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FOREWORD

This document was prepared by Rocketdyne Division, Rockwell International Cor-
poration, in accordance with Article I and Line Item Nos. 2, 3, and 4 of the
Data Requirements Lisct of Contract NAS9-14315 with the National Aeronautics and
Space Administration. The contract period of performance was 6 August 1974 to
1 September 1975. The NASA/JSC Technical Monitor was Mr. F. D. Freeburn. The
Rocketdyne Program Manager was Mr. R. H. Helsel for the first three months; he
was replaced by Mr. R. D. Paster for the remainder of the program. Mr. J. A.
Nestlerode served as the Principal Engineer, assisted by Dr. D. R. Kahn.

Several technical people at Rocketdyne performed work or served as consultants
regarding specific areas of the various program tasks: Mssrs. J. K. Hunting,
R. L. Nelson, and L. E. Sack with respect to the feed system hydrodynamics, Mr.
F. R. Linow with respect to combustion dynamics, Mr. M. D. Schuman with respect
to combustion dynamics, chamber dynamics, engineerihg model formulation, and
computer programming, and Mr. K. W. Fertig with respect to numerical analysis,
computer programming, and checkout.

ABSTRACT

This report is an operating manual for the Feed System Coupled Stability Model.
It is submitted as partial fulfillment of an 11-month program designed to de-
velop, verify, and document a digital computer model that can be used to anal-
yze and predict engine/feed system coupled instabilities in pressure-fed stor-
able propellant propulsion systems over a frequency range of 10 to 1000 Hz.

The first section describes the analytical approach to modeling the feed system
hydrodynamics, combustion dynamics, chamber dynamics, and overall engineering
model structure, and presents the governing equatiohs in each of the technical
areas. This is followed by the Program User's Guide, which is a complete de-
scription of the structure and operation of the computerized model. Last, ap-
pendixes provide an alphabetized FPRTRAN symbol table, detgiled program logic
diagrams, computer code listings, and sample case input and output data listings.
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INTRODUCTION

Historically, during the development of pressure-fed propulsion systems, feed
system/engine coupled instabilities have been frequently encountered. Resolution
of these problems usually included increasing injector pressure drop to decouple
the feed system from the combustor, the result being substantial system weight
penalties. A dynamic computer model would be a useful tool in obviating coupled
stability problems during the development of the Space Shuttle Orbit Maneuvering
System (SS/OMS). A model could be used both as a system design tool to optimize
component location and pressure profile (minimize system weight) and a system de-
velopment tool to define test programs for assessing stability margins of the OMS.

This document is an operating manual for the Feed System Coupled Stability Model
(FSCSM) and is submitted as partial fulfillment of an 11-month program conducted
by Rocketdyne to develop and verify an engineering digital computer model for the
NASA/JSC which can be used to analyze feed system/engine coupled instabilities in
pressure-fed, storable propellant, propulsion systems over a frequency range of

10 to 1000 Hz (frequencies lower than the chamber transverse frequencies). The
model is sufficiently general so that it may be readily applicable to present and
future engine and propulsion programs. For scaling purposes, the baseline config-
uration chosen is the OMS engine. The model has been written for use on the NASA/
JSC Univac 1110, EXEC-8 computer system, and provides NASA a tool which can be
used to:

1. Conduct preliminary design tradeoff for feasibility studies prior to
propulsion concept selection.

2. Guide the design of propulsion systems to ensure stability at all oper-
ating ranges and with minimum penalties.

3. Guide testing programs by predicting the least stable operating regimes
thereby reducing the number of stability tests required.

4. Provide stability verification in the event system changes are made and
hot-fire verification is impractical.

e -

5. Diagnose problems on existing systems and evaluate potential solutions.
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The work performed in completing the requirements of the program's technical ef-
fort is described in a separate companion document, entitled OME Feed System-
Coupled Stability Model, Final Report (Ref. 1). This includes the mathematical
formulation of the model, development of the model into an overall engineering
structure, and verification of the model's operation and capabilities by compar-
ing the model's theoretical predictions with experimental data from an OMS engine
and test rig with known feed system/engine chugging history.

The present document contains a detailed description of the structure and opera-
tion of the FSCSM. In the first section, the mathematical formulation of the
model is reviewed. The analytical approach to modeling the feed system hydrody-
namics, combustion dynamics, chamber dynamics, and overall engineering structure
is described and the equations utilized by the model in each of the technical
areas are presented. The reader may consult Ref. 1 for more details pertaining
to the derivation of the equations.

The Program User's Guide section contains the instructions necessary to operate
the computer model and interpret the results. First, the structure and logic of
the main program and all subroutines are described, followed by a description of
the input data required to run FSCSM. The input is divided into four major sec-
tions: (1) main control, (2) nozzle admittance control, (3) hydrodynamics con-
trol, and (4) combustion dynamics control. The format, content, and description
of each input data card is clearly specified for each control section. The output
of the FSCSM computer program is then discussed in terms of each tabular page of
printout. Finally, additional details on program operation are presented, includ-
ing program size, overlay structure, computer time, and program input/output data
set file information. Appendixes provide an alphabetized FPRTRAN symbol table,
detailed program logic diagrams, computer code listings, and sample case input

and output data listings.
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MATHEMATICAL FORMULATION OF MODEL

INTRODUCTION

During certain periods of a rocket engine's operation, conditions
within the combustion chamber and feed system are time variant, i.e.,
the operation is not steady with respect to time. Prime interesf of
this computer model is focused on abnormal transient operation during
unstable combustion, i.e., pressure oscillations in a combustion device
which are driven by the feed system and sustained bv the combustion
process. Start and stop transients are not considered.

The deviations from steady-state combustion which occur durina unstable
burning depend upon the kind of instability experienced. Liauid rocket
instabilities are classified according to their dominant time-varyina
processes. They may be divided initially into two cateaories, depending
upon whether the instability oscillation wave length is long or short
compared with the chamber dimensions.

If the instability wave length is considerably longer than the chamber
length and diameter, pressure disturbances propagate rapidly through the
combustion space compared with rates of change due to the instability.

As a result, wave motion in the chamber may be neglected and chamber pres-
sure can be considered to vary only with time but not to vary spatially
(i.e., Pc is a lumped parameter). These instabilities depend upon a fluid
mechanical coupling between the propellant feed system(s) dynamics (fluc-
tuating injection rates),the propellant combustion rates (delay times), and
the combustion gas exhaust rates (pressure relaxation). Such instabilities
can be further subdivided into various categories depending on the extent
of wave motion in the feed system.

The breakpoint at which chamber wave metion becomes important is not abrupt.
In reality, chamber wave motion is always present and, in effect, lumped
chamber- instabilities are really "zero order mode" lim¥ts of more general
wave motion instabilities. In practice, it is found that the chamber gases
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can be considered to act as a lump until the frequency of oscillation
exceeds roughly one-fourth of the freqdency of the lowest chamber
acoustic resonance mode. At and above such frequencies wave motion
becomes important and cannot be neglected in analysis. Chamber wave
motion instabilities are characterized by the wave-length of the oscil-
latory motion being comparable to the chamber dimensions. As with
Tumped chamber instabilities, the driving energy comes from oscil-
latory spray combustion. With wave motion instabilities, however, in
addition to the effects of injection rate fluctuations, there is the
combustion response of burning propellant sprays as they are disturbed
by passage of a pressure wave through them. Wave motion may increase
Tocal burning rates by any of several mechanisms: (1) a pressure effect
on the drop vapor gas phase burning rates: (2) enhanced mixina between
gases and between sprays and gases; and (2) increased spray casification
rates. Increased spray gasification may be due to transient increases
in convective flow velocities, to increased temperature or concentration
gradients, and/or spray droplet shattering. The instability amplitude
depends upon the magnitude of the response, and vice versa; typically,
the interacting processes are driven to a limit represented by abrupt,
essentially complete consumption of the propellant sprays. This direct
response can be so great that injection rate fluctuations may be of
secondary importance. As a result this class of instability can also

be further subdivided as to the importance of feed system coupling. In
the absence of feed system coupling, the instability is referred to as
"classical acoustic instability." Only longitudinal chamber modes with
feed system coupled instabilities are considered in this proaram,
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FEED SYSTEM DYNAMICS

Development of the Waterhammer Equations
Consider the differential control volume of a fluid element in a duct

shown in Fig. 1.

P — » P + %%‘ dx
oV
—_—_—— + —

v ————» v ™ dx

!4—— 5X———>‘

Fig. 1. Differential Pressures Developed Across the
Incremental Length of a Fluid Element

T
>
Y

Fluid compressibility and Newton's second law leads to the following
pair of differential equations:

] ) N L 4
at B 3x ¢ Pax (1)
. _ 3vV__B8 v
ax Pt 2 ot : (2)
where
p = fluid pressure
v = fluid velocity
B = fluid bulk modulus
p = fluid density
) 1
c = acoustic velocity = (B/p)*

There are several ways in which to solve these equations. The solution
method presented here follows that of Ezekiel (Ref. 2). The general
form of=the solution that satisfies either of equations=t 1) and ( 2) is

p=F (t+X)+F, (t- (3)

where F] and F2 are arbitrary functions.
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Taking the partial derivative of p with respect to x and t separately
and substituting the results in equations ( 1) and (.2) gives:

3v__Y . _ 1 ' X ' _X

x T8 a3t "B E:l L+ + Rt c)] (4)

ﬂ:-lER=DL[' Xy g 5] |

at o 3X pC F] (t + C) F2 (t - C) ( 5)
where

The expression for v is obtained from either equation ( 4) or ( 5):

2v=-F(t+ )+ F, (t- X - (6)

where
1. .
z = (pg)? . (7)

Letting the subscript o denote x=0, the upstream position, and the subscript
L denote x=L, the downstream position, and defining 1 = L/c as the signal
propagation time between the two positions, equations ( .3) and {6) become

Po = Fr(t) + Fy(t) (8)
DL=F](t+T)+F2(t-‘r) (9)
2v, = - F(t) + F,(¢) ( 10)
Zv| = - Fplt+a) + Fylt-q) (1)

Combining Eqs. ( 8) and ( 10), and Egs. ('9) and ( 11) separately, yields
four additional relations:

©
+
~N
<
[

ot 2V, = 2 Fy(t) _ (12)

=
(]
y
N
<
[

o = 2 Fy(t) (13)
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1]

p+zv =2 Fo(t-1) (14)

PL - 2V, 2 F](t+r). ( 15)

Eliminating the functions F] and F2 gives the final result as:

[Po + ZVO](t_ )
[PL - ZVL](t-r)

Consider now Fig. 2, which depicts a generalized 1ine segment forming a

PLt ZY ( 16)

1
=
'
N
<

portion of a feed system with many such segments.

An’ Tn’ vn
Rn )
n Pn+'| pn+1
Y "n+1
Flow

Figure 2. Generalized Line Segment

The equations which describe the pressure and flows as functions of time
and of each other for the generalized line segment are obtained from
Eqs. (16) and (17):

S Lo ()
o= {523) 0= Lror - (1) o (tre,) (19

e —

|'- Vn . _ v .
P+ +<Kr;3> "1 T [p” +<7‘Bn—9) ""](t-r ) ( 19)
n
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The expression, t - T indicates values at Tn seconds before,
and

LS pn+1 * Rnlwn'wn

wn=pnAnVn. ( 21)

Equations ( 18) and ( 19) are solutions of the wave equation, and equation
( 20) is the flow through a nonlinear fluid resistance. Letting

n "R g (22)
these equations can be combined to give:

Pn = oy ¥y = [;n+1 + Rnlwn+]|(wn+] - “niJ(t_T ) (23)
n

pn + n ]'W IW + (1 [Pn ‘l n_] Wn_-)—J(t- ) . (24)
Th-1

Eliminating Py and rearranging into quadratic form results in

+ a ) w [:p W i] (25)
n-1 n- 1 n-1 "n-1
(t'Tn_])
+ [:pn_‘_] + Rn!wn+]l(wn+] - ani](t-.r ) =0
n-1

which can be solved for the appropriate solution using the quadratic
formula. The tank end parameters are obtained using a solution of
Eq. ( 23) only. The injector end solution is obtained using the
quadratic formula for equation (25).

The linear model incorporated in the Hydrodynamics subprégram utilizes

the same basic equations, (23) and (24), but in the following linearized
form:
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(0,) - o (6 %) = | (60 0) - ay (5, )](t | (26)
.

ST ey ) ey (6wyg) = [(a P) *+ o, (8 wnﬂ(t , (27)
-'(n
where
(6pray) = (6ppyy) + 2Ry Wy (W ) (28)

These equations are then combined, resulting in
oalv) = (6py) + [(em) + o )i )] =0 (@
n

Ry + (et )+ Gp) = (o) vop i) -0 0
n

where

T = 9 3
R=2RyW . (31)

At the tank end, the term ¢ Pn is zero for constant tank pressure. At the

injector end, §p is the independent variable.

n+1
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Injector Dynamics
The injector dynamics are included by treating the injector as a lumped
compressible volume as shown in the figure below.

Figure 3. Schematic of the Injector
as a Lumped Compressible
Volume

The pressure in the injector manifold, Pr» is related to the entering
flow, Qh, from the upstream pipe segment and the injector flow, w
as follows:

I’

t V9 (wy = wp) (32)
where VI is the injector volume and Cq is the fluid sonic velocity.

The injector flow is controlled by the differential pressure across the jnjector as
well as by the resistance and inertia of the injector orifices, Thus,

2 g o4
Pr-Pc=Riw+ a5 @ v1» (33)

where Pe is the thrust chamber pressure, RI is the injector hydraulic
resistance and 2/Ag is the equivalent inertance of all the injector
orifices combined, i.e.,

—.—1 -
kg~ ¢ & TR - (34)
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In the preceding equation, li and A_i are the length and area, respectively,
of an individual injector orifice.

An additional factor which can have a significant effect on the response
of the feed system to chamber pressure oscillations is injector face
flexibility. This effect can be expressed as a change in injector volume
proportional to a change in injector pressure drop:

dv dp dp
I _ I C
— = K </‘Hf‘ - ——E;> (35)
Also,
2
dp _c d w
dt = g dt (V)’ (36)

which can be rewritten as

2 2 .
dp _¢” - cCc »p
at g w —‘E— v . (37)

Combining Eqs. (35) and (37 ) gives

2 2
O T A d | dpy dp, .
o T M) - |Mle e ) | (38)

which can be rewritten as

2 2 2
. C1 Py K de ~ Cq C1 Pp K dp

't il A U Vg &

< (39)

This expression reduces to Eq. (32 ) if no injector flexibility exists
(K = 0).
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Two-Phase Flow Acoustic Velocity

In the waterhammer equations the acoustic velocity, ¢, of the fluid
appears in two places; (1) directly in the constant relating flow to
pressure, and (2) indirectly in the time delay value, 1, which equals
£/c seconds, where £ is the pipe segment length. The acoustic velo-
city of a fluid is a property of that fluid. However, its effective
value can be reduced by the elastic walls of the flow passage or by

the entrainment of gas and vapor in the liquid (two phase flow).

Gas in the liquid can appear from two sources. One source is direct
entrainment from mixing of gas and liquid in'the propellant tank,
while the other can result from the evolution of dissolved gas as
the pressure drops along the feed system.

Given the steady-state pressure at each point in the feed system and
data on the solubility of the pressurant gas in the propellant as a
function of pressure and temperature, the amount of gas in the fluid
can be determined for each feed system segment. Then, knowing the
amount of gas in the liquid, the effective acoustic velocity of the
mixture may be calculated.

Assuming isentropic compression of the gas, the change in volume of the
gas is

v
- .9 40
dvg A dp, (40)

and for the liquid

v

_ 8
v, = L (41)

Defining a constant, o = Vﬂ
)

the following relation is obtained:

e ﬁ—fpa—] (42)
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The bracketed term is the compressibility of the mixture. The density of
the mixture can be shown to be

ap +p2’
pmz T + a) ’ (43)
The acoustic velocity of a liquid in an elastic pipe is

c = ] (a8)

£ J.+?C_f
- g\p et

Usinb the above expressions for density. and compressibility, the acoustic

velocity, can be written as

by

1

Pm ( o + 1 ] +a Dﬁf)
T+a 2 7+ g Ee
Py €y pg cg

O
]

(45)

This expression can be used to define the acoustic velocity of a feed
system seament with two phase flow. For an all liquid system, a = 0
and the same equation can be used.

In th%)%ydrodynamics subprogram the effect of the wall compressibility
term, Te» ON the fluid acoustic velocity is handled automatically
(assuming input value of Ejfare provided for each feed system segment).
However, the program does not compute the effects of two-phase flow. If
such flow occurs in the feed system being modeled, an effective fluid
acoustic velocity must be pre-calculated for each affected segment.
Equation (45 ) above, with the-gg term set equal to zero can be used

for this calculation.

Simulation:of Branch Lines

In the Hydrodynamics subprogram, branched 1ines are handled by assuming that

" each branch has zero internal volume and that its flows are incompressible.

Thus, the pressures at the end of all segments which meet at a branch are
set equal. The continuity of flow is then used to prdV?de the additional
equatibns in combination with the waterhammer equations to solve for the
overall feed system dynamic response.
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Generalized Feed Systenm Model

A schematic of the generalized feed system which is modeled by the hydro-
dynamics subprogram is shown in Fig. 4. The configuration chosen is
based on design and operating mode data for the OMS, PBK, and RCS feed
systems obtained from McDonnell Douglas/St. Louis. The system is comprised
of 30 individual line segments, each denoted in Fig. 4, as the lines be-
tween the black dots. A continuous parameter representation of each line
segment is obtained through the use of separate sets of waterhammer equa-
tions. Each line segment can have a different line length, area, wall
compliance, fluid acoustic ve]ocity and resistance, and hence can model

a wide variety of feed system components by merely choosing the appro-
priate values from these parameters. Also included in the generalized
model are Tumped parameter descriptions of two injectors (designated

“@" and "F" on Fig. 4). Parameters for the injectors are volume, re-
sistance, inertance, fluid acoustic velocity and face flexibility.

The system of 57 equations describing the generalized Fig. 4 feed system

is listed in Table 1. The equations are shown in the linearized, LaPlace
transformed format required by the frequency response subroutine.
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Ps - agwyy - [Pg + (Rg - ag) wp,le

(R

TABLE 1. HYDRODYNAMIC EQUATIONS

a3W3 - [PZ + (R3 = 33) W4] e

(Ry +ay) wy + [Py + (Ry - a;) ] e
-T,s

3 =0
-T,s

¥ .o

(R3 + a3) Wiy - [P] + a3w3] e

-2T]s.

(R2 + az) (w] - W3) - [P] - (R2 - a2) (W]

-T.s

asws - [P3 + (R5 - as) W7] e

ag (g - wg) - [Pg + (Ry - a,) izl e

55 o

T

-T

(Rg + ag) wyg - [Py + 2, (Wy - W)l e

(R5 + a5) Q7 - [P2 *tag w6] e

-T

66 W7 - [p4+ (R6 - 66) Ws] e

(Ry *+ a7) (g - Wyg) - [Pg - (Ry - a7) (iig - ipp)] e

-T.s
57 | 0

S
6 _ 0

-ToS

. . 8> _
ag Wi - [P5 + (R8 - a8) w]]] e =0

g * 3g) Wy

-T8s

-Tgs
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TABLE 1. (Continued)

“T.s ,
: . 95 _
P6 + (R9 + ag) Wip - [P5 * ag w]]] e =0 1-14
. LT
Pe - ajg Wip = [Py + (Ryg - agg) W3l e =0 1-15
: TR
Pr =I5 Wig - Rowig = Py 17
2 2 2 2
sP, - 9—> Vi * 5—> Wyg <%—> K sP, = 9—> K_sP
7 <gv o 13 <gv 0 14 gV o © 7 gV o 0 1-18
. . “Tgs
Pg * ayq Wy - [Py = (Ryg = aqq) Wl e = 0 119
- ., TS
Prg = (Ryg * aq4) vipq - [Pg - agg vzl e =0 1-20
.
Pg = 211 {iyg * ¥yg) = [Pg + (Ryy - ayg) gl e 0 .
. “Ths
Pg + (Ryy * ayy) vig - [Pg *+ ayq (g +wyy)] e =0 12
. '2T13S
Pg - (Ryg + ay3) (ing = Wyg) - [Pg = (Ry3 - ag3) (g - iggdle 2 =0 -
. . TS
Pg - ayp Wyg - [X + Ryp - agp) Wpgl e =0 1-24
. A -ZTISS
Pip* (Ryg * ayg) vigp *+ [Py + (Ryg - aq5) Wyl e -0 1-25
. : “T1gS
Py - 236 Wop = [Prp * (Ryg - a3g) (Wyq +wpg)le 7 =0 1-26
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TABLE 1. (Continued)

-T,.s
. . . 16 _ )
. . -2T225
t (Rop +ap) gy + [Py + (Ryy - ap,) gyl e = 0 1-28
. ] -T24s
"y W3g - [Py *+ (Ryy - apy) wysl e =0 1-23

2T
W . . . 235 .
- (R23 + 323) (W34 -~ W36) = I:P-I3 - (R23 - 323) (W34 - w36)] e _O] 30

. . —T-I7S
- (Ryg +ayg) wos - [Pyy - 2y wogl € =0 1-31
. . —T'17s ]32
YAy gt P - (Ryg - agy) wygl e = 0. -
< =Thys
; : : 215 _ )
" ap) (Wgy = wag) - [Py + (Ryy - ap)) wyrl e = 0 1-33
-T,,5
* Ry +agy) Vigy - [Pyy + ayy (igy - iwgg)l e 21 =0 1-34
- - . _T]BS ]35
- a1g (Wyg * Wpy) - [Pyg + (Ryg - ayg) Wipgl e = 0 -
=T, oS
+ (R]B + 318) Wzg - [P]4 + g (W26 + W27)] e 187 _ 0 1-36
=271 4S
- (Ryg + ay9) (Wog - Wgq) = [Pyc - (Ryg - aqq)(Wpg-Wqy)l @ 19 =g  1-37
19 7 %19/ Wog - W3y 15 19 7 919/ Mg
. . -TZOS ]38
= Ay Wi - [y + (RZO - aZO) w32] e = Q -
' e 1-3
+ (RZO + aZD) W3y = [P15 + 350 w3]] e =0 -39
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TABLE 1. (Continued)

) —T255
Pi7 = ap5 W3g = [P1g + (Rpg - ayp) wygl e =0 1-40
. . _Tzss -
P1g + (Ryg + ap5) Wag= [Py + app wagl e =0 1-41
. . TS
Prg = agp W3g = [Pyg + (Ryg - ane) wypl e =0 1-42
. . ~TogS
Prg + (Ryg + apg) vigg - [Pyg + ayg wygle =0 1-43
. .. APYE
Prg = (Ryg * ay7)(wpg=wyo) - [Pyg = (Ryz-apy)(wag-tiy,y)] e =0 1-44
i ) ~Togs
Prg = 358 vgp = [Pop + (Ryg - anp) Wysle =0 1-45
. . ~Togs
Poo ¥ (Rog + ayg) wag - [Pyg + ayg wyyl e =0 1-46
. : “Togs
Pog = 329 Wa3 - [Ppy + (Ryg - ap9) wyyl e =0 1-47
. : “Tags
Poy + (Ryg + ayq) Wigq - [Ppy *+ ayg wy3l e =0 1-48
. : T30S
Poy = 339 Wag = [Ppp + (R3g - agg) wygle =0 1-49
i ) -T3gs
Pop + (Ryg * agg) Wyg - [Pyy + a3q Wg,l e =0 1-50
Pop = LgS Vg - Re Wog = P 1-51
2 2 2
- {C . . Cc _ C__ , ry 1-52
S Py - (év)F (Wyg = vgg) + (§V>F Ke SPop = (gV)F Ke sPe

R-9808/19



TABLE 1.

Py * (R6 + a6) WB - [P3 *+ag W7] e

P,n t+ (R

12 ¥ 212) g - [P + 2y,

Pry ¥ (Ryg *+ ap4) Wy - [Py5 + ay,

X =P
Y= P
c
: .
HOTE: &) = 7=

(Concluded)

-T_ s

6 =0
] -T
w]9] e

. -T
w36] e
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245

=0

1-53

1-54

1-55

1-56

1-57



It should be noted that the hydrodynamics subprogram solves the complete
system of 57 equations (describing the complete Fig. 4 feed system)
each time it is called. Thus the frequency response of the entire system
js calculated each time. It has been shown, however, that simpler feed
systems, representing only a portion of the Fig. 4 schematic, can be
modeled by merely assigning values to the parameters of the unneeded

line segments which will exclude them from any effect on the system fre-
quency response. This is accomplished automatically by the hydrodynamics
subprogram via the assignment of very large resistances and very short
lengths to all line segments for which no data is entered.
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COMBUSTION DYNAMICS

Analytical Approach

In the past, the combustion response has been modeled with a simple time
delay(s) (Ref. 3 through 9). This time delay represents the time required
for the propellants to travel at their injected velocity from the point
where they are injected to another point where they burn, and imp]iés the
burning is concentrated at a fixed nlane some arbitrary distance from the

injector face. The procedure outlined above is obviously an oversimplifi-
cation of the burning process which is distributed in some fashion throuah-
out the combustion chamber.

Steady-state combustion models (Ref. 10and 11 for example) provide insight

to determine the droplet burning distribution as well as additional infor-
mation required to relate the distribution to a combustion response as a
function of frequency. Combustion models are designed to march incremen-
tally down the combustion chamber from a set of specified initial conditions.
In so doing, the model calculates the rate at which the propellants are
consumed as a function of the axial position in the combustion chamber (burn-
ing rate profile).

The analytical technique selected to describe the combustion dynamics is
based on employing the mathematical expressions used in the steady-state
combustion models (in particular the JANNAF DER program, Ref. 11). These
mathematical expressions are expanded into time averaae and oscillatory
components and are described in the following sections.

Atomization Process

A very essential part of the combustion field initialization is the assign-
ment of propellant spray droplet sizes and flowrates. Analytical descrio-
tions of the atomization process are not available but empirical correla-
tions that relate dropiet diameter to injector geometry and flow conditions
are available (Refs. 12, 13, and 14). For like-doublets, one empirical
relationshép is (Ref. 12). -

- 4 -0.75 -0.52 , 0.57 46
Dg = 4.85 x 10" v, (pe/p;) d; (46)
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where v, is the liquid jet velocity and dj is the liquid jet diameter
at the atomization plane. (For steady-state analysis, the velocity is
the injection velocity and the diameter is the orifice diameter.)

For purposes of the current analysis, the atomization process is des-
cribed by: ,
= K(d;)2 (v.)P (47)

J x=x,
x= X1mp X x1mp

D4

where x1mp is the location of the atomization plane or the impingement
point. Expanding Eq. 47 into time-averaged and oscillatory parts, yields

the oscillatory droplet diameter

d,
= al L +b | =L (48)
d.

In order to evaluate the oscillatory droplet diameter, the oscillatory
liquid jet diameter and velocity (and therefore the jet flowrate) are
required at the atomization plane. Therefore, the dynamics of the fluid
- from the injector to the atomization plane 1is required and outlined in
the following section.

Klystron Effect

The dynamics of the liquid propellant jet from the injector face to any
location in the chamber are described by the continuity and momentum
equations:

2 (49)
at (A OJ) x (AJOJVJ) 0
3 2) -A9P (50)
3t (AJDJVJ) (AJOJ i ox

Assum_i“r_ag _
L constant (51)
X
b=0¢+73 (¢ any variable), (53)
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where

¢ = f(x) (time average value) (54)
3= ¢'e'iwt (oscillatory value) (55)
¢'= g(x), (56)

the preceding equations can be expanded into time average and oscillatory
parts and integrated between the injector face and any location in the
chamber to yield:

v. L m.
o L AT e (57)
V. —
J m.
J inj
K =i X iwx/v ;%
_.__J = _‘w ewx Py (58)
A V. .
J J mJ 'InJ
n - . .
=)= et g e (0 (59)
. v
mJ J mJ 1nj

is determined by the feed system dynamics. Equation 59 is the oscilla-
tory jet flowrate at x and is usually referred to as the Klystron effect
(Ref. 15). The Klystron time delay, Tys is therefore given by

where w is the angular frequency and the oscillatory injection rate, (h.)i .

T =i (60)
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Considerable amplification of the injector face flow oscillations are
possible when the Klystron effect is present and could explain the periodic
burst of acoustic resonances called resurging and the steep-fronted

waves seen in low and intermediate frequency instabilities.

Droplet Vaporization
Theories of droplet combustion (Refs. 10, 16, 17) are available which

may be used to evaluate the extent of coupling between droolet burning
rate and local pressure and velocity fluctuations. In gereral, droplet
burning is enhanced by increased turbulence levels or by periodic direc-
tional variations in velocity, because droplets are relatively heavy and
resist following gas streamlines.

Calculation of the spray heating and vaporization is usually accomplished
through specification of the corresponding individual droplet processes
and summation over all the droplets that constitute the spray(s) being
analvzed. The calculation of single droplet evaporation is usually based
on a spherically symmetric model of simultaneous heat transfer and mass
transfer across the gas side boundary, or film, separating the liquid
droplet from the surrounding hot combustion gas. Forced convection and
resultant nonspherical transfer processes are accounted for through
empirical Nusselt number correlations for both heat and mass transfer.

For the fuel or oxidizer spray, the droplet continuity equation is

d _ .
o (Ao vy ) = -A N, mvapk (61)
and the vaporization rate is (Ref. 10)
ﬂDk kfk Nqu Zk
mvapk = = (62)
pvk

where P is the spray density (mass of spray per unit chamber volume), Nk
is the number of droplets per unit chamber volume, and
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Noting that

nD
6

3
- _ k
oy = Neme = N °zk

the droplet number flowrate can be written as

Avp

- _ k™ k
Nk-vaNk_T

Therefore, Ea. 61 can be written as

N
d Y - __k -
dx (mka) B Vi mvapk

For steady-state combustionmodels, the preceding equation (along with
Eq. 62) is numerically integrated allowing the droplet diameter, Dk’

to vary along the length of the combustion and maintaining constant
droplet number flowrate (Nk). Combs (Ref. 18) has shown that changing
from a variable droplet diameter to a variakle droplet number flowrate
yields approximately the same results for steady-state vaporization.
Therefore, in order to simplify the integration for stability analysis,
the droplet diameter was held constant and the dronlet number flowrate
was assumed to vary.

Summing Eq. 61 over all fuel or oxidizer droplet size groups yields

vap py (67 ke

Z ax (Ao = 'Az °k Ty =AY .
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which can be written as

Ao

d_ = - =2 _Arn (68)
ax (Pog¥s) == === = Ay o
where
Y (69)
s T €%
- 70)
Ve = o 25 (pkvk) (
N .
0,(6)2, k. Nu
1 ;L-:E k k fk Hk
s P K o Dl (7
zk k Py
k
Letting Zk’ ke » € be independent of k and assuming
k vk
- - T = f(t) (72)
s
yields:
P CPV 05
= S 'S (73)
T
s (6)Z_ ke Nu
Us ofg TH
where
2 _ o M (74)
Dg = (ms)inj/§< D2 >
k k “inj .
From Eq. 68
hogve) - (75)
i Aps VS TSVS
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Integrating Eq. 75 between Xy the start of vaporization nlare, and any
location x yigelds

X
_ g dx
Rogvg = (my)yoy exp 'Jf- TV (76)
(] x s's
0
substituting Eq. 76 into Eq. 68 yields the fuel or oxidizer spray
vaporization rate:
- X
. (ms)x=x0 [_ j de (77)
m. .= ———— exp X TV
yaps ArsvS 0 s's
Using perturbation techniques, the time average vaporization rate can be
written as .
- (ms)x=x0 [ (x-xo)J (78)
m S —_— exp - = 78
vaps ATSVS rgvg
and the oscillatory vaporization rate can be written as
(ms)x=x ~ ~
b - KS TS VS
=m - e - e
vap,  vapg (ms]x=xo Ts Vs
¥ v
+ (:i + == d’i (79)
Xo Ts s fsvs
Assuming
k
S
yields
V. TV =
s S
= =- () - (81)
Vs Ve X xks
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)
Ve S

fore be expressed as

Letting Pg s C , and kf be constant, the oscillatory time delay can there-
s

T Y 7 Nu 3T Ty

=§.=2:_Ps- :S..- Hs +(__S_)E|._R

Ts D z g MR Ts
S S ‘NuH

The oscillatory spray droplet diameter (DS) is given by Eq. 48 and the
oscillatory flowrate is given by Eq. 59. The above formulation results
in a linear oscillatory vaporization model similar to, but more realistic
thar Crocco's n-t model (Ref. 4). The formulation includes the effects
of: (1) distributed energy release, (2) oscillations in the injection
rate, (3) oscillations in droplet diameter, (4) oscillations in droplet
temperature, (5) gas pressure and velocity oscillations, and (6) oscil-
lations in the local mixture ratio.

Nusselt Number. It may be observed that one of the dominant terms in both
the expressions for the average and oscillatory time delay is the Nusselt
number, The Nusselt number, for longitudinal modes, is (Ref. 19).

e

D
Nu, _ 173 | P5
", = 2.0 + 0.6 Pr, - v -yl

.

In or cer to evaluate the oscillatory Nusselt number, the oscillatory droplet
spray velocity is required. The droplet spray velocity can be obtained from
the drag equation.

dVS m 2
nogr - 8§ P05 [v-vs ] (v-vg) CDS

R-9808/29

(82)

(83)

(84)



Letting

Py Ds
= T8 (85)
dragS (18) @ W
where
. /o,
= r | IV - v (86)
s = 2 u s ’
the oscillatory droplet spray velocity can be written as
1+ m.rdrag
/\75 = S 2 v = Qv v (87)
1+ “’Tdrags) S
Defining 172
. v-vg1 7"
F, = (—;—) , Fvs | T (88)
where Iv-v
aM, = - S (89)
steady state |,
the Nusselt number can be written as
; 1/2 1/2
o0, s
N, = 2.0 + 0.6 pr_ /3 |25 a FF( — (90)
H * : S u S p VS D-
s

S
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Expanding the preceding equation into time average and oscillatory
parts yields

-3 5

-— 1/31 S -

NuHs = 2.0 + 0.6 Prs \'-—u cAMS FvaS (91)

~ - ~

Nu Nu, -2 ~ - F

HS = Hs l .D_S. + .F_'E + A
m‘H N—UH 2 55 F ?v (92)
s s e s
Letting

Fv -
2 = R L, and (93)
Fv Ve C

S
o~
F ~
£ = R L . (94)
F Fo %

p

the oscillatory Nusselt number is

NuH NuH -2 : ’[‘)’ n‘-; o
—s . s 3 =S s Re | —] + R (-l—) (95)
uH? T\"uHs US p b Ve =€
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For small perturbations in the pressure, the linear response factors and
the time average values for Fp and Fv are

?:]’F = ] (96)

’1—Rv
Fp 2 FV 2 AMS

Calculations have been made which indicate that, for larae droplet diameters,
the average and oscillatory Nusselt numbers are quite sensitive to pressure
and velocity oscillations. Therefore, the Nusselt number can have a signi-
ficant effect on engine stability.

Droplet Heat Transfer Blockage Term. The oscillatory combustion time delay
given by Eq. 82 requires the evaluation of the heat transfer blockage term
(ZS) which is related to the combustion gas and liquid vapor properties bv
Eq. 63. Because the vapor pressure (va) at the droplet surface is related
to the droplet temperature, the blockage term also depends on the oscillatory
droplet surface temperature inside the droplet which is given by:

3T, \

3 - _1 3 2 L
3t (Pe ‘v, Tp) = 2T (~r keffg o/ (98)

Therefore, the oscillatory heat transfer rate to the droplet can be related
to the oscillatory droplet surface temperature by

o~/ ~
Qs - RTS Ts (99)

The droplet heating rate can also be written as (Ref. 10)

(T-1,) AHvanS
Qs = Zs kf NuH Z B c (ﬂDs) (100)
5 S (e s _ 1) Py

— S -

Assuming that

dT
(f) =0 (droplet at "wet bulb" temperature) (101)
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and

=R X (102)
v p

o
<v||< 2

etc. for the other variables, the response factor for the heat transfer
blockage term can be related to droplet and gas properties and flow conditions.

Examination of the response factor for the heat transfer blockage term indicates
that this term is not important at low frequencies (also see Ref. 20 and 21).
Therefore, the oscillatory heat blockage term has not been included in the
computer program. Detailed equations for this term are presented in Appendix B
of Ref. 1.

Generalized Vaporization Rate Expression

In order to maintain generality in representing the combustor dynamics, the
spray vaporization rates (fuel and oxidizer) were written as:

v |21+ ¢, (M) _o +cg (MR)
AR
-~ o~ x ~
‘e f;L) ‘e [JL) . ]' % /JL>
7.% gL = 9. | =
5‘\\ ¢ /0 S C Xg S\ P /x=0
3 /2 3
‘e P +ey, =) 4 eiq (MR)
105( > > Nl o 5 \ = > 13 "x=0
o~ / v ~ d .
+¢y, (M) +c -JL> +c (JL> o (103)
14 15 = 16\ = P
s s\ € /40 S\ ¢, Te Vs

Combining the expressions of the preceding sections with this generalized
vaporization rate expression yielded the combustion coefficients:

Nu, - 2 Rns
¢, =R -R, - 2R, + | —— 2 104
17 e T Ry D, W, 7 (104)

g m - 2 o
C = R _S . -l
8T <Nu ) (105)

R-9808/33



where the

In the above expressions Ginj is the oscillatory injection rate divided

"

1
—
| w
= A
|
—
-|||—-a

]
~N
)
(=
7
'
TN
Z|
=2l
Z|
'
~nN
~—
=)
7
+
e
w

"
1
O
N

[}
]
(@}
(23]

€y = Ce =Cq = ¢ = ¢ = ¢ = ¢ =0
3 5s 7s ]OS ”S ]35 ]55.

subscript s denotes the fuel or oxidizer and

[ e xy
= G. . ] - —
G]”JS K VS
" Ging,
tw XimpS
B bs - 8 v ian
s

(106)

(107)

(108)

(169)

(110)

(111)

(12)

(113)

(114)

(115)

by the oscillatory pressure a% the injector face and is calculated by the
hydrodynamics subprogram.

The main function of the combustion dynamics subprogram is the calculation

of the combustion coefficients.

The general spray vaporization rate ex-

pressions.are used in the chamber dynamic subprogram whichijs discussed in
the following section.
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CHAMBER DYNAMICS
Analytical Approach

Two methods of approach were considered for solving the chamber dynamics.
The first method used a linear lump chamber coefficient. This method is
valid only at low freguencies (less than 500 Hz) and results in a set of
nonlinear algebraic equations to be solved.

The second method employed a first-order perturbation model to define the
chamber frequency and growth coefficient along with the oscillatory pressure
distribution in the chamber. This method is valid for all frequencies of
interest in the present program (10 to 1000 Hz). For the oscillatory

variables, solutions of the form § = ¢'e'1wt

, where w is the complex fre-
quency, were assumed. These forms yielded a set of nonlinear differential
equations which were numerically integrated between the injector face and

the nozzle inlet plane. Using iteration techniques and the requisite boundary
conditions at the injector and nozzle inlet plane, the chamber frequency and

growth coefficient are obtained.

Consideration of the degree of complexity in solving the governing equations

by each of the above methods as well as the range of validity of each approach
resulted in choosing the first-order perturbation models as the best method

for describing the chamber dynamics. In the following paragraohs, the derivation
and solution to the first-order perturbation model stability equations are
presented.

First-Order Perturbation Model
In this section, chamber model equations are stated without showing their detail

derivations. Complete derivation of the basic equations is presented in Ref.

1. Assumptions used in the derivation of the basic equations are: (1) ideal
gas flow is a valid state equation; (2) dilute sprays occupy a negligible
fraction of chamber volume; (3) the spray can be represented by a finite number
of dropsize groups; each dropsize group contains a large number of locally
1dentispl drops; and, each size group constitutes a separate 1iquid phase and
exchange terms between liquid phases are not inc1uded;.?4) drag contributes only
kinetic energy to the spray energy equation; (5) secondary "shear" breakup of
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drops is not included; (6) negligible coupling between diffusion and thermal
gradients; and (7) no body forces.

The following equations can be formulated for the ‘gas phase:
Gas Continuity
3p q) = zz 25 n.n
3p t Vled) = >, (N myap ) (116)
n J J

Gas Momentum

5t (D) + V- (o83 @) = -Vp 4 Ve 1

T
[N (_n 'Cajﬁ}' )] (117)

Equation of State
P = pRT (118)

Shear Stress

A AR LUARE SULIY (119)

Gas Energy

g—t o(h+%£| +V'|:p'ﬁ (h+-g-2-)]

- V.q+ V- (ur) + —R

(el

~ Qn an ?n] - :
A i " U j (120)

+
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Gas Mixture Ratio

a—t (oMR) + V+(pi MR)

- P Dofr [Vz MR - 2|9 MR|~ | ]
MR+ 1

= (VMR) ‘ V(p oﬁeff) =

oX
(2 MR + 1) [ZZ N; 'hcapj]
f
- (MR)2 [;u% N; ﬁ:apj] (121)

Heat Transfer Rate

q = 'keffvT - z (Q 5eff) hiV.Y.l (]22)
i
Drag Force
—\n n?z n n n
=T ) t-on.l@ - 6. 123
Fs géD(DJ)lU qu(u o) CDj} (123)

Assuming

(1) Diffuser, thermal and viscous gradients are negligible,
(2) Droplet drag forces and heat transfer to the dropnlets are negligible,
(3) Droplet velocities are approximately equal to the gas velocity,

and letting

C
e (), R+ () (B (R - MR, (124)
- ) ¢ -
C Y¢
= > 12
(‘f‘)d) -1 (125)
R=R, + (2R) (MR - MR,) : (126)
o+ L) 9/
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_ ox
m = ZE :E no°n
vap,, Nj Mvap
nJj
fu
m zz N7
vapg, T L& Tvan

(127)

(128)

where the subscript ¢ denotes that the properties are evaluated based on the
overall injection mixture ratio during steady-state operation, the preceding

equations can be simplified for longitudinal modes to

Gas Continuity

3p 3 = A (n .
A T + = (Ao v) = A (mvapox + mvapfu)
Gas Momentum
v
at *

Equation of State

p=oT [Ry+ (BMR (MR - MRP)]

Gas Energy

? 3 _
Agp + WEE + vpay ()

(g - 1) A{ ap N ), (2R 1):]

. 2
* mvapfu,: fu * (aMR) (MR) ]}

Gas Mixture Ratio

—

. aMR aMR . .
o MR LAMR L e ) [:m - (M) @ ]
at IX : vapox vape,

a——
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Because of the complexity in solving nonlinear partial differential equations,
perturbation techniques were used to simplify the governing dynamic equations.
Assuming

¢ = o+ 9 (¢ any variable), (134)
where

6= f (x) (135)
and

$=g (x, t), (136)

each perturbation quantity was taken to he of order (c), where (€) is a small
ordering parameter that is a measure of the wave amplitude. The perturbation
expressions for each of the independent variables were substituted back into

the nonlinear partial differential equations, where all terms of the order

(22) or higher were neglected. The resulting time-averaged equations were
solved for the time-averaged variables and the oscillatory equations were solved

by assuming solutions of the form
¢ = ¢ eVt (137)

where ¢' = f(x) and w is the complex frequency. The resulting equations
form a system of ordinary differential equations in terms of the variables
p! and can be numerically integrated by employing boundary conditions

and iteration techniques.
Following this approach the perturbation equations were expressed as:

3 [1 +p! e"“"t] (138)

vzv+ cﬁ v' e'“"t - (139)

T=T [l + T e'im] (12
Yy

hol
"
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P [1 +p' e'i“ﬂ

p -

MR = MR + MR' o 10t

m =m +m e—iwt
VaPox  VaPoy VAP,

m =m +m e~ lut

vapg, vVabg, vVabey

The time-averaged equations were determined to be:

(a) Gas Continuity

& azy) A +h )

dx aPox VaPey

(b) Gas Momentum
v ad.
(c) Equation of State
p=5R Tl:1+ (§MR) (HE-MR?,)]

(d) Gas Energy

(Y¢-1)A§E;ap [ 8hoy - iR )f (2MR+1)]

- h —
*Pygp. [ahg, + (33,4?)’ (MR)Z]}

(e) Gas Mixture Ratio

—— dMR —— - -
pV = (MR + 1) [}n -MRm :]
dx vap,, vape,
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(145)

(146)

(147)
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and the oscillatory equations were determined to be:

(a) Gas Continuity

(c) Equation of State

o1 (2R

aMR
g

p'=p'+T'+ MR'

p

(d) Gas Energy

P (Y + ()

e
p g =% 9

)
+

*c||<

dp dv' , v'
'Y Lt E &

pl
A Cd

. d _
ax (Av) =
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ah W 0!
- %TWT) (2 MR + ])i] * mvapfu [}hfu

¢
hy w2 T 3h .
+ (g%ﬁ)P m? | - "vap,, T, "
+2m R (20 MR (153)
vape, §ﬁ§'P
(e) Gas Mixture Ratio
i v ' v , d MR
¢ 2 4
_(-M—R."']) r'l 1
- 3'C¢ l__mvapox mvapfu:}
L la,. -CW+1)n (MR") (154)
' '; C¢ [:mvapox ( mvapfu:]

In the computer model, the preceding set of ordinary differential equations

are numerically integrated between the injector face and the nozzle inlet plane.
The method of calculating the complex frequency for the perturbation model,
based on nozzle admittances calculated from upstream and downstream variables,
is discussed in the Engineering Model section.

Steady-State Solution
The boundary conditions for the steady-state differential equations are

@ x = Xy (155)
E"o =, (156)

g ™ Va0 (157)

- Tﬁxo = MR, (ifV _o#0) - (158)
(Ao V)xo = (M) (fV,_ 70 (159)
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Assuming small Mach numbers, i.e., M2

<< 1, the steady-state differential
equations can be integrated between the start plane for vaporization (xo)

and any location (x) to yield

p = constant = P. ' (160)
MR —
. (1+MR>X=O o V)X'O (mox) (1 - box!
R = : o (161)
(3+ﬁ§)- (Ro V), o * (ﬁ%u)inj (1 - 0g)
x=0
- (AV) =0 (Y ‘])
v = ¢ S
A Y oA { (mox)inj (T - 05y) Ahoy
), (e ohe s 05 TR (%4%>¢
-« MR h - T <
R (5§§-) [.(Ap v)x=0 + (mox)inj (1 - ¢ox)
+ (ﬁfu)inj (- ¢fu)J} (162)
- _ ]* —_— -
3 = { (Ao V), g * (mox)inj (T-9.)
C) 0 )] (163)
¥ o= P (164)
; R¢[1 + R‘—¢ (;’TS)¢ (MR - MR¢)]
where - -
¢ = ‘(X'Xo)/_‘;s ;S (]65)

R-9808/43



If the gaseous injection velocity is equal to zero (v

XO Y¢ T) X XO o MR
+Ahfu - —§; (f%%) ﬁﬁ% +1
0 g 0

These equations were developed by taking the limit as x -

a downstream distance.

Oscillatory Solution

The boundary conditions for the oscillatory differential equations are

B x=0
p' = 4p
v' = (v;)

x=0

From these boundary conditions and the oscillatory differential equations
the oscillatory conditions at the start plane for vaporization (xo) can be

determined and are:

wxo
! = | 8p cos - | +
PXO . s | . .

w X c .
Tygn(v'), , sin nv—zgl e # #

¢
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= 0), the steady-
state mixture ratio and density at x = Xq are determ1ned by

x0 from

(166)

(167)

(168)
(169)

(170)

(171)



0x _ o n2 x=0
(v')y.q cos ”'c_0> e S C4 0 (172)
)
F':l
;.o
XO Yﬁ (]73)
sl
. , s AV ] %o
MRXO = (M), e 87\ "x=0 (174)
R ,
TO - ) _ [ ___]_(a__) MR
X Pxo pxo = 5MR 4 x0 (175)
X0

where

(176)

If the gaseous injection velocity is equal to zero (V%=0 = 0), the oscil-
latory mixture ratio at X0 js determined by

I Tfu)in,] — iw - —_
MRxO AS (1 + MRXO) - ¢4 (Tfu Vfu)
XO ¢
(MR, + 1) m| l
= xo (ﬁ MR VaPox VaPgy
Ap ¢ fu'inj o\ m
xg # vap,, vapg,
(MR, +1)
- 1 AL xO _—R— A
- (vx ) MRX _———M'R‘ . 2 1 - p— (]77)
0 0 Xq ) M inj

This equation was developed by taking the 1imit of the mixture ratio

equation as x Xg from a downstream distance,
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The ordinary differential equations describing the oscillatory solution are
solved using a second order implicit finite difference method. This method
has the advantage-of being simple to implement and modify, as well as being
unconditionally stable for systems of equations which do not have exponen-

tially growing solutions. The method as applied to the first order system

Y' =AY+ g (178)

where Y and g are nxl vectors and A is an nxn matrix is as follows:

- aX
.y]'.,.] - .V-i + 2 Ai+‘/2 (‘y‘i + y1+'|) + gi'*'!i (]79)

Here, the subscript i refers to the i'th mesh point in the finite difference

scheme, e.g., Xy = X9 * iax. The Y; approximate the Y vector at X; - That

is y; -~ Yi = Y(xi). The subscript i+% refers to evaluation at X5+ 8x/2;

_ AX
e.g., Ai+5 = Alx; + =)

That the above method leads to a second order approximation (error is provortional
to Ax3) can be shown as follows:

Solving for Yi yields

Yig = (1-5F Ai+!§)'] (1+5% AH%) y; *+ox (I - Az_wa/z)-] Gy,  (180)
Without loss of generality, assume i = O,
From the two expansions

Yp= Y, -‘EA ot 9g—2 Y+ o(ax3) (181)

AX o 8x% 3 .

Yo Y12 -5 Y’/z t 5 Y% + o{ax”) (16¢2)
the following are obtained

Y, = YQ +1Ax Y; + o(AxB)‘ | B (183)
and

Y, = (Yo + Y072 + o(sx) (184)
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Let Yg = YO; it is necessary to show ¥ Y] + o(Ax3) in order to demonstrate

second-order accuracy.

From the differential equation

6, =Y, - ALY (185)
2 2 2 2
Substituting(185)into(180)and noting ¥y = YO’
. AX -1 AX X -1, .
¥y = (1 - 5 A%) (I + > A%) Y0 + ax (I - 5 A%) (Y% - A% Y%)
TR ' LY - 186
(1 -3 A%) 1 Yo+ ax Y, + A ax (5 Yq Y%).} (186)
Using (183) and (184), gives the result
yp =Yyt (-5 a7 o(ax)
_ 3
= Y] + O(AX ) (]87)
Consider now the stabilitv of the finite difference formula(179) for
systems which do not have exponentially increasing solutions; that is,
the real part of each of the eigenvalues of A is negative. To prove
that they are stable for this situation, define the error €; = Yi =Y
and consider the two equations given by (179) and
_ AX -1 Ax
Vi = (=5 Rpgd (T4 Agy) Yy
AX -1 3
ax (I - > Ai+%) 9, o{ax”) ) (188)
the latter resulting from (187). Subtracting (179) from (188)
. 8%, -1 ax 3 |
e = (1= 5 AT (T4 Ay e + o(6x7) (189)
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Let B = %? A The method is stable if and only if the matrix (I—B)']

’i‘ﬂé'
(I+B) has a spectral radius less than one, for this would produce (Ref. 22)
-1 n '
Tim [(I-B) (I+B)] =0 (190)
N o
Since the eigenvalues of (I-B)—] (I14B) are just equal to (1+8)/(1-8) N
where g is an eigenvalue of B, the spectral radius of (I-B)'] (1+B)
is just
max |(1+8)/(1-g) | (191)
8
For this to be less than one,
|1+8[<[1-8] (192)
for all g. This implies
T+ + B + 88 < 1-8-B+8g (193)
or
B+ B < - (B+8) (194)
Real (B) <0 (195)

Since B= %ﬁ-,where a is an eigenvalue of A, the method will be stable if
all the eigenvalues of A have real parts less than zero, that is, the
solutions to(178) are not exponentially increasing.
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Nozzle Admittance
The nozzle admittance based on downstream conditions is calculated based on

the following analysis.

The gas flowrate of the nozzle inlet plane is

P A3

c* = Ap v (196)

m =

where the characteristic velocity is

/ gy RT

ck =
2 ](Yﬂ)/Z(Y—U (197
Y [YT]

For short nozzles, the oscillatory mass flowrate can be written as

* 1 1 1 ] % ]
R - S (196)
m ) v P T 3 MR c*

Assuming
p! 1 ' T! Y-1 !
e.lp I, <T> 2 (199)
) p T p

the nozzle admittance for a short nozzle can be written as

A = FEV [D—‘_l S () R ] (200)
3 2y p 3 MR c* p'
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Assuming

A T el (201)
s MR = constant '

the nozzle admittance based on downstream conditions becomes

3 Cc* MR'Dp [2Y
Ag= o= =2 (Y_]> Ay (202)
D 3 MR c* p' MR = constant
X=2
where AN is calculated using the admittance program developed

MR = constant
by ‘Bell (Ref. 23).

The nozzle admittance based on upstream conditions is
A =1, | (203)
NU ¢\ X =2

where (v'/p')x -9 is calculated from the oscillatory solution. For solutions
to the chamber dynamic equations, the nozzle admittance based on upstream and
downstream conditions must be equal. The method of calculating the complex
frequency which satisfies this condition is discussed in the Engineering Model
section which follows.
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ENGINEERING MODEL

Analytical Approach

The overall model structure had the greatest variety of factors influencing

its nature. Some of these factors were related to the overall confidence in

the success of the effort. Factors relating to cost included the solution

time and numerical stability, which bears on the number of runs which will be
required for a solution. Still other factors were related to the JSC Univac
1110 capabilities. The remaining factors concerning the overall model structure
reflect on its conversion cost applicability to the resolution of propulsion
system problems. Its accuracy has direct bearing on the design margins
involved. The type of impact and the obtainability of characterization
parameters could not limit the accuracy and useability. The type and useability
of the output was also given due consideration as well as the degree of
generalization such that the model can be applied to a range of systems.

The structure of the Engineering Program was based on a trade-off of setup
time, storage capabilities, and solution time. General input data to the
program includes geometric factors, engine operating conditions and propellant
properties. An equilibrium gas properties program similar to NASA ODE
computer program, and the DER combustion model program are executed external
to the stability program. The control program then executes the nozzle
admittance and hydrodynamics programs to calculate the admittance and
oscillatory injector flowrate as a function of frequency and stores the
results on tapes. Steady-state distributed combustion parameters calculated
from the DER Model are inputs to the combustion dynamics subprogram which
are iterated with the chamber dynamic subprogram until the nozzle and
injection admittance conditions are satisfied. The solution method for
obtaining solutions for the complex frequency is outlined in the following
section.
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Determination of Complex Frequency

The complex frequency, w, is determined such that the boundary condition in
the nozzle is satisfied. Specifically, the admittance is required to be
continuous across the interface between the combustion zone and the zone
immediately downstream of the combustion zone. In the downstream zone,

the nozzle admittance, AND, is.computed from a nozzle admittance program.

In the upstream combustion zone, the nozzle admittance, AN » s computed
from the oscillatory flow parameters determined by the U chamber dynamics.
The complex frequency must be such that

N (204)
Let w =x + iy and F = AN - AN = u + iv. The numerical problem is to find
x and y such that

(205)
(206)

u(x,y)
vi(x,y)

[]
o O

Several methods were considered for solving this system of equations.
Because F is not an analytic function of w, the complex form of the Newton-
Raphson method may not always work. On the other hand, one could use the
two-dimensional form of Newton-Raphson (Ref. 24), but since the derivatives
of u and v with respect to x and y must be computed numerically, the two-
dimensional Newton-Raphson method will require three functional evaluations
of F at each w, i.e., (x,y),(x + Ax,y),and (x,y + ay). Alternatively, a
far more efficient method is to use the two-dimensional form of the secant
method (Ref. 24) since this does not require the evaluation of any deriva-
tives. Specifically, this method approximates the u and v surfaces with
linear functions up and Vi (planes) based on three previous guesses for u ,
(x],y]), (x2,y2), (x3,y3) . The next guess for y, (x4,y4), is determined
from the equations u (x4,y4) = vL(x4,y4) = 0. The new value of  then re-
places one of the previous three values, normally the one with the largest
error as measyred by the absolute value of F(xj,yj), and the jteration
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is continued until convergence is reached.

The actual

for the above process take the following form. Let wj
°s'sd.- +3 Y. '=,,.
U(XJ yJ) an v v(xJ,yJ) for j = 1,2,3

1. Determine nJ, j=
M+T24+73

+

M Uz * omous

™ V3 T mYs

2. Compute by = Tyug

3. Compute Uy and Vg

1,2,3, such that

=]

11'3(.0] .

based on Xg and Yy

equations
= x, + iy., u, =
57 Wi Yy

4. Test for convergence, i.e., require that min ij - w4|/w4{ <€y

and |F4| <eg.

(207)

(208)

(209)

(210)

If the process has not converged, continue with steps 5, 6, and 7.

5. Determine the j bgtween 1 and 3 such that ug + v§ is maximum.

6. Replace Wy uj, and vj by wys Ugs and Vas respectively.

7. Go to 1.

Operationally, steps 4 and 5 may be altered to replace the u's

cyclically, i.e., wi Fwy_1eUy Uy ys Vi > Vi g. In fact the
computer program as written alternates between these two procedures

every three iterations in order to avoid any possible cycling that

may occur.

The abeve algorithm has been found to be very efficienT when the first

three guesses are relatively near an actual solution.
problem was to develop a searching algorithm which determines the regions

in the wplane where solutions exist.
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One possible procedure would be to utilize the fact that the surface ul + v2
has an absolute minimum at each solution. Using any reasonable value of w

as a first guess, one might be tempted to employ a gradient, or modified
gradient, method to march along the surface until one comes near a relative
minimum. Unfortunately, this procedure fails because the surface ul + v2

has many relative minima which are not actual solutions. The reason for

the large number of relative minima (and maxima) for this surface is undoubt-
edly due to the coupling between the combustion processes and the feed system
oscillation in conjunction with the very rapid change of the feed system
response as a function of frequency. The searching algorithm must be able to
discriminate between those relative minima that are not solutions and those
that are. Such a procedure was developed for this program. It takes
advantage of the fact that a large portion of the computations required

are only a function of the real part of w, i.e., they use x as an independent
variable and do not depend upon y. Thus, y may be changed without having to
redo many of the calculations within the program,

Intuitively, the idea is to increment x through a range of values, while de-
termining y at each x according to the criterion mentioned be]ow; until it is
determined that a solution has been crossed. This determination employs the
use of a test function which changes sign when a root is crossed in the same
manner that a single equation in one unknown changes sign as it goes through

a zero. The task of developing a defining criterion for y and a test function
for x would be easy if, for example, v were a strong function of y and u were
a strong function of x. Then, each x, y could be chosen such that vix,y) = 0
and, as x is incremented, a solution would be crossed when ulx,y(x)] changes
sign. Unfortunately, neither u nor v behaves this way.

To develop functions that do behave this way, the following procedure was
developed. First, for each x, choose ¥y such that the absolute value of F is
minimized. This can be done in several ways. The program uses a method that
always guarantees finding a value if one exists. Essentially, the absolute

- . ——
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value of F squared and its gradients are computed. The value of y is altered

in the direction indicated by the gradient until either the gradient changes
sign or is so close to zero that convergence has been reached. Once the gradient
changes sign, Muller's method (Ref. 25) is used to converge on the root. This
is essentially a bisection metho¢ followed by inverse parabolic interpolation.
For this searching process, it is not necessary to make the convergence criteria
very tight, since only rough estimates are eventually needed in order to start
the two-dimensional secant method described earlier.

Now that a criterion for y has been established, it is only necessary to find a
test function that will change sign when a solution is crossed while incrementing
x. Such a function is given by

uu + Vv (211)

This function acts as a very good test function because it represents the
coordinate direction in the u,v plane along which the vector (u,v) changes

most with x. When this coordinate changes sign as one goes from, say, X

to Xo with 2 and ¥ chosen so that the length of the vector {u,v) is minimized,
then it is very likely that a solution has been crossed. Exceptions to this
rule occur when one is near relative minima of the surface u2 + v2 that are

not zero. To see this, consider the actual equations that are being solved.

In order that the vector (u,v) is minimum for each y, it is necessary that

a(u2 + v2)/ay = 0. That is uu + vvy = 0. Combining this with the above
equation, we see we are finding an x and y such that the matrix equation

(212)
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is satisfied. The matrix is just the transpose of Jacobian of u and v with
respect to x and y.

This equation can be satisfied if either u and v are zero, or the Jacobian
is singular. The Jacobian is necessarily singular at all relative minima of
the surface u2 + v2 except those at u = v = 0. In order to differentiate
between those solutions to (212) that are due to singularities of the Jacobian
and those that are due to u and v vanishing, we employ two different tests.
First of all, when a singularity point is crossed, the determinant of the
Jacobian should change sign. If this occurs, then the program rejects this
point as a possible solution. Sometimes, however, the determinant does not
change sign because either the convergence criterion used in the searching
algorithm is too loose or because the singularity has a double root. 1In
either case, the procedure is to test the condition number* of the transpose
of the Jacobian matrix in the region near the suspected solution. If the
condition number does not exceed a given input limit (e.g., around 80),

then the point in question is usually a solution.

Once it is determined that a potential solution has been crossed between X

and XZ’ for examp]g, the procedure is to (a) determine X3 based on the method of
false position using the test function given in(211), (b) determine Y3 to
minimize [F[, and (c) use (x;,y,), (xz.y?_), and (x5,y,) as the required first
three guesses for the two-dimensional secant method.

The above procedure has been found to be most satisfactory for the conditions
tested in this program. The search algorithm described above has several
salient features. First, as mentioned earlier, the search method takes
advantage of the fact that many of the computations are not a function of the
imaginary part of w, namely y: This allows the minimization of |F| with respect
to y to proceed with high efficiency. Secondly, and more importantly,

-—

*The condition number of a matrix, A, is a measure of how sensitive a solution
to the system Ab=c is to perturbations in c. It is equal to the square root
ratio of the absolute value of the largest eigenvalue of A'A to the smallest
eigenvalue of A'A. For singular matrices, the condition number is infinite.

For matrices that are nearly singular, the condition number will be quite large.
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the procedure has been automated to the extent that the user only has to specify
a frequency range and a maximum number of roots desired in that range.'

The algorithm will start at the lower end of the frequency range and will
increment through it until either the maximum number of roots are found or the
upper end of the frequency range is reached. This is a very powerful property
since it does not require the user to have a clear knowledge of the location

of any of the roots in the w plane.
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PROGRAM USER'S GUIDE
FSCSM MAIN PROGRAM

The main program for the FSCSM computer model performs much of the
input/output activity of the model and controls the sequencing through

the various major subprogram blocks of the model. After writing the
header page (Fig. 5), the main program reads in and writes out the data
described in Table 2 of the input section of this report under the heading
Main Control Section Input. The program then computes the area profiles
through a call to subroutine AREA. It then beains its main do loop
controlling the number of solutions to the nozzle admittance boundary
equation that are desired. During the iterations for each solution to

be found, the main program proceeds with successive calls to subroutines
N@ZADM, HYDRDY, COMBDY, and SOLVW in order to compute the downstream
nozzle admittance factor, the feed system response parameters, the
combustion dynamics coefficients, and performance calculations neces-
sary to solve the nozzle admittance boundary equations respectively.
Subroutine S@PLVW also causes a call to subroutine CHAMDY which computes
the oscillatory profiles. Further, during the first jteration in the

do loop for the main program for the first solution, the main program
also calls subroutine STEADY in order to obtain the steadv-state profiles.

The variable ISCNT.is the F@RTRAN variable set by the main program and
altered in S@LVW which controls the type of iteration being performed.

When ISCNT equals one or four, the search algorithm described on pages 54-56
is called out. This is the initial condition at the beginning of each

set of iterations to solve the nozzle admittance boundary equation. When
ISCNT equals five, the two-dimensional secant method is being performed

in SPLVW.

PRECEDIy
K Nor Fry
ED
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REAL DATA
FOR MAIN
CONTROL
SECTION

4

COMPUTE AREA
PROFILES

BEGIN DO LOOP
EOR_NRT=1,NRQO

FIRST
PASS YES
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COMPUTE
STEADY-STATE
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]
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END
Loop
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Figure 5. Logic Diagram for FSCSM Main Program
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The variable KWHERE, which is set by subroutine S@PLVW, controls the logical
flow in the main program subsequent to a call to SPLVW. When ISCNT equals
one or four and KWHERE equals one, the control is returned to that portion
of the main program which starts the calculation for the next value of w
being tried by the search algorithm. When KWHERE equals two and ISCNT
equals one or four, control is passed to that portion which will perform
calculations for a perturbed w in order to compute the derivative of

ANU - AND with respect to Wp - When ISCNT equals 5 and convergence has

not been reached, the normal exit from SPLVW also sets KWHERE equal to
two. For this case however, no derivatives are calculated. The program
will Just proceed with successive calls to NPZADM, HYDRDY, and C@MBDY

in order to compute the downstream nozzle admittance factor, the feed
system response, and the combustion dynamic coefficients, respectively.

It then proceeds to SPLVW in order to obtain an updated estimate of w
using the two-dimensional secant method.

When KWHERE equals three or four, convergence on a solution to the nozzle
admittance boundary equation has been attained. For this case, control
is passed to that portion of the main program which prints the final
results for that solution.

When KWHERE equals five, control is passed to the end of the main do loop
in the main program. The output portion is bypassed. This only occurs
when an error was detected by subroutine S@LVW.
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SALVW

This subroutine performs many of the calculations and controls most of the
logical flow required to match the downstream boundary condition on the noz-
zle admittance. The FORTRAN variable ISCNT controls the logical flow with-
in subroutine SPLVW (Fig. 6). If ISCNT equals one, then that portion of
the subroutine used for searching the w-plane for possible solutions to
the nozzle admittance boundary equation is used. Two calls to SELVW are
used for this purpose. During the first call, the imaginary part of w

is determined so that the absolute value of the upstream nozzle admittance
minus the downstream nozzle admittance is minimized. The second call is
made in order to complete the computation of the Jacobian of this dif-
ference with respect to the real portion of w. (The derivatives of the
difference with respect to the imaginary part of w are computed during

the first call.) When ISCNT equals one, tests are also made to determine
if a solution is nearby. The actual test function and the loagic employed
is described on pages 54-56.

Once it is determined that a possible solution is bracketed by two suc-
cessive frequencies, the variable ISCNT is set equal to four. Subroutine
SPLVW performs the same calculations for this value of the variable ISCNT
as it does when ISCNT equals one. The only difference occurs at the end
of the second call to SOLVW. At that point, checks are made to ensure
that the potential solution is in fact an actual solution and not due to a
singularity in the Jacobian. If the error passes certain criteria and at
least three iterations have been performed with ISCNT equal to four, then
 ISCNT is set equal to five for subsequent calls to SOLVW. Between each
iteration for ISCNT equal to four, as well as for the first iteration for
ISCNT equal to four, the real part of the frequency is modified using the
method of false position or the bisection method, depending upon the value
of the iteration counter, KSCNT4.

When ISCNT equals five, no derivatives are computed. For this situation,
subroutjne SPLVYW only computes the difference between the upstream and
downstream nozzle admittances based on the current value of w. It then
checks to determine whether convergence has been obtained. If not, the
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value of w is updated according to the two-dimensional secant method
described on page 53

The variable which controls the flow in the main program subseguent to a
call to SALVW is KWHERE and is described in the section of this report
dealing with the main program.

CHAMDY

This subprogram is called by XIMAGF in order to compute the oscillatory
pressure, temperature, velocity, mixture ratio, and density profiles.

From these quantities (Fig. 7), it determines the upstream nozzle admit-
tance. It solves for the oscillatory profiles by solving the linearized

set of differential equations presented on pages 41 and 42. This is done
using a second order implicit finite difference scheme. Those integrals
appearing in the vaporization expression whicn cannot be integrated analyti-
cally are numerically integrated using the trapezoidal rule.

Because the differential equations represent a linear initial value problem, -
the finite difference equations are also linear and one can "march off" the
solution from the initial plane. Since the four differential equations

are coupled, replacing them at each axial position by their finite difference
appreximation results in a four by four system of complex linear equations.
Because of the nature of the differential equations, the resulting matrix
equations are essentially diagonally dominant and can therefore be solved
very quickly using Gaussian elimination with the diagonal element used for
pivoting.

XIMAGF

This subroutine is called by SPLVW and ZER@F. Its main function is to compute
the difference between the upstream and downstream nozzle admittances (Fig.
8). When the program is still performing the search algorithm, this routine
computes the derivative of this difference with respect to the imaginary

part of w as well as the derivative of the absolute value of this difference
squared=with respect to the imaginary part of w. -
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Figure 7. Logic Diagram for Subroutine CHAMDY
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Figure 8. Logic Diagram for Subroutine XIMAGF
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CHMCBN
This routine is called by CHAMDY and calculates certain parameters
‘necessary for determining the coefficients used in CHAMDY.

COMMAT

This routine solves the four by four complex system of linear equations
discussed in the section describing subroutine CHAMDY. It uses Gaussian
elimination with pivoting on the diagonal.

ZER@

This routine is called by subroutine CHAMDY. Its function is to find the
zero of a given functional when that zero is bracketed both above and below.
The functional in this case is the derivative with respect to the imaginary
part of w of the absolute value squared of the difference between the
upstream and downstream nozzle admittances. Finding.the zero of this func-
tional is done in order to minimize the error in the difference between the
nozzle admittances with respect to the imaginary part of w . The method used
by subroutine ZERO is due to Muller (Ref. 25). It essentially involves a
bisection step followed by inverse parabolic interpolation to determine the
next quess.

STEADY

This routine (Fig. 9) is called by the main program to determine the time inde-
pendent solution to the set of differential equations given on page 40. These
equations have been analytically integrated on pages 42-44. This subroutine uses
these latter equations to determine the steady state profiles. Also, several
parameters which are a function of these steady state variables are computed

and saved for subsequent use by the chamber dynamics subprogram, CHAMDY. If

the FORTRAN variable IPRSTE is greater than zero, a printout of the steady

state profiles will be given.

CAMBDY

This subprogram (Fig. 10) calculates the fuel and oxidizer Gembustion coupling
coefficients required for the determination of the time oscillatory vaporization
rates needed to solve the chamber dynamics. The equations for these parameters
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Figure 9. Logic Diagram for Subroutine S?EADY
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SUBPROGRAM ZOMBDY
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IF IR> 0>

READ COMBUSTION
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Figure 10. Logic Diagram for Subprogram C@MBDY
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are given on pages 33-34. During the first pass into this program, the com-
bustion dynamic input variables are read in from input device 5 and written
out onto device 6. A discussion of these variables is given in the Model
Input Section. The Togical flow in C@MBDY is controlled by the FARTRAN
variable INPCPM. If this variable is less than or equal to one, the combus-
tion coefficients are computed for the current frequency only. If INPCPM

is greater than one, these coefficients are computed for the entire fre-
quency table, FREQT (e.g., from 10 to 1000 Hz), and saved on tape/disk
ITAPE for subsequent use by the main program.

AREA

This subroutine is called by the main program. It computes the area pro-
files and axial distance profiles necessary for solution of the steady-state
and transient profiles.

LACFAC

This routine is used to determine the subscript, I, within an ordered array,
TX, such that the input argument, X, is in the interval TX(I), TX(I+1).

This routine also returns the interpolating factor FX = (X-TX(I)/(TX(1+1)-
TX(I)) for subsequent use in linear interpolation.

HEAD

This subroutine is called by the main program to print the heading page which
gives the title of the program, by whom and where it was developed, and the
program sSponsor.

HYDRDY
Subroutine HYDRDY (Fig. 11) is called by the main program to calculate the

frequency domain characteristics of the feed system. Functions performed
by HYDRDY are (1) reading of input data describing the phys1cal attributes
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SUBROLTINE
HYCRDY (IR, INPHYD, FRE, GING, RINF, PCTV,WOIN, WFIN)
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POOR QUAGEIS‘ Figure 11. Logic Diagram for Subprogram HYDRDY
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of the feed system components, (2) generation of a matrix of linear dif-
ferential equations representing the complete feed system, (3) solution

of the feed system equations to yield the amplitude and phase response of
all feed system pressures and flowrates as a function of chamber pressure
oscillation amplitude and frequency, and (4) generation of tabulated output
of injector flowrate frequency response for use by the main program.

A basic assumption of subroutine HYDRDY is that the feed system being
modeled can be represented by the generalized schematic of Fig. 4

(or by some portion of this schematic). This assumption is necessary
because HYDRDY sets up and solves the complete set of simultaneous
equations representing the Fig. 4 schematic. By assigning very high
resistance and very short length attributes to any of the 30 numbered
line segments of the generalized schematic, whose segment can effectively
be excluded from having any effect on the frequency response character-
istics of the rest of the system. With this approach a wide variety of
feed systems can be modeled with no changes to the program other than
the input data.

Figure 11 shows the functional block diagram for subroutine HYDRDY. When
called, the subroutine initially zeroes the values of all of the elements
of the coefficient and time delay matrices C and TD in labeled common
block F. The values of various fixed input arguments required by the fre-
quency response subroutine (FRESP) are then initialized.

Input argument IR directs the reading of subroutine HYDRDY input data. If
IR is zero or less, the program assumes that all required data has pre-
viously been read and the data read function is bypassed. If IR = 1, the
program assumes that no hydrodynamic data has been read and proceeds to ini-
tialize all hydrodynamic input variables to values which will exclude all 30
1ine segments and both injectors of the generalized Fig. 4 feed system sche-
matic. Control is then passed to statement 45 for reading of input data. If

. —
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IR = 2, the assumption is made that most input data is already set up
(such as from a previous case during the same program run). Control
is passed directly to statement 45 for reading any changes to the
input data.

Input data reading for HYDRDY is in the NAMELIST format (NAMELIST

name HYD) and is normally in the form of card input on logical unit
number 5. However, if the program is run in a timesharing environment,
an option is provided for reading data from a timesharing terminal.
This option is controlled by variables IRFLAG and ITERM. Both of these
variables are stored in labeled common block/F/ and can be changed by
input to NAMELIST HYD. Variable IRFLAG is tested in statement 45 and
if non-zero specifies reading NAMELIST HYD data from unit 5. If time-
sharing terminal input is desired, variable ITERM is set (by input

data read or block data initialization of labeled common block/F/) to
the logical unit number to the timesharing terminal. If variable ITERM
is non-zero, statement 46 sets IRFLAG to 1. Thus, once terminal data
input has been specified, all subseauent data reads will default to the
terminal. Card input can be respecified (for a subsequent data case) by
entering IRFLAG = 0 in the terminal data input.

Input variables for subroutine HYDRDY are described in detail in the Hydro-
dynamic Input Section. The variables include the length (L), cross-sec-
tional area (A), propellant sonic velocity (V), propellant density (RHOL),
hydraulic resistance (R), and wall compliance (CW) for each of the 30
numbered waterhammer segments in the generalized Fig. 4 feed system
schematic. Input variables for the left ("d") injector of Fig. 4 are
resistance (R$),inertance (z8), volume (VOLQ), propellant sonic velocity
(V$), and injector deflection constant (K§). The corresponding input
variables for the right ("F") injector are RF, ZF, VOLF, VF and KF.

The designation of the two injectors as "@" and "F" is a notational
convenience for cases in which the feed system being modeled has only

one injector and sufficiently simple flow paths so that both oxidizer

and fuel systems can simultaneously be Taid out on the Fige-4 schematic.
Such cases have the advantage of reduced computer time because the
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frequency response of both fuel and oxidizer feed systems is obtained
with a single call to subroutine HYDRDY. Of the fuel and oxidizer
feed systems overlap when laid out on the Fiq. 4 schematic, subroutine
HYDRDY must be called twice - once for each feed system.

When data input is complete, a value of 2 (or greater) for variable
IWRITE specifies a printout of all input data on logical unit 6.
IWRKTE = 0 is the default and specifies no printout of input data.

Next, control is passed to the D§ loop at statement 100 in which the
input values for propellant density, propellant acoustic velocity

and segment wall compliance for each of the 30 waterhammer segments

of the Fig. 4 schematic are combined to yield an effective acoustic
velocity for each segment. The subsequent statements, up to statement
400, combine the input variables as required to yield the constant
coefficients of the 57 linear waterhammer and injector equations des-
cribing the complete Fig. 4 feed system. Simultaneous solution of these
57 equations, at each specified input frequency, yields the oscillatory
amplitude and phase response of all pressures and flowrates in the feed
system to inputs via chamber pressure oscillations at that freauency.

At statement 500 a call to subroutine FRESP is made to obtain the frequency
response solution of the feed system equations. Initially, however, at
statement 400 the value of input argument INPHYD is tested to determine
the desired output from FRESP. If INPHYD is greater than 1, HYDRDY will
call FRESP to calculate the feed system frequency response for each of
the frequencies in array FREQT. The total number of frequencies is given
by variable NFREQT and may range from 1 to 100. Both the variable,
NFREQT, and the array, FREQT are in labeled common block/COMTAP/. If the
value of INPHYD is 1less than or equal to 1 HYDRDY will call FRESP to
calculate the feed system frequency response for the single frequency
given by input argument, FRE.

, 3
Output~data from subroutine HYDRDY consists of a pair O0f complex numbers
for each specified input frequency. If INPHYD was specified as < 1 then
the output numbers GINJ@X and GINJFU are returned in labeled common
block/F/ and also in the HYDRDY argument list as GIN} and GINF. The real
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and imaginary parts of complex number GINJ@X (GIND) represent the
amplitude and phase angle respectively of W$¥%3/3%§% at freauency
FREQ (FRE). Similarly, the complex number GINJFU (GINF) re-
presents the amplitude and phase angle of ﬁ%?%— ﬁ%?%’ at frequency
FREQ  (FRE), WQIN, WFIN and PCIN are the input normal values for
the oxidizer injector flowrate, fuel injector flowrate and chamber

pressure, respectively, from the HYDRDY argument list.

If INPHYD was specified as >1, then rather than a single pair of complex
numbers representing oscillatory injection flowrates, HYDRDY returns two
arrays, GINJOT and GINJFT, containing the oscillatory injection flowrate
amplitude and phase data for each of the NFREQT frequencies in array

FREQT. The output arrays GINJOT and GINJFT are stored in labeled common
block /CQMTAP/ and are also written out on the output device whose logical
unit number is designated by variable ITAPH in labeled common block /CPMTAP/.
The order of storage on the output device is GINJ@T(I), GINJFT(I), for

I values from 1 through NFREQT. After writing the GINJIQT and GINJFT
arrays on the output device HYDRDY sets the value of variable INPHYD to

3. Also, before returning control to the main program, HYDRDY tests the
value of variable IWRITE. If IWRITE is non-zero, each specified frequency
and the corresponding value of GINJQT and GINJFT are written out on logical
unit 6. If only one frequency was specified (INPHYD < 1), then only the
single point values of FREQ, GINJ@X and GINJFU are written out.

It should be noted that although output from a single call to HYDRDY con-
tains values for both "oxidizer" and "fuel" oscillatory injection flowrates
(at one or more frequencies), the output values actually refer to the "§"
and "F" injectors of the Fig. 4 schematic. Thus, unless both oxidizer and
fuel feed systems can simultaneously be modeled with the Fig. 4 layout,

it is necessary to call HYDRDY twice - once for the oxidizer feed system
and once for the fuel feed system.

FRESP

Subroutine FRESP (Fig. 12) is used to obtain the frequency domain character-
istics of the feed system indirectly from input data that describes the physical
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characteristics of the feed system. (The actual input to FRESP is
generated by the subroutine HYDRDY which orders the physical character-
istics of the system into specific matrices of coefficients that FRESP
can use as input data.)

FRESP merely solves for the variables Xi in the following relation-
ship:

C {X}= a Y

where Y is a single input variable that represents a unit value of

the injector end combustion chamber pressures. The matrix a then
relates the specific pressure input to each applicable equation that
contains combustion chamber pressure ( a may contain both static and
dynamic terms.) The matrix C s simply the coefficients of the linear
differential equations that represent the physical system. The values
of the coefficients for the a and C matrices are computed by the
subroutine HYDRDY.

The FRESP matrices can be expressed as:

k-1

: _ k-1
3 X;) = a

Cisk ik S Y

with the differential operator defined as S = Jw, where J = V-1 and
w is the frequency. The matrices may be broken down to provide real
matrices and imaginary matrices.

2
jja3 ¥

4 3

C -C +C.ij5w T es e +J Cijzw-cij4w +-..

ij1

2 3
X- = aﬂ-ai3w + ... +J aizw'ai4 ‘A_i4w + ...

Since the time delay coefficients used in the differential equations are

'TS-X, which is equivalent to e '9“-X, and since e’jy =

of the form e
cos(y) + j sin(y), these terms may be added to the previously formed

real and imaginary matrices to give:
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2
[cm Cly3 o * - + cos (TJw)]
W0 Covnw - Cuvp o+ + sin (1.: ) X. | =
ij2 ijé ij j
a a wz + cos (1. w)
N il i3 - i
+J [ ai2 w = Asp w3 + .... + sin (Ti w)] Y (214)

and solved for [Xil

| 2

3 . .

[ai] - A, m2 + .... + cos (Ti w) ] +

J [aiz w - Ay, W+ ...+ sin (rm)] I : (215)

The matrices are multiplied and then solved for [Xi] in the subroutine
CPGAEL which employs the standard Gaussian elimination procedure for
solving linear equations. The lxil solution is still separated into
real and imaginary components, and are simply combined to form a vector
for each variable. The procedure is repeated for each frequency being
considered.

R-9808/79



CAGAEL

This subroutine is called by the hydrodynamic frequency response sub-
routine, FRESP, to triangularize the complex matrix of feed system
equations. Back substitution into the triangular system of equations
is subsequently performed by subroutine FRESP to yield the real and
imaginary portions of each feed system variable.

The conventional method of Gaussian elimination is employed by CPGAEL
to triangularize the system of equations. The reduction process pro-
ceeds in column order from left to right. First the complex element
with the largest absolute value in the current ("pivot") column at

or belew the diagonal is located. Then the rows are interchanged if
required to move this maximum element (pivot element) to the diagonal.
Tre row interchange serves to minimize the round-off errors from the
subsequent reduction process. The pivot row (row containing the pivot
element) is then divided by the pivot element yielding 1.0 from the
pivot element. Finally, the elements in the pivot column below the diagon-
al are eliminated by subtracting the appropriate multiple of the pivot
row from each row below it. The subtraction is not actually performed
on the elements below the diagonal since these elements do not enter
into the subsequent back substitution process performed by subroutine
FRESP.

It should be noted that the above discussion refers to the complex
matrix as if the elements were single numbers. The actual elements
are stored as two numbers in each row, the real portion to the left
of the constant term, and the imaginary portion on the right. This
distinction does not alter the elimination process except that two
separate numbers must be operated on at each sten.

TDPL@T

If the value of ICRT is greater than 0 this subroutine is called by the
frequency response routine FRESP to generate CRT plots of the gain and
phase of the output variables as a function of frequency.
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The input arguments to TDPLPT are, W, an array of up to 101 freauencies;
Y, an array of gain or phase values: NFP, the number of data points in
arrays W and Y; TL, the lowest desired freaquency grid line; XR, the
highest desired frequency grid line: and LL, a flag indicating a gain
plot if 1 or a phase plot if 2.

Initially TDPLYT scans the Y array for the maximum and minimum values
and generates values for the Y axis grid scaling. The first value of
Y is not included in this scan. This allows an initial very low value
of frequency to be used to approximate the system DC frequency response
without upsetting the plot frequency scaling. TDPL@T uses the standard
graphics package routines for the SC-4020 to generate the plot arids
and plot the data points. If the value of LL is 1 the CRT frame is
advanced and a plot of Y(I) versus W(I) is made on the bottom half of
the page. If LL is 2, the frame is not advanced and the plot is made
on the top half of the page.

In addition to the plots, TDPL@AT prints the numeric value of the first Y
array element immediately above the corresponding plot. This element
typically corresponds to a very Tow frequency value (default value of
.001 cps in subroutine FRESP) which is well below the frequency range
desired for the plot and approximates the DC value of the output
variable.

TDPLPT does not generate any titles or identificating information on the
plots.
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N@ZADM, (RKTDIF, RKTZ, RKZDIF, TADAMS, ZADAMS)

This routine and its support routines, is called by the main program to deter-
mine the nozzle admittance based on downstream conditions. The programs were
developed and programmed by Georgia Institute of Technology and the user is
referred to Ref. 23 for a complete description of these routines. The main
nozzle admittance program was modified by Rocketdyne so that input data could
be read if required and also the nozzle admittance saved on a tape unit ITAPN
(Fig. 13).
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FSCSM COMPUTER MODEL INPUT

.This section, and the Hydrodynamic Input section, describes the input necessary

to run the FSCSM computer model. The input is broken up into four major control
sections. These are the main control section input, the nozzle admittance con-
trol section input, the hydrodynamics control section input, and the combustion
dynamics control section input. Table 2 lists all the variables that are to be
input for each control section. This input is in the usual 80 character card form.
Listed in Table 2 for each control section are each card's number and format, the
variable names appearing on each card, and a brief description of each variable
appearing in the list.

The main control section requires either eight or nine cards depending upon the
input value of INPN@Z. (If INPN@Z is less than or equal to three, the last card
in this section should be input). The first two cards, cards 1 and 2, should
contain title and case identification information. These are read in alpha num-
eric format and printed at the top of almost every page of output to identify the
case being considered.

The third card contains control information for various run options, file numbers
for the auxiliary storage of datasets used by the program, print codes, and the
number of mesh points to be used in the analysis. The control flags are INPHYD,
INPCPM, and INPNPZ. These flags allow the user to save the results from the cur-
rent case or use the results from a previous case for the current case. It is
recommended that these datasets be set up as permanent files in order to use them
for subsequent job submittals.

The first of these flags, INPHYD, controls the hydrodynamics feed system dataset.
If it is input as one, no action will be taken with respect to saving or reading
information on or from a dataset. The hydrodynamics coupling terms will be re-
computed each time the frequency changes. If INPHYD is input as two, a table of
hydrodynamic coupling terms will be generated for the frequency range specified
by the input variables NFREQ, FREQMI, and FREQMX. This table will be saved on
file ITAPH (also input on this card) and used to linearly interpolate in each
time the frequency changes. If INPHYD is input as three, the program assumes a
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TABLE 2.

FSCSM INPUT DATA

CONTROL CARD NO./ VARIABLE
SECTICN FORMAT NAME DESCRIPTION
Main Program THESE CARDS MUST ALWAYS BE INPUT
Input ' '
1,2 ((TITLE( Title information is input on the
(18A4) 1=1,18), first two cards in the input data-

3
(1216) INPHYD

INPCPM

INPNQZ

R-9808/85

set. These should be used to
identify the case being run.

Code used for hydrodynamic calcula-

tions.

1: Hydrodynamic coupling terms (HCT)
will be computed each time the
frequency changes.

2: A table of HCT's will be computed
usina frequency table, FREQT,
and saved on file ITAPH. Each
time the frequency changes in
trying to satisfy the nozzle
admittance boundary condition,
the HCT will be interpolated for
in that table.

3: Table of HCT's already resides on
file ITAPH from an earlier run.
When the freauency changes, the
HCT will be interpolated for in
that table.

Code used for the combustion dynamics
coefficients (CDC)}. It can take on
values from one to three. It has the
same meaning with respect to the CDC

as INPHYD does with respect to the HCT.
The tables are saved on file ITAPC.

Code used for the downstream nozzle

admittance term (DNAT).

1: The DNAT is computed each time
the frequency changes.

2: A table of DNT's versus fre-
quency using frequency table,
FREQT, is computed and saved
internally. Each time the fre-
quency <hanges in trying to
satisfy the nozzle admittance
boundary condition, the DNT will
be interpolated for in that table.



TABLE 2. (Continued}

CONTROL CARD NO./ VARIABLE
SECTION FORMAT NAME DESCRIPTION

Main Program 3: Same as 2, but the table is
Input (Cont.) also saved on file ITAPN.
: 4: A table of DNT's versus frequency
already resides on file ITAPN
(from a previous run). Inter-
polation is the same as 2 and 3.

ITAPH File used to save hydrodynamic coup-
ling term table. Must be specified
if INPHYD>2.

ITAPC File used to save combustion coeffi-
cients table. Must be specified if
INPCOM>3.

ITAPN File used to save nozzle admittance
terms table. Must be specified if
INPNDZ>3.

IPRHYD Code used for hydrodynamics coupling
term table printout.
0: Table will not be printed.
1: Table will be printed.

IPRCOM Code used for combustion coupling
coefficients printout

0: Coefficients will not be
printed.

1: Coefficients will be printed
at each freauency found to
satisfy the nozzle admittance
boundary condition.

IPRNQZ Code used for the downstream nozzle
admittance terms table printout.
0: Table will not be printed.
1: Table will be printed.

IPRCHM Code used for the oscillatory profiles
printout.
0: Profiles will not be printed.
1: Profiles will be printed at
- each freauency found to satisf
the nozzle admittance boundary
condition.
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CONTROL CARD NO./
SECTION FORMAT

Main Program
Input (Cont.)

(6£12.8)

(616)

TABLE 2.

VARIABLE

NAME

IPRSTE

NXP

X0

XNPZ
RINJ

GAMP

co

DELP

NROQT

IWRT

(Continued)

DESCRIPTION

Code used for the steady-state profiles
printout.
0: Profiles will not be printed.
1: Profiles will be printed.

Number of axial positions to be used
between the XO plane (start of vapori-
zation) and the nozzle inlet plane.
(Both the X0 and nozzle inlet planes
must be counted.)

Axial coordinate of start of vaporiza-
tion plane, inches.

Nozzle inlet plane, inches

Radius of combustion chamber at injector
face, inches.

Ratio of specific heats of combustion
gas (C,/C,) evaluated at overall mixture
ratio, unitless.

Sonic velocity evaluated at overall
mixture ratio, ft/sec.

Oscillatory non-dimensional pressure
amplitude at injector face, unitless.

Absolute value of this variable is the
number of frequency solutions that will
be searched for starting at the frequency
specified by the real part of @MEGA and
ending at FROMAX. This variable may be
input as either positive or negative.
(See input of @MEGAR for explanation.)

Intermediate output dump code used to
write the oscillatory profiles solved
for in CHAMDY for each iteration.
0: Oscillatory profiles will not
be printed out between iterations.
1: Oscillatory profiles will be
printed for each iteration.
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CONTROL CARD NO./
SECTION  FORMAT

Main Program
Input (Cont.)

6
(6E12.8)

TABLE 2.

VARIABLE

NAME

IWSKP

KNTMX

KNTRMX

KNTSMX

@MEGAR

PMEGAI

FRQMAX

DELFRQ

(Continued)

DESCRIPTION

Intermediate output dump code used in
subroutine S@LVW.

0: No intermediate output will
be printed from SALVW during
jterations.

1: Limited intermediate output
will be printed by SPLVW

2: Extended intermediate output
will be printed by SOLVW.

Maximum number of iterations allowed to
minimize the error in the nozzle admit-
tance boundary eauation with respect to
the imaginary part of w.

Maximum number of times the frequency will
be allowed to be changed by DELFRQ during
the searching algorithm between each
solution.

Maximum number of iterations allowed for
the convergence of the two-dimensional
secant method used in S@LVW.

Starting value for the real part of complex
frequency of NROOT>0. This should be in-
put in units of Hertz times 2n. If NROOT<0,
this should be input in Hertz.

Starting value for the imaginary part of
complex frequency. This should be input as
the growth coefficient if NROOT>0. It
should be input as the decrement if
NROOT<0.

Maximum freauency above which no solutions
to the nozzle admittance boundary equation
will be sought, Hertz.

Increment used to adjust the frequency
during the searching portion of the
algorithm to sclve the nozzle admit-
tance boundary equation, Hertz.
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CONTROL CARD NO./
SECTION FORMAT

Main Program
Input (Cont.)

7
(4E12.8)

TABLE 2.

VARIABLE

NAME

DELMX

CTEST

EPSF

EPSX

(Continued)

DESCRIPTION

Maximum allowable change in the growth
coefficient between two successive
iterations in the portion of the pro-
gram that minimizes the error in the
nozzle boundary condition eauation with
respect to the qrowth coefficient, sec™ .

Upper bound on the condition number of
the transpose of the Jacobian of the dif-
ference between the upstream and down-
stream nozzle admittances with respect

to the complex frequency. If the condi-
tion number of that matrix exceeds CTEST
for a given fregquency, then it is assumed
the Jacobian is singular near that fre-
quency and hence a solution will not be
sought at that point. Unitless.

Relative error criterion used during the
search algorithm/or the portion of the
program that minimizes the eror, HN, in

the nozzle admittance boundary equation with
respect to the growth coefficient, w;. To
obtain convergence, it is necessary that

2
ML/|ND| <EPSF.

Bwl
Unitless.

Relative error criterion used during the
search algorithm for the portion of the
program that minimizes the error, HN, in

the nozzle admittance boundary eauation with
respect to the growth coefficient, wy.

To obtain convergence, it is necessary

that

™ ‘-(u I/lm | <EPSX
L 'L I

where the subscripts 1 and 2 refer to two
successive iterations. Unitless.

—
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TABLE 2. (Continued)

CONTROL CARD NO./ VARIABLE

SECTION FORMAT NAME DESCRIPTION
Main Program EPSFS Tightened relative error criterion used
Input (Cont.) to determine if convergence has been

obtained while iterating to solve the
nozzle admittance boundarv equation.
To obtain convergence, it is necessary

that
A, - A A <EPSFS
%Ny NDI/ Ny
Unitless.
EPSXS Tightened relative error criterion used

to determine if convergence has been
obtained while iterating to solve the
nozzle admittance boundary equation.
To obtain convergence, it is necessary
that

lml - w2|///|w2|<EPSXS

where the subscripts 1 and 2 refer to
successive iterations. Unitless.

8 .
PC Steady-state chamber pressure, psia.

(3E12.8) Y P
MB@XI Oxidizer injection flowrate, 1bm/sec
MBFUI Fuel injection flowrate, 1bm/sec

INPUT THIS CARD ONLY IF INPN@Z<3

9 NFREQT Number of points in frequency table.
(112,2E12.8)
FREOMI Minimum frequency in frequency table,
Hertz.
FREQMX Maximum frequency in frequency table,
Hertz.
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CONTROL CARD NO./
SECTION FORMAT

TABLE

VARIABLE
NAME

Nozzie
Admittance
Program

1
(4€12.8)

Hydrodynamics
Program

2. (Continued)

DESCRIPTION

INPUT THE CARD IN THIS CONTROL SECTION

ONLY IF INPN@Z<3

RCCX

RCTX

ANGLEX

CRR

Ratio of the radius of curvature at the
nozzle inlet to the chamber radius at
nozzle inlet, unitless (see Fig.15 ).

Ratio of the radius of curvature upstream
of the throat to the chamber radius at
nozzle inlet, unitless (see Fig.15).

Nozzle convergence half angle, degrees,
(see Fig.15 ).

Contraction ratio, cross-sectional area
of chamber/throat area, unitless
(see Fig.15)

THIS CONTROL SECTION READS IN ITS INPUT DATA
IN NAMELIST FORMAT. THE NAMELIST NAME IS

/HYD/. IMPUT THIS DATA ONLY IF INPHYD<2.
&HYD* Input these characters startina in column
two of the first card of the
input.
NAMELIST See Table 3 for a listing of the NAMELIST
Variables data input names. The accompanying text
in any describes the meaning of these variables.
order
&END* Character string denoting the end of the

NAMELIST input block.

*For Univac 1110 systems, use $HYD and $END
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CONTROL CARD NO./

TABLE 2. (Continued)

VARIABLE
SECTION FORMAT NAME DESCRIPTION
Combustion INPUT THE CARDS IN THIS CONTROL SECTION
Dynamics ONLY IF INPCOM<2
Program
1 XK@X Klystron constant for oxidizer jet,
(6E12.8) inches.

TAUB@X Steady-state oxidizer vaporization
time delay, sec.

VBPX Steady-state oxidizer injection
velocity, ft/sec.

DELH@X Pseudo energy term for oxidizer,

Btu/1bm. _

TDRAGP Steady-state oxidizer drag time
delay, sec.

ADVPX Velocity exponent for the oxidizer
atomization process, unitless.

2 ADD@X Oxidizer liguid jet diameter exponent,
(5E12.8) unitless.

DELVPX Steady-state velocity difference between
oxidizer droplets and gas stream normal-
ized to the sonic velocity at the overall
mixture ratio, unitless.

NUB@X Steady-state oxidizer Nusselt number used
in vaporization expression, unitless.

DTOXDM Partial derivative of oxidizer vaporization
time delay with respect to mixture ratio,
holding the vaporization blockage term,
drop diameter, and Nusselt number constant,
sec.

XIMPOX Oxidizer jet impinaement point, inches.

3 XKFU Klystron constant for fuel jet, inches.
(6E12.8)
- TAUBFU Steady-state vaporization time delay, sec

VBFU Steady-state fuel injection velocity,
ft/sec.
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CONTROL CARD NO./
SECTION FORMAT

TABLE 2.

VARIABLE
NAME

Combustion
Dynamics
Program
(Cont.)

4
(5E12.8)

(5E12.8)

DELHFU
TDRAGF
ADVFU

ADDFU

DELVFU

NUBFU

DTFUDM

XIMPFU

MWG

cs

DRGDMR

DCSDMR

DHDMR

(Concluded)

DESCRIPTION

Pseudo energy term for fuel, Btu/lbm.

Steady-state fuel draq time delay, sec.

Velocity exponent for fuel atomization
process, unitless.

Fuel 1liquid jet diameter exponent,
unitless.

Steady-state velocity difference between
fuel droplets and gas stream normalized
to the sonic velocity at the overall
mixture ratio, unitless.

Average steady-state fuel Nusselt
number used in vaporization expression,
unitless.

Partial derivative of fuel vaporization
time delay with respect to mixture ratio,
holding the vaporization blockage term,
droplet diameter, and Nusselt number
constant, sec.

Fuel jet injection impingement point,
inches.

Steady-state molecular weight of the
gas at the overall mixture ratio,
1bm/1bm-mole.

Characteristic velocity at the overall
mixture ratio, ft/sec.

Partial derivative of gas constant with
respect to mixture ratic evaluated °3
the overall mixture ratio, ft-1b/1b/"R.

Partial derivative of characteristic
velocity with respect to mixture ratio
evaluated at the overall mixture ratio,
ft/sec. '

Partial derivative of gas reference
enthalpy with respect to mixture ratio
averaged over the mixture range during
steady-state operation, Btu/ibm.

R-9808/93



table of hydrodynamic coupling terms versus frequency already resides on file
ITAPH in the format used during generation of such a table when INPHYD is input

as two. The program will interpolate in this table in order to obtain the hydro-
dynamic coupling terms each time the frequency changes. The use of interpolation,
once a table has been generated, substantially reduces the computer run time for
each case run.

The other two control flags input on the third card control the datasets for the
combustion dynamics coefficients and the nozzle admittance factors. These flags
are similar to INPHYD. Their description is given in Table 2.

Also input on the third card of the main control section input are the file num-
bers of the datasets discussed above and print control flags for the various forms
of output one can obtain. These are all self-explanatory. The user need only
refer to Table 2 in order to determine the values that should be input for the case
being considered.

The final entry on the third card is for the variable NXP, the number of points

to be used for the axial distance and area arrays. This controls the step size
that will be taken during the integration of the chamber dynamics equations; i.e.,
- step size = (XNPZ - XO0)ANXP-1) where X0 is the axial location of the start of
vaporization plane and XN@Z is the axial location of the nozzle inlet plane. The
values of X0 and XN@Z are both input on the very next card read in (card 4 in
Table 2).

The start of vaporization plane (X0) is calculated by plotting the percent un-
burned of both fuel and oxidizer that is calculated by the DER program (or equiv-
alent steady-state combustion model) as a function of distance from the injector
face (Fig. 14). These plots are then extrapolated back to 100% unburned and the
axial location of this point is XO.

Also input on card 4 are the radius of the combustion chamber at the injector
face, RINJ, the ratio of specific heats(C /C ) GAM@, the sonic velocity, C@,

and the oscillatory non-dimensional pressure amplitude desired.at the injector
face (AP/P), DELP. The variables GAMP and CP should be evaluated at the overall
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% UNBURNED PROPELLANT

Tx = 2.318 IN. (0.059 m)

= 1.952 IN. (0.049 m)
.00669 SEC

= 0.00463 SEC

TEST #12 - FUEL ™ =
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Figure 14,
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Percent Unburned Propellant as a Funcition of Distance
from Injector Face
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mixture ratio. The variable DELP vill scale the amplitude of the oscillatory
waves solved for in subroutine CHAMDY. A value of 0.1 is recommended.

The first variable input on the fifth card of the MAIN program control section
input is NRPPT. The absolute value of this variable controls the maximum
number of frequency solutions the program will try to find. The program begins
its search at the frequency implied by the input variable PMEGAR. It will stop
looking once it has found |NRPPT| solutions or if the frequency is above FRQMAX.
The variables IWRT and IWSKP are the next two variables input on this card.

They control the amount of intermediate output one desires. Their exact
function is described in the Program Operation Section of this manual.

The last three variables input on the fifth card are KNTMX, KNTRMX, and KNTSMX.
Their meaning is explained in Table 2 . Recommended values for these variables
are 50, 100, and 20 respectively.

The sixth card of the MAIN program control section input contains the variables
PMEGAR, PMEGAI, FRQMAX, DELFRQ, DELMX, and CTEST. The first two of these
variables specify the starting guess in the w plane for solution. No solutions
will be sought below the frequency implied by OMEGAR. Note that PMEGAR and
PMEGAI can be input as the frequency in Hertz times 2 7 and the growth co-
efficient or the frequency in Hertz and the decrement depending upon whether
NROOT was input as positive or negative. The variable FRQMAX, as mentioned
earlier, is the maximum frequency allowed for the search algorithm to find
solutions. The variable DELFRQ specifies the "stepsize" used by the search
algorithm. Since there are sometimes many areas in the w plane which

contain solutions, a fairly small stepsize is recommended, e.g., 5 Hz. The
variable DELMX controls the maximum allowable change in the growth coefficient
during successive iterations to minimize the error in the nozzle admittance
boundary condition as a function of the imaginary part of w. A recommended
value for this variable is 50 sec'1. The last variable on this card, CTEST,

is the upper bound on the condition number of the transposed Jacobian used to
solve the rozzle admittance boundary condition. If the calculated condition
number exceeds CTEST, then the search algorithm assumes that there is a sing-
ularity near the current value of w and hence, does not prdézéd further in

that area to try and find a solution. A value of 50 to 80 is recommended.
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The seventh card of the MAIN Program Control Section input contains error
tolerances used in solving the nozzle admittance boundary condition. The first
two, EPSF and EPSX, are used during the search algorithm and should be fairly
large, e.g. 0.01 to 0.05 (1% to 5% error). The last two, EPSFS and EPSXS,
control the final stages of iteration and should be fairly tight, e.g. 0.0005
(0.05%).

The eighth card of this control section contains the variables PC, MB@XI, and
MBFUI. The first is the steady state chamber pressure, in PSIA, and the next
two are the oxidizer and fuel injection flowrates, respectively (1bm/sec).

The last card, card number 9, in the MAIN Program Control Section input should
be input only if the variable INPNPZ is less than or equal to three. If this

is the case, the program needs to know the size and range of the frequency table
it will use to generate tables for linear interpolation as discussed in the
section describing the input variables INPHYD, INPCPM, and INPNPZ. The input
variables on this ninth card are NFREQT, FREQMI, and FREQMX. Their meaning

is described in Table 2.

The next control section to read data after the MAIN program is the Nozzle
Admittance Program. The data for this control section should be input only if
INPNPZ <3. Otherwise, the information is not needed since the nozzle admittance
information will be on tape ITAPN. Even when INPNPZ < 3, there is only one

card input. This card contains information describing the nozzle geometry.
Refer to Table 2 to determine the meaning of the variabtles on this card.
Figure 15 shows exactly what portion of the nozzle each variable is appli-
cable to.

The next control section that requires data is the Hydrodynamics Program section.
This control section uses namelist input. The data for this control section are
only input if INPHYD < 2. Otherwise, the hydrodynamics information will be on
tape ITAPH. The Hydrodynamic Input section (page 102) describes the meaning of
the variables to be input for the control section.

The last control section to require input data is the Comﬁagtion Dynamics
Program. This input is contained on five cards. It should be omitted if
INPCPM is greater than or equal to three, since then the combustion dynamics
information will reside on tape ITAPC.
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Figure 15. Chamber and Nozzle Geometry
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The first two cards for this section contain information specific to the oxidizer;
the next two cards contain information specific to the fuel; the last card con-
tains information specific to the combustion gas. Much of the information
required in this section is obtainable from the output of the DER program

(Ref. 11). This program solves for the steady state behavior of the chamber
under consideration. The single stream tube option of the DER program is
sufficient for this application.

As mentioned above, the variables input on the first two cards of the Combustion
Dynamics Program control section are applicable to the oxidizer. These variables
are XK@X, TAUB@X, VBPX, DELH@X, TDRAG@, ADVPX, ADDPX, DELV@PX, NUB@X, DT@XDM, and
XIMP@X. The first variable XK@X, is the Klystron constant for the oxidizer jet.
This variable controls the distance downstream from the injector face that the
Klystron effect will be allowed to occur. The exact method of calculating XK@X
has not been determined but it is recommended that a distance corresponding to
approximately 45% of the oxidizer vaporized be used.

The next variable, TAUBPX, is the steady state oxidizer vaporization time delay.
Figure 14 gives the percent unburned for the sample input case of liquid

oxidizer and fuel remaining in the chamber as a function of axial distance plotted
on semi log graph paper. This output was derived from a DER computer run. The
reciprocal of the average slope of the oxidizer curve during the initial burning
phases should be taken as the oxidizer vaporization distance delay. For Figure 14,
this is 2.318 inches. The time delay is obtained by dividing this by the

average injector velocity, which, for the sample case presented in Figure 14

is 28.859 ft/sec. The result is 0.00669 seconds. The next variable, VBBX, is

the average oxidizer injection velocity. This is also given by the DER program
from injector orifice and steady state AP considerations.

The variable DELHPX is the pseudo energy of the oxidizer droplets and is dis-
cussed at the end of this section. The variable TDRAGP is the steady-state
oxidizer drag time delay and a value of zero is currently recommended. If
this variable is different from zero, the computed pressure and velocity
profiles calculated in the chamber are unrealistic (see Conclusions and
Recommenda¥ions in Ref. 1). -
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ADV@X and ADDPX are the velocity and orifice diameter exponents for the oxidizer
atomization process, i.e.,

ADV@X ADD@X (216)
ox v Dori f

These variables are obtained from cold flow tests and for like-doublets -0.75

and 0.57 are recommended. It should be noted that these variables are on
different input cards. The next input variable is DELVPX which is the steady-
state velocity difference between the oxidizer droplets and the combustion

gas stream normalized to the sonic velocity. Since the vaporization rate is
highest near the injector face, this variable should be evaluated near the
injector face. Because the gas and the droplet velocities are approximately equal
to each other at this location, a value of 0.01 is recommended based on turbulence
levels in a rocket chamber (Ref. 26).

The next variable, NUB@X, is the steady state oxidizer Nusselt number used in
the vaporization expression. This variable should be computed from the relation

T 2
N = 8/6 “ox
Yox / — (217)
k T
0x
where ﬁ' is the average oxidizer droplet diameter near the injector face, k'
the vapor1zat1on coefficient used in the k'-model evaluated at a mixture rat1o
near the injector face and Tox is the oxidizer time delay. Both Dox and kéx
are obtainable from a DER computer run. For the sample case input, "near the

injector face" was taken as the first axial step printed by the DER program.

The variable DTOXDM is the change in the oxidizer vaporization time delay with
respect to mixture ratio. At the present time, a value of zero is recommended
based on model verification cases (Ref. 1).

The last oxidizer variable input is XIMP@X. This is the impingement point in
inches for the oxidizer jets.

a——
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The next two cards contain data for the fuel. These data are obtained the same
way as they were for the oxidizer and are input in the same order.

The last card for this control section contains combustion gas data. The first
variable input on this card, MWG, is the steady state molecular weight evaluated
at the overall mixture ratio. This may be obtained from tables of molecular
weight versus mixture ratio printed by the DER program. The next variable, CS,
is the characteristic velocity evaluated at the overall mixture ratio. This is
also obtainable from DER table output. The last three variables on this card
are DRGDMR, DCSDMR, and DHDMR. These are the partial derivatives with respect
to mixture ratio of the gas constant, the characteristic velocity, and the
reference enthalpy respectively. DRGDMR and DCSDMR can be calculated frbm
equilibrium calculations but a value of zero is recommended for DCSDMR based on
model verification cases (Ref. 1),

The variable DHDMR, and also the variables DELH@X and DELHFU, is calculated by
curvfitting the steady-state energy equation with stagnation temperature/mixture
ratio data calculated by an equilibrium program. The steady-state energy
equation can be written as

Y 1 (R
v -1 R¢ {T [H' K(—‘a—m)c‘ (MR-MR¢)] (14MR)

¢
- (1R Ty ¢ = (MR-MRy) (& h)) -
- |MR (1+4MR) - MR (1+MR h
[ SR Ry | %)
where v
(A hg,) =<‘fgi'> (THMR ) Ry Ty - MR (8 hp,) |
MR,) (1+MR o) {_3h (219
" R 1 ")<—a-mr)¢

and the subscript ¢ indicates that the variable is to be evaluated based on
the overall mixture ratio.
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HYDRODYNAMIC INPUT

This section describes data needed by the hydrodynamics subroutine, HYDRDY,
to simulate the various feed system components. It is assumed that the
feed system being modeled has been laid out on the generalized feed system
schematic of Fig. 4 with an appropriate segment number assigned to each
feed system éomponent (or combination of components).

Basic Feed-System Data

To describe the basic feed system it is necessary to know the length, area,
resistance and wall compliance of each of the numbered segments of Fig. 4
which are being used. Also, the acoustic velocity and density of the

fluid in each segment must be known. If there is dissolved an entrained
gas in the system, then a preliminary calculation must be made for each
feed system section to account for the effect of the gas on the fluid
acoustic velocity.

Specific parameters required for the numbered segments are:

A - Segment cross-sectional area - in.2

CW - Segment wall compliance (AV/AP/V - in.2/1b

L - Segment length - in.

R - Segment linearized hydraulic resistance (aP/W) - sec/in.2
v - Segment fluid acoustic velocity - in./sec

RHOL - Segment fluid density - 1b/in.S

Valves, Fittings, Orifices, Screens, Flowmeters, etc.

These components can each be described in the model simply as Tumped resist-
ance at the end of a line segment. Rather than using all the attributes of
one of the numbered segments (length, area, wall compliance, etc.) for one
of these "resistance only" components, it is suggested that its resistance
merely be added to that of the adjacent upstream pipe segment. The combin-
ation can-then be entered as one of the numbered segments-with the length,
area and wall compliance values being primarily those of the pipe segment.
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Accumulators

A feed system accumulator can be represented as one of the side branch
lines of the Fig. 4 schematic by specifying an appropriate length, area,
acoustic velocity and fluid density for the fluid volume of the accumu-
lator and also specifying an appropriate connecting resistance. The
spring rate of the accumulator piston can be specified in terms of the
segment wall compliance value.

Propellant Tanks

A large tank will have the effect of constant fluid pressure at its
outlet and can be represented simply as the input to segment number 1,
15, or 22. No descriptive parameters are required for these inputs.
Small tanks can be represented as one of the side branch lines in a
manner similar to an accumulator. Ullage volume in a small tank is
represented by a reduced value for the segment acoustic velocity.

Cavitating Venturies

The steady-state effect of a cavitating venturi is to have constant

flow through the venturi as a function of variations in downstream
pressure. For an oscillatory system, the vapor bubble downstream of

the venturi throat makes the venturi look like a constant pressure
boundary for small amplitude oscillations. Tosimulate this effect the
effective acoustic velocity for the segment downstream of the cavitating
venturi should be made very small (=10 inches/sec would be appropriate).
The steady-state hydraulic resistance of the cavitating venturi can be
Tumped with that of the upstream pipe segment as described above for
valves, fittings, etc.

Regeneratively-Cooled Thrust Chamber

Regeneratively-cooled thrust chamber jackets can be represented as one or
more of the numbered Fig. 4 segments. Because in most thrust chambers the
coolant flow area changes continuously with length, as many segments as

possible should be devoted to the jacket so as to improwe the simulation
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accuracy. The fluid temperature also may change significantly along
the chamber length thereby necessitating the use of several segments
with different acoustic velocities to achieve accurate simulation.

Lines, Ducts, Bends, Bellows, and Flex Lines

These components are described in the model in terms of the basic
numbered segment input parameters of length, area, fluid acoustic
velocity, fluid density, wall compliance and linearized hydraulic
resistance. For a duct or line of constant diameter, D, wall thickness,
h, and wall material bulk modulus, E, the program input wall compliance
value, CW,is simply D/LE. For a bellows or flux line of volume, V, the
wall compliance value, CW, may be calculated from AV/AP/V where AV/AP

is the volume change per psi at the operating pressure.

Injectors

The hydrodynamics subprogram employs a separate set of equations to

describe the hydrodynamic characteristics of the two injectors in the

Fig. 4 generalized feed system schematic. The specific input parameters

for the two injectors are the volume, linearized hydraulic resistance,
orifice inertance (1/8g), fluid acoustic velocity, and a structural parameter
defining the change in injector volume per psi of injector aP. In terms

of the program variable names the required injector parameters are:

RF - Linearized hydraulic resistance for the “F" injector,
(2 8P/W) - sec/in.2
RB - Linearized hydraulic resistance for the "@" injector,
(2 AP/W) - sec/in.2
VOLF -  Volume of the "F" injector - in.3
VOLO - Volume of the "#" injector - in.>
VF - Fluid acoustic velocity of the "F" injector - in./sec
V@ - Fluid acoustic velocity of the "$§" injector - in./sec
ZF - Inertance of the "F" injector orifices (1/Ag) - sec2/1'n.2
Zp -~ Inertance of the "@" injector orifices, (1/kg) - sec2/1'n.2
KF - "F" injector deflection constant, (&V/AP) - in.5/1b
K§ - "¢" injector deflection constant, (AV/4P) - in.5/1b
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Tees, Splitters and Capped Lines

No provision is made in the model for completely generalized input of tees
and branched lines. However, a system of considerable complexity can be
modeled by laying out an appropriate flow path on the generalized Fig. 4
schematic. For example, a feed system with up to seven side branch lines
can be simulated by choosing the main flow path through segmentsvl, 3, 4,
14, 17, 21, 25, 26, 28, 29, 30 and the'F'injector in series.

Input Variables

Data input to the hydrodynamics subprogram is from three sources: (1) Via
the argument 1ist in the CALL HYDRDY statement, (2) Through labeled common
block/COMTAP/and (3) By use of the NAMELIST data read routine.

The argument 1list variables, in order, are:

IR - Data read flag - dimensionless
INPHYD- Program function flag - dimensionless
FRE - Single frequency for feed system frequency response

calculation - Hz

GIN® - Output value of oscillatory oxidizer injector flowrate for
input frequency FRE - dimensionless

GINF - Output value of oscillatory fuel injector flowrate for input
frequency FRE - dimensionless

PCIN - Injector end thrust chamber pressure - psia
WPIN - Steady-state oxidizer injector flowrate - 1b/sec
WFIN - Steady-state fuel injector flowrate - 1b/sec

Several HYDRDY input variables are transmitted via labeled common block/
CONTAP/. ITAPH is the logical unit number of the output device on which sub-
routine HYDRY tabulates output values of oscillatory injection flowrates

for the specific frequencies (up to 100 separate_va]ues) given in the array
FREQT in common block/CONTAP/. The value of the FREQT in common block/C@NTAP/
is the total number of frequencies stored in the array FREQT.

A1l other data required by HYDRDY, including all the feed system descriptive
data, 7s read in by use of the NAMELIST routine. The Jocal rules for using
this routine should be checked to verify that the correct card or terminal
format is being used. Table 3 shows a list of allowable FORTRAN names, the
maximum values of subscripts, and a definition of the names. The name of

the NAMELIST block is HYD.
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NAME
A(30)
CH(30)
FREQ

FREQT(100)
ICRT

ID
IH(126)

IRFLAG
ITERM

ITYPE

IWRITE

KF

K@
L(30) -

TABLE 3. NAME LIST/HYD/DATA INPUT NAMES

DEFINITION
Array containing segment cross-sectional area values
Array containing segment wall compliance values

Frequency at which HYDRDY will compute feed system
frequency response if INPHYD <1

Array containing frequencies at which HYDRDY will compute
feed system freauency response of INPHYD > 1.

ICRT = 1; injector flowrate gain and phase will be plotted
vs frequency. ICRT = 0; no plot (default)

Dummy name to allow for data card sequence numbers

Array containing control flags used by subroutine
FREQD. Can be used to obtain printouts and plots of
feed system frequency response for other variables in
addition to the injector flowrates.

IRFLAG = 0; read data from unit 5 (default)
IRFLAG # 0; read data from unit ITERM

ITERM = 0; no terminal data input (default)
ITERM > 0; read data from terminal (unit ITERM)

v

ITYPE = 1; both oxidizer and fuel feed systems are
modeled simultaneously (default)

ITYPE = 2; oxidizer feed system modeled on first pass
of frequency response routine: fuel feed system modeled
on second pass.

IMRITE = O; HYDRDY input printed on unit 6 (default)
IMRITE = 2; extensive printout of all HYDRDY input,
intermediate output and final output on unit 6

IWRITE = 1; printout of HYDRDY input and final output
on unit 6

Injector face flexibility constant for "F" injector
Injector face flexibility constant for "®" injector.

Array containing seament length values =
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NAME
gMI

@MFL

R(30)
RF
RHQL (30)
Re
V(30)
VF
ve
VOLF
voLo
ZF
29

TABLE 3. (Concluded)

DEFINITION

Lowest frequency for injector flowrate gain/phase plot;
default to FREQT(1) if not entered

Highest frequency for injector flowrate gain/phaée plot;
default to FREQT(NFREQT) if not entered

Array containing segment hydraulic resistance values
Hydraulic resistance for "F" injector

Array containing segment propellant density values
Hydraulic resistance for "¢" injector

Array containing segment acoustic velocity values
Acoustic velocity for "F" injector

Acoustic velocity for "@¢" injector

Volume of "F" injector

Volume of "¢" injector

Inertance of "F" injector

Inertance of "@" injector
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Required input in the NAMELIST/HYD/data is a value of A, CW, L, R, RHfL,

and V (see Table 3 for descriptions) for each numbered segment being in-
cluded in the feed system. Values of KF and/or K@, RF and/or R@, VF and/

or V@, VALF and/or VPLP and ZF and/or Z@ are also required. It should be
noted that, when possible, both oxidizer and fuel feed systems should
simultaneously be laid out on the Fig. 4 schematic with the injector labeled
"" being used for the oxidizer side (data values Kp, RP, V@, VOLP and 8)
and the injector labeled "F" being used for the fuel side (data values, KF,
RF, VF, VBLF and ZF). 1If this can be done, a single call to subroutine
FRESP will generate frequency response data for both oxidizer and fuel feed
systems. If feed system complexity requires that the oxidizer and fuel feed
systems be laid out separately on the Fig. 4 schematic, then two sets of
input data must be read and subroutine HYDRDY must call FRESP twice - first
for the oxidizer feed system calculations and second for the fuel feed sys-
tem calculations. To specify this option, variable ITYPE must be set equal
to 2.

Variable INPHYD in the HYDRDY argument list controls the HYDRDY calculation
process. If INPHYD < 1 the oscillation injection flowrates are calculated
for a single frequency, specified by variable FRE in the HYDRDY argument list.
If INPHYD > 1, HYDRDY calculates oscillatory injector flowrates for the num-
ber of frequencies, NFREQT, which are contained in array FREQT. Both NFREQT
and the array FREQT are stored in labeled common block/COMTAP/ prior to call-
ing HYDRDY.

NAMELIST variable ICRT controls the option for generating CRT plots of the
oscillatory injection flowrate gains and phase values as a function of fre-
quency. If ICRT = O (the default value) no plots are made. If ICRT > 1
plot output is written to the output file named SYSCRT.

NAMELIST variable, ID, is a dummy name which can be used on each input card

to provide an identification number field without violating the NAMELIST
restriction that the entire card is read as data. For example, ID = 00000010
could bg‘jn columns 70-80 of a HYDRDY data card and ID = 00000020 in columns
70-80 of the next card. The NAMELIST routine would then.?hterpret each card's
sequence number as a new value for the dummy variable, ID. The value of ID

is not used in any way by subroutine HYDRDY.
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NAMELIST variable, ITYPE, is used to indicate to HYDRDY the format of the
feed system modeling. If ITYPE = 1 (the default value) it is assumed that
both oxidizer and fuel feed systems are modeled simultaneously with only

one set of HYDRDY input values (for the 30 segments and 2 injectors of the
Fig. 4 schematic). If ITYPE = 2, HYDRDY will send two consecutive sets of
input data; the first set will be assigned to the oxidizer feed system and
the second set to the fuel feed system. For either value of ITYPE the pro-
gram will assume that the injector labeled "@" on Fig. 4 is the oxidizer
flow outlet and the injector labeled "F" is the fuel flow outlet. There-
fore, this convention must be followed when laying out the feed system model.

NAMELIST variables IRFLAG and ITERM are optional HYDRDY inputs which in-
dicate that data input will be provided from a timesharing terminal. If
IRFLAG = 0 (the default value), input data will be read only from FORTRAN
logic unit number, ITERM. It should be noted that the default values for
IRFLAG and ITERM are set up so that the initial data input will always be
card input on unit 5.

After reading the initial NAMELIST data on unit 5, HRDRDY checks the value

of ITERM and, if non-zero, proceeds to read additional first case data

from the terminal on unit ITERM. Thus, the first case card NAMELIST input
could consist of the single item ITERM = N, where N is the terminal logical
unit number. If terminal input only is desired, block data program/F/ can

be recompiled with the IRFLAG default value changed from 0 to 1 and the ITERM
default value changed from O to the desired unit number.

NAMELIST variable IWRITE (main program control variable IPRHYD) controls
the printed output from HYDRDY. If IWRITE = O (the default value), only
the NAMELIST input to HYDRDY is printed on logical unit 6. If IWRITE < 0
the NAMELIST input is printed and the normal HYDRDY output is printed as
well as being saved on an output device in binary form. If IWRITE = 1 both
HYDRY input and normal output are printed. If IWRITE > 1 extensive print-
outs of subroutine FRESP intermediate calculations are printed in addition
to the normal HYDRDY input and output.

U
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PROGRAM QUTPUT

The output of the FSCSM computer program is provided as the usual
tabular printout. A sample case is included in Appendix E which
corresponds to the input dataset listed in Appendix D. As is also
mentioned in the Program Operation section of this manual, the in-
put case listed in Appendix D consists of two cases being run back
to back. The output from the first case is given in Appendix E

from pages E-2 through E-14. The first page of output consists of

a title page identifying the current version of the FSCSM comnuter
program. The input data are printed out as they are read in. This
permits both a full documentation of the computer run conditions for
later analysis as well as a convenient method to check for input
errors if unusual results are calculated. Page E-3 of the listing
in Appendix E gives the two alphanumeric cards identifying the case
at the top of the page riaht under the proaram title. Subseauent

to these two cards, the information on the cards read in by the main
control section and the nozzle admittance control section are printed
out. After reading and writing these cards, and since INPNPZ = 3,

- the proagram proceeds to the nozzle admittance table calculations.
Information pertinent to these calculations is orinted on page E-4,
The freauency table goes from 150 Hz to 400 Hz as specified by the
input variables FREQMI and FREQOMX.

Since INPHYD = 2, the program proceeds to the hydrodynamic subroutines
right after the nozzle admittance calculations. Input for this routine

is in the form of NAMELIST data. The NAMELIST is output on pages E-5§
and E-6. A printout of the feed system response table computed by sub-
routine HYDRDY and saved on file ITAPH is given on page E-7.

The next set of input required is used in subroutine CAMBDY and STEADY.
This is output on page E-8. The steady-state profiles are then computed
and printed on pages E-9 and E-10.

e —
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The program then begins its search for solutions to the nozzle admit-
tance boundary condition. The first one it finds is at 210.42 Hz.

The program then outputs the combustion dynamic coefficients, the fre-
quency and decrement, and the feed system response for this solution
on page E-14. On page E-12, the oscillatory profiles correspond

to this solution are given. The program then proceeds to the next
case.

Since the second case does not generate the data on files ITAPN and
ITAPH (it only reads this information), these tables are not printed.
The first page of output, page E- 15, in Appendix E, consists entirely
of the data read by the Main Control! Section and the Combustion Dvnamics
Control Section. Since the STEADY Contrcl Section print code is zero
(IPRSTE = 0), the program skips over the steadv-state output (althouagh
of course, it still computes it) and proceeds directly to the section
which solves the nozzle admittance boundary condition. The first root
it finds above the inout frequency of 265 Hz (given by the variable
PMEGAR), is at 280.62 Hz. It prints out the frequency, decrement,
nozzle admittances, and feed system response for this solution. Out-
put of the combustion coefficients and oscillatory profiles is bypassed
because the input flags IPRCAM and IPRCHM were set to zero.

The final page of output is the title page. This indicates normal
termination of the job.
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PROGRAM OPERATION

The FSCSM computer program is designed to read in an input case sequen-
tially, perform the calculations for that case, and output the results.
The program then transfers back to its beginning to read in the next

case. In this manner, running jobs back-to-back is quite straightforward.
The sample input case listed in Appendix D provides an example of two

such cases run back to back. The first case, given by the first 24 cards,
is run with no orior information residing on the hydrodynamic feed svstem,
the combustion dynamics, or the nozzle admittance datasets. Since

INPHYD = 2 and INPN@Z = 3, this case aenerates tables of the hydrodynamic
feed system response and nozzle admittance versus frequency and saves them
on files ITAPH and ITAPN, respectively. The subseauent case (the last

13 cards in Appendix D ) will use the information stored on these datasets.
Although these two cases were run back to back, this was by no means
necessary. The second case is self-contained and could be submitted
separately. Of course, if this were the situation, the user must be

sure there are datasets on files ITAPH and ITAPN which are applicable to
that second case.

For the sample dataset run, the two input cases found solutions to the
nozzle admittance boundary equation at 210.42 Hz and 280.62 Hz, respectively.
If there are no other solutions between these two frequencies, the same
effect could have been obtained by setting the input variable NRP@T equal

to -2 for the first case instead of -1. The program would have then looked
for the first two roots above the input frequency 190 Hz (@MEGAR) and

found both solutions automatically. The second case would not be input

for this situation.
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Program Size,Overlay Structure, and Timing

Without overlay, the FSCSM computer program load module requires
262.4 K Bytes of computer storage on the IBM 370 Model 165 computer.
This storage does not count the buffers needed for input/output.

If one allocates a 1K Byte of buffer size for each of the three
date sets used to store the feed system, combustion dynamic, and
nozzle admittance data (which are all unformatted input/output),
uses two buffers for each data set, and adds in the buffer reauire-
ments for his card input, printed output, and CRT output, then the
total buffer space should be well under 10K bytes on a 370/165
computer. With the overlay structure specified in Fig. 16 , the

total program reauirement is 220 K bytes of storage on an IBM
370/165 computer, including two buffers for each of the three
unformatted datasets at 1 K bytes each.

Computer run time has only been checked for an IBM 370/165 computer
where the subroutines were compiled using the IBM procedure AF@RTRAN
with the optimizing parameter, @PT, equal to one. For this situation,
each iteration during the search algorithm portion of the program
(when ISCNT equals one or four) averaged 3.7 CPU seconds. When ISCNT=5,
each iteration is about twice as fast. For the cases run during model
verification a five Hz step size for the search algorithim was used
(DELFRQ=5). For these cases, each solution to the nozzle admittance
boundary equations averaged 0.85 minutes of CPU.

Program Input/Qutput Dataset File Information

The case input dataset file number used by the FSCSM computer procram
is 5. The printed output dataset file number is 6. There are three
auxiliary files used by the program. These are specified by the input
parameters, ITAPC, ITAPH, and ITAPN, corresponding to the combustion
dynamics, hydrodynamic feed system, and nozzle admittance datasets.
Control of the reading from or writing on to these respective datasets
is specified by the three input flags INPC@M, INPHYD, @and INPNPZ. The
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program uses unformatted input/output statements for transmitting
information to and from these datasets. A convenient blocksize to
use is 1K bytes.

FSCSM MAIN
HEAD
AREA
LOCFAC
SPLVW
/HY/
/CAMCBM/
/CONSTS/
/COMCHM/
/CAMARE/
/COMN@Z/
/FZERD/
/DUMP/
/SPLVE/
/COMTAP/
ORIGIN A /ADARND/
NPZADM ZERP CAMBDY HYDRDY
TADAMS CHAMDY STEADY FRESP
ZADAMS XIMAGF TOPLAT
RKIDIF CHMC@N CPGAEL
RKZDIF CAMMAT /F/
RKTZ
/X1/
/X2/
/X3/
/X4/

Figure 16. FSCSM Program Overlay Structure
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Diagnostics
The Feed System Coupled Stability Model computer program has been designed

to operate as straightforward as possible with a minimum amount of user
interaction for each case being run. There may be times however, when the
program's results appear questionable or the algorithm used to find solutions
in the frequency space to the nozzle admittance boundary equation runs into
difficulty or does not find solutions that were expected. Many diagnostic
messages are coded into the program to warn the user of such problems.

Also, there are certain dump codes which enable the user to obtain inter-
mediate output in order to debug most problems that may arise.

One of these dump codes is the variable IWSKP. When this is set to zero,

no intermediate output is obtained. When it equals one, a certain amount

of limited output will be generated. This output comes in two forms depend-
ing upon whether or not the program is within its search algorithm portion

or its two-dimensional secant portion. For the first case, the variable

ISCNT has the value of one or four. In the second case it has the value 5.
When ISCNT equals one or four and IWSKP equals one, subroutine SOLVW will

print the following variables in the order given: the iteration counter
(KNTR), the control flag (ISCNT), the counter (KSCNT4), the current values

of omega (), the upstream and downstream nozzle admittances (CNPZA and NPZA),
the absolute value of the error in the nozzle admittance eaquation (HN), the
value of the test function (FTST2), and the determinant and condition number
of the transposed Jacobian (DET2 and C@ND2). This printing will be performed
every time the real part of w is incremented by 2n*DELFRQ right after the
imaginary part of w has been chosen to minimize |F|, the absolute value of the
error in the nozzle admittance boundary equation. The user can employ this
output to determine if there is a region in the w-plane where a possible solu-
tion may have existed (e.g., the error became small but the test function did
not change sign). He can then rerun his case while taking smaller frequency
steps through the narrowed range where he suspects a solution may exist. Alsoc,
the program may jump over a solution if there is a singularity within DELFRQ
of that sglution. If this is the case, the program will gense the singularity
and not proceed any further in its search in that range. Rerunning the case
with a smaller value of DELFRQ will solve this problem.
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When ISCNT equals five and IWSKP equals one, subroutine SPLVW prints after
each two-dimensional secant method, these variables in the following order:
ISCNT, KNTS, PMEGA, CNPZA, NPZA, and HN. Although it did not happen for
any of the cases performed during the checkout of the computer model, the
two-dimensional secant method may diverge. The above computer output would
be useful in determining the cause of the problem.

When the variable IWSKP equals two, all the above output is printed plus the
following:

1. When ISCNT equals one or four, intermediate output is obtained dur-
ing the iterations to minimize |FN| with respect to Imag (w).
For this case, one obtains the variables KNT, IER, X1, X2, F1, F2,
PMEGA, FN, GN, and HN. These are all described in Appendix A.
This output may be useful in seeing how the error is changing as
a function of the decrement when the real part of the frequency is
held fixed. Further, when ISCNT equals one or four, the variables
FN, DFRDX, DFIDX, DFRDY, and DFIDY are printed along with the out-
put obtained when IWSKP = 1.

2. When ISCNT equals five and IWSKP equals two, one obtains the out-
put for the case IWSKP equals one for the two-dimensional secant
method plus the following variables in order: XR1, XI1, FR1, FIT,
XR2, XI2, FR2, FI2, XR3, XI3, FR3, FI3, XR4, XI4, FR4, FI4, and FN.
These variables correspond to the current values of w and FN being
used by the two-dimensional secant method. They can be used to
trace which points the algorithm is replacing as the iteration
proceeds as well as how the error is behaving.

Another input variable which controls intermediate output is the FPRTRAN
variable IWRT. This variable is input as zero, no intermediate output is
obtained. If this variable is input as a positive number, then intermediate
output from subroutine CHAMDY is obtained. This output consists of the oscil-
latory profiles for the variables P (pressure), RHP (density), MR (mixture

b -
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ratio), and T (temperature) along with the current value of the complex
frequency, w. This output is printed everytime subroutine CHAMDY is
entered.

The diagnostic messages that are coded within the FSCSM computer program
may be printed for several reasons.

Within subroutine SPLVW, there are three diagnostic messages coded which
will appear when certain iteration counters are exceeded. The first is

Fhhdk ddk g ded ko dokdkok gk ko k ke ok ek k ke de s s do sk ek e g e deok gk ok ke ok ek ok

WARNING, POSSIBLE ROOT IN FREQUENCY RANGE: --

Tede e deoke ke e ek Je e e de ek ded de ok de e e ok ok de A ok e ok g e de e e v v sk sk ok s ok ok

When this message appears, it means thata potential root was bracketed but
the error did not decrease sufficiently within ten additional iterations

to warrant the program proceeding further with its search in that range.
Moreover, the determinant did not change sign and the condition number
remained Tess than CTEST in that range. Rerunning the case over the speci-
fied frequency range given in the message with IWSKP equal to one or two
may prove beneficial if the user suspects there may be an actual solution
in that range.

The second diagnostic message printed by subroutine SOLVW is
**%%x UNABLE T@ FIND RP@T F@R IMAG PART @F F *%%x

Along with this message, the variables X1, F1, K2, F2, X3, F3, ANS, FANS,
KNT, IER, and PMEGA are printed in the order 1listed. When this message
aprears, it means the algorithm to minimize |FN| with respect to Imag (w)

has failed. If this messace appears, it usually means something is wrona
with the input parameters. The only occurrence that the proarammers are
aware of when this is not the case is when the error attains a minimum as

| Imag (wll+ =. Since this happens only in the most extragrdinary situations,
the procedure should be to rerun the case and not include the frequency

range where that anomally is occurring.
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The third diagnostic produced by subroutine SPLVW is
**%% EXCEEDED CONVERGENCE LIMIT ***x

Along with this messaae, the variables IER, KNTS, KNTR, ISCNT, XRI, XI1,
FR1, FI1, ..... » XR4, XI4, FR4, FI4, are printed.

This message will appear if KNTR is greater than KNTRMX or KNTS is areater
than KNTSMX. In the former case, the usual error is that the user input
too small a DELFRO to cover the range between sclutions to the nozzle ad-
mittance boundary eguation in KNTRMX steps or too small a KNTRMX to allow
that range to be covered in steps of length DELFRO,

In the case where KNTS is greater than KNTSMX, it would probably mean that
the two-dimensional secant method is diverging. The job should be rerun
with IWSKP equal to one or two to obtain more information concerning the
problem,

There is also a diagnostic message printed from subroutine CAMMAT. This
is the subroutine that solves the four by four system of linear equations
for subroutine CHAMDY. If any of the diagonal elements of the associated
matrix are zero, then the message

**%xx* DIVIDE CHECK IN COMMAT **¥*%

will appear along with a printout of the row number of the zero diagonal

as well as the complex matrix being solved. If this error messaae appears,
then there must be something very wrona with the case being run, e.a, the
input data is in error, or a dimension has been exceeded. One should
recheck his input carefully and then, if necessary, rerun the case with
IWRT eaqual to one and IWSKP equal to one or two.

Two similar messages as the one above are printed by subroutine C@GAEL.
The fixst of these messages is

-
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**%**FRROR IN CPGAEL SUBROUTINE, J AND JMAX EQUAL, RESPECTIVELY****
and the second is
**AEMATRIX IS SINGULAR, EXIT FROM CPGAEL. THE PIVOT ELEMENTS ARE...****
The reasons for these errors are similar to the CPMMAT error meésage.

Conversion to UNIVAC

The following cards must be changed to execute the FSCSM program on a
UNIVAC computer (see Appendix C for code listing):

)
.

Change CAMPLEX*16...to COMPLEX....

Routine Card Number
CHAMDY 80
COMMAT 150

2. In subroutine CPMMAT, change CDABS to CARS on card No. 24.
3. In subroutine TDPL@T, replace card 11310 with

31 CONTINUE..... 0011310
4. 1n subroutine NPZADM, replace card 1730 with

8 NPZA = CMPLX(SYR, SYI)....00001730

5. In the main program, change ATAND( ) to 57.296*ATAN( )
on card numbers 3370, 3410, 3450, and 3490.
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FORTRAN ENGINEERING

VARIABLE  VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
A(100) A R CPMARE
ADDFU ag, R COMCBM
ADDQX 3 R C@MCBM
ADVFU be,, R CPMCBM
ADV@X b¢x R COMCBM
AINJ Ainj R CPMARE
AMA(4,5) -- C CHAMDY
ANGLEX - R COMN@Z
ANS -- R SPLVW
CFU1,..., < C CPMCBM
CFU16 fu
CMA(4) c C CHAMDY

u
CNPZA Ay C CAMCHM
u
cp 4 R C@MCBM
COND1 -- R SPLVW

DESCRIPTION

Axial distance array,
X(I) = X0 + (X-1)* DELX, m

Fuel 1iquid jet diameter exponent,
unitless

Oxidizer liquid jet diameter exponent,
unitless

Velocity exponent for fuel atomization
process, unitless

Velocity exponent for the oxidizer
atomization

Cross sectional area at injector face,
m

Array used to store coefficients of
finite difference equations approximat-
ing the oscillatory differential
equations

Nozzle convergence half angle, degrees
(see Fig. 15)

Solution to minimization of error in
nozzle admittance boundary equations.
Returned to SPLVW from subroutine ZERP.

Fuel combustion coefficients, unitless

Right hand side of finite difference
equation approximating the oscillatory
differential equations. In equivalence
with CMA(1,5).

Upstream nozzle admittance

Sonic velocity evaluated at overall mix-
ture ratio, m/sec (ft/sec)

Condition number of the transpose of the
Jacobian of the difference between the
upstream and downstream nozzle admit-
tances with respect to w.
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FORTRAN  ENGINEERING

VARIABLE VARIABLE CONTROL

NAME SYMBOL TYPE  SECTION DESCRIPTION

CAND2 -- R SPLVW Condition number of the transpose of
the Jacobian of the difference between
the upstream and downstream nozzle ad-
mittances with respect to w.

coxi,..., 9 C COMCBM  Oxidizer combustion coefficients,

CoX16 oX unitless

CRR R COMN@Z  Contraction ratio, cross-sectional area
of chamber/throat area, unitless
(see Fig. 15)

CS c* R CPAMCBM  Characteristic velocity evaluated at

the overall mixture ratio, m/sec (ft/sec)

CTEST

|
t
=

SALVE Upper bound on the condition number of
the transpose of the Jacobian of the
difference between the upstream and
downstream nozzle admittances with re-
spect to the complex frequency. If the
condition number of that matrix exceeds
CTEST for a given frequency, then it is
assumed that Jacobian is singular near
that frequency and hence a solution will
not be sought at that point, unitless.

DA(100) aA/8x R CPMARE  Slope of area of chamber at XM(I), m

DCSDMR  3c*/aMR R C@MCBM  Partial derivative of the characteristic
velocity with respect to mixture ratio
holding, m/sec.

DELFRQ -- R SPLVE Frequency increment used during the
search procedure to solve the nozzle
admittance boundary equation, Hz.

DELHFU Ahe R CAMCBM  Pseudo energy term for fuel, J/kg
(Btu/1bm)

DELH@X Ah R COMCBM  Pseudo energy term for oxidizer, J/kg
(Btu/1bm)

DELMX -- R SOLVE Maximum change in w allowed between
iterations

DELP AP R COMCHM  Oscillatory pressure at injector face,
dimensionless

e —
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FORTRAN  ENGINEERING
VARIABLE VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION DESCRIPTION

DELVFU -- R CAMCBM  Steady-state velocity difference be-
tween fuel droplets and gas stream
normalized to the sonic velocity at
the overall mixture ratio, unitless

DELV@X -- R CAMCBM  Steady-state velocity difference be-
tween oxidizer droplets and gas stream
normalized to the sonic velocity at the
overall mixture ratio, unitless

DELX Ax R COMARE  Axial distance between successive X(I),
m

DETI -- R SPLVW Determinant of the Jacobian of the dif-
ference between the upstream and down-
stream nozzle admittances with respect
to w.

DET2 -- R SOLVW Determinant of the Jacobian of the dif-
ference between the upstream and down-
stream nozzle admittances with respect
to w.

DFIDX -- R SOLVW Derivative of Imag (FN) with respect
to real (w).

DFIDY -- R SPLVW Derivative of real (FN) with respect
to real (w).

DHDMR (ah/aMR)b R COMCBM  Partial derivative of gas reference
enthalpy with respect to mixture ratio
averaged over the mixture ratio range
during steady-state operation, J/kg
(Btu/1bm).

DM1 -- C ADARND Used to store intermediate values needed
to compute boundary conditions and co-
efficients of finite difference equa-
tions approximating the oscillatory
differential equations.

DM2 -- R ADARND  Used to store intermediate values needed
to compute boundary conditions and co-
efficients of finite difference equa-
tion approximating the oscillatory
differential equations.

- -—
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FORTRAN  ENGINEERING

VARIABLE  VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
DM3 -- c ADARND
DM4 -- C ADARND
DM5 -- C ADARND
DM6 -- ¢ ADARND
DM7FU -- c ADARND
DM7@X -- C ADARND
DMSFU -- C ADARND
DM8@X -- C ADARND
DM9FU -- C ADARND
DMOPX -- C ADARND
DM22 -- R ADARND
DMRB(100) &MR/x R CENSTS
DRGDMR 8R/8x R CPMCBM
DRHQB(100) &8p/8x R CONSTS
DTFUDM a?%uAaMR R COMCBM

DESCRIPTION

Used to store intermediate values needed
to compute boundary conditions and co-
efficients of finite difference equa-
tions approximating the oscillatory
differential equations.

Y

Derivative of steady-state mixture ratio
with respect to distance, m~

Partial derivative of gas constant with
respect to mixture ratio evaluated at
the overall mixture ratio, J/kmole/°K
(ft-1b/1b/°R)

Derivative of steady-state density with
respect to distance, kg/m3/m

Partial derivative of fuel vaporization
time delay with respect to mixture ratio,
holding the vaporization blockage term,
droplet diameter, and Nusselt number
constant, sec
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VARIABLE VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
DT@XDM a;bxﬁaMR R CPMCBM
EPSF -- R SPLVE
EPSFS == R SPLVE
EPSX == R SPLVE

DESCRIPTION

Partial derivative of oxidizer vaporiz-
ation time delay with respect to mixture
ratio, holding the vaporization block-
age term, drop diameter, and Nusselt
number constant, sec

Relative error criterion used during

the search algorithm for the portion

of the program that minimizes the error,
HN, in the nozzle admittance boundary
equation with respect to the growth
coefficient, wi. To obtain convergence,
it is necessary that

8|HN|2
6‘01

<EPSFS

Unitless.

Tightened relative error criterion used
to determine if convergence has been
obtained while iterating to solve the
nozzle admittance boundary equation.

To obtain convergence, it is necessary
that

INy = Ny [/INy | <EPSFs.
Ay " At e

Relative error criterion used during the
search algorithm for the portion of the
program that minimizes the error, HN,

in the nozzle admittance boundary equa-
tion with respect to the growth coeffic-
ient, wy. To obtain convergence, it is
necessary that

lwy 5 - wy |/]w, | <EPSX
L LU,

where the subscripts 1 and 2 refer to
two successive iterations, unitless.

R-9808/A-6



FORTRAN  ENGINEERING
VARIABLE  VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
EPSXS - R SPLVE
F1 -- R SPLVW
F2 - R SPLVH
F3 R SPLVH
FANS -- R SPLVH
FI -- R MAIN
FI1 -- R SOLVH
FI2 - R SPLVH
FI3 -- R SPLVW
FI14 -- R SPLVW
FN -- c FZERD
FNF -- R FZERD
FNR -- R FZERD
FR1 -- R SPLVW

DESCRIPTION

Tightened relative error criterion used
to determine if convergence has been
obtained while iterating to solve the
nozzle admittance boundary equation.

To obtain convergence, it is necessary
that :

Iw] - w2|/|w2] <EPSXS

where the subscripts 1 and 2 refer to
successive iterations, unitless.

Derivatives of absolute value squared
of the difference between the upstream
and downstream nozzle admittances with
respect to Imag (w) corresponding to
X1, X2, and X3.

Derivative of squared error in nozzle
admittance boundary equation at ANS.

Interpolating factor used in the main
program.

Used to store successive values of Imag

(FN) during the 2-dimensional secant
method.

Difference between the upstream and
downstream nozzle admittances.

Imaginary (FN)
Real (FN)
Used to store successive values of Real

(FN) during the 2-dimensional secant
method.
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FORTRAN  ENGINEERING
VARIABLE  VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
FR2 - R SPLVW
FR3 -- R SPLVW
FR4 - R SPLVW
FREQ 2mug R SPLVE
FREQMI -- R COMNDZ
FREQMX -- R COMNGZ
FREQT(100) -- R COMTAP
FRQMAX -- R SPLVE
FTSTT -- R SPLVHW
FTST2 - R SPLVH
GIFU - C ADARND
619X - c ADARND
G2FU -- C ADARND
G2@X - c ADARND

DESCRIPTION

Used to store successive values of Real
(FN) during the 2-dimensional secant
method.

Frequency, i.e., real (w), Hz

Minimum frequency, used for generation
of frequency table FREQT, Hz

Maximum frequency used for generation
of frequency table FREQT, Hz

Table of terms used for computation of
downstream nozzle admittance.

Maximum frequency above which no solu-
tions to the nozzle admittance boundary
equation will be sought, Hz

Test function used to determine if a
solution to the nozzle admittance
boundary equation has been bracketed.

Test function used to determine if a
solution to the nozzle admittance
boundary equation has been bracketed.

Coefficient of oscillatory pressure in
fuel oscillatory vaporization
expression.

Coefficient of oscillatory pressure in
oxidizer oscillating vaporization
expression.

Coefficient of oscillatory density in
fuel oscillatory vaporization
expression,

Coefficient of oscillatory density in
oxidizer oscillating vaporization
expression,

“——
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VARIABLE VARIABLE CONTROL

NAME SYMBOL TYPE  SECTION DESCRIPTION

G3FU - C ADARND Coefficient of oscillatory mixture ratio
in fuel oscillatory vaporization
expression.

G3PX -- C ADARND Coefficient of oscillatory mixture ratio
in oxidizer oscillating vaporization
expression.

G4FU -- c ADARND  Coefficient of oscillatory velocity in
fuel oscillatory vaporization
expression.

G4PX -- o ADARND Coefficient of oscillatory velocity in
oxidizer oscillating vaporization
expression.

GAMP Vg R CPMCBM  Specific heat ratio evaluated at the
overall mixture ratio, unitless.

GINJFT(100) Ginjfy C COMTAP  Fuel feed system response table. Real
(GINJFT) is the amplitude of the re-
sponse and Imag (GINJFT) is the phase
angle of the response.

GINJOT(100) Ginjox c COMTAP  Oxidizer feed system response table.
Real (GINJ@T) is the amplitude of the
response and Imag (GINJ@T) is the phase
angle of the response.

GN -- C FZERQ Variable used to store the value of the
derivative of CN@ZA-N@ZA with respect
to wy or the value of CNPZA-NPZA itself.

HN -- R FZERD FN*FN

I -- I - Used throughout the program as a do
loop index.

INPN@Z -- | C@MNPZ Code used for the downstream nozzle
admittance term calculation.

INRT -- I DUMP Code used to determine whether or not
intermediate output from CHAMDY is
desired.

IPASS -~ I SOLVE Internal code no longer in use.

——— —
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FORTRAN  ENGINEERING

VARIABLE  VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
IPRNPZ - R CPMNDZ
IR -- I MAIN
ISCNT -- I FZERP
ISLP -- I FZERP
ISTRT -- I SPLVE
IT c ADARND
ITAPC -- I COMTAP
ITAPH -- I CPMTAP
ITAPN -- I COMTAP
TWSKP -- I SPLVE
J - I -
KNTMX -- I SPLVE
KNTR -- I SPLVE
KNTRMX -- I SPLVE

DESCRIPTION

Code used for downstream nozzle admit-
tance term printout

Flag set by MAIN program to indicate
the first pass through it. After read-
ing in a new case.

Code used to determine logical flow in
subroutine SPLVW.

Code used to determine whether or not
the derivative of FN with respect to
Imag (w) is needed.

Code used to indicate the first itera-
tion after a solution to the nozzle
boundary equation.

The imaginary number i.

File number used to save combustion co-
efficients table.

File number used to save hydrodynamic
coupling term table.

File number used to save nozzle admit-
tance term table.

Intermediate output dump code used in
subroutine SPLVW.

Used throughout the program as a do
loop index.

Maximum number of iterations allowed to
minimize the error in the nozzle admit-
tance boundary equation with respect to
the imaginary part of w.

Counter used to control the number of
iterations used during the search
algorithm between solutions.

Maximum number of times the frequency
will be allowed to be changed by DELFRQ
during the searching algorithm between
each solution. =
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VARIABLE  VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
KNTSMX -- I SPLVE
KSCNT4 -- I SPLVE
KWHERE -- I MAIN
MBFUL  (Mfy);ps R CPMCBM
MB@X1 (r?xox)inj R CPMCBM
MGI Min R CONSTS
MR(100) MR R COMCHM
MRB(100) MR R CPNSTS
MRGI MRS R CONSTS
MRNTFU -- c ADARND
MRNTPX -- C ADARND
MWG M R CAMCBM
NFREQT  -- I CPMTAP
NPZA AN, C FZERD
NDZAMR  Anmp-constant © FZERD
NPZAT(100) -- C COMTAP

—

DESCRIPTION
Maximum number of iterations allowed for
the convergence of the two-dimensional
secant method used in S@LVW.

Counter used to control the number of
iterations used when ISCNT = 4.

Flag to control logical flow in the
MAIN program after a call to subroutine
SOLVH.

Fuel injection mass flowrate,
kg/sec (1b/sec).

Oxidizer injection mass flowrate, kg/sec
(1b/sec).

Steady-state gas flowrate at injector
face, kg/sec.

Oscillatory mixture ratio, dimensionless.
Steady-state mixture ratio, unitless.

Steady-state gas mixture ratio at
injector face, unitless.

Mixture ratio integral in fuel
oscillatory vaporization expression.

Mixture ratio integral in oxidizer
oscillatory vaporization expression.

Molecular weight of the gas evaluated
at the overall mixture ratio, kg/kmole
(1bm/1b-mole).

Number of points in frequency table.
Downstream nozzle admittance

Term used in computation of downstream
nozzle admittance

Table of terms used for computation of
downstream nozzle admittance.

—
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FORTRAN  ENGINEERING

VARIABLE  VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
NR@QT -- I MAIN
NRT - 1 MAIN
NUBFU Ni;u R COMCBM
NUB@X N, R CAMCBM

Px

NXP - I COMARE
NXPM1 -- I CHAMDY
PMEGA w C CPMCHM
P(100) P~ R CPMCHM
PI T R -
PC o R CAMCBM
PINTFU - C ADARND
PINTPX -- C ADARND
RBSPX - C ADARND
RCCX - R COMNDZ
RCTX - R COMNDZ

DESCRIPTION

Number of solutions to the downstream
nozzle admittance boundary equation
being sought.

Used as do Toop index for MAIN program.
Counts the number of solutions to the
nozzle admittance boundary equation.

Average steady-state fuel Nusselt number
used in vaporization expression,
unitless.

Steady-state oxidizer Nusselt number
used in vaporization expression,
unitless.

Number of points in axial distance array,
inclusion between X0 and the start of
nozzle inlet,

NXP-1
Complex frequency.
Oscillatory pressure, dimensionless.

pi (3.141593)
Steady-state chamber pressure, N/in.2
(psia).

Pressure integral in fuel oscillatory
vaporization expression.

Pressure integral in oxidizer oscillatory
vaporization expression.

Collection of terms used in oxidizer
oscillatory vaporization expression.

Ratio of the radius of curvature at the
nozzle inlet to the chamber radius at
nozzle inlet, unitless (see Fig. 15).

Ratio of the radius of curvature upstream
of the throat to the chamber radius at
nozzle inlet, unitless (see Fig. 15).

—
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VARIABLE VARIABLE CONTROL

NAME SYMBOL TYPE  SECTION DESCRIPTION

RGP R¢ R CAMCBM  Gas constant evaluated at the overall
mixture ratio, J/kmole/°K (Btu/1b
mole/°R).

RHNTFU -- C ADARND Density integral in fuel oscillatory
vaporization expression.

RHNT@X -- C ADARND Density integral in oxidizer oscillatory
vaporization expression.

RHPA(100) p” R CPMCHM  Oscillatory density, dimensionless.

RH@B(100) o R CANSTS  Steady-state density, kg/m3.

RHAGI E%nj R CONSTS  Steady-state gas density at injector
face, kg/m3

RHAINJ p’inj R ADARND Oscillatory density at injector face,
unitless.

RINJ .- R COMNPZ Radius of the chamber at the injector,
in.

RPSFU - -- C ADARND Collection of terms used in fuel oscil-
latory vaporization expression.

ssvi1(100) -- R CONSTS  Steady-state parameters computed in
subroutine STEADY for use by subroutine
CHAMDY

ssv2(100) -- R CONSTS

SSv3(100) -- R CONSTS

ssv4(100) -- R CANSTS

ssv5(100) -- R CONSTS

ssve(100) -- R CONSTS

ssv7(100) -- R CONSTS

ssve(100) -- R CONSTS

SSVIOFU(100) -- R CONSTS

Ssvgpx(100) -- R CONSTS _+
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. VARIABLE  VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
SSV10(100) -- R CENSTS
SSV11(100) -- R CPNSTS
SSV12(100) -- R CENSTS
SSV13(100) -- R CONSTS
SSV14(100) -- R CANSTS
SSV15(10) - R CONSTS
T(100) T R CEMCHM
TAUBFU Te, R CEMCBM
TAUB@X To R CPMCBM
TB(100) T R CONSTS
TDRAGF Tdrage, R CPMCBM
- TDRAGP R C@MCBM

Tdragox

TITLE(18,2) _._ R MAIN
V(100) v° R CPMCHM
VAPBFU(100) E;apfu R CONSTS
VAPB@X(100) ’;'Vﬂch R CONSTS
VB(100) v CONSTS
VBFU Vie, CPMCBM
VBRX Yiox R CPMCBHM
VGI Vinj R CINSTS

DESCRIPTION

Steady-state parameters computed in
subroutine STEADY for use by subroutine
CHAMDY .

J

Oscillatory temperature, dimensionless.
Fuel vaporization time delay, sec.
Oxidizer vaporization time delay, sec.
Steady-state temperature, °K.

Steady-state oxidizer drag time delay,
sec.

Steady-state oxidizer drag time delay,
sec.

Array containing 2 card records of
alpha-numeric title information.

Oscillatory velocity, dimensionless.

Steady-sgate fuel vaporization rate,
kg/sec/m°,

Steady-state oxidizer vaporization rate,
kg/sec/m3
Steady-state velocity, m/sec.

Steady-state fuel liquid injection
velocity, m/sec (ft/sec).

Steady-state oxidizer liquid injection
velocity, m/sec (ft/sec).

Steady-state gas velocity at injector
face, m/sec. -—
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VARIABLE VARIABLE CONTROL
NAME SYMBOL SECTION
VINTFU - ADARND
VINT@X - ADARND
VX@ v CEMCHM
X=0
X(100) X COMARE
X0 Xo COMARE
X1 -- SOLVW
X2 -— SPLVHW
X3 -- SPLVW
XIMPFU ximps, CpMCBM
XIMPPX : COMCBM
9 x1mp0x 9
XI1 -- SPLVW
X12 -- SPLVM
XI13 .- SPLVW
X14 - SPLVW
XKFU caMCBM
kau m
XKDX CoMCBM
XkOX :

DESCRIPTION

Velocity integral in oxidizer oscil-
latory vaporization expression.

Velocity integral in oxidizer oscil-
latory vaporization expression.

Oscillatory velocity at X=0,
dimensionless.

Axial distance array,
X(I) = X0 + (X-1)* DELX, m.

Start of vaporization point, m

Used to store successive values of Imag
(w) during the iteration to minimize
the error in the nozzle admittance
?ogndary equation with respect to Imag
w/.

Fuel jet injection impingement point,
m (in.).

Oxidizer jet injection impingement
point, m(in.).

Used to store successive values of Imag

(w) during the 2-dimensional secant
method.

Fuel Klystron distance, m(in.).

Oxidizer Klystron distance, m(in.).
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VARIABLE VARIABLE CONTROL
NAME SYMBOL TYPE  SECTION
XM(100) -- R CAMARE
XN@Z -- R COMARE
XR1 -- R SPLVW
XR2 - R SPLVH
XR3 -- R SPLVW
XR4 -- R SPLVW

DESCRIPTION

Axial distance midpoints,
XM(I) = (X(I) + X(I-1))/2, m.

Nozzle inlet point, m.
Used to store successive values of Real

(w) during the 2-dimensional secant
method.
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PROGRAM FLOW CHARTS

FLOW CHART INDEX PAGES*
Cross Reference Index 1-10
MAIN (Procedures) 01-09
AREA 10-11
CHAMDY 12-14
CHMCON 15-16
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COMMAT 23-24
FRESP 25-38
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HY (Blgck Data) 41-42
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LACFAC £0-52
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RKTDIF 57-58
RKTZ 59-60
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SOLVH 63-70
STEADY 71-72
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TOPLAT 77-79
XIMAGF 80-81
ZADAMS 82-85
ZERP 86-88

XFlow chart page numbers in upper right-hand corner.
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00000610
00000790

233333333333 833
w

&3 U8y

CHART TITLE - NON-PROCEDURAL STATEMENTS

00000710 87.34

00000760 86.0v

R-9808/8-11

00000900 €7.35

00000760 ©8.01

PAGE 10

00000820 88.06



06/25/T5

TAGLE OF DIAGNOSTICS

LOCATION
CARD 1D PAGE/BOX
00010100 36.12
00010060 36.22
00010070 36.23
00010140 3%.27
00018150 36.28
00010180 36.31
00010190 3.3
gooto210 36.34
goo: 130 T7.23
00011330 .25
00011350 mn.e?
00011360 T1.28
coat13n 77.29
00011390 7.3
CO011%t0 79.01
00011450 18.95
000t 1470 78.07

ASTOFLOW CHART SET

EXTERNAL REFERENCE
EXTERNAL REFERENCE
EXTERNAL REFERENCE
EXTERMAL REFERENCE
EXTERNAL REFERENCE
EXTERNAL REFERENCE
EXTERNAL REFERENCE

LABLYV’ EXTERNAL REFERENCE

EXTERNAL REFERENCE
EXTERNAL REFLCRENCE
EXTERNAL REFERENCE

TSMXYV EXTERNAL REFERENCE

EXTERNAL REFERENCE
EXTERMAL REFERENCE
EXTERMAL REFERENCE

"LABLY® EXTERNAL REFERINCE

DIAGNOSTIC
UNDEF INED - 'PRINTV
UNDEF INED - 'PRINTV®
UNDEF INED - 'PRINTV
UNDEF INED - "PRINTV
UNDEFINED - "PRINTV
UNDEF IRED - 'PRINTV
UNDEF INED - "PRINTV
UNDEF INED -

UNOEF INED - "CAMRAV®
UNDEF INED ~ 'SETMIV"
UNDEF INED - "SETMIV'
UNDEF INED -
UNDEF INED - “GRIDIV'
UNDEF INED = "APLOTV®
UNDEF INED ~ "APLOTV'
UNDECF INED
UNDEF INED -

TLABLY' EXTERNAL REFERENCE

R-9808/B-12

- FSCSH

PAGE



0525/ 78 AUTOFLON OMRY SET - FSCSt  COMPUTER PROGRAM

OWAT TITLE - INTROOUCTORY COMMENTS

#AIN CONTROL PROGRAM FOR THE FEED SYSTEM COUPLED STABILITY HODEL

PROGRAM DEVELOPED BY ROCKETOYNE, A OIVISION OF ROOGELL
INTERNATIONAL , CANOGA PARK, CALIF 9130%

PROGRAMED BY M. D. SCHMMAN, ROOETOYNE, MAY 1975

ORIGINAL PAGE IS
OF POOR QUALITY,

R-9808/8-13

PAGE 0!



06/25/75

CHART TITLE - PROCEDURES

L7

03. 19—
MNOTE Ot
CONT INUE
o
3
9 HEAD
0
1

READ ANO WRITE INPUT
DATA

INTO THE LIST

NOTE O

LIST =
HUTINECL, D, »
1.18) .0 « 1.2)

I

YES
END OF DATA? 2. 05"

'

l 6
/ lﬂlYEGTO oeY ;
VIA FORMAY
90
FROM THE LIST

NOTE 07

LIST =
CTITLE] 0,1 -
1,181,0 = 1.2

READ FROM DEV,
VIA FORMAT
SO0
INTO THE LIST

END OF DATA?

9000 12
(ar )

CALL EXIT

CUN ow 1

LIST = INPHYD,
INPCOM, 1

NOTE 1%
LIST = X0, XNOZ,
RINJ, GAMO, CO,
DELP
16
WRITE_TO DEV
VIA FORMAT
10
LIsT
NOTE 17
LIST « x0, XNOZ.
RINJ, GAMO, CO.
DELP
18

X0 = X0*0.0254

002 =
XNOZ*C . 025

RINY = .
RINJ*0.02% ‘

AUTOFLOW CHART SET ~ FSCSM COMPUTER PROGRAR PAGE G2

NOTE 26
LIST = GA,
FROMAX, DELFRO,
DELMX, CTEST,
EPSF. EPSX,
EPSFS,

29
WRITE_ 10 DEV
ViA FORMAT
™E L1sT
NTE 30
LiST = R:WI;
el i
'
‘ 3
f PCIN = PC
| woin = vBoxi i

»
} MBFUI =~
MBFUL+0 453582
i
33
FaL \\
21 NROOT LT, ©
WRITE TO 0EV
VIA FORUT
™ LIST e
NOTE 22 i
H >
o :
. 5 OMEGA =
o« KNTRMX 2.P1*REAL [ )
KNTSMX - {D..‘:.:“:;A
1. F*REAL1OMEGA)
*AIMAG (OMEGA )
z ]
READ FROM DEV 7 »
VIA FORMAT NROOT =
s 1ABS INROOT
INTO THE LIST
VGl = 0.0
MG! = 0.0
MOTE 2%
| LIST = OMEGA, ,
! . DELFRQ,
OELMX, CTEST, COPUTE AREA MO
\ EPSF, . - DISTANCE PROFILES.
| EPSFS. EPSXS
T
|

——




0B/2BITS

CHART TITLE - PROCEDLRES

—o- o—

a3
READ FROM CEV,
VIA FORMT
INTO THE LIST

AUTOFLON CHART SET - FSCSM COMPUTER PROGRAM

SEY FLAG ¢
INDICATE FIRST PASS.

ORIGINAL PAGE IS
OF POOR QUALITY,

NOTE
BEGIN 00 LOOP ;
5500 MRT = 1, :
: 21
07. 14— .
CHANGE OMEGA 8Y S ¢ oCFaC
WERTZ TO START SEARCH . FREQ,
FOR NEXT ROOT. o mn}.»&;ﬁor,
1 1.
T} ]
l CMEGA = OPEGA + U
L) DOWPESTREAN
NOZZLE AOMI TTANCE
PAREFETER, NOZAMR.
(THROUGH STATEMENT
L1}
INITIALIZE FLAGS AND
COUNTERS.
2
16
1SONT = | g or 3\ TRUE
1PASS = | . )i
. P
WNTR = O ~ / i
1STRT = 0 Fase (o |
;
KSCNTY = 0 : e
: 20
| -
s |
3 NOZADM !
C | omGamo.co. !
b 4. NOZAR
! 8

THIS 15 RETURN POINT
FOR 1TERATION TO FIND
FREQUENCIES THAT

T A ROOT.

_ a-amn-18

.o

LIST
YITLECL 1,1 @
1.18),J = |, 80—

T

(o

4.09)
£

PAGE 03



06/25/75

CHART TITLE - PROCEDURES

READ FROM
[TAPN
IN
NTERNAL FORMAT)
INTO THE L1IST

NOTE O !
ey
I LIST = NFREQT

/Rznorworoey | .
; i

INTS ToE THE usr ,’

| jmn: 07

T

| LIST = FREQT(T)

v

!

~ 13

. \\

g2 N\ e
P \\ INPMYD LGT. 2

-

[

v

ENO OF 0O -
Looe?
' FALSE

AUTOFLOW CHARYT SET - FSCSM

COMPUTER PROGRAM PAGE.

/WRiTE 10 DEV [
/! 5

VIA FORMAT

/

FROM THE LIST /
S R

NOTE 20

/

/REHIm IAr o

/EIOYVW oev,

1TAPH /
L‘K"EM FO@IA"

70 THE LIS

Wf T vsv -
I (GINJOTEL,
L GINKTILM] e

R, INPHYD, |
FREd GINOL. l;

[=sruA)
a
8
3
2

i -
NOZATLIL)

F1*(NOZAT(1] »

1) - NOZAT(I1y)

. NOTE 11

COMPUTE FEtD SVSYE"

G NJOX APO
( Tm SYATEr(N'

GINJOX =
REAL (GINJOX!
«CEXPLID.O, -

1.0
CAIMAG{ GINJOX }
*P17180.)

A

17

! GINFU =

[ ERs

i seexetigo. -

: .0

’AlH‘GlG(NJ'U]
*P1/180 1

T
| 5-02;
e 70

s R-9808/8B-16

GINSOT])
REALIG'&.O tin |
'CExvu -

|
. 'A[H‘G‘G‘W'IIH |
! *Pl71g2.) i

GINFT(I| = [
| REAL 15 [Nf‘l])] '
~CEXP i




06/2%/75 AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM PAGE 05

OWRT TITLE - PROCEDURES

GINJO
GINJOT{])) »
FIS(QINIOT(]} o
t1 = GINOT(I1I})
GINFU =
GINFTIII) » BEGIN DO LO0P
FIO(GINFT(1Y & 100 J = 1, 16
1 - BIRFTCND P
. 17—
kol NOTE 02
CONTINUE
COXTT{S Y
100 3a
CFUT(Y)
CFUTYIJ, 1) «
Fre(CFUTT(,2) =
CRUTT (U, 1))

Tl
i

COMPUTE S
PROF ILES IF
H FIRST PASS
o6 NOTE 1%
CEmSS ]

© || eeein oo Looe )

88 ! = 1, Nt

™ acGIN DO LOOP |
BEGIN DO LOOP

94 1 = NI, It

LIST =
(COXTT(J, 1),

CFUTT(J,13,0"
1,161 3%
H "0 !
vXQ = 0.0
CALL SOLW TO FINISH
COMPUTATIONS FOR THIS
QMEGA. OUENCY .
UPOATE QMEGA TO NEM
GUESS IF ISONT =« 4 OR
5 AND CONVERGENCE
NOT BEEN REACHED.
WHEN ISCNT=1 OR M.
LIST » THO PASSES WILL GE
COXTT (U110, MATE PAST
CFUTTiJ. 1) 0 = THIS POINT(ONE WITH
NOTE 08 ) 1S Pel AND ONE WITH
19P=0) IN ORDER TO
#151 - KOX , COMPUTE JACOBIAN.
ADVOX . »
LVOX, .
OTOXDM, X1MPOX, 5
WFY, TAUBFU, IN 3 SOV
VEFU, CELWU INTERNAL FORMA . OHERE )
«_ADWU INTO TWE LIST 0
AODDFU, 51.%, 1
XIHPFU, MG, CS.
. . MOTE 20
CHOMR , RGO

LIST »
10OXTT(J,2), /
UUTTIJ.EI.J - e 8.0t
1,181




CHART TITLE -~ PROCEDURES

IF OUTSIDE  THE RANGE

CONVERGENCE HAS BEEN
REACHED. PRINT

WR! YESTO CEv
VIA FORMAT
1080

| NOTE 08

BEGIN DO LOOP "
1085 1 = 1,18 ||
—_ .=

06, |1 =—>

AUTOFLOR CMART SET - FSCSM

OEC = -
I AIMAG(OMEGA)

/REAL IOMEGA)

i
IO

WRITE TO DEV
&
VIA FORMAT
2000 /

NOTE 15

LIST » FREQ. CEC,
NOZA, GINJOX,
U

GIN,

NOTE 21

! 8EGIN DO

3001

07.13——=
22

AP = CABSIPCS:

R-9808/8-18

COMPUTER PROGRAM PAGE

! Pl = P} -
1ie1 € - 10

| P(1) m Pl -
13¢1.€ - 10

Pty

o .
ATANDIA[MAGIPE] )

AV e CABSIVIYHY

29
P

A LE. D0 FALSE
TAND. 1 LT

29
/ 3¢
v s o east
LAND. L GE -
HXP /
pd
L
n
Vit s Vel -
e -
R
BY -
ATANDI(AIMAGIY" i)
REAL Y TN
AT = CABS T
-



[ 2 ] ’ : © AUTORLOW CHART SET - FSCSM  COMPUTER PROORAM PACE ©7

CHART TIMLE - PROCEDUNES

-1

FETURN TO SYSTEM -

PT »
ATAMDIAIMAG(T(TI)
JREALTIDIN

AR = CABSIMR(1})

MRI1) = MR(] o
1DeE - 10

R -
ATANDCATMAGIMR( 1)
) REAL{MRETI)

XP e X(1)70.02%

ORIGINAL PAGE IS
OF POOR QUALITY




08/25/73 MSTOFLOM CHART SET - FOCSM COMPUTER PRODRAM

CHART TITLE - NON-PROCEDRRAL STATEMENTS

DIMONSION TIMEC18,2)

COMPLEX OMEGA, P, RO, ¥, MR, T, CNOZA, VX0,

COXE, COX2, COX3, COMvw, COXS, COXS, COX?, COXB. COX9,
oox10, Coxi), COX12, COXI3, COXIW, COXIS, COXIS,
CFUL, CFU2. CFU3, CFw,. CFUS, CFUB, CFU?, CFuB, CFUg,
CFUID. CFULL, OFUl2, OFUIS, CFUIY, CFUIS, CFUIE,
NOZA, GINJOX, GINSU,

NOZAT, GINJOT, GINFT,

FN, NOZAMR, ON,

COXT(18), CFUTUIBY,

COXTT116.,2), CFUTTI6.2)

REAL ™MBOXI, PMEFUL, MRB, MAGL, MGI, NUBOX, NUBFU, KF, XO, L. MG

COMPION  /COMCEM,  XKOX, JOFU, MBOXI, MBFUl, TAUBOX, TALBFU, vBOX,
VBFU, GAMO, RGO, DELHOX, DELWFU, PC, €O,

COx1, COX2, COX3, COxv+. CONS, COXS, COX7. COx@, COX9, COx!0,
Cox11, COX12, COX13, COX1%, COXtS5. COXI§, CFUl, CAR,

CFU3, CFM, CFUS, CFUB, CFU7. CFUB, CFUS, CFUIO0, CFUIL,
OU12, CFUIS, CFUl4, CFUIS, CFUIE, MHG, XIMPFU, XIMPOX,

CS. DCSOMR, DHOMR, DRGOMR, ADVOX, ADOOX, TORAGO, DELVOX,
NUBOX, DTOXDM, ADVWFU, ADOFU, TDRAGF, DELVFU, NUBFU, DTFUOM

EQUIVALENCE 1COXT(11.00XI), (CFUT(1) CFUL)

COMMON /CONSTS/ MRB(100), TB(10D), AMOB(100), VEI100),
DMRB11001, DRHOBII0D), OVB(I0CI. YAPBOX(I00), VAPBFUL100),
SSV11100}, SSVR(100Y, SSV3(100), SSWM(100),
SSVS(100), SSVB(I00), SSV?CINQ), SSVBII00), SSVEOX(100},
SSYSFUCI0D), SSVIOUI00), SSV1111000, SSVI2()100), SSVI3(100),
SSVIN11001, SSVIS(100), SSVI6(100),
RHOG!. VGI, MRGI, MGl

COMION /COMOHY/ P(100), ROLI0D), V(I00), MALI00), T1100),
VX0, OMEGA, CNOZA, DELP

COMMON /COMARE/ NXP, X1100), XM(1003, AC100), CA(100), DELX,
X0, XNOZ, AlNY

COMMON /COMNOZ/ RCCX, RCTX, ANGLEX, CRR, RINJ, INPHOZ, FREQMX,
FREQML, 1PRNOZ

COMMON /FZERG/ NOZA ,NOZAMR,GN.FN,FNR FNI KN, ISONT, ISLP

COMON /DLtP/ [WRT

DATA K/1/, MK/17, P1/3.141593/

COMMON /SOLVE/ FREQ, OELFRQ, OELMX, EPSF, EPSX, EPSFS, EPSXS,

FRQMAX, CTESY, !PASS, KNTR, ISTRT, KSCNTw, 1WSKP,
KNTHX, KNTSMX, KNTRMX

COMON /COMTAP/ NFREQT, FREQT(!00), NOZAT(I00), GINJOTC(IO0),
GINFT(I00), ITAPN, ITAPC, 1TAPH

COMPON /HY/ 1CRT IRFLAG, I TERM, I TYPE, IPRHYD, 1X,AA{30) ,CHU30) KF KD,
L(30) R130) RHQL (30D, VY301, VF VO, VOLF . VOLO. 2F ,Z0, OSAVE { 168) ,

FSave(|B88)

wsa FORMAT (18A41

900 FORMAT(IM1,//7 26X, ‘FEED SYSTEM COUPLED STABILITY MODEL",/,
N, 18av, 7, 9X, 18AM)

500 FORMAT (12161

600 FORMAT (7 ,5X, "INPHYD = 125X, INPCOM = [2,5X, ' INPNOZ =" 12,

SX,CITAPH = 135X, CITAPC = 13, 5K, ITAPN =° 13,/ 85X,
CIPRHYD = 12,5X, " IPRCOM =, 12,5X, 'IPRNQZ =*,12,%X,
“IPRCHM = |2,5X,IPRSTE =, 12,5K, ‘NP =, 141

510 FORMAT(BE12.8)

610 FORMAT(/,SX,'XO =" IPEI1. N TX, ' JNOZ = ,£11.4.5X,"RINS =,
E11.% . 5X,"GAMD = ,E11.4%,/.,27X,°C0 & E11.4,7X, 'DELP »*,
El1t.w)

820 FORMAT(/,5X, "NROOT =*,13,5X, ' IWRT =, 12,7X, " IWSKP =" 12.6X,

TKNTMX =° 14 4X, RNTRMK =, 18, 32X, INTSMX =, 14)
FORMATL/ 5X, ‘OMEGAIRY=" [ IPEIL.%.2X, 'OMEGAI]) =" E11.4.2X,
'FRQMAX = £11.%.3X,‘0RLFRQ o' E11.4,/ 27X, "DELMX =",
E1Y. 49X, 'CTEST o E11.%.//,5X, 'EPSF = €11.4,5X,
‘EPSX «° EL1.9. X, "EPSFS « E11.4,4X,"EPSXS = E11.W)

R-9808/8~20



0B/ AJSTORLOW CHART BET - FSCSM COMPU(L.. TNOORAN

COWRT TITLE - NON-PROCEDURAL STATEMENTS

50 FORMAT (4 ,5X, *PC =* 1PEL] 4, 7X, 'MBOX! =° E11.4%,4X, 'MEFUI =,
Eit.w

20 FORMAT(112,5E12.8)

0 FORMAT (7,5, "NFREQT =*, 14, 10X, ‘FREGHM! =° 1PE11.4%,3X,

FRECX = E11.W)

1080 FORMAT (///,20X, "COMBUSTION DYNAMIC COEFFICIENTS', /)

1081 FORMAT S, *OOX (" 12,73 =" (IPERL. M, . (ET1.4.5X, "CFUC? W12,
e 1LY, BN

2000 FORMAT(//7,10X, "FREQUENCY =' F8.2," MZ.*./.10X,
'DECREMENT = FB.5.7/,
10X, ‘NOZZLE ADMITYANCE =°,F9.9%,',’ .2X,F9.5./7,10X,
‘FEED SYSTEM RESPONSE',/.20X.'OXIDIZER =° F9.8,' .. 2X,F9.%,
7.24%,FUEL = .F9.5,', ,@X.FR.8.///)

2010 meIIOK.'O(IIX.'DSC!L.LATW'I./.”.‘D!S’NCE’.E‘.
‘PRESSURE  RAYT!IO',7X,'VELOCITY RATIO*,6X,
* TEMPERATURE RATIO’ TX, ‘HIXTURE RATIO',/.5X, ' [INCHESY',
WiSX,"APLITUOE  PHASE® 1,71

2020 FORMAT (SX ,FB. 4,4 I5X FB.5,2X,F7.21

ORIGINAL PACE 18
oF POOR QUALITY

%-9006/8-21



08/Z3/ 78

OURT TITLE - SUBRUTINE  AREA

MJTOFLOM OWRT SET - FSCSM COMPUTER PROGRAM

L)

D3.0t—x
SUBPROGRAM CALOULATES
AREA AND

CHAMBER
AXIAL OI1STANCES
BY M. O

SCHUMAN,
MAY 1975

| (]
M = NP - 1

DELX = (XNOZ -
X0/ (NXPM) }

X(1) = X0

ALY = AINY
Qac1) = 0.0

BEGIN DO LOOP

1o 1=2 ne

i
a3
X(1) = xa0 s

DELX*(I - 13

!
ACT) = AING
I
|

XML = IXU]) -
X1+ 111/2.0

0% NXP
XHNCPME)Y + DELX
AINXP) = AINJ
OA(NXP) = 0.0

&0

R-9808/B-22

PAGE

10

//



08/25/7% AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM

CHART TITLE ~ NON-PROCEDURAL STATOENTS

COMMON 7COMARE/ NP, X(1003, XM(100}, Ati00), DAC100), DELX,
X0, XNOZ, AINJ

ORIGINAL PAGE IS
OF POOR QUALITY

PAGE 11
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06/25/73

AJTOFLOW CMART SET - FSCSM COMPUTER PROORAM

CWURT TITLE - SUBROUTINE  CHAMOY

COMPUTE BOUNDARY
CONDITIONS AT X=X0.

RHOINS =
DEXP/GAND

oMt = CEXP(1D., ~

1.
COMEOA/COS PR
VGI/7004XD1

OM3 =
DM22+DMEGA*X0/C0O

Vil =
DMI®C(0., 1.}
SOELP/ IGAMD*OM22 |
*CSIN(DM3) +
VXQ-COOS(OrG: )

oMl =
CEXPC(O. ,b.)
OMEGA* XD/ VBOX )

oe - nmx .
'Pml"ﬂ'Ul/'A(l)

OMe = DH2O0Me -
VI11*RG* MRGY «

- (MRGY -
rmxma:un/m)

INITIALIZE INTEORALS
USED [N VAPORIZATION
SSION.

PINTOX = (D..0.)
RANTOX = (0.,0.)
PRNTOX = (0..0.)
YINTOX = (0..0.)

PINTFU = (0..,0.
RINTFU = 10..0.)
MANTFU = 10.,0.?
VINTFU = ¢0.,0.}

16

lRlTEsTO DEV

VIA FORMAT
S0

THE LIST

NOTE 17

LIST = OMEGA, I,
PI1}), RHO(1),
MRCL), VOL), T(1)

——12. 15e—>
MNOTE 18

me]

it
i

OCON COMPUTES #OST
OF THE VARIABLES IN
7ADARND/

ENERGY EQUATION

&2

AL, 1) - DMy .
t 2'55Vlll)0

S5V ]
SS‘JE(I l'(mll)
SSVE( l )'GXFU)

ml I )'(5\/5( n
*G2OX
SSVB(1)*GFUI

AMAC]L,3) =
2.°GAMD +

SSvA(1) -
| SSV2I11«(SSv.(1)
! TOMOX +
SEVE | 1 eGuFY)

i 24

i
SSVZ(II-(SSVS(H
630X +
SSVS(II'GJ’U -
SSVIOX (1) «
SSVEFULL 2

a5
CHA(() = :
. SSVaci)etssvley) !
*RESOX + |
SSVE( 1) *RESFU -
| SSVAOX{1)eMR(]) o
| ssvs'urn-mrm
i
|
|
|

CONTINUITY EQUATION

SSVIOt 11 (Q10X +
GIFU)

AMA(R2,.2] = D)+
2. 'SSVlll) *

SSYM(
‘ svm(n-(m -

T{g

MOMENTUM EQUATION

R-9008/8-24

PAGE

e
AMALZ 1) =

SSVI2th

AMALZ.2) =

..o
AMAL3,3) » DM+

2.9S5V1M]) +
SSVI(1)

‘[__4
31

AAT ) -
8.0

CMA(T) =

SSV3I1) i
2,958V -
SSVI2(1)*P(])

HIXTURE RAT10 -
EQUATION

| »

AMACl, 1) @ -
SSVI3r1ie(GI0X -
MRE1 1) +GIF
AMA (Y, 2) =
SSVI4il) -
SSV13(1)%(GROK -
MRE! 1) *GFU) |

P"B"?'WUJ

AMA(%, M) = DM+
2.455V111) -

| SSVI3(1)¢(G30X ~

MRE (1) *GIFUY ~

| SSVIST1)

;
——
CHAtY) =
{ ssvi3t1)-1Rmsox - |
MRO (11°RBSFUT o |
. Pﬁlll'(SSVlSl{J -

SOLVE % BY 4 SYSTEM
OF COMPLEX EOQUATIONS

1Pl =1+

P FROM
EQUATION.

k)
PUIPL) » CHALD)

RO mcn CONTINUITY
EQUATION

38

r
|
- 13.01

v FROM
EQUATION,

12



08/25/78 AUTOFLOM CHART SET - FSCSM COMPUTER PROGRAM PAGE 13

OURT TITLE - SUBROUTINE  CHAMDY

MRIIPI) = CMA(W)

T l'RDl EQUATION OF

TP = POIPLY -
RHOLIPL) ~
SSVIG(LI*MRIIPI)

LIST « 1P,
BLIPL), ROLIPE),
MROIPL, YIPL),

TLIP1)

UPDATE INTEGRALS FOR

NEXT 51'0‘,‘
1w
OM70X =
2. SOMTOX*COXP (-~
II'Q(GA'XH)
PINTOX = PINTOX +
DMK (P(])
~OMBOX ¢
PI1PL 1 «DHOON)
N
MANTRU = 1RNTFU +
08 OMFUe (MR(1)
T »
RHNTOX = RMNTOX + MRUIPL ) *OMIFU)
oH0Xe (RO 11
*OPMB0X « VINTFU = VINTFU «
RHO( TP 1) +0MS0X) OMFUe Ve D)
uc'u
YUIPL) MR

MANTOX = MANTOX o
o0 (ALY
*OMB0X ¢
HROIPL ) «0MBOX)

| a

VINTOX = VINTOX «
oo tvel)

*0MBOX +
VUIP1) *0MBOX)

ONFU =
2. sDIWUCEXP !~
L1eOMEGASX (1)
1VBFUY

.

PINTFU = PIN'ITU
DU (P

18]
~OMEFU +
P(1P1) SOMIFU)
BNTFU = BNTFY »
CMIFU (MO 1)
*DHBFU +
ROCIPY ) «IEFL)

L




06/23/75 AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAN PAGE

CHART TITLE - NON-PROCEDURAL STATEMENTS

cOHFLEX" 16 AA(4,5), CHAIY)
COMPLEX GHEGA, P, RHO, V, MR, T, CNOZA, VX0,
COX1, COX@, COX3, COXY, COXS, COXG, COX7, COXB, COXD,
€OX10, COXI1, COXI2, COXI3. COX14, COXIS, COXIS,
CFULO, CFUIL, CFUI2, CFUIS, CFUIY, CFUIS, CFUIE
COMPLEX DMi, OM3, Dtw, OMS, OMG, OM70X, DMIFU, DMBOX,
DMBFU, GIOX, GIFU, G20X, G2FU, G30X, GFU, GNOX, GWFU,
RBSOX, RESFU, PINTOX, PINTFU, RMNTOX, RMNTFU, MRNTOX,
MRNTFU, VINTOX, VINTFU, 11
.OMBOX , DPOFU
REAL MBOXI, MFUI, MRE, HRGI, MG, NUBOX, MUEFU, MG
COMON /COMCEI/  XXOX, X0CFU, MBOX1, MBFUI, TAUBOX, TALBFU, VBOX.
VBFU, GAMO, RGO, DELMOX, OELHFU, PC, CO,
€OX1, COX2, COX3, COX4, COMS, COME, COX?, COXB, COX3, COX!O,
COX11, COXI2, COXIZ, COXI%, COXIS, COX16, CFUl, CFL@
CFU3, CFM4, CFUS, CFUS, CFUY, CFUB, CFLS, CFUIO0, CFULL,
CFUI2, CFUIS, CFUIY, CFUIS, CFUIS, MG, XIFPFU, XIMPOX,
CS, DCSDMR, DMOMA, DRGOMR, ADVOX. ADDOX. TDRAGO, DELVOX,
NUBOX, DTOXDM, ADVFU, ADDFU. TORAGF. DELVFU, NUBFU, DTFUOM
COMMON /CONSTS, MRBUI00Y, TB(1001, RMOB(100), VBII0D),
OMRB(100), DRHOB(100), DVB(100), VAPBOX{1001, VAPBFULIDD) .
S5V1(1001, SSVR2(100), SSV3(100), SSW(100),
SSVS(100), SSV611007, SSV7(100), SSVE(100). SSVBOX(100),
SSVFU(100), SSVI0(100), SSVI1(100), SSVi21100, SSVI3(100),
SSVIL1100), SSVIS(100), SSVIE(100),
RHOG!, V1, MRG!, #GI
COMMON /COMCHM/ PCI00), RMOLION), V(ID0), MA(IDO), Ti10G),
VX0, OMEGA, CNOZA, DELP
COMMON /COMARE/ NOR, X(100), XMI100), (1003, OAC100), DELX,
X0, XM0Z, AINJ
COMMON /ADARND/ G 10X ,GROX ,G30X , GHOX, GIFU, G2F U, G3FU, G4FU, PINTOX,
RENTOX , MRNTOX , VINTOX P INTFU, RHNTFU, MRNTFU, V INTFU  RESOX.,
RESFU.DMI , DM, OF4 . OMS, DMB, DHI0X , DMBOX , OMOOX , DHTFU,
OMEFU, DMSFU, | [, 002, 0M22  RHOIND
COMMON /DU, IHRT
EQUIVALENCE {AMALY 5] CMATL))
9000 FORMAYTI/7/7' OMEGA = *,IP2E13.5//3X,'1',11%,'P' 19X, RO,
20X, ‘MR 20X,V 21X, T /21X 13 IPIDEL] L u)
8100  FORMAT(IX,13,1PI0E1!.4)

R-9808/5-26



B/

CMART TITLE - SUBRCUTINE  CHCONI 1)

o
CEXP(11%0MEBA*
X111 1/v00X)
e = oMl -~
X0) 7 ¢ TAUBOX * V@0 3

oM =
CEXP1140rE0A*
DELX/ VB0 )

CALCULATE OXEDIZER
VAPOR1ZAT ION
PARAMETERS ..

03

OM0X =
VBOX/ (2. sOMEGAS*
29DELX* TAUBOX

Il'GtGA'CtLX/
- 1./0M6

[ .

OM0X = |. *
11*OMEGA=DEL X/
vBOxX - D

oMy =
OM70X * DMBOX *OME.

DM5 = DM7OXSDMIOX |

RBSOX =
DELPeOMI*1COXI +
Coxge«Dre) «

COX IB*VINTOX)

[ .

ABSOX = RESOX *
pummzz .
0*Ome

).

AUTOFLOW CHART SET - FSCSM COMPUTER PROORAM

VAPBIOX (1)
CONB/2. +
COX)4*0rS}

le l)
*(COXB/
CO!!S'M)

[ .

oMy =
CEXP(]1°0MEGA®
1XMLE) }/VBFU)

e = o) -
X0/ (TAUBFUSVBFU)

o6 -
CEXPI1190MEGA®
OELX/VEFU)

[ .

o3 -
CEXP(1]0MEBASX
CHH/veFUI e (]

o6/

CALCULATE
VAPOR! ZAT ION
PARAMETERS.

OMFY =
VEFU/ (2, s0MEBA
2°DELXSTAUBFU)

H'O‘EG&'ELXI
YBFU - 1./DMB

1.+

l
|
OMIFU =
1 'MGA'KLXI
o8

Oy =
OMFUOMEF UsDME
DM5 = DMIFUSOMBFU

RBSFU = RBSFU +
OM3e (CFUL0®
PINTFU «
CFUI2*RHNTFU
CFUIMAHANTFU
CFUIE*VINTFU)

R-9608/8-27

PAGE

15
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AUTOFLON CHART SET - FSCSR | COMPUTER PROCRAM

CHART TITLE - NOM-PROCEDURAL STATEMENTS

Up
01,52 25

i

COMPLEX OMEGA, £, RO, ¥, MR, T, ONGZA, VXO,
coxl, COX2, COX3, COB%, CONS, COXE, COX7, COXS, COX9,
COX10, COXIlt, COXi2, COX13, COXtiw, COX1S, COX16,
CFUl, CFU2, CFU3, CFUs, CFUS, CFUB, CFU7, CFUB, CFUA,
CFUI0, CFUI1, CFU12, CFUI3, CFUis, CFUIS, CFULIE
COMPLEX Oml, DH3, O, OMG, D6, DMP0X, DMOFU, DMBOX,
OMEFU, GIOX, GIFU, GROX, GFU, G30X, GIFU. GMOX, O4FU,
ROSOX, ROSFU, PINTOX, PINTFU, RMNTOX, RMNTFU, MRNTOX,
MRNTFU, VINTOX, VINTFU, (!
DMOOX , DMIFU
REAL MBOX!, MBFUL, MRB, MAGI, MG, NUBOX, NEBFU, MG
COMMON  /COMCEM/  XIKOX, JKFU, MBOXI, MBFUL, TAUBOX, TAUBFU, vBOX,
YBFU, GAMO, RGO, DELMOX. DELMFU, PC, CO,
coxt, COX2, COX3, COe, COOCS, COXG, COX7, COX8, COXS, COXIC,
€ox11, coxi2, CoX13, COXiw, COXIS, COXif, CFu!, CFLR,
CFU3, CFU+, CFUS, ORUS, CFU7, CFUB, CFug, CFU10, CFUIL,
CFUIZ, CFULS, CFUIY, CFULS, CFULE, MHG, XIMPFU, XIMPOX,
CS. DCSOMR, OHDMR, DRGDMR, ADVOX, ADDOX. TORAGO, DELYOX,
NUBOX, DTOXDM, ADWU, ADOFU, TORAGF, DELWU, NUBFU, DTFUDM
COPPION /CONSTS/  MRB(1001, TB(I0O), RHOBI100), VEL1100),
OMRB(100), ORMOB(L00), DVB(100), VAPBOXI100), VAPEFUILCO!,
SSY1(100), SSY20100), SSV31100), SSwe(100),
SSV51100), SSVE(100}, SSV71100), SSVB(100:, SSVE0X(100:,
SSVEFUC100), SSVIOII00), SSVI1(100}, SSV12(100), SSYI3(100),
SSYI% 11001, SSVIS(100), SSVIBI100),
RHOG!, VGi. MRG!, MG
COMMON 7COMCHM/ PL100), RHO(ID0}, VII0D:, MRI100), TE100),
¥X), OMEGA, CNOZA, DELP
COMMON /COMARE/ NXP, X{100), XMI100), A(100), DAC100). DELX,
X0, XNOZ. AINJ
COMMON #ADARND/ GIOX G200, GI0X . GMOX ,GIFU, GBFU . GIF U, G4F U PINTOX,
RMNTOX , HRNTOX . VINTOX . PINTFU R-NTFU MRNTF U, VINTFU, RESOX ,
RBSFU.OM1 , OM3, 00 ,OMS, OMB , DM70X , D0, DMIO0X , DI,
OMBFU,DMIFU, 11,0M2.Dr22  RHO INY

R-9808/8-28



08/237 75

CHART TITLE - SUBROUTIME COGAEL LA,N1

. e
GAUSS 1AM EL IMINAT ION
COMPLEX MATRIX.

PROGRAMMED BY J. K.
wlm ROCKETOMNE

197

FIND MAXTMM
APLITUDE IN COLUMN
AND BELON THE
ol .
o3
SUX =
CrHAX

YR INES 4

-
A, o2 o
AtJ,Myeeg

P e gl

AUTOFLOH CHARY SET - FSCSM COMPUTER PROGRAN

o7
{~70),
INTERCHANGE ROWS 1F
REQUIRED TO OBYAIN
(23] MAX IMUM PIVOTAL
ELEMENT .

KN = K ¢ NP|
HLD » AlJ,K)

ACJKI =
ACIHAX K0

ALPWUX,K) = HOLD
T
| e
HOLD = Aty,K0)

A, KN) =
AUSMAX KN}

ALSWXKN! s HLD

DIVIDE PIVOT AW BY
PIVOT ELEMENT
BECOME

. PIVOT
S




T

ot

REMA =
(AL, KI*ALY,Jb &
AtS KN *ALD, U )

10N

vinag =
1AL N ALY N =
ALY, KITALS AN
70X

At K) = REAA

ALY KNI = VIMAD

L]

AL KNI SAL] QN

VIMAG = ACI 0N -
A INESALL, Y -
Al AN CALI,K)

Al K1 = REALA
At] KN) = VIMAG

PAGE



08/25/75 AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM PAGE 19

GHART TITLE - NON-PROCEDURAL STATEMENTS

OIMENSION A(B2.126)

12 FORMAT (6IMIERROR IN COGAEL SUBROUTINE, J AND JMAX EGUAL, RESPECT!
veLyY, .2112)

18 FORMAT (GIHIMATRIX 1S SINGULAR. EXIT FROM COGAEL. THE PIVOY ELEMEN
TS ARE.2E14.6)

ORIGINAL PAGE IS
OF POOR QU

R-9008/3-1)



0B/25/78

AUTOFLOW CHART SET - FSCSM COMPUTER PROCRAM

CHART TITLE - SUBROUTINE  COMEDY (IR, FREQ,GINJOX ,GINSFU, IPRCOM, INPCOM}

‘SUBPROGRAM_TO

CALCULATE T
TION

ENTS

FALSE

|
THIS_IS FIRST PASS

1
INTO THE L1IST

CS = C5°0.304¢

DRGOMR
ORGOFR* | 891 .
IS8E2/D . 43I0

DCSDMR =
OCSOMR0. 3046

OO =
DHOMR* 1054 . 35/0,
ws3IsEe

MO0 = E314. 3/M0

18
REMIND ITAPC

3

R-9008/8-32

18.0.1.0)
2, P | #FRE # 30X/
VBOX

| merr
OUr) *GINJOX
|

R « GINJOX

RFU =
D.S/IEDLVU!'IDP
T -
(0.0,1.0)°01)
Z(1. + D1°0N)
COX| = R - RU ~

2.4R0 + (NUBOX -
2.190. 5*RD/NUBOX

PAGE



08/25/75 AUTOFLOW CHART SEY - FSCSM COMPUTER PROORAM PAGE 21

CHART TITLE - SUBROUTINE COMBOY( IR FREQ.OGINJOX,GINJFU, IPRCOM, |NPCOM)

ot

ox? = 0.0
COoXg =

AFUe (NUBOX =

2. /RJB0X

COX9 = 2.*RD -
(NUBOX -

2.1
€0 3¢RO/NUBOX +
U

C€ox10 = 0.0

R

£ox11 = 0.0
cox12 = - COXe
coxXi3 = 0.0
COX1% = - COXE
Ccox15 = 0.0

COX16 = - COXB
10.0.1.0)
2. 9P| *FRES0FU/
VEFU
RM » (1. -
OUM) *GINSFU
RU = GINFU

-

I 01 =
2. 9P 1 *FRE * TORAGF

0%

oy -
0.S/0ELVFU*ID1*
-
(0.0,1.01°01)
/11, + 01°DD)
2.°RD + (NMSBFU -
2.14C.3°RO/NUBFU
T

06
cFRe = 0.0
CcFU3 = 0.0
A
RFRe (NUBFU -
2.1 /NUBFY
CFU5 = D.0
CFUB = -
DTFUOM/ TAUBFU
e e————
\ ;]
o7
cruil = 0.0
U7 = 0.0 NOTE 13
cFuI2 = - O =
REU (NUBFU - o3 = 0.0 (COXT (), CFUTLUY
2. /NBFU < = 1,161
CFUis = - CFUB
CFU9 = 2.°RD ~
(NUBFL ~ RS = 0.0

2.1
“0.5°RD/NUEFU +
Ry

CFUl0 = 0.0

| .

18

«
[Nl



oBs28/ 7

AUTOFLOM CHART SET - FSCSM COMPUTER PROGRAM PAGE

OUMRT TITLE - NON-PROCEDURAL STATEMENTS

COMPLEX GINJOX, GINJFU, DUM, MOZAT, GINJOT, GINKFT,
cox), o2, COX3, COx+, COX3, COXB, COX?7, COX8, COX9,
coxiQ, COXil, COX12, COX13, COXI4, COX!S, COXI6,
CFUL, CRLR, CFU3, CFW4, CFUS, CFUB, CFU7, CFUB, CFUB,
oFu10, CFULY, CFUIR2, CFUL3, CFULM, CFUIS, CFUIS,
COXT(181, CFUTi16}, RM, RU, RO, RFU

REAL tBOX]1, MBFULl, MdG, NUBOX, MUBFU

COMMON /COMTAP/  NFREQT, FREQT(100), NOZAT(100), GINJOT(100},
GINFTCI00), ITAPN, ITAPC, ITAPH

COMMON  /COMCBM/  XKOX, J0CFU, MBOXI, MBFU], TAUBOX, TAUBFU, VBOX,
VBFU, GAMO. RGO, DELHOX, DELWFU, PC, CO,
COX1, CO@, COX3, COX¢, COXS, COXS, COX7, COXB, COX9, COX10,
coxt1, COXi2, COxty, COXiu, COxtS, COXiS, CFul. CFu2,
CFU3, CFuM, CFU5, CFUE. CFUT. CFUB, CFU9, CFUID, CFUIL,
CFUI2, CFUI3, CFUIY, CFUIS, CFUIE, "G, XIMPFU, XIMPOX,
CS. DCSOMR, DHOMR, ORGOMR. AOVOX, ADDOX, TDRAGO, OELVOX,
MUBOX, OTOXDM, ADVFU, ADDFU, TDRAGF, OELVFU, NUBFU, DTFUDM

COULVALENCE (COXT(1),LOX1), {CFUT{1) ,CFUD)

DATA P1/3, 14159/

FORMAT(EE12.8)

FORMAT (/5X, XKOX =, 1PE1] . % ,5X, ' TAUBOX =’
€31.4,3X,'VBOX = E11.4,5X, "DELHOX =' €11,4,/,27X,
‘TORAGO =, €11.%,3X, 'ADVOX = E11.4,/7,5%, A0DOX = Et1.4,
MX,CDELVOX = £11.% 3K, "NUBOX @ E31.4 4X, DTOXOM =,
EL} e, 7, 27, ' XIMPOX = E11.%)

FORMAT (4, 5X, XKFU »' [ 1PEL) .4 5K, " TAUBFU =,
€119, 30, "VEFU @ E11.% 5%, "DELHFU »° [EL[.4%./, 27X,
TTORAGE =" E11.4, 3%, "ADWFL = E11.4,7/ 5K, "ADDFU = £11.4,
WX, CDELVFU w' E11.4,3X, ‘NUBFU =" E11.4,4X, 'DTFUOM =,
E11.4,7.270, "XIMPFU = E11.W)

FORMAT /. 5X, '"MHG =' [ IPET] .4, 6X,'CS = El1.%,
TX,‘DRGOMR = \EI1.4,3X, 'OCSDMR =’ £11.49,7. 27X, "DHOMR =",
£11.%)

R-9608/8-34



0B/ AJTOFLOW CHART SET - FSCSM COMPUTER PROOGRAM PAGE

OWRT TITLE - SUBROUTINE COMMATLA NRA N}

HG
RACUTINE SOLVES, AX =
6. WHERE A.X, AD B EXIY
ARE COMPL

1
VECTOR. IT 1S
STORED IN At1,N*1)
FOR
. 1 =1.N
IS RETURNED IN
ACT,N#1) I=1 N

NRA 1S THE NUBER OF
ROHS IN ngaglmslou

CALLING

AX, AND B ARE ALL
COMPLEX®1E

MATRIX
TRIANGUARIZATION 1S
ORMED THROLIGH
STATMENT 20

IR = [R » |
| SAA A S

A.GORITHM HAS FAILED
OUE TO 2FRO D1AGONAL

BEGIN 0O LOOP
101 = IRl N
L1ST = IR,
|-—_u_- N . HETE S IR I
AULIRIZAUIR, IR LN e T e

T

NOTE 18 l 23

BEGIN DO LOOP

10 J = IR1, NP1

ALLNPY) -
ACTL JI*ALYNPYY

CALL EXIT

At1 NP1}
ACL WPLIZACLY

ORlGpy,
i OO%LQZ%?

R-9608/8-35



0B/23/TS

CHART TITLE - NON-PROCEDURAL STATEMENTS

AUTOFLOM CHART SET - FICTM COPUTER PROCRAM

COMPLEX®18 ACNRA, 1) W

9000 FORMAT (/4 *

eense DIVIOE CHECK IN COMMAT sosee/

' R 1o/ MATRIX AL Jb = */
(5X%,216,1PE1S.6," ,‘ IPE13.6))

R-9808/-36

PACE



o/ AUTOFLOM OWMAT SET = FSCSM COMPUTER PROORAM

CHART TITLE - SUBROUTINE  FRESP(ICRT, IWRITE, )

8. 08—
FREQUENCY RESPONSE
ROUTIME WITH TIME
CELAY

PROGRAMED BY J. K.
HUNTING . ROCKETONE ,
MAY 1975

15 NECESSARY 10 2ERC
MATRIX STORAGE SPACE

NOTE O

BE OOP
200

NOTE 02
BEGIN DO LOOP
2001 LL = 1, 126

2001 a3

TG = 0.0

26.01

NOTE 08

BEGIN 0O LOOP
2002 LL = 1, |26

09
10
[2]4] oo

OF
LOOP?

911“

ot

R-9808/8-37

PAGE



Rz AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM PAGE 26

CMRT TINE -~ SUROUTINE  FRETPCICRT, IMRITE, 1X)

TOOX,LL) = 0.0

TRE
€.20*—
“«5 ! 28
—_——

! /

/mxr:ﬁro oev /

VIA FORMAT ;’(
17

/

21

! | oMS(1r = 001
‘moc
TRE ‘ NPl = NFREQT o 1 | ;
ves o ‘9
25. 08— 3]
2006 NOTE 07
READ FROM DEV,
BEGIN LooP 5
2008 KX = 1, § VIA;’M?
1
INTQ LIST
OS]y =
NOTE 08 FREQTII - 1)

PHANIGCLL) = 0.0

DECBIAC,LL

R-9608/B-38



0B/25/75 AUTOFLOM CHART SET - FSCSM COMPUTER PROGRAM PACE 27

OHWAT TITLE - SUBROUTINE FRESP(ICRT IWRITE, 1)

INTO THE LIST

LIST = (1DI1) ! =
1.NR)

MerM -1
R = R/10.0

R-9308/8-33



06/5/73 . AUTOFLON CHART SEY - FSCSM COMPUTER PROGRAN

CHART TINLE ~ SUBROUTINE FRESP(ICRT, IWRITE, 1X)

Z7.3t
o1

o - ot

Je2

R-9808/8-40

PAGE



06/25/78 AUTOFLOM CHART SET - FSCSM COMPUTER PROGRAM PAGE 29

CHART TITLE -~ SUBROUTINE FRESP(ICRT, IWRITE, 1X)

0l

o
UNIT(Y)
12,0001
*3.0°10.00% |
12.0) o
wiT-Tie@.oeen |
*10.0°*1

0.0
o

(=70),

oMid - 1) = OMFL
NOM = J - 1

=403,

! 28
; OMS(J) = OML)

2y » ol
oy = oMl
J=3
K=2

—

ORIGINAL, p4
GE I
OF POOR QUALITy

R-9008/8-41



08s25/75 AUTOFLOM CHART SET - FSCSM COMPUTER PROGRAM PAGE 30

CHART TITLE -~ SUBROUTINE FRESP(ICRT, IWRITE, 1X)

OMFLC = OMFL.

OMFL =
2.0°3. 1415227~
orFL

QMELPSIY) -
oSt
OSIJ) = .2 17
2.003. 1419527 e ——————
OMSOPS () { JeJsl H
S i S— |

.o R-9008/8-42



[

AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM

CHART TITLE - SUBROUTINE  FRESPIICRT, INRITE, I}

L]

07
(-/0}
[A8]
()

o8

19 = 11D
£ RN IYE R

Ct19.09) = CTN

1ITD = (111}
JTO = DD

;
]
!
;
!
'
0170, JT0) = [
o
i
;
|

0 .o«—-l s

PAGE 31

NOTE 26

l et

KEJ » KEQ +

LIST e 173, |
(135 B
1.NR)

R-9808/8-43

w30
BEGIN 00 LOOP ||
301 = 1. KEQ
3x.3-—j\
3 AN N
~

e
/ FALSE
hRITE OT 1
S

[TrE
H
. 32
WRITE 10 n:v/
13
VIA FORMAT
112

THE L1ST

LIST = |, )
i, .ge
1.KEJ} |




o/ AUTOFLON OWAT SET -~ FICIN  COPUTER PR Lo S -2

CHURT TINE ~ MERCUTINE FRESP{ICAT, IMRITE, 1)

FAL

TRIG .EQ. 1.

LIST »
(ATD(K) K =
NCTD:

1. i
10 25

3. 350~ TR
» NOTE 12 K-is
BEGIN DO LOOP
862 J = 1, KED OREAL = 0.0
- . ’ DIMAG = 0.0
i 13 R« 1.0
1J = U+ KEQ $ = 0.0
LS=0 I
X =a 26
o
ten R T
‘ , E) 32.31
2

DREAL = OREAL *
RICC,, IR !
<(OMS( Tk eeS) |

| oA - cREAL ¢ | i
i ReCLJ. 1R ;

CLOMS M) *5) | b tseLs- |
[CNT I bt 1ol ey i
. 28
N
HE Y Nty
g LS
\\ )

CIMAQ = CIMAG «
*ClJ,

SOMSEIMI o (S «
I.on

DIMAD = DIMAD »

i ReC(J,11)

| SOMSLIMI®(S o
1.01)

‘ SwsSe20

Ses+20
R e (-1.D)R i R« (-:.QI*R
IRe IR -2 i IR= IR -2
Hoeat-2 i nnen-az

cmu.u’»?{ =7 .

CPLJ.IM) = CIMAG [ is=wsen




08/25/73

AUTCFLON OHART SET - FSCSM COMPUTER PROGRAN E T3

CWRT TINLE - SUBROUTINE FRESP(ICRT, IWRRITE, IX1

e ||

CID = 1.0
KID = KEQ » J

CTO = ATD(L)
Le=bL e+t

{

ANGLE =
ABSITD:Y. )
SOMS(IH)) -
6.29318%* [FIX '
1ABSITDI1.J1
*OMS( 1K)
16.2683185))

CPIL, A =
CPLL. .«
CTO*COS (ANGLE)

4
:

! 18

|

| m

| LK)

|

i

(=f)

3 19
ANGLE =
ABS(TO¢1,K}
oSN} -
6.28318*IF IX(ABS
{TDL] ,KI*OMS{IH}
/6.28319%3))

Drl} e DLl
COS(ANGLE }
| =
DiL) « DL) »
SINIANGLE )
*SIGNCL.0.TD(1,K)
¥

CRIGINAL PAGE Is
OF POOR QUALITY

-0y

33. 24—

NOTE 28

BEGIN DO LOOP
304 !

! = 1, KEQ

LIST = 1, DDy,
QNI
ICPL1.J),J =
NPH)

CONT {NJE

\
ADD D-VECTOR TO
CP-MATRIX. SHIFT
COUNS OF 1

1 TO RIGHT.

REA D INTO COL.
KEQ+1. IMAG O INTO
COL. KEQe2.

cP BY

R-9606/8-45

MOTE B4
®CGIN 00 LOoP !
20211, €0 ||

— e

3. 39—

i »

IN-Z"IIOOK-

INPI = IN+

CPIJ, INPY) =
CPLULINY

CPIJ,IN) = 0L
JN o= U e KEQ
CP(J,INN} = DIN)

=6 o=




wern . AJTOFLON CHART SET - FSCSM COMPUTER PROGRAM

COWRT TINL - SEROUTINE  FREWP{ICRT, IMRITE, 1)

TNARY PART
VARIABLES, NO

CETERMINE D OF DO
MAGNITUDE MD PHASE LooP?

| .
ves

WPl = KEQ ¢ 1 |

NP1 = 29WPt 1

YREAL IXEQ) =

CPIKEDQ. NP1

12
XIMAGIKEQ! =
CP (REQR, NP1
)
_l, )
MUGUED) =

og +
XIMAG (KEQ) **2)
83
FAZE(CEQ) =
THETA OFEAL (KEQ) ,
XIMAG(KEG ! 3 NOTE 13

NOTE 03
[ |
e )

06
[

KN = K ¢ KEQ + |

SUMA = SUMR
CPIJJ K SXREAL (K]
CPUJJ, KN
CXIMAG (K)

CPJY. N FALSE,

| 09
XREAL (W) = 1V = |
CPLJJ.NPL) ~ SR

XIMAGIAD = i
CP IS NPLY = |
Mt

J=3
i NOt1) = 17 ,

NOI2) = 55

WO (L)) =
SQRT OFEAL 1J)
s
XIMAG LA *22)

FATE(L)) =
THETADREAL (L)),
XIMAG (I

R-S908/8-48



06/3%/75 AUTOFLOW CMART SET - FSCSM COMPUTER PROGRAM PAGE 35

OWRT TITLE - SUBROUTINE FRESPCICRT, IMRITE, IX)

[

NOPRY =
MIND{S,J - 1)

NOTE 08

P 12—
a3

ofX = NOIN)
VARRIK) o

SREAL (X 1?7

VART(K: WRITE_TO DEV
XTMAG LX)
Vl? FORMT
THE LIST '
NOTE 1@

LIST = OMS{1W),
OMSCPSi T,
CNOINDM} |

NY ,N2) )
] 3
o
00 o o
*© 12
[
TETAVARALLS , Ces
VAR1113)

R-9808/8-47
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OWRT TITLE - SUBROUTIME  FRESPCICRT, WRITE, 130

GAINIX) =
OECB I, K3

FATE(KC) =
PHANCJI, X}

7

OINOTIK - 1) =

CMPLX(PC/HD® (10, ¢

SC(GAIN(X:/20.1)
(FAZE(K) 1)

GINFTIK = 1) =

AUTOFLOIW CHART SET - FSCSM COMPUTER PROORAN PAGE 36

-a- 93

PRINTY
(=21 ,21H PHASE
!N OEGREE!
.400,995!

[3-1

CINJOX =
CHPLX(PC/HO* (10, ¢
*(GAIN(13/20.)),

IFAZE(1}))

17

GINFU =
CPLUPC/WFetID. ¢
S(GAIN{1)/2D.1),

(FAZE(DI )

BT

PRINTY
(-21,21H GAIN
IN DECIBELS .

“0C, 4T

13

».R
tos

R-9808/8-48
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i .400,995)

NJMBE

R
40010100 :

00 o >
[C e
- e
.
ves  (m
j 03,
999 r:s
ExIT
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CHART TITLE ~ SUBROUTINE FRESP(ICRT, IWRITE, DO

ORIGINAL PAGE 1S
OF POOR QU
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AUTOFLOW CHART SET ~ FSCSM COMPUTER PROGRAM

OMART TITLE - NON-PROCEDURAL STATEMENTS

u?

n3

112

3tQ
116

323

1000

DIMENSION OM(101) ,GNSCPSI101), 0101} ,0MS1101), 1011261 ,CP(62, 126)
DIMENSION LX1t3), 1130, JE13),C7(3),C162,1261 ,TD(62,83),00128)
OIMENSION XMAGIG2) NOIE2) JREAL (52) ,XIMAGIE2) ,GAINC 1011 FAZE(101)
DIMENSION VARR(GR) . VAR]I(62) ,PHANIS, 101} ,DECE(S,101)

DIFENSION ATOL135), 1OF (18)

COMMON/F 7N NCTD MR KEU. TRIG, IRPS ,OM] ,0MFL W, 1D,C, TD,ATO,

FREQ, GINJOX ,GINUFU,PC ,$0 , WF

COMPLEX  NOZAT(1001,GINJOT {1005 GINFT (100) ,GINJOX ,GINFU
COMMON/COMTAP/NFREQT .FREQT (100) ,NOZAT ,GIMJOT .GINJF T I TAPN, 1 TAPC,
1TAPH

STATEMENT FUNCTION DEFINITION, DELTA(DOOIFL) w!.0 ~ABS(QOOIFL)/AMAX] (ABS(QODIFL)
STATEMENT FUNCTION DEFINITION, UNIT{QOD2FL) =C.%5 + SIGNC 0.5, DELTA(QDO2FL) +

o2FL)))
STATEMENT FUNCTION OEFINITION, THETA(DOOIFL ,Q00WL )
LI+ SIONC].0,000FL*QD0WL)®  ATANI ( (ABS(Q0CMFL I * (1 .0-DELTA (0003
FLIIHIZ (ABS{OODYFL)+0E TA(QOOZFL)Y 1) (180.0/3. 14159311 © (1.0-0ELTA
(QOONL )1+ 180.0°0EL TAIQOOIFL)I* (! . O-DELTAIQOOFL) )8 (% +UNIT{~Q00Y
FLY)
FORMAT(112,13,19,13,19.F2.0,110,2F12.01}
FORMAT (MEH-MIDER OF SMUFFLED IN FREQUENC IES EXCEEDS 100)
FORWTIEF12.0)
FORMAT ISOM-NUPBER OF COLUMNG EXCEEDS 1260
FORMAT (6] 12
FORMAT ¢ 31H-MIMBER OF EQUATIONS EXCEEDS 62)
FORMATI26M INITIAL FREQUENCY 1S Z2ERD)
FORMAT (SBHITHE NMEER OF FREQUENC |ES EXCEEDS 1001
FORWTI3112,14,.16,F12.0))
FORMAT (720
¥
FORMAT [ 1BM 1.0, VECTOR  /(1MO,241%))
FORMATIIIMD  EQUATION 13 /(4HO JAPIEI.B))
FORMAT (XPHIMATRIX OF TIME DELAY TERMS)
FORMAT (24H LS HAS A NEGATIVE VALLE)

FORMAT LAY VARTABLE MAGNITUDES USING A FRE
QUENCY OF JIPEIY. 6,54 APS. ./ IHD BN VARIAB
LE NMUMBER MAGNT TUDE PHASE /01W0 |
127,1P2€30.61)

FORMAT(T0 M! THESE ARE INTERMEDIATE RESILTS PRODUCED AFTER £ACKH MA

TRIX INVERSION. 7S3HOINPUT FREQUENCY IN RADIANS/SECOND AND CYCLES/S

ECOND. /S9H0 VARIABRLE GAIN(DE) ,PHASE (DEGREES) VARIABLE €

€.

FORMAT (ITM) INITIAL VALUES OF COEFFICIENT MATRIXY

FORMAT(//13,5X, 1P2ER0.6/(WHD | IPTEI4.6))

FORMAT(//7F20.% F20.5//11% FB.2,F7.1 ,14,FB.2,F7.1,14.FB.2,F7.1,Iu.F

8.2,F7.1.14,FB.2,F7.11)

FORMAT (2111 FREQUENCY SO VARIMRE 123 210
RPS cPs S1184 DECIBELS PHASE )/)

FORMATUIPREN0.2.5(2M /, DP2FB.2))

R-9808/B-50
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0B/B8/ TS AJTOFLON CHART SET - FSCSM COMPUTER PROCRAM

CWRT TIMLE - SUBROUTINE HEAD

L= 7

02.02——n
ROUTINE TO PRINT
HEADING

ey m. D.

SCHUMAN. ROCKETOYNE .
MAY 1975

R-96808/8-5]
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MITOFLOW OMRT SET - FSCSM COMPUTER PROORAM

CHART TITLE - NON-PROCEDURAL STATEMENTS

FORATOIMY 77777 M3X, "ALYTICAL DESCRIPTION' ,//,

W4X,‘FEED SYSTEM COUPLED'.//.W7X, 'STABILITY MOOEL',//////,
WTX,"COMPUTER  MODEL* .77/, 25X, ' PROORAM RAME , FSCSM, FIv VER',
'SION,  MAY 1975, /77 25X, ‘OEVELOPED BY, M. D. SORMAN, ',
PJ. K. HNTING, AND K. W. FERTIG',/ 42X, 'ADVANCED PROGRAMS . ° ,

* ROCKETOYME ',/ ,42X.'OIVISION OF ROCKMELL INTERMATIONAL‘,/,

“2X, "CANOGA PARK, CALIF 1304 ,7/7,

25X , "SPONSERED 87, MASA/LYNDON B. JOMNSON SPACE CENTER',/.
42X . "HOUSTON. TEXAS 770%8° ./ .%2X, 'UNDER CONTRACT NASO-1431%})

R-9808/8-52
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OWAT TITLE - M.OCK DATA

" R-3808/8-83



o8s25/73 AUTOFLOW CHART SET - FICSM COMPUTER PROGRAM PAGE

QUAT TITLE - MON-PROCEDURAL STATEMENTS

COMMON/MY/ ICRT, IRFLAG , 1 TERM, I TYPE, 18RI TE, IX, A CW KF KO, L .R,AMOL .Y,
VF VO, WOLF ,VOLO,2F .20 ,05AVE ( 188) ,FSAVE (188

REAL  A(30).CM(30) F KO,L130) ,RI30) RHOL {307,V (30}

DATA ICRT/0/, LRFLAG/D/, ITERH/O/ 1 TYPE/ 1/ IWRITE/0/

R-9808/8-54
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06/25/ 75

AMJTOFLOW CHART SET - FSCSM COMPUTER PROGRAM

CHART TITLE - SUBROUTINE HYDRDY (IR, |NPHYD FRE ,GIND.GINF PCIN, HOIN . WF IN)

4. 1

SUBROUT INE
mmwm INPHYD,
FREQ, mm GINSFU,
PC WO, WF

»[-READ NEW DATA

CASE,
Mlﬂ EXISTING
OATA

W
FUEL INJECTOR
ILB/SECH

LABELED COMMON BLOCK
/cmnp/ VARXA&[S.
FREQT ARRAY
FIMM:IES tlDO
MAX.) FOR INPHYD=2

NREQT - NUMBER OF
mmlﬁs IN ARRAY,
GIN.DT - TAGLE OF

X NUBERS W!TH
GAINS »o PHASE
ANGL
OX1D. INJE
OSCILLAYIDG AT VF(OY

INJECTOR FLOW
OSCILLATIONS AT FREQT
FREQUENCIES

NMEL IST /HYD/

FRE
IRITE - HXNT FLAG,
«-2-NO PRIN

== -PRINY WWY

TERM
TERM - TERMINAL
INPUT FLAG, =0-NO
TERMINAL , }O-TERMINAL
UNLT NO.
NOTE, um-nn CHANGES
IH’LAG T0 1

TYPE - SYSIEM
HJG -1-eov~ OXID -

DESCR IBE

HITH 1 Dlu

-Z-MID SYSTER Oata
CALC-

ru.ATED FIRST, THEN

UEL SYSTEM DATA READ
* CALCULATED

INJECTOR FACE
FLEXIQILITY CONSTANT
1IN® =2y
K0 ~ OX10.
INJECTOR FACE
FLEXTBILITY CONSTANT
(lN )

Y HITH
FEED SVSYEH SEGMENT

SEGMENT LIPCMIZEO
RESISTANCES
1SEC/INe*2)

RF ~ FUEL
INJECTOR LINEARIZED
RESISTANCE
(5EC/ IN*92)
RO = ot
INJECTOR LINCARIZED
RESISTANCE
(SEE/ [N e2)
= ARRAY HITH
SEGMENT FLUID DENSITY
VALUES (LS/]N"]}
v ]
EGP(NT
V&[t”v
vALtIS IIN/SEC1
INICVG? FLUID
C VELOC!ITY
(IN/SEC
VO - Ox10,
INJECTOR FLUID
ACMT[C VELOCITY
HNJSE
VOLUE OF
FLEL lMICYm HN"I)
voLo

OXIDIZER I&ICYM
INe*3)

¥
lMCYN !PtRYAla
{SEC*"2/ IN"*2)

- OxI0.
INJECTOR !NERTANCE
(SECe*2/ IN**2)

OCEFALLY VALLES FOR

VARTABLES

1CRYT=D, IWRITE=D,
IRFLAG=0, 1TERM=0,
TYPE=

VOLF e
2F=, 0003& ZD- 00004

NOTE, MAXIMUM OF 100
VALUES IN FREQT ARRAY
MAXIMM OF 36 VALUES
INA, Oi, L. A, RHOL
.V ARRATS

10
Ctl, = 0.

BEGIN DO LOOP
20 J = 1. 63

X 13

™15 =0

03 \
4
asE ;
1"
N
TRE 20 of 00
LOOP?
s
! o
|
REWIND, 1TAPH |
" L NOTE 16
R-9808/B-55

PAGE 43

H(15) « 0 ;
HO8) = 0 \
1H(U9) = | |
M = 0 ;
IHI%8) =
i
1M1 = 1 i
T
N
1H(621 = D
e
|
T KT0 = 13 ‘
; - 63 !
i !
| KEQ = 57 !
i TRIG = Q.
I
| 21
1PS = D
oMl = FREQTIT) |
\'IN' 071
}_m:o RE no
» 7 e
e
4 RE
T ar
'y
Fase (m \
' e
) 100
23
L TRE
R 0.2 .
™~ .
Fase (e
| o
| w5
1
NOTE 2%
—_——————
BEGIN 00 Looe
Lowp 1t )

«.m:{

i
T&(> = 1000000, |
i VeI = 40000,

IR
CHEl) = 0.
RHOL(L) = .0

R b

w0 26
Lty = 001 H

i

we . D1



0B/ AUTOFLOW CHART SET - F5CSM COMPUTER PROGRAM PAGE e

CURT TITLE ~ SUBROUTINE  HYDROY (IR, INPHYD, FRE ,GIND, OINF, PCIN WD IN, WF IN)

w18
Le1ENT
PATRIX FOR FREQUENCY
RESPONSE ROUTINE
NOTE 21
—
1TERM 6T, © | BEGIN OO LOOP
1611 1.3
s
¥ = 0000
70 = 00004 101 22
Rl Vi - 1
SORT(1.701.ov011 |
RO = .1 IVIL) - )
RHOL (11eCHI 1) /G))
VF = 40000, —_
vO = 4ou00. i !
F 03 i i
W = 0. i
0 - 0.
vOLF - .01

LT *
RETURN 7O SYSTEM ca,) e 1.

Ct1,2) = RiL) «
Vi /G/ALY)

c2.1y =1,

Ct2,4) = ~
VI3 /G/ALS)
Ct3.31 = 1.

C(3.%) = A(D) +
. VIB/G/AD
| Ctw, 1) =1,
1 Cv,2) o - .
(R(2) » :
I v@serany ;
- -
1
|
| 2
i
Cl4,4) = R(2) o
VI2)/GIAL2Y
\ Ci%. 3 = 1.

3

j CB.I =1, i
td
—

'
|
Ci5.6) = - ‘
VISI/GIALS) I

C(6,5) = ~
Viu)/Grate)
(6.6} =
VI41/G/AIY)
c(7,21) = 1.

C(7,20) = Riw) »
V3/G/ ALY

CE7 =1,

C1e,8) = R(S) +
V{SI/GIALS)

Cl9.M = 1,

€19,8) = -
V161 /G/ALBI
ceto.9r = 1.

R-9080/0-56
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AUTOFLOW CHART SET - FSCSM COMPUTER PROCRAN

CMRT TITLE - SUBROJTINE HYDROY (1R, INPHYD FRE .GIND, GINF ,PCIN,HOIN WF IN)

ha
0
€€10,10) » ~
R »
YED/GIALN)

Ct10,11) = R(T) +
VENIG/AT)

Cilne = 1.

cuga2) = 1,

Ce12,13) = RiG1 »
Vi@ /G/A8}

Cit3 12y = 1.

) . -

13,13
VISI/G/ALD

Cltw, ) & 1,

CLi4,27) = RIG) »
VIGIIG/ALD {

cUS Y = 1,

. €015.27) = -
| YO0IGrALIC) ‘ i
\ CU16,161 = 1.

CI6, 1T = !
RULO) i
V101 /76/A010) ‘\
|

i

| e

CiTa6 = 1 ‘
crae = -20 L

€(17,19) = - FO

Ct10,15) = 1.
YO*VO*KD/G/YOLC

! e

CUB T = ~ '
(VO*VO/G/VOLD) .

c(1g, 13 = |
VOVOIGIVROD |
|
|
i

Ct18,62) =
VO*VO*K0/G/YOLO
—_—

! |
: [
| cu1g.21) = 1. I
|
l C119,221 = [
VEIWY/G/ALIM) j
C120.29) = 1.
€120,28) = - 5
(RiTte) o
V1% /GrALIWY ) |
i

cial - -
VIHIIGIAHI)

Lo,

i

0o |
Y Ty

caren =1 ||
l
;
} Vllll/G/All\l 1

\ »n |
—_——

ct22. 24 = 1. ' E
| ey - oo
| L
vlll)/G/Atln '

cma ot

ORI
OR QU B Ig
Urp

Ty

E——"

ce23.23) = -
(R(13) »
VO3 /6/A1130)
C(23.2%) =
R(13) «
V1317640130
C@e 241 = 1.
i
| 11
_—
c(24.253) = -
VI12)/G7AL12)
C2%.31) = 1.
125,301 =

!
| ROIS) +
V(151/6/A115)
!

l 12
Ci26.31) = 1.

€26,30) = —-
V(163 /G/A(1B)
€127.291 = 1.

c@27.28) -
RUIBI *
VI16)/G/ALIBY

ct27.32) «
RUIE) »
VOB /GIATIE)

| cmam -1

Ci2f,we) =
Ri1221 o
o VIR1G/ANZRY
| c@a.s3 « 1.

1 C129,43) =

h V2] /G/AISM)

1

1%
Cr30,%31 = 1.
|
! Ci30, M4l = -
(R(231 »
Vi23)/67A(23))

C(30,45) =
RI23) +
VI231/6/A12T)

16
r—————~
czee =1,
C(31,32) = - i
RiTT) + ‘
VOIY/G/ALITYY |

|

|

i

i
.

‘: C(32,33) = 1.
{\ Ci32,34) =

| VUG AT

17

cexzen = 1. |

[T R A
VI211/G/A2Y) \
. Ct33uel = :
L VI2LI/G/ARDY l‘

[2ER - R

i \B

Cie,35) = :

R121) » !

VI211/G/AI21Y

| oCe3s3n e, !

boCi35, 3 - - .

i VB /GAAUIR !
i

!

A

Ct33,35) = -
Vi@ /gane

136,360 = 1.
cs I - |

RUIB) «
VI18)/G/AC18Y

1 20
C137,36) = 1.
€(37,37) = -

(RLIGY +
VUI9I/G/ALI9N)
Ct37,38) =
RUIS) «
VI19)/6/A1ID

T
|
V

Ct38,36) = 1.
C(38,38) = -
VI20)/G/At20)
CIE ‘45? - -

V120]IG/A|20))

! 3
CiM0,41) = ).

C(40,48) = -
Vi25) /G/AI25}

Cluy 471 = 1.

Cl;l MG) -
v(zs)/G/AlESD
Cta2, 471 & 1.

\
1 Credug) = - }
V(26)/G/A126)

Eal
C43,491 = 1.
! C(43.50) = !
( R(26) *
| vi@er /oA |
\

| Ciwe,ng) e 1,

| -1
—_——
Clyy, %50 = = }

; (RiZ7) » \
| veEmsGaen ]
P T, 50 -

R
V(z‘h/G/u?h L
P Cles,va) =

CI45. 51) = -
| Vi28)/G/Ar28)

Ceg 52) = 1.

C146.53) =
R(28) »

vI28) /G/A128)

H N
———
Cte7,52) = 1.

C(47.53) = ~
V(29)/6/A129)
'

| cxua,&‘)-L '

R-9808/8-57

—

crea, 3 =
vizdoaraiza !
Cg. o = 1. ‘
Cv9,39) = ~ '
Vi301/G/A(30)

29
C(50.%6) = 1. |
Ci30,57 « H
v(3o§;c/A|3m i
ct51 .96 + 1.

1

[ Cs1.50) - -7 |

V
3c

———
[ csime=-m
Yocime,55) =1, -
VE SV AKE/GIVOLF
Ces2.8T o -

(VF *VF /G/VOLF ) '
e
|

! 31
ci52.59) = |
VF eV 7G/VOLF |
cise.62) = '

VF eYF K JG/VOLF 1
C(53,9) = |. ‘

C153,10) » R16) » |

V(61/G/AI6] i
32
cxsu ?Bx .- i

.

1 vnzus/uxzn

1

| ctswr =1,

l Ctss uz) - |
Vi?ﬂlG/Alal '

L

e

M eess.s01 = 1.
Tocen - 1.
[ocuTeh e 1.

Ct51.63) = 1.

GENERATE TIFE DELAY
PATRIX FOR FREQUENCY
RESPONSE ROUT INE

TD(1.1) =
2.°L 111918 1

1.2) =
2. 001N
{ TD12,3) =
LBV
l‘ ™I2,3) = !
LE31AVED .
1
1
35
1 TO(3,1) = i
i L1311V
'
M) e i
LBV b
i ‘
‘ wi2ive J

PAGE Y5



08/28/73 AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM PAGE  “&

CHART TITLE ~ SUBROUTINE HYORDY([R, INPHYD FRE GIND GINF .PCIN, WOIN WF 1IN}

w5, e
] o8 | 18
TD(. ) = TOU(19.27) « 031,310 = TOI4y, 48} =
2. @) LItHIZVEIy LN 2. e
018, = TD(20.19) ® TD(31,32) = ] TO(s 48} =
LISIAVIS) Lazyee LUTINOD 12V
™S - TD(20,20) = D(32,27) = | | tows.s0) -
LIBIAVS) LUV LanNm i Li28)/vies)
TO(B.1f) = TDH21,28) = TO(32.30) =
LI} Fvin) LiDzven canvum
: TO(45,51) =
o2 09 17 ! Li28isviee)
OIS, 1) * T0(21,22) = TD{33,31) TO(46,47) = .
Ltvisven LUNVan w@nsvian L1281 /viem
7,0 To(22,18) = TD(33,33) = | YO(4E.49) =
LIMIViN) LUV LN VD [t VMY )
TO17,%) = 022,191 = TOI™,39) = Yo e
LV LDV Lenven ) L1281/v(29) :
TD(7,6) = TO(22,201 = TDIM 40) =
L) 2viny Lanvan Leaivien
TD(%7,52) =
03 10 | 18 I v
TD(O. D « TB(23,211 = TDII, ) = TO(46.90) »
LIBI/V(H) 2.ud/vad Laveen B L(291/VI29) \
TO(8,.6) = T0(23,22) = TOI3S, 3 = | 048,911 =
LISIZVE) 2. a3 van L{181/vi181 i L(291/vi29)
T0(8.9) = TD23,23) = DI135,35) = i TDI%9,53) «
LiBI/YIB) L 2. udvas Laeviie ! L(301/V(30)
D19, 10) = TD{36.31) = !
LIBI/ViE) i LUBI/V(IB) !
1 o
TO(24 ,24) = TO(49, %) =
O Loty 19 LO301/VO30)
9.9: = TO(24,56) = 1D136,32) = | 10(50,371 =
E -u'mvm La2ivi Lagi/vie H L(30)/V(300
TD(10,10) = TD(25.,28) = TDI38,33) = 050,521 =
2.°Lvem 2.°L1151/V015) LABIVTIE) ! L(30)/v(30) !
TOC10,11) = TDIZT7,34) =» { DS, T) - !
2.°LITIven 2.°L11937v(19) : L(6)/V(E) |
12 T —r—
i1, 12} » H ' .
Li81 /vt T0(25.291 « i !
2.LO8/vUS) i 20 | 28
TD(26,28) « TDI37,3%) = L YT
LU16)/V(16) 2.90119i7v019) L1B) /Y6
™,13) - | TD(28.27) = TDI37.36) = } TD(%M,22) =
L18)/vi8) | L{I6) /(LB 2.°L118)/V(19) foLndiivay
(12,9 = ! 10(28,30) = ™0138,38) = ! | 1054231 @
gV LLI81/V18) L(201/V(20) ‘ LO2yrvt12)
i
TDU2,11) = i TOIS5 11 =
‘L@Ivig) ! INETEY)
13 2r — s ————
TOU13,14) « }
LIS)I/vign TO(27.28) = T0(38,57) = [ ;
i LQsi/vaer L120)/v(20) - 29
i ToeEree - T0(39, 341 = Mo -
b casvie I L@diivieo I Liaiivizey .
H : pid - ——
TD(13.25) = : D28, 41) = TO(35,36) = i
LRy /vis) io2.eLiaRiv@) L(20)v¢20) | i
TOI%,12) « 0. 48) ' GENERATE TIME DELAY
LSV ua-.h/v(a) COEFF ICIENT ARRAY FOR
1 L FREQUENCY RESPONSE
TDIIN, 131 « i AT INE
LIS1/YIR) D128, 423 i \ :
2.eL122)/v@2) =3
D118, 151 « ! i EJ
L0V TD(29.39) « TOwo.us = |
L)V L12s17vi2s) P ATD(1) 1.
TD(29,40) D ez e || L, ATOR) = mip -
o« Li2ui/vias) LL25) /YIS | ! B VITI1/GrAL Y :
T™(15,18) = TOMe1 ) ® ‘ | ATD(D) = - 1.
LI10 V(10 . LI2%)/Vi2%) -
15 ATO(4) = - B
TD(18,14) = TO(42,47) » tR{3) -
L0 /vaIoH TO(30,41) = LI26I/ViDE) V131 /G7ALDN) !
2. 123V
TD(16,251 = | ’
L(1017¥(101 TD(30.421 :
2.+L1233/v(23) : ; 31
T™U19,28]) « —_——~.ﬁ i ,——__i—
LORI VW TD(30,431 = TD(42,48) « ‘ ATD(S) » - 1, |
L1233 /V(23) Li2BIrvies) (- |
l ) ATDIB) = - '
TO(43,48) = | V131 /G/ALS) |
’ L(2B1/vI26] i ‘ ‘ K
i ATD(?Y = -1, !
TDI43,46) = f | ‘
LI26)1/V126) i | ATDIE) = R(2Y -
| 1 | VI21/G7A12) !
TD(we, 47} = '
2. -len/vtam ! !
| N
47.01

R-9808/8-58



0B/23/78

MJTOFLOW CHART SET - FSCSM COMPUTER PROGRAN

CHARY TITLE - SUBROUTINE WYORDY (IR, INPHYD, FRE ,GINO, GINF PCIN HOIN WF IN)

“.!l—j o

ATO(S) » -
(RE21 =
V23 /G/ALR))
ATDUID) = - 3,
ATD(11) ® =
R(S) -
VI(S51/G/AIS))

ATD(12) = -
(RiM) -
VM) /G/At) )
ATDUI3) = - 8,
ATDIIN) & =},

ATD(15) » ~
VIN)I/G7Al)

| .

ATDI1B) =
VIN)I/G/AY)

ATO(171 = = 1.
ATC(IB) » ~
V(5)/G/A(S)

ATD(I9) = = |,

ATDI20) = -
(RIB) -
VIBY/G/ALG))
ATDIRI) = = 4,
ATD(22) = R(7) -

VIIG/ALD)
T

r____J___°‘=
ATDI2Y) = -

(D =
VI?I/G7ACT)

ATDI2M) = = 1.
ATDIES) = -
(Rt@ -
VIBI/GIALR))

ATDI26) = ~ 1,

ATDIZT) = -
v181/G/A18)

ATD(28) = - 1,
ATDI29) = -
(RI9) -
VI91/G/A(D))

| o
ATDI30) = - 1.

ATO(31} w =
V(9)/6/At9)
ATD(32) = - 1.
ATD(IX) - -
(R10) =
YU10)/G/AI10))

ATO(De) » = 1,
ATD(3S) = -
Y101 /6/7at10)

ATDI36) = Ril4) -
VUI%Y/G/ALLY)

ATD{ZT} = = 1
ATD(M) = - 1.

ATOI39) =
VONIIGIALIN)
ATD(4D) » -

{R(11) =~

V111G

ATOMI} © = |,

ATDI42) ® =
VUTIG/ATID
ATO(43) = = 1.

ATDIWY) = -
VIT1)I/G/ALLY)
ATD(WS) « R(131 -
V131/67a113)

L ATDU(NE) = = 1.

ATD{4T} = =
(R(13} =
VOI31/G/AL13))Y
ATD(4Q) = ~
IR(12) -
vUI2)/G7an12))
ATO(NG) = - 1,

1

ATDIS0) = R(13) -
VIS /G/ALIS)

ATD(S1) = 1.

ATD(52) = -
(RU1B) -
VUIBI/G/ALIB)}
ATD(SD)

| "
ATOIM) = =
1RL16) -

YUI6)/G/ACIB) Y

ATD(SS} » -
V(181 /G/A16)
ATD(S6) = - |.
ATDIST) = 1.

ATD(5@) = RI22) -~
vig2)1/Graie2)

ATD(S8) = - |.
ATO(BD) = -
1 3} -

VIRMI/GrAL2e) }

[ .

ATD(E]) = - 1,

ATO(62) = R(23) =
V(231 /6/A(23)
ATD{B3) = -

(R(23) -
VI23)/G/A @)
T
|

ATO(E#) = - 1.
ATD{ES) =
YONsGanT
ATDIBE) = - |.

ATDI6?) = R(IT) -
YUDIG/ALLTY

T

\

SRS

R-9808/8-59

!
ATD(E8) = - 1.

ATO(09) = -
(RI21) ~
VI21)/G/AL210)
ATDI?Q) = = 1.

ATO(71) » -
viel/esa2y)

ATO(72) =
VI213/G/AL21) i
ATDCTH) » - 4, |

S
: ATO(NY = =
§ Re18) -

Love@/Grangn
‘ ATDITS) = = |,

ATD{7B) = -

. VI18)/G/A118)
i 21

ATD(TT) = -
V(181/6/A4018)
ATO(TE) = = 1.

i ATDI79) = RCIS) -
i V{191/G/A119)
—e

| =
! ATDIO0) = -
(R(19) -
V(19)/G/A119))
ATDIB1) = -
(R(20) -
V(20 /G/AI200)

| ATD(@2r « - 1. |
i ATO(B3) et ‘
! 23

! ATD(EM) =

' V201 /6/A20)

ATD(B5) = - |,
ATDIBE) = -

(R(2%5) -

V(25) 7/G/AL2S))

| ATOB?) » - t.

2%
ATD(BE) = -
V2% /G/AL@S)

ATDIE9) = - 1.

Ri26) -
V(2E)/G/A126))

.
g
8

ATO(91) = = 1.

ATO(S2) = -
V(2E)/G/A26) |
I

ATD(SD)

|

ATD(GM) = RIZT) -
VI 1G/AI2T)

ATDIGS) = -

(R(27) -
VTG A
ATO(96) = - |, {

.01

PAGE 47



06/25/75

OUAT TITLE - SUBROUTINE  MYORDY (IR, INPMYD, FRE ,GIND . GINT ,PCIN,HDIN, W IN)

'07‘25-——>] o1

ATO(OY) = -
tR(28) -
¥128)/6/A128))
ATDIOE) = - ).
ATO(99) = -
V(281 /G/A(28)
T

| 02
ATO(100) = -
IR(29) -
V(29 /G/AI29) )
ATDIID1) = - 1,
ATDLI02) = - ).
T

l 03

ATD{103) = -
VI29)/G/A129)

ATOUIOY) = - .
ATDI10%) -
(RI30) ~
V(30)/G/A(30))

ATOC106) » -
Vi3201/67A030)

ATD(107) = - .
ATDCI08) = - 1,

ATO(109) = -
V61 /G/ALE)

o5

ATDOLID) = |,
ATD{11t) -

V121 G/ALL2) |

ATDU112Y = = |,

! |
1 ATD(I13) - - i
| viamrseae |

MITOFLOW CHART SET - FSCSM COMPUTER PROORAM

R-9808/8-60

IN
NTERMAL FORMAT,
FROM THE LIST

| more

23

G
i (GINJOT DY,

GINFTIY] ,J =
L 1 .NFREQT)

=

GING = GINJOWE—

GINF = GINFU

i




0872578

AUTORLOM OHWART SET - FSCSM COMPUTER PROGRAM PAE

O#RT TITLE - NON-PROCEDURAL STATEMENTS

g 8

COPMON/HY/ 1CRT , IRFLAG, [ TERM, 1TYPE, LWR1TE, X, A CH.IF KO, L .R.AHOL Y.
W, V0. YOLF ,YOLO, ZF , 20, 0SAVE (188} ,FSAVE (168)
REAL  x(188)
FOUIVALENCE {X{1),A11)}
COMMONZF /N6 NCTD NR, KEQ, TRIG, 1RPS.OM] ,0MFL W, IK,C, TD, ATD.
FREQ.GINJOX ,GINFU,PC WO WF
CoMPLEX NOZAY {1003 ,GINJOT {100} ,GINFT{100} ,GINJOX,GINSFU,
GINO,GIN
CWICOTIAP/“OY.FEQ"IOB).POZALOIN.DT.GINJ’Y.H’W.ITAFC.
1TaPH
REAL |.|30|,m:o).u‘.m‘vtm).msa.lam.ro(&.u) LATD(128) K101
LCHI301  RHOL 130} KD, IF
INTECER®M [M!126)
NAPEL IST/HYD/L R, AV, 001 LOMFL FREQ, NFREQT , 1WR1TE, ICRT, ZF ,RF \VOLF,
W,ZD.N.VU-O.VO.WDT.lN.IW.IM.KO.KF.CN.M.IO.I“’FE.!X
FORMAT(* INPUT NAMELIST +HYD DATA'/ ' VARTABLES ARE, L.R.A.V,CH.RO
L NFREQT FREQT, IWRITE, ITERM" /" ICRT.Z!".W.VO.K&F.W.K)’,ZO.QO.KLO
VO, 10, 1TYPE, IRFLAG )
FORMWUYI' END OF +HYD INPUT')
FORMATI1M1,///,18X, 'FEED SYSTEM RESPONSE PARAMETERS'.//.
8, ‘FREQUENCY ' WX, *OXIDIZER INJECTION RATE" .4X,
CFUEL IRJECTION RATE ',/ 20X,  AMPLITUDE SX, 'PHASE ",
B, NP ITUDE SX, "PHASE "/, (3X OPF9.3,5X, 1PELL. ",
0PFG.2,3%, IPE11.4,0PFS.21)

R-9808/8-61



os/esrs AUTOFLOM CHART SET - FSCSM COMPUTER PROGRAM

CMAT TINE - SEROUTINE  LOCFAC (K, X, T, NX, X, FX)

2]
FAL
™ ot
! V
! TRE

| , .
’ | 20
Tar )
90

R-9808/B~62



06/25/75 AJTOFLOW CHART SET - FSCSM COMPUTER PROGRAM

CHART TITLE - SUBROUTINE  LOCFACIK,X, T3, NX, X ,FX)

-

FALSE

FX ® (X ~
T I ZETROD ¢
1 = TX{W))

X LT,
AMINLTTXCRY,
™) -

WRITE T0 DEV
VIA FORMAT
160

X .GY,
AMAXT(TXE1),
TX(NX1) +

PAGE 51



06/25/75

AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM

CMART TITLE - NON-PROCEDURAL STATEMENTS

882

DIMENSION  TX(1)
FORMT(IHE WIX 2ME RR O R IN TAaBLED
FORMTIIHD 41X 2MREFER TO SUBROUTINE LOCFAC 7/
SX X = IPEIS.M / MX YHTX = 6E1S.Y / (8X 6E1S.y) |
FORMATIIMI 22X B#HE R R O R - EXTRAPOLATION OF TABLE 15 BEYOND R
EASOMABLE LIMITS 3

R-9806/8-64

PAGE



0B/25/73

CHART TITLE - SUBROUTINE NOZADM(IR,GAMX,CO,FREQ,NCZA)

PROGRAM DEVELOPED BY

GECRG1A INSTITUTE OF
0GY

REF . NASA CR-121129

MORIFIED FOR TWE FEED

SYSTEM COUPLED

STABILITY MODEL

&Y M. D. SCHUMAN,

ROCKETOYNE , MAY 1975

.

[}

REWIND 1TAPN

MRITE YO DEV
VIA FORMAT
8010
FROM THE L1SY

NOTE 07
‘ . LIST e RCCX. i
RCTX. ANGLEX, CRR !
! ;
2 ! 08
GAM « GAMX i
i RCC = RCCOX \
i RCT = RCTX I
i

| ANGLE = ANGLEX

OWC =
5.283185*RINJ/CO"
(FREQX =
FRECHT) / (INFREOT -
1"

WC =
6.203185°RINU/CO*
FREQM] - OWC

NAC = NFREOT

2000

%

OHC = 0.0

W =
6.283185°RINJ/CO
FREQ

NG = |

2010 NOTE 16

CONT INJE

17
I oP

= - D.0O!

T -
3. 1415927 ANGLE/
[ eeo |

3
2
N

AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM

PAGE %3

RY =
ICMee0.Bre(0] »
(GAM -
1)eCMeCH/2)
e L(-GAM -
1)/ 14 (GAM -
P12/ (GAM +
113 €0 (C=GAM ~
11/ 14 (GAM =
mn

L

Q=
(0.25°RT)
{2/ (GAM +

11145 ((GAM =
D714 tGAM - !
mIm H

n

|
i
!
i
|
1

I -]

PHIR = 1 !

PHil =0 ‘\

31
R1 = RT «
RCT#11 - DCOSIT)

A2 = 1.9 -
RCCe (1 - DCOSIT)Y

; Payg :
i
Lu-eumﬂ-n :

{

i
i
i

32

i

| AtR = - w/0iGAM s
’ 1) *SRTR)
i

B0R = - AIR
BO! = 4*WC/(GAM +
n

SRTR = |
(RT*RCT)**0. % \
i

|

|

I

!

SVNR = SW/RT

COR = HCC -
CISYNROSWR)
*2/(GAM ¢+ 1))

COl = ~
2HCH (GAM -
11701GM1 +

1)*SRTR)

™

BIR = 124 o
Y4 SGAM)
/13°RCT*RT*(GAM +
(R 2)

Bll =
BoHC/ (SATR® (GAM «
1

CIR = 29(GAM -




05/25/T3

AUTOFLOW CHART SEY - FSCSM COMPUTER PROGRAM

CHART TITLE - SUBROUTINE  NOZADM!( IR GAMX,CO,FREQ,NOZAY

g!—’] 0l

20R = (BORCOR +
B01+C01)
/ (BORBOR +
BOI*801)

201 = (BOReCO} -
B0 ! *COR)
7{BOR*SOR +
Bot-a01)

| .

—_—

F1 = BIRZOR -
811201 -
ZORCZORAIR «
AIR*201°Z01 - CIR
F2 = BLIZ0R «

B1R*20¢ -
E'AIR%O:'ZM -
1

03
ZIR = (FI¢1AIR -
BOR) -

Fe*8011/ L tAIR ~
BORI*(AIR ~
G0R} + BO1*BOLY

Z1! = (F2e(AIR -
8OR) «
F1o801) /1 (AIR =

YOCALR -
BOR)Y « BO1+801)
Ceu
Gl =y
Gi2) = 20m

!

6(31 = 201

Gi%) = PHIR'ZOR -
PHITe201

GU8)_« PHI|Z0R +
201°PHIR X

DYel,1) = - AR

ovia, 1) = 21R
aviz, o= 211
DY(4,11 = PHIR
Ove5,1) « PHIL

Yl =y
Yi2) = ZR
Y = 21
Yi4] = PHIR }
YIS e PHIT

i

8

2 ZADAS ¥
.| 5,0P,B Y0V, i
[} iah i
i ;
pa

:

i

)

U=y

R = Y (@)

21 = Y(H
PHIR = Y (W)
PHIL = V()
QBAR = U**D.5

iy

[
U*D. 37 (6AM - !

ix

L

()
S RO =
3 *TZ CovCU/BAM = 11)
. | ts.0p,p.G,00,
[] ia2) Fe
1 QBAR/ (GAM*RHO)
T
10
19
PP oOP
Ue st TRE
M- 02
2! = G}
PUIR « G4} FALSE
PHLL = GiS) |
]

(

R-9608/8-66

—

20N =
LUPUrZROTR:
(WG & Us21)e0HC +
urzn

YR » =
(UHIIRSZR
ZieZ11 *

WCeZ11oF 7 20M

20

© Y] = FedCoZR/ 20N
—_—

-_—

w0

PAGE



08s25/78

OWRT TITLE - SUBROUTINE  NOZADM( [R,GAFD0,CO,FRED, NOZA)

TR = Yi2)

Tl =Y
TON = (U -
HCetTIIoU -

MCOTI) -

{MCeTR) ¢ (WC*TR)

. YR e - Foy -
WCeTIH/TON

SYR =
GAMT (Co** ((GAM +
11/12°1IGAM -
131 IeYR

SYl -
GAMO(Co* { (GAM o
117122 (GAM ~
131))ev1

o
MWCe(Cov(=0.M))

ZON = 1/({W°W ¢
SVNSYN*CHeCM)

W -
SUNOSYNeI(] -
et

F o= (PN =
SVHESUN® (| -
CHeCH) Y 02D %) *2DN
Ce
SYNTSVNTCMe IDN
TR = (SYR ¢ C)}/F
T1 = SYI/F

Yoe (] -
TRI*(1 « TR) «
TIeTPIZ4LE -
TRIe(l - TRY
T1eTi3)000.5

AP =
0. 159198°0LOG ()

08

U = (1 - TR*TR -
TISTLY « L2001 +

).

1ottt - TR
TisTi1)0¢0.S
U = ust2eT1)

BEY =
0.31831 *DATAN(L)

FREQ) =
WCeCO/ (6. 2031850
RINN

FREQG2 =
WeCD/ (6.283185¢
RINJ)

NOTE

AUTORLOW CHART SET ~ FSCSM COMPUTER PROORAM

12

LIST = FREQI. YR
1, Fl

Yl. FREGR. SYR.
SYI. ALP. BET

§ T

13

FREQT(N) « FREQ2
NOZAT (NI = NOZA |

NOTE 23

LIST = FREG2. ||
[

I

[
1

_—l
K

ear

R-9008/B-67

PAGE

FILE 1T

-
r___l.__af
oz -



05/28/ T2

AUTOFLOW CHART SET ~ FSCSM COMPUTER PROGRAM PAGE

OWRT TITLE - NON-PROCEDURAL STATEMENTS

1005

IMPLICIT REALYEIA-H,0-2)
COMPLEX NOZA, NOZAT. GINJOT, GINFT
REAL FREQ, GAMX, ROCX, RCTX. ANGLEX, CRR, RINJ, CO, FREQMX,
FREQM], FREQT, FREQ!, FREQG2

DIMENSION DY(5,4), GIS), GP{S), YIS5)

COMMON 7 X1/GAM. SVNLANGLE ,RCT RCC /X2/T RT.Q.RI,R2 1C. IP

IX3IZIR2IE IXMIOH

COMMON /COMTAP/ WFREQT, FREQT(100). NOZAT(100), GINJOT(1001,
GINFTCI00), ITAPN, ITAPC, !TAPHW

COMMON /COPMNOZ/ RCCX, RCTX, ANGLEX, CRR. RINJ, INPNOZ, FREQMX,
FREQM], 1PANDZ

FORMAT (EE12.8)

FORMAT (/,5X, 'ROCX = IPE11.4,5X, "RCTX = E11.%,5X, "ANGLEX »° .
E11.4,3X,"CRR ="' €11.4)

FORPATLIHI 744/ , 30X , SOMTHEORE T 1CAL NOZZLE ADWITTANCES,// 23X,
TYMACH NUMBER = F3.2.7M SWN = F6.4,9H4 GAMMA = FS5,3.//,
TXATHNOZZLE ANGLE = F4.1,2X,21HRADI| OF CURVATURE .
YSHTHROAT = FE.4.124 ENTRANCE = F6.4,//,9X,2W°C,

TX.2HYR B 2HY | BX, 1N X . IMSYR, 8, 3HS YT,
BX . SHALPMA 5X  WHEETA, /)
FORMAT(EX.F6.1,2F10.5,F10.2,4F19.%)

R-9808/8-68



o8/ T8

OWAT TITLE - SWEBROUTINE  RXTDIF 1P,0,6P1

99.070—»
ROUTINE FOR
SUBPROGRAM

PROGRAM DEYELOPED BY

GEQRGIA INSTITUTE OF

TECHNOLOOY

REF. NASA CR-121129
.

]
Vs Gl

L meo@ |
|

Tl = Gi3}
PHIR = G(Y4)
PHLY = 0t5)

C=

1 - (GAM
1)7%U*D.5

Re
Qe gy
Loee{a], /(2.0 (0AR
1)
e(Use(-0.25))4.0

=100

= o
” R (Qse)
- R
~ S
\(
EX 05

oR = -
((2*ACT* (R = ;
(R - |

(2
, R -
‘ RTISIR -
¢ RTY)SSD.8) /(AT o
b))
RCT - R

|
w5

AUTORLOW CHART SET - FSCSM COMPUTER PROGRAM

VA =UsC - W
BR = UGP(1)/C
81 = 2%WCeU

CR » WC*WC -
(SYN*SVN<C) / (RR)

{ T2 « TR*TR »
TieT1

QP(4) =
(TRePHIR -
TIsPHI 1} /T2

35 13

R-9008/8-69

-—Tﬁ 14

DR = ((2°RCCH (1 -
RY - R=1)%IR -
1))e90.53 /01 =
R - RCC)

w8 15

o e -
een.75)

¢ (Cer{(29GAN -
117 (2% (GAM ~

IRRRINAL LR

(AR ¢ 118+ .5))

GP11) = OUSOR

—

I

PACE



08725775

AUTOFLOM CHART SET - FSCSM COMPUTER PROGRAH

OMRT TITLE - NON-PROCEIRRAL STATEMENTS

1PLICTT REAL*B(A-H,0-2)

COMMON /1 /GAM,SYN ANGLE .RCT ,RCC /X277 RT,0.R{ R2,WC, 1P

DIMENSION G(S). GP(S)

FORMAT (3X, "PRINTING FROM CARD 4S7D' ./ ,3X,'Re’ \E15.8,
RIS LENS.0.3X, RT=" E15.9)

R-9808/8-70

PAGE



06/25/75

AUTOFLOM CHART SET - FSCSH

CWRT TITLE - SUBROUTINE RXTZ(NU.H,T1,U.0UM,JOPT)

™09 —N

ROUTIME FOR
SUBPROGRAM NOZADM

PROGRAM DEVELOPED BY
GEORG1A INSTITUTE OF
REF. NASA CR-121129

(3]
Atl) = 0.0

A2y = C.0
At3) = 0.5
At%1 = 0.5
AlS) = 1.0 i
TZ2=Tt i

NOTE 02
BEGIN DO LOOP

10J =1, N

03
Wt = Ut !

10 o]
' owen = F2OLLD
)
N
END OF DO
LOOP?

EY-TTT

PAGE %

15 ]
AQDIF L —
(TZ,UZ.0u) | w0 | 22
5
1 RDIF !
.| TZ.uz.oumn
[
1
59,21 —3
] NOTE 23
=
BEGIN 00 LOOP PR » WCOUIS) -
50 J =1, NJ B | Ut oMy
L TP e - Ut - |
P UL1) 905}
50 24 | ! ]
L [ PHAG = |
F201,01 = DM || DSORT(PRePR + !
12 Co P1eP1) i
—— e
n .
END OF 0O ' 3%
LOOP? ‘
. PARG = |
: DATANIP1/PR)
> —_—
Yes i
| -
WRITE TO oev
| NOTE 13 : VIA FORMAT
‘ 1000
BEGIN DO LOP | | /FROM THE LIST
01 =2, % I T

NOTE 38

k-] 17

-o. Ia

R-9600/8-71

U = Ut e

HetFZI1,0) +

2etFZ2(2,0 »
3.0 « }

F2(3,
FZiw,H)¥/6.0

60 59.3

1F wTSlﬁ‘:VD( RANGE

.3 '

60 3
g 1
? 1F '
5 qzuoen ..
j B

»
9.3
£



08/25/78 MJTOFLOW CHART SET = FSCSM COMPUTER PROGRAM

COWRT TITLE - NON-PROCEDURAL STATDMENTS

IMPLICIT REAL *B(A-H,0-2)

COMON /%277 RT,Q.R1,R2,MC, IP

DIFENSION US), AIS), UZI5), FZ(4,5), OUMN(S)
1000 FORMAT (4BX,FB.4,1X,F10.5,3X,F10.5)

R-9806/8-72

PAGE



08/28/73

CHART TITLE - SUBROUTINE RKIDIF (P.G.0P)

58,09~
ROUTINE FOR
SUBPROGRAM
PROGRAM DEVELOPED BY
%MIA INSTITUTE OF
RAEF . NASA CR-121129

u e Gl |
m = G2y
21 = 63
PHIR = G(%)
PRI = GIS)

s:.oa———»l
15 o
_—
Cel - (GAM -
11eueC.S
R =

Qs 1C) {
*8(=1. /(2. 2(GAM - l
'

)

GPi2) = ZIR
GPII) = 21
GPIv) = ZIR
GPIS) « 211

a‘, 1

ue-ﬁ:'r-ln -
H - (R -

-t H

I mn«o :nmu .

,

AJTOFLOW OHARY SET - FSCSM COMPUTER PROGRAM

GP(1) = 0.0

A eystc - U
BR = UGPI1)1/C

|
\
i Bl = 2eWCoU i
!

CR = -
SVN'SVN'C/ tR*R)

I ™
Cl» - (GAM =
1) ouceyeGPL)
0.8e¢1/€)

| 0P(@) = (IBROZR -
81921 -~ CRI/AY « |
AR « 71921

GP(3) = ({BI*ZR »
BRIZT - Cli/A) =
2°ZR2)

H
GPI4) = ZREPHIR =
Ztepmtt

GP(S) = ZROPHI] »
21PHIR

€1.03—>
20 18

R-9608/8-73

111990.8)/(1 -
R - RCC)
——Gl.ll'—)i
45 4 20
l——'——‘w ]
i

tyee0. 75}
CCORI20CAM -
1/1200Ga =
111171000 - l

+ 1% 80}
GP(1) =

__J

PAGE 61



06/233/73 AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM

CHART TITLE = NON-PROCEDURAL STATEMENTS

IMPLICIT REAL®BIA-H,0-2}
COMMON /X 1/GAM, SVN, ANGLE ,RCT .RCC /%2/T.RT.Q,R1 A2 W, IP
/XA/21R, 211
OIMENSION G(5), GP1IS)
16 FORMAT (3, 'PRINTING FROM CARD 5000°./.3X,"Re' E1%5.8,
3X,‘Ri=' £18.8,3, 'RT~" £15.8)

R-9008/8-74

PAGE



08/28/75 AUTOFLOW CHARY SET - FSCSM COMPUTER PRODRAM PAGE 63

OWMRT TITLE ~ SUBROUTINE  SOLVWIIGHERE )

SUBPROGRAM SOLVES FOR
FREQUENCY

THE

BASED ON THE
DOMNSTREAN
ADMTTTANCE
PROCRAMED BY K. W.
FERTIG, ROCKETDYNE,
MAY 1975

WHEN ISONT = 1.4, OR
S5 TM!S PROCRAM
COMPUTES CNDZA-NOZA

FURTHER, WHEN [SCNT =
1 OR 4, TESTING 1S
PERFORED TO
DETERMINE

If A ROOT 1S NEARBY.

Fi = XIMAGFIX]}
Hl = N

I
WEN [SOHT = 5,
GYPASS MINIMIZATION
OF CABS(CNOZA-NOZA)
IFAGIOMEGA] AND
COPUTATION OF

R-9908/8-75



06/25/73

CHARY TITLE - SUBROUTINE

o2
TRUE
FALSE (65
i ol
120

IER = - 1D

110

SO VHUIGHERE )

1

AUTOFLOW CHART ST - FICSM  COMPUTER PROGRAM

SLP EQUALS 1.
PROCEED TO MINIMIZE
CNOZA-NOZA )

IMAG IOMEGA) . TMLS 1S
DORE P TO STATERENT
145,

KNT = g

X2 = X{ -

HN/ (2, 9F 1)
X2 = AMINL(X] »

QELMX AMAX] (XT =
DELIO, X2 )

(bt
F2 = XIMAGF (X2)

¢ [
i A=

i AMAX1 (.01,
i CABSINOZA)}
=

e

1

1F F1 AND F2 HAVE
OPPOSITE SIGNS, THEN
MIN POINT HAS BEEN

CROSSED
TRANSFER 1O 125 FOR
CONVERGENCE TESTS.

| wote 16
ABS(FR/AF) .LE.
EPSFS . AND.
ABS{IX] -
X2IJAMAXL (L. X2} 1

L

R-9808/8-76

ICNOZA-NOZA) HAS BEEN
MINIMIZED W.R.T.
IMAG(CMEGA)Y . SAVE
VALUES
FOR COMPUTATION OF
DERIVATIVES W.R.T.
REAL (OMEGAT .
(Y. 170y
145 : 19
| CNOZO = CNOZA
l NOZO = NOZA
| FR3 = FNR
‘ F13 = AN

|
|
|
XR3 « REAL (OMEGA) ;

2i
| OFRDY « REALIGN) !
| DFIDY = AIMAG(GN)

AMAXT(.D1 . [
! DOLREAL (OMEGA}}
, ISP = 9 )
i 22

OHEGA = OMEGA +
= |

FREQ =
REAL LOMEGA !
712.%P1)

4

\/:s



os/28/13 AUTOFLON CHART BET - FSCSM COMPUTER PROGRAM PADE B5

CHART TITLE - SUBROUTINE  SOLWWOGHERE)

.1
02
ESTIMATE NEXT QUESS COMPUTE DERIVATIVES,
USING FALSE POSITION, FANG = F2 FTEST2(TEST
FUNCTIONY .
.01 ANS = DE T2 (0F TERMINANT
120 AIMAGIOMEGAY OF JACOBIAN) , D
COND2 {ICOND1 TIOM
X3 et MNJEER OF JACOBIAN) .
Floi/sF2 » e o3
1 NG B 12—=
146 12
ABSIFANS) 7AF LE.
LAND. OFRDX = (PR - 1
ABSIIX) = FR3)/0M '
A2) /AMAXL (. ANS)
) LLE. LPSX DFIDX = (FNI -
F131/70mM
118
OMEGA = OMEGD
FREQ =
REAL (OMEGA)Y
712.*P])

FIST2 »

AAl = DFRDX#¢2 o
DFROY* 2
AA2 = OFIOX992 &
OFtOYee2

3 =

AA
(OFROX*OF (DX +
OFROY*DF 1DY) ¢92

%07 1S BRACKETED 8UT
DNVERGENCE NOT YET
ACHED.

CALL 2ERO
FIND ROOT WITHIN

QqIR8R
#

o oa

19
@ 05— WRITE TO DEV
140 10 [
HRITE TO CEV Vs rﬂ y
)
& T™E LIST
Yia f?ﬂAY
THE LIST
L NOTE 20

LI1ST = ISONT,
KNTR, KSCNTW

QMEGA, CNOZA.
L/ LIST w XI, FI, NOZA, WM, FTST2,
il = %2, F2, x$, £3, A peTe, ‘conde
ANS, FANS. KNT,
€r. OMEGA

uiIGINAL PAGE IS :
OF POOR QUAm 65.03

5000

R-9808/B-77



[ a. ] AUTOFLOW CHART SEY - FSCSM COMPUTER PROGRAM PAGE 86

OURT TITLE - SUBROUTINE  SOLVHIGMERE )

TENTATIVE ROOT MaA!
NOTE 10 BEEN METED s

F‘I’STS'F% LE. NULE
._-AND. BE CHANGED
IT?"Z"»XD.GT. 0. BY FaLSE PCSITIONY

AMAX1 (COND! , DETERMINED THAT ThE
COOND2) .LE. CTEST JACOBIAN 1S SINGULAR
OR THAT a ROOT 1S
ACTUALLY THERE, THE
160 19 LATTER 1S ASSUMED BY

DEFALTY 1F “MREE

[TERATIONS HAVE BELN
TRUE PERFORMED W1IHOUT THE
geCGEBIAN CHANG ING

AND THE CONDTION
NMBER QEMAING LESS
THAN CTEST AND THE
ERI0R

1 CABS ICNOAZA-NOZA Y )
15 LESS THAN 2.5

20 ' o
s ) BT

0’7—4 : ]

170 NOTE 21 | OMEGSY » OMEGA
ABS (FR31 ! DEY2S = DET

/CABSINOZA} .LE. '
LAND. FIST25 » FTST2 !
AMINITABSTORY - | —_—
i

XR11OXR3),
CORY -
XR2IRBN)LE. | 28
EPSXS ‘ .
L | COND2S = CONDZ i
. FRIS = FRI
TRANSFER VALUES FROM | !
2701 A3 TO 2. /\ae | w35 e xR3
65, | Fi3s «F13
147 NOTE 13 TRLE i
SEE NOTE X135 « XI3
ABOVE
i » KSENTW « O
1 14 fu.sz @\ 67.17-
; 18t 29
Fll « FI2 phag — i o
: 220 I rrsT0 - F1STY
X11 = xI12 i
1 DETO = DEY)
FRI = FR2 { .
CONDO = CONDL |
XRI = XR2 :
1P = MAXQ([P 0
H .
——E6. 06— [R— —t
1 13
FRZ = FR3
XRZ2 = XR3
Fl2 = F13
x12 = x13 | L
. T _FIST1exR3)
i (IFTST2 - FiSTH) |

A3t
TRUE \
1ABSI1P) L

2

ALSE

ISCNT=1 AND
1STRT=} (NOT FIRST
TIME THROUGH CR FIRST

TIME THROUGH

AFTER A SINGULARITY

IN_THE JACOBIAN HAS
1. TEST

FOR
EXISTANCE OF ROOT IN
CURRENT FREQUENCY

RANGE
(FREQ-OELFRO.FREQ) .

1825 NOTE 33
|
I
; L
LIST = {ER, KNTS,
18 KNTR, ISCNT. XRI. CMEGA » XRy »
Xi1, FRI, Fil, . (0.,1.1
1STRY = 1 XR2. %12, FR2, | *AIMAGIOMEGA)
Fla. xR3, xI3. .
FREQ = FREQ + ‘| PR3] FI3. xRS, FREQ =
DELFRO Xis, FiM, Flu — X/ 12 P

€9.01 €9.03)
10 5000 17

R-$808/B-78
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AUTOFLON CHART SET - FSCSM COMPUTER PROGRAM

CHART TITLE - SUBROUTINE  SOLWWIKMHERE)

~.Z2JAD PAGE IS
“20R QUALITY

ACTUAL RODT HAS BEEN
BRACKETED .

2-DIMENS |ONAL  SECANT
METHOD

TO CONVERGE ON THIS
ROOT (LP TO STATEMENT
20%) .

DET = FRRSFII -
FR1eFI2 -
FR3*FI1 » 3
FAI*FI3 «

FRIF12 - FI3+FR2

PIO = (FR2FL) -

Fl2eFR1)/0ET

l

l 0%

Pil - -
(FR3*FIN -
FRI*F13) /DET

Pl2 = (FR3*FI2 -
FR2F13)/0ET

[}
13
Pl2exi!

X @ PIOWXRS +
PI1*XR2 + P12")R}
OMEGO = OMEGA
OMEGA = X +
@..1.0e%1%

|

DOM = OMEGA -
oEGO

ARINILL, .
0. 7CABS (DOF) )

OMEGA = OMEGO »
SFe00M

MR+ = REAL (OMEGA)

X4 =
AIWGIOPEGA)

FREQ =
REAL {OMEGAY
712, P1)

15

———

FTST1 = FTSTD

L?UCABSOOZAI
AMINI (CABS(OMEGA
-~ R -
10,1012y,
CABS (OMEGA -
MR -

10..1.3°x1 1)
JCABSIOMEGA) )

e = ¥Rt
X12 = xh
FR2 = F11
DEY! « DETD
COND? = CONDO

1P © MINGUIP,0) -
| 1

)

S

R-9808/8-79

JACOBIAN IS SINGULAR
NEAR THIS FREQLENCY .
ARCH METHOD
UPDATED FREQUENCY .
y——67.11¢—>
184 1 19

[ oos = ooy |
DET2 = 0ET2S ‘
FTST2 = £TST25
' FR3 = FR3S |

H i
i | 20
)
COND2 = COND2S
FI13 = FI3S

Xi3 = X135

FREQ =
REAL (OMEGA?
112.%P1)

.
s FaLSC
KSCNTw .GT.
10
L
i e
‘ TR
‘ :
|
23

WRITE TO DEV

V1A FORMAT
8450
FROM “HE L1ST

|
' NOTE 2%

L1ST = FRO. FREQ

PME 67



08/2%/ 78 AUTOFLOW OWRT SEY - FSCSM COMPUTER PROGRAM PAGE 68
CHART TITLE ~ SUBROUTINE  SOLVWIIGHERE)

FRe « FNR
Fl% = FNI
KNTS = KNTS + |

—“—,Imw

CABS (F)
JCABS INOZA} _LE.
MINI(CABS (OMEQA

LIST = 1SONT,
KNTS, OMEGA,
CNOZA, NOZA, HN

AL = FRI%eR o
Fljeep
AF2 = FRgesy o
Flzesp

AFR = FRY%e] «
FiJes2

o8
21 = XR) * ‘
@. 1111
2 - XRe e {
10..1.)ex12 |
! 3
ey
©.,1. 10013 TRUGFER VALLES X12 = xIv
2,270 1. &0
AGM = CABS(OMEGA) REPLACE 1 e . x !
I Flzere

FR2 » FRY

- m @ 7.4

R-5808/3-80




08/23/ 73 AUTOFLOW CHMARY SET - FSCSM COMPUTER PROCRAM PAGE 69

CHART TITLE ~ SUBROUTIME  SOLVWUGHERE )

GHERE DETERMINES

LOACATION IN
CALL ING_PROGRAM
UPON

RETURN
65. 17+
1

R-900M/8-03



08/25/73

AUTOFLON CHART SET - FSCSM COMPUTER PROGRAM PAGE

CHART TITLE - MON-PROCEDURAL STATEMENTS

[: 3t

COMPLEX OMEOA, P, RHD, Vv, MR, T, CNOZA, VX0,
NOZA, OMEGO,
0oM, 21, Z2, 23, FN, NOZAMR, ON,
CNOZO, NOZO, FND, GND, OMEGSY
COMMON /COMCHN/ P1100), RHO(100), V(100), MRIIOD), T(100%,
VXD, OMEGA, CMOZA, OELP
COMMON /FZERC/ NOZA NOZAMR,GN.FN FNRFNL HN, ISCNT IRUP
EXTERMAL X IMAGF
DATA P1/3.1415937
COMMON /SOLVE/ FREQ, OELFRO, OELMX, EPSF, £PSX, EPSFS, EPSXS,
FROMAX, CTEST, [PASS., KNTR, {STRT, KSCNTW, [WSKP,
KNTMX, KNTSMX(, KNTRMX
FORMAT (/21%, 1PNED 3. S/2X,3(1PELY.S, ' ' IPE12.95), IPELS.S)
FORMAT (/7" eees LNARE TO FIND ROOT FOR [MAG PART OF F eeee
7 X1.F1.%2,F2,X3,F3 AN, FANS KNT 1ER, OMEGA = */

I, 1PEEL3.5/3X,2110/3X,1PEY3.5, ., *,1PEI3.S)
FORMATI /SIS, 3UIPEIN.5, ' ,* 1PE12.5)1/2X, 1P4E13.5)
FORMAT (2X, IPEI%.5, " ,*,IPE12.5,2X, IPYE]3.5)

FORMAT(//®  esssesescessscssesvsrsren/y
WARNING, POSSIBLE ROOT [N FREQUENCY RANGE. *
1P2E15,.677  veesavessacerescasenscsss /;}
FORMAT(/215,301PEI4.S, ' |, 1PEL2.5), IPEIN.5)
FORMAT (2X . 4(¢IPE14.S, | . IPEIZ2.5)/2X, M1IPELIY.S,* *
IPELR. B1/2%,1PEIN .S, -, ° IPELR2.S)
FORMAT(//* #ess EXCEED CONVERDENCE LIMIT »e
© TERMNTS KNTR,ISCNT » ' 4110/ X.F FROM 14 = '/
UXLIPEIS.S,.* , "L IPEIS.S1PEI8.5. , "LIPEIS. SN

R-9808/8-82




o/ AUTOFLOM CHART SET - £SCSM COWUTER PROCRAM PAGE T!

CHART TITLE ~ SUBRCUTING  STEADY! IPRETE)

[ s/

08, —n ) 17
TEADY
FOR NE FEED oRB(1) =
COUPLED STABILITY B +
1.3/ (RHOB( 1> . 2
PROGRAM CALORATES *VE(1))
STEADY STATE * (VAPBOX (1) = SSVIZ(1) o
12 18 NOTE_ 09 MRB11)*VAPBFU(1)) $.-u::.x-ul4lua(‘|:‘)J .
PROGRAMED n. 0. —_—— I/ tRHOBL LY eCO)
SCAMAN, ROCKETONE CONTINE
MAY 1975 SSVIN(]) =
18 OELX*SSVi (1)
OB}
ovalls = = _—
PRINT TITLES FOR MAIN DISTANCE DO LOOP VBLIIZAC1 DALY j
STEADY STATE + 1GAMD - .
VARTABLES 1.3/ (GAMOSPC) : 26
*(VAPBOX ( 1)
. (QELHOX = SSVIS(1) =
BEGIN DO LOCP DHOMR= (3. *MRB( 1} DELX* (VAPBOX( 1) -
o1 301 =3, NP > PR 2.eMRA(1) o
VAPBFU( 1) 1.0 VAPBFUI 1))
< ([OELHFU + 7 (RHOB(119CO1
AL DHOMR*MRB( 1) i
IPRSTE .GT. O HRB(1)1) R
24
19
TRE
ORMOBI1} = - FALSE
P! RHOB(11/vB(1)
EXPi-{01(1) — oOVBI1) -
X017 TAUBOX *VBOX) RHOBS 1D /ALD)
y “DALL] +
o2 IVAPBOX (1) &
PH - VARBFULTI H/VRITY TRUE
XP(- D04 1) -
WRITE TO [ 3% X017 { TAUBFUSVEFU)
¥
V1A FORMAT
1) STEADY STATE
PARAMETERS REQUIRED
BY THE
! T10 oA
| vELOCITY. DENSITY. SUBPROGRAM
INJECTOR END GAS TEMPERATURE . OXIDiZER
MIXTURE RATIO AND GAS | »o rm. VAPORIZATION 2
i {
‘ SSYI(]) = H
03 | 1) vBI11/C0 J
MREIND = . f RE(1) - Ssvetls e PRINTOUT OF STEADY
MBOX! /MEFUI 1701, « 2. %0ELX* (GAFD - STATE VARIABLES
11eM0L 1.1/7{PC*COY !
{ fetl. = ‘
PHIOKI I /1L /(1. = SSVaCI) »
| Woiigl - | DELXYOVB( 1)/C0
o MBFUIe(l. - i
PHIFUY
TRE 21 1PRSTE .LE.
SSWl) - /
—t— DELX*S5V1 (1)
AMOOT = MG1 + *(DAT[I/ALL)
eoXI* (1. - ORHOB (|1 /RHO0BI 1Y) ; TFaLse
FALSE PHIOX) + : + SSV3I1Y
orYiact, -
PRIFU) ! SSYS(1) =
: j | DHOMR* (2. MRBC1)
! : ) . 1 30
| -] i 13 ;
——-—‘——— [ PEOX = 100. (1. -
MRG] = ! PHIOX) !
MREINUS TALEFU® /tsuc PC'MI)) i 22 i
VBFU/ { TAUBOX® ! {aroeee ; Wi ] POFU = 100.°01. -
VBOX) RHOG! + mmo SSVB(1) = PUIFUI
Y DELHFU » i !
j -neoxl-n:x.mx- u%'ﬁ:n L XP = XM(11/0.02%
& !
; 6 rs’ux-ozuru-u ‘ T . TBU.8
S5V7(1) w
RAOG] = Aroovrmxn i DEL X 1S5v1
GAMO<PC? IMRGL + *ODMR + | CDDALTIZALT) » i
1.1/ (GAMD - MGI*MRG1 "OHDMRY) ©OVe11}/C0} 31
1. (—-\——
7UMAG *DELHOX + VP = VBI1)/0,3048 |
DELWU - | ! !
MAGI* (1. + 14 \ 3 i AHOP =
MAG) STHOMR) — | AHDB(1)/16.01846
T RHOB(1) = S5VBL1) =
Aot/ Ao OELX*GAMOSOA (1) |
| ) it i
| | : »
TBL1) - | SSVIOX(1) =
eC/(RHOB(LY VAPBOX (1) *DHOMR WRITE_TO DEV
RGO 1. + [
DRGOMR/ RGO (MR8 VIA_FORMAT
() - HRBINDY) 20
—_— FROM THE LIST
3
15
———————
| vAPBOXII) =
' uBOX| *PHIOX/ SSYi0i11 =
D Seocveoo | 2+0ELX/ (RHOB(1)
' 7AL]) *CO)
| VAPBFU(I) = SSVILIL) .
| MEFULSPHIFU/ CELX* (DA 13/AC])
(TAJBFU*YBF U .
i /ALL] ORMOB (1) 7RH0BC 1) )
sSv12(l) -
l 2.°PC/ (RMOB( 1)
*C0-CO) !
DERIVATIVES 61 TH ;
RESPECT TO DISTANCE : }
- | \ S
S

ORIGINAT »

CF FCCR ¢!

£-9808/8-83



O5/ 2%/

AUTOFLOM CHART SET - FSCSM COMPUTER PROCRAM PAGE

CURT TITLE - NON-PROCEDURAL STATEMENTS

COMPLEX  COX!, COM@, CONI, COWs, COXS, COXS, COXT. COX@, cox9,
COX10, COX11, COX12, COX13, COXI4, COX1%. Cox16,
CFUL, CFLR, CFU3, CFM, CFUS, CFUB. CFU?, CRUB, CFU9,
CFUI0. CFULL, CFUI2. CFUL3, CFUIy, CFUIS, CFUIE
REAL MREINJ, MBOXI, MBFUI, MRE, MAG!, MO1. NUBOX, NUBFU. MG
COMMON  /COMCEM/  XKOX, MU, MBOX1. MEFUI, TAUBOX, TAUBFU. VEOX,
VEFU. GAMO, RGO, DELMOX. DELMFU, PC, CO,
COX1, COX2, COX3, CONM. COXS, COXS. COX7. COXB, COX3. COXiD,
COX1l, COX12, COX13, COI%, COXIS, COXi6. CFUl, CFuR,
CFU3, CFLv, CFUS. CFUS, CFU7. CFUB, CFUS, CFUID. CFull,
CFUL2, CFUI3, CFUIW. CFULS, CFUIG. MG, XIMPFU, XIMPOX,
CS. OCSDMR, DHOMR, DRGDMR, ADVOX, ADDOX, TORAGO. OEL VOX,
NUBOX, OTOXDM, ADWU, ADDFU, TORAGF, DELVFU, NUBFU, DTFLDM
COMMON /CONSTS/  MABI100), TBIO1D0!, RHOB(100), VBL100),
OMRE(100} . DRAOBCID0), OVE(100), VAPEHOX {100}, VAPBFU( 100},
SSV1{1001, SSv211003, SSV3(100). SSWM(100),
SSVS(1001, SSVBI1100}, 5S¥7¢100), SSVE(I100:, SSVAOX(100),
SSVIFUCID0), SSVI0CI00), SSVIT1100), SSY12(100), SSVI3(100),
SSVIM10D), SSVISI100), SSVIBLI00) .
RHOGT, V61, MRGI, MG)
COMMON /COMARE/ 80P, X{1001, X1(100), ACI00), DA(]00). DELX,
X0, XNOZ, AINJ
1g FORMAT(1H1, 77/ 31X, "STEADY  STATE  SOLUTION'.//,
TX, "DISTANCE ",
X, TEMPERATURE . 2X, "VELOC!TY" ,3X, "MIXTURE " ,
X, 'DENSITY' TX, ‘PERCENT VAPORIZED" WL TXLCCINCHES) ' SX,
‘(RANKINEY® WX, ' (FT/S)" ,SX, RAYTIO",SX,
TILBM/FTe03) " BX, "FUEL ", 3X, 'OXIOIZER" , /)
FmY'SX.fS,‘O.ZX.ErlX.E.FH.".IPEI5A5‘OW]L.E.FS.?)

R-9808/B-84



06/23/73

OWAT TITLE -~ SUBROUTINE  TADAMS(N,H,X,Y,DY,1QZ,10)

[rows/
8. 13—n
ROUTINE FOR

PROGRAM CEVELOPED
mu INST | TUTE U
TECHNOLOGY
REF. NASA CR-121129

WVE o2

IgIT EJ’L

PREDITY = YI1) »

XeaxXoH

U e PRED(1)
TR = PRED(2) 1
T1 = PRED{3) l
PHIR » PRED(M)

.1, - (GAM
1.100%0.9
R«
Qe icy .
Se(=1. /12,9 (GAY ~

1,131 |
{Uee-0.25))04.0

o

mn" 5)/|RT -

AUTOFLOM OMART SET - FSCSM COMPUTER PROORAM

W,
*(Coo (2, *GAM ~
1.)/42. 160 =
11710%¢k .
%))

Asuc-uv
BR = UeDP(1)/C
B! = 2.4

CR ® WCOWC ~
(SYNOSYNSC) / (ROR)

C1 = - (GAM -
1,2 eWCoy*DP (1)
.. 5C

- *

-m'm + BllTl -
YR -

Ey'Cl'YR'YI)IA

|

18

DPI3) = (-BReTT -
B1*TR
CI1®(YReTR -
TIeTL) «
2.¢CR*TR*T11/A

T2 = TRSTR o
TI*Tt

OP{Y) =
(TR*PNIR -
TIePHI I /T2

DP(5
(TR lI +
Tl'ﬂilﬂlll’z

R » - DTANIT)

—

R-9608/8-85

PAGE



OB/25/ TS

AUTOFLOW CHART SET

OWMAT TITLE - SUBROUTINE  TADAMS(N.N,X,Y,DY, 102, 10}

01

Ve v}
™ = Y@
T =t
PHIR = Y(4)
PHIY = Y(S)
Ce

1. = (GAR
1. yoye 5

OYtl, 1) = Ovel,2:
OYe1,2 = DYOLD)

OY(1,3) = DYl )

YES

T2 = TR*TR » H
TIeT1 ¢

THAG = T@es 5

10743

Qei(C)
0 (-].712.%1GAM -
1.0}
(yee(=D.23))%4.0

- FSCSm COMPUTER PROGRAM

—_—
ec X (L3

R .
112, ReCoty, -+ !
1 R) = (). - i

1k, -
Ryjee &y/si). -
R - RCC)

o

{yss 75y
LCea((2.°Gan -
11702, ¢4GAM =
1.00Qer), -

l oYL ) = DRIV

!
1
} (GAM + 1, )vys. %))

i 16

‘ : A=USC -
| © ] BR = ueva e f
i i1 plea.omy !
[ .
i CR = WCSHC = |
(SYNSYNSC)/ (RR)

i
! 17

1

I

} €1 = - (GAM -
|1 b IeWCeUeOYIL N
! *0.5/C

l { i
X ]
Colovies et - |
P BReTR e BLITL o |
i L TeReTReTR -
[ TIT]) -

LoRLeCreTReTIIZA
—_

2.*CRPTR*T11/a

OYte v =
(TROPUIR - :
PHIISTI /TR !

| ) 13
; T
. IR

I reminy .
| PHIRSTLI/T2

| LAl S

((26RCTIR -
RT) - (R -
RTIe(R -

RY))ee.8)/(RT +
RCT - R)

k! 11
(0/e1
)
H . PR e WCOPHIT -
» USDY (4
™ 12 ‘
| Pl = - KCPPHIR -
OR = - DTAN(T) { DY )
|\ PMAG = (PROPR +
; | Pleplier.g
| |
i 2 |
—_—
PARG « b
DATAN(P/PRY [

PAGE



06/23/75

CHART TITLE - SUBROUTINE  TADAMGIN,H.X,Y,OY.10Z,1Q)

o I—
\ o1

10z = 2
Y@y = TR/T2
Y5 = - TIITR
TPR = DY(2,%)
TP = DY(3,4)

02,4
(TPRe{TReTR -
TieT1) »
2.*TReTI«TPD)
TR T)

. DY(3,4) =
(2. *TPRETROTL -
TP1¢(TR=TR -
TIeTI) I/ (T24T2)

G(1) = 4

Gty = Y12y i
Gi3) = Y3 i
Gtu) = PHIR
GtB) = PHI

Ov(L, 1) = DYEl,“)

ov2,11 = OY(2.4)
Ort3.1) = OY(3. %)

ovIiS, 1) =
(PHITeTR ~
PHIReT11/TR

AUTOFLOW CHART SET - FSCSM

—~0- OW

X®X<eH
U =Gt

= 6@
21 = 63
PHIR = OfY)
PHIT = O(5}

[ =

ovit, 1) = GP(1)
ovia, 1} = GPi)
oY(3,1) = GP(3)
oY, 1) » GPIM)

ORIGINAL PAGE IS
OF POOR QUALITY

Yt =y

Y2} = R I

Yi3) = 21

Tie) = PHIR

Y(S) = PHIL
01

2-9808/8-87

COMPUTER PROGRAM

PAGE.



[ e, AUTOFLON CHART SEY - FSCSM COMPUTER PROGRAM

OHART TITLE - NON-PROCEDURAL STATEMENTS

IMPLICIT REAL*8(A-H,0-2)
COMMON /X1 /GAM ,SWN,ANGLE .RCT RCC /3277 ,RT,Q,R1 ,R2 K, IP

COMMON /X4/CH
DIMENSION COR(S), DP(S), DY(5,4), PRED(SI, Y(S), GI(%), GP(5)

FORMAT I3, *PRINTING FROI CARD 2100 ,7,3X, 'R=' £15.8,
3x,'Ri=’ E£15.8,3X, 'RT=" £1%.8)

FORMATI3X, 'PRINTING FROM CARD 2570 ,/,3X, 'R=' E15.8,
3K, 'Ri= E15,8,3X, 'RTe" [£15.8)

1000 FORPAT (46X .FE.4,1X,F10.5,3X,F10.5)

R-3808/8-88

PAGE



06/25/73 AUTOFLOM CHART SET - FSCSM COMPUTER PROGRAM

CHART TITLE - SUBROUTINE TOPLOTIW,Y.NFP,TL.XR.LL)

201 08

YHAX = Y(2)

YHAX =
AMAXT (YMAX, Y(1)}

YRIN = Y(2)

YHIN =
AMINTOYMIN,(YE1))

x =T

1e2 Il

YHAX =
APAXT CYMAX, Y ()

MIN =
AVINYLYMIN, Y (D}

12
TRUE
OF = AINT(2.0 + 1
(YMAX -
MING710.0) t FaLSE
YT = ‘ 1 .
OYeAINT(1.5 + | |
YMAX/OY ) ‘[ | L
|
' | | NOTE 13

! Y8 =
| DYSAINTIYMIN/DY ~
1.5 10.D%eK/ 2 .LE.

| ,
! f O e
E ] 10.0 EI?L .GT. r_—ZU—W 2
' ! '
| ‘ |

i

PAGE

(NP
I.HI(E) A

1,1,

@1,
10w




08/23/73 AUTOFLOW CHARY SET ~ FSCSM COMPUTER PROGRAM PAGE

CMART TITLE - SUBROUTINE TOPLOTIW,Y.NFP, TL )R ,LL)

o1

APLOTY
(P W), Y1)
BYS LN
1ERR)

L
6.2.3) ’

€xtr

R-9808/8~-90



CHART TITLE - NON-PROCEDURAL STATDENTS

DIMENSION Wt101),Y(101}

ORIGINAL PAGE IS
OF POOR QUALITY

MSTOFLOM CHART SET - FSCSM COMPUTER PROCRAM

R-9808/8-91

PAGE



08/23/ T8 AUTOFLOW CHART SET - F90SM COMPUTER PROGRAM

CHART TITLE - FUNCTION X 1MAGF (XIPMOMG)

RECOPUTE OMEGA USING
NEW [MAGINARY PART.

OMEGD « CMEGA

: DM =

| AMAX1C.0014ATMAG
i

I

(OMEGA) , . 1)

OMEGA = OMEGA +
0..1.7°01

RESTORE OMEGA AND

NOZA = SAVE VALUES FOR
NOZAMR® (1, = COMPUTATION
*HR (NG 09 DERIVATIVES.
2. ¢GAMD/ (CSeP i
(NP S IGAMD - FAR = REAL(FM} | 3
N 1
FNI = AINAGEFN) ‘
FN = (CNOZA - OEGA = OMEGD
NOZA} MN = CABS(FN)
HD = CABS(FN}
XIMGF = M1
T o = FN
| —_—
| -
If 1P EQUALS 2ERD AT |
THIS POINT | THEN
DERIVATIVES WERE NOT
REQUIRED. HENCE, 80.05
RETURN Wi THOUT
COMPUTING THEM. 10

R-9808/8-92

PAGE 80

COPUTE
DICNOZA-NDZA)
/OUIMAG(OMEGAT S, *
CALLED GN.
C{CABS(CNOZA-NOZA}
*21/DC [MAGIOMEGA]) ,
CALLED XIMAGF .

B0, 14—

30

GN-(GN-VNIIDI‘

15 7



oB/25/ 7

ASTOFLON OWAT SET - FSCSM COMPUTER PROORAMN PA

OWAT TITLE - NON-PROCEDURAL STATDMENTS

COMPLEX OMEGA .NOZA ,ONGZAP.RHD.V PR, T, VX0 PN NOZAMR . ON,
coxi, COO@, COX3, COM4, COXS, COXB, COX?, COXB. coxs,
©Ox10, COXt1, COX12, COX13, COXi4, COXtS, COXI6,
CFUI, CFU2, CFU3, CFM, CFUS, CFUB, CFUY, CFUB. cFuUa,
CFULG, CFUIY, CFUI2, CFUL3, CFUIS, CFUIS, CFUIE
LOMEGO
REAL MBOX!, MEFUL, NUBOX. NUBFU, MG
COMMON  7COMCERZ  XXOX, XCFU, MBOXI, MBFUL, TAUBOX, TAUBFU, VBOX,
VOFU, OAMD, RGO. DELHOX, DELMFU. PC, €O,
COX1, COX2, COX3, COXe, COXS, COME, COXT, coxg, Cox9, COx10,
coxt1, COX12, COX13, COxiw, COX18, COXI6, crul, Che,
CFU3. CFWM, CFUB, CFUB, CFU7, CFUB, CFUB, CFUI0, cFunt,
cFuUI2, CFUIS, CFUI4, CFULS, CFUIE, MG, XIHPFU, XIMPOX,
€S, DCSDMR, DHDMR. DRGDMR, ADVOX, AODOX, TORAGO, DELVOX,
NUBOX, DTOXDH, ADVFU, ADDFU, TORAGF, DELWU, NEFU, DTFUOM
COON /S ZERO/ ’OZA.WZW.(N.FN.M.VNI.W.lm.liP
COMMON  /COMCHM/ P(IDO),W(IOUD.VHDO).mllW).YlIOOI.
VX0, OMEGA ,CNOZA ,DELP
COMMON /COMARE / NXP.I(]DO).XH(lDO).Al!OOl.mllOD).uL‘.
X0 ,XNOZ ,AINJ

R-9608/8-93

et



warn AUTOFLON CHART SET - FSCSM COMPUTER PROGRAM

CMRT TIMLE - SUERGUTINE  ZADNEIN, N, X, Y,DY, 1Q2)

B¢, [N

ROUTINE FOR

PROGRAN DEVELOPED BY

ul:muuo&snm oF

REF . NASA CRe)21129

63.33e
10

MNOTE 02
SEGIN DO LOOP
151 =1, N

1 U = PRED(1)
' R = PRED(D)
2. |
I PHIR = PREDIY)

PHIT = PRED(S)

C =1~ (GAM -
11505

OR = -
C(2*RCTS IR -
RT) - (R -

RTI=(R -

RT})¢0 %)/ (RT «

RCT - R)

4“0

OR » - DTAN(T)

w0

R-9808/8-94

PAGE



06/2%/75

AUTOFLOW CHART SET - FSCSM COMPUTER PROGRAM PAGE 83

CHART TITLE ~ SUBROUTINE - ZADAMS(N.H.X,Y.DY,iGD)

.1
01
DR = (12*RCC*(] -

R) - (1 = RI*(] ~
RIYe=0 5/ (1 =
A - RCC)

(U**0. 75)
e(Cue(29GAN ~
11212°(6AM -
1130001 =
(GAM « 1)2U¢0.5))

OP(1) = DROOL

L -

A= UeiC -Ww
B8R = UDP(])/C
81 = 2eWcey

CR » WC*WC -
(SYN'SWYNC) / {ROR)

Cl = = (GAM ~
1) epCeUsDP(1)
€0.5/C

DP(2) = (IBRE2R -
B1°Z1 - CR)/A} -
ZR*IR + 2i*21

OPI3) = ((B1*ZR + !
BRe21 - C13/A) -
2°2R21

| opesy = zrePMIY o
210PIR

|
DP(4) = ZROPHIR - |
Z1PH1L ]

]

UER {33

R e Y21
2t = Y3
PHIR © Y(4)
ML = Y(H)

Cetl - (GAM -
10005

L

oYil, 1) = OY(1.2)
pYil,2y = DY(L, 2}

UG = (ZR*2R «

21*211¢°0.5

Re

Qe(C)
ot /(2.0 (0AM ~

)
iyee(=0.251)%.0

RT} - (R -
RTYe(R -
RT1)*+0,3)/(RY »
ACY - R

R-9808/3-95

80 23

OR = ((2eRCCe(1 = !
Ry = (1 - Ryec] = !
Ryeeg . S3s() =
R - RCC!
|

——=83.20*
s Fal

DU

.75)
@ (Coo I (R9GAM -
11/(2%10AM ~
10011/0Q11 -
(GAM + 1o/

OY(1.%) = DR'DU

Awusic-w
B8R = UDY(1,%1/C
Bl = 2°WC*U

CR = WCHC -
1SVNISYNEC) / IR*R)

, 26
——
Cl = - (GAM «

L iSengeuenvin e
*0.5/C

s -
B1eZR + BRoZL - |
Ctiva - 2.ezmezt |

DY {e,4) »
TROPHIR = 21ePHIL 1

OYtS 4}
ZRePHL) ¢ Z1PHIR

PR = WC*PHI) -
UsDY (4, 4)

‘
|
|
v
Pl « - WCOPMIR - |
UsDY IS, v

!

'

PPUG = (PROPR +
] P1sPl1eeD. 5

PARG
DATAN(P1/PR)

/wRITE Y0 DEV
V1A FORMAT
1000

THE L1ST




08/23/7%

CWAT TITLE - SUBROUTINE  ZADNTS(N,K.X.Y,DY, 102)

1z -
I2 = DWO'DUG
Y@) = 2R/22
Y3 = - 21122
ZPR = DY(2, %)

| (-4

Py = Y3 W)

oY(2.,4) = -
(PR (TR -
ZreZ1) »
2.5ZR-I142P1)
r172072)

OY(3,») »
(2.*ZPRIRT] -
* (TR

Z?:zn)/(g';z)
GI3) = U
G2 = vi2)
G = YIX)

| .

Otw) = PHIR
0I5} = PMIL
oYa1,11 - OviL,w
Dri2.1) = OYi2,w)
DY(3,1} = OY(3,4)

NOTE 08

For )

-0 D%

XwX+H
U =GN
TR = G(2}
TL = Gt}
PHIR = G(W)
PHET = G(S)

oY(1, 1) = GP(I}
oY(2,1) = OPt2y
OY(3,1) = OP(3)
DY, 1) = @GP W)

AJTOFLON CMART SET - FSCSM COMPUTER PROGRAM

Yt]) ey

Y@ = TR
Y3 = 71
Y{4) = PMIR

v YUS) e PHIL

—ar W

PAGE



o8/28/73

AUTOFLOW CHARY SET - FSCSM COMPUTER PROGRAM . PAGE

OMART TITLE - NON-PROCEDURAL STATEMENTS

.1

1000

23

7 n IGINA 'LL'

IMPLICIT REALG(A-H,0-2)
COMMON /X1 /GAM, SVN, ANGLE ,RCT RCC /X2/T .RT.0,R1 .R2,KC, 1P
FX470H

DIMENSION COR(S), OP(S), DY(S,41, PRED(S), Y(5), G(%), OPS)

FORMAT (32X, 'PRINTING FROM CARD w30’ ,/,3X,'Re' E15.8,
3%, ‘Ri=" £15.0,3X,'RT=" €15.8)

FORMAT (3X, 'PRINTING FROM CARD 3790',/.3X,'Re' ,E15.8,
3%,°Rie' £15.8,3%, 'RTe" E£15.8)

FORMAT (W6X FB.%,1X,F10.5,3X.F10.%)

R-9808/8-97



o5/ 25/ 75 AUTOFLOW CHART SET - FSCSM COMPUTER PROORAM

CHART TITLE - SUBROUTINE ZEROIF!,TIL.T21,F11,F21.ANS FANS EPSF EPSX,AF , ICNT ,NON

£5.00—»
ROUTINE YO FIND ¥
S.T. FiTt. = 0
FLITIoF (T2 (e O
PROGRAMED BY K. W.
FERT1G, ROCKETOYNE,
MAY 1978

.

| a
ICNT = 0

SN e 1.
T4 = 1.E « 80
iER = 0
T4 = T11
12 » T2!

FI = FtTD
F2 =« FiT2)

[FALSE ( 87
‘ o
! 50
|
|
|

A0T 1S NOT
BRACKETTED.

PAGE



e o e eeatt———

oasasm ‘ AUTOFLON CHART ST - FECSH COMPUTER MROCRAN PME &

OWAT TITLE ~ SUBOUTINE  ZERD(FL,TI1,T21 . F11,F21 AN FANS . EPSF EPSAF , [ONT NON

300 L]
T™eTS
= F3
67,32 —n
%00 13

ANS = Ty
FANS = P4
16

3
g

" -

T™ o ({8 «
BWAC) /(2. %A}
! T3~ T + T3

\FhLi
MAE SRE T4 1S
COMPATABLE W1TH
PREVIOUS VALLES, TEST
a? FOR
CONVERGENCE AND THEN
e FITY) REFUACE T1.T2.F1, AND
F2 APPROPRIATELY.
TWOLD = Tv
COMVERGEMCL TEST
BISECTION QRESS.
NOTE 08
ABSIATY - T2)/TH)
EPSX . AND

LE. . N
ABS(FY/AF LE.
EPSF

Te = 13 + (T3 -
Ti)e(=C/B -
AsCoe2/8e )

R-2808/8-99



w2 ' AUTOFLON OMART SET -~ FSCSM COPFUTER PROORAM

CURT TITLE - SUBROUTINE ZEMDIF!,T11.T21,F11,F21 JANS FANS DPSF EPSX.AF, [ONT MM

T Ty
Fi =y
T2 = 13

F2 = F3

@.21—f -

4 Fe = F(TY)

NOTE 3

ABS{(Tw ~
THOLD!I /Tw) LLE,
EPSX . AND.
ADSIFMIZAF LE.
EPSF

R-9808/8-100



0BT AUTOFLOW CHART SET - FICIM COMPUTER PROORAA

CHART TITLE - NON-PROCEDURAL STATDENTS

STATEMENT FUNCTION DEFINITION, F(X) o SNefF1ix}

1-9608/8-101



. B0 OF AUTOFLOM OWAT SEY 1,387 1NPUT STATEDMENTS PROCESSED EXECUTION TIME -

4 HIN 21 SEC

R-9808/8-102



APPENDIX C

COMPUTER CODE LISTINGS

INDEX PAGE
MAIN C-1
AREA C-12
CHAMDY C-13
CHMCPN C-20
CORBAEL C-24
COMBDY Cc-27
COMMAT C-32
FRESP C-34
HEAD c-48
HY (Blgck Data) C-49
HYDRDY C-50
L@CFAC C-67
N@ZADM C-68
RKTDIF C-75
RKTZ C-77
RKZDIF C-79
SPLVK C-81
STEADY C-94
TADAMS C-98
TOPLAT C-103
XIMAGF C-105
ZADAMS C-108

ZERP c-112

R-9808/C-1



texDNINN
02€009929
N1€02900
0007000
Q6790000
onenl9nn
0L207%099
097202000
06792099
NZ03007
0€2002u0
9220301
31702919
20207990
06109009
RT0INID
NMLTIN000
Ng1nIn"I0

NGIONDNn.

0%»100000
2109220
21992000
IT100007
00100020
16009000
28200000
aL9nnd30
09293209
0s0nNN090
1%303N00
VEVVYI00
922302229
2122329)

(INFD4(T)ANID) SCTXOD*(T)LXO)D) IONIIAIVATNOI
WAN3La *NHANN 4NHATI3IA 4 49VE01 *NEGAY *NHIAQY *WAXDLO *XOON
$X0AT30 *09VY¥OL *XCUAY *XOAQV *MWO9YO *MWOHA *¥WOSI0 ¢SI
CXOdWIX SNAWIX *OMW *9T1N4D *GTNdD *%»INnd4) S€1n4) 21090
$TIN4D 49TN4D “6N4D 48N4D ‘404D “9Nd4D *SN4D $HN49 seng)
423D CTN3D 49TX0D $GTIXOD *4IX0D *£IX0D *2IXNI *TIX0D
$DTX0D 46X0D 48XUD *LX0D 49XND 4GX0D *4X0I *£X07 *2X0) fTXOD
‘0D *Ja *NIHTIC *XOHIIA *09% *OWVI *N48A
EXO08A 4NA48NVLE *XO0HNVL *IN4EW SIXO9W *NINX SXONX /WIIWOT/ NCWWO D
MW 4T 40N 49N SNJUNN CX0ENN ‘T ‘I9uk *QuW ‘InN4daw $IYO09YW v 3d
(29T1)11N4D “(Z24%9T)LLXUD
$(9T)LIN4D 4(91)Y1X0D
N9 4BWVZIOM *N4
$1AMNIO SIOPNTD LV Z0N
SNAMNIO SXOMPNID *VZ20N
£91N4D 4STNID “HIN4D ‘E€INAD *ZTN4D “T1N4) *0TN<4D
6Nd4D 48N4D LNIAD *9NdD ‘NI 4HN4D ‘endd 42n4o ‘1049
$9IX0D ¢GIX0D *41X0I “£IX0) $ZTX0D ¢TYX0D 401 X0)
‘6X0D *AX0D “LX0D *9<0) *6X0ID $4X0D *ex0d ¢2¥0) *1x0)

LOXA *VZOND “1 ¥ ‘A *0OHY *d *V9INO X3I1dWO)D

SLO6ET AWK

90fTe 417VD

¢ ANAGLINIOOY

(2481037111 NOISNIWIQ

ENVWAHIS

°a

OHYYd YIOONYD

"W AS 03IWWYEIONd
SAIVNNTLI YNNI INT

TIIMNI0Y 40 NUISTATO VvV “3INACL3I¥I0YU AR G3d0T1IAI0 WYHIOUd
T300W ALINIGVLS (O37dN0D WILSAS 034 3HL Y03 WY¥IDHY TOUINDD) NIVW

WY ¥90Ud

NIVH

W

$J3S 4

~NM DN DM~

NG TN OMD O

QOUVOULVLLL (8

R-9808/C-2



09993939 (88T1)IAVS0O0Z44Z40TCA*AT0ALOAL A (0EIAAL (NEYI0HY(OF I Y ()T
Omoocooo.cx.ux..om.zu..om.<<.x~.:>rxa~.wa>h—.zxm»~.w<4um~.bxua /AH/ NOWROD

049903090
De92000
02902030
01902000
00909000
06509020
08300000
ILS0IIID
09501007
06509090
IHgIGNIN
NEGNINDN
0259090000
0T1g0)0n?
0050070
26409970
718200090
U H0QY 32
9400070
96 +%00IN0
A% Y2010
NesynN3n90
%0025
21%09009
32400000
06€0NDIN
N8e02I79
ILC00900
NA70302M0
26€NJ0N0
I920I7I0

(02T )LOrN

CaNSMI 4HINISH

$$XSd3 ¢54S4d3

I9

$1u1SI
‘XS43

HdVvLlI
C{COTIAVION

XWULNY 4 XWSAIn
$1S31)
$Xw130 *d¥313a

SUINN ¢SSvdl

4543

$3dviLl

$(0CT )LD NS

$Nav 1l
CL03YIN /dVALWOD/ NOWWGOD

/7€65T%1*e/1d

SLONTYLAPNTD

¢ XWLNY

X YWD YA

‘el

1UM] /4KNC/ NOWWOD

Wavs hix

44 Z3AI0S/ NOWKHDD

S71)00 viva

dISTAUINISTONHOINICUNSIENIEND AWV ZONCYZON /DY 374/ NOWWOD

$XKWO3Y4 4 ZONGNI

¢X33a0 4109

$(o01) 1

$(00T1)ETASS

¢ (001 ) XO6ASS

$(02T)N139d VA
‘{nat

Tiva

(00T ) YW

$(0ONT)IZTASS
S (00T )8ASS
(00T )HASS
(OO )IX0CAdYA

)9A

WY 3d90udd

SENIY *4d¥)D

$(00TYV

¢ (00T ) HHY

L(oona

$(POTIFTASS
$(IDT)ITIASS

$X 319NV

SL0OT )mX

4130
$(ONT)IOHY

I9W

NIVW W S D

¢X12Y

L(OT )X

Q
»

TONYd I
XD /IONW3I/ NOWWOD

FNIV
LAXN /3UVYWOI/ NOWWDD

$YZON2

${00T)d /WHIKOI/ NOWWOD

ST9¥W “TI9A
$(I0T)STASS
¢ (00T)0TASS
$ (00T ILASS
$LO0T)IEASS
$(00T)4AQ
‘(o018

$(D0T)I9ASS
$(V0T)ZASS
$ (001 )80HYC
$(00T)EEN  /SLSNOD/Z NOWWOD

4

$TWOTUS

$7ONX 40X

SVIIWEC *OXA

¢$I90HY
$(20T )IHTASS
$(OITINA6ASS
$(ONTIGASS
(O TITASS
‘1oot)9nnn

1

1

1

1

- ANmE N0

(9]

v W

R-9808/C-3



NR!RI1I2970
AILNTI0ND
NIntINan
03012910
I%NTINN0
NENTININD
0ZN19070
ITT V)N
00"NTINNN
N660D0IN
0540300
Y6600000
de€6009U0
07400093
1605030
00600019
0680000N
0890797¢
0L30003N
nN9gonnnNNg
26107090
NgLONDIN
QLLDINGD
09L.00000
06203090
0109020
0€L00000
02200090
01209000
00400009
06900900
08900000
0L9000400

#y0€*I«00 = 09
®SZN"N&CMNIY = ONIY
#G20°0xZNNX = ZONX

7620 0x0X = 9K

(+° 113

Yoz dT3AXLRTTT 4= 0D O XL24/40°TTI4e= OWVI IS XGEH°TT]
‘o= ONIWe*XS'9°T13% = ZONXs*XL*%°TT3dT%= OXs*XG4/) LVYWHCA OT9

v

LRED

0D “OWY9 *FNIu *ZONX *0X (0T19%9)3L1TuM

4
1

{

(B°2TI19) LYNXO4 OIS

(991) 3AVSH

¥I0¥d NIYW W S 2 S 4

d130 0D S0WVD *TNIY *ZONX *nX (NTG*G)Iavay
2
(91% = dXNe*XG4ZI%s= 31SYdTs*XG*2I%s= WHIMGI £
XS 21%e= ZONBAIe*XG%2I% = WOOUAI s $XG4Z1%¢= QAHMNAI r4
XG4/ ET4e= NAVLI o XG4 E1%e= DAVLTa*XG*ET%e= HAVLIe *XG T
‘21%= ZONONI4XS5ZI% = WODANIe4XG421% ¢= QANANI ¢ *X54/) LVRY04 009
dXN *31SUdI *WHOUAI *70NUd] *WOIYHI *OAHYUGI 1
SNAVLT ¢JdVLD *HAVLI *ZONANT *“WODANI “QAHINI (009°9) 31 THM
(12T )LVWIO4 009
dXN ¢31SudT *WHOUAI ¢ZONYHI *‘WOIHdI SQAHMAI 1
NAVLT ¢JdVLI “HdVLII *ZONAMNI *WOIANI SCAHANI (0006=(N3I*NNG*G)AYIY
(2VeTeX6¢/49vaT4X6 1
$7¢47330W  ALITIGVLIS G37dN0D  W3ILSAS 0G33444X924///4 THT ) LYWNOS 006
(ZAT=C(BI*T=T*(F*I)3TUIL)) (00649)3ILTYM
(%V91 ) LVWYO4 06%
(Z¢T=Pe(BTST=T¢(QP*I)3TLIL)) {0006=0N3*06%4G)aVIY
)
Viva 1NdNI 34THM OGNV OV3IY J
J
av3H 11v)
J
INNILNGD T
9

4

R-9808/C-4



0513779
01517799
N06312010
N6517090
N8HTIINT
3L»13030
39413320
26912990
0%+19070
0e%12990
2913920
MT4%13200
009130990
N6 19991
2810999
MUETIND0
49T 190
26€ 17209
0T1e11020
I9€13090
06210930
08210000
AWTTINND
nN9TTIO0N0
062199339
322120920
0e213020
0L119I90
091117009
0GTII9900
a+*1100920
0ETT10000
169310092

[ = 20w

o.
o.
(100uN)SEVI
(VOIWC)IVWIV(VOIWO) TIVIY

1

I
I9A
QOUN

*(°T=%°0) + (V93W0)TIVv3uxldx*Z = VIOIWJ (0°LI1°100UN)ST

C6GESH° OxINJBW
Z26GESY* O XO8NW
oL %689%]d

IN4GW =

IX08N

Jdd =

{(»#*113

I
1

N48W
XOBHW
= Jd
NI4M
NIOM
NIDd

be= INHAGWa X754 TT13%¢= IXOOW XL H°TT13dT%s= Dde*XG*/7)IVHYO
INJAW 4IX09W *2d (069491311 uM
IN48W ¢ IX09W ¢2d (01G¢5)OVIN

(5 "T13%s= SXSAdIa*X94H°TT13¢ 4= S4Sd3a4XG* %" 1TI%y= XSd3Is
EXGHoTT3%0= ISdIe XS /749 T1T13%= 1SILDe*X9*H° 1113
0= XWIFQW8XLZ4/¢4°T13%s= DU4TI04XEH°TTI% o= XVWOUS,

1

1

€
Z

1

)

059

EXZ4H°TTI3 ¢ =(I)VDIN0s* X249 " TT3dT*s=(HIVIIWO *XG¢ /) LVHUOS 0€9

SX5d43 4S4Sd3

$XSd3 *d4SdI 41S3LD 4XWI3IA “OH4TIO *XVYWDUS ‘VOIWOD (0F94Q)ILTUM

SXSd3 4S4Sd3 ¢XSdI ¢4Sd3

15310 “XWI3N ‘0¥4T130 SXvWDYd *VOIWO (NT1SS)IaviId

(91%0= XWSANNe *XESHTI 4= XWUHLNNG *X94HT ¢e= XWLINMN

¢

1

1

§XGOZI 4 o= dANSMIS*XNL42I%e= JUMT¢XGOEI* = LO0YN XS4/ ) LVRYOA 029
XWSAINY *XWHINY SXWANM ¢a)SMI *LUMI CL00UN (02949)311IuYm
XWSANN SXWUHINY SXWINN SdXSMI *LYMI *L00uN (D06¢s)av3Y

Wvd90ad NIVk K S O S d

|

R-9808/C-5



MRTIIN
WA BERE
39317709
G310
0431900
QEHTIV)Y
nZa19979
11917099
99810299
IHLTNIND
19017070
9LLTINID
09L19I00
25217737
19L110)0
2€LT1000
ITLTIIIN
0TLTI990
23473790
06919099
189199990
9L910n90
09915040
15919090
95919997
NN912090
06410090
0851010
NL$10090
29312300
76519970
29519970
1€613009

*3AINY L1 IWCY
FVZZON WYIBLSANMOO = IADINVLLIWAY 3T1ZZ0ON WYINLSHN SNOTLIAONOD
AdVANNGS AISTLVS LVHL SVO3W0 Y04 HOWVIS OL 4307 g NII3IY

9°1E « VIOIWO = VIO

GOHL3IW LNVI3S 9NISN

GOHLIW LNVIIS ONILNVLS

d00Y NILIM 4007

d0371 NIHLIM 4007 LUVLS U4 L3VIS 0L d34S AININDINS
34 OVWI 0%3Z 01 QILNIWIUINT 9NIIQ AININOINS

s o0 o5 S0 W

-~ NN

= INJSI
I = ¥4I 09901

"SSVd L1S¥I4 ILVOIANI OL (T=%I) 2vI4 13§

LQOW LOULLVLLOLUY VVOLV

JANIAINDD 0501
37130%(1-1)+IWO3Y¥S = (T)LIDINS
103¥4N¢T=T 0GOT Q0
(T-L03¥4AN) /(I WOIUS=XWDIN4) = 4730
(#°1T13% 4= XWOIYH, 1

CXE4HTTIdT = IWO3 U ¢XOT HT4 = 10IUIN XG4/ ) 1VREDS 0%9
XWO3¥d *IWDIUL *1DIWIN {0%989)31TYM

(8°713G4ZTIT)LVWHO4 02S

XWO3¥d *TWOIuY ¢103FudN (02S°%G)avaN
N90T 0L 09 (€°L9°ZUNdNTL)II

€ °37° ZONGNI 41 3T78YL AININOAYNY ILNdWOD ONV NI QvV3y

VOO

Vayvy 1v)
CNIY%CNTNxId = NIV

°S37149¥d 3INVLISIA ONV v3I¥V 3LiNdWOD J

WYHIO0Hd NIVW W S 2 S 4

R-9808/C-6



017229029
002270990
061210070
2312092129
0LT120090
09121990
ng122090
N%120209
0c 120990
02127990
211297979
00129090
NHIZININ
181231090
QL0200
P9 3ZN0 D
6721319
D921
92322279
020722990
PR ENTAV DAY
09022909
6611000
28612930
IL611900
09612090
16613000
096TNI0D
0£ 610000
02610000
N1612007
00410020
0681190

(0% INIWILVLS HONOUHL)
*UWVZON *¥3ILIWIUYC IINVLLIIWAY 3ITVZZON WYIALSNMOA FUANdWOT

(T44TI4ADIY4ING 1DIWICVIYSMIN)IIVAI0T 1TV 4
((€°371°ZONJNI®UN®9°31° Al ) “ONV* 1

(%*39°ZONANI®HO®F* 39 WNIANI"HO" €° IO AAHINT) ) 41 ma~

1 = d7S1
% 30 T = INDSI 41 SIATLVAIZIC 31NdWOD 0L 9VI4 SL13IS T = d47SI

T 04 09 (XVWO¥4°19°03Iu4)41
(VOIWO)IVWIVE(*1¢°0) + ONIxIdx*7 = VOIWO

°100d Vv L3IXNIved
LYHL SIIONINO3IWS ONI4 OL NOILVYILT ¥Nd INIOd NdNi3¥ ST SIHL

(1d%°Z)/7(v23N0) TV3Y = DS
¢ = YINISH

0 = 1uiSI

0 = MLNMA

SSvdl
INDOSI

I
1

*SYIAINNOD ANV SOVYI4 IJZIAVILINI

%°1€ + V93IWO0 = VIO3INWO

*100Y¥ LX3N ¥09 HOY¥V3S LuVLIS 0L Z1¥3IH S AH VO3IWD 3IINVHD

LO0UN*T = 1¥N 000s 0Q

WVHUS0sd NIVW W S J S 4

ot

(S RSN RE

WVOW (S

VOLVLWY

(S VOOV WO

R-9808/C-7



Dh%727323)
Q0R3HZNNA0
0L%72D)H0
19423932
2% 2540 o I T
0922012
GewZ2iIN)n
Dey2Znnan
014729900
80%2)0)0
LI»2IND
971922 )1)
SNHZHIIIN
0IBZINDIN
06€20000
J9g2I970
Le2IN99
N9LeZInIN
06e2299)
Ny220090
02z20n)0
nzezZIindon
0129000
Q0€£20900
06220000
982290019
DLZZINOD
09220000
262200900
S%223N000
292223000
0€2200990
322239120

(*I81/ldx( (1) L4TNID)IVWIY 1
x(D°T=40°0))dXIIx((IVLIPNIY)IVIY = (T)LAPNID
(°D8T/1dx((I)IOFNID)OVKIY 1
*(0°1=%0°0))dXIIx((T1)L1OFNID)IVIY = (I)Yi10rnNIo

103¥aINGT=] 5% Q0

CLOININCT=T (1) LACNIO* (T ) LOPNID) (HAY LT IOV IY

HdVYLT ONIM3IY

09 01 09 (9°371*°MI)41

(Z4U=C4(8T4T=T*(P*TI)3TLIL)) (0D6%9)ILTHM (1°19°0AHYdI ) S]

AL 1L 99

(O3T/Tdx(NITNIDOYKIVR(D®T=40"0) )dX3II*(N4FNID) IV Iy N3IrN19
(°0BT/Id*(XOFNID)OVWIVH (I T-%0°0))dX3Ix( XOPNID) 1Y I ¥ XOCNID
9% 01 09 (1°19°QAHINI)HI

INTIMERIOMENIDACNAPNIOSXOrNIO4 0N S AAHINT * ¥ )AQUUAH I1IVD

26 01 09 (Z2°19°*GAHANI) 41

(OL AN3IWILVIS HINOYHL)
"NICNIO ONV XOFNI9 *S¥3IL3WVHYd ISNOISIY WILSAS a334 3ILnakDI

INNTINDD

(CTT)AVZON-(T+TI)AVZON) T 4+(TI)AVZON = NHVZON
(T44TI4103NANCLOTYS 40T 4N IVII0T T1TIV)
INNTLNDD

(IVIVZON ¢ (1110344 (NdVLII)QVIY

10344N*1=1 22 0Q

103u4N (NdVLIIQVI¥

NdVALI ONIMIY

0t 01 09 (0°31°¥I)4I

sZ D1 09

(Z4T=PEUBTCT=T*(r*I)3T1TL)) (006%9)3LTuM (0°19°Z0ONYd]I ) 41
0% 04 09 (T°*37°Z0NGNI AT
(BRYZONCOINS 0D *OWVI S UT YRAVZON 1TV

N2 01 09 (€£°19°70NdNI 4T

WYH004d NIVW W S DS 4

0¢ ‘
S

oY
of
9
44

VOO

R-9808/C-8



negeINn
018722009
nngezonIn
IALZIIID
INLZINID
NLLZHIII0
09L2NNI0
062429990
INLZTINND
N€L27090
QzZLZHI0MD
NTLZAOND
o0L2ZNON0
049200300
0989220900
00927939
09323000
06920090
I%927039
Ne920000
329279399
19717710
009z3099
Q650U
JQ5¢0)0)C
0L629970
29CZ¥I)9
N8R21I22D
I1%623090
NES23N79
025220920
016239430
00623929

(CTACILUIXOI=(24F)LAXCD) T+ (M) LLXOD = (F)LIXODD

91¢1=r 001 nNg

11 = 011

06 01 09

(T =P (T ) LANID (T4 ) LIXCD) (DdYLIICY Y

TII¢IN=1 %6 00

¢+01I = IN

98 01 09 (1+01I°03°11)41

96 0L 09

(9T T=C*(2C)iLnN4D*(Z4F)ILXDD) (DdVLII)OAVIY

(OTET=C¢(T*M)LLNAD*(T*T)LIXOD) (DdvLiT)aAVIYN

. JdVYLT 47VvdaSAIVY

IN*T1=1 88 0OQ

1+11I-0110 = IN

26 4946 440 (OTI-TI)dI

I = IN

- = 011
094 *UYWOHAQ “YWGASIA *UHWAOUA *S) SOMW SN4dWIX WN41Q
‘NAYGNN 4N4AT30 *NJCAVY *NIANY $49VNAQL *N4HTI0 *N48A
‘NA90VE *NAXX *XOaWIX *WAXALO *X09NN *X0ATIN $xnqqv

‘XOAQV *09VYIL ¢XUHTIIA “XOBA *XOONVL SXCUX (DdvLI)avay

Jdvil ONIMIY

28 04 09 (0°37°¥IM1d41

OTT NL 09 (T°3T1°WIIENI) AT

(WIDANT *WODUA T *NACNIOCXOFNIO* 0 “uT YAGIWOD 1TV

28 00 09 (7°19°WIOIdNI I 4T

(DTT ANJIWILVLS HONOYHL) °*SINIIDIH4309 NOILSNAWOD ILNdWR)D
ANNIANGD
((TD)LACNIO-( T+ TD)LACNTIO) T4+ (TI) LIFNID = NICNIO

((UDVLOCNIO~(T+TI)LOCNIO) x T3+ (T I)LULNIO = XOFNIO
AINNIANGD

WYd90dd NIVW W S 2 S Ao

96

26

26
06
88
98
%8

26

09

oL

09
139

VULV

R-9808/C-9



06T €090 (#°TT3%ezat°T13%,= (, 1
AYTEIIMN 2 SFBHEPIES (AT LR § EEFEPRTEE X & DL F i (2T 40 )X024 *X3)1IVWHOS T80T
IETENIND (1)LN4D *1 “(I)LX0D *1I (190T49)ILINM
021€72)0 IT¢1=1 5301 0
011€00)0 (/74 SINJIDI4430D JTIWVYNAQ NOLLSNBWODe $XNZ4///7)1VWHID4 080T
JOTENVVO (D8YT49) 31T um
D40E7))20 0601 01 09 (0°3I1°WOIHAI AT i
030€£2990 (ZOT=CC (BT T=T UM T)3VLI1)) (QCA%9)IL]YM 1
QLNEIDI0 (0°LO°WNIUdTI*HO 0 LI WHINCT *HO* T°IV° L UM ) 41
090€10099 J
IGNENIID INNTINDD 622
0H0EIDIN )
0ENER0)) C{O0E INIWILYLS HINDHHL) 4]
0ZNENIND S1INS3Y¥ ININd *03HIVIY N3IIG SvH IINIOYIANU)D o)
019€0099 )
009€0970 )
06620070 FIAHMN ¢ (0006462746224 5T140T) NE 09
N9427929 ( IYIHMIIMATINS V)
NL6Z0HDYD 2
N96ZINDY *ANVIA0IYE 3I1NdWOD 9
06622090 Ol ¥3GYU NI (0=d71SI HLIM ING ONV T=dISI HLIIM INOIINIOE SIHYL 2
0%6200001SVd 3QVW 38 T1IIM SISSVd OML ¢+ 30 T=ANJISI N3IHM °*0IHIVIY N3I3IE ION 2
TE62 1) SVH IINIIYIANUD ANV 6 60 % = INISI 47 $SS3IN9 M3IN 01 V93IW0 31VAdN 2
NZ620970 SAIN3NOIUA/VIINO STHL ¥4 SNOILVINGWD)D HSINI4 7f MAINS T1IVH 2
21629000 o)
0062090 0*) = AXA
N61#Z0990 0 = ¥l

"Re 20000 (ILSYAIIAGVILS TV ("*19°Y]) 4T
CLRZI020 2
19921009 “SSVd LSUI4 ST SIHL 31 S3IVIH0¥4 3I)ViS AOQVILS ALNGWD P
ITFALRN o)
0%870)2) INNIANDD OTT |
VERZIIN0 CCTAPD) LINGI= (2T ) 1IN w14+ (18P )L 1N4T = (r)iindd oot

WYYIDYd NIVW W S D S 4

R-9808/C-10



QL%€00U0
0949¢27I7
0s%E£7090
DyHheINnn
0E*£000)0
N24%€00290
CTHE209%)
00%€N259
N6E€IND0)
08e€I299
0L€€0)00
AR IR B 1Y)
0eeel000
I9¢€0090
Q0€een099
NZeennnd
JTEE00V0
912¢€9020
062€0000
287€3009
9LZeNINN
OL72€3000
097€)909
062EI009
NH2€73I9)
0eZeN090
QZ2E€N000
012¢90)0
0022€7929
16129799
(LA RV IVIV]¢)
ALTeNIID
091€72303

NT=3 T (VeI )uUN=(T )UYW (dXN*L1°I°ONV O°0°I T UNV)SI
((IMUW)SEVYI = ¥WYV
A (LIIILIIVIAC LTI IIVRIVIONYLY = Ld
OT=3°Tx(T-I)1=(I)1 (SXN*3IO*I°aNY°*0°"2°37°1iV)dI
DT=3°Tx(T+0)L=(I)L (JAXN®LI®I°ANV°0°0*§T1*1V) 4]
((1)1)S8VD = 1V
(CCIIADTIVIUC ((IIAVOVWIYIONV LY = Ad
OT=F* T (T=I)A=(I)A (JdXN"IO°I*CNV°I°0"A1°AV )4l
OT-3°Tx(T+IIA=(I)A (dXN°LI"T*ANVeO*N*JI°AVIII
((I)AISAVYY = AV
(((I)dIIVIH  ((I)Dd)OVHWIVIANVYLY = dd
0T-3*1Ix(1-1)d=(1)d (dXN®3IO°I*ANV*0°0*37°dV) 4]
NI=3°Tx(T+I)d=(I)d (AN LI I"ONV°0°0°31°dV)dI
((1)d)SAVI = dV
dXN¢T=1 n2¢ Qd

(/% (a3SVHJ JANLIVaWVe *XS) Y

Se(SIHININe*XG /4011 VY JUNAXIWe *XL4,0ILVY INNLIVAIIWIL,

IX94 40ILVY  ALIDOTIAUXL 40TILVYY  IUNSSIUD

12
r4
| ¢

X9 aIINVLSIGe XG4/ (JAHOLVYITIISO *XTTIH4XIT )LV WEDS 0102

{0T0Z%91311Y4M
(Z8T=P4(8TT=04(F*TI)3T1T1)) (J06%9)311¥M  (0°19°WODYLI) AT
000S 01 09 (2° IV WHINII N II

(/7/7%G°64*XZ2%s2a%5%64%4= 1AN444XH 24/

$6%644X2%e2%G5°6d% = YIZIAIXD*XD2Z4/%¢3ISNOCASIY WILSAS QI3

EXOT4//7%G6°634% 2% e tG%64%s= IINVLLIWAY ITIZZONG ¥OT
/7497844 = INIW3IXII0A,
EXOT4/7%442H 142°84% 4= AININOIYAs *XO0T4///)LYKY0S
NACNIO ¢XOPNI9 SVZON *730 *03¥d (000249)3L14M
(VOIWO)TIVIU/(VIIWC) VIV~ = I3Q
INNT LNGD

ANNTAINDD

WVYI0dd NIVW W S 3 S 4

~“N® S

0002

0601

9801

R-9808/C-11



N29¢€9020
0T9¢guuI
0C9€1992
N65€3I00
0867930
WIRA D BBL
09%t)JIuo
056EZ001Y)
I%5€2300
NFSENDNN
22¢9€NN00
0IGENIND
v0%E9UI0
95%€0930
N349£0090

anN3
401S
1IX3 v

1T o1 39
INNIANOD

*SNOILIUNGD ANVANNGS ONIAJSILAVYS SvOIW0 ONI4 0L 4077 0d 4 ON3

ANNIANTD

(€2°L4*X246°8BI4XG)94%°844XG ) L VWHOS

YWd ‘YWY “Ld ‘LY *Ad AV ‘dd ‘dV *dX (020Z°9)3ILINM
76Z0°0/(1)X = dX

(CCIIUW)IVINS ((T ) UWIOVWIVIANYLY = dWd
OT-3°Tx(T~1)uN=(I)dW (dXN*3I°TI°ANV*OI°D°IT1*YWV) 4]

WYE30da NIVW W S DS 4

0006

000s

09¢
0coe

J

J
J
J

R-9808/C-12



06709900
092339399
9L207399
09209190
N1s202929
9200909
0€237099)
07703200
21202909
00203009
06 TUIVIL
WNER ISR DR
2213Y3)
79101)3))
0s1077130
29103979
AETIININ)
221022239
721101999
03103020
06093330
28903120
2137733)
290779939
16003199
24920739930
0egInn5099)
07009090
oT0™29207

‘to0t1)Vva S(COT WX (201X

S3NILNOYENS

X730+ (TInd

(TWAXN) /7{IX=ZONX)

0°2/70(T+IIX+(T)X)

aN3

NYNL 3y

N*0 = (dXN)va

PNIV = (dXN)V

XN)WX = (dXN)WX

INNILNOD

= (T)NWX

TWdXN¢T=1 02 0aQ

INNILNGD

0°0 = (I)v0

NIV = (1)V

(T=-1) X130+ = (1)X

dXN*¢Z=1 21 0qQ

0°0 = (T)vao

FNIVY = (T)V

X = (T1)X

= X134

T-dXN = TWdXN
$ZUNX *0X

NIV

WS J2S 4

v3dv 3N

$dXN /INVWOI/ NOWWQD

SL6T AVIN *INAGLINIOY SNYWNHIS *Q *W A9 JIWWVYIONJ
SIINVLSICO TVIXV ONV VIYVY HIAWVYHI SIAVINDIIVI WVHEI0U4aNS

[innNyens

1

0e

0] §

(S NGRS NS

R-9808/C-13



NEC09ININ
nNgrNIA0Y
VA QVE B IS IV
W 1alos Ml R e
NKRZINNN
Y7003
QL7)00nN0
39221000
23701029
M200)0
322073790
NZzi3HY00n0
n172303%0
037072099
6703090
2310120
JLT190000
29133910
251173299
24107090
0€1071300
22103229
2T1000,0
99199970
060323000
231307099
0L"290)70

093020306161 AYW *3INAQLININY *NVWAHIS °0 "W ONY 971¥3d4 °Mm
SNOTLVNDI DIWVNAC ¥IAWVYHI 3IHY wWOYd 33N

1679771030
26333070
21231023319
NZ:90 2902
VTV IO

“3UNLIVYIAW3IL

IHL SNTa SITII0Ne ALISNIA aONY

ViiIwQav 3

‘OILVY INNUXTW

$CO0DTIEA “(00T)HOHY “(00T1)HL *(09T)QuW /S1SNOY/ NOWROD
WON41G ‘N49NN *N3ATI30 *49VNAL *N33G0Y *N4AQY SWAXOLO fynann
¢XO0AT30 *09Y¥aL $X0AaY *XOAQY CUWI9HQ CHWOHN *HWISIN 459
CXOdWIX *NA4dWIX *9MW $OTN4I 45TN4D t4TN4AD S€TN4D *2TN4D
STIN4I “01NdD ‘6Nndd 8N4 *21n4) ¢9Nd4) ‘oNd4) 4Ny 4gngH
2030 CT1N4D 491XND $5IX0I $+IX0) ‘CIX0D fZIXNY S11vN)
tOTXUI 46X0D *8XHI *LX0I *9XCI LGX0D3 49XND 4EXND $7XDY ¢T1¥X0)
‘N2 40d *NIHIIQ *XOKI3T $Q9m LOwva dn4ap
CXOBA 4n48NVL 4X09NVL *IN49K “IX08k *Nd WX SXUNX  /WBIWND/  NOWWLD
OMW CNJENN S XDANN *T9W *I9uW QYW $IN48W $IXIIW TV Iy
N46WA*XCaWa ¢
IT *NH4ANIA SXOLINIA SO4LMYW
CXOINYW *NAINKY *XOINHY “N4INTd ‘XOLNId *N4Say 4 x0S9Y¥
‘N4%9 4X0YY *N4L9 4X0ES $N4Z9 X029 *N4T19 ¢XNT9 *N4RWQ
EXO0BWA *NILWO *XOLWO *9Wd ‘GO $HrQ CEWO  STWD X31dwWHD
9IN4Y *STIN4D *41Nd4) ‘€Indd 421n4) ‘11N4D 40tnNd)
6N42 *8N4D 41N 49n4) sgn4H ‘N4 ‘N4 42049 ¢Tn4H
$91XJY ¢SIXDD *+1X0) SeIX0D 421X0D *1IX0) SOTX0D
$6X0D *8X0D “LX0D *9X0) $SX0T3 *HX0D Y€X0D *ZXN7 ‘TX03
SOXA SVZOND %) %unw *A 40OHY $4q SVIIWG XIVdWOD)
(IVWD “(S*HY)YNY  9T«XIVdW0O)

Y AG AJWNWYYOIONI
IZZ0N wWv341Sdn
ALIINA3A

$34NSSInd ANOLYITNIISC 3IHY SILVINIIVI ¥V ¥I0YaSPS

SIANILNOYENS

NS

AUWYVH)

S 4

INI LNOXEns

NN NOM

- NS

~aN™ g

VOOV OLOUY Q

R-9808/C-14



19902))J0
"G9070990
N4990Q0)000
790000
02a0INNN
01909927
009090390
06509900
2960092930
2609099
09509990
153030
DHeNN0I0
NeEsNINN0
025079)0
216070929
0050Vu0
969030030
0RYM)IND
ML+H0O0090
09+%00uJIV
23%003))
4079309
NeHNIIN)
37%000)190
ATHIIIMN
024397)D
05<02929272
NELAIRD ]
NLEINDD0
NetT0991)
SN0
I7ENNHND

OWv9/7(T)d = (TI0OHY
((EWOINISIROXARZZROROWYIA (T °0) ¢ (EWQ)ISOII*dTIAIxTIWI = (T)d
02/70Xxv9IN0%2ZWA = €Wa
(IX«CI/TOA%ZWAx0I/VIIN0%(*T=-4°0))dX 3D = TWO

(ZWN)1Y¥0S = 22wWa

(Jd%0WVI) /TIO0HY%Z%xxN) = ZNWQ

OWY9/4130 = NTOHY

*OX=X 1V SNOILIONOD AYVANNDY9 F1NaW0DD

T=dXN = TWdXN

((T)YWI4 (S TIVRY) IINITIVALINDI

1¥MI /dWNA/ NOWWOD
PNIOHY*ZZWA*ZWA* TIT4N46WA*NIBWN
‘NALWASX06WC* XNIWA4 XOLWA* WA SHA*HWA EWG* TWA N IS TY
SXOSOYCNILINIACNAINYW N AINHYCNIINT dE XOLNTA S XOLNYW ¢ XOLNHY

CXOANId*NIYO4NHEINITZONITO*XOH9 ¢ XOED¢XOZI*XOT9 /ANNVYAY/ NCWWO)D

PNIV *ZONX *9X
$XT30 $(00TIVA *{00T)IV “(O00T)IWX ¢(O0T )X ¢dXN /I4VWUII/ NOWWNID

d130 ¢VZIOND *VIIWO *aXA
S{00T)L *(ONT)UW S(DOOTIA *(DT2T)QHY *(001)d /WHIWOD/ NOWWOD

IOW ¢19dW *I9A *I90HY
$(DOTI9TASS *(ODTISTASS ¢(NDT)H%TASS

S(OOUIETASS *(D0TIZTASS *(O0OT)ITTASS 4(ONTIOTASS 4(0DTT)INIAASS

$(OCTIIXTOHASS *(0QT)IBASS “(OOTILASS *(DDT)I9ASS *(00T)45ASS
S{ONT)IHASS *(ODT)IEASS *(D2T)12ASS *(O00T)ITASS
${(02T)N38dVA “{O0T)IXOA4YA 4(00T)8AQ 4 (VUT)E0OHYA *(00T)GUNWN

SANILNOYANS W S I S 4

€
[4
1
1

1

NN O

(= OV W VIO

R-9808/C-15



NK47330)0
79600090
WHIIIIN
U9400)0
23600MD
6273300
NEHONNDNY)
12607900
AT4Q000N0
20529990
AR DRI
35373009
NL8939330
0949909919
731890010"
THRII)ID
022932730
02323090
NLINING0
JOB0UIIV
D6L00930
09209090
oLLNI)00
noLnI09)
I6L0D0399
AR RTs o Ts
LAY B PRl bs)
NZLIN09
AR IR Ll b )
002.900)H0
V6307739
nNq20)9In
2L3INNNID

(P2 TTIDTdTCI X/ /b0 XTT 8 aAs $D7 8 YW, *XI7 !
+///)1VHY04 0006

..CI&..xou..a..xda.-mo.XM\\ﬁ.m~w~a~.. = VIINW0

(D LATIA LT )W (T)OHY (T ) a* I * V9 IWD (000649 )3LINM (D°19° JuMT ) 41

(*14°0) 11
(*24°0) = N4INIA
(*0%°0) = NAINVW
(*2%=3) = NygNHY
(°0%**0) = NJINIA
(°N%*2) = XOINIA
(*N¢°0) = MOLNYW
(*N¢°0) = XOLNHY
(*U*°0) = XOINId

1

=1

*NOISS3INdXY WOILVZINOdVYA NI 73SN STVIIIUINI F7IIVILINT

((OOU/ (INJAW/ IXOON-TUW) % ¥KUO¥A +
"T)&02U) /UWADHA&(T) YN - (TIOHY - (T)d =
SWQ/%W0 =
SWd - 0dX/Nd9Ax%
NIGNVLIRVIIWCR (" T¢* ) - (UDRTOOHN= (T )Y ) /Z( T+ 19W) 6 IN48W
(9N043-9%X0D + CWAXSNII-TWU4$XND) %2 W0
(*Z+I9UW)
\.onm:\mbumz*uwzzl--l~.~¢uozz.fqamzi.~.> =~ HW0x?wWQ
(OO« IO0HY*(TIV)/INATWRIOaW (* T+ [IHW)
(BNII=-8XOD)&(TIA + (CWORLNII~TWARLXTD) «OXA +
(%N3I=HX0I ) % (TIOHY + (EWA*ENAI-TWAEXDD ) %0WYI/ 47130 +
(ZN4I=2X0MN) % (1)d + (ENO«TNSI-TWAXIXOD) «dT40
(NIBA/OX%VOIWO*(*T4°0) ) dX 3D
(XOBA/0X%VIIWO%R(°T**0) )dx 3D
..mza—mGUU*ox>+.mzc.2~mui.NNZC&Ot<u.\44waQ..ﬁ..;._*azs =

SINILNDEANS W § 2 S 4

()4t

(1) MW

GW3
Sa

WQ
Zna

W3
CW0Q
TW(]

(1)A

7

1
1
1

4
1

f

o)
J

R-9808/C-16



07511229
N1ETAIIN?
NOE 171009
N62 1090
00219990
LTI
09217700
NG ZTN0NN
fe711329
9ET 12990
02217010
AT1Z 12029
NNZ 100NN
Us 119900
naT I
0LTTNI99
9117990
06110290
Q4110229
2ETTII90
2112000
21113970
UOT 12900
05717032
28011920
2L0T0II0
19211999
93012000
%0 13320
0ENTID:

02010900
01010000
20010000

NOTAYNGY WOALNIK-OW 2

(I)SASSH(I)0HY = (I)OHY=(T)TASS%*Z + (IDTTASSx(IIA - 1
(IIA%*2 + (T)I0OHY%TWQ — (NS Y+ XOSTUIR(IIDTASS = (Z)VKWD

(N4€9+X0CA) % (IDOTASS— = (H42Z)VWY
(N499+X0%) )& (I)DTASS = (I)TIASS + °Z = (E*2)VWV
(N3Z9+X0Z9)#( IIOTASS = (I)9ASS + (TITASSH°Z + TWO = (Z2)VWV i
(NITO+XOTI) * (1DOTASS~ = (T2 )VWY
2
NOILVNO3I ALINNILANG) k)
)
((I)BASS + OWVO%*Z-)x(T)A - €
((T)LASS+(T)TASS#°Z~TWO)x(T)d - r4
((I)UWR(1)N46ASS + (I )W 1
*{[)X06ASS = NISTYX(I)9ASS + XNSAuw(I)ISASS)«(T)ZASS = (TIVHD
(CI)N4A6ASS + 1
(1)XO6ASS = NIEOe (I OASS+XOEIR(TIGASS)IR(IIZASS= = (9*T)VWY
(N499I%(T )IASS+ 1
X099% (1 )SASS)x (I )ZASS ~ (I)BASS + OWVO%*7 = (E*T)vWY
(N4294 (1) 9ASS+XNZ(I)GASS I (I)ZASS= = (Z°*T)IVWY
(NFT19%(1)9ASS+ 1
XTI« (I )GASS )£ (T IZASS—(TILASS+(T)TASS#"7 + TWA = (T*T)IVWV
I
NOTLVNOI A9Y3IN3 )
7
09/X130%V9IRO%T T~ = TWO
)
(TINOIWHI 1IV9
)
/GNAYAVY/ NI S3IVEVIEVA JHL 40 LSOW SIANdWED NOIWH)I o)
7
INNILNOD O1 |
o)

SINILNOYYNS W 53 2 S 4

R-9808/C-17



769132239
V5919939
0E9TIIVY
2911097
21013500
20919199
6519730
AETR L Tk I
0L>T9990
09517999
0661390
2%S132)9
0¢S192099
12613229
014911900
02617000
N6H1N0020
084%1n0))9
QL THVII0
AL AR )
23512039
02913000
2EHTHINNY
22417090
0T»12729
09%122))
06173120
NRLININY
NLETNN)D
09eTuvwo
UETR DD DR
V€TI0
€T30

SNOTLVNADI WNINIWOW
(C)vW) =

*NITLVADT ALIMNIINGD W
(TYVWD

*NOLLIVNCY A9YINT

1

WOY4 A
{1d1)0HY
¥4 NHY
= (Tdl)d

WOHA o

+I = 141

(%45 YNY ) LVWWGI 1TVD

SKNILYNOT X3TdWOD 30 WILSAS % AR

((I)A +
(IIOHY*(I) TASS )& () QUWOXXT13Q - ((I)TASS%°2Z + TwWQ-
(I)STASS)»( ) YW + (NISOUR(T)GYW-XOSEN) % (I )CTASS
(I)STIASS -~
(NIEIR( I ) FUW=X0ED) &« (I I ETASS — (I)DIASS%"2 + 1IWQ
(NI*9%(T1)BUN=X0%D ) k(I )IETASS ~ (I)EGYWGRXTI3O
(N429% (T ) GYW=X029)%(IIETASS - (I)%IASS
(NITI% (1) QUW=XOTD ). (IIEIASS— =

(]

NOTLVNCI ul1vy

(I)d%x(I)ZTASS + ((I)TASS®*Z+(I)EASS~-TIWO=)%(1)A
(°0¢°0) =

(I)EASS ¢ (T)TASS%"Z + [WN

(*64*0)

(L)2TASS

SINILNCHENS W S I S d

% 3JA0S
Z
1
= {(%)YWI
1
(646 )Yy
(ESH) YWY

(C4n) vy
(T4%) VYWY

TUPLY TV

= (€)Vh)
(»iC)rwy
(E'C)vmy
(Z4C)vny
(T )wiy

—

(&) [SAS NS ] VOO QO

VU

(S NS

R-9808/C-18



NB61D020
2L619000
095123722
25519939
N%619220
9610010
nN26145090
ITATIVIY
0111232
DHRTIINN
WEEADNDD)
2L279232
09312910
1649T1292)
N0%819039
0e3 13900
02310230
018130990
00819030
064100920
pEFRORDD
AL
I9LTINID
N49l13290
I%L1I07200
ELTINDN
IZLTID39
0T1L127™M00
092L12231%0
06919932
2989131229
AL9T1I099
I9911))N

(dXN)d/(dXN)A®ORYI = VZIOND

J
C*IONVLLIWAY IVZION WV3diSdN FLiNdWND u
J
O1 0L 09 (TAWdXUN*IAN*T)H]
1+ = I
)
(NIGWAR( TAIIASNIRWOR(TI)IAI*NALWA + NIINTA = NHLINTA
(NI6R0R( TAIVYW+NABWUR (I ) MW ) xNALKO ¢ Nilhdln = NJLNAW
(NJ6NAR( TaINOHY+NIBWAR (I IDHY ) xNHSLWT + N4INHY = N4INHY
{(NI6WNTx(TAI N d+NISWAR( T VD) &NILW + NIINTAH = NIAINId
(NISA/ (I )X VOIRGH [~ VdXIDINIL W7 = N4LWA
(XOOWUR( TAT JA+XOBWAx(TIA )}« XOLWO + XOLNIA = XOLNIA
(XOSHOX( TAI)HW+XO0BWAX (T )YUW) = XOL WA + XOINYW = XOLNYW
(XO6WAR(T4IIOHY+XOBWAx (I )OHH) ¢ XCLWA + XOALNHY = XOULNHAY
(XO6WTIk(TdI )d+XOBWAR{ I ) d)%XOLWA ¢+ XOLNI4 = XNENId
(XOAA (L)X VIOINOII=)dXIFIXO0LWOx®*E = XOL¥Q
2
*d3ILS LX3IN ¥O4 SIVHIIANT 3Jivadn 2
2
(%°T1T130TI4I*CI*XT)IVWYUOS 0016
(1dI)L* (TdIDA 1
AT UWS (TAT JOUHY*(TdI)d* Tdl (NOT6*9)3ILINM (019 INMT)SI
(TAdI)UNx(I)FTASS~(T4TI}OHY-(TdI)d = (TdI)L
J
*ILVILIS 40 NOILVNDI WO¥4 1§ 3
. J
(2IVWD = (141 ) unw
8]
SNOTLVYAOT OIivE IYNLXIW MOY¥Y4 Nk o)
)
(ZIVRT = (TA4I1)A !
2

S2ZNILNACY¥ENS W S J S 4

R-9808/C-19



91229929
73920230990
06617090

SANILALYENS

WS OJS 4

an3
NYNL 3y

f

R-9808/C-20



156022332
09202090
0gzonons
IZEIININ
21<07932
NNE0I1II0
7620901790
087200100
220090390
097217310190
142907190
04%Z09200
0¢€7007000
02200990
717209900
027029920
N5TONI09
3197010
ULT1090u0
0a190971)
NeTYNI)
I¥TNIINM
NETINDIN
NZ10MNI0
0T100uu0
507000ON
NAGHIDIN
089002309
0399924999
0v307090
NZANIIND
0200070
010012990

$(00T)ETASS

‘(oo0t

L(ONT)IXI6ASS

$(001)IN4A4VA
‘{091)8A

Wand

$XUdWIX

$QTX0?

$X09A

10 ‘n48nN

1tN4)
2n1
¢6X07

‘01N

‘8Xx0

IMKW

$XOLNYW N
‘N4%9 *xX0%9
$x08Wd

91Ny

‘6N *eNnd

¢$91X0?

‘607 *exo

‘1n4D

‘N49NN

) ZTASS
(001)8A
(V0T )YA

(901 )X049dVA

$(00T)

FTSELRC
$X0A13Q *09v4aL ‘x0aav
‘NIdNIX 4 OMNW

2 ‘6Na)

$91IX0D

3 SLX02
-OU [}

4ANHY ¢ X
‘N9 ¢
‘N4Lg

J *s1n3d

2 *Lx0D

SL6T AVW

${00T)9TASS *(O00T)ISTASS ¢ (O0T)IHTASS

SS

$(00T)9ASS

$(I0TITTIASS S(O0TICTASS *(00TINIHASS

teoot)Lnass $(201)GASS

SS Y(O0T)EASS *(VO0TDIZASS *(OUT)TASS

30mY

49viyay
fxaaav

ta1ndd ¢gIndd
‘indd
¢%1X02
$6X02
7d ‘Nn4H13a
‘n3gnvy ¢X08Nve ‘INJAW *IXO8NW

‘gnd4d
$51X02
$9%09

CXUGON ¢I9W ¢ 19YK

O.LNHY
X0€9
$X0LWA

$(001)9Ad
‘(o0

‘ndaaqv

‘N3INLd
‘n429
‘9na

$ YW aoun
‘9nd4d
¢49Xx07

$X0H130
$n4Nx

I1 “NH4INIA
‘XOLINId *n4sS9v
‘N419
LR 1]

¢X029
‘o

(00T ) 90HY0

‘N4AQY
s HWAHA
‘%1Nn49

‘9 UM

A OED)
2 4LN4) *9n4)
$GIXQD *+1X0D
‘9x07
SOXA *VZIOND ¢1

‘ETIN
‘qgna)

¢$X0D

¢ INAQLINOO0Y

‘EIX0D

‘YW *A

42
f4N49

$ X0

91143

‘Waxoid

M ANE )

‘sndd f4n4d
¢€1x097

$21X02

fex0) *2x0)
4098 4QWV9
EXOMNX  /WSIWCI/

$IN48NW

N46WA
SXDINTA

‘X019
‘eWa

$21Nn42 *1INndD
‘endd ‘z2n4d)
$2TX0D *T1XAD
sexX0D *2Zxn)
‘OHY ¢d

4 M °H¥ A

$YWasaa

$(ONT)FUWO
$(J0T)AuW  /SLSNDOD/ NOWWOD

¢ XOANN
‘59
421049
NF
$TIX0)
$1x07

T PLT
NOWW02
¢IX09K V3N
‘X06Wa*
$NILN YW

¢ X0S9Y

*NAF WO
‘TWa X37dW0D
$01n47
‘104
$01X0)
$1x02

$V93IRNa XIATNdWOD

8 AIWWVYO0Ud

AGWYH) WYX90UdENS HO4 SB3LIWVEVL JLVINDIVI 11 3INTLNOY

SINILNOYENS

WS

S 4

(I )NGIOWH?D

INI LNOYINS

“NMm TN

~“~ NN OM~

NS

k4
€
4
1

[SRERERE)

R-9808/C-21



GrLI2)¢
eI
n39330n9
NLIINHIN
9901999
nNg9023729
Y% 9N0I N
0€EP0))0
3233300
A9
019920979
LTS AL D T
08390990
NLGDDONY
79607939
26607920
I*509779)
0£ 500390
N2592021)
21502200
03%0N0920
044502070
0900000
06%09990
NH=iNNIn
3e%037)9
025099290
AT90%990
Y% 000wl
36€00030
8L 09390
ALEDINDIAD
U3v0 Iy

(YRR TXUI+*Z2/9X0D ) (] ) Hi + (YW JeZTX)+
*Z/9X0D) % (1)OHY + (YWQHOTXDI+*2/2X0D ) %( 1) d+X0SOY
(XOINTA%QTIX0D+
xc»zaz*¢~xou+xchz:x;m~xou,xo»zqa*caxou.imza+xcwmm
(ZWHAXCTXNI+L XOD ) THWARO XA+
gmzo*m~xcu¢mxcu.9~sc».~.xz+.NZQ*a«xou+mxou.4~zo*ﬁzaorz¢
(ZHOAX6X0DI+TIX0D) T Wxd 1IN
INQA/ XNN6RWA
XO6WaAxX0L WA
GWCEXDBWARXOL WO
Sk = XO08A/X130%xVOIWORIT + °T =
IWA/°T =~ XOAA/XT3I0%VO3W0sI] - °1
(XO8NVLxXTIA%Zx%VIIW0OX* 2) /XOHA

1

XHsay

1

xXasay

Z
1

X0S3IYy
X6wWa

SWa
»Wa

X1}6Wa
XOBW
X0LWQ

“SH3L3IWVHYd NOTLYZINOJVA WIZIQTIXO JLvINIIV)

"Z/U9NA+ T )% (XOBA/ (1) X&VIIWOLIT)dX3ID
(XOBA/XT130%VIIW0I 1) dX2)
(XOBAXXO0ANVL) /(OX—= (T )X )

(XOSA/ ((IDWX)#VOIWO*I I ) dx39

FNIOHY*ZZWa*ZWA* 11 4N46Wa*NY WA
.:mﬁza.xoazc.meZD.XOh:0.0tO.ﬂZO.#ZQ.mzo.dtooaumax
.xcmmx.:uhz~>.3uh2xt.Du»ZIz.Dubz~a.x0p2~>.xahzxz.xthIz

0w

£Wa
9wda
ZwWa
Twd 01

€
Z
1

.xoh2~&.Dm:o.:mm&»:uwu.:maw.xo#o.ano.chw.ngo /ONUYAY/ NNWWO)D

CNIV ¢ZONX ¢DXx

1

$X330 4(00TIVQ *(0D9T)V *(001)wX (00T X *dXN /I¥VWGI/ NGWWOO

130 ‘VZOND *V9IW0 *IXA

1

(20T )L “(00T)uw $(ODT)A 4(0OT)UHY $000T)d /WHIWDY/ NOWKDD

I9W ‘198n *I9A 4190kYN

S3NILNUYENS W S 2 S 3

9

VOO

R-9808/C-22



NENTNNIN
062719090
NTH199I9
00512000
16699000
IHANIND0
L6099
N9YA02999
96690079
0%A02030
LEARNDNIID
0Z/02300
91609732
10609070
NAHONNNN
198093))
21407930
09801990
NGRO01N0IN
028000
027303533
n73931000
IT#0)INON
91209909
UALOVUIO
292.07000
L1000
09107993
NGL0NI0I0
%1077
NEL099)0
nZL09990
L0

(SWA9TINAD+*2/8N3D 1= I 1N404VA

(SHAxYTN4I+*Z/9N4D )= ( T INHGdVA
(SWAXZTRAD+*2/77N4 ) x( T IN49dVA
{SWOxQTNAD+°2/2N3I)x( 1) NIFdVYA

N4S8Y* (I INJAGdVA =

(PWQ%9TN4I+°2/8N4D 1% (T )M +

(YWAxTNAI+*Z/9NdD ) (TIUW + (PWOXZIN43+

*2/790N32)x(I1)0HY + (YHOA=OTNA4I+°2/¢N4D )% 1) d+N3IS8Y =

(NSAINIA®9TINAD+

NAINYWRYTNIDI+NIINHY2ZTNII4NIINTA20TNAD ) % EWQ+NASHY =
(CHARGTNII+LNID )k TWOROXA S+

(ZRO%ETNSDI+SNAD )k TWOR (T ) UW+ (ZWORTTINIDI+ENID )2 THAXCNTIOHY+
(ZWA%6N4DI+TN4D ) xTWAxd T30

9WA/NH4ANG =

NA46WAsN ILNG

IWOxNIBWCxNILWC

W0 - NAGA/XV13CxVOIWOXIT + °T =

YR/ T - N49A/XT30%YIINO0=IT - °1

(N4ANVLIeX130%2x%xV93IW0x*Z2) /NJBA

1]

N4%9
N4€9
n4z9
=19
N4S 9y

Z

1
nisay |

.
n4say

z

1
N4S9Y
N46Wa
= GWO
= $Wa
N46Ka

N4 8KWA
REYA 10

°SYILINVAVA NOILILYZIWOdVA T13Nd UVINIIVI

*Z2/(9WA+° 1) % (NJIBA/ (T ) XxVIIWO*IT)dX3ID
{(N49A/X130%VIIRO%T T ) aX3D
(NA3AxNIFNVEI /L OX= (T IWX )

(N4IAZ/ (T IWNX) 2V INUS T T ) dX 3D

(SWOX9TX0D+*2/8X0J) »( I )XOAdVA
{GWOxYTIX0D+°2/9X02) % { T I XODdVA
(5AQ%ZIX0D¢*C/HXDI)%( 1) XORBAVA
(SWARDTX0D+°2/2X0D) % TIXOEdVA
X0SHYx (1) X0HdVA =
(VWA TX0I+*2/uX0UDVx(TIA +

SINILNOYINS W S 2 S d

"

I}

tixQ
9Wa
7w
TWa

i

1]

X0%9
XO€9
X029
X019

X0S8%

VLW

R-9808/C-23



06019999
020 TIVIV

SINILNuYaAnS

W

S

2

ang
NYN13Y

{

R-9808/C-24



NICZINNITLIIdAS 3Y

02721290
N672Z1290
VERRGRVIVIV
0L721000
09221329
26221790
0221020
Neeciangn
gzzernan
a17221020
20221002
061210990
N8TZTINI0
12191
09121020
Ns1219200
Ny121200
0€e121020
02121900
AT121I M0
ontZrIIm
6021990
UEDEFADVRD)
QLOZINNd
090210
96021909
09021070
1€20¢1020
0en21029
220219490
019Z70%9
000210235

VN03 XVWF aNV © CINILNO¥SNS T3IVO0D NI ud¥M3ITHIO) jvwrnd

XVWHE AT (2149) JLTdM
94géh (XVWF - ) 41

SANAWITT IVIOATId WAWIXVW NIVLIEN OL Q3ININGIY S0 SMOY FONTHIFIINT

AONTLNOD

127 = XVYW)

¥ = XVYWF

€422 (XVKD - 2232) 3JI

Zxx{lreM)Y + 2xx(C*N)VY = IID

NeTdl = % 2 0G

94G4gZ (N - ) dI

T « ¢ = 1df

Zax(PP4TIV ¢ Zax(PC)V = XVNWI

TIdN ¢« = ¢

r = XVWeP

*AYNOAYIQ 3HL MO39 ANV NWNTI0D NI 30NLITNdWY WNWIXYW ONId
NeT = ¢ 2Z NQ

*TUYNGOVIQ IHL MO39 J3LVNIWITI ONIAE NWAICD 2HL ST €
0€c-30°01 = 27

T ¢+ N TdN
T - N TWN

GLO6T AVW *INAQLINIOY *ONTLINNH *X °F A8 OikWVY¥OOUd
*XIYLVW X3TVIWOD 40 NOILVNIWIII NVISSNVY

{(92T%29)v NUISNIKIO
(N4V)I3VIND AINTLNOUEHNS

SIANILNCHENS W S 2 S o

a1
9

4
13

s

|

——tc

[SRSRS VOOV

VWOV

R-9808/C-25



0921090

*OILYINITIVI SUATISKWIAHL

0£92TQUULON 3¥v OILVNIWITNI SLNIWITI 3IHL *TVNCOVIA MO13E SINIWITI JLYMIWITZ

02921919
AT9ZTINN
009211020
06521999
08521900
048213319
0967210290
06621000

XVWI/((PCP)va(NeC)Y -

QVRHIA

YIv3y
(COCIVR(NNEL)IV) = 9VWIA

ANNTANGD
= (NP Y
= (N¢C)Y

XYWI/(UCCATIVRINNCTIV + (FEC)VE(NPIY) = VIVIY

(9°4132¢3uV SIY

1IX3 1v)

el

0%6CTNIONIWITI LOATd 3HL *73V9ID WOUd 1IX3I *¥VINONIS SI XIBLIVWTIRIO) LVWHOd 91

NeEsZiNng
072627990
01921702
00421030
06421139
O%ZT19)0
0LyZT1NID

0942173

N6e%21939
0%»21000
eH211000
229219%)
1221900
00%2100)
26£21000
28¢21020
0Led19I99
09¢2Z1702
23e¢21000
d%€2T1009
Needtolo
22721239

ET¢HTéoT

(reer

CHWNALTWNQ (91%9) 3JLINM

YV = ZwWNA

(r¢r)v = 1WNna
ET4ST4SY (27 ~ ((rrtr)

= ((reey

1dM

TdN* Tdr

v)SAv) I
V)ISRY) 41
+ M = N
= % 8 00
INNTINDD

*0°T S3INOD38 LN3W3ITN3 LOAId *AN3IW3IT3 LOAId AB MOM LOAIA 3IATAIA

SINLLINOHANS

WS J2S 4

aIoH = (

(NN SX YR )Y

{NYeT
aQWIH =
(MEXVWP) Y
(Mer

TdN
| GLA

(21

JNNIINDOD
NX¢XVYWI )Y
= (MYSP)VY
v = 00K
(M4 XVEr)YV

= (d*'r)V
v = QICH

+ A = LM

= % L 0a
1IX3 Vv)

IZ2¢ *AN3AT

sl
*1

T

(S NS RS

[S NS NS ]

R-9808/C-26



03L210720
AWLZTIN0
C9L2190)
23021930
0%l 21039
T RARID M)
0ZLZ70I7
01421090
ocLztone
96921029
18921000
ILYZTOID
u9921300
06921022

(PEET)VR(NNIT)Y ¢+

SINILNOYINS

WS?DJ2S 4

AIWIA =
vivay
(HOP)VR(PLOTIIY = (FCTIVERINNGT)V = (NN
(CCTDYR(NeCIY — (¢

TdN
1dN*1dl
NéT4dr

Q4L 2492

1)V
v

1 ¢
(N

GN13

NYOL I
INNT ANGD
ANNIANOD
(NS T )Y
= (WI)V
GVKHIA
vivid
= NMY
6 G0
?.UO

M
p,|
1

c = Tdrff 92 i

- ry 31

J

R-9808/C-27



NEENN0IN
N7¢029)0
AT12273I39
02€090939
06209909
ng3209091
2L700930
09209930

32079000
04207973Nn
05200919
nZz3391"
2170239720
NNZ7200)
06703009
081071090
ILT00909
09101090
257105999
09101709290
Ne1090300
0210029
01199099
00100090
06703020
980019000
9L079999
09900000
06703900
04107220
0€007000
02003990
91900007

(NI 24 (T 1INdD)

WaN311a 4N489NN *NIATIA *39vyIlL

X0A73Q “09vual *X0aqavy ¢xnAqv

‘TIN4T 421N4D *6ndD ¢gnd)

$2n4)

$0TX0D %6X0)
‘09 ¢od

¢X08NvL ‘Ind9n

‘XO08A ‘ndJanvy

HdV11T

(0VT) LOFNIO *(00T)LVZON (00T ) 103N+

nN48nN
N4y ¢ay
‘91nd)
‘6N4) ¢gn4)

‘9TX07 ¢91XN3 ¢»IX07 *€IX0I *71X0) ‘11X09
$LX0) %9400 *gX0T *9X0D ‘€40 *2ZX09 T1¥XQH

‘6X0) *8xX0)

‘niaaqv

LNy

Ny

9n39

X030
N4 ux

$Jdvil

¢ X0ENN

‘WY

‘N3AQY
YNG9 NA * HWaHA
‘XOdWIX *NAdWIX *9MW *9T1N4D *STA4D *#1N4) SETN4D
foN3D 44un4n
‘IN4D ‘9T X09 *GIX0D *H1XxaI *€1Xa) $21x0D 411X 0D
48XM0D 44XAD *9XND *GX0D *HX0I ‘£X0) $Z%x03 41xcH
fndH3C

SIXO8W

)M

00T OL

Gy

$XONX

‘NdV 1l

‘(91)1n4)
‘STNID *41IN4D 4€TIN4) *21N4I *11n4) ‘orng
‘LN4D 49N3I “gNdd *endd ‘end) $Zn4d ‘1Inao

‘waxolrn ¢xoenm

fIN19W

19 (0*3I3° v 4l

765THT°c/1d Y1VN

${IX024(T)1X0D) IINIIVAINLI

$AWNSIaQ ¢SH
$2104D
M AIE M)

‘NH0A
MOWWOD

=N TN O M

‘onvo
/WAINCD/

LCO0T)LAPNT O 1
SLD3YIN  /dVLIWOD/ NOWWDD

SIx0a9w vy

$(91)4X01D

£N1X09D

~ NN

$13FNI9 “L10FNTO *1VZON *WNA *N4ACNES ‘XOCNT9 X3I1dk0D

SLOT AV *INANLIYIGH *NYWNHIS *0 °W A9 QIWRY YIONd
*SINIIDIH4300 NOILSNEWOD FHL 3LVINITII 0L WY ESONEINS

-:Ouazu.£Ouana.Duﬁzuw.XOﬂznu.ommm.m->anou INTIANCYENS

S3NILNO¥ENS

WS DJS 4

(SIS NS )

oL OLOL

R-9808/C-28



06L0302) IWAHG *¥WASI0 *¥WadY0 *SD oMW (T1435)CYIN

0sLnNNN9 56 20° IxNAdRIX = NJaWIX
0wl NHIIN Z6GSEGH0/GE*YSITxN4HTIIC = NIHTIA
LN BHOE*0xN4AA = NJNAA
0zL2II" G2 0°0xNANX = NAUX
01209909 (#°113%,= NddWIXe *XLZ4/4»° 113 Y
00L99999 4= WONSL0e*XH*H°TT3%= NHBNNI*XEH°TTI*a= NIATI0 * XY s
069097920 9 TT3%,= NHQAVe *XS*//4Y 1134 e= NJAQV4XE*HY°TTI¢ o= JIVHAL, Z
08903990 CXLZY /%0 °TT34e= N4HTIIQ XG4 H°TTI¢,= NIBA*XESHTT3 ¢
0L900090 Soz= NAANVL*XG4Y TTI3dT e= NI XSG/ )LVWEDS €
09309099 N4dWIX ‘WaN410 *N4anNN *NIAT30 4N400V *N4AQV 1
0gaHIN0N ¢39v3GL *NIHTIIAA *N48A *N4ENVL *N4XX (E49)ILTHM
09907020 NddwWIX *WAN4L10 *N480NN *NIATI0 4NI0QY 1
0€9027000 ‘NAAQY *49V¥NL *NIHTIA *NH8A *N48NVL *NHIX (T4s)AVIY
22900000

09507090 #G6Z20°0xXOAWIXY = XNAWIX
03302079 26GEGY°/GE° 9SG TxXOHTI3Iq = XUHTHY
04%523990 B8H0€*2%xX0AA = XO9A
0€5097)9° #G20°0xXOAX = XONX
0¢G090236 (#°113%= XOdWIXe*XL2%/*%" 113 4
NT3099000 $e= WAXOLGa*XY*%°T134e= XOBNNG*XE¢H* TT3%0= XDATIAe 4 XY 12
02607927 $4°TT3%,= X0QAVe *XG4//74%°1T13% = XOAOV*XE*H°TTI% 4= 0OVHTL, 4
2649912020 EXL2%/%%°TT3% = XOHTI3Q4*XG*9°TT34e= XOOAL*XEH° 113 ¢
08%092090 o= XO9NVL *XG*H°TTIdT¢a= XONXs *XS/)LVKHOS 2
2L.90707) XOdWIX *WaX0LQ *XOANN *XOAT3IA *X0QaV *XOAQVY 1
09%3722I0 $09VYQL *XOHTI3AQ *X08A $X08NVL *XOMX (Z49)3L11¥M
054020720 (R*2T39)LVRH04 1
DH49INONN XOdWIX *WAX0LU *X08NN *X0AT3Q ¢Xxuaav 1
€4029399 $XOAQVY ¢09VHAL *XOHI30 *X08A *xX08NvL *XO¥X (T1¢G)aviy
07%099)90

09w 99IUI0

05299309 *v¥iva tNdnI Uv3d °"3SVvI SIHL ¥0d SSVvd 1SuI4 SI SIHL
0+»£000929

SANILNOYENS W S 2 S 4

R-9808/2-29

VOVOLO



REA R MDDR
0T110990
07113
DANTINID
IROTHININ
0LN129)0
29410007
03012239
IHHTI03)
0edINYY)
020120
0TNININN
01413319
06500909
03603337
NLa02IIN
0964000920
0354023099
D»anan0o
0£609200
22509239
NT&6D3990
00609090
96209399
02802990
02992000
299209090
06801099
0%200090
2£€33)39)¥)
02809079
07180)0930
00802320

O0OVYOL*IYIxIde*2 = 10

G°0 = ¥y
XOFNTO# (WNOxXOAQV#S°*0-X0ANY) = Qun
XOXX/XOdWIX&WNL = WNn

XOrNI9g = fd
XOCNIO%(WNO=-°T) = WY

XOGA/ XOUX % IUS kI d%*2x(0°140°0) = wnn &
T+ = 1 o002
09d ‘YWAHA *UWGSIO “HWAOYUA ST 49Mu NAIWIX *wan4dla 13
‘N4ENN ¢N4AT3A *N400VY ‘N3AQV ¢49v¥aL ‘NdHI3Q ‘nd8A 2
‘N48nvL *NdNxX SXO4WIX ‘WaXoLQ ¢X08NN ¢X0AI30 *¥naav U
¢XOAQY *09vu01 “X0H13IA *X08A EX08NVL “XDMX (DdVLIT1)3)InM
(1)103vd = 3u4
00c 04 09 (I1°371°WODINIIAT
¢ =1
0344 = 3Iyd

*IdVLI NO 3AVS OGNV 278VL AIN3INOIYY IYIANS ¥0d SUINIIDJISH30D
NOILSNGWOD IANdWOD *T *19° WOIGNI S1 “LOIVI ) AININCINS
LAANT ¥0d SINIIDI44309 NNILSNEWN) 3LNGK0D 4T *37° WOIINI 1

IONTLNOD

JdViI ANIM3Y
MW/ YE*HTE] = 09Y
COSESH 0/SEHSOTHYROHO = ¥WAHA
8%0€°0»3¥WdSIQ ¥nQasSOa
CO6RESH°0/2BSSE 1%B8° I UYWAY dWA9¥Q
B90€°9%SI = §9
(#°113
o= dWOHD W *XLZ4 /89 1T 44 4= YWASINe*XE4H " TTA 4= HWAO U * X2
CHtTTI4e= SO *X94H TTAdT * 4= OMWs XS4/ )LVW¥DS
HWAHG “WWASIA ‘¥WA9YA ST f9Mp (¢9)31TYM

L

1]

S3INILNOYINS W S 2 S 4

2
1

001

N4

i

(S ] LIV

R-9808/C-30



09510000
I9%139239
0€%192000
nNZ419099
01+10070
00% 10090
36€10020
93€19090
0LETNNIND
0N9CT02ID
2610909
NH5e10039
0ec12000
02712000
0Iernn9e
NoE1INI0
0671090
NRZIIN.D
ALZTIINO
09210399
62199979
249712990
VETTOVIV
122130Q0
21217999
002109030
06119090
nRILININ
0LT1TI000
09112919
26T1INID
04112090
01123992

NHENN/ L 2-N48NN) xN4H = BNYD

0°0 = LNn4d)

N48Nvi/wWanditg~ = 9N4I

0°0 = 6Nd4)
N48NAN/(*2-N48ON) xH4d = HNdD
0°0 = €£0n4)

0*0 = 2n4J

NIANN/QU%G°0x( *Z-NIFNN) +QU%* * 2-NY-WH = TNAI
(1axT10+° V) /7(T0x(0°T40°0)-T10%TA) NIATIIA/G5°0 = NIY
49vH0L+IY4xIde®Z = 10

5°0 = Ydd

NICMI 9% (WNUxN4AAVEG°*0~-N4AQdY) = O
NDAX/NIAW I XxbiNN] = WNA

n4rwIa = Ny

NACNINE(WNA=-°T) = WY
NAAA/NINX=3YI»Td%" 2% (0°T*0°0) = KNAO

8X0J— = 91IX0)

0*0 = 4IX0I

9xNI~- = 4»IX0)

0°0 = <IX0)

#X02- = 21x0)

20 = T11X0)

0°n = Q1IX0I
NY+X0BNN/CY2G* 0% (*2-XAENN)-THx"7 = HXND
XOANN/( *2-X0anN )} xN4Y = 3X0I
N0 = LX3)

X0aNVL/WAxX010- = 9X09)

0*0 = &X0J

XO0ANN/{ *Z-X09NN) s 44d = 4x0D
0°G = £X0J

0*0 = Zx0J

X0SNN/QUxG*0x(*2-X08NN) +Qdx *Z2-Nd-W¥ = TX0D
(TG#10+°T) /(1A% (0°T0°C)-TCxTA)*X0AIA/G°0 = NdY

S3ANILINOYENS W S 2 S 4

R-9808/C-31



LA A SRls v 1)
IEITIVIO0
07913990
1913039
00913999
16512399
24961392)?
dL31D0)9
09519023
26510010
RA LR O 1D
0g3TOUI0
02319000
N1613990
01751129390
06910000
08410009
2T
09910090

(ON3
NINL3IY

JdVvliI 3714 ON3

0722 01 09

(1+1)1034d = 3Iud

006 OL 09 (L0D3IWIN*39°T)41I

(9T T=C4(F)ANIDE(L)LXOI) (IdYLI)I LT HM

NYNL3Y (T°3IT1°WOIINT ) 3]

8N4J- = 91IN4)
0°0 = G61IN4)
9N4)- = $1N4)
0°) = €IN4D
N4~ = 21N3)
0°0 = 11n4)
0*0 = 01Nnlyd

NHENSANN/ QUG Ox(* Z=NJSNN)=TY%*Z = 6N4)

SIANTLNOYUBNS W S 2 S 4

006

R-9808/C-32



0€c02139
12+ 00300
01€0J000
07¢902070
06200000
048202099
L237099
03200099
967030720
19200002
02703030
02297000
01200099
20200009
0651022929
231032020
NLT0M0DD
391092300
951109039
0721009390
2€109000
02102099
21107090
0921091220
06000040
78020 N09
02002092
09109010
05909070
nH200Q0H
3779922)
N<007070
01002099

3
p)
INNILINGD 02
9
(FOUT)VEM + (FSTIV = (FSTIV OF
TdN*TYT = ¢ OT 0C
(YISUI)V/(HICT)V= = M {

N‘I¥I = I Ot 0Q
9

20T 014 09 (00°0°31°((wI*¥WIIVISAVAIIAI

T+l = IN1

TWNST = NI 92 00
I
07 IN3IWLVLS HONOYHL QIWW04¥Id ST NOTLVZIHYININVIMNL XIMIVW 9
3

TeN = TdN

=N = TWN
9

ME(TOVUNIY 9TxXINdWDD
9
SL6T AVW S3INAGLINIOH *OTILN34 *M "X A9 O03IWWVYINYNG 9
I
T«X3ITdWOD 1TV 347 9 ANV Sx ‘v 9
9
*WYY90Ud ONITNIVI FHL NI V XIMLVW 3
d0d ANIWILVLS NOISNIWIG 3IHL NI SMOB 30 ¥3GWON 3HL ST VAN 9
NYT=T (TN*I)V NI QINMNLIW SI HIMSNY 9
NOT = 1 9
Y04 (T+NCT)V NI Q3%CLS ST LI °HOLJ4A X31dW0ID T A4 N SI (1) 9
XIHIVW XITIWOD N AR N ST (FéT)V I
*X3ITGWUD WY 9 ONY X4y Jn3HM 49 = XV 530S INTLNDw 2
3

(N*VEN'Y) LYWAOD ANILNOY¥ENS

SAINILNOYENS W S 2 S d

R-9808/C-33



06500009
I%597990
¢ 590000
02400000
01502070
036039290
26%03000

08402020

04+00090
09%0922929
05%0N30179
NH%03INNO
0e+%00900
02%0J090
014509310
00497090
06£010920
08<00090
0L€09000
39€099099
05€02020
04%€05000

an3

N¥N13IY

LTX3 1)
((9°€T3aT%s? +%9°G13dT*9174XG) 2z

/e = (F*I)V XIWLVW ¢/011¢% = VI . 1

Zakwnkx LVAKWOD NI XNIFIHD AOIAIQ *xxxe o //)LVYWYHOS QD06
(TANST=PSANST=TC(PCTIVEreT)) NI (NOI649)ILTEM 00T

ANIWITI TYNOIVIQ O¥3Z 04 3INA Q3TIVY SYH WHETHNITY

Ndni1y

(I*TIV/(TANCTIV = (TaAN‘T )Y
(TANF)IVR(F I)V = (ION‘I)V = (TdN*T)Y
N‘TI = 0% 0a

Tel = 11

4I-N = [

TWNéT = 31 06§ 0a

(NSNIV/(TANSN)Y = (TdNN)Y

06 LN3WILVLS HINOWHL A3IWY04¥3d ST NOTLNLTASNS SAUVMMIVY

SINILINOYBNS W S 2 S 4

0s
o+

U VLY

R-9808/C-34



94299020 €941=71 €202 nNQ

18291300 2941=W €307 ©a
NLz299990 0°0=(114W¥) D
097290000 92T1¢1=11 2192 04
09299099 Z9¢1=2% 2002 04
LA ND I 3002 04 09 (°T°3IN°OIuL)IA4I
GE€29333N 2°0=(1714MN)dI
Q2297910 92141 = 17 1007 00
A AL MDD 29¢T = W INnnZ 04
00799000 3IvdS 3OVY0LS XIWLVW O¥3IZ OL AYVSSIIAN SI
0n19232930 ({149

78199000%000~) LINN+ S° )x((14%000)VLII0-0°T)%(13€000)VLI3Q#I° 0BT +((T4€700)€
0LT90NINVLIIC=0"T) % ((C6STHTIC/0°NBTI=x(((T4EINDIVLIIA+(TIE0)0)ISEVI/((((142
I9197099€000)VLIIA-0° T )« (145000)S8V) JINVLY  #(14%000%T4E0004D° TINOIS +(( (T
NG1909304%000) LINN%C*2~0°T) x( V4€000) LINN*O°T)%0°08Y)= (73400D*TJ€00DIVLIHL
0%192009 ({14201
NETINNTNI0IVLIIIC=D°T) £142000 + (14200201 VLI3C4G°0 INIIS ¢ §°0= (F4ZONDILINN
02190919 (BE-FY6LIE69HT*¢ (T141000)1S3VITXVAY/(T14T000)S8V= N°T= (14T700D)VLITIQ

AT1900)0 HaViI1l
00T900U0  *JdVLISNGVLI®LACNIOCLOPNIOC LVZON (00T ) LOTUA LOIUIN/AVLRDDI/NOWKWI)
06299019 AAPNIOEXOPNTO (DD T)L4PNIOC (OOT) LOANTO¢ (O0T)LVZON X374W0I
38990099 AMEOMETdNACNTI CXOCNIO 4014 T
040902020 QLVAaL4D AT M TR0 TWOSAYT DT UL DINYNCALIN MN/ 4/ NOWWD)
19199009 ) (8I)A40I4(9Z )ALV NITSN3IWIO
1939720 (TOT45)8230%(TOT*S)INVHA® (Z9VIUVAL (Z9)YYVA NOISNIWIA
09192039 (T0T)IZVA4(TITINIVIOC(ZI)IVWIX4 (29) IVIdX*(29)ON*(29)IVIWX NOISNIWIQ
DE 390099 (921)04(€9429) QL4 (F2T42IIDHUENLDC(ENTLA(ENITI4(EIIXT NOISNIWIN

02397090 (921°29)1d2*(9ZTIQ I (INT)ISHNOC(TINTIMC(TINT)ISAISWO (TOTIWO NOISNIWIA
21097099

11792022 GLOT AVW *INAQLINIOY *ONIANAH *N °F A€ QIWWVHIOUd
012977923 AV13Q IWIL HLIIM INILNOY FSNO4ASTY AININOIRS
10793009

0009030 (XI*3LTUMI*LY¥II)NaS IS INTLNOAHENS

SINILNCHENS W S D S 4

2002 -

17073

0] §

R-9808/C-35



02997319
119930090
00990090
2631901710
0RBG91)IN0
0LS9209)
N9590999
06599090
09593020
1€992539
02597000
N1$90079
790490019
06%90000
034903099
0L%903900
N9H900NH
96+973070
0H&90000
0€+»92200
0Z2%99000
01%972910
00%9%09%0
06£990Q90
98299000
0L£90000
09€£99900
16€90090
N+e90009
0€E€ 90020
02€9%000
NT1eE9INNNO
90€£99020

NDLST 01 09 (00T°DIA°F*NHO°TVIWD%6666°*°30° (P )IKD) ST
OILVH (TI-F)IWO=(FI KO
(CEZ=1I3NANDLVO TS *TD IXVHY /T ) x{ INO/TIWO ) =0T LV Y
c=r

IWO=(T)NWO

6 0L 09

(STT1%9) 31IuM

L99T4E4TL9T (IWD)HT

6 01 09

(29 50330%X3 SNOIAVADI 40 YIGWNAN-HTE ) LVYWHOA
(2149 ) 31T3M

222T4122141221(29-n3aN) 41

(ZTT9)1VWYO0S

(NS T=T*(T)AI)MTG4G) QVIH( T 0TI *OTYL)A]

6 01 09

(971 SG332X3 SNRNI0D 40 WISWAN-HNFT ) LYWHOS
(€2149) 3JLIyM

0221461216121 (92T=-UN)A1

(0°Z2 149 ) AVWEDS

(MNST=T4(TIM)(TZT4G) OVIU( T DI 9T¥uL)SI

6 0L 09

(00T S$AO33IX3 SIIININDIYY NI (Q3VI4NKS 40 HIAWNN=~HI% ) LVWYHOS
(22149) 3LIdM

BUZTLIZTLIZT(ONT~MN)SI

9TZT*GIZT*9TZT(MNII]
(J°2T4240T14C 24461 ET 6IETI*2T1)1VHYDS

TINO TWO*SAUT*OI UL OINC LUYIICUNCQLINCMN(OZT4GIAVIV( T 0I* 9L ) A
9% OL 09 ("T°3N°9O1¥L)41

0°0=(T7714»¥)8230

0°0=( T4 %M )NVHJ

10T 41=171 4002 0OGC

S¢TI=N %002 0Q

N*0=(171*M)0yL

SANILINOCYENS W S O S 4

89917

4991

¢
1229

%21
zezl

1s
6121

€21
oz21
s121
121
L1ezy

2t
8YeY
9121

ozt
%002

9004
€002

R-9808/C-36



0669729970 IWO= (1) Wil
0%69 320 (T)h0=(Z)WO
EA9)INN CT4QT421(INO-(T)WO)SL
07699090 E(QT4T1T1)104 09
11»/920%0 T+W=KW
00697210 0*1=-=4
06390099 0=1
18993090 32%92%92Z(1)31
NL89%099 G24L2%97(€-1)31
09390099 l==1
064999990 1+1=1
943900219 IXARTAR TANRED
nNeRINIII Wxl
0ZR99M0%0° 0T ( N1ax0°Z ) (L=)LINN+(0°2/(Wxx0°O0TxC*Ex(1xx0°2)) )x (L) LINN=(T) KO
01890000 n="1
00”890V00 7 40 NOILVZIAVILINI—QYV) M3N
DALIIING =M
08L9%5090 » 01 09
o0LL9DOD0 N*0T/u=Y
09L990410 I-W=W
24199099 R8s U=-TWO)HI
0YL9IIVY (O0¥3Z SI AJNIND3IW4 IVILINI HIZ)LVWAHOS
NE192329 1°0=u
NZ2L923099 0°1-=4
NTLINNNO T=-=k
00L97039 0=N
06990000 1=
08999000 {IW0)SRY=1IWO
0L9970D" L1 G1L 09
9399000 F=WON
269970720 4R 3= (T )IWO
0799009 8991 01 09
D€993990 1+0=r

SANILNOYENS W S I3 S o

€l
1t
92

ge ~
LZ
$Z
€2

4 |

198

sl91
9t

0491

6991

R-9808/C-37



08213071
0LZLN0NO
092LuJun
05210107
O%2.0020
QEZLN0IN
0Z7L93790
0TZ2L3Du0
NLELIDN
N6TLIII)
081LD20092
NLTLAIID
Q91240100
UsSTLI090
O%1L2300C
0ETLID00
ngILNNN9
QITL99200
QUTLIVUN
06027010
08ALNON0
MILONOD
Q93L0NYD
087L300D
0%0L)0U0
0ENLDIDID
NZALIDIN
Qt12LINI0
0GILICNN
9669270
026939n0
2L6999)9
09693022

SINILNOUENS

(M) SWO=T4W0
2E42E4GE (T1dWO=-( %) SWI) 4T
SE'BECBE(WON~-F )]

T+I=1I
¢ 01 09
T4rR0=(I )M

DBLTECTE(WON-r) ST
LECLESOE (MN=-T ) 4T

T+N=N

(IdM=(N)SHO

38 0L 09

1+C=C

(FINS=(N)SKD
YCIEE Y CE(NWON=T) 4]
YECHCCOZ2((IIM=(T)WD )T
Nelf=)

1=1

0=N

SYiRZeBZ(D0T-r )T
tef=r
ZEAZELOC(14W0=(F)SHWD) IT
(CIWD=(rISKO
62%824Q2(MN)Y AT

I=r

T-C=WIN

TIWO=( T~ ) WO
ET4ET42TIINO- (T~ ING) ST

T+f=r

2=M
IWO=(T)WO
¢l 01 N9
2=

€=r

WS JSs 43

08¢
8¢

9€
14
Le |
143
1 3
02
113
62
ot
82
L1
Bl
91

st

R-9808/C-38



0T9LI0V0
099L2000
76413027
0R6LI030
NLSLIQIN
095L20V0
06523971
0&5L3230
AESLINID
072520079
014L0UV0
523613330
064%L3020
08%L0090
NL+LD3039
09%L 23099
0s3%L)J9J0
QeelIN D
2e2L17009
0Z%L79920
2TH139)D
90#L30)D
6LV
N8clI990
ILeLDN00
09£L0029
06T LuNID
0%€ L )00
02230970
AZ2LNINY
01€LY000
00T L2900
26cL7070

P94 Ly Ly () IXT)AI
(1)LI=(60'6T1)D

(1)ir=6r
(I)1TI=61

8L LY ((T)TIVA]
10€410€400e ((T)IXTIAI
g¢7=1 L%0Q

09 04 09 (°*T*3IN°9I¥1)4]
((0°Z2T449TI*»I42Z1)1 ) LVWYOS
(ECTI=T4(TILD(IDTIFSCINTIT (IDIXTINIIOSES) QVIP( T 03" OTNHL)AI

€% 04 09
1+0=0

Yo bHynd 29 (F4W0-( T )SWO I 4]

(L26STY1°€x0°2) /(T )SWO=()SIISKO

T¢ 0L Q9

(F)SAISWOXLZ6STHT Ex0°2=(T)SWO

(CISHO=(F)SdISWO
O%t6et e (SAYT AT

VIW0RLZ26GTH T ExQ°Z2=T14WD

TF4HO0=ITIWO
EYeZEHLZEN(SAUT) 4]

1=r
6 0L 09

(D907 SO332X3 SIIININOFUS 40 YIGNNN IHLTHIE ) LYWBH0d

SINILNAOYENS

(LTT49) JLTIUM

e 01 09

D3IYd=(T)SWO (T"0I°MN)HI

(1=-1)183¥4=(1)SWO
1dN¢2Z2=1 s%% 0Q
T+L103ydN=TdN
100°*=(1)SWO

S% 0L 09 (00Y°49°103¥4IN)II

K SJS 4

GH*ZECZE(N0T-N) 4]

8%
10¢

0s
LA

Y

1§
0%

6f.
€y
ey
1e%

111
124

ShHYy

ooyl

R-9808/C-39



9519300
0E6L10Y)
07643992
01613220
ODALOOMD
D63LD000
08840200
IL8LNNIN
09482209
Q68LN0020
0#RL1022
0ea L™ 090
02347090
Q1320079
00840010
Unll00I0
00223032
0LLLDYDIO
Q9L L0DMD
0629009
042100939
NELLIDIO
0ZLLNnNNo
QTLLIONO
J0LL0090
06910090
039L0320
04913200
09913090
N69L0009
045210309
0€942100)
0C9L3900

994459409 (41-FIN) 4] 29
NIIEZI4 L(NT)4]
T+I=1 9L
N=1
0=41
LES'R
Q“ﬁJ ;
ONer=r] !
OIN*T=r 299 00 s
(QLINCT=HE(N)OLVI(TIZT4G) QGVIH( T DI*IIULIIT 60E
60E4GLeGL (AQLIN) AL
CPDT=PC(POTIOL) T (ZTT49) 3ATVM(T 19°ILTNMI)AT TITE
DWT=1 T1€00
(SWY31 AVIIQ 3IWIL 40 XTYLVWIHLZ)IVYWHO4 OTE
(OTE49) 3LIUYM(T*L9°ILINMIDAI
({(72°%13L41° OH%)/ €1* NOILVAO3 NOHET) LVWYH0Y 211
(UNST=FUr CLIIDI*ELTMZTT49) AT UM(T 19°ILTUMIDST TTT
O3IN4TI=ELT TT1 OQ
((2I%2*0HT )/ ¥0123A *Q°I HOT ) LYWHODH 66
(ANCT=T°(1)QT)(65°9) IFLTUM(T®19°ILIYMT ) ]
(EIT49) 3ILINM(T1°49°31TumI)d]
{ T
THZL)IVWHOd €11
(ETT*S) AQvIU("T°03*9T1YL)H]
T+03N=r3IN
=M1 09
%% 0L 09 6%
INNILNDD Lo
094 09¢Ly(T+(I)IXT)41]
(I)LD=(aLrtqQlryaa
(I)1f=0ir _
(1)tI1=0a11 2zod
COE LY Lo ((INTT 4TI O0€

SINILNUYEBNS W S D S o

R-9808/C-40



0L280000
092813000
05282000
09289090
0£78300
727189930
11280900
0028927399
16780070
18182099
0L18009
09180090
06180029
04180070
0€T8VLI
02182090
01180000
J018C0OQ0
26080090
2808020
JLG8I000
09289900
060282070
408099290
0€0890V0
02080000
01980000
00080300
66L09990
085640039
6L
A9%6L2003
D96L7009

0°0="1v3da

ST=%1

1-¥I=1I1

%9 0L 09

1+$71=%"
OLeIL*0L((WINAT)I]
S1+I=dl

19 01 09
OYWID=(HI*T)ad
AV3UI=(4714r)dI
SGtLStL(ST)II
1-$71=%"1

Z-11=11

c=dl=11

Ye(0°* 1-)=Y

0*2+S=S
((O°T+S)ux(MI)SWA)R(II*F)InY+IVWII=IVYWID
9641842 (ST)HI
1-S1=8"1
(Sxx{MIISWO)«(HI*F)IxY + IVIUI=T1V3Ind
T+S1=S1

Q*0=S

0°1=Y

0°0=9VNWID
0*0=1v3a¥)

SI=H%1

1-41=11

L9 01 09

T+S1=S1

69489469 ((¥1)AI)dI
S+ I=u1

47+03u=WI

1+37=31

SINIANOYBNS W S I3 S 4

oL
1L

»9

LS

9s

S

69
89
L9

s9

R-9808/C-41



00980909
06589000
08580)00
01690009
096 EH0N0
06582000
04580009
0€580090
07689009
01680900
00580000
06480000
08465009
02983997
09949000
05589000
09520000
NE»ENNNO
02482000
01480000
00489900
06€80000
NREBONNO
0L£80900
09€80000
05€90090
0%€RJ910
0€€80009
02€£800°9
N1E80000
00€80090
06289070
082800990

1+71=7

(M)qLv=043

QIE*ETIL 2TIE((reT)OL )T

C+OPA=04N

0°1=0Q1)

04Nt 1=r €1¢ QaQ

HANT=1 €1¢ 04

=1

INNTINOD

9L 0L 09 (¥N*17°1)41

ANNTANDD

I-1=%1

6 0L 09

(INTAVA 3AILIVOIN V SVH ST HHZ2)1ivWu0d
(9T11¢9) 3IL1uM

19 01 09

' AVWIA=(rI)Q
AvINa=(r)q

ZLLED L (ST

1-571=§1

Z-11=11

Z=-¥I=¥1

Wx(0°T1-)=¥

0°2+$=$S

(O T+S )k (MI)SWOIR(II M) DN +IVYWIA=9VYWIQ
ELLEQY LS4

T+1=1

1-S71=S7
(S*xx{MI)SWO) = (¥I*F)IxYeIVIHU=IVINQ
T+S1=§1

n°*0=9S

0°*T=¥

0°0=9VKWIN

SINILNOHANS W S O S 4

91¢

299
0Z¢
19

019

911

€9

€LL

aLL

R-9808/C-42



VEARRNONND 2 + D3INxZ = NNI

02680000 T ¢+ B3IXN = NI
216800430 INNTANGD
00680000 (NI*F)dD = (TdNI‘f)IdD
06890090 03IN'T = ¢ 202 GC
08880099 T + NI = TdNI
02380090 I - 7 & DIUxZ = NI
194887000 oMY = 1 202 04
26389299

04880090 *Z+0H3INZ °70I OINT 0 9VWI °*T+03% *702 OINI 4 VI

0€38900J00°LHIIY OL T AY d3J SVWI 40 SNWNI0D LJTHS °*XIYLVK=dD U1 ¥NLIIA-0 Qv
028800130

018892390 ANNIINOD
0048893919 (HAN* T=P¢ (LI (rT)At (11a4T(T2€49) ALTUM(TLO°8 TYMT ) 4T
061481990 DAN+I=CT
NgLBNNIN DIN¢TI=1 %0€ OQ
nLLB0O0I0 (€22%9) LTUM (T L9°ILIYMTI AT
092180007 SOCLENELENE(T-MT )T
261892090 OIne2=HdN
049180000 AINNTLNAD
NeL8NNgn ((X4TI0L40°TINOISx(3ITINVINIS+(TVA=()Q
DZL8DII) (JTIONVISOD+(T1)0=(T)0
01180099 ((s8Y
NOLBONIOTEBZ 9/ (MIISWO*(N* I )OL)ISAVIXTIII%BTEOT 9= ((MI)SHORIN*T)ICL)ISYY=FIONY
06980000 2LYEL2L (M4 T)AS AT
0898I2U0 I+03=7
04980029 baN4T=1 €L 0OC
099890990 T+03=)
05982990 . INNTLNGD
0%9809N0 (I3TONVINIS*ALI-(AINT ) dI=(ALN4T)dD
N€9819999 (3TONVISOI*ALI+ (M4 IV dI=(F*T)dD
029810390 ((s8T11

21980000ERZ° I/ (MI)SWOR(M*I)QL)ISAYIXIAIxSBTEBZ 9=( (MI)ISHO*(F*T1)AL)SAV=ITONY

SANILAOYENS W S 2 S 4

x4

s0¢
$0€

1313

€L

L

cle

rA 3

(SRS RS NS ]

R-9808/C-43



092672030
0626037
A0Z62029
££263209
02Z6nNN00
712672000
00262000
16162000
091673790
0LT60020
NITHNNNN
03169079
N+1693390
NETEIIND
216700
01169000
00162232
N616301D
0RN600220
0LN61000
U90600V0
050600920

0€eN61%000
070602790
21060000
00267000
06680030
08683000
0L68900%0
09680000
096800920
0%680000

C(PPYOVNWIX(PL)IVIYUX)VLIIHL = (FP)3I7vd

(Zx(PP)OVWIX + Z2xx(PL)IVIuXILAUDS = (T )IVWYX

TWNS = (TJdNN*FPL)dD = (PPIIVHIX

YWNS = (1dN*FIr)dD = (FC)IVIYX

JNNTLMNOD

(AIOVWIXRINELT }dD ¢ (AH)IWVIUXE(NNPL)dD ¢+ TWNS = TWNS
(XN)OIYHIXk(NNEPL)IdD = (N)IVIUXR (NI )dD + WWNS = URWNS
T + 04d% + M = NM

DINTAPr = % 902 04

o°n = INWNS

0°0 = dwns

I ¢« ¢ = Jalftr

I «+F - 03% = ¢°F

HAINET = 602 NA

((DIN)OVHIXE(OINIIVIUX)IVIAHE = (M3IN)I7VA
(Zxx(DIN)OYNIX ¢+ Zxx(OIN)IVIYY I LUAS = (O2IY)IVUX

(TANNSDHIY) D =
(TaMPDIN)dD =

(HIU)IVETX
{O) IV aAuX
TdNxZ = TdNN
T + 03N = 1dN

SASVHd UNV JANLINOVW INIKYHILIC NIHL
04%0670004S319VIYUVA 40 LUVd AYYNIOVWI OGNV Tv3IY 3INIWY3ILIAO 0L ILNLILSHNS NIvE

(DIN*dDII3VI0D V)

*SSNVI A9 XTuavW X3TdWOD 3HL IZIWVINONVI®L 0L T3V90D 1)

(NF)Q
0
r)a
VED RS

S3INIINOY¥ENS W S 2 S 4

I

L]

INNT LNGD
(NNI*F)YdD
+ £ = NP
(NI*C)dD
r £0Z 00

502

902

€0z

VOO VOLOLUO

R-9808/C-44



R-9808/C-45

N8567000 LYdUNST=1 L8 0Q 98
NL$67090 INNILNDD %8
09660000 (XCIIWVWIX = (N)IUVA
05560090 (XC)IVIYX = (M) BUVA
04660120 (N ON=XF
9€560000 L4dON*T=) %7 00 €8
07562020 (1=F*G)IONIW=LHANN i
015609929 INNTINGD 8L
00562030 T+AT=Al
06%67090 Ter=F (SS°IN°AI®ANV LT*IN"AIIAI
06560000 AI=(F)ON (SS*IN°AIANV LI®IN*ATI)ISI 18
NL%600%9 6. OL 09 08
06460000 19408%6L((1)01)4dI
N%%60000 YN‘T=1 8L OG
2E4%62000 §S=(Z)0ON
2€£%962009 LI=(T)ODN

Aew 623909 e=r
07460000 T=AI TLL
01%60000 ((9°9T3Ld1*  OH®)/9°023IZJAT*XS*E€EI//)LVWHOS T2€E
V0% 60000 (XIYLYW IN3IJI44302 30 SINTVA IVILINITHLE) LVWHO04 €2€
94E€60000 ( °I21€
08€6707034378V I YVA ($33%93Q) ISVHI* (3AINIVO 318V THVA OH65/°0NOIIZ

M €60090S/7S3T1IAD ANV ANOIIS/SNVIAVY NI AIN3NOIUd LNINIOHES/ *NOISYIANI XIvLl
NIE6IINOVW HIVI ¥3Ld4V G3INA0¥d SLINS3IY IAVIGA3IWUIANI 3IWv 3SIHL TH OL)IVWHOd TO00T

06£60000 (T001%9) ILIWM(T*19°ILTHMIIAI OLL
9EE€60000 ((9°0€32dT14L2IE
02€60000¢ OHT)/ ISVHd JANLINOVW WIAWOAN 312
0T1£600008YIYVA H%8¢ OHT /°SdY¥ HG*9°HT13dT* 40 AIN3INOT
00€600703¥4 ¥V ONISN S3IANLINOVW 3T18VIUVA THLY ) LVWHOS 2S
06263000 (O3INST=I*(1)IZVI*(I)OVWX I )*(T)ISWO(2G%9) ILIUM(T®L9°IAIUMI) ST
09260000 INNILNOD 28 1
0L760000 €8*2Ze*zg (1 - MI) d]

SINILNOYENS W S O S d



J€462J00 (H'FINVHA=(N)IZVS

0266000 (¥4F)8930= (NINIVD
NT660099 MI*T=x 201 004
00657999 L1U4ONCT=F 0C+ 0Q
0L26)32) INNTLINGD 00T
0946300 L6 01 09
16367079 S=XN=XN
0%R61079 g+zN=IN |
0E€60000 G+ANSAN
Q260N JNNI LNOCD 66
01860000 (CZNSAN=X ST
00867000 (FENINVHA (F*3)8I30)* (F)SAISWO® (F)SWO) (%S59) ILTHM(T®49°IL IMMI )T
NAKLoDNIN) MI*Y=P 66 0OQ
38L6NN)ID (INCAN=T*(T)ON}I(ES*D) FLTUM (T *L19°ILTHMI )41 86
0LL60000 86°00T*00T (XN 3T L6
N19L 62000 LUAON=XN
0$160000 T=AN
09269099 S=7N
0€160000 ((2°832d0 */ HZ)S*Z°0T32dT ) LYWHOS %G
0260000 (/{ 3SYHd  S$138I930 HET)G* $d2 Sdy 1
OTL69007 OHTIZ/(  HESZI® 3VVINYA  HET)G* AININDIS THIZ) LYWHOS €5
00460000 INNIINDD S6
06960000 - | sL 01 09
02960000 T+MI=MI S8
221960000 G6 0L 09 (TOT°D3I*MI*¥O*VHWO*3I9° (MI)SWO)4I 196
09960090 ((1°2442°34° 18T 2452°91
NG96000044 94T L44Z 89T T L3284 14T L4*Z°84491)//5°024%%°024// ) LYWHO4 000T
09960070 (LYGON® T=MON® (M1 %MONINVHG S (M1 T
N€960000 MON)EIIA* (MONION) * (MI)SAISWO* (MI)SWO(O00T49) ILTHM(T°L19°3LIMMINAT 096
07960000 1964096 4096( 9141 ) 41
01969900 INNTINDD 28
00960000 { (Z## (1) 1UVA+Zxu( 1) HYVA) 1¥DSS0E-30° 1) TXVWY ) OTO0TV4N*02Z=(MI*T)RI30 96/
06562000 (CI)IMYA® (I)NHVA)VIIHL=(MT*TINVHG 06

SINILNOYANS W S 2 S 4

R-9808/C46



04201000
Nge01nNI0
02201999
01201000
00201000
061010720
0RIOQINDO
0LIOTOND
09101000
051011990
04101000
0e10T099
02101000
211071990
NQTDTHIN)
06901000
a8Q0T1990
QL0000
0900Q1T9V0
N3N01))IN
QHIN 00
2¢€NNT0NYD
02001000
110019200

1IX3 1v)

N¥NL3Y

INNILINOD

(E*Z4%%0T014096°0ONd) ATGYT T1TVI

([ )ON=0ONd

(010140044 ¥YIGWNN IIBYIUVA HOZ*TIZ-)ALNIY¥d VI
(66640044 S$33¥93Q NI 3SVHd HIZ*12-)AINIY¥d 1TVD
( 7 *D14W0* IR0*MI*IZVA4SdISHWO) L0YdAL 1TVD

z=1

(50040044 Sd2 NI AINIANOIYS HIZ* 12—~ )AINIY¥d VI
(OLY %004 ¢ SI3RI230 NI NIVO HIZ*T1Z-)ALNIY¥d TIVI
( 14DTIN0C INO*MI*NIVI4SdISKWO) LOTdOL 1TVD

1=

601 0L 09

(S66400%H¢ $33¥930 NI 3ISVHd HIZ4T12-)AINI¥d 1IV)I
( 44NN TWO*MI4IZY44SKO)L0T1daL T1TVD

Z2=1

(S00¢00%*SNVIAYY NI AININO3YI HIZ*TZ-)AINIY¥d 1IVI
(OLYy *00% * $1381230 NI NIVO HIZ*TZ~)ALNIY¥d 1TV)
{ V413W0 THWOCMISNIVOSSKHONLOT4AL T1TV)

=1

€OT*HOT*H0T(SIUINSI

00% 04 09 (1°41°4uII°U0°2°I°MI)SI

(((1}33

NTIT0TNN0ZVI) *((*02/(TINIVI) xx 2T ) %M/ I XVIWI=NICNTO(T*IN XTI ANV*Z°D3I*F)dT

19207990

(€(r13as

0000T200ZV4) *((°02Z/(TINIVO) %xx°0T)%0M/Id) X T1dWI=XOMNT (T *IT*XI* ANV T°D3°F)S 1

06669200
IB660000

INNILNOD

(C(M)IAZVI)*I

0L660000( (027 (NINIVI)%%®0T )%dM/IdIX VAW I= (T=H) LACNTIO( T *INXT°ANV°*Z°D3°r )4l

09669390

(((%)3IZv4)*3

D666 (027 (NINIVI ) xx*0T ) %0OM/IdI X TdWI=(T=N)LOCNID(T°IT XTI “ANV=T°DI*F)T

I%662000

20T 04 09 (T°03°N°¥0°*2*31°MINO°INT 1O M)A

SANILNOYENS W S O S 4

6
666
00%

SOt

‘

%01

€01

2ot

R-9808/C-47



09201990
05201000

S3INILNOY¥ENS

WS J3S 4

an3
d01s

R-9808/C-48



N8100997 ON3
04103091 N3Ni3IY
291099929

05120019 (eSTEHT-6SYN LIVYLINGD UIANNG4X2%4/¢448G0LL SVX3L *NOLSNOH*X2%» 8
0%109220 $7%3831IN3D 3IVdS NOSNHOF *8 NOGNAT/VSYN A8 O0FYIASNOIS¢X62 L
0€127099 $/7//7%0%0€16 41TV HUVd VIDNVI,. *X2% 9
Q2TINII /% TYNOTLVNYIANI TI3IMNIUY JO MOISIAIG *XCH4/ ¢4 INALINIDY o &
NT1ININDD Lo SWYYI0Ya QIINVAGQV L *XZH¢/44914UA4 *M *) ONV *ONTLINOH *X °F o &
00199009 4 NVWNHIS °0 °W AR Q3d0T3IN3044XG24 /77046061 AWK ‘NOISe €
0AINVIMIN¢ 4 UIA ATI4  *WSISH $IWVN HYYIO0ude * XS24 ///%413C0W WILNAWOD e *XLY 2
08700039 $/7/7/7/77%07300RK  ALILGYASa*XL%4//%4Q3TdNNY  WIALSAS €I *X0b 1
0L000009 $/7%NOTLAINIS3A  IVIILATVYNY, *XES4///7//74THT ) LVHY0S OX
290009120 (0T49)3LTUM
05000900

04000030 CLOT AVYW *INAGQLINICOH *NVWNAHIS °0 *W A9 (O3IWWVUOIOHA
02299030 ONIQOV3IH ANI¥d 04 3INILNOW
02207909

Q1202090 dviH 3NILNOHENS

SANILNOYYNS W S 3 S 4

R-9808/C-49

EYTYENS



06N¢ 19390 ON3
0%0€ 1000 70/3L ML */T/3dALT*/70/WYILI*/0/9V 48T */0/1 04D viva
0ENeT 020 (QEIACLIE)TOHY *(OEIUC(OEDTON SN (OEIMI* (OF) Y IvIy
022¢17200 (88T )3AVSI* (BBT)IAVSDC0Z¢47°010AC 410AS0OAS JAD
oaomqooo.>.qozx.¢.J.Oz.ux.xu.<.x~.uhadxn.ma>»~52¢wb-w<4uxu.~1u~\>I\zozzou
000¢100) vivao %2079

SINILNQY¥INS W S I S 4

R-9808/C-50



07€00000  W¥3ALI WO¥d ANANT TYNIWY¥IL-T= $1NdNI OQUVI-0= 39VId OVIY - OVId4H]

06200090 . SNOIAYINDIVD 3JFAVINIWYIAND 3 LNdLAND *LAANI INI¥d-2=

08z000920 $1NaiN0 3 LNANI ANI¥d-T= £ATINO LNdANI INIY¥d-0=

01209000 $AINO LNdLINO INI¥d=T-= SANI¥d ON-Z-= :9V1d INT¥Yd = 3IFLIHMI
09200099 AININOINA SA 3ISVHIINIVY L101d-T= :S107d ON-0= 3:9v7d4 10V - 14)1
06202900 $S3INAVIYVA /OAH/ LSITINYN
04200900

0€200090 SITIONINOIYS L03I¥s 4V SNOIEVITIISO MOTV4 ¥OLIICNI 13INd

02700000 40 S3ITINVY 3ISVHd ONV SNIVS HLIIM SH¥IEWNN XITdWOI J0 378VL - LIFNID
01200200 SIIININOIYY L03¥4 AV SNOTLVITNIISO MOTJ WOLIICNI °QIXO

00202000 40 S3ITVONV 3ISVHJ ONV SNIVO HLIM S¥3GrNN X31dW0D 40 378vL - LOFNID
06109099 103d4 *AVYYV NI S3IIIONINOIUS JO ¥IAWNN - 10IY4N
ng]In0N20 3SVYI 2=0AHJNI ¥0d (°XVW 00T) SIIONINO3U4 40 AvVid¥vY - 10344
042109999 $S3V1GVIUVA /dYIWOI/ W08 NOWWOD €338V
09103090

05100990 (23S/971) MO YOLIICNI 13Nd ILVILS AQv3ILS - M
01000710 (23S/67) MOI4 MWOLDICNI ¥IZIAIXO 3ILIVIS AQV3IS - M
0€1010000 (Z%xNI/87) FYNSSInd YIAWYHD INTLVHIHO 3ILVLS AQVILS - Jd
02100940 D3IYd *AININO3dd AV SNOILVINIISO MOTId YOLISFNI T3N3

01150000 40 319NV ISVHd ANV IANLITAWY HLIIM ¥3IOWNN X31dW0I ANdIND - N4FNID
00199329 03¥d *AIN3INO3YY LV SNOILYIINIISO MOTd BOLIIPNI °4IXO

06902900 40 379NV 3ISVHd ANV 30N1ITdRVY HLIIM d39WNAN XITV4W0I 1NdLN0D ~ XOFNID
08 JN0NNo T=QAHdINI HLIM 3SVD ¥O4 AININOIU4 LNONT - O33N

0L0V0VO0 JONVY *H3Iu4 Y04 3ISVHI 3 NIVO MOTd °ONI 3AVS 3 °DWw)-2=
091707092°03¥4 T LV 3SVYHd 3 NIV MOY4 °FNI 34VIADTIVI-T= :9VI4 JA0W - CAHINI

06000007 ISVI viva ONILSIX3 AJIQOW-C=

Q4000009 $3SVI VIVG M3IN GVIY-I= $0V3IY viv3 ON-O= :9V1d4 vivd - a1
0227710 $$378VIUVA 1STT AINIWNIUVY
2723999730 SL6T AV CINAGLINIOY *ONIANOH °XN °F AH TIWWVEIDud
12009030 ISNOAS Y W3ILSAS 0334 JLVINITIVI N1 WvyIo¥4ans
02009070

21099099 (4MOOM* DA NATNTIO*XOCNIO*0IYICAAHINT S ¥ ) AORAAH INTLINONENS
5092000 (NIIMONICM*NIIC* INIO*ONIO* 3N QARINT ¢ ¥1 ) ADHOAH 3INTLINNYHENS

SINILNOYENS W S 2 S 4

‘

e/
¢u

UUUUUUUUUUUUUUUUUUUUUUOQUUUQUU

R-9808/C-51



AEI0 Y0
121303930
2190910
00902379
066023010
045090V
34503929
09502090
06507729
04503070
0€5009920
0260099
01500099

90000°=02 4%0009°=47
‘10°=070A *12°=470A *°0000%=0A *°0000%=4A $°00I0%=A *47°=T0HY
‘1°=0¥ ¢1°=3Y $°000000T=¥ ¢100°=1 $°0=0% 4°0=4% ¢°n=M) é°T=y

T=34dAlLl

(ZxxNI/Z»%J3S) 3IONVLYINI ¥OLIIFNI *0IXO
(Z»xN1/Z%xJ3S) 3IINVLININI ¥OLD3IQrNI 13N

(CxxNT) MOLIIFNTI ¥3ZIQIXO 40 IWNTI0A

(SxxNI) %3123FNT 7304 40 IWNINA

(I3S/NI) ALII0T3IA DILSNOIV GINT4 ¥OLIIPNI *GIXO
(J3IS/NI) ALIDONIA 214SNOIV AINI4 ¥OLIIFNT I13IN4

00$07029(J3S/NI) S3NTVA ALIJ0I3A 211SNOOY QIN4 ANIKWIIS HLIIM AvVYyy

2649009279
084%01000
0L%C2000
09+00099
0¢%0309¢C
09%00070
0e%00070
02400000
01%09939
00%99309
06€£00000
nRc02900
048030900
09€09n00
0500900
04%£00990
0€e£0920900
02€0n090
2107030

(€xaNI/87) SINIVA ALISNIQ GINTS INIWO3S HITM AVHNY
(Z#xNI/33S) 3IONVASISIY Q3ZIYVINIT ¥OLIICNI  QIXD
(Z%%xNI/J3S) 3IINVLASISIY Q3ZIUVINIT ¥OLIICNT 204
(Z#&NI/J3S) SIINVISISIN QIZIYVINIT ANINOIS HLIM AVHYEY
(S3T8VIYVA XI018 NOWWOD 33S)
(NI) SHION3T LNIW93S WILSAS G333 HLIIM AVHYV
(ZxxNI) LNVISNOD ALITIGIX373 39v4 ¥OLDIPNI *GIXO
(2«xNI) INVISNOD ALITIOIXIV4 3IVd HOLIICNI REIT
(S3T79VI¥VA %2019 NOWWOD 33S)
(S3INBVIYVA 1STI AINIWNOYY 335)
(871/Z2%«NI) SINIVA 3IINVITAWOD TIVM INIWOIS HUIM AVduy
(Z%«NI) SVIUY MU INIWOIS WILSAS 033d HIIM AVHNV
SQYVI LNdNI
LSTIIWYN NO SH3IBWON 3IININOIS 40 ASH MOV OL INYN AWWNQ
Q31VINIIVI 3 QV3IY VIVA WILSAS 13NJ N3IHL *ISHIS asivin
=37 OGNV QV3Y¥ VIVO W3LSAS °GIX0~-2= $GV3IY Viva 1 HLiIM
d39I¥JIS3A SW3LSAS T3N3 3 °*dIX0 HI08-TI= :9v3 3dAL W31SAS
T 01 9VI4YI SAINVHI O<KWY3ILI :310N
"ON LINN TYNIWYIL-0< $IYNIWYIL ON-0=3 :9V14 1AdNI TVMNIKYAL

SINILNUYBAS W S O S 4

$O0=WHILT ¢0=9VI4¥I “0=31T1yrI
$S3TAVIUVA ¥C4 SINTIVA LInv430

$0=1%01

07

42
070A
470A
OA

4A

A
10HY
oY

4

o
10344N
B

(0} ]

ED
103%4
03v4
L)

v

a1

3dALl

WYLl

WUUUUUUUUUUUUUUUUUUUUUUU"UUUUUUU

R-9808/C-52



0cZ12090 , *N=(r‘1in1 02

21219020 €9¢41=C 0Z 0a
00210000 - 29¢1=1 02 0Q
4110009 *0=(r*1r)d ot
29119030 QZI*Y=r 01 0N
JLTTN00D 294t=7 O 00 $
9T10999 NIdM=4M
06110090 NIOM=0OM
99112090 NIJd=2d
METT0009 1Y94=0344
0711009V 7°98¢€=9
T1Irien? HdViT GNTM3¥ (Z°D3°AAHINI)SI
STI1N009 0=X1

NTTTIINDD  XI*IdALTCQI*T0OHE S MO N ONS OVIANT * WUSLT*HI ¢ LOIYH40AC0TI0A40Y0Z44AY
VOTTU09) “470A“3u* 3721814 31T UMI* LD YAINCOIYS ¢ VWO IWOLACY U 1/ TAH/ LS TTINYN

060312220 (9ZT)HI »xu¥3IDIINI
0523190950 NN (0E) I0HYS (DEIMD 49
ALTIOIO(TNTIM S (FZT)ULVA(EI*29) AL (I2T4Z9) I (OEIACLOEIVHIOEN Y (NE) T av3Iy
09010039 HdVLI1
06010090  *IdVLI*NAVLATI® LAPNIO®LOFNIOCLVION (00T ) LDIYS* LDIUAN/AVLWODI/NOWNWD)D
D72 1032C dNTO4ONIO?
2210339 ‘NACNIIXOPNIO(CCT)AAPNTIO (00T ) LOFNIO* (00T) LVZON X37dW0D)
32019072) dMCOMAIdNACNIO*XOrNIO ‘0 YT
91312970 COLVAQL I HI*MIWO IWO4SAUT*OTHL4OINCUNCULING MN/ 4/ NOWWD)D
80011030 ((TIVE(TIX) FINITVAINDGT
VADIVR VIV 1) . (881)X IVIY
90313019 (8RU)IAVSA*(88T)IIAVSOL0Z2442°0710A I10AL0A 44N

SONTIIINCAL T0AE U T A0N AN MO CVEXT *ALTUMI*IAALT *WHIE T COVTISAT L UDI/ZAH/NIWWDD
78703099

0L3001099

09909009

069030v0 SAVYBY A 7 T0Hu *¥ ¢7 *MD *V NI S3INTVA 0€ 30 WNWIXVW
049900920 Avddvy 10384 NI S3NTVA 001 40 WNAWIXYW 310N

SINILINOYENS W S 2 S A

R-9808/C-53

(SRS RS RS RE)



79513900
98419000
9510000
0E3TI0J0
223117070
01913010
006190020
0645190490
08412020
0L%19000
79419920
06%100)0
0+%19Q000
0eEe1II™M)
JZ24%10939
01413000
00%10000
6210000
03€19030
JLETO0ID
NIETHIVN00
D%e12009
0er10020
NZe10099
212120
99213000
06212900
09711990
0LZT2099
071090900
06217099
0%<1793)
027210030

S3INILNLYYNS

¥

SJ32sS 4

*0=4M
*0000%=0NA
*0000%=44A

1°=00y

1°=4Y

»300n°=07
20000°=47
120°=(1I)0
$0°=(1)10HY
*O0=(1)IMD

*T=(I)v
*NN00H=({I)A
*00N00NTI=(1)Y
of¢t1=1 0% 0a

S% 0L 09 (Z°0O3°uI)4l
00T 0L 09 (0°3IV°¥INdI
(1DM4N) 103 4=TIW0
(1)L03¥d4=THWO
0=Sdul

*0=9]1¥1

LG6=03M

Fo=YN

€ 11=01DN

O=MN

0=(29)H1

I=(b69)HT

J=(BG)IH]

N=(GGIHI

I=(6T)HIL

0= (AT )HI

0=(ST)IHI

1-=(T)H1

921¢1=1 0¢ NQ

o4 |

113

R-9808/C-54



2L31)900
09312990
2681932929
248110090
0€6812329
22819009
21819020
008199299
16L19999
08L13M0
NLLTHIONN0
29L109270
062410099
ML TN0JD
92210900
NZL1H099
I1LT1I99)
904190000
16917009
33919939
1R919I90
ILITNIND
09910090
DSITIM0
39719099

N%9TINI00T0A 0 0TS AN SASITON4OAS 444 4724 1 WD

(9IV/797(9)A+ (% )U=(02%L)D

1=(12¢L)9

(2IV/97(%)IA=(949))
(YIV/9/(9)A~=(5*9)D

*1=(e*9))

(S)IV/9/(S)IA-=(9%8)I

*Is(E¢s5)D

(ZIV/9/7(2)A+(2)U=(H*%))
((ZIV/I7CZIA+(2)U)-=(2%%))D

‘1=(1%%))

(EIV/I/7(€EIA+(EVY=(G%€E)D

(E)V/9/1(g)

*T=(e*€))
A-=(%%2))
*1=(1°2))

(DIV/70TIA+(T)¥=(2°1))

*I=(1¢1))

AR ARSLBIIPRRILTIISSV.VARGY. VAR S VAR SV I-LEYS §Y)

INILNOY 3SNOdSIY AININDIYS HOJ XIUAVW AINIIIT44300 3ILVH¥INID 9
(2°03°3dAiT)d4I Q01

(Z4T+XT)ONIW=XT

nNett

=l 171 0Q

(NAH*9)ILIYM (0°39°ILIuML) 41
(+ LN4NTI QAH3 30 QN3
(99°WYILI)ILIYUM (D°L9°WYILT) AT
(666=AUNI*TAHWBILIIAVIY (N°19°WYILT )41 09

{oOVIINI4IJALT *AT¢0OAD
o/ e WYILT*FLTYMT 4 1OIH44 [ DIYING Y

VC9TI0NI0HES MO AL VAU s34V S3TGVINVA ¢/ VAVG GAHY ISTTIIWYN INGNI

229113990
J1912390
009117990
265139790
08sTIN010
uLs10009

s VL VRWUHOS

e VLVWYEOS

(0S'WY3ILI)3ILIBM (0°L19°WY3ILINIT

I1=9v14¥I

(3°L9°Wu3ILT )AL

(09=0N3¢QAH*S)IAVIN (0°0I°IVIIYI )AL

SANILNOYINS

WS OJ2S 4

10°=070A
[10°=470A
*0=0M

0%

99

0s

SY

R-9808/C-55



002217009
J612000)
28120009
041200090
091297299
05129092
09127090
QeT120009
NZ2120909
91120222
201292000
063230930
09020000
04120090
092020000
03229992
09329900
0ENZINND
NzZ223N90
uT0299090
2927290900
766100729
29610909
OLAT10020
09610020
33619299
2%610000
Nc617000
92610090
Q1619000
03617°.2C
06310099
783120)0

S3INILNOYANS

(TTIV/9/7(T1TIA-=(22%12))
(TUIV/9/(TT)A-=(02°12)D
*I=(12%12))
((PVIV/I7(5TIA+(HTIN)-=(82%02))
*1=(62'02))
(PTIV/9/7(HT)A=(22%T)D
*1=(12%1))
GIOA/9/70x0A%0A=(29481))
OT0A/9/70A%0A=(61481))
(OT0A/9/0A%0A)-=(LT*8T))D
OT0A/9/70%«0A%OA+° T=(ST48T))D
JY-=(614LT))

0Z-=(8T4LT))

*I=(9T1'21)2
(OT)V/I/7(OVIA+(OT)Y=(LT1%9T))
*1=(91491))
(OTIV/I/ (DT )A==(L2*ST)D
CI=(%T14GT))
(6)V/9/7(6)A+(6)¥=(L2'%1))
*TI=(%1*%1))
(6)V/9/(6)A-=(ET*ET))D
*1=(21%c1)D
(B)V/9/(BIA+(8)IN=(ET142T))D
*I=(21t21))
(8)V/9/(8)A-=(TT1*TT))
‘I=(6'11)D
(LIV/O7CDA L) E=(TT1%0T))D
(CLYV/O/7 (L)AL (L)Y ==(0T1¢0T))
*I=(6'91))
(9)V/9/(9)1A—-=(8%6))D
*T=(L%6))
(S)Y/9/7(S)A+(S)u=(8¢R))D
“1=(L48)3

WS JS d

R-9808/C-56



0€6221000
02527020
N1520000
0rgzZa00n
06429000
0842129Q
014420990
09420000
06420009
04420000
DE®ZI900
02429909
1420099
00423929
JKE 303D
18¢€2)3090
2LE20099
09£2309))
06£.27190
UL ANGVITIVIV
NE€ 22090
NZeZNIDD
olF73020
00€229)0
06229230
03222920
0L229000
0922n0I)n
26229920
0%220000
Qe 220050
02229090
012217090

9

.

=J XIAN3dav

(31)IV/9/ (BT )IA-=(GE*SE)D
(BUL)V/9/7(BUIA—=({¥E*cE)D
*I1=(ee'se)d
(TZIV/9/7(T2IA+ (12 )U=(GE*YE)D
*I=(eetve))
(T2IV/I/7(12)A=(9%%¢cE))D
(12)IV/9/7(12)A-=(2%%€f)D
"l=(1%%te)D
(LUIV//(LTIA=(HE*2ZC)D
*I=(e€etzZe)d
(LLTIV/O/7CLTIA+(LTIY)-=(2€E4TE)D
*T=(62'1€)D
(EZIV/I/(E2IA+(E2)Y=(S%*DE)D
((E2)V/O/LECIA+(EZIU)==(H%%0C))
*1=(e"*2¢))
(92)V/0/7(5C)IA-=(5%%62)D
*T=(€%*42))
(CCIV/I/(CCIN+(C2)Y=(v4432))D
*T=(e%4d7)2
(UIV/I7(FTIAH(TIu=(2€4L?))
(FUIV/I/7(ITIA+ (9T ) u=(R24LCDD
“1=(624L2Z)1)

(9IV/9/ (TIA-=(0€¢92))
*1=(1e*92))
(STIV/I/7(STIA+(ST)E=(0E*52)D
*T=(1E%321))
(CUIV/I/(ZVIA-=(52%%7))
*I=(%2¢%2)3
(ETIV/7I/7(ET A (ETIN=(52%€2))D
(LETIV/I7(ETIA(CT)A)==(EZ*EZ))D
*1=(%2%¢?7))
(TTIV/IZ(TT)A+(TTIN=(€2422)D
*T=(%2¢22)D

SANILNCYENS W S 2 S 4

R-9808/C-57



09820090
08823900
048290079
0€922000
02829120
01820999
00829990
064290909
09425090
042129090
09L29979
06L209209
0%L 20000
0eL2739200
32120390
N1L25992
00L70000
0692900V

08929390

0L723200
099259200
056920020
04929000
0920079
02920000
01922039
00929000
06520000
08522290
04520000
09529000
055297000
0%5200J0

4Z-3(8G6416))

*1=(95%161))
(0CIV/9/7(0CIA+(0CIY=(LS*NG)D
*1=(96495))
(0C)IV/IV/(DE)A~=(6C¢6%))
*1=(%G646%))
(6Z)V/9/7(6Z2 A+ (62)4=(65484))
*I={%648%))
(62)V/79/7(62VA-=(€G4L%)9
*I=(26%2L%))
(B2)V/I/(82)IA+(82)Y4=(EG*9% )9
*1=(26%9%))
{BZIV/I/7 (B2 IA-=(T1G%GH)D
*I=(6%%%%))
(L2IV/7I7(LZIN+(LZ)U=(T1G%%%)D
(LL2IV/D/ (L2IA+(L2)Y)-=(DG4HH )9
*Is{6v%4Hy) )
(92)Y/9/7(92)A+(92)¥=(0G%EH))
*l=(6%%c%))D

(92 )IY/9/7(92)A—=(8%%2%))
*I=(Llb426))
(S2)V/97(S2)IA+(GZ)U=(8nsTH)D
*TI=(Lb41%))
(SCIV/9/(92)IN=-=({9%%0%))
"1=(1%404))
((OCIV/I/7(02)A+(DZ)Y)=-=(0D%46E))
(02)V/79/ (D2 A-=(8BE*RBE))D
*1=(9t*8¢g))D
(6TIV/9/7(6T)A+(6T)u=(B8E%LE)D
(H6TIV/9/7 (6T )A+(6T)Y)-=(LESLE)D
*1=(9¢€*LE)D
(6TIV/9/(BTIA+(8T)Y=(LE*9E)D
*1=(9¢49¢))

SANILNYYBNS W S 2 S d

R-9808/C-58



06T€N0Y0

081€20909
0L1€0090
071€v010
051€£00930
041€0000
0€1e009%0
021€979°
Q11€0070
00T EQUAND
0635¢39)"°
080d£7292920
0L1€2091
090€00N0
062€95000
040TUYV0
0e0£3320
02T€2090
01neN00Nn
0000090
066720010
086271210
AL 620000
096270920
09621020
0%6230%0
0€620030
02562090230
01620000
006217000
068210990
88209790
04820070

(SIA/(S)=(9¢8)0)
(S)A/Z(s)I=(E*8)aL
(2IA/ (%) =(94L) 0L
("IN (2 )I=(G4L)NY
(PIA/(¥)=(EL)AL
(YIA7(9)=(6T49)aL
(9)A/7(%)1=(81¢9)qL
(S)A/7(G)1=(Q4%c)qy
(SIA/(S)1=(L4s)A0L
(ZIAM(Z) % Z2=(%*%)0L
(A (Z) W% 2=(2%%) 0L
(2INM(Z) 2= (1%%)A)
(E)AZ(E)I=(H%€)al
(E)A/(E)1=(1¢c )AL
(EIA/(E)I=(s*T)NL
(E)A/tE)I=(gt2)01L
(TIA/(T)1x°2=(241)0L
(DIAZ(TY 1% Z=T4 1)L
INILNOY 3SNOES3IY AININOIY4 Y04 XI¥ivVik AVIAQ FWIL 3FLVYINI9D
*1=(€9%15))
*I=(€9'L1)1D
*I=(19%Ls)D
*1=(09*946))
(%2)V/79/(HZ2)A+ (%2 )U=(2Z%455)D
*1=(1+%%65)D
((ZUIV/(ZTVIA (2D )==(92*H5) D
(9IV/9/7(9)A+(9)d=(01¢%€G)I
*1=(6%'€5))
4T0A/79/ DikdAx4A=(29425))
AV0A/9/ A% dA=(65424)D
{dI0A/9/4A%dA)-=(LG*2G)D
4V10A/9/ e AP k4A+° 1=(GG47G)D
45—=(65*16)D

SINILINOHENS W S 2 S 4

J

R-9808/C-59



N2ZSENNON
014€00)0
0046€1900
06%£2020
28eENNI)
0LwED0)C
094%€0300
05%€2000
0%%€3000
0E»EN0NY
0Z%»€0000
01%€2990
QO%E0UIV
26c€0020
08€€NIJ0
0L£€0200
N9eed000
26€€09200
0#£€£2000
0€€€2000
02€€0909
0IELEDO000
00€€0099
062€2019
0dce0000
0L2€3099
092€92009
NsZEO00ND
0%2€0900
0cZ€0000
0¢22¢€09200
012€90920
002€2000

(STIAZLST)Ix*2Z=(624SC)OL
(STIAZ(ST ) Ix°2=(82%G2)01
(ZTIA/(2T)1=(96¢%»Z) 01
(ZTIA (2T ) 1=(%2¢97)0)
(ETIA/Z(ET) 1% Z=(€24€2)0L
(ETIAZLET)Ix"2=(22%€2)01
(ETIA/Z(ET)T"2=(T12%€2)QL
(TTIAZ(TT)I=(D2422)aL
(TOAZ(TT ) I=(aT422) 08
(TODAZ(TT)I=(RT422)0L
(TTIA/(TT)I=(22¢T12) 01
(TDOAZCTTII=(T12¢12)0L
(*DIA/7(%T)1=(02*02) 0L
(2TIAN(%T)1=(61%02)Qs
(ZUIA(HT)I=(L24T)0L
(YDA (2T )1=({92%61)01L
(OT)A/Z (0T ) I=(G2%9T1)QL
(ODIAZ (0D A={¥»T149T)G1L
(OT)AZ (DT I=(9T4STICL
(OTIAZ(DT)I=(5T14ST )AL
(6IA/(6)1=(ET¢HT)O)
(6)A/(6)=(21%%T)0L
(6)IA/7(6)1=(5Z%€T)0L
(6)A/(6)1=(wT%eT)0L
(BIA/(8)1=(1T142T1)d1
(8lA/(8)I=(642T)Q)
(8)A/(8)1=(€T¢TT)0L
(BIAZ(B)I=(2T¢TT1)0L
(LIA/(L)Ix2=(TT1%0T)01L
(LIA/(L)x*2=(0T1'0T)AL
(LIA/(L)x*2=(6'01 )01
(9IA/(9)1=(0T1%6)01
(9)1A/7(9)1=(6%6)01

SINILNCOYANS W S 2 S o

R-9808/C-60



3432219930
045327090
2€3€0907)
DZ]CNNNN
(VR L R VS IVTV)
112€33J39
06L€2390
08L€7070
1LLCID9)D
09L£VUVIO
05L£39200
O&Le2200
NeLEININ
072L€00.30
3TLENODN
JLe29N
069€20920
NRvENIN9
QL9€IDNN0
999€0000
069€3309
I%9€0ID)
€72€2900
029¢90930
O19€£3009
209¢€909099
J69EIYNY0
086ENGAD
0L6€0009
095£90000
US4E0000
0%5$€J099
2€4€0099

09 -2 XIAaN3ddv

S3INILNOYYNS

(0Z)A/(02)1=(9¢€‘bE )L
(02)A/102) 1=t *»Et6E)NL
(02IA/ (D21 1=(Ls8€E) AL
(02)IAN/(92)1=(8E*8E)AL

(6T)AZ(HT ) Ix"2=(9¢€*LE) AL
(6T)A/(6T ) I 2=(5€E¢LE)AL
(6TIA/Z(61)I1x"2=(9E*LE)NCL

(3IAZ7(8T)1=(€e*9c) L
(STIA/(8T)1=(Z¢c*9<)01L
(8TIA/ (BT ) I=(1C¢9¢€) 0L
(BI)AZ (3T )1=(Sc*sF)CL
(BI)AZ (T ) 1=(vetsE) 0L
(T2IAZ(12)A=(42%44E)00
(1ZIAM(12)1=(0%%e) 0L
(1ZIAM(12Z)1=(6EHE)OL
(12IA/(12)T1=(eetec)alL
(12)A/7(12)1=(1c'E€)qL
(LTIAZ (LT I=(0e2E) L
(LTIA/ (LT} I=(L2%2€)G)
(LA (LT I=(Ze*TE)AL
(LA (LU I=(T1eTE )N

(EZIA/(EZ)Ix"2=(E+*NE)AL
(E2IA/(EZ) 2" 2=(2%408 )04
(€2)IA/(€2) %" 2=(T%*0¢€)0L

(22)YA/ (%2)1=(0%*62)01L
(92)A/7(%2)1=(6E46C)0L

(2Z)A/(22) 1% 2=(2%*82)A1L
(22)A/7022)1%°2=(T%%82)0A1L

WS JS d

(9T)A/ (9T ) 1=(62%L2)QL
(STIAZ(9T)1=(82¢L2)0L
(91)A/ (91 )1=(C€t92)0)
(OTIA/Z (2T )=(L2%92)0L
(9VIA/Z (9T )1=(92¢92)dL

R-9808/C-61



0LT»N9220
PEAR DLibD)
061413090
34147099
21917190
NETHINI0
02143029
011%0090
DA R ORI
QADH0INY
I80%0000Q
9492%0070
N9YHNH9I)
030%0920
393933
0£3%93)0
02747090
910430109
DIVVL ISV V)
266£72)0
036€0009
2L6€0M)0
094€£0090
08AE£I0V0
0%5¢7020
0e6£1290
026€0990
016€2099
006230929
ULe2II0
03372030
128€17070
093¢799n

INTLNOY ISNOMS3Y AININDI NI Y04 AVHYY INIIDIS430) Avi3ag 3

SIANILNOwINS

.

*T-=(€)Qq1v

(TIV/9/(TIA-( TV Y=(2)QLV

‘I=(1)01v

(#Z)A/(%2)1=(E%*53)01
(92IA/(%2)1=(1%*c6)aL
(ZUOIA2T)A=(c2¢w5)0L
(CTIAZ(ZT)=(22%s )01

(9IA/7(9)1=(8*€S UL

(Ar7(9)1=(2%c5)01L
(QE)A/Z(0E)I=(25%96 )L
(0E)A/(DENI=(LE*0G)0L
(0E)A/Z (0E)I=(9S%6%) 0L
(DEIAZ(DENTI=(EGt6%)AL
(6ZIA/ (62 1=(168% )AL
(62N (AZ)1=(0G%8% )L
(6Z)A/(6Z)1=(2<4LY)aL
(62)A7(62)1=(2L€%L%) Al
(82)IA/7(8Z)1=(6%%9%)N}
(BZIAZ(82Z)1=(L%*9%)qQ1L
(8C2IA/(82)I=(15¢s%) 0L
(RZIA/Z (RZ)A=(NGicH)0L

(LZIA/(L2)1x*2=(6%44%) 0L
(LZIA/(L2) % 2=(8%44%)aL
(LZIAN/CL2) 7= (L%to%) QL

WS J)S 4

(9CIA/(9Z)1=(9%9%EH )i}
(92)A7(92)1=(g%*Ev)AL
(92)IA/(92)V=(a%»42%)0}
(92)A/7(92)1=(L442%)01L
(SCIA/Z(S2Z)TA=(%+4TH)0)
(SZIA/(Q2Z)V=(hE*Tw)CL
(SZIA/(52)1=(9%40%) s
(SCIA/(G2)1=(G%0%)QY

Wil 31vy¥3NID D

R-9808/C-62



00540090
06%%0000
284495000
OL9%3000
09%40)00
289993729
09542319
02447000
NZH%%2090
014%0070
N09%+9000
16E4%N1))
08r 42300
0LEHN000
I 4000
78€%3000
N%e40000
2ee%9790
W EAR LD DD
DARA BRI
VO VIVIVTG)
06493310
08242099
2L2%209)
29¢4%9079
09240000
U24%09490
NZZH03)9
774232230
A DNBD
SDTA DLIBL
361%9090
091%13720

(¢TIV/79/7(2TIA- (9T 1A=(9€ )ALV
(OTIV/2/(QTIA-=(G6E)ALY
*l-=(%€)1qQLY
(LOVIV/9/(0T)A- (D1 )Y )-=(EE)QLY
*l-=(2C)aLV
(6)V/97(6 ) A—-=(1€) ALY
*T-=(0g) QLY
((6)V/9/16)A-(6)U)-=(67)0LY
*{—-=(82)a4V
(8)V/9/(8)A—=(L12)0Q4LYV
*I-=(92)a1v
((8)V/3/7(R)A-{8)H)-=(S2)ALYV
*I-=(w2)arv

LI/ 7CLIA=- (L)) =-=(F2)aLY
(LIV/S/7 (LYA-(L ) H=(22)QLV
*Tl-=(12)101V
((9VV/3/7(9)A=(9)Y)-=(N2)ALYV
*T-=(61)01V
(S)V/9/7(S)A==(BT)GLY
*t-=(l1)a1v
(2IV/79/(9 A= (911 ALV
(2IV/79/(9)IA=-=(ST)ALV
*T-=(%1)Q1V

*1-=(el)OLV
((%)IV/D/ (9 )IA=(%)Y)=-=(Z2T)QLYV
((SIV/9/7(S5)A-(S)U)==(TT1)0LY
*T-=(21)a4V
((ZIV/9/7(2)IA-(2)D)==(6)aLV
(2IV/9/702VA-12)u={8)QLYV

*T-=(Ll)aLv
(EIV/I7(EIA=-=(9)Q1V
“Y-=(g)0LV

((EVV/7I/7(EIA-(ENUD)=-=(H)01LY

SINILNOYENS W S 2 S 4

R-9808/C-63



nNeEYNINn
N72a%0090
0T3%30450
0N14JD20D
N6L%3I0%0
I8L 40990
0LLYDDIN
09L%0090
AsL®II 0
A9L 493390
NS AL D)
I7LH00N0
0T1L4%9009
CrLyddI6
063%0010
NRAHIONNO
L9909
29949019
BIA DB
09940070
AEI%H000
2947999
01942000
07943099
0Ae+wI0ID
03540000
UIRR B L DL
096%909%0
156%0009
094 %)04u0
02390929
026492000
21320920

SANILNngAeNs

(LTZIV/9/ 012V A= (120 == (69D 1V
“1-=(R9)ALV
(LYVIV/9/7CLTIA=(LTIN=(L9) ALY
*1~-=(99)aLvV
(LT)V/3/CLTIA=(59) LY
“1-=(%9) 0LV
((E2IV/O/(EZIA-(EZ)Y)~=(£9)QLY
(E2)V/9/(EZ)A-(E2)8=(29) ALY
*1-=(19)aLv
U22IV/O/ 192V A= (%Z ) u) == (9} C 4V
*1-:(6610L1V
(22)¥/9/(22)A-(22)8=(96)QLY
*1=(L5)aLV

*1-2(96) QLY
(9TIV/9/(9T)A==(GSICLY
(9TIV/I/ (TN A= (9T DY) == (HG) ALY
*1-=(€6) ALV
((9TIV/9/7(9TIA=(9T ) ¥)~=(2G)NLY
*T=(Ts)aLv
(STIV/9/(STIA-(ST)¥=(NG)IALY
*l-=(k%)qLV
((ZTIV/9/(2TIA=(2T)¥)-=(3%)Q LY
((ETIV/O/(ETIA=(ET)¥) == (L9) ALY
*1-=(9%)GLV
(ETIV/O/(EVIA-(ETIN=(G9) QLY
(TT)V/9/(TT A== (%) QLY
*1-=(E9)0LV
(TTIV/9/(TT)A==(2%) QLY
*1-=(1%)aiv
UTDIV/97 (T A= (TT)d)=-=(0%) ALY
(2TIV/9/(2T)A=(6E)QLY
*1-=(3€)GLV

*T-=(L€)QLV

WSJS 4

R-9808/C-64



29152310
051679290
0%1697900
0€152090
02150990
011303
021592020
26060900
28152090
0LDsN09D
09769020
05262000
04050900
2£052070
02059200
0TusVIVO
0062300
0649020
086%02)30
NLEHONDQ
96430310
056%0000
094549020
0£6%2000
02447009
01640000
J06%J0Quo
068403000
08840000
0L8491000
098%0000
25490009
U9a%»I00d

SINILINOYLENS

*T-=(221)01V

*l-={101)041YV
(L62)V/9/(62)A-(62)8)-=(00T)QLYV
(B2IV/2/(82IA-=(66)04YV
*1-=(BA)OLY
((BZ2)V/9/7(8B2)A-(RZ)e)~-=(L6)ALYV
*I-=(96) QLY
((L2IV/9/7 (L2 (L2)8)~=(S6) QALY
(LZIV/O/(LZIA-(LZ)H=(%6)01YV
*1-=(26)01YV
(92)1V/9/192)a~-=(26)0LYV
*1-=(16)Q1V
((92)Y/9/(92)A=(92)d)-=(N6) ALY
*T-=(6R)QLV
(S2)V/9/7(Ss2)IN=-=(98)0LV
*l==(LB)OLY
({S2IV/7I/7(S2IA-(SE ) H)== (9P IO LV
*1-=(98)dLv

(NZIV/D/(0T In=(HP)LY
*T=(fRIALY

*1-=(28)NLY
((02)V/9/7(QZ)A=-(NZ)Y)=-=(TR) ALY
(6T IV/9/7(6TMA-(b6T)Y)-=(08)Q1LY
(6TIV/9/7(6T)A~-(6T)H=(6L)0ALY
*Y-=(89L)01v
(STIV/9/(8T)A~=(LL)ALY
(BU)Y/9/(BT)A-=(9L)ALY
*T-=(wl)auLv
UBTIV/I/(8TIA=(RTIY)==(HL) ALYV
*T-=(tl)dlv
(T12¥v/9/7012)A=(2L)A1Y
(L2)v/9/7(12yA—-=(TL)ALY
Cl-=(DL)0LV

HSOSHA

R-9808/C-65



0L€4009%0
€97.69000
79¢50000
19610930
09£40319)
06760000
0% 500NN
0€EESIIVL

$9° 11341 XS
$eISVHAs S X5 ¢

£=JAHINI
((2°64d249°T1T13dT¢X642°A4dD
$E°634d0XS) 4/ 4 ASVHAL *XG 4 43QNLTI TNV ¢ X9
o 3CNIT ANV ¢ X024 /¢ ,30VY NOILIINNT I3NJ,

¢XH%431Vd NOILDINPNI HIZIAIX0a*X4*4AININOIYIe * XS
ASNOaS3IY  W3LSAS (Q3I3F44'X8T4///*THT)IVWHOS 066

$/77%4SU3L3INV YV
{

LD0YINT=F(C)LIPNIO(F)LOPNIO) (HAVLI)ILTHM
(1

owmmoooocuduz-nuﬁ..ﬂ.»uﬁzmu..ﬂ—hOﬁznw..3.bowzu~gomm.o.wbnxx.c.wZ-mhnaxg.¢~

01€69000
60€6)200
80€491739
L0€590))
90£59UV0
60262027
#7£97200
€NC6II0NN
297600

Tue 50090

02¢69209°
06263070
08267090
0L789030
09282010
06762039
0437999
N€2sN290
02267290
01752000
00252090
6153227
221492079
9L1672)9

00L 04 09 (U1*3IV°TAHINT) 1l
s 0L U9

(1)X=(1)3AVSO

AT¢1=I €106 Cq

Olg 01 09 (N*D3I*XT)4I

0tls J1 09

(I)3IAVSO=(T)X
(I)x=(1)3AvSS

8T41=1 12¢ 0N

20S 0L 09 (Z2=17°x1)41
(XI*3LTuMI*La821)dS3vd 1V
T=MN

006 04 09 (T°19°AAHdNT) AL
(22)V/9/ (92)A=-=(€T1T)QLY
*T=-=(211)94V
(ZVIV/3/7(ZTIA=(TTT)OLY
*T=(CT1)ALv
(9)IV/9/7(9)A-=(6dT) LY
*1-=(80T)OLYV

*l-=(LHT1)ALV
(OE)V/79/ (2 )A=-=(901)0LV
((0E)V/I/ZL0E)IA-(0CE I Y) == (50T )111V
*T-=(%2T1)qLv
(6Z2)V//(6Z)A-=(E€2T)CH Y

SINILNO¥EAS W S 2 S 4

~ NN

3

008
00y

R-9808/C-66



DA L2D Re s Is}
0€EY¥S500ID
02%87009
QT»eNDIIN
QL®G0NIY
0R.9)J)0

SINILAOYENS

WS OIS d

an3

d015

wdL Y
ASIPNTO=4NI9D
XOCNT9=0NI9
HdvliI 3714 N3

666

0oL

R-9808/C-67



0€€923309
02£02090
01<00079
(FIURVIHIVE IV
05203029
0822317090
0LZ03000
09209090
962079390
0%70V0090
0€£79292390
02207909
01209090
00709010
04100000
04910310
0LT0Y0N0
Q91021990
15100090
04%10N020
0ETIVIVO
02103019
oTINAING
0015029290
06000000
090000120
0L700020
99009000
060001700
0%00920990
0€000000
02200099
01000000

0 ¥ o IHLZ XTIy THY ) LVYWHUS
(0949131 TuM

(378 vy N I

N Ol 09
INNT ANUD
(CT=-IIXL®LA*(1)X12) 3]
XN¢2Z2=1 C% 0aQ

N6 01 09
ANNT INOD
((T=1)XL*49°(T)XL)HT
XN¢2Z2=1 €Z 0n

0t 0L 09 (*9°19°%) 41

7 = N

06 aL )

0s 0t 09

N6 0L 09 (T1°3IN°NF)IT
SCOx((T)XL=(XN)XL)SIV = ZyX

*T= = S ((XNIXL°L9°(T)XL)4I
.M - w

002 0L 09 (T*A1°XN) 41

‘¢ = X+

1 = xr

(T)X1L NOISNIWIN

SLO6T AVW “INAGLININY *NVWNHIS *A °W A8 OIWWVYIOUJ
CIXFIXL=(T+XPIXL) /7 ((XCIXL=X) = Xd ¥OLIV4 ONIIVIS S31vINIIVI
(XC)X1 WO¥4 X 40 NOILVIOT
ONIIVIS ¥O3 w3lI AvydVY (ATINO ¥O) 1SYId 40 NOTLVIOT SONIH
*S3INTIVA ONISVIYIIO YO ONISV3IUINI ATINVISISNOD
Y04 (SW3ILT XN) Av¥YY XL JU ¥IOMC SHMIIHD T *03 NF 41
NOTLAVYIO4UIANT ¥VINI ¥0d INTINOY
(XX SXNeXLéX

$XM)IV4I0T ANLINOHANS

SINILNOYEANS W S D S 4

09
0¢
0%
413

424

——

LQULLVLOLLVLLYL (8]

R-9808/C-68



040090290
BRI BTN
3709570
01000000
0nZ30220
21909919
09999i:39
065272999
08€99799%0

026009794 ONOA3E SI 379vl 40 NOTLVIO4V¥1LX3

09530019
05501921
C%»500920
2£3002029
02597099
016027370
09501939
26%71719900
73+03300
AL%0)9N0
Q9401099
05%0Q0JuN
IH"%N3039
AEHY0INI
0Z»933020
2140917990
03%950019
PLYA D I 2]
03¢INAG
0L2003230
09< 020
06< 39790
07200093

A90T0NHI3 L 40 FLINLILSNI VION0I9 A€8 (03IdOT3IA3I0 WVHOOUd
JONVLILINGY 3TZZ0N WY3ULSNMOCG 3HL 3ILVINIIVI 0L kVHO0U4AENS

( (%°S139 X8) /7 %°s139 =
plEeleh|

//

(VZON*OIYH4OI* XWVO L UI I WAVZNN AN LNOYENS

03l 041 09
0sT UL 03

S3ANLLNOYENS

anN3
N3N L 3d

JL O

I

{ SLIKID 379YNOSYIL
~ W0 W ¥ IH9Y X227 THU)LVWBO4d 091
(09149)34I¥M 091

I-X¢

n0Z 01 09

0ET%002402T (S*(X—-(I)XL))HI

(ZUX+(OXNIXLE(TIXL) IXYWY LX) H]
(ZYX=CIXNIXLG (U)XL) INIWY LX) AT
((XPIXL={TeXP)XL) / ((XFIXL-X)

OTT%002¢00T (Sx(X-(I}XL))III

0

1t 01

= X4
= X (1*19°Xf) 41
INNI LNOI
I = XP
XNSTXN=]I 021 0OQ
1 ¢+ 1 = 1IXN
I = Xr
OT4XN*DYI=1 20T 0OQ
09 (02°31°XxN)4I
2 = TXN
d01Ls
LIX3 1v)
XHE X§

XLHY X% / #°S13d1 =
INTLNOYENS 04 ¥I4IAUHLZ XTH» OHT) L VWYOI

(XN¢TI=I4(T)XL)®%X

WSDJS 4

(08°9)311uM

1

002
{2

0el
02t

o1t
o]1]

06

og !
oL

R-9808/C-6g



300930
N670N9I0
{eCcoNIon
2LE09703)
99€9091090
NZe0onnan
0120309290
0neOoNNIY)
pENde s TaTatel
23702990
DL2000)0
292200932
6209090
04702000
0209999
N"2990595N
12090390
0NnzoniNn
06100099
08T0V0U0
0LT00200
097017290
46100030
0% 1NNYN0
NETO00N0
B EA S I T
IREEAL DB
2991099929
2600909)
08300010
QLONDNDND
Q91092900
0s(CI0ND

(9°TT346= WYD 4XE 46113 | §

o= XITINVI4XGH°TT13%,=
¥dI CXITONV 4XLDY *XIIY¥ (N1N649)J)IuM

(8°Z2139) LYWNOS

YU EXITINY 4XLIN XD (C-0645)QVIY

WYHOGH4ENS 3IHL A9 Q3Y¥INOIY VAVA LINJN]
¢ 04 09 (0°3V°uI)41
NdVLT ONIMIY (£°03°70NINT) 4T

20NYdI *TWOIYS 1

‘XWO3IH3 *TONANI *FNIM *uu) $XITONY SXLDY 4XIIY Z70NWND/ MOWWND

HAVLT *JdVLiI *NdVLII *(O7T)L4FNID )

‘(O0T)LOFNI9 “(00T)LVZON $(001)163¥4 “L03YIN /dViWDI/ NOKWOD

WI/%X/ T12d12/7€X/ T
dI*IMeZy Ty D Ay Lr2X/ IV LDUCTTONVENAS WYD/TX/ NOWKDD

(9)A *(S)dD *(5)19 *(%*G)AQ NOLSNIWIQ

i L ERF 1
RAEL

2¢D3U4 ‘103¥d ¢ 1DIYY
‘XWOINd ¢0D) ‘ININ *u¥D ¢x39NV EXAIY XD SXWVO ¢03Ind

L34FNI9 *L1OFNI9 ¢LVZION *V70N X31dWa)

(Z-0*H-V)8%IV34% LIDTVdw!

SLAT AVW “INAQLININY SNVWNHIS °*C °W Af
1300W ALITI8GVLS G3NdN0D WILSAS 0334 AHL 304 a314100w
6Z11%21-4D VSYN °*33¥

SINILNOYENS W S 2 S 4

XYLIOUa ' XG 9 TTIdT e= XDONG*XG*/ ) LYWNDS 0106

0206

(S (] (SRS RS ]

(S

VOOLO (8] (&

R-9808/C-70



22102009
0ZL09009
01407099
J0L090)0
063000929
nNganNnNnNo
JL902370
79992000
76909190
7%3Q00109
I£900000
029993900
2190290
00990090
2659170990
28600900
0Ls00990
395239
233023900
d%500900
0¢507239

759000920
31300990
7197307000
26%0N9990
I340000
QALm0NNNND
399237070
570009
O*%903300
0E%Q)0ID
379200000
I1eNYII0

(CCT=WVI) )/ ( T=WVI=) ) ax( (T+WVO)/Z) )= 1

CCCET=WYD ) xo) Z(T—HVO=) ) (Z/WIRW IR (T-WVI ) +T D) % (G °0%xWI) = LY 2
IMG + DM = DM 02

JMN*TI=N OT 0Odg

JJU 412U CIATONV CWVI SNAS W) (000T49)ILT UM 1

(T°19°ZONGNI*ANVY*0® 19°Z0ONY4I) 4T

INNIAINOD L |

s 0f 0) (90=-3°1°19°¥3)d41

WI=0KW)

(WI/LWI-0OWI))S8VQ=4d3
(((°T=WVO)%*Z)/(°T4WVI) ) %= 1
((OWD*OWIRG Ok (“T=WVO )+ T)x( " T+WVI)/°2)%xdUI/"T=W)
0°0=0KW)

L 01 09 (0°0°371°wuyd)dI
0°0N81/3T9INV#LZ6STHT°C = L

100°0- = d{Q

INNT LNDD

T = JOMN

DINA%0I/CNIURGRTERL®I = DM

3°0 = M)

2192 04 09

103¥4N = IOMN
IMO-TWOIUIx0I/PNTIYXGBTERI"F = DM
(I-103Y3IN)/ (IWOIY4-XNTIBd) %0/ NTUGATERZ®9 = IMQ
N00Z 0L 09 (1°3T°TONININAI

0°0 = NAS

0 = di

LOIWAN (NAVLI)ILIEM  (€°03°TUNINI)II

X3IA9MY = FTINY

X174 = 13¥
X22y = JJM
XWVS = WV9

SANILACYBNS W S 23 S 4

o102

0002

4

R-9808/C-71



N9NTHINID
05212090
NeYTNON0
AENTN0H0
2217000
WA R B D))
NonINNgn
0660090
184032130
2L60)000
29609970
05500930
N96009%)N
2E€EA07009
I2AN900)0
MMADINNGH
IIA07029
168933930
Y880I2700
04809200
09%0:)090
3330239
142099950
1€8030739
02309000
nT30n0nn
13999233
06L027909
28L09000
ILLOINQO0
094000320

N5L00000 -

04200000

112 = (1¢c)aa

WIZ = (1%2)AQ

HIV~- = (T*T1)AQ

HIHA*I0Z+50Z«ITHd = (%)9

T0OZx1IHd=UDZxdIHd = (%)9

197 = (€)9

Y07 = (2)9

= (1)9

n=2>79
_—om*~0m+.«ontm~<.».momcz~<..\.aoni~u+.aomla~<.&wu- = 1tz
.Nonuuom¢.momam~<.*.momnxﬁ<..\.aon*Nut.mont¢~<.¢qu. = Y12z
[T)-¥0Z#I0Z%HTV%AZ-10Z4413¢H0Zx] 19 = Z4
HID-ICZ#T10Zxul1VeBIVRYOZ*U0Z-T0Zx[ TH=-HNZ&NTD = (A
(108%100+409%408)/(¥OI%I0F~100%409) = ]0Z
(17641094408« N09)/ (10I%I08+¥0)6UNY) = WOZ
S°O0x(T=WV) )& IMYIO= = [1)

(CT+RVO) % ULUS ) /UNASRUNASK (T=WV)) %2 = ¥[D
({T+RV)) %51 %S )/ M3 = I19

((T+WYO )2 1 N&LDURE) /(WYY +HZ) = ¥19
(BLUSH(T4NVO) )/ (T=WVD)xDMKZ~ = [0)

((T+WVD )/ (UNASHENAS ) ) =DMk DM = 409

L8/7NAS = dNAS

(T+WYIV/ My = 109

Yylv—- = yng

(YLYS«(T+WVD) )/ 9- = NIV

SN (LDU%IY) = ¥)YS

(T+WY9) /2 = N

c =d

((L)SOJQ=-T)%DD2Y=0°1 = 7y

((1)SOJ0-T)=»iDd9+lY = 1Y

N = [IHd

1 = YIHd

(CEET=WYI DY ) Z7(ToWVI ) D ((T+WVD)I/2) D a(LU4S2°0) = B

SANILNOYENS W S I3 S 4

R-9808/C-72



0610399
08219070
0Le10020
99€19770
J3= 13000
0%€129900
2ee1N2939
02€190000
2113730
00zT19000
162123000
087210009
nL213000
0972109900
29210000
09210020
J€719090
02219009
012172930
00210039
06112090
081109290
0L110000
09110000
J8T11I0920
04113000
011029000
NZTIN02n
ISR IBIY
001109%V0
"6010930
08012900
0LOT00)0

S3INILINCHAENS

SE 0L 09 (1°03°ZCI4I
(OHY&WVYVI)/HVAD = 4
((T=WV))I/T1)%x] = OHY
(I-WV3)%5°0xN=-1 = D

G0k = HYRD
{(S)A = [IHd
(%)A = ¥IHd

(E)A = 12
(2)A = ¥NZ
(1)A =N

Ol OL 09 (1°03°dIl)41
(Z0I1%A0%A*d*d0*S)ISKWYQYZ T1TV)

[THd = (S)A
YIHd = (%)A

IZ = (€)A

¥Z = (2)A

n = (1)A

()49 = (1'S)A0
(9)d9 = (I*%)AQ
(€)d9 = (I*€)AQ

(7)d9 = (I*¢)AQ
(1)d9 = (I*T)AQ
(9)9 = IIHd

{%)9 = YIHd
(¢19 = 12z
(Z)9 = ud?

()9 = 0N
dd+d = d

(Z2014d9%94d*d0*G)Z1%d 1VI
»42=1 0t Q0

2 = 7¢I
ITHd = (T¢5)AQ
YIHd = (1¢%)AQ

NS DJ2S A

oe

R-9808/C-73



0240107390
01412000
00L19090
0691390
039102)9
AL911050
0991929739
NeTNNND
UY9109)0
2913397
02919900
019172909
00919339
TASTIIIN
99512939
0L6T10000
19510930
156139))

O¥3T0I90

0E8T10009
07610920
01612000
00510950
V6410000
08410730
0L%1n009
09413990
0s%10090
094910900
041300
NZ+107)30
2T4130092
00913990

TAS4CAS*ZDIUI S TACHACTOIYS (STOT49)IL T uM
(T°19°ZONANI ANV *D* 19° ZONYAT ) A1

(FNIY®SBTIESZ°9)/00%M

(FNTH«SBIEBZ*9)/0D%IM =

3]

L3BCdIVEIASHAS 20T * TACHASTOIYS (GI0T49) 1L YM
(T°L9°ZUNANTI*ANY * D 19°Z0ON¥4T ) 41
{(PNIN%GBTIERZ*9)/0)eM =
(CNIY%SBIEBZ*9)/NIxIM =

(NINVLIVAxTIFBIE®O

(IL*x2)/
S* %%

1

29344
N3IKNd 0¢g
0L 09

1

203w
D344
= 139
n=n

1

..mhimh+.¢hln.*.mhl~..h.mhiubo.mbouv§—1h+~...¢.~h*~blzp*xh|~_ =N

(N)90I0%SSTAST*0

= 47¢

m.ocq..~»;~»¢.xp|~.*.¢»|~._\.~»4~p+.z»¢~.*.z»¢~..e = N

3/1AS
3/ (J+Y¥AS)

TL
dl

NOZ4WIRNASENAS = 9

NOZ%(S 0%k ( (WIRWI-T) kNASHNAS—MxM)) = 4 6

G%¢0s ¢ng

(WIRWIRNASKNAS +MxM) /T

TA((({T=WVO) 2D/ (T+NVI) ) %4 ) xWVO
HARC(((T=WYD)IAZ)/ (T +NVS) ) kD) kWY

NOL/81%DM%o
NOALZ(T L% IM=N) 64—

(YLIM )« (ULEIM) + (T ARIM=N )% (I L %IM~F)

(E)A
(Z)A
0%

NOZ/MZ%DMxd

NGZ/ 3% (IZ#OM+ (1Z2%1Z+ 4782 )1%xN)-
(IZN+IM) & (IZ6N+IM)+ (YZxHTxN%N )

SINILAOYENS

WS OJO2S d

(WD D~T) kNASKNAS—MxM ) S

= N7

((S°D=)%xD)kIM = M

IAS
YAS 0%
= IA
= ¥A
= NQL
| ¥

= ¥1 g€
01 09

= IA
HA
= N1Z

R-9808/C-74



02610000
31610990
0N6TV200
N6819920
78481109920
QLRTINTDO
038109000
06810017
048119000
NegINND0
076TN0ID
01412090
003109929
06210000
08LINNOI0
0LLTIIMO
07414000
09417393
2%L 19040
2€L 12970

H=70NdNT
Nd4V1l 3714 GN3

an3
NvnL3d

(T°L9°ZCNANT )T
(£°NI*ZONGNT ) 4]

R-9808/C-75

(G°0T4%4Z°0Td¢G°0T42¢T°944XQ)AVYWUCS SOOT

(/74V138HY* X4 VHATVHS ¢ X9

CTASHESXBEYASHE XA JHT * X4 TAHZ* X8 *hAHZ*XL

$I3HZAX6 /749948 =

JOINVHLNG HZT4H°94¢ =

AVOMHLHG S

$IUNLVAYND 40 ITOVHHIZ*X2¢4T*%4¢ = IVINV ITNZZ0NHGTéX)

S 7%€°G40 = VHWVD HeH¢w°948 =

NAS HL'?2°€4¢ = HIAGWNN HIVWHST

$X€Z2%//7%SIINVLLINGY 3T1ZZON WWIILIHOIHLKCE*XOE //7/ /7 THT ) AVVIE0d

VION®ZDIYd (NdVLII)3LTYM

JAMILNGD

(€E°03I°ZONANINAI

NdVLI LINN 3Advl Nf) ViVQ 3INVILIWQY 3JAVS

SANILNOYENS

VION
20344

(N)LVZON
(N)LOIud

0T 01 09 (T1°371°20NdNI 4T
TAS*(D°T°0°0)+YAS = VZON

Wso2Sd4d

~ N LW

0001
oY

VOO



064729099
0%62)200
0€52930
02AZ3919)
01623920
00620000
06827009
3837223970
91827030
N9RZI9%09
065929000
"%RZ7009
02323770
02R¢20920
01RrRZI000
00822009
06L277)0
03179390
oLLeHINo
09829099
962200939
04420039
0€L29030
02L79030
01L22000
00222900
06923099
03920030
04927039
099229390
06920990
04920000
0€9209200

NxdMxe I8

W (T )dIxN 1)
(N=2)%N = v
09 = (1)d9

99 OL 09

Ha«NQ = (1)d9

ﬁ.m.§3§.~+z<o.l—.ic~\....~|r<¢~*m.\.mlz<wiwv.i*u.ianh.o#&:.l = Na

(00=¥=T1) /(S Ok ((T-Y)w(T-W)=(U=T)4II¥%Z)) = %O
Y 0L 0D
LIV 0~ = ¥0
OH4NNseE (2%=Y)3I
. av CL 09
(U=LI¥4 LU )7 (G Qr ((LY-U) % (Lu~b) = (LU~Y )i J0%2) )= = 0O
CE4DE4SZ (TY-¥)dL
0642222 (1-w)d1
(B°STI¢a=LHatXE4B GTI¢4=TY,*XF

1

117
ns

Sy
o+

12
41

114
2e

¢8°ST34i=Ua*XE4/*410L5% QYYD WOYS ONILNTYde *XC)LYWHOS 6

0°#((GZ°0=)axN)x(((("T-WVD)%*Z)/°T=)ax(D) ) = ¥
S*O0xN%k(1-WVI)=-T = )

(S)9 = IlHd

(%) = YIHd

(€19 = 1}

(2)9 Yl

(1)9 = n

(5)d9 *(G)9 NOISNIWIQ

dI*IMeZY T D I L/ 2 X/ JOULDU IVINVENAS  KYI/ TX/ NOWWOD?D
{Z-0*H-V) BxIVI¥ JIDI7VdWI

62T1Z21~-3¥D VSVYN °*33%
AJ0TONHIIL 40 JLNLILSNI VION03IYD A9 (0Id0IIAIQ WVYHIONJ
WOVZON wWv390ud8NS Y04 3INTLNDY

(d9¢94d)4I0LYY 3INILNOYENS

SINIINOAENS W S 2 S o

———

VoLoLLw

R-9808/C-76



BHNEINND
eNENQID
V70€0000
012€99%Q
000e0329
26620909
N§629000
0LA20000
09420900

V/(1idlndd x4+ ([ 1s]i~UisdL)%]D+ULsIB~-]LaYE=-) =
V/7((TinYlxIda2=( 105141381 )»d))-(11%]0~YLutE))~-1 =

SINILNDYHANS

aN3

N¥NL3IY

Cl/7(dIHdxIL+]I IHd%xYl) = (S)d9
21/(IIHd%IL~4IHd%Yl) = (%)d9
ILslL+died)l = 21

(£)d9

(2)d9

650 ( 1 )d9%xN&IMx(T~WVI) )~ = I)D
(UxU) /7 (INASENAS )=DIM&IM = ¥)

WS J2Sd

R-9808/C-77



09REIDID
NL3EYIIN
U9REIDI0
2$3€99199
048€0900
079€¢0920
IC8ZONIN
O13€2920
038¢00J9
A6LEDNNNO
0RrRLED0N0
OLLEDIO
04Led99)
06L€J309)
OH%LEI0N0
0€LEVDIIN
J2LED0DD
NMLENINN
AMLENNDD
67€909D
MIENNDD
0L9£39)0
099¢3330
6923000
NHIENNON
NESCLINIDO
0290900
019€¢120920
099€3030
06567920
Q8SYIUN0
UL5€)000
993£9990

LL =) XIAN3ddVv

(WNA*ZN*Z1)41Q2%8 11IV)
S% 01 09
(WNQ*ZN4Z1)41Q1%Y8 1IV)
0% 04 09 (7°03°1d0r)dI
(r*'r)zs = (rrwng
(CLT=1)ZAxHR(T+IIVH(TIN = (F)2ZD
NAN*TI=Ff <€ 0qQ
Hx(T+I)velL = 22

%47=1 0€ 00

(FIWNG = (r*1)Z4
NAN*T=F 62 00
(WNA4ZN4Z1)3102%% 1v)
0Z 01 09
(WNA*ZN4ZL)SI0LHN T1TVD
ST 0L 09 (2°D3°1d0or) 41
(F41)Z4 = (rIwna

(cin = (rrzn

NN*TI=C CT 0a

11 = 214
0°l = (g)v
5°0 = (%)v
9°0 = (€)v
Nty = (2)y
7% = (1)v

(SIWNG 4(S*%)Zd *(9)ZN *(SIV “(G)N NCISNIWIG

dI*OME2¥4 THSD LN 1/2X/ NCWWE)D
(Z7-0*H-V)BeIVIY 1I711dWI

oZT11Z1-%) VSVYN °43y

AJ0T0NHI3L 30 ANLTLSNI VIONO3I9 A8 03d013A30 WYYI0ud

WOVZON WYYI0U48NS ¥OJ INILNOY

(LdOF‘WNRA*NETLSHCNN) ZaXY INTLINOYENS

SANILNOYENS W S 2 S 4

o

13

174
0e
1]

oY

(SES NSRS NE

R-9808/C-78



099+09)0
160 »0000
DeN9 )N 30
020%2920
927%3I090
NIH»H090
0Q0%n0)0
Uhb6EI000
024¢0NIG
0L6FNODO0
N96£I0N)
356€97000
IRaeINID
2500070
026€5000
NT6EIIND
210620900
UhkEeEeEINNN

aN3

N3 13N

(G OTA*XESS QTII*XT*%° 94 X9y ) LVWYHOS
UV *IVIWd*ZL (D00NT*9)ILIUM
(Wd/1d4)INVLIVY ‘2)4vd

(Idx]ld+dde¥dd) 140SO IVind

(SIWNAx{ TIN=(&#)INxIM=- = Id
(2)IWNAR (T IN={G)NxIM = Ad

SL 01 99 (0°03°dIdI1
(WNASNSZL)IIAZIY 1IV)D

NL 02 09

(WNAN4ZL)JICGLYNY 1TV)

1404 (59%07) CL 09

0°9/7(U(F*9 )24+ ((CPC)Z4+(02)24)x2+( L T)ZA)eH+(CIN = (FL)IN
NNST=F 65 ON

JNNTILNGD

(CIRNG = (F41)24

ON¢TI=f 06 04

1]

SANILNOY¥SNS W S 2 S 4

se
0001

oL
9

09
SS
om*

0s
sY

R-9808/C-79



ILELDIN0
J9EENIIN
06LEN020
OHE€I0V0
deezdMT?
A2 €I
OTEENDI)
0aecINN0
067¢3000
IRZEIIM
TLITEYIIN
SREALDDD
Nc2en99
9217019
neEZel0d0
122€0070
112293000
VOZEIIVO
2612000
VBT1EN029
ULTEIDIUN
391X
161€9090
9%1eJI2))
0c1IedNI0
2TeNIIN
JITEDIN
001€7000
06N€N229
08723991
GLOEIIIV
29333
042€2990

(U=L108408) /714 0na ((LU=Y) % (LY=Y)=(1U-N)eLD4%Z) )= =
0E40E462 (IN=-M)4T 22

0%409¢5c (Z2¥-4)d4d1 0O€

06427422

s% 0t 09

(t-y)dI

La=T¥ (Ly°L°T4)d1

=1y (1¥°17*Y

ED

(B Gl 3% 4= Ua*XF*B°GTI¢ ¢=TH,s XS

1

HQ s2

$8°ST3%4=Us*XE¢/442005 QUVI WOYH ONTLANTUdD s *XE ) LVYWHOH 91
Ve ((SZ2°0-)aaN)al (((*T=WVS)%*2Z)/* T= k(D) ) D = ¥

Q0N ( T-WY

177
¥l7
117
4z

((S°0xe (LUXLDY) IR (T+WVO) )/

sTéo1¢
(s)

2)-1 = 3 61
9¢ 04 09
= (S)d9
= {#)d9
= (€)d9
= (Z2)d9

= (T1)d9 O1
St (d)d41
9 = IIHd
{(%)9 = YIHdJ
€19 = 12
219 = ¥z
(19 =n

(S)d9 “(5)9 NOISNIWIQ

I1Z4uT12/¢X

/

dI*IMeZY T us G )yt 172X/ D2 1DYEITINVENAS S WY/ IX/ NOWWOD
(Z-04H~V)8xTVIN 1191 VdWI

6ZTT12T-YD VSVYN

*d43y

AJOTONHIIL 40 3UNLILISNI VIOUG39 A8 QIdCIIAI] WVN9OUd
WAVZON WY YI0UaBNS HO4 INILNOY

SANTANOURNS

(d9494d)4IQZMy 3INILNOWANS

WS J3Ssd

1

|

VOUOLOW

R-9808/C-80



0$3€7000 aN3
04$€9090 N¥N13Y
_0ESENNNO YIHd*IZ+TTHI%¥Z = (S)dD
92$€0000 IIMdeIZ~YIHI%¥Z = (»)d9
015£0000 TZa¥Z42-(V/(1D=12%UA+UI%19)) = (€)d9
00$€N000 IZ41Z+HZ4¥2-(V/(30-1Z16-Z+¥8)) = (Z)dD
16%£1900 (3/1)1%5°0x( 1) d9*N2IMe (T-WVO )~ = 1)
N84€0000 (UxY )/ IENASANAS=IMxIN = 4D
0L%€0000 NeIMeZ = 18
09%€9000 I/(T)dI%N = ¥9
16%€0000 (N=7)#N = v
09%€9000 0°0 = (1149
0E%€3090 ¢S 0L 09
NZ®EN039 U0*NA = (1) d9
DIYECT00 ((S #Na(T+NVI)I-T)40) /LI (T-WYD)XZ)/(T-WVIZ ) ) %% )% (SL *NaeN)— = NQ
20%€0000 (32U=¥-T1) /(S Ok ( (T-Y)x( T=U)=(¥=T)%IIN%?) )} = uQ
N6££0090 G% 01 09
08E€0000 (LINVLIG- = M0

SINILNOHENS W S 2 S 4

R-9808/C-81



18 <=2 XIAN3IddV

IET00000 J
025009300 XWBLNX S XWSANM ¢ XWAINN Z
DTENINID  SdANSMI *HUNISH *LUISI *UINX *SSYAI *1S319 ¢ XVYWO Y4 I
09¢03900 $SXSd3 *S4SdI *XSdI *4Sd3 *XWI13Q ‘Ov¥47130 ‘03Iy4 /3N0S/ NOWWO?D
26202099 J
"2T00070 /56G1%1°¢/1d viva
VLZ0I0V0 ~u
9107230 4IVRNIX TYNUHILXT
36019930 2
04¢02909 dVSICUANISI*NHAINS*YUNI NI *NOCUWVZONSVZON /0¥3IZ4/ NOWWO)D
NE292970 J
02297919 d130 *VZONI *VI3W0 ¢2XA | ¢
N1¢029033 $O00TDL “(ITTIUW “(IPTIA ¢ (0OT)IOHY *(00T)d /WHIWCI/ NOWWOD
9197937230 J
NATR00N) J
UERDD R AS93W0 ‘ON9 ¢“0OMd *NZNN 40Z0OND €
L1070 ‘N9 CUWVZON *Nd *€Z 477 *17 *wOn I4
NTMII0 ‘093IWN *VZION | {
2319292030 COXA CYZOND 1 43K *A ‘OHN ‘d 4v93H0 XITdWOID
241910239 J
0c1009290 J
02107701 CAB¥VIN ST 100N v 4] J
NTINN0CD INIWYIL3IQ CL QIWE0IdId ST ONTLSIL %% MO T = INIST NIHM ‘UIHLNNS J
02107019 2
I6JI00990ANVLSNGD (VOIWO)IVIY INId33IN VZON-VZOND SIZIWINIW 1VHE (VIR0 )IYRT )
78099099 SANI4 0OSTIV 3NTLINOY SIHL *% YO 1 = INIST N3IHM °*v93W0 ANIATLO J
Ui020990 V ¥0d4 VZON-VZOND S3ILNdW0OD WYUO0Ud SIHL S MO *H¢T = JNIST NIHM J
99303002 J
°590)990 SL6T AVW “3NAQLINIOY *OT1u34 *M "% A3 QIWWVHIONd J
IHYNN2NI0 JONVLILIWGY 3TZ70N WYIYLSNMOO ONV WV3IHLISHN 2
0£30)3330 JHL NO Q3SvE ADN3INOIUS XITVAWOD IHL 404 SIATOS KWYeO0UdANS D
n2009929 *u
DRNVIVD IV (IUIHMU)MATICS ANTLNONENS

SANILNOYANS W S 2 S 4

R-9808/C-82



09900090
05900000

*S1S31 3IINI9WIANOID Y04 S21 0L MI4SNVUL

0%90000003SS0¥D N338 SVH ANIOd NIW N3HL *SNOIS 3JLIS0dd0 3IFAVH 24 OGNV T4 d]

0£9030090
02900000
01900000
00900030
06500000
085017000
0L500090
09500000
06500000
N%50N090
0€500000
0200000
01500000
005000920
04%00000
08400000
9.%09000
09400000
06500009
0%%0109n
967099320
02%09900
N1%09000
00400000
06€00000
0RE£NNN00
-04£003200

09€009990
0$€00000
0%€00000

((VZON)SEYI*T0° ) IXVWY = 4V

NH = ZH
(ZXV49YWIX = 24
((ZXEXWIFA=TXIIXVHY EXWTIA+TX) INIWY = ZX

(T4%°Z)/NH - IX = ¢X
C = LN

*Go1 INIWILVLS 0L 4N INOG ST SIHL “(VIIR0O)IIVKI
*1°¥°M (VZON-VZONJ)SEVD 3ZIWINIW 01 033230dd °T SIvNO3 d1SI1

9%1 01 09 (0°03°dSI)4l

°21S314 ILNAWOD N3IHL GNV NYIGOIVPE 40

NOILVAINAWOD HSINIS 0L 9%1 04 09 °3d9VWIX NI G31NdWOI N338 1SNF
SYH (Y93W0)1V3Y Vi130 + VI93IW0 LV (VZON-VZONI) N3IHL *0=41SI d1
661 0L 09 (S°D3I°UANISINII

*YOIWO "1°¥°M INI*UNJ JO NVISOIVR 40 NOILVLINGWOD OGNV (VIIWO)IVWI
*1°U°M (VZON-VZOND)IS8YD 40 NOILVZIWINIW SSVd4AS *G = UINISI NIHM

622 G1 09 (0°03°SSvdIN4I
NH = TH
(IX)4IVWIX = T4

((YI3INO)OVRI NQ/ (ZxxNKR)Q=49VYWIX *T = dISI ANV % ¥0 T = INIST N3IHM
®*(VYZON-VZOND)SAVI=NH *VZON—-VZONI=INd=(T140)+3Nd SILNDWOID JOVWIX

(YO3IW0)IVWIV = 11X

SINILNOYENS W S 2 S 4

(SRS RERS )

oY

[CRENERS) LVLLVLLLY LVOUOLOL

R-9808/C-83



26500009
28607130
ML6EIIND0
0960320
096072099
09401202
8¢ANDII0
92+/939)9
01600010
NNan NN
06%1)0Yu0
0331239712
L8090
J9rOANNDN
063102920
2%65092009)
UfR0U0V0
023099)0
21302010
0393970
0610390
092,000
2120920
I9LIINIY
NgLNINJ0
0%L020D9
N£L09009
02L00000
2ML0I0390
0NLONN00
0691001039
089060290
DLIYUNDI0

NOILISO0 3V SNISN SS3IN9 IXIN ILvkILS3I J

AT 04 09
£X = 22X
74 = 14
2X = IX
(EXEXWTIIO=ZX ) TIXVIWY *XWTITQ+ZX ) INIWY T X
N1 0L 09 (XWANY*L19°INN)ST g
T+INNY = JNY 811
M- = N3I
(2d%°2)/2«%NH - 2X = €X

i

“¥OYUI IRl JATVH OL 9INIAYEL AG SSIND 1X¥3IN JLVWILST

VLY

02T 04 09 (U4°17°24°ONV"2X°19°TX )41
021 0L 09 (ZJ4° LT T4°ONV X L1°IX )41 LT

M1 01 09

*Z/(ZX+TX) = 2X

“4IVH NI SS3N9 IND *39¥vI) N04 d43LS 1SV 2

L1T 01 09 (THLTI*ZHI 4T
(6°GT13d14(S*2T13dT%,: + 46 °CTdTIESXZ/S CTIHATSGIZ/ ) IVWEOS 0648

NHEN9 SNy 1

SVOIWOZI4T442X4TX*HIT* INX {(064%8%9) 3L THM (2°39°(dNSMI)ISAYINA]
0 = Y3l

S%T 0L 09 (TH®J1*ZH°ONY"® 1

wxmaw.mJ...Nxaoﬁ.~x<z<\.~xl~x..mmcooz<.mumam.u4..u<\~u.wm<.u~

*NIIS ONIONVHD L1N3IHLIM O3HOVIN
N338 SVH 3IINIOYIANOD 41 3I3S OL NIIHD OL VIWILIY) J3INILHOTL 3ISNn

(SRS RS NS )

SZT 01 09 (°0°371°24xT4)41 611

SANILNCYBNS W S 23 S 4

R-9808/C-84



N2z10070
01£12000
00£172290
06219990
28217920
02210010
092100922
96217090
29710000
Q9e210099
022192099
01210000
00219007

*(Vv93w0) VI

S3NTIVA 3AVS *(VI3NWO)IVNI

(S°€T3dT*, @
VIIWO  UIT C AINNESNVISSNYeES
oL 3"

ZJy =
sxknx 4 40 1¥Vd 9VWI ¥O4 100¥ ONIJ

VION =
YION) =

000s

sExsZ4%exiT4IX
GYNN xkxx

QZ0N
0ZONJ s%1

*L°¥°M SIAILVAIYIAO J0 NOILVLINAWOD 03
SL1°Y°M Q3ZIWINIWN N3I38 SYH (VZON-VZON)D)

01 09 /

04G°ET3dTI*XE/OTIZ*XE/S°ETIBAT 4 XE 4

o /7 1

2»//)1LVYNWNE04 1098

VOIWO UITCANNSSNVISSNY €SS EX4ZA4ZX4TICTX (T09849)ILTHM OWY

svT 0L 09 (N°D3°Y

31141
( 1

OATTODION UIT S XWANNCANNG SV XS4 ISAICSNVISSNYAZA4TA4ZX4TX*49VYWIX )OB3IZ 1TV

0811392900
0LTT192020
091100900
NGTIN0J0
041 1009)
0£110000
02112900
011120290
09110070
06073030
08019200
0LN120090
09011790990
05019000
0012000
0€CT10029
2219000
010127000
00013090

*XSd3 NIHLIIM 100Y GNI4 OL
0¥3Z TIVI °Q3HIVIY L3IA LON 3ONIOY3IANOD LNG 03LINOVY¥E SI 100%

L
¥l

IV C(SNVE  T)IXVRVY/(ZX=TX) )SBY ANV 45d3°IT1°4V/(SNVH)SaV)dI

(14-

SINILNCYENS W S I S 4

0 = ¥ LET
€4 = 14
£X = TX
14 = 24
IX = 2X
24 = ¢4
X = gX
€1 OL 09 (2X°L71° IX)41
0L 09 (XSd3 1
GET
(VIIRO)IIYWIVY = SNV
Z4 = SNV4 §21
811 01 09
24)/(2XxT4=-1Xx23) = €x ozl

LLOLOY

LOLOOLUL

R-9808/C-85



53129209
CHe91711)0
CQTININ
J79T1I999
ATITINDND
DD DA NITNIY]
1547371310
436110930
ALGTINON
396 TANIN
0351909V
I3 VIMD
2<513090
026172000
0T15100M)
DNGINDY0
645100
29%109200
2L%10000
09419970
06910050
L2 2 OV VIVIT)
Qs 1290C
0724732230
01+%1)33)0
I06TNDIN
Y2209
03¢ TI990
A7€1)030
Jd9CTI0IN
26 TINND
%< 12030
0oV

ZL3C/IXOT40%INT + XQU40xUMI) %7 = 21S)4

eld = In4
tY4 = UNd
AQH40xXNI4Q - AQTI4NxXQ¥40 = 2130
ONH = NH
NIN9 = N9
ONd = N4

QZON = VZON
Q70MN) = VYZ0N)
(Id%*7)/(VI3IR0)IIVIN = OIu4

COIW = Y9IRW)
HWA/Z(FT4-IN4d) = XQIdd
W/ (2¥4-¥N3) = XA¥v4Q

“INVIAOIVE 40 ¥I9WNN NOILIONOD)ZANOD ONY S (NVIQOIVE 40
INVNIWYILIO)ZL30 *INCILINNA 1S31024S314 *SIATLVAIYIQ JANAWGD

SIMNTLNVYINS

T O1I 09
(Iax°2)/7(Vv93N0)TIVIH = B3IY4
WA+VIIWC = V9IWO

2 = d7S1
((VOIWOIIVINRTOO0®*TO® ) IXVWY = wW(Q
(NO)IVWIV = AOTI49

(N9)IV3IY = ACH4Q

vI3IR0 = (¥)3K0

NS = DN9

NH = ONH

N4 = ONA

(VIIRCIOVWIY = €1IX
(Y93W0)Iviy = cux
INJ = €14

ENA = £¥d

WSOS A

941

[SESRENE NS

R-9808/C-86



03612000 ‘ . Zux = Tux
0L610000 2ud = Tud
09610000 2IX = 1IX
05610000 214 = 114
04610000 INNILNDD L91
0€610000 .

NZ610000 2 OL € ONV T OL 2 WOY4 SINTVA UIISNYYL |
91610000

00610000 60Z 0L 09 (XWYANN®19°YINXN)AI
N6810000 091 01 09 (1S317°37°(2AN0I* TANDD ) TXVHY 1
08310000 *ONV**0°19°T13042130°GNV**0°3V1°T1Si4sZ1S14)41
01810000

09819000 °(03U4*0447130-03%4) IONVY AININOIN4 INIWHAD NI LOOW 40 3IINVISIXI
05910070 ¥0d4 1S3L *(03SSOYD NIIA SYH NYISOIVF 3IHL NI ALINVINONIS v ¥3id4V

0%8 10000 HINOYHL IWIL LSYIF ¥O HONOYHL 3IWIL ISHI4 LON)T=J¥ISI ANV T=INISI
3€3100)0

92910090 S1- = yiI
01810020 OLT OL @9 (€°03°INISI)AI
00810090 0ST OL 09 (0°03° LHLST)AI
06219000 €81 OL 09 (%*D3I*INISI)AI
08L10090 0 = ¥3I
02210992 (S*FTINdT4XZ6°Z2T3dT ez 44S°HT3dT4X2)1VWEOI OTS8
N9LTINNIN AQIA04AQUIQ*XAIIN*XAU4AND (DTSR 9 )ILT UM (2°39°(dXNSMT)ISaAvIN4T
06210090 (G ETIHdT*X2/(6°2T13dT%e: +*S*HT3dT)IFSSTIE/ )L VW04 00S8
0%L 10070 ZANGI* 213G4ZLS L4 NHS VZCON 1
DELTINNID SVZONIVRIWO* ZLNISHCYLNNC INIST (00S8°9)ILIUM (T1°3IO0° (ANSMIISAVI)AIL

Q2L 12920 T + TAINX = YINM
01L12990 . (ZONGD) L¥0S = 2aNOD
0010900 ((EVVRY+Zex(ZVV=TVV)) LUDS-ZVV+TVY) 1
16910000 /ULEVYRY+2a%(2VV-TVV) ) LUDS+ZVV+T1VV) = ZANOD
08910000 Zex (AQI30%AQY3Q+XAT I0xXA¥HQ) = EVY .
0L910000 Za+A0I40+2%xXAI 40 = 2VV |
099100390 e AQU40+2 %X 0¥40 = VY

SANTLNOWENS W S 2 S 4

LVWWw

VOLVLLL

R-9808/C-87



IT2HINID
CleZiryvy
26729909
18223370
22z2Inn
3927739079
162229979
2022337
NET2IN
227279920
n12229™0
09225739
06170000
3120229
WI27NI1D
AEA R4 MIVR)
13127079
Y1239
UeET2)J99
7712007290
AT122000
N01290009
06920090
08020Jv0
0L023090
39127000
069292990
0%020009
0€029990
0enZHITID
0102230230
001292099
N6ATNDIN

JIWHL 41 10v430 A8 A3WNSSY ST ¥3ILAVT IHL *INIHL ATTVNLIV

SI 109e V LVHI &0 BYINONIS SI NVIGOIVE 3JHL LVHL G3INTW¥I130

SI L1 WIHLII TIANA (NOILISOd 3STIV4 AR QIINVHD 39 TI1IM BIyd
°3°1)% = INJSI HLIM INNTINOD *03L3NIVHY NIIQ SVYH Lo0ON¥ IATLVINIYL

2" 04 09
{Id%x*7)/edXx = DI¥A

(Tod=7u4)/ (23X %1 B4-TYX%x284) = guX

£E¥d = 2Z¥3

X = 79X

LLY ) 09

eMX = TuHX

edd = T¥d

SLT 0L 09 (*0*37°cddxTud)dIl
0cZ AL 07 (SXSdI*ITN°((EYIX/LZUX-EHX))SAHY 1
CLEUX/(TUX-EUX) )ISAY)INIRY *ONV $S3Sd3I* 3TV (VZON)SIVI/(EYI)SAV)SI
£ = INIJSI

6T 0L 09 (T°NI*AINISIISI

21 01 139

DY4I30 + OFY4 = DInY

T = LHLSI

DT 01 09 (»*H3*INISINHT

*NOILISOd 3Svi3 40 QOHL3W A8 G39NVHI N33J9 AQVIYIV
SYH 0344 % = INDST 41 *0¥34730 A9 O3I¥d IAV3dN 4T = INIST 41

2130 = 1i3q
ZANOD = TUNOD
Z1Sid = 11S14

€IX = 21X
€ld = 2[4
€dX = Z¥X
£N4 = 24

SANILNOYUANS W S 2 S o

LL1

SLY

oLt

091

oslt

LVOOLUU

(GRS RS )

R-9808/C-88



0#920070

S8T 04 09 (E°3O°%UINISH ANV ISdIxG*7*3T°(VZON)SAVI/NH) 3]

0€929090 0Z2Z 0L 09 (SXSdI* IV ((VIIWO)ISAVI/(TIX*(*T*°0)~TUX-Y9IWD)SEVI* 1

02929000
N1920090
00921000
26523029
18520000
1529000
19623999
06520009
39520120
0€527090
02527090
N1$23000
00629000
26429930
08920900
04429300
09920000
05%20000
04420000
0E%20029
02%20000
0120000
00420000
06€20000
08€£200C0
0LE£20000
09€20000
9$£20000
0%€29000
0€€2N000

®34Sd3 %6°Z NVHL SS31 SI .
d0ud3 3HL OGNV L1S34D NVHL SS3V SNIVWIY HIGWNN NOILIANG) 3IHL NV |

U = YINMN
Lol
(Id%x*Z)/ "X

(VOIWO)IOVWIVR(°T*°0) + H¥HX =

n
*2/(Z2UX+£4X)

09 (Z°31°(d1)S
(TLSLI-ZASLA) /(EYX % TLSLI-ZuX%2LSL )

T ¢ #INISH =
T ¢+ (0%dI)OXV
TANDD =

1430

T1S1id4 =

Qg =

elX

cld

1. )¢

cHA
ZANQD
21514
2130 =

V93IWO =

$ =

((VION-VYZIVON))

(ZIX%(°T*°0)~2uX~-VOINOISBYI) INIWV ANV S4SdI*ITV°(VION)SAVI/NH) 4T
%81 01 09 (°0°37°T130%2130°¥0°1S3L2°19°ZANDI)SI

= YiINY €81
o1 09
= 03ud &
V9I3INO i
NIINGD 6281
= H%YX
0 = d1
avi) 4l

= 9YyX
#INJISH 281
W = dl
0AaNQD
= 0420
01SL4 181
»1NISH
SEIX
Seld
SEUX
Seud
S20ND3D
SZ1S1id
S7130
AS93NW0
0 = dl
ANIJSI 081

it

SAvI)

02c22000NIIS INIINVHD NVIGOIV(H 3IHL LNOHLIM QIWHO483d N339 IAVH SNOTAVHILI

SaNIlinoyans

WS J2S 4d

VOLO

R-9808/C-89



NL62ZNAIND
V8623730
NGn23999
eI I0
V2422307M)
026723090
ITAZ2NIND
00677910
165523079
0819200290
24320090
N9RZINI0
06382390)0
423009
L2099
324232332
D18ZUOI)D
PALYDI DD 1)
76LZI910
29LZ22099
JLL209I9
19227999
262290120
IH"LZ0099
2€L20000
22L2799
DT1LZI0I)
01420099
06929070
M¥IZINGO0
0L923000
099¢7%2)30
7492970320

JOHL3W LNVI3S IVNOISNIWIO-Z 3SN *U3LINIVIE NI3IF SvH 1I0Y IvALIV

297 0L Q9
T = INDSI
O = 9INDISHN
(/7 0 %300k 0 o ok ok e s o o ke ok o o ok ok K /793773241 2

‘e SIONVY AININDINY NI L00¥ 3191SS0Od “ONINNVM ' 1 |
/7 6 ok ok o ok ok ok ok ok ok ok ok koK ok o// ) LYHY4 0GY8

03Y440u4 (0GYR*9)ILIUM (O1°19°%INISH) 4T

0d4730-0384 = Dy4

(Id2*Z)/7{VI3W0)IVIY = OIYS

SeIx = €1IX
SeEld = ¢14
S7ANODY = 2ANDID
SeuX = guX
Sexd = gud

SCIStd = ZiStd
$2430 = 2130
ASOIWD = Y9IWN 48T

*AIDNIND3YY CILVAdN HLIM QGOHL3IW HO¥V3IS
T=2INJST OL1 NYNL3Y °"AININOIYS SIHL ¥YIN ¥VINONIS ST NVIGOIVE

281 04 09

T = (0'dI)ONINW = d1I
04S1la = 14514
OONGD = TONOD

0137 = 1130

1I4d = 234
TIXx = 21X
LyX = Zux

VOO

T8T 0L 09 (°*0°3V°? 1S 4eT4S44)dT i

981 01 09 (°T°.9°7INISHIAL

SINILNCYENS W S I S 4

R-9808/C-90



00€€0090
062€0000
082€0000
0LZE00N0
092€2000
NGZE€1000
1%2€0000
0€7€0000

(VOIW0)SAVI = WOV

EIX#(°T*°0) + €uX = €1

CIX%(°T*°)) + 2¥YX = C2

TIXx(°T¢°D) + TUX = IZ
(6°213dT4e2 446°9T13dT4X2/(6° 21341

1

e 0%G°HTIdTIYXZ/(S°2TAaT 42 446°9T3dT)v4X2)LVWAIOS ONMW

NI*HT449Yd*2IX vUX‘ETd NI EIX EUXS

022€000021442844ZIX*ZUX*TIF4TUA¢TIXS TYX (02G68¢9)ILIYM (Z°IFI°(INSMINISAVIILI

012€7000
00Z€0000
N6150000
081€9099
0LTE0070
091€0000
0ST1€0000
0%1€2000
DETENQOD
021€30)0
0TTE0090
001£2000
060€0000
087€9000
0LVEIVOV
099€2090
0S0€N020
0%0€0000
9€0€0090
0Z7€9920
- 013€0000
000€0030
06620000
08620000

(S°9T1IdT*(S°2T13dT% st 44G°HI3dTIELSIZ/)LVYWNOS
NHOVZON*YZOND*VOIWOSAINNCANIST (STS84F)ILTUM (T°3O°(aNSMI)SHAVI )AL
T + SINY = SINM

INd = %14

HNA = odd

ST oL 09
(Id%°21/(v93WN0)TIVIY = H3¥J
(VI3WD)OVYWIVY = HIX

(v93IWO)IVIU = #uX

WOQ%d4S + 093IWC = VI3IW0
((W0a)SavI/*0st* T)INIKY = IS
093W0 - VIIWN = WOA

YIX&(°T1¢°0) + »¥X = VI3IW0

v9dWU = 093W0

T8X%ZId + ZYX*IId + CUX*0QId = ¥»HX

TIX&ZId + ZIX*1Id + €IXx0Id = %IX

130/ (€14%2Y4-21d=e2%d) = 21d

130/(€l4xldd-TIdxcHd)- = 11d

1307 (Td3%214-T11d»284) = Old

ZUARE ] 421 3¢ CUS + €1 I T US4+ T I JeEUI-2 I TUI-TId%Z¥d = 130
0 = SLNM

S = AINIJSI

*(60Z AIN3IW3ILVLIS 0L dN) 100Y¥ SIHL NO 3IJ9d¥3IANOD NI

SINILADYANS W S D S d

1

sl1s8

sé61

061

$8T,

R-9808/C-91



7€9¢€I07)
029€20)30
012¢)30n0
0N9ENINO
N66EININ
185€17099
0L6€)ID
I96£3009
064€9919
O+k5€0000
Nesg0Idn
026€N2ID
215€7739
016€J090
N65£9039
98+£00)0
NLHEDNNDO
09+€002)90
064€2030
DH%H»€0000
Nes»e2099
I7HEINN0
VTI»€0090
00%€3000
26€£€£7029
DHEEDI IO
0Lc€00)0
09¢€2070
062€I210

»YX
. wIX

Tux
Trx

€02 01 09 (14v*ic°edv)dl
202 0L 09 (ZAv° AN Td4v)dl

ZxxEld ¢ EwxtMd
CxkZld + ZxaZ¥d
Zxxlld ¢ Zaxl¥ud

H

€dv
23y
1dv

“S$S3ND M3IN 3HL HIIM YOWYI 1S39UVY HLIIM INIOd 3IIVIdIY

061
vI3
%d
HuX
IX
€ld
LY
1780 ) §
erx
244
2I4d
any
21X

01 a9

-
=

N nn o o

L}

€14
£ud
£4X
€IX
ZId
2494
Zux
2IX
Tud
TId
XX
TIX

°SS3N9 MIN HAIM € 3IVIdAy ONVY *T 01 2 *2 0L € SINIYA 434SNVHL

002 0L 09 (Z2°30°(9*1-SLINHM)IUoW)HI
SO0 DL 09 (XWSINY®L19°SINY)H]

07~

0H€EI0000%22 UL 09 (SXSdI* IV (WOV/(E7-VIIWO)SEYI* WOV /(ZZ7-VIIWO)SHYD
.zo<\.-l<0mzo-mc<u.HZ~I<.GZ<.wmmaw.wac.(NCvan<U\.zu_mn<u.um

0€ceNNID
07¢€30)0
21eEN200

Y3l

°100M NO 3ININIANND WO4 1S3)

SINILNOY¥ENS W S D S 4

102

002

Lvud

VOO

R-9808/C-92



096€1239 3 = 3Y3IHMN 0008

066€£7000 C009 0L 09
0%6¢0000 % = JUIHMI 622
0€EAEINAD 0009 01 09
026¢)329 € = JYIHMN 022
016€2000 nNO09 04 09
006€0000 2 = IYIHM mJ
068€0900 9009 OLf 09
098€£2070 , T = 3¥IHM O
0LBENOIN

093€3000 *NYNLIY NOdN

0G9€7009 WYY90dd INITIVI NI NOILVOIVOT ¥IASNYL SINIWYILIQ IuIHMN

04%3¢20)0

0ERENODD 0306 0L N9
NZREN000 ((S°GT3dT4y ¢ 4%G°BTIAMTI*G GTIdT*s 2 4*6°GT3dTI4XE) 2
01REINV0 /e = %=1 WOYd 94X 0 /0TI%%, = INDSTSHINNOSINM® WAL 4 1
003€0029 Zoxxxe LIWIT FONIOWIANOD Q3IIXI +x%e  o//)iVHU04 2098
06L€20920 I HYS S HIX Y IS EIX YY) S 1
Q9LEN000 ZI442UI*ZIX ZUX TISCTUSCTIXSTUXCANDSTISHANNSSLNNSYII (20989 )I4IHM 602
0LLEDINO 06T 0L 09
09LEVYI0 ydd = €yd
03LE2009) w[d4 = €14
09LENIID 24X = €UX
0cL€D000 HIX = €IX €02
NZLENODO n61 0L 09
OTLEVVDV Yud = 2¥4d
004€90)0 YIld4 = 214
069€0009 YdX = Zux
089€7990 9IX = ZIX
0LIENGI0 €02 01 09 (24v*19°€4v )4l 202
799€90070 061 01 09
069€0UJ0 oud = T4 |
0%9€£0399 14 = 114

SANIANCYENS W S 2 S d

VOO

R-9808/C-93



086€0090
MHENIIY

SINILNOYANS

v

WS DJ2S4d

aN3 !
Ni¥N13Yd 0009

R-9808/C-94



N€€02300
02€03001
NTE0IN00
00200009
06200090
0809090
0L200000
09200000
05200001
042000900
0€7Q00000
02202209
0172025020
00222999
96120079
7281079910
0L1232)0
091230920
Js109009
0%1000990
07101009
N2100000
2116537
Q0109090
06093301
08000070
NL0092000
09700000
050073200
0%N000nN0
0e20909%9
02900009
010090V0

X730 *(00t)va *(00T)V

‘(00T )ETASS *(00T)ZTIASS

${00T)XD6ASS * (00T )IBASS
¢ (00T ) %ASS

$ (00T IN48dVA

$(001)X09dVA

N

IV *Z0ONX

‘ox

S(O0TIRWX *(00T)X *dXN /I¥VWOI/ NOWWOD

CI9W ‘I9Yw ‘I9A *190HY
S (QOT)ITIASS “(00T)STASS *(00T)IHTASS
${O00T)TTIASS *(OOTIOTIASS

C(O0TILASS *(00T)9ASS
(00T )EASS
$(00T)8AC

$(00T)2ASS
¢ (001)90HuQ

(00T )IN46ASS

$(00T)SASS
$(00T)ITASS
*(001)8YKWO

$(O0TIBA 4(001)QA0HN *(00T)8L “(001)8¥W /SLSNOD/ NOWWOD
WAN3 10 *N49NN *N4ATIA “49VHGL “N340aY *N4AQY *wWOX0La 4 XO9NN
S XOAT3I0 409vHAL “X0AAVY ¢XOAQY “UWA9YA *YWAOHO *¥WASDOQO ¢SO
EXOARNIX *NAdWIX SOMW *9TNd4D ¢GTNdD *41IN4D *€IN4D 421IndD
STIN4D *0T1N4D *6N4D *8N4D *LN4D 49nNdD ‘sndD ‘N4 ‘end)
$2047 4TIN4D 49T XA 4SIX0D 44IX0D *€IX0D *ZIXQD *T11IX0D
$OIXTD *6XQD *8X0UD 4LAUD *9X0D ¢GX0D *HX0D 4ex0D *2xDD *Ix0)
‘0D ¢2d *N4HTIIA *XOHIIA *09Y *OwVY9 ‘N49A
SXOHA ‘N48NVLE $X0ANVL ¢TINd9k SIX09W 2NINX $XOMNX  /KWEIWOD/ NOWWOD
IMW 4NHENN 4 XOENN 419 *T9dW *AulW *INH4EW *IX08W *INIGHW Tv3Y
9IN4D *GIN4D *HINSD *ETNAD *2TN4D ST1TN4D *0TN4dD
$6N4D ¢8N4D *LNAD *9N4D *qndDd *HN4D ‘eN4dd 42ZN4D *1n3)
$9IX0D *SIX0D *%IX0D *cIX0D *2IX0D ¢1IX0?Y *021X0)
$6X0D 4BX0D SLX0D *9XDD 6X0D ‘oxX0D *€X0D ¢Zx0D *IX0DD X3IVdwo)d
GLO6T AVW SINAQLINICY *NVWNHIS °d °W AE AIWWVYYHIQUd
SUILINVUYD IAVLS AOV3ILS SIAVINIIVI wWVHIO0Ud
I300W ALINIBVLS Q3NdN0D WILSAS 0334 JHL ¥Od AQVILS  WYNI0ULANS
{31SUAINAOVILS INILNONANS

S3INILNOE8NS

WSOJOSd4d

1

~NOSETAN O

~,NME N O

€
Z
1

LVOLOLOLOY

R-9808/C-95



999191930
690309
I*907000
1¢3070))
329323)2
2719013030
102009309
265009D7)
155027370
0L50)990
D94097220
N"6403NH0
PRATIDDRD]
RO RL N
D)T500000
PAYN B D]
096920070
6902090
134%09000
ALwIINI0
292600300
I6%JIININ
28602320
WA BB
Q2+ aunn
219023970
09%0)3)32)
76<0900920
718€£029229
0LEDONIO
29¢€999))
1597900
0%£09N30

S31vY NOILVZINOdVA 1304 QNV
YIZIAIXO0 *3I%NLVHIAWIL “ALISNIA *ALIDCTIIA *0OILvy 3I¥NLXIW SY9

N41Hd
XOTHd

((NHA8AXNHAANY L)/ (OX=( T )W X ) =D dX]
({XO9A%X0INVL)IZ{OX={T)WX)~)dX3

SYFLIWVUVA ILVY NOILVZINHO4VA
dXN*T=T ne 07
40071 00 IINVISIO NIvw

INNTANOD
{IOAXINIV)I/TIN = I190HY
91 04 09
(HWAHOQR (TOUW+° T ) % 1D ¥k~
NAHTIO¢XOHIIAxTNUWI / (*T=0WVI) /(*T+IOUW ) #DdINVD = [90HY
{ XOGAxX089NV L) ZNA9ARNH4GNY L NI YW = JOUW
ST 01 09 (0°0°19°19W) 41
INJAN/TIXOW = CNIQYW

ALISHIC SYD QNY OILvY 3dNIXIK SV NI HOLJICNI

.\.ozu-onxo-.xm.-4m3¢..xouoam#uhm\zmd-.

XS e UTAVHE XSG o (S/LA) s X% %4 (ININNVX) 4

IXG W (STHINI D a* XL 4 /44,3321 U0AYA INIIUIda ¢ XLO 4ALTISNIO, * X9
o FUNLXTW*XE o ALIDUTING*XZ o IUNLVYIdWILs * X
$eIINVLISTIOl* XL

$//74NOTINIOS 34v1LS

(OT49)3L4T4¥M (0°19°31S4dT )41

SITEVINVA IAVIS AQV3ILS 04 SITLIL ININJ

SANILACHENS W S I S 4

1

- NM TN

(SRSRS RS

AQVILS o *XTEC//7/74THT ) LVWNO4 O

2

13

7

)

I

I
91
st

o

I

7

!

I

R-9808/C-96



06600070
18600200
04602320
09600910
05600000
0%603990
0€6000920
02600000
01600000
00600090
06300029
ns8012900
0L80n000
09800000
06800090
05802000
Nea07000
02800000
01800000
00800000
36209000
23L07000
0LL00200
09800990
06200000
I7L30000
0£L00030
22L00090
N1L07020
00227000
06902000
08900990
0L900000

UYWQHQA%( I ) X09dVA =

(I)V/{1)VAx0OWVI %X 130
(0D/41)8AQ«(1)V/(I)VAs(I)TASS) »ONVIxXT30
(I)9HWs(1)8uN«x3INAHOA+NA4T30A

("T+(I)9YW%°*Z) x¥WAHA=-X0YT13Q
(I)EASS+((1)G0HU/ (1 )A0HEA+(TIV/(1IVAlx(T)TASS%XT3I0
03/7(1)9A0%X130

(022243} / (" 1-0WVI) &X130x"2

0/ (1) 8A

: W
SOIWRYNAQ Y¥IGWVYH) JHL A9 A3¥INDIY Su3ILIWVYVL 3LV

(I)AA/((T)N4adVA+(]I) X094
+{I)VOx(I)V/{1)a0Y=(T1)8A0%{1)GA/(I)80QHY~ =
(((I)OUWR(T )9dW=Y
+NIHTIQ) (I NIHAVA S L T+{(])BUWX*Z ) xdWOHO=-XOH
*{ I )XOGdVA) % {(Ddx0WVO ) /Z(* T-0OWVO )+ (1) VAx(I)V/ (]I)8A~
t{rind

#(1)9UN—( I)XOEdVA x((1)BAx{T)B0HE) /7(°T+(1I)QUN)

AONVLSIO 01 1I3dS3Y HILIM S3I

(I)V/Z7(N49ANHANVL)I/NITHA* INIANW

(I)V/7(X08AxX08NVL) /XOTHd* IXDANW

(((CNISHW=(T)83W)*09U/4NAOUA+°T )08 (I }F0HY) /D
((I)AA=(1)V)/7L00WY

( (AWAHOR IOUWA T W+ UWAHAR( I
*LOGWV=(NH4IHd="T ) xNJHTIIA*INABW+ ( XOIHd=" T ) XOHTIq%]
)k *T—~OWVI)+IO0HU/ IOWAIdxONVI ) % ( (I ) VRIdHOWVI)/°

(NATHA=-"T ) *INABW+(XOTHG=" 1) = IXO9K+I9D

((NAIHG="T)xINd BN

*{IYW+°T) /1) /U(XOIHA= T ) %« IXOBW+ION{ IOBNW+* 1)/ TDNNW)

SINIINOYENS W S D S 4

(I )X06ASS
= (1)8ASS
= {I)LASS
(I)9ASS
(I)GASS
(I)YASS
(I)EASS
(I)2ASS
= (I)TASS

vy90¥48NS
1S AQV3LS

VA)
(1)80HYN0
WaHQ
130)

= (1)8AQ
AdVA
= (1)84YWd

ATLVATY3A

(T)N49dVA
{I)X09dVA
d = (1)81
= (I)90HY
) 93K

X0 8W

T = (1)8A
W = LOGWY
+1I9h

= (I)9¥W

—

VOLULO

VOW

R-9808/C-97



MWZ2T1INI0 an3

09713000 N3N 13y
nNgzZ10990

0949721000 ANNILINGOD OF
2€2192000

22199100 .N.ou.w.ﬁauac.m.mauad.¢.ﬁqu.m.amum.xm.¢.ou.xo.pqxza4 0z
1219070 X(0Ga ‘N48q 1
007179909 CAOHY “(IDEUW *dA *di *dX (0Z°9)ILINM
261199720 IYBIOOT/(1)HOHe = A0HY
IBTTIIIO0 8HCe*C/(I)BA = dA
NLTITIN00 9 Ix(I)bl = di
3112979 Y920/ (1INX = dX
053112990 {(N4IHG=*T1)«°0NL = N4A8d
0491117999 (XOIHd=*T)%*021 = X09d
NDETTIIID 0¢ 04 09 ("*371°31Sud1) 41
22117070

31117390 SITAVIUVA JLVES AQVILS H0 L1NOINTYd
NOTTI990

060TUYI0 *Z/13d/7(1)91 1
0301929993 ¥(I)HOHY+Id/(T-1)81x(1=1)90HY) xYWAO¥A = (T-T )9 IASS (T°ta9°1)41
BLI1I0ID (2% (]I )80HY) 1
NONIINN0 ZUCIINSAVAR( T+ (1) AUNR*2)~=( ) X09dVA)«XT13Q = (I)YGTASS
NegN1INIM (I)8YWAx(T) TASS%X130 = (T1)%TASS
09015000 (02x(1)80HU) /(" T+(1)BUW)I%XT130%*2 = (I)CIASS
JEOTOQUO0 {(C2x0J)x(1)90HY) /Id%*2 = (I)ZTASS
97711000 ((I)AJHY/ (1) GOHYAS(TIIV/ITIVU)I%XTIIC = (I)TIASS
21712300 (0D=(1)90HY)/XT130%2 = (I)OTASS
20212099 (1) 8UNSYNAHOx( IINJAdYA = (I)N46ASS

SINI1INO¥ENS W S D S 4

R-9808/C-98

LU



0€€009200

0Z€00090
01£00000
07€09000
0620000
09202070
92290090
19200000
05200000
042099000
0€200000
02200009
01200000
00209009
06100000
08100000
04100020
9910909
16100399
0%100000
0£122000
02107000
01100000
00100000
06000000
09009000
04000520
09009000
05000000
N%000000
0€000000
02700090
01000209

(32U=Y-"T)/(S° % ( (Y~-"T)(Wy-"T)-(U=-"1)2IJUx*2)) =

(W=40¥+LUI/Z7 (G e ( (LY-Y) e (LU=-H)~(LY-U) xLIUY%*Z )} )— =

14|

0% 01 09

(1LINVLIG- = ¥0
cetseloe (2u-d)dI
0% 01 09

-1

G24G2402 (Tu-u)dIl
OOT*LT4LY (°T-¥)dl

(B°ST It e=Afs*XE*B°GTI* o=TH,* XE

1

S€E

ot
74

02
L1

$8°GT3%¢=Ue*XE* /¢ 40812 QUVD WOUS ONILNIHde *XE)LVWUHDIS 9T
0° 9% ((SZ°0=-)uxN)e( (({(°T-WVI)I%°Z)/°T-)wx(D) }%xD = ¥

S°0xNx(*T-WV9
(¢)03y

(%)03d

(e)a

(2)a

(1)

((TCI)AQe 6~ (2 T)ANR LE+(E T DAQR6S—(H IIAO%*SS)aH+(I)A =

(6)dd *(95)9

‘(S)A

$(9)034d

$(¥45)A0 ¢(S)d0

N¢T

WY/ %X

-1 =9
d IIHd
d YIHd
3dd = Il
JYd = ¥l
g3ud = N
HeX = X

ANNTLNOD ST

N4/
({I)N34d

=1 qU Od

INNTLNOD

$(5140I3 NUISN3WIQO

/ NOWWOD

AI*IMeZY T D 1Y 1/72ZX/ DY LDOYTTVONVENASWVI/TX/ NOWWOD
(Z=0'H-V)8% V3% LIDITNdWI

AS0T0ONHIIL 30 3JLNLTILSNI VIOWO3O

WAVZO0ON

621121~¥) VSVN
A8 43d0713A3d
WY 330dd 8BNS Y04

*43y
WV Y90ud
INILNOY

(OI*ZOI*AG ALX *HENISWYAYL INILNCYANS

SINILNOYINS

WSDJ2SsSd

1

ot

QUL

R-9808/C-99



N990729n
2693GINOD
09920070
093729219
079017029
nrTapHINde
073099279
6507099
0419J)090
DL6ANIC
19303309
06679920
1%699970
776020090
02500000
01500009
07507000
Y64NIDIN
28%00000
QLY0YVO
094N7090
064900009
0400020
IeHyGRIIN
0Z2%00020
01207000
00400000
06%£.000)0
ORE0UVVO
2L€00J90
a9¢ 09190
AGE0I0920
0%€02090

001429429 (*T-u)41

(B °GT I 4= 1Ya*XESB°GTI¢ =T, ¢XE t
$B8°GT3i=Ue*XE*/*40L62 QUVD WOUS ONILNTMNde*XE)LVWUNS 19
0°H% ((SZ 0= )N )k (((("T=-WVI)%®2)/°T~)%x(D))xD = ¥ 09

G*%xZ) =

TlxT1+d1ix¥]
(»*1)AQ
(E41)AQ
(Z*1)AQ

(B3
(2
v

06496409 (*NT=-9viy) 41

IvEL
=21
*TYAD s$
‘1)an
‘1YAQ

N¢T=1 g5 na 26

*OLZ/((T1)103Udx*6T+(T IN0I%°162) =
Oo¢N\__N.aoﬁo®f~¢.~.>o§ood¢.m.my>0§.mlam.~v>o.{I§.~.> = {
N*1=T 6% DO
21/7(dIHaxIL +I IHd®YLl) =

Cl/(IIHd*I1-YIHd*Y1)

SexNx(°T-hkv))="T = )

(S)A = I1IHd

(¥)A = AHIHd

(€A = 14

(2)A = i)

(T)A = N
(I)A G

1) uad

V/Z(Tixuinddw 2+ (14wl -VUix¥l)nId+ULin]G~TL%YHE~) =
<\-h§¢hl~U§.No.~»*uhlmhi«h-*xu+~h*~m+x»§1ml.#.4 =
VS % {1 )dOxNkIM%(® T~hVI )~
(UsH)/ (DIeNASHNAS)=IMe OM

(CTHAVO =" T)O0}/(C(( T=WVI) %2}/ (*T=WVO%*Z) kD) %k (GL° %N )~

SINILNOYANS

W

S

J

S

(5)dQ
= (%)dQ
TixlLleMle¥l = 2}
{€)da
{?2)dQ
= I)
= Y)
NxIMs*2 = 19
/LT )1daxN = ¥9
(N=-2)xN = v
NOx¥ = (1)dn
((G°xNx% T

= NA 0%

R-9808/C-100



06603020
08600000
0L/0000)
0960))00
33502099
0+%600000
0€600000
02600070
016000100
026209000
063029290
08801917
04809090
09300900
06ROJ0TC
04303200
0807000
028090000
01207039
00802030
N6L07000
08400000
9LL02000
99290070
J3409930
0%L2092090
0eLNN020
07,0000
01407092
024£0927)
0690920990
289023020
0L300010

(CA22L) /(I xIl-Hindl)xldl-]Ledletdin"2)

(ZLl21)/7(1disllwtdln*2+(lisll=-tinYl)e¥dl)~- =

(vt€)
(»42)

2i/11~-

2i/d

(»4€)AQ
(»¢21AQ
Ad = 1dl
AQ = Ydl
(€A
(Z)A
Z = 101
21 0L 09

1

9YVd4IVWE!X (000T*9)3LTYM

(4d/71dINVLiVA
G x%x(Idxl d+Ud%xtd)

JYvd
IVWd

(#4S)AQ%N-UIHd*IM~ = Id

(99)A0xN~-IIHd®IM = ¥d

L8 04 09 (0°D3°dI)dI
21/(TiedIHd*1 IHd=xdL) = (*%G)AQ
ZL/( 1] IHd~dIHdsdL) = (»'%)AQ
V/(Ilwdisdde 2+ (I ixli~blsdl)x[d+dLe]l8-I1288~) = (HC)AQ
V/ZUILndlwldn 2= (Tl f=d1ledl)ed)+11eIG+lauA=)e¢"T = (%*7)AQ
/S0 (2T IAQeN&IMe( * T=WVI )= = ]I
(YxY )/ (IeNASERNAS )=DMx DM = )
NedMx°*Z = I9
/(%41 )YA0%N = ¥E
(N=J)xN = V¥
NOQxdQ = (¥*T)AQ
((S°»Nx
(T+RVI ) =T )x0) /7 (" T=KVI) %2 ) /(" T=-WVI%"Z) ) xxD)x(GL " xxN)~- = NQA
(228=4="T)/(S % ( (=T ) (U="T)=(U="T)%IDUY=x"2)) = ¥HqQ
¢8 01 09
(1)NVLIQO- = u3
08¢08%6L (2u-d)3I
«8 01 09
(B=L08+UH) /(S xx ( (LU=U) (18~ )-(L¥-U)xLDY%*2) )~ = O
0L¢0OL*G9 {T1¥-¥u)dI

SINILNOYENS

WS DJS d

¢

06
L8 |

8
08

173
oL

mo«
29

R-9808/C-101



pX4R BRI A NdNnL3dy 6ol

01€T00J0 (GOT4*XESS NT44XT4%*944X0% ) IVWYCH 0001
00812999 2 = &1 001
06212370 50T 0L 09
03211700 T = 0l

0L7 19900 IIHd = (S)A
09217199 : ¥IHd = (%)A |
05713070 12 = (€14
09219090 ¥Z = (2)A
0217070 N = (1)A
22219000 ($)d9 = (I*S)AQ §6
A1Z219909 (%149 = (I*%)AQ
05212091 ()49 = (I‘€)AQ
06117000 (7)d9 = (I'2)A0
0811707 (1)1d9 = (I1*1)AQ
0L1TV020 (S)9 = IIHd
09110090 ()9 = HINHd
NGT11090 (€19 = 12
99112000 (2)9 = w2
9112909 (19 = n
92112010 HeX = X
01112990 (Z01%d9*9%X*H4G)ZLNY 1IV)
00119000 %42=1 ¢6 00
04713210 2L/ (TLedTHd=YLxITIHd) = (T14G)AQ
N2913900 ZL/(11%1THd-YLl¥IHd) = (T¢%)AQ
9L012030 (%4€)A0 = (T4E)AQ
09419909 (7*2)A0 = (142)A0
050TIVVO (41)AQ = (14T)AQ
09213990 ITHd = ($)9
0£013990 ¥IHd = ()9
92712290 (£)A = (€09
019210090 (Z)A = (219
00V TIUVO n= (19

SANIINOYYNS W S 2 S 4

R-9808/C-102



Q€< 122390

SINTLNOYENS

WS JSs d

anN3

R-9808/C-103



03711020
AWITTIAIDID
d9Z1IHIO
232112300
09211002
WV ARA S DA
(V&R QEVNTY)
QLTI
DATITIIND
26111000
23111230
JLUTLINNN
A9TTT YIu
LRTTININ
04111990
0TI Y0
AZTT10ID
OTITtVuL
7719
NANMTTI00
UEDAREIDM]
OLATTI09D
0FVT TV
032112090
042011029
CEIT1039
23100
ATITTDID
»012T1090
€0NT1000
¢O001109)
10211020
QUOATTIONN

MNek0®2T1= WX

91 D1 €9

ISP ER TR GIIRERLRN A TTHMAEE]
T=H=X{C°T*19°IX/ ¥xx0°CT)d]
0Z 31 3O(Y®D%19° X/ Nkx0° 0TGNV 0TI IX/NexD° 0T )31
0t 01 09(6°19°* N 41

1¢1=1

0=1

O=M

INNILNOD

g=1

L=

(LT)ASNIWA) INTWY=NIWA
((TIASXYWA) IXVHY=XVIWA

922 01 09

1=1

(ZIM=X
SLTI0ZT02(TI*NT-TL/(2)M) ST
(G°T-AQ/NIWA)INIV&AQ=9HA
(AQ/XVIRA+S° T LNIV%AC=1A
(O°QT/INIWA=XVYWA)+0°Z)INIV=AQ
ANNTANDOD
((FIA*NIWA)INIWV=NIWA
((F)ASXYWAIIXVWY=XVIWA
diINSC=roo 10N

(Z)A=NIKA

(2)A=XVWA

(TOT)AS(TUT )M NOTISNIWIQ

SLE6T AV *3INAGLINIOY “ONIANNH °*NY °f A9 OGIWWYYIOUd
$S107d 1¥) 31Vi3IN39 0L 3NILNOY

( 174UX*T1Ld3INCAC M) 101401 INT LNOHENS

SINILACHEHNS W S 2 S 4

0

01 |

002

102

0n1

(SRS NSNS

R-9808/C-104



06417000
08411020
0L%11000
09411990
0s% 11020
04%11200
0€E%T1000
02411990
01%11000
00411130
96£11920
08€11000
OLETTON0
U9ETTOUO
0GETT10IC
N»ET11000
0EETTH00
9ZETT000
21€11000
00E 11000
06211200

(N3

N¥NL3IN

(€4249%6664009* (T)A)ATEYT 1VD
€A1 04 09

(€ %2 %9 ¢0L%*0094(T)AIAIAYT VI
Z6TttetireT (1-11)31
¥(o6t4081¢081¢08T) OL U

T+=2)
(YUITSHHSTOTCTS(TDAC(TIMEGAN)ALOTILY 1Y)
vy 01 09

(VUL Yot TATCT4 (2)A(ZIMT-dINIALOTGY T1TVD
I¢(2et1A)0L 09

(€= 42= ST-¢T-CT°T°AQO°T4LA%AASYX IXCITIATAIND 1Y)
(0*T)IAAXNWS VD

(0L *00S*OT¢0%)AINWL3S 1TIV)

19 01 09

(096442401 0% )AIKWLIS 1IVD

0940640s (T-711)41

(6)AVEWYD V)

094teTe (T-T1) 41

0=

SANILNAOYANS W S 2 S J

€6l
261

161
061

0%
28t

181
081

19
09

0¢
1¢e

1413

R-9808/C-105



NECNINND
27€00990
NT€00090
01€070)10
04200000
02701719
947023939
N9209911
36700000
04203009
0€209039
02209990
N12000239
90700020
06100990
AMRTIND20
0L10999%0
09179990
NGINNINI
04100970
0€T109099
02107302
011072020
00101009
06100010
NgaNN0JN
0LONIIIN
99009290
35302000
0790991
9€200000
07092999
01903099

SluVd AYUNIOVWI M3N INISNA YOIWD ILNdWCIIAX

dI13N4vZONIAVIIWOLOXA

FHIV*ZONX*OX
X304 (0CTIVAL(OITIVE(NOTIWX  (ONT )X AXN /7 INVYIWUI/ NOWW(OD

CEODTILA(ODT)IUNE (OOTIAS (NOT)OKUE (00T )d /WHIWNI/ NDPWWO)D

dISTCINISTI*NHAINS*UNI NS *NOC YWY ZONCYZON /043747 NOWWOD

WAN44d *N48NN 4N4ATIQ 449V80L *N400VY *N4AGY *WOXOLAQ *X08NN
$X0AT3Q *09VuGL *X0UAaV *XOAQY ‘Y¥YWAOUO ‘uYWAHG *¥WASIG *SH
EXOAWIX “NIAWIX *OMW “9TN4D ¢STNHD *+IN4D ¢€TN4D 4Z2IN3D
‘TIN4D ‘0TN4D *6N4D *8N4D “LNFD *9N4D 4sNdD *HN3ID ‘end)
$ZN4) STIN4D 49IX0D *SIXOD *HIX0D ¢CIXDD *2TX0D S1IXOD
$OTXID *6X0D 43X0D *LXUD *9X0D *GX0) *4X0D *€E¥0D *zZxN) “1¥0)
09 ¢2d NAHIZQ $XOHIIG *09Y SOV SN49A
$X08A ‘N49NVL *X08NVL ‘IN4OK SIXOSW “NINX $XONX /WAIROTI/ ANOWKDD
OMKW *NAANN SXOANN *IN4AW *IXD9W V3N
09 IW0 ¢
9IN4D SIN4AD ¢HIN4D *€TN4D 2TIN3D *TTIN4D *rINd)
$6N4D 48NID *LNFD *9Nd4D *sNdD *HNd) feN4) ¢ZN4D) STndD
$9IX0D ¢SIXND *HTIX0D *€IX0D 42IX0D *TIX(D *0IX09D
$6X0D *BX0D *LX0) *9X0D *GX0D *&X0D *€X0D *Zx072 *1x0)

CNOCUWVZONENICOXACL uH ACOHB  d VZOND*VZON*YIIWT X3TdW0)D

SL6T AVW *ANAGLIN

40 NOILOJNN4d SV 4410

S3INILNOYENS

204

911434 °M

N A8 0IWWVHIOUd

YO3IW0 dJ0 L4¥Va AYVYNIOVWI
*WaOV 371ZZ0N 3UINdW0D 0L 3NILINOY

(OWOWIX)JOYNIX NOILINNY

WS Jsd

1

1

~“~ N OO

~ONm SN

‘

vOoULVL

R-9808/C-106



09900000
05900900
04909090
0€900029
029000190
01900000
00900090
06500070
09500000
00509090
09500000
05500000
04500000
7€500900
02500900
21500000
00500000
06%02000
08401900
04900900
29%01100
06500000
19900909
9€%00J)0
02402920
21%00190
0000070
16£00900
N8E00000
0LE0VI00
09£02910
05€00090
0%£00020

*SIAILVAINIQ 40 NOILVINGWOD dO0d4 SINTVA FAVS OGNV VIIWO IW0LS3IY

1 = d1 €@

€ 01 09
NYNLI¥ (D°03*d41) 31

SWIHL ONILINdWOD LNOHLIM NUNL3Y *3IN3H $Q3YINDIY
LON 3F¥IM SIATLVAINIA N3IHL ¢ INIOd SIHL LV 0¥3Z SIVNDI dI 31

INd = A9VWIX
{N3)SUVI = NH

(NJ)OVWIVY = INAS
(N4)TVIY = YNd
0Z 01 09

((T°03°dTISTI*ONV® (#°03I°LNISI®¥O T 03I LNISI))I®CNY® 0°N3°dI)dI
(VZON - VZIOND) = N4

(({°T-OWVI) % { dXN)d*SI) /OWVI%* 2 (XN )UWEUYWASIA-*T) «UWVZION = VION
ATJWVHD 1TV)

*S3I71404d
AJOLVITIISO GNv 3DNVLLIIWAY FTVZZON WVIHLSHN SALNDWEI AUQWVHD

Wax(°1¢°0) + v93IW0 = V9I3WOD
(T4 (VIIWO)IIVWIVRTIO® ) IXVWY = WQ
VYO3Wg = 093Wl

*AIY3A ALNdW0OD OL UIN3IIYId T°0 A€ LAV IVWI ¥ILTIV NIHL VOIWO 3AVS

OT 0L 09 (T°3N°dISI U0 (Y *3IN"LINISI®ONV T*3IN°LINIST))II
0 = dl
VI3IND

IWOWEX*(°T4*0) + (VIIWG)TIVIY =

SINILINOUENS W S 2 S 4

1

or

VLWL

VoL

GOOLO

(SRE RS

R-9808/C-107



I9L013))
2LL00))0
N9L0720170
Q6400039
0491009399
D¢l M0
22.07010
01200200
00109939
06900099
8900090
(VYRCACIVIVES IV

aN3

NYNLIY
RO/ (2%xNH=-Z xxONH) = JIOVRWIX

Wa/ (N4=N9)

= N9

CHIVRIX OI1TIvD C ((VIIRO)IOVYWINIA/ (2% (VZON-VZONDIISAVIIQ
ANV NO G3TTYD S ((VYI3W0)IYWI )N/ (YZON=VZONI)I G I L1NdWOID

S3NILAGCYENS

HWSDJSd

21
Nd
(NJ)SBVYD
093W0 =

0L 09
= N9
= ONhH
\BELTS)

413

VOO

R-9808/C-108



09910910
05919090
O0%919J90
I£913090
02911390
21919090
00910000
06610000
1961900
NLST9000
09512999
05512900
0451000
3€512099
02513190
01511090
00512090
V6" TOUI0
03513997
NLH»10000
19910000
05419000
9910900
QEXTOIND
02%10000
01219200
NCH 13099
06%£ 10000
08€19000
0L£10009
99€ 19299
N5E€10070
A9 109230

(D2U-4d-T)/7(G° 0% ( (U=T)x(Y-T)-(U-T)%IJYx2)) = ¥HQ

Q% N1 09

(LINVLIG~- = HQ

GESGEDE (2u-u)dl

0% 01 N9

(U=120U+18) /7 (SO ( (1 U~U) e {(LU=U)=-( 1YY= )%LJU%Z) )~ = ¥HQ
62462402 (Ty=-uldl

ODTLTILY (T1-Y)3d]
(B°GT34 4=LUs*XE*B°STI*4=T U *XE 1
$8°GT34a=ye *XE /4 ,0C%E QYYD KOYUYI YINILINIUD:*XE)LVYWHOS
0o ((GZ°0=-)xxN)x((({°T—WVI)I%°2)/°T=1%%(D) )xD = ¥
S*OxNx{ T=WV9)~T = D

(6)Q34d = TTHd

(*)Q38d = ¥IHd

(€)034d 17

{2)0a3%d 92

(1)034d = N

HeX = X

ANNIANGD
%2/ 1

(T IDAQR 6-(2 I IA0% LE+(ECTIAQ%6S—=(HY*T)AQ%°GS)xH+ (I)A=(1)NIANd
N¢T=1 ST 0Q

FNNTIALNGD

(6)d9 (519 S(SIA *(Q)A3IUd *(Y*SIAQ 4(S5)d0 *(SHd0D NUISNIWIA
WO/ "X/ 1

dISOMeZYCTHSD LU L/ZX Y/ DIHALIYCFTONVAENAS *WYI/ZIX/ NOWWD)D
{Z7-04H=-V)I8%TVIN LIDITdNWI

6Z21121=43 VSVYN °“J3
AOCTIONHIIL 30 IANLILSNI VIIHU3IO A6 (G3I4OT13IA3Q WVAH90uUd
WAVZON RVY90348NS ¥04 3INILNOY

(ZOT*AQ ASX*HAN)SWYAYZ NI LNOHANS

SINILNOYENS W S J S 4

St

o€
s¢

02
hu‘

91

1 |

o1

[SESRERENE]

R-9808/C-109



06611030 $8 01 09
28613720 (=L0U+L0) /7 (S "D ((LU-U) s {18=-YH)—(LY=Y)%ldU*Z) }— = ¥ &9
0L6100)0 0L*OL*S9 (Tx-¥)dI 29
09612090 ONLe294729 (1-Y¥)d4Il
29~ 19900 (8°G13%a= Yy *XE*B°GTI* 1=1Y, *XE 1
NH619090 8 °GT3i=Ua*XE*/%406L€ QUYD WOYY ONILININdAe*XE)IVYWHOS 19
NEATODNND O°Ha((SZ°0=)%&N)e( (((*T-WVI)%®Z)/°T-)%x{D))xd = ¥ oo‘
NZATINDND 0606409 (O1-9YWZ) I
ATST222n S°0%x(IZxT7+82%8Z) = IVWZ
0N»17090 (»*1)AQ = (€'1)AQ S¢S
06313070 (E*TIAQ = (241)AQ
0931209 (Z*1)A0 = (T*1VAQ
04310109 N¢T=1 ¢§ NG 2s
09RT12M¥0 S*O0xNk{ I=-WYVI)-T = I
035312090 (S)A = IIHd
N49312399° {%)A = ¥IHd
0FRTNNIN (E)A = 17
0741J9J0 (Z)A = u2
T2 (T)A = n
03317312 C°0LZ/7U{1)0IUd% 6T +([)IN0I%"T3Z) = (IDA G%
0hLTDNNY 0°H2/((1)d0%°6+(%*T)A0%"ET+(ECT)AOR°G—(Z4T)AQ) .M+ (I)A = (I)¥OD
INLTINID N¢TI=T g% 00
NLLTHINAN YIHd®IZ+ TTHd*YZ = (5)dO
092717000 IIHd®] Z=YIHd%¥Z = (%) dC
NGLTININD TZ4¥7%2-(V/(10=-12%uB8+8721Q)) = (€)dQ
NHLTINMN T1Z%17+8Z¥2-(V/(¥D-122T60-HZx¥HE)) = (2)dq
UELTIVIO WS O T)dORNAIMR{ T=WVO )= = 19
07L1390 (x¥)/ (DIxNASENAS )=DJMeIM = u9)
0TLTIINIO NxIMxZ = 14
oRL1INN)IND MW (VIdOxN = g
N&9TIN0N {N=2)xN = v
03912099 NOx¥a = (T)dq
ahcﬂqusaﬁ.o.o*:*.~+z<w.|~.nc.\....~|z<o.*-\.~|z<o*~..**u.*_mp.o**a.o = NAa 0%

S3ANILINDYENS W S O S 4

R-9808/C-110



07¢Z0900
0T1¢22000
00€200990
26220090
08220000
0L220009
09227900
26220000
04223010
0£22n030
02220010
21229000
00220030
061223132
03123001
0L TZ27000
09120990
06122000
0%120000
0e129230
021297000
0IYTZ3000
QUTZ200V0
06nZI2"D
8020009
0LnznNnon
N90¢3022
96029000
0%9529090
0cC20000
020217000
01929990
00029009

(€A

(€19

(Z)A = (Z)9

(2Z42Z) /((1Z2%]12-U2»U2)x1dZ-12%Y2xUdZx"2)

(CZ%22)/(1dIx122N7% 2+(1Z2«17-U7%xUZ)e¥dZ)~

n = (1)
= (%4€)AQ
= (%42)A0

(%*€)AQ = 1d7

(%42)AQ

ddZ

22/12-~ = (E)A
22/49Z = (2)A
IVRIXIVHNZ = 22

1 = 201
o1 01 09

9UVd ‘OVRd ‘¥ (D00T°9)I)11uM

(Yd/T1dINVLVO
G°0%xx(Idxlde+Xd»dd)

duvd
OVWd

(%¢S)AQxN~UHIHd*IM~ = Id
(%¢9)A0xN-1IHd*DM = ¥d
LB OL 09 (0°03°dI)dI

YIHd*I 2+ IIHd%=YZ
IIHd% I 2-4IHd%x Y27
IZ%MZ%°2-V/(1J-T12ZxUU+dZ%]8)
IZ%]Z4M72U7-V/(¥D-17x]18-HZxH9)

/G0l % T)AQRNKIMx({ T-WVI )=
(UxH)/ (IENASKNAS )=DIMxIM
NaxdMxe

A/ (%4THIAAxN

= (¥%G6)AQ
{¥*%)AQ
(v*€)AQ
= (%%2)A0
I2
- 30)
19
ud

]

H

(=) = ¥

NOx¥A

= (%*1)AQ

(CZ/Nx(T+RVI)=T)xD)/((({T-WVI) %2}/ (T-WVI%RZ ) ) %D )% (SL°O0xxN )~ = NG
(32¥=4-1) /(S 0% ((U=~T )& (Y=T)=( U=V )%DDU%Z))

. 18]
s8 0L 09

"

(LINVLO- = ¥Q
084084GL (2¥-¥)4dI

SINILNCHENS W S 3 S o

06
L8

S8

gL |
oL

R-9808/C-111



37923239
719223030
JI9C09)0
N6520139N
09622
01270939
09427090
M65¢7000
0+%5200)0
0€s2)09v
024220
21523000
0726209390
Q6%20200
0870000
VIR FAVNDIY
2949232320
649%22)300
I%4 23200
JEH2II30
292NN
J(*+232)3)
QPreZNII0
2/E2I300
08€29900
04£20910
degeIn
06€23000
Q820030
2€222090

CN3
NAaN L Y

(G°OTIEXE S DTAXT %944 X% ) LVWHOS

SINILNON¥ENS

OI¢(20T¢01) 0L 09

(OT4ZDT*AQ A X HEN)SHWYOY]E 1TV)

I
. ]

(
{

ITHd = (G)A
dInd = (%)A

L= (€¥A
L = (2)A
n = (1)a
(I*5)AqQ
(I¢%)AQ
(I¢€)AQ
(1¢2)AQ
(1¢1)AQ

(S)9 = IIMHd
(%)9 = ¥IHdJ

)9 = 14
<9 Ha
(119 = n
H+X = X

(7014d9*9%x*HeG)Z1 ¥y 1Y)

WS JS d

vez
I1Z*xdlHo+ 47 %I IHd
IZ«11Hd=-Y¥7 x4 Ha

=

=1 66 0q
(T¢5)AQ
(1¢%)AQ
(1¢€)Aa
(142)AG
(T¢1)AQ

IIMd = (9)9
YIHd

(%19

001
oroY

S6

R-9808/C-112



0T£0I000
00€00990
06703000
$8200000
082000090
0L207900
09200900
06200900
(VL FLVIVIVINTY)
0¢Z209030
02200000
01200000
002009200
N6100000
08100090
2410009C
09100000
06100000
0%100000
0€T1000V0
02130070
91100000
092103000
06002020
08000000
042072900
09002099
05000009
S4¥000990
042303990
0€002090
02207910
31909999

°*NOILIISIE S3ISN SS3N9 LSHUI4 °LOOY ONIJ OL NOTLVY?LI NI92g
NS%24 = 24
NS+14 = 1d
“T==NS (°0 °19°1d4 °*¥0°® °0°17°24 ) 41
‘T = NS 0s
S 01 09
I¢4 = 24
ITd'= 14 61
NY¥NL3Y
- = ¥3l 01
*03L13MIvY8 ION SI 100¥
06 01 09 (°0°37°24x1d) 41 ¢
(211d = 24
(t1)4d = 14
ST 0L 09 (0 *03°¥ ) JI
Iel = 21
ITL = 11
0 = ¥3lI
0943°1 = 44
T = NS
2 = 1INDI
(X)Td%NS = (X)d
SLOT AVW “3INAGLINI0OY *911d43d4 °M °X¥ A8 Q3IWWVYY¥90ud
0 =>(2L)d»(T4)I4 3¥IHM O = (4)d “*1°S L ONI4 OL INTILNOW

S3INILNOYANS

*2/(2L411) =

(MN¢RIT4LNIN
CANII*IVEXSAI*ISAIOSNVISSNVEIZACTTICIZLITLICTIAIONIZ INT LNOUENS

WS OJ2S 4

€L 022

1

|

J
J
2

QLUOLU

R-9808/C-113



QH209NDQ
0e9CJI00
NZ9073000
1900090
009009920
26602000
NIGONIIN
BY Sl ICRTY)
N9633000
09%00997
04500070
0€309990
02317J9)0
11492970)0
00609790
06+00230
REL DRI T
VLv02990

09409230

Ng%02000
QHH00009
NESQ0DI9D
Q7Z%009V0
08 S AVI VIR
0049070990
N6€£0"J00
08€0923)
0L€09390
09¢€QUVJ0
0s€23390
94%¢ 00090
0eed39390
02£00010

£€d = 24

€1 = 21

0L2 UL 09 (*0 *371°¢€d ) HI

09¢ 01 09 (°0 ©°37°€d °ANV® €1°39°%L °ONV® Z1°371°%1 ) A1
062 01 09 (°0 *39°€d "ANV*® TL1°39°%1L °*ONV°® €1°371°41 ) J1

*AT3LVINd0¥ddY 24 ONV $T4°214T1 32VvIdIv N3IHL UNV 3IDINIOYIAND)D
404 1S3L $SINTIVA SNOTAIND HLIEM 37GVLIVHWOD ST w1 3INNS INVW

€L + (TL-CL)x((V%°2)/(DVHR+9=) )= &)

942 0L 09

(ExkB/2%kIaV- 9/D=)x(TLl-ELl) + €1 = %}

0l 0L 09 ( *001/Sd3 °*19° (Zxx8/0=VY )SAvy ) I
(JVH9) 140S = Jv¥sHg

009 04 09 (°0 *11°2v%9 ) 41

IeVe*H-2%x%x8 = J¥HQ

G%2 0L 09 (6°0 *19°* (8/vx"Z )SHY ) 41

*NOTLVINYILNI
JIT09VY¥Vd INISN L 34vadN ¢0S 91 *(ZL*TL1) TIVANILINI 3HL 30ISLNC SI
EL4Z44T1 ONILLIA VIOAYYHYY 90 WNWINIW/WNWIXVW I¥NS 3INVK UL L1S3)

c4%°*?

134=-24

ZA+€4%°7~-14 =

00€ 04 09 (3ISdI*IV°Av/(E€4)SEYV ANV XSdI* 3V (€L/(21-T11))Sav)4

"

1}
(R - WS

°S$S3N9 NOILIISIA ¥04 1S31 IINIOWIANDD

YL = 00%}

(e1)d = ¢4

006 01 09 (LNON *19° LINDI ) 41
T ¢+ ANII = UINDI

SANLANCYENS W S 2 § o

s%e

10} 74

0e?

Voo

VDULLW

VOO

R-9808/C-114



00600000
09600000
05602900
04600000
0€600000
02600000
01600000
00600000
06800090
03809000
0L800999
09800000
05800000
04800000
0£300900
02800000
91800000
n0800000
06100000
082900000
0LL09000
09400000
0$L02090
0%L00000
0€L00IVO
07100000
01L,02000
00,0000
06900000
08900000
01900700
09902900
06909000

S92 01 09 (°*0

00% 04 09 (d4Sd3°3AV°4V/(%4)SAV ANV XSdI*31°(YL/ (QT0%1~-%1) S8V ) 4]

662 01 09 (*0

00% OL 09 (3Sd3°31°4v/(23)SYV ANV XSd3°IT*(»L/ (0104 1~-%1))SAV)dI

S3NILNQYBNS W S 2 S 4

N3¥NL3Y

1 = %3l
NuNi3INY

#4 = SNvd
%1 = SNV
€4 = Hd

€L = ¥l
022 0Ol1 09
€4 = 14

€1 = 14
022 01 09
4 = ¢4

Y1 = 1

td = 14

tL = 11
027 01 09
Y4 = 14

71 = 11
*19 *%4 ) 41
{vi)d = %4
07Z 0L 09
€d = 24

€1 = ¢1

4 = 14

1 = 1}
972 0L 09
Y4 = 24

1 = 21
*17°%4 ) 4l
(YL)d = %4
0Z¢Z 0L 09

00s

0%

oom~

0Le

592

09¢

osz |

R-9808/C-115



00010090
06600000
138600020

S3INILNCYINS

WS J3Sd

aN3
NY¥N1 3y
Z = ¥3I 009

!

R-9808/C-116



APPENDIX D
SAMPLE CASE INPUT
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APPENDIX E
SAMPLE CASE OUTPUT
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