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ABSTRACT

Analytical methods have been developed to predict the wave motlon in
baffled combustion chambers. Principally, the method invelves solution
of the wave equation through use of an iterative/variational method.
Calculated results are in good agreement with available data from bench
scale acoustic models. Convergence of series expressions which occur
in the analysis and of the iteration scheme was demonstrated numerically.
Calculated results with gain/loss end-wall boundary conditlons do not
agree with observed engine stablility, which indicates that other gain/
loss representations must be used. The principal contribution from
this study to aid the design of baffles 1s the ability to accurately
predict instability frequencies and oscillatory preésure and velocity

distributions for baffled chambers.
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NOMENCLATURE "

sound velocity, in./sec

Green's function

w/e, inch™

x° - q_27r2/w2 1/2, inch T

(x° - m2v2/W2)l/2, inch™t

baffle length, inches

main chamber length, inches

(¢ + L), total chamber length, inches

main chamber summation index, positive integral wvalues
steady flow Mach number

baffle compartment summation index, positive integral wvalues
unit normal vector directed outward

pressure, lbf/in?

summation index, positive integral values

position vector, inches

radial coordinate, inches

chamber radius, inches

surface area, sq in.

width of baffle compartment, inches

width of main chamber, inches

longitudinal position coordinate, inches

*a separate table of nomenclature is included in appendices C and D.
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SUBSCRIPTS
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SUPERBCRIPTS

M e

transverse position ecoordinate, inches

specific acoustic admittance of injector end (dimensionless)
specific acoustic admittance of nozzle end (dimensionless)
axial coordinate, lnches '

damping coefficient, imaginary part of complex angular frequency,
seconds”

1Lifv =0, 21if v# 0

baffle comparitment index, positive integral values
normal pressure gradient, lbf/in.3

time averaged gas denmsity, lbm/in.3

wW/e or wR/c

engular frequency, radians/sec

refers to main chamber

refers to baffle compartments
refers to radlal summation
refers to interface plane

refers to total length or area
refers to angular summation
refers to pﬁh baffle compartment

refers to source coordinates for Green's functions

refers to source surface (interface)

denotes maximum value retained in summation
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SUMMARY

Analytical methods have been developed to predict the wave motion in
baffled combustion chambers. These methods may be usefully applied to aid

the design of injector face baffles.

An analytical method has been developed by employing variational and
iterational techniques to solve the wave equation for baffled chambers.

For this purpose the wave equation and boundary conditions were converted
to an integral equation which was solved by these approximate means. The
analytical method has been applied to both two-dimensional and cylindrical
chambers with no steady flow and with relatively simple baffle configura-
tions. Results from this analysis provide a good estimate of the instability
frequencies and oscillatory pressure and velocity distributioﬁs in similar
rombustion chambers. Application of the analysis to more complicated
baffle configurations appears straight-forward. The analysis was partially
extended to include uniform steady flow in the chamber, but no numerical
results were obtained. Nonetheless, no substantial difficulties associated

with this extension were found.

Anglytical results for closed chambers were found to be in excellent agree-
ment with available data from bench-scale acoustic models. In addition,
convergence of the several series-type expressions which appear in the
analysis and, also, of the iteration scheme was investigated., Detailed
calculations were used to demonstrate satisfactory convergence of the

several series and of the iteration schene.




Stability caleculations were made for a number of chamber/baffle configurgtions
with g&infl@ss end-wall boundary conditions. Admittance-type boundary con-
ditions were used with signs chosen to represent az loss at the nozzle end and
a gain at the inJection end of the chamber. Results from each of the cases

enalyzed showed that, as long as the injector had g gain-type admittance,

4

he predicted stability of the chamber was degraded by the presence

[3

of baffles. Because this result 1ls obviously Ilncompatible with observed
engine stgbillity, this simple representation of gains and losses must be in-~
adeguate. This fallure to properly predict observed stability trends may be
due to effects of velocity-coupled combustion driving or of wake-type drag
losses on the baffles, neither of which are included in the current analytical

formulation.

The principal contribution from this study to aid the design of baffles is
the abllity to accurately predict instability frequencies and osclllatory

vregsure and veloeity distributions in baffled chambers.



INTRODUCTION

The intent of this report is to describe recently developed analytical
methods and results which may be used to aid the design and development of
injector face baffles. These results and methods have been obtained from
an analytical study to investigate the stabilizing effects of baffles on
acoustic modes of rombustion instability. Many of the analytical details
and supporting studies obtained from this investigation will be described
only briefly so that emphasis may be placed on information useful for baffle

design and development.

Injector face baffles are often required to prevent acoustic modes of combus-
tion instability in rocket engines. These baffles are currently designed on
a largely empirical basis. Some attempts have been made to systematize avail-
able experimental results (for example, see Ref. 1); other attempts have been
made to use the Priem-type instability model to guide baffle design (Ref. 2).
These approaches still provide only rough design guidelines. Analytical
models are now available which will predict the stabilizing effects of baffles

and, thereby, provide a theoretical basis for baffle design.

The acoustic modes of instability for unbaffled engines are currently approxi-
mated by the corresponding modes of a similarly shaped closed acoustic cavity,
€.8., a cylinder. Employing methods described herein, the acoustic modes of

closed but baffled chambers can also be calculated and used for similar purposes,

Calculation of the acoustic modes of closed baffled chambers was only an interim

goal of the program on which this report is based. Nonetheless, this capability




can be used to aid baffle development by providing approximate frequencies,
and oscillatory pressure and velocity distributions for the instability modes
that can occur in the baffled engine. Thus, the general acoustic mode charac-—
teristics can be understood even though stability of the engine cannot be
predicted. This analysis shows that baffled chambers may exhibit well-defined
acoustlc modes similar to the corresponding modes of unbaffled chambers. This
conelusion is supported by available data from bench-scale acoustic models and
hot firings. Thus, the normal acoustic modes are not eliminated by the intro-

duction of baffles, they are only disguised.

ANALYTICAL APPROACH

The analytical approach being used has been generally described in Ref. 3.
Without steady flow the analysis concerns approximate solution of the wave
equation, which simply represents a composite of the linearized fluid dynamic
eguations obtained through the assumption of small variations from the mean
(time average) value. With uniform steady flow, additional terms arise so
that an inhomogeneous wave equation is obtained but, nevertheless, the general

approach remains unchanged.

Solution of the wave equation for a baffled chamber is complicated by the fact
that ih@ standard separation-of-variables technique cannot be used because of
the boundary shape. For similar problems, Morse (Ref. 4, pg. 1039) suggests
the use of an integral formulation which may be subsequently solved by approxi-

mate means. This suggestion has been followed in this study.

The wave equation and boundary conditions were rewritten as an integral equation

which, in turn, was solved by a combined variational and iterational method.



This approach was found to work very well. The approach has been applied to
both two-dimensional and cylindrical baffled chambers and has been extended
to include uniform steady flow in the two-dimensional case. Further, the
effects of combustion driving and nozzle losses have been simulated to

some extent through incorporation of gain/loss-type boundary conditions.

Integral Formulation

The wave equation and accompanying boundary conditions were converted to an
integral equation through the use of Green's functions, as described by
Morse (Ref. 5, pg. 321). The same converéion can be accomplished for this
case without the introduction of Green's functions if a properly formulated
sum of separated-type solutions is used (described in Appendix A). lNone-
theless, the use of Green's functions greatly facilitates the analysis

and allows it to be done more systematically.

The Helmholtz equation (which is the wave equation for a harmonic time

dependence ), i.e.,

vep + k% = 0 (1)

may be rewritten as

o
S

p(E) = [ OGIT) ¥+ Ga(E Jas, (

where G(;l;g) is a Green's function, which satisfies either the same boundary

conditions as the pressure (p), or a zero-gradient boundary condition. In




addition, Green's function satisfies the differential equation
UG + k<G = -5(?-?0) (3)

where 6(?¥§5) is a Dirac delta function. Expressions for the Green's func-
tion may be obtained in several ways, such as described by Morse (Ref. &,

pp 791 to 83L4),

The integral expression for pressure is used with separate Green's functions
writien for each baffle compartment and also for the main chamber. Each of
these Green's functions is zero outside of the compartment to which it

gpplies. However, the oscillatory pressure and normal component of velocity

3

must be continuous across the conceptual interface between each regione.

Therefore, at this interface,

™y
iod

(F) = [S 6, (1%, )&(7, )as, = - é Gy (517, )6, as, = 3y (Fy) (1)

where G_(T|T,) is the Green's function for the main chamber, Gb“(‘fl ?O)
is the Green's function for the pﬁh baffle compartment, and, to simplify the

notation,
) i P -, - - -as
Elrg) = We 9, p(rg) = - N+ ¥, py(r7) (5)

In additicn, the normal pressure gradient, £, must satisfy the integral

squation
£(ry) fN LA Ga(rslro)é(ro)ds‘

(6)

i

-[73, 6, I e as



Equation 6 was obtained directly from Eq. 2 by differentiation.

Simultaneous solution of Eq. 4 and 6, or their equivalents, to give the
allowed frequencies of oscillation and the normal pressure gradient is the
pivotal portion of the analysis. Both the Green's functions and & depend

on frequency. With this information, the oscillatory pressure and velocity
at any point in the chamber may be calculated from the integral expression
for pressure, Eq. 2, by integration. The velocity components may be obtained
from the gradient of the pressure. A variational-iterational technigue has

been developed to solve Eq. 4 and 6.

This approximate solution technique results from a direct combination of a
variational technique, which allows the "pest" form of an approximste solu-
tion to be selected, and an iteration technique, which allows an initially
sélected approximate solution to be systematically improved (also see

Ref. 3). The variational procedure results in replacement of Eg. 4 by a
characteristic equation; the procedure used is described by Morse and
Ingard (Ref. 5, pg. 680). Employing the variational function developed

by them, with a slight generalization for multiple compartments, & charac-

teristic equation was obtained.

&/G(“"’)&deS+[§]G (x| )éds as = 0 :
~L; 5, . r]ro R ks, bH-r'ro) o (7)

Where an approximate normal velocity of the form u = AE, has been used, the
value of the amplitude (A) being optimized by the method. Thus, at this
level of approximation, by assuming a reasonable estimate for the normal

gradient, §, the frequency may be calculated from Eqg. 7. Employing the




integral expression for pressure (Eq. 2) Eq. 7 may be rewritten as

j%(:pa-pb)ds =0 (8)

If the exact expressions for € is obtained, then Eq. 8 is satisfied identically
because p, = pb. However, as it has been used, the variational procedure

does not indicate how to estimate §&; rather, it indicates that the best
estimate of the allowed frequencies corresponding to a particular estimate

of £ is obtained by satisfying Eq. 8. The iteration procedure is used to
obtain an arbitrarily good estimate of £ . Nonetheless, continuity of

pressure at the interface is satisfied only in the average sense defined by

Egq. O, The iteration procedure has been set up so that an initial estimate

of £ may be improved with iterations such that in the 1limit Pa = pb.
The iteration procedure consists of assuming & pressure distribution for
pb§ calculating the corresponding £ and then pa from that £ (by employing
the integral expression for pressure). A new estimate is obtained for Py
by eguating it to the newly calculated pa. All of this is possible because

the expressions for P,» Pb and ¢ are expressed as series of orthogonal

functions.

This procedure leads to series-type algebraic expressions for the character-
istic egquation and fhe pressures. These are easily solved by numerical
means. By such means, convergence of the iteration scheme has been demon-
gtrated, il.€., pa does indeed approach Py, with iterations. However, other

variations of this scheme did not converge, as will be discussed subsequently.



Gain/Loss-Type Boundary Conditions

Nonzero, admittance-type boundary conditions can be added at each end of

the chamber without difficulty. By defining Green's functions, which
satisfy the same boundary conditions at the closed ends of the chamber as
those satisfied by the pressure, the foregoing equations may be used without

change.

Uniform Steady Flow

If a uniform steady flow i1s assumed to exist in the chamber, the analysis
must be modified to some extend. The linearized fluid dynamic equations
for small amplitude oscillations may be combined to give an inhomogeneous

wave equation.

2
Vgp + k2p - 2jkM_ 9B + M 3P =0 (9)
0 90z 0 3 2
Z
This equation with the boundary conditions can be converted to an integral
equation as before and a parallel analysis may be applied. During the
course of the program, the characteristic equation and iteration equations

were developed but no numerical results have been obtained.




" ANALYTICAL RESULTS

These analytical methods have been used to investigate the oscillatory
characteristics of both two-dimensional and cylindrical baffled chambers
with either rigid end-walls or gain/loss end-wall boundary conditions.
Further, the convergence properties of the iteration scheme and of the
several series expressions which arise in the analysis have been care-
fully examined. Finally, the analysis has been extended to include the

influence of uniform steady flow but no numerical results have been obtained.

The utility of these methods are dependent upon the convergence properties

of the expressions. To be useful, accepiable canvergence must occur with
reagsonable computing requirements since the equations are solved numerically.
Generally, the convergence properties were found to be good and the com~
puting requirements (computing time or storage) were not considered excessive
for any case. These factors will be discussed more completely later in this

report.

Rigid Walled Chambers

The oselllatory characteristies of several baffled chambers with rigid walls
(no gains or losses) and no steady flow were examined in & series of calcula-
tiong. A number of calculations were made for two dimensional chambers con-
taining one or more zero-width baffles of equal length and spacing. A number
of calculstions were also made for eylindrical chambers contalning three
radially directed zero-width baffles of equal length and spaclng. Results

from the latvter calculations are probably of the greatest practical interest.

10



These calculations were done for the chamber configurations shown in Fig. 1
and 2. These also serve to indicate the dimensional notation used in the
analyses. The relatively complicated expressions used to make these calcu-
lations are given in Appendices C and D along with listings of the corre-
sponding computer programs. The calculations were restricted to the first

transverse and the first tangential modes.

Typical pressure and velocity profiles for the two-dimensional case are shown
in Fig. 3. The calculations clearly indicate a discontinuity (singularity)
in the axial component of velocity at the baffle tip. In the physical situa-
tion, this discontinuity would be replaced by a steep gradient region.
Clearly a strong flow around the baffle tip is indicated. Also shown is the
degree to which & pressure match has Been achieved with the indicated ten
iterations. Note that the pressure’distributions are roughly similar %o the
sinusoidal distribution obtained without a baffle. The pressure amplitude
was greatest at the injector plane and diminished with length, as shown in

Fig. k.

Typical pressure and velocity distribution for the cylindrical case are shown
in Fig. 5 and 6. Again, a discontinuity in the axial component of velocity at
the baffle tip is indicated. The oscillatory character of this velocity dis-
tribution on either side of the baffle would probably be diminished if =a
greater pumber of terms in the series were retained, i.e. a more nearly
monotonic distribution is expected.‘ Note that the pressure match is reasson-

ably good.

11
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Filgure 1. Configuration and Notation Used in
Two-Dimensional Chamber Analysis

12




Figure 2. Configuration and Notation Used in
Cylindrical Chamber Analysis
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The caleulated frequencles were found to be depressed from the unbaffled values
as the bafflewlength/chamber-length ratio was increased or as the chamber-
wildth {raﬁiuﬁ)/chamber-length ratio was increased. These effects are illustrated

by the frequency results shown in Tables 1-and 2 and in Fig. 7.

It should be noted that solution of the characteristic equation to obtain the
frequencies (the roots or zeros of this equation) yields more than one frequency
in the range of interest. This effect is illustrated in Fig. 8 which shows

+t he variastion of the characteristic equation with frequency. Two roots or
allowed frequencies sre shown, only one of which corresponds to the first trans-
verse mode. The second root, usually the lower one, is discarded because it
correspondg to a poor pressure match at the interface. This discarded root

may represent a poor estimate of a physically realizable frequency or may

simply be an extraneous root.

The multiple roots arise simply because there are different combinations of
series coefficients (these are frequency dependent) which will satisfy the
characteristic equation. Generally, this effect has not been troublesome be-
ceuse onece the appropriate root is located its variation can be followed when
various parameters are changed. The criteria for selecting the roots to be

utilized should always be the degree of pressure match.

By and large, all of the foregoing discussion has concerned calculations with
the normal gradient, £, represented as a series of compartment eigenfunctions.
Other caleulations have been made with § expressed as g series of the main
chember elgenfunctions and, also, with alternating expressions. None of the

latter caleulations produced results as good as those described, a poor pressure

18



TABLE 1. CALCULATED EIGENVALUES FOR TWO-DIMENSIONAI. CHAMBERS
WITH ZERO ADMITTANCE BOUNDARY CONDITIONS#*

Objectives LT/W Q/LT ﬁlg
Effect of~2/LT 1.5 0.1 3.05217
1.5 0.2667 2.37k2
1.5 0.4333 1.76541
1.5 0.5667 1.44k35
Effect of LT/W 1.0 0.25 2.78356k
1.5 0.25 2.Lk51L465
2.0 0.25 2.1036k2
Effect of No. of Baffles
1 - Baffle 1.5 0.2667 2.37k2
L - Baffles 1.5 0.2667 2.2L889

*@ = 10; @ = 15; 10 iterations

TABLE 2. CALCULATED EIGENVALUES FOR CYLINDRICAL CHAMBERS
WITH ZERO ADMITTANCE BOUNDARY CONDITIONS*

Ob jectives L/R 2 /Ly, ﬁ%ﬂ

Effect of Q/LT 2.8 0.00 1.84118
2.8 0.10 1.80062
2.8 0.25 1.4h2gh
2.8 0.50 0.90381

Effect of LT/R 1.0 0.25 1.76668
2.8 0.25 1.h4lh2ol
5.0 0.25 0.96102

*my = 5, 60 =5, f_=3, 8 =3; 10 iterations
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Figure 7. Predicted Frequency Dependence on Baffle Length
From the Iterative Approximation
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metch being obtained. This difference in results stems fram the velocity
gingularity that occurs'at the baffle tip, as shown in Fig. 3. The compart-
ment series can readily describe this singularity because a separate expres-
sion is used for each compartment and it need not be continuous between
compartments. The main chamber series, on the other hand, must be continuous
at the baffle tip. Consequently, many more terms are required in the main
chamber series than in the compartment series to approximate the velocity
gingulerity. It is entirely possible theat, 1f a sufficient number of terms

is retained in the main chamber formulation, comparable pressure matches could
be obtained but no clear indication of this has been observed. Thus, it may

also fall.

Convergence

A number of calculations were made to investigate the convergence properties of
the anelyticsl method. Generally this investigation was directed toward the
two-dimensional riglid walled chamber. The results are believed genersally

applicable to the cylindrical case as well.

Twe kinds of convergence considerations are required, because the set of
equations developed to describe the baffled chamber contalns several infinite
seyries ps well as an iterated approximation. The infinite series arise from

the series representations for the oscillatory pressure and velocity in the

mein chamber and separate but similar representations for the baffle compartments.
These geries arise irrespective of the iterated approximation. Therefore,
independent of whether or not the iteration scheme converges, a sufficient

number of terms must be retained in each of the infinite series to adequately
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approximate the entire series. Thus, for a two-dimensional chamber convergence
is required of the series in m and q (series indices for the main chember and
compartment expansions, respectively). Once the required numbers of terms

(ﬁ and &) were determined, the question of iterative convergence could be

investigated.

Generally it was found that relatively small numbers of iterations and terums
(i.e. terms retained in the various series expressions) were required before
the calculated oscillatory frequencies ceased to change as more terms and

iterations were added. Somewhat larger numbers of terms and iteraéioms were
required before the calculated pressure distributions ceased to change. The
calculated velocity distributions, especlally near the baffle tips, required

the largest numbers of terms and iterations.

Initially convergence was investigated by examining the variation of the
pressure profile on the compartment side of the chamber/compartment interface
as the number of terms in q was increased but with fixed numbers of terms in
m and iterations. When this profile became insensitive to further increase,
convergence of the series in q was considered to be achieved. A similar
procedure was then used to determine the required number of terms in m,

this time with the number of terms in q fixed at the level required for cone-
vergence of that series. Finally, with an adequate number of terms in m and

g, the number of iterations was increased.

For a single baffle in a two-dimensional chamber with a baffle-length-to-
chamber-length ratio of 0.1 and a chamber length-to-width ratio of 1.5,

results from the indicated set of convergence calculations is shown in Fig. 9a
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through 9d. In Fig.9a compartment-side pressure profiles are shown for
various Q, i.e., number of terms in g. Corresponding calculations are shown
in Fig. % where the number of terms in m was varied. Clearly convergence

is occurring and approximately 10 terms in q and 15 terms in m are adequate
for this case. It should be noted that for the first transverse mode all

of the even order terms in m are zero, which is required for proper symmetry

of the pressure profile.

Figures 9c and 94 show comparative pressure profiles on each side of the
chamber/compartment interface for various numbers of iterations. Again, it
is clear that convergence is occurring. Error calculations show that the
error decreases in a monotonic fashion. Errors are even smaller with more

than one baffle.

Somewhat larger numbers of terms are required to describe the velocity pro-
file near the baffle tip. In Fig. 10 are shown calculated profiles from

the truncated series with Q = 10 and,ﬁ = 15, Clearly, the series for the
main chamber velocity is not adequately approximated with 15 terms. How-
ever, Fig. 3 demonstrates that an excellent velocity match is achieved if

ﬁ is increased +to ﬁ = L5. Figures 11 and 12 show calculated results for

10 and 20 iterations, respectively, and with a = 23 and ﬁ = L5, The velocity

agreement would improve if the ratio of o to a was increased.

Adequate convergence was considered to have been demonstrated by these cal-

culations. Additional convergence considerations are described in Appendix B.
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Gain/lLoss Boundary Conditions

The effects of pressure-coupled combustion driving and nozzle losses were
partially simulated by employing nonzero acoustic admittance values at each
end of the chamber. A gain-type condition was imposed at the injector end

and a loss-type condition at the nozzle end.

The boundary condition was written in terms of a specific acoustic admittance:

N.u
P

Yy = pc

with y1 being the injector admittance and yN being the nozzle admittance.

With such boundary conditions, the characteristic equation becomes complex
and solution of it yields complex frequencies or eigenvalues. The real part
of that eigenvalue corresponds to the angular frequency of oscillation; the
imaginary part corresponds to an exponential growth or decay coefficient.
Thus, whether stability or instability is predicted depends on the sign of

this imaginary part of the eigenvalue.

4 series of calculations were made for both two-dimensional and cylindrical
chambers. The results are shown in Tables 3 and 4. 1In every case, the
baffles were found to degrade stability (as long as the real part of yT was
negative) rather than improve it as found in practice. This implies that the
stability model is inadequate, possibly because velocity (transverse) coupling
with the combustion is more important than the pressure ;ensitive case thet
was simulated. Another possible explanation is that the baffles contribute

nonlinear losses due to wake effects which were not included in this snalysis.
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TABLE 3. DAMPING CALCULATIONS FOR THE NONZERO ADMITTANCE CASES*

Number of wW aW

Objectives | Baffles W/Lg 2/Ly Iy I1 ~ c
Effect of 1 1.0 0.25 0.06 -0.06 2,722 ~0.0773
number of 2 1.0 0.25 0.06 -0.06 2.706 -0.0527
baffles 3 1.0 0.25 0.06 -0.06 2,654 -0.,0557
Effect of 3 1.0 0.10 0.06 -0.06 3.059 -0.0153
baffle 3 1.0 0.25 0.06 -0.06 2,654 -0.0557
length 3 1.0 0.50 0.06 -0.06 1.925 ~0.0599
Effect of 3 1.0 0.25 0.06 -0.20 2,680 -0.2170
injector 3 1.0 0.25 0.06 -0.06 2.654 -0.0557
admittance 3 1.0 0.25 0.06 -0.02 2,652 -0.0106
Effect of 3 1.0 0.25 0.2 -0.06 2,665 ~0.0305
nozzle 3 1.0 0.25 0.06 -0.06 2.654 -0.0557
admittance 3 1.0 0.25 0.02 -0.06 2.653 -0,063L
Effect of 3 2.0 0.25 0.06 -0.06 2,896 ~0.0176
chamwber -3 1.0 0.25 0.06 -0.06 2,654 -0.0557
widthetow 3 0.50 0.25 0.06 -0,06 1.996 -0,0702
length ’

#A11 calculations were made with 15 terms in m, 10 terms in g, and
g iterations.

TABLE 4, CALCULATED EIGENVALUES FOR CYLINDRICAL CHAMBERS

WITH FINITE ADMITTANCE BOUNDARY CONDITIONS¥*

wr arTr
Objectives LR | /1 Iy b - ¥ cw
Effect of Q/LT 2.8 0.10 0.06 ~0.06 i.8oh72 -0.01665
2.8 0.25 0.06 | =0.06 1.44383 -0,0k4459
2.8 0.50 0.06 -0.06 0.90390 -0.03392
Bffect of I /R 1.0 0.25 | 0.06 | -0.06 | 1.77020 | -0.00729
2.8 0.25 | 0.06 -0.06 1.44383 -0.0k459
5.0 0.25 0.06 -0.06 0.98895 -0,03405
Effect of 2.8 0.25 0.00 0.00 14429k ——
End Admittance 2.8 0.25 0.06 -0.06 1.44383 -0.0LL459
2.8 0.25 0.20 -0.20 1.h5344 -0.15259

mﬁ‘? = 5, ne, m, = 3, n, = 3; 10 iterai_;ions
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The results from stability limit calculations made for the two-dimensional
case with gain/loss boundary conditions were similar to those
reported previously in Ref. 3; no region was found in which a beneficial

effect of baffles was indicated.

Computing Time Requirements

The utility of the foregoing analytical methods depends in part on the com-
puting requirements in terms of computing time and storage. Therefore, it

is of interest to determine these requirements for a "typical” case. Un-
fortunately, a typical case is very difficult to specify becaﬁse of the
variability in the numbers of terms and iterations that may be deemed
necessary. Moreover, occasionally considerable difficulty is encountered

in finding the roots of the characteristic equation. Projecting the require-
ments of another computer system is even more difficult. Nonetheless, an

attempt has been made to estimate the computing time requirements.

All calculations have been made on a G.E. Model 44O time sharing computer

system. For "typical" cases the rough maximum requirements are shown below.

Two~dimensional Cylindrical

Rigid wall case < 150 sec or < 450 sec or
< $0. k42 < $1.25

Nonzero admittance case < 900 sec or < 1500 sec or
< $2.50 <$k. 20

31




The dollar figures shown are based on a nominal rate of $10 per hour of
computing time. The salary of the engineer operating the computer is not

included.

If these geme cases were to run on an IBM-360 Model 65 computer in a batch
processing rather than time sharing mode, the computing times would be 1/2
(very roughly) of the times shown above. This estimate includes an allowance
for requiring more trial cases because of the inability to interact.directly
with the computer. The computer logic being used has, of course, been
selected for & time éharing mode. Therefore, some improvements are possible

for use with a batch processing computer.
Clearly the computing costs are well within an acceptable range.

CONCLUSIONS

A satisfactory analytical method (varietional-iterational technique) has been
developed to analyze the wave motion in baffled combustion chambers. This
method may be used to accurately predict the instability frequencies and the
oscillatory pressure and velocity Qistributions in baffled chembers. A
pumber of relatively simple configurations have been analyzed thus far and
epplicaticn of the method to other baffle configurations appears straight-

forward, although the details of the analysis are complicated.

Stebility calculations have been made for a number of chamber/baffle configura-

tlons with gain/loss end-wall boundary conditions, which were used to simulate
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combustion gains and chamber losses. In each case analyzed (with gain tyve
admittance at the injector end), the predicted stability of the chamber was
degraded by the introduction of baffles. Because this result is in direct
conflict with observed engine stability, this simple analytical representa-
tion of chamber gains and losses must be inadequate. This failure to
properly predict observed stability trends may be due to velocity-coupled
combustion driving effects or to wake-type drag losses on the baffles,

neither of which are included in the current analytical formulation.
Nevertheless, the ability to predict instability frequencies, and oscillstory

veloclity and pressure distributions in baffled chambers may be used to

advantage for the design of baffles.
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APPENDIX A

ALTERNATE DERIVATION OF INTEGRAL EQUATION

The integral equation for pressure can be derlved from the wave equation by
employing a sum of separated solutions rather than starting with a Green's
function. &Essentially this approach is an alternate derivation or definition
of the surface Green's function. The method is described for the two-dimen-

sional case but the cylindrical closely parallels it.

A two-dimensional chamber is considered with rigid walls on three sides
but an arbitrary boundary condition at x= L. The separation of variables
technique is used without applying the boundary condition at x = L. The

separated solutions may be written as

= RN .
fm(x,y) cos —p- cos k_x (A-1)

vhere k_ = (kg - i wg)l/2

. Note that only one index, m, appears. BRecause
the individual separated solutions cannot satisfy the arbitrary boundary

condition at x = L, a sum of these solutions 1s tried, i.e.,

- mry
P = ;;am cos == cos k x {(a-2)

where am is an unspecified coefficient. The pressure gradient at x = L may be

obtained by differentiating Eq. A-2,

ap
0%

_ . 2 . mry :
= am k.m sin kmL cos - {Au3>
x=1L




The coefficients may be obtained in terms of this gradient from orthogonality,

[ " 9 mry
e — o}
Jﬁ 3% cos = dyo
0 x = L
1
it
EL km sin kmL
n (A-b)
Wiie
W
= gf cos2 Mo dy
J W ©
o]
1 m=0

“rm

W
v cos k_x cos n_%r_): -—g——}% cos Yo dy
“m 0 x =L w
o W
'“ sin k L
K m (A-5)

> that the integration in Eg. A-5 is over the variable Yo and that a

cg may be integrated term by term, Eg. A-5 may be written as

* .. G | (A-6)



where, by definition,

€

m

6=- > =
m

mm mm
cos BEX cos —wz cos Yo

k sin k L (a-7)
m m

Equations A-6 and A-7 are identical with those obtained by starting with a

Green's function (see Ref. 3 or Appendix C).
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APPENDIX B

ADDITIONAL CONVERGENCE CONSTIDERATIONS

It is important to define the degree to which a continuous oscillatory velo-
city distribution is obtained with the analytical method being used. This
question relates closely to convergence of the series representations for
pressures and velocities, but not (directly, at least) to convergence of the
iteration scheme. 1In general, each of these series should be regarded as
being of infinite extent but are approximated by truncated series for

numerical purposes.

The analysis is such that if the normal gradient distribution at the chamber/
compartment interface ( £ ) and the frequency (or k) are given, then the pres-
sures and pressure gradients (or velocities) can.be subsequently calculated
for any point in the chamber or compartment from the integral expressions.

For example, the axial gradient of pressure in the main chamber may be written

(for the two-dimensional case) as

o

apa € sin k x m
_ m m mry Yo
= E = cos —= /E cos — dy

sin kﬁL o} (B-1)
If x= L, this expression is simply a Fourier series expansion for ¢ . A
similar result is obtained for the baffle compartments, i.e.,
oD, i ji €q sin k:q(Lt - x) o T (y - uw) ¢ cos qw(ye-uw} .
ax w sin kqQ W o
(B-2)




Again, for x= L, the expression becomes a Fourier series expression for £ .

Because for x= L each of these expressions is & Fourier series for the same
thing, then the normal component of velocity is continuous, at least if the
series converge. Any deviation from continuous character must arise from
truncetion of the series for the calculations. This conclusion is valid for
any level of iteration or approximation for { (and the solution); however,

the pressure 1s not continuous unless the exact solution is obtained.

The variational-iterational technique is the means being used to calculate
approximations for £ and k. With the compartment approximation, the Fourier
series for £ in terms of the compartment-side eigenfunctions is used, which
may be denoted as Eb' The eigenvalue (frequency), in turn, is calculated

from the characteristic equation,

j%{?a - p,) 48 =0 - (B-3)

The iteration is used to generate approximate expressions for Eb, pa(L),
and §%(L>; the iteration is set up so that pa(L) and pb(L) approach the

same distribution.

Thus, for numerical purposes a sufficient number of terms must be retained in
the series expressions for Eb, o and Py to adequately approximaie each of
these Infinite series. Note that the numbers of terms required to approximate
the series expressions for apa/ax and apb/bx are likely to be different from
the number required for Py and pb expressions, because the gradients vary more

rapidly with position than the pressures.



One further factor is worth noting. The series expressions for apa/ax and
apb/ax (Eq. B-1 and B-2) suggest that fewer terms are required for positions
on either side of the interface. The coefficients are reduced by the ratio

mvr(x-L)/W QTF(L{:“’X)/[W

of sine terms which approaches e for x< L, and large m or e

for x >L and large q.




APPENDIX C

TWO-DIMENSTONAL BAFFLED CHAMBERS

This appendix details the equations, logic and computer programs which were
developed to described two-dimensional baffled thrust chambers with non-zero
end~-wall admittance boundary conditions. The rigid wall case 1s obtained by

simply equating these admittance values to zero.

Also included in this Appendix is a listing of the main computer program
and the auxiliary programs used for generating pressure and velocity distri-
butions and input files. Finally, a sample calculation is included for =a

rigid end-wall chamber containing a single baffle.

To simplify the computer operations, the mathematical notation used here
and in Appendix Dis different from that used in the main text. A separate
table of nomenclature for these appendices is included at the end of Appendix
D, which also shows the relationships between the nomenclature used in the

text and in the appendices.

GENERAL EQUATIONS

The general characteristic equation derived from the variational method for

the two-dimensional baffled chamber shown in Fig. 1 is

o (p(o) _ p(“)) g%gil dy =0 atx=x
Yo

C-1

1 (c-1)



e

Tt may be observed that this is simply an equation for conservation of the
energy Tlux across the interface between the main chamber and the baffle
compartments for the rigid-wall case. Corresponding to any pressure
gradient at the interface,the pressures in the different regions are given

by the integral equation corresponding to the wave equation, i.e.,

;o ut+l (1)
Koy H 1 '
o (xy) = --/’ o) (x, yixs v 8 (x,y) ay! (C-2a)
Ju
(o) 4 0 (1)
0 Y (x,y) = 4--lh ol (x, vix, v) Em— (xy) & (c-2b)
Yo

(o) th

where Gi#) and G are the Green's functions in the M baffle compartment
and the main chamber respectively. The pressures obtained from Eq. C-2a
and C-2b are not equal at the interface unless the pressure gradient at the

interface used for the integration corresponds to the exact solution of the

wave equation and the appropriate boundary conditions.

Because the exact solution is unknown at the outset, an initial form for this

vressure gradient 1s assumed and an iteration scheme is used to improve the

i

y

s

accuracy of the initial form. This iteration scheme proceeds as follows.

first, some form is assumed for the pressure gradient at the interface:

ap<“}(g>(xl,y) '
dx ' (c-3)

Then the above integral equations are used to obtain p<u)(2) (x,y) and
p{0}<£>{xﬁy} directly. Since, for the exact solution, the pressures must
match identically at the interface (x = xi), a new approximation for the
baffle compartment pressure profile at the interface is obtained by equating

the presgures:



L

p(“)(Hl)(xl,y) = p(o)(‘”ul,w (Cc-4)

A new pressure gradient is then obtained by differentiating the corresponding
integral equation and the iteration sequence is complete. The iteration may

be repeated as many times as desired.

Assumptions and Definitions

The assumptions and definitions used to obtain the above algebraic forms of

the characteristic and iteration equations are presented here for reference.

The ch approximation to the pressure profile on either side of the interface

is assumed to be represented by an eigenfunction expansion, i.e.,

. (1)(0) | (1)
NOICO N z Pry LPfly (v) | (0-52)

n =1
y

(o)(2) _— (0)(2) (0)
p - Z amy mey(Y)

m, =1 (c-5v)
where the orthonormal eigenfunctions are
() (1)
q"ny(.‘{) = cosla ¥y 0y (Y"Yu )]\/m———
¢ (c-6a
(0) (0) i )

i

LPmy(y) cosla y:my(Y"yo)] o)
,/emy (c-6b)

c-3




the corresponding eigenvalues are;

(1) (n,-1)w
& y}’n :'E z-ri-y_—___-T-
&(C’} - Q(my-l)n
Yoty (%E )
and:
() ,
oy (0 b))/
Lo) = (L+s Hy_-y)/2
my vmy,l F 'o

The Kronecker delta is defined by:

5myn = 1 m=n
0 m#n

Integrals of products of the eigenfunctions are then:

Jy,
VT (o)  (0)
jyo Vo) ¥ ey -

{®) fml (0) (u)

ra('E 1 (W)
gQ’ *Q(H;y(y) P ny (y) dy =

5ny,n&
'myfmé

You Yo e

(c-Ta)

(c-7v)

(c-8a)

(c-8b)

(c-9)

(c-10a)

(c-10b)

(c-11)



The Green's function for each region has been represented by an eigenfunction

expansion also,

SEEDE -> L ) o)
y y

(x|x")
ny (c-122)
ny=l
(0) 2121y = (c) (0) (o)
¢ (rjr)= - W (y) Y (v) F (x Ix1) -
m;l my ny n (c-12b)
where
(w) Nz (k) : (#) '
F oy (xlx')= cos[oz xp,tny (x-xl)] cos[a fctlr)ay (xz-x ) + 8 x,ny] X< x
) {
a(}t?ny Q(iy (C-13a)
] (1)
u ' (1) !
COS[ax,ny (x -xl)] cos |a (:zny (x2~x) + 8 inyg X >x
a(u) Q(u)
L X,Ny Iy
(0) e ( (0) (0) (0) : g
F Omy(x|x )= cos[a x,m (xx_) + 5 x,my] c:os[a %, m (x)=x )] x<x%
(o Q(O)
J x,my my (Cule)
(0) ' (0) (0)
cos [a xom (x -xo) + i om ] cos [a xm (xq-x) X>X
(0) 0
xm Q(m>




S
=
i
Wi\)
1
R~
fﬁ o
=
%v
hvl

H

(#) 1
§an = O <1k5x2 /(u) )
y -/ «
X,n
J

Finally

(1) )

[“(i)n (x -x) + ﬁ X,n ]

%ﬁn (x)= + @y n
5
cos [ n (x,-x;) + g(”) y]

) . 0 0)
H(Q = - o T {“(xzmy( )+ 15 ]
Lim “.x,m

v Y cos [ a(:zm (Xi-x ) + i(O)

and .
(0)(2) & ()(R) , ,(») (D
B = o, H, @ I
"y ;é% ;g;l y Ry 7% (Eg)

(c-1ka)

(c-1kb)

(c-152)

(C-15b)

(c-16a)

(c-16b)
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Final Equations

When series expressions are used to represent the interface pressure profiles

in both the main chamber and the baffle compartments, the iteration scheme

proceeds as follows:

P06 y) -

.@.E(H)(Q )(xl’y) -

p(o)(g)(xl,y) =

22(0)(’2 )(Xl:Y)

t

(F’L)(Q) .,,(H)
b (y) o8,
nggl By Ty d (C-182)

251 (:;n (k)(2) }§f§> (X;E> q;g”) (y) (c-18Db)
ny-: Y y v

p(0)(2) |
myo xp(g) (v)
y=l 'T'm (X,) Y
MERGACYE
m =1
y .

S =22 Do
m =1 y y
y

(0)(2) 1f0) ﬂ)) (0)
myZl ( 8'my L m, 1 m (v)

(c-18a)




@me(xry) - bfl“)(“l) 4,51#) (¥)
ny:l y v
- (0)(2) <@\ (o)
ny:l my:l amy I Lp ny ()
(x)

(c-18e)

With the same series expression representations, the general characteristic
equation reduces to an algebraic equation which can be solved numerically,

i1.e.,

2

N (0)(v) (0)
g;i éam } hﬂn&_ (xl)

¥

®©T° W)
) [ ]hdn“ () | =0

I.L:l n =
Y Y Yy

(c-19)



COMPUTER PROGRAMS

The computer programs used to solve for the fundamental acoustir modes of

the two-dimensional baffled chamber with gain/loss end-wall boundary condi-
tions are described in this section. The computer logic is illustrated by
the flow chart shown in Fig. 13. All programs are written in GE-LNO Series
Fortran¥* using complex arithmetic., The individual programs, functions and

relation to equations and lines in the program are detalled below.

B2DLLL - Main Program (See Flowchart C-1)

This program is used to obtain the frequency and damping coefficient (eigen-
value) as well as the series expansion coefficients for the interface pres-
sures and axial velnecities for a particular two-dimensional baffled chawmbher
with gain/loss end-wall boundary conditions. Complex quantities are noted.

A full sample calculation is given at the end of this Appendix.

a. Input 1: Line 1240
MUBAR = 4 = No. of baffle compartments

YO = Yo
YMUBAR= ¥
b. Perform y Integration: Lines 1340-1760: Eq. C-11
FINTTM(MUD,MYOD,NYUD). =
@)
ILy
¢, Input 2: Line 1790
X0 = Xq
X1l = %1
X2 = :X'e
BETAOQP = 6XO+ (Complex)
BETA2L = % (Complex)

*¥CPB-1473, GE-40OO Series Time-Sharing FORTRAN manual, General Electric Company,
Information Systems Division, 13430 North Black Canyon Highway, Phoenix,
Arizona, 1970.
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d. Tnput 4: Tine 1830
No. of antisymmetric terms retained in main chamber series

MYOVMC =
NYUVMC =
JIT

e. TInput 5: Ii
ITYPE =

No. terms retained in baffle compartment series

= No. iterations performed

e 1880
0 for step calculation of characteristic function

1 for root finding calculation of characteristic function

f. Input 6: Tine 1910: (ITYPE = 0)

ETIYDST =
EIYDSP =
NETYDS
IDETAL

i

it

g. Input: Line

k(YH“Yo) Tnitial guess (Complex)

k(yz-yo) Increment (Complex)

No. of calculations

0 for simple printout of characteristic function

1 for detailed printout of series expansion
coefficients and pressure/axial velocity profiles

1950: (TTYPE = O)(IDETAL = 1)

N ( 4
IPBSUM BSUM(MUD, NYUD) = bgyxm
TPASOM ASOM(MYOD) - L0()
>=: O for no print of< "y 2) \
TPVBUM 1 for printout VHMHMLNHD)=ng(/§“
Ng Ty
) Y
TPVAOM vaom(myop) = alO()5(0) (.
m Lm 1
/ \ v Y
h. Input: Line No.: (ITYPE =0)(IDETAL = 1), (1) (2)
MPBSUM . P (%))
. 0)(2
MPASOM S = 0 for no print of ¢ p( )t )(xl:Y)
1 for print (u)(2)
MPVBUM - ap (x,,¥)/3x
0)(2)
MPVAOM ) ap( X ’(xl,y)/ax
f'. Input 7: Line 2000: (ITYPE = 1)
ETYDST = k(yr -yo) Tnitial guess (Complex)
ETYDFD = k(yy-yo) Finite difference (Complex)
NEIYDM = No. of Calculations
CHFNTL = Tolerance on characteristic function final value

c-11
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i. Definition: Lines 2150-2730: Egqns. C-7a,b; C-lka,b;
C-15a,b; Clba,b

JI = 0
AYOM(MYOD) = (3)
AXOV = (S)my ( Complex)
DELLOV = i(fifmy (Complex)
HLOM(MYOD) = (O) (x ). ~ (Complex)
BSTM(MUD,NYUD) = bl(,lp)(o) (Comp]_ex)
y
(1)
AYUM( NYUD) = ay,ny (Complex)
AXUV = o (i)
7y
DELRUV = f (x“r))y (Complex)
HRUM( NYUD) = Egp)(xl) (Complex)
Y

Calculate Iteration Dependent Variables: Lines 2760-2950;
Egqns. C-17, C-18

VBUM(MUD, NYUD) = bl(j';)(g) g\“) (x) (Complex)
BLOM(MYOD) = ng)(g) (Complex)
ASOM( MYOD) = qgs)(g) (Complex)
VAOM(MYOD) = ags)(g) %;3) (xl) (Complex)

k. Perform Iteration:.Lines 2960-3110: Eqn. C-18e
JI = JI +1 '
BsUM(MuD, WyuD) = pLH)(@+L)

ny



1. Calculate Characteristic Function: Tines 3140-3320: Eq. C-10

SUML = ng;l ([a&i)(Q)lg é;) (Xl)) (Complex)

SR S BO] ) ) (commien)
SuUMP g;; ;;;1 ( [bny ] Epy ( 1)) Complex)
CHARFN = SUMl - SUM2 (Complex)

m. General Printout: Line 3360

EIGNYD = k(%i-yo) (fomplex)
suMl (Complex)
CHARFN (Complex)
SuM2 (Complex)

n. Detailed Printout: ILines 3390 - 3610
(According to Tnputs g,h)
Calls PV2DBC, PV2IMC for pressure/axial velocity profiles

0. TIncrement Eigenvalue: Lines 3630 - 3950

ITYPE = O — EIGNYD = EIGNYD + ELYDSP (Complex)
ITYPE = 1 — EIGNYD = EIGNYD - CHAREN (Complex)
d(CHARFN)

d({EIGNYD)

Return to Options: Lines 3970-4010

r3

Input 1 IGHTO = 1
1" 2 2
" 11_ u_
" 5 5
" 6 6
" 7

Cc-13




Subroutines
PV2DBC - Baffle Compartment Interface Pressure/Axial Velocity Profiles
™is program takes coefficients of pressure/axial velocity series expressions
and generates the appropriate profiles at the interface on the bhaffle
rompartment side,
2. TInput: Line 5000 (Variable List)
NYPNT = No. of equally spaced y points for printout
IMUD = Compartment at which printout should stop
(NYPNT = 0 for return to main program)
. Printout: Line 5420: Eqn. C-5a
Value of pressure or velocity at y location
y Location

Compartment number

i - Main Chamber Interface Pressure/Axial Velocity Profiles

This vrogram takes coefficients of pressure velocity series expressions and

erates the appropriate profiles at the interface on the main chamber side.

Tnput: Line 6000 (Variable List)
NYPNT = No. of equally spaced y points for nrintout
YST¢P = y position at which printout should stop
(NYPNT = 0 for return to main program)

5. Printout: ILine 6320: Eq. C-5b

Value of pressure or velocity at y location
y location

c-1k



BzD444

0100C TWE-DIMENSIONAL BAFFLED CHAMBER MAIN PRGGRAM

1000 DIMENSION FINTTMC4524524)

1010& sAYOMC24) sAYUM(24)

1020& > HLOM(24) > HRUMC24)

1030& >ASOM(24),VAOMC24) sBSUMC4524) » VBUM( 45 24) s RLOM(24)

1040 CoMMON MUBAR>YD>YDU>AYOM>AYUM>PI

1050 CBMPLEX BETAOP,BETA2L,EIYDSTsEIYDSPsEIYDFDsEIGNYD> EIYDOR, FYDOR2
1060& »AX0V>ARGO»RTARGO»DELLOVs CTANO» AXUV5>ARGUs RTARGUS DELRUYs CTANU
1070& »HLOMs>HLOV>HRUMS>HRUV

1080& >ASOM>ASOVsALUM»AL UV, VAOM,BSUMs BSUV,BLOM, BLOV s VBUM

1090& ,TM:SER%UM,SUMI:SUMQ:CHARFN:CHARFO:CHARFL,CHARFU

1100& »CHARFLsCHARFUsRTARGOs>RTARGU

1110 11 FBRMAT(//"TWO-DIMENSI@NAL BAFFLED CHAMBER'™)

1120 12 FORMAT(//T2,"MUBAR=",12/

1130& T45"Y0="5F5:2,T17>"YMUBAR="F 5.2, T345"X0="3F 5.2, T4T,"X1=",F5.2,
1140& T605"X2="5F5.2/

1150& T115"BETAOP="52F5+2,T31s"BETA2L=",2F5.2)

1160 14 FORMAT(/T2,"TRANSVERSE M@DE NUMBER",13)

1170 16 FORMATC(/T2, "MYOUMC=""512/T2," " NYUUMC="512//T2,"JIT=""512)
1180 18 FORMATC(T16,"EIGNYD">T52,"SUM1"/T165 " "CHARFN",TS52,"SuUM2'")
1190 19 FORMATC(T1051PE16¢10s'"»"51PE17.10)

1200 20 FORMATC2C1PE16¢105'" 5" 1PE16¢10," "5 1PE16105":":1PE16.10/))
1210 PI1=3.1415926536

1220C MUBAR IS THE NUMBER @QF C@OMPARTMENTS

1230 11001 PRINT»" 1 INPUTS$MUBARsYO,YMUBAR"

1240 INPUTsMUBARs YOs YMUBAR

1250 IF(MUBAR.LT.5) G@ T@ 10015

1260 PRINTs > "MUBAR MUST BE LESS THAN 5--TRY AGAIN'

1270 G@ T@ 1001

1280 10015 CONTINUE

1290 FMUBAR=FLOAT(MUBAR)

1300 YD=YMUBAR-YO.

1310 YD2=YD%*2

1320 YDU=YD/FMUBAR

1330C

1340C Y INTEGRAL CALCULATI®N

1350C

1360 MYOINT=24

1370 NYUINT=24

1380 DG 910 MUD=1,MUBAR

1390 FINTTM(MUD»>151)=1.0/SQRT(FMUBAR)

1400 D@ 901 NYUD=2,NYUINT

1410 FINTTM(MUD>1sNYUD)=0.0

1420 901 CONTINUE

1430 FMUD=FLBAT(MUD)

1440 YULO=YDU*(FMUD=~1.0)

1450 YUP1LO=YDUXFMUD

1460 D@ 904 MYOD=2,MYOINT

1470 FMYOD=FL@AT(MYOD)

1480 FMYOD=2.0%(FMYOD-1.0)

C-15




BebD4aad ConTINUED

ALYUV=(FMYOD=-1.0)%PI/YD

FOUJ=ALYOVRYULO
P1=ALYOVERYUPTLO
T{2.0%FMUBARI ) ZCALYOVXYD)D
CHOSINCARGUPLI=-SINCARGUUY)
ABESCRFVALUEY)Y LT (1.0E-6>) FVALUE=0.0
PIMUD,MYODs 1)=FVALUE
Jb Y03 NYUD=25NYUINT
FNYUD=FLOATONYUD)
ALY UV=CFNYUD-1.0)%PI/YDU
ALY DIF=ABSCALYOV-ALYUV)
YDIFoLTe(10E-6)) G T 902
LYOYV/ CALYOVH2-AL YUVR*2) )% IORT(FMUBARI®*2.0/YD
TUL=1D)*P1

LJe=Ck{COSCACY*SINCARGUP 1Y -SINCARGUUY)D
&4 AESCFVALUEY ) «LT«(1.0E-63) FVALUE=0.0

b 903

 CoNTINUE

1-0750RTIFMUBARD

UE=CxCOSCARGUL)
AFMSCFVALUEY )Y sLT« (1 .0E=-63) FVALUE=0.0
TTodMUD,MYOD, NYUDY=FVALUE

CONTINUE

NTINUE

CONTINUE

Y INTEGRAL CALCULATION

FPRINT,™ 2 INPUT:X0DsX1-X2,BETACP,BETAZLY
IToxn0»X1X2:sBETAOP>BETAZL
CONTINUE

=1

PRINT2 4 INPUT:MYOVMC, NYUVMC,JIT™
Ce MY OVMCs NYUVMC, JIT
MYOUMC o LE«MYOINT) « ANDo (NYUVUMCLE«NYUINT) ) Gg T 1005
CINTe 1 MYOVMC & NYUVMC MUST BE LESS THAN 25--TRY AGAIN"
T 1004
> PRINTS™ 5 INPUT:ITYPEY
T 1ITYPE
; L=0
IFCITYRPEY 999951006-1007
1006 PRINTS' 6 INPUTIEIYDST>EIYDSP.NEIYDS»IDETAL®
INPUT-EIYDST>EIYDSPsNEIYDS, IDETAL
IFCIDETAL .NE-1)> GO@ TG 1008
PrINT ™ INPUT:IPBSUMs IPASOM, IPVBUMS IPVAOM™
INPUT, IPBSUMs IPASOM, IPVBUM, IPVAOM
PRINT, ™ INPUT:MPBSUM»MPASOM> MPVBUM,MPVAOM"
INPUT, MPBSUM>MPASOMSs MPVBUMS MPVAOM
Gu To 1008
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B2D444 CONTINUED

1990 1007 PRINT," 7 INPUT:EIYDST>EIYDFD,»NEIYDM> CHFNTL™
2000 INPUT>EIYDST>EIYDFDsNEIYDMs CHFNTL
2010 1008 CO@NTINUE

2020C

2030C PRINT INPUT

2040C

2050 PRINT 11

2060 PRINT 12,MUBAR>Y0OsYMUBARsXOsX1,X2,BETAOP,BETAZL
2070 PRINT 145NMGDE

2080 PHINT 165MYOVMC, NYUVMC,JIT

2090 FRINT 18

2100 NEIYDD=0

2110 NCNTRL=-2

2120 EIGNYD=EIYDST

2130 1 COUNTINUE

2140C

2150C DEFINITIONS

2160C

2170 JI=0

2180 EIYDOR=EIGNYD/YD

2190 EYDOR2=EIYDOR**2

2200 AYOM(1)>=0.0

2210 AYUM(C1)=0.0

2220 DB 30 MYOD=2,MYOVMC
2230 FMYOD=FLBAT(MYOD)
2240 FMYOD=2.0%x(FMYOD-1.0)

2250 AYOV=(FMYOD-1.0)*PI/YD

2260 AYOMCMYOD)=AYOV

2270 AYOV2=AYOV**2

2280 RTARGO=EYDOR2-AYOV2

2290 AXOV=CSQRT(RTARGO)

2300 ARGO=AXOV*(X1-X0)

2310 DELLOV=(0.051.0)*EIYDOR*¥BETAOP/AX0V
2320 CTANO=CSINCARGO)>/CC@SCARGO)
2330 HLOV=-AX0V*(CTANO+DELLOV)>/(1.0~DELLOV*CTANO)
2340 HLOM(MYOD)=HLOV

2350 30 CONTINUE

2360 HLOM(1>=0.0

2370 DO 32 MUD=1,MUBAR

2380 D@ 31 NYUD=1,NYUVMC

2390 BSUM(MUDsNYUD>=0.0

2400 31 CONTINUE

2410 32 CONTINUE

2420 IF(MUBAR.NE.1) G@ T@ 33
2430 BSUM(1,2)=1.0

2440 GO TO 39

2450 33 IF(MUBAR-.NE.2) GO T® 34
2460 BSUM(1,1)=+1.0

2470 BSUM(2,1)=-1.0

2480 G2 T@ 39
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B2uda4 CUNTINUED

34 IF{MUBAR.NE-3) G& TB 35
BESUMCTs1)=+1.0

BSUMIZ2s13= 0.0
BSUM{3s,10=-1.0

GG T2 39

35 IF(MUBAR-NE«4) GG TO 36
HSUMCI»10=+1.0
BSUM{25s13=4+0.5
BSUM(3,13==-0.5
BESUMC4s10=-1.0

36 CONTINUE

39 CONTINUE

D 40 NYUD=1,NYUVMC
FNYJD=FL8ATINYUD)
YUVE(RNYUD-1.0)%PI/YDU
AYUMINYUDY=AYUV

AYUVE=AY UV k%2
RTARGU=EYDOR2-AYUV2

AXUV=CSART(RTARGU)

ARGU=AXUVHE(X2-X1)
DELRUV=(0.0510)%EIYDOR*BETAZL/AXUV
CTANU=CSINCARGUY 7CCBSCARGHD

HRUV=AXUV:(CTANU+DELRUVI Z7(1 .0-DELRUV*xCTANLD

HRUMONYUDY=HRUV

40 CONTINUE

45 CuNTINUE

27500

Te0C BLOM CALCULATION

oo

j
3

De 90 MYOD=2,MYOVMC
SERSUM=0.0
DG 80 MUD=1,MUBAR
D@ 60 NYUD=1sNYUVMC
Tm=B50MMUD, NYUD)Y *HRUMCNYUD)
VEBUMIOMUD, NYUD)Y=TM
TEi=THxFINTTM(MUD>MYODs NYUD)
SERSUM=SERSUM+TM
60 CONTINUE
50 CENTINUE
BLOM{MYOD)=SERSUM
890 VAOMIMYOD)=SERSUM
2900 ASOMIMYODI=SERSUM/HLOM(MYOD)
2910 90 CUNTINUE
2920 BLOM(13=0.0
2930 VAOM{13=0.0
2940 ASOMC1>=0.0
2950 IFCJI.EQ.JITY 6B TO 150
2960 Ji=Ji+l
29700
2980C ITERATIPN EQUATION CALCULATIGN

SEEE ORI
O

:{‘Q?\}?‘Di\'}ﬁ;‘g&{\;f‘@i‘(){ﬁ?
i i H oL Y

3 DD e

G D
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B2D44

2990C
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130C
3140C
3150C
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330C
3340C
3350C
3360
3370
3380C
33920C
3400C
3410
3420
3430
3440
3450
3460
3470
3480

4 CONTINUED

b 140 MUD=1,MUBAR
D@ 120 NYUD=1,NYUVMC
SERSUM=0.0

Do 110 MYOD=2,MYOVMC
TM=ASOMCMYOD)
TM=TM*FINTTM(MUD>MYOD,NYUD)
SERSUM=SERSUM+TM
110 CONTINUE
BSUM{MUD,NYUD)=SERSUM
120 CONTINUE
140 CONTINUE
Go TO 45
150 CONTINUE

CHARACTERISTIC EQUATION CALCULATION

SERSUM=0.0

D 170 MYOD=2-MYOVMC
ASOV=ASOMIMYOD)
TM=C(ASOV*%2) xHLOM(MYOD)
SERSUM=SERSUM+TM
170 CONTINUE
SUM1=SERSUM
SERSUM=0.0
bg 200 MUD=1,MUBAR
DB 190 NYUD=1,NYUVMC
BSUV=BSUM(MUD> NYUD)
TM=(BSUV**2)xHRUMCNYUD)> |
SERSUM=SERSUM+TM
190 CONTINUE
200 CONTINUE
SUM2=SERSUM
CHARFN=SUM1-SUM2

GENERAL PRINTOUT

IF(NCNTRL-EQ«~2) PRINT 20,EIGNYD>SUM1>CHARFN, SUM2
IFC(IDETALNE.1) GB T@ 260

DETAILED PRINTOUT--BSUM>ASOM, VBUM, VAOM

IFCCIPBSUM+MPBSUM) «NE<0O) PRINT, t2,"BSUM", t
IFCIPBSUMNE.1) GB T@ 241

PRINT 195 ((BSUM(MD>NY) MD=1,MUBAR) »NY=1,NYUVUMC?
241 CBNTINUE

IF(MPBSUM.ER.1)> CALL PV2DBC(BSUM-,NYUVMC)
IF((IPASOM+MPASOM)ONE-O) PRINT, t2,"ASOM">5 ¢
IF(IPASOM.NE.1) GO@ T@ 243

PRINT 19, CASOM(MY)sMY=1,MYOVMC)
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B2La44 CUNTINUED

3490 243 CUNTINUE

3500 IF(MPASOM.EQ.1Y CALL PVZ2DMCCASOM,MYOVMC)
3910 IFCCIPVBUM+MPVBUMY «NEQ) PRINT, t25"VBUM"5 *
3520 IFUIPVBUMONE.1) GC@ T 245

3530 PRINT 19, C(VBUMMDs NY) sMD=1>MUBARY >NY=1,NYUVMC)
3540 Z4ao CONTINUE

o550 IFMPYEBUMEG.1)  CALL PV2DBC(VBUM, NYUVMC)

: IFCCIPVAOM+HMPVAOM) e NE.QO)Y PRINT, t25"VAOM" 5 ¢
IFCIPVAOMsNE« 1) GG TG 247

PRINT 19, (VAOMMMY) -MY=1-MYOVMC)

2 4 CoNTINUE

IFoPVAOM-EQ»1)  CALL PV2DMC(VAOM>MYOVMC)
3610 260 CUNTINUE

4
S0

36300

CHANGE EIGNYD--STEP CHANGE OR R@OOT FINDER

36400
3650 NEIYDD=NEIYDD+1
3660

IFCITYPESEQ-1) GO TO 300
ELOGNYD=ELGNYD+EIYDSP
IYDD-LT.NEIYDS) GO TD 1
1009

NTINUE

“IYDFR)Y - GT-(1.0E-10)) GB® T8 301
={0s0s102%kCHARFN
=+{0-051-0)%CHARFI
3740 Tg 302
3770 301 CONTINUE
3¥Hi IFCABSCEIYDFI) «GT(10E~10)) GG T@ 302
790 LAW FR=CHARFN
LFN=CHARFR
iTINUE
CNTRL=NCNTRL+1
FONCONTRLY? 31053205330

“(Y Fi==(0.051-0)%EIYDFD
IFCABSCE

310 CHARFO=CHARFN

Lt UABS{CHARFOY « LT-CHFNTL) « OR« (NELIYDD« GT- NEIYDM ) G T 1009
EIGNYD=EIGNYD-EIYDFD/2.0

G T 1

3 “L=CHARFN

GNYD+EIYDFD

3910 330 CHARFU=CHARFN

3920¢ EIGNYD=EIGNYD-EIYDFD/2.0-CHARFO*EIYDFD/(CHARFU-CHARFL)>
3930 NCNTRL==-2

3940 G T 1

3950 1009 PRINT»12,12

3960C
39700 WHERE T@ GB?
39800

C-20



B2D444 CONTINUED

3990 PRINT," INPUT:IGBTR"
4000 INPUT,I1GOTG

4010 GB TE (1001,1002510035100451005,100651007,1008,99993,1G0T0
4020 9999 STOP

4030 END
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PY2DEBC

SUU0 SUBROUTINE PVZDBCC(COEF > NYUVMC)
S010 DIMENSION COEF(4524)>AYOM(24)>AYUMC24) ,EPSM(24),PVVAL(50),YVAL(S50)

2020& »MUDMCS0D

030 CoMMeN MUBARsYDsYDU>AYOMSAYUMSPI

S040 CEMPLEX CQEF

SO05C 1o FORMATC/5XsY-VARIATIGN'™

060 10 FORMAT(2Xs1P2E17.105110)

S070 Ybhuge=YDbUs2.0

SO0 DY 100 NYUD=2s NYUVMC

SU90 EFSMINYUDI=SQRT(YDUBZ2)

5100 100 CUNTINUE

L0 EFPSMOLI=SARTCYDUD

5120 1 CONTINUE

5130 PRINTs, 125°° INPUTeNYPNT, IMUD"» t%

5140 INPUTsNYPNT, IMUD

\ IFINYPNTEQ.0) RETURN

YINC=YD/NYPNT

NYPNTI=NYPNT+1

YDUSWVE=YDU

YLOUsYDU+1.0E~6

YPUS=0.0

DY 500 NYD=1sNYPNTI1

IFCLYPRSsGE«€0e0)) cAND (YPUSLEYDUY D MUD=1

IFCUYPOSGT«YDUY s AND (YPBSLE(2.0%YDUI ) MUD=2

IFCIYPO5sGT«(20%YDUY) s AND (YPOSLE-C(3.0%YDU))D) MUD=3

IFUCYPOS<GTo(30%YDUY) cAND(YPOBSLE(4.0¥YDUY)) MUD= 4
;o MUDMONYDY=MUD

2270 FHMUD=FLOATIMUD)

S280 5UM=0.0

5290 DB 400 NYUD=1,NYUVMC

5300 TM=(CUOSTAYUMINYUD) *(YPOS~(FMUD-1.0)%YDW )X /ZEPSMI(NYUD)

5310 SUM=SUM+TM%CBOEF (MUDs>NYUD)

$20 400 CONTINUE

30 PYVALINYDIY=SUM

5340 YVAL(NYDIY=YP@S

2350 YPUS=YPOS+YINC

9360 NYMAX=NYD

5370 IF(MUD-E@ IMUD) G2 T@® 600

D380 S00 CUNTINUE

5390 600 CERNTINUE

5400 YDU=sYDUSVE

S410 PRINT 15 ]

5420 PRINT 10, (PVVALINYD) > YVAL(NYD) >MUDMI(NYD)Y>NYD=1,sNYMAX)

5430 G TR 1

5440 END

r

[P
[ IR o]

(S

&

OO0 sy O oLp
(9]

(SR
-

DY poe bed e ped e
=
C

o O

1%

S 60

c-22



pPvebmC

6000 SUBROUTINE PVZ2DMC(COEF-MYOVMC)

6010 DIMENSION CUEF(24),AYOM(24),AYUM(24) EPSM(24)sPYVAL (503 YVAL (S0
6020 COMMEN MUEARsYD>YDUsAYOMsAYUM,PI
6030 C@MPLEX C@EF

6040 15 FORMATC(/5XK>"Y~VARIATION"™)

6050 10 FURMAT(2X51P2E1T7.10)

6060 YDB2=YD/2.0

6070 DO 100 MYOD=1,.MYOVMC

6080 EPSM(MYOD)I=SQRT(YDB2)

6090 100 CONTINUE

6100 EPSM(1X>=3QRT(YD)

6110 1 CONTINUE

6120 PRINTst2," INPUT:NYPNT>YSTOP"» t%
6130 INPUT>NYPNT>,YSTOP

6140 IF(NYPNT.EQ.0) RETURN

6150 YINC=YD/NYPNT

6160 NYPNTI=NYPNT+1

6170 YP0S=0.0

6180 D@ 500 NYD=1,NYPNT1

6190 SUM=0.0

6200 D@ 400 MYOD=1,MYOVMC

6210 TM=(COSCAYOM(MYODY*YP@BS))/EPSM(MYOD)
6220 SUM=SUM+TM*CREF (MYOD)

6230 400 CONTINUE

6240 PVVALCNYD)=5UM

6250 YVAL(NYD)Y=YPU@S

6260 YPOS=YPOS+YINC

6270 NYMAX=NYD

6280 IF(YP@S.GT.YSTGP)Y GB TG 600

6290 500 CONTINUE

6300 600 CONTINUE

6310 PRINT 15

6320 PRINT 10, (PVVAL(NYD)sYVALC(NYDY»NYD=15NYMAX)
6330 GO TGO 1 '

6340 END
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BebDads 20¢ 49

1 INPUTsMUBARS YO
.}J%;} chMO @

o
P

00,2205 30.050

4
7951189

& INP
72.105,0-00,0-105

- DIMENSI

TWo

o
0.00
BEETAOP=

MUBAR=
YO=

TRANSY

ERSE MUDE

El

NAR JAN. 12,197

» YMUBAR

INPUT:X0»X15X25sBETAGOP > BETAZL,

05005040500

INPUTIMYOUMCsNYUUMC,JIT

0.005550

ONAL BAFFLED CHAMBER

YMUBAR=20.00

0.00 0.00

NUMBER 1

GNYD

CHARFN

2+ 100000000E+00s
1332115098E~03>

200000000E+00,»
TES0295E-03, -

L

.
<.
150
2 300000000E+00s
=9 606TZTBE3E~0 4,

2+ 400000000E+00,
59367911 42E~0Bs

O0000E+0O0s

(818
61 1&5375+01)

250
2002

INPUTS1GOTO
75

0.000000000E+00
- 7.933974209E~15

0.000000000E+00
4.960516071E~14

0.000000000E+00
~8.554863378E-13

0.000000000E+00
4.881326962E-11

0-.000000000E+00
1.194714700E-08

1

FsRiIYDST>ELYDSPLNELIYDS,1IDETAL

X0=

-
®
-
°

o seo

*e oo

ot ae

typical run

a., find region of root

0.00

X1=22.00
BETA2L.= 0.00 0.00

X2=30.00

Sumi
SumMz

6+.538184205E-04.
6782966 TT9E-0 4>

9.940097568E-04>
5.138405381E~04>»

1.622256384E-02,
1.718323662E-02>

1.173579350E+00,
1.114211438E+00.»

1.033172516E+02»
7+805610635E+01,

c-2h

-~2.027816548E~-15

5.906157662E-15

8.873427550E~14
1.383394362E-13

6.630450630E-12
T 485936967E~-12

4.920248138E-10
40432115441E-10

4.197352154E-08
3.002637454E-08



5 INPUT:ITYPE

71

7 INPUTSsEIYDST>EIYDFD>NEIYDMs CHF
?22.4050+400510E-550.0052051.0E-6

Tho-DIMENSIGNAL BAFFLED CHAMBER

MUBAR= 2
YC= 0.00 YMUBAR=20.00
BEETAOP= 0.00 0.00 BET
TRANSVERSE M@DE NUMBER 1
MYDVMC= 9
NYUVMC=11
JIT= 9
EIGNYD
CHARFN

2+ 400000000E+00>»
09+936791161E-02,

2.388201239E+00.,
1.833588810E~-02,

2+380035851E+00»
4.618831696E-03»

2:376193064E+00,
6.675558889E~04,

2437542420 4E+00>
2:223936644E~-05,

2375396 778E+00,
2.728484105E-08>

INPUT:IGOTO
?5

0.000000000E+00
4.881326972E-11

0.000000000E+00
2.204684692E~11

0.000000000E+00
1+191939794E-11

0.000000000E+00
8+659428914E-12

0.0000000G0E+00
8.097440466E~-12

D .000000000E+00
B8.077901597E~12

NTL

be find root precisely

X0= 0.00 X1=22.00 X2=30.00
A2L= 0.00 0.00

St

suMz

1.173579351E+00»
1.114211440E+00;

. o8

6.999842057E-01>
6-8164831 76[.‘:“0])

4.901332498E-01
4.855144181E-01.

. ae

4.1 46003601E~01>
4.139328042E~01.

4.009582986E-01>
4.009360593E-01>

e oo

4.004801120E-01.
4.004800847E-01>

[T 1]

c-25

4.920248144F-10
4« 432115447E-10

29444448647 ~10
2+ 7239 76395FE-10

2066040714610
19468 46739E~10
1e 7492325948 ~10
1662633205 -10

1621969565 -10
1610995162E-10

1.689962101FE~10
1.609183085E-10




5 INPUTSITYPE
70

6
?

2:375396778,0-0050.0050.005151

INPUT:EIYDST-EIYDSP,NEIYDS, IDETAL

INPUT:IPBSUM, IPASOM» IPVBUM, IPVAOM

71515050

INPUT:MPBSUMS MPASOMs MPVBUM > MPVAOM

Tl1s 15040

TW@=-DIMENSIZNAL BAFFLED CHAMBER

MUBAR= 2
YO= 0.00 YMUBAR=20 .00
BETAUP= 0+00 0400

TRANSVERSE MEDE NUMBER 1

MYQVMCE 9
NYUVMC=11

JIT= 9
EIGNYD
CHARFN
75396 778E+00> 0+000000000E+00
43217919E-08s 8.077901728E-12

0o

+ 3
I

Do

Ll

X0=

e o8

4.004801153E~01>
4.004800879E-01>

c-26

¢, check pressure match

0.00
BETA2L= 0.00 0.00

X1=22.00 X2=30.00

SUM1
sSume2
1.689962115E~-10
1.609183098E-10



BSUM

1.277951188E+00,

-1.277951188E+00,

4.081312083E-01>»
4.081312083E~-01-»

-1.156411098E-01>

1.156411098E-01.»
6.061904496E-02»
606190449 7E-02,

~4.094246570E~-02,

4.094246571E-02»
3.19659%0077E-02»
31965900 73E~082>

-2.782020370E-02>»

2.782020371E-02»
2+.725257004E-02»
2.725257005E-02»

~3578051283E-02>

3.578051283E-02>
2.044916720E-02>
2.044%16720E-02>

~1.491370772E~-02>

1.491370772E-02>

2.514920637E~10
-2+.514920637E-10
T7.583562193E~-11
7.583562194E~-11
~-2.504733347E~-11
2.504733348E~-11
1.385767124E-11
1385767124E-11
~9+.344819151E~12
9.344819153E-12
T.077730648%-12
T+077730649E-12
-5.859892587E~12
5.859892588kE-12
5.348733180E~12
5.348733182E~12
-6.240244326E-12
6.240244326E-12
3.727408854E~12
3.727408854E-12
-2.759161578E-12
2.759161578E-12

Y-VARIATION
© D 442445646E-01
5493694995E-01
5.537478926E-01
S«447328838E-01
5.300293430E-01
5.213012483E£-01
5.142940501E-01
5.012466743E-01
4.844678147E-01
4.653907526E-01
4.406395530E-01
4.163369593E-01
4.010044394E-01
3.813387165E-01
3388607584E-01
2+915630414E-01
2.727839578E-01
2.635908060E-01
2.064240570E-01
1.063659120E-01
5.372469061E-02
~1.063657243E-01

INPUTSNYPNT»IMUD 24052

y
0.000000000E+00
5.000000000E-~01
1.000000000E+00
1.500000000E+00
2.000000000E+00
2. 500000000E+00
3-000000000E+CO
3.500000000E+00
4.000000000E+0D
4+.500000000E+00
5.000000000E+00
5+ 500000000E+00
6.000000000E+00
6+« 500000000E+00
7.000000000E+00
7.500000000E+00
8.000000000E+00
8.+ 500000000E+00
9.000000000E+00
9+ 500000000E+00
1.000000000E+01
1.050000000E+01

compartment

POt s s ot bl el e e b b e e e kb et b bt b fed b bt

INPUTSNYPNT,IMUD 20,50

c-27
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A0

INPUT:NYPNT,YSTOP
INPUT:IGOTO
RUNNING TIME: 93.9 SECS 1/0 TIME

C.0000U0000E+00>
1.831161819E+00,
=2 .Y A08986 42E-01 5
122799 7906E-01>
~56.966633611E-02>
4. 431154790E~-025
=3.072277357TE~02>
2.261126912E-02,
~1.737102532E-02,

Y-y IATIEN
DUV TS TTI26E-01
Helu Y 49396501
el L0A%Y10E-01
De0B2In1431E-01
5. U0T1IY5133E-01
e Y29 533260E-01
Lot T4320315E-01
L3 16005292E~-01
4710032229 E~01
4. 0553786531E-01
4e 393472389E-01
Le260958345E-01
Ae 121359943E-01

3.610550300E-01
3296526929E~-01
3.018264907E~-01
2«69 T7T747091E-01
21 42618485E-01
1215409983E-01

1.215439982E-01

INPUTsNYPNT,YSTOEP

y
0.000000000E+00C
5.000000000E~-01
1.000000000E+00
1. 500000000E+00
2.000000000E+00
2+500000000E+00
3.000000000E+00
3. 500000000E+00
4.000000060E+00
4.500000000E+0Q
5.000000000E+00
5.500000000E+00
6.000000000E+00
6. 500000000E+00
7-.000000000E+00
7.500000000E+00
%.000000000E+00
8.500000000E+00
9.000000000E+00
9. 500000000E+00
1.000000000E+01
1.050000000E+01

c-28

-
H

0.000000000E+00
4+100003583E-10
~5.471580740E-11
2+459738929E~11
-1465313026E-11
1.001758054E-11
-74451021271E-12
5.882380959E-12
~4.872570233E-12

24021045

2O (2, )

72050,

22+.5 SECS



APPENDIX D

THREE DIMENSTONAL RAFFLED CHAMBERS

This Appendix details the equations, logic and computer programs which were
developed to describe three-dimensional baffled thrust chambers with non-
zero end-wall admittance boundary conditions. The rigid wall case iz obtained

by simply equating these admittance values to zero.

Also included in this Appendix is a listing of the main computer program and
the auxiliary programs used for generating pressure and velocity distribution
programs used for generating input files. The necessary Bessel function sub-

routines are also included. Finally, a sample calculation is included for a

rigid end-wall chamber containing a three~bladed baffle.

To simplify the computer operations, the mathematical notation used here and
in Appendix C is different from that used in the main text. A separate table
of nomenclature for Appendices C and D is included at the end of +this Appendix,
which also shows the relationships between the nomenclature used in the text =2nd

in the appendices.

This Appendix is written so that it may be used independently of Appendix C

and is therefore somewhat redundant.




Gensral Eguations

The genersal characteristic equation derived from the variational method for

the three-dimensional baffled chamber shown in Fig. 2 is

[

Again it may be noted that this is simply an equation for conservation of the

m

r
51 (p(o)-p(”)) -2—-";2(# rdrdg = 0 at z =z, (D-1)

energy flux across the interface between the main chamber and the baffle
compartments for the rigid-wall case. Corresponding to any pressure gradient
at the interface, the pressures in the different regions are given by the

integral equations, i.e.,

17 oz

Gv1 11
{ n (1)
paﬂ}(r,a,z) = -~Iy J- G( )(r,e,z’r',e',z ) 8B, - (r',e',zl)r'dr'de'

0 (o]
K (D-2a)

m

2
};}x )(I‘,Q,Z) = +J
O

() (0)

and G are the Green's functions in the u™® baffle compartment

r
Jﬁl G(O)(r,e,zlr',g',zl) %§$£2 (r',e',zl)r'dr'de'
° (D-2pb)
where G
end the maln chamber, respectively. The pressures obtained from Eq. D-2a and
D«2b ere not equal at the interface unless the pressure gradient at the inter-
face used in these equations corresponds to the exact solution of the wave

eguation and the appropriate boundary conditions.

Because the exact solution is unknown at the outset, an initial form for this
pressure gradient is assumed and an iteration scheme is then used to improve

the accuracy of the initial form. This iteration scheme proceeds as follows.



First, some form is assumed for the pressure gradient at the interface:

o2 (z,0,2.)
oz

(o)(e)
Then the above integral equations are used to obtain p(H)(B)ﬁye,z)and D (r,8,2)

directly. Since, for the exact solution, the pressures must match identically
at the interface (z = zl), a new approximation for the baffle compartment

pressure profile at the interface is obtained by equating the pressures:

L) o (0(),

(r:e:zl :e;zl) (D-4)

A new pressure gradient is then obtained by differentiating the corresponding
integral equation and the iteration sequence is complete. The iteration may

be repeated as many times as desired.

Assumptions and Definitions

The assumptions and definitions used to obtain the algebraic forms of the

iteration and characteristic equations are presented here for reference.

ch

The approximation to the pressure profile on either side of the interface

(at the interface) is assumed to be represented by an eigenfunction expansion,

le.€e,
(m)(2) _ o (m)(e) (k)
p (r;02)= > % b ny Yo ,n, (520) (p-52)
ne=l nr=l
(0)(2) = (0)(¢) (o)
Y (I',B,Zl) mz=l g-:l ame,mr q»‘me,mr (r:e) (D-50)
0 T




where the orthonormal eigenfunctions are

() _ () /() (0
o (720) = 7 égx)le(algi*)e, )oos(a,” 9)/[A :,nrene 12 (D-68)
: 1
it 00 = 3,80 (@ yeas(al®) gyl (02 (p-60)
Loy e %g,mg I‘,me,m 8,mg e,mr o
the corrssponding eigenvalues are
() (mg=l)w T
%ﬁn@ = '('-;—*—'6—7 % (ne-l) (D-7a)
&%m@ = (mg-1) | (D-7p)
o = nth root of dJ () (a (1) r )/dr = 0 (D-Te)
Tylg,n, T Ygshg . Tyhg,Nr 1
- - m’;h root of 4J 2,319( 1(‘?1319"“1- r))/ar =0 (D-74)
( ) 2
RL ._i (,n) ), W )
baga | R e e o 1>] (D-8c)
Ir'y;n G’n'-l‘
2 (o) 2 ( ( 5
_]; - 9 O) 0)
2 (o) N )2} [Jae,mé“r,me,mﬁ)} (p-84)
r,me,mr 1
T R ST M
(o) 2w =1 .
“m - ‘E _'n' 22 > 1} = Q- 6m9’l)" (D-8v)

D-k



The Kronecker delta is defined by

_ {1 m=n
8 - {O m % n (0-9)

Integrals of products of the orthonormal eigenfunctions are then

9H+l rl )
[ [ o) (e 0) (W) (r,0)rdrd® = 5 .5 _, (D-10a)
ep o L ofr ne,nr Dgslg Dpsly
L 0 (0)
L]J( ) (r,8)y ,(r,8)rdrdd = - (D-10b)
o o o ngmy T,y Mps Ty
M el
H =[ f (©) (z,0)6l*) (r,8)rdras (D-11)
( G’mT) mg: Dg,0y
ngsm.) °

The Green's function for each region has been represented by an eigenfunction

expansion also,

it
1

eln—-lne’ RgsT g’

z Zw( : (r,e)w( +) (r , 8 )F(O) ( |2')  (p-120)

m =] m —l Mgs My

cMEF) = - Y D (w) (,e)w(”) (r,e)F(“) (z|z') (D-122)
r

G(O)(?l?')




where 4

(n) ) [l o g) ]
cos [az,ne,nr(z'zl) cos az’ne’nr(zz-z ) + 2,0,
$
(P-) (P-) 2< 2
FUA) (z]z') = 1 az)n b1 Qne,n
N, o i (B-132)
8’ r
cos [a(“) (z'—zl)]cos [a(“) (ZQ-Z) + ﬁ(p) ]
Z,ne,nr Z,ne,nr Z}ne’nr 2 Z'
NN CY i
Z,0g,0,. Ny ;0.
[ cos[a0) |, (eras 500 Jeos[w2) | (m1-2)]
cos jo 2-2,) T 1
[ Z,m ’ml" o, iz)meimr [ Z:me)mr .
z < Z
(o) (0
§{®3 (z]2*) = qé:me:mr m ,my,
o, | (D-13p)
cos [a(O) (z'-2 ) + ﬁ(O) ]005[‘*(0) (Zl'z)]
2, Mgy, o} 2,lg, Iy Z Mg, L g
NO) RN
Z,me,mr me,mr
in which
; _ 2
() - \/ka RO (D-1ka)
Zy0g, Ny T>hg,0,
VY _ )
20) = Jke _ (92 (D-1kb)
Z Mg, TyMg My
KZQMD = sin[a(p) (ze-zl) + gl (D-1he)
ﬁﬁyﬁr Z,ne,nr Z’ne,nr
o) = sin[O[(o) (2,-2,) + (0) (D-1ka)
Mg, My, Z,Mg My, 2,y , 0y
and the finite admittance boundary conditions give
(s) = (u) ’
‘ = tan (ik a D-1
-~ (1562, /%) (p-152)
(0) = 1 (o)
= +tan “(ik -
e, mg,m, (e, % g, m) o)



Finally,

(1) (1)
(k) (z) = + Q(P) in[aé$}19’nr(ze-z) ' ﬁz’nﬂ’nr ]
ng,0p ZyMg,ny cos[a(u) (22.) + (k) ]
zZ,n,,n "2 71 ﬁz,ne,nr
(0) (0)
fﬂ(o) (z) = - Q(O) Sin[éz,me,m (z-z) + bz, ylg,m ]
Lm My Z}me)mr cos [Q(O) (Z -z ) + ( ) ]
z,me,mr 1l o z,me,mr
(010 i [ TS W@ (6
3 F2e) 1 s
p=1 n'= =1 ne r 07 ( Z’Er)

Final Equations

|

(D-16a)

(D-16Db)

(D-17)

When series expressions are used to represent the interface pressure profiles

in both the main chamber and the baffle compartments, the iterstion scheme

proceeds as follows:

(u)(®) = (v)(2)
P (r,e,zl) = ZS ZS b ng,ny ¢§g3n (r,0) (D-18e.)
n9=l nr=l
( )(2) [ (#)
—-—--————(r,O,Z)‘ S S <b<:,>1<1) n(zl))wig’)nr(r,e) (D-180)
..l nr...
B(0)(52)
(0)(2) - s, ( ) (f} (0)
P (r,0,z ) = "0 . (r,6) =
Zl Z H< ) (z) 9) Z Z m@:mr m g By
6=lm= I‘me,mr 1 0""1 mr~l
(D-18c)

D-T7

(r,8)




(0)() ‘
92 (r,0,2,) = 2 Z (0)(%) (o)m (r,0) = Z S (20D hi( ) (2,))
) r

m=1m =1 TMgrMy Mo m =1 m, =1 ool “mp,m
(0) (D-184)
(r,
MgsTy
1) (2+1) ROICESNPY i
o' (r 2652, Z Z ng,n_ ne,n (r,0) = z Z < z
ng=l n; =1 ng=1 n.=1 m0=l m.=1
(D-18e)

0
a(o)(g)l(“) > (H) (r,0)

me)mr (me) Ty ne,n

With the same series expression representations, the general characteristic

equation reduces to an algebraic equation (which can be solved numerically)

3 2T ) 22 & (P )

=1 n =1 6
(D-19)
COMPUTER PROGRAMS

The computer progrems used to solve for the fundamental acoustic modes of a
three-dimensional baffled chamber with gain/loss end-wall boundary conditions
(see Figure 2) are described in this section. All programs are written in
GE-400 Series Fortran’ using complex arithmetic. The function of the com-
ponent programs, the programs themselves, and the relationship between the
functions, the equations and the lines in the program are detailed below.

The computer loglc is illustrated by the flow chart shown in Fig. 1h.

%CPB~EM?33 GE-LOO Series Time-Sharing FORTRAN manual, General Electric Company,

Information Systems Division, 13430 North Black Canyon Highway, Phoenix,
Arlzone, 1970
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- ; SN
Input Iyput Input 1 fini- Input 3 Input L Input 5 Input
Files oL T tiop MTOVMC ITYPE |EIRIST |IDETAL | IPBSUM
Ri5353 L5l (370 P By g p {10} Jwmowe ITYPE EIRISP | 1 TPVBUM
Z 3
RISy | e manyaiony 5 0 || (3o |IOWC TopTAL VA
3l 3o 8 |7 By , (3300)
6>mg =~ 1y Zo 0,0 _ ‘
o« ITYPE ! IDETAL
1 0
\Js 1
Input 6 Input
EIRIST MPBSUM
EIRIFD MPVBUM
NEIRIM MPASOM
CHFNTL MPVAOM
IDETAL !
0 Defini-
tion
Az
8
H
3
1 s o n m 1 J
6 7 ]
Input Change Detailed IDETAL :General Char.Fn.| g1=gy7|Calc. It.
Return Eigen~ _[Printout 1 Printout Calc. | Dep. Var.
Options values PV3DBC CHARFN VBUM, BLOM
I PV3IIMC VAOM, ASOM
JI<JIT
€k
ID?‘I‘AL Tterate
BS5UM
| ——
Figure 1L, Flowchart for Program to Analyze Cylindrical Baffled Chambers.

The Accompanying Description of the Computer Progreams is Keyed
to This Flowchart Through the Letters a...k.




RN5353 - INPUT FILE

This file lists data for input both to the r integration program and to

the main program.

a8, Specification of Numbers of Terms: Line 0100

MTOVMX = (me) =5
VROV = =

MROVMX = (mr)maX 3
NTUVMK = (ne)max =5
TRUMMK = (n_) = 3

b. BSpecification of Integration Parameters: Line 0200,

MINGRL = 80
EPSSER = 10727
IPRDET = O

c. Specification of Zeros of J' and Values of J: Lines 1010-2053

ATOM(1) = aéoi 0.00
AROM(1,1) = Q£O)

i

,F1) = 0.00000, J (o)(a( ) x ) = +1.00000

r,1,1°1
%,1
_ (.(0) _ (0) -
AROM(1,2) = (@ r,l 5 l) = 3.83171 Jagog(ar 1, 2rl) = -0. 40276
J
0
AROM(1,3) = (@ ( i 3 l) = 7.01559 . Ja(o)(ai i 3rl) = +0, 30012
6,1
AToM(2) = ngg = 1.00 ’
(0) _ (0) -
AROM(2,1) = (a 2,1 l) 1.84118, Jagog(ar,e,lrl), +0, 58187
J
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RI5353 - INPUT GENERATION PROGRAM -r INTEGRATION

This program is used to calculate the integrals of products of Bessel func-
tions of different orders and to create a file of integrals for use by

the main program.

g, Input: Lines 1120, 1150, 1170, 1190: From File RN5353

MIOVMX = (me)max = # terms, main chamber ¢ series expansion

MROVMX = (m.)p.x = # terms, main chamber r series expansion

NTUVMX = (ne)max = # terms, baffle compartment ¢ series expansion
NRUVMX = (nr)max = # terms, baffle compartment r series expansion
MINGRL = (m)max = # terms, r integral series approximation

EPSSER = € z term value, r integral series approximation cutoff

IPRIET = Inactive

ATOM(MTOD) = a(-o)

0)m9
AROM(MTOD,MROD) = o©)  r

rymg,m, 1
EESSOM(MTOD,MROD) = J (o) (al®)  r )

? a r,m ,m, 1

6,m, 7TgT
ATUM(NTUD) = olM)

H’ne
ARUM(NTUD,RUD) = oM

T;Dg,n, 1
BESSUM(NTUD,NRUD) = J ( ) (a("‘) r,)

[#4 H r,n,,n

6,0y Y




b. Perform r Integration: Lines 1210-1780 + Subroutines

0
FINTEM(MIOD,MROD, NTUD, NRUD) = gig) mr)
9’

BgsBy

: (Eqn. D-11)

SUBRGUTINE SERIEF - Calculates series approximation to the
*
r integral

Rl 2y @y (-1)"(E)*™ . ( v1;b2/a?)
=) (= - = -m,=u-m;v+1;b/a

ﬁ Jlex)d,(or)rar = { 222§ R il

A r(w1l) & (e+p+v+2m )m. [(u+m+1)

where

I"is the Gemma Function - SUBRAUTINE GAMMAF

and
oF (a,B5052) = iffz_?_(f_)g 2 (a), = a(e+1)(@+2)...(a+n-1)
2] < n.(P)n (@) = 1

iz a Hypergeometric function’ that is evaluated by SUBRGUTINE HYPERF

¢. Output: Lines 1790, 1810
FINTEM filed in RT5353

(m)méx = # terms actually used in series approx.

MIERMX

H

printed
€

i

EPSSER

%Wats@ny . Neo, A Treatise on the Theory of Bessel Functions, Cambridge
University Press, London, 1962, pg. 1ui8.

"Ibid, p. 100
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TIT355 - INPUT GENERATION PROGRAM
This program is used to generate a file of theta integrals needed by the

main program.

a. Input: Line 1040

THTO = @

0
MUBAR = H
MTOVMX = (me) = # terms, main chamber 6 series expansion
max
MTUVMX = (ne)max = # terms, baffle compartment @ series expansion

b. Perform 6 Integration: Lines 1050-1470: (Eqn. D-11)

(%)

(‘;‘g)

FINTTM(MUD,MTOD,NTUD) = §

c. Output: Lines 1480-1510

FINTTM filed in T@T355

THTO
MUBAR
MTOVMX
NTUVMX

printed

D-13




B3D353 - MAIN PROGRAM

This progrem is used to obtain the eigenvalue (frequency and damping coefficient)
as well as the series expansion coefficients for the interface pressures and
axial wvelocities for a particular three-dimensional baffled chamber with
gain/loss end-wall boundary conditions. Complex quantities are noted. A full

sample calculation is given at the end of this Appendix.

Input Files Needed
RN5353 - Bessel Function Data

0

RT5353 - r Integrals }5“) (Eqn. D-11)
(o)
Oy Oy

o
T¢T355 -  Integrals 62;)) (Eqn. D-11)
my

a. Input: Lines 1290, 1300-1310, 1320-1330, 1340, 1350

MTOVMX = (me)max = # terms, main chamber 6 series expansion
\ _ _ - In
MROVMX = (mr)max = # terms, main chamber r series expansion Tnput
NG R - s y . . Dats,
NTUVMX = (ne)max f#terms, baffle compartment 6 series expansion Files
HRUVMX = (nr)max = # terms, baffle compartment r series expansion
IDIML
DUML Inactive (dummy variables)
TDJM2
ATOM(MTOD) = ((9?121
AROM(MIOD,MROD) = (O) ]
“r,mg,my. *
0)
BESSOM(MIOD,MROD) = 0 ( r
(o0e00) = 7 0)(af5) 7))
k)
ATUM(MTUD ) = e,n
5 oM
ARUM(MTUD,MRUD) 5 a) I)lo’n ry
BESSUM(MTUD,MRUD) = J (k) (o) =)
%,n r Rg,0,.
sHg 6
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b. Input 1: Line 1370

MUBAR = M
Rl =
)
z0 = g
O
z1 =
%y
z2 = 22
BETAOP = B, (Complex)
ot
BETA2L = 522 (Complex)

c. Definition: Lines 1400-1L20

NEHICHI

BSUMOL = 0.0
s
BSUMO2 = b(2)(0) - -1.0 initial pressure distribution
- 70,0 o (other coefficients are zero)
BsuMO3 = b(2)(0) = 40,5
0,0

d. Input 3: Line 1440

MIOVMC = # 0 terms retained, main chamber series
MROVMC = # r terms retained, main chamber series
NTUVMC = # 6 terms retained, baffle compartment series

NRUVMC = # r terms retained, baffle compartment series

]

JIT number of iterations performed

e. Input 4: Line 1460
0 for sfep calculation of characteristic function

ITYPE =
1 for root finding calculation of characteristic function
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f. Input 5: Line 1500 (ITYPE = 0)

EIR1ST

EIR1SP

NEIR1S

IDETAL

g. Input: Line

IPBSUM |

IPVBUM

IPASOM

IPVAOMJ

h. Input: Line

AN

kr, initial guess (Complex)

kr_ increment (Complex)

1

number of calculations

0 for simple printout of characteristic function

1 for detailed printout of series expansion coefficients,
pressure and velocity profiles

1530: (ITYPE = O)( IDETAL = 1)

O for no print

1 for printout

ofd

( BSUM(MUD, NTUD, NRUD)

"

= o (R)(2)
Bgony

VBUM(MUD, NTUD, NRUD) = b(H)<l)hj(H) (2,)
ng,0y. " h,ny,

ASOM(MIOD,MROD) = E;O)iz)
0 r
VAOM(MTOD, MROD) - a(0)(1)}1_)1(0) (2,)
MgsTy  “mp,m.,

1550: (ITYPE = o)(InETAL = 1)

MPBSUM
MPVBUM 0 for no print
= of
MPASOM 1 for printout
MPVAOMJ
£, Input 6: Line 1580: (ITYPE = 1)

EIR18T

"

EIRLFD

]

NEIRLM

i

CHFNTL

krl initial guess

krl finite difference

number of calculations

fp(“‘)(f)(r’ H,Zl)

BP(H)(I)(T)a:Zl)/aZ
2O, 0,5.)

0 r, 0,2, /22

(Complex)

(Complex)

tolerance-final characteristic function value
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Definition: Lines 1700-2110 (Eqns. D-Ta,b,c,d;D-lka,b;D-15a,b;D-16a,b)

JI =0
AZOV = o0
%, sTg, M
DELLOV - 5l ; "
Z,Mg,
HLOM(MTOD ,MROD ) —H(O) (z;)
e:m
AZUV = Jm)
Z,0g,0p
DELLUY = 5H)
Z,0g,0,,
HRUM(NTUD, NRUD) - gM) ()
’ ﬁne’ Ny 1
BSUM(MUD, NTUD, NRUD) = b¢H)(©)
0gsDy

(Complex)
(Complex)
(Complex)
(Complex)
(Complex)
(Complex)
(Complex)

(Complex)

Calculation - Iteration Dependent Variables: Lines 2140-2380 (Eqns. D-17, D-18)

(H)(Q)r{(H) (

VBUM(MUD, NTUD, NRUD) = ) (Complex)
Ng,n,. ne,nr
BLOM(MTOD, MROD ) - p(0)(2) (Complex)
Mg,m,, ‘
VAOM(MTOD,MROD) = a(o)(g) (Complex)
Mg,m,
ASOM(MTOD,MROD) (o)(g)hj(o) (z.) (Complex)
1
Mgy My, o,
Perform Iteration: Lines 2390-2590: (JI < JIT): (Eqn. D-18e)
JI=Jl+ 1
(k) (2+1)

BSUM(MUD, NTUD,NRUD) = b

Ng,0y

D-17
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.

Compute Characteristic Function:

it

SUML

-l m —1

SUM2

i

2

CHARFN = SUML
General Printout:

EIGNRL = kr
SUML

1

CHARFN

SUM2

Detailed Printout:

(According o inp

Calls SUBROUTINES (PV3DBC) for interface pressure/axial-veloc1ty profiles

ZZ 25 ([6 (u

=1 n —l

- SUMe

Line 28390

uts g, h)

PV3DMC

Lines 2920-3140: (IDETAL =

Lines 2620-2850:

ZE ([3(23;2) 2|_¥o (2,))

e:m

) 2) 2}.{#)

9’nr

Increment Eigenvalue: Lines 3160-3480

il

ITYPE = 0 =>

ITNPE = 1 =>

il

Return Options:

IGPTE = 1
IGATP = 3
GPTE = L
IGHTP = 5
IGPTH = 6

EIGNR1

i

EIGNR1

Lines 3500-3540

Input 1
Input 3
Input L
Input 5
Input 6

EIGNR1L + EIRLSP

EIGNR1 - CHARFN

d( CHARFN)
d(EIGNRL

D-18
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(Eqn. D-19)

(Complex)

(Complex)

(Complex)

(Complex)
(Complex)
(Complex)

(Complex)
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SUBROUTINES CALLED BY MAIN PROGRAM
PV3DBC - Baffle Compartment Interface Pressure/Axial Velocity Profiles

This program takes coefficients of pressure/axial—velocity series expres-
sions and generates the appropriate radial and tangential profiles at

the interface on the baffle compartment side.

&. Input: Line 5300

NRPNT = number of equally spaced r printout points
TVAL = 6 value for r profile
NTPNT = number of equally spaced 6 printout points
RVAL = r value for 6 profile

TSTYP = last 6 value printed
(NRPNT = NTPNT = O for return to main program)

i

b. Output: Line 5520: (Eqn. D-6a)

Value of pressure/axial velocity at r location
r location

c. Output: Line 5970: (Egqn. D-6a)

Value of pressure/axial velocity at 6 location
0 location
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PV3IDMC -~ Main Chamber Interface Pressure/Axial Velocity Profiles

This program takes coefficients of pressure/axial velocity series expres-
sions and generates the appropriate radial and tangential profiles at the

interface on the main chamber side.

a. Input: Line 6280

NRPNT = number of equally spaced r printout points
TVAL = 8 value for r profile
NTPNT = number of equally spaced 6 printout points

RVAL = r value for 6 profile
TSTPP = last 6 value printed
(NRPNT = NTPNT = O for return to main program)

i

b. Output: Line 6530: (Eqn. D-6b)

Value of pressure/axial velocity at r location
r location

c. Output: Line 6860: (Eqn. D-6b)

Value of pressure/axial velocity at 6 location
9 location
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AUXILIARY SUBRAUTINES

BESFNP - Bessel Function Calculation Program

This program takes the order and argument from the variable list and, for
Besgel functions of integer or half-integer order, returns the value of

the Bessel function using standard recursion formulae.

a. Input: Line 7000 (Variable List)

i

JRDER = order of Bessel function (integer or half integer)

"

ARGMNT = argument of Bessel function

b. Output: Line 7000 (Variable List)

BESFNV = value of Bessel function JﬁRDER(ARGMNT)

BESSOP - Zero Order Bessel Function Evaluation

This program takes the argument from the varieble list, upon call by
BESFNP, and returns the value of the zero order Bessel function of that

argument.

a. Input: Line 8000 (Variable List)

ARGMNT = argument of Bessel function

b. Output: Line 8000 (Variasble List)

BESSOV = value of zero order Bessel function JO(ARGMNT)
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BESSIP -~ Order One Bessel Function Evaluation

This program takes the argument from the varisble list, upon call by
BESFNP, and returns the value of the order one Bessel function of that

argument,

a., Input: Line 9000 (Variable Test)
ARGMNT = argument of Bessel function

b, Output: Line 9000 (Variable List)

BESSIV = value of order one Bessel function Jl(ARGMNT)
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RN5353

0100
0z00
1010
1011
101e
1013
1020
1021
10z2
1023
1030
1031
1032
1033
10 40
1041
1042
1043
1050
1051
1052
1053
2010
2011
2012
2013
2020
2021
2022
2023
2030
2031
2032
2033
20 40
2041
2042
2043
2050
2051
2052
2053

5
80
0.00

1.00

1.50

3 5
1.0E-25

0.00000
383171
T+01559

184118
5.33144
853632

3:05424
670613
9.96947

4.20119
8.01524
11.34592

531755
928240
1268191

0.00000
383171
701559

246054
6.02929
9.261 40

4.20119
8.01524
11.34592

386842
990431
13.33793

150127
11.73494
15.26818

3
0

+1.00000
-0.40276
+0.30012

+0.58187
-0.34613
+0.27330

+0.48650
~-0.31353
+0:25474

+0. 43439
-0.29116
+0.24074

+0.39965
-0.27438
+0.22959

+1.00000
-0.40276
+0.30012

+0.52534
-0.32806
+0.26330

+0.43439
-0.29116
+024074

+0.38601
~0.26739
+0.22479

+0.35414
-0.25017
+0.21261
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KIS5353

1000 DIMENSION ATOMCS5)sAROM(5,3)>BESSOM(5,3)

1010& >ATUMIS) »ARUMCS55,3)>BESSUM(5,3)

1020& SFINTEMIS535,553)

1030 CuMMeN ATOVsAROVLATUV, ARUVLAROVRZ, ARUVE25ATOVP1,ATUVP1»RARAR2
10408 MINGRL,EPSSERS IPRDET>MTERMs RMs» SERIEVSHYPERVY

1050 UATA MTOVSTSMROVST>NTUVST,NRUVST/15151517

1060 CALL EPENFC15"RN5353'")

1070 CALL GPENF(2:"RT5353"™

1OB0 2 FORMAT(415)

1090 4 FORMAT(ISS,E1IQ0.2515)

1100 &6 FORMATI(FS:2s3(/5X52F95))

1110 12 FURMATUIX>1PSELZ2.6)

1120 READCI»2) MTOVMXsMROVMX> NTUVMX > NRUVMX

1130 PRINT:"MTOVMA=">MTOVMX,»" MROVMX="",MROVMX

1140 PriINTyNTUVMX=" 3 NTUVMX, ' NRUVMX=", NRUVUMX

1150 READCE»4) MINGRLLEPSSERS IPRDET .

1160 » NTs "MINGRL="">MINGRL>" EPSSER=",EPSSER

1170 xEALCLS6) (ATOMMMT) » CAROM(MTLMR) s BESSOMIMT>MRIY s MR=1,MROVMX) ,
11804 =1 .MTOVMX)D

1190 APCT,63 CATUMONTY » CARUMONTLNRI >BESSUMONTLNRY > NR= 1, NRUYMX) »
T1200&NT=1,NTUVMX)

1210 MTOVND=MTOUMX

1220 MEOVND=MROVMX

1230 NTUVNU=NTUYMX

1240 NRUVND=NRUVMEXK

12350 e RMX=0

1260 L 90 MTOV=MTOVST>MTOVND
1270 DU 80 MROV=MROVST>MROVND

1280 L@ 70 NTUV=NTUVST>NTUVND
1290 DU 60 NRUV=NRUVST, NRUVND
1300 ATOV=ATOMMTOV)

1310 ATOVP1I=ATOV+1 .0

1320 AROY=AROMIMTOV>MROV)

1330 AROVOE=AR0OV/2.0

1340 ATUV=ATUMONTUY)D

1350 ATUVPI=ATUV+1 -0

1360 ARUV=ARUMINTUVS NRUV)

1370 ARUVZZ2=ARUV/2.0

1380 IF ({AROVsEQ.0:0).8R«(ARUV.EQ.0+0)) Gg To 10
1390 AROCATO=AROVO2%*ATOV

1400 RATARO=(ATOV/AROV) %%2

1410 ARUATU=ARUVO2%*xATUV

1420 RATARU=CATUV/ARUV) %2

1430 RARAKZ=(ARUV/AROV) *%2

1440 G TE 40

1450 10 IF ((AROVsEQ+0+0) «-AND+(ARUV.EQ.0.0)) G To 30
1460 IF C(ARUVSER.0.0) G TG 20
1470 ATOV=ATUY

1480 ATOVPI=ATUVPI

1490 ATUV=0.0
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RI5353 CONTINUED

1500 ATUVP1=1.0

1510 AROV=ARUV

1520 ARQVE@2=ARUVE2

1530 ARUV=0.0

1540 ARUVE2=0.0

1550 20 AROATO=AROVE2%x*xATOV
1560 RATARO=CATOV/AROV) *%2

1570 ARUATU=1.0

1580 RATARU=0.0

1590 RARAR2=0.0

1600 GB T 40

1610 30 AROATO0=1.0

1620 RATARO0=0.0

1630 ARUATU=1.0

1640 RATARU=0.0

1650 RARAR2=1.0

1660 40 CONTINUE

1670 CALL SERIEF

1680 CALL GAMMAFC(ATUVP1>ATUVFT)
1690 FINTEV=(AROATOX*ARUATU*SERIEV) /ATUVFT

1700 BESSOV=BESSOM(MTOVsMROV)

1710 BESSUV=BESSUM(NTUVs NRUV)

1720 REFERV=0¢5%SQRTC((1-0-RATARO)*(1 +0~RATARW) ) ¥ARS(RESSOVKREESSIIV)
1730 FINTEM(MTOV,MROV, NTUV, NRUV)=FINTEV/REFERV

1740 IF(MTERMe GT«.MTERMX) MTERMX=MTERM

1750 60 CONTINUE

1760 70 CONTINUE

1770 80 CONTINUE

1780 90 COBNTINUE

1790 WRITE(2,12) FINTEM

1800 CALL CL@SEF(2)

1810 PRINT, 12, "MINGRL=">MTERMX,'" EPSSER=",EPSSER
1820 STOP

1830 END
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SERLIER

2000
2010

SUBRUUTINE SERIEF
CEMMON ATOVsAROVLATUV,ARUV,AROVE2,ARUVO2,ATOVP1,ATUVP15RARAR2

20z0&s MINGRL,>EPSSERS IPRDET>MTERMs RM» SERIEV,HYPERVY

2030
20 40
2050
2060
2070
2080
2090
210U
=110
=120
2130
2140
2150
2160
2170
2180
2190
2200

ARCDZ2=AR0OVEZ2%x*%k2

ATPAT=ATOV+ATUV

CALL GAMMAF CATOVPLIsATOVFT)

MTERM=0

TM=1.0/C(ATPAT+2.0)*%ATOVFT)

CAlL.lL HYPERF

SERIEV=TMX*HYPERV

KM=0 .0

Db 10 MTERM=1-MINGRL

KM=RM+1 0

KMT2P=2.0%xRM+ATPAT :
TM=~{AR0B227/ (RM*x (RM+ATOV) ) ) ¥ (RMT2P/(RMT2P+2.0) )% TM
CALL HYPERF

SERIEV=SERIEV+TM*HYPERV

IF (AB3S(TM*HYPERV) .LT.EPSSER) RETURN
10 CONTINUE ‘

RETURN

END
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HYPERF

3000 SUBRGUTINE HYPERF

3010 COMMEN ATOVsAROV,ATUV,ARUV,AROVB2, ARUVB2,ATOVP 1, ATUVRI:RARARRZ
3020&>MINGRLs EPSSER, IPRDETs MTERM» RM» SERIEV,HYPERV

3030 RMP1=RM+1.0

3040 TN=1.0

3050 HYPERV=TN

3060 IF (MTERM.E@.0) RETURN

3070 RN=0.0

3080 D 10 N=1,MTERM

3090 RN=RN+1.0

3100 RMPI1LR=RMP1-RN

3110 TN=C(RMPILR*(RMPILR+ATOV))/(RN*k(RN+ATUVIII*(RARAR2*TN)
3120 10 HYPERV=HYPERV+TN

3130 RETURN

3140 END
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GAMMAF

4000 SUBRGUTINE GAMMAF(VIN,VZUT)
4010 DVIN=VIN-1.0

4020 IN=DVIN

4030 DVINT=IN .
4040 IF C((DVIN-DVINT)«GT-0.1)> GO TQg 20
4050 VoUT=1.0

2060 10 IF (DVIN.LT«1.1) RETURN
4070 VBUT=DVIN¥VGUT

4080 DVIN=DVIN-1.0

4090 G Te 10

4100 20 VBUT=1.7724539

4110 25 IF (DVIN.LT«0.4> RETURN
4120 VoUT=DVIN*VOUT ‘

4130 DVIN=DVIN=-1.0

4140 GO TV 25

41 50 END
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READY
EDIT WEAVE RI®353,SERIEF>HYPERFs GAMMAF

READY
0001 SNDM
generate 75353
RUN
RIS353 20:03 NAR JAN. 1251971
MTOVMX= 5 MROVMX= 3
NTUVMX= S5 NRUVMX= 3
MINGRL= 80 EPSSER= 1.000000000E-25
MINGRL= 47 EPSSER= 1 .000000000E=-25
STGP

RUNNING TIME: 56.2 SECS 176 TIME 3 1.2 SECS
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G0001
oooue
00003
00004
00005
00006
00007
00008
00009
00010
00011
oootlez
00013
00014
00015
Qo016
00017
0o01%
00019
00020
00021
go02e
00023
ouoe4
oooes
00026
oooz7
00028
co029
00030
00031
oudaz
00033
00034
00035
00036
00037
00038
00039
000 40
00041
00042
00043
00044
00045

1 »Q0000E+00 9.67313E~01 9.22928E-01 8.83553E-01
“2+.10339E-06 2.11320E~01 3.05500E~-01 3.56611E-01
9-49233E-07 1-00415E-01 1.59612E-01 1.98336E-01
9. 44745E-01 9.96511E~-01 9.97657E~01 9.84623E-01
~3.27231E-01-8.20215E-02 6:59354E-02 1.:64999E-01

Be49802E~-01
3.87206F-01
2.25312F-01
9.67039E-01
2.35210E-01

~1-71789E-02~1.30458E-02 1.56329E-02 4.90277E-02 8.11803E-02
B.B3553E~01 9.67401E-01 9.94150E~-01 1-.-00002£E+00 9.96421E-01
~4.62054E-01-2.52876E-01~-1.07963E-01-1.40526E-06 8.33344E-02
Te6467T2E-02 1.34842E-02-3.72199E~-03~1.47463E-06 1.33717E-02

B.34738E-01 9.32908E-01 9.74331E-01 9.92687E~-01

9.,99329E~-01

“5.24798E~-01-3.52624E~01-2.23533E-01-1-20578E-01-3.64610F~-02
1.64850E-01 7.22143E~02 2.57870E-02 5.01536E~-03-7+47042E-04

T.95438E-01 9.00522E-01 9.50839E-01 9.77617E-01

9.91701F~-01

“5.55671E~-01-4.13531E-01-3.01520E-01-2.07817E-01-1.28013E~-01
2:34142E-01 1.31372E-01 6.93630E-02 3.24678E-02 1.19165E-02
~2:10339E-06-2+.50142E-01~3.84780E~01~4.62054E~-01-5.085659E~-01

9.9999TE~01 8.B4508E-01 7.13454E-01 5.60109E-01
~4.61341E-07 2.99353E-01 4.03202E-01 4.27188E-01

4032444E~01
4.15870FE-01

2.66278E-01 7.89033E-02-~6.76728E-02-1.74684E-01~2.53002E-01

7.98422E-01 9.85139E~-01 9.89372E-01 9.28085E-01
“5.37175E-01-1.47291E~01 1.19312E-01 2.90780E-01

Be44564E-01
3.96792E-01

3.06611E-01 2.29840E-01 1.04664E-01~1:40736E-06-8.46711E-02
5.60109E-01 8.54296E-01 9.71726E-01 1.00000E+00 9.81608E-01
~7:328B0E-01-4.66097E~01-2-10314E-01 1.46999E-05 1.62905E~01

3:97926E-01 3.14024E~01 2.12267E-01 1.18118E-01
3:77426E-01 6+99101E-01 8.74342E-01 9.62348E-01

3.62867E~02
9.96461E~-01

~Te62856E~-01-625355E-01-4.34598E-01~2+44656E-01~-7.51745E-02

4.19145E-01 3+.65685E-01 2.84323E-01 2.02210E-01
2. 41269E-01 5.59126E-01 7.60339E-01 8.84344E-01

=7:24129E~01-6+86021E~01-5.65383E~01-4.16711E-01-

1.26580E-01
9.55530E-01
2.65940E-01

9+ 49233E~07-3.73455E-02 1.17572E-02 7.64672E-02 1.37432E-01
“4.T0261E-07~4.04626E-01-6-30548E~01~7-32880E~01-7.63758E~01

F.999T2E-01 8+17943E-01 5.25268E-01 2.61456E-01

5.19486E~-02

1.33416E-01 2.27360E-02-8+.36204E-03 1+,19396E-03 2.84210E-02

3.65832E-01 1.36086E-01-1.26406E-01-3.33400E~01-

6.72104E-01 9.72363E~01 9.79017E-01 8+54416E-01

4.78956E-01
6.83296E-01

1+98B336E-01 8.61584E~02 2.37390E-02~1.25647E-06-2.65251E~04
4:27188E-01 3.74899E~01 1.94447E-01 6.78837E-06-1.71199E~-01
2.61464E-01 7.17394E-01 9.40930E-01 1.00003E+00 9.58858E-01 -
2-35841E-01 1.36730E-01 6+.40396E~-02 2.22356E~02 3.31560E-03

4.03360E-01 4.67158E~-01 3.74879E~01 2.28593E-01
~3.30600E-02 4.16991E~01 7.34236E-01 9.16220E~01

7.37166E-02
9.89849E-01

2:59324E~-01 175743E-01 1.02068E-01 5.12379E-02 2.04375E-02

3.55163E-01 4.89015E-01 4.68126E~-01 3.74572E-01

2+51720E-01

~2.22725E~01 1.62892E~01 4.97724E-01 7.43713E-01 8.93815E~01
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TIT335

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
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

DIMENSION FINTTM(35555)

CALL GPENF(1,"T@T355"™

2 FURMATC(1IX51P3EL15.8)

PRINT," INPUT:THTO»MUBARsMTOVMX s NTUVMX "
INPUT> THTO> MUBARsMTOVMXs NTUVMX
PI=3.1415926536

FMUBAR=FLOAT(MUBAR)

THTDIF=2.0%PI/FMUBAR

PTHTDF=PIxTHTDIF

D& 1000 mMUD=1,>MUBAR

FMUD=FL@AT(MUD)

THTU=THTDIF*(FMUD~1.0)

THTUP1=THTDIF*FMUD

THTUPO=THTUP1-THTO

THTUO=THTU-THTO
FINTTM(MUD»151)=1+.0/SQRT(FMIJBAR)

DB 10 NTUD=2,NTUVMX

10 FINTTM(MUD» 1sNTUDY=0.0

Do 20 MTOD=2,MTOVMX

FMTOD=FLGAT(MTOD)

ATOV=FMTOD-1.0

ARGUP1=ATOV*THTUPO

ARGU=ATOV*THTUO
C=SAQRT(FMUBAR/2.0)/C(ATOVXPI)
FVALUE=C*(SINC(ARGUP1)Y~SINCARGU))
IFCCABS(FVALUE)) «LT«(1.0E=-6)) FVALUE=0.0
20 FINTTM(MUD,MTODs 1)=FVALUE

D@ 40 MTOD=2,MTOVMX

FMTOD=FLOBAT(MTOD)

ATOV=FMTOD~1.0

ARGUP1=ATOV*THTUPO

ARGU=ATOV*THTUO

DB 40 NTUD=2,NTUVMX

FNTUD=FLOGAT(NTUD)
ATUV=C((FNTUD-1+.0)%FMUBAR) /2.0

IF (ATOV.EQ@-ATUV)> GO TB 30

C=C(ATOV/ (ATOV**2-ATUV*%2)) /SARTC((PI*%*2) /FMUBAR?
AC=(FNTUD-1.0) %P1
FVALUE=C*(C@S(ACI*SINCARGUP1Y-SINCARGU)Y)
IFCCABSC(FVALUE)) «LT+(1.0E-6)) FVALUE=0.0
FINTTM(MUD>MTODs NTUD)=FVALUE

GO Té 40

30 C=1+.0/SQRT(FMUBAR)

FVALUE=C*C@8S (ARGU)
IFC(CABS(FVALUE)Y)>.LT.(1.0E-6)) FVALUE=0.0
FINTTM(MUD->MTOD> NTUD)Y=FVALUE

40 CONTINUE

1000 CONTINUE

WRITE(152) FINTTM,THTO

CALL CLBSEF(1)
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TIT3o55 CUNTINUED

1200 PRINT,®  THTO="»THTO,"> MUBAR="">MUBAR
510 PRINTMTOVMX=""sMTOVMXs "> NTUVMX="NTUVMX
1520 SToP ‘

1530 END

D-32



READY
BLDSTIT355

KEADY
0001 38NDM

RUN

TIT355% 19146 NAR JAN. 1251971

INPUT:THTOsMUBAR>MTOVMX» NTUVMX
2000532555

THTO= 0.000000000E+00>» MUBAR=
MTOVMX= 55 NTUVMX= 3
STepP
RUNNING TIME: 2.3 SECS 176 TIME
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generate TPTISS|
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SECS




-
©

=3
-
by

00001
SIS1VIVE=]
ouou3
SINIv IR
v00U s
00006
oo
00008
Qo009
L0010
00011
udote
D003
QOUl 4
00015
L0116
(SIS IV )
00018
00019
00020
00021
00022
0ooes
00024
00025
00026

5. 7735027E~01
3.3761862E-01
~1.6880931E-01
U.0000000E+00
Be4404655E-02
U-0000000E+00
3:81971686E~-01
2.4567409E-01
0-J000000E+00
-1.3889886E-01
U-.0000000E+00
~5.9683104E-02
1«9098593E-01
5. 7735027E-01
2. 7283705£-01
0-0000000E+00
2+ 4803368E-02
“5.8764902E-02
0.0000000E+00
40 493TB66E-01
0.0000000E+00Q
~1.3641852E-02
29841 552E-02
0.0000000E+00
~9.5492966E-02
0.0000000E+00

9. 7735027E-01
—6.T7523724E-01
33761862E-01
0.0000000E+00
-1.6880931E-01
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
11936620E-01
~3.8197186E-01
5.7735027E-01
=5.4567409E-01
0.0000000E+00
0.0000000E+00
0.0000000E+00
0.0000000E+00
3.0000000E+00
0.0000000E+00
2+7283705E-02
-5.9683104E-02
0.0000000E+00
1.9098593E~01

D-3k

5. 7735027E-01
3.3761862¢-01
-1.6880931E-01
0.0000000F+00
Be4404655K-02
0.0000000E+00
~3.8197186E-01
~5.4567409E-01
0.-0000000E+00
1.3889886E-01
0.0000000E+00
-5.9683104E-02
1.9098593E-01
57735027E-01
2.7283705E-01
0.0000000E+00
-2+ 4803368E-02
S5.8764902E-02
0.0000000E+00
~4.4937866E-01
0.0000000E+00
-1.3641852E-02
2.9841552E-02
0.0000000E+00
~935492966E-02



[se}
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w
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0100C THREE-DIMENSIONAL BAFFLED CHAMBER MAIN PROGRAM

1000 DIMENSION FINTRM(5235553)FINTTM(35555)

1010& >ATOMCS5)5>AR0M(553),BESSOM(553)ATUM(S) » ARUMC S, 30 PESSUMC 5, 3D
1020& sHLOM(D553),HRUM(553)

1030& >ASOM(5:3):VAOM(523),BSUM(35553)5VBUM(35553)

1640& »BLOM(553)

1050 CUMMON vMUBAR,R1,ATOM, AROM> BESSOM, ATUM, ARUM, BESSUM

1060& >NRPNT> TVAL>NTPNT.RVAL

1070 CYMPLEX BETAOPsBETA2LLEIRIST>EIRISP,EIRIFDsEIGNRLI-EIRLIZ
1080& >AZOV>ARGO>RTARGO,>DELLOV, CTANOAZUV,ARGU, RTARGU» DELRUV, CTAN
1090& sHLOMsHLOV,HRUMsHRUV

1100& >ASOM->ASOV,VAOMsBSUMsBSUVsBLOMS BLOV ., VBUM

1110& 5 TM»> SERSUMS SUM1 » SUM25s CHARF N> CHARFOs CHARFL s CHARF U

1120 CALL OPENF(15"RN5353'

1130 CALL GPENF(2,'"RT5353"')

1140 CALL @PENF(3,"TBT355')

1150 2 F@RMAT(4IS/I5,E10:2515)

1160 6 FURMAT(F5.253(/5X52F9.5))

1170 8 FORMATC(1X»5E12.5)

1180 10 FORMAT(1Xs3E15.7)

1190 11 FORMATC(//"THREE-DIMENSIONAL BAFFLED CHAMRER®'™

1200 12 FORMATC(//T2s"MUBAR="s12/

12108T65"R1=""5F 525 T21s"Z0="3F5:2,T365"Z1="5F5.2,T515,"22=",F5.2/
1220&T11>"BETAOP=""52F5:25T31,"BETAZL=""52F5.2)

1230 14 FORMATC(/T2,""TANGENTIAL MODE NUMBER",13)

1240 16 FORMATC(/T2,"MTOVMC="5125T16,"MROVMC=",12/

1250&T25 "NTUUMC="'5125T1 65 "NRUVMC=",12//T2,"JIT="512)

1260 18 FORMATC(//T165"EIGNRL">TS25,"SUMLI"/T165"CHARFN",TS2,""5UM2"")
1270 19 FORMAT(T10,1PE16:105"5"51PE17.10)

1280 20 FORMATC(2(IPE16+105"5">1PE16.105," "5 1PE16.105"5" 1PE16-10/))
1290 READ(1-,2) MTOVMXs>MROVMX>NTUVMX, NRUVMX>IDUM1>DUMI»IDUM2

1300 READC(156) (ATOM(MT)» (AROM(MTSMR) >BESSOMIMToMRY > MR=1sMROVMX I &
1310&MT=1-MTOVMX)

1320 READ(1562> C(ATUMCNT)Y» CARUMCNT>NR) >BESSUMCNT s NR) » NR=1,5NRUUMX) 5
1330&NT=15sNTUVMX)

1340 READ(258) FINTRM

1350 READ(3:10) FINTTM,PHEQGP

1360 1001 PRINT-" 1 INPUT:MUBARsR1,20-Z1,Z2,BETAOP,BETAZL™

1370 INPUT-MUBAR»R15,20-Z15Z2,BETAOP,BETAZL

1380 1002 COeNTINUE

1390 NM@DE=1

1400 BSUMO1=+0.5

1410 BSUMO2=-1.0

1420 BSUMO3=+0.5

1430 10603 PRINT>'" 3 INPUT:MTOVMC,>MROVMCsNTUVUMCs NRUVMC, JIT™

1440 INPUT>MTOVMC,»MROVMCs NTUVMCs NRUVMC, JIT

1450 1004 PRINT»'" 4 INPUT:ITYPE™

1460 INPUTSITYPE :

1470 IDETAL=0

1480 IFCITYPED 1008-,100551006

D-35




1490
1500

ER O %
DETAL «NE-1) G TZ 1007
iTse®? INPUTsIPBSUMS IPVEBUMS IPASOM, IPVAOM'™
T IPESUMS, IPVEUM, IPASOM, IPVAOM
Ts® INPUTsMPBSUMMPVBUM. MPASOM, MPVAOM™

INPUT MPBESUMs MPVERUMS MPASOM MPVAOM

o Tw 1007

1006 PRINT-' 6 INPUT:EIRISTSEIRIFD>NEIRIM, CHFNTL™
INPUT»EIRISTSEIRIFDSNEIRIMS CHENTL

1007 CONTINUE
PRINT 11

12sMUBAR> K1, 205215225 BETAQOPBETAZL
1 4s NMODE

16> MTOVMC, MROVMC s NTUVMCs NRUVMC-JIT
18

IR

1690C

17000 DEFINTITIGBNS
1710C

1720 JI1=0

I
1730 EIRIZ=EIGNRI**2
1740 DD 30 MTOD=1sMTOVMC
1750 D 2% MROD=1,MROVMC
1760 IF({(MTOD-EQ-1) sAND.(MROD-E@-13)> GO TQ@ 29
1770 ARCV=AROMIMTOD,MROD)
1780 ARQVE=ARQVHXK2
1790 RTARGO=EIRIZ-AR0OV2
1800 AZOV=CSRRT(RTARGO)
1810 ARGU=AZOVAR(Z1-Z0) /R1
1820 DELLOV=(0.051.0)*EIGNRI*BETAOP/AZOV
1830 CTANO=CSINCARGO) /CCUSCARGO)
1540 HLOV=-AZOV*(CTANO+DELLOV)/(1.0~-DELLOV*CTANQ)
1850 HLOM(MTOD,>MROD)=HLOV/R1
1860 29 CBNTINUE
1870 30 CONTIRNUE
1880 HLOMC1s13=0.0
1890 DG 40 NTUD=1.NTUVMC
1900 L& 39 NRUD=15NRUVMC
1910 ARUV=ARUMINTUD, NRUDD
1920 ARUVZ=ARUV**®2
1930 RTARCU=EIRIZ2-ARUV2
1940 AZUV=CSE@RTI(RTARGUD
1950 ARGU=AZUV*(Z2-Z21>/R1
1960 DELRUV=(0+0510)%EIGNRI*BETAZL/7AZUV
1970 CTANU=CSINC(ARGUY /CCOSC(ARGW) ,
1980 HRUV=+AZUV*(CTANU+DELRUV)> /(1 .0-DELRUV*CTANU)

H
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B3L353 CONTINUED

1990 HEUMONTUD: NRUDY=HRUV/RL

2000 3y CouNTIwNULE

2010 40 CONTINU

2020 DE 43 vMUb=1-mMUBAR

2030 D@ 42 NTUD=1,NTUVMO

2040 D 41 NRUD=1,N=RUVMC

2050 B3UMMUD> NTUD» NRUDY=0.0

2060 41 CUNTINUE

2070 42 CONTINUE

2080 43 CONTINUE

2090 BSUMCL-1-10=BSUMO1

2100 B3UM(Z2s151)=BSUMO2

2110 BSUM(3,15,13)=B50UMOD3

2120 45 CONTINUE

£2130C

2140C BLOWM CALCULATION

2150C

2160 DL 90 MTOD=1,MTOVMC

2170 DB 80 MROD=1-MROVHC

2180 IFC(MTODEQ1) csAND (MROD-EQ-1)) Gy TO 80
2190 SERSUM=0.0

2200 D€ 70 MUD=1,MUBAR

2210 DU 60 NTUD=1,NTUVMC

2220 DB 50 NRUD=1,NRUVMC

2230 TM=BSUM(MUDs NTUD>NRUDY*HRUMCNTUD- NRUD)
2240 VBUMMUDsNTUD, NRUDY=TM

2250 THM=TM*FINTRM(MTOD,MRODs NTUDs NRUD) %(FINTTM(MUDsMTOD, NTUDS
2260 SERSUM=SERSUM+TM

2270 50 CONTINUE

2280 60 CONTINUE

2290 70 COUNTINUE

2300 BLOM(MTODsMROD)Y=SERSUM

2310 VAOMIMTOD>MROD)Y=SERSUM

2320 ASOMMTOD,MROD)=SERSUM/HLOM(MTODsMROD)
2330 80 CONTINUE

2340 90 CONTINUE

2350 BLOM(C1512=0.0

2360 VAOM(1:-12=0.0

2370 ASOM(151)=0.0

2380 IF(JI.GE.-JIT> G& TB 150

2390 JI=JdIi+1

2400C

2410C ITERATICON EQUATION CALCULATIEN
24200

2430 DY 140 MUD=1,MUBAR

2440 DB 130 NTUD=1,NTUVMC

2450 DB 120 NRUD=1.NRUVMC

2460 SERSUM=0-.0

2470 D@ 110 MTOD=1-MTOVMC

2480 D& 100 MROD=1>MROVMC
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OB 1) oAND (MRUODED 12D Gy T& 100

TOLsMkOD)
NYHV(MJOU;MR)U;AYsD:NRUD)*FINLTM(WUM,MTOU:NFUH)
!"}‘I“

VT INUE
CAlDs NTUDs NRUDY =SERSUM
TITNUE
NUV
NUE

boet g

LHARACUTERISTIC EQUATIGN CALCULATIGN

im0 e 0

MTOD=1>MTOVMC

3 MROD=1,MROVMC

TODEGe1) e AND (MRODEQ@e13) GO T@ 160
JEASOMOMTOD>MROD)
JVEKZIKHLOMIMTODaMROD?

MUD=1>MUBAR

190 NTUD=1,NTUVMC

180 NRUD=1,NRUVMC
I=ESUMOMUD, NTUDs NRUDD
SUVH*2) *HRUMCNTUDs NRUD?
SE V= SERSUM+TM

180 CZNTINUE

+EQ.~2) PRINT 20,EIGNR1sSUM1>CHARFN, SUM2
LoVW 1Y GO To 260

DETAILED PRINTOGUT--BSUM.,VBUMsASOMs VAOM

{IPBSUM+MPBSUM)Y «NE-0) PRINTs t25"BSUM™,*

IPBSUMSNE-1Y GO TB 241

”\NT 19, CC{BSUM(MD> NT>NR)Y sMD=15MUBAR) > NT=1>NTUVMC) > NR=1, NRUVMC)
CONTINUE

(MPBSUM.EG.1) CALL PV3DBC(BSUM>NTUVMC,NRUVMC)

[
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B3D353 CONTINUED

2990 IF(CIPVBUM+MPVBUM) «NE.0) PRINT, 12,"VBUM"> ®

3000 IFCIPVBUM.NE.1) GE@ T@ 243

3010 PRINT 195 CC(VBUMCMD> NTsNR) »MD=1,MUBARY s NT=1,NTUVMC)» NR=1,NRUVMC)
3020 243 CUNTINUE

3030 IF(MPVBUM-EG.1> CALL PV3DBCC(VBUMs NTUVMC, NRUVMC)

3040 IFCCIPASOM+MPASOM)Y «NE«0Q) PRINT» t25,"ASOM", 1

3050 IF(IPASOM.NE.1) G@ TG 245

3060 PRINT 195 CCASOMIMT>MR) 2sMT=1-MTOVMC) s MR=1>MROVMC)

3070 245 CONTINUE

3080 IF(MPASOM.EQe.1) CALL PV3DMC(ASOM>MTOVMC,MROVMC,PHEQGP?
3090 IFC(CIPVAOM+MPVAOM) «NE-0) PRINT, T2,""VAOM", 1

3100 IFC(IPVAOM.NE.1) G@ TGO 247

3110 PRINT 19, C(VAOMMMT>MR) sMT=1MTOVMC) » MR=1,MROVMOC)

3120 247 CONTINUE

3130 IF(MPVAOM.EQ.1) CALL PV3DMC(VAOM>MTOVMC,MROVMC,PHEODP?
3140 260 CONTINUE

3150C

3160C CHANGE EIGNR1-~S3STEP CHANGE @R RGGT FINDER

3170C

3130 NEIRID=NEIR1D+1

3190 IF(ITYPE-E@.1) GO TO 300

3200 EIGNRI=EIGNRI+EIR1SP

3210 IF(NEIRID.LT.-NEIR1S)Y GB TG 1

3220 GO TO 1008

3230 300 CONTINUE

3240 EIRIFR=EIRIFD

3250 EIRIFI==(0.0-1.0)%EIR1FD

3260 IF(ABS(EIR1FR) .GT«(1.0E~-10>) GO T2 301

3270 CHARFI==(0.051+0)*%CHARFN

3280 CHARFN=+(0.051.0)%CHARFI

3290 G& TO 302

3300 301 CONTINUE

3310 IF(ABSC(EIRIFI).GT.(1.0E-10)) G& TG 302

3320 CHARFR=CHARFN

3330 CHARFN=CHARFR

3340 302 CONTINUE

3350 NCNTRL=NCNTRL+1

3360 IF(NCNTRL)> 310,320,330

3370 310 CHARFO=CHARFN

3380 IF(C(CABSCCHARFO) cLT-CHFNTL) «BR«(NEIRID.GT-NEIRIM)) GB TO 1008
3390 EIGNRI=EIGNRI-EIRIFD/2.0

3400 GO T@ 1

3410 320 CHARFL=CHARFN

3420 EIGNR1=EIGNR1+EIRIFD

3430 GO TO 1

3440 330 CHARFU=CHARFN

3450 EIGNR1=EIGNR1-EIR1FD/2.0-CHARFO*EIR1FD/(CHARFU-CHARFL)
3460 NCNTRL=-2

3470 Go T9 1

3480 1008 PRINT»,®2,t2

D-39




ERE TG GE?

NT» " INPUT:IGETEY

INPUT,IGUTO

3240 Gu TE (1001,1002-10035100451005-1006,9999),1G0TH
3550 9999 STapP :

3060 END

{1
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PV3DEC

5000 SUBROUTINE PV3DBCCCBEF>NTUVMC, NRUVME)

5010 DIMENSION COEF(3,553)>REFERM(553),BESRVM(S5,3),PVVAL IS0 RTVAL (30D
5020& sATOM(S)Y»AROM(55,3)>BESSOM(55,3),ATUMCS) s ARUM( S5, 325 BESSUMIS, 33
S030& > CBSFNCS)»MUDMC50)

2040 CUMMBEN MUBAR>R1,>ATOM» AROMs BESSOM,ATUM, ARUM-BESSUM

5050& >NRPNT»TVALsNTPNT»RVAL

o060 CoMPLEX COEF

5070 5 FURMAT(/5X>"R-VARIATION COMPARTMENT"»I13,5K,"TVAL="LF10.4,""P1"/)

5080 10 FORMAT(2X>1P2E17.10)

5090 15 FURMAT(/5X, "THETA-VARIATIEN", 5X5"RVAL=""51PE17-10/)
5100 20 FORMAT(2X:1PE17.1050PF1045""%PI">110)

5110 PI=3.1415926536

5120 PIT2=2.0%P1

o130 FMUBAR=FLGAT(MUBAR)

5140 PIOFMU=PI/FMUBAR

5150 PIT20F=PIT2/FMUBAR

3160 R1282=(R1*k2)/2.0

5170 DO 110 NTUD=1,NTUVMC

2180 D@ 100 NRUD=1sNRUVMC

5190 EPSV=PI@FMU

5200 IF(NTUD-E@.1) EPSV=PIT20F

5210 ATUV2=C(ATUMINTUD) Y **2

5220 ARUV2=C(ARUMCNTUD> NRUD) ) **2

5230 REFRV2=EPSV*R1202%(1.0-(ATUV2/ARUV2))

5240 BESUV2=(BESSUMC(NTUDs NRUD) ) %*%2

5250 REFERM(NTUD>NRUD)Y=SA@RT(REFRVZ*BESUV2)

5260 100 CONTINUE

5270 110 CONTINUE

5280 REFERM(1,1)=SQRT(PIT20F*R1262)

5290 1 PRINT» 25 %5° INPUTsNRPNT»> TVAL>NTPNT> RVAL ., TSTAP s 3%
5300 INPUTsNRPNT»>TVAL>NTPNT»>RVAL,TSTGP

5310 IFC(NRPNT.EQ<0) cAND. (NTPNT-EQ-0)) RETURN

5320 IF(NRPNT.EQ.0) GB& T® 1000

5330 TVALOP=TVAL

2340 TVAL=TVAL*PI

5350 IFC(C(TVAL eGT<0+0) cAND(TVALLT-PIT2GF)) MUD=1

5360 IF(C(TVAL «GT«PIT20F) sANDe(TVAL LT (2.0%PIT20F)>)) MUD=2
5370 IFCC(TVAL«GTe(20%PIT20F)) cAND+(TVAL LT+ (3.0%PIT20F)>) MUD=3
3380 FMUD=FL@AT(MUD?

5390 D@ 200 NTUD=15NTUVMC

5400 COSFNCNTUD)=COSCATUMCNTUD)*(TVAL-(FMUD-1.0)*PIT20F>)
5410 200 CONTINUE

5420 RINC=R1/NRPNT

5430 NRPNT1=NRPNT+1

5440 RP©S=0.0

5450 D@ 500 NRD=1,NRPNT1

5460 RTVAL(NRD)=RP@S

3470 SUM=0.0

5480 DO 410 NTUD=1sNTUVMC

5490 D© 400 NRUD=1sNRUVMC
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PYEDEC CoNTINUED

5500 RPUSER=ARUMCNTUD> NRUD) #RPBS/R1

5510 CALL BESFNP(ATUM(NTUD) » PG SER» BESSFN)

5520 5= SUNM+ CLEF (MUDs NTUD> NRUD) #COSFNCNTUD) *BESSFN/REFERMCNTUD, NRUD)
5530 400 CONTINUE

9540 410 CuNTINUE

5550 PYVAL(NFD) =SUM

5360 KPUS=RPES+RINC

5570 200 CENTINUE

5560 PRINT 5»MUDs TVALOP

5990 PRINT 105 (PVVALCNRD) > RTVAL(NRDY» NRD=15NRPNT1)

5600 1000 CONTINUE

5610 IF(NTPNT<E@.0) GO T@ 1

5620 D@ 1110 NTUD=1sNTUVMC

5630 D@ 1100 NRUD=1sNRUVMC

5640 KPOSER=ARUMC(NTUD, NRUD) *RVAL/RI1

5650 CALL BESFNPCATUMC(NTUD) »RPOSER, BESSFAD

5660 BESRVM(NTUDs NRUD)=BESSFN/REFERMCNTUD> NRUD)

5670 1100 CONTINUE

5680 1110 CONTINUE

5690 TINC=PIT2/NTPNT

5700 TINCUP=2+0/NTPNT

5710 NTPNT1=NTPNT+1

5720 TPGS=1.0E-10

5730 TPEGSEP=0.0

5740 TSTOP=TP@S+TSTOP*PI

5750 D@ 1500 NTD=1,NTPNTI

5760 RTVALCNTD)=TPBSOP

5770 IF((TP@S+GT+0+0) «AND«(TPBS.LT.PIT20F)) MUD=1

5780 IF ((TPBS.GT.PIT20F) +AND.(TPBS.LT.(2.0%PIT20F))) MUD=2
5790 IF((TPOS+GT+(2.0%PIT20F)) «AND+ (TPBS.LT.(3.0%PIT20F))> MUD=3
5500 MUDMCNTD) =MUD

5610 FMUD=FLOAT(MUD)

5820 SUM=0.0

5530 D@ 1410 NTUD=1,NTUVMC

5640 D@ 1400 NRUD=1,NRUVMC

5550 TM=BESRVMCNTUD>NRUD)*COSCATUMCNTUD) *CTP@S=(FMUD=-1+0)*PIT20F))
5560 SUM=SUM+TM*COEF (MUD»> NTUD> NRUD)

5670 1400 CONTINUE

5880 1410 CONTINUE

5§90 PVVALCNTD) =SUM

5900 NTMAX=NTD

5910 IFCTPBS.GT-TSTBP) GB T@ 1600

5920 TPOS=TPOS+TINC

5930 TPUSEP=TPOSOP+TINCEP

5940 1500 CONTINUE

5950 1600 CBNTINUE

5960 PRINT 15,RVAL

5970 PRINT 20, (PVVALC(NTD) s RTVALC(NTD)»MUDMCNTD) s NTD=15NTMAX)
5980 GO T2 1 '

5990 END
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PY3DMC

6000 SUBRGUTINE PV3DMCC(CELEF>MTOVMC,MROVMC,PHEOGP)

6010 DIMENSIGN COEF(553)sREFERM(553),BESRUM(553)5PVVALCS0) s RTVALCS0)D
6020& »ATOMC(S) »AROM(S553)>BESSOM(553)>ATUMCS5) »ARUM( 5533 BESSLIM(5, 3D
6030& 5 CUSFN(3)

6040 COMMOBN MUBAR,R1>ATOM>AROM,BESSOM-ATUM> ARUMS BESSUM

6050& >NRPNTsTVAL,NTPNT>RVAL

6060 COMPLEX CGEF

6070 S FORMATC/5X,"R~-VARIATION MAIN CHAMBER™,» TXs"TVAL="-F 104 "%PI1"/D
6080 10 FORMAT(2X,1P2E17.10)

6090 15 FORMATC(/5X, "THETA-VARIATION" > 5X5»""RVAL="51PE17.10/3

6100 20 FURMAT(2Xs1PE17-1050PF10+4,""%PI")

6110 PI=3.1415926536

6120 PIT2=2.0%P1

6130 R1202=(R1%*%2)/2.0

6140 D& 110 MTOD=1.MTOVMC

6150 D8 100 MROD=1,MROVMC

6160 EPSV=PI

6170 IF(MTOD-EQ.1) EPSV=PIT2

6180 ATOV2=(ATOM(MTOD) ) **2

6190 AROV2=(AROM(MTOD>MROD) ) *x*2

6200 REFRV2=EPSV*R1202%(1.0-(ATOV2/AR0OVZ))

6210 BESOVZ2=(BESSOM(MTOD,MROD) ) *%2

6220 REFERM(MTOD,MROD)=SQRT(REFRV2%BESOVZ2)

6230 100 CONTINUE

6240 110 CONTINUE

6250 REFERM(1,1)=SQRT(PIT2%R1202)

6260 PHEEO=PHEOGP*PI

6270 1 PRINT»1251t," INPUT:NRPNT» TVAL>NTPNT . RVAL, TSTUP s 1%
6280 INPUT»NRPNT»TVAL>NTPNT»RVAL,TSTOP

6290 IFC(NRPNT-.EQ.0)+AND-(NTPNT-EQ.0))> RETURN

6300 IF(NRPNT-.-EQ.0) GO TP 1000

6310 TVALOBP=TVAL

6320 TVAL=TVALXPI

6330 D@ 200 MTOD=1-MTOVMC

6340 COSFN(MTOD)=COSCATOM(MTODY *( TVAL-PHEEQD)Y?

6350 200 CBNTINUE

6360 RINC=RI1/NRPNT

6370 NRPNT1=NRPNT+1

6380 RP@S=0.0

6390 D@ 500 NRD=1,NRPNT1

6400 RTVALC(NRD)=RP@S

6410 SUM=0.0

6420 D@ 410 MTOD=1-MTOVMC

6430 DB 400 MROD=1,MROVMC

6440 RPOSER=AROM(MTOD-.MROD)*RPES/RI1

6450 CALL BESFNP(ATOM(MTOD)>RPBSER>BESSFN)

6460 SUM=SUM+CBEF(MTOD»MROD)*CYUSFN(MTOD)*BESSFN/REFERM(MTOD MROD)
6470 400 CONTINUE

6480 410 CONTINUE

6490 PVVALC(NRD)Y=SUM
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PV3DHC CUNTINUED

6500 RPUS=RPOS+RINC

6510 HU0 CUNTINUE

5220 PRINT 55, TVALOGP

6530 PHRINT 10, (PVVALINRD) > RTVAL(NRD) » NRD=1sNFPNT1)
6540 1000 CONTINUE

6250 IF(NTPNT.EQ.0) G TG 1

6060 DU 1110 MTOD=1-MTOVMC

6570 D 1100 MROD=1,-MROVMC

6080 RPUSER=AROM{(MTOD>MROD)*RVAL/RI

6590 CALL BESFNP(ATOM(MTOD) »RPOSERs BESSFN)

6600 BRSRVMIMTOD,MROD)=BESSFN/REFERM(MTOD,>MROD)
6610 1100 CONTINUE

6620 1110 CONTINUE

6630 TINC=PIT2/NTPNT

6640 TINCOP=2.0/NTPNT

6650 NTPNTI=NTPNT+1

6660 TPUS=].0E-10

6670 TRUSEPR=0.0

6680 TSTUP=TPOS+TSTOP*PI

6690 DU 1500 NTD=1-NTPNTI1

£700 KTVALINTDY=TPBSOP

6710 3UM=0.0

6720 Dw 1410 MTOD=1-MTOVMC

6730 Dw 1400 MROD=1,MROVMC

6740 THM=BESRVM{MTOD-MROD)*COSCATOMIMTOD)Y *(TP@S-PHEED)Y)
6750 SUM=SUM+TM*COEF (MTOD>MROD)
6760 1400 CONTINUE

6770 1410 CONTINUE

£780 PVVALINTD) =SUM

6790 NTMAX=NTD

6500 IF(TPUS.GT-TSTEGP)Y GB& TO 1600
6810 TPOS=TPES+TINC

6820 TPUSEP=TPBSOP+TINCEP

6830 1500 CONTINUE

6840 1600 CONTINUE

6850 PRINT 15,RVAL

6860 PRINT 20, (PVVALC(NTDYs RTVAL(NTD) > NTD=1,NTMAX)
6870 LB TE 1

6880 END
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BESFNP

7000 SUBROUTINE BESFNP(ORDERs ARGMNT, BESFNV)
7010 IORDER=IFIX(ORDER)

7020 ORDDIF=0RDER-FLOAT(IBRDER)

7030 IF(QRDDIF.GT.(1.0E-8)) GO TO 1000
7040C INTEGER ORDER BESSEL FUNCTI®GNS
7050 IF(IORDER+EQ.0) BESFNV=1.0
7060 IFC(IQRDEReNE-.0) BESFNV=0.0
7070 IFCARGMNT.LT-(1.0E-8)) RETURN
7080 CALL BESSOP(ARGMNT,BESSOV)

7090 IFC(IGRDER.GT.0) GE& TO 100

7100 BESFNV=BESSOV

7110 RETURN

7120 100 CONTINUE

7130 CALL BESS1P(ARGMNTsBESS1V)

7140 IFC(IBRDER.GT.1) GO TO 200

7150 BESFNV=BESS1V

7160 RETURN

7170 200 CONTINUE

7130 BESL1=BESSQV

7190 BESO=BESS1V

7200 IWRD=1

7210 300 CONTINUE

7220 ORDT2=2.0%FLOATCIORD)

7230 BESFNV=(ORDT2/ARGMNT)*BESO-BESL 1
7240 1QRD=I1ORD+1

7250 IF(I@GRD.EQ.IBRDER)Y RETURN

7260 BESL1=BESO

7270 BESO=BESFNV

7280 G@O. T@ 300

7290C HALF-INTEGER BESSEL FUNCTIG@NS
7300 1000 CONTINUE

7310 PI=3.1415926536

7320 BESFNV=0.0

7330 IFCARGMNTsLT.(1.0E-8)) RETURN
7340 CHALF=SQRT(2.0/C(PI*ARGMNT))
7350 BESM12=COSC(ARGMNT)

7360 BESP12=SINC(ARGMNT)

7370 IF(IQRDER.GT.0) G@ T@ 1100
7380 BESFNV=CHALF*BESP12

7390 RETURN

7400 1100 CONTINUE

7410 BESL1=BESM12

7420 BESO=BESP12

7430 I©ORD=1

7440 1200 CONTINUE

7450 ORDT2=2.0%(FLOATC(IORD)~0.50)
7460 BESFNV=(ORDT2/ARGMNT)*BESO-BESL1
7470 IFC(I@ZRD.NE.IQRDERY G@ T@ 1300
7480 BESFNV=CHALF*BESFNV

7490 RETURN
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BESFNP CONTINUED

7500 1300 CONTINUE
7510 1UR

7520 BES
7530 BESO=BESFNV
7540 G& T@ 1200
7550 END

D-L6



HE S SUF

GLOC SUBRLUTINE pE3830rCARGINTs BIRESGV)
i) 10
w20
G3US > =05
S405 5=

D =D e 310 G e ATy -1
=802 e 1=/ 50F 0/ T e 7GR A56E-1o=To = Ts =02 T4 =0
LoUTO/ 3~ e 75

Tl =2 e

=55 1 B3TEATE=35=Te 250564510 441614
3V TE=Es =3
B060A 5 1e3588E-4/

GOT0 Ir CARGEUNTGT.3+0)  GL Te 1000
FOS0C ArGENT LESS THAN 0R EQUAL TO 3.0

e e
DR RS Rt B A §

EOT3K-Us =4l

SuUriz S+ CEOCJ) # CASHEK)
10 CunNTINGE

DDV ES U

16U T

D1 TG0 ARCGHMNT GRiEaTeEr THAN 3.0
slsy 1000 CUNTINUE

5190 A=30/AKGMNT

SeEUD Sgm=0e

42 Dw 1100 J=1s7

K=d=-1

SUmESUm+CRO Y R CKERK)
CUNTINUE

=zl o)

Be iy DU 1200 J=1.8

6230 K=Jd-1

9290 SUMSSUM+CTOC) s X%%xK)

5300 1200 CONTINUE

0310 TO=3uUM/X

8320 EBEESSUV=(ROxCESCTOI I /SARTCARGMNT
330 HETURN

40 KND

G

(93]

o]
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9000 SUBRDUTINE BESSIPCARGMNTBESS1V)

9010 DIMENSIGN CBLCT)>CF1(7)5,CT1(8)

9020 DATA CB1/5.0E-1,-5.6249985E-152.1093573E-15-3.954289E-2
9030& 5 4443319E-35-3+1761E-451+109E-5/5CF1/7.9788456F-151.56E-6
GUL0E 51+65966TE-251+T105E~45-2.49511E-351+13653E-3,-2.0033E~4
90504 /5CT1/3+05-2e3561944951+2499612E-155+65E-55-6.37879E-3
Y0608 » 7. 4348E-45Te9B24E-4s =249 166E- 4/

9070 IFCARGMNT.GT-3.0) GO T@ 1000

9080C ARGMNT LESS THAN OR EQUAL T@ 3.0

9090 X=ARGMNT/3.0

9100 SUM=0.0

9110 D@ 100 J=157

9120 K=2%(J-1)

9130 SUM=SUM+CB1C(J)*kCXk%K)

9140 100 CONTINUE

9150 EESS1V=ARGMNT*SUM

9160 KETURN

9170C AKGMNT GREATER THAN 3.0

9150 1000 CBNTINUE

9190 X=3.0/ARGMNT

9200 SUM=0.0

9210 DB 1100 J=1,7

9220 K=J-1

9230 SUM=SUM+CF 1 (J) % (X¥%K)

9240 1100 CBNTINUE

9250 F1=SUM

9260 SUM=0.0

9270 DO 1200 J=1,8

9280 K=J-1 }

9290 SUM=SUM+CT1CJ) kCX*k*K)

9300 1200 CONTINUE

9310 T1=SUM/X

9320 BESS1V=(F1%COSCT1))/SQRTC(ARGMNT)

9330 RETURN

9340 END
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B3D353 22:22 NAR JAN. 12,1971

I INPUT:MUBAR>R1,Z0521-22-BETAOP>BETAZL

?23510050052:152:8506050050-050.0

3 INPUT:MTOVMC>MROVMC, NTUVMCs NRUVMC, JIT

729535553510

4 INPUT:ITYPE
20

S INPUT:EIRIST,EIR1SP>NEIR1S>IDETAL

?211050.0050.1050+0055-0

THREE-DIMENSI®ONAL BAFFLED CHAMBER

typical run

a. find region of root

MUBAR= 3
R1= 1.00 Z0= 0.00 Z1= 2.10 ze= 2.80
BETAOP= 0.00 0.00  BETA2L= 0.00 0.00

TANGENTIAL M@DE NUMBER 1

MTOVMC= S MROVMC= 3

NTUVMC= 5 NRUVMC= 3

JIT=10
EIGNR1 SUM1
CHARFN suMe

1.100000000E+00> 0.000000000E+00
6.138665321E-035 1+407650197E-14 :

1 -200000000E+00» 0.000000000E+00

B8.103408722E-035-9.681394213E-15 -

1.300000000E+00> 0.000000000E+00 =
1.041393414E-025-5.366821725E~-14

1 .400000000E+00, 0.000000000E+00
~6+230056143E-035-7.275944016E~-12

99 as

1.500Q00000E+00> 0-.-000000000E+00
1.910474609E+025 1.065998027E~-07

88 o2

INPUT:IGOTO
24

D49

24943477660E~-03s 6.146290016E~-15

~3:195187661E-03,-7.930211954F~15

3088642843 TE~035~5.570740690E~15
4.216980286E-035 4.110653523E-15

5.012276134E~035-1.841705356E~-14
5.401658013E-03> 3.525116370F~14

1.020821592E-01s 4.942021580E-11
1.083122153E-01s 5.66%615981E~11

BeB850854586E+02s 4.2035591335~07
69403799 77E+02, 3-137561106FE-07




4 INFUT:LT(Pe

S olnrUTerniwisTonlole s il b, CHENTL
Y1 ednsdeluUs e 0iE~550e00,2051.05-6

b. find root precisely]

PHxp = Ul v T oAl BARFL D CHAMBER

100 20= e 1= 2«10 L2= Pt
DETAUPR= Je00 0.00 BEETAZL= 0.00 0.0

CANGENTIAL meDE NUMBER 1

ATUVMEE b MROVMCE 3
NTUVECE D NEUVSCE 3

LI Gkl
CHARFN

1o 450000000£+00, J.0000000007E+00 ¢ < 32162329

2o dbhb6326985-01s 3.172635014K-10 3 DD AZDY THHER
Teddn704atdns+00s J.0U00000000E+00 ¢ 5.92208049410+00, 2.9348670611K-09
HenlYY422 TE-08s 106520059 T72E-10 1 585688 09H2E+00, 2. 7696664564509
1e445500400E+005 0 000000000E+00 3 4.649426205E+00, 2.4071201307-09
LoU73479957-025 1.140781732E~-10 ¢ 4-6ad591405&+00; 2.2930620028-09
1442971 455E+00, 0.U00000000KE+00 ¢t 4.622473622E+00, 2.295354934K-04
4908801 100E-045 10385181 76KE-10 ¢ 4.82197T77365+00s Z2.1915031177-09
1o 4429 440566K+005 0.000000000E+00 1 4.611223931E+00, 2.2598135205-09
1220032072E-065 1.033508791E-10 1 4.6112247T11E+005 2.18646274170-09
14429 444995+005 -0000000000E+00 3 4.611198152E+005 2.289799934E-019
Z2eY10303046E-115 1033496426E-10  4.6111981528+00, 2.1864502915-09
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4 INPUT:ITYPE
70

S5 INPUT:EIRIST>EIRISP.NEIRIS,IDETAL
71 44294449950.0050.0050.005151

INPUT:IPBRSUM. IPVBUM, IPASOM» IPVAOM
20,0-050

INPUT:MPBSUM> MPVBUM, MPASOM> MPVADOM
71505150

THREE~DIMENSIONAL BAFFLED CHAMBER

MUBAR= 3
R1= 1.00 Z0= 0.00 Z
BETAOP= 0.00 0.00 BETAZ2L
TANGENTIAL M@DE NUMBER 1
MTOVMC= 5 MROVMC= 3
NTUVMC= 5 NRUVMC= 3
JIT=10
EIGNR1
CHARFN

14429 44499E+00»
~7.683411241E-09>

0.000000000E+00
1 033496348E~10

]c. check pressure match‘é

1= 2.10 Z2= 2-80
= 0.00 0.00
Sumi
Sumez

4.611197980E+00>
4.611197988E+00>

2.289799849E-09
2.186450214E-09
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BSUM

INPUT e NRPNT > TVAL> NTPNT» RVAL > TSTOP ?2205,1.0E-854051+0-1.05

TVAL=

R~VARIATION COMPARTMENT 1 0+.0000%*P1
r

3.208488334E-01 0.000000000E+00

3.650667631E-01 5.000000000E-02

4.522753703E-01 1.000000000E-01

5.514674265E-01 1+500000000E-01

6+542467119E-01 2.000000000E-01

7.538401985E-01 2.500000000E-01

8.461021757E-01 3.000000000E-01

9.281785572E-01 3.500000000E-01

9.980206354E-01  4.000000000E-01

1.054651052E+00  4+500000000E-01 ()(2)

1.098659082E+00 5.000000000E-01 P (r,0.0,2y)

1«132332955E+00
1.159115810E+00
1«182539420E+00
1.205118913E+00
1.227716042E+00
102498607361 E+00
1.269115144E+00
1.284408367E+00
1.294086334E+00
1.297383316E+00

5.500000000E-01
6-000000000E-01
6.+ 500000000E-01
7.000000000E-01
7.500000000E-01
8.000000000E~01
8+5068000000E~01
9.C00000000E-0O1
9. 500000000E-01
1.000000000E+00

THETA-VARIATION RVAL= 1.000000000E+00
0
1.297383316E+00 0.0000%P1I 1
1.282450983E+00 0+0500%P1 1
1.230228410E+00 0+1000%PI 1
1.132538265E+00 001500%P1 1
1.006710187E+00 0+2000%P1 1
$.013995673E-01 0.2500%P1 1
§.654279342E-01 0.3000%P1 1
5.991267796E-01 0+3500#P1 1
9.313336833E-01 0+ 4000%P I 1
§.524209203E-01 0+ 4500%P I 1 (1) (2)
5.907519324E-01 0+ 5000%PI 1 p (1.9,6,21)
1 .802798582E-01 0.5500%P1 1
-2.351890570E~01 0+6000%P1 1
~4.T419T8T69E-01 0+6500%P1 1
“8.673475164E-01 0. 7000%PI 2
-1.144832867TE+00 0. 7500%PI 2
~1+49633349 4E+00 0.8000%P1 2
~1.747986765E+00 0+8500%P1 2
-1.827863061E+00 0-9000%P1 2
-1.795720557E+00 0.9500%P1 2
-1.766357359E+00 1.0000%P 1 o
-1.795720557E+00 1.0500%P 1 2
-1.827863061E+00 1.1000%P1 2
INPUT :NRPNTs TVAL> NTPNT»> RVAL> TSTOP  2050005050¢050¢0
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INPUTSNRPNT > TVALs NTPNT s RvAL, TSTOR

FeVARIATION MATN CHAMFIY

1« 3723060822E-12
Pel191124735£2-01
4051 56665TE-1D1
De6UERTI40HE-01
6 eBDEYTSLOTE~D
el TT96TUO25E=-01
& el 310181E-01
Yo dg S404ar-01
1:0134559212+00
168715921 E+00
1e114050502£+00
114995301 4E+00
117651 2601E+00
12032147365 +0G0
1227566 780E+00
1e205163092E+00
1e260493160E+00
13165890 T3E+00
1344115076E+00
13631653245 +00
1369977185K+00

THETA-VARIATIGON

1369977185E+00
1.343437119<+0Q
1.272900333E+00
1.181709996E+00
1:097296200E+00
1-038785843E+00
1.007379760E+00
91 34804356E~01
9.320658475E-01
$e144435752E-01
602441538 7E~01
2.895668696E~-01
~1.0472384539E-01
=539 7050468E-01
=9.647114272E-01
-1.333643618E+00
-1:617054440E+00
-1.807725512E+00
-1.918010210E+00
-1.970377663E+00
-1.985144713E+00
-1.970377663E+00
-1.918010210E+00

INPUTSNRPNTs> TVAL s NTPNT» RVAL > TSTEP

r
0.000000000E+00
5.0J00000000E~02
1.0000000001-01
1. 200000000QK-01
2.000000000E-01
2« 500000000K-01
3.0000000D0E-01
3« 500000000F-01
4.00000000CK-01
46 50000NAND0K=-01
5.00000300CE-01
5500000000 E~-01
6 «000000000E-01
6+ 500000000KE-01
T.000000000KE-01
T+ 500000000E~-01
B« Q00GO000D0E~01
8« 500000000E-01
9.000000000E-01
S.200000000K-01
1.000000030E+00

RvAL=
0
0«0000%F1
0.0500%P1
0.1000%PI
Je1500%P1
0.2000#%P1
0.2500%P1
0«3000%P1
0«3500%F1
0.4000%P1
0o 4500%PI
0 5000%P1
0. 5500#P1
0«6000%P1
0.6500%P1
0. 7000%P1
0«7500%P1
0.8000%P1
0.8500%P1
0«9000%P1
0.9500%P1
1.0000%P1I
1.0500%PI
1.1000%P1
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TVAL=

PENs e U= sl el el

() e300 T

p(O)(Q)(r,O.D,zl)

1.030000000DK+00

p( (0 (1,0,6,2;)

?2050050,0.050.0
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NOMENCLATURE FOR APPENDICES C AND D

geries expansion coefficient - pressure gradient
series expansion coefficient - pressure

series expansion coefficient

pressure gradient

series expansion cocefficient

pressure
sound speed

axial Green's function term
Green's function

axial influence coefficient
integral coefficient

Bessel function

eigenvalue

summation index

summation index

preséure

radial coordinate - 3D chamber
axlal coordinate - 2D chamber
‘ransverse coordinate - 2D chamber

axial coordinate - 3D chamber

rigid wall eigenvalue

specific acoustic admittance
Gamma function .

vhase angle

angular coordinate - 3D chamber
normalization parameter

elgenfunction

D-54



Subscripts

0 = nozzle end

1l = interface

2 = 1injector end

L = left

m = summation index

n = sumation index

R = right

r = radial component (3D)
x = axial component (3D)

y = transverse component (3D)
z = axial component (3D)A
p = compartment number

H¥ = number of compartments
Superscripts

(0) = main chamber

(k) = uth compartment

(2)

iteration number

D-55




EQUIVALENCE OF SYMBOLS USED IN MAIN

TEST AND APPENDICES C AND D

MAIN TEXT

Zero

n/W

D-56

APPENDICES

Q(H)

X,y

LL0)
x,my

XXy 2572y

X=X , Z.-Z
1 "o’ 71 Yo

(o)

P(M)

n -1

ON
Y:ny



MAIN TEXT APPENDICES

R ry

v Yu+1 Vi

W Y3V,
zero ¥,
yI Px _
YN on+

D-57
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