IF(EK.LT.E2) GO TC 109
LJlJ)=0,
UJ(JJ,.O.
EKsEK=0s2
CCNTINLUE

RE TURMN

CALCULATE THEGRETICAL FLOW SPLIT

ENTRY PROPLY (XMAoXMRyYA(YR)EA9ER.ESoBA(0B0,8])
. *¢ THIS CARD BLANK ®¢

YAs(1.~E2)/24¢XFASEQ

YBaloe=((le=E2)/2.+XMBSE2)

IF(XMALEC.O.) YE=O,

IF{XMEEC.O)YA=]L,

EAsXMASE2/(YA)

EB=XMB?*E2/(1.~YB)

ES=l.

BA=]./EA

BB=l./ER

RETURN

ENC

YOUR CARC TCTAL IS =-- 36

PRCFOOOL
PROFCO02
PROF0003
PRCFCCC4
PRCF00OS
PRCFQ006
PROFQOQ07
PROFQCCS8
PROF0009
PROFOCOL10
PROFOO011
PROFQO12
PRCF0013
PROFOO14
PROF00’S
PROFOC16
PRCFOO17
PRCFOOLS
PROFOO19
PROF0020
PRCFOO21
PRCFOO22
PaOFOO2)
PROROO02A
PRCFQ025
PRCF0026
PROFO027
PROF0028
PRCFC029
PRCFO030
PRCF0031
PRCFCC32
PRCF0033
PRCFO034
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$IBFTC DOPT LIST

C
c
C

o

SUBROUTINE DOUTPT (NSNOUT,CPIOL,CPACT,EFECTyUJy Y +YY,yN) ocpiocot
‘ cCcPT0CO0? .

THIS SUBRCUTINE PRINTS OUT RESULTS FROM THE DIFFUSER SUBPROGRAM CCPYCO03
DOP 70004

CCMMQON/BL126T78/ JTAPE,IPRINT ooPTOCOS
DIMENSION UJ(11)s Y(11) ,VYY(11) OCPTO0006
DIMENSICN DA(4) CCPTO007
DATA DA(1)4DA(2)/4H IN,4H OUT/ DCPTOOO08
DATA ~.(3),DA(&4)/6H 1S ,6HIS NOT/ ocpPTQCO9
0CPTOOI1O

2 FORMAT(59H IN THIS PART OF THE OIFFUSER A STREAMTUBE ANALYSIS IS uDcCPTOOl1l
1SE0) 0oP 10012

3 FORMAT(S52H IN THIS PART OF THE DIFFUSER EFPIRICAL DATA IS USED) 00PTOQ13
4 FORMAT(85H IN THIS PART OF THE DIFFUSER THE PERFORMANCE IS CALCULADGCPTON14

LTED USING THE MIXING EQUAT ION) DCPTOOLS

3 FORMAT(42X,36HVELOCITY PRCFILE AT EXIT OF DIFFUSER) DCPTO016
9 FORMAT(32H FRACTIONAL ANNULUS HEIGHTeceecesll(2X4F643)) DOPTO017
10 FCRMAT(32H HEIGHT ALLCWING FOR BLOCKAGEeses11(2XF6,3)) DOP 10018
11 FCRMAT(32H VELOCITYy FT PER SECececececsssssl1F8.2) DCPTO019
14 FORMAT(10Xs32FIDEAL PRESSURE RECNVERY COEFF. =,F6.3/ DCPT0020
1 10X,3 2HPRESSURE RECOVERY COEFF, =,F6.3/ DOPT0021

2 10X,32HDIFFUSER EFFECTIVENESS *yF6.3/ DCPT0022

3 10X,38HFRACTIONAL TOTAL PRESSURE LOSS = 0.C00) DCPT0023
15 FORMAT(10X,32HICEAL PRESSURE RECOVERY COEFF. =4F6.3, CCPT0024
1284 (INCLUDING MIXING EFFECTS)/ DOPT0025

1 10X,32HPRESSURE RECOVERY COEFF, =yF6.3/ DCPT0026

2 10X,32HDIFFUSER EFFECTIVENESS *yF6e3/ DCPT0027

3 10X,32FFRACTIDNAL TOTAL PRESSURE LOSS =yF6.3¢4SH (BASED ONDCP70028

1 NEAN CONDITIONS AT COMPRESSOR OQUTLET)) DCPT0029
20 FORMAT(LX/////764H DIFFUSER PARAMETERS - COMPRESSOR OUTLET TQ THE DCPTC030
1L(P OF THE SNCUT/64H ~—--- - - -==———-pCPT0031

B e T ) DCPT0032
2% FORMAT(LX///7///52H DIFFUSER PARAMETERS — COMPRESSOR OUTLET TO THE DCPT0032
1DCME/S2H —=—- -— ) DGPT0034
22 FORMAT(1X//////23H DIFFUSER PARAMETERS - ,AS,2TH DIFFUSING PASSAGEDCPTCO3S
1 BETWEEN 4+AS5,11H AND CASING/T1H ———— - ---CCPT0036
e — -—-- ) DOPT0037
24 FORMAT(50X,21H OIFFUSER PERFORMANCE) DOPT0038
25 FORMAT(30H FLCW ALLOWED TO MIX AT OUTLET) DCPTO0039
26 FORMAT (20H NO MIXING AT QUTLET) DCPT0040
41 FORMAT( 34H GAS EXPANCED ISENTROPICALLY FROM ,F8.3,9H PSIA TO ,F8,00PT0041
13, SH PSIA) DOPTO0C42
42 FCRMAT(S9H FRACTIONAL TOTAL PRESSURE LOSS DUE TO MIXING ON THE DOMDOPT0043
1E =,F6.3 ) DCPTO044

40 FORMAT(54H MISMATCH AT THE SNOUT IS CHARACTERISED BY THE RATIO -/ : (iPT0045
1 96¢H (TOTAL STREAMTUBE AREA JUST BEFORE THE SNOUT)/(FLOW AREA JUSTDOPT0046

2 INSIDE THE SNOUT). TEIS RATIO IS +F6.3/ DCPT0047
3 17TH AS THIS RATIO IS¢A4¢53HSIDE THE RANGE 0.85-1.15 YHE FLOW SPLIDCPT0048
4T ON THe SNOUT ,A6y13H WELL MATCHED) 0OPTO0049

43 FORMAT( 88H THIS SECTION HAS AN AREA RATIO LESS THAN ONE AND ACTS DOPT0050
1AS A NOIILE ANO NOT AS A DIFFUSER/ 10¢H THE VALUE PRINTEOD CUT AS TDOPTCOS1
2HE DIFFUSER EFFECTIVENESS IS NOT AN INDICATION OF HOW WELL THE SECDCPY0052

3TION PERFORMS) OCPT0053
52 FORMAT(1X/) DOPTO0054
53 FORMAT(1X//7) 00PTO00S5S
OCPTO056

0CPTO0057

IF(NSNOUT-1)101,100,101 00P 11058

100 WRITE(JTAPE,20) DOPT0059
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-C
C

101
102
103

104
110

111

112

120

301
302
303
310
311
312
313

320

350

500

GO T0 102

WRITE(JTAPE,21)

GO TO (103,104,120),N
WRITE(JTAPE,2)

GO Tg 110

WRITE(JTAPE,3)
WRITE(JTAPE,S53)
HYRITE(JTAPE, 24)
WRITE(JTAPE,S52)
WRITE(JTAPE,26)
WRITE(JTAPE,14) CPIDL,CPACT, EFECY
WRITE(JTAPE,S53)

GO TO (111,112,120),N
WRITE(JTAPE,8)
WRITE(JTAPE,S52)
WRITE(JTAPE,9) (Y(1)yel=],1l)
WRITE(JTAPE,10)(YY{(1I)eIml,ell)
WRITE(JTAPELZ1i)(UJ(1)yI=l,ell)
GO YO 120

WRITE(JTAPE,8)
WRITE(JTAPEL52)
WRITE(JTAPE,9) (Y([)eI=1,11)
WRITE(JTAPE,11)(UJ(I),Im],11)
RETURN

ENTRY HERE TO PRINT OUT PERFORMANCE OF FLOW IN ANNULITL
ENTRY OOUTPLINSNQUTCPIDL,CPACTYEFECToCPIDsCPAC +EFECoNoKyAR,DP)

DATA A'Boc90/SHINNERQSHOUTERQSHSNOU]oSHDO"E /
GO TO (301,302),K

W= A

GC 70O 303

Wh=B

IF(NSNOUT-1)600,310,600
WRITE(JTAPE,22)uW,,C

GO TO(311,312,313),N
WHRITE(JTAPE,2)

GO TO 320

WRITE(JTAPE,3)

GC T0 320

WRITE(JTAPE 4!

GO T0 3sS0

WRITE(JTAPE,S53)

WRITE(JTAPE, 24)

WRITE(JTAPELS52)

WRITE(JTAPE,26)

WRITE(JTAPE,14) CPIOL,CPACT,EFECT
WRITE(JTAPE,25)
WRITE(JTAPE,LS5)CPID,CPAC,EFEC,DP
G0 7O 500

WRITE(JTAPE,S53)

WRITE(JTAPE,24}

WRITE(JTAPE,S2)

WRITE(JTAPE,25)

WRITE(JTAPE.15) CPID,CPAC,EFEC,0p
IF(CPIDGLE . )e0aORCPIDLLELO.O) WRITE(JTAPE,LY)
1 A=]

18=3

IF(ABS(l.-tR).LE.0.15) GO YO 501

0CPT0060
00PT0061
DCPTYOCs2
0CPTO063
OCPTO064
00PT0065
OCPT0066
OCPT0067
CCPTO068
DCPT0069
boPtoCTO
ocevoor
0CPT0072
0oPYOO0T73
DAPTOCT4
DCPTOOT7S
CCPTOO76
ocePTOOTY
DOPTCQOTS
ocPT0079
0CPTOOBO
ocer0081
o0PTO0B2
pcePvo083
DCPTO084
DOPT008S
DOPT0086
oCceTOCS -
oCcPTO088
CCcPT0089
D0PT00S0

- DCPTO091

DCPT0092
CCPT0093
COPT0094
DCPTOC9S
0CPTO096
CCPTO097?
00PT0098
pCPT0099
ocerol00
CCFT0101
00PTO102
ooPTO103
DCPTOL04
OCPTO105
00PTO106
ooPTOl107
DCcePToO108
ocPTOl109
DCPYO110
ogPTOL111
nDeeTo1l2
tiPTO113
DOPTO114
00PTOL115
DOPTO1l6
OCPTOLL17
raPv0118
00PT0119
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C

501

600

[A=2

[R=4

WRITE(JTAPE,40) AR,DA(IA),DA(IB)
RETURN

WRITE(JTAPE,22)¥W,D
WRITE(JTAPE,4)
WRITE (JTAPE,53)
Cp1DL=CPIDL/ 144,
CPACT=CPACY/144.
WRITE(JTAPE 41 )CPICLICPACT
WRITE(JTAPE,42)0P
CPIDL=CPIDL® 144,
CPACT=CPACT®144,

RE /URN

END

YOUR CARD TOTAL IS -—- ' 136

DCPTO120
DGPT0121
DOPTO122
DCPT0123
DCPTO124
DCPTO125
DOPTO126
pCcPYOL 27
DCPTO128
CCPTO129
00PT0130
NCPIOLSN
oCcPTOLs2
0CPT0133
OCPTO134
0CPTO135
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liIBFTC GAST

SUBROUTINE GASTBLIXyY9ZsXMACHyNy IBL,ZZR ,ZZGAMA!} GASTOCO1

C : GASTO002
-C X=AREA(I)/AREA(MACH NO = 1.) GAST0003
C Y=TEMP (1) /STAGT GASTOQ04
-C Z=PRESI(I)/STAGP GASTOCOS
Cc XMACH=MACH NUMEBER GASTO0006
C N=0 SURROUT INE ACCEPTS A VALUE Z TO GIVE X,YoAND XMACH GASTO0007
c N=1 SUBROUTINE ACCEPTS A VALUE X TO GIVE Yy2,AND XMACH GAST0008
C N=~-1 SUBROUT INE RETURN THE VALUE OF R AND GAMMA GAST0CO9
C IN THIS SUBROGUTINE GAMMA=1.4 AND R=53,.3 L8BF FT SEC GASTOC10
Cc GAST0O011
COMMON/B12678/ JTAPES IPRINT GASTOC12

1 FORMAT(42H NEGATIVE VALUE CALCULATED FOR MACH NUMBER/20H SOLUTION GASTOC13
1TERMINATED) GASTOC14
2 FORMAT(49H MACH NUMBER GREATER THAN ONE. SOLUTION CONTINUED) GASTOO15

11 FORMAT(18H wss ERROR MESSAGE) GASTOC16é6
12 FORMAT(LXZZ2771) GASTOO17
C GASTOC18
IF(N)5C,100,200 GAST0019

50 ZZGAMA=1l.4 GAST0C20
27R=53,3 GASTO0021
RETURN GAST0022

100 Y=2as(2./7.) GASTCC23
IF(ZeLEeOeeORaZ.GTole) GO TO 101 GASTOC24
XMACH=SQRT(S5.2((1e/72)98(2:/T76)=1.)) GASTO0025

I18L=1 GASTO0026
IF{XMACH)101,101,102 GASTQ027

101 WRITE(JTAPE,12) GASTOC28
WRITE(JTAPE,11) GASTOC29
WRITE(JTAPE,1) GASTO030

I3L=0 GASTO0031
RETURN GASTOC32

102 IF(XMACH-1.)104,104,103 GASTQ033
103 WRITE(JTAPE,12) GASTCC34
WRITE(JTAPE.11) GASTQOC35
WRITE(JTAPE,2) GASTOG36

104 ASTAR=1.2%93, GASTO0037

A =((le+0o2XMACH#®2,)083,)/XMACH GAST0038
X=A/ASTAR GASTO0C39
RETURN GAST0040

200 XMACH=1./X GASTO041
IF{XsLT.1.) GO TO 101 GAST0C42

DC 210 J=1,20 GAST0043
R=(1e40e28XMACHRE2,)083,/(1.2083,0MMACN)"X GASTOC44

DRDM= (1.28({1+40e20X%N. CHe 02 ) 0e2=(1.¢0.2exXuAC 00 2) 0o /TR 6N 02) /1. 20GAST0045

1#3 GAST0046
N¥==R/CROM GASTOC47
IF(ABS (DM/XMACH)=0,00019220, 205, 205 GAST0048

205 XMACH=XMACH+DM GAST0049
210 CONTINUE 5AST0050
I18L=0 5AST0051
RETURN 6AST0052

220 7=1e/(1e+0.28XMACHRe2,)003,5 GAST00S53
Y=Zo#{2./T6) GASTO054

900 RETURN GAST005S
END "GAST0056 -
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$IBFYC sLoP

(%)

40

45

10

20

SUBROUTINE SLOPE(X,YsLSyLE9DYDXyNX)
DIMENSION X(1)4Y(1),0YDX(1)

NIS=0

1S=LS

IE=LE
IF(1S~1)44443
15=15-1

NIS=1 .
HLD=DYCX{1S)
NIE=0

IFINX=TE) 45,45,40
1E=IE+1

NIE=1
HLE=DYCX(IE)
CONTINUE
IF(IS~IE) 8458
DYDX({1S)=0.0

GG T0 60

DO 50 I=1S,IE
IF{I-1IS) 10,10,20
DX1=X(1S+41)=-X(1IS)
DYl=Y{1S+1)=Y(IS)
DYDX({1S)=0Y1/DX1
GG 10 50

IF{I-IE) 30441,60

SLOPO0O1
SLCPOCO2
SLOPOCO3
SLCPOCO4
SLOPOOOS
SLCPOCO6
sLorPoCoO?
sLopPoCoO8
sLopr0OCO9
SLOPOO10
SLGPOOLL
SLOPOQ12
SLOPOO13
SLCPOO14
SLOPOC15
SLCPOO16
SLOPOC17
SLOPOC18
SLCPOC19
SLCPOC20
sLOP0021
SLGPO022
SLOPOC23
SLOPOC24
SLOPO025
SLCPOC26
SLOPOC27

30 DYDX(I)=((Y(I+1)=Y(I))/Z(XCI+1)=XCI))+{Y{I)=Y(I=1DD/{X{1)=X(1-10))/SLOPOO28

41

50
51
52
53
54
55

© 60

12.0

GO0 TO 50
DXIE=X(IZ)-X(1E-1)
OYIE =Y(IE)-Y(IE~-1)
OYDX{IE)=DYIE/CXIE
CCNTINUE

IF(NIS-1) 53,52,52
DYDX{IS)=HLD
IFINIE=1) 55454+54
DYDX{ IE)=HLE
CONTINUE

RETURN

END

SLOPO029
SLCPOC30
SLOPOC31
SLOPOO032
SLOPOC33
SLOPOC34
SLOPCO35
SLOPOC36
SLOPOO37
SLOPOOC38
SLOPQC39
SLOPO04C
SLOPOO4]
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$IBFTC T1AP

SUBROUTINE T1APL(XyYyARGXyARGY, IMX) ‘ 11AP0CO1
(o : 11AP0002
C SUBROUTINE FCR THE PARABOLIC INTERPOLATILN OF A FUNCTION OF ONE 11AP0CO3
c ARGUMENT 11AP0OCO4
DIMENSION ARGX(1)yARGY(1) 11AP0COS
DIMENSION DI(2) 11AP0006
c ' 11APCOO7
IF (IMX=2)5,T46 11AP0008
5 Y=ARGY(1) 11AP0009
GO TO 95 - 11AP00C10
C LINEAR EXTRAPCLATIONS ARE PERFORMED 11AP0011}
6 IF(X-ARGX(1))7,7,8 : 11AP0012
7 1E=1 T I11AP0013
NE=2 11AP0014
GO0 TO 10 11AP0015
8 IF(X-ARGX({IMX))1599,9 : 11APQO16
9 IE=IMX : 11AP0017
NE=IMX-1 11AP0018
10 Y-ARGV(IE)+(ARGY(NE)-ARGY(xE))-tx-ARGX(tE))/(ARGx(NE)-Aqu(IE)i 11AP001S
GC TO 95 11AP0020
15 IMl=IMX-1 11AP0021
IREF=2 11AP0C22
DI(2)=ABS(ARGX(2)=X) 11AP0023
DO 30 I=2,IM1 , 11AP0024
DI(1)=ABS (ARGX(I)=X) ’ : 11AP0025
IF(DI(1)-DI(2))20+30,30 11AP0026
20 IREF=1 ‘ 11AP0027
0I(2)=CI(1) _ 11AP0CZ8
30 CCNTINUE I11AP0C29
I=IREF 11AP0030
4) X1=ARGX(I+1) 11AP0031
X2=ARGX(.) ‘ 11AP0OC32 .
X3=ARGX(I-1) : : 11AP0033
Y1=ARGY(I+1) ' I11AP0OC34
Y2=ARGY(I) I11AP0035
Y3=ARGY(I~-1) 11AP0036
70 A=t(Y1l-Y2)#{X2~-X3)~ (YZ-Y3)!(X1-X2))I(IXIOGZ-XZGGZ)OCXZ-X3’ " 11AP0037
1 ~(X2#82=X3482)u(X1=X2)) 11AP0038
B=((Y2~Y3)=Au(X2w82=-X3082))/(X2-X3) ‘ 11AP0039
Y=A# [ X#a2=-X2842) +Be#(X~X2)+Y2 ' 11AP0040
95 RETURN , _ 11AP0041

END : . 11AP0042
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SUBROUTINE INTPL8 (XAyZAyTABXeTABY,TABZyNCyNY9NZsANS) INT80CO1

10

15

25

30

35
40

45

50

53

55

COMMON/B126787 JTAPE.IPRINT INT80002
DIMENSION TABX(1)yTABY(1)9TABZ(1)sNRX(8B)sNPY(8)eYY(8)¢TABXN(8), INT80003
1TABYN(8) s TABZN(8) . INT80C04
IN=1 . INT80005
CALL UNS (NCoIAyIDXyIDZyIMS) INT80C06
IF (NZ-1) 515910 INT80007
IF(XA.GToTABX(NZ)oORXALT,TABX{1)) INsIN+2 INT80COS8
IF(XA.GTs TABXINZ}) XA=TABX(NZ) INT80CO09
IFIXA.LT.TABX(1)) XA=TABX(1l) INT8)010
CALL DISSER(XAsTABXy19sNYy IDXsNN) INTE0011
NNN=1DX+1 INTBOC12
NNM=NN-1 INT80013
DO 7 K=1sNNN INT80014
NNMK=NAM+K ’ INTB0015
TABXN(K)=TABX{NNMK) INT80016
TABYN(K)=TABY (NNMK) INT80017
CALL LAGRAN (XAsTABXNyTABYNyNNNyANS) INTE80018
GO TO 615 INT80019
ZARG=ZA INT80020
IPIX=ICX+1 " INT80QC21
1P712=1ICZ+1 INT80C2
IF(ZARG.GT«TABZ(NZ)eOReZARG.LT TABZ(1)}) IN=IN¢l INT80023
IF(ZARG.GT.TABZ(NZ)) ZARG=TABZ(NZ) INT80024
IF(ZARC.LT<TABZ(1)) ZARG=TABZ(1) INT80025
CALL DISSER (ZARGyTABZ919NZyIDZ,yNPZ) INT80026
NX=NY/NZ INT80027
NPZL=NPZ+1DZ INT80C28
I=1 INT80029
IF (IMS) 30430,40 INT80C30
CALL DISSER (XApTABX»1l9NXyIDXyNPX) INT80031
DO 35 JJ=NPZ,NPZIL INT80032
NPY(I)=(JJ=1)=#NX+NPX INT80C33
NRX(I)=NPX INT80034
I=I+1 INT80C35
GOTO 5C : INTB0036
DO 45 JJ=NPZ,NPZL INT80C37
IS=(JJ~1)#NX+1 INT80038
CALL DISSER (XAsTABXsISyNXy IDXoNPX) INT80039
NPY(I)=NPX INT80040
NRX{I)=NPX INT80C41
I=1+1 INT80042
INN=0 INT80043
00 55 I=1,1IP1Z INT80C44
XH=XA INT80045
NLOC =ARX({I})-1 INT80046
NLOCY=NKPY(I)~-1 INT80047
D0 53 K=1,1IP1X INTB0048
NLOCK=NLOC+K INT80049
NLOCYK=NLCCY+K INT80050
TABXN(K)=TABX(NLOCK) INT&E0051
TABYN(K)=TABY(NLOCYK) INT80052
IF(XAcGT«TABX{NLOCK) «OR.XA.LT.TABX(NLOC*+1})) lNN-!NN+1 INT80G053
IF(XA.GT.TABX{NLOCK)) XH=TABX(NLOCK) INT80054
IF(XA«LT.TABX{NLOC+1)) XH=TABX(NLOC+1) INT80055
CALL LAGRAN(XHoTABXNyTABYNy IP1XsAN) INT80056
YY(I)=AN INTE0057
IF(INN.GT.0) INsIN+2 INT80058
NPZN=NPZ~-1 INT80059
DO 60 K=1,IP12 INT8B0060
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NPINK=NKPZN+K

TABZIN(K)=TABZ{NPZINK)

CALL LAGRAN (ZARGyTABIN,YY,IP1Z,ANS)
IF(IN.EQ.1) GO TO 70

WRITE(JTAPEy4)

GO TO (70,620+6214622)41IN

WRITE(JTAPEy1)

RETURN

WRITE(JTAPE,2)

RETURN

WRITE (JTAPE,3)

FORMAT(33H DATA EXTRAPOLATED IN Z DIRECTION)
FORMAT(33H DATA EXTRAPOLATED IN X DIRECTION)
FORMAT(37H DATA EXTRAPOLATED IN BOTH DIRECTIONS)
FORMAT{1X//////18H »e» ERROR MESSAGE)

RETURN

END

$IBFTC UN

10

15
20

25
30

SUBROUTINE UNS (IC,IA¢IDXy1DZysIMS)
IF (1C) 505,10

IMS=1

NC==IC

GCTO 15

IMS=0

NC=IC

IF (NC-100)
1A=0

GOTO 30

1A=1
NC=NC-100
IDX=NC/10
IDZ=NC~-IDX#10
RETURN

END

20925425

$IBFTC LAGR

1

2
3

SUBROUTINE LAGRAN (XAgXgeY9sNsANS)
DIMENSION X(1),Y(1l)
SuM=0.0

DC 3 I=1’N
PROD=Y(I)

DC 2 J=14N
A=X{1)1-X(J)

IF (A) 192,1
B=(XA-X{J))/A
PRCD=PRODs=B
CONTINVE
SUM=SUNM+PRCU
ANS=SUN.

RETURN

END

SIBFTC DISS

5
10

SUBROUTINE DISSER (XA;TABs I9NXyIDeNPX)
DIMENSION TAB(1 )

NPT=10+1
NPB=NPT/2
NPU=NPT-NPB
IF (NX=NPT)
NPX=1
RETURN
NLOW=I+NPB

1005910
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INTBOC61
INT80062
INTB80063
INTB0064
INT80065
INTB0CS6
INT80067
INTB0068
INT80069
INT80070
INTEQOO71
INTB80072
INTB0073
INT80C74
INT80075
INT80C76
INT80077

INT80CTS8
INTB80079
INT80080
INT80081
INTEO082
INT80083
INT80084
INT80085
INTB0086
INT80C87
INT80082
INT80089
INT80090
INTEB0091
INT80092
INT80093

INT80094
INT800G5
INT80096
INT80097
INT80098
INT80099
INT80100
INT80101
INT80102
INT80103
INT80104
INT80105
INT80106
INT80107
INTB8OL108

INT80109
INTB0110

INT80111 |
INT80112 -
INTB0113

INTB0114
INT80115
INT80116
INT80117
INT80118
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20

25

30
35

40
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NUPP=T+NX=(NPU+1)

DO 15 [1=NLOWyNUPP

NLOC=TII

IF (TAB(II)=XA) 1,220, 20
CONTINUE

NPX=NUPP=-NPB+1

RETURN

NL=NLCC-NPB

NU=NL+ID

DO 25 JJ=NL.NU

NDIS=JJ

IF (TAE(JJ)-TAB(JJI+1)) 25930925
CONTINUE

NPX=NL

RETURN

IF (TAB(NDIS)=XA) 40935,35
NPX=NO1S-1D

RETURN

NPX=NDIS+1

RETURN

END

INTBO119
INTB0120

T INTB0121

1NT80122
INTBC123
INT80124
INTBO125
INT30126
INT80127
INTB0128
INTBO129
INT80130
INT80131
INT8C132
INT80133
INT80134
INT80135
INT80136
INT80137
- iT80138
1NT80139
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$SIBFTC AIRF  LIST -

SUBROUTINE AIRFLO "ATRFOC10

a2 NaNgNgl OO OO OO D00

c -t 0 AJRF0020
AIRFQQ30

SUBRODUT INE AJTRFLEC AIRF0040

AIRFQQOS0

THIS SUBROUTINE CALCULATES AIRFLOW CONDITIONS IN THE AIRF0060
FLANME TUBE AND ANNULUS OF A COMBUSTION CHAMBER. AIRFQ070
AIRFQO8C

FOUR SUBROUTINES ARE CALLEC BY AIRFLO AIRFQC90

1. EQUAN =~ SOLUTICN TO ANNULLS EQUATIONS ATRF0100

2. DISJET = JET PARAMETERS RELATING TO FLOW AlRFO110

THROUGKF HOLES IN THE FLAME TUBE AIRFQL120

3, EQUFT = SOLUTION TO FLAME TUBT EQUATIONS AIRF(Q130

4, PRTEMP - CALCULATION OF PRIMARY ZONE TEMP. AIRFQ140

AIRFO150

CNE SUBROUTINE CALLS AIRFLO . AIRFOl680

l« CLARE AIRFO170

AIRF(0180

CCMMON STATEMENTS AIRFO190
AIRF0200

THTS SUBRAUTINE USES CCMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER & AIRF0210
viz- 86, B16, B67, B68, Bl26, BL67, Bl6E, B678, Bl678, B12678 AIRFQ220
ALSO B4 (SHARED WITH EMPCTS AND TUBLTS) AIRFO230
BZERC 1S A CUMMY BLOCK, USED INSTEAD OF A DIMENSICN STATEMENT AIRF0240
AIRF0250

CCHMUN/B4&/DPREF AIRF0260
COMMON/B16/CDS120,15)9DPHS(20415) 4 FLCVy [ Hy NABX{45) AIRFQ270
1 yNSP(2C) 2GXIS(20915)9KboK6+FIToFIPHIZFIPSIFIAJFITAUFIDFIENTH AIRF0280
29SHAFST, FIFTPR, LCMFL,LCANILAIRFO290
34LCANL JLCFTEL,LCFTL ,LCPRTL,BETA,ASW,FFIZ(45),AHDONE NSCOOP (20) AIRFO0300
4 LCPTAL, PAFRZNHTULS0),AF23A(3),AF23B(3)oXAF23A(3),XAF23B(3) AIRFO031C
COMMON/B68/ArANA (45 )9 AFANB (45) o AFFT(4S5)AFPRZ,C2A(45)+C28(45) AIRF0320
2, AFSYP,FARFT (45)9DENANA (45), DENANB(45) AIRF0330
3gSAFTRA(45) SAFTRB(45), QTRA(45) yQTRB (45),REAAN(4S) ,REBAN (45) AIRF0340
4 THAL4S) THB(4S) AIRF0350
CCMMON/B168/AANA{4S5 ) J AANB( 45)yCCAL45),CCBLAS), FFCRyNLAST AIRF0360
1 o XKANHETLANHET yPERCC»THIKFT AIRFO0370
2+DANA(45) ,DANE(45) » AIRF0380
CCMMON/BOT/DENFT(45)+EK1Ty EK199EK 20y EK1¢ AIRFO0390
1 ¢eCI50),GXTA(S50),KWUJ(50) AIRF0O400
COMMCN/R16T/GASCoGRAVC y GUCULE, IHJ(50) ¢ XH(SO0) o NH AIRFQ410
COMMON/B6TB/PREFT(45) JpRCANA(GS ) oPREANB( 4S9 TFT(45) o TANANA(4S5) o TANAIRFQ420
1ANB(45) 4 AFJ1(50)UFT/45) AIRFO430
COMMON/BL6TB/NSHCP 4 XCP(45) AFT(45),P1 AIRF0440
1 JNHH(50) yKJISN(45,6),HAULS50) oCFTA(4S5), CFTB(45’:N‘B(5C’oNCOOE‘(Q!! ATRFO450
2+NCODEB(45),T2 AIRF0460
CCMMON/B126787 JTAPE, IPR INT AIRFOATO
CCMMCN/B126/AF2,TANLA,TAN1B,PAN1A,PAN1B AIRF0480
lpAFA,AFBpPREDﬁpSTAGT.lBLoSTPREF'PNTRA'PNTRB.DPHSNT'DOHLOS AIRFO490
COMMON/Bs/PREAN1, PREAN2 yDENANL1 o DENAN2, TAN1,TAN2:AAN1 9 AAN2,AFANLy AIRFO500
1LAFAN2 , UAN1 JUAN2, ZAJH(#S)-ZMH(#S!ollCPoKloKlle'KSHolANB(QS'o AIRFQ510
2EARL, FAR,ZSTOC.AFFTI.AFFTTloTFTl'TFTZoNRRATEp AIRF0520
3ZFJUJ(65)oZHJET(45)’CDvGX|oDPHlo PREFT) ,PREFT2y AIRFOS530
GDENFTL,DENFT2,AFT 1oAFT2AFFT2yUFT1,UFT2,FARFT], AIRF0540
SFARFT2 yENTHAL JLCMELCAN T LCAN,LCFTEZLCFToKToK139K120 AIRF0550
6AFSYPAJAFSYPB AFSY Ao AFSYI BoLCPRTLCPTA AIRF0560
T,C2(45), UANA (45), IMHA(2) ¢GX1A46X1B AIRFO570
8, DPH(SO).HCD(50).hFF!Z(QS’.DP&FS:DPBFS.OPAES.DP'ES AIRF0580

9'RC(50) oAeBeDyEsK30,n4)¢KS50,K60 AIRF 0590
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CCMMCN/B5867/XFS Ay XFSB AIRFQ&00
COMMCN/RL26E/AF L3 AF3,AF4 o AFSoNeNSH,KK] AIRFO61C .
CCMMUN/BZERQ/CFFT(50) FRICFA(45),FRICFB(45), HAW(S0),AFJZ(5C), AIRFC62C |
1DUM(360) AIRF0630
COMMON/ZBUNTK/DUMAE(45) yDUMBE (45) AIRFOE40Q
CCMMON/B12607 AFCLoAFCUAFSLy AFSU AIRFO65¢
DIMENSION OCOCM(4),C(9) AIRFO66C !
AIRFO0670

C FORMAT STALTEMENTS AIRFO6E8( -
AIRFO&9t !

1 . FORMAT(BHOREACHEDI3) AIRFOT7CO

20 FORMAT(///7/749HOAERODYNAMIC PARAMETERS AT EACH CALCULATICN POINT/1AIRFOILN
1X48(1H-)/6HOAXTAL6X23HT QT AL TOTAL PRESSURETX1SHSTATIC PRESSUREGAIRFOT2.
2X55HBULK VELOCITY MACH NUMBER ACCUMULATEDC PRESSLRE/L8H POAIRFOT3U
3SITION TEMPER2{BX4HPSTA9X)y 4X10HFT PER SEC25X18HLOSS IN ANNULI AIRFOT4O
4PS1/5H FRCMTX6H-ATURE/14H CCMPRESSOR IN&X2(8H ANNULISXSHFLAMEIX) ,AIRFOT7S(
52(18H ANNULI1 FLAME ),7H DUE TCO6X6HDUE TO/17+ CISCHARGE FLAME2AIRFCTGL
6 (L6 XSHTUBE )y 2{14X4HTUBE) 924K FRICTION AND EXPANSICN/16H INCHES AIRFO770
7 TUBE2 (15H INNER OUTER6X)y2(3X11FH INNER QUTERAX) 42X13HHEAT ADDAIRFQ78!
BITION/12X54DEG FT9X2(12H INNER OUTER)/12XEHSTATIC/L2XTHTEMP IN/L12XAIRFQT9:
ITHANNULUS/ 12X 5HCEG F/9XL1HINNER OUTER//) AIRFO795S

c 2 INCLUCE CARDS AIRFO7SS ANC 0805 #*# AIRFO80"
21 FORMAT(58HOCONBUSTCR TOTAL-PRESSURE LOSS COEFFT FOR INNER ANNLLUS AIRFO08OQ .
l =F7.4441H (RELATIVE TO REFERENCE DYNAMIC PRESSLRE)/S5EHOCCMBUSTOR AIRFO81u
2TCTAL-PRESSURE LOSS COEFFT FOR OUTER ANNULUS =F7.4/66HOTOTAL-PRESAIRF0820
3SURE LCSS FACTOR FCOR CCMBINED DIFFUSER AND COMBUSTOR s=F7.4,43H (RAIRFO83
4ELATIVE TO COMPRESSOR DEL IVERY PRESSURE)/58HCCONMBUSTOR TOTAL-PRESSAIRFQ84.
SURE LCSS FACTCR FOR INNER ANNULUS =F7,4/56HCCOMBUSTOR TCTAL-PRESSAIRF0850
6URE LOSS FACTCR FOR OUTER ANNULUS =F7.4/58HOEXPANSION TOTAL~PRESSAIRFO86
TURE LCSS FACTOR FOR INNER ANNULUS =F7.4/S8HOEXPANSICN TOTAL-PRESSAIRFO87 !
BURE LOSS FACTOR FOR OUTER ANNULUS =F7.4/76HCPRESSURE-LDSS fFACTOR AIRF0880
9DUE TO FRICTION AND HEAT ADDITION FOR INNER ANNULLS =F7.4/76HOPREAIRF089°"
XSSURE~{CSS FACTOR CUE TO FRICTION ANC HEAT ADDITION FCR GLTER ANNUAIRF090
XLUS =FT7.4) AIRFO91U
c *% THERLC ARE NQ CARDS AIRF 0930,0940,C650,C9¢0 #*# AIRF0920.
38 FCRMAT(/////720H0ATR MASS FLOW SPLIT/ix19(1H-)/SEHCFRACTICN OF INLEAIRFO97 |
17 AIR PASSING THRCUGH SNOUT ANC/OR DOME <~F8.5/49H FRACTICN COF INLEAIRFO098.
2T AIR PASSING INTO INNER ANNULUSBX1H=FB8.5/49H FRACTICON OF INLET AIAIRF0990

3R PASSING INTO QUTER ANNULUS8XLIH=FB8.5) AIRF100 °
42 FCRHAAT(1XFBe3yFIe190FTe293F641,3F6,3,4F6.2) AIRF1C1 -
67 FORMAT(1XF13el9oFT741) AIRF1020
C #% THERE ARE NO CARDS AIRF 1040 THRCUGH 1120 * AIRF103"
1000 FCRMAY (40H PROGRAMME STOPPED IN SUBROUTINE AIRFLO.9/31H LOOP COUNTAIRFILZ
1ER *LCANL®* EXCEEDED./31H MAX CALL FOR *EQUAN®* EXCEEDED.) AIRF114C
1001 FORMAT(40H PRCGRAMME STOPPEC IN SUBROUTINE AIRFLO.o/31H LOOP COUNTAIRFL11S50
LER *LCFTL®* EXCEEDECes/31H MAX CALL FOR SEQUFT* EXCEEDED.) AIRFlle -
1002 FORMAT (90H IN SUBRCUTINE AIRFLO THE MAXIMLM NUMBER CF ITERAVICNS OAIRF1lv
IN THE AIR FLOW SPLIT WAS EXCEEDED.) AIRFll80
1003 FCRMAT(S9H INCREASE ITERATICN CYCLE LINMIT *LCANIL. CR TOLERANCE *FAIRF119 '
110%) AIRFl12C

1004 FORMAT(88H THE COMBUSTOR 1S BADLY DESIGNEC = NEGATIVE PRESSURE DROAIRF1210
1P 1S CCCURRING ACROSS THE HOLES./80K TO REMEDY - 1. IF ANNULUS VELAIRF122"
20CITIES GREATER THAN 300 FPSy OPEN UP THE ANNULUS./13X31H2. lNClElAlRFlZ’=
3SE SIZE OF WALL HOLES/13X25H3« REDUCE COME HOLE AREfe/13X35Hé. USAIRF1240

4E MCRE SCOOPS OVER WALL HOLES.) AIRF1251
1005 FORMAT(S4H AIR FLCW RESULTS FOR THE LAST ITERATION CVCLE FOLLOW.) AIRFl2( /!
3000 FORMAT(L1X¢//////19H wo% ERROR MESSAGE) AIRFl2Tv
8761 FORMAT(1HO3F11.3) AIRF1280
8762 FORMAT(1HC4TL0) AIRF12¢ !

8763 FCRMAT(1HO3110,10X6110) AIRF13C!
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8764 FORMAT (THOAIRCON3F9.19TFlle74110)

c

c

8765

9993
9999

2012

8760

97

FCRMAT(1HO10F11.3)
AIR FLOW PRCGRAM

6GC 1C 7

ENTRY AIR1

LO= IPRINT

LOD=0
IF(KANHET.NE.O)GOTCS9999

CUANTITIES OBTAINED FROM SUBROUTINE HEAT,SET TO ZERO IF HEAT HAS

NCT BEEN CALLED

DC9998K=1, NLAST

C2A(K)=0.

C28(K)=0.

WFFTZ(KY=0.

REAAN{K)=1.E4

REBAN(K)=1.E4

CTRA(K)}=0.0

QTRE(K)=0.0

CCNTINUE

CONTINUE

L0 2012 J=1,NH

AFJliJd)=0.
IF(IPRINT.NE.1)GOTC8760

WRITE < ,8765)(HAUIJ) sXH(J) »Jd=1,20)
“RITE(O'S’ﬁS)FLCV'BETA'AS“'AHPO"E

HRITE(bvB?bZ)(NPH(J)'NHTU(J)oNAB(J).IHJ(J):JIl'ZO)
WRITE(698765) (FFIZ{K)yCFTA(K)yCFTBIK)sAANA(K)9AANB(K) yCCA{K),CCB(KAIRF1610

1) ,DANA(K) y DANB(K) y AFT(K)yK=1,26)

AIRF1310
AlRF1370
AIRF)1330
AIRF1340
AIRF135%0
AIRF1360
AIRF1370
AIRF1380
AIRF1 390
AIRF1400
AIRFl410
AlRF1420
AIRFl1430°
AIRF1440
AIRF145%50
AIRF1460 -
AIRFY 470!
AIRFi4BQ
AIRF1490:
AIRF150C
ALRF1510 .
AIRF1520:
AIRF1530
AIRF1540
AIRF1550
AIRF1560
AIRF1570
AIRF1580
AIRF1590
AIRF1600

AIRF1620

HRITE(6o8763i(NABX(K)vNCODEA(K)gNCODEB(K)c(KJ‘N(K.l)ol'l 6) yK=1926AIRF1630

1)

WRITE(648765)

1

2

31H=1,3)
NRITE(6+6T63INLAST ¢ NSHCP

CCNTINUE

SETTING OF CONTROL PARAMETERS,

CCNTINUE
NSTOP=0
LCANI=0
LCANJ=0
FITAV=FITAU/2,
DCCM(1)=AFCU
DCOM(2)=AFCL
DOGOM( 3 )=AFSL
DCCM(4)=AFSU

ITERATICN LCOP COUNTERS SET TO ZERO

LCAN=D
LCFT=0

Kl=0 INNER ANNULUS.
Kl=i CUTER ANNULUS.

((OPKHS( IHo [4)914=1410),

(COS{IHs14)914=1,10),
(GXIS(IHy14)914=1,10),

AIRF1640
AIRF1650
AIRF1660
AIRF16170
AIRF1680
AIRF1690
AIRF170Q
AIRF1710
AIRF1720
AIRF1 730
AIRF1740
AIRF17S0
AIRFLT760
AIRF1770
AIRF1780
AIRF1790
AIRF1800

"AIRF1810

AIRF1820
AIRF1830
AIRF1840'
AIRF1850'
AIRF1860
AIRF1870

AIRF1880.
ATRF1890:
AIRF1900,
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99

K2=0 ANNULUS ECUATIONS ONLY.

K2=1 ANNULUS AND FLAMETUBE EQUATIONS,

K320 FCR FIRST SECONDARY HOLE.

K3=]1 FOR SECCNCARY HOLE.

Ks=0 FOR ANNULUS A.

KS=1 FCR ANNULUS 8.

K10=0 FIRST TIME THROUGH E‘CH ANNULUS

K20=0 FIRST TIME THROUGH EACH ANNULUS WITH FLANME 7LBF EQUATIONS
BEING SOLVED

K1=0
K2=0
K3=0
K5=0
K10=0
K20=0

SET JET PARAMETERS OBTAINED IN SUBROUTINE DISJET T0 ZERO

EK16=%0.,0
EK17=0.0
EX19=0,0
£K20=0.0

PRESSURE LOSS DUE YO EXPANSION AND FRICTIONAL EFFECTS IN ANNULI
USED CNLY FCR PRINTING OUT RESULTS

DPAE"=0,.0
DFAFS=0,0
OPBFS=0.0
DPBES=0.0

INTEGERS USED IN SUBROUTINE OISJET YO FIX PRESSURE REVERSAL OR
NEGATIVE AIR MASS FLOW IN THE ANNULT FOR THE WHOLE COMBUSTUR

K30=0 .
K40=0

K50=0

K60=0

CCNSTANT IN SWIRLER “<gSSURE LNSS EQUATION
LIKSW=1.3

CLEARING SUMMAT ON LOCATIONS.

DO 99 K=1,NLAST

IPJET(K)=0,.0

ZAJM(K)=0.0

IMJUJ(K)=0.0

IMH(K)=0,0

CCNTINUE

AIR MASS FLOW IN PRIMARY IQNE

AFPRI=0,0

AIR FLOW IN SNOUT.

IF(LCFPFL.NE.1)CALLDIFLW

AIRF1910

" AIRF1920 -

AIRF1930
AIRF1940 "
AIRF1950 .
ATRF1960
AIRF1970 -
AIRF1980
AIRF1990 -
AIRF2000 _
AIRF2010
ATRF2C2C -
AIRF2030
AIRF2040 °
AIRF2050
AIRF2060
AIRF2070 -
AIRF2(CB0
AIRF2090
AIRF2100
AIRF2110
ALRF2120
AIRF2130
AIRF2140
AIRF2150
AIRF2160
AIRF2170
AIRF218C
AIRF2190
AIRF2200
AIRF2210
AIRF2220
ALRF2230
AIRF2240
AIRF225¢C
AIRF2260
AIRF2270 .
AIRF228C
ALRF2290
AIRF23CC
AIRF2310

ATRF2320
ATRF2330
AIRF2340
AIRF2350
AIRF2360
AIRF2370
AIRF2380
AIRF2390
AIRF2400
AIRF2410
AIRE2420
AIRF2430
AT RF 2440
AIRF2450
AIRF2460
AIRF2470
AIRF 2480
AIRF2490
AIRF2500
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8759

100

145

90

80

101

102

103

1039
1031

IF(IPRINT «.NE. 1)GOTOBT59

AIRF2510

WRITE(698765)AF29 TANLA,TAN1B PANLAoPANLByAFA AFB PREDN,STAGT,STPREAIRF2520

LF+PNTRAJPNTRB ,OPHSNT COMLOS
CCNTINUE .
IF(IPRINT «GEe 1o CRoLCMFL sEC.1INRITE(JTAPEV2C)

TEST CCNVERGENCE INCEX, SET IN SUBRCUTINE DIFLW
IF(18L)100,900,100
ATR MASS FLOW THROUGH DOMg

AFS=AF2-AF A~ AFB
AFPRZ=AFS

PRESSURE IN THE PRIMARY ZONE,

K=1

J=K

GC TC l24

K10=]
1F(K1)90,90,105

PRESSURE IN TrE OOME

FREOM=PRECH~OCMLOS*OPHSNT
IF(PRECN,LE.O.INSTOP=1
DENDOM=PREDM/ (GASC*STAGT)

TEST Ké6=0 NO SWIRLER.
Ké=1 SWIRLER,

IF(K6)102,102,101
HRESSURE IN PRIMARY ZONE BEFORE COMBUSTION

PREFT(K)=PREDM-0.5%AFS*#2/ (GRAVC*DENDM* {06 AHOCME+ASKSAFT(K)/
1SCRT(ZZKSWH{ (AFT{K)/COS(BETA))*82-ASH#4.) ) )s%2)
IF(PREFT(K)eLTee2¢PREDOM)PREFT(K) =, 2%PREDN

OREFT1=pREFT(K)

GC TC 103
PREFT(K)=PREDN=AFS#%2/ (DENDM® . 36 *AKDOME*#26GRAVC 1#0.5
IF(PREFT(K)eLTee2$PREDM)PREFT(K)=,2¢PREDM

PREFT1=PREFT(K)

INITIAL CONDITICNS FOR AMNNULUS A.

IF(NSHCPL.EQ.1)GCTO1031
D0O1030I=1,NSHCP
PREFT(I)=PREFT(])

AFAN1= AFA

DENAN1=PANLA/ (GASCOTAN]A)
TAN1=TAN1 A

UANI=AFANL/ (DENAN1#®AANA(K))
PREANL=PAN]1 A

Kl=0

DENANA{(1)=DENANIL
AFANA(1l)=AFAN1
PREANA(1)=pREAN]
UANA (1 )=UAN1

AIRF2S530
AIRF2540
AIRF2550
AIRF2560
AIRF2570
AIRF2580
ATRF2590
AIRF2600
AIRF2610
AIRF2620
AIRF2630
AIRF2640
AIRF2650
AIRF2660
AIRF2670
AIRF2680
AIRF2690
AIRF2700
AIRF2710
AIRF2720
AIRF2730
AIRF2740
AIRF2750
AIRF2760
AIRF2770
AIRF2780C
AIRF2790
AIRF2800
~IRF2810
AIRF2820
AIRF2830
AlIRF2840
AIRF2850
AIRF2860
AIRF2870
AIRF2880
AIRF289C
AIRF290C
AIRF2910¢
AIRF292(¢
AIRF293¢C
AIRF294C
AIRF29SC
AIRF25: 3
ATRF29T0
AIRF298C
AIRF299¢C
AIRF3CC(
AIRF301¢
AIRF302¢
ATRF3I03C
AIRF3C4(
AIRF305¢
AIRF306(
AIRF307(
AIRF3C8(
ATRF309¢(
AIRF310¢(



104

851

105

404

405

106

107

108

180

_ TANANA (1)=TANL

GO 70 105

INITIAL CONDITIONS FOR ANNULUS B.

AFANL =AFD

DENAN1=PAN1B/ (GASC*TAN1S)
TAN1=TANLE

K=l

UANL=AFANL/( DENAN14AANB(K) )
PREAN1=PAN18B

DENANB {1)=DENAN]

TANANB (1)=TAN]

UANB (1)=UAN]

PREANE (1)=PREAN]
AFANB(1)=AFANL

K20=1
Kl=1
J=K

TEST FOR ANNULUS AND FLAME-TUBE EQUATIONS.

GO TO 124
K20=0

DYNAMIC PRESSURE IN ANNULUS.

DYPAN1=0.5*DENAN1 #UAN1*¢2/GRAVC
DPH1=1.0+{PREAN1-PREFT1)/DYPAN]

LCCP CCUNTER INCEXED AND TESTED FOR ANNULUS ECUATION SOLUTIONS.

LCAN=LCAN+1
TF (LCANL-LCAN)404 4404, 405

CCNTINUE

WRITE(JTAPE,3000)
WRITE(JTAPE,1000)

RETURN

TEST FCR INNER OR GQUTER ANNULUS

IF(K1)1064106, 107

SET ANNULUS AREAS AND HEAT CONVECTION INNER ANNLLUS
AAN1 =AANA(K)

AAN2=AANA(J)
C2(K)=C2A(K)}

GC TQ 108

SET ANNULUS AREAS AND HEAT CONVECTIONy, OUTER ANNULUS

AAN1=AANB (K)
AAN2=AANB(J)
C2(K)=C2B(K)

CCNTINUE

TEST ANNULUS AIR MASS: FLOW, IF NEGATIVE SET ANNULUS PARAMETERS ANDAIRF3680
00 NOT CALL SUBROUTI”F EQUAN

K
‘oooco-o.*ooooooo.o.oo.oooooo‘.o.o.-.oo‘..o.00000‘000000000.000.0.0.0‘.0.0.oooo’ i

AIRF3110
AIRF3120
AIRF3130
AIRF314C
AIRF3150
AIRF3160
AIRF3I1lT0
AIRF3180

i

1

AIRF3190°
AIRF3200.

AIRF3210

AIRF3220-
AIRF3230:
AIRF3240°
AIRF3250.

AIRF3260:

AIRF3270:
AIRF3280

ATRF3290:

AIRF3300:
AIRF3310

A[RF3320§

AIRF3330
ATRF3340

AIRF3350 .

AIRF3360
AIRF337C
AIRF3380
AIRF339C'
A IRF3400.
AIRF3410
AIRF3420
AIRF3430
ATRF3440°
AIRF3450
ATRF3460
AIRF3470
AIRF3480
AIRF3490
AIRF3500
AIRF3510
AIRF3520"
AIRF3530
AIRF3540°

AIRF3550

AIRF3560.
AIRF357C-
AIRF3580
AIRF3590!
AIRF3600:
AIRF3610
AIRF3620
AIRF3630
AIRF3640°
AIRF3650,
AIRF3660
AIRF3670

ATRF3690;
AIRF3700




60

53

59

56

52

701
95

OO0

124
125
126
127

128

+ 131
132
1325

133

IF(AFAN1160y 60,53
PREAN2=PREAN1
DENAN2=DENAN1
TAN2=TAN1
UAN2=0.01

CALL DISJET
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AIRF3710

- AIRF3720

AIRF3730
AIRF3740
AIRF3750
AIRF376C
AIRF3770

IF PRESSURE REVERSAL CCCURS OR AIR MASS FLOW IS NEGATIVE DO NOT CAAIRF378C

SUBRCUTINE EQUAN

1F(ZMH(K)-AFAN1 1 59,56,56
IF(DPH1.LE.0.0)GO TO 56
CALL ECUAN

GC To 52

SET ANNULUS PARAMETERS

AFAN2=AFAN1
PREAN2=PREAN1
TAN2=TAN1
UAN2=UAN1
DENAN2=DENAN1
K SH=K

TEST FCR SECONDARY HOLES

IF(KSH.EQ.NSHCP)GOTO1325
K=J

TEST IF ANNULUS ANC FLAME TUBE EQUATIONS ARE BEING SOLVED.

IF{K2)124,124,95
J=K+1
GC TO 134

TEST FCR HCLE AT NEXT CALCULATION POINT.
NABX(K)=1 HCLES ON INNER WALL ONLY.
NABX({K)=2 HOLES ON CUTER WALL ONLY.

NABX (K)=3 HULES ON BOTH WALLS.

NABX(K)=4 NOC HCLES.

TFINLAST-J+1)13496,46

IF(JoECoNSHCP <ORNABX{J+1).LE.3)GOTO126

J=J+l

GO T0 124
IFINABX(J+1)-2)127,127,133
IF({K1)128,128,131
IFINABX{J+1)-1)132,133,)32
IF(NABX(J+1)-1)132,132,133
J=J+l

GC TO 124

K=KSH+1

J=K

J=J+l

IS THIS THE FIRST TIME ANNULUS EQUATIONS HAVE BEEN SOLVED
TCGETHER WITH FLAME TUBE EQUATIONS FOR THE CURRENT ANNULLS

IF(K20i85008500851

AIRF3790
AIRF3800
AIRF381¢C
AIRF3820
AIRF3830
AIR¥2840
AIRF3850
AIRF3860

" AIRF387¢

AIRF3880
AIRF3890
AIRF3909
AIRF3910
AIRF3920

- ATRF3930

AIRF3940
AIRF395C
ATIRF3960
AIRF3970
AIRF2%30
AIRF3y90
AIRF4000
AIRF4C10
AIKF4020
AIRF4030
AIRF4040
AIRF4CSO
AIRF4C60
AIRF4Q70
AIRF4080
ATIRF4C90
AIRF4100
AIRF4110
AIRF412C
AIRF4130
AIRF4140
AIRF4150
AIRF4160
AIRF4170
AIRF4180
AIRF4190
AIRF4200
AIRF42190
AIRF4220
AIRF4230
AIRF4240
AIRF4250
AIRF4260
AIRF4270
AIRF4280
AIRF4290

AIRF4300
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IS THIS THE FIRST TIME ANNULUS EQUATIONS HAVE BEEN SOLVED FOR THE AIRF4310

C

c

850

134

139

136

299

55

137

CURRENT ANNULUS
IF(K10)145,145,134

STCRAGE
TEST INNER OUTER ANNULUS.

IFIK1)135,135,137

STORAGE AND UPDATING OF INNER ANNULUS PARAMETERS,

UANA (K )=UAN2
PREANA (K)=PRE AN2
DENANA (K)=DENAN2
TANANA(K)=TANZ
AFANA(K )=AFAN2
UAN1=UAN2
PREAN1=PREANZ
DENAN1=DENANZ
TAN1=TAN2
AFANL=AFANZ
GX1A=GXI]

TEST IF ANNULUS AND FLAMETUBE EQUATIONS ARE BEING SCLVED.

IF(K2)1280136,150

TEST FCR SECONDARY KOLES.

IFIKSH=NSHCP) 105,299,105

STORAGE OF JET PARAMETERS FOR SECONDARY HOLES

IMHASs IMH(KSH)
AsIPJET(NSHCP)
8sZMJUJINSHCP)
E=ZAJMINSHCP)
OsZIMH(NSHCP)

OC 55 1 s1yNSHCP

SET JET PARAMETERS FOR SECONDARY HOLES TO ZERO
IMIET(1)26.0
IAJM(])=0,0
INJuJ(1i=0.0

IVHIT)=0,0
CONTINUE

TEST FOR SPECIFICATION OF FLOW SPLIT.
1F(KA)94,94,14)

STORAGE AND UPDATING OF OUTER ANNULUS PARAMETERS.

UANB (K)sUAN2
PREANB(K)=PREAN2
DENANE (K isDENANZ
TANANB (K)=TAN2
AFANBIK)=AFAN2

AIRF432C
AIRF4330
AIRF4340
AIRF4350
AIRF4360
AIRF4370
AIRF4380
AlpF4390
AIRF4400
AIRF4410
AIRF4420
AIRF4430
AIRF444C
AIRF4450
AIRF4460
AIRF4470
AIRF4480
AIRF4490
AIRF4500
AIRF4S510
AIRF&52C
AIRF4530
AIRF4S54C
AIRF4550
AlRF4560
AIRFASTO
AIRF4580
AIREAS90
AIRF4600
AIRFA610
AIRF4620
AIRF4630
AIRF4640
AIRF&650 -
AIRF4660
AIRF&6T0
AIRF4680
AIRF&469C
AIRF&T00 -
AIRF4T10
AIRF&720
AIRF&730
AIRF&T40
AIRF4750 -
AIRF& 160
AIRFATTC -
AIRFATBO
AIRFATS0
AIRF4800 -
AIRFAR)O
AIRPASRO
AIRR48S0
ATRFAS840
AIRF4850 -
AIRFA860C |
AIRF4870
ATRF4880 .
ATRF4Q90 |
AIRF4900 -
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138

139

141

142

94

147

150

LAN1=UANZ2
PREAN1=PREAN2
DENAN1=DENAN2
TAN1=TAN2
AFAN1=AFAN2
GX1EB=GX1

TEST IF ANNULUS ANC FLAMETUBE EQUATIONS ARE BEING SOLVED.

1F(K2)138,138,4151

TEST FOR SECONDARY HOLES.
IF(KSH-NSHCP ) 10591394105

TEST FOR SPECIFICATION OF FLOW SPLIT
IF{K&)147491479142

SPECIFICATION OF FLCW SPLIT.
FLCW SPLIT FOR & SECONDARY FKOLES.

AFSYPA=ZMEAS#SHAFST
AFSY IA=ZMHAS-AFSYPA
AFPRZ=AFPRZ+AFSYPA
GC TO 104

FLCOW SPLIT FOR B SECONDARY HOLES.

AFSYPR=7ZMH(KSH)*SHAFST
AFSYIB=ZMH{KSH)-AFSYPB
AFPRI=AFPRZ+AFSYPB
CALL PRTENMP

6C TO 151

SET FLOW SPLIT =0.5 FIRST ITERATION A ANNULUS
AFSYIA=0.5%ZMHAS

AFSYPA=AFSYIA
AFPRZ=AFPRZ+AFSYpPA
IMHA (1) =2PHAS

GG TOU 104

SET FLGw SPLIT =0.5 FIRST ITERATION B ANNULUS

AFSYIB=0.5%2ZMH{K-1)
AFSYPB=AFSYIB
AFPRZ=AFPRZ+AFSYPB
IMHA (2)=ZVMH(KSH)
CALL PRTEMp

GC TC 151

SCLUTION OF FLAME TUBE EQUATIONS.
K2=1
Kl=1
J=J~1
K=sK~-1

SET ANNULUS PARAMETERS FOR USE IN SUBROUTINE EQUAN

AIRF4910
AIRF492Q
AIRF4930
AIRFE4940
AIRF4950
AIRF496C
AIRF4970
AIRF4980
AIRF4990
AIRFS50CO
AIRFS5(Q10
AIRFS5G20
AIRF5030
AIRFS5040
AIRF505¢
AIRFS5060
AIRFSO0T7C
AIRF5080
AIRF509C
AIRFS100
A1RF5110
AIRESI2A
AIRFS5130
AIRFS5140C
AIRF5150
AIRFS160
AIRFS170
AIRFS518C
AIRFS190
AIRF5200
AIRFS210
AIRFS220
AIRF52130
AIRF5240
AIRFS5250
AIRF5260
AIRFS270
A1 RF5280
AIRF529¢
AIRF5300
AIRF5310
AIRF5320
AIRFS5330
AIRF5340
AIRFS350
AIRF5360
AIRFS3170
AIRFS380
AIRF5390
AIRFS5400
AIRFS410

AIRF5420

AIRF5430
ATRF5440
AIRFS5450
AIRF5460
AIRFS5470
AIRF5480
AIRF5490
AIRF5500
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UANL=UANHB(K)
PREAN]1=PREANB(K)
CENAN1=DENANB(K)
TAN1=TANANB(K)
AFANL=AFANB (K)

SECONDARY HOLE AIR MASS FLOW PASSING INTO PRIMARY ZONE
AFSYP=AFSYPA+AFSYPB
STORAGE OF (!ET PARAMETERS FOR INNER ANNULUS

A=ZMJET(K)
B=INJUJ (K)
C=IMH (K)

€=ZAJM(K)

SET JET PARAMETERS TO ZERQ

IMJET(K)2:0.0
IMJUJ(K)=0,
IVH({K)=0.
ZAJMN(K)=0,0
GC 70 105

151 K1=0

K2=1
K=K~1
J=J=-1

SET ITERATION LOOP LOUNTER TO ZERO
LCFTE=D
LCOr CCUNTER INCEXEC AND TESTED FOR NO. FLAME TUBE EQUATION SOLe

LCFT=LCFT+1
IF(LCFTL-LCFT)408,408,409
408 CCNTINUE
hRITE(JTAPE,3000)
WRITE(JTAPE,1001)
RETURN
409 CALL EQUFT
IF(K-NSHCP 906,908,908
908 [F(LD)9064906,9C7
907 IF(K,EC,NSHCPIK=1

AT 2F5510
AIRFSS5Z
A1RFSS2
AIRF§540
ATRFSSSA
AIRFSSE
AIRFSS ¥
AIRFS58C
ATRFS55< ¢
AIRFSEQ
AIRFS610
AIRFS6 2
AlRFSb?l
AIRFS64"
AIRFS650
AIRFS66;
AIRFS56F
AIRFS680

'AlRFSbFi

AIRFSTC

AIRFS5710
Alnss123
AIRFS72 !
AIRFST74¢
AIRFS7SN
AIRFSTE |
AIRFS571y
AIRF578C
AIRFSTS |
AIRF58C |
AIRFS810
AIRF5827
ATRFS81 |
AIRFSA40
AIRFS85N
AIRFS 86

A[RFS871y
AIRF5880
AIRFS89 |
AIRFS90 !
AIRFS910
AIRFS5927
A1a5593$
AIRFS94C
A IRF595N
AIRFS96 |
ATRES9Tv

SPECIFIC HEAT AT CCANSTANT PRESSURE AS A FUNCTION OF FUEL-AIR RATIOAIRFS98C

9070 ZICP=>(.21214o103%FARFT(K))4(5.06422.6%FARFTIK))*1,0E=-5¢TFT(K)+
1(-13,1-29.6%FARFT(K))*1.0E-98TFT(K)*%24(2.10¢.358FARFT(K))
2#1.0E-12%TFT(K)*%3

TCTAL PRESSURE IN ANNULUS AND FLAME TUBE

PSAxPREANA(K) #( (TANANA(K 14045/ (0. 24%GJOULE*GRAVC)
12UANA(K) #32) /TANANA(K) ) %¢3 .5 .

PSB=PREANB(K )*(( TANANB (K)40.5/(0,24%GJOULE*GRAVC)
L1*UANB(K)#*%2) /TANANB(K))*¢3,5

PSFsPREFT(K) +0.5*0ENFT(K)SUFT(K)®**2/GRAVC

A IRF599.
AIRF600.
AIRF6010
AIRF§02"
AIRF6C3:
AIRF6040
Alarbosg
AIRF606:
AIRF60Ty
AIRF6080
AIRF609§
AIRF610: !
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C

980

OO O

87158

906

o

cC
9060

157

MACH NUMBER IN ANNLLUS AND FLAME TUBE

AA=UANA(K) /7 ( (SQRT (1. 40*TAMANA(K)*GASC*GRAVC) ))
AB=UANB(K)/(SCRT(1.40¢TANANB(K)*CASC *GRAVC))
AF=UFT(K)/(SQRT(133%TFT(K)*GASC #GRAVC))

TCTAL TEMPERATURE IN FLAME TUBE
TRTTOTSTFT(K) 40 SPUFT(K )% 2/(GRAVCAZZCP*GJCULE) ~459.7

UNITS CCNVERSION
+% INCLUCE CARDS AIRF6233 AND €237 ##

TANANA (K )sTANANA(K) =459 7

TANANE (K)=TANANB(K1=459,7

XCP(K)=XCP(K)*12,

PREANA (K)=PREANA(K)/ 144,

PREANB(K)=PREANB(K)/ 144,

PREFT(K)=PREFTIK) /144,

PSA=PSA/144.

PSB=PSB/ 144,

PSF=PSF/ 144,

IF(K.NE41)GCTC 980

PSAI N=PSA

PSBIN=PSB

DPARS=PSAI N-PSA-DUMAE(K)

DPBRS=PSBIN-PSB-DUMBE(K)
WRITE(JTAPE,42)XCP(K),TFTTOT,PSAy PSB,P SF.PREANA(K) yPREANB(K),
1PREFT(K) yUANA(K) ,UANB(K),UFT (K),AA,AB,AF,DPARS, DPBRS,
2DUMAE (K) yDUMBE(K)
WRITE(JTAPE,67) TANANA(K ), TANANB(K)

#4 INCLUDE CARD AIRF6385 %3
URITS CCNVERSICN
4% INCLUCE CARCS AIRF6413 AND 6417 »»

TANANE[K)=TANANA(K) 445947

TANANE(K) =TANANE(K)+459 47

PREANA (K)=FREANA(K) #144.

PREANBIK)=PREANB(K) %144 ¢

PREFT(K)=PREFT(K) #144,

IF{IPRINT,NE+11GOTQB 7SR
WRITE(O/ATOB)XCP{K) s UANA (K)o TANANACK) o APANALK )9 APAND(K)
1PREANL \PREFT 1, 22CP)CASC/ORAVE

CCNTINLE

IF(NSTCPL.EQ. 1)STOP

XCP(K)=XCP(K)/126

IF(K.GE.NSHCP)GCTQ906

K=K+l

GOT09C70

CCNTINUE

TEST I'OR END OF FLAMETUBE.
IF(K+1~-NLAST)157,9C604158

- INDEX TC NEXT CALCULATION POINT

KaNLAST
GCT0908
K=K+l
JuKel

AIRF6110
AIRF6120
AIRFe130
AIRF6140C
AIRFE150
AIRF6160
AIRF6170
AIRF6180
AIRF6190
AIRF6200
AIRF6210
AIRF6220
AIRF&230
AIRF6233
AIRF6237
AIRF6240
AIRF6250
AIRF6260
AIRF62170
AIRF6280
AIRF6290
AIRF6300
AIRF6310
AIRF6320
AIRF6330
AIRF6340
AIRFE350
AIRF6360.
AIRF6370C.
AIRF6380
AIRF6385:
AIRF639Q:
AIRF6400 .
AIRF6410:
AIRF6413:
AIRF641T
#1RF6420.
AIRF6430
AIRFH440
AIRPEGSO
AIRFOas0
AIRRSATO
AIRF6480
AIRF6490
AIRF6500C
AIRF6510
AIRF6520-
AIRF$S30
AIRF6540
AIRFESSO
AIRF6560
AIRF6570
AIRF6580
AIRF6590
AIRF6600
AINF6610:
AIRF6620:
AlRbeJO;

AIRF6640:
Axnrossoi
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. AIRF6660

SET ANNULUS PARAMETERS FOR SUBROUTINE EQUAN AIRF6670
AIRFss8C

UAN)=UANA(K) AIRF 6690
PREANL=PREANA(K) AIRF&6700
DENAN1sDENANA(K) AIRFeTI I
TANL=aTANANA(LK) AIRF6T20
AFAN1=AFANA(K) AIRF6730
GC T0 105 AIRF6T40
AIRF&675C

ITERATION CCNTROL TO ADJUST MASS FLOMS. AIRF6760
AIR MASS FLOW REMAINING IN EACH ANNULYS AIRF6TTC
' AIRF6780

AFSTA=AFANA(NLAST) AIRF6790
AFSTB=AFANB(NLAST) AIRF6800
D8=AFSTA/AFA AIRF6810
D9=AFSTB/AFE AIRF6820
IF(IPRINT .NE. 1)GOTCB750 AIRF68130
WRITE(6+8764)PREANA(NLAST) PREANBINLAST) oPREFTINLAST ) oAFS ,AFSTA9AFAIRF6840
1STB,AFSL,AFSU AIRF685C
" 2¢AFCLAFCU,LCANI AIRF6860
B750 IF(PSFeGTo1E1Q0)PSFr1,.E10 AIRF68T0
STREFP=STPREF/144. AIRF6880
ClL)=(PSAIN=-PSF)/OPREF* 144, AIRF6890
Q(2)=(PSBIN-PSF)/DPREF*144, AIRF6900
C(3)s (STREFP-PSF) /STREFP AIRF8910
C(4) =(PSAIN-PSF)/STREFP AIRF6920
Q(5) =(pSBIN-PSF)/STREFP AIRF6930
Q(6)=QUMAE (NLAST )/STREFP AIRF6940C
C(T)=DUVMBE(NLAST) /STREFP AIRF695C
C(8)=DPARS/STREFP AIRF6960
Q(9)=DPBRS/STREFP AIRF69T0
TF{IPRINT4GEeloORLCMFL.EQ,LL) AIRF 6980 -
IWRITE(JTAPES21)(Q(K)yK=lyQ) 6990
AF1=AFS/AF2 AIRF70CO
AF3=zAFA/AF2 AIRFT7010
AF4=AFB/AF2 AIRFT020
IF{IPRINT.GE.1) AIRFTC30
IWRITE(JTAPE,38) AF1yAF3, AF4 AIRF7040
ZAF A= AFA AIRFT050
LAFB=AFB AIRFTO060
AFSS=AFS AIRFTCTO
AIRF7080

LCOP CCUNTER INCEXED ANC TESTED FOR MAS/MAMBS/MB ITERATION. AIRFT090
AIRFT10C

LCANI=LCANI+] AIRFT110
IF(K30+4K40,GF, L)LCANJI=LCANI AIRFT120
IF(LCMFL.EQ.1)GCTO1¢3 AIRFT130
IF(LCANI.LE.LCANIL)GOTO403 ATRFT140
WRITE(JTAPEL3000) AIRFT7150
WRITE(JTAPE,1002) AIRF7160
IF(LCANIL.LE-4S)NWRITE(JTAPE,1009) AIRFT170
TF(LCANJGE3SINRITE(JTAPE ,1004) AIRFT180
WRITE(JTAPEL1005) AIRFT190
LANHET=2 AIRF7200
GO TO 163 AIRFT210
: ' AIRFT220

TEST IF MA® {S APPRCX. O. AIRF7230
AIRF7240

403 JIF(AFSTASAFSTB.LT.0.)6070160 AIREFT250
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l6l3

1616

160

159

1590

163

9C9

911

179
900
9000

IF(ABS(AFSTA+AFSTB)/2./AF2.LE.FID)GOTO16€3

MCDIFICATICN OF MA AND MB.

IF(LAFSTA+AFSTB).GT.0.)G0TO1615
IF(AFSLT«AFSU)AFSU=AFS
AFSsAMAXL(AFS#(L.~-FITAU) o (AFSL*AFESU)/2,.)
GQoTOl616

IF(AFS.GT.AFSL)AFS! <AtS
AFS=AMINL(AFS#(1.4Fi,aU) o ( AFSL®AFSUY/2,)

NFEW AIR MASS FLOW IN INNER ANNULUS
AFA=AFA-{ AFS~-AFSS) /2.
NEWw AIR MASS FLCW IN GUTER ANNULUS

AFB8=AF2 =AF A= AFS
6C 10 97

MODIFICATION CF MA ANC MB.

AFD=AFA+AF B

AFCsAFA/AFC -
IF(AFSTA.GE.O0.)GOTC159
IF(AFC.GT.AFCL)AFCL=AFC
AFC=AVMINL(AFCe{1.+FITAV)y (AFCL#AFCU)/2.)
60101590

IF(AFC.LT<AFCU)AFCU=AFC

AFC=AMAX] (AFC*{1.~FITAV), { AFCL®AFCU)/2,.)

NEW AIR MASS FLOW IN INNER ANNULUS

AFA=AFC*AFD
AFB=AFD~-AFA
IF(AFB«LE.0.0)STOP

GC TC 97
IF(LDD.EQe1)GCTCI1]
IF(KANHET .NE.0)GOTO909
IF(LANHET.EQ.1)60TC900
LDD=1 :
Lo=1

LCMFL=1

I PN= [PRINT

IPRINT=]

CALL CIFLW

[PRINT=[PN

601097

CCNTINUE

CALL BIRFLO

CCNTINUE

RETURN

AFCU=DCCM(1)
AFCL=CCCM(2)
AFSL=D0CM(3)
AFSU=sDCCM({4)

CCTa 900

END -

YOUR CARC TCTAL IS ==-- 779

AIRF726¢C
AIRFT270
AIRFT7280
AIRFT29¢0
AIRF73C0
AIRFT310
AIRFT320
AIRF7330
AIRF7340C
AIRF7250
AIRFT36C
AIRF7370
AIRFT380
AIRFT390
AIRFT400
AIRF7410
AIRF7420
AIRFT430
AIRF744C
AIRFT7450
AIRF746C
AIRF747C
AIRFT480
AIRF7490
AIRF7500
AIRFT510
AJIRF7520
AIRF7530
AIRFT540
AIRFT550
AIRF7560

AIRF7570.

AIRF7580

R

AIRF7590 -

AIRFT600C

AIRF7610 -
AIRFT¢2C.

AIRFT630

AIRF764C

AIRFT7650

ATRFT660

AIRFT7670
AIRF7680

AIRF7690 .
AIRFT700
AIRFTT10-

AIRFT720
AIRFT730
AIRF7740
AIRFT750
AIRFT760
AIRFTT70
AIRFT780
AIRFT79¢
AIRF7800
AIRF7810
AIRF7820
AIRF7830
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IBETC BIRF LIST

SUBRCUTINE BIRFLO BIRFOCCL
BIRF0002

SUBROUTINE BIRFLO e IRF0003

B IRFOCCA

. THIS SUBROUTINE IS A CONTINUATION OF SUBROUTINE AIRFLO BIRF0COS
. . BIRF0006
; NC SUBROUT INES ARE CALLED 8Y.MIRFLO 8IRF0007
. ‘ 8 IRFOCO8
. CNE SUBRCUTINE CALLS BIRFLC BIRFOCO9
: 1. AIRFLO BIRF0010
; BIRFOO11
" IHIS SUBRCUTINE USES CCMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 6. BIRFCC12
" BZERC IS A DUMMY BLCCKs USED [NSTEAD OF A DIMENSICN STATEFENT 8IRFO013
: RIRFOO14
CCMNCA/B4/DPREF 8IRF0015
CCMMON/BL6/CDS (20,151 sDPHS (200 15) ¢ FLCVy IH, NABX{48) . BIRFOC1S
1,ASP(20),GXIS(20, 19)oKQoKb.FlfoFlPrloFlPSlvFlA FITAL,FID,FIENTH  BIRFOOL7

2 SHAFST, .. FIFTPR, LCPFL,LCANILBIRFOOL 8

3 JLCANL yLCFTEL oLCETL s LCPRTL o BETA, AS s FFIZ(45) ,AKCOME JNSCOOP(20)  EIRFOOC1S

4 LCPTAL JPAFRZ, NHTU(S0) s AF23A(3 ),AF23B(3), XAF23A(3) ,XAF238(3) 8IRF0020
CCMMON/B68/ AFANA(45) ¢ AFANB(45)  AFFTI45) JAFPRZ,C 2A(42),C28(48) 8IRFQO21

2 ,AFSYP,FARFT (45) o CENANA(45 ), DENANB(45) eIRF0022

3, SAFTRA(45) o SAFTRE(45 )9 CTRA(45)s QTRB(45) JREAAN (45 ) ;REBAN (45) RIRF0023

4, THAL45) o TWE(4S) 8 IRF0024
CCMMON/B1687 AANA(4S) JAANB( 45 ),CCA(45),CCBI4S ) JFHCRyNLAST BIRFGO2S

1 KANHET ,LANHET , PERCC s THIKF T RIRFO026
2.DANA(45) oCANB (45) ' BIRFO0027
CCMMON /8677 DENFT (45) EK] T EK19, EK 200 EKl6 81RF0028

1 1CUS0) »GXTA(50 )oK oWUJ(S0) BIRFCC29
CCVMCN/B167/GASCoGRAVC, GJOUL Es THJ( 50 1o XH( SC) oNH 8IRFOC30
COMMON/ B678/PREFT(45 ) PREANA (45) ,PREANS (45 )9 TFT(45) s TANANA (45 ) TANBIRF0031
LANR(45) s AFJ1 (50) yUFT (45 ) BIRF0032
CCMMON/B1678/NSHCPoXCP (45) oAFT(45) 4P 1 BIRF0033
LiNHH (501 KISN(45¢6) s HAUSO), CFTA(4S),CFTB(45),NAB(SC),NCODEA (45) BIRFCOI4
2,NCODEB(45) T2 BIRF003S
COMPON/BL2678/JTAPE, IPR INT BIRF0036
CCMMGN/BL26/AF2, TANLA,TANL B, PANLA , PAN1B BIRFO0037

L AFA,AF By PREOM,STAGT, 1BLs STPREF,PNTR A, PNTRB,DPHSNT, DOMLOS BIRFC038
CGMMON/B6/PREANL s PREANZ, DENANT,DENAN2, TAN1, TAN2, AANT,AAN2 APANL 3 BIRF0039
LAFAN2 UANL JUAN29ZAJH (4S5 ) oZMH(4S )y Z2CP oK1 o K11 o JoKSHoUANB (49) BIRFO040
2FARL,FAR,2STOC, AFFTL,AFFTTY, TFT1,TFT2, MRATE, BIRFOCHL
3ZHIUJ(48) o ZMJET (450, CO0 GXToCPHL PREFT1,PREPT2, BIRFCO42
GDENFT1,CENFTZoAFTLoAFT24AFFT2,UFTL,UFT 2, FARFTL, BIRFOCA?
SFARFT2 o ENTHAL s LCME o LCANT oL CAN:LCPTE(LCPT oK ToK1D K12 BIRFO044
.ar:vrn.A'svnl.assvxa.tvsvll.chur.Lérvn BIRPOCAS
79C21(49), UMALSS ) IMMALS) oNLAONED SIRPOCAS
AgDPH(!O’ohCC"O’0"?!!("!00""00'."00"!.00’.!‘ QIRFOCA?
9,RC(S0) _ BIRF0048

1A oB oD oE BIRF0049
2,K30 (K40, kS C, K60 BIRF0050
CCPMCN/BLERC/CFFT(S0) s FRICFA(45 ), FRICFB(4S) oHAN(SC) JAFJZ(30) o BIRFOOS]
L0UF(360) LIRF0052
COMMON/BUN IK/DUMAE( 45) o OUMBE (45 ) BIRFO0053
CCMMON/812607 AFCL o AFCUs AFSLy AF SU BIRFCOS4
CONMON/BSB6T/XFSAs XFSB 8IRFO0SS
CCMMON/BL26E7 AFL ¢AF3 sAF4 oAFS o Ny NSHoKK1 BIRFO0S6

FGRMAT(/////25HOMISCELLANEQUS QUANTITIES/1X24( 1H=)/56H0 Al!ll POSBIRFO0S7
1ITION RATE CF BURNING FRICTION FACTOR/18K FRCH CCMPRESSORBIRFO0058
28 XTHOF FUELLLIXOHIN ANNULI/GXOHDISC ZRGETXI1SMLON PER SEC PER/TXNGHINGIRF00%9
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JCHESAX3ISHFY AXIAL LISTANCE
49.%5))

INNER

OUTER//(SXFRe3 411 XFBe34TX2FB IRFO0£0

BIRFCC61

38 FCRNMATL//17720H0AIR MASS FLCW SPLITZ1X19(1H=)/SerC(FRACTICN OF INLEBIRFOC62

LT AIR PASSING

THEROUGH SNUOUT AND/OR CCME =r8.5/4SH FRACTICN CF INLFRIRFOOQE3

2T AIR PASSING INTC [NNER ANNULUSBXLIH=FB.5/49H FRACTION OF IALET AIBIRFO0&4

IR PASSING INTC CUTER ANNULUSHEX 1H=F8.5)

BIRFCC6S

54 FORMAT(///IIGIHOCU:NTITIES RELATED TO FLOW THROLGE KFOLES/L1X40(IH=)BIRFCC6S

L/16HOHCLE ROW
2EFFICIENTS

AXTALO6X9SHECLE INNFR NUMBER HCLE
EFFECT: INITIAL [INITIAL FRACTION ACCULM=/37H AUMBER
$ POSITICN TYPE OR IN6XSHPRESS 27X11H~-IVE
4L CFEXOHULATED/LIXS8HFROM COMIX9LIFGUTER THIS

5ATIO0  ACTUAL +OLE ANGLE -0CITY  CLRRENT
6PRESSOR9X33HWALL  HOLE LOSS ~EC OF 14 X44HAREA
7 FT PER  ANNULUS OF INLET/11XOKDISCFARGE1SX14FRCh

BXTHACTLAL 9XS5HSC FT12X3HSEC6X16HATR FLOW
9C CORIGEXISHTHROUGH
12e3,17+15,19,F1Ce2y4FB8e31F8e29F1Ce2,FA,3,F10.3))

-LRE

OISCHARGE CCBIRFCCe&?

BIRFOQ68

JETOXLIHJET VEBIRFOCSS
CORRECT REIRFONTC
FRACTICN/11X8H-RIRFCCTL

CEGREESB IRF0072
FACTORICBIRFCC?3
ATR IN/11X6HINCHES42X6HTBIRFCOT4
FLAME/SOXGHRECTEC 36X SHHOLESSX4ETULBE// (1XISFIRIRFCCTS

BIRFOCT76

T3 FCRMAT(///7/7/7<6HCSECONCARY HOLE FLOW SPLIT/1X24(1H-)/T71HOFRACTION CBIRFOCTY
1F SECCADARY HCLE AIR RECIRCULATING (PSTREAM FCR INNER WALL =FS.4&/7BIRFCQ78
21HOFRACTICKR OF SECCNDARY HCLE AIR RECIRCULATING UPSTREAM FOR GUTERBIRFCCT9

3 wWALL =F5.4)
DL 2 K=14NLAST
XCP(K)=XCP(K)*]l2.

c FRICTICN FACTCR

FRICFA(K)= ,00354,264%REAAN(K )% (~_42)
FRICFB(K)=.0035+.264%REBAN(K)%*%(~,42)
2 CCNTINUE
WRITE(JTAPE 925 ) (XCPUK) yWFF IZ(K)yFRICFA(K) 4FRICFRB(K) K=1,NLAST)
DC 3 K=1,NLAST
XCP(K)=XCP(K)/12.
3 CCATINUE
ASH=KJSN(L1,s1}
OC 901 K=1,NLAST
CO 902 i=146
TF(KJSN(K,1)1902+G6C2+5C3

903 KK1=KJSN(K,1)
IF(NHTU(KK]1).GE.1)CCTCS7
AFJl (KK1) =0,
DPH(KK1)=0.
WCC (KK1) =0,
HAU(KK1)=0,
C RATIO CF ACTUAL TC CORRECTEC CISCHARGE CGEFFICIENT EFF FCLE AREA
57 RC(KKL):i(KKL)/WCL{KK])
HAW(KK 1) =HAU(KKL1)*C(KK1 ) *FLOAT(NHH (KKL1))
IF(CXHUIKKL ) «NEL.DL.O) GO TO 631
IFINAB(KK1).,EQ. 1) HAWIKKL)=HAW(KK1}*CFTA(K)
IF(NABIKKL).EQe2) HAWIKKL)=HAWIKKL)¥CFTB(K)
c AECUNULATED FRACTICN CF INLET AIR IN FLAME TUBE
631 IF(KK] EQ.NSHIDFFT(KK1)=AFl +AFJ1(KK1)/AF2
IF(KKL .NENSH)DFFTIKK]1)=DFFTIKK1-1)+AFJ1(KK]1l )/AF2
c FRACTION OF ANNULUS AIR FLOW THROUGH HOLES

BIRFpO&C
B8IRFCCB1
BIRFCCB2
RIRFO083
BIRFCO084
BIRFCCBS
BIRFOCB6
BIRFO08B7
BIRFOORE
BIRF008S
BIRF0090
gIRFO091
PRIRFO092
BIRFNO093
BIRFCC94
GIRFQ095
BIRFCOS6
BIRFOCS?
BIRFCC98
EIRFO099
BIRFO10C
BIRFQO101
BIRFC1C2
BIRFO1013
BIRF)104
BIKFO105
BIRFC1C6
BIRFOL107
BIRFO108
BIRFO109
BIRFOL110
B8IRFO111
BIRFOL12
BIRFO113
8IRFO114
BIRFO115
BIRFOL116
RIRFO117
BIRFOllg
8IRFO119
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IFINAR(KKL)EGaL)AFJZUIKKL)=AFJL1(KKL1)/AFANA(K) BIRFO120
IFINAR(KKL) EQe2)AFJZIKKL)=AFJLIKKL)/AFAND (K) BIRFO121

902 CONTINUT BIRFO122
Ki=(KJSN(K,1)-1) BIRFO123
IF(Kl LT 1)KE=KK] BIRFOl24
IF(EoFQoLIAFETIK])=AYS BIRFO125

901 IF (XK NELLYAFFTIK)I=LFFTIKL)*AF2 BIRFOl126
DO & KK1=NSH,yKH BIRFOl27
BIRFO128

INITIAL JET ANGLE BIRFO129
JNITS CONVERSION BIRFO130
BIRFO131

GXIA(KKL)=GXIA(KKL)*180./P1 BIRFO1132
XHIKKL)=XH{KK1)*] 2, BIRFOL133

4 CONTINUE BIRFO0134

WRITE(JTAPE ¢54 ) (KK1 9 XHIKK]L ), NHTU(KK] ) yNAB(KK]1),NHH{KK1),DPH(KK]) ,WBIRFO135
1CD(KK]) yRCIKKL) ¢C(KKL) yHAW(KK]L) sGXTA(KKL) o WUJ(KKL)oAFJZ(KKL) DFF T(BIRFO136
2KKL) s KKI=NSHyNH) BIRFO137

DO % KKL=NSHyiNH BIRFO138
UNITS CONVERSIOGN BIRFOL139
GXTA(KKL)=GXIA(KK1)*PI/180. BIRFO140
XH{rKK1)=XH({KK1)/12. BIRFO141
5 CONTINUE BIRFOLl42
346 XFSAQ=1.0-XFSA BIRFO143
XFSEQ=1.0-XFSB BIRFO144
WRITE(JTAPE,T7T3)XFSAQ,XFSBQ BIRFOL145
WRITE(JTAPE3B)AF14AF3,AF4 BIRFOl46
IF(NSHCP.EQ.1)GCT Q779 BIRFOl47
N=NSHCP-1 BIRFO148
DOTI8K=14N BIRFO149
178 FARFT(K)=FARFT (NSHCP) BIRFO150
7719 CCNTINUE BIRFO1S51
900 RETURN BIRFO152
END BIRFQO153

yaua CAxC 1Cree 1 o --- 15%
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sIBFTC CISJ LIST

SUBRCUTINE DISJET . o1sJo01c

C D1SJ0020
C €1SJ0030
c SUPRCUTINE DI SJUET D15J0040
C DISJCCS50
c THIS SUBROUTINE CALCULATES THE FOLLOWING JET PARAMETERS 01540060
C le JET VELCCITY C1SJ0070
C 2 JET MASS FLOW RATE 0150080
C 3. JET CISCHARCGE ANGLE DISJOCacC
C 4e JET ENTHALPY DISJ0100
C 5S¢ JET MONENTUM 01540110
C FILM COOLING PARAMETERS ARE ALSO CALCULATED. 15840120
c D1SJ0130
C ONE SUBROUTINE IS CALLED 8BY CISJEY DISJC140
C le 11AP1 - 1D INTERPOLATION DISJO150
C - C1SJOl60
C CNE SUBROUTINE CALLS DISJET D1SJ0170
C 1. AIRFLGC 0DIsJCc180
C 4 DI1SJ0190
C THIS SUBRCUTINE USES CCMMCN BLCCKS WHOSE NAMES CONTAIN THE NUMBER & CI1SJ0200
c viZz- rby Bl1&y BOTy B68, B126y Ble7e Bl68By B67dy B1678, Bl2078 DISJO210
DISJ0220

COMMON/B16/CLS{(20415),DPHS(204915) o FLCV 9 IHy NABX(4S) 01540230
LeNSP(2C)oGXIS{20415)sKb KO oFIToFIPFIZFIPSIFIAFITAULFID,FIENTH C15J0240
29SHAFST, FIFTPR, LCMFL,LCANILDISJ0250
39LCANL LCFTEL,LCFTL,LCPRTL,RETA,ASK,FFIZ(45),AHDOME (NSCOOP(20) D1SJ0260

4 ,LCPTAL,PAFRZyNETU(50)s AF23A(2),AF23B(3),XAF22A(3)yXAF23B(3) DISJ0270
CCMMON/BEB/AFANALLS ) yAFANB (4S5 ) AFFT(G5)AFPRZ4C2A(45) (2B (45) grsJczsag
24AFSYP,FARFT(45), DENANA(4S ', DENANB{4S) D1sJ0290
3,SAFTRA(45) 2SAFTRB{45), QTRA(45),QTRB(45),REAAN(4S) JREBAN (45) D1SJ0300
4,Tha(45),TWB(45) DISJ0310
CCMYON/B168/7AANA(45) 4 AANB(45)9CCA(4S5),CCB(45) o FHCRoNLAST C1s5J03z20

1y KANHET yLANFET 4PERCO,THIKFT DISJC33¢
2,0ANA(45),DANBL4YS) DISJ034C
CCMMCN/BO6T/CENFT(45) ,EK17,4 EK19,EK2C, EK1l ¢ DISJ03S50

1 1C(5C) +GXIA(SC)yKWUJS(50) D1SJ0360
CCNNCN/B167/GASCyGRAVC,y GJOULE, IHJ(S50)+XH{SO0) 9 NH D1SJ0370
CCMMCN/B6T8/PREFT(45)PREANA(45)yPREANB(45),TFT(45)  TANANA(45) ,TANDISJO38C
LANB(45)AFJ1(50) yUFT(4T) DISJ0390
CCMMON/RLE6TB/NSHCPXCP(45)0AFT(45),P1 p1SJ0400

1 yNHH(5C) yKJISN{45,46) 2 HAU(S0) yCFTA(45),CFTB(45),NAB(5C) NCODEA(45) CISJ0410
2yNCCDEB(45),T2 DISJ04 2C
CCMMON/B126787/JTAPE, IPRINT 01540430
CCMMCN/BL126/AF2TANLATAN1B,PAN1A,PAN]R 01540440

1y AFA AFR+PREDOM STAGT s IBL ¢STPREFyPNTRA,PNTRB,DPHSNT,CONLOS C1SJ0450
CCMMON/B6/PREAN1,PREAN2 yDENAN1,DENAN2, TAN1,TAN2,AAN1,AAN2,AFANl,y OI1SJ0460C
LAFAN2 yUANL ,UAN2,ZAIM(45),Z7MH{45) s ZZCPyK19K11yJ9KSHy LANB(4S), DISJ04TC
2FARL ¢FARy2ZSTOC sAFFTL AFFTT 14 TFT1 s TFT2,HRRATE, D15J0480
3ZNMJUI(4S5) 2 ZMIET(45)9C0eGXT9DPH ],y PREFT1,PREFT2, CISJ0490
GDENFTI4DENFT24AFT1,AFT2,AFFT2,UFT1,UFT2,FARFT], DISJ050C
SFARFT2 yENTHALLCMF,LCANI, LCANyLCFTE,LCFT ,KTyK139K12) DISJC510
6AFSYPA AFSYPBAFSY 1A, AFSYIBLLCPRT,LCPTA 015J0520
7,C2(45), UANA(45), IMHA(2),GX1A,6X18 CIsJ0530
8yUPH(50) yWCLC(S50) o WFFIZ(45),DPAFS s DPBFS ¢DPAES, DPBES DIS40540
9,RC{50) ' D1SJC550
1sA¢ByDyE D1SJ0560
29K304K404K50,K60 DISJOS7Q
CCMMON/BZERC/UH(50) s AFJ (50 )y DUMGXTI(25) yDUMDPH(2%),DUMCD (25) D1SJ0580

1,0UM(425) D 1540590
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8765
C
c

109

111
110
112

1125

113

FCRMAT(THODISJET3I11+47F1143/7(7X10F11.3))
DISCHARGE CCEFFICIENT AND JET ANGLE
FaNLAST

SET HCLE AREA TC ZERO

ThASO .0

SPECIFIC HEAT AT CCNSTANT PRESSURE

TAL=TAN]

22CPT=.2419%TAL~c 8181E-58TAL$82/2,¢17.91E~90TAL1903/3,-2,T42E~12¢

1 TAL#%4/4,-102.42
CC 116 I=1,6

ARE THERE ANY MORE HOLES AT THIS CALCULATION POINT

IF(KJSN(K,1))117,117,109
KK1sKJSN(K,s1)
DPH({KK1)=CPH1
IF(K1)1109110,111

ARE HOLES ON THE CURRENT ANNULUS

IF(Nag(KK1)=2)1164112,116
IF(NAB(KK1) «NE41)GCTO116

KKK=zKK1

HNHH=NHH (KKK)

IH=IHJ (KK1)

THA=HNHH#EAU (KKK)

NSPN=NSP (IH)
IF(MCD(NSCCCP(IH) 410) (NE2)GOTO V128

HCLE AREA FOR COOLING SLQOTS

1P (NAB(KKK) o BCol) THARMAYIKKK )#CCA(K)
1F(NABIKKK) ¢ EQe2) THASH AU (KKK ) #CCB(K)

HAS PRESSURE REVERSAL OCCURRED PREVIOUSLY

IF (NARP(KK1) e ECe12ANDK30.EC.1)GOTO15C
TF(NAB(KK1)eEQe2+ANC.K40.EQ.1) GOTO150

HAS ANNULUS AIR FLOW BEEN NEGATIVE PREVIOUSLY

IFINAB(KK1)aEQeleANC.K50.EC.1) GOTCSOC
IF(NAB(KKL)eEQeZ+ ANU.K%0.EQel) GOTOS500

TRANSFER HOLE DATA TO DUMMY STORE

OC 113 13 = 1,4NSPN
DUMOPH(I2)sCPHS(1Hy 13)
OUMCD(13)=CCS(IH,13)
DUMGXI(T3)=GXIS{IN,I3)
CCNT INUE
IF(DPH1.LE.O.)GC TO 150
DUMNS P=NSP (I H)
OFHILG=ALOG(DPHL)

01SJ0600
01SJ0610
01540620
DISJ0630
ClsJ0é40
D1SJ0650
01SJC660
01840670
01sSJoé6so
01SJ069C
DISJOTCO
DISJO710
CisJor20
DISJ0T30
D1SJC740
01SJ0750
01SJOT60
DIsJo770
DISJC780
01540790
01540800
c1sJoslio
01sJo82¢
DIsJ0830
01SJ0840
C1SJ0850
DISJO86C
D1SJ0870
01sJo0880
c1syceso
0154090¢C
01SJC910
01SJ0920
CI1SJ0930
D1ISJ094C
D18JC9%0
01840960
£18J09170
D1sJ0980
D1SJC99¢C
01SJ1000
01sJj010
D1SJ1020
01SJ1C30
DISJ1C4C
01SJ1050
DISJ1060
D1ISJ1C70
015J1080
01541090
01S5J1100
DISJlll0
0IsJll120
DISJ1130
CISJl140
018J1150
DISJ1160
015841170
01sJ1180
01SJ119¢
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150

. DT SCHARGE CCEFFICIENT CORRECTION FOR PRESSURE RATIO.

160
180
182
183

IS PRESSURE RATIO CUTSIDE HOLE DATA TABLE RANGE
IF(DPHILG.GT<ALCG(256.0))ICPHLILG=ALLCG(25€.0)
DETERMINE OISCHARGE COEFFICIENT 8Y INTERPOLATION
CALLILAP1 (DPH1LGyCCyDUMDP H DUMCD,NSPN) |
OETERMINE INITIAL JET ANGLE BY INTERPCLATION
CALLILAPL(DPHLILG+GXIoOUMDPHsDUMGX I4NSPN)

STCRE CISCHARGE CCEFFICIENT FOR PRINTOUT IN AIRCCN

WCDi{¥K1)=CC
IF(IPRINT.GE.1)
LWRITE(6+8765)KyK1oKK19DPHL»COyAFANLy THA UAN]L yPREAN]

TEST FCR CD CUTSIDE fABLE LCWER BOUNDARY

IF(C0)1504160,4160

CC=0.6

GXI=1.5708
AFH=0.6*THASAFAN]#SQRT( AcS (OPH1) ) /AAN1
IF(AFH.GT.AF2/F/3+)AFH=AF2/F /3.
CCNTINUE

SET AIR FLCW PARAMETERS

AFANL=AFAN1 +AFH
AFAN2=AFAN1
DENAN2=DENAN]
UAN2=UANL
TAN2=TANL
PREAN2=PREAN1

SET JET PARAMETERS

AFJ{KK11=0.0
GXIA(KK1)=0.0
C(KK1)=0.0
UH(KK1)=0.0
IMJET(K)=0.0
IMH(K)=0.0

ZAJMK)=0.0
IVJUJ(K)=0.0

IF(NAB (KK1)oECs1)K20=]
GO 70 1lé

NSCCCP(IH)= 0 FOR FOLE WITE NO SCOOP
= 1 FGOR HOLE WITH ScCooP

IF(MCD(NSCOOP (IH),10).NE.O)GOTO182
DP=0.5*DENANLS*UANL #82/GRAVC+PREANT
GC TO 183

DP=PREAN1
COC=C0*(0.25%0P/PREFT140.75)
TF(COC.LT.CD)CDC=CD

Q......oo‘

0IsJ1200
oIsJlalo
01sJ1220
DIsJl1230
DISyl240
0ISsJ1250
01SJ1260
01SJ1270
01sJ1280
CIsJl129c¢
01SJ1300
CIsJ1310
D1SJ1320
D1IsSJ1330
DISJ1340
CISJ13s0
CISJ1360
DISJ137C
01SJ1380
01SJ1390
DISJ1400
DIsJl4alo
01541420
01S5J1430
01SJ1440
01SJl45¢
D15J1460
B1SJ1470
CISJ1480
D1SJ1490
DISJ1500
DISJ1510
CIsJ1sz20
01SJ1530
DISJ1540
CISJ1550
CISJ1560
0I1SJ157¢C
D1SJ1580
C1sJ1%90
CIsJleéo0
DIsJlé61cC
DISJ1620
01541630
DISJle4C
CISJl65C
DISJ1660
DISJle670
C1SJ1680
DISJlé90
01sJl17C0
DIsSJiTl0
o1sJ1720
01SJ1730
D1SJ1740C
DISJ17%0
01SJ1760
CI1SJ1770
01sJ1780
0ISJ1790
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191

190

500

115

IF(CDC.GTele5*CL)CCC=1,5%CD
TEST FOR NO JET ANGLE DATA,

IFINSCCCP(IH)eNE<10<AND<NSCOOP({IH)NE.11)€OTD15¢C

OMAXL=ALOG(256.0)
CALLI1AP1(DNMAXLyCCo CUMDPHy GUMCDoNS2N )
CCINF=CC
CDINFC=CDINF*(0.25*%CP/PREFT1¢0.75)
AA=CDC/CDINFC

IF(AA.GT.1.C)RA=]1.0
GXI=ARSINISQRT (AA))

co=CoC

TEST ANNULUS AIR FLCW

IF(AFAN1.LE.0.0)GO TO 500
GC TC 115 '

SET JET PARAMETERS

ZASM(K) =0.0
IMJET(K)=0.0
IVE(K)=040
ZMJUILK)=0,0
AFJ(KK1)=0.0
GX1A(KK1)=0.0
C (KK1)=0.0
UH(KK1)=0.0

SET AIR FLOw PARAMETERS

AFHH=ABS({ ,6*THA®AFAN1*SQRT(ABS (DPH1) )/AANT)
IFAAFHH.GT«AF2/F /4. ) AFHH=AF2/F /4.
CCNTINUE

AFAN1=AFAN1-~AFHH

AFANZ=AFANL

PREAN2=PREANL

TAN2=TAN1

UAN2=LAN1

DENAN2=DENAN1
IF(NARIKK]1).EC.1)K50=]
IFINAB(KK]1).EC.2)K60=1

GC TO 116

C CALCULATE JET AIR MASS FLOW RATE

AFJIKK1)=CO*AFAN]1 ¢THASDPH1#%(0.5/AAN1
C(KK1)=CD

GXIA(KK1)=GX1

AFJ1IKK1)=AFJ(KK])

JET VELOCITY.

AAA=2, # (PREANL+,S*CENANISUAN]1%*2/GRAVC~PREFT1)#GRAVC /DENAN]L

IF(AAA.LE.0.0)AAA=Q .0
UH(KK1)=SQRT (AAA)
WUJIKK]1)sUH(KK])

AXIAL JET MOMENTUM.

D1SJlg00
01SJ181C
01SJ1820
0IsJ1830
C1SJ184C
01sJ1850
DISJ1860
D1sSJ1870
c1sJ1880
D15J1890
01541900
CisJi910
oIsJ1920
01SJ1930
01SJ1940
DISJ1950
CISJ1960
DISJ1970
D1SJ1980
01sJl1990
CIsJ2000
01542010
DISsJ2C20
01sJ2¢30
ClIsJ2040
DISJ2050
D1SJ2C60
01SJ2070
C1sJ2080
01SJ2090
D1sJ21CO
DISJ2110
01542120
DISJ2130 .
DISJ214C
0I1SJ2150
0I1S5J2160
cIsJ211¢e

- DISJ2180

DISJ2190
01542200
CISJ2210
DISJ222¢C
D1SJ2230
015J2240
01542250
CisJ226¢C
DISJ227C
D15J2280
C15J2290
DI1SJ230C-
D15J2310
D1SJ2320
CISJ2330.
D 1542340
D 1542350
D1SJ2360
01SJ2370
D15J2380.
D15J2390
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01842400

AJM=AFJ(KKL ) SUH(KK1)*COSIGXI) DISJ2410

- 01SJ2420

c SUMMATICN COF JET AIR FLOW. _ ‘ D1SJ2430
01SJ2440

ZMH(K )= ZVH(K) 4AFJ(KK1) 01SJ2450
D1SJ2460

c 1S THE NET REMAINING ANNULUS FLOW NEGATIVE _ DISS2470
' ' 01832480
IF(IPRINT.GE.1) D18J2490
LWRITE(6,8765)KyK1yKKLyDPH(KKL1)oCIKKL) yAFJ(KK1)yZMH(K) 01sJ250C

305 IF(ZMH(K)=-AFAN1)300,300,301 01sJ42510
301 IF(K LT NSHCP)AFPRZ=AFPRZ+ABS(AFAN1) DISJ2520
AFAN1=-AF2/F , 01542530
AFANZ2=AFAN] 01542540
AFJ(KK1)=0,0 01542550
IMH(K)=0.0 : D1S5J2560
INMJUJ(K)=0.0 01842570
IMJET(K)=0.0 DISJ2s5acC
ZAJM(K)=0.0 01sJ2590
DENAN2=DENAN1 01542600
TAN2=TAN1L CIsJ2610
UAN]}=0.01 01sJ2620
PREAN?2=PREAN] 01SJ2630
IF(NAB(KK1)eECe1)K50=1 D1SJ2640

IF (NAB(KK1) c EC.2)K60=1 - 01542650

IFIK LT.NSHCP)AFPRZ=AF2 C1SJ2660
GCTO1l16 01SJ2670

: 01sJ2680

r SUMMATICN OF JET ENTHALPY. 01SJ2690
. 01542700

300 ZMJETI(K)=AFJ(KKL1)*( LICPY SGRAVC*GJOULECLH(KK]1)#82/2, )¢ 0ISJ2710
1ZMJET(K) ’ 01sJ2720

: 01842730

¢ SUMMATION OF AXTAL JET MOMENTUM 01SJ2740C
DISJ2750

ZAIM(K)I=ZAJM(K) +AIN 01SJ2760

: 01sJ2770
c SUMPATICN OF JET MCMENTUM, 01SJ2780
D1SJ2790

IMIUJIK)I=AFJ(KKL) UHIKK] ) +ZMJUJI(K) ‘ 015J2800

116 CONTINUE c1sJ2810
117 RETURN ' D1SJ2820
END 01342830

yourp ¢ aen trial fg eaa YL
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SIBFTC PRT LIST
c . PRT 0010
SUBROUTINE PRTEMP : PRT 0020
c PRT 0C30-
C PRT 0040
c SUBROUTINE PRTEMP PRT 0050-
¢ ) PRT 0060
c THIS SUBROUTINE SOLVES THE EQUATIONS FOR A STIRRED REACTION PRT 0070
C IN THE COMBUSTOR PRIMARY 20NE TO GIVE THE TEHPERATURE IN PRT 0080-
C THE PRIMARY ZONE. PRT 0090
C IF THE SECONDARY HOLE FLOW SPLIT IS NOT SPECIFIED AN PRTY 0100
c ITERATION 1S PERFORMED ON THE AIR FLOW IN THE PRIMARY PRT 0110
C ZONE,SINCE THE FLOW SPLIT IS TAKEN TO BE A FUNCTION PRT 0120
C OF THE PRIMARY ZONE TEMPERATURE, PRT G130
c ' PRT 0140
C NO SUBROUTINE IS CALLED BY PRTEMP , PRY 0150°
C : PRT 0160
C ONE SUBROUTINE CALLS PRTEMP PRT 0170
C 1. AIRFLO 4 PRT 0180
C . PRT 0190
C COMMON STATEMENTS PRT 0200
PRT 0210
C THIS SUBROUTINE USES COMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 6  PRT 0220
c viz- B6, R1l6, B6T7, B6S8, B126, Bl67, B168, B6TE, B1678y B12678 PRT 0230
PRT 0240
COMMON/B16/CDS(20915) 3DPHS{20915)FLCVs IH, NABX(45) PRT 0250
1sNSP{20)9GXIS(20915)9K4yK69FIT, FIPHIZFIPSI FIAJFITAULFIDSFIENTH PRT 0260
2 9SHAFST, FIFTPR, LCMFLLLCANILPRT 0270
3 ,LCANL, LCFTELyLCFTLyLCPRTLyBETAyASW,FFI2(45)AHDOME,NSCOOP(20) PRT 028C -
4y LCPTAL'PAFRZ'NHTU(SO,'AF23A(3’9AFZ3B(3’1XAF23A(3,QXAF23B(3’ PRT 0290
CUMMONIBb&/AFANA(AS).AFANB(éS).AFFT(45).AFPRZ.CZA(QS)0626(45) PRT 0300
2 ,AFSYP,FARFT(45) yDENANA(45), DENANB(45) PRT 0310
3QSAFTR‘(45,pSAFTRB(#S’007“‘(45)707RB(45’;REAAN(45,9REBAN‘45) PRT 0320
49TWA(45),THB(45) PRT 033¢C
COMMON/B1687/AANA(45) 9 AANB(45)9CCA(45),CCB(45) FHCRyNLAST PRT 0240
1 yKANHET ¢ LANHET 4PERCO, THIKFT PRT 0350
2+DANA(45) yDANB(45) PRT 0360
COMMON/B678/PREFT(45) yPREANA(4S) 9PREANB(AS) o TFT(45) o TANANA(4S) oTANPRT 0370
1ANB(45),AFJ1(50),UFT(45) PRT 0380
COMMON/B6T/DENFT (45),EK1T7,EK19,EK20, EK16 PRT 0390
1 2C{50),GXTA(50),K,WUJI(50) PRT Q4CO
COMMON/B16T7/GASCyGRAVCyGJOULE IHJ(50)9XH(50) 4NH PRT 0410
COMMON/BLl6TB/NSHCP o XCP(45),AFT(45),P1 PRT 0420
19NHH(50),KJ5N(4596)'HAU(50,pCFTA‘45)gCFTB(45)'NAB(SO)oNCODEA(Q” PRT 04230
2 sNCODER(45),7TZ PRY 0440
COMMON/B12678/ JTAPE, IPRINT PRT 045C
COMMON/B126/AF2,TAN1A,TAN1B,PAN1A,PAN1B PRT 0460
I'AFA,AFB:PREDH,STAGT,IBL,ST?REF’PNTRA,PNTRBvDPHSNTQDOHLOS PRT 0470
COMMON/B6/PREANL yPREAN2,DENAN1yDENAN2,s TAN1, TAN29AAN1yAAN2yAFAN]ly PRT 0480
1AFANZoUANI'UANZtZAJH(45,fZMH(Qs,1ZZCPOKIQKlltJtKSHOU‘NB(Q‘)o PRT 0490
2FARLoFARyZSTOCoAFFT1, AFFTT1, TFT12 TFT2,HRRATE, PRT 0500
3IMJUI(45) o ZMIET(45)9CDyGXI9DPH1, PREFT1PREFT2,y PRT 0510 .
GDENFT1 ,DENFT2, AFT1yAFT2, AFFT29UFT1,UFT29FARFT1, ’ PRT 0520
SFARFT2ENTHALy LCMFoLCANIyLCANLCFTEZLCFTyKT79K13,K12y PRT 0530
6AFSYPA,AFSYPBy AFSYIA,AFSYIByLCPRT,LCPTA PRT 0540
7 67(65), UANA{45), - IMHA(2) sGX1Ay6X18 PRT 0550
Bol o 15C)y WCD(50) yWFFIZ(45) s DPAFS»OPBFS+DPAES+DPBES PRT 0560
Pk {50) PRT 0570
19A:89DyE PRT 0580

ZQK3OQK4°0K5°1K6° : . ; — S — ﬂP?Bt 05$°t




1

100 FORMAT(40H PROGRAMME STOPPED IN SUBROUTINE PRTEMP..IBSH ITERATION
101 FORMAT(40H PROGRAMME STOPPED IN SUBROUTINE PRTEMP+¢/35H lTERA?ION

3000

COMMON/BS586T7/XFSAy XFSB

OATA STATEMENT

DATA NTOTP,PLIMIT/204.1/

FORMAT STATEMENTS

FCRMAT(7H PRTEMP10Fll.3)
1LIMIT «LCPRTLe EXCEEDED.)

1LIMIT #LCPTAL® EXCEEDED.)
FORMAT(1Xs//////19H #aa ERROR MESSAGE)

207

PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRY
PRT
PRT
PRT

3001 FORMAT(68H ITERATION LIMIT OM TOTAL PRESSURE LOSS DUE TO HEAT RELEPRT

3005

3006

3007

301

302
400

1ASE EXCEEDED)

CALCULATION OF FLAME TUBE TEMPERATURE AT SECONDARY HOLES.

SET LOCP COUNTER TO ZERG FOR FLOW SPLIT ITERATION
LCPTA=0
FUEL AIR RATIO IN THE PRIMARY ZONE.

FARPRZ=FFIZ(1)/AFPRZ
IF(NSHCP.EQe1)GOTO3007
NSHCP1=NSHCP-1

D03006K=1 yNSHCP1
WFFIZ(K)=FFIZ(K+1)/(XCP(K+1)=XCP(K))
FARPRZ=FARPRZ+FFIZ(K+1)/AFPRZ

TEST IF FUEL IS AVAILABLE

ISTOC=C.0867#(1.+FHCR)/{1e+3.8FHCR)
IF(FARPRZ.GT.0.) GO TO 300
TFT11=STAGT

FARPRZ=0,0

FARL=0.0

GO TO 310

STOICHIOMETRIC FUEL AIR RATIO.
CONTINUE

TEST FCN\ ri:-L AIR RATIO GREATER THAN STOICHIOMETRIC.
YES PUT ECQUAL TO STOICHIOMETRIC
NG CONTINUE.

IF(ZSTCC-FARPRZ)301,3024302
CALCULATE FUEL AIR RATIO REMAINING.

FARL=AMAX1(0.y FARPRZ=ZSTOC)
FARPRZ=2STOC
AFRPRZ=1,0/FARPRZ

GG TO 400

FARL=040

AFRPRZ=1.0/FARPRZ
TFT1=STAGT

FARFT (NSHCP)=F ARPRZ

PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRTY
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRY

0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0eoo
0810
0820
0830
0840
0850
086¢C
0870
0880
0890
0900
0910
0920
0930
0940
0950
0960
0970
0980
0S890
1C00
1010
1020
1030
1040
1050
1C60
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200



303

3¢05
306

100
701

500

6G1l

307

308

208
CCNVERT FARL TC A FUEL=CAS RWATIC
FARL=F2RL/Z (1le+FARFT(NSHCP))
SET INITIAL GUESS AT TEMPERATURE TO BE 20C0O OEG. R

NELTACCN,0
TFT11=CELT

ST LCCP COUNTER TO ZERO FOR TEMPERATURE ITERATION
LCPRT=C . |

CALCULATE HEAT ADRDITICN,

Q2=AFRFRPZ

CD=1./AFRPRZ

Dl11=QF 2 {24198 (TFT1=459¢4)~¢ . 131 -S#(TFT1a%2=459,4%%2)/2.%+17.9
121 JE=9a{TFTLl#83-6459,48872) /3,207« =124(TFT1we4=459,4204)/4,.)

PRT
PP
PRTY
PRT
PRY
PRT

PrT
PRT

PRY
PRY
PRT
PRT
PRT
PRY
PRT
PRT
PRT
PRT
PRT

D12=({CE+1 . )2 {(241940.1 2220 )a(TFT11-45944)~(.8181~22,.6%Q0)®1.E~58PRT
LITFT11a22-450,4#82)/2.4(17,5i=2S €2 ) %] =9 (TFT11e#3-45G,4483)/ PRT

1304{=2.74340.35#CD)®(TFT11#24-453,408 )/4.81.E-12)
ERRUR=FLCV+D11-D12-3.0%]1E-26#0E#TFT11427.5
DELT=0.5#CELT
IF{IPRINTLEQ 1 IWHIT (2,1)TFT11
TEST ERRCR IN CONMBUSTICN EQUATICN FCR CONVERGENCE OF TEMPERATURE

IF(ABS(ERRCR)=FI+TPR) 387,307,206
IF(FRRCR)TCG,3C7,7C1

MCOIFY TENMP, AND RETURN.
TFT11=TFT11-DELT

GC TO 500
TFT11=TFT11+4DELT

INDEX LCCP COURT _«
LCPRT=LCPPT+1

TEST LLCP CCuNTY
IF(LCPRT=LCPIITL) 205,42 3,501
CCNTINLL
WRITE(JTAFPE, ")
WRITE(JTAPL,]10™)

TEST K4=0 Flut SPLIT LOY SPECIFIET.,
K4=1 FLOW SPLIT SP-CIFIEC.

IFIK4) 208,30 g5l
CALCULATICN 1F Flev SPLIT.
AFPRZZ=AFPRZ

INDEX LCCP CLUMNT L&

LCPTA=LCPTA+]

PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PET
PRT
FRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
pRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT

1216
1220
123G
1240
1250
126G
127C
124¢€
129¢C
1200
121C
1320
133¢C
1340
13EC
136¢C
127¢C
128C
136¢
140C
141C
1420
143C
1440
145¢C
1460
147C
148¢
14GC
1500
1£1¢
152¢C
123C
154¢C
185C
156C
187C
1¢8C
129¢C
1£0€C
1€1C
1620
1€3C
1e4C
1£5C
1£60C
1€7C
1€9C
1690
170¢
1710
172¢C
1730
174C
175¢C
176¢C
177¢
178¢C
179¢
18CC
181¢C



351

310

3105

3106

20
502

(a NN al

5001

209 -

TEST LCOP COUNTER PRY
- PRY
IF(LCPTA=-LCPTAL) 350,350,351 PRY
CONTINUE PRT
WRITE(JTAPE3000) PRT
WRITE(JTAPE,L101) PRT
GO 170 310 PRTY
AFPRIZ=AFPRI-AFS'"PA=AFSYPB PRTY
AFSYPA=ZMHA(1)#0,5#SIN(GX1A)®SQRT{TANANA(NSHCP }/TFT11) PRT
AFSYI A=ZMHA(1)=AFSYPA PRT
AFSYPB=7IMHA(2) #0,5¢#SIN(GX1B)#SQRT{TANANB(NSHCP)/TFT11) PRT
AFSYIB=IMHA(2)-AFSYPB PRY
AFPR2=AFPRI+AFSYPA+AFSYPB PRT
PRT

TEST CHANGE IN FLOW SPLIT THROUGH SECONDARY HOLES PRT
PRY

IF(ABS (AFPRZZ-AFPRZ)/AFPRZZ2#100.0-PAFRZ)3104310,300% PRT
PRT

TOTAL PRESSURE LOSS DUE TO HEAY RELEASE IN THE PRIMARY ZONE PRT
PRT

DENFT(1)=PREFT(1)/STAGT/GASC PRY
UFT(1)=AFPRZ/AFT(NSHCP)/0ENFT(1) PRT
PREFT (2)=PREFT (1) PRT
PLAST=FREFT(2) PRT
0031051=1,NTOTP PRT
DENFT (2 )=PREFT(2)/(TFT1la(53.32+1. 725'FARPRZ°1.49OFARPRIOOZ)) PRT
UFT(Z)BAFPRZ/AFT(NSHCP’/DENFT(Z) PRT
1#(l.+FARPRZ) PRY
PREFT(Z)’PREFT(I)+AFRPRZ/AFT(NSHCP)IBZ.O(UFT(I)-UFT(Z)O(lo#FARPRZ)PRT
1) . PRT
IF(ABS (PREFT(2)=PLAST) LT.PLIMIT)GOTO2106 PRT
PLAST=PREFT(2) PRT
IF(IPRINT.EQ.1)WRITE(691)PREFT(2) PRT
CONTINUE PRY
WRITE(JTAPE,3000) PRY
WRITE(JTAPE,3001) PRY
CONTINUE PRT
PRT

FLOW PARAMETERS AT THE SECONDARY KHOLES PRT
SET FLCW PARAMETERS UP TO THE SECONDARY HOLES TO THE SAME VALUES PRT
PRY

D0 20 I=1,NSHCP PRY
DENFT (1)=DENFT(2) PRT
UFT(1)=UFT(2) PRT
AFFT(1)=AFPRZ#(1.#FARFT(NSHCP)) PRT
TFT(1)=TFT11 PRY
PREFT(I)=PREFT(2) PRT
CONTINUE PRT
TFT2=TFT11 PRT
PRT

PROPORTION JET PARAMETERS ACCORDING TO FLOW SPLIT PRY
PRT

X=AFSY1B/ (AFSYB+AFSYPB) PRY
Y=AFSYIA/ (AFSYIA+AFSYPA) PRT
PRY

SET FLCW-SPLIT INDEX PRT
PRT

IF(K415001+5001,5002 PRT
XFSAsY PRT
XFSB= X PRT
60 TO 5003 PRT

1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
10
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2349
2350
2360
2370
2380
2390
2400
2410
2420’



210

002 XFSAsl.~SHAFST "~ PRY
XFSB=1,-SHAFST : PRT

003 CONTINUE PRY
IZMHINSHCP )=AFSYIA+AFSY1B PRT:
IMJET (NSHCP)=AeY+X#ZMJET (NSHCP) PRY
ZAJMINSHCP )sEaY+X4#ZAJM(NSHCP) ‘ PRY
IMJVJI (NSHCP) =BeY+ZMJIUJ (NSHCP ) oX : ‘ PRY
IF(IPRINT.GE«1)WRITE(691)AFPRZ 9y FARPRZ2STOCoFARL y (FFIZ(K) ¢KalyNSHCPRT

1P) o{NFFIZ(K) yKulyNSHCP) ~ PRY
RETURN : PRY

END PaT

2430
2440
2450
24560
2470
2480
24590
2500
2510
2520
2530
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$IBFTC EQAN LIST

SUBRCUTINE EQUAN €CANgC1O

C ECANOCD 20
C ECANQO 30
L SUBRCUTINE EQUAN ECANOOXO
C EQANOOSQ
c THIS SUBROUTINE SOLVES THE EQUATIONS OF MOMENTUM,CCNTINUITY, ECANOOGO
(o STATE)AND ENTHALPY FOR TrHE ANNULII OF A COMILSTOR. ECANQOTO
C ECANQOSO
c NC SUBROUTINES ARE CALLED BY EQUAN ECANQOSO
C ECANCL00
o CNE SUBRCUTINE CALLS EQUAN ECANOL10
c l« AIRFLO ECANQL 20
(0 ECANOL130
C THIS SUBROUTINE USES CCVMMON BLOCKS wHOSE NAMES CCNTAIN THE NUMBER & EQANCL4C
C viz- 86, 2l6, B&7, B68, B126, B167: B168, B6TB, BLlE18, B12678 ECANC150
C . ECANC1 60
CCMMCN/PL16/CDS(20415)DPHS(20015) o FLCV 4 I H, NABX(45) ECANOLTO
1s0SP{20) yGXIS(2Co15) 1KG 1 KgoFIToFIPHIFIPSI ,FIALFITAL FID.FIENTH €CANOLSBC

2 s SHAFST, FIFTPR, LCMFLLCANILECANOL190

3 oLCANLyLCFTELLCFTL,LCPRYL yBETA)ASWyFF1Z(45),AHCONME,NSCOOP(20) ECANC200

4o LCPTAL yPAFRZ yN*'TU(S0) 9 AF23AL13),AF23B(3)sXAF23A(3) ¢XAF238(3) ECANO210
CCMMCN/B6B/AFANA{GS) JAFANB(4S) AFFT(4S), AFPRZ,C2A(4S5) C28(45) ECANC22C

2 AFSYP,FARFT (45) yDENANA(45), DENANB{45) ECAMNO230
39SAFTRA(45) ySAFTRB(4S5)9QTRA(4S5),QTRBI4S) JREAAN(4S)REBAN(4S) ECANQO240
Lty TWA(4S5) TR (45) ECANQ250
CCFMCN/BLEB/ AANAL4S) AANB(45),CCA(45),CCB(45) FHCR,NLAST EQANO260

1 +XKANHETy LANFETsPERCO,THIKFT ECANO2TO
2+DANA(45),0ANE(45) ECANO280
CCMNMCN/BROT/DENFT(45) EKL1T,EK19,EK2C, EK16 ECANOQ290

1 1CI(5C)GXIA(SO) K, WUJ(50) ECANO3CO
CCMMON/B16T/GASCoGRAVCy GJCULE, IHJ(S0) ¢ XH(S50) yNH EQANO3 10
CCMNCON/BOTB/PREFT(4S ) TREANA(4S)yPREANBI4S) s TFTI4S5 ), TANANA(45) ¢TANECANOI20
1ANB(45) yAFJL(S0), UFT(45) ECANQ330
CCMMCN/BLOTB/NSHCP XCP(45), AFT{45) ,P! £CANQ3I4C

1y NHRH(SO) KJSN (45, 6'!HAU‘50)vCFTA(453'CF7B(4§)QN‘B(QC’ONCCDEQ“Q’ ECANC3SO
2/NCCDEB(45),TZ EQANO360
COMMEIN/RL26TB/JTAPE,, IPRINT ECANO3TO
CCMMON/B126/7AF2, TANLA,TANLIB,PAN1A,PANLSB ET4NO380
1,AFA,AFR ,PREDV,STACT, IBL,STPREFPNTRA, PNTRB;DPN‘N‘QDO'LOS ECANC390
rCPNCN/Bb/PRE‘Nl'PREINZoDENAN],DEN‘NZQTANlngNZo‘lNlollNZ.lF‘Ni' ECANQ400
LAFANZ2 yUANL JUAN2 yZAJM(4S ) o ZIMH(4S5) ¢ Z2CPyK1 oK1l 9 Jo ¥ SHoLUANB(4S) E£CANDG1O
2FARL ¢FARZZSTOCyAFFTLAFFTTLs TFT1oTFT2,HERRATE, ECANOG2C
IIMJUJ(45),ZNMJET(4S5) yCOGX1,0PH], PREFT1,PREFT2, EQAND4IO
4DENFTL0ENFT2,AFTLI AFT2,AFFT2,UFT1,UFT2,FARFT], ECANDO44O
SFARFT2,ENTHAL JLCMFoLCANT yLCANy LCFTESLCFT oKT79K13 K12y ECANO4SO
OAFSYPAJAFSYPR)AFSYIALAFSYIBoLCPRT,,LCPTA ECANO4 60
7:C2(45), UANA{4S ), IMHA( 2) ,GX1A,GX18 ECANCSGTO
8y0PH{S0), WCT(50) ¢ WFFIZ(45),CPAFS,DPBFS,DOPAES »CPBES ECANO4ASBC
94RL(50) ECANDS30
1,4,89Cy€ ECANOSOC
2¢K30,K40,K50,K6C ECANGS]1C
CCPMCN/BZERC/FRICFA(4S ), FRICFB(45),DUM(S51C) EQANDS520
CCMFCN/BUNIK/CUMAE(45) 4 CUMBE(45) . ECANCS530
ECANOS4Q

C FORMAT STATEMENTS ECANOSSO
ECANOS60

15 FORMAT(1HO10F1ll.4) ECANOSTO
3000 FORMAT(1X9//7/7/7/719H s¢% ERROR PESSAGE) EQANOS 80

8765 FGRF " (6HOEQUAN]IOF11.3/7(6X10F11.3)) ECANOS90
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ECANQ €00

SCLUTICN OF ANNULIT EQUATIONS. ECANOS1O

' - ECANC620

AA23=0,0 ECANCH20

' ECANO640

TEST KANHET TO SEE IF HEAT SURPROGRAM HAS BEEN CALLFD ECANO650

IF IT HAS NOT, SEV HEAT PARAMETERS TO EITHER TYPICAL VALUES OI ZERECANGCH60

EQANDG6TO

[F(KANHET.NE.O!GOTC&OO ECANOGBO

TRAN=C«0 ECANO69SC

PERCC=0.0 ECANCTCO

V=3,05TE~348,607E~5*TAN1~2,279E-8*TAN1¢*242,G9C8E~129TANL#s) ECANOT 10

IF(K1.EQ.C)IREAAN(K)=3600.,*DANA(K)*AFANA(K) /V/AANA(K) ECANOT720

IF(KLeECs1)REBAN(K)=3600.%DANB (K )*AFANB (K) /V/AAKBIK) o ECANOT30

C2(K)=0.0 . ECANQT40

TWA(K)=0.0 ECANQTSC
TWB(K)=0,0 ' ECANOT60

QTRA(K)=0.0 ECANO77C

QTRB(K)=20,0 . | EQANO780

AANS-CAANIOAANZ)IZ. ECANCT90

600 CCNTINUE ' €CANOBOO

: ‘ ECANOAL0

TEST INNER QUTER ANNULUS, ECANOB20

ECANCRAO

IF(K1)118,118,119 - ECANOBAD

ECANOBS0

I NNER ANNULUS ECANO860

: ECANCBTO

118 CIR=CCA(K)+CFTA(K) . ECANOB8O

CIRFT=CFTA(K) : 1 ECANCESC

' ECANO9CO

FRICTION FACTCR A - ECANCI10

ECANOS 20

FRICFz2,00354.264%REAAN(K)*#(~,42) ECANCI930

FRICFA(K)=FRICF ECANO9I40

EQANCSS0

TRANSPIRATICN CCOL ING ECANO960

ECANO970

SAFTRA(K)=(PREANA(K)*42-PREFT(K)*#2)*PERCO#3600./3.32/THIKFT/TWA(KECAND98C

% INCLUCE CARCS EQANO991 AND (0S9S »¢ EQANO990

1) /(3,057E-348 ,607€~ S*THA(Kl-2.279E°8‘THA(K)‘*202.9025-12‘THA(K) ECAMNO991

2%%3) ECANO99S

TRAN=SAFTRA(K)*CFTA(K)®(XCP(J)~XCP{K)) . . ECAN1000

GC T0 200 ECANlgl0

, ECAN1020

OUTER AANNULUS . ECAN10C30

~ ECAN1040

119 CIR=CCB(K)+CFTB(K) ECAN1050

CIRFT=CFTE(K) ECANLO6C

‘ EQAN1070

FRICTICN FACTCR : : ECAN1080
, ECAN1090
FRICF=.0035+4.264%REBAN(K)*8(~-.42) EQANLLICO

FRICFB(K)=FRICF . ECAN1110
. ECAN1120 .

TRANSPIRATION CCCLING ECAN1130
¢ ECAN114C -
SAFTRB(K)*(PREANB(K)*‘Z-PREFT(K)**2)‘PERCU‘!bCO.I3.32/THIKF1I!HB(KEOABllSO‘
*% INCLUGE CARDS EQANL161 AND 1165 »+ © ECAN1160

11/(3.057E-348.607E=5*TWBI(K )=~2,279E~8¢THB(K)®%2¢2.900E-128TWE(K)  ECANL161 .
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2%%3) ECANL165
TRAN*SAFT“B(K,‘CFTE(K’*(XCP(J)-XCP(K’, ECANI1T70
6C TC 201 . EQAN1180

200 €O 2021I=1,3 ECAMNL190
ECAN1200

C BLEED AIR FOR INNER ANNULUS ECANL210
_ ECAN1220

[F(XAF23A(T ) eGTXCP(K) cAND XAF2IA(T)LELXCPIJI)*1.E=2)AA23=AA23¢AF2ECANL230
13A(1) ECANL1240

202 CONTIKUE ) ECAN1250
6CTCc203 : " ECAN1260

¢0l CC 204 I=]1,3 EQAN1270
: : ‘ EQAN1 280

C BLEED AIR FCR OUTER ANNULUS ECAN1290
ECAN1300

IF(XAFZ3B(l)cGT.XCP‘K’o‘ND XAF23B(I)eLE«XCP{J)*1.E~3)AA23=AA23¢AF2ECANLIIC

138 (1) ECAN1320

204 CCONTIMNUE , ECAN1 330
203 CCNTINUE l ECAN1340
F=NLAST ' EQAN135C

' ECAN1360

C TEST TCTAL FLCW FROM ANNULUS - ECAN1370
: ECAN]1380

120 IF(AA23+TRAN+ZMH(K)~-AFAN1)124,124,125 . ECAN1390
ECAMN140O0

C [F TOTAL FLCW IS NEGATIVEy SE7 ANNLLUS PARAMETERS AT KEXY ECAN1410
EQAN1420

125 AFAN1=-AF2/F ' ECAN143C
AFAN2=AFAN1 ) ECAN144C
DENAN2=DENAN1 ' EQANL 450
TAN2=TAN1 ECAN1460
UAN2=0. 001 EQAN1470
PREAN2=PRE AN ECAN1480
CCONTINLE % ECAN1 490

GC TC 82 ECAN1S00

‘ ECAN1S10

C TCTAL-PRESSURE LOSS DUE TO SyUCDEN EXPANSION OF ANNULUS AIR AS IV ECAAMNLS2C
C PASSES ACRCSS AIR ENTRY HCLE EQAMNLS530
' ECAN1S40

124 DPE=0,. ECAN1550
IF(K1.EC.OANC NCOLEA(K) EQ.1)GOTO1242 EQAN1560
IF(Kl.EC.1. ANC.NCOCEB(K)EQ.1)COTO1242 EQANLSTO
AA1=UANL/SCRT(1.4*TAN1*GASC*CRAVC) ‘ ECAN1S80
[F(AAL1.GTeeB85)A212.85 ECAN1590
DPEXP: 1853 (2ZMH{K)/AFANL/1.,3€)%%(1./(.54.2420AA1%%2,22)) ECAN16CO
IF(DPEXP.GT,1.2)DPEXP=1.2 ECAN1610
DPE=DCNANL*UANL#%2/2 ./GRAVC*OPCXP * . ECAN1620
DPEXQ=CFE~DENANL1#UAN1#%2/2./GRAV(C*(1le=(1.~ZMHIK)/AFAN])®%2) ECAN1630
IF(IPRINT.NE.1)GOTO8755 EQAN1640
WRITE(6,8765)PREAN1,AAL,DPEXP,DPAE,DPEXQ ECAN1650

8755 CCNTINUE ) : ’ ECANLGON
C L4 ECAN1670
C CALCULATE GAS PRCPERTIES DOWN-STREAM OF THE EXPANSION EQAN1680
c ECANLG90
ZICP%20.2121¢5.06E-5*TAN1=12.1E~-98TAN1$8242,.1E~12%TAK]0¢] ECAN1700
AFI=AFAN1-ZVFH(K) ECAN1710
0Q=253,.3%1.,4/0.4%GRAVC ' ECAN1T2C
TNRT=TAN14UAN1%22/2,/DQ EQAN1T30
PNRT'PRE‘NI*(TN“T/TANI)“‘10410 4) ECANLTAO -

PNRT=PNRT-DPE ecauxvsog
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ASTAR=AFZ*SCRT(DQ*TINRT#044 )*1.2%83/PNRT/GRAVC /1.4 ~ ECAN1T60
AAS=AAN1/ASTAR | ECAN1TT0
CALL GASTBL(AAS TTCyPPOsMNZ 1y IBLy MNXoMNV) ECAN1780
PREAN1=PPO*PNRT ECAN1790
TANL=TTC*TNRT A EQAN1BCC
DENAN1=PREAN1/GASC/TAN1L ECAN1S1D
UAN1=AFZ/0ENANLZAMN] ECAN1820
1242 IF(K1.NE.O)GOTOL1243 EQAN1830
CFAE=DPE/ 144, ‘ ECAN1B40
OUMAE (K)=DPAES EQAN1 8BS0
CPAES=CPAES+DPAE : ECAN1 860
GCTC1245 EQAN1870
1243 DPBE=DPE/1l44. ECAMN1B 80 .
UUMBF (K)=DPRES ' . ECAM1B9C
DPBES=DPBES+DPBE _ ‘ ECAN1900
ECAN191C
CALCULATION OF CONSTANTS FOR ANNULUS EQUATIQNS. ECANL192C
ECAN1930
1245 AFAN2=AFAN1-ZMH(K)-TRAN=AA23 ECAN1940
EK2=AFAN2 , ECAN195C
ARC=AAN2/ ABAN] ECANIS60
11CP=04212145.06E-S*TAN1=13.1E-95TAN1I#22¢2,1E=122TAN1223 EQAMN197C
EK3=(TANL#Z2CP*GRAVC*GJCULE+0.5SUANL*%2) 2EK2 ECAN198C .
1+4C2(K)*CIRFT#GRAVC*GJOULE* (XCP(J)=-XCP(K)) ECAN1990
AAN4=2.%AAN2/ (ARG+1.) EQAN2COO
EK1=PREAN]1*GRAVC*AANG ¢UANI®EK2 ~ EQAMN2010
EK4=PREAN1/(DENAN1*TAN1)*GRAVC ECAN2C20
Dl=(FRICF*O‘S‘CIR*DEN‘NI‘(XC?(J)-XCP(K)l' GRAVCOGJOQULES2ZICP) 7(ECAN2030
LEK2%*EK4*1,  JFANL##2%(ARQ+1.)/2. EQAN2040
C2=.5-2ZCP*GRAVC*GJOULE JEK4*(ARQ+1.)/ 2. : " ECAN2050
D3=22CP*GRAVC*GJOULE®* EXK1/¢ EK2¢EX4)S(ARQe1.)/2.,-0] ECAN2060
D4 =EK3/EK2 : EQAN2070
ECAN208C
ANNULUS VELCCITY AT NEXT CALCULATIONGPOINT : ECAN2090
ECAN2100
IF((D3%%2+44,%02%D4)LT.0.)UAN2=UAN] . ECAN2110
IF{(D3%4244,%02%C4).GELO,) ECAN212C
1UAN2=(~D34SQRT(C3%%2+4 ,2D24D4)) /(2.202) ECAN2130
ECAN21 40
CALCULATE PRESSUREZCERSITY oTEVMPERATURE ANLC AIRFLOW. ECAN215¢C
. ECAN216C
123 PREAN2=(EK1-UAN2%EK2~FRICF*,5*CIR*CENANL*(XCP{J)=NCP(K))SUANL®92) /ECAN21T70
1GRAVC/ AANG ECAN2180
DENAN2=AFAN2/ (AANZSUAN2) - ECAN219C
TAN2=PREAN29GRAVC/ (DENAN2$EK4 ) ‘ ECAN2200
IF(IPRINT.EC.1) : ECAN2210
1WRITE(648765)UANL,PREANLyDENANL o AANL o AAN2,AFAN] ¢ZMH(K)oTRAN, ECAN2220
1AA23 g TANLoFRICF,CIRyZZCPC2{K)9yEK1)EK2+EXK4D]19D29D3404 ECAN2230
2 »UAN2,PREAN2 , AFAN2, DENAN2, TAN2 C EQAN224C
CUMBE(K+1)=CPRES ECAN2250
IF(K1.EC.1) GC TO 3654 ECQAN2260
DUMAE(K+1)=DPAES : , , ECAN22T0
. ECAN2280
CALCULATION OF ANNULUS PARAMETERS AT CALCULATION POINTS HAVING NO EQAN2290
HOLES ECAN2300 -
. ECAN2310
3654 IF{K-NSHCP.GT.0)GCTC501 EQAN232C
N=K+1 ECAN2330 .
DCSO021I=N;J EQAN2340

X12(XCP(I)=XCP(K))/(XCP(J)=-XCP{K)) N ECAN2350 -
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IF{K1.EQ.1)6070503
PREANA(I )= X1% (PREAN2-PREAN])+PREAN1
UANA (T )=X1#% (UAN2-UAN1)+UANL
TANANA(I)=X]1 #(TAN2-TAN1)+TAN1
DENANA(T)=X1#% (CENAN2-DENAN1)+CENAN1
AFANA{T)sAFANA(K)

*# INCLUDE CARDS EQAN2421 AND 2425 %%
OUMAE( 1)=DPAES :
REAAN(I)=REAAN(K)
GCTCS502

503 PREANEB(I)sX1&(PREANZ-PREANL)4PREANT

UANB(I)=X18(UAN2-UANL) ¢UAN]

TANANB (1) X1 @ (TAN2-TANL ) ¢T ANL

CENANB(1)sX1®(DENANZ=DENAN] ) +OENANI

AFANB(I)sAFANB(K) :
#¢ INCLUCE ECAN2491 AND 2495 #»

OUMBE(I)=DPBES
REBAN (1)=REBANIK)
502 CCNTINUE
501 CCNTINUE
IF(K=NSHCP)300,301,301
300 COCNTINUE
FCRM PRIMARY ZONE AIR FLOW
AFPRZ=AFPRZ+ZVMH(K)
301 CCONTIMUE '
*#3 INCLUCE CARDS EQANZSS1y 2593, AND 2597 s
82 CCNTINUE

REAAN(NLAST )=REAAN(K)
REBAN(NLAST)=REEAN(K)
RETURN

END

YOUR CARD TCTAL IS --- 274

ECAN236(
ECAN23%(
ECAN238¢(
ECAN239(
ECAN240L
ECAN24 I(
ECAN242(
ECAN242]
EQAN24 2
ECAN243
ECAN244(
ECAN245(
EQAN24 6
ECAN24T
ECAN24 81
ECAN249
ECAN249
ECAN249
EQAN250
ECAN251:
EQAN252
ECAN2S3
EQAN254
ECAN255
EQAN256
ECAN25T
EQAN258
ECAN259
EQAN259
FQAN259
ECAN259
ECAN260
ECAN261
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SUBRCUTINE EQUFT
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THIS SUBROUTINE USES CCMMCN BLOCKS WHOSE NAMES CONTAIN THE NUMBER 6
viz- 86, Bl6, B67, B6B, Bl26, B167, B16E, B6TB, B1678, B12678

3000
%000

THIS SUBROUTINE SOLVES THE EQUATIONS OF MGMENTUM,CCNTINUITY,
STATE9AND ENTHALPY FOR A COMBUSTOR FLAME TLBE.

LIST

SUBRCUTINE

ECUFT.

TWC SUBRCUTINES ARE CALLED BY ECUFT.
le JETMIX = FOR JET PARAMETERS

2. HEATAD =~ FCR ENTHALPY ADDEC TO FLAME

TUBE AIR BY BURNING FLEL.

ONE SUBRCUTINE CALLS EQUFT

l.

AIRFLO

CCMMON/EL6/CDS(20415)90PHS(20915)9 FLCV oI H,y

2 ¢ SHAFST,

2.AFSYP,FARFT(45),CENANA(4S )y CENANB(45)

3,SAFTRA(45),SAFTRB(45)y QTRA(45)yQTRB(45),REAAN(4S) ¢REBAN(4S)

49TWA[45)9TWB(45)

CCMNCN/BL6B/AANA(4S) ¢AANB(4S)9CCAL45),CCBIAS) FHCRyNLAST

Ly KANHET JLANFET 4PERCCy THIKFT

2,DANA{45)4CANB(45)
CCMMON/BoT/LENFT(45)0EK1T, EK19,EK2C,

1

CCMMCN/BL6T/GASCoGRAVCy GJOULE, IHJ(50) ¢ XHI50) yNH

1C(50) 4GXIA(S0)sKsWUJ(50)

NABX(45)
LoASP(20) yGXTIS(20915)9K& 9 K6 oFIT FIPHI JFIPSI FIA(FITAU,FID,FIENTH
FIFTPR,

EX16

ECFTCC1C

eCFT0020

ECFT003C
ECFT0C4C
ECFT0050
ECFT0060
ECFT0070
EQFT0CBC
ECFTCO90
EQFT0100
EQFTOL10
ECFT012C
ECFTQ130
EQFT0140
ECFTOL15C
ECFT0160
ECFTO17C
ECFT0180
ECFT0190
ECFTN200

LCMFLLCANILECFT0210
34LCANL,LCFTEL 4LCFTL,LCPRTL ,BETA,ASW, FF1Z(45) JAHCOME ,NSCOCP (20)
44LCPTAL,PAFRZ NFTU(50),AF22A(3),AF23B(3),XAF22A(3),XAF238(3)

CCNMCN/B68/AFANA(45) s AFANB(45), AFFT(45)AFPRZ,C2A(45) ,C2B (45)

ECFT0220
ECFT0230
ECFT0240
EQFT0250C
ECFT0260
ECFT0270
ECFY0280
ECFTC290
ECFT0300
ECFTQ310
ECFT032¢C
ECFTC330

CCMMON/BOTB/PREFT(45),PREANA(45)PREANBI45)y TFT(45) oTANANA (45) , TANECFT0340
1ANB(45)4AFJ1(S0)oUFT(45)
CCMMCN/BLOTB/NSHCP ¢ XCP(45) 4 AFT(45),P1

1yNHH{50) sKJISN(45,6) ,HAU{S0),CFTA{4S) ,CFTB(45),NAB(5C) ,NCCDEA(45)

2, NCCDEB(45),T2
CCMMON/B126T8/JTAPEy IPRINT
CCMNCN/B126/AF2 4TANIAZTANIB,PANLA,PAN]1B

LyAFA,AFBPREDN, STAGT, IBL ,STPREF,PNTRA,PNTRB,yDPHSNT,CONMLOS
CCMMON/B6/PREAN], PREAN2 » DENAN] ,DENAN2, TAN1,TAN2 JAAN1y AAN2¢AFAN] ¢
1AFAN2 yUANL yUAN2,ZAJM(45 )9 ZME(AS) 9 ZZCP oK1 9K1L 9 J9o KSHoLANB(45) o

2FARLyFAR9ZSTOC s AFFT14AFFTT1,TFT1y TFT2,HRRATE,
3ZMJIUI(45) ¢ZPJET145) o CCyGX140PH],y

4CENFT1 ,DENFT 2,AFT ). yAFT2, AFFT2,UFT1,,UFT2,FARFT1,
SFARFT2 yENTHAL ,LCWFy LCANT oL CANGLCFTESLCFToKT79K139K12y

O6AF SYPASAFSYPBoAFSYIA9AFSYIByLCPRTLLCPTA

1,C2(45), UANA (45,
8,0PH(50) yMCC(50) yWFFIZ(45),0PAFS,DPBFS,DPAES,DOPBES
9,RC(50)
1,A484D4E
2¢K30,K40,K504 K60
FORMAT(6H EQUFT ,9E12.3/7(6X,9E12.3))
FORMAT (1HOSF12.3)
FORMAT(1HO110,2F12.3)

FCRMAT(LX4////7/19H %%
FORMAT(38H TEMPERATURE IN *EQUFT* LESS THAN 2ERQ)

ERROR MESSAGE)

PREFTL,PREFT2,

IMHAL2)¢GX1A,6X1B

ECFT0350
ECFTO0360
EQFT10370
EQFT038C
ECFT0390
ECFT0400
ECFT0410
EQF 10420
ECFT0430
ECFT0440
EQFT0450
EQFT0460
EQFT0470
ECFT0480
EQFT045C
€ CF T105C0
EQFT0510
ECFT0520
ECFT0530
ECFT0540
EQFT0550
ECFT0560
ECFT0570
ECFT0580
ECFT0590
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SET ITERATION LCOP COUNTER TO ZEROD

LCFTE=Q
K8=0

K7 =0
£10=0.
D71=0.0

SETTING OF FLAME TUBE EQUATION VARIABLES.

AFTL=AFT(K)
AFT2=AFT(K+l)
PREFT1=PREFT(K)
UFTL=UFTI(K)
UFT2=UFT1
DENFT1=CENFT(K)
TFT1=TFT(K)
TFT12=TFT1
AFFT1=AFFT(K)
AFFTT1=AFFT1
ENTHAL=1.0

UPDATE JET PARAMETERS FROM JETMIX

EK16C=EK16

EK17C=EK17

EK19C=EK19

EK200=EK20
IF(NSHCP.EQ.K)GO TC 1
IMJET(K)=A+ZMJET(K)
IMJUJ(K)=B+ZMIUJ(K)
IMH(K)=C+ZME(K)
ZAJM(K)=E+ZAJNM(K)
CCNTINUE

CALCULATE UNBURNT-FUEL TO GAS RATIC

FARL=FARL+(FIZ{K+1)/AFFT]
IF(IPRINT .NE. 1)GOTQET57?

WRITE(692)FARFTIK)Y 9ZAJMIK) oZMH{K) 9 ZMJUJIK) »ZMJIET(K)JEK16EKLT
WRITE(692)AFT14PREFT1 UFT1,DENFT1yTFT1,AFFTL,EK]S

CONTINUE

CALL SUBRCUTINE JETMIX TO OBTAIN EK16,EK17,EX19,AND EK20
JTF(K304K40+K50+K60.EQ.O)CALLJETMIX
SPECIFIC HEAT AT CONSTANT PRESSURE ~FUNCTION OF FUEL-AIR RATIC

F1=FARFT(K)

evcvoccec®0crcrcccsPocvecocos®ooccccccn?

EQFT0600C
ECFT1C610
EQFT0620
ECF10630
ECFT0440
EQFTC650
ECFT0660
ECFTO670
ECFT0680
ECFT0690
EQFT 0700
ECFTO710
ECFT0720
ECFTO730
ECFT0740
ECFTO750
ECFT0760
EQFTCT70
ECFT0780
ECFTO0790
ECFT0800
ECFT0310

- ECFT0820

EQFT0830
ECFT0840
ECFT0850
EQFT0860
ECFT0870
ECFT0880
ECFT0890
ECFT0900
ECFTO910
ECFT0920
ECFT0930
ECF 10940
ECFT0950
ECFT0960
ECFT0970C .
ECF 76980
ECFTC990
ECFT1000
EQFT1010
EQFT1C20
ECFT1030
ECFT1040
ECFT1050
ECFT1C60
EQFT1070
ECFT1080
ECFT1090
ECFT1100

22CP3 (226194 1038F1 ) +(=oB8181422.6%F1)%1.E-5¢TFT(K)*{17.91-29.6¢F1)ECFTILIO

121 E=92TFT(K) 3224 (=2,T7434,35%F1 ) %] E~120TFT(K)%93
DETERMINATION OF EQUATION CONSTANTS.

EK15= PREFTISGRAVCS{AFT2-AFT1)#0.5
CKLOSPREFTLaGRAVCOAFTI+AFFTLOUFTI+ZAJMIK)+EK]1 60

EK10=EK10-EK16+EK ]S
EK14s (AFT2-AFT1)30.5

EQFT1120
ECFT1130
ECFT1140
ECFT1150
EQFT1160
ECFT1170.
EQFTL180
EQFT1190;
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EKL1®CENFTISUFTLIS(AFTI=EKLTO)4EKLI904IMH(K I *{ SAFTRA(K)SCFTA(K) *SAFTECFT1200

e X aNal

[aNaXy

[m]

LRB(K)SCFTB(K) )®(XCP(J)=RCPIK D)
EX11=FEK11~-EK19
AFETTLISEXLI4FARLSARPT]

CALCULATE FUEL=-AIR RATIO AT STATION (K+1)

FGR2=(FARFT(K)/(FARFT(K )+ 1.)¢FARL) SAFFT1/AFFTTL
FARFT2sFGR2/(1.-FGR2) :
1F(FARFT2,GT.ZSTOC) GO TO 2001

FARR=(Q, .
GO 10 20

2001 28=2STCC/(ZSTCC+1.)

FARR=AFFTT1#(FGR2-18)
AFFTTI=AFFTT1=-FARR
FARFT2=ZSTCC
FARL=FARL-FARR/AFFT1
IF(FARL.LE.O.) FARL=0,

SET LCCP FCR ITERATION ON FLAME TUBE PARANMETERS

20 DC 10 1=1,200
205 CCNTINUE

CALL SUBRCUTINE HEATAC 7O OBTAIN HEAT RELEASE RATE

51 CALL HEATAD
FARFTL=FARFT(K)

ECFT121C]
ECFY1220.
ECFT11230
ECFT1240-
EQFT1250
ECFT1260
ECFT1270-
ECFT128C

- ECFT129C-

ECFT13CO_
ECFT1310
ECFT1320.
ECFT133C
ECFT1340
EQFT135C_
ECFT1360
ECFTL37C.
ECFT1380.
ECFT1390°
ECFT1400
ECFT141C
ECFT1420-
ECFT14130
ECFT1440
ECFT1450
ECFT1460
ECFT1470

203 EX12=AFFTI*(((,24]194.103%F1)8TFT14(- 8181422, E4F1)¢1.E-S5¢TFT1982/2ECFT1480

1e4({17e91-29.63F1)#1.E-9*TFT1#83/3,4(=2.7434.35*F1)21.E~128TFT1%24/ECFT1490
264.-102.42-T0.15*F 1) *GRAVCHGJOULE+UFT1#%#2/2.) +EK200-EXK20+ZMJIET(K) +HEQFT1S0C

3RRATE*GJOULESGRAVC+(QTRA(K )*(XCP (J)=-XCP(K
4) ) #CFTA(K)+CTRBIK)I*(XCP(J)-XCP(K) )*CFTB(K))*GRAVC*GJOULE
IF(KT7)15391539162

153 EK13=PREFTL/Z(TFT 1*CENFT1)#GRAVC

162 F2=FARFT2

EQFT1510
ECFT1520
EQFT1530
EQFT154C
ECFT1550 .

ENTHALT(( <24194,103¢F2)8TFT24(~.08181422.6%F2)%] E~5%TFT2%%2/2.¢(1ECFT1560
17.91-29.6%F2) %] E-G8TFT28%3/3,4(=2.T7424.359%F2)% ] E~12¢TFT12%24/4,-1ECFT1570

202.42-70,15%F2)/22CP/(TFT2~459.4)

DETERMINE FLAME TUBE TEMPERATURE

154 TFT22459. 4+ (EK12/AFFTT1=UF 12992/ 2, )/ {Z1C PPENTHAL $GRAVCOGJOULE )

IF(IPRINT.GE. 1)WRITE(6y2)EKLZy ENTHAL TFT2, AFFTL4FLly TFT14UF T,
1 EK200,EK2C o ZMIETIK) JHRRATE ,QTRA(K) s QTRBIK ) oF24EK11422CP T2

IF TEMPERATURE IS NEGATIVE STOP ITERATION

1F(TFT2.LE«0.C)GO TO 60

D6=D7

#% INCLUDE CARDS EQFT1701 AND 1705 »s

IF(TFT2.G7.5000.)TFT12=5000.
IS IT THE FIRST TIME THROUGH THE ITERATION CYCLE

IF(KT.EC.1)GD TC 11
K7=]

FORM NEW TEMPERATURE

ECFT1S580"
ECFT1590
ECFT1600 .
ECFT1elC
ECFT1620
ECFT1630
ECFT164C
ECFT1650 .
ECFT1660
ECFT1670"
ECFT1680
ECFT1690°
ECFT1700.
ECFT1701
ECFT1705 -
ECFT1710
EQFT172¢C
EQFT1730:
ECFT1740
ECFT17S0 -
ECFT1760 "
EQFT1T770
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TFT224*TFT24.69TFT1 ECFT1780
D7=TFT2 ECFT1790

GC To 10 ECFT1800

11 CONTINUE EQFT1810
TFT22 4S54T FT24.55206 ECFT1820
D7=TFT2 ECFT1830
EQFT1840

c TEST CHANGE IN TEMPERATURE AGAINST SPECIFIED LIMIT ECFT1850
X ‘ ECFT1860
IF(ARS(C7-D6)~FIENTH)1554155,10 ECFT1870

155 X=EK13*TFT2¢( AFT2-EK14) ECFT1880
Y=EK11%%2/ (AFT2-EK17) ECFT1890
IF{4.#X2Y.GE.EK10#92)GOTO1555 €CFT1900
CENFT2=(EK10 +SQRT (EK10%%2=4 ., #X2Y ) ) /( 2.%X) EQFT1910
GCTC1556 EQFT1$2¢

1555 DENFT2=EK10/2.7/X EQFT1930
1556 CCNTINUE EQFT1940
: ECFT1950

< FLAME TUBE PRESSURE VELOCITY AND AIR.MASS FLOW RATE EQFT1960
: EQFT1970

PREFT2=EK13*@ENFT2#TFT2/GrAVC ECFT1980
UFT2=AFFTT1/ (DENFT2* (AFT 2-EK17)) ECFT1990
AFFT2=AFFTT1 ECFT12000
09=010 ECFT2010
IF(K8.EQ.1)G0 TO 12 €QFT2020

Kesl ECFT2030
D11=TFT2 ECFT2040
D10=UFT2 ECFT2C50

GC TC 10 €QFT2C60

12 CONTINUE ECFT20 70
D12=D11 ECFT2080
D10=UFT2 ECF 12090
DI!1=TFT2 ECFT2100

4 ECFT2110

-C IS THE CHANGE IN VELOCITY LESS THAN ONE PERCENT OF PREVIOUS VELOCIECFT2120
EQFT2130

IF(ABS(D9-010) e LE.UFT2*FIPHI cANDoABS(D11-012)LE.FIENTHIGCTC1%6 ECFT2140

10 IF(IPRINTGE.LINRITE(692)AFFTTL AFFT1,FAR,FARLoAFRoHRRATE FARFT2, ECFT2150
1EKLL,EK124ENTHAL ¢ TFT1,TFT2 ECFT2160

GC TC 156 EQFT2170

60 WRITE(JTAPE,3000) ECFT2180
WRITE (JTAPE 4000) ECFT2190
TFT2=100. _ EQF 12200

. ECFT2210

c STORE FLAME TUBE PARAMETERS EQFT2220
ECFT2230

156 UFT(K+1)=UFT2 ECFT2240
PREFT (K+1)=PREFT2 EQFT2250

DENFT (K+1) =DENFT2 ECFT2260
TET(K+1)=TFY2 EQFT2270
AFFT(K+1)=AFFT2 ECFT2280
FARFT(K+1)=FARFT2 ECFT2290

C ECFT2300
¢ SET UNBURNT=FUEL TO GAS RATIO EQFT2310
C ECFT2320
FARL=FARR/AFFTTL ECFT2330
RETURN . EQF 12340

END EQF 12350
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IBFTC HTAD LIST

SUBROUTINE HEATAD HTADOO10
HTADOO2O0

. HTADOOQ30

SUBROUTINE HEATAD HTADOC4O

HTADOOS50

THIS SUBROUTINE CALCULATES THE HEAT PRODUCED 8Y HTADOO060

THE BURNING OF FUEL IN THE COMBUSTOR FLAME TUBE. HTADOOTO

: HTADOCBO

NO SUBROUTINE IS CALLED BY HEATAD HTADOCO90

| HTAC0100

ONE SUBROUTINE CALLS HEATAD HTADOl1l0

le EQUFT HTADO120

HTADO130

) HTADO140
THIS SUBRCUTINE USES COMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 6 HTADO1S50
viZz- R&, Blé, B6/s, B6S8, B126, B16T7, B1&B, B6TE, B1678, B12678 HTADO160

. HTADO170

COMMON/B16/CDS (20415)9DPHS(20415),FLCV, IH, NABX(45) HTADO180
1,NSP(20),CXIS(20915) yK&sK64FIToFIPHIZFIPSIo FIAJFITAU,FID,FIENTH HTADO190
24SHAFST, FIFTPR, ~ LCMFL,LCANILHTADO200C
3 3LCANLyLCFTELoLCFTLoLCPRTLyBETAyASW,FFIZ(45),AHDOME,NSCOOP(20) HTADO210
4 oLCPTAL,PAFRZyNHTU(S50),AF23A(3),AF23B(3),XAF23A(3)XAF238(3) HTADO220
COMMON/BO6B/AFANA(45) , AFANB(4S)yAFFT(45),AFPRZ,C2A(45),C2B(4S5) HTADG230
2 yAFSYPyFARFT(45) yDENANA{4S), DENANB(45) HTADO240
39SAFTRA(45) 3 SAFTRB(45),QTRA(45)+QTRB(45),REAAN(45),REBAN(4AS) HTADO250
4 +THAL4A4S5),THB(45) HTADO260
COMMON/83168/AANA(45) yAANB(45)9CCA(45),CCB(45) ¢ FHCRyNLAST HTADO270
1 KANHET yLANHET oPERCO, THIKFT HTADO280
2+DANA(45) yDANB(45) HTADO299
COMMON/B6T/DENFT(45) ,EK1T,EK19,EKZ0, EK1é6 HTADO30QU
1 sC(50),GXIA(50),KsWUJ(50) HYADO310
COMMON/B167/GASCeGRAVCyGJOULEs IHJ(50) 3 XH(S0) o NH HTADO320
COMMON/B6TB8/PREFT(45) yPREANA(4S5),PREANB(4S5) o TFT(45), TANANA(45) s TANHTADO330
LANB(45) 3AFJ1{50) 4UFT{45) HTADO340
COMMON/BL6TB/NSHCP XCP{45),AFT(45),P1 HTADO350
1 yNHHIS50) s KISN(4546) yHAULS50)yCFTA(45),CFTB(45),NAB(50) yNCODEA(45) HTADC360
2 ¢NCODEB(45),T2 HTADO370
COMMON/B126787JTAPE, IPRINT HTADO38C
COMMON/B126/7AF2:, TAN1A,TAN1B,PAN1A,PANI1B HTADO390
1 sAFAy AFByPREDM,STAGT , IBLySTPREF, PNTRA,PNTRB yDPHSNT ,DOMLOS HTADO40O
CCMMON/B6/PREANL ¢ PREAN2yDENAN1,DENAN2, TAN1y TAN2yAAN1yAAN2,AFANly HTADO410
LAFAN2 y UAN1 JUAN2, ZAJM(45) yZMH(45) 9y ZZCP4yK19K11yJ9KSHeUANB(45), HTADO420
2FARL ¢ FARyZSTOC sAFFTYAFFTT1,TFT1,TFT2,HRRATE, _ HTADO430C
3ZMJIUJI(45) yIMJIET(45),CDyGX 14 OPH1, ' PREFT1.PREFT2y HTADO44O
4DENFT1,DENFT2,AFTL1 9 AFT24AFFT2,UFT1,UFT2,FARFT1, HTADO4S50
SFARFT2,ENTHALy LCMFoLCANIsLCANyLCFTE LCFToKT4K13,K12, HTADO460
OAFSYPAZAFSYPBy AFSYIAZAFSYIB,LCPRT,LCPTA HTADO4T0
T7+C2(45), UANA(45), IMHA(2),GX1A9GX1B HTADO48BC
890PH¢50)9HCD(50)'HFFXZ(45’vDPAF$oDPBFS.DPAES,DPBES HTADO490
9,RC(50) HTADOSO0
19A4B90,E HTADOS510
219K309K40,K504K60 - HTADOS20
HTADOS530

CALCULATIUN OF FLAME TUBE HEAY ADDITION HTADOS540
: HTADOS550

HTADO560

CALCULATE MAS3 OF FUEL BURNT BETHEEN CALCULATION POINTS K AND K¢l HTADO570

FARZ=FARL

"HTADOS80

HTADOS590
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IF(FARFT2.LE.ZSTOC) GO TO 200 HTANOGLOO
FAL=F ARFT2-ZSTOC HTADOG61O
FGL=FAL/ (L +FARFT2) HTAR0620
FARZ=FARL=-FGL*AFFTTL/AFFT1 HTAD0630
IF(FARZ.LE«0.) FARZ=0. HTADO640

200 CONTINUE HTADO650
MRRATESFLCVEPARZ*ARET Lo (Jo0% 1 0 26 )10 (TRTLNOT $0ARRT /(Lo *FARET(K)IMTADOGG6O
1-TPT2%¢ 7. 5%AFFTT1/(1.+FARFT2)) HTADOG6TO
WFFIZ(K)=FARZ*.AFFTL1/(XCP(K+1)=XCP(K)) HTADO0680

RE TURN HTAC0690

END HTADO700
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IBFTL JETM LIST

JETM0010

: JET¥0020

SUBRCUTINE JETMIX : JET¥0030
JETN0OAC

JET 0050

SUBROUTINE JETMIX JETM0060

JETNO0070

THIS SUBROUT INE CALCULATES RESIOUAL JET PARAMETERS JETMQCBO
THE METHOD CF CALCULATION IS GOVERNED 8Y THE VALUE OF THE JETF0090
VARIABLE - NEF * JETNO100
NEF=l MASS LOSS JETNOL10

NEF=2 EQUIVALENT ENTRAINMENT ~ JETNMOL20

NEF=3 PROFILE SUBSTITUTION JETY0130

NEF=4 INSTANTANEOUS MIXING JETNO140

| - JETMOL50

JETNM0160

THIS SUBROUTINE USES CCMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 7  JETNFO170
viz- B17, B67, B167, B178, B6T8, Bl678, B12678 JETMO180
JETMO19G

CCMMON/BZERO/ A(43C),EFCLI40),TJETA(40)4UJCL(50)4UJETA(40) JETFO200
CCMMON/B1T/ XHU(50) OXKU(5C)oEFCL2)y,  NEF,STEP,JKSN(S0) NSH JETFO210
CCMMCN/B&T/DENFT(45), EK17, EK 1946420, EX1é¢ JET¥0220

1 C(50)sGXIA(50) 4K yWUJI(50) . JETNO230
CCMMCN/BL167/GASCy GRAVC  GJOULEs IHJ(5C) »XNi50) 9 NH JETNMO240
CCMMON/B178/DFT (45) . JET0250
CCMMON/ 8678/ PREFT (45)y PREANA(4S) JPREANBIAS) o TET4S) o TANANA (43) s TANJETFO0260
1ANB(45)yAFJ1(50) yUFT (45) JETFO270
CCMMON/RLGTB/NSHCPy XCP14S5) s AFT (45),P1 JETVF0280
LyNHH(50) yKJSN(45,6) ¢HAU(S50)9CFTA(43) ,CFTB(45),NAB(30),NCODEA(45) JETMO0290

2 \NCCDEB(45),T2 JETFO300
CCFVCN/B12678/JTAPE o IPRINT : JETNMO310
CCPMCN/B5867/ XFSAXFSB JETFO320

. JET¥0330
. OIMENSICN STATEMENTS : JETFO340
. JETNFO350

CIMENSICN NDIS(S50) . JETFO360

: | JETNO3T0
. FORMAT STATEMENT ~ JETMO380
JETPQ390

1 FCRMAT(1X//////18H #%¢ EPROR MESSAGE) JETFO40O
? FCRMAT(TH JETFIX3IT, 9F10.3) | JETFO410
10 FCRPAT(1Y /120H J  NDIS{J) X117 EX19 EK16 JET¥0420
1 Enz0 AJET FLUXH FLUXN DENSJ s JETMO430

2 UJ/2(5Xy15)410(E10.3)/ 4OH DJ  LJCLLY) EFCL2 ETJETNO44C
3AH/4(E10.3)) JETFO4SO
11 FORMAT(5X,15,3(E10e3)95XeI1594(E10.3)45Xo(5) JETMO460
12 FCRMAT(5X91592(E1043)95X¢15¢5(EL0,3)) JETNO4TO
13 FCRMATI1X/ SOM IX S X UJCL (J) EFCLI/JETMO4 8O
15X, 1544 (E10.3)) | JETP0490
14 FORMAT(1X/ 30H 1X Y S/5%¢15+2(E10.3)) JETMOS00
21 FORMAT(1X / 90M 32 ETA AJET EFCLIJ2) J3 JETMOS10
1 TJET FLUXU FLUXH FLUXMy10H K2) JETMOS20
22 FORMAT(1X/ 90H Je2 AJET EFCL{J2) J3 TJETA(J2) JETNFOS3IO
1 FLUXU FLUXK FLUXN ETA) JETVOSAC
23 FCRMAT (26H SUBROUTINE JETMIX ENTERED) JETM0550
24 FORMAT(25H SUBRCUTINE JETMIX EXITEC) JETF0560
91 FCRMAT(41H WHEN SUBROUT INE JETNIX WAS CALLED, K MASI3,20M, LESS THJETHOSTO
1AN NSHCP+l1,) JETP0580

92 FORMAT(21H PECULIAR JET PROCFILE/11K IN JET NO-13910H,EFCL (40)mr6.3JETNO590
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1) JET¥0600
98 FCRMAT(S2H NEGATIVE QUANTITY IN EXPRESSION FOR JET PENETAATIONGF11JETHO0610
1.3) JETNO620
99 FCRMAT(26H THE JET FKOM HOLE ROW NGC.I4¢36H 1S SPREADING TOO FAR. 1JF7¥0630
INCREASE EFC.) - JETVO640
C JETMO6SO0
c T0 OBTAIN PRINTCUT OF INTERMEDIATE RESULTS IN THIS SUBROUTINE JETMO 660
c SET IPRINT = 2 , JETVO0670
c . JETNO680
1PRINT=[PRINT~] JETM0690
IF (IPRINT. EC.1) WRITE6422) : JETFOT00
DO 601 J=1,NH : JETMOTIC
601 AFS1(J)=AFJLLJI/FLOATINHHIS)) JETMO720
EK1620. / JETNOT30
EK1720.0 JETMOTAQ
EK1920.0 : JETNOT50
EK2020.0 | JETFOT60
1F(NEF.EC.4) GO TO 900 JETFOTT0
JS=KJSNINSHCP 1) JETMOT80
IF(K=NSHCP 11914124150 _ JETMO790
“C | JETFOBOO
C SET BACK NDIS(J), THE INDICATOR THAT SHOWS WHICH JETS HAVE DISAPPEAREDJETF08 10
c JETNOB20
. 124 NHCLAS=0 JETNOB3O0
D0149J=JSs NH JETMOB4O
149 NOIS(J)=0 JETPCSS0
150 Kl=K JETMOB60
NHC= MAXO(KJSN(Ko1)oKJISN(K 9209 KISN(Ky3) oKISN (Ko 4 ) gKISNIK 451 ¢ KISN(KJETHOBTO
1+6) 4NHCLAS) JETPOBBO
NHC LAS=NHC JETP0890
XHOUM=XCP (K+1) « ~ JETM0900
D01031J=4S yNHC JETMO910
IFINCIS(J) .EQ.1.0R.NAB(J),LT,.1) GO TO 1031 JETNO920
K=JKSN{J) JETF0930
1F(NAB(J)<EC.1)COTO109 JETHM0940
TAN=TANANB (K) ~ . JETMQ950
DENSJ=PREANE(K)/(GASCsTAN) _ JETMO0960
GOTO11S ' JETM0970
109 TAN=TANANA(K) JETN0980
DENS J= PREANA (K)/ (GASCSTAN) . JETMO990

115 VISJ=(3.05TE=348.607E-54TAN-2.279E-8STANSTAN+2.908E~120TANS$3)  JETMI000
1/3600. ~ JETM1010
CCNS =PREFT(K1) $GRAVC$GJOULE/GASC | JETF1020
CONT=PREFT (K1) /GASC . JETM1030
FLUXH=0.0 JETM1040
FLUXM=0.0 ' JETK1050
AJET=0, - JETP1060
FLUXU=O. . , JETP1070
$=0,0 . JETM1080
XLAST=0. ~ JETN1090
YLAST=0.0 | ) JETF1100
IND=0 | JETN1110
INE=O | JETN1120
c | 4 JETM1130
C SEPARATE WALL AND PENETRATION JETS JETF1140
c JETF1150
IF(DXHU(J) .€Q.0.016070100 _ JETM1160
C JETMLTO
. C === PENETRATION JETS JETP1180

¢ A R JETN1190
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0J=SCRT{C(J)SHAU(J )4, /P]) JETM120C0
DJA=SCRT(C(J) ) *2,*DXHU(J) JETF1210
UJ=AF J1(J)/CENSJ/CLJII/HAULY) JETM1220
wWUJ(J)=UJ JETML230
EFD=EFC(1) ‘ JETNML24C
c . JETP1250
C IS THIS A SECCNDARY HOLE JETM1260 -
C . JETML270Q
IF(JKSN(J) .NE.NSHCP) GO TO 1100 JETM1280
IF(NAB(J)EQ.1) SPL = XFSA JETF129C
IF(NAB(J).SQe2) SPL =XFSB JETM1309
SQSPL = SQRT(SPL) JETM1310
DJ = CJ*SCSPL JETM1320
DJA=D JA*SQSPL JETML3I3ZG
AFJ1(J) = AFJ1(J) * SPL JETM1340
1100 CONTINUE JETM1350
Cc JETM1360-
C == FIND DISTANCE ALONG JET CENTRE LINE JETMI3T7C
C JETM1380
p0102IX=1,100 JETM1390
IF(INE.EQ.1) GO VO 105 JETM140C
Al =1X JETM14]1C
X=A[*STEP , JETM1420
[F(X=-XHCUM +XFk(J)) 103:2069106 JETM1430
106 X=XHOUM -XH(J) JETN]1440
2046 INE=1 JETM1450
103 IF(IND.EQ.1)GCTOL127 JETPL460
128 lF(DENSJ.LE.O..OR.DENFT(K).LE.O..OR.UJ.LE.O..OI.UFT(K).LE.O..OR.X.JETH147O
1LE.0e« CR.DJALLE.0.)60T0198 JETM1480
Yao.87¢CJli(DENSJICENFY(K))".Q?*(UJIUFT(K))*‘oOS‘(XIDJAD".! JETMLI&4GQ
12%SINIGXIA(J)) JETNM1500
IF({Y. LT.O.37*OFT(K)’GOTO]OI JETM1510
¥=0.37#DFT(K) JETM1S20
INC=1 JETM1530
101 S=S+SCRT((x-xLAST)¢‘20(Y-YLASI)*OZ) JETNM1IS4O |
YLAST=Y JETNM1550
XLAST=X JETM1S560
GCTC102 JETNM157C
127 S=S+X=-XLASY JETFP1I58C
XLAST = X JETM1590 |
102 CCNTINUE JETM1600
105 CCSETA=1./SQRT{1.4({Y=YLAST)/{X=XLAST))®*#2) JETMLOLO
K=Kl ' JETFL620
S=S+(2.93-0. 279%YJ/UFT{K ) )*0y JETM1630
IF{Sel.Tao001)S=,001 JETM1640 |
C JETML1650
C === JET CENTRE~LINE VELOCITY JETPL166C
C JETM1670
IF(S/0J«GT.3.45)G0TQ107 JETM1680
uJcLtJy=uJ JETM169Q
GC To 129 JETNM1T00
107 1F(S/DJeGT5.2)G0T0110 JETMFLITLO
UJCLJ)=UFT(K)*(1e=0229%(S/0J=3.45))8(UJ-UFT(K)) JETM1720
GO0 TC 129 JETMLIT30
110 IF(S/DJeGTe1004)UJCL(J)=UFT(K) JETM1T40 .
IF(S/DJ.LE.100.) JETK1750:
1UJCL(J)2UFT(K) #3.6/EXP( < 344%S/0J)¢(UJ~UFT(K)) JETM1760"
129 I1F(NEF.EQ.1)G0OTO0111 JETMI 770
c JETK1T780

C ~== PRCFILE-SUBSTITUTION OR EQUIVALENT ENTRAINNENT METHOD

JETP1790:
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c JETML80C
113 ETAH=AMAX1(.215%S,CJd) JETN1810
IF (NEF.EC.1) GO TO 143 JETF1820
ETA=0,0 JETN1830

c - JETM1g4Q
C -=- WCRK ACROSS JET PROFILE, SUMMING HEAT OR MASS FLUX JETM18SO
C JETF1860
ETAINC= . 1#ETAH JETNM1870
IF(1PRINT.EQel) JETM1880
LWRITE(6422) JETV1890
0011442=1,40 JETN1900
ETA=ETA+ETAINC JETML910
IF(ETA,GT,ETAHIGOTCL16 JETM1920
CUJETA(J2)2UFT(K)+(045%(COS (0.5#P I#ETA/ETAH)) +Co5 )8 (UJCLIJ)=UFT(K) ) JETF]930
GCT0117 JETF1940

116 UJETA(J2)=UFT(K) 41 T4#EXP(=1,25%ETA/ETAH)* (USCLIJI=LFT(K)) JETFL1950
117 EFCL(J2)=(UJETALJI2)-UFT (K))/(UI-UFT(K)) JETM1960
J3=.5+FLOAT(J2)/1.4 JETNI970
IF(NEF.EQ.2) GO TO 1119 JETF1980
IF(4.8/6.5%EFCL(J3).GELEFD) GO TO 111$ JETN1990
IF(J2.GT.1) GO TO 143 JETN2000

GC TO 1430 JETN2010

1119 TJETA(J2)=TFT(K)+(TAN-TFT(K))*EFCL(J3) *4.8/6.5 JETH202(
FLUXM=F LUXM+ CCNT /TJETA(J2)%UJETA(J2)%o12¢ 1. 89E TA®#  B*ETAINC JETN2030
IF(NEF.EQ.2) €O TQ 114 JETM20640
AJET=.12%ETA+31.8/COSETA JETN2050
FLUXU=FLUXU+CONT /TJETA(J2)SUJETA(J2)%#2¢,.12¢1,84ETASS. BSETAING  JET #2060

1 *CCSETA JETN2070
22CP12.2419-.818LE-S*TJETA(J2)/2.417.31E-9*TIETA(I2)9%2/2, JETN2080

1 -2.742E-124TJETA(J2)#%3/4.~102.42/TIETA(J2) JETN209C
CCNST=CONS#22CP1 JETN2100
FLUXH=FLUXH+ (CONST+CONT/TJETA(J2) #0.SoUJETA(J2)#82)¢UJETA(J2)®  JETH2110
1.12%1.8%ETA®%,84ETAINC JETM2:20

114 - TF(IPRINTLEC.1) JETM2130
IHRITE(6512) 329 AJET,EFCLIJ2)4J3,TJETA(J2)sFLUXU  oFLUXH,FLUXMy JETN214C

1ETA JETM2150

GC 7O 143 JETN2160

C JETM2170
IC === WALL JETS JETN218C
‘c JETF2190
100 DJ=HAU(J)*C(J) JETM2200
COSETA = 1.0 JETN2210

K2=K JETN2220

K22=K JET¥2230

k=K1 JETN2240
EFD=EFC(2) JETM2250

1F (NAB(J).EQ.2)GOTC132 JETM2260
CFT=CFTALK) JET#2270
GOTO133 JETM2280

132 CFT=CFTE(K) JETH2290
133 UJ=AFJ1{J)/ (DENSJIPCI*CFT) JETM2300
WUJLJ)=Ud JET#2310

uJCL )=y JETM2320

C | JETM2330
C === FIND CISTANIC PARAMETER ALONG WALL JETM2340
c JET¥2350
DC01221X=1,100 JETF2360

AL=IX JETM2370
XL=XCP(K2411-XCP¢K22) JETM2380
X=A[*#STEP JET 42390
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IFIXeLTe (XHCUM  =XH(J)))GOTOL13S JETN2400
X=XHOUM  =XH(J) JETM2410
INE=] JETNr24 20

135 [F(XeGEeXL) K2=K241} JETM2430 -
S=S+ARS (1.~UFT(K2)/UJCL(J) ) *(X=XLAST) JETN2440

[F(S.LE. 0. )UJCLIY)I=UY JETM2450

IF(ABS(l.-UFT(K2) 7UJ )elToo012) GO TO 313% JETM2460 .
IF(S.GTe0u) JETNM2470
1UJCLIJ)=yFT(K2)40,0287#DJ* (UJ-UFT(K2))#0ENSJI/(VISJI* (S*12.) .. JETM2480
2%%( (1. 067ABS(1.=UFTI(K2)/7UJ))=05)) JETM2490
IFLLIUJCLIJ) eGEeUJI) «ANDL(UJCLIJILELUFT(K2))) <ORe JETNF25C0

1 ((UJCLIJ) e LEUJ) cAND(UJCLIJ) « GELUFT(K2)))) GO TO 140 JETM2510
uJeLdi=uy JETM2520
GC TC 148 JETMF2530
3135 UJCL{J)=UFT(K2) JETM2S4C
148 IF(INE.EQ.1)GCTCILi8 JETM2550
134 XLAST=X JETN2560
122 IF(IPRINT.EQ.]) JETM2570
IWRITE(6,13) IXeSeXoUJCLIJ)HEFCLZ JETN2580
, ‘ JETM2590
——= WORK ACRCSS JET PROFILE, SUMMING HEAT OR MASS FLUX JETN2600
, JETM2610
118 IF(NEF.EQ.1)1G0TC143 , JETMF2¢2C
EFCLZ=(UJCL(JI-UFT(K) )/ (UJ-UFT(K)) JETF26130
IF (NEF ¢EQe 3¢ ANDe 4o 876 5¢EFCLZ.LEL.EFD) GO TO 143¢ JET¥264C
ETAH=AMAX1(.065%S4CJ) JETM2650
DELTA1=0.01099S JETN2660
ETA=-0.6 JETP2670
TJCL=TFT(K)+ (TAN=-TFT(K) )SEFCLZ *4.8/¢.5 JETNF2680
717CP1=,2419-.8181E~5¢TJCL /2.4 17.G1E=-§2TJCL *02/3, JETN2690
1 -2.742E-12*TJCL 1$3/4.~102.42/TJ4CL JETM2T0C
CCNST=CONS #22ZCP1 : JETF2710
FLUXH= (CONST®CONT/TJCL*0.5%UJCL(J)*3220.95 I*LJCL(J) JETM2720
L*CFT*DELTA1#%0.95 JETM2730
FLUXM=CONT /TJCL*UJCL(J)*CFTSDELTAL JETM2T74C
FLUXU=CONT /TJCLBUJCL(J)**2¢CFT*DELTAL120.95 JETM2750
AJET=DELTAL*CFT JETF2760
IF(IPRINT.ECe1) JETM2770
IWRITE(6,421) JETN2780
DC112J2=1,40 JETN2790
ETAzETA+.12 JETM2800
UJETA(J2)2UFT(K )+ (UJCLIJII=UFT(K))IEXP (=0. 693%ETA®ETA) JETM2810
EFCL(J2)= (UJETAIJ2)=UFT (K))/(UJ-UFTIK)) JETM2820
J32.5+FLOAT(J2)/1.4 JETM2830
TJET =TFT(K)+ (TAN=TFT(K))IPEFCL(J3)%4.8/6.5 JETN2840
ZICP1=.2419-,8181E-5%TJ ET /2.417.516~G¢TJETY *$2/3, JET V2850
1 =2.T42E-12*TJET $%3/4.,-102.42/TJET JETM2860
CCNST=CONS*2ZCP1 JETM28TO
FLUXH=FLUXH4( CONST4CONT/TJET*0, SEUJETA(J2)*82)8 1 0ETAHSCFTSUJETA(JJET 2880
1 2} ‘ JETNM2890
FLUXM=FLUXM*CONT/TJET %o L*ETANSCFTSUJETA(2) JETM2900
FLUXUSCONT/TJET#, 18 ETAHSCFTOUJETA(J2)#82 + FLUXU JETN2910
AJETSAJET+. 18ETAHOCFT JETNF2920
GO TO (143,1129140), NEF JETM2930
140 IF(4.8/6.5%EFCLIJ3)LELEFD) GO TO 143 JETM2940
112 IF(IPRINT.EQ.1) JET¥2950
IWRITE(6,11) J2,ETA, AJET+EFCL(J2)9J3yTIEToBLUXY oFLUXH s PLUXNMJET H2960
1,K2 JETH#2970
o JETM2980
C === AREA OF IDEALIZED JET JE TH2990
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c

143 IF(IPRINT.GE«O)WRITE(652)K1yJsNDIS(JI),UdoUFTIR)oUJCL(J)oEFCLIIDY,
LFLUXM,AFJL (V) ‘

111

2111

c
c
C

125
126

1131
1430

2126

2130
130

2131
2199
199

131

1030
1031

191

900
901

IF(NEFeEQelo ANDe DXHU(J) .EQ.0.0) GO TO 2111
GC TO (111412592130) ¢ NEF
FLUXMAFJ] (J) #(] .~EF DS/ (2.0DXNU(J)))

GG TO 126

FLUXM = AFJ1(J)*(1.~EFDSS/HAULJ))

GC TO 126

FLUXMsAMINIY (AFJL(J)®( 1, +EFD)=EFD#FLUXM) o FLUXM)
IE(FLUXM.GTe0«) GO TO 2126

AJET=0.

FLUXU=O.

FLUXH’O.

FLUXM=0,

NDISUd) = 1

GO TO 1030

AJET=FLUX¥/UJ/DENSY /JCOSETA
FLUXU=FLUXM*UJ *CCSETA

ZZCPT=.2419*TAN-.81815-5‘T‘N“2/2.017.915—9‘TAN“!I!-‘!.?QIE-IZO
1 TAN#*%4/4.,-102.42 :

FLUXH=FLUXM® { “Z2CPT
IF(DXHU(J) «EQ.0.0) GO TO &131

BR=4, *ETAH®OFT(K1)/2.

IF(AJET.GT.EBB) AJET=BB

CC=FLOAT(NHNK{J)})

GC TC 2199

CC=l.

IF(AJET.LE.0.25%AFT(K1)/CC) GO TO 131
IF(IPRINT LT, 0o AND.LCMFL NE.1)GOTO1030
KRITE(JTAPEL1)

WRITE(JTAPE,99) J

GC TQ 1030

IF{IPRINT LT 0eANDLCMFL  NE.11GOT0103C
WRITE(JTAPE,1)

WRITE(JTAPEy98) DENSJ,DENFT(K) UJ'UFT(KD.X.DJA
60101030

EK16=EK 16+FLUXUSCC

FXL7=EKLT+AJET*CC

EK192EK19+FLUXM2CC

EK20=E K20 +FLU XH$CC

IF THIS IS A SECONDARY HOLE, RESET AFJ1(J)

TF(JKSN(J) cEQ.NSHCP) AFJ1{J)=AFJL{J)/SPL
IF(IPRINT.GE.O)

IWRITE(6,410) JoNDlS(J)oEKl?9EK199EKX6vEKZOoAJEToFLUIHoFLURHoDENSJc
1S9UJ90JoUJCLIJ) ¢ EFCLZ ETAHN

K=Kl ~ |
GC TC 900

WRITE(JTAPE,1)

WRITE(JTAPE,91)K

DC 901 J=14NH .
AFJI(J)thFJI(J)‘FLOAT(NHH(J)’
IF(IPRINT.ECel) WRITE(6924)
IPRINT=IPRINT+]

RETURN

END

YOUR CARD FOTAL IS === 359

SGRAVC*GJOULE+D .S UJ#2)

JETM¥3000
JETM3010
JETM3020
JETVF3030
JETNMIO0 4O
JETM3050
JETN3 06O
JETP3Q70
JETM3080
JETM3090
JETF3100
JETFIL110
JETM3120
JETM3130
JETNM3140
JETM3150
JETM3160
JETM3170
JETMI1 80
JETN3190

~ JETM3200

JETM3210
JETM3I220
JETM3230
JETF3240
JETM3250
JETM3260
JETM3270
JETV3280
JETF3290
JETNM3300 -
JETNM3I310 -
JET¥M3320 -
JETN3330
JETM3340
JETNMI350
JETP3360
JETM3I3T0
JETN3380
JETM3390
JETNF3400
JETMIS10
JETM3420
JETNMIS30
JETF344C
JETM3450
JETM3460
JETF34T0
JETF3480
JET¥3490
JETNM3IS00
JETM3510
JETN¥3520
JETNM3530
JETN3I540
JETN3550
JETRIS60
JETN3ST0



228

SIBFTC HT1 LIST

) HT1 0C10
SUBROUTINE HEATL HT1 0C20
c HT1 0C30
C SUBROUTINE HEAT1 - HT1 0040
¢ HT1 0050
C THIS SUBROUT!NE CARRIES OQUT A NONITERATIVE HEAT TRANSFER HT1 0060
C CALCULATION, HT1 0C70
‘C A HT1 0C80
i THIS SUBROUTINE CALLS FOR FOUR SUBROUTINES HT1 0C90
C l. EEFT , HT1 0100
C 2. PROP HT1l 0110
C 3., CooL . HT1 0120
c 4. THWSOLN HT1 0130
C HT1 0140
C THIS SUBROUTINE IS USED BY THE MAIM PROGRAM CLARE HT1 0150
c HT1 0160
C THE ROUTE THROUGH THIS PARY OF THE PROGRAM IS CONTROLLED BY HT1 0170
c THE INDEX NHT1 HTL 0180
C . HT1 0190
c NHT1 = 1 FOR 1-DIMENSIONAL RADIATION, UNCOOLED WALL HT1 0200
C NHT1l = 2 FOR 1-DIMENSIONAL RADIATION, COOLED WALL HT1 0210
c NHT1 = 3 FOR 2-DIMENSIONAL RADIATION, UNCOOLED WALL HT1 0220
C NHT1 = 4 FOR 2-DIMENSIONAL RADIATION, COOLED WALL HT1 0230
C HT1 0240
C THIS SUBROUTINE USES COMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 8 HT1 Q250
c viz- B8, B18, B68B, Bl68, B178, B6T8, BLl6TB, B12678 HT1 0260
c HT1l 0270
C COMMON STATEMENTS : HT1 0280
: HT1 0290
CGMMON/B8/D1A{45),D2A(45) 4D3A(45)yD4A(45),D1B(45),02B(45),D3B{(45) HT1 0300
1,04B(45) FMOCO2(45), FMOH20(45),C1A(45),C18(45),R1A(45),R1B(45),R2 HT1 0310
2A(45) yR2B(45) yRIA(45),R3IB(45), TNUAAN(45), TNUBAN(45), TNUFT(45), HT1 0320
3TWADA(45) s TWADB(45), HT1 0330
GEMFTL45) yFILMFA(45), FILMFB(45)3PRAAN(45) ,PRBAN(45) yPRFT(45)4REFT(4HT1 0340
55) yFINT(45)4TCFAL45) 4 TCFBI45),UFTA(45),UFTB(45),UJ1A(45),UJ1B(45)5HT]1 0350
6AFJAL45) y AFJB145),YCFA(45),YCFB({45) HT1 0360
COMMON/B18/ABSH, EMWy EMC o NLUM, NHT1,NHT2 HTl 0370
i, X1FCA(45) 9 X1FCB{45) 4 CONDFT,TCASA(45),TCASB(45),TOLTW1,TOLTHT1 0380
2W2 4XFILMZ, . TABTFT{10)oTABEFT(100), TABPFT(10)+NEFTyNPFToNFORMHT1 0390
3 4NCOOL, NUMAX 1y NUMAX2 HT1 0400
COHMON/BbBIAFANA(AS)'AFANB(45)oAFFT(#S)'AFPRloCZA(4S)oCZB(45) HT1 0410
1 AFSYP,FARFT(45),0ENANA(45) s DENANB(45) HT1 0420
3,SAFTRACQS).SAFTRB!#S)vOTRA(QS)'OTRB(45).REAAN(QS).RESAN(Qi) HT1 0430
4,TWAL4LS) , THB(4AS5) HT1 0440
CCMMON/B168/AANA(45) ¢ AANB(45),CCA(45),CCB(45),FHCRyNLAST HT1 0450
1 yKANHET s LANHET yPERCOo THIKFT HT1l 0460
2 +DANA(45) ,CANB(45) HT1 0470
COMMON/B178/DFT(45) HT1 0480
COMMON/B6T78/PREFT(45)PREANA(45) ¢ PREANB(45) ,TFT(45), TANANA(45),TANHT1 0490
1ANB(45)9AFJ1({50)UFT(45) HT1 0500
COMMON/B16T8/NSHCP ¢ XCP(45) s AFT(45),P1 HT1 0510
1 sNHH{S50) g KJISN(4546)yHAU(SO)9CFTA(AS5),CFTB(45)sNAB(50)oNCODEA(4S5) HT1 0520
2 +NCODER(45),T2 HT1l 0530
COMMON/B12678/JTAPE s IPRINT HT1 0540
HT1 0550
c DATA STATEMENT HT1 0560
HT1 0570
DATA YA,YB/2#0./ HT1 0S80

p— eran ey rerpyesp——— T e 2L i TEY A% - A HY1 0599q




OO

WN -

2004

2005

2001

202

2002
201

FORMAT STATEMENTS

FORMAT (6HOHEAT110F113/(6X10F11.3))
FORMAT(1HO1015)
FCRMAT (6HOHEAT110F11.6/(6X10F11.6))

4

QUANTITIES REQUIRED FOR FILM=COOLING CALCULATION

D0201K=14NLAST

TWADA (K)=0,

TWADB{K)=0,

R3A(K)=0,

R3B{(K)=0.

FILMFA(K)=0,

FILMFB(K)=0.

IF(KeNE.1)GO TO 2004
X1FCA(K) = 100.

X1FCB(K) = 100.

GO TO 2005

XCPDIF = XCP(K) = XCP({K-1}
IF(NCCCEA(K-1) «EQ.1) X1FCA(K) = XCPDIF
IF(NCOCEA(K=1) oNEesl) X1FCA(K) = XCPDIF + X1FCA(K=1)
IF(NCODEB(K-=1) «EQe1l) X1FCB{(K) = XCPDIF
IF(NCCCEB(K~1) «NEe1l) X1FCB(K) = XCPDIF + X1FCB(K=1)
AFJA{K)=FJA ' S
AFJB(K)=FJB

TCFA{K)=TA

TCFBLK)=TR

UFTAIK)=UA

UFTBI{K)=UB

UJ1A(K)=UJA

UJiBi{K)=UJB

YCFALK)=YA

YCFB{K)=YB

IF(NCOTEA(K)«NE.1) GO TO 202

DC2001 L = 146

J = KJISN{K,sL)

IF(NAB(J).NE.1l) GO TO 2001

YA=HAU(J)

FJA=AFJ1(J)

UA=UFT (K)

UJA=FJA/{YA=CFTA(K)=DENANA(K))
UAN=AFANA(K)/DENANA(K)/AANA(K)

TA=TANANA(K) +UAN®#2/(2.232.,2853,35)

G0 YO 202

CONTINUE

IF{NCOCEB(K).NE.1)G0TO201

DC2002 L = 1,6.

J = KJSN(K,L)

IF(NAB(J)«NE.2) GO TO 2002

Y8=HAU(J)

FJ4B=AFJ1(J)

UB=UFT{K)

UJB=FJB/ (YBeCFTB(K)=DENANB(K))
UAN=AFANB(K)/DENANB(K)/AANB(K)

TB=TANANB(K) +UAN®€2/(2.,232,2053,35)

GG T0 <01

CCONTINUE

CONTINUE :

IF(IPRINT.NE.1)GOTO08765
HRITE(b.l)(TFT(K).TANANA(K)'TANANBJK)gTCFA(K).TCFB(KloUFTA(Kl'
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HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HY1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HY1
HT1
HT1
HT1
K7l

HT1'

HT1
HT1
HT1
HT1
HT1
HT1
HT1

0600
0610
0620
0630
0640
0650
0¢60
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790 .
0800
0810
0820
0830
0840
0850
0860
0870
0880

0890

0300
0910
0920
0930
0540
0950
0960
0970
0980
0990
1C00
1010
1020
1030
1040
1050
1060

1070 .

1680
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200



230
1UFTB{K) yUJL1A(K)oUJ1B(K) yDFT(K) yK=19NLAST)

WRITE(693) (AFT(K)yDANA(K)yAANA(K) ¢ AANB(K) 9 DANBIK)oCCA(K),CCB(K),

1X1FCA(K) 9 X1FCB(K)yYCFA(K)yK=1yNLAST)

WRITE(691) (YCFB(K) 9 AFJA(K) 9 AFJBIK )9 PREFT(K)yPREANA(K) oPREANB (K),

LFARFT(K) s TCASA(K)y TCASB(K) s XCP(K)¢K=s1yNLAST)
WRITE (691 YAFPRZy AFSYP9ABSWyEMCoPI14CONDFTy THIKFT9XFILMZPERCO,

HT1
HT1
HT1
HT1
HT1

"HT1

1FHCRy (AFANA(K) ¢K=14NLAST )y (AFANB(K) yK=1yNLAST) o (AFFT{K?¢Ku]lyNLAST)IHT]

8765 CONTINUE

c
KANHETsKANHET+1
K=1
5 CALL EEFT(K)
FINT(K)=4 8E-130EMFT(K)TFT(K)aes
C

CeaeasnsCALCULATE THE INTERNAL DIRECT RADIATION COEFFICIENT. A
C
As2,4E=130(]1 +ABSWH)*EMFT(K)*TFT(K)eel,.5
c
CeaesssCALCULATE THE EXTERNAL RADIATION COEFFICIENT, B
c
Bu4,8E=-13#(EMNEEMC)/ (EMCAEMWa(1,-EMC))
CALL PROP(X,CNDAV,FMC02, FMH20)
c )
CenonnaCALCULATE THE INTERNAL CONVECTION COEFFICIENT, CFT
C
CFTaTNUFT(K) #CNDAV/DET(K) /3600.
¢
CeunseneCALCULATE GAS PROPERTIES IN THE ANNULUS
CessseaSET CALCULATION TO INNER ANNULUS
c .
INXAN=1
AAN =AANA(K)
AFAN= AFANA(K)
DAN=DANA(K)
TAN=TANANA(K)
TCAS=TCASA(K)
10 CNOANS=0,2853E=343,268E~54TAN=0,825E~84TAN®#2+41,239E~12#TAN® @3
VISAN=3,0STE=348 60TE=S58TAN=2,279E=80TAN®##242,908E~12¢TAN®#3
CPAN 20,2419-0.8181E=54TAN+1,791E=82TANa82=0,2743E=110TANeC@)
REAN=3600.*DAN®AFAN/VISAN/AAN
IF(REAN.LTle)REANS],
PRAN=CPANSVISAN/CNDAN
IF(PRANeLT 001 )PRAN=,01
TNUAN=,0239REAN®20 ,8ePRANS 204
C R
‘CocovGOCALCULATE CONVECTION COEFFICIENT IN ANNULUS
c
CAN = TNUAN®CNDAN/DAN/3600,
GO TO (50,40,20020)¢NKT]
c .
CoosapeINCLUDE TOTAL RADIATION PROM PLAME
4

20 GO T0{30+30931¢32/993) ¢ NLUM
c NLUMs1,2 NON LUMINOUS
30 DUMLUM=],

GO TO 35
c
c NLUMe3 LEVEBVE CORRELATION FOR LUMINOSITY
c . |
- 31 DUMLUNM = T.53¢(1.,/PHCR=5.5)820.85

G0 70 35 | .

HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
H11
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1

1210
1220
1230
1246
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
143C
1440
1450
1460
147C
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810



c

c

c
c
c

"
C

OO0

oo

32

a3
35

1000
1020
37

1040

1060

1080
1100

-~

1200

1400 IF(IPRINT.EQel) WRITE(6:1) TRANSM,VU, FLARpSloSZ'DUHRI DUMR2,9DUMR3

1700

NLUNM=4 - NREC 1964 :
DUMLUM=EXP((1l.~4. 4'FHCR)/(2 3«FHCR))
GC TO 35
NLUM=S NREC 1966
DUMLUM=( (1 4=FHCRA5,)1/(FHCR®#C.1€)) 220,74
S1=0.
S2s0),

00 1400 KKm) NLAST

DUMR3 = {XCP(K)=XCP({KK]))

IF(INXAN.FCGo1) 0 TO 1000

DUMR1I=((CCA(K)~=CCA(KK})/PI+CANA(K)=CANA{KK)+OFT(K))/2.

DUMR2=CUMR1=DFT(KK)/2.

GG TO 1020

DUMRL=({ ({CCAIKK)=CCA(K))/PI+CANA(KK)=DANA(K)+DFT(KK))/2,

DUMR2=CUMR1=DFT(KK)/ 2, ;

TRANSM=0,

D0371=1,2C

TRANSM=TRANSM+14,82/204/(14,324+{FrCO24FMH20)#PREFT(KK)#SQRT
1 (DUMR3##2+ (DUMR1-(FLOAT(I)/20.~ .073)*(FU\ i~0UNMR2))#e2))

VIEW FACTCR PER UNIT LENGTKE JF ReCHIVING SECTILM

IF(DUMR2,LELC,CO0L)CGC TC 1(40

VU=0,25/DUMRL# (1.=CUMRI/SCRT(CUMR2InaZ+LUMRL %82 ))
140.25/TUMR2%# (1 4=CUMR3/SQRT(CUMR3#22+4DUMR2#22))

GCTO01060

Vu=0,. Z‘IDUPRI*(I.-DUPPB/SCRT(CUNR‘!*Z*EUMRI**?))

EVALULATE WIDTH OF RADIATING SECTION

IF(KK.EQ.1) GO TG 1080
IF(KK.EQ.NLAST) GO TO 1100
WIDTH=(XCP(KK+1)=XCP(KK=1))/2..
GC TO 120¢C

WIDTH= (XCP{KK+1)=KCP(KK))

GC 70 1200
WIDTH=(XCP(KK)=XCP(KK=1))

EVALULATE FLAMZ C20SS=SECTICNAL AREA

FLAR=PI*((CCA(KK)/2,/P1+DANA(KK)/2.+
1 DFT{KK)/2.,)%%2-(CCA(KK)/2./PI1+DANA(KK )/ 2.)%%2)
S1=S144,%4.8E~13*%PREFT(KK) *(FMCO2+FMH2Q)
1 #3.6/TFT(KK) *WIDTH*FLAR®VU*TRANSY *DUMLUM
2 *(L.0+ABSW)/2.0%TFT(KK)**4
$2252+4 . %4 . BE-13%PREFT(KK)*( FMCO24FMH20) -
1 *#3.6/TFTIKK)*WIDTH*FLAR®VU*TRANSM#*( 1. +ABSW)/ 2.*DUMLUM

-

FCRM ECUTVALENT FLAME TEMPERATURE

TSTAR1=51/82
IF(INXZNeCQelICL TG 107

FORM TCTAL RAGTATICN COMPCNENT, AA

AAsS2/ ((CCB(X)-DANB(K)#PI))
GC TO 1900

1800 AA=S2/((CCA(K)+DANA(K)#PI))
1900 IF(NHT1.EC.3)GC TO 50

231

HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
“HT1
HT1

. HT1

HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1

- HT1

HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HTL
HT1
HT1
HTL
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1

182¢C
183¢
1240
1850.
1260
1870
1880
189¢
1600
1510
192C
1930
1540
1950
166C
1970
168n
1990
2006
201¢
2C7¢
2C3¢
2040
2C5¢C
2C6C
207¢
zcan
2CgcC
21G¢C
211¢C
2120
213¢C
214C
215C
216C
217¢C
218C
219¢C
220C
221¢
222€C
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
233¢C
2340
235¢C
226C.
2370:
238C/
239Ci
2400
241¢C
2420



C
c

OO

40

45
50

60

70

80

90

100

110

120

130

140
150

160

170
180

232

CALL CCOL (Ko INXARyCNDAV, TRNSCOyCFTTRN)

Ceense FCRM COEFFICIENTS IN HEAT BALANCE EQUAT!ON‘ 2000000 0G RS

IF(INXAN.EQe2)60 TO 45

THAD=TWADA (K)

60 TO 50

TWAD=TWADB (K)

D1=8

D2=A

D3=CFT+CAN

D4=BeTCAS®e4+ACTFT(K) 982, 54CFTeTFT(K)+CANSTAN
GO TO (110,60980,90)¢NHT1
IF(NCOCL.EQ.2)GO TO 70

D4=D4+CFT# (TWAD=-TFT(K))

GO 70 110

D3=D3+CFTTRN+TRNSCO-CFT

04=04+ (CFTTRN~CFT) eTFT(K)+TRNSCO®TAN
GO T0 110 -

D1=01+AA

D2=0.

D4=D4+AASTSTAR] ~ASTFT(K)#02,.5

G0 7O 110

IF(NCOCL.EQ.2)GO TO 100

D1=D1+AA

D2= 0.
4=D4+AA¢TS?ﬁR1+CFT¢(THAD-TFT(K)) . =AeTFT(K)ee2,5
GO T0 11¢

D1=D1+AA

D2=0.

D3=D34+CFTTRN+TRNSCO-CFT

D4=D4+ {CFTTRN=CFT) #TFT(K)+TRNSCOeTAN+AA#TSTAR] -Aotﬁrtlﬁocz.s

IF(IPRINTEQ.1)WRITE(692)NCOOLyKoNHT 19 INXAN
IF(D4.LE.0.)6G0TO290

CALL TWSOLN(KyD19D24039D49DTW1)
IF{INXAN.EQ.2)GO TO 200

STORE REQUIRED VARIABLES

THA(K)=DTW1
C2A(K)=CAN®(TWA(K)Y~=TAN)
IF(KANHET 0 EQel AND.LANHET 4EQ.1)60 TO 190
GO TO (120+120+91309130)4NHT1
RIA(K)cAC{(FT(K)#a2,5-TWA(K)®e2,5)
GO T0 140

R1A(K)=AAe (TSTAR1=-TWA(K)a24)
GO TO -{17091504170+150) ¢NHT1
IF(NCOCL.EQ.2)GO TO 160
CiA(K)sCEFTo(TWADAIK)=THA(K]))
GO0 70 180
CLA(K)=CFTTRN®(TFT(K)=TWHA(K))
OTRA{K)=TRNSCOe(TWA(K)=TAN)
GO TD 180
ClA(K)=CFTo(TFT(Kl=ThA(K)})
REAAN{K)=REAN

PRAAN(K)=PRAN

TNUAAN(K) =TNUAN
R2A(K)=B2 (THWA(K) e04=TCASes4)
TANANA(K)=TAN

D1A(Y.)=D1

D2A(X)=D2

HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HTl

HT1

HT1
HT1
HT1

HY1

H1l
HT1

2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
256C
2570
2580
2590
2600
261C
2620
2630
2640
2650
2660
2670
2680
2690
2700
271¢C
2720
2730
2740
27150
2760
27170
278C
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030



(2N aX g

SO0

190

200

210

220
230
240

250

260
270

280

290

D3A(K)=D3
D4ALK) =D4

SET CALCULATION TO OUTER ANNULUS

INXAN=2

AAN =AANB(K)
AF AN= AFANB (K) '
DAN=DANB (K)
TANsTANANB (K)
TCAS=TCASB(K)
60 TO 10

STORE REQUIRED VARIABLES

TWB(K)=DTW1
C2B(K)=CAN#(TWS(K)-TAN)
IF(KANHET 4EQe1 .AND.LANHET <EQ.1)C0 TO 280
GO T0(210921092204220),NHT1
R1B(K)=A®(TFT{K)#e2,5-TWB(K)ee2,5)
G0 TO 230
R1B(K)=sAA#(TSTAR1=-TWB(K)ee4)
GO T0(260524092609240)yNHT2
IF(NCOOL.EQ.2)60 TO 250
C1B(K)=CFT#(THADB(K)=TWB(K)?
GC TO 270 , .
C1B(K)=CFTTRN®{(TFT(K)~ THB(K))
QTRB{K)=TRNSCO#(TUB(K)=TAN)

GO 7O 270
ClB(K)=CFTe(TFT(K)=THB(K))
REBAN (K)=REAN .
PRBAN(K)=PRAN

TNUBAN(K)=sTNUAN
RZB(K)-BO(THB(K)OCGGTCASOOQ)
TANANB (K)=sTAN

D1B(K)=D}

D2B(X)=D2

D3B(K)=D3

D4B(X)=D4

FMOCO02 (K)=FMCO2
FMOH20(K)=sFMH20
IF{KeECoNLAST)GO TO 290

K=K+l

GO TO 5

RETURN

END
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HT1
HT1
HT1
HT1
HT1
ATl
HT1
HT1
HYl
HT1
HT1
HT1
HT1
HT1
HT1
MT1
HT1
HT1
HT1
HT1
HT1

HT1

HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
KTl
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1
HT1

3C40
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
321¢C
3220
3230
3240
325¢C
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
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$IBFT(. HT2 LIST

(212NNl NaloRelasNaNaNa Nl s NaNeNaNaNe oy

HT2

SUBRUUTINE HEAT. HT2
HT2

SUBROUTINE HEAT 2 HT2

HT2

TH1S SUBROUTINE CARRIES OUT AN ITERATIVE HEAT=-TRANSFER CALC. HT2
HT2

THIS SUBROUTINE CALLS FOR ONE SUBROUTINE HT2

1l TWSOLN HT2

HT2

THIS SUBROUTINE IS USED BY THE MAIN PROGRAM CLARE HT2
HT2

THE ROUTE THROUGH THIS PART OF THE PROGRAM IS CONTROLLED BY HT2
THE INCEX NHT2 HT2
HT2

NHT2 = 2 FOR LONGITUCINAL WALL CONDUCTION HT2

MHTZ2 = 3 FOR RADIATION INTERCHANGE BETWEEN WALLS HT2

NHT2 = 4 FOR LONGITUCINAL CONODUCTION AND RADIATION HT2

INTERCHANGE HT2

NHT2 = 1 IF NONE OF THESE OPTIONS ARE REQUIRED HT2

‘ HT2

THIS SUBROUTINE USES COMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 8 HT2
viz- B8, 818, B68y Bl68B, B178, B6TB, B1678, B1l2678 HT2
' HT2

COMMON/DZERQ/TWAX(AS ) TWEX{AS)REST(S1C) H12

COMMON/BB/0LALAS) o DRALAS) o DIALAD) o DAALAB) 01N(AS),DR0(45),D38(48) HT2
19D4B(45) yFMOCO2(45) ¢ FMOH20(45),CL1A(43),C1B(45))R1A(AS) R1B(AS)R2 HT2
2A(45) yR2B{45)yR3AL45),RIB(45)9 TNUAAN(45)» TNUBAN(4S), TNUFT(4S),  HT2
3TWADA(45) s TWADB(4S), HT2
4EMFT(45) FILMFAL45),FILMFB(45),PRAAN(45)PRBAN(45),PRFT(45)REFT(4HT2

55) oFINT(45) s TCFA(45) 4 TCFB(45),UFTA(45),UFTB(45),UJ1A(45),UJ1B(45),HT2
6AFJA{45) ¢ AFJB(45) 9y YCFA(45),YCFB(45) HT2
COMMON/B18/ABSHW. EMWy EMCy NLUM, NHT1,NHT2  HT2
l, X1FCA(45)yX1FCB(45)sCONDFToTCASA(45),TCASB(45),TOLTW1,TOLTHT2
2W2 4XFILMZy TABTFT(10),TABEFT(100)y TABPFT(10) yNEFTyNPFToNFORMHT2
3,NCOOL, NUMAX 19 NUMAX2 HT2
CUMMON/B68/AFANA(45)1AFANB(45)oAFFT(45)'AFPRZoC2A(§5).CZB(45) HT2
1 AFSYPy FARFT{45)yDENANA(45) s DENANB(45) HT2
3,SAFTRA(45)9SA?5°B(45)pOTPA(45’oQTRB(QS):REAAN(QS,oREBAN(QS) HT2
49THAL45) ,THR(45) HT2
CGHMON/BI&B/AANA(#S)1AANB(45)pCCA(45)'CCB(45)9FHCR9NLA$T HT2
1 yKANHET o LANHET yPERCO, THIKFT ) - HT2
2 9DANA (45) y DANB (45) HT2
CCMMON/BLT78/DFT(45) HT2
CCFION/B6T8/PREFT(45),PREANA(45) PREANB(45) 9o TFT(4S5) o TANANA(45) yTANHT2
1ANB(45) 4AFJ1(50) yUFT(45) HT2
COMMON/BL6TB/NSHCP¢XCP(45) s AFT(45)4P1 HT2
1 yNHH{50) s KJSN{4546) s HAU(50) o CFTA(45),CFTB(45)9NAB(50) yNCODEA(45) HT2
2 yNCODEEB(45),T1 HT2
COMMON/B12678/JTAPE o IPRINT HT2
HT2

DIMENSION NAME(2) HT2
HT2

DATA(NAME(I)+1=1,2)/712H INNER OUTER/ HT2
HT2

1 FORMAT(6H AFTERI4930H TRIALSy ERROR IS GREATER THAN:F9.296H DEG RIHTZ
2 FORMAT(215,5X,4E12.4) HT2
39 FORMAT(//7//51HODIMENSIONLESS GROUPS ASSOCIATED WITH HEAT TRANSFERHTZ2

1/71X50 (1H=)/6HOAXTAL16X25SHREYNOLDS NUMBER15X14HPRANDTL NUMBER12X14HHT2

001¢ ;
002¢
0030
0040,
005¢
0060 |
0670
0080,
0C90. .
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0299
0243
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450 .
0460
0470
0480
0490
0500
0510
0520 -
0530
0540
0550
0560
0570
0580
0590
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2NUSSELT NUMBER/9H POSITICON/SH FROM1&XEHANNULIL1IXSHFLAMELIX2(9X16HANHT2
3NULI FLAME)/11H COMPRESSOR27TX4HTURE2X 2{20XSHTUBE }/10H D
4HARGESXSHINNER 6XSHOUTER16X2(14H INNER OUTER11X)/TH INCHES//{
S5F8+393X3E11e3¢3X3FT7394X3F7.2))

& FORMAT(/////20HOHEAT TRANSFER RATES/1X19(1H=)/&HOAXIAL12X2(20H HEHT2

I1SCHT2
1X HT2
HT2

1AT TRANSFER RATE12X) 99HRADIATIONG6X1E6HHEAT TRANSFERRED/9H POSITION1HT2

21X18HFROM FLAME TO WALL14X19HFROM WALL TO ANNULI1OX11HINTERCHANGESHT2

3X16HTG TRANSPIRATION/SH FROM11X2(21H

BTU PER SQ FT SEC11X)¢13HFHT2

4ROM OPPOSITE4X1S5HAIR IN THE WALL/11H COMPRESSOR69X12HWALL BTU PERSHT2

SX15HBTU PER SEC PER/10H DISCHARGE2(7X223HRADIATION

CONVECTIONZ2X)HT2

6¢8X9HSO FT SEC5X18HSQ FT WALL SURFACE/TH INCHES/14XA6491XA692XA0,1XHT2
TA6 e XAb91XAS92XA69 1XAL9 SXAbe 1XALy 6XALy IXAE//7LLXFB8e391X2(F10.3yFT.3HT2
B9FB8e39FTe3)92(F1l1.3,FT7.3)))
&1 FCRMAT(//7/7/25HOHEAT TRANSFER PARAMETERS/1X24( 1H=)/6HOAXIALSX1BHEMHT2

HT2

1ISSIVITY  FLAME12X12HFILM=-COOLING17X1THWALL TEMPERATURES/36H POSIHT2

2TION OF FLAME INTENSITY8X13HEFFECTIVENESS22XSHDEG F/5H FROHT2

3M22XTHBTYU PER/11H COMPRESSOR16X9HSQ FT SEC3I3X9HADIABATICOXE6HACTUALHT2

4/10H DISCHARGE/TH INCHES32X24HINNER WALL OUTER WALL 2(17H INNHT2

5ER  OUTER)//(1XFBe39F12e3,F12.392F1243¢95X2{F9.19F8.1))) HT12

c ' : ) HT2

NUM=1 HT2

20 K=l HT2

c , HT2

c SET LARGEST ERROR SO FAR TO ZERO HT2

c HT2

BIGDIF=0. HY2

c HT2

c SET CALCULATION TO INNER ANNULUS HT2

c HT2

30 INXAN=] HT2

40 IF(K.EC.1)GO TO 300 HT2

c . HT2

CesnasaCALCULATE LONGITUDINAL CONDUCTION EFFECT HT2

c ' HT2

IF{K. EC.NLAST)GO TO 400 HT2

GO TO (450950990,50),NHT2 HT2

50 IF(INXAN.EQ.2)GO TO 70 HT2

DELTW1=TWA(K-1)-TWA(K) HT2

DELTH2=THWA(K)~TWA(K+1) HT2

GO TJ 80 HT2

‘70 DELTW1=TWB(K-1)=TWB(K) HT2

DELTW2=TWB(K)-TWB(K+1) HT2

80 DELX1=XCP(K)=XCP(K~-1) HT2

DELX2=XCP (K+1)=XCP(K) HT2

DELK=2,o#CONDFTeTHIKFT#(DELTW1/0ELX1/(DELX1+DELX2)-DELTW2/DELX2/ . HT2

1 (DELX1+4DELX2)) /3600, HT2

IF(NHT2.,EQ.2)GC TO 130 HT2

c HT2

CewnsssCALCULATE TOTAL RADIATION INTERCHANGE EFFECT :;:
c

90 S1=0 HT2

$2=0 HT2

NN=NLAST-1 HT2

D0 120 KK=24NN HT2

X1=(XCP(KK+1)=XCP{KK=1))/2, HY2

IF(INXAN,EQ.2)GO TO 100 HT2

DUMR4= (CCA{KK) /P I+DANA(KK)+DFT(KK)}/2. HY2

DUMRS=(CCA(K)/PI+DANA(K) ) /2. HT2

X3=TWB (KK) ees ’ HT2

60 TO 110 HT2

100 DUMR4= (CCA{KK) /PI+DANA(KK]})/2, HT2

0600
0610
0620
0630
0640
0650
0669
0670
0680
0690
0700
0710
0720
0730
0740
0750
0760
0770
0780
0790
0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
v900
0910
0920
0930
0940
0950
0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180.
1190
1200
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DUMRS=(CCA(K)/PI+DANA(K)+DFT(K))/ 2.

X3=TWA(KK) 224

DUMR6=DUMR4~-DUMRS

X4=(DUMRE# 22+ (XCP(K)=XCP(KK) }#u2)ss]l,5
X2=14.82/(14.82¢+{FMOCO2(K)+FMOH20(K) )=SQRT(DUMRE##2+ { XCP(K)=XCP

1 (XK)) ##2) #PREFT(K))

120

S1=S14X1#X28X3#DUMR4/X4/DUMRS
$2=52+X1eX2#DUMR4/ X4/ DUMRS
CONTINUE :

FORM CCRRECTED OPPOSITE WALL TEMPERATURE
TSTAR2381/82

esass+CALCULATE TOTAL RADIATION COEFFICIENT FROM QEPUSITE WALLAAA

125
130

140

145

150

155
160

165
170
171
175

180

185
190

AAA=2 J4E=13#EMN®a28DFT(K) 282882
IF{INXANGEQ.2)GO TO 125
DELR=AAA=(TSTARZ2=-TWA(K)ns4)

G0 710 130

DELR=AAA= (TSTAR2-TWB(K)=2u4)
IF(NHT2.EQ.1)G0 TC 450

MODIFY COEFFICIENTS IN HEAT BALANCE EQUATION

IF(INXAN.EQ.2)GO TO 170

D1=D1A(K)

D2=D2A{K)

03=D3A(K)

GO TO(450514051509160),NHT2

IF(ABS (DELK) «GT+(0.05#D4A{K)))IGO TO 145
D4=D4 A (K) +DELK

60 TO 200

D4=D4 A (K) +DELK#0 .05#D4A(K ) /ABS (DELK)

GO TO 200

IF (ABS(DELR) «6T+{0.05#D4A(K)))GO TO 155
D4=D4A(K)+DELR

60 TC 200
D4=D4A(K)+DELR#0.05#D4A(K? 7ABS ( DELR)

GO TO 200 ,

IF (ABS (DELK+DELR)«GT+(0.05¢D4A(K)))GO TO 165
D4=D4 A{K)+DELK+DELR

GG TO 200

D4=D4A(K) + (DELR+DELK) #0.05#D4A(K) /ABS { DELR+DELK)
GO TO 200

D1=D1B (K)

D2=D28 (K)

03=03B (K)

GO TO(450,171,180,190),NHT2
IF(ABS(DELK) «GT<{0.05#D4B(K))})IGO TO 175
D4=D4B (K) +DELK

GO TO 200
oasoea(K)obELKcO.OSnD&B(K)/ABS(DELK)

60 TO 200

FF(ABS{DELR) «GT+(0.05¢D4B(K)))1G0 TO 185
D4=D4B (K) +DELR

60 TO 200
D4=C4B(K)+DELR#0.05#D4B{K)/ABS (CELR)

GG TO 200
IF(ABS(DELK+DELR)«GT.(0.05#D4B(K)))GO TO 195
04=D4B8 (K) +DELK+DELR

HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2

HT2

HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2
HT2

1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1550
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
167¢C
168¢C
1690
1700
1710
1720
173¢
1740
1750
1760
1770
1780
1790
1800
1810
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GO TO 200 HT2 1820

195 D4=D4B(K)+(DELR+DELK)#0,05#D4B(K)/ABS(DELR+DELK) HT2 1830
200 IF(D4.LE.0.)GOTO490 . HY2 1840
CALL TWSOLN(KyD1,D2y03,D4,0THW1) HT2 1850
IF(INXAN.EQ.2)GO TO 230 HT2 1860
TWAX(K)I=(TWA(K)+DTW1) /2. HT2 1870
RIA(K)I=AAA®(TSTAR2=THWAX(K)ee4) HT2 1880
INXAN=2 : HT2 1890

GO TO 40 HT2 1900

230 TWBX(K)=(TWB(K)+DTW1)}/2, HT2 1510
R3B{K)=AAA®(TSTAR2=TWEBX (K)as4) ' HT2 1920

300 KaK+l : ' HT2 1930
GO TO 30 . HT2 1940

' HT2 1950

CALAULATE FIRST AND LAST CALCULATION POINT TEMPERATURES BY LINEAR HT2 1960
EXTRAPCLATION H12 1970

HT2 1980

400 TWAX{1)={TWAX(2)~TWAX(3))a{XCP(2)=XCP(1))/(XCP(3)=XCP{2))+THAX(2) HT2 1990
TWBX{1}=(TWBX(2)-TWBX(3))#(XCP(2)=XCP(1))/(XCP(3)=XCP(2))+TWBX(2) HT2 2000
TWAX(NLAST)=(TWAX(NLAST=1)=TWAX{NLAST=2))e(XCP(NLAST)=XCP{NLAST=1)HT2 2010

11/ (XCP (NLAST=1)=XCP(NLAST=2) ) +TWAX{NLAST=1) HT2 2020
TWBX (NLAST)=(TWBX(NLAST=1)=THBX (NLAST=2) )& {XCP (NLAST)=XCP(NLAST=1)HT2 2C30
1)/ {XCP(NLAST=1)=XCP(NLAST=2) }+TWBX(NLAST~1) HT2 2040
DO 430 NN=1,NLAST : HT2 2050
HT2 2060
COMPARE EACH ERROR WITH THE LARGEST ERROR AND STORE THE LARGEST HT2 2070
HT2 2080
DIFF=AES (TWAINN) =TWAX (NN)) HT2 2090
IF(DIFF.LE.BIGDIF)GO TO 410 | " . HT2 2100
BIGDIF=DIFF HTZ 2110
410 DIFF=ABS(TWB(NN)-TWBX(NN)) , HT2 2120
IF (DIFF.LE.BIGDIFIGO TO 420 HT2 2130
BIGDIFaDIFF HT2 2140
HT2 2150
SUBSTITUTE PREVIOUS TEMPERATURE DISTRIBUTION BY CURRENT TEMPERATURHT2 2160
OISTRIBUTION HT2 2170
. HT2 2180
420 TWAINN)=TWAX (NN) HT2 2190
TWB(NN) =TWBX [NN) HT2 2200
430 CONTINUE HT2 2210
. HT2 2220
COMPARE LARGEST ERROR WITH TOLERANCE HT2 2230
: HT2 2240
[F(BIGCIF.LE.TCLTW2)6C TO 450 HT2 2250
| HT2 2260
CHECK THAT LOGP COUNTER HAS NOT BEEN EXCEEDED HTZ 2278
_ HT2 2280
IF(NUM.LT.NUMAX2)GD TO #40 HT2 2290
WRITE (641 ) NUMAX2,TOLTMW2  HT2 2300
GO TO 450 HT2 2310
440 NUM=NUM+1 A : | HT2 2320
GO TO 20 " HT2 2330
450 DO 460 KK=1,NLAST © HT2 2340
XCP(KK)=XCP(KK)#12.4 HT2 2358
IF (TWADA(KK) e NEoOo ) TWADA(KK ) =TWADA(KK }=TZ HT2 2360
IF(TWACB(KK) «NEeOo )THADB(KK)uTWADB(KK)=TZ HT2 2370
TWA(KK)=TWA(KK)=TZ HT2 2380
460 TWBIKK'=TWB(KK)=TZ : HT2 2390

- HT2 2400

WRITE OUT ALL REQUIRED OUTPUT HT2 2410
' HT2 2420
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WRITE (JTAPE39)(XCP(K)yREAAN(K) ¢ REBANIK) yREFT(K)9PRAAN(K) oPRBAN(KIHT2

13PRFT(K) 9 TNUAAN(K) s TNUBAN(K )y TNUFT(K)9K=1oNLAST)

HT2

HﬁITE(JTAPE.#)((NAME(I),I-I 2)9Jm196) 9 (XCPUK)yRIA(K)IoR1IBIK)sCLA(K HT2
1)5C1B(K) yR2ALK) g R2BIK) 9C2ALK)yC2BIK)4RIAIK) JRIBIKI4QTRALK) 4QTRBIKIHT2

2 4K=1,NLAST)

KT2

HRITE(JTAPE,41)(XCP(K’,EMFT(K)aFINT(K)’FILHFA(K)’FXLNFB!K).THADA(KHTZ

1) o TWADB(K) ,TWA(K), TWB(K)sK=19NLAST)
DO 480 KK=1,4NLAST
XCPIKK)=XCP(KK)/ 12,
TWACKK)=TWA(KK)+TZ
480 TWB(KK)=TWB(KK)+TZ
490 RETURN
END

HT2
HTY2
HY2
HT2
HT2
HT2
HT2

2430
2440
2450
2460
2470
248C
2490
2500
2510
2520
2530
2540
2550
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$IBFTC THWAL

c
c
c

TWALOC1O

SUBROUTINE TWSOLN(KyD14D24D34D4,DTH]) - TWALOO20
TWALOO30

SUBROUTINE TWNSOLN TWALOCAO

TWALOCSO

THIS SUBROUTINE USES NEWTONS METHOD TO SOLVE THE HEAT BALANCE EQUATITWALOC6O
D1 » TWees + D2 ® THee2,5 + 03« T = D4 TWALOO70
TWALO080

THIS SUBROUTINE IS CALLED FOR BY TWO SUBROUTINES TWALOCO9

1. HEAT1 TWALOC10

2. HEAT2 TwALOO11

TWALOO12

1S SUBROUTINE USES COMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 8  TWALOO13
viz- B8, B18, B68, Bl68y B178, B678, B1678y B12678 THALOOL4
TWALOO1S

CCMMON/BB/D1A(45),D2A(45),D3A(45),04A(45),01B(45),D02B(45),D3B{45) TWALOO16
1,D4B145),FMOCO2(45), FMOHZO(QS):CIA(45)0CIB(45),RIA(QS).RIB(QSD,RZ TWALGC17
2A(45)’RZB(45!gR3A(45)vR38(45):TNUAAN(45).TNUBAN(45)|TNUFT(45)9 TWALOC1S8
3TWADA (45) y TWADB(45), TWALOOLS
4EMFT{45) o FILMFA{45),FILMFB(45) PRAAN{45),PRBAN(45),PRFT(45)4REFT (4TKAL0020
55),FINT(45), TCFA(45),TCF8(45)9UFTA(45)aUFTB(45).UJlA(bS)9UJ18(45)9THAL0021

6AFJA(45),AFJB(45),YCFA(45),YCFB(45) - TWHALOOC22
COMMON/B18/ABSWy EMW, EMCyNLUM, NHT1+NHT2 THALOC23
1, X1FCA(45)¢X1FCB(45)y CONDFTy TCASA(45),TCASB(45),TOLTW1,TOLTTWALOC24
2W2XFILMZ, TABTFT(10)y TABEFT(100), TABPFT(10) 4NEFTNPFT,NFORMTWALOOQ2S5
3 4NCOOL, NUMAX1,NUMAX2 TWALCO26
CCMMON/B68/AFANA(45) 4 AFANB(4S) s AFFT(45) AFPRZ,C2A(45),C2B(45) TXALOOC27
1 ’ AFSYP.FARFT(45) ¢ DENANA{45) y DENANB(45) TRALO028
3 ,SAFTRA(45)sSAFTRB(45),QTRAL45),QTRB(45) ,REAAN(45) sREBAN(45) TWALOO029
43TWAL45) 4 TWB(45) TWALOC30
CCMMON/B168/AANA{45) ,AANB(45),CCA(45)9CCBL45) 9 FHCRyNLASY TWALD031
1 ¢ XANHET,LANHET ,PERCO, THIKFT TNALOC32
2 yDANA{45) y DANB(45) TWALOO?33
COMMON/B178/DFT(45) TKALQC34
COPMON/Bb?SIPREFT(4S),PREANA(#S),PREANB(45)vTFT(QS).TANiNA(QS'cTANThALOO35
1ANB(645) gAFJ1(50)yUFT(45) TWALQQ36
CCMMON/BL6TB/NSHCP s XCP(45),AFT(45)4P1 TWALOOAY
vhHH(50)’KJSN(45'6)'HAU(50)'CFTA(45)'CFTB(45)oNAB(SO)'NCODEA(QQ) TWALOO38
2.&CO0EB(45)'TZ TWALOO39
COMMON/B126787JTAPE 4 IPRINT TWALOC40
TNALOO4]
1 FORMAT(6H AFTERI4,30H TRIALS, ERROR IS GREATER THANsF9.2¢6M DEG R)ITWALOC42
2 FCRMAT(38H CHECK INPUT DATA TO SUBROUTINE TWSOLN) TWALOO4A3
THALOO4 4
ses CONVERT THE COEFFICIENTS TO A MORE MANAGABLE SIZE ecssassecsneeaseTRALOO4S
TRALOO46
DEEl=D1#10,4#12 . THALOOA4T
DEE2=02#3.11#10,%e7 TWALOCAS
DEE3=D3#10,%43 ' TWALOO4S
TRALOOS50
sns MAKE FIRST GUESSES AT THE SOLUTION AND CHOOSE THE ONE WHICH TWALOOS1
GIVES THE SMALLEST POSITIVE ERRMR wasssscsccssssccacssnsasanseenTWALOCS2
TWALOCS5)
DTwl=(D4/DEEL1) ¥#0,25 . TUALOOS4
DUMERItDEEl!DTHlG‘4+DEEZODTH1'G2-5+DEEB!DTHI~D§ . TWALOOSS
DTW2=(C4/DEE2) 40,4 THALOOS56
DUMER2sDEE1#DTW2404+DEE2aDTH 2002, S+DEE3#0TW2-04 TWALOOST7
OTwW3=D4/DEE3 . THALOOSS
DUMER3=DEE1#DTW3 884+ DEE24DTHI®#2,5+DEE34DTH3I~D4 _ THALOOS9 -

i g R . ?
N A back SR ain s e ]
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OTN4=TFT(K)/1000.

DUMER4=DEE1#0THA®e4+DEE20DTHA®#2,54DEEIeDTHA-DS

IF(DTH1.LE.OTH2.AND.DUNER] .GE«0.)60 TO 20
OTH1=DTW2

10 IF{DTW1.,LE.DTH3.AND.DUNER2.6E.0.)GCO TO 20
OTW1s=DTW3

20 IF(DTW1.LE.DTWA.AND.DUNER3.GE.0.)G0 TO 30
OTH1=DTN4
IF(DUMER4.GE.0.)60 TO 30
WRITE(6y2)

30 NUM=]

Ceneene CALCULATE A NEW VALUE USING NEWTONS METHOD -

TWALOO060
TWALOO61
TWALOO062
TWALO063
TWALOOG4
TWALOO 65
TWALO066
TWALOO67
TWALOOGSB
TNALOO69
TWALOOTO
TWALO0T71
TWALOOT2
TWALOO73

40 DTW1=DTW1~(DEE1eDTH1e24+DEE20DTW12e2,.54DEE320TH1I=D4) / (4, *DEEL1eDTHITHALOO74

100342,58DEE2¢0TW1ne]l . 5¢+DEE3)
OUMER1=DEE1¢DTH1e#4+DEE2oDTH1##2,5+DEE22DTH1 ~D4&
IF(D4*DEE2.LT.0.)DTH2s=0,
IF(D4vDEE2.6T«0.)DTH2=(DA/DEE2) 06, 4
IF(DEE2+(DTW1~-TOLTW1/1000,)46Ec0¢)

- THALOO7S

TWALOO76
TWALOOT7
THALOOT8
TWALOOD79

1DUNER2=DEE1#(DTW1-TOLTN1/1000. )2*4+DEE2® (DTW1-TOLTN1/1000.)02,5¢ TWALOOBO

1DEE3«(DTW1-TOLTW1/1000.)-D4

TWALOOB1

DUNERB-DEEIC!DTHI*TOLTHIIIOOO.lCOQGDEEZO(DTHIOYOLTNIIXOOOo0"2.50 TWALOO82

10EE3«(TT41+TOLTW1/1000.)-D4

TWALOOS83

!F((DUHth.GE.O..ANB.DUHERZ.LE.O.l.DRo(DUNERI.LE.O.oANDoDUHERS.GE.T“ALDOB#

10.))60 TO 50
NUH=NUM+1
IF(NUi1.LE.NUMAX11GO TO 40
WRITE(JTAPEy 1 )NUMAX1,TOLTN1
50 OTW1=DTW1#1000.
RETURN
END

TWALOOS8S
TWALO08B6
THALOOB?
TWALOOSS
TWALOOB9
TWALOO090
THALOO91
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$IBFTC EEF LIST
: EEFT0010
SUBROUTINE EEFT(K) ' EEFTOC20
C EEFTO0030
c SUBROUTINE EEFT EEFT0040
C EcFT0050
c THIS SUBROUTINE EVALUATES THE FLAME EMMISIVITY FROM ANY ONE EEFTOC60
c OF FIVE CORRELATIONSy OR FROM TABULATED DATA, EEFTO070
c . : EEFTOC8O
c SUBROUTINE EEFT IS CALLED FOR BY ONE SUBROUTINE EEFTO0C90
c 1. HEAT1 EEFT0100
C THIS SUBROUTINE USES CCMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 8 EEFTO110
c viz- B8, els, Bé8, Blé8, B178, B6T8, B1678, B12678 EEFTO0120
EEFTO130

COMMON/B8/D1A(45)4D2A(45)4D3A(45),04A(45),D01B(45),D2B(45),D03B(45) EEFT0140
1,D4B{45)FMOCO2(45), FMOH20(45)9C1A(45),C18B(45)yR1A(45),R1B(45),R2 EEFTO0150
2A(45) yR2B(45) 4 R3A(45)4R3IB(45)y TNUAAN(45) s TNUBAN(45) 9 TNUFT(4S5), EEFT0160 -
3TWADA(45) y TWADB(45), EEFTO170
4EMFT{45) oFILMFA(45) o FILMFR(45)PRAANL45),PRBAN(45)3PRFT(45)REFT(4EEFT0180
55)¢FINT(45),TCFA(45),TCFB(45),UFTA(45),UFTB(45),UJ1A(45),UJ1B(45),EEFTO190

6AFJAL45) s AFJB(45),YCFA(45),YCFB(45) EEFT0200
COMMON/B18/ABSWy EMW, EMCyNLUM, NHT1,4NHT2 EEFT0210
1, X1FCA(45) 9 X1FCB{45), CONDFToTCASA(45),TCASB(45),TOLTW1,TOLTEEFT0220
2W2 XFILMZ, TABTFT(10),TABEFT(100), TABPFT(10) yNEFT4NPFT,NFORMEEFTO0230
3,NCOOL, NUMAX 14 NUMAX2 EEFT0240
COMMON/B68/AFANA(4S) s AFANB(45) AFFT(45)9AF°RZLC2A145)4C28(45) EEFT0250
1 ’ AFSYP,FARFT(45), DENANA(45), DENANB(45) EEFT0260
3,SAFTRA{45),SAFTRBI45),QTRA(45),QTRB(45) ,REAAN(45) yREBAN(4S) EEFT0270
44,TWA(45) s THB(45) EEFT0280
CCMMON/B168/7AANA{45) s AANB(45)9CCA(45)4CCB(45)s FHCRyNLAST EEFT0290
1 yKANHET,LANHET ,PERCOs THIKFT EEFT0300
2,DANA(45) ,DANB(45) EEFTO0310
COMMON/B178/DFT(45) EEFT0320
COMMON/B6T8/PREFT(45), PREANA(45)oPREANB(45)9TFT(45).TANANA(QS)9TANEEFT0330
1ANB{45),AFJ1150),UFT{45) g EEFT0340
COMMON/BL6TB/NSHCP 4 XCP(45),AFT(45),P1 EEFT0350
1.NHH(SO).KJSN(45.6),HAU(50)yCFTA(45).CFTB(45)yNAB(50)cNCODEA(Q§) EEFTO0360
2 +NCODER(45),T72 EEFTO0370
COMMON/B12678/7/JTAPE , IPRINT ' EEFT0380
EEFTO0390

2 FORMAT(S5H EEFT310XyS5(E12.592X)915) EEFT0400
IF{IPRINT.EQ.1) EEFT0410
IWRITE(S 22) TFT(K)gFARFT(K).PREFT(K).FHCR.DFT(K),NLUH EEFT0420
IF(FARFT(K)oLEWO)FARFT(K)=1.E~4 EEFT0430
IF(NLUM.EQ.6)GO TO 70 EEFT0440
DUMCOR==(10. #0408 ( 9«DFT(K)#FARFT(K))s20,58TFT iK)ea(=1,5)) EEFT0450
GO TO(10920930950,60,70) ¢ NLUM EEFT0460
EEFT04TO0

NLUM=] NON-LUMINCUS CORRELATION FOR DISTILLATE FUELS EEFT0480
EEFT0490

10 EMFT{K)=1.=-EXP(0.00184#PREFT(K)#OUMCOR) EEFT0500
RETURN EEFTOS510
EEFT0520

NLUM=2 NON=-LUMINOUS CORRELATION FOR RESIDUAL. FUELS EEFT0530

‘ ' EEFT0540

20 ENFT(K)=1.=-EXP( 0,01530 *PREFT(K)##0.754DUMCOR) EEFT0550
RETURN , EEFTO560
EEFTO570

NLUM=3 LEFEBVRE CORRELATION FOR LUMINOUS FLAMES . EEFT0580

EEFT0590
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50

60

70

80
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DULUM=T,53#(1./FHCR=5,5)%20,.85
EMFT(K)=1,=-EXP{0.,001842DUMLUMSPREFT(K)#DUMCOR)
RETURN :
NLUM=4 NREC 1964 CORRELATION FOR LUMINOUS FLAMES

DUMLUM=EXP({1ls~=4+4#FHCR)/(2+3%FKCR))
GO TO 40 ‘

NLUNM=5 NREC 1966 CORRELATION FOR LUMINOUS FLAMES

DUMLUM={{1+=FHCR®#5,)/(FHCR®#0.16))#e0.74
EMFT{K)=1+~EXP (0.00004T4#PREFT(K)#a1.3#0UMCOR®DUMLUM)

RETURN
NLUM=6 VALUE INTERPOLATED FROM DATA

DUMT=TFT(K)
DUMMYP=PREFT (K}

CALLINTPL8(DUMT,DUMMYP o TABTFTy TABEFTo TABPFTNFORMyNEFToNPFT,

1DUMEFT )
EMFT {K) =DUMEFT
RETURN
END ‘ .

EEFT0600
EEFTO610

EEFTO0620 -

EEFT0630
EEFT0640
EEFT0650
EEFT0660
EEFTO67C
EEFTQ&8BO

EEFT0690

EEFT0700
EEFTO71C

EEFTO720 -

EEFTO730
EEFT0740
EEFT0750
EEFTOT60
EEFTOTTO
EEFTO0780

EEFT0790

EEFT0800
EEFTO810
EEFTO820
EEFT0830
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$IBFTC PROP LIST

a0 s EulsEgEgReEaRaleNuEeNe)

PROPOCLO

SUBROUTINE PROP(KyCNDAV,FMCO2, FMH20) PROPOC20
PRCPOC30

SUBROUTINE PROP ’ PROPO040O

PRCPOCSC

THIS SUBROUTINE EVALUATES THE THERMAL CONDUCTIVITY, DYNAMIC PROPOCHO
VISCOSITY, SPECIFIC HEAT, REYNOLDS NUMBERy PRANDTL NUMBER, PROPOCTO
AND NUSSELT NUMBER FOR THE GAS MIXTURE IN THE FLAME TUBE. PROPOOSBO
PROPOCSO

THIS SUBROUTINE CALLS FOR ONE SUBROUTINE PROPO10C

1. INTPLS PRCOPO110
PROPO120

SUBROUTINE PROP IS CALLED FGR BY OME SUBROUTINE PROPO130

1. HEAT1 PROPO140
PRCPO150

THIS SUBROUTINE USES COMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 8 PRCOPO160
viz- 68, B18, B68, Bl68, B178, B678y, Bl6T78, B12678 PRGPOLTC
PRCPC18C

CCMMON/B8/D1A(45),D2A(45)3D3A(45),D4A145),D1B(45),D2B(45),D3B(45) PRCPO190
1,D04B(45),FMOCO2(45), FMOH20(451,C1A(45),C1B(45)4R1A(45),R1B(45),R2 PROPO20C
2A(45) yR2B(45) yR3A(45) yR3B(45), TNUAAN(45) 9 TNUBANU45) ¢ TNUFT(45), PROPO210
3TWADA(45) , TWADB(45), PROPO220
GEMFT{45) s FILMFA(45), FILMFB(45),PRAAN(4S5)PRBAN(45)4PRFT{45) REFT(4PRCOPO23C
55) ,FINT(45), TCFA(45) s TCFB(45),UFTA(45),UFTB(45),UJ1A(45),UJ1B(45),PROP0O240

6AFJA(45) 9 AFJBL45),YCFA(45),YCFB(45) PROPO250
CONMON/B18/ABSHy EMHy EMCyNLUM, NHT1,NHT2  PROPO260
1, X1FCA{45)9X1FCB(45),CONDFT,TCASA(45),TCASB(45),TOLTW1,TOLTPROPO270
2W2,XFILMZ, TABTFT(10),TABEFT(100), TABPFT(10) 4NEFT,NPFT4sNFORMPROP0280
3,NCOOCL, NUMAX1,NUMAX2 PRCPO290
COMMON/B6B/AFANA(4S) s AFANB(435) 9 AFFT(45)y) AFPRZ9C2A(43)4C22{45) PROPO300
1 ’ AFSYP, FARFT{45),DENANA(45) 9y DENANB(45) PRCPO310
3 ,SAFTRA(45) »SAFTRB(45),QTRA(45),QTRB(45) yREAAN(45) yREBAN(45) PROP0O320
44 THA{45) 9y TWB(45) - PRCP0330
COMMON/B168/AANA(45) 4 AANB(45),CCA(45)9CCB(45) 4 FHCRyNLAST PROPO340
1 oKANHET, LANHET s PERCOy THIKFT PROPO350
2DANA(45) yDANB(45) PRCPO360
COMMON/BLT8/DFT(45) PROPO370
COMMON/B678/PREFT(45) PREANA(45) yPREANB(45) s TFT(45) s TANANA (45) yTANPROPO380
1ANB(45),AFJ1(50) yUFT(45) PROP0390
COMMON/BL6TB/NSHCP , XCP(45),AFT(45),P1 - PROPO400O
I,NHH(SO)'KJSN(45o6),HAU(50)9CFTA(45)90FT8(45)vNAB(SO)oNCODEA(#S) PROPO410
2 yNCODEB(45),T2 PROPO420
COMMON/B12678/JTAPE +IPRINT ' PROPO430
PROPO440

CQQGQQQl!llll!.il".!&l.li..lll.!‘l.liiliCiOIlQQ..!OQGQ..QQ!..’IO..C...!PRDP045O

CensnsaCOMPARE THE CURRENT FUEL~AIR RATIO TO THE STOICHIOMETRIC FUEL-AIRPROP0460

Casses #sRATIO AND CALCULATE THE MOLE FRACTIONS OF CQ2,H209N2y AND O2 PRCPO4T0
PROP0480O

FARSTO=0,0862#(1.+FHCR)/{1.+3,#FHCR) PROP0O490
IF(FARFT(K)«GT.FARSTO)GOTO 10 PROPO500
DUMOLE=25,#FHCR+3.45#( 1. +FHCR)/FARFT(X) S PRCPOS510
FMO2= (0eT72#(1.+FHCR) /FARFT(K)=8433-25.#FHCR)/DUMOLE PRCPO520
FVN2=2,75#(1.+FHCR)/FARFT(K)/DUMOLE ' PROPOS530
FMCO2=8433/DUMOLE : PROP0540
FMH20=50,*FHCR/DUMOLE : PROP0O550
GOTo 20 PROPO560

10 FMO2=0.021 : PROPO570
FMN220,748 PROPO580

FMCO2=0.1 PROPO590
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FMH20=0,

131

20 T1=TFT(K)el.E-3
T2=TFT(K) #42elE~6

PROPO600O
PROPOELO
PROPO620
PROPOE3N

Cannens EVALUATE THE THERMAL CONDUCTIVITY OF THE MIXTURE eesssasassenesaPROP0640

‘CNDD2 = 0155 +

CNDN2 =
CNDCO2=

Coenase EVALUATE THE DYNAMIC VISCOSITY OF THE MIXTURE w#sessscsacscnsss

vViso2 =

«01352+
«01l11 ¢

CNDH20=-,0145 +
CNDAV={CNCO2#FM0283,184+CNDN2¢FMN2#3,044CNDCO28FMCD2¢3, 534CNDH20e
1FMH20#2,62)/(FMO2#3,184FMN2#3.044FMCO2#3,53+FMH20#2,62)

«055, +

«0157+T1
+01401«T]
«0156+T1
«04564T1

«0345+T1

VISN2=.0479+,0277#71
VISC02=,0423+.0296T1
VISH20=.0174+4.039#T1

VISAV=(VISO24FMO2#5.65+VISN2#FMN285,29+VISCO2#FMCO2# 6. 624VISH20s
1FMH20#4¢24)/ (FMO2#5, 654FMN2#5,29+FMCO2#6 . 624FMH20#4.24)

Cesnnss EVALUATE THE SPECIFIC HEAT OF THE MIXTURE esassccccasascannes

CP02=2,242+.01057+T1

CPN2=2,2324.03130T1-.002932T2
CPCO2=.2284.0454% "1-.00489+T2
CPH20=:3344.1414T1-,0124#T2

PROPO650
PROPOELSO
PROPOETO
PROPOEVO
PROPO&S0
PROPO700
PROPOT710
PROPG720
PROPO730
PROPO740
PROPO750
PRCOPO760
PROPOT7C
PRCPO780
PROPO790
PROPOBOC
PROPOB10O
PRCPO8B20
PRCPO830
PROPOR4O
PRCPOBSO
PRCPOB6O
PROPO8TO

CPAV=(CPO2#FM02#32,+CPN2#FMN2#28 . +CPCO2# FMCO2# 44 .+CPH20#FMNH20+18,0PROP088BO

1)/ (FMO2#32,+FMN2428 . +FMCO2#44,4FMH20#18,)

ConsnnalF CALCULATION POINT IS IN THE PRIMARY ZONE ALLOW FOR
ConuanaRECIRCULATION WHEN CALCULATING REYNOLDS NUMBER IN THE FLAME TUBE

IF(Ke GT4NSHCP) GOTO 30

REFT(K)=7200.#DFT(K)#(AFPRZ+AFSYP)/(VISAV#AFT(K))

GCTO 40

30 REFT{K)=DFT(K) #3500 +#AFFT(K)/VISAV/AFT(K)
CoussneCALCULATE PRANDTL NUMBER IN THE FLAME-TUBE

40 PRFT{X)=CPAV#VISAV/CNDAV

IF(REFT(K)eLTol. JREF™(K)=1],
IF(PRFT(K)eLTe«01)PRFT(K)=.01

CoesunosCALCULATE NUSSELT NUMBER IN THE FLAME-TUBE
TNUFT(K)=0,023 #REFT(K)#20.,84PRFT(K)®n0.4

RETURN
END

PRCPOB9O
PROPO900
PROPOS10
PROP0S20
PROP0S30
PROPOS40
PROPOSS50
PROPOS60
PRCPQS70
PRCP0OS8O
PROPOS90
PRCP1000
PROP1010
PROP1020
PROP1030
PRCOP1C40
PROP10S5C
PROP1060
PROP10OTO
PROP10BO
PRCP1090



$IBFTC COO LIST
SUBROUTINE COOL(Ky iNXANyCNDAV, TRNSCOyCFTTRN) ccooLool0
c CCOL0020
c SUBROUTINE coot CCoL0030
¢ ‘ CO0LO0C40
C THIS SUBROUTINE EVALUATES FILM CCOLING OR TRANSPIRATION Co0L0050
c COOLING PARAMETERS CCOLO060
c cooLocTo
c SUBROUTINE COOL IS CALLED FOR BY ONE SUBROUTINE ccoLoos0
c l. HEAT] cocLoc9o
C THIS SUBRCUTINE USES COMMON BLOCKS WHOSE NAMES CONTAIN THE NUMBER 8 COCLO100
c viz- es, B18, B68, B168, B178, B678, B1678, B12678 ccoLo110
) cooLo120

2

COMMON/BB/D1A(45)4D2A(45),D3A(45),D4A(45),01B(45),D2B(45),03B(45) CNOLO130
1,04B{45),FMOC02(45),FMCH20(45),C1A(45),C1B(45),R1A(45),R1B(45),R2 CUOOLO140
2A(45) yR2B(45)yRIA{45),RIB(45)y TNUAAN(4S5) ¢ TNUBANL45) s TNUFT(45), CCOLO150
3TWADA(45) , THADB(45), C0o0L0160
GEMFT(45) yFILMFA(45) FILMFB(45)yPRAAN{45),PRBAN(45)+PRFT(45)+REFT(4CCOLO1TO
55) yFINT(45),TCFA(45) 4 TCFB{45)yUFTA(45),UFTB(45),UJ1A(45),UJ1B(45),C0CLO0180

6AFJA{45) s AFJBL45),YCFA(45),YCFB(4S) cooLo190
COMMON/B18/ABSWy EMW, EMCy NLUM, NHT1,NHT2 CQOLO0200
1, X1FCA(45)X1FCB(45)y CONDFT» TCASA(45) 9 TCASB(45),TOLTW1,TOLTCCOLO210
2W2 4 XFILMZ TABTFT(10), TABEFT(100), TABPFT(10)yNEFT)NPFToNFORMCOOLO220
3,NCOOL, NUMAX1,NUMAX2 CCOL0230
COMMON/B68/AFANA(45) 4 AFANB(45)AFFT(45), AFPRZ,C2A(45),C2B8(45) C00L0240
1 AFSYP,FARFT{45), DENANA(45)yDENANB(45) COoL0250
39SAFTRA(45)’SAFTRB(45)1QTRA(45)9QTRB(45)'REAAN(45)0REBAN(45) CCOL026C
4, THAL45) , THB(45) ccoLo2vo
COMMON/B168/AANA{45) y AANB(45),CCA(45)oCCBI45)s FHCRyNLAST cooLo280
1 sKANHET 9 LANHET yPERCOs THIKF? CC0L0290
2,DANA(45) 4 DANB(45) ccaoLo3o00
COMMON/BL178/DFT(45) cCoL0310
COMMDN/BOT8/PREFT(45) ,PREANA(GS) s PREANB(4S) s TFT(45)y TANANA(45) yTANCCOLO320
1ANB(45),AFJ1(50) yUFT(45) ' C00L0330
COMMON/BL6TB/NSHCP ¢ XCP(45) 9 AFT(45),P1 CCOLO0340
1 sNHR{S50)yKISN(45,6) 4 HAU(50),CFTA(45),CFTB(45),NAB(50) NCODEA(45) CCOLO350
2 yNCODEB(45)4T2 A CCOLO0360
COMMON/B12678/ JTAPE 4 IPRINT ceGLo37o
cCcoLo380

FORMAT (5H COOL4I597(E12.592X)) CCOL0390
IF(NCOCL.EQ.2) GO TO 60 C0OGLO400

CRuREBEaEnnaane FILM COOLING CALCULATION sasacssscansnsssasassanse (CCOLO41O0
Cenasns SET UP DUMMY FILM-COOLING VARIABLES swsascsssscsssssessasssnseee(C0L0420

10

TFTDYN=UFT(K)®#2/(2,#32.2453.,35) CO0L0430
TFT(K)=TFT(K)+TFTDYN COO0L0440
IF{INXAN.EQ.2) GO TO 10 ' CO0LO0450
IF(YCFA(K) ¢EQe0eO0+sO0RUJIAIK) LT 0.001) GO TO 45 CCOLO0460
UFQ =UFTA(K) CCOLO47O
UJ1 =UJ1A(K) COo0L0480
X1FC=X1FCA(K) CCOLO0490
YCF =YCFA(K) CCCLO500
AFJ = AFJA(K) CCOoLO510
TCF =TCFA(K) : CQQL0520
PVZ=PREANA(K) ~ C00L0530
60 TO 20 CO0L0540
IF(YCFB(K)eEQe0eO0sOR.UJLIB(K)LTL0.001) ‘GO TO 55 C00LO0S50
UFQ =UFTB(K) ceoLo560
UJ1l =UJ1B(K) CcoLos570
X1FC+X1FCB(K) - COO0L0580

YCF =YCFB(IK) . ‘ CooL0590
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AFJ = AFJB(K)
TCF =TCFB(K)
PVZ=PREANR(K)

CO0L0600
cccros6l0
CCoLo620

Cesneen FORM EXPRESSION FOR FILM=COOLING CORRELATION #cconsccsccncsccseeseeeCCCLO630

20

25
30

40

45

50

55

Cosssessannsans

60

70
75
80

90
95

Avi= PVZ2YCF#3600./TCF/53.3

CCOLO0640 -

XFILM=0.912(UFQ/UJ1#X1FC/YCF)e20,84(UJ12AVZ/(3,05TE~348.60TE-5eTCFCCCLO6S0
1-2.279E-84TCF#0242,908E~12e¢TCFen3))ea{=0.2)¢1.41e(X1FC/YCFeABS(] .~COCL3660

2UFQ/UJ1))ee0,5
IF(IPRINT.EQ.1)}
+HWRITE(6
IF(XFILMeGEsXFILMZ®1.,43)G0 TO 30
IFIXFILMeLTo (XFILMZ/34.5))60TO25
FILMEF=(XFILMZ/3.5/XFILM)#e0,22
GO TO 40
FILMEF=1.0
GO TO 40
FILMEF=XFILMZ/XFILM
TWAD=TFT(K)=FILMEF *(TFT(K)=-TCF)
IF{INXAN.EQ.2)GO TO 50
FILMFA(K)=FILMEF
TWADA(K)=TWAD
GG TO 120
FILMFA(K)=0,
TWADA(K)=TFT(K)
GO TO 120
FILMFB(K)sFILMEF
TWADB (K)=TWAD
GO TO 120
FILMFE(K)=0.
TWADB (K)=TFT(K)
60 TO 120
TRANSPIRATION COOLING
IF(INXAN.EQ.2)GO TO 80
IF(KeEQeleANDe KANHET«EQ.1)G0 TO 70
IF(KANHET.EQ.1)GO TO 75
TWALL=TWA{K)
GO 70 100
THALL=(TFT(K)+TANANA(K))/ 2,
GO TO 100
TWALL=TWA(K=1)
GO TO 100
IF(KeEQeleAND. KANHET-,EQ.1)GO TO 9¢C
IF(KANHET+EQ.11GO TQ 95
TWALL=TWB(K)
G0 TO 110
TWALL= (TFT(K)+TANANB(K))/2,
G0 TO 110
TWALL=TWB (K-1)
GO 70 110

12) KsXFILMyUFQyUJ19X1FCyYCF9AFJ,TCF

CCOLO670
CCoLo0680
CCOLO0690 :
CCoLo700
cooLor1o0
ccoror20
ccoLo730
CCCLOT40
cooLo0750
CCoLO760
cooLo77¢
cooLo780
cooLor90
cCoLoso0
cocrLoslo0

CCccLo820
ccoLoseae
Co0L0840
cccLosso
CoCLO860
ccoLoaro
ccoLosso
ccoLos9o
ccoLogoe
C00L0910
CCoL0920
CCCLO930

" C00L0940

CoQoLo%s0
CCOL0960
CCCLO970
cooLo9so
€ocCL0990
cooLioco0
ccoLl010
C00L1020
cooL1030
CCOL1040
ccoL1050
ccoLioceo
CCOL1070
cooL1cso

100 TRNSCO*SAFTRA‘K)0(0o2419-0.B18lE-SCTHALL01o791E-OOTHALLOOZ'O.2743ECDCL1090

1=11TWALL®e3 )

CFTTRN=sCNDAY #0,002#REFT(K)/DFTI(K) /3600,

GO TO 120

cooL1100
caoL1l1o
cccL1120

110 TRNSCO=SAFTRB(K)#(0+2419-0,8181E~54THALL+1+T791E~80TWALLS#2~0,2T43ECCOLL1130

1-11=TWALL®e3 )

CFTTRN=CNDAV #0.002#REFT(K)/OFT(K) /3600,

TFT(K)=TFT(K)=TFTOYN

120 RETURN

C0OoL1140
cooLi1so
CooL1160
cooLil70
cooiL11s0
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APPENDIX V
PROGRAM MESSAGES

Many of the subroutines contain format statements which are written
out In the printout whenever the program wants to convey & particular message,
generally as a result of an error which has arisen. A list of these statements
is presented below; each statement s accompanied by an interpretation of the
message and, where appropriate, an indication of what course of action should
be taken. The statements are arranged with the first letters of the messages
in alphabetic order to provide easy reference.

1. AFTER (NUMAX2) TRIALS, ERROR IS GREATER THAN (TOLTW2) DEG R
(Subroutine HEAT2, Heat-Transfer Subprogram). The iterative solution
of the heat-balance equation has not converged to within the
tolerance, TOLTW2, on the wall kcmpcrature after NUMAX2 attempts.
If a solution is obtainable for the cise where longltudinal conduc-
tion and radiation interchange are ignored, then check the input
data relating to these two effects; if the input is correct,
increase the values in Subroutine BELOCKDATA of either NUMAX2 or
TOLTW2 or both.

2. AFTER (NUMAX1) TRIALS, ERROR IS GRh. 'ER THAN (TOLTW!) DEG R.

CHECK INPUT DATA TO SUBROUTINE TWSOLN (Subroutine TWSOLN, Heat-
Transfer Subprogram). The solution of the heat-balancs equation,
using Newton's method, has not converged to within the tolerance,
TOLTW2, on the wall temperature after NUMAX! attempts. If the
input appears to be correct, Increase the values in Subroutine

BLOCKDATA of either NUMAXI or TOLTW! or both,
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3.

5.
6.

7.

9

DIFFUSER DAYA |NCORRECTLY WRITTEN ON DATA TAPE (Subroutine TAPE).
The diffuser-effectiveness data supplied as input through the
library tape have been incorrectly specified. Check with. the
library-data input description.

EMPIRICAL FLAME-EMISSIVITY DATA iNCORRECTLY WRITTEN ON DATA TAPE
(Subroutine TAPE). See Message Number 3.

HOLE DISCHARGE COEFFICIENT DATA INCORRECTLY WRITTEN ON DATA TAPE
(Subroutine TAPE). See Message Number 3.

IF THERE 1S NO SNOUT, NXDIF MUST BE SPECIFIED (Subroutine INPUT1).
NXDIF is a program input quantity.

INCREASE ITERATION CYCLE LIMIT * LCANIL * OR TOLERANCE * FID *
(Subroutine AIRFLO, Air-Flow Subprogram). This mnessage is always
prececded by Message Number 8. LCANIL Is specified in the program
input and FID is set in Subroutine BLOCKDATA.

IN SUBROUITINE AJRFLO THE MAXIMUM NUMBER OF ITERATIONSAON THE AIR
FLOW SPLIT WAS EXCEEDED (Subroutine AIRFLO, Air-Flow Subprogram).
This message is followed by either Message wNumber 7 or Message
Number 31. The average of the fractions of the total air mass
flow left at the end of the two annuil is not within the tolerance
FID after the specified number of iterations, LCANIL.

ITERATION ON ALPHA AT STATION NO. (1), CYCLE NO. (LN) HAS NOT
CONVERGED. THE LATEST VALUES OF ALPHA ARE (ALPHA(J),J=1,NTUBE)
(Subroutine TUBANL, Diffuser Subprogram). The iteration to deter-
mine the streamtube siope at the axizl Station | has falled to

converge after LN cycles. The cycle number refers to the number
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1.

12.
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of streamtube-boundary-layer iterations which have been made.
The solution is continued usirg the empirical-data method if

the portion of the diffuser upstream of the snout is being
treated; otherwise the solution is terminated. This difficulty
is not expected tn occur in reasonably shaped diffusers,
ITERATION LIMIT ON TGTAL PRESSURE LOSS DUE TO HEAT RELEASE
EXCEEDED (Subroutine PRTEMP, Air-Flow Subprogram). In the
iterative calculation of the tstal pressure at the end of the
primary zone, the change in pressiure between the last iteration
(number NTOTP) and the preceding one was greater than the limit,
PLIMIT. The two quantities NTOTP and PLIMIT are set in a data
statement in Subroutine PRTEMP.

ITERATION ON AREA AT STATION NC. (1), SVCLE NO. (LN) HAS NOT
CONVERGED. THE LATEST VALUES OF GUESSEL APTA AND FLOW AREA ARE
(SUMA, SUMB). (Subroutine TUBAML, Diffuser Subprogran). The
iteration in the streamiube ~ thod to determine the static
pressure at the ax’ " S(ati- , M3s falied to converge after LN
cycles, The cycle nu ¢+ reiers to the rumber of streamtube-
bc. 'dary-layer iterat s wnich have been made, The solution is
¢ 1tinued usine the vumpir,c2'-data mecho” . the portion of the
diffuser upstream of the snout is t iny treated; otherwise the
solu.i2n is terminated, Ti.is difficulty Is not expected to occur
i, "easonably sk ad diffus=rs.

'X HAS EXCEEDED 'TS LIMIT N HOLE ROW NO.(J) (Subroutine GEOM).
'~ the Jth hols row pos!tion, more than 6 hole rows have bren

specified at the same axia! location; this is not permitted,
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13.

Tk,

5.

16,

17.

This is a program input error,

K HAS EXCEEDED ITS LIMIT IN HOLE ROW NO. (J) (Subroutine GEOM).

In the Jth hole row position, the number of calculation points,

K has exceeded the maximum permissible number, KMAX. The value
of KMAX is set in a data statement in Subroutine GEOM.

MACH NUMBER GREATER THAN ONE. SOLUTION CONTINUED (Subroutine
GASTBL, Diffuser Subprogram). The Mach number determined by a
low value of static-to-total pressure ratio exceeds unity, The
solution proceeds in this case, but the results are invalid if
the final iteration on mass=flow split retains this difficulty.
This is indicative of an error in the diffuser geometry specified
as input, or an excessively large mass-flow rate specified as
input.

MISMATCH AT THE SNOUT 1S CHARACTERIZED BY THE RATIO (TOTAL
STREAMTUSE AREA JUST BEFORE THE SNOUT)/(FLOW AREA JUST INSIDE THE
SNOUT). THIS RATIO IS (AR). AS THIS RATIO IS (IN/OUT)SIDE THE
RANGE 0,86-1.15 THE FLOW SPLIT ON THE SNOUT (1S/1S NOT) WELL MATCHED
(Subroutine COUTPT, Diffuser Subprogram). This message is self=-
explanatory.

fABX{1)=l NOT ALLOWED (Subroutine GEOM). The first hole row
specified i the program input must rot be a dummy hole, that is,
NHTU must n.t tc zero.

NEGATIVE QUANTITZ IN EXPRESSION FOR JET PENETRATION (Subroutine

JETMIX, & reFiow Subprogram). Following this message, the variables

forming the expression for jet penetration are printed out; these

are;
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DENSJ (density of air in jet)

DENFT(K) (density of flame-tube gases at Calculation

Station K)

UJ (initial jet velocity)

UFT(K) (velocity of Flame-tube gases at calculation

Station K)

X (axial distance downstream from jet origin)

0JA (longitudinal length of hole).
One of these quantities will be found to be negative, indicating
the direction in which to search for the source of the error.
After encountering this error, the program moves to the next
hole row and proceeds with the sciution. The abovc message is
not printed out if the air-flow-split iteration is in its first
cycle or if a condensed printout has been requested (iPRINT=0).
NEGATIVE VALUE CALCULATED FOR MACH NUMBER. SOLUTION TERMINATED
(Subroutine GASTBL, Diffuser Subprogram). An attempt has been
made to calculate the Mach number from the usual compressible-
flow relations with any of the following:

a. A negative static~to-total pressure ratio

b. A static-to-total pressure ratio in excess of unity

c. A flow area smaller than the critica' area
The third case is of most frequent occutrance, and is indicative
of an error in the diffuser geometry supplied as irout (resulting
in a too small passage area), a specification of an excessively
large mass-flow rate, or an intermediate value of the mass-flow

split which is extreme,
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19.

20.

C 2l

22.

23.

N., NH, NWH, AND NSH MUST ALL BE SPECIFIED (Subroutine INPUTI).
All of the above quantities are to be supplied in the program
input. The appearance of this error message means that one or
more of the quantities were omitted,

PROGRAM STOPPED IN SUBROUTINE AIRFLO. LOOP COUNTER ¢ LCAN: *
EXCEEDED., MAX CALL FOR ** EQUAN ¢ EXCEEDED (Subroutine AIRFLO,
Air-Flow Subprogram). The number of times Subroutine AIRFLO
calls Subroutine EQUAN is counted. |If this number exceeds the
limit, LCANL, which is set in Subroutine BLOCKDATA, the program
is returned to the Main Subprogram CLARE,

PROGRAM STOPPED IN SUBROUTINE AIRFLI. LOOP COUNTER ¢ LCFTL
EXCEEDED. MAX CALL FOR * EQUFT * EXCEEDED (Subroutine AIRFLO,
Air-Flow Subprogram). The number of times Subroutine AIRFLO
ca2lls Subroutine EQUFT is counted, If this number exceeds the
limit, LCFTL, which is set in Subroutine BLOCKDATA, the program
Is returned to the Main Subroutine CLARE.

PROGRAM STOPPED IN SUBROUT[NE PRTEMP. ITERATION LIMIT == LCPTAL *
EXCEEDED (Subroutine PRTEMP, Air-Fiow Subprogram). The numbar

of iterations to determine the secondary-hole mass-flow split in
Subroutine PRTEMP |s counted. |f this number excesds the |imlt,
LCPTAL, which is set in Subroutine BLOCKDATA, the iterations are
stopped and the solution proceeds with the iast calculeted value
of the secondary-hole flow split,

PROGRAM STOPPED IN SUBROUTINE PRTEMP. ITERATION LIMIT * LCPRTL =*
EXCEEDED (Subrout’ne PRTEMP, Air-Flow Subprogramr). The number of
iterations to determine the primary-zone temperature in Subroutire

PRTEMP is counted. If this number exceeds the limit, LCPRTL, which
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25.

26.
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is set in Subroutine BLOCKDATA, the.iterations are stopped

and the solution proceeds with the last calculated value of
primary-zone temperature,

SOLUTION FAILED TO CALCULATE STATIC PRESSURE AT COMPRESSOR EXIT
(Subroutines EMPCTS and TUBEIN, Diffuser Subprogram). The iteration
to determine the static pressure at the compressor exit from a
specified mass-average total pressure and velocity profile failed
to converge after 40 cycles. If the streamtube method is being
used, it is replaced by the empirical-data method. The only

time this is expected to occur is if the required solution is
highly supersonic; hence this message indicates a mass-flow rate
which is too ilarge for the specified areas.

SOLUTION FAILED TO CALCULATE THEORETICAL FLOW AREAS FOR A GIVEN
FLOW SPLIT. SOLUTION TERMINATED (Subroutine TUBFWI, Diffuser
Subprorram). This only occurs if the mass flow to either of the
two annuli, obtained from the air-flow subprogram, exceeds the
total mass flow. This should never occur if the program input

has been prepared properiy.

SOLUTION FAILED TO CONVERGE AFTER 40 CYCLES. SOLUTION CONTINUED
USING EMPIRICAL DATA. THE LAST CALCULATED BOUNDARY LAYER PARAMETERS
ARE . . . . {(Subroutine TUBCTS, Diffuser Subprogram). in using

the streamtube method between the compressor exit and the snout,
the iteration on the boundary-layer displacement thickness failed
to converge. In general, this will only occur in a badly separated

diffuser. The solution continues by employing the empirical-data
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27.

28.

29,

30.

method in this portion of the diffuser; if the streamtube

method is specified to be used in the subsequent portions

of the diffuser, the empirical-data method is also used thera,
SOLUTION FAILED TO CONVERGE IN SUBROUTINE TUBANL. SOLUTION
CONTINUED USING EMPIRICAL DATA (Subroutine TUBCTS, Diffuser
Subprogram). This message is always preceded by either Message
Number 9 or 11. It is an indication that the streamtube method
has failed to converge on either streamtube area or -‘ope and

that the empirical-data method is used in its place.

SOLUTION FAILED TO CONVERGE IN SUBROUTINE TUBANL. SOLUTION
TERMINATED (Subroutine TUBSA1, Diffuser Subprogram). This message
is always preceded by either Message Number. 9 or 1), It is an
indication that the streamtube method has failed to converge on
either streamtube area or slope and that the solution is terminated.
SOLUTION FAILED TO CONVERGE IN SUBROUTINE TUBEIN. SOLUTION
CONTINUED USING EMPIRICAL DATA (Subiroutine TUBCTS, Diffuser
Subprogram). This message is always preceded by either Message
Number 24 or 31. It is indicative of a failure in the calculation
in the streamtube method to determine the streamtube properties

at the inlet to the first part of the diffuser. The solution

is continued using the empirical-data method.

SOLUTION FAILED TO CONVERGE IN SUBROUTINE TUBEIK  SOLUTION
TERMINATED (Subroutine TUBSAl, Diffuser Subprogram). This message
is always preceded by either Message Number 24k or 31. It is
indicative of a failure in the calculation in the streamtube

method to determine the streamtube properties &t the inlet to

!
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32
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the second half of the diffuser (after the snout), The
solution is terminated.

SOLUTION FAILED TO FIND A CONVERGED VALUE OF U. PROBLEM
TERMINATED. THE LAST TWO VALUES OF U WERE . . . (Subroutine
TUBEIN, Diffuser Subprogram). The iteration in the streamtube
method to determine the appropriate value of the normalization
velocity U at the inlet to a diffusing passage has failed to
converge after 40 cycies, The solution s continued with the
empirical-data method if the first portion of the diffuser is
being treated, while the solution Is terminated if the portions
of the diffuser downstream of the snout are being treated. The
latter Is the more likely occurrence, and is indicative of a
mass=flow rafe which-Is too high for the area of the passage.
TEMPERATURE IN v EQUFT w LESS THAN 2ERO (Subroutina RQUPT, Alre
Flow Subprogram). .In the iterative solution for the flame-tube
temperéture. TFT2, In Subroutine EQUFT, a negative value has

been calculated for TFT2. This will normally only appear in

~ the first cycle of the air-flowsplit iteration when the flow

through the snout is close to zero. It is due to neglecting
the enthalpy of the fuel in the flame-tube energy equation,
When the program encounters this situation, TFT2 is given a
value of 100 and the solution leaves the tempuratur~ [teration
cycle; this value of TFT2 wili, however, be reset in subsequent

cycles ir the air-flow-split iteration,
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33. THE COMBUSTER !S BADLY DESIGNED--NEGATIVE PRESSURE DROP IS
OCCURRING ACROSS THE HOLES. TO REMEDY:
te |F ANNULUS VELOCITIES GREATER THAN 300 FPS, OPEN UP
THE ANNULUS
2. INCREASE SIZE OF WALL HOLES
3. REDUCE DOME HOLE AREA
L, USE MORE SCOOPS OVER WALL HOLES
(Subroutine AIRFLO, Air-Flow Sukprogram). This message is always
preceded by Message Number 8.. It indicates that the flow resis-
tances through the annuli are too large comparad with the flow
resistance through tine snout and flame tube such that an air-
mass flow split cannot be found t, satisfy the two conditions:
a. Zero flow at the downstream end of the annuli
b Positive flow from the annuli into the flame tube
at all liole rows,
The message itse!f indicates various methods for overcoming this
problem,

34, THE STREAMTUBE ANALYSIS IN THE DIFFUSING PASSAGES BETWEEN SNOUT
AND OUTER CASING HAS FAILED TO CONVERGE. SOLUTION TERMINATED. THE
LAST CALCULATED BOUNDARY LAYER PARAMETERS ARE . . . (Subroutine
TUBSAl, Diffuser Subprogram). This indicates that the iteration
on boundary-layer displacement thickness has failed to converge
after 40 cycles. It is expected to occur only in diffusers 'which
are badly separated.

35. THE DIFFUSER TREATMENT USED IN THIS PROGRA' BECOMES INCREASINGLY

INACCURATE AT INLET MACH NUMBERS GREATEX VAN C,7 (Subroutines

TUBCTS and EMPCTS, Diffuser Subprogram). This is merely ar
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indication that the Mach number of the flow at the compressor
exit is in excess of 0.7.

36. THE JET FROM HOLE ROW NO.(J) 1S SPREADING T0OO FAR. INCREASE EFC
(Subroutine JETMIX, Air-Flow Subprogram). At each calculation
station, the program compares the area of each jet with the cross=-
sectional area of the flame tube, |If the total arcz of all jets
from a particular hole row (J) occupies more than one quarter
of the flame-tube area, the above message is printed out and the
solution continues. [t is suggested that the jet entrainment
constant, EFC, be increased in such cases.

37. THE TWO-DIMENSIONAL-RADIATION OPTION CANNOT BE USED IN A COMBUSTOR
OF RECTANGULAR CROSS SECTION. THE FLAME RADIATION WILL BE
CALCULATED ONE-DIMENSIONALLY (Subioutine INPUT2)., The program
input has been incorrectly specified; the solution proceeds using the
one-dimensional-radiation option,

38. THE TWO-DIMENS!ONAL-RADiATION OPTION CANNOT BE USED WITH
TABULATED EMISSIVITY DATA. NLUM HAS BEEN SET EQUAL TO &4
(Subroutine INPUT2). The program input has been incorrectly
specified, the solution proceeds using the NREC 1964 correlation
for flame emissivity.

39, THERE ARE NO JET-ANGLE DATA FOR HOLE TYPE NO. (NHTU) THE INITIAL
JET-ANGLE ESTIMATE USED IN THE PROGRAM 1S NOT AT ALL ACCURATE

FOR SCOOPS (Subroutine GEGH). This is an informative message

printed out when noncontin.:ous scoops have been specified for

which there are no jet-2njle data.
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LO. THIS SECTION HAS AN AREA RATIO LESS THAN ONE AND ACTS AS A
NOZZLE AND NOT AS A DIFFUSER, THE VALUE PRINTED OUT AS THE
DIFFUSER EFFECTIVENESS IS NOT AN INDICATICN OF HOW WELL THE
SECTION PERFORMS (Subroutine DOUPT, Diffuser Subprogram), This
indicates that the area at diffuser Station 2 occupied by the
flow passing through either annulus Is greater than the exit
area of the respective diffuser passage, In this case, the
emplirical-data and streamtube-analysis methods yleld essentially
no lussas due to diffuslon, and the values of eftectiveness
obtained are generally not meaningful since the ideal pressure-
recovery coefficients are negative.

L1, WHEN SUBROUTINE JETMIX WAS CALLED, K WAS (K), LESS THAN NSHCP+1
(Subroutine JETMIX, Air-Flow Subprogram). JETMIX should not be
called for calculation stations in the primary zone., This
indicates an error in subroutine EQUFT, from which JETMIX is
called.

L2, X(1) WAS FOUND TO BE LESS THAN X(1-1) (X(1)) INCHES ALONG THE
GOMBQSTOR. THIS 1S NOT ALLOWED (Subroutine INPUT1). The program
input quantity XINCH must increase monotonically with no two

values equal,
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APPENDIX VI

FORTRAN NOMENCLATURE

This appendix gives the Fortran nomenclature for program CLARE
and its subroutines. Only the variables contained in COMMON blocks are
included; the others are mainly dummy variables which appear exclusively
in a particular subroutine. (The COMMON block BZERO also contains only
dummy variables which are not listed here).

In many parts of the program, different quantities apply to
the inner (closest to shaft) and outer walls of the combustor; these
have generally beer given names which are identical except that A is
used for the inner wall, B {or the outer wall. To avoid extensive
duplication of these names, the following shorthand notation has been
adopted. When A in a name is underlined, there e~ sts a correspording
quantity with A replaced by B and with "inner’ in the definition replaced
by ''outer'. For example, '

CA Diameter of inner wall
indicates that there is, in addition to CA, a quantity:

(B Diameter of outer wall.

Variables having names beginning with the letters |,J,K,L,M,

and N are integers. All other variables are real.

In some cases, the units used in the program differ “rom rhose
used for input and output. For example, lengths and diameters are given
in inches on input and output, whereas feet units are consistently used

in the program. In such cases, the units given in this list are those
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used in the program,

Subscripts

In-this list, the subscyipts I,VJ,'and K are used'uitﬁtvariables'

that are qgfiped 2t each geometr§£ ingut polnt;’each hblé”rou. aﬁgreach

cafculation point respectivelv. 1| runs from 1| to NG, J from 1 to NH,

and K from | to NLAST. 'The'subscripts L and N are used uifb othar vériables;

" as defined below.

Fortran )

Name Symbol

A

AANI A
an, 1

AAN2 Aan,z

AANA(K) Ain

ABLOCK

ABSW a.,

AF (L)

AF2 M

AF23A(L)

AFA M

- an

AFANI M

an, |

Description

Enttalpy flow rate with jet from
seccndary holes on inner wail

Crosi~sectional area of aniulus
at previous calculation point

Cross-sectional area of annulus
at current calculetion point

Cross~-sectional area of inner
annulus

Fraction of boundary-layer
blockage &t inlet that is on the
inner wal’

Absorptivity of flame-tube wall
Air mass Flow rate in diffuser
annulus, L=l for inner, 2 for

outer

Air mass flow rate at combustor
inlet

Fraction of inlet air that is
bled from the annulius for turbine

cooling or other auxiliary purposes

Air mass fiow rate in inner
annulus used in the diffuser
calculation

Air mass flow rate in annulus
at previous calculation point

Units

Tom ft* per sec3

3q ft"
sq ft

sq ft

iom per sec

1bm per sec

Ibm per ‘sec

1bm per sec
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Name Symbol
AFAN2 m

an,2

AFANA(K) @

an
AFCL
AFCU
AFFT(K) &f:
AFFT! &ft 1
»
AFFTTI
AFFT?2 aft 2
»
AFJ(J), =
AFJL(J) “h
AFJA(K)
AFJZ (J)
AFPRZ m
o]
AFSL
AFSU
AFSYIA
AFSYP msy 0
]
AFSYPA

Description

Air mass flow rate in annulus at
current calculaticn point

Air mass flow rate in inner
annulus

Lower >ound on ratio.of flow
through inner annulus to flow
through both annuli

Upper bcund on ratio of flow
through tnner annulus to flow
through both annuti

Gas mass flow rate inside Flame
tube

Gas mass flow rate in flame tube
at previous caiculation point

Gas mass flow rate in flame tube
at next calculation point

Gas mass fiow rate in flame tube
at curvent calcuiation point

Initial mass flow in jets in Jth
hole row

Mass flow through previous
cooling slot in inner wall

Fraction of arn' s air flowing
through Jth hole row

Total mass flow in primary zoue
Lower bound on flow through snout
Upper bound on flow through snout
Air mass flow rate into inture
mediate zone, from secondary

holes in inner annulus

Mass flow rate through secondary
holes into primary zone

Air mass flow rate into primary
zone, from secondary holes in
inner annulus

26!
-Units
ibm per sec

1bm per sac

1bm per sec
1bm per se:
1bm per sec
lbm per sec
lbm per sec

Ibm per sec

ibm per sec
ibm per sec
1bm per sec

Ibm per sec

Ibm per sec

Ibm per sec
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Fertran

Name Symbol -
AFT(K) A,

AFT1 Aft,l
AFT2 Aft,z

AHD JME AhT,doma
AL(L,N, 1)

ALFA(L, 1)

ALFC(1), ALFD(1)

ALPHA1, ALPA
ALPHA2, ALPB
ALPHA3, ALPC
ALPHAL, ALPD

AR(1,N)

ARF(L,1)

ARDTA(L) AR

ARR(L, 1)

Description

Cross-section area of flamc tube

Cross-section &érea of flame tube
at previous calculation point

Cross-section area of flame tube
at current calculation point

Tota! hole area in the dome
Difference in angle between mean
angle of diffusing passage and
angle of passage wall., L=] for
inner passage, 2 for outer; N=}
for inner wall, 2 for outer

Mean angle of diffuser annulus
Yetween stations 2 and 4, L=|
for tnner, 2 ior ocuter

Angle of inner, outer casing at
the diffuser snout

Angle of inner casing
Angle of inner wall of snout
Angle of outer wall of snout
Angle of outer casing

Flow area at diffuser staticn 1
for annulus N

Area of diffusing passage normal
to flow direction, allowing for

boundary-layer displacement thick-

ness. L=1 for inner pacsage, 2
for outer

Area ratio for point L in table
of empirical diffuser data

Area of diffusing passage normal
to flow direction. L=1 for
inner passage, 2 for outer

sq fr

radians

radians

radians

radians
radians
radians
rad:ans

sq ft

sq ft

sq ft
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Name

ARTAB(L)

AREA(!)

AREA!

AREF

ASTAR (N)

ASW

BETA

BETA1

BETA2

BLOCK (1)

c(J)

CIA(K)

C2A(K)

CA(1)

Symboi
AR

ref

SwW

Descripiion

Area ratio for point L in
table of empirical diffuser
data for an alternative set
of data

Diffuser cross-section area

Diffuser cross-section area at
entty

Combustor reference ¢ross-
section area

Critical flow area for stream-
tube N

Swirler zrea (ignorirg blockage
due to blades)

Axial monentum of jet from
secondary hole on inner wall

Swirler blade stagger angle

Profile parameter at inlet to
inner annulus

Profile parameter at inlet to
outer annulus

Boundary-layer blockage in the
diffuser

tischarge coefficient in Jth
hote row

Rate of heat transfer by con-
vection from flame (or cooling
fiim) to inner wall

Heat transfer rate from wall to
air in inner annulus by

convection

Inner casirig diameter

263

Unics

sq ft

sq ft
sq ft
sq ft
sq ft
ft lbm per sec2

radians

Btu per sq ft sec

Btu per sq ft sec

ft
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Fortran

Name Symbol
CAL(1) ’

CCA(K)

o c
coe(L,N) €,
CDS(L,N), DUMCD(N)
CFTA(K)

CONDFT K

DIA(K)

D2A (K)
03A(K)
DLA(K)
DANA(K)  D__

DELT(L,1)

DELTA(L,1) &

DENANI Pan .1

Description

Effective radius of inner diffu-
ser wall between stations ! and

2, accounting for boundary-layer
displacement thickness

Inner casing circumference

Discharge coefficient uncorrec-
ted for velocity

Discharge coefficient corrected
for velocity

Discharge coefficient, library
value

Circumference of flame-tube
inner wall

Thermal conductivity of flame-
tube wall material

Mass flow in jets from
secongary t -le on inner wall

- L
Coefficient of T in heat-
batance equation on inner wall

Coefficient of Tz'5 'n heat-
balance equatios on inner wall

Coefficient of T in heat-
balance equation on inner wall

Constant in heat-balance equatiun
on inner wall

Hydraulic diameter of inner
annulus

Boundary-layer displacement thick=-

ness ai. the diffuser wall., L=l
for inner passage, 2 for outer; |
1 for inner wall, 2 ior outer

Displacement thickness at point
1. L=l for inner wall, 2 for
outer wall

Air density in annulus at
previous <alculation point

ft

ft

ft

Btu per ft hr
deg F

Ibm per sec
deg R-h

deg R

deg R

ft

ft

ft

1bm per ft3
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Name

DENAN2

DENANA (K)
DENFT(K)

DENFTI
DENFT2

DFFT{J)

0FT(K)

DOMLOS

WETRD

DPHI

DPHS(L,N),
DUMPH(N)

DPHSNT
DPREF

DSWLIN
DSwWLOU

DUMAE (K)

Symbol

an,z

p

an
Pey

Pfe .1

Pfe,2

1+ AP

an

Ap

1 + —h
an

1 £8Py

an

ref

Description

Air density in annulus at
current calculation point

Air density in inner annulus
Gas density in flame tube

Gas density in flame tube at
previous calculation point

Gas density in flame tube at
curren: calculation point

Accumulated fraction of inlet
air in flame tube after Jth
hole ruw

Hydraulic diameter of flame tube
Number of velocity heads (based

on velocity at snout entrance)
lost between snout entry and

dome if the diffuser has a snout.

If the diffuser has no snout
DOMLOS = no. of velocity heads
lost at calculation point NXDIF
due to mixing on the dome

Pressure-loss factor for Jth
hole row

Current value of pressure-loss
value

Librarv value of pressure-loss
value

Dynamic pressure at snout inlet
Reference dynamic pressure
Inside diameter of swirler
Outside diametar of swirler

Accvmulated pressure loss in
inner annuius due to expansion

265

Units

tbm per ft3

2
1bm per ft’
1bm per ft3

lom per ft3

lbm per ft3

ft

Ibf per sq ft
I1bf per sq ft
in
in

Ibf per sq ft
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Name Symbol

pXHU(J)

DYD

D9(N)

E

EIDTA E,

£1DTAB E,

EEN(L)

EFe(r)

EFC(2)

EFCL(N) vl g
Y07 Yfe

EFDT(L) E

EFDTA(L) 14

EFDTAB(L) E

Description

Hole radius (for noncircular
holes, half thc axial length)

Square of mean velozity into
inner annulus from first part
of diffuser (Station 2)

Fractional distance across velo-
city profile at diffuser Station
2, allowing for biockage

Momentum of jets from secondary
holes on inner wall

(1 - boundary-tiayer blockage) at
inlet for table of empirical
diffuser data

{1 - boundary-layer blockage) ot
inlet for an alternative table
of empirical diffuser data

Parameter used in calculating
boundary=-layer blockage at
entrance to second stage of
diffusion (Station 2)

Constant used Lo dencte rate of
mixing of penetration jets

Constant used to denote rate of
mixing of wall jets

Local veiocity ratio in resid-
ual-jet velocity profile

Diffuser effectiveness, L = 1 for
diffuser inlet to station NXDIF
L = 2,3 for two annular passanes

Effectiveness for point L in
tabie of amrirical diffuser
data

Effectiveness for point L in
an alternative table of empirical
diftuser data

Units

ft

ftz per secz

ft 1bm per sec2
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Nare

EX16

EK17

EXKI9

£K20

EMC
EMFT (K)
EMW

ENTHAL

F(i)

FAR

FARFT(K)

FARFTI

FARFT2

FARL

FFB{Z)

FFIZ(K)

FHCR

FIA

Symboi

jo

jo

jo

Pescription
Total axial jet momentum flow
rate of entering jets.

Total cross~sectional area of
entering jets

Total air mass-flow rate of
entering jets

Total jet enthalpy flow rate of
entering jets.

Emissivity of casing
Flame emissivity
Emissivity of flame tube wall

Ratio of mean specific heat at
TFT2 to that at TFTI

Ratio of inner or outer annulus
area to total combustor area
at diffuser Station 2°

Fuel-air ratio
Fuel-air ratio in flame tute

Fuel-air ratio in flame tube ct
previous calcutation point

Fuel-air ratio in flame tube at
current caiculation point

Fuel air ratio left at the
current calculation point

Cumulative fraction of fuel
burned up to Jth hole row

Mass of fuel available for
burning in flame tube between
previous calculation point and
current one

Fuel hydrogen-carbon ratio

Constant used in deriving new
mass flow split
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Units

ft tbm per secz

sq ft
1bm per sec

1bm ft2 per

1bm

sec
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Fortrar
Name

Symbol
FiD

FIENTH

FIFTPR

FILMFA(K) T

FINT(K)

FIPHI

FIT

FITAU

FLAREA(1)
FLCV

FMOCV2 (K)

FMOH20 (K)

FRICFA(K) f

FTA(!)

GASC R
GJCULE J
GRAYC 9%

GX14 £

Description
Maximum vaiue of m° in air mass
flow iteration cyc%e
Maximum allowable charge in
temperature in solution of
flame-tube equations
Maximum allowable error in
enthalpy equation to determine
primary zcne temperature

Film=cooling effectiveness

Flamz intensity at calculation
point K

Tolerence on velocity in solving
flame-tuba equatiors, expressed
as a fraction

Veiocity percentage zccuracy
required in solution of annulus

equations

Corstant used in deriving new
mass-flow split

Filow area in diffuser
Fuel lTower calorific value

Mole fraction of carbon dioxide
in burning gas

Mele fraction of water vapor
in burning gas

Friction factor (Farring) in
annulus

Diameter of inner flame-tube wall
Gas constant for air

Mechanical equivalent of heat
Gravitational constant

Jet angle for secondary-hole
jets on inpner annulus

Units

Ibm per sec

deg F

Btu per sq ft sec

sq ft
Btu per Ibm
ft

ft Ibf per Ibm deg R
ft 1bf per Bt
ft 1bm per Ibf sec’

radians



Fortran
Name Symbol
GX! 3

SX1A{J) E
exis(L,N) E

HAB (J)

HAU (J) A,

HAW(J)

HRRATE

IBL

IDIF

THJ (J)

INPUT

IPRINT

| TAPE

JKSN(J)

initial jet angle
Jet angle in Jth hole row
Initial jet angle, library value

Input value of hole area

Cross sectional area of each
hole in Jth row

Effective total area of
Jth hole row

Effective lower calorific value
of fuel times the fuel air
ratio

Index. | When diffuser calcu-
lation has converged
0 Otherwise

Index. 0 For empirical data
from generalized tab-
uvlation
1 For empirical data from
table for particular
geometry

Number of hole type on short
list

Hole type number on short list
for the Jth hole row

Iindex. 0 If input flow canditions

varied between cases
1 1f program routing
varied between cases

tndex. 1 If intermediate results
are to be printed
0 Otherwise

Number of computer input device

Number of calcutation point
corresponding to Jth hole row
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Units

‘radians

radians
radians

sq ft

sq ft

Btu per lbm
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fortran
hame

JTAFC
K

Xl

K30,K40,
K50.K60

KARHET

KJISN{K.L)

KTAPE

LANHET

Description

Number of computer cutput device
index denoting calculation point

index. 0 For ianer annulus
i For outer annulus

index. 0 For secondarv-hole flo.
split rnot specified
! For secondary-hole flow
split specified

Index. C For no swirler
For swirler specified
2 for swirle  unspecified

—

Integers used in subroutine
DISJET to fix pressure reversad
or negative 2ir mass flow in the
annuli for the whole corbustor

Number of times the heat tra.sfer
subprogram has been entered

Hole row number ot Ltk hole rew
at calculation point no.K

Number of computer input device
used for liSrary Jdata

tndex. C {f heat transfer to
annulus air is neglected
1 | heat transfer to

annulus air is to be con-

sidered
2 if no heat transfer cal-
culation is to be done

Loop counter in AIRFL3; check on
number of times EQUAN is called

Loop ccunter limit in AIRFLO:
check on numoer of times EQUAN
is called

-«

Units



Fortran
Name
LCAN!
LCANIL
LCFT

LCFTE

LCFTEL

LCFTL

LCMF

LCMFL

LCPRT

LCPRTL

LCPTA

LCPTAL

NAB(J)

Sxmbol

Description

Loop counter in AIRFLO;
iteration on mass-flow spiit

Loop counter limit in AIRFLO;
iteration or mass-flow split

Locp counter in AIRFLO; check on
number of times EQUFT 1s called

Loop countes in EQUFT: iteration
ori flame-tube temperature

Loop counter limit in EQUFT;
iteration on flame-tube temp-~
erature

Loop counter limit in AIRFLO;
check on nurier of times EQUFT
is cailed

Loop counter in E". .44
iteration on annuiaz velority

Loop counter limit i~ EQUAN,
iteration on a1iuius veiooity

Locp counter in PRTIMP. jteraticr
cn primary-zcohe tenperature

Loop counter limit in PRTEMP,
iteration on primary-zcne
temperature

Loop counter in PRTEMP. iscration
on secondary-hole-mass-flow snlit

toop counter limit in PRTEMP;
iteration on secondary-hole-mass
flow-split

Number »f current case
index indicating hole positicn;

1. For inner wall
2. For outer wall

[
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Name

Symbol
NABX (K)

NBLADE

NCASE

NCOF

NCDIFB

NCODEA (K)

NCOOL

NDIFF

NEF

Description

1 For hole on inner wall

2 For hole on outer wall

3 For holes on both walls

4 For no holes on either
wall

Index.

Number of swirler blades

Number of cases to be considered
HCASE = 0 if only a check on the
input data is required, and none
of the major subroutines are to
be entered

Index indicating form of em-
pirical diffuser data and degree
of interpolation used. See page
30 for details (NCDF = NCDIFA)

index indicating form of em-
pirical diffuser data and degree
of interpolation used for an
alternative set of data

index. 1 If there is a cooling
slot on inner wall at
this calculating paint
0 Otherwise
index. 1 For film coaling

2 For transpiration
cooling

Index indicating route through
di ffuser subprogram. Tens
position indicates calculation
method in first part of diffuser
(Stations 1=2), units position
indicates methold for second part
(Stations 2-4). <Can take values
i1, 12, 13, 22, 23. See page L0
for details

index indicating entrainment
correlation-ts be used.
! For mass-loss methcd
2 For equivalent-entrainment
me thod
3 For profile-substitution method

L For instantaneous mixing



Fortran

Name

NDIS(J)

NEFT

NG

NGO

NH
NHH(J)

NHTI

NHT2

NHTU
HLAST

NLUM

Description

Index indicating state of residuai
jets from Jth hole row.

0 If iets have not disappeared

1 If jets have disappeared

Number of emissivity values in -
table of empirical flame-
emissivity data

Number of geometric input points =

index. | For streamtube method -
2 For empirical-data
method

Nunber of hole rows -
Number of holes in hole row J -
Index indicating route through -
basic heat-transfer cal~

culation.

1 For uncooled wall, I-dimen-
sional radiation

2 For cooled wall, l-dimensional
radiation

3 For uncooled wall, 2-dimen-
sional radiation

L For cooled wall, 2-dimensional
radiation

Index indicating the corrections -
applied to ithe basic heat-transfer
calculation
2 For longirudinal conduction
3 For radiation interchange
between walls
L For longitudinal conduction
and radiation interchange
1 No corrections useu

Hole type used in Jth hole row -
Number of calculation points -
Index indicating correlation to -

be used for flame emissivity.

! For Reeves zorrelation for
distillate fuels

2 For Reeves correlation for
residual fuels

3 For Lefebvre correlacion

Units
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Name

NPFT

NRECT

NSCOBP(L)

NSH

NSHCP

NSNOUT

NSP(L)

NTUBE

NMUMAX 1

NUMAX2

NUMSW

NUPR

Symboll

Description

L For NREC 1964 correlation

5 For NREC 1966 correlation

6 For emissivity from table of
experimental data

Number of values of pressure
in table of empirical flame-
emissivity data

tndex. 1 For annular combustor
2 for rectangular com-
bustor

index. 1 In units position for
non-continuous Scoop
2 In units position fer

continiuous tilm-cooling

siot

0 in units position other~

wise

I in tens position if jet-
angle data not available

Hole-row number corresponding to
secondary holes

Number of calculation point
corresponding to secondary holes

I tf there i3 a snout
0 Otherwise

tndex.

Number of points at which dis-
charge-coefficient data given for
Lth hole type on short jist

Numbe:r of streamtubes in diffuser
theoretical calculation

Permissible nynber of iterations
in solving heat-balance equation
for noniterative heat-transfer
calculation

Permissib'e number of iterations
in solving heat balance equation
for iterative heat transfer

Number of.swirleis

Number of points across velocity
profile in diffuser inlet plane

Units



Fortran
Naine Symbol

NWALLI

NwALL2

NWAY

NwWH

NXDIF

NXDiF1

NXDIF2

NXD1FA,NXD{1)

NXDIFC

NYDF

NYDIFB

NZOF

Description

Index indicating set of empirical
data to be used in first part of
diffuser (Staticns 1-2)

Index indicating set of empirical
data to be used in second part of
diffuser (Stations 2-4)

Index. | For streamtube method
2 For empirical-data
method
3 For mixing-equation
me thod

Number of first hole row on flame-
tube wall, as distinct from dome

Number of geometr’c-input point
corresponding %o diffuser Station
2 (just before sn-ut)

Number of geometric-input point
corresponding to diffuser Station
3 in inner annulus

Number of geometric~input point
corresponding to diffuser Station
3 in outer annulus

Number of geometric-~input point
corresponding to diffuser Station
4 in inner annulus

Number of area~ratio points in
table of empirical diffuser data
for an alternative set of data

Number of effectiveness points iIn
table of empirical diffuser data

Number of effectiveness points
in table of empirical diffuser
data for an alternative set of
data

Number of nondimensional-length
points in table of empirical
diffuser data
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PAN 1A

PERCO

Pi

PIL

PLOSS(1)

PRAAN (K)

PREAN!

PREAN2

PREANA (K)

PREP"
PREFT(K)

PREFTI

PREFT2

PRES (1)

PRESIN
PRFT(K)

QTRA(K)

Syvmbnl

/7a

n/L

w

Pdome

Pee

Per,2

Pr

Description

Number of nondimensional-length
points in table of empirical
diffuser data for an alternative
set of data

Static pressure in inner annulus
at diffuser exit (Station &)

Permeability coefficient of
porous wall

3.14159
3.14159/4

Total-pressure loss in the dif-
fuser due to expansion or contra-
tion at the snout

Prandt]l number in inner annulus

Static pressure at previous
calculation point in ar-ulus

Static pressure at current
calculation point in annulus

Static pressure in inner
annulus

Static pressure con dome
Static pressure in flame tube

Static pressure at previous
calculation point in the flame
tube

Static pressuie at current
calculation point in the flame
tube

Diffuser static pressure at
point |

Static pressure at inlet
Prandt! number in flame tube
Rate of enthalpv added to flame-

tube gas due to transpiration
~ooling through inner annulus wall

Uni -

1bf per sq ft

sq ft

Ibf

Ibf
ibf
ibf

Ibf
Ibf
Ihf

\bf

Ibf

1bf

Btu

per

per

per

per

per

per

per

per

per

per

per

sq

5q

sq

sq

sq

sq
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sq

sq

sq

ft

ft

ft

ft

ft

ft

ft

ft

ft

ft

ft

sec
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Name Symbol

R

RIA(K) R

R2A(K) R

R3A(K) R

RAD (L)

ac{d)

RDATA(L)

REAAN(K) Re
REFT(K) Re
RHOREF @,

RO(L,N)

SA(1)

SAFTRA (K)

SHAFST

SHAPEH(L,1) H

SHP(L)

Description

Distance across annulus,normal to
mean flow dlrection, at diffuser
Station 2'

Rate of heat transfer by
radiation from flame to inner
wall

Rate of heat transfer by
radiation from flame tube wall
to inner casing

Net rate of heat received by
inner wall due to radiation
interchange with opposite wall

Mid-point coordinate of stream-
tube

Ratio of corrected to actual
discharge coefficient in Jth
hole row

Nondimensional distance across
diffuser inlet plane at point L

Reynolds number in the inner
annulus

Reyprolds number in the flame
+ b

Vet 't diffuser inlet

in streamtube adjacent to
1 . station N in diffuser,
L= or inner wall, 2 for outer

inner snout diameter

Air mass flow rate transpiring
through the inner annulus walls
between cuirent calculation
point and the previous one

Fraction of air flowing through
secondary holes that recirculates
upstream

Shape factor on wall, L=l for
inner wall, 2 for outer wal'

Shape facter of boundary layer
on wall at di/fuser inlet.

t=1 for inner wall, 2 for
outer

277

Units

Btu per sq ft sec

Btu per sq ft sec

Btu per sq ft sec

Btu per sq ft sec

3
3

1bm per ft

1bm per ft

ft

Ibm per sq ft sec
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Name

STAGP (N)

STAGT
STEP
STPREF
TABEFT(L)
TABPFT (L)
TABTFT(L)
TANI

TANIA

TAN2

TANANA (K)

TCASA (K)
TCATA(K)

TCFA (K)

TFT(K)

TFTI

TFT2

Symbo!

-t

-

-

-

T

T

—

fc

an,l

an,2

an

ft

ft,l

fe,2

Description

Stagnation pressure of Nth
streamtube in diffuser

Total temperature of air at
compressor outlet

Step size used in jet mixing
calculations

Mass-averaged total pressure
at compressor outlet

T experimental flame

emissivrLies

Gas pressure in ickle of

experimental flame emissivities

Gas temperature in table of

experimental flame emissivities

Static iemperature of annulus air
at previous calculation point

Static temperature in inner
annulus at diffuser exit
(Station 4j

Static temperature of annulus

air at current calculation
point

Static temperature of air in
inner annulus

Temperature of inner casing
Temperature of inner casing

Temperature of air entering

previous cooling siot on inner

wall

Total temperature of gas in
flame tube

Total temperature of gas in
flame tube at previous
calculation point

Total temperature of gas in

flame tube at current
calculation point

Units

Ibf

deg

ft

1bf

deg

deg
deg

deg

deg

deg

deg

per ft2

R

per sq ft

per sq ft



Name  Symbol

THETT(L,1)

THIKFT t

. THS

TNUAAN(K) Nu

TNUFT(K) Nu

TOLTWI

TOLTW2

TWA(K) Tw

TWADA(K) Tad

T2

UANI v
an,|

UAN2 Uin,z

UANA (K) Uan

UFT (K) Uft

UFTI | Uft,l

Description

Theoratical inlet area for
Inner annulus

Momentum thickness on diffuser
wall L=1 for inner wall, 2 for
outer

Momentum thickness of the boundary

layer in the plane of the snout.

L= for inner passage, 2 for outer;

I=1 for inner wail, 2 for outer,

Flame=-tube wall thickness

Theoretical inlet area for
snout

Nusselt number in inner annulus
Nusselt number in flame tube
Accuracy to which solution of
noniterative heat balance

required

Accuracy to which solution of
iterative heat balance reguired

Flame~tube wall temperature

Adiabatic-wall temperature on
inner wall

Zero Fahrenheit expressed in
deg R

Velocity of air in annulus at
previous calculation point

Velocity of air in annulus at
current caicuiation point

Velocity of alr in inner annulus

Velocity of gas in the flame
tube

Velocity of gas at previous
calculation point
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Units

sq ft

ft

ft

ft

sq ft

deg F

deg F

deg R

deg R

deg R

ft per sec
ft per sec
ft per sec
ft per sec
ft per sec
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Name Symbol

UFT2
UFTA(K)
UH uj

uJ(L)
ueL(¥) w

UJETA(N)

[ 4

Jo

UJY(N)
UJIA(K)

VEL(L,N)

VELJ(L)

VPDATA(L)

. WCD (J} ¢
WFFIZ(K)
wi(1,1), wi(2,1)

WIDTHI

wiL(1,1), wiL{z2,))

Description

Velocity of gas at current
calculation point

Velocity of gas in flame tube
at previous cooling slot on
inner wall

initial jet velocity
Velocity of Lth streamtube

Centerline velocity of residual
jet from Jth hole row

Local velocity at station N in
residual-jet transverse velocity
profile

rocal velocity at station 2 of
diffuser

Velocity of air entering previous
cooling slot on inner wall

Velocity in streamtute adjacent to
diffuser wall at station N. L=]
for inner wall, 2 for outer

Velocity in streamtube adjacent to
diffuser wall at inlet., L=l for
inner wall, 2 for outar

Nondimensional velocity at
point L across diffusar intet
profile

Discharge coefficients of holes
in Jth row

Rate of fuel burning as a
function of axial length

Diameter of inncr casing, outer
snout

Width of rectangular combustor

Diameter of inner casing, outer
snout, allowing for boundary-layer
displacement thickness

Units

ft per sec

ft per sec

ft per sec

ft per sec

ft per sec

ft per sec

ft per sec

ft per sec

ft per sec

ft per sec

Ibm per sec per ft

ft

ft

ft
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Nane

)

Y

Wo(1,1), Wo(2,1)

woL(1,1), woL(2,1) .

wuJ(J)
X(1)
X1FCA(K)
XAF23A(L)
XcP (K)
XFILMZ

XFSA

XH (J)
XHU (J)

XINT
XLNDTA(L)

XLNDTB(L)

XMACH

XMTB(J)

u.
J

X
o

M

Description

Diameter of inner snout, outer
casing

Diameter of inner snout, outer
casing allowing for boundary-layer
displacement thickness

Initial jet velocity for Jth hole
row -

Axial location of geometric
input point

Axial distance from previous
cooling slot on inner wall

Axial location at which cocling
is bled from annulus

Axial location o Kth calculation
point

Constant in film-cooling
correlation

Fraction of secondary air flowing
downstream from secondary holes
in the inner annulus

Axial location of centeriine
of Jth hole row

Axial location of upstream edge
of Jth hole row

Interval downstream of conling
slots at which calculation
points required

Nondimensional length for point
L in table of empirical diffuser
data

Nondimensional length of point

L in table of empirical diffuser
data for an alternate set of
data

Mach number at diffuser inlat

Mass fiow in streamtube J
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ft

ft per sec

ft

ft

ft

ft

ft

ft

ft

Ibm per sec
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XMVA

YCFA(K)

Y(N)

YY

ZAJH(K)

ch

24 (K) :Eiﬁ

ZWA(L)
MK}
IMJET(K)
2sT0C
0P

ZZGAMA

ZZR

o
sy

C

4

R

Descripticn

Mean velocity into inner annulug
from first part of diffuser
(Station 2)

Mean velocity into snout from
first part of diffuser (Station

2)

Height of previous cooling slot

- on inner wall

Fractional distance across
velocity profile at diffuser
station 2, allowing for blockage

Fractional distaice across annulus

at diffuser station 2

Summmation of axial et momantum
for hole rows at current cal-
culation point :

Summation of jet air mass flow
for hole rous at current
calculation point

Mass flow through secondary
holes, =1 for inner annulus,
2 for outer annulus

Summation of jet monentun for
hole rows at current calculation

point

Summation of flow rates of
enthalpy with jets for hole rows
at current calculation point
Stoichiometric fuel air ratio
Specific heat

Ratio of specific heat

Gas constant

Units

- ft per sec

ft per sec

ft

lbﬁ>ft pef secz‘
Ibn per sec

1o per ;ec

Tom ft per sec

ftz tbm per sec3

Bty per lbm deg F

ft 1bf per 'bm deg R
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APPENDIX Vii

LISTING OF LIBRARY DATA
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DQ.Q..Q.'.‘..’Q...‘.Q.‘,Q....‘.0..‘.‘C....Q....I‘..O.......‘..Q...‘..‘......h.‘,‘

100 -
10,0625 .
2¢
8.
32.
128.
26.125
‘2.
Be
-7 32
128«
30164
2o
8.
32.
«0.236
2.
B.
, A2
T %378
S 2w
.. B
60.315
_ ‘2.,

R - 8. ,
-7 32.
' -~ 128.
10.375

2
8.
8.375
2a
8.
: 3?2.
9.3795
le
8.
10.4035
2.
a.
32.
11.4925
2.
8.
120.7>
2.
de
32«
130,735
2.
8.
14.9045
2.
8.
15.25
2e
8.
32.
lae3b4

0.01227
«33
«535
623
«65

0.04909
- 3417
« 556
597
‘ 0'6

0.0845

<4715

«565

«635
C.115
e 4%

. ——whl

«66

0.4418

«343
_ 542
T <573

. .5e3

0."413
55
«584

«4418
«38
«552
«59

« 4525
«36
«555

«5115
.4
.6
.64
<36
<575

1.767
.381
«59
«5178

1.98%
«395
«575

2.57
+38
«58

-25
553
-588

5013

10

10

’62.~
- 69,
5.

52

69.
7.

50.
67.
10

10

10

55,

67.

57.
13,

- 80.

58.
T4,
10

63.
16.

60,

70.

10

N § T
T &, -
16.

91.
4.

16.-

64,

91.
- 4a

1¢.

) 6‘.

256.

“Tle
‘o‘
. 16.
64,

. 64.
51. s
4e

1¢.
921.

4.

1é.

-2 P
255.

T1.

. Re
16.
64.

61.
&
l1é.

51.
4
16.
71.
4o
1¢.
64.
51, .
4.
1€,
71.
4.
1¢.
&4,
4l1.
4.

51.

4.

16.

Tl. -
4,
16.
64.

61,

256.

0.
«ATT

«597

.42
«£56
0. )
.49
<587
-8
N
C.
‘w525

T e €02
- «655

- 07‘7
55

<67
6o

Y

N
.
.485

«564

- «%8

«588

0.

- 495

ST
«58¢
c.
«9CS
<5715

<645

0.

0.

0.

0.

66.

T2

- 1.

73,
_80.

€2.
10.
0. .

.
56.
70.

0.
67.

17. :

gl.
0.

61l.

19.

o.
70.

0.
6C.
ec.

0.

63. i

DATA0001
DADATA0002
DATAQ003
DATA0004
DATA0005
DATAO006
DADATA0007
DAYTAC008
DATAOGCOS
" DATAD010
© DATAQ011
DADATAQO12
DATA0013
DATAQOL &
CATAOOLS

HADATAOQL6

DATAGOL7
DATAQO18
CATAQOL9

DADATAQQ20

DATAQO21
DATAQC22

DADATAGO23

DATAOG24
DATAQ025
DATA0026
DATA0027

DADATAGO28

DATAD029
DATA0030
CATA0O31
DADATA0032
DAYAQ033
DATAOG34 -
DATAQ035
DATAQ036
DATAQ037
DATA0038
DADATAQ039
DATAO040
' DATAGG41
DATAOD&2
DACATAO0&)
DAYA0044
DATA0C4S
DADATA Q046
OATA004 7
DATAO048
DATANCAY
CADATA0050
DATA00S1
DATAQ0S2
DADATAQOQS3
DATAOQS4
DATAQ0S55
DADATAQOS6
DATAQOS7
DATAQ0S8
DATAGOSS
DATAQO60



.C‘......‘;.......l...—..........'....’Q.V.‘...C....‘.......Q.’...........‘.......‘

2.

] 8.
. 3.

- 17.206
2.«

8.

32.

18.218

20'

8.

o 32.
19.2955

. 2a

8.

32. -

20.312
Ts 2
8.
32.
21.5
: 2e"
: - - B.
=0 32.
’ 22.5
. ?.o
8.
3z.
23.531
2.
8.
32.
24.62
2a
8.
25.65%6
2.
f.
32.
N 2{};1.
;‘;2_. 7
8.
271.
2+
8o
32.
2Bt .067
2
8.
23.71
2.
8.
32.
35.7485
2.
A IS
32.

<345
.588
«5625.
« 0849
_ &8
+585
«645
.0848
%
»585
<645
1743
-316
2965
«62
«1738 -
<325
«585
63
«53743
377
«+587
«626
5
+38°
«5€1
« 594

- «3035

«385
- «552
«58
<7688
-39
- 564
« 1685
«4l2
« 575
« 995
2.58¢8
- bl
de
.38
«5€3
« 9596
2.0138
b4
«59
« 5041
«413
«585
.62
«93128
«45
«62
« 65
2e
-425
«5176
«9597

- 75.

-~ 567

50.
12.
80.

0
53.
69.
16«

0

52.
68.

5.

0
48.
66.
5.

B ]
51

66.

a

- 48

T1.
8t.
10

49.

12«
8l.

47.
73.

S51.
4.
8l.

56 .
76,

0

57.
16.

42.
1.
83.

49.
13.
84.

10

1.

4.
16.

1‘( -
K
16.
64,

1.

K
16.

. 64,

Ti.

L ™

16

6‘.
71.

§.

16.

66.

71.

16.

84,
Tl.

6.:

- 16

: 6‘.

4.
16.
64,
St.
4.
. -
6 l.
4.
1¢€.

5‘.
4.
1¢.
71.
4.
l€.
€4,
4t. -
4e

61.
4.

16.

6l.
4.
16.

11.
&
16.
64.

8.

C.

-« %13
«617

0 . L
«535

-«62

<655

) P
51

«£25

65

0

.48
»'06‘
G. :

®
» -

«€15.

83.
78.

0.

X
T4.

,'7ﬂo>

0.

12.

64

c.
o852
€11,
«63
c.
-5C8
.G €&
6

«5C3
«575
«585

C.
« 504

«59

o
]

«537
«£9¢
0.
«538
«575
0.
S}
587
o6
0.

c.

C.

«S€S
«£45

00
<5137
«592
o€

58.

MN..
0. .
- 86C.

M.
18.

0.

- 62
7.
84.

0.
62.
78.
83.

0.

4.
9.

0.

€.
‘19.

0.
1.
1.

C.
10.

0.
€C.
18.

€4
8c.

1.

DATAG061
OATAO082
DATAQO63

DATA0O64
DATAO06S
DATAOO66

DATA0067
DATA0068

_DATA0069
" DATAOOTO

CATAOCOT]

- DATAOGT2 -
- JATAOCT3

DATAQOTS -

‘DATAQOTS

DATAOCTS

‘DATAQOT?

OATAOG78
DATAOQT9 -
DATACO80
DATAGDSI
DATA0082
DATA00S3 -

DADAinOB§:

DATACO8S
DATAQ086
DATA0O8B7

.DATACOS8S

DATAQOB9
DATAGO9C
DATAQO91

- DATAQQ92

DATA0Q93
DATAQ094
DATAQO9S
DATAQQI6
DATA0097
DATAOO9E
DATA0099
DATAOL00
DATAOL01

- DADATAOLO2

CATAOLO3
DAVAQGL 04
OATAQL10S
DATAOLGS
CATAQLO7
DATRQ)l 08
OATAOL09
DATAOL1O
DATAOL11
DATAOLL12
DATAQ113
DATAOLL 4
GCATAOLLS
DATAOLLS

DADATAOLLT

DATAOl118
CATAOLLS
DATAOL120



286

321,
B
8.
- 32.
331.05
’ 2.
8e

"342.
) 2+

8.
- 3257“
- 35.2375

2.
 f8.":
32.
26.3125

- - 2.
8. -

- 32.

37396
B go
- B

;3ZQ L

38.643
S 2a

-39 Tl .
) T e
8.
40.914
2.
8.
41.916

> .

- 8}
- 421.1405
2e
8.
430.
1.
4.
16,
64.
440.
1.
4o
16.
64.
450.
1.
4.
16.
64 e
469,
1.
4.
16«
64.
470.

320 o
"'flo

_+5041
-458

. #0609

.63
<9536

«%35
«605 .

"= 635

-584
<611

‘?;1772"’7
-‘3 B

=65

<
 .e3068

o7
. <64
- 705
;.‘921
" .38
58
- «65
1.299 -
-

687
QZOGOZ

<425
«6ES
2.624
oG4
.73
2.636
.35
<534
2.57
.sv
.76
-855
832
.804
.095
832
.8217
.812
.104
<924
<842
-784
.15
.168
<947
.7€8
737
.25

i§!7 '

0
46.

The
82.“

- 55

69.
18,

10
;Vflﬂﬂ

10

10

65
5.

 65.

17.

63.
73.

65.
74.

54,
10.
12

12

12

12

12

Tie

C6le -
4.
16.

51

51.

6l. -
4.
14,

6l§
L 78

4,

e

&6,

€l.

61.
A
. i6.

510
 16.

4.
. 16
S5l.
4.
1¢.

‘.
1€.
5.

4.

16.
8.519
2.
8.
32.

8.516
2.
8.
32.

8.531
2.
8.
32.

8.531
2.

3e.
9.43

1&e

- 0.

S e
S 16e

e

4,

.
<565
«62

0.
56
«625

0..

532

-6
'19613

517

6‘*

.58

€7

- Qe

«S8Y

<735

c.:
+£9
«15

0.
<82

. .e8

0.

51
.63

C.
«EE5
o 165

0.

-85
+El17
.78

0.
-£36
-8117
<812

«895

«805

. 163

0.
<905
185
<141

C.

0.
TR
19.

Qe

" €3,
1.

683

.50¢
-633 .

a0.
¢8.

P ?5’ -
A 86.$7 K
10..

84.
87.
68.
- 80.
84.
'?lo
" T6.
56.
62.
80.

.-000000.00‘;0-‘..‘000icl.it’icl‘oo..t“.“‘....‘."...'.‘.....‘....“‘..‘..‘;’

DATAOL21
0ATAOL22
DATAOL23
DATAO124
DATAOL2S
DATAOL126
DATA0127
 DATAOL28
DADATAO129

DATAO130 -

~-DATAOL13]
OATAOL132

"~ DADATAO133

DATAOL34 _

DATAOL3S

DATAO136

“DADATAOL137

DATAOL38
DATAO139
" DATAO140

‘DADATAOL 41

DATAGL42

‘DATAQL43
. DATAO144
DADATAOL4S
- DATAOL4S -
" DATAGLST
DAGATAQ148

" DATADL &9

CATAOLS0
DADATAGLSY
DATAQ1S2
_DATAO153
DADATAOLS4
- GATAO15S -
" DATAO156
DADATAO157
DATAOL586
DATAOLSS
DADATAQL60
DATAD161
DATAO162
DATAOLS3
DATAOL64
DADATAO16S
DATAO166
DATAOL67
DATAO168
DATAOL69
DADATAOL 70
DATAOLTL
PATAOLT2
DAT0173
DATAOLT#
DATAOLTS
DATAOLT6
DATAOLT7
DATAO178
DATAOLT9
DADATA0180



r.»g.....‘.......;.‘.......‘C............C.......‘.......7.'.‘.".‘.‘.....

05 o”‘ 10 0'22
20 -89 4. «856
8. «83 lé. -813
32. 8 64, 19
- 480. «25 12 9.43 0.
' 5 917 1. -878
2« -852 L 8 «83
8. -813 16. o &
32. <187 64, -78
490. «255 12 9. 465 0.
] N N “le - <976
- 2. .396 ‘.' ; 0353
8. .781  16. <151
500. _326 12 9.44% C.
s . 665 : e .558
2. 905 4 -816
8.° «719 16. «758
Vj 32. =737 84. o721
510. 038 12 9.4 0.
J - 011 . l\ .958
2. <915 4. «833
8. .768 16. .135
32. «T1 : 64, « &9
520. «623 12 10.219 - 0
i . 25 «215 - 5 ’ -89
T . le «974 2. <926
o 40 - 0833 .. .713
16. 0716 32. 0681
64, «666
53.9215 2.668 | § 6.66 C.
| 98 38 48. 2. T 49
&. «51 3a. 8. «495
S41. 1.3097 | { 6.82 C.
1, 22 60. 2. «62
%o «62 8s. 8. «€2
16. <62 84,
55 1. 2.28 1 6.56 .
l. «66 48. 2e «835
4. -85 49, 8. .81
16. .7 50. )
56.643 «958 1 T.28 G.
5 «32 8%. | 67
2. .74 70. 4. .13
8. « 11 ~ 6T 16. «11
5Ti. 1.6719 1 658 C.
i «52 58. 2e .63
4. « 86 35. 8. « €6
. l6. «66 3S5.
581.15 1.3 1 6.8 C.
l. <54 45, 2¢ «86
4. «913 38. 8. «915
16, «91 38.
59.525 «99 o 6.96 0.
1. e12 C. 2. «86
4. <86 56. 8. «915
16. 94 12.
60,525 «99 1 6.92 c.
1. ol4 80. 2e «55

0.
33.
35.

0.
78,
84.

0.
48.
5C.

85.
13.
68.
€1.

58.
38.
35.

50.
38.
38.

46,
é5.

80.
ec.

287

.......C‘..

DATAOLOL
DATAOLS2
DATAO183
DATAO184
DADATAOL 85
DATAOL 86
DATACLB?
DATAO128
OATAO189
DADATAOL 90
DATAO191
DATA0192
DATAD193

DATACLS4

DADATACL9S
DATACL96
DATAO197
DATAO198
DATA0199
DATA0200
DATA0201
DATA0202

. DATA0203
DATA0204
DADATA0205
- DATA0206
DATA0207
: DATA0208
DATA0209
DATAO210

DADATAGZ11
DATAO212
DATAO213

_ DATAU214

DADATAC21%
DATA0216
DATAO217
DATAO218

DADATA0219
DATA0220
DATA0221
DATA0222

DADATA0223
DATAD224
DATA0225
DATA0226

CADATA0227
DATA0228
DATA0229
DATA0230

DADATA0231
DATA0232
DATA0233
DATA0234

DADATA0235
DATAGZ36
DATA0237
DATA0238

DADATA0239
DATAO240



288

.‘.......‘..O..Q‘..‘..'.O....‘.......‘.‘.O..‘.........OC‘..‘O..Q..'......Q.....'

4.

16.
61.525
l.

be

16«
62.525
1.

4e

- 16
63.395
l.

T

16
344395
) l.
L4
16.
69.395
i.

".

15.

66. 395
l.

4.

16,
671.15%
|

4.

l16.
681.15

o

2.
8.
671.15
5
2.
; 8.
TJl.15
l.
) 4,
- l6.
711.15
5
2.
8.
T<0.01
l.
4.
16.
b4.a
7130.01
)
2.
3.
32.
T4.375
«25
l.
4,

b4
68
99
18
«67
o1
99
12
«65
7
«4582
2

.87

«93

<4582
24 °

.87
.91
«4582
.18
« 175
. eB.
«4582
«32
.19
15

- 113

«64
- 79
79
1.561

14 -

.12
.72
1.822
.12
.51
.56
1.3
.63

55.
18.
0
80.
58.
90.
0
80.
63.
80.
: 0
1C.
E2.
12.

- 82a

Thae .
70

1
90.
£s.

- 15.

1
90.
6S.
5.
|
62.
52.
1
55.
55.
55
1
48.
44.
45.

1

58,
57.
55.
1
57.
58.
60.
11

11

1l

C -

6.92
2.
8.

6.94
2.
8.

- 6e9¢€

2.
‘Ra

6.8
2.
8

6.8¢

2.

8.

6.84
2.
8.

6.52
2.
8.

T.4
1.
4.
1¢

743
l'
4.
16

6.54
2.
8.

7.48
le
4o
1€

8.521%
2.
8.
32

9.617¢
le

‘.

1€

¢4
10.216€
s

2.

8.

«68

0.
«%8

«69
0.

«%5

<685

0.
«15

. «9%

0.
.12
.S

0.

e

.13
.15

-« 165
«1S
C.
« %€
«12
o712
0.
-48
«£
«54
C.
o 11
o€

C.
S
1
-¢9
Ce
«€E37
« 112
o147

«E17

«893

<172
C.

37

«434

o b

¢0.

80.
ecC.
¢é.

8C.
éC.
68.

0.
sc.

10..

8z.
8.
14.

‘90.?

S0.

15. ~

96,

65.
é5.

90.

51.
52.

55.
55.
55.
55

48,

48.
45.
45.
58.
60.
56.

57.
57.
58.
€0.

DATAQ241
CATAO242
DACATAQ243
DATAO244
DATA0245
DATAO246
DADATA0247
DATAO248
DATAG249
DATA0250
DADATA0251
DATA0252

. _DATAQ253

- BATA0254
DADATRAQ255
DATAG256
DATAQ257
DATAQ258
DADATA0259
DATAC260
CATAQ261
DATA0262
DADATAQ263
‘DATAQ264
DATAQ265
DATAQ266
DADATAQ267
DATAQ268
DATAO02&9
DATAD270
DAGATAC271
DATA0272
DATAQ273
DATAO274
DADATAC27S
DATAQ276
DATAO277
DATA0278
DATAQ279
DATAC280
CATAQ281
DATA0282
DADATAC283
DATAQ284
DATAQ28E
DATADZ286
DADATAO0287
~DATA0288
DATA0289
CATA0290
DATAD291
DADATA0292
DATAN293
CATAD294
DATAQ0295
DATAG296
DADATAQ297
DATAQ298
DA4TA0299
DATAC3CO



289

‘...O..QC....IOQ..........O‘.‘.CC...’.0‘..0..‘...‘...C....Q...l..‘...‘..........

6. .39 32, .38 DATA02 0L

64. BEY: I A DATAG302
75.375 <4418 - 11 11,088 C. OADATAQ303
o125 «38 25 o4b DATAO304
.5 <515 1. <934 0ATA0305
2. <535 4. «53 DATA0306
16.375 +4418 11 13.022 0. DADATAG309
«03125 17 «0625 «86 DATAO310

7 «125 .61 .25 <585 ~ DATAO311
S 6 ) I T «8tC5 - - -+ DATAO312

2. 6 4. «587 CATA0313

a. «59 16. «586 DATAO3 14

3z. « 585 4. .583 DATAO31S
T7.01 <4418 11 9.286 0. ‘ - DADATAO316
8] «4b 1. «57 - DaTAO317

26 «576 4. . «5668 ) DATAO318

8. <55 1¢&. «536 DATAO319
32,  +525 64. <516 DATA0320

- 181.5775 2.616 10 6.96 C. - - _DADATAO3 21
le- ) «055 2. «56C ) - DATAD322

4, - .710 A . ‘B, <186 - DATA0323

16. .78 , . , t DATA0324

4. « 805 : 8. - 81 . -DATAO327

16« .81 - DATAO328
8015775 1.659 EEREEE § 6.7 0. DADATAQ329
1. .31 _ 2. -89 DATA0330

4. . "« 96 8. 965 - DATAOQ331

16« « 9% DATAO332

81 .4075 «2543 11 9.36 0. ODADATAQ333
5 «65 l. -83 - DATAQ334

2. «815 4. 212 . DATAO033S

8. - 31 16. e€12 DATAO336

32. b 64. - OATAO0337
82.4075 «2543 11 9.345 0. DADATAO338
5 o712 l. -858 DATAO0339

24 -85 4. «19 . DATAGC340

8. 736 16. <EE7 DATAO341

32. 65 64. «64 DATAOD342
83.4 «2543 11 9.36 0. DADATAQ343
.5 .6 l. .92 DATAO344

2. «915 4. «£43 ' CATAG345

Be « 7145 l6. o7 DATAQ346

32. <675 ¢4. « €65 DATAQG347
84.4075 «2543 11 9,42 0. DADATAQ348
9 «37 le 125 DATAQ349

2. « 74 4. «1C4 . DATAO0350

8. « 666 16. «t2 DATAO3:]

32. .61 64. .58 DATA0352

89 .35 °212% 11 64 0. DATAO0353
5 .68 le <73 DATAO354

2e : o7 4, «t7¢ DATAQ35S

8. « 66 DATA0356
86.35 «425 11 55 0. DADATAO357
l. 28 2. -6C8 DAVAQ3SS

4. «65 8. «632 DATAQ3S9

87.23 «578 11 13.011 O. DADATAQ360



290

«03125
- .‘125;
— o5
Qe
8.

3 2‘,\ LN

88.075
T 25
le
4
- . 16
89.26
. l.
4.
’160
9012
<25
-1.
4.
16
91.2985
25
1.
 &o
16.
64
92.1625
«25
ie
4,
16.
) 64
93.1625
«25
le
4.
16.
64 .
94.375
«125
5
24
B
32.
95.4375
«5
2.
8.
32,
96.1875
le
4e
16,
64.
97.34
lea
4.
16.
66,

,,5!' -

Y S

AQ 6 aﬁ ,-"-_”;:‘
«68 L

o1
«66
«5178
- 79
12
« €36
«3871
507
. «52
«508
<313
<3871
«185
«29

‘e 2175
~ e B8
<9
.8
« 725
<705
«2405
«6%
« 945
- 88
«835
«825
«4£028
»35
«58
«52
5
« 495

-« 41 69

<045
.8
684
.57
<552

.3853
.55
.83
.15
.67

<1134
836
.79
.12
.68

- 104
817
.78
717
.66

) 1.
’ 4,

1¢.
s ¢4,
ol 8.17

5
2.
8.

11 8.17

2.
— 8 -

11 8.17

ks '.5
2.
8.

11 10.128%
’ -5

2.

- By

- 32.

11 10.15
5
2e
8.

32.

11 10.15

11 1l.12

11 9.33

11 8.5

i1 8.565

5

5

«665
€9
« €74
<864
Y 1.}

C.

o 14
o175
€7

007 » ’
55
52

%1
0;7

.27

.28

«295

69
<9117
T
.15

o115
c.

-88
«92
-21
«82

C.
«52
«54
«5CS
5

0.
« 7172
<154
«61
«558
5%
C.
.82

71
«6513
8
«82¢
15
«69

O.
«822
« 142
o ¢9

0000ooo‘ljoolon.“';‘;-ivi .;.-940‘;; oﬂv;i.oo.‘o..n.o..o‘ctlt0...0’00OO.....‘.O..‘...Q‘ ~

_ «C625
" «25

DATAO361
DATAO362
DATAO363
CATAO3 64
DATAD365
DATAQ366
DADATA0367
CATAD3 68
DATAC369
DATAC370
DATA0ITY
DACATAO372 -
DATAQ3T3
DATAO374
DATA037S
DATAO0376
DADATAQ377
DAT20378
CATAO379 -
DATA0380 -

- . DAT#0381
DADATAQ382

" DATAQ383
DATAO384
DATA03 85
DATA0386
DATA0387

" DADATAQ388

DATAO389
DATAC390
DATAO0391
DATAO392
CATAQ39)

. DADATA0394

DATA039S
DATA0396
DATA0397
DAT20398
DATA0399 _.
DADATA0400 ~
DATA0401
DATAQ4 02
DATAD403
DAYAQ404
DATA040%
DADATA0406
DATAO407
DATA0408
DATA0409
DATAO410
DADATAO411
DATAQ412
DATA0413
PZi2del4
DATAQ415
DADATA0416
DATAO417
DATAQ418
DATA0419
DATA0420



291

-%‘......,..‘QQ.......‘....'..‘.*.. .....‘.‘.'....I.....‘....O.‘..'.0'...‘.........

- 984345

100.46

0.85

0.2
0.73
0.2
0.67
0.6
0453
0.7
0.54
0.,
0.5
0.7
0.5
0.83
0.5
0.83
0.5
0.83
0.5
G.983
0.5
0.83

.
o W
W

[~

o

e s O e ) re O e D e D0 e D
o

e o]

N ) ot NP (N gus ) oo o gt o oo pon e ) O

-
s o
-

w

l.
4.
16.
64

99.345

5
2.
8.
32.

oS'
2.
8.
2.

0.75
0.2
G.85
0.2
0.8
0.4
0.76
0.6
0.72
0.6
0. 69
C.6
C.66
O.a
0.63
0.8
0.62
0.8
0.61
0.8
0.58
0.83
0.55

[+ ]
W

.
o

o

N e N s (NG PG e ) B P\ s gt et s s O
S

e & & & ¢ & 6 & 5 & 5 > 9 0 o

NECNTONDNELPN=NONONON

«1291
82
«82
73
«66

« 1958
«66
8217

71
635
.« 4423

a4

86
o T4
- 64
50
168

. 0.53

-~
[
[}
- ]

Vi W o~

WWWOWWRWwODWDWNWOWOO W
o

e A P e N R N e N e N e N e

® & ¢ o & & 5 2 0o * & 9 o & o

11

11

11

0.2

0.2 -

Cc.78
0.2
0.85
0.2
C.83
0.2
0.81
0.2
0.79
0.2
0.77
0.6

. 076

0.6
0.75
0.6
0.74

(<]
.
o

0. 71

o
)
-~

0.65

o

[N R Y VIR SO SR VN S e
P

¢ 5 8 & & & 5 5 5 & o 0 ¢ * o o

DO PNES DSOS DDrmPp-p~

8.52

2.
8.
2.

9.39

9.36

12

0DO0OODO0ONOOOO0

| 2
4.
1¢.
bfif L

l.
LT
1¢&.
64.

s o @
VvooNoOoeaNeONNENN

» & & @
w

[ ]
w

w

C.79

(=]
¢ o o
- o o~
»H -

~N

N

NN e OO0O0OOO
]

S o & & ¢ & o

PN AN O

W

C.
«83
173
«69

0. -
«832
17
« 66
« 643
C.

«86

.81
«&7
€5

-133 (C.9¢€

o 6 o 0 O

W WemWms NN O000O0000000000M0000000000
]
QQUOGOUOUObd#ﬂNGNmN&NONONQNSNON&NN

e & o 0 0 o » ®
0 W W

o

oo

~N

o

o0

& & 6 0 5 5 s & & & 0 0 & O 0 & 0 & 0 @
m O

™ M

-
\n
»H

5.5

-
[ )
o

6.5
1.66

C.2
0.2
.2
C.2
C.?
G.2
c.8
0.2
0.8
0.2
c.8
0.2
.83
C.2
c.e3
0.2
0.83
C.2
C.83
C.2
C.8
C.2
C.8
0.2
1.7
2.4
1. 75
2. 4
le 74
3.5
1.84
3.5
2.09
3.9
2.32
5.0
l1.8
S« 6
1.91
6.8
2.03

DADATACG4 21

DATAQ422
DATAO423
DATAO4 24
DATAOA 25

. DADATAQ426

DATA0427
DATAO428
DATA0429
DATAOA30

DADATAO431

DATA0432
04TAG433
DATAO4 34
DATA0435
i

DIFFO001
DIFF0002
01FF0003
DIFF0004
D IFF 0005
DIFFO0006
DIFF0007

- DIFFOOO08

DIFF0009
D1FFOOL0

 DIFF0011
. DIFFO012

DIFFO013
-DIFFQO14

" DIFFOC1S

CIFFOO16
DIFFO017
DIFF0018
OIFF0019
CIFF0020
DIF30021
D1FF0G22
DIFF0023
DIFFO024
DIFF0025
DIFF0026
DIFFOO27
OIFFO028
OIFF0029 |
DIFF0030
DIFF0031
DIFF0032
DIFF0033
DIFFO0034
DIFF0035
DIFF0036
DIFFO037
DIFFOC38
DIFF0039
DIFFO040
DIFFO041
DIFF0042
DIFF0043
DIFFO0 44



292 .

..O.....‘.O.‘..... .’.........'.....0.0.......Q.Q.“.‘.....C...r..0.0...‘.......“‘

277
1.1
3.0%
lel
2e36
1.1
2.68
1.0
8.0

0.9
0.58

0.88

0.7
C.87
0.8
0.85
0.85
0.82
0.85
0.77
0.875
0.74
0.875
Cedi3
Ce7
0.6
0.8175
0.5
0.875
0.5
0.875
0.5

[+~
-
o

.
& &

® 8 & ¢ o ¢ O

[ ]
(")

LI
> -]

00 rt N0 et P e N P ) put N ot ) e Pt ot puo ot ot pod ot g st Pood oo g )

s &6 0 06 & ¢ o & o ' ‘

QO @I Jipmw £ 0 Yy P e e L0 ot (D P 00 e (D (D e
(* ] ~N -+

(%

3.15
1.2
3.45
1.2
3.68
1.2
4.8
2.0
9.0

0.9
Q.47
0.9
0.6.
0.9
0.7
0.88
0.8
0.875
0.8
0.86
D.85
0.85
0.85
Ve85
0.84
0.82
0.85
0.8
0.85
0.7
0.85

[w]
. »
o - - )
W

-y

W ~d

o

wwv

O P e W N () e N ) e N e ) e D s N e ) e e e O
L 4

® ¢ & o 8 g B8 % 9 p & 8 & 5 ¢ % e ¢ 9 " & s v & 0

OCOWVMNONNNONLENMNOMRNNNCNCOCNONON

168

o WP s W e N N PO N e N N DN RSO0

€350 6 o ¢ & & & & & & o & & & 4 ¢ 8 0 & 02 0 0 » 9 b % &

3.75
1.3
4.2
1.3
4,17
1.3
5.4
3.0
10,0
168
0.88
0.4
0.9
C.d
0.9
0.6
0.9
0.7
0.9
0.7
0.875
0.8
0.87
0.8
0.8
0.86
0.85
0.8
0.85

[ o

-y

P OO WWVMWMN WO WO WD WLWWWWWNWWWEO WD ~ND DD
(€

OQOOO?OOOOO

4.15
| Y]
4465

14

5.17
1.4
1.0

0.3

e o o
[- -]

0

.
~NBOrOVPrPOHOWD

»
o

-l

("9

P I B e DN e e e ) e W e e N N e N N e A
~

Ne ¢ & o ¢ ¢ 8 % 0 ¢ 3 & ¢ 8 0 ¢ ¢ 2 o

¢t O®MPLOLrVDD2ODPDPWLOLODLDDWVDyH

[»]

12

S.6

1.5

6.5
1.5
S.05

1.5

8.0
5.0
1%.0

C.86
0.3
0.86
0.3
0.88

0.7

W

.y

e & & 9o & 0 & & 3 9 s b & o ¢ o o

¢ * 0
NN W

e AN S e BN e BN S B s ) P D e W P L e ) e ) e N PR e
¢ OHOL MMMV LS e A SD V=AWV MONOWNNWN

e
o

-133

7.6
1.78
8.9
1.56
8.4
1.72
1.0
6.0

0.S8
OQE‘
C.3

0485

0.3
0.875
C.3
0.9
0.3
0.9
C.3

o
.

OMVMNNUWOO DD NSNU =, OR AW IO WNAIAIPDOC DTV NODLrOLrD
\n : Lo

ot

* o o

[

o

-
W

~N

S 6 2 6 5 o 5 6 0 o & 0 b 4o

[ ]
\n

W -

PO N R N R D S Sl e W= NI=COoOO000m0000000
£

1.8
.14
9.0
1.96
11.0
2.21
15.0
1.0

C.3

C.9
0.9
0.3

o0
¢ &
W 0

.89

(=
.
]

C.885

©
.

OVWOMOOWOONOO VR NNUSNPO s N

s & & » o o @
o~ - O

@ o

-l NN RS wd NP MR e S e N ) e ) B ) e A
-y

® O @ & & & g & O o g 6 ¢ 5 3 & 0

DIFFQ04S

DIFF0046

DIFFO04Y

DIFFO048

DIFF0049

DIFF0GS50

OLFFOO‘

DIFFQ0S52

DIFFO0%)

DIFFO054

CIFFO0S55

DIFF0056

DIFFQ057

DIFFO0OS8
DIFFO059

DIFF0060

DIFFQO061
DIFF00S52
01FFO063
DIFFO0064
DIFF0065
DIFF0066
DIFFOO67
DIFFO06&8
DIFF0069
DIFFOO70
DIFFOOT1
DIFFU0T2
DIFFO0T3
DIFFOO0T4
DIFFOO0TS
DIFFO076
DIFFQO7T7
DIFFOQT78
DIFFONTY
DIFFO080
DIFFQO81
DIFFOC82
DIFFO083
DIFFO084
DIFF0085
DIFF0086
DIFFO087
DIFFG0OBS
DIFFO0B8S
DIFFOC90
DIFFOG91
DIFFO092
DIFFQ093
DIFFO094
DIFF0095
DIFFO096
DIFFO037
DIFF0098
DIFFO0Q99
DIFFO100
DIFFOLO01
DIFF0102
DIFFO103
DIFFO0104



233

‘-00.60.o‘.l00.0000.000000‘00‘.000...o.‘c.Q.ooot‘..‘Q.I.Q..;‘tooooooho.oll000.00.‘

- 1
YOUR CARD TCTAL IS --= ) 541



