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FOREWORD 
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Mr. Carl Moyer of Aerotherm prepared the report with 

assistance from Mr. Mitchell R. Wool and Dr. Robert M. Kendall. 

Mr. Eugene Olcott served as subcontract monitor for Atlantic 

Research. 

The computer programs described in this report were 

used in the subsequent study of the reactions of combustion 

products of solid propellant rockets with pyrolytic graphite. 

These studies are described in Volume II, a classified report, of 

AFRPL-TR-68-116. 

Publication of this report does not constitute Air Force 

approval of the report's findings or conclusions. It is published 

only for the exchange and stimulation of ideas. 

CHARLES R. COOKE_ 

Charles R. Cooke 
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ABSTRACT 

The report describes and gives user's instructions for a computer pro¬ 

gram (ASTHMA) for predicting the in-depth temperature history and the surface 

recession (ablation) history of a two-dimensional, axi-symmetric, non-charring 

material. The in-depth solution procedure is of the conventional explicit 

finite-difference type. It will account for anisotropic heat conduction in 

the main material and allows several back-up materials. The heated surface 

boundary condition can have any one of three forms at each surface location 

at each instant: 

1. Very general film-coefficient-based simultaneous heat and mass 

transfer type, including any number of equilibrium reactions for 

an environment and any ablating material, and four specific 

kinetically controlled reactions for carbon surfaces 

2. Simplified radiation energy balance type, no ablation ("cooldown" 

option) 

3. Specified temperature and surface recession rate. 

The program was designed specifically for rocket nozzle use but has sufficient 

generality that it can be employed for many axi-symmetric shapes. 

A User's Manual Brief Description is also presented for a computer pro¬ 

gram (ARCACE) for calculating surface thermochemical response of materials, 

including kinetically controlled surface reactions. This program provides for 

surface thermochemical boundary condition information input to the ASTHMA pro¬ 

gram, The program was designed specifically for graphitic material and solid 

propellant combustion products environment but can be employed for many 

materials and chemical systems. 
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area of side of nodal box fta 

nodal box side and center line lengths. Figure 7, in 
Equation (14) 

defined as (B¿ - £ mr /Peu#CM) thermochemical 
m 

ablation parameter 

defined as mc/PeueCj4# total ablation parameter 

defined as Tm /p u 
*•£ e e w 

defined as m/p u 
g e e M 

same as B' 

see a,b,c 

nodal capacity. Equation (16) Btu/°P 

Stanton number for heat transfer Ib/ft2 sec 
(corrected for "blowing", if necessary) 

Stanton number for heat transfer not corrected lb/ft*sec 
for blowing 

number of k atoms in molecule i 

Stanton number for mass transfer lb/ftasec 

specific heat Btu/lb°P 

see a,b,c in 

constant defined by Equation (36) fta/sec 

binary diffusion coefficient ft*/sec 

radiation view factor — 

empirical factors appearing in Equation (36) 
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molecular configuration) 

thermal conductivity 

forward rate constant for kinetically 
controlled reaction 

path lengths in a nodal box. Figure 5 

system molecular weight 

molecular weight of species i 

node corner and center row number 

Btu/ft-sec°R 

various 

ft 
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Ib/lb mole 

mass flow rate per unit area from the lb/fta sec 
surface, thermochemical effects only 

total mass flow rate of "char" or main 
ablating material per unit surface zurea, all lb/ft2 sec 
effects (thermochemical plus condensed phase 
mechanical removal) 
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area of surface 
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tion from the boundary layer or from outside 
the boundary layer, same as q d 

rate of energy radiated away from surface 

PeueCH<Hr - heJ 

thermal resistance, see Equations (17),(18) 

contact thermal resistance 
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see AS 

computing time 

temperature 

wall (surface) temperature, general term 
for T_ „ 
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lb/ft3 sec 

lb/fta 
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Btu/f ta sec 
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a 

Y 

L 

ÛS 
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r\ 

e 
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and (34) 

GREEK 

heated surface absorbtivity (taken equal to ew), 
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constant, empirically chosen = 2/3 

denotes change 

change in surface point location during AG 

time step in finite difference solution 

emissivity or emittance 

input multiplicative safety factor in time 
step calculation. Equation (20) 

time 

constant in Equation (39) 

dimensionless factor defined by Equation (35) 

density 
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ft 

ft 
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mass flow at boundary layer edge lb/ft3 sec 
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D 

e 

g 

H 
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indices for path lengths L (Pig. 5), nodal side 
areas A (Pig. 6) and thermal resistances R (Pig. 10) 

see A,B,C,D 

see A,B,Cf0 

denotes nodal column center line 

denotes "char" or ablating material; see m 
c 

see A,B,C,D 

denotes boundary layer outer edge, or boundary layer 
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denotes pyrolysis gas 

see CH 

denotes any identifiable species: atom, ion, molecule 

denotes element 

index of condensed phase species mechanically removed 
from surface 
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node corner and center row number index 

denotes node center 
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denotes virgin plastic 
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i 
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at times 8 and 81, respectively 
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GLOSSARY 

Some of the terms used in the text have very particular meanings. These 

are collected here for ready reference. 

back wall 

box 

column 

heated surface 

mesh 

nodal box 

nodal center, nodal point 

node 

null node 

row 

surface node 

one of the four sides of the nodal mesh 
layout, located by convention at the bottoms 
of the columns; may be convectively and 
radiatively cooled but does not ablate 

see "nodal box" 

refers to one direction of the nodal mesh, 
heated surface is at the top of the columns 

the one surface of the four sides of the 
nodal mesh layout which is exposed to the 
hyperthermal, chemically reactive environ¬ 
ment, located by convention at the top of 
the columns in the mesh; opposite side of 
mesh network is the back wall 

assemblage of quadrilateral noc'al boxes 
arranged in rows and columns, each row and 
each column having the same number of nodal 
boxes; encompasses all the material of in¬ 
terest and divides it into nodes for finite 
difference heat conduction analysis 

one quadrilateral zone in the mesh 

a point within the nodal box at which all 
the material in the box is presumed to be 
lumped for the finite difference calculation, 
not necessarily in the center of the node 

used for nodal box, nodal center, nodal point 

a nodal box in the mesh which contains no 
material, used for bookkeeping operations 
only, not involved in finite difference 
solution 

refers to one direction in nodal mesh, 
"parallel" to heated surface 

the top node in each column (excepting null 
nodes), that node next to (adjacent to, at) 
the heated surface; note that the surface 
nodal box is next to the heated surface and 
one of its four sides is exposed to the 
hyperthermal environment, the nodal point or 
noial center however is on the side of the 
node farthest from the heated surface; there 
is a special point on the surface called 
the surface point which must not be confused 
with the surface nodal "center" 



GLOSSARY (concluded) 

surface point the center of the heated surface side of the 
top nodal box in each column (not counting 
null nodes); this point is distinct from 
the nodal point for that nodal box; the tem¬ 
perature of this point is determined by the 
surface energy balance in Options 1 and 3 
or by assignment in Option 2 
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INTRODUCTION 

AXI-SYMMETRIC TRANSIENT HEATING AND MATERIAL ABLATION 
PROGRAM (ASTHMA) DESCRIPTION AND USER'S MANUAL 

«h 

This report presents an analysis technique and describes an associated 

computer program (ASTHMA) for the prediction of the thermal response and 

ablation of two-dimensional axi-symmetric non-charring materials. Chief 

applications for the computer program are rocket nozzles and entry vehicle 

nose tips. The in-depth temperature prediction is of the familiar explicit 

finite-difference type. It allows a completely general finite difference 

mesh layout relative to the physical r-z axes, and accounts for anisotropic 

heat conduction effects. The heated surface boundary condition is an unus¬ 

ually general thermochemical type. It accounts for three specific kineti- 

cally controlled carbon oxidation reactions, one specific kinetically con¬ 

trolled carbon reduction reaction, one kinetically controlled water gas 

shift reaction, and any number of equilibrium reactions for any combination 

of ablating materials and environments. 

The present report has two parts. The final part is a complete, but 

condensed and succinct, user's manual giving explicit instructions for the 

preparation of input to the program and the interpretation of program output. 

Part I of the report presents some of the underlying analysis foundation 

upon which the computer program is built. Since much of the pertinent analy¬ 

sis work has previously been published elsewhere, these particular parts of 

the analysis are treated only briefly here and the reader is referenced to 

the previous reports for more information. The following sketch serves to 

clarify various physical aspects of the ablation problem treated. The 

Physics 

boundary 
layer edge 

main 
stream 

Computation 

Calculate radiation flux to wall 
Determination of boundary layer 
edge state 

Account for boundary layer trans¬ 
port of mass and energy to and 
from surface 

■Determine chemical state at sur¬ 
face and perform energy balance 
coupling to in-depth solution 

■In-depth thermal response 
calculation 

table below cites the aspects and indicates which descriptions of the analy¬ 

sis are to be found in the present report and which are to be found elsewhere. 

Note that the ASTHMA Program described in this report is usueMy used in 

xiv 
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Task II 

Task in 

Determination of the kinetic rate constant* for the reac¬ 

tions of HjO, H2# and C02 with pyrolytic graphite using 

an arc plasma generator and two-dimensional nozzle con¬ 

figuration 

Prediction of pyrolytic coating performance in a typical 

nozzle configuration for several propellants and firing 
conditions 

The results of Tasks ii and III are presented in a separate report. 

The author would like to express his appreciation to Mr. Mitchell R. 

Wool and Dr. Robert M. Kendall who prepared Appendices C and E through G. 

xvi 



SUMMARY OF COMPUTATIONAL TASKS 

Where 
Described Task 

1. Determine radiation flux 
from free stream to wall 

2. Determine boundaz'y layer 
edge state 

3. Account for boundary layer 
transport of 

a. mass 

b. energy 

4. Surface thermochemical 
state 

Program 

Not computed, but accounted 
for by ASTHMA. User must 
provide as input 

ACE 

ACE* 

ASTHMA, but user must pro¬ 
vide transport coefficients 
as input 

ACE* 

Ref. 9 

Refs. 1-9 

Briefly below,' 
also Refs.1-6 

Refs. 6-9 

5. In-depth temperature ASTHMA Below 

conjunction with another program (ACE) which handles the chemical state c-im¬ 

putations required in the heated surface boundary condition definition. The 

ACE program is not described in detail here; however, a user's manual, sample 

problems and program listing are included as appendices. The reader is referred 

to Reference 9 for a detailed description of the ACP program. 

A complete ablation problem may be solved with the ACE and ASTHMA pro¬ 

grams in conjunction in the following steps; 

(1) Lay out nodal geometry, provide this and material properties data 

to ASTHMA 

(2) Determine radiation flux history and p u Cu history; provide to 

ASTHMA 

(3) Determine chemical nature of environment and generate surface 

thermochemical ablation tables with ACE for input to ASTHMA 

(4) Run ASTHMA, obtain temperature and surface recession histories.. 

The work presented herein represents Task I under Atlantic Research Cor¬ 

poration Subcontract 2007 (Air Force Rocket Propulsion Laboratory Prime Con¬ 

tract F04611-67-C-0047). The overall Aerotherm program consists of the follow¬ 

ing tasks; 

Task I - Development of a two-dimensional heat conduction program 

appropriate to pryolytic graphite coatings on substrates 

The KCG program. Ref. 6, may alsobe used for these calculations but it has 
now been superceded by the ACE program. 



PART I 

DESCRIPTION OP ANALYSIS FOUNDATIONS FOR THE 
AXI-SYMMETRIC TRANSIENT HEATING AND 
MATERIAL ABLATION PROGRAM (ASTHMA) 

This section describes much of the analysis woik upon which the ASTHMA 

program is built. Section 1 below defines the problem treated, and Section 

2 gives some description of the in-depth solution procedure. Section 3 

briefly describes the heated surface boundary condition treatment. 

SECTION 1 

PROBLEM TREATED AND GENERAL METHOD OF SOLUTION 

1.1 PROBLEM DESCRIPTION 

The basic problem is to predict the surface and in-depth temperature 

history and surface location history of a two-dimensional, non-charring, 

anisotropic (but orthotropic) insuleting material exposed to a chemically 

reactive hyperthermal environment. The chief practical examples are rocket 

nozzles and nose tips; the general problem is depicted schematically in Fig¬ 

ure 1-1. Below the heated surface, the material response is characterized by 

Axis of Symmetry 

Figure 1-1. Sketch of Ablating System Considered 
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anisotropic heat conduction with temperature dependent thermal conductivity 

and specific heat. At the heated surface there is a complex boundary condi¬ 

tion involving thermal convection from the hot gases adjacent to the surface , 

diffusive mass transport, and chemical corrosion. The surface chemical reac¬ 

tions may be in equilibrium or may be kinetically controlled in certain re¬ 

spects (e.g., the oxidation of carbon surfaces). 

1.2 SUMMARY OF SOLUTION PROCEDURE 

The solution procedure chosen for this problem is complex and is de¬ 

scribed in more detail in Sections 2 and 3 below. As a quick summary, the 

in-depth procedure is an explicit two-dimensional finite-difference technique. 

The surface response procedure solves a general energy balance and mass bal¬ 

ance based on a film coefficient model. The ablation events are computed 

through consideration of the complete thermochemical response including up to 

four specific kinetically controlled reactions with a carbonaceous surface 

(all other possible chemical reactions are considered to occur in equilibrium) . 

This approach is in contrast to more usual correlation schemes or "heat of 

ablation" approaches. There is no direct feedback coupling, however, between 

body shape change and boundary condition history; that is, the program does 

not include routines to compute pressure distributions and convective transfer 

coefficient distributions as functions of body shape (these are input a priori 

as functions of body location and time). 

The basic computer program is called ASTHMA, for Axi-Symmetric Transient 

Heating and Material Ablation." It relies upon an additional program (ACE) 

for the calculation of thermochemical aspects of the ablation process. 

1.3 COUPLING TO STRESS CALCULATIONS 

The program does not include thermal stress calculations but does pro¬ 

vide for punched card output which may be used directly as input to a separate 

stress program (not described here). 

1.4 HISTORICAL DEVELOPMENT 

The ASTHMA computer code described here constitutes a combination of parts 

of existing programs. Consequently there exists a large amount of background 

literature on certain parts of the computer code. This literature will be 

cited below, and the present report will abbreviate descriptions of aspects 

already presented elsewhere. Consequently the reader may want to consult 

other publications for more detailed expositions of those aspects, particularly 

the surface energy balance equations (Refs. 1-6) and the surface thermochemical 

state solution procedure (Refs. 6-9). 



SECTION 2 

ASPECTS OP IN-DEPTH SOLUTION 

2.1 BACKGROUND REMARKS 

It was the intent of the program development effort reported here not to 

write a new in-depth heat conduction routine since it seemed that either of 

two existing routines might be modified to form the basis of the new able'.ion 

program. The first such predecessor program is the One Moving Boundary Program 

(1MBA) reported in Reference 6. This program was originally developed for roc¬ 

ket nozzles and features a rather general thermochemical boundary condition. 

It does not allow consideration of backup materials, the effects of unequal 

diffusion coefficients, or mechanical removal. The chief defect of the 1MBA 

program for the requirements herein is the absence of a back-up material capa¬ 

bility. A second candidate program was the Aerotherm Axi-symmetric Transient 

Temperature Program, AATT (Ref. 10). This program did not include ablation 

and therefore did not allow for receding surfaces. 

It was originally intened to modify the 1MBA program for the present work 

since it already featured an ablation boundary condition. However further 

study indicated that reworking the existing back wall boundary condition treat¬ 

ment of the 1MBA program would involve a disproportionate amount of work.* 

Therefore, consideration was given to adding an ablation "nackage" to the exist¬ 

ing AATT program. Such a development would avoid back-wa omplexities and 

could incorporate without essential difficulty the latest elopments in sur¬ 

face ablation computation (as reported in Refs. 3, 5, and 7). However it 

would involve a frontal attack on a hitherto unsolvad computational problem: 

how to construct a front node dropping scheme which would accommodate an energy- 

balance-determined surface temperature and recession rate without introducing 

oscillations in temperature and recession rate. In the front node dropping 

approach, the nodal network for heat conduction remains fixed with time except 

in the immediate vicinity of the surface. As the surface recedes due to abla¬ 

tion, the nodal zone adjacent to the surface shrinks. When "sufficiently" 

small, this node is either "dropped" from the original network or "absorbed" 

into the adjacent node down ?nd computation continues. It had proven in the 

past to be a difficult task to design a computation scheme of the front node 

This is the classic difficulty in any scheme like the 1MBA routine which has 
a nodal network tied to the receding surface, so that "nodes" are dropped 
at the back wall of the ablating material as the heated surface moves. Such 
a scheme is simple in one space dimension, but two-dimensional body shape 
changes involve a coordinate bending as well as recession greatly complicating 
the back wall treatment. 
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ng type which is free from oscillations in surface temperature or sur- 

.eat flux or both. Consequently front node dropping schemes had gone 

favor and had been superseded by shrinking nodal network schemes and 
all node dropping schemes. 

n an attempt to develop a front node dropping scheme which could be 

id to the existing AATT program, the whole problem of oscillations was 

-ed with a special purpose one-dimensior.al heat conduction program, 

ix A reports the details of the study; the conclusion was that a smooth 

2 did exist although it required some sacrifice in accuracy. This scheme 

iupled into the existing AATT program to form the two dimensional axi- 

nc ablation and heat transfer program (the ASTHMA program) described 
sections below. 

ODAL LAYOUT AND GEOMETRY 

General Pattern 

he geometric shape considered, illustrated in Figure 2-1, is imagined to 

ided up into a grid pattern in the customary manner for finite differ- 

omputation schemes. The area within each grid »box« will be termed a 

: this is in contrast to terminology which calls each corner of the 

atwork a node. The thermal capacity of each node is imagined to be 

at a single point within the box; this point will be termed the nodal 

. It will be convenient to assume for the moment that the nodal center 

located anywhere within the nodal box. Strategies for optimizing the 

n of the nodal centers will be discussed later. 

or convenience, the nodes are imagined to be quadrilaterals, so that 

tire nodal network is an assemblage of quadrilaterals. For■bookkeeping 

Figure 2-1. Sketch of Typical Nodal Layout 
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mm 

convenience, the network is imagined to be “complete", even though the shape 

of the material may dictate that some of the mesh boxes are empty. Both nodes 

(boxes or centers) and mesh corners are numbered in a row and column system 

which will be labeled as an m-n system, where m denotes a row and n denotes 

a column. The m-n mesh scheme may be oriented arbitrarily with respect to 

the physical r-Z coordinate scheme,* so that in general the row-column descrip¬ 

tion might seem to be merely a descriptive artifice; however, in exploiting 

tho simplicities associated with rocket nozzle geometries it has been assumed 

in constructing the program that the heated surface is at the top of the col¬ 

umns, as indicated in Figure 2-1. Thus as surface recession occurs, the boxes 

at the top of each column shrink; the other boxes remain fixed. This limita¬ 

tion that the heated surface be located at the top of each column is merely a 

convenience procedure exploited for the special case of the low curvature geom¬ 

etry of rocket nozzles. For high curvature bodies this restriction becomes 

inconvenient and would have to be relaxed. 

The side walls of the nodal network are presumed insulated and the back 

wall communicates through a simple heat transfer coefficient law (plus radia¬ 

tion) to a "reservoir" at Treg. Thus the boundary condition at this face does 

not involve thermochemistry. 

Three other "convenience limitations" have been applied to the layout 

of the nodal grid. First, it is assumed for the purposes of computing thermal 

conductances between nodal centers that the mesh scheme is nearly orthogonal, 

so that conductance may be taken as conductivity times side-area divided by 

length.** Secondly, it is presumed that only one material ablates, and that 

only one material is exposed to the heated surface. ;These bookkeeping sim¬ 

plicities can easily be removed in future versions of the program.) Thirdly, 

it is presumed that the principal directions of thermal anisotropy are aligned 

with the nodal mesh. This simplifies computations and reduces input require¬ 

ments. For those applications in which the heated surface intersects the 

principal directions of anisotropy at "difficult" angles this restriction 

could become a major inconvenience and more general schemes would have to be 

devised for those problems. 

That is, the nodal mesh scheme may be above or below the Z-axis line, may be 
oriented in any general direction, and may be "bent" or shaped in any manner 
convenient to the user (subject to the limitations described in the para¬ 
graphs following below). 

A suitable more general conductance calculating scheme could remove this 
restriction without any essential change to the program. 
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2.2.2 Geometry 

2.2.2.1 Location of Nodal Centers 

The study summarized in Appendix A showed that to obtain a smooth node 

dropping scheme it was necessary to avoid associating thermal capacity with 

the surface temperature. In terms of the conventional thermal RC network this 

means that a one-dimensional scheme would look like Figure 2-2. All the capacity 

Figure 2-2. Sketch of One-Dimensional Thermal p.c Network 

of the surface node is located at the back of the first nodal zone, and all 

of the thermal resistance of this zone is interposed between the surface tem¬ 

perature and the temperature of the first capacity lump. Note that for m 

nodes or boxes the system has m+1 temperature points, in contrast to most 
schemes.* 

In two dimensions, the nodal center is therefore located at the center 

of the "back wall" of the nodal box, that is, in the center of that side 

parallel to the heated surface and farthest from it. Thus for an m x n nodal 

network scheme, there will be m x n nodal temperatures (associated with thermal 

capacity) plus n surface temperatures (not associated with thermal capacity). 

Denoting the nodal center coordinates as rN and ZN, the coordinates for 

node m, with corner coordinates m,n as shown in the sketch may be represented 

Corner 
m+1, n 

Corner 
m, n 

box 
m,n 

center 

Corner 
m+1,n+1 

Corner 
m, n+1 

Figure 2-3. Sketch of Nodal Center Location For Ablating Material 

This scheme of course appears to be, and is, somewhat less accurate than 
more conventional schemes; more nodes must be taken to get accuracy compar- 
able to that of "centered" schemes. The price paid here is compensated for 
oy stability and smoothness of the solution at the surface. 
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HWiiiii» miUM m1 .. ajif»»* tf1 

by the following: 

N,m#n 

r + r 
c.m.n c.m.n-t-l 

(1) 

^,111,0 

Z ■+■ Z 
c.m.n c.m.ntl 

(2) 

For back-up nodes it is most desirable and common to put the nodal center in 

the arithmetic center of the box: 

r = rc.mfn ^ rc,m+l,n ^ rc.m+l.nH-l + rc.m.n-t-l 
N,m,n . 

4 

ZN,m,n 
+ c,m#n c#m+l.n c.m+l.nfl c.m.n+1 

(3) 

(4) 

(The ASTHMA user has the option to put back-up material nodal centers any¬ 

where in the nodal box.) 

2.2.2.2 Path Lengths for Conduction 

In this and the following sections, the nodal center will have a general 

location rN>m>nzN>m>n for illustrative purposes. For computing thermal con¬ 

ductances, it 'ill be necessary to have thermal path lengths between nodes. 

Since material properties are associated with each nodal box, first to con¬ 

sider path segments inside each box. In general there are four path segments 

of interest, as shown in Figure 2—4. The program computes the lengths l 
m, n, B 

m+1 m+l,n+l 

General Nodal 
Center Point 

Figure 2-4. Illustration of Path Lengths 

4 
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J_î,m»n»D' in the m directi°n, as the distances between the nodal center 
an e centers of the m+1 and m faces of the box. (This is because the 

r.aitrterusuaiiy °n the une joining the centers °f these Thus the paths B and D have the lengths 

m,n,B 
_cfm+l,n rc.m+l.n+l _ ^ 

2 " rN,m,n 

Zc,m+ltn * 2c#m+l.n+1 _ 

2 N^in (5) 

m,n,D 
rc,m,n+l + rc.m.n 

2 ” rN,m,n 

+ i 2c.ra.n+l * Zc.m.n _ V 
l 2 TI,m,n| 

1½ 

(6) 

Since as noted above the nodal center is usually on the m face, however, 

the paths between the nodal center and the n and „♦! faces (paths A and 

n the sketch) are assumed to end at points on those faces located as far 

down the face, proportionally, as the nodal center is located in the boa. The 

wo usual cases are the back-shifted node center on the face m, for which 

e paths A and C end at the corners m,n and m,n+l respectively, and the arith¬ 

metically centered node, for which the paths A and <: end at the centers of 

faces m and »fl respectively. For the first case (back-shifted), we have 

n, A [(r_- i \ 
c#m,n N,m,jv + *Zc,m,n - 

n,'n»C [(lc,m,n+l " rN,m,n)2 + (,7jc,in,n+l " ZN,m,n)S] 

(7) 

(8) 

and for the second (centered) we have 

m,n, A 
r„ „ _ + r 

c,m+lfn 
N,m,n 

2Cf n + Ac. m+1. n _ 
ZN rî »m,n/ (9) 

I Mil 

- 

—V ■ 
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m,n,C 
rc,nH-l,n+l + rctm.n+l 

- r, 
N,m,n/ 

c«n»+l.n+l + Zc.m.n+1 

2 N,m,n 

1¾ 
(10) 

2.2.2.3 Side areas 

Areas of the sides of each box are also required for thermal conductance 

calculations. For the sides xettered as shown in Figure 2-5. the areas are 

Figure 2-5. Nomenclature of Nodal Sides 

given by elementary geometry (First Theorem of Pappus) 

Am,n, A n(rc,m,n + rc,m+l, n^[ írc, m+1, n “ ^.m.n* 

+ (z „ - z 
c,m+lfn c 

)»1‘ #m, n J 

m.n.B ^+ r .)lír _ y \a 
c.m.n c,m,n+l c,m,n+l c.rn.n 

^Zc,m,n+1 “ Zc >3t .m.n' J 

(11) 

(12) 

Only these two areas need to be computed for each box, since the areas on the 

other sides of the nodal box are identical with the areas A and B of adjacent 
nodes. 
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2.2.2.4 Volume 

The volume of the elemental box is by the Second Theorem of Pappus, 

V „ = Pt/3/z [r (r 
m»n L I L c,m,n' c,m. n+l c,m+l,n' 

^.m.n+l " ^»rn+l.n] + Zc,m+l,n [rc,m+l,n 

(rcfm,n " rc,m+l,n+1^ + rc,m,n ‘ ,m+l,n+lj 

Zc,m+l,n+l [rc,m+l,n+l^rc,m+l,n “ rc#m,n+l^ 

^,m+1,n - ^m.n+l] + Zc,m,n+1 [rc,m. n+1 

^rc,m+l,n+l rc,m,n^ + rc,m+l,n+l “ rc,m,nJ| J 

2.2.2.5 Geometric Effects of Surface Recession 

For nodes adjacent to the heated surface, side B may move due to surface 

recession (ablation), This recession reduces the thermal resistance between 

the surface point and the adjacent nodal point, increases transverse thermal 

resistances (as discussed below) , and reduces the thermal capacity associated 

with the nodal center of the nodal box adjacent to the surface. The program 

assumes that the surface recession occurs so as to maintain the ratios 

Figure 2-6. Sketch of Surface Nodal Box Undergoing Recession 

(14) 



as shown in Figure 2-6. The b line joins the centers of the m+1 and m planes 

and serves to define the location of the surface point S. The moving corners 

m+l,n and m+1, n+1 are located accordingly, and path lengths, areas and vol¬ 

umes computed as before, except that for these nodes A ^ a 
n>,n,A m,n-l,c* 

2.2.2.6 Surface Shape 

As noted above and illustrated by Figure 2-7, it is most convenient to 

consider the surface points on the heated surface as being always located on 

the nodal column center line, that is, on the line joining the center points 

of the m+1 and m planes ("parallel" to the heated surface), where m is 

the row index of a nodal box at the surface and m+1 is the local corner index 

of the heated surface (see Fig. 2-6). The location of the surface points is 

ail the information needed about the surface for those ablation problems with 

a specified, input surface recession rate as a boundary condition (the various 

ablation problem boundary condition options are described in Section 3 below), 

since for those problems, it is most convenient to specify, as input, reces¬ 

sion history along the nodal center line. The nodal grid as input thus serves 

to define the various nodal column center lines, and the recession history 

for each column then defines the history of the surface points in a perfectly 

straightforward manner. However, another important heated surface boundary 

condition option involves not input recessions but various energy and chem¬ 

istry information sufficient to calculate surface mass loss from energy bal¬ 

ance considerations (Option 1, discussed in Section 3 below). This ablation 

calculation does not produce recession rates directly, of courser instead 

it produces rates of mass loss from the surface. It will prove convenient, 

nevertheless, to adhere to the concept of the surface point which moves along 

the column center line as recession progresses. To define the surface point 

motion with computed mass loss rates determined from this general energy- 

balance-determined option requires knowledge of the angle between the local 

normal to the surface and the column center line, since computed mass loss 

may be translated directly into recession along a normal to the surface. Re¬ 

cession along the normal may be projected into the nodal column center line 

one«’ the angle between these two lines is known. The direction of the sur¬ 

face normal may conveniently be determined from the slope of the surface, 

that is the surface shape, and of course the direction of the column center 

line is known. 

It is obviously not safe to use the slope of the heated (top) surface 

of the surface nodal box to obtain the surface slope, since in general it is 

neither possible nor always desirable to lay out a nodal grid which will 

"conform" to the "real" surface for the entire problem history. Therefore 

the ASTHMA program includes a special curve-fit subprogram which computes a 



surface shap 3 at each time step during one solution after examining the lay¬ 

out of the surface points. Referring to Figure 2-7, the program computes the 

Figure 2-7. Sketch of Surface Points 

slope of the surface, dr/dz, at surface point n as the average of the slopes 

between surface points n-1 and n, and n and n+1. Thus 

llrn - rn-l rn+l ~ rn 

TlZn - Vl Vl - Zn 
(15) 

Note that n-1, n, and n+1 are surface points, not nodal corner points. (Prob¬ 

lems with only one nodal column have only one surface point. This requires 

the program to abandon the average slope scheme and to use the nodal box 

heated surface slope as the surface slope.) 

With surface slope determined, the surface movement ¿S computed during 

the time step may be projected onto the nodal box center line, and then the 

Figure 2-8. Sketch of Surface Geometrical 
Relationships (exaggerated) 

new nodal volume computed, as indicated in the exaggerated sketch of Figure 2-8. 

Actual surface movement during a time step is limited to a small fraction of 

the nodal thickness to ensure a good approximation to the conservation of mass. 
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2.3 INTERNAL CONDUCTION PARAMETERS 

The thermal resistances between nodes and the thermal capacity of the 

nodes are calculated each time interval from the material properties of the 

node corresponding to its temperature at that time. The material properties 

(density (p), specific heat (c), conductivity (k), and emissivity (c) are in¬ 

put as table look up functions of temperature. Linear interpolation is em¬ 

ployed for material property determination at temperatures intermediate to 

those tabulated. Constant thermal contact resistances may be specified be¬ 

tween any or all nodes. The nodal capacities and resistances are calculated 

as follows? 

(16) 

R. 

(18) 

Figure 2-9 shows the locations of resistances R 

m,n-l 

• m-l,n 

Figure 2-9. Sketch of Thermal Resistance Nomenclature 

resistance on the other two sides of the nodal box are calculated when the 

quantities for the adjacent nodes are calculated. For nodes adjacent to 

the surface, however, n c ¿ ^Sn.n+l A generally (refer to Fig. 2-5 for area 

nomenclature) ; for these nodes 

R 
^i, n+1, A^m, n+1,0 

....» mumm 

*4* 



It should be noted that anisotropic thermal conductivity values k and k' 

are used in Equations (17) and (18) , respectively. 

2.4 IN-DEPTH CONDUCTION SOLUTION 

The in-depth conduction solution is the explicit finite difference type 

often employed for transient heat conduction analysis. The temperature of 

node m,n at time S'(Tm _ «,) is obtained by application of the finite differ- 
iTif nf u 

ence energy balance and rate equations to the nodal volume. 

Solving for T .,, one obtains: 

j+ljn,! + .jrv, rv+1,9 + Tm-l,n,9 + Tm,n-lte 

Rm,n,B,0 ^m.njA.e Rm-l,n,B,0 ^»n-l.A,© 

lm,n-l,A,0 Rm,n,B,0 Rm,n,A,0 Rm-l,n,B,0/_ 

M. 
'mfn,0 

+ T 0 
m,n. (19) 

In the program this equation is used to obtain "new*’ temperatures for 

all nodes except those adjacent to the heated surface and for back wall nodes. 

Nodes adjacent to the heated surface are linked to the surface temperature 

implicitly and hence a special procedure is used for the temperature of these 

nodes, as described in the next section. 

Back wall nodes include a quantity 

hAm „ n(T _ — T__ _ .) + 0€. A „ (T.! „ . - T* _) 
m#nf D rgs m^n^ 0 ow m^n^D m^n^ 0 ros 

inside the brackets of Equation (19), and have T^, , . formally equal to 
lu“* X f ri f o 

zero. 

The explicit relation (19) imposes the familiar stability restriction on 

the time step size A0 » 0' - 0. The ASTHMA program automatically employs a 

conservative stability equation for interior nodes: 

A0 m, n 

m,n,A m,n,B ^»n-l.j m-l,n,B 

(20) 

Normally for stability, the input parameter r] is less than unity. Surface 

nodes are not considered for time interval calculation, as will be explained 

below; back wall nodes include the terms A^ n D(h/2 + 4acbwT^ n ^) in the 

denominator. 
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The automatic stability criterion calculation may be suppressed for any 

node if ^.e user is sure that the allowed time step for that node will never 

be tne minimum one for the system. This saves some computer time. 

Alternatively, the stability criterion calculation can be suppressed 

entirely, if it is used, then ¿0 must be specified. If it is used, then 

any or all nodes in the conduction network may be specified for time interval 
determination. 

2.5 TEMPERATURES OP SURFACE NODES AND SURFACE POINTS 

Temperatures of surface points are determined either by assignment (Option 

2) or by the, surface energy balance described in the next section (Options 1 

and 3) . The purface energy balance determines the new surface temperature of 

the nth column T¿n with an implicit iteration technique. Stability consider¬ 

ations dictate that the first node temperature also be treated implicitly, 

and that any transverse heat conduction link (across columns) for surface 

temperatures must be implicit. This latter requirement is a complex one to 

meet as columns recede; hence the surface temperature points are not linked 

transversely. Figure 2-10 shows the implicit and explicit heat conduction paths 
for two typical columns. 

Boundary Layer Edge 

• ■ 
n-1 n n+1 

Boundary Layer Edge 

Surface Temperatures 

First Nodes 

Second Nodes 

Surface 

Implicit 
Links 

Explicit 
Links 

Figure 2-10. Sketch of Implicit and Explicit Temperature Links 
in Finite Difference Solution, for Two Typical Situations 
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su 

ir 

(2 

i general terms, the equation for the new temperature of a surface node 

surface point) is 

m,n, 0 
min+lf p -_n» Q + m*n~J-i 9_n< 6 

R R 
m,n,A,0 m,n”l,A,0 

T — T T — T 
+ ro-l«n,0 nwn.Q + s.n.O1 m^n^1 

^Sn-1, n,B, 0 *Sn,n,B, 0 

.¿.fi.■> t 
Cm,n,0 m'n'0 

(21) 

ï linked to the surface energy balance through the surface point temper- 

rg n g,. Formally we have a relation between the two unknowns as 

m.n,01 f *TS,n,0 
(22) 

face energy balance has the general form (as described in the next 

0 

convection and chemical energy terms (Te 
& » n,o i 

+ radiation to wall - radiation out (T_ „ al» 
s# n# J 

.S|n| 0 1-SjxPl.L- _ f /m m \ 
R__ r2um,n,0'/s,n,0,; 

(23) 
m,n,B,0 

ae parentheses denote functional relationship. Relation (22) may be 

Jted into Equation (23) to give the non-linear surface energy balance 

sn for Te „ A1. When T„ .. has been found from this equation, the 
S,n,8 S,n,0' ^ 

face node temperature Tm „ A, may be found from Equation (22). For niÿ n * u 
energy balance options, the method for finding Tc „ a, is described 

ion 3 below. In Option 2, Tc „ ., is known immediately and Equation 
a * lif u 

en determines T _ «, at once. 
m,n,0' 

i iiLllii li i 
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S EC TI ON 3 

HEATED SURFACE BOUNDARY CONDITION ASPECTS 

The ASTHMA program can account for three different types of heated sur¬ 

face boundary conditions: 
% 

1. Surface energy balance determined recession rate, employing general 

film coefficient model for boundary layer transport of energy and 

mass, and very general thermochemical relations at the surface 

(Option 1). 

2. Specified surface temperature and recession rate histories(with a ^ 

different history at each surface point of interest) (Option 2). 

3. Simplified energy balance to determine surface temperature including 

only radiation terms, no recession allowed (Option 3 - "cooldown 

option") 

Option 2 is so simple that it requires no discussion other than that 

given in the user's manual below. Option 1 is complex and has many interest¬ 

ing aspects, some of which are discussed below. A brief discussion of Op¬ 

tion 3 follows. 

3.1 GENERAL ASPECTS 

The energy balance option of Surface Energy Balance Option (Option .1) of 

the program performs the energy balance illustrated in the sketch of Figure 

3-1. The energy balance is performed for the indicated control volume fixed 

Figure 3-1. Representation of Surface Energy Terms 
During Ablation 

to the receding surface. Energy fluxes leaving the control volume include 

conduction into the material, radiation away from the surface, energy in any 

Üliílli iir n|¡|. |jf j|4 IjJ |j 
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flow of condensed phase material such as mechanical removal,* and gross blow¬ 

ing at the surface. Energy inputs to the control volume include radiation in 

from the boundary layer and enthalpy flux due to the convection of material 

to the surface associated with surface recession. The final input in the 

sketch is denoted It includes all diffusive energy fluxes from the 

gas phase boundary layer and the form of a correlation equation associated 

with the convective film coefficient model. 

The computation of the surface energy balance requires from the in-depth 

solution a relation between the surface temperature and the rate of energy 

conduction into the material, qcon(3- This relation derives naturally from 

the finite difference energy balance for the node just under the surface. With 

this information the surface energy balance considerations allow determination 

of the thermochemical erosion rate m and surface temperature Tw. It will 

be useful to keep in mind that, from this point of view, the purpose of the 

in-depth solution at any instant is to provide information about qcond(Tw). 

The surface energy balance equation may be written as 

+ «rad + "chc - «rad ’ <<=v>whw * £ "r/i * «cond ‘ 0 <24> 
in out . 1 

where 

(25) 

The relation qcond * f(Tw) is delivered by the in-depth solution. Other de¬ 

pendencies of interest are 

hc - he(Tu) U6>' 

«rad * «rad<Tw> <27> 
out out 

The energy balance procedure has indeed been constructed to include mechan¬ 
ical terms but in the first version of the program failing is not allowed 
(in order to exploit input conveniences) since it is not usually important 
for rocket nozzles. 

i ‘ 
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For the other terms, we may write in general 

V ^diff' Srad' hw' /“r h# “ functions of boundary-layer-edge (28) 
in a 1 * enthalpy, pressure, upstream events, 

1 laws for conservation of chemical 
elements, chemical equilibria and/or 
kinetic relations, m , local boundary 
layer aerodynamics 

Relations of the type of Equation (28) come in many forms, and may even 

take the form of exact solutions to boundary layer and surface chemical state 

routines. In the present program, the relations (28) are computed by the 

separate chemistry program (ACE), for use by Equation (24) in ASTHMA, based 

on a film coefficient model of the boundary layer transport events. The ACE 

program is fully described in Reference 9. Since relations (28) are obtained 

by a film coefficient based program (ACE), the main energy balance (24) used 

by the ASTHMA program is also of a film coefficient type. 

When the boundary layer transport aspects of the problem are modeled by 

a film coefficient scheme, then both Equations (24) and (28) can be normalized 

in the mass transfer coefficient in the customary manner. Equation (24) 

becomes 

‘ïdiff qrad ” qrad 
. in out . + ....— + 

’.Vm peue^M 
B¿he - 

” ~Z-.'p.UeCM 1 peueCM 

0 (29) 

and Equation (28) takes the general form 

w 
qdif f 

peUeCM 

qrad 
in 

°eueCM 

m 

°eueCM 1 
functions of bound- (30) 
ary layer edge en¬ 
thalpy, pressure, 
laws for conservation 
of chemical elements, 
chemical equilibrium 
and/or kinetic rela¬ 
tions, B' 

The generation of the Equation (30) relationships is the goal of the 

sur tace thermochemistry solution (ACF) as noted above. For the present it 

may be observed that the energy balance coupling to the in-depth solution 

(ASTHMA) for each time step proceeds as follows: an initial guess of the 

dimensionless mass removal rate (is obtained in some manner. With this 

B¿, the quantities q^ff/P«^^. hw# hj/p^C^ and Tw are obtained 



from the surface thermochemistry solution. The quantities hc and qrad out 

are then formulated using the Tw so obtained. The surface energy balance is 

then computed, the qconcj as a function of Tw having been provided by the 

in-depth solution. In general, however, the sum of the terms will not equal 

zero but some error. An iteration procedure is then used to select succes¬ 

sively better estimates of which drive the error to zero. Experience 

shows that Newton's procedure, in which the derivative of the error with 

respect to B' is used to compute the next guess for B', gives good results, c c 

3.2 COMPUTATIONAL APPROACH TO CON^CTIVE ENERGY BALANCE 

3.2.1 General Description of Approach 

It is evident that each iteration in the search for a surface energy 

balance, if performed as described above, would require a new surface chem¬ 

istry solution, generally in the near neighborhood of many such previous 

solutions. This suggests that a tabular approach in which the surface state 

solutions are done beforehand for preassigned B' values, would offer signifi- 
c 

cant computational economies. The Aerotherm CMA program (a one-dimensional, 

transient, charring material ablation program) has long exploite», this approach 

with good success (Ref. 5). Since the approach used in the ASTHMA program 

surface energy calculations has been built on the basic CMA model, it will be 

useful to first describe the CMA procedures in detail and then to explain the 

slight changes incorporated in the ASTHMA version. For the CMA program, a 

complete three-dimensional table is precalculated with an entirely separate 

computer program* for each ablation problem. The three dimensions are mc/ 

0eUeCM* "'g ^°eUeCM “ Bg' and anct^er variable which effectively is the bound¬ 

ary layer edge state identifier, most conveniently pressure. For the problem 

of interest here, there is no pyrolysis gas rate mg, and the parameter B^ in¬ 

stead takes on the significance of a chemical kinetics parameter k£, as dis¬ 

cussed in Section 3.2.2 below. The CMA description in the following few 

paragraphs will continue to refer to B^, but there is no difference in treat¬ 

ment between B^ in the CMA program and in the ASTHMA program. The physical 

meaning of k¿ is discussed below, in Section 3.2.2. Pressure is necessary for 

the surface state calculation in all cases. Specification of the boundary 

layer edge state implies pressure plus, say, edge enthalpy, but since only 

one physical location on the ablating body is involved in the one-dimensional 

CMA solution, the boundary layer edge stata is really only a function of one 

variable, time. Pressure can be used instead, for convenience. 

The course of a typical CMA solution might be represented as shown in 

Figure 3-2. As time proceeds, solutions progress through the space of the 

*" 1 . 
Applicable programs here included the Equilibrium Surface Thermochemistry 
Program, Version 1 (Ref. 6), and Version 2 (Ref. 8), and the ACE program 
(Ref. 9). 

tu , i ... 



table independent variables and p. The dots in the picture represent 

solutions satisfying the surface energy balance as time progresses. Surround¬ 

ing these points are a number of other points examined during the iterations 

to satisfy the surface energy balance. For any iteration, the solution pro¬ 

cedure finds itself, so to speak, within a cube formed by the bracketing 

tabular values of B¿, B^, and P. The dependent quantities Tw, f/PeuecM* 

hw and 5]mrxhl'/peUeCM have been Precalculated for these tabular points; rele¬ 

vant values of these quantities for the current iteration values of B', B', 
C 

and P can then be formed by interpolation inside the cube and the surface 

energy balance equation calculated. If the energy balance is not satisfied 

to some preselected degree of accuracy, a new value of B¿ can be selected 

and the process repeated. 

The tabular approach was selected in general because the interpolation 

feature drastically reduces the number of surface state calculations while 

at the same time allowing sufficient accuracy.* The precalculated table 

approach** was chosen for the following reasons; 

1. In parametric studies, tables once generated are useable for many 

different problems, yielding even greater economy. 

2. For most problems, it is difficult to specify a priori an "adequate" 

array of independent tabular values B', B', and P. An examination c g 
of the precalculated surface tables before execution of the actual 

ablation-problem-plus-in-depth-solution can reveal if there are any 

"holes" in the tables in areas where energy terms are varying rapidly. 

Desirable table points can be added before the in-depth response run. 

3. The surface tables are frequently of independent interest in them¬ 

selves for judging the ablation effects under various conditions. 

4. Finally, without the tabular approach, the occasional nonconvergent 

surface chemistry solution would stop the entire in-depth solution 

process. With the precalculated table approach, such solutions are 

automatically weeded out of the tables without damage to the subse¬ 

quent in-depth solution. 

For example, a typical 200Q time step problem with the usual 5 iterations 
per time step would require 10,000 surface state calculations, which require 
1 to 3 seconds each ofr machines in the 7094 speed class . A single pressure 
table, on the other hand, involves only about 600 state solutions (30 char 
rates times 20 gas rates), a factor of 15 improvement. Multiple pressure 
tables reduce this advantage, but usually only a few pressure are required. 

As opposed to a direct coupling scheme in which tabular dependent entries 
were only calculated as needed. 

HMItl 
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Figure 3-2. Representation of Course of Independent 
Variables in Surface History 
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On the other side of the ledger, some disadvantages in the precalculated 

table approach are evident however: 

1. Figure 3-2, which is a realistic schematic view of a typical calcula¬ 

tion history, indicates that most of the laboriously calculated and 

assembled surface state points in the table are never used in the 

course of a given solution. 

2. The "mechanical" linkage between the surface state solution and the 

in-depth solution, i.e., the transfer of punched card surface state 

output to input of the in-depth program, leads to computing delays 

and occasionally to gross input blunders (wrong decks, missing parts 

of decks, etc.). 

3. Significant storage is required by the large precalculated table. 

These disadvantages are usually outweighed by the advantages of the 

precalculated table approach, however. Hence this same well tested approach 

has been adopted for the ASTHMA program. The char ablation rate parameter 

and the pressure (or edge state) parameter P retain their original (CMA) 

significance, but the gas rate parameter is dropped and is replaced by a 

kinetics paramter kf/peueCM = k£. This substitution, however, has brought in 

a number of new aspects discussed in the following subsection. Further in¬ 

formation on this topic of kinetics can be found in Reference 9. 

3.2.2 Treatment of Kinetics Parameters 

The new surface state program ACE (Ref. 9) differs from earlier Aerotherm 

surface state programs by allowing certain chemical reactions to be rate con¬ 

trolled, rather than requiring complete equilibrium. In consequence, the 

ASTHMA program, which uses as input the output of the ACE program, is able 

to account for chemical kinetics. It does this through a "kinetics parameter" 

of the form k^/p u Cu which replaces the pyrolysis gas rate parameter B’ of 
r e e M y 

the charring material program noted above. This kinetics parameter is explained 

in detail in Reference 9; it is a measure of the relative importance of chem¬ 

ical surface kinetics for those reactions considered by the state program to 

be kinetically controlled. 

The program user inputs to the ASTHMA program the forward rate coeffi¬ 

cient of one particular kinetically controlled reaction used by the chemistry 

state solution program (ACE) in its solution. The chemistry program will 

identify this reaction both on its printed output and on certain cards in the 

punched output. 

This odd and somewhat inconvenient kinetics link between the surface 

state program (ACE) and the in-depth program (ASTHMA) derives from the gen¬ 

erality of the ACE program. Reference 9 explains how, in the mass balances 

m—iWilliíiíMt 



and chemistry relations used in ACE, kinetic rate equations always appear 

divided by Thus, since any forward rate coefficients used in ACE 

are used in the form kf/Pe'^e^M* the ACE user inputs parametric array values 

of kf/PeuecM for kinetically controlled reactions. The ASTHMA user, 

however, is forced by the nature, of his problem to deal with both the set of 

kf'3 aPd PeUeCM as seParate entities. Therefore he must specify both p u C 

and the specific values of the kf's. Regardless of the number of kf's used” 

in the ACE solution (i.e., the number of kinetically controlled reactions), 

after the surface state solution is completed the relationship between these 

coefficients is fixed and cannot be changed. Thus the ASTHMA user only needs 

to communicate with ACE through a single "kinetics number," and hence the 

ACE program punches as its output card one specific value kf/PeueCM rather 

than the complete set of values representing all kinetically controlled re¬ 

actions. The ASTHMA user inputs to ASTHMA values for PeueCM and whatever 

value of kf he wishes for th single "flag" reaction used by the ACE program 

in its output. Unfortunately, a single output card for each surface state 

point (fixed B^, k£, and P) has insufficient space even to identify the flag 

reaction, let alone to identify the complete set of kinetically controlled 

reactions employed. Therefore the ASTHMA user will have to excercise great 

caution to ensure that all cards in his surface state "deck" (see Section 1.8 

in the User's Manual below) were constructed with the same set of kinetically 

controlled reactions, the same set of values of kinetic coefficients, and 

have the same "flag" reaction identification. 

3.2.3 Change in Treatment of Pressure 

One further change was made from the CMA pattern of solution. Since the 

ASTHMA program was designed primarily for rocket nozzle applications where 

the range of pressures is small, the interpolation in the pressure direction 

was dropped. Instead, each surface column is flagged to one specific pres¬ 

sure (or edge state) in the set of tables. No interpolation is done. 

3.3 FORMS OF THE FILM COEFFICIENT MODEL SURFACE ENERGY BALANCE 
EQUATION USED IN OPTION :. 

In making the surface energy balance calculation described in Section 3.2 

above, the ASTHMA program uses a variety of surface energy balance equations 

of the general form of Equation (29). The basic equation, derived in Refer¬ 

ence 1 with analogy arguments, is 

e.u.CH(Hr - hw»edge * P.Vll 
gas 

Y}\ - VhiU + Bchc + Bghg - B'hw 

wHrad 
- FO€T - 

w qcond 
- 0 

(31) 

1 

li liÉlM I . 
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It should be noted that, like all film coefficient expressions, this equation 

is not a universally valid one. it is well established for frozen boundary 

layer, catalytic wall problems with no net mass transfer (Refs. 11, 12). 

It is presumed accurate for reactive boundary layers as well (see I discu .sion 

of similar considerations in Ref. 13). For problems with net mass transfer 

(ablation), which are of interest here, the equation is less well established. 

1. Kas been derived with "respectable" analogy arguments (Ref. 1) 

2. Compares well with similar results derived by Lees (Ref. 12) 

3. Has given good predictions when compared to some experimental data 

and to results of "exact" boundary layer solutions. 

4. Gives results independent of the choice of enthalpy datum state 

(an important criterion) 

5. Reduces, for CM * CH, to a widely accepted energy balance law 

(Refs. 14, 15) for simultaneous heat and mass transfer 

Equation (31) has been generalized in Reference 2 to the case of uneoual mass 

diffusion coefficients, again by analogy arguments. The result is 

peu.CH<Hr w edge 
gas 

DUC Me e M (2Î 
T 

Zi ,hiW 

L i 
+ B¿hC * Bghg - B’hw 

where 

■f a q . 
w’rad 

- Foef4 - 
w qcond “ 0 (32) 

and 

X 1 
JL 

l zV -V 
: j 

Vj K 
.J. 

Pi^ 
since 

\xi “ KK, 

(33) 

(34) 

(35) 



The factors in these equations derive from the particular relation between 

the binary diffusion coefficients which must hold if the governing differen¬ 

tial equations are to reduce to the forms from which Relation (32) can be 

inferred. This relation is 

(36) 

and can be regarded as an accurate correlation of experimental data for the 

binary diffusion coefficient The quantity 75 is a constant for a 
given pressure. The constants depend weakly on temperature. 

Equation (32) is somewhat less well founded than the corresponding Equa¬ 

tion (31) but does have plausibility. Furthermore, the equation reduces to 

Equation (31) for equal diffusion coefficients, as it should, and Equation 

(32) can be shown to be independent of the enthalpy datum state and thus 

fulfills a basic physical requirement. 

ties h 

The ACE program provides to the ASTHMA program the four dependent quanti- 

(VP). VB¿,P). ï ziehiw (»¿-Pi and -’i ziuhiw(B¿,p> 

With the quantity hW(5dge gas (Tw p) stored in one 

for wedge gas 
a given value of k£. 

table with independent variables Tw and p, and the other three dependent 

quantities stored in a table with independent variables B', kL, and p, the 
c r * 

ASTHMA program may find surface energy balances at any surface point and 

time (i.e., given pressure and Pe«eCM) by (1) selecting the correct p table, 

(2) finding k£ » ltf^peueCM' ^ fcbe dependent quantities in the two 

tables at k| values bracketing the actual k^ and for some B^, (4) interpolating 

on k£, (5) forming the energy balance equation (32) and noting the error or 

departure from zero, (6) selecting a new B¿ for another try. The Newton- 

Raphson method is used for selecting the next guess of B' in step (6) . When 

that B* yielding an energy balance is determined, the new T is known as a 
c w 

dependent quantity; thus the new surface temperature is determined. 

3.4 Cooldown Energy Balance Option 

For representing radiation controlled situations, such as cooldown after 

exposure to convective heating, it is useful to have a surface energy balance 

option which has only radiation terms. Such an option is built into the 

ASTHMA program and is termed "Option 3". The energy balance for this case 

is simply 

“w^rad - racTw " ^cond 
0 (37) 



3.5 INPUT AND CORRECTION OF HEAT TRANSFER COEFFICIENT 

To employ the film coefficient formulation just described, the program 

user must provide the program with values of the heat transfer coefficient 

p u C„ as functions of time. Two practical problems must be settled in this 
6 6 ri 
respect: 

1. How is Cu related to C„? 
M ri 

2. Can both C. and C^ be specified as functions of edge conditions 
M ri 

(i.e., of time) independent of the subsequent problem solution 

(i.e., mass transfer rates and body shape)? 

In answer to the first question it may be stated that within the present 

formulation it is adequate to take the ratio CM/CH as a constant. The value 

of this constant is a measure of the ratio of the mean mass transfer aspects 

of the boundary layer to the mean heat transfer aspects. For equal mass dif¬ 

fusion coefficients, a vast amount of experimental data (as summarized, for 

example, in Ref. 15) suggest the correlation CM/CH = LeY. It may be hypothe¬ 

sized that for unequal mass diffusion coefficients the same procedure may be 

employed with the Lewis Number, Le, defined by the procedure set forth in 

Reference 2 involving D. Thus, the input to the program consists of a time 

table of values for PeuecH and the constant factor CM/CH. 

In answer to question 2., changes of CH with body shape are not usually 

of interest for rocket nozzle problems and hence are not accounted for in the 

ASTHMA program. A more important problem concerns the dependence of CH on 

the actual rate of mass transfer. This problem has been ignored up to now, 

the implication being that CH is determined by the boundary layer edge 

aerodynamics alone. This is known to be incorrect. The value of CH depends 

fairly strongly on m. If we denote the with m = 0 as this depen¬ 

dence is shown by both data and analysis to be accurately represented by 

' where 

J£- 

e^-l 

cp 
2\m 

PeueCH. 

(38) 

(39) 

This correction is built into the program. 
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PART II 

USER'S MANUAL 

ASTHMA PROGRAM 

»is section of the report summarizes the input requirements of the 

program in a form convenient for user of the program and provides 

-C instructions for program operation. 

SECTION 1 

DESCRIPTION OF INPUT 

e input to the Axi-Symmetric Transient Ht ting and Material Ablation 

can conveniently be considered as having eight parts. All eight por- 

>f the deck must be present for each run (with the exception of the 

^-equilibrium data in the case of surface-boundary conditions Options 

Option 3 in conjunction with Option 3). These individual parts are 

ed in the following subsections. 

TLE AND HEADING INFORMATl I 

e first three cards of the data deck are used to transmit title and 

information to the output. The first 72 columns of each of these 

ay be used for the title, the alphameric information in columns 61 

72 of the third card being used as a page heading on all pages after 

st. 

NERAL PROBLEM CONSTANTS 

e card provides the program with certain general constants. 

Format 

13 

13 

Eo. 1 

E6.4 

E6.4 

E6.4 

Data Units 

Largest m index in nodal network, - 
number of rows of boxes (not corners) 

Largest n index in nodal network, — 
number of columns of boxes (not corners) 

Initial value of problem time sec 

Final value of problem time sec 

Output time interval sec 

Computation time increment. If entered, sec 
this interval is always used and sta¬ 
bility considerations are suppressed. 
If blank, stability limited time step 
will be calculated by program 



Btu/ft-sec°R 
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Column Format Data Units 

31-36 E6.4 Safety factor multiplying stability - 
time step limit, see Equation (20) 

37-42 E6.4 Heat of formation of ablating material Btu/lb 
at 536°R (298°K) 

43-48 E6.4 Blowing reduction parameter X. of Eaua- - 
tion (35) ; this value may alternatively 
be inserted as a function of time in the 
time tables (Section 1.7 below); blank 
values in time table will be filled with 
this constant value* 

49-54 E6.4 Back wall heat transfer coefficient 

55-60 £6.4 Back wall emittance - 

61-66 E6.4 Reservoir temperature communicating °R 
with back wall 

67 il KASE, flag ¿or stacked problems; +1 — 
denotes another case to follow, 0 denotes 
last problem 

68 II KSTRP, calls for punched nodal output 
compatible with ■’•hermal stress programs; 
1 calls for punched output at all print 
times, 2 calls for punched output at 
special times given on following card 

1.3 SPECIAL PUNCHED TEMPERATURE OUTPUT SPECIFICATION (OPTIONAL) 

If KSTRP on the previous card is 2, up to eight special output times 

are to be provided for the punched output on a single card. See output de¬ 

scription for further information. 

Format Data 

8F10.0 Up to eight output times for punched 
output data 

Units 

sec 

Column 

1-10 

11-20 

21-30... 

1.4 NODAL NET CORNER COORDINATE CARDS 

This set of cards provides the nodal box corner coordinates and certain 

nodal center locations to the program. For m rows and n columns, there 

will be (m+1) (n+1) corner coordinate cards. It is advisable to run the 

corner coordinate cards through any convenient plot program to check the 

nodal layout before any heat transfer calculations are made. 

■ 

...1'1 » 
, 

*Recommended values are 0.5 for laminar flow, 0.4 for turbulent. 
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Corner cards must be entered in order beginning at m*lf n«l and continu¬ 

ing up the first column of corners (n«l) for all m's until column is completed, 

returning to bottom of next column m*l, n-2, and so on. 

m 

Heated Surface 

Figure 1-1. Sketch of Nodal Corner Input Order 

Corners m, n representing boxes m, n which have no material (null 

nodes entered to complete the mesh lattice) may be blank entries, but a card 

must always be included. There must be (m+1)(n+1) corner cards. 

Nodal center specifications must be blank for the main material. The 

program will automatically locate these nodal points. Nodal centers for 

back up materials may be entered or may be left blank. If blank, the program 

will compute a centered nodal location for these nodes. 

Present dimensions allow 300 nodal boxes, with a maximum of 40 columns. 

Column Format Data 

1-7 

8-14 

15-21 

22-28 

E7.5 

E7.5 

E7.5 

E7.5 

Corner radius, r 
c 

Corner axial location, Z 
C 

Nodal center radius coordinate r„, must 
be blank for main ablating material, may 
be blank for back-ups 

Nodal center axial coordinate Zjj, must 
be blank for main ablating material, 
may be blank for back-ups 

Units 

inches 

inches 

inches 

inches 

1.5 NODAL DATA CARDS 

This set of cards identifies the materials in the nodal boxes, flags the 

time tables and surface thermochemistry tables to be associated with the 

nodes, and specifies radiation view factors. For an m by n mesh network 

mn cards must appear, blank cards being entered for null (no material) nodes. 

Cards begin at 1,1 and proceed to m,1, followed by 1,2 to m,2, and so on. 

1fcl 

ijy 
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Column 

1 

2 

3 

4 

5-6 

7-12 

13-18 

19-24 

25-30 

31-36 

Format 

II 

II 

II 

II 

12 

E6.4 

F6.4 

E6.4 

E6.4 

E6.4 

nata Units 

Material number of material in this — 
box, refers to numbered material prop¬ 
erties tables. Blank for null node 

Enter 1 if used for stability limit - 
calculation of time step. Leave blank 
if this node can safely be omitted from 
stability considerations (economy measure) 

Enter 1 if this node is at the heated sur- — 
face, otherwise blank 

Enter number of surface thermochemistry - 
table which is to be used for energy 
balance calculations on this node if it 
is or becomes a surface node (see Section 
1.8.3 below) 

Enter number of time-function table which — 
is to be used for boundary conditions for 
this node if it is or becomes a surface 
node (see Section 1.7 below) 

Leave blank (reserved for future use) — 

Initial temperature of this node °R 

Interface (contact) resistance at top ftasec0R/Btu 
of node (m+1 plane) 

Interface (contact) resistance at right ft3sec°R/Btu 
side of node (n+1 plane) 

Option 1 radiation view factor for this - 
node if it is or becomes a surface node 

37-42 E6.4 Option 3 radiation view factor for this 
node if it is or becomes a surface node 

1.6 MATERIALS PROPERTIES TABLES 

One table of temperature dependent material properties is input for each 

material appearing in the nodal network. A lead card gives the total number 

of materials used. The tables are not numbered and are presumed to be encoun¬ 

tered in ascending numerical order, beginning at one and including no gaps or 

omitted table numbers. The main ablating material must have material number 

and table number one. There must be at least two temperature entries in each 

talile. Present dimensions allow six material property tables, with 15 tempera¬ 

ture entries in each table. 

First Card 

Column Format Data Units 

1-2 12 Total number of materials — 
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Tabular Entry Cards 

Column Format Data Units 

1-2 

3-8 

9-14 

15-2C 

21-26 

27-32 

33-38 

12 

E6.4 

E6.4 

E6.4 

E6.4 

Flag. Last entry in table '\as -lj blank 
for other cards 

Temperature °R 

Density. Enter in first card only; will lb/ft3 
not be a function of temperature 

Specific heat Cp Bta/lb°R 

Thermal conductivity along rows Btu/ft-sec°R 
(n-direction) 

E6.4 Emissivity (emittance) - 

E6.4 Thermal conductivity along columns (m- Btu/ft-sec°R 
direction), if blank will be taken as 
equal to n-directicn conductivity 

1.7 FUNCTIONS-OF-TIME TABLES ("HEATING" TABLES) 

A series of tables provides heated surface boundary condition informa¬ 

tion as functions of time. The various time tables are independent, and each 

nodal box in the in-depth layout has been given the number of a time-table 

for use if and when that node becomes a surface node. 

Three general types of boundary condition sets are available, referred 

to here as Options 1, 2, and 3. Section 3 of Part I above provides further 

description. 

The three options are: 

Option 1 

Option 2 

Option 3 

General convection-radiation heating with coupled 

mass transfer, including the effects of unequal heat 

and mass transfer coefficients (non-unity Lewis number) 

and unequal mass diffusion coefficients. 

Specified surface temperature and surface recession 

rate. 

Specified radiation view factor and incident radiation 

flux, as functions of time, for a stationary surface 

("cooldown" option). 

Options 1 ai d 3 are surface energy balance options; Option 2 does not, of 

course, use an energy balance. 

* 

II 
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Each time table may have a sequence of heating options r v.hus it is con¬ 

venient to think of each time table as consisting of a number of sub-tables, 

each sub-table representing one option. The switch from one option to another 

requires a repeated time entry, the first card representing the last entry of 

the earlier table and the second card representing the start of the next table. 

The total number of time values in each time-table is limited to 25. 

Each sub-table must have at least 2 entries, hence the number of sub-tables 

in a table cannot exceed 12. (The most common problem has only 2, represent¬ 

ing an Option 1 or Option 2 calculation followed by cooldown. Option 3). Time 

entries must be in increasing order. 

The tables are presumed to be numbered sequentially beginning with table 

number 1. There may be ten different time tables. The format for the time¬ 

tables is as follows: 

Columns Format Data 

1 12 Flag, nominally blank, punched to indi¬ 
cate the last card of each time table. 
Punch +1 for last card of last time table, 
-1 for last card of any preceding time 
tables 

3-10 F8.2 Time (independent variable) 

11-20 F10.5 Option 1: Recovery enthalpy, relative 
to the same chemical-base state as used 
with the heats of formation 

Option 2: Surface temperature 

Option 3: Blank 

21-30 F10.5 Option 1: Radiant energy flux to the 
surface 

Option 2: Surface-recession measured 
along nodal column center lines 

Option 3: RadianL energy flux to the 
surface 

31-40 F10.5 Option 1: Heat transfer coefficient 

Option 2: Blank 

Option 3: Must be blank 

41-50 F10.5 Option 1: Pressure (not used, informa¬ 
tion only) 

Option 2: ad lib 

Option 3: ad lib 

F10.5 Blowing rate parameter 

Units 

sec 

Btu/lb 

Btu/ft3 - sec 

mil 

Btu/ft3 -sec 

lb/ft3-sec 

atm 

(see Section 1.2) 51-60 



1.8 SURFACE THERMOCHEMISTRY DATA (OPTION 1 ONLY) 

1.8.1 Introduction 

Problems involving use of the surface thermochemistry option (Option 1) 

require the input of an array of surface mass and energy data particular to 

the option and the material being analyzed. These data include the specifica¬ 

tion of the ratio of mass transfer coefficient to heat transfer coefficient, 

the kinetic parameter radiation view factor, and surface thermochemical data. 

The cards containing this input are described below. Problems not involving 

Option 1 calculations do not need the surface equilibrium data deck. The pro¬ 

gram can be instructed to use the surface tables from the preceding problem 

(if any), in which case additional surface tables are not provided. The 

"surface tables" then consist of only the "lead card" described below. 

1.8.2 Ratio of Mass to Heat Transfer Coefficient and Kinetics parameter 

A single card serves to specify the ratio of the convective mass trans¬ 

fer coefficient to the convective heat transfer coefficient (CM/CH) and flag 

kinetics parameter k^. 

Column Format Data 

1-10 F10.0 Cv/CYL 

11-20 F10.0 Kinetics parameter k_, forward rate 
coefficient of one kinetically con¬ 
trolled reaction in surface state solu¬ 
tion; the particular reaction is iden¬ 
tified in the surface state program 
output (see Section 3.2 in Part I above) 

21-39 19X Blank 

40 II One punch means to use surface state 
tables of preceding job for this job. 
Blank means to read data on following 
thermochemistry surface deck. 

Units 

various 

1.8.3 Surface Thermochemistry Table 

1.8.3.1 Introduction 

This table supplies the necessary input data for the surface energy bal¬ 

ance computations in Option 1. (This energy balance is discussed in Section 

3 of Part I above.) 

Most commonly the deck of cards which make up the surface thermochemistry 

table is generated by the Aerotherm Chemical Equilibrium Program (ACE). The 

user's manual for the ACE program describes this table in complete detail 

(Ref. 9). On occasion the user may desire to construct his own surface 
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thermocheroistry table, and so the following sections include brief descrip¬ 

tions of the organization and format of these tables. The main emphasis 

however will be on the communication between the ACE program and the ASTHMA 

program, since this is of the most general interest. 

1.8.3.2 Edge Enthalpy Data 

Equations (31) and (32) of Section .3, Part I, above, indicate that 

if diffusion coefficients are not equal or if the ratio CM/CH is not unity, 

then the surface energy balance requires data about the edge gases of the 

boundary layer. These data are provided in special "edge tables" which 

precede each pressure section of the surface tables (the various sections of 

the surface tables are described in Section 1.8.3.3 below). The independent 

variables for an edge table are pressure and temperature. Dependent variables 
T 

are hew and the sum ]T Ziehi “ • 

The edge enthalpy data are entered on the cards as follows: 

Column 

1-6 

7-26 

27-30 

31-37 

Format Data 

E6.4 Pressure 

Blank 

F4.2 Unequal diffusion exponent* l-y 

E7.5 Temperature 

38-43 E6.4 = /peueCM (not USed in preS 
X 

ent version of ASTHMA program) 

T 
44-51 E8.5 Summation Tz* h.w ie X 

52-59 E8.5 hi 
ew 

60-65 A6 Unused 

66 

67-78 

II 0 (flag signifying that this card 
is part of the edge gas table) 

2A6 Problem identification (not read) 

79-80 12 Page number on ACE output listing 
containing the data punched on this 
card (not read) 

Units 

atm 

°K 
(°R if negative, 
in which case 
enthalpies be¬ 
low are Btu/lb) 

Cal/gr 
(Btu/lb if tem¬ 
perature is 
entered with 
minus sign) 

Cal/gr 
(Btu/lb if tem¬ 
perature is 
entered with 
minus sign) 

*This quantity is discussed in the user's manual for the ACE program (Ref. 9) 
and also in Refs. 1-6. 



Note that although the ACE program will provide a data deck using “K 

«hd cal/gr, in those rare cases in which a user wishes to supply his own deck 

and prefer, to work in °R and Btu/lb, he may do so simply by ihtroaucing a 

m nus sign as a flag in front of the temperature entries. 

The table length is limited to 5 pressure sets (it may have only 1 pres¬ 

sure set with not more than 25 nor less than 3 temperature entries in each 

The series of temperature values may be different tor the edge table 

at each pressure set. The table is organized as a series of sections, each 

representing one pressure and each preceding the corresponding pressure group 

of the surface thermochemistry deck as described below. The temperature en¬ 

tries Within each section must be ordered, either ascending or descending. 

Similarly the pressure, must be ordered either ascending or descending. 

(Decks generated by the ACE program will have been automatically ordered 
properly.) 1 

1.8.3.3 Surface Thermochemistry Tables 

This table is comprised of a series of sections. Each section represents 

one pressure* and one kinetic, parameter value. Each section consists of two 

subsections. The second represents surface temperatures too low for ablation, 

in this subsection surface temperature is the independent variable. The first 

subsection contain, the ablating cases; here the ablation rate is the third 

independent variable and the surface temperature is a dependent variable. 

Thu. one table has three independent variables, pressure, kinetics param¬ 

eter kj. and either surface temperature or ablation rate, depending on whether 

the surface temperature is high enough for ablation. 

The table has either two or three dependent variables, according to whether 

the surface temperature is high enough for ablation. Two dependent variables 

always present are the summation £and hw# the enthalpy of the wall 

gases. The third dependent variable is the surface temperature, but it is 

dependent only in those cases for which the surface temperature is high enough 

for ablation. (Otherwise, the surface temperature functions as an independent 
variable.) 

The ACE program generates separate groups for each pressure, one at a 

time. These groups must be ordered on pressure (either ascending or descending) 

Remember that the word "pressure" is used as a handy edge state oarameter 
SiS!nîï!1# course, there are two independent edge state variLÏÎT 
which are properly accounted for by the ACE program in its chemistrv &nin 
tion. The ASTHMA program needs only to be given ^me "flaa" to disïin^^ 

“pressure**!. We the^rd ^' b pressure is used here as shorthand for "edge state." 



f 

.. 

-37- 

by the user to make up the surface thermochemistry deck. Within each pres¬ 

sure group the kinetics parameters k£ will be ordered in descending order. 

Within each kinetics section, non-zero ablation rate entries will be grouped 

ahead of the zero ablation rate entries. The non-zero ablatiou rate entries 

will not be ordered in any particular way on the ablation r ¿es; any necessary 

ordering is made automatically by the ASTHMA Program as it reads in the data. 

The zero ablation rate entries are ordered with descending temperatures. 

(Users providing their own thermochemistry decks must ensure that the 

pressures and kinetic parameters are ordered, but the ordering may be either 

ascending or descending in each case. Within each kinetics section, the non¬ 

zero ablation rate entries and the zero ablation rate entries may be shuffled 

together but the zero ablation rate entries must be encountered in order of 

descending temperature during the reading process. Non-zero (ablating) abla¬ 

tion entries need not be ordered. The ablation rate for non-ablating (zero 

ablation rate) entries need not actually be zero, but may not exceed an abla¬ 

tion rete in the ablation section. These cards are identified as zero ablation 

rate cards by a unity flag in column 66, as described in the format specifica¬ 

tion below. 

The number of pressure groups may not exceed 5 (and may be only 1); the 

number of kinetic parameters in each pressure group may not exceed 8 and may 

not be less than 2. The sequence of kinetics parameter values need not be 

the same in the different pressure sections. Within each kinetics section 

the number of ablation rate entries, including the zero ablation rate (inde¬ 

pendent surface temperature) cards, may not exceed 24 and may not be less 

than 2. The aeriea of ablation valuea may be unique for each section. 

The °R-Btu/lb option described for the edge tables in Section 1.8.3.2 

may be used for these tables also.) 

The card format for the surface equilibrium data is as follows: 

Column 

1-6 

7-14 

15-20 

21-26 

27-30 

Format Data 

E6.4 <• Pressure 

E8.5 Ablation rate m /p u C„ = B* 
c e e M c 

E6.4 Gas rate m_/pAu CM =» B' (not used by 
ASTHMA) g" e e m g 

E6.4 Kinetics parameter kf/PeueCili 

F4.2 Unequal diffusion exponent* 

Units 

atm 

various 

*This quantity is discussed in the user's manual for the ACE program (Ref. 9) 
and also in Refs. 1-6. 

✓ 



Column Format Data Units 

31-37 

38-43 

44-51 

52-59 

60-65 

66 

67-78 

79-86 

E7.5 

E6.4 

E8.5 

E8.5 

A6 

II 

2A6 

12 

Surface temperature 

* £mr /peueCM (not used in pres 

ent version of ASTHMA program) 
T 

Summation £ zfwhiW 

Enthalpy of wall gases hw 

i 

°K 
(°R if negative 
in which case 
enthalpies be¬ 
low are Btu/lb) 

Cal/gr 
(Btu/lb if tem¬ 
perature is 
entered with 
minus sign) 

Cal/gr 
(Btu/lb if tem¬ 
perature is en 
entered with 
minus sign) 

Chemical symbol of surface species. 
(ACE program prints such symbols 
arranged alphabecically and trun¬ 
cated from right end if necessary 

1 for assigned-temperature entries 
in the equilibrium program (no 
ablation); > 1 for surface thermo¬ 
chemistry with ablation (temperature 
is dependent 

Problem identification (not read) 

Page number on ACE output listing 
containing the data punched on this 
card (not read) 

1.8.3.4 Termination Card 

The surface equilibrium date* deck must be terminated by a single blank 

card. Output decks of the ACE program may not have such a card, in which 

case the user must supply it. 

1.8.3.5 Assembled Thermochemiaal Deck 

Figure 1-2 shows a picture of an assembled thermochemical data deck 

several pressures. 

for 
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Figure 1-2. Sketch of Surface Thermochemistry Table Make-Up 
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SECTION 2 

PROGRAM OUTPUT 

2.1 INPUT DATA (EXCEPT SURFACE THERMOCHEMICAL TABLES) 

Program output begins with an output of the input title and heading 

information, output interval specifications and general program constants, 

nodal data (including any computed nodal center locations), material property 

tables, and time dependent boundary conditions table. 

All this output is fully labeled and is printed exactly as input by the 

user. 

2.2 SURFACE THERMOCHEMISTRY TABLES 

2.2.1 Edge Enthalpy Table 

If there is an edge enthalpy table, it is output exactly as input. 

2.2.2 Surface Thermochemistry Table 

This table is output re-ordered with increasing ablation rates in each 

section and with a new computed term in place of the input enthalpy terms. 

For each entry in the surface thermochemistry tables the program computes 

the quantity 

I (Zïe - Ziw>hIW 
L i 

mh mb 
B.h_ + + —SUL 

” peueCM P-U-C e e M 

qchem 

peueCM 

Chem 
prod 

(36) 

and then outputs it as the dependent variable of interest in the output sur¬ 

face equilibrium table.* This term occurs directly in the surface energy 

balance (Eqs. (31) and (32) of Section 3.3, Part I above) and is a useful 

diagnostic quantity. In the output, this quantity is labeled CHEM PROD. It 

has the units (Btu/fta-sec)/(lb/fta-sec) = Btu/lb and can be loosely thought 

of as the chemical energy release per pound of PeuecM» where PeueCM can be 

thought of as the "scrubbing flux" or "Reynolds flux." 

In the output table, the quantity PeueCM is abbreviated to CM. 

* 
If edge tables are omitted, only the last three terms on the left are included. 
The mechanical removal energy term has been omitted from this equation since 
it is not presently considered by ASTHMA. 
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2.3 REGULAR OUTPUT 

2.3.1 introduction 

At each output interval, as specified by the user, the program prints 

out the current values of ablation rates, nodal temperatures, and other sup 

plementary information, as described below. 

2.3.2 General Information 

The first line of output gives the current problem time. The second 

line shows the current values of a number of miscellaneous quantities ï 

Total energy input to the surface 

^conidRd9- Bt" 

Total energy rise of subsurface mate¬ 
rials, Btu 

Conservation of energy check, ratio 
QTOT,SUR/QTOT,INT 

m, n indices of node yielding smallest 
stability limited time step 

Total number of computational cycles 
(steps) required to reach the indicated 
value of output time. Note that the 
initial time is numbered as 1. 

Stability limited time step for critical 
node, sec 

Actual current time step; may be smal3er 
than stability time step due to high sur 
face recession or output matching 

Heading 

QTOT, SUR 

QTOT, INT 

CNSV FNER 

CRNODE 

ITER 

NODE D-TIME 

ACT D-TIME 

2.3.3 Misrellaneous Surface Data 

A single line gives a set of data for each point on the heated surface. 

Each line presents the following data: 

Heading 

ROW 

COL 

OPTN 

Row number of node below this surface 
point (remember that surface points are 
distinct from nodal points) 

Column number of this surface point 

Current problem (heating) option at this 
surface point (1, 2, or 3) 
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Headinq 

SURF ITER 

SURF TEMP(R) 

H EDGE 

H WALL 

B PRIME TOT 

HEAT COEFF 

CH/CHO 

PRESSURE 

RADIUS 

Z 

Number of ^torations required for the 
surface energy oalance during the pre¬ 
vious cycle 

Surface point temperature in degrees 
Rankine 

The input edge enthalpy as determined by 
linear interpolation in the functions- 
of-time table 

Option 1: Enthalpy of edge gases at the 
wall temperature, hew 

Option 2: Blank 

Option 3: BJ’Mik 

Parameter B'/peueCM » (B'f + »¿c)/peueCM 

(current version of ASTHMA requires 
B£ « 0) 

The current value of the convective heat 
transfer coefficient 

peueCH 
as linearly interpolated in the functions- 
of-time table and corrected for the effec 
of transpiration (blowing) according to 

CM/CU » Ç/(er-l) where Ç » 21m/C„ and 
H Ho H0 

C„ is the heat transfer coefficient be- 
H0 ~ 

fore being corrected for blowing 

The ratio C„/C„ , indicating the amount 
H Hq 

of blowing correction 

Current value of pressure for this column 
is interpolated in functions-of-time 
tables 

Current radial coordinate of this surface 
point (inches) 

Current axial location of this surface 
point (inches) 

2.3.4 Surface Rate quantities 

A series of lines, one for each surface psint, gives the current 

recession rates, mass loss (ablation) rates, and surface energy flux rates. 

Heading 

ROW Low number of node below this surface 
point 
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COL 

RECESSION RATES 
' CENTER LINE 

NORMAL 

MASS RATES 
MOOT TOTAL 

Column number of this surface point 

Rate of movement of surface point down 
column center line of surface nodal box 
(mils/sec) 

Rate of movement of surface in direction 
normal to tangent to surface at this 
surface point (mils/sec) 

"Vc + Z^r ' total local mass 1088 rate 
(ablation)^ lb/ftasec 

SURFACE ENERGY FLUX RATES 

This group of terms all appear in the surface energy balance, 
Equation (32), and have the units Btu/ftasec 

CONVECTED IN 

RADIATED IN 

RADIATED OUT 

CHENICAL GENERATION 

CONDUCTION AWAY 

*sen ’eueCH<Hr ' heu> 

qrad ~ awqrad 

qrad 
out 

Fe oT 4 w w 

^chem * DeueCM^Chem Prod) 

^cond 

2.3.5 Surface Time Integrated Quantities 

These lines correspond exactly to the line of surface rate quantities 

described above. Here the quantities are integrated over time and the column 

surface area, so that the units of these quantities are "Btu for this column n" 

or Btu/col, so to speak. The area integration is done since the surface area 

of a column varies with time and there is no generally preferred area upon 

which to base the time integrated flux terms. 

2.3.6 In-Depth Data 

This block of data gives the current temperatures (degrees Rankine) of 

the subsurface nodal points. The m,n index coordinates of the points are 

included for convenience. 

2.3.7 Optional Punched Card Output 

Optional output called for by the KSTRP flag of Section 1.2 above pro¬ 

vides punched card temperature input for various thermal stress codes. These 

cards are punched for all nodal and surface point temperatures for either 

special punch times or for all regular output times. The card format is*. 



Column Format 

1-10 FIO.3 

11-20 FIO.3 

21-30 FIO.3 

31-38 8H 

39-41 13 

42-45 IH/,13 

46-48 3H 

Data 

Point radius r 

point axial coordinate Z 

point temperature 

Units ININDEGR 

Point row index m (blank if a surface 
point 

Point column index 

Title MAT (material) 

Unite 

in 

in 

0 R 

49-50 12 Material number at this point 

51-57 F7.2 time sec 

58-59 2H 

60-71 2A6 

7 2 IX 

73-75 13 

76-77 2H 

Sb, units of time 

Problem identification of columns 61- 
72 of third title card (Section 1.1) 

Card number 

OF 

78-80 13 Total number of cards punched for this 
time 

2.4 DUMPS 

2.4.1 Introduction 

To prevent the execution of computations that are wasteful or probably 

erroneous, the program provides certain emergency stops with dumps of diag¬ 

nostic information. 

2.4.2 Too-Small-Time-Step Dump 

A dump occurs if the program selects a time step as small as 10 seconds. 

Computation ceases and the program prints out the current surface column num¬ 

ber. Then the program sets the final problem time equal to the current time, 

and thus forces an output of all the current values of the standard output 

quantities, followed by a termination of computation. 
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2.4.3 Too-Many-Surface-Iterationa Dump 

The program allows 51 iterations to find an acceptable surface energy 

balance at any column point. If a balance has not been obtained after 51 

iterations, the program writes the diagnostic message "Iteration Stop" and 

a block of diagnostic data. Since stops of this kind are complex in nature, 

and generally involve the surface thermochemistry data deck, the dump data 

must often be communicated to the program authors for analysis. 

Iteration stops are almost always due to "unfortunate" variations in 

the tabular energy quantities making up the surface energy balance. Hence 

the iteration stop dump contains the 51 sets of paired values of the inde¬ 

pendent variable (either temperature or In B¿) and the surface energy balance 

error generated during the search for a surface energy balance. The program 

then dumps the surface energy balance equation error (departure from zero) 

at each tabular (or temperature if failure occurred in nonablating section), 

in the two tables bracketing the current value of kinetics parameter, properly 

interpolated at the current value of the kinetics parameter, for current values 

of CH, qrad in, and in-depth conduction data. This information, plus the 

iteration history, permits a rather complete picture of the surface energy 

balance error function shape, and this in turn should usually allow an accu¬ 

rate assessment of the particular feature of the function currently hindering 

convergence. 

2.4.4 Unacceptable-Surface-Thermochemistry-Table Stop 

A series of checks built into the input routine serve to detect common 

errors in the make-up of the surface thermochemistry tables. Discovery of an 

error stops the reading process and the program prints out a single line: 

Bad Surface Equilibrium Table of Type - 

Fi”e error types are detected as follows: 

Type 

0 Current section of independent tempera¬ 
ture entries (no ablation) is not in 
descending order in temperature 

1 Mass rate in no-ablation subsection 
has been set greater than a mass rate 
in the ablation subsection. Although 
the "zero-mass-rate" can differ from 
zero, they must not exceed an actual 
ablation rate entry. 

2 Edge table has been omitted even though 
the diffusion coefficients are not 
equal (unequal diffusion exponent / 0). 

.. MlttNNiMi|||KH 



Type 

3 Edge table has been omitted even though 

CM/CH ^ 1 

4 Inconsistent unequal diffusion exponent 
(this must be uniform for all tables) 

2.4.5 Sense Switch Dumps 

Sense Switch 1 calls for output every time step. Sense Switch 2 generates 

extra diagnostic dumps at every output, and Sense Switch 3 dumps some addi¬ 

tional surface table information just prior to execution of the main program 

iteration loop. 

SECTION 3 

MISCELLANEOUS 

3.1 RUNNING TIME 

At present, the ASTHMA program has only been run on the Philco 2000-212, 

for which the execution time is well approximated by 

T(hrs) * 5 X 10"7 NI +25% (41) 

where N * number of nodes and I » number of iterations, provided that the 

number of iterations per output page exceeds about 3 (otherwise output time 

begins to be appreciable). Iterations I may be estimated from 

problem time 
time'step "limit 

(42) 

and the time step limit may usually be estimated fairly closely from a small 

number of obvious candidate nodes: 

l2 
time step limit 

for square nodes of side £, and 

t2 
time step limit (¾ 

for "thin" nodes of minimum side £. 

Estimates for other machinen were made using empirical speed ratios 

based upon similar Fortran programs for jobs of roughly 10 minutes duration. 

If we write T * AMI, then we have 
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Philco 2000-212 

CDC 3800 

CDC 6600 

Univac 1108 

IBM 7094 

360/40 

360/44 

360/50 

360/65 

A 
(hrs) 

5 X 10"7 

5 X 10“7 

3 X 10"7 

3 X 10“7 

12 X 10"7 

50 X 10"7 

25 X 10“7 

25 X 10‘7 

5 X 10"7 

+ 25% 

+ 50% 

+50% 

+50% 

+50% 

+50% 

+50% 

+50% 

+50% 

3.2 STORAGE REQUIREMENTS 

The ASTHMA program itself requires only about 520C10 word of storage. 

Associated subroutines require about 100010 words. Most storage requirement 

is for dimensioned variables in various commons, with present dimensions, 

these require about 15,600^ words. Thus the program is a tight fit in a 

32,000 word machine, with present dimension values. 

3.3 TAPE REQUIREMENTS 

The program uses no scratch tapes. It uses logical unit number 5 for 

input and 6 for printed output, and uses a punch tape through a PUNCH state¬ 

ment. 

3.4 FORTRAN DECK MAKE-UP 

The ASTHMA program is in Fortran IV and consists of the following units: 

(1) Main Program 

(2) Subroutine SURFB 

Surface energy balance procedures 

(3) Subroutine LCOUNT 

Counts lines, turns and numbers pages 

(4) Subroutine LOOK 

Table look-up with linear interpolation 

(5) Subroutine SLOPQ 

Quadratic curve fit and slope finder 

(6) Subroutine OGLE 

Table look-up with cubic curve fit 

(7) Subroutine ORDERD 

Oruering routine 



(8) Subroutine SEQUA 

Orders according to results of ORDERD 

(9) Subroutine SLOPL 

Linear curve fit and slope finder 

(10) Subroutine VCOS 

Evaluates cosine of angle between surface normal and 
nodal center line 
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APPENDIX A 

STUDY OF ALTERNATIVE FRONT NODE DROPPING SCHEMES FOR 

TRANSIENT ABLATION CALCULATIONS 

A-l GENERAL REMARKS 

Finite difference calculations of the subsurface temperature response and 

the surface recession history of ablating materials have employed three 

general types of nodal bookkeeping schemes 

1. nodal mesh fixed in the material, with any node dropping required 

by surface recession occurring at the front (heated) surface 

2. nodal mesh fixed to receding surface, with node dropping taking 

place at back wall 

3. nodal mesh fixed at both front and back walls, with all nodes 

shrinking as recession occurs. 

The first scheme, although offering an appealing simplicity, proved to 

suffer from irritating oscillations in predicted heated surface temperature, 

recession rate, and heat flux. Experiences such as those reported by Brogan 

(Refs. A-l, A-2) encouraged investigators to consider back-surface node 

dropping (type 2 above) and ahrinking coordinate systems (type 3 above) 

with excellent success for problems with one space dimension. 

Consequently, interest in front node dropping schemes waned, even 

though occasional papers on the technique appeared from time to time (e.g.. 

Refs. A-3 and A-4). Ablation problems with two or three dimensions usually 

do not lend themselves to simple treatments with receding nodal grids or 

shrinking grids, due to the many tedious bookkeeping aspects of recording the 

nodal positions in moving grids, and attempts to construct multidimensional 

computer programs with moving or shrinking nodes have proven discouragingly 

complex and unreliable (Refs. A-5 to A-8). Therefore, in the course of the 

present work front node dropping schemes appeared to deserve some reconsidera¬ 

tion, and several alternative front node dropping schemes were examined for 

stability and smoothness of predicted surface temperature using a special- 

purpose, one-dimensional computer program. Section A-2 below describes the 

schemes considered. 

A-2 METHODS EXAMINED 

The schemes considered differ from each other in two aspects: 

1. the location of the finite difference thermal capacity lumps relative 

to the thermal resistance links, and 



o the temperature at which the ablating material is injected into the 

surface control volume for tne surface energy balance calculation. 

Under point (1), the three arrangements shown in Figure A-l were 

examined. 

In Figure A-l the small arrows indicate which zone thermal capacity is 

lumped into each capacitor in the R-C network. Note that Scheme (1) never 

has any capacitance associated with the surface temperature, while Scheme (2) 

always has capacitance associated with the surface temperature. Scheme (3) has 

no capacitance at the surface in mode (1), but does have capacitance at the 

surface in mcde (2). 

The three capacitance distribution schemes constituted one computational 

aspect tested; the second aspect concerned the surface energy balance. The 

surface energy balance equation. Equation (32) in the main text above, sim¬ 

plified to the familiar relation for Le » 1 and * 1 is 

(A-l) 

In this equation the term mchc represents the energy injected in the surface 

control volume (see Figure 12 of the main text) with the subsurface material. 

A study of the finite difference networks of Figure A-l reveals a choice of 

enthalpies to use in this term: 

1. the enthalpy of the material in the top-most (shrinking) capacitance 

2. the enthalpy corresponding to the heated surface temperature. 

Choices (1) and (2) lead to different results in both Scheme (1) and in Mode (1) 

of Scheme (3) since in these cases the shrinking capacitance does not have 

the temperature of the surface. Enthalpy choice (1) gives an appealing consis¬ 

tency with the in-depth solution, since from the in-depth point of view 

energy is definitely being convected away at the temperature of the shrinking 

capacitance. Choice (2) on the other hand seems more accurate from the point 

of view of the surface energy balance. 

A conventional explicit finite difference computer program was written to 

test numerically the three capacitance distribution schemes with both choices 

of injection enthalpy, since no amount of refined general analysis could be 

expected to answer the crucial question of surface temperature smoothness. 

The test problem was a 0.9-inch slab of graphite, insulated on the back wall, 

exposed to a step recovery enthalpy in air of 2600 Btu/lb at 65 atm, with 

peueCH * 1.76 lb/ft*sec. For computation, the slab was divided into a crude 

network of nine 0.10-inch nodes in order to exaggerate any oscillations. 



heated surface back wall 

£—V\A —W'— —vv- —W'— 

(Arrows indicate zones associated with each capacitor) 

Scheme (1) 
Back-Shifted 
Capacities 

Scheme (2) 
Front Shifted 
Capacities 

Scheme (3) 
Centered 

Capacities 

Figure A-l Thermal R-C Network Representation of Three 
Alternative Schemes for Front Node Dropping 
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Figure A-2 shows the results for the three schemes with enthalpy choice 

d) • ¿2E capacitance injection. All three capacitance distributions produce 

surface temperature predictions which oscillate around the exact result 

(obtained from the well verified CMA program with small nodes). The back- 

shifted and centered schemes produce drastic temperature jumps whenever a 

node is dropped. These jumps are appaiently a consequence of the sudden 

shift in injection temperature which occurs as a node is dropped for these 

two schemes. (Note that the front shifted scheme, which is inherently a 

front surface injection scheme, is smoother.) 

Figure A-3 confirms this suspicion. It displays results for the saune 

three capacitance arrangements as Figure A-2 but with front surface enthalpy 

used for the m chc injection term. The front shifted scheme is unchanged, 

of course, and the back shifted and centered capacitance scheme predictions 

have lost their saw-toothed appearance. The back-shifted scheme, in fact, 

has produced a very acceptably smooth temperature prediction. The prediction 

is too high, however, an error due evidently to the obvious failure to 

account for energy absorbtion of the injected (ablated) material between the 

time it figuratively leaves the in-depth scheme at the top capacitance tempera¬ 

ture and the time it enters the boundary layer at the higher front surface 

temperature. This conclusion is confirmed by top-capacitance injection re¬ 

sults of Figure A-2, since this energy absorption is accounted for in that 

injection scheme. The average predicted result in Figure A-2 for the back- 

shifted capacity scheme is closer to the exact answer than the result shown 

in Figure A-3 exactly because the absorption is accounted for. The fact that 

the finite difference scheme applies the absorption correction in a saw¬ 

toothed manner (as the top capacitance temperature gradually approaches the 

heated surface and then abruptly recedes to the next nodal point down as a 

node is dropped) is what gives the saw-toothed appearance to the temperature 

prediction of Figure A-2. 

This suggests that a preferable accuracy improvement could be made in 

the smooth prediction of the back-shifted scheme plus surface injection by 

adding during each time step some smooth correction for the missing absorption 

quantity instead of the saw-toothed absorption implied by top-capacitance 

injection. A candidate correction energy absorption rate might be 

surface energy balance correction term \vgCp(Tw Tl)avg 
(A-2) 

where "avg" denotes average during the ablation of a surface node and T^ is 

the temperature of the first capacitance lump. This would still be inherently 

saw-toothed but would usually have less drastic jumps than the top capacitance 
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injection scheme. It is, of course, impractical to use this correction since 

during a transient problem both ™avg and (Tw - T^)avg only become known 

after the node has ablated away and its entire past history is available. A 

mor-’ workable correction would have the form 

o 
surface energy balance correction term » mCp (A-3) 

2 
s 

where 6i^ denotes the initial thickness of the current top node. This 

correction has all virtues and no defects except possible lack of accuracy. 

It involves current quantities and, hence, can be calculated at every time 

step, and since it involves (“ it can be directly insertec 

into the surface energy balance, equation (A-l), without difficulty. Thus, 

the surface energy balance equation becomes 

= 0 (A-4) 

(for back-shifted capacities, Scheme (1)). 

This modification was applied to the back-shifted capacitance scheme and 

Figure A-4 shows the improvement effected by the convection correction factor 

(mcC /2k) ôj applied to qcon:j. The solution rapidly approaches the exact 

solution. The inaccuracy in early time (< 2 seconds) may be seen to be due 

to the crude nodal size; reducing the nodes to 0.025 inch instead of 0.10 

inch results in the generally improved prediction also shown in Figure A-4. 

CONCLUSIONS 

The back-shifted capacity scheme with solids injected into the surface 

energy balance at the surface temperature provides the smoothest temperature 

prediction of the six methods tested. The accuracy of this method is not 

good unless some correction is made for the inconsistency resulting from 

material removal from the in-depth solution at the shrinking capacitor temp¬ 

erature, which is usually different from the surface temperature. A simple, 

smooth correction (Equation A-3) for this effect provided excellent accuracy. 

The back-shifted capacity scheme with front surface injection plus the simple 

correction has been incorporated into the two-dimensional axi-symmetric heat 

conduction routine (ASTHMA) described in the main text above. 
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RECENT CHANGES IN ASTHMA 

After the conclusion of the ASTHMA program work presented in the main 

text, further use of the program demonstrated the desireability of some nodi- 

ficationr and additions. These changes have been incorporated in the program 

deck actually delivered under this subcontract and are presented in this Appen¬ 

dix (written some months after the main report above). Program users may find 

it helpful to note the new input features described here in the User's Manual 

portion of the main report above. 

B-l VARIABLE OUTPUT INTERVAL OPTION 

Provision has been added to ASTHMA for changing standard output print in¬ 

tervals during a problem (generally similar to the capability of the CMA pro¬ 

gram described in reference B-l). In the earlier versions of ASTHMA, a single 

output time interval was provided on the first data card (following the three 

title cards). In the new version, this scheme has been retained but it has 

been supplemented with the variable output interval option. This option is 

called into play by a zero entry for the output increment in the first data 

card. With this number zero, a new card is introduced, following this first 

data card, with the following information: 

Column Format 

I- 10 F10.0 

II- 20 F10.0 

21-30 F10.0 

31-40 F10.0 

41-50 F10.0 

51-60 F10.0 

61-70 F10.0 

71-80 F10.0 

Data 

First output time interval, applied 
at initial time 

Transition time between first out¬ 
put time interval and second output 
time interval 

Second output time interval 

Transition time between second out¬ 
put time interval and third output 
time interval 

Third output time interval 

Transition time between third out¬ 
put time interval and fourth output 
time interval 

Fourth output time interval 

Not used 

Units 

(sec) 

(sec) 

(sec) 

(sec) 

(sec) 

(sec) 

It will be noted that up to four output time intervals may be used. Out¬ 

put intervals are changed during tha problem at the "transition times." A 

smaller number may be used by leaving the unneeded output intervals and tran¬ 

sition times blank. In generil, a blank or zero output interval will stop 

the problem at the immediately preceding transition time. Blank or zero tran¬ 

sition times will be a atoi..atically set to the final time. The transition times 

should be entered in ascending order; no automatic ordering is done. 
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Ill13 optional output Interval card precedefi the optional card giving spec 

ial punched output times (see p. 29 above). 

B-2 CHANGE IN SURFACE ENERGY BALANCE LINKAGE 

The linkage between the surface energy balance and the subsurface solution 

as described in Section 2.5 above proved to be unstable in certain circumstances. 

Consequently, two new linkage procedures were devised, and the program 

now allows the usei a choice of three linkage options. The first option is the 

procedure described in Section 2.5 above. The second is unconditionally stable 

but does not conserve energy in tha sense that all energy conducted into the 

surface does not appear in pCp3T/ae terms. This non-conservation version, al¬ 

though theoretically objectionable, has been tested for a wide range of prob¬ 

lems and has worked very well. The third option ties the second node below 

the surface implicitly to the surface node (in each column) in a consistent 

manner (i.e. so as to conserve energy) and should be the preferred option as 

it is both stable and energy-ccnservative. However, it has received little 
testing as yet. 

The user choice among these options is indicated by a 0 (or blank), 1, or 

2 punch in column 69 of the first data card of the data deck (after the three 

title cards). Refer to page 29 above for a description of this card. The 

punches designate the options as follows: 

Linkage 
Option No. 

0 

1 

2 

Description 

As described in ASTHMA manual, surface) 
to-first node (of a column) implicit 

Surface-to-first-node link implicit, 
first-to-second node 1/4 implicit 

Surface-to-first-node link implicit, 
first-to-second node half implicit 

Remarks 

Inherently unstable if 
nodes are dropped. Al¬ 
though usually success¬ 
ful, this scheme is not 
recommended if ablation 
is sufficient to cause 
any nodes to be dropped. 

Stable, but theoretically 
objectionable because it 
does not conserve energy, 
Has worked well in prac¬ 
tice . 

Stable. Conserves energy. 
Should be best all round 
procedure but has received 
little testing. 

B-3 SURFACE SHAPE CURVE FIT OPTION 

The surface shape curve fit routine described on pages 11 and 12 above has 

been supplemented with another routine. The user designates which curve fit 

procedure shall be used during the calculation with a punch in column 70 of the 

first data card of the data deck (see page 29 of the manual). A zero or blank 
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calls for the linear slope averaging routine described on pages 11-12 of the 

manual. A one punch calls for a quadratic curve fit slope averaging routine 

known as SL0PQ described in Reference B-2. This routine gives better results 

for relatively smooth and flat (small dr/dz) shapes common to rocket nozzles; 

it usually performs poorly if surface points are closely spaced in the z direc¬ 

tion (large dr/dz) and gives meaningless answers for double valued r(z) shapes. 

For these latter shapes, the linear fit routine should be used. 

B-4 MULTIPLE ABLATING MATERIALS 

The ASTHMA program has been modified so that any substrate material may 

appear in a nodal box at the heated surface. (Previously, as described in the 

User's Manual above, the ablating material had to be material number one.) Op¬ 

tions 2 and 3 boundary conditions may be applied to any surface material with¬ 

out restriction. Option 1 type surface thermochemical boundary conditions may 

be applied to any number of exposed surface materials simultaneously, but only 

with a tight restriction; this restriction derives from the program feature 

that in computing surface energy balance ablation quantities it needs the en¬ 

thalpy of the substrate material at the wall temperature. In obtaining this 

it refers only the heat of formation of material number 1 and the specific heat 

function for material number 1. Therefore, although the ablating substrate 

materials may carry different material identifications, they must (for Option 

1 calculations) have identical enthalpy-temperature relations. This limits 

the multimaterial capability for Option 1 to materials of different densities, 

emissivities, and thermal conductivities. 

Since in Options 2 and 3 surface thermochemistry tables are not used, the 

identical enthalpy-temperatuve limitation does not apply for these options. 

Any materials with any thermal properties may appear at the surface. (It was 

really for this application that the multimaterial capability was added.) 

An additional restriction applies to the pressure-interpolation version of 
ASTHMA mentioned in Section 6 which is generally not used for rocket nozzle 
applications. In that version, the program chooses surface thermochemistry 
tables during the solution only on the basis of pressure. If the pressure 
range for one exposed material overlaps that of another, an artificial device 
must be used to distinguish the sets of pressures appropriate to each mate¬ 
rial. The most convenient device is to rtpunch false flag pressures in the 
surface tables appropriate to the additional exposed materials, and to enter 
appropriate pressure histories in the relevant time (heating) tables to cause 
the right selection of pressure tables to be made. 

This restriction does not apply to the no-interpolation version of ASTHMA de¬ 
scribed in the main report above, since specific surface tables may be flagged 
to any node. 
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B-5 SURFACE THERMOCHEMISTRY TABLE FORMAT OPTION 

The surface thermochemistry tables input to the ASTHMA program may be gen¬ 

erated by a number of different surface state programs with different punched 

card output formats. Consequently a format option punch has been added to the 

ASTHMA program; the user may thus designate the format of the surface thermo¬ 

chemistry tables in the data deck as presented below. 

B-5.1 Lead Card 

There are four format choices, designated by a 0 (or blank) , 1, 2, or 3 

punch in column 50 of the lead card for the table (see page 34 above): 

Data Units 

As on p. 34 Various 

Blank - 

Format flag; 

0 or blank_New standard format 

1__Format on p. 34 

2 _"Anderson format" 

3 _CMA format 

The first three formats vary only in Columns 1-20. Columns 21-80 remain as de¬ 

scribed on pages 37-38 of the manual. (We describe here only the surface tables; 

edge tables have the same formats as the surface tables in each case.) The 

fourth format is the older CMA format used in the Aerotherm Charring Material 

Thermal Response and Material Ablation Program (Ref. B-l). 

B-5.2 New Standard Format (0 Punch) 

The format cited on page 37 above was not that originally intended. The 

ultimate standard card output by the ACE program will follow this plan: 

Column Format 

1-40 

41-49 9X 

50 II 

Column Format 

1-6 E6.4 

7-12 E6.4 

13-20 E8.5 

21-80 

This is the card output 

Data 

Pressure 
• • 

Gas rate m /p u C. = B g e e M g 
(not used by ASTHMA) 

Ablation rate mc/peueCM 

As on pp. 37-38, User's 

format of the ACE program 

Units 

atm 

- Bc * 

Manual 

described in Appendix r. 

« 
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B-5.3 ASTHMA Manual Format (1 Punch) 

This format is cited on pages 37 and 38 above but will probably not be¬ 

come an output option of ACE 

B-5.4 "Anderson Format" 

This format has been used to date for output by the ACE program and a 

number of tables have been generated with it. It has, however, an inconvenient 

format field for the ablation rate (due to a programming slip) and will be 

abandoned soon. This format is as follows:, 

Data Units 

Pressure • atm 

Gas rate mg/PeueCM = Bg 

(not used by ASTHMA) 

. i 
Ablation rate r.i /p u C, = B - c e e M c 

As on pp. 37-38, User's Manual 

B-5.5 CMA Format 

This is an optional ACE output format intended for use with the CMA pro¬ 

gram. Since so many graphite-in-air surface tables already exist with this 

format, it is useful to have it as an ASTHMA input format also. In this format 
« 

the kinetics parameter is assumed by ASTHMA to be in what is the Bg slot of the 

CMA input. An ACE problem with kinetics output in the CMA card format will 

lose the kinetics information, however, since there is no provision for it in 

the ACE output statement. Hence, this format will probably not be used for 
I 

problems with kinetic control, and the kinetic parameters entered in the Bg 

slot will be fake numbers. This format is as follows: 

Column Format 

1-6 E6.4 

7-14 E8.4 

15-20 E8.5 

21-80 

Column 

1-8 

9-16 

17-24 

25-33 

Format 

F8.5 

F8.5 

F 8.5 

F9.4 

Data 

Pressure 

Gas rate mq/peueCM 

Char rate m /pÄu C,, c e e M 

Surface temperature 

Units 

atm 

(oR if neg¬ 
ative in 
which case 
enthalpies 
below are 
Btu/lb) 

..i.. 
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Column Format Data Units 

34-38 F5.3 

39-47 F9.3 

48-56 F9.3 

57-58 12 

59-60 2X 

61-66 A6 

67-78 2A6 

79-80 12 

Unequal diffusion exponent 

Summation 

Enthalpy of wall gases hw 

Cal/gr 
(Btu/lb if temp¬ 
erature is en¬ 
tered with minus 
sign) 

Cal/gr 
(Btu/lb if temp¬ 
erature is en¬ 
tered with minus 
sign 

0 for assigned-temperature entries 
in the equilibrium program (no 
ablation); >0 for equilibrium surface 
thermochemistry with ablation (temp¬ 
erature is dependent) 

Blank 

Chemical symbol of surface species. 
(EST* program prints such symbols 
arranged alphabetically and trunca¬ 
ted from right end if necessary.) 

Problem identification (not read) 

Page number on EST output listing 
containing the data punched on 
this card (not read) 

B-6 CHANGES IN ASTHMA PROGRAM TO INTERPOLATE ON PRESSURE 

The ASTHMA program was designed primarily for two dimensional axisymmetric 

rocket nozzle ablation analysis. Since pressure varies axially in rocket noz¬ 

zles, but usually does not vary significantly with time, the program exploited 

the simplifications possible in the direct assignment of particular pressure 

tables to given surface points. This allowed a kind of coupled time-dependent 

pressure effect since different pressures could be assigned to different nodes 

in a column; thus as the surface receded, a time varying pressure would be im¬ 

posed on a given column of nodes according to the recession history. 

This scheme is not very satisfactory for other bodies such as nose-tips, 

however, since large pressure changes may take place over a period of time, in¬ 

dependent of body shape change effects, due to the time varying nature of the 

flow field. Therefore, appropriate modifications have been made in the surface 

energy balance routine of the ASTHMA program to allow time dependent pressures, 

with appropriate interpolation or pressure, for a given nodal column. 

*or ACE 

i 

«1' 
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Thus there are now two alternative versions of the ASTHMA program, each 

useful for a given class of problems. 

The only physical change needed to convert ASTHMA to the pressure-interpo¬ 

lation version described here is the substitution of the subroutine SURFB. 

This subroutine is called by ASTHMA and hence has retained its name, but the 

Fortran decks of the two versions of this subroutine are appropriately dis¬ 

tinguished with comment cards. 

Since the pressure interpolation version of ASTHMA is of minimal utility 

for rocket nozzle work, this version is not further described here and is not 

the version of the program deck provided under this subcontract. 
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APPENDIX E 

ARCACE COMPUTER PROGRAM USER'S MANUAL 

MITCHELL R. WOOL 

ROBERT M. KENDALL 



ARCACE COMPUTER PROGRAM USER'S MANUAL 

CARD SET 1 - 

Field 1 

CONTROL CARD (1 CARD) 

(Columns 1-10, 1011) Control Variable, KR(10). 

KR is used to control the various program options. 

Column 1 

0 

1 

2 

3 

8 

State Option 

Assigned temperature 

Surface equilibrium with kinetics at assigned 
temperature 

Assigned enthalpy 

Constant entropy expansion from previous chamber 
calculation 

Stop 

Column 2 - 

0 

*1 

Column 3 - 

0 

1,2,3,4 

3,4 

5,6 

2, 4, 6 

Column 4 - 

Column 5 - 

Column 6 - 

Column 7 - 

0 

1 

j(>D 

Column 8 - 

Column 9 - 

0 

1 

Elemental Composition 

Accept resident valuer (same as input to a pre¬ 
vious solution) 

Input new elemental composition data for the 
system components (see card set 2) 

Molecular Data 

Accept resident values for molecular data 

Read from cards JANAF data (card set 3) 

Score all molecular data read from cards on tape 

Head all molecular data from tape as last stored 

Output JANAF data for selected set of molecules 

Unused 

Unused 

Unused 

Diagnostic Control 

No diagnostic output 

Single line of diagnostics per iteration 

For 5(j-l) iterations full diagnostics will be 
output and for subsequent iterations the single 
line will be output 

Unused 

Kinetics Input Option, If KR(1) * 1, (Col. 1) 

Use previously input kinetic reaction data 

Input kinetic reaction data (see card set 4) 

Column 10 - Card Output Option 

0 No card output 

1 Output single card per convergent solution of 
data appropriate to ASTHMA input 



E-2 

Field 2 

Field 3 

Field 4 

CARD SET 2 

(Columns 11-20, F10.5) State Variable, Z. 

For non-zero Z, Z is assigned to T (temperature, JK) 

for KR(1) of 0 or 1, to HIP (enthalpy, cal/gm) for 

KR(1) of 2, and to SIP (entropy, cal/gm °K) for KR(1) 

of 3. 

A negative temperature entry results in a frozen com¬ 

position of the system (as previously obtained) and 

the calculation of properties of this system at the 

absolute value of the assigned temperature. 

If Z is zero resident values of temperature, enthalpy 

or entropy will be used in the solution specification 

consistent with the KR(1) assignment. 

(Columns 21-30, fIO.5) Pressure Variable, PR. 

For non-zero PR, PR is assigned as system pressure, P 

(atmospheres). For zero PR, P is unaltered («1. be¬ 

fore first solution). 

(Columns 71-80, 2A4.A2) Job Name, TILE(3) 

This will appear on printed and punched output. 

ELEMENTAL COMPOSITION DATA (IS+1 CARDS) 

Card 1 

Field 1 

Cards 2,3,. 

Field 1 

Field 2 

Field 3 

Field 4 

(Columns 1-3, I3) Number of Elements in the System, IS 

IS+1. One Card for Each Element 

(Columns 1-3, 13) Atomic Number of an Element, KAT(99 

is not allowable). 

(Columns 4-15, 3A4) Name of Element (in three parts), 

ATA, ATB and ATC. 

For output identification only. 

(Columns 16-25, F10.5) Atomic Weight of Element, WAT. 

(Columns 26-55, 3F10.5) Relative Elemental Composition, TK 

Relative amounts of element in components 1, 2 and 3 

(edge gas, pyrolysis gas and char, respectively for 

surface mass balances). Positive values are in rela¬ 

tive gram-atomic-weights (or moles) and negative values 

are in relative gram-mass units. For example, consider 

component 2 containing 50. mass percent of C and 50. 

mass percent of SÍO2 or equivalently 60.06 grams of 

C for each 60.06 grams of Si02 (1 mole of Si02) or 



E-3 

finally 60.06 gm of carbon for each 1. gram-atomic-’ 

weight of Si and 2 gram-atomic-weights of 0. For 

this example it would be most convenient to input in 

columns 36-45 of the cards for C,0 and Si: - 60.06, 

2., and 1., respectively. 

CARD SET 3 THERMOCHEMICAL EQUILIBRIUM DATA (3 CARDS PER SPECIES) 

Cards 1,4,7, etc. 

Fields 1,3,5, 
.. .,13 

Fields 2,4,6, 
...,14 

Field 15 

Field 16 

Cards 2,5,8,... 

Field 1 

One for each species, whether molecular, atomic, or 

condensed. This card describes the element composi¬ 

tion of the species and establishes its name desig¬ 

nation. 

(Columns 1-3, 7-9, 13-15, ..., 37-39, each F3.0) 

Number of Atoms, ALPT 

(Columns 4-6, 10-12, 16-18. 40-42, each 13) 

Atomic Number, JAT 

The field sets, 1-2, 3-4, 5-6, ..., 13-14, rep¬ 

resent the number of atoms, ALPT, of atomic number, 

JAT, contained in this species. One field set 

for each element of the species. For example, 

NO2 is described in fields 1 through 4 as 

bblbb7bb2bb8; that is, one atom of Nitrogen 

(atomic number 7) and two atoms of Oxygen (atomic 

number 8). 

If field 1 is zero this card is presumed to rep¬ 

resent the end of the card set. 

(Columns 43-72, 7A4A2) Thermochemical Data Source 

Identification, S0RCE. 

Used for output onxy. 

(Columns 73-80, 2A4) Species Name Designation, AM0A 

and AM0B. 

This variable is used for output. 

One for Each Species 

(Columns 1-9, E9.6) Heat of Formation, RA. 

Species heat of formation at 298°K from JANAF 

base state (elements in natural form at 290 K), 

ca1/mol. 



Fields 2,3,4, 
5, and 6 (Columns 10-54, 5E9.6) Curve Fit Constants, RB, RC, 

RD, RE and RF. 

Constants appropriate to lower temperature range 

of thermodynamic data. The thermochemical curve 

fits are as follows with T in °K. 

Field 7 

Field 8 

Cards 3,6,9 

Heat Capacity 

Cp = Rc + RdT + Rjj/T3 , cal/mol °K 

Enthalpy 

h - h298oK * Rb + [RCT + RqT3 - Rj/tJ , cal/mol 

J3,000°K 

Entropy 

S * Rp +fRc £n T + RdT - Re/T2~|T , cal/mol °K 

L 3,000°K 

(Columns 61-66, F6.0) Upper Limit of Lower Tempera¬ 

ture Range, TU in °K 

(Columns o7, II) Phase Specification for Lower Tem¬ 

perature Range, KPHA. 

KPHA equals 1, 2 or 3 for gas, solid or liquid, 

respectively. 

One for Each Molecule. Same as cards 2,5,8 ..., 

except for upper temperature range of thermochemical 

data. 

The arrangement of these three card sets is, mathematically, unimpor¬ 

tant for equilibrium solutions, in fact, if no condensed phase species 

exist within the system, the convergence path should be identical. Numeri¬ 

cally this is not always true. A single species can dominate more than one 

mass equation and singular arrays may result. Such a situation can be 

avoided by placing these dominant species at the front of the thermochemical 

data deck. 

The program automatically selects as base species the first set of 

species satisfying the requirement that 1) all other species may be formed 

from this base species set and 2) that no balanced reaction can be written 



involving only base speciea. One base species may be considered to repre¬ 

sent each element. In the numerics of the program, the base species actually 

become the "elements" of the mass balances. The means of establishing 

whether one species may be formed from another are the specifications given 

in fields 1 to 14 of cards 1,4,7,..., etc. of card set 3. Any reaction 

which can occur based on these specifications will be considered equilibrated 

in the system under study. To suppress equilibrium, it is thus required to 

change names (i.e., atomic numbers) of certain elements and to introduce new 

"elements." 

The last card of this set is blank and serves as the data sentinel for 

card set 3. Three card data sets have been generated at Aerotherm foi over 

500 species mostly based on the JANAF thermochemical data. The data format 

of these cards is the same as that described in NAVWEPS Report 7043. 

CARD SET 4 - REACTION RATE INFORMATION 

Card 1 

Field 1 

Cards 2,5,8,... 

Field 1 

Field 2 

Field 3 

Cards 3,6,9,... 

(Column 1-3, 13) Number of Kinetically Controlled 

Reactions to be Considered, MT. 

Defines the number of 3 card subsets containing 

reaction rate data, reactant coefficients, and 

product coefficients, respectively; one subset 

for each reaction. 

Forward Rate Data 

(Columns 1-10, E10.4) pre-exponential Factor Divided 

by PeueCM' FKF* 

The units of the input parameter, FKF, are mois 

of reaction per unit mass per unit driving poten¬ 

tial (in atmosphere units). 

(Columns 11-20, ElO.4) Activation Energy for the 

Forward Reaction, EAK, cal/gram. 

(Columns 21-30, ElO.4) Reaction Exponent, EXK. 

The driving potential as obtained from the reac 

tion stoichiometry is raised to this power in 

evaluating the reaction rate. 

Reactant Coefficients 

(Columns 1-10, 11-20, 21-30. 8E10.4) One for 

Each Base Species 
The stoichiometric coefficients on the reactants. 

In the present formulation only base species may 

Fields 1,2,3,... 



be used as reactants. Thus some care must be 

used in establishing the order of card set 3 

and thus fixing a priori the set of base species 

Cards 4,7,10,... Product Coefficients 

Fields 1,2,3... (Columns 1-10, 11-20, 21-30, .... 8E10.4) One for 

Each Base Species 

The stoichiometric coefficients on the products 

or their equilibrium base species equivalents if 

they are not base species. For example, if the 

base species are CO, H20, H2* C* for a system 

where C* is the only isolated (nonequilibrium) 

species a reaction written as 

H2 + 2C* - C2H2 

could equivalently be written 

H2 + 2C* 2CO + 3H2 - 2H20 

and this is the manner in which the product stoichi¬ 

ometric coefficients would be input. 



APPENDIX F 

ARCACE PROGRAM SAMPLE PROBLEMS 

MirniriL p. vjoo» 





P 

0)^ 

SÍ? 

>i)7r 

J 
ID7^ 

vj4vj 

lü^-i 
1X4 
^dJvJ 

^#âB 

^--?l 

N 

*h 

Ù2< 

ÿâ'J 

|5f 

131 

O 
fNi 

O 
a 

• • • 
* * * 
a o o • • • 

rr r*i r* 
_ • • * 

000^1^^ uuiuujf''«*'«'' rg (Vi IV. * * * 

(M rg IM O O C ** *OOUOOOyrZIViPglV(rMIM(Vl***OOUW-U.U.OO 

• 0 00 00 #0 00 00 00 00 00 00 00 00 00 0^ 0 

00 00 00 00 00 00 00 00 00 00 00 00 00 00 O 
00 —» —I 00 0000 ■“* 

ï 

4 

7 

2 

i- 
4 
J 
0 

0 
-J 

3 

1 

I 

X 
0) 

2 
vu 

_. _ _< _ _ -. _ _ rgix m (« rg rg IM «V rgfM rg rg ►;«»» »VW rgw (V»V 

OO OO 
OO O O 
O O O O 
WW WW 

O O O O 
O O O O 
O O 3 3 
WW WW 

O O 
O O 
O O 
W w 

O O 
O O 
O 3 
w w 

O O 
O O 
W O 

O O O O 
<0 O 0-0 
* O ^ O 

W »V w 

O O «CO >0 O 
O O — o wo 
O O WO wo 
rg W IV W »g W 

»V O O O 
CO o o 
•0 3 OO 

(V IV w 

O o 00 
o o oc 
wo wo 

o o 
c o 
w o 

w 

o o 
o o 
w o 

w 

o o 
o o 
w o 

w 

o o 
o o 
w o 

o o 
o o 
w w 

o o 
o -o 
w * 

o o 
o o 
w r- 

IV 

o o 
o o 
w o 

rg 

o c o « 
o - o w 
w w w w 

o rg o O 
O « O C 
w g) w O 

rg 

O 
IV 

rg 

O 
O 
w 

rg rg rg rg rg rv rg rg rgrg rg rg 

«00«00«00«00<000«wwo 
v.OC'vWW'.®®^.-*-<x»0'X..0'0v 
wr-KW®®w.r<rwrgrgWNrgwO>9'W 
OWWO**0®«0*<’0 — -‘0-* — 0 

WW ® ® OO- ®C rg rg WW 
a.^^n.^’^g.^^M.^^u.-gwu.rgrga. 
c « c « c c c 
z®«x®r-2xr-zwcr®xrwx* 

■n.gW'3*.C3rg®nO0‘3 — »V-»0*3 
o-g^o^oo^^oooorgoowr-o 

rg w ® — W r- « w ® rg r* r- 
® -< rgw rg rg ow ®r- r»0 

09WOw®OC0O®r-0®OO«wO 
®-4 r* rg -i® IV w Nw w rg 
III I I I I I I 

owwowwow^owwo-rwo^'t'O 
li il il il 
®~< r» « ®w ww U ¿i 

O 
» 

O 
o 

» » ® ® O 
w * ® • W ® 
rg ® w ® w w 
rg w W rg O W 

• ••••• 
W O O rg w C 

« M c O O r> 
O w o O r- w 
O O O O 0* ® 

• ••••• 
IV •/ ® ® W 
w »g w rg W 

O rg w O 
O - 

•f 

wwos-ooo' + okooiv.oo 
a ® ww WW 0>® rg rg 

. . wfr O— —-g W— WC 
O — rgOrgcO — «O — »OWi^orgwO 

w® ®w rgw « w 0" rg r- 
I I I 

o — rgOw — OrgrgOrgvO-1 — 0-.-.0 
♦ ♦ ♦♦ ♦♦ ♦♦ ♦♦ ♦♦ 
O® W® »W ®® W® g®_ 

o®»o®o>cirwowr>or»wo®®o 
O® ®|v w® rgrg Ow W® 
WW -gw ®® rg r- ®w ® ® 

0®-«0 — «0®W0wW0®C0®®0 
® w K® w-g -g.g W® ®^ 

rg rg w w rg rg ww 
«**««rg+*®** 
00®W0®Ww®®» 
0-wx®Wx-*oXwN 
®!VW-g®lVO®»0® 
0®00®—®®0rgw 
W® OO O- O- - — 
WWA.wwa.rgrgu.ww 

« « « 
®r-X-.®Z®0>*r.® 
* ♦ « I ♦ < ® * ♦ 
Ww-»OW3WO*>»® 
r-r»oo«o«OOOw 
» w o® ® ® rg® 
rg® ®® wo ®* 
0®0®®OWWOO- 
r» w -IM ® rg 
Il II II II wwo — wo®®Orgrg 
Il II II II 
KO ®K ®® WW 
wrgO®®Org®oOK 
® » ® • « ® W K 
MW ® w «W KO 
K®OwWOK.iO®K 
W W _ w -g® K W 

I III 
MrgOMrgOivrgOMM 
♦ ♦ * ♦ ♦ ♦ ♦ ♦ 
M® O® « ® ® O 
w*gOKWO®KO®W 
Ww WM K® ® ® 
OW W® rg® ®W 
®00®KOMOO®rg 
w M WM w® W® 

M rg M IV M M M M M 
^.♦♦-«♦♦w**wr*w* 
®KK®WW®W»®MIV®K 
XKOX® ®X««XC®X« 
®WM®WM®®rgMWM®a 
CrgWOO®0®®wW®Ow 

K® K® WO ® « 0" 
U.KCAWggA®®AWWAIV 
® 5 ® s ® 
ZK®ZKKZ®rgZ®®ZK 
®*4®44-®« I ® ♦ * * ♦ 
3®MT®®3®MnKK-IO 
o — ®o®ivoo»vow®o® 

W» OW O® ®® K 
K w WW O® ® w w 

OwWOKwONOOWWO® 
MW WM rg® WW W 
I I I I I II 0®®OWWCrgOO®WOW 
II II 1 ♦ Il I 
wK ®® OO K® w 

OWKOWKOC O O ® O W 
® K ®® W WM ® 
OM ®K W ®® ® 

OM®0®WO® O W W O w 
-g -g MM ® WM ® 
III I I 

OMMOwmOMMO»V(vOM 
44 44 44 44 4 
® W WK W® ®® w 

0®WOM®00®C®®OK 
® -g ww ®w ®® K 
®w « ® OO ** O O 

O — WOM®O®®O0wQ® 
WW «K WM V M w 

ï î 5!ü 
O ^ 2? "■* 
O O O OJ w oc 
OC ® c O X O 
o oc K ► 3 ¿ 

X U Z O ® O W 

O W W O W W 
4 4 4 4 
O O oc 

O K K O O O 
u> un —• —• 
ff» m îni 

«0 rg N o «0 «D 
fM M IN 

-0» 4) «0 K « 

WWOWWOWWOWWKWWO®WOWWW®®OWWOWWOWWOWWOW 
44 44 44 4 4 w 4 4 44 44W44 44 44 44 44 4 
OO OO OO OO K® O® WW ®® K® W® W® ww ® 
WWOw — OMMOWW-g®®OOWO®OMO®0 — — OMOO^WOw^ow 
WW OO WW .g w w® WO ®® K® ®W OK ®w M® O 
WW MM ®® ®® O® w© M® ®® w® WM WW «« K 

®®000®®0®®WMwKOMWww®MMWwwO®«KM«®®®®w 
W W W «gw WggwwWwwKwWW ^t^»g«K w w *g ® K WW W 

wWWOOOMWWwWW C 30®® — ®®W®«www®®®M«®00®M®®M®®w® 
44 II 44 44 I» 44 44 44 44 44 44 J 4 44 44 4 
OO OO OO OO OO OO ®® ® ® OO ®® OO OO ®® KK O 

OKKWOO®®®—®®®00W00®®®WKWK00®®®®0K®00®®®®WW®0 
OO WW ®® O O w O O WWWWW OO ®® ®M Ow WW ®® w 

® ® OO OO KK OO OO ® » ® o O O ® ® O « O • «K w- w 
— g)«MOOw®®MKKwOOw®®w®<DW«® — ®®ww®WO®wo®w — — — ®« — w 

MM OO ®® WW OO MM ww ga — KK WW ®W OM ww MM w 
Il I I I I I I I I I I I I I I I I I I I 

.i... 



K 

Ui 

Va 

Vi) 

O 

b> 
A 

vT‘ 

r 

2 
U 

2 
cy 

V) 

V# 

2 

o 

• • • 
# o u o 
O ISJ fs> <Nl 
tu OI tu Ui 
co co te ge 

O o 
o o 

• • « 
fN IM 
r ? z 
m i»t 
tu tu tu 
S tu » 

t t 
o o 

• • • 
<M N N 
eco • • • 

• • • 
•* + + 
O G O • 
■* 4 •* *\ 
Z X Z O O O tj. 

•••••• 
m m m <*< t*t f>t 

• o o o o o o 
• • • 

X X 

* * 
4 4 

^fwww w w ^.A.A.uiipJijwutUluX 
XXXj'^^tNtMrgiNrttt'urriír.mwtmí'-ijajtt, 
®a)«)as®a3(oa;M®<otD®cctaii«souuu 

* • • • ... • • 
oo oo oo o o o o o o o o 

— o o 

4 4 
(»I (»t 

u o 
o 

4 Z Z 
_l 4 4 
4 X X 

• * 
4 4 

* O O 
Z T Z 
4 4 4 
XXX 

•L 

o u u u o u 
o c 

ac 
Î £ ^ ^ 'O o i: i i i 
Z T r* r *> 

i U I * • • • 
-J O i/í i/» t/l 
O ÍM «I U -J 

• -» O O O 
o — o u u 

ur 
O 

r 
«i 
o 

i 
t. 

* 

u 

• • 
— O 
c O 

M r*> 

ro O 
K o 

rv N 
• • 

o o 
O O 

<N f\i 

O O 
O C 

r* M 
• • 

O c 
o o 

fNJ Ot 
• • 

o o 
o c 

IN «N 

O o 
o o 

*N M 
• • 

O O 
o o 

2 jo 4- o <r j> iao o ^ oo £ £ ^ o 
l/' íÑrf> !N JT' «ni <N hT «■• f^i/A «N 

IN m 
• • 

m o 

^ O 
■ ¡A 

<N IN 
• • 

O O 
O o 
iñ o 

<N <N IN IN 

IN m ~4 m 

O O O O 
o o o o 
NO & \f\ 

IN -«• 

c 
a 
ï 
o - - • 
C « C ft. 4 

O 

o 
IN 
ce 
IN 

o o 
ir 4 

M 

O i*' 
O 
® 4 

OI 

•V 

» 
o c 
c o 
io 9 

o oo o a oo oo c go oo oo oo 
o OO OO CO OO 04 oo oo oo 
tr <*>o ir o 103. #0 01 ir o- ir® rooi r* ^ 
01 to •* n 

IM OI 
♦ OI ♦ 
10 ® Ol 
OI X o. 
x m ® 
X O O 
4 »0 
»O IU 4 

4 
♦ * o- 
♦ 4 ♦ 
«. n rw 
4 0 — 

OI 
♦ 10 
o .o 
o X 
9 10 
* O 
o 
4 4. 

X 01 
* ♦ 4 
4 0« 
C ® X 
® N OI 
■O r~- — 
O- O 
X » tu 

Oí OI 
♦ ♦ 
« O (O 

ir — ® 
® O X 
01 « o- 
<r <0 
® ® tu 

oí 01 
4 4 
9 • 
4 — 
O « 
X 4 
ir tr 
Ol 01 

0 4 4 
•0 4 4 
X » ir 
4i 01 ir 
c X - 
o tr 

01 OI 
0 4 4 ® 
4 0 0 4 

4 Z 
4 4 

O ® 
» O ir 
— 4 
i T 

m O ® 
I I 

O 4 
4 O X 
4 4 
01 — 
® O X 

® O 
® 

* O 

Î 
® o 
I 
4 
— O 
4 

4 4 4 
® 4 n 
® 4 o 
Ol o 
X 4 
»1x0 

® X jr 
444 
CD O -> 
N X O 
4 « 
® ® 
X ® O 

I 

01 o 

® ® O 
I I 
X 4 
X ® O 
4 ® 
X 4 
X 4 O 

I I 
— OI o 
I I 

tr — o 
4 4 

X O Ol OI O 
4 4 4 
4 4 4 
4 O — X O 

10 4 ® 
® O Ol 4 O 

I I 
X X O 
4 4 
• ir 
® O O 
X X 
4 • 
« ® O 
10 X 

10 C O 
— X 

I 
— X o 

¿¿ 
® X o 

4 4 
4 4 
4 4 
4 X 
O O 
— O 
4 4 
« X 
I I 
4 ® 
I I 
4 — 
O « 
4 - 
4 X 
io ® 

« 
Z 4 X 
4 4 4 
^ IO — 
O 4 X 

® O 
X « 

O 4 X 

X 4 4 10 
- O « O 

X X 
u. od a, u. 
4 4 

4 4 
® <0 
— 4 
4 m m — i»t iM 
4 10 - 
K 4 

® 
4 < 
X I 

4 4 4 4 
^ mi mt ^ 
O « 4 O 

4 4 
O 4 

O i* • O 
— • 

4 « 
4 4 

- O I 
i I 
' 14 
4 

® . 
4 

XX ir 
4 4 m 4 
-44« 
o IO X X 
«44« 
— X o 4 
*4 — 
4 X 14 — 

® XX 
4 0 4 4 
O 4 — X 
— X ® X 
4 X 4 IO 
4 — O X 

— 14 4- K 

4 4 

O — X 
I I 

I 
O *0 10 O 

I I 

0 4- 
X 4 
4 X 

O X X 
X ® 

O o « O 
4 - 
O 4 

O O ® O 
X 4 

X X 
4 4 

10 4 
4X0 
4 X 

4 ® 
— — 
4 X 

O X X 
4 4 
® X 

0X0 
• O 
X O 

O ® O 

O X X o 
4 4 
4 ® 

O ® 4 O 
4 « 
4 ® 

O 4 « O 
X X 

® 4 
X 1*1 
X ® 
X o 
® — 
I I 

— X 
I I 

® o 
IO ® 
4 « 
« 4 
® — 
X 4 

I 
X X 
4 4 

i 
4 10 
4 4 

— 4 

X 4 <0 ® 

X X 
4 4 
— 4 
4 — 
4 4 
® X 
O IT 
— X 
I I 
X « 
I I 
« 4 
4 4 
4 ir 
X O 
ir « 

4 4 
“> 4 
O O 

4 4 
X -» 
4 O 

4 
O ® 

O X 
I 

O X 
4 
4 

O 4 
X 

4 
® O 

ir o 

¿ 
ir o 

o 
4 O 
® 

4 O 
4 I 
® X 
— ir 
ir ir 
X X 
4 4 
ir X 
I I 

X 4 
I I 
4 X 

4? 

ir ir 
X 4 4 
4 ® ® 
X ® X 
X — X 
— 4 ® 

X o 
a. X X 
4 

& 
® Cj - - • 

O t/> O O o t 
IV « 
tr X 

O 
A 
X 

c 
& 

®c®®o®ir &¿®®o®® 
4 44 44 «« 44 
X «4 ®«C 104 44 
X0XX044 X ® ® o 4 ir 
— O® 4® 4— ®X 
4 44 104 4® —O 
®4 — XX4^®4XX9.(r 
10 ®® C4 «® XX 

X X O X 
4 4 4 
4 0 ir 
4 0 0 4 
® O 4 
O 41 - 
ir X O — 
01 ® 4 

X o 
4 
ir 
® O 
® 
4 
® O 
4 

X ® 
® — 

I 
X X 
4 4 
X O 

5§ 
4 o 
ir o 
X IO 

«44 
•4 O « 
O 4 « 

4 ® 
X O 

OO® 
IT — 

~ ' O — — 

¿¿ 
0 4 0 

® O 
IT O 

0X0 
0 X 

»- » U JV n 1 ^ IV 
Z440XX— 4 
O IU 0 0 X — « X 
X u: X «i m ® «- i>, 
® O o. 0 ® X c< 0 
xa ® ti *. X — c 
3>« CC<« t 

c •••••••••••• 
U L/ C< ft C Cl Cl ft 

* 
Ul 
13 
C 
il 

•V 
y 

a 
AT 

a 
c 

O ÍN <N 
♦ ♦ 
h- fN 

^ « r* * O 
K fN • • 
kT ^ ^ 00 
* IN IT' * 
— O 

^ c ce c-c-c- 
J* « «. ' c c c c 

• 4» *> o o ’S» 
^1UC304OOKiO 
^ M O O O O O 
Cl •••••• 
♦-« O 

NN «r* ^ P#} 

Z 
O 
a 
a 

o 
u 

* O 
• • 

— <0 
fO «N 

G 
M 
X 
tu 
X 

0 4 
4 

4 — 
4 
4 

® 9 

4 O 
4 
ir 
4 O 
0 
4 
4 ® 

0 0 
4 4 
O O 
m ® 
0 ® 

4 4 
4 

4 0 
4 

0 0 4 0 

O 
0 0 

X 
4 0 

4 4 
4 4 
4 4 
4 — 
X X 
X 0 
4 0 

O ® 
4 

O 0 
0 
0 

4 X 
0 

0 O 

044X00000 
4 4 — 4 4 4 4 
4 X 0 0 4« 
X4 — 004 — 0 
«0 X 0 0® 
X 0 X 0 0 M 

t 
a 

X 
I- 

« 

0. 
c 
a 
T 
O X Z Z ï tu 
li o- lu lu Z> Z 

«U 0 « O « u — 
-tr or o lu— rr 
«tucx®aro> c 
x_ioax>j_i 
4IU»U— *_j| 
IU X O Z O « O 

tu 
O 
c 
X 
Cl 
X 
X 

IV 
X 

4—04X44—4 
4 4 4 4 4 4 
X OO O0 0 
44004 tu® — 4 
0 O® SX « 
0 X 0 X o — 
XXX0®0 — — 0 
— X 4 — » 
• Il II I 

4 - 
4 
0 

¡r 

0 ® 
4 4 
O O 
O O 

0 — 

I 

0 0 
0 0 

X 4 
4 
0 

- 0 
O 

4 0 
4 
4 
0 0 

O 4 
4 4 

0 0 
O O 
O o 

0 4 
4 
0 

0 0 
4 
4 

0 0 

4 m 
4 
0 
0 — 
4 
4 

4 4 
4 4 
0 0 
0 0 
4 4 

— 4 
4 
ff 

0 ® 

I I I I 
0 
I 

O O 
0 0 

I I 

4 X 
4 
I 

4 ® 
4 
0 

4 0 
4 
0 

— ® X XX 
o o 

0—00—0000 
4 4 4 4 4 
0 0 tr Q O O O 
0—00—00 
0 XX 0 0 
0 0 ® 4 « 
• «ejpirwoooo 
tf Ki rw K K o O 
I II I I M m 

O O 
O O 

O O 

Ul O 
* «4 *> K 

Ul » • 
1 ft 

ft 
z 

a 
\ñ 

1 

-i m 
% 

o o 
o o - 



) ' 

c 

o 

-M 
O 

€• 
uî 

*4 
U 
-4 
s. 
Al 
1 
U 

s 
t 

s 
r 

U K> 
¥ ¥ 

* f* 
J •- 
* «* 
4' «- 

— t. 
« • 
-• JÍ 
O t> 
X « 
A X. 

-r # 
_ • 
f 4 
X 
ï r*» 
Âr 
-i • • 

O C 
¥ 

-I er 
-4 ♦ 
D O 
r* X 
.* rv 
• (V 

^ ** 
4 » • 

• I 4 
* J «H 
; es 
t f* 
^ rv 

• « 
a • 

O or 
tel O 

Ul 
• O 

O «• 
I* 0 
¥ f- 

IT 
%r 
*« 

X 
• -a 
x> ^ 
«ï r. 

VJ 

3 
Q 

c t 
♦ -I ♦ 

•►. r. 
^ ► rî 
^ a o 
o u 4* 
•*. ¥ • 

e> c* 
c c 
O O 
« 4 
'> (1 
lT. •- 

I O 4> 
a ¥ 

f\ 

c c 
O c> 
♦ • 
IM CT 

1*4 A + 
w tn f^ 

rs ¥. 
IM X* 

• • •• • 
O â- 

^ r r 

J 
* 

• ♦ 
a 

a ► ^ 
¥ i ^ 
IV X 

4 4 
l* X1 

O V* 
* O 
¥, CV 

¥ «V 
c. «r 
c c 
• 4-4 

(► * » 

c. c 
• ♦ 

** O »> I 
a I ¥> i 

* ^ J\ 4* 
O CM X 

rf* fV 

4 IM 
t r 
«-■ c» 
• 4 

X IV- «H 
X *1 T 

n 1- au 

Ct 
a 

jT » 

j. 
Ui 
ft 
a 

V 

O 

X c* 
C ». ' 
» 4 

O1 r* 
4 Ow ¥ 

O ^ 
4* r4 
4) 

c ^ ^ ^ rv. •» 
C C «44« ««« 

• *•.' C C* « c c c c « 

^ » C» ••• 4 

« C 

¥ X X •* ••• * 
V«« «C 
e- 4 c» * #* * c» c ¥ 4 ' 

« * 
C C’ 

U.«0¥;X¥V*0^¥0(M(XOX<r -»'COjO^^XÍMf^^X' 0¥V^*C4^ 
*« r**ë^e4<4^»4a« ^ » 4 iv ^ 

«jOA-rif'ir'». cx'rv^fMfvo^fv^x »04 « j S' r* o»^ o 4 X rv r 
«IIV a J'« CV^kTtf XX^ I^XlT *-fV«34K:4 c — x ^ k, ^ 4 r *^4 

OrOIM-OfMO* fM 00^--4^14 *4 ^ t> *-• IM IM »O 4 ^ fM fM IM 

^cV« «cc «cc rccct ccc ccc «.c cc4 r«c ce c 

U. X 4 
a rv «ï rv j 
j * «- . « i 

4j ♦ 
cv C ^ - ^ ^ 
O _J _J O CM 4 C' C* 4 rv. ^ CM Cj «j rv* •» C\tM-J 

C ^ 1 C. 1. <v «J ^ IV J ✓ -I f -r CV C> ^ « I^-C 
X 1 _i_i_i~iucjI-> 1 l^rvcv^ro-ij^fv rv 4 4 

- - - * - * ‘ - .vt.*i ‘ L 

4 
f\ 

y cm 

C5 ^ 
^ Va 

' . • f 
• « X 

* X 
tr « «i 
X V 
_ U ► 
4 4 kA 
C f» c* 

C/î 
.•.•«- U 
C C t ¥ 

« *« 
4 1. 
4 V 

♦ r** vj a» 

%. %- * « 4- A. ^ 

*»-" «V S <1 fV4^*k¥«V444l 
C f C- « C- C C O C t ** < 

« « «V« «v ««c»v«4 

«4#> «<¥V4¥4 O- ¥ X » X CV 4 c 
lAxcc^v-c^fXCC'CC *-icrv»*i\ 

« • «•• « « « • 4« • «•• « 

€-. I/# 
IV ✓ 

w r 
L> 4 

> A. 
a ¥ a 
t ¥• 4 
rr 4 

uct»a^4^cv*-i^«¥'4xvco4;cvx^¥»r¥Cvi# * r < -c 4 
o ¥> rv r* (\i 4 X r^ (V o ¥ tv rv «-4 « «h x> rv (M «-« n *^3 w*** 4 r* x x 4 

ui IV « •- fV fvo ¥-¥CVfV4 4K«CV^-¥ «X 4 ¥ 4 X X « « 
-jx cm X «o ir co o X ¥*or*4X0cvc C4X.X c«cvix»*ors 4 
t V ¥ r * r • IV. 4^ fVl^X « X|| 44© •* r 4«*tV4r«V* 4 
j ••*•••••••••••• ••••••■••••••••• •» •••••••• •• • • •• •• ••••••■•• • • • • • 

4. 4. « «.• 4 4 4»V A 4. 4- 4 - (41 4 C. 44 4. « 4 44 44444.44» « 

¥) 
Ul CV • 
•n rv IV *i -ï Jt ^ 
4. «V ^ c; ti r. .j 4j c r 4. IV a C- #v cv ¥' ¥ -i 

i xi iMuuxoiMj-iurv^xiii^ooev^aoito 
X O -J íMIMO -J-J-J-J. J-JOLJ X II IM'M'0'0-JJ^04MîM¥¥-* 
J»UOUUU¥U4 44 4 4UOUUUOULJUL>uIX I * * U U 4 

r« ÍM r\ X «■ 

c: 

M 

a 

•t * « 
* 4 • 
u. o a 

4 C* 
u;x t' 
-JO 
O «H «D 
J • •* • 

* «» 
O 
• ¥s 

<«» C 
C- f * 
I« I« 
r <* 
¥> 4 
^ 4 
X <C 

X r* ¥* r« rlí rl I 

C 4* 
C « 
• 4 
Ct 
4 X 
cr XV 
t*} QL 
¥> 4 

IV X 
c I o 
C • 4 
4 
X. ^ 
n 4 
et 4 
CM ¥V 

X « 
«•« • 

C « 

» f» 4 X ¥ 
«« r« ri 4 ««m« -4 

« C « 4 I. 1 
• f 

« f* 

r> 1* 
« O 

et « o 
• I fM ri 
. C « 
• • V« 

fV r~ 0 
¥ 1« I« • • • • 1« • ,f I# X 

CM 4 ¥' O n 0 ^ r- f. CM ¥ 
X c ^ CV *0 0 r J 4 W 9* J 
^ xxcMir^x t.*^ X 
ri X «M X5 X X Xrf0‘X at. O ri 
r-» »O ri ri <4 K» CV ¥> ri »r C 
• «• • • •••«•• • • r • • • •• • « • • •• • • • • • • • • 

O C* C O C» Ci O O O C» C OC* OC*C'OC30C»*’ ce «ï c Ci O 

r- U 
4 
O 

«ï •• • ¿ ¥ 
C 4 «I* «• 4- 

V - • X, 
• -i — « X 
y -4 t-' U. 

• O U V ¥ 3T 
¥• X" “f ►- 
C 4 ¥. J X * 
ev t C O • 
_J J C O 4 X 
4 U # C S. 

C c» 
4 ♦ 
O ri X 
o 4 t: ^ 
CV c u. V 
« 4 ¥» > 
4 4 X ► 
• 4 ¥ f 

. • - U 
• » 4 

W C 
O r* 4 
CM 0 C 
«1 « /> 

r i 
W 9 
G 4. 
• ¥ 
a 
o 

•r c «I • ¥ 
♦ 4 4 4 C 
I » 4 ¥ * * • 
r- -i o ,* r r 
X J 4 «a* 
« ri } 
X X 4a» 

• • -J 
K 4« Ul 

X 4 

¥4 O O 
«J C O «r f* 44C*>4 4*¥4 
«« XI CV I I CV _ •%¥ I 11« c " « I • * • 
C X X ff* 4i Ci -JO -J-l-l-JUtll »1Ä»IM». 4 -í^^Jrer, 0«V44. -I 
¥ I « 1 t 1 11- 4«.44 4 4441141 4 « 1JI 1--14 «.41 

¥ 
a ► 

•••-*¥ 
t* C« 4 ¥X 

I tf 
X JP • 
r U * < 

• U. C 
X» M 

« 
X 
f* 
X 

m. if 
V « 



i 
J 
•il 

"2 

Û 
'.W 

§ 
J 

$ 
C 
«; 

Ä 

Ul 

3 
< 

v) 

c» 

a 
c 

D 
a 

«j 
IM 
S 
*M 
T 
U 

jr 
UE 
Ul 
1 
►- 
C 
ac 
u 

c* 
♦ * + 

2 « 
2 v» 
< ** 
i# » 

C* 
*. c. 
¿ • 
-1 
O » 
V c 
& c. 

► Cj 
^ « 

C. €• 
V O* 
Z 
2T a 
-#• • 
o c 

» 

M « 
ï# C 
U « 
Má ^ 
• IV 

a ^ 
o • 

✓ cr 
Ul « 
»Si c 
C' «D 
O « 
u rv 
• ^ 

a • 
Z c 

c 
« 

u m 

K C 
a • -J ♦ 
t U •• « 4. 
e ar ir ► K 
m. u m a o • 
a o o e 

•». » 

O c» 
t' O 

« # 
» «r 

IN 

C K 

c. «-»^r «'■rv»#* ^ i# ^ r> a r 
^ '» ®- • C «'•Cv*,CC'4,«r*aM<ViV« C€ C C'vft *1* 

• • «> «* c* c» c> o e» o C' » «i o c> ocoocccjoc c- ei «• o * 

—* IM «► © © © fw © <c « «r! © ©iHirNCDMlC:©-©*» 

çrîfü^riîirijiriririrîjiji.i^î^^trirL^j* © o« © s 
c © c C c r c c c cccccccc ccccV c V c *c VV*c V 

U 
f 

♦ » 
«V * 

» r# a. u 
** PO c- 

^ ^ t 
í>á © ►- 

•-» fl c -J fl 
° -1 _ O-I-IO o. ^ o o « ci «o oí o c * rw 
m. c « loofN j^jc-rr^e^ 
a «% -Jcv i z z «i -i -i o ou ox ï ^CMfsirPO-* .»^ ri 
J- J «-U l*^OC4. o C ^ 2 

*o n cv -i -ï 
O 1 ¿ O «a 
«V ^5 « « -J PO 
- *> w i. ■• w » 

« J 
O J 

C: « 
cO 

<r. ♦ 
© © 
^ © 
z » 
• 3 o 
X) 2 * 
-J o»r 

oz% 
2 » 

©r ♦ 
♦ © ©• 

-J O- « v« I 
►< © O c 
* * ► © 
1 « 1 »O 

© U • 
•ft- C3 

Ol ► C 
e> rt c 
C V 
• X © • 

3 © 2 ^ < 
1^ « 

C C» CJ O C> O 
C C> c c «. 4^ , 

» ♦ ••••*• 

<r ©» © r + K w+ m «.«•«** 
0OC«4OCV«>«f\. 

cct-ccccca « c-- « © « « • c « c v « « 

ti* IV 
o »Oft- fts 
* PO O 

3 
a 

i o r* 
v c- 

o ac 

Z- •* 
o 

► c- 
ft- • 
'f i t 
w > r% 
u - 4 
€ ft f» 
X 4 

% O 
* X e 
o X • 
♦ ^ Cft 

•v * : c «v 
T "O O 
X « 1S4 r* 

» « 
«4C •• 

C «* 

« \ 

ir 

M 

X 
u# 
a 

© 

i9 

<► 
o 
X 

X 
X 

•o 

« 

& 
X 

IftXlfs© C©CofO|fV^C* fV© ft'ft’ilVCV© PO ftv rv PO X pr 9 c.€ 
. ^J^»rjtift»®©©r»©©if\©iOft4fsoi^^ fVv-iPOtftfftcvifti^^c 

MliVftv© ©io©© « 
—I ®- IV C ftv f\| or Cft «O (V ftN Cft fty ©> ^4 PO © fs © ©i © PO 10 «•* X v4 © © — » 
*-••• r «•-•'•''- * « i» r. r *•*-«»..-«» «i« * » r T ^ 

«.■ 

c 
X o 

4 
e «o 
U p^ M 
r -X 

» • c X 
X a 
C5 * —y 
V V 
- V ft 
* u 
tj c? e 

X 
. v 4C 
c X 
© «4 
♦ z 
C X 
O©' jj 
Cj U. —. 
•4 XI X 
l\ 4T «* — 

II t 
o « 

> u 
a X/ i# 
ex*« 
a «• 
ft 2 
2 

' «U c. ©* ©. C- Cj C' 4 c- « © C- © ©. ©©«©©•€ 4J 

»X o 
l/>U 

Oí ft 

X 
-ft 
u o 

ftiiv 
©> o 
©*o 
ft ■ 
w4<€ 

IV 
Z X 
tv m O 
0 0 2 

IV 
mß 

rv o o 
_ft -Z-ft 
o © © 

OI 
IV PO _J _J 
«3 O ftl -i O t.' i © o ir © • o. 

ft • o o 
o ^ ^ 
-iC' ft. 

O'XOOI^^OOI« XXX X 20001 2 00 Z X o O. X O 
—ft —i —ft —ft O O X X X 0101^010.4^20^ Oify©« * _j i o 
©^©©OOOOOOOO OOOXX X 2200««0* 

"O ftv «4 , 
«4001 
«i C O I 

O ft4 s . • 

o ft Oi fi IT © m r» 
-Tft: oiTPOOf© »4 1 
©cooooioo _ 

©I0ft4»4«-4©||N© WPO 

© OIIK OtlXfft© «4UV© ©©©©fH©(V©Oo 
C« 0©> OOOO »4 «4 «4 vtoc ©J »40«4»4CV»4 
o c c> o o o ©• o C9 c © ©» c ©> ©> o ©• « > ©-. tJ 
ftftMft«»»©»« ••ftftftftftftftM 
ir «ftpfpipo© ft. wnioi«1 © ii* ft* po © vi© o© «4 
•r ftpift »©©ftî ©• © r* oft)©© » f\ © « «r n 
© o» n » po »4 © ©©«o© «^©©©ir©©^^ 

•ç •üî.® - Ol© «4© ft4«4fYv4v4©Oi«4f*)©PO,4 

O «•! 
X •• ^ 

O t 
o © X 
O X 
c. 
4 
v* a 
o o -J 
r- U» X 
© X) 3 
© X ft O ft t 
• U 

C w 

> 
a 

>00000 000©M 
3 CT 

C. —I • 
• © © 

• .« * « »« 
:î © ^ © 
. » ^ o 

4 : 'O 
ft* u • • 

• -I o 
< V 

O 
toi < 

V Z 

r 
IV c, 
ft Z. Z t 1 

IV 
-J O -J . 
Z> 2 © « 

o o 
««c m «m 

1 — 1 111 t. > «: 1 j 
i-i-iuuai 
«•«•»i» i 11.1.1 « iijjTrr"? 

2 • *4 
Ul * • • 

i o o 

© *t Z 

y ¡ ilit 



lí' 
I 

U. 

U) 
—* 
* 

i 

ûl 

a 

r f 

il 
X. x 

“v 
V) 41 

î f 
fS _ 

\ i 
V . H» 

2 ‘ 

il' 

c •-• r«-a^^4.j% <fv «-tf c\ r *>* ï» ^1 ^ t 

o 
» 

tr 
mi 
C 

ff 
c 

> < 
I *-• 

» 
-J^ 
-a 

X X 
^ « 

^ ♦ 
- O 
r •- 
V »•• 
F C3 

J C4 
« 

- t 
. t ^ 

4 
c 

O + 
<r m 

« « 
9 (M 
* t\ 

• • o c1 «■ ' c> *4 c.* t. c «> « C' « «• cî c*o r* « « c* c cj *, cj «.• c e* 
OC §»»•••»• •• «•••• »•••»•»• 
U. O'OC^O’OOfM^OOiODCV^J^C^fM^r 

r^«#j«rcivr ^ ► a rc 0« ^ * o ./ « 
X. ce « rv C o -• o o < C.' C1 ^ v "D a c,^r^cv^cr^*-* 

4 « o cv ^ ce a'crc'^^cv^^ofrc^cv 
oco CMW wo* «^«hoi^ •-« > if> ^ *-• rv ir\ ^ «4 rv oí »0 ♦ «4tAo 

ccc c c c c c c ce ce cccc C fl ce c c 

kJ 
1 

a ♦ -J ♦ 
4 •■ » ;\ • *. 

C3 J • •- rv •- 
*J D • U w • 
f-J o L» » 

O . • 
CJ • . • 

c • 
ev ^ 
4 r 
« et 
K 

OIXl 

a «V _.iv j 
4 A <* C I .4 

O 
«V c rj ^ IV 
O-ft-JO rv « O O VCVfOCVc.(l(V 

r 4” 4Í u i.- fv _• _j _i f\. irf’jf ^ rv c ä 
xi -j -i »i ~i (j o o 1 ï ✓«vrvf^fr.j.ixCN 
*.*. >m*4aí^^4.C^ 4 V. w a. k t. 4 4_ J + . 

IO rV CV .mJ m% 
V I ^ C -• 
ev ri V ^ -J »r • 

c a 

S c CX 
c- c c Z 
Oî • 4 4" 
• f* « —. * I 

L> <« «. »"4 cr 
«• CI « r # c 
o c* r> i r > 
• 1^ 4 V. 

ir 

C. -r 

rg ► 
e ü 

o c* 
c c 
O CJ 
C 4 
o* ir 
•h« 
c-o 
c « 
r ev 
• • 

o o 

CJ c- « C C* ci O C' •* €S C> CJ O C •-» W« *4 •« C; c c c 
•* •• •* •« «.€ •#«.■•«» •««.« 
»♦ » • • ••••»•••••• • • » »etc 

~»vrrvccir*-«o>««r> 

•-« « 
ft«CC 

- - - - - 
«c iTvCVC'Cvfv^fr^^f^^ 
- - —--- r< ev V «. rv i 

rv 
--— - - --— -o ev 

r« fs r ». V r. V ^r» «-»ve v« 

» . - ^ ». « »f^vivc)«-,vr»«fr»<4rr«‘rrc 
«t> rjf» vx.iK09fv«'<ti(v«4r;«t^ « « <n •* t». r > « ^ ev v v. rv 

^ríiTiÂs c » a o » c. «f^ n ev ir x f\ » o a ^ » rv 
«* vxxjec^vjc^î»^ * c rvr:x v X <► * ^i«r.orv 
. r •% JT . v V lv. c r ^ - - - - - —- c * m i* * 

1 ••* _ ._ . _____ 
C.C4C CCC.C4-CCC CC CC c c e c c « »C*«.« c c. 

4 3 ^ v « 
f r- ♦ 

I * # r* 
I J» X» -«V» O 
I O *4 «J 4T 4-4 

OXS Cl rj •- 
o f r. c. 

X c • 
• » 

« ■*> 

CV < 
XV CV 

a 
a 

V 
t 

13 

~è X 
X 3 _J 
l/l U 

\ 
rv 

00 u 

ev 
CV ^ -J -• 

f €4 rj «4 C4 CJ r « «. iv ■ « tv» mJ c c. r -4 c. C.I r. C. «V U« t C\ ev «> ^_>«« 
* rwu u -r o rw j j L» n» w j 1 * j ,f o o rv 4-30 r * u o* 

1 Xîvrv-î'O^j^jx o^rv-vrw _i _f 
U2U« ^^^AIUOOOUUOUUOUI X X X X U o •« « ï 

• O O V 
r; X i 

4f^ rv rv c4 ce 
«-••«i*rfo oc>*4c-«-4*4rv« 
C* « I c c c «-• c c* « • • • • « 
tr ••••)• .•■«»» 
rv xi tt o. r o evo^o 1 
* C\ * « fv r i ^ es i X* t 
<] *4 rv a X f\* *o cv r • « ^«c 
fOrtr*»«# C IfS (V JS c; xs 1 
*4*4 «4«4 -»ir> rv «4ev ^r rv 

» o 00 o o CJ c* 

* * c «o « « 
»•-î J lie ï« 

llttt itlj I 1 « « ex « 



« 
rv 

* 
o 

C.' 
U 

a 
c 
n 

i. 
3 

ar 
m 

3 
a 

t~ 

X 

X 

a 
*» 
o 

♦ 
cv 

a j 
a *• 
•4 <4 
r •" 

c 

« » 

ta o 
t 

X 4 

► C 
* ♦ 
• • 
C C* 
X c\ 
t 4 

C.'' C» 
p 

*-4 ♦ 
D ^ 
ÏJ 4 
*4 i* 
• (SI 

Û r-* 
o * • 

*« 

o 
« 

«* r 
ui « 
fsl O 
O 
ft 4 
u CV 
» 4 

a * 
!■> «' 

* 
♦ 
a 

Cl 4 
V 4 

c c* 
♦ _J ♦ 

•• 9* r r* 
k3 a t\ m 

a » o X 
ta ocao 

cs a 

* e- c 
•> c C 
3D » « 
- a a _ a 

O 4 o ^ 
i» • ^ ► r 
If c « f 4 
• 4 4 

vi 
i/) 

c. c 

4 CSI 
C- c- 
c. c 
» * * 
« ■ o 

o O 4> -I 
o ^ o «-n 

2 O 1 4; 

fc « 
9 9 

^ IT C 
«40 »O 
O rf 
*- (S 

c c 
o o 
♦ • 
(N « 

>nsi >* 
^•4* m 

» X 4 
fSI 4 

UI o o 
It t 
X o o 
r ♦ ♦ 
4 0 4 

a «4 «r« 
O c- 4 
► 4 « 
1 K (V 

> o o 
If «» o 

• 4 
1* 4 4 
* ** j* ■« 
O CM © 
M r CM 

o r> 

rM 
u 

• ♦ 
' t- ♦ X J 

‘f f « 
■a. ► ■i 3 

> J* o 
► « 4 ••' 

- • r 
o 
a *• c 

c- o 
> «T. C 

I (» I e J 
«4 > IT . • 4 
r* ». V . ^ 
. » 4. 
u 4 
a • • 

u «4 o 
o o 

./ c o 
4 « 

4 O O 
. 4 CM r> 

o •> 
X Pv «-« 

1 . — • 
✓ o o 

* c « 
O O 

-J • 4 
4 4 0 
fr * • 4 
> JIN •« 
^ IN O 

d a* 
a »-« 

O 4 
CM ^ CM X 
A 4 ». C I C 'w 

« ♦ • 
IS c. r IN r. 4 
O -J -J O 014 0 0 4«M«OIMOO(M fO CM CM -I -J 

C^XOOCV^^^¿P(M X^XC^CMC. 4 C 1^C4 
XI _/~J_l_jUOOX 1 ^IVOíK)n«J.I^CM CM K) « 4 _J 

-nx^C.OCC)t. CC.OC. iwd AJ«« t Cw**c 

a 
O c 
u. O U» 
' * • 1/ 
I « X 

A X 
C- 4 -J 
X X 

1/ ► 
4 4 U 
u e e 

C/Î 
- » V 
c c (/ O 
C 4 C 
♦ X O 
« X . ■ 

«4 91 «4 X 
O. ✓ • Z 

4 (. ^ 
0 4 0 

•*) 

4 

(/ 
UI 
a 
a 

V 

o 

CM 
9 
O 
K) 

a 
a 

CM 
fS- CM 4^ _j _f 

IS’ -* O c. ra 
_ X XX CSIOO^OM-A-I 
X O rMOiO^J-J-J-l^i ~JO 0^aix«4(4<-f<-*-a-v4ro4rv^i . __ 
1^00000X04 444 400000000000 X X X 2 70044 

4) _J -* C 4> 
> -i o o w 4 is ii^ •.• is' rv m 4—10 
I O CM 41 X XlXXOOCMjrOOXXOCM 
► XX X«IM«44»-|_»^04(MîM44 -A -J 

m~ w4t* 4J|^ «4^4» 0149 4 4J4»9* «4» ««4(70.4 4 4 CM 1f\ 4) €J «4K9 
ooc- «« r>ooo OOCJ o o o o c » c> *« «-( «h «-( o r.- t* «( c* «• cm CM CM 

• oot'C. o o o o c» o cj o o o o c> (t t. t ‘ c « . c o o « > o « » r c» o 
«4 44 » 44444444444444 444 <1 44444 4 44 
4,917414, tf*s|NC:««*!fSl* ^ 9 «r 4 «4 «- 9 ^9^4 410^4^^109 

C/ O 4 <4 (V «^4* (70 C^044)4ir<€ 4499 (Mf»j 4/94* C 47» 
UlfMfOO «^094)4 4)00.401017^-99 4 9 4 IS* «O O 4>^*i «? ^9 
0090 4 /04« «r4CD«(p». CMOOCM«OOI740«HCSI9 O*)* JS O 4N 
O «-* ® 4 9* 04 9* 9* *> CM K) CM ® CSI (l> <r» K) US «rt 4 K) »7 «« «^ PO PO «39 9 (7CM 
7 mm «R •• mm mm m* m* •# •• •• •• •• •••••••••••» •• •• •• mm mm 

09000000 oooooo ooooooooooi 

M O O 
O OOXIM 4 4 C *> 4 45 

L Of CM ISP». 1 XXC C^4t 1 
aOlMC*) O—JO —J —J -J —1 O O X 3 X fS7ri4IO_j «*.i724)(C O 44 
iri«4 t c ic^4444«jaxx. at c a t. a t xxx« « t t. 

O O X M X 
7 cr »-« 
4 ir -j a » 
X O O » 
.JO O 4 X 
O 4 O X 
4 c 
4 ♦ 
9 *c a 
O «4 o -J 
<C c U. X 
4 <t• tr :? 
JS ^ X 
• CS. O TL 
O - U 
J t. 4 
4 4 c 

m r € 
> 0 4 

a > ♦ *h 
**•«►► 4) 4 
i o 4 i-* "O ao 

X 17 4; O 
O X • «-• 
4 U. C • • 

♦ Uj Q o 
X H 
4 '• 
1 _ • 



rr 
a 
• 
T 

i 
« 

TT 
CV 
r* 

4 
c 

tv * r IVI a 4 4^- w-t\4 r M 

e c 

♦ 
«M »- 
J r 

♦ 
o 

u « 

4 4 
CJ 

r^ir » 
*40 CM 

» 4 
*- f\ ► 

« 

- C"- c c. C ( C~ O Cl o o o 
»♦»»••»••»»• 
U OCNiX\^ OO 4) fu 

4 * <V C. ** ft a v 4 
^ O'Ocr^x *4 -r c. r\ <> 4. 

^ — 4 r* 4T ^ tr <v c 
o^O(M*<K)i«r^c *4 rv *• Kj 
j .•••••. •.•••••• • • •• •• • 

c c « re cccrcc 

X ^ X C ^ *4 
« * * * * r. 
C* O € O C- 4 

4 I • » 
C.» O C C« «- C C-- C c> O 4 t C 
• »•t»« 044419 4 
C4N4>^C^Oi|>r< If\ 4> Of «-* o * «-I o<s> *4 <K 
“ “ " o r « o ■ o u ». n a -» r\ 4 r 

« 0 

**i C o O /> C 4? 4i C ir X’ C‘ a CM 4’ o CN > X 
^ 45 < o rs -V X a- o 'r c cm 9T c x O- a er» 
® ® O Ol XV O* 4) ® Oí O 4- ^ »*4*4*4*4*4 

" • X 

0 ^ 
e 0 «i 
V X 
~ u ► 

c c c c c cc refer cccccc cc* 

c 
»*> 

c * 
O C« 

u c «* 
ifi 

' * X 
C X o 
c -» c 
4X0 

•X 
_» 
C' 

*: » 
. ^ 
o o 
X ex 
A o 
* r 

c a 
«* o 
n 

♦ -I 4 
r. r-. ;v 

o o 
4 • 
o o 

-J ^ 

I 4> 
IV C ^ - 

> -I CJ -J -I u 
i C C C. X X C 1 o 
0^.01 XX «J -I —• 

O ci (V X 

Of 4T C‘ O 
o* 

^ cv -o rv o i * Of 
1 - J t ^ o c 

Of Oí _J «J 
I X c. «C 

*4 V 
Oj • - «Í«J-X^IV 1 « II ^ rv l ✓ rfc 1 ^ c -a rv* -.. 

uoojXxo»oi^w«i.»xoi o. 4 c _j -r • .^c*- 
w*.wl i.vww.. t* .. 4 Mi». * 4. k. 4 V 

^ M 
o a « 
o u o 
»V *- 

^ o 
OI *o 

W r * 
O 4 C 

O O 

a 
c 

0 
D 

a 
in 

c 
c 

► c 
«* 4 
. 4 
4 a 
X o. 
X IT 
ã X 

i* a 
X f 

uU o c- 
♦ T 4 C 

C C 1 o o 
c C r 4 4 
• ♦ *: V *-» 
c _lfv 4. 
+ 9* %¿ •:• X 

► c r 
0* j « 3 
o c c 

« 
c 

IT Of 
M 

X. 

« ■ * IV ft t* WC V> 4V 4 r> 
o c* c ' •« «:• o c o *- cr c^ 

m * 9 9 r « r- ft 4 4 • • 
344» 04000440 
u * o o a <3 »- * tr 4 e o 

44 *-lTOiOC0OC IV 4 
h*J4»C 4 K.CVOOO®«« 

o »^ « fv *, a 

1 ••• •*•»•* •»•••••••••»« 
«.«.t et c cc tee 

XXX 40« 0W0* tf* O 
en O «H »- • *4 «H 9+9* 9* *• 
• ft ft. * fl ftft« « I 
000000044 0 

€0 0-^4 (0O 4 0T CC 
IVOO ® OiftN O IV 
4 4. c 4> o 4 O 4, a 
*-» 45 4 C*|0froc 
• rc^mc-w-o •-* 

•» — « —W • • • • —«k • » <■•. ••••>■ 
c. «. • ft . ft c « c c c ft c 

C.1 »4 
^ « 
• 4 

4> C 
*> a 
X 4> 
0 X 
4 4 

4 O» O #• c 
o» •-* 

• C ft « 
Oí 

a X« u 4 
X X- 4 » 
a 4 u 
0 > 4 

0 « 
c: IT 

9 
4 C0 

0 4 
u* * 

ft *• C0 o 
O 4 
C4 4 

ft » ft ft 

C O 
9 

o o 

4 4 

3 
O 

o 
M 4 
^ a. 
Lf rft 

XI 4 Oí > 

XI C. C rr 
4 c ft 
* 4 •- 4 <n ,. - 
4001 «X XOj\ O 
X X Oí - *-1 O Ol *4 
-re «V -j*- i4 ^ k: 

CJ «4 U 4 *- *4 
X C0 1 K L-, • • 

a 
a 

o> 

« 
9 
o 

ft- O -i 
-Ü X XI Of 00X0 
ao-i oicvo-jj^i-j^i 
XI00000204 4 4 4 

Ol 
90-4-1 

♦ • o 
r 'o ^ 

4 -i O 4 e c; r. -. ft- ft. r; c o « * « o cv «> 
Of -4-4 CJ OI "O X X I X XOOOIZOOI X CJ Ol t 
_JU U I XX OICV'O'O _J_4X O 4 Of Ol 4 4 -I -J -I 

I > t 1 t ■% L» L* ft_» LJ M e » l 1 l » T T ■■ y 7 1»Kl4Kftlft) 
I VJ V-f J -M A »» \» r ■ * _# __J «T •-* 4 «V ” 
OOOOOOOOOUOX X 1 X xo 0 4 4 0 4 

4 
* • r « 

3 ► « 
C- W. c. 
V • 

- ft 4^ 
4 t; _*j 
i; ’s •• X 

T *-« 
ri .. a » 
o o « 

C» 4 X 

4Ï 4 
at o. 

ft 
M 
a 

4 *i 
a *■ 
o • • 

T 
L* 

f 

T 
X 

UJ 4 
»V 4 
o o 

c. 
a 

u. o* 
I 4 
a • 

« c a 
u 

4 'V 
«. X 
C‘ r x> 
9 4 4 Cf 

I *• O O 5 ft IV 
i f -4 ‘ ^ r> 

«► * ft a JO rs» rs. 
* »r o 

ft i • • 

• • X o 

Q 

Ol 

rs 
« 

o 
<t> 

•4 *ftOl 4 ft 
O C.' • > *4 0 

• C • ft* C ftC C 
a 0 0 0 0 «9 0 
U *^0 9» * *4 c 

4} *< 4 0* *4 O 
UI C OI X *- 4 
-J ftD *4 4 Ol 90 
o C0 C0 « ro « *4 
1 ••••«• 

o O CJ 

•«»10* 0*444 <4^4 
O C« 

I • • 
c o 
* 4 

r*i *f 
c. ei 

*4 ® 4 Æ «O IO 

C» ft 
0 0 
0- 4 
evo* 
Of® 

14 0 

Ol 0* 
*ft *4 
C»f • 

C 

Ol 90 

o ft 
4 O 

4 ft 

*4rO*4*4*«4 *4014 *401 

ft ooooc-ooococ* 

90® 
• •• • 
oc» 

ft c 
*.• I 
I« 0 
o a 
a * 
ft » 
O *4 
ft o 

ft. *4 ci *4 Ol Ol 
C « • Cl • C • ••* 
0 9 0 II 19 0 
o a *-ir 4 4 
0* •- O O ^1 *h 
«• c <W 4 ® »4 
• 4 a Of c. ftV o 
CV ft kT Ol ® 4 

® .IMX .1 
O « u. V 
O» 1* 4 
•S. »1 > » 
• *- ► T 

u 
4 r 

O» 

o c* cr ft o o cj O O Cl 4 

V r 
«re* 

o ♦ 
a > ♦ a 

► -j e o 

ci 
u 

► 
► 
I 

V 

J 

a 
X 

X IT 4 ft 
• 9+ 

« • • 
r 

« 
0 0 

• *4 • **4 0 
• 9^ 4* J4 t#» 

0 X or* 
o . »o ». 
« 4 ^ . . • 

o 
4* I O » 
a fv O. t: »o 
0 I - C 0 1 

c 
O J t 

O -J ® -I -f -I 
ja» ^ • 

o 
O X IV 
O.J-Í 09* . ... .- 
-I O U J J X Of Of 9n rr _j ^ ^ m c o 4 4 -J J 
«aaiiaiactci. i ii. .t* — 

o 
4 
J 

4 C 
1 I ( r c 

X 
4 

*10*» 
4_ 
0. *• « ! 

« Uf Cl 

ft c 

- I 

- 



1-0 

U) 
o 

UJ j 

03 
ui 0 
> -J 

'j 

i 
v vJ 
111 

í¿ 
J? 

Ji5i 

I V 
VVi 

0^ 

V 
J 

Jl si 

^j>r 

PM 

IXXXXX’f-f^f 
I I 

M fM rg 
X Z Z 
rg rg (\| 

O 
U 

OCO rgrgrs, IXZ _ 
<Mrg(M*#»ocO'VAirgoOO<Vfsirg-jj«j rgrgcgi^^m-NrgiMIxx 
XXXOOUUUUZXZOOOZZZOOOOOOOOOOOOUOUUUOJOOUUO • • • • •• •• • • •• •• •• « • •• •• t i • ■ •• 

O O O O CO CO OO O O, OO OO OO OC CO OO CO oc 
O c 

m4 mê (m rg 

O O O O 
O O c c 
O O O O 
en tr m ^ 

O O 
c c 
O O 
m tr> 

O O 
U c 
O O 
m «r 

O c 
O c 
O O 
«r tr> 

C O 
O O 
O O 
m tn 

O O 
O O 
O O 
rr iT 

O O 
O O 
O O 
en ir 

O O 
O O 
O O 
m ir* 

O O 
O O 
O O 
l*\ 

O O 
C O 
O O 
i»> ir 

O O 
O O 
O O 
m g-> 

O O eu 
O O U U 
O O ou 
«n IT er ifi 

OC O O 
OC O O 
IT O tr> o 

*\ 

O O 
U O 
IT t) 

r\ 
\ 

■O rg rg rg rg rg rg nrg 

ccoo-ooa-oocooo 
«■••^•xr-r-N.r-r-N.aO1 ^.g-.mtrij.proGrCl^gS'O 
«-.-•oirirorgrgoacr 
to a, to rg rg » « « 

r'r-u.ooœu.^^-u.Œ® 

N 

O 

lï 

'1 
I 

1 
il 
111 
I 

U' 

4 
■,L 

rg 

rg 

U 
O 

i X U 
U V* 

i r- ou "• r- rg 

— ir ir\ oo-giriroco trinooo-gtriroirw'ooomcorg^io^oninootfrgin 
rg ♦♦ Il ♦♦ Il ♦♦ Il ♦♦ ♦♦ Il ♦♦ ♦ ♦ ♦♦ ♦♦ * 
o OO OO OO OO OO OO OO OO OO I* in IT OO «O O 
tt — ® «) rg u o gprrr^uU'r^'rr-ou-guuoo'traïuo'xuO'ririrMtriogiajas-iu 
u. tr tr -g u o —o u <r ir> in ou rrr- iriiri ou r- r- i»im v v mm <r 

r-r> •* u u r •«■ wumOO uu vit ir tr ou r-r- r- r* au «u oo — 
<rrgr-’r-«guu»*<0'«)rguu-*<*«rrgoO'4>g»«rg0'0>rguO'4rgra>g''-*'*i»-fi»‘'*^r.rg'*' g ir> ir U u rg rg o U (T CT u U rg rg ir ir u U — -r ^ -< -< -g — IT 
-Il II II II II 

5
4
1
S

C
C

*
5
 

4
6

2
5

 7
C

»
5
 

2
0

3
9

5
2

^
2
 

3
8
9
0
6
2
-3

-6
4
5
2
9

 



O
O

O
C
 

“O
O

S
 

2
»

O
?
9

B
0

C
 

«
♦

S
ò

O
t
i
.I 

V
-
é
9

9
S

S
í 

l^
C

K
O

B
V
 

fi«
0

C
2

9
€
l 

5
^
0

2
9

1
 Z

S
 

0
9
/
Ï

1
 

it
w

v
r
o
 
0

0
0

0
0

0
0

0
0

3
0

1
 

1
 

X X 

rsi in r>j fM (M <N 

fM^^ZZZM^IMUOOOOOXXX 
•JJJJXXXOOO-J^— 

xxxxxxxuouoououoouuxrx«<<«<<<«< • • •• •• •• «t •« •• •• •• •• •• 
o O o Ö OO OO O O OC O O O O 09 OO CO 

222SS 
o222 

o o o 
_( _j -I c o o 

OUOOOUU.U.U. X X X X X Z O 

• • 
o o 

• • 
o o o o o c 

► • 
o o o c 

o o o 
o o o 
o o o 
ir <* IT 

o o 
o o 
o o 

o o 
o o 
o o 

O o 
o o 
o o 
m ir» 

• e 
o o 
o o 
o o 
m in 

o o 
O (3 
O 3 
m a 

o o 
o o 
o o 
n IA 

o o 
o o 
o o 
(A IA 

o o 
o o 
o o 

o o 
o o 
o o 
m a 

o o 
o o 
o o 
IA A 

o o 
o o 
o o 
<*» A 

OOXOO 
o o o o 
o o o o 
IA A IA A 

o o o o 
o o o o 
o o o o 
A A IA A 

o o o 
o o o 
O AO 
IA A 

O o 
o o 
A O 

o o 
o o 
A O 

o o 
o o 
A O 

A 

O o 
o c 
A O 

o o 
o o 
A O 

A 

O O 
o o 
A o 

o o 
o o 
A O 

o o 
o o 
A O 

o o 
o o 
A O 

o o 
o o 
A O 

o o 
o o 
A O 

o o 
o o 
A o 

o o 
o o 
o o 

o o 
o o 
A O 

o o 
o o 
A o 

IM INI 
♦ o ♦ 
0 4 0 
Al %. M 
■CM® 
CO X A 

M 
♦ A 
O >0 
M X 
• 0 
A O 

♦ ♦ X 

O O 0 
A A V 
<0 <0 A 
A A O 

A*00lfc00!*.M*-i 

M X 0 
+ 3 ♦ 
0 “» X 

0 O 0 
M A 
0 A 
M O M 
A O' 

A O A 
I I 
A 0 
MO» 
O A 
A 0 
X O O’ 

X O X 
♦ ♦ 
M A 
A O 0 

O O M 

♦ « 
A -> 
X o 
X 

0 
« c 
0 
I 
0 o 
I 
• 
M O 
A 
A 

!o 
♦ 
0 

X ° ' 

tf’ I 
0 O I 
0 

♦ 
0 
X < 

A 
M 
X 

M 
I 
A 

I 
A 

A • 

rx 

T 

SI 

♦ 
o 
0 < 
M 
0 
X I 

0 

X A *■» 
M X O 
M 0 
x4 m* 
o M O 
M X 
I 
A A O 
I I 
« M 
A X O 

ãs 
O A o 

MM MM MM 

OO0OO0OO 
AA^OON.MM 
MMA00A00 
00OMMO<O« 
XX A A A A 
AAItf.MMltr-M 

« 0 
0MX0MXM® 
+ *0++« + * 

M M 
A ♦ ♦ X 

0 O O 0 
•V C7> 0 "s. 
0 <8 00 0 
o « 00 O 

0 0 

♦ ♦ X 

O O 0 

A A 0 
O O O 

M M O 
* ♦ 
A 00 

i A M O 
O O 
« A 

I M O O 

X M O 
O A 
O 0 
0x0 
M X 

I 
0 0 O 
I I 

M 0 
A 0 O 
O 0 
M O 
MM© 
M M 
I I 
X X O 
♦ ♦ 
0 X 

A A O 
A M 
• 0 
O A O 
A A 

X A O A M 
MM 0 0 
f 0 « A 
0 A O M « 
MA M X 

A 0 O Á Á 
Il II 
MM AM 
M O O 0 A 
M 0 MO 
A X MA 
M 0 O A 0 
MX AM 

I I 
X M O M M 
♦ ♦ ♦ ♦ 
0 0 A A 
A M O M 0 
MA O 0 
MO M 0 
A O O A M 

0 ♦ ♦ 0 
-»AO*» 
O 0 0 

M A 
A A 

O A M 
X X 

I 
O 0 A 

I I 
X 0 

O X « 
0 A 
A M 

o — r*. 

AM* 
♦ ♦ 0 
X 0 -» 

A A 
M X 
0 A 
M M 
0 M 
I I 
A A 
I I 
X 0 

0 0 
O X 
A A 

A A 
♦ ♦ O 
A A 0 
-< X X. 

0 0 M 
O O X 
O O 
X X 

0 
0 0* 
♦ ♦ 0 
0 0 A 
M 00 
A 0 
M 0 
A 0 
X 00 

I 
A 0 
I I 

M 0 
X A 
O M 
0 0 

M MM 
♦ X ♦ ♦ 
O 0 O O 
0X00 
M A 0 0 
0 O 0 0 
0 O O 
0 U. A A 

0 
A M 
♦ ♦ 

M 

A A 
M 

I 

♦ 0 
0 -> 
0 O 
M 
A 

O 
« 
A O 
I 
0 
A O 
0 
« 
0 O 

0 M 
0 M 
0 X 
O 0 

0 A 
I I 
0 0 
A 0 
0 O 
A 0 
X O 

A 0 XX xi 

O M M 
♦ ♦ 
0 0 

O X A 
0 X 
M O 

O A A 

AOAAOAA0AAOAAOAAMAAOAA 

O OO o¿ OO OO ¿O OO OO 
AO00UOWXMMOO0O0 «7 X A A O O O 
M OO OO 0*   ‘ - - 
0 0 0 MM A 
A0XXOOMM0MI 
X MM MM — 

♦ ♦ 
A 0 
O 0 
A O 
A X 
0 A 
0 0 

A A 
í 4 

M M 
♦ ♦ 
0 A 
0 0 
0 0 
0 0 
A A 

I 
M O X ** 
♦ ♦ ♦ 
A A 0 
0 O O M 
M 0 0 
« MA 
O O 0 0 

M 
♦ O 
O 0 
A M 
0 M 
4) -4 
*■ 

♦ < 
h* -» 
-o o 
tf\ 
* 
<0 c 

I 
o 

¿I 
<r o 
o <0 

K oo 
* f* O 
r- — 
• i 

— o 
♦ 
a 
o o 
»0 

$0 0 O 
0 

<M M 
♦ ♦ 
O O 
0 0 
0 0 
O O 
M M 
0 0 

0 M 
♦ ♦ 
A 0 
A 0 
A A 

?§ 
A 0 
I I 
A A 

I I 
M M 
» 0 
M 0 
A 0 
M « 
0 X 

I 
M M 
♦ ♦ 
0 A 
M X 
00 0 
O 00 
0 A 

MM MM MM 
0*+A+*O**x 
0OO0OO0OO0 
X OC ® X 0 0XMMX 
A000MMM000 
O00OOOBXMMO 

MM A A 0 0 
li.aCDU.00U.MMU. 
« 0 « « 
Z00Z0MZ0I>'Z 

-»001«O«>-»OA-> 
OMAOAMOM0O 

0 A 0 X AO 
0 OO 00 0 M X 

eecccooxoo 
A A MA M X 
II II I 

OAAOA0OAAO 
II II II 
0 00 0 M 0 O 

OOOAOODxOMAO 
AM MM A 0 
O O X A AM 

OA0OBOOXMO 
a X X 0 XX 

OMMOxxOxxo 
♦ ♦ ♦ ♦ ♦ ♦ 
O A MA O M 

OO0OOO0O0MO 
00 0 A X 0 0 
O 00 A X M X 

O00OCOAO00O 
XX 00 0 OD 00 

aaaaaoaaoaamaaaaaoaaoaao 
♦ ♦ - ♦ ♦ 04 ♦♦x**X04 4« 44 
OO OO OO OO OO OO OO OO O OO ÖO OO OO OÓ OO OO OO OO OO OO OO OO 

M O • • O 0 0 X A A O O O 00 M M x W W © X x U 0 0 x 0 0 X CJ U O M M O M M U 
0 MM MM 00 «P«D 00 X X O A A 00 00 00 00 0B« 00 
A OO 00 AA A A 00 XX OO 00 OO xx 00 AA OU 
MO00U000AA<D00M00MMMaOCDOAAA00A000*«AAAA00M 
1*1 MX MM AA AAXMMXAAO00 xxxMMxAA AAXMMXMMX 

IOOXAAM00XAAMAAM00OAAX00 
40 44044044004 44 44 

OO OO OO OO ~ 

10 0 

4 4 
O O 
WO 
M M 
O O 

I I 

4 4 
O O 

I W U I 
o o 
w o 

I M M 
0 0 

0 4 
O O 
U W A 
A A X 

1 * 
I O O X 



«o <o o 
_ -i -I -J OtIMN 

j-iogo ouoocoooo 
UOXXIOaC^ii'J'NiNllMIM'NlNrg 

«N IM N «Í ■*■ 

• • 
o o 

<N rv, oj 

UOUOOOU.u.wu.fci.tfcXXXXXXlXZlil^x»-OQ!¿}¿ 
¿¿¿¿¿¿¿¿¿¿¿¿“ÎÎÜiüiü'Ü^J^waiiuwujaïujuiujiuaiUJiuujaïujuju/a'iuiiujïSSSjjuj 
— — — — — ^®*®®®®®®®®®íO«ajeB»Ba}a«co®»aiiBit!®®ín«(DMBa<tf 

O O o O CO 
• • 

o o 
• • 

o o o o o o o o o o o o o o o o O O CO o o o o 

o o 
o o 
o o 

• • 
c o 
o u 
o o 
m ir 

0 0 — 00 
o o o o 
o o o o 
(« ir i*> iri 

• • 
o c 
o o 
o o 
m «r 

• • 
o o 
o o 
o o 
m in 

0 0—00 
O O Ü o 
o o o o 
r»> m mm 

• • 
o o 
o o 
o o 
m m 

o o 
o o 
o o 
m m 

o o 
o o 
o o 
m m 

o o 
o o 
o o 
m m 

o o 
o o 
o o 
m m 

o o 
o o 
o o 
m m 

• • 
o o 
o o 
o o 

• • 
o o 
o c 
o c 
m m 

o 
o 
o 

o o 
o o 
m O 

c o 
o o 
m o 

o o 
o o 
m o 

o o 
o o 
o o 

* • 
o o 
o c 
m o 

o o 
o o 
m o 

o o 
o o 
m o 

o o 
o o 
o o 

o o 
o o 
m o 

m 

o o 
o o 
m o 

• • 
o o 
o o 
m o 

m 

o o 
o o 
m o 

m 

O Ü 
O O 
m o 

o o 
o o 
m o 

• • 
o o 
o o 
m o 

o 
c 
m 

o o 
o o 
m o 

o 
o 
m 

0- ♦ ♦ 
* * 

«V ÍM 

m m 
» » 

«M N mm «V M m 

-eoooooBBOBooomm 

<vmmmmmm<-*»ocfvBB 
— mmoœ®o — — oiviv — mm 

OO —— —«V —— OO 
ti.«0®U.I'*»U.fV<Vu.O»U. — — 

♦ — 
M (V 

O O « 
— — N, 
N IV m 
O O o 
+ * 
•t + u. 

IV IV IV 
♦ — ♦ + m 
o c c c « 
c 'v -r # ■v 
o c o o m 
O' o ff <*> o 
— O' O' 

IV IV tv IV 
« ♦ m ♦ ♦ 
o o « o o m 
•V IV «V m m « 
o o IV « œ 'v 
« « — IV tv m 
« ® IV IV 
« o Ik « « a. 

IV N N IV IV 
♦ mkkof'fm 
o«oo®oo<o 
iV'vmm'smmv» 
ko — — ivomo 
Komm — «bo 
o c œ K K 
•Ou-KKitomi*. 

m m 
♦ ♦ 
K K 
« <0 
<0 <0 
m m 
o o 

-0 K 
♦ * 
IV IV 

5S 
<0 -0 
o m c m — 
o 

* K O 
IV K 

0-0 0 
■0 K 

Z -0 
« ♦ 
-> m 
o IV 

<0 
o 

c IV 

I I 

I I 
m tv 
o o 
O m 
O O 
O O 

o -r o 
I I 
« o 

©KO 
m * 

I 
O O' 

I 

K z -O <0 
— 1 IV K 
— o — ® 
m c IV 
•o o o 
— o o »V 
— -© -o 
I I I 
o o m m 

Z « K z 

-1 m o -» 
O ® IV o 

IV o 

o o 
-e 

I I 
IV IV 
♦ ♦ 

■o -r 

o m k 
IV o 

O K 

lU 
o o « m 
o k o 
k mo 
« o m m 

C ® K O 
•o tv 
I I 

o m m o 
I I 

m o 
O — K o 

•r m 
m « 

0*00 
o — 

K o 
♦ ♦ 
o m 
-r o 
— o 
-r * 
m * 

® • z 

o o ”> 
K — O 

I 
m IV 
!¿ 
o o 
o o 
o * 
IV m 
IV K 

O K 
m ♦ o 

m IV O 
I I 

O O O 
IV — 
IV o 
- O o 

« z 
♦ < 
o -» 
® o 
o 

•o o 
IV 

ò o 

IV o 
m 
M 
® O 

« « z 
o m -» 
-TOO 
o • 
m o 
IV o o 
o ® 
i T 
o-oo 

« « 
o m o 
o m 
c m 
o « o 
-o ■» 

® K z K K z 
♦ ♦ « ♦ ♦ Z 
-0 K T rv — -) 
« m o K « O 
K — « 4- 
— « mo 
IV O O — K o 
-r — — IV 
I I 
4 m on m o 
T I il 
— o 4 ® 
K IV O K IV O 
mo Km 
0 4 O O 
— K O ® o O 
O — IV IV 

4 Z K 
♦ 44 
<© '■» 4 
moo 
m 4 
m o- 
-o o m 
o IV 
I I 

m o m 
I I 

K * K 

4 -I K 
«0-0 

K c K 
4 IV 

♦ « 
O ”» 
K O 
4 
4 
m c 

♦ ♦ 
o -o 
m — 

m o 4 
m m 
o ® 
-o o o 
— IV 

O IV IV 
♦ ♦ 

o — 
♦ 

o o 
— IV 

m m 

O K o 
Q O 

o « 
m 

O 4 4 O O 

— «3 fV IV 
♦ ♦ ♦ 
* O — 
O O K O 
4 O — 
« K K 
— O m m 
O 4 4 

O IV IV O 
♦ « 
K4 4} 

o o m o 
« « 
® 4 

o m 4 o 

IV IV I 
♦ ♦ 

— O O I 
♦ I 

o « 
m 4 
• m 
o ® 

o o o 
-0 IV 
4 m 
•o o o 

— o IV IV o 
♦ ♦ ♦ 
>4 -OK 
o o o o o 
-o o o 
4 -O O 
O O 4 4 O 

— — O IV IV O 
♦ ♦ ♦ ♦ 
0 4 m 4 
o m o w m o 
-o o o — 

— o «V 
♦ ♦ 
O 4 
mom 

B 4 o 4 m o K 
4 o 
«I O IV 

m o 4 
i I 
K 4 
0 0 4 
— m 
4 
- o m 
o K 
i 
N o IV 
♦ ♦ 
m k 
moo 
o « 
o m 
m o 4 

I 

m IV 
k m 
4 4 

4 O 
I 

IV 
® O 
4 
IV 
K O 

ai 

¿; 

IN* 
^ ♦ 
«O fr 
N* % 
<0 fr 
O Oí 

fr 
u. « 
* 
z o 
< ♦ 
-¾ h. 
O -* 

fM 

c »r 
M 

«N rg (N 
♦ ff» ♦ ♦ 
fr <0 O O 
«Ni X <N in» 
fr fr ^ ^ 
Py — *4 
fr gu J 
0 U. 0 0 

fn 
O ♦ 
O h- 
V rsi 
<N O 
*4 fM 

O 

O I* 
I 

O IV 
o 

I 
IV o 
♦ 
4 
m o 
m 
m 
m o 

— m 
m o 

o 4 

4 Z 4 4 
♦ 4 ♦ ♦ 
4 -» O 4 
O O K O 
k m IV 
— IV — 
Komm 
4 m k 
I I I 
m o 4 4 

I I I 
m — c- 
— o 4 <v 
K 4 IV 
IV o m 
o o o ® 
— O' 4 

Z 4 
4 ♦ 
-> o 
O 4 
m 
4 

c m 
4 

I 
O 4 

I 
m 

o « 

o 
O 4 

m 

IVIVO — — o — — 
*>4 4 4 4 4 
4 0 m 4 Q K 
ivivomivom4 
m ® ® — 4 — 
4 IV — 4 m 4 
4moKoo«o 
IV IV B « « « 

O IV 
4 
4 

o tv 
a. 
4 

O — 

O o 
4 4 

— 44 
O o — 44 

o m 
4 
O 

o m 
u 

IV IV « 4 4 I 
mm mm. 

m o « 4 
4 4 4 
o o o 
m o o o 
U IV IV 
® 4 4 

o m m o 
♦ 4 
O O 

O O O O 

4 4 
C O 

O o 
m m m m 
— m m — 

o o 
4 4 
W O 

o m m 
4 4 
O O 

O B W 

4 4 
w m m 

4 4 
4 4 

4 4 

I I 

— 44—mm444ivmmivmm 
♦ ♦ 44 44 44 >4 
OO OO OO OO OO 

— WUBBBmwOBOWBKK 
KK O O — IV IV 44 OO 
44 mm mm 44 m m 

— 44 — — — ivoo — — — ivmm 
mm IV fV mm mm mm 
Il I I I I I I 

ommommommommommBmmummommornmomm ^ ^ ^ ^ ^ ^ ^ ^ A _ - . . 
OO WO OO OO OO OO OO OO OO 00 

ummoouoooo44044-mm©o®ivmmoooo44 ®B IV IV 44 — — mm KK KK OO mm —, 
00 BB 44 44 00 -- mm mm m£ “2 

KmmKWBommOKK4IVIV4IVIV4 4 44 O OKmm®mm 
— IV tv — m m IV IV mm iv iv m m m m m m «v !v îv £ 

u m 
4 
o 

O IV 

K 4 
— 4 

o m m 
4 4 
o o 

4mm 
m m 
IV IV 

4 4 
o o 

4 0 0 
o o 
o o 

i m m . 
4 ♦ 
o o 

i m tv 

> o 
> B 4 

4 4 

O O 
O O 

I I 

4 
O — O O 

I I 

m — mm — mm — 44 — 44 — m 
4 44 44 44 44 4 
o 00 00 00 00 o 
B — OO-OO — 0040040 
4 00 00 mm oo o 
K OO OO BB —— o 
4 — mmivooivmm — oo — — 
K IVIV mm —— —— m 

Il II 

«r <0 
♦ 
fr 

* fr 
fr 

■ifiii# 



!|l 

jor-QDQaooQOoaoooaco 
_J J _J _J -J 

UUU^UüU1 UJkUUJUUUt/UJU. mUüUJWUJUJUJlU OOOOVJOU.U>U»U.U>U>Muik.iLiLULU»UiU»UuU>U.VkXXXXXX 
(titfc®iia.®’n®<cxax(»t)<cajai*a:r«ïixieDCD®®ïJit,s3®«ac-oa333S>®ccc*cca3DS.®<i;irïs:<t 

» •• •• «• •• •• •• •• •• •« •• •• •• •• •• * • • • •• 
o O O CG OC CO CC CG OO OO OC OO OG OU OO CO oo oo oo 

rg rg u. u. ti. 
a. u. (NI INI (N ZXZOOO 

uuuuuoiL.a.ii.u.u. 

u 
o 
u 
IT 

o 
o 
o 

o o ou 
U O CO 
ou u o 
1*1 IT r \T 

c o 
o o 
o o 

u o 
G O 
o o 
n IT 

o u 
o o 
o u 

o o 
o o 
o o 
l»> I!' 

o o 
o o 
o o 
i* ir 

o o 
o o 
o o 
(«■i in 

o o 
o c 
o o 
i»> m 

o o 
o o 
o o 
m in 

u o 
o o 
o u 
m m 

o o 
o o 
o o 
t* in 

u c 
u c 
o o 
ig* in 

o u 
o o 
o o 
m in 

o o 
u o 
o a 
m in 

o o o o 
ou ou 
ou ou 
mm mm 

o o o o 
oc o o 
m o «no 

o o 
o o 
m o 

o o 
o o 
m o 

o o 
o u 
m o 

o o 
o o 
m o 

o o 
o o 
m o 

o o 
o o 
m o 

o o 
c o 
m o 

o o 
o o 
m o 

o u 
o o 
m o 

o o 
o o 
m o 

o o 
o o 
m o 

m 

O o 
o o 
m o 

o o 
c o 
m o 

o o o o 
o o oc 
m o m o 

m m ni 
♦ m ♦ ♦ 

<i a c 
(Si 
O C ni ni 
ni o C O 
<3 ni ni 
-• U. UC <x 

« * 
♦ « 
f* 
9 O 

n. C 
m 

m c 

I 
* O 
f* 

7 o 

<0 r- 
♦ ♦ 
rr « 
00 4 
vr <£ 
•H -Si 
* * 
o — 
I I 

fTS 4) 

I I 
f* — 
rv — 
oc o 
O «T 
-• OC 
IM mi 

«M O IM IM 
♦ ♦ ♦ 
'O IM O 
f* O 00 * 
au oo o 
f> m* <T 

O * * 

'M IM 

O O O 
'v %C >0 
y if ' ir 
o cc oo 

00 CD 
sk 
< 
X r* * 

^ «o 
o - a- 

o o 
ITS h- 

c o 

I I 
*-* 

O 1# IM 
h- h- 
00 l^ 

O O -* 
IM — 

Q «M IM 
♦ ♦ 
+ n> 

u »r oo 
QU 0L 
h- IM 

U 0“ (T 

ï*“ m 
m ♦ ♦ 
^0 IM IM 
Ni O O 
a n i- 
o ^ >r 

IM IM 

-) 00 kT 
O k/> 

o *Î> 
—• 

C — kT 
vT 

I I 
C xf 

I I 
^ 1* 

O K X# 
«> xT 
<0 I* 

O Q U*' 
X* X# 

» 
O IM IM 

♦ ♦ 
Ct 00 

O xT xO 
•- IM 
XÛ O 

O — IM 

m lis 
r*s ♦ ♦ 
>0 IM IM 
N * O 
0" IT »T 
O «C xO 

IT ^ 
U. — 

X t* b» 
< + + 

^ — 
© —* xf 

us a 
a» im 

O II* XÛ 

I I 
e x* xr 

i I 
« oo 

O X# © 
O us 
I* © 

O us o 
•M xf 

I 
© IM IM 

♦ ♦ 
IM a 

U — O 
-« xf 
xO ^ 

© m |»S 
* xf 

r-> <<s 
i»> ♦ ♦ 
>0 IM IM 

fx* K 
C ^ l/S 
O -ï X- 

*■« 
U. IM IM 

IM IM fis l^S 
© ♦ ♦ US ♦ ♦ 
xOOOxONp*. 
N — N ^ 
fM fM IM IM N IM 
«■4 •* «Ml «-I Jfi 

oo 00 o O 
U. f if u* — 

fis 
ffs ♦ 
O us 
N IM 
IM f 
*"• © 

^ 2 Ni h* * tfS 

n ao sn 
© US f 

O — 
00 

O I/S fis 
xü fi' 
I I 

C f l*“ 
I I 

N xO 
O IM IT 

© © 
® N 

© ^ Cf 

© IM IM 
♦ ♦ 
IT ^ 

O © fis 
f fM 
IM ST 

© N © 
xO © 

-) — 
O f 

xC 
ir 

© or 
cr 

I 
© f 

I 
oo 

O O 

O © IM 

I 
© — 

♦ 
f 

© IM 
O 
« 

O O 
ifs 

xO 4C N *> 

|IS -> fis f 
lis O O ns 
ns f fs 
© N 
IM c f f 
N — ns 

I I I 
f © fS xf 

I I I 
CD a — 
ns © im «o 
© ns © 
Mi mt 

o © ® 
— © 

I 
»X* o IM IM 
♦ ♦ ♦ 
© — O 
»T o — a 
f n* *r 
N © IfS 
u o cr a* 

Z N 
^ ♦ 
-1 © 
© N 

m4 
O 

o - 
m» 
I 

o ir 
i 

fM 
O ♦ 
xO © 
N © 
IM f*' 
-n O' 

xO 
a. xO 
« 
Z © 
^ ♦ 
-* a 
O o 

m» 
O 

© IM 
Ifs 
I 

O f ns 

© tfs ns o iM a 

O N» 
IfS 

O fM 
♦ 
© 

o © 
xT 

© N 
O O 

cr 

o 
♦ 
IfS 

o a 

© O' © o © 
Ml mé CD 

IM — 
I 
xf 

I 

a 
IM 

IM IM 
IM ♦ ♦ 
© O O 
N © «J 
IM © © 
M» xf xf 

N N» 
Ute 00 © 
* 
Z xO N 

-1 IfS tfs 
o — IfS 

IfS IM 
O n* 

© r- © 
0* IfS 
• 

© xf 
I 

<0 © 
© IfS X© 

IfS © 
XÜ © 

O O N 
ns 

fM iM ns n> 
IfS ♦ ♦ k/S ♦ ♦ 
© O' O* m» m* 
N. xO x^ N N 
% «M «4 CM IM IM 

O O' ns ns 
xf xf o © 

a. O O* a» ^ 
< 41 

ns ns IM IM IM IM 
ns++ns++©+ + 
xO n h- ©O©x0O© 
x^.4Ma%kxfxfx^prns 
O^nsffsnSfMIMfMNN- 
— OOOnsns^xfxf 

© O O" O xO X© 
ItMi^Utelfkl/sUteNN- 

"ï Ifs N 
© im a 

ns O' 
•o IM 

© IM © 
mé ns 

n © 
I 

fis IfS 
I 

ns © 
© N* ns 

ifs O' 
O IM 

© N © 
© © 

-) © « 
O © ns 

O © 
* © 

OC® 
Mt Ml 

©mi 
I I 

m «g 
o « « 

o <X> 
m ® 

O m ni 
ni m 

m m * -» o w 
ni n- o ® <0 
©N © lf\ 
^ ns ns 
b* f* c -* + 
M» M« --if 

I I I 
xf ns O ns f 
II II 

— N © IM 
ns •-« g © ifs 
M» —* © © 

o ns ns N* 
xO -C O © rsj 

Z N © 

“> © N 
O ns ï© 

— o* 
— xf 

COI* 
fM — 
I 

C ns ns 

I I 
C I© 

O IM © 
X© © 
n* xf 

© X© xf 
-n X© 

IfS 

©IMIMCIMIMOIMIM 
♦ ♦ ♦ ♦ ♦ ♦ 
ml N* X© m* © ni 

©©©ONnsOON 
© © — IM «* © 
^ « IfS ® © © 

©ns©©»^©o©© 

©iMIMO-n-nOiSJlM 
♦ ♦ ♦ ♦ ♦ ♦ 
ns © ns © xf im 

©©©©IM© ©N© 
X© m4 k ns o' ns 
N © — IM IM IM 

0©©0N»©0© — 
-« m« © cr — 

m © tn tr © 
♦ 4 ♦ 
© © © 
IM U © © U 
i© ns ns 
© i/s ir 
© OD N f*- tt» 
© ns ns 

©oirirn>«r®n-ifsifs© ifsifs©irir©iri/s©ifsu,s©ifs©©ifsiroirifs©k/sir 
♦ ♦ ♦♦ 44 4 ♦ 44 44 44 44 

fj ò ©o © © © et ns ns o© o© OO ©o o© ©o ©© © © o© ©o o© 
4i^u©©©ir®ü©©©n-i^©©©*,nnsffsiM©®©©© — ©©©©©iM©©fM — ^©©©©^^—nsns 
»•sir» qyqo CL» W Mt «-4 nsns IMIM ao <V OO ® I«#« m» «»ri 
a< ou ou a, NN* n N © © © © nsns «4«« im im 

iTf UiriTU©©©©©©©-- - - • - - 
♦ ♦ ++ 44 44 44-444-444 

nsns o© ©o ©o 

ou 01 eu au n N* n N © © © © nsns «4 — im im © © im im im im nn 
©ü‘ou©©©©©«nsn'oo©©©nsnspx©w©*M«-*ü»nsns®r,*r*©i/si#sir\NNi©çr©ir 

>r r- fx» mi — mt — m. — — — g> ir irifs im im nsns nsns © © © © 

© © 
© © 

© © 
IM IM 

©O' ns ns 
© © © ©- 
©©tlSIMIMIfstfStr 
© © IM IM n n> 

© © 
© 

© -4 IfS 
4 4 
© © 
© © © 
© © 
au © 
N fM © 

© fM © © ns 
4 ♦ ♦ 
© © © 
© xf U © © 
© © © 
w U © 
© cg 0. « ns 
—X © © 

I I 1 

© © 
4 4 
© © 
© © 
U © 
IM IM 
© © 
CM IM 
i i 

♦ ♦ ♦♦ ♦♦ ♦♦ ♦♦ *>♦ ♦ 
OO OU OU OO OO O' 9 9 

¡rmmoumoo — mwmir 
_ <0« uu uu mm u. 

u u min « u m m *• - ♦ m ♦ <• -r-» ou mm m 
m®®muu«m«n»gmm-te»g-g-gmm-<mm»g^<r-temm»te^f»-gm 

m—i mm « <u Imin -i— m-c —— -g— in 
Il II II II II II II II II I 

♦ ♦ ♦♦ ♦♦ ♦♦ 
UU U U U O D Oi ew ww 

^■wwmww«rw'Jm-g — mwwmwum 
uu uu w > «« «« uu 

« U «N N 

« m « « ' 
♦ tete 
m 00 
m m u u 
0> -g -g 
9 U U 
■» — — te* 
IN in iN 
I I I 

>c -O 
♦ te 
O U 

i m m 
« « 
m m 

• u o 

i m m 
te te 
o o 

•r 

I I 

mm i- 





JF
 3

0
3

 

- 

OOOUOCOZZZ tr *\ Í* U. U. U. O O O U» U» UL 
rrsttst^t+str'fïsrrS'C'O'O 
U.XXXXXXXXX Z7ZCC 
ff>(f»»«(»í(«(»iwi(«(»ii»>«c®ooo'«>oooovJouoootJooooovJvJovjooc»oOokt'fci^u.ttttitUL 

!uxs,®»(ra:ooa:*»ooouuuuooooooououuuuuuoooouuuuoojooooooou 
oo cc o o es o o o o o o o o o oo oo o o o o oo o c oo oo c o c 

• • •• •• •• •• •• t • • t »« • * ♦ # « # • 9 9 9 9 9 9 9 

OO CO oo oo oo oo-<oo OO OO 0 0 — 00 OO 00 — 00 oo oc oo o 
oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo oo o 
oo oo oo oo oo o o oo oo oo oo oo oo oo oo oo oo oo o 
r* ir —ir (*>ir — ir — rr it\ r* ir\ m «r n tr m ** «ir' m ir mir mir» i»> nr — »r m ir 

»I 

o o o o 
u o o o 
in o ir o 

o o 
o o 
in o 

o o 
o o 
ir o 

o o 
o o 
in o 

m 

O O o o 
o o o o 
lf\ o o o 

m — m 

O o 
o o 
tr o 

o o 
o o 
tr o 

o o 
o o 
m o 

o o 
o o 
o o 

o o 
o o 
ir o 

o c 
o c 
tr o 

o o 
u o 
o o 

o o 
o o 
tr o 

o o o c 
o o o o 
tr o tr o 

f" «T 

O 
o 
tr 

irtr wfn mir mm mm imim nri tsi 
♦ — ♦♦ — **tr* 

aoa » «Ptjri® — — «mm^oo-ooooe 
' — ^ »■—^KS'oirir's.v 

im <m tr 

I I 

«0 WD 'Q ^ 
♦ ♦ ♦ ♦ 
ou <r cr 
u u — ti* cr — 
ou cr cr 
•4 rg íM 
çr lt ^ *r * o 
r* r* u> 
ti i* 

«o — «,0 — <o>om<o« — irir—triTMirtros«« — irirmirir—irir«irir — trir — m 
♦ ♦ ♦ ♦ * ♦ * * * * ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ 4« 44 44 4 
o-tr oo oo OO OO OO OO OO OO V V oo oo OO OO V 
(rtrtroO'UOO'OoO'OwU'Awu'OOO'isow'MwO'tfVir'Ooooow'OOO^swootr 
wat oo ou oo oo wu oo o o oo cr <r ou -r -r oo o o tr 
— — oco imn <o<o in n uw oo tr tr «« tr «r oo tr tr 4 4 00 cr 
inin — trtr — mm — 00 — (NiN — irir — irtr — — — — inin — 44—«j® — trtr — 44 — oo-<o 
— — —m —— —— mm —— r- m —— trv tr mm «« in in r-r» mm 4 
Il II II I I I I I I I I III 



3
4
7
9
7
C

O
 

1
3
4
8
6
2
^
2
-
1
3
1
5
1
7
-
4
-
1
4
4
2
3
4
+

7
 

«
7

3
1

4
9

+
2
 

5
0

0
C

. 
5
0
0
0
.1
 

O
.C

F
O

 

1
6

2
S

C
O

O
C

C
O

O
O

O
 

0
J
A

N
4

F
 

1
2
/6

3
 

C
F

2
 

3
C

C
C

C
O

+
5
 

3
4
9
7
4
C

+
5
 

1
3
8
5
5
2
+

2
 

1
2

B
7

0
4

-
4

-
l1

8
6

4
6

+
7
 

P
7

6
3

2
0

+
2
 

5
0
C

. 
3
C

C
C

.1
 

0
.C

F
2

 

o O O O CJ o o 
c o c o o o c 
U ou u u u o 
it t* »r f* it f* 

u u o o 
o © o © 
u u ou 
fT> yf4 r* u"t 

o o 
© © 
© o 
m IT 

© o o o 
o c © © 
u o o © 
fr\ sfs *\ 

© o © c c 
© o © o o 
O ir o ^ © 

© U 
o o 
IT O 

O © 
© © 
«r» o 

o o © © 
© o o © 
tn © ir © 

♦ ♦ 

CD ^ ■ 

in rr\ ft) 
rn ♦ ♦ fn ♦ ♦ 

^ -o c i 
COCOON* rwfN 

— 
OO— 
O© ©O -< — — fv 

rsi rvi 
♦♦ I 

<o c o 
I V f>j 1 

Oi (\t 
14 4-^ 

rw i 

fa <*> 
4 4 0 
f>á fw O 
® * %. 
© O oj 
a a - 
o o 

^ 
4 41 4 4 
O “) o o 
-• O — 

I o a 

* K f* 
<44 
-I 4* O 
O CD >0 

fW fN ^ fN 
4 4 rs» 4 4 
c © o o o 
C a Nk ^ 
a a rvi a cr 
œ « — ^ 
fSí ÍN< ® * 
^ ^ u. o >c 

< 

4 4 — 
C ® O 1 

ÍNÍ fM 
O 4 4 ( 
O O © 
^ o O ' 
fa rsi fM i 
— fM CNl « 

u. f- r*- u. O' T 

fM fa fa 
4 fM 4 4 
O O O O 
fa V o u 
f<> fM f- f- 

— o 
fa o 
O u- O 

f4. f* Z h- h- 

OO — I 

C C ^ — 
i — f- fcf\ 

I I 
^ o ia <a 
I I I 

f* c fa 
- o PM © 
O1 ^ » 
< Of IT 

•COO*"» 
i * m — 

o o 

I 

O — C I 
fa fM 
fM «a 

O O O 
f* * 

i in o < 
ao o 

o m o 
'O CD 
® K 

O ® O 

o ® 

o cr 

fa © fM »V 
4 4 4 
m *■+ o 
f- © ra <a 
tn o < 
o f* *> 
œ O < <0 
— fM IN 

fa fa © i 
4 4 
— ec « 
CM O © • 
00 © 

— o o o « 

OfMMOfNfM© — 
4 4 4 4 4 
m ® < f* ® 

©maoffoo© 
fa in <e in O' 
— o — f* in 

©«cmo^rtnotn 
i fa fa fa fa o 

mo m m©mm©inm©mm 
4 44 44 44 44 
© O© OO OO OO 
*faO«©OOOfMfMOOO 
r* mm o o fa ra 
cr u© ao ao mm — — 
N»®<rcr<rtrtrcr^#4?fMfN 
fa fM fM 

* mtrcommertnmn» 
* 4 4 4 4 4 4 
o o cr of 

* o * — u* 
o era oo oo o© oo ©© ©o oo ©o oo o 
ao — crafafam^f^f^tj^^rMcrcrfMarar—— ©aa—©u—faraocr 
r* iaia © © a cr cr a f*r- fa fa m cr —— rara ra fa <r 
•# fa fa -• — —— kt cr mm cr <r r-r- << oo rara fa 
fa®«®« — —«®4>OfafM®crcr«r-^4>fafa«fara4i®®®mm^fa 
« < or « « fa fa m m mm < 4- <4 or mir» mm fa 

mmommr-inmcrmmoommom 
44 44 — 44 44 44 4 
00 o© 00 © © © © 

mr*-mmcrmm©m 
- 4 — 4 4 44 4 
O O © O O O 

— — <# 

m — ««fa®®*®® — «« 
4 44 44 44 44 
© ©o 00 00 ®® 
o®oo®oo®uo — ©©< 
© mm mm © © © © 
© fa fM ® ® fa fa in fa 
© — mm-< — — — fafN — 

I I I I I 

m — mm — ®®—mm—mm — mm — ®® — 
44 44 44 44 44 44 44 
© © o© © © © © o© 00 © © I 
00 — o© — ©o — ©o — ©© — ©© — ©o — < 
© © © © —— © © © © © © fa fa I 
© © © © mm cr cr © © r- f> 1 
mm — ©© — ®® — r-f-rammfMfMfMfM©©fai 
cm fa cr cr —— in fa cr ir ra fa —— 1 
Il II II II II II 

mm — ® 
44 4 
00 © 
u © ® 0 
© © © 
© © cr 

i ® ® — © 
mm — 
I I 

If
5
C

C
C

+
6
 

2
3

2
5

9
0

+
5
 

9
8

8
0

1
3

+
1
 

3
1

3
8

5
5

-
3

-
6

5
9

5
5

3
+

7
 

6
6

9
 



2
6
C

C
C

C
O

O
O

O
O

O
O
 

0
 J

 A
N

 A
F 

9
/6

1
 

1
9

8
9
9
9
*
6
 

2
9
6
9
9
0
*
9
 

7
7
6
6
1
2
*

1
 

6
9
6
0
8
1
-
)
 

1
8

9
6

9
9

*
6
 

6
8

5
5

1
9

 

O O O 
COflClflC^i|^miiiy^u1,ílj|k|4l(ytu.TT!PT'T*TT''T’*T*,r'T,,,r*»»'5r<» 

r^fMfSíNíMíMOífXí^NfMíXOíOí 
uuououououoooo 

*• • • •• •• •- 
oo oo oo o c o o o o o o o a o o 

ííiAiTvtTiNrgruQCC 
io.xxixxiiiiiix*r* xxxxxxxxxxxxccoxxx sjíNííNjrMrgí^rgrv'NjfSírgryf^rwrgrsjr^frsf^f^mf^^f^K'f— 
JUOOOUOOOUUOUUUUOOUOUUOUOOOUOUOOUUOUOU • • • • ■ • • ... • . . . . . . . . 
3C OO OO OO OO OO OO OO OO oo oo oo o o o o 

o 
_X 
O mJ -~J 

o 
OO OO OO OO OO oo oo 

O O O o 
U O O o 
o o o o 
m ir f" ií> 

o o 
o o 
o o 
in (T 

o o 
o o 
o o <w IT 

o o 
o o 
o o en tr 

o o 
o o 
o o 
m tr> 

o o 
o o 
o o 

o o 
o o 
o o 

o o 
o o 
o o 
r» ir 

o o 
o o 
o o 

o o 
o o 
o o 
o ir 

o o 
o o 
o o 

o o 
o o 
o o 
(W (T 

o o 
o o 
o o 

o o 
o o 
o o 
m rf< 

o o o o 
o o o o 
O o 0 3 
i* tr m ir 

o o 
o o 
Ifl o 

o o o o o o 
o o o o o o 
«o o o ir o 

o o 
o o 
ir c 
m 

o o 
o o 

> !r o 
o o 
o o 
ir O 

oo oo oo oo 
oo oo oo oo 
ir o -« «r o ir o *>o 

1^1 <0 1^ ff> fT 

o o 
o o 

-« ir o 
« m 

cg (N oí<n mm «rir 
♦ ♦«♦♦O^^ir**^ 

CD ^ o O t* i* 
^JU.aDCDU.i-»-<U. — —'Uu 

♦ ♦ 
^ a 
OD 00 
ir» ir» 
«o ^ 

r>4 f>i »r> rr> 
♦ ♦ o ♦ ♦ 

oc o o <o o o uj i/> ir "s, o* a 
3 ^ — IX h. »*. 
« ^r «r — — — 
oc <0 <0 o o 

y a u. — ^ 

rg rst 
♦ ♦ ♦♦ ♦ ♦ o 4> ♦ 

(T<7“ro»r>ir<— ®co 
— r-í au — ce ao a a 

O ir» f« 
♦ ♦ 

oc o *> 
UJ «C O 
3 ® O 
< ^ 4* 
® O O 

O O O o o O 
o o o o o o 

— »ro — »ro — iro 
4) ^ «O g¡) 
V N. V 

♦ 4 ♦ ♦ ♦ ♦ 

ujoourfíra^arfirir 

o o 
u o 
ir o 

o o 
o o 
ir o 

oo® — — — 
— — «*«-8 >M •— —< —• U. — 

ít ir n 
o ♦ ♦ o ♦ 
O m #r o 
s» n n V *o 
N K r- r. n 
— r» íx -4 ao 

— — ÍM 
— U. ® 

IN 
♦ O 
O <0 
<0 V 
<N <N 

t- æ r- 
♦ 4 ♦ 
»r -> ir 
o o — 
in a* 
o M 
4* C 
«c ir 
loJ. 
I I 
mé OO 
<«• O ^ 
oo ir 
<C ri 
<0 0 0 
ir r~ 

tw -» « 
« o «o 
ir r- 
(•> ir 
ir o *• 
(V -M 

I 
<r O <*■ 
I I 

<r oo 
OD O • 
^ N 
ir m 
ir O OD 
ru ir 

I- z 
♦ « 
■o -» 
f- O 
IV 
ir o 

♦ ♦ 
N ri 
ir oo o 
^ O* 
•O « 
0—0 

« * * 

I 
* o 

o o 

<*• ir O 
I I ir « 

<«• * o 
N IV 

IV O IV 
♦ ♦ 
IV «N 
« o < 
— o 
<»• <»• 
o o *» 

IV O N ♦ * 
öd ir 
* O O' I* V 
« -o 
ir o O 
— IV 

c o 
<0 
I 

IV o 
♦ 
ir 
ir o 

ir * o 
IV <v 
IV IV o 
♦ ♦ 
ir ri 
ir oo o 

IV 
— o 
IV 

o w 
— o o 

rv o 
o ir 
O' IV 
— 9 
IV ir 
I I 
ir * 
I • 
o <0 
■o o- 
4> O « — 
O - 
ir •* 

I 
N IV 
♦ ♦ 
ir c 
I- * 
O ■* 
*- o- 
— IV 
<r -r 

o ♦ ♦ 
o ir ir 
O O' V 

o <e 
O' ir 

O <* IT 
•r ir 
I I o IT ir 
I I 

IV — 
© IV K 

■* ir * 
o — ir 

ir X 
O <0 ir 

X — 
I I O IT * 
I 

00 X 

O O' ir 
« ir 

o « 
ir rv 
<o « 

o IV — 
ir <o 

o N IV 
♦ ♦ 
ir ir 

o « ir 
o o 
o a 

o ir ir 
IV IV 

o ri ri 
♦ ♦ 

IV 
O X f- 

r- X 
♦ ♦ 
•O X 
ir « 
O' O' 
<r — 
<o ^ 
9 — 

I I ir * 
I I 

<r — 
<r IV 
^ X 
« o 
•r O' 
ir « 

o ♦ ♦ 
O O — 
o X o- 

<C X 
ir ir 

O O X — ir 
I I 

c ri ir 
i i 

o IV *» 

o X X 

IV IV 
♦ ♦ 
I- IV 
* — 

I 

z X *- z ** X 
« ♦ ♦ X ♦ ♦ 
-» ir ir n n» 
O I- X o «V I- 

XX tv X 
XX XX 

O O' X O X X X ir — <C 
Il II 

o ir ir o X X 
Il II 
X O X IV 

O ir IV o ir ir 
X ri ir IV 
O' o tv IV 

O ir ir o IV o 
XX X r* 

o ♦ ♦ 
u X o 
o O' ir 

X l" 
_c. 
o a o o 

o * 
O i»' 4) 

41 4 
I I 

O 
I i 

OD N 
0 — 4) <r fx. 

in 4 
O 4> 

cr m 

O 4 ^ C 
I 

o ^ O 
I I 

— ® 
o ^ o 

O ÍN 
O 4> 

O 4) IT O 
4 

♦ ♦ 3 
4 tO U 
O' - O 
O' 4> 
— « 
o o o 
— rg 
I I 
4 ** O 
I I 

4> o 

C fN ÍN 
♦ ♦ 
<C O' 

o m 
4 

O O' — 
i m 4 41 
> f"- © ® O' 
I m 4 m 

O *N «N © fN cg 
♦ ♦ ♦ ♦ 
0 4 — rg 

© 4 O O 4 ® 
^ <N 4 f^ 
® ® 4 4 

© © O O 4 4 

O <N (N 
♦ ♦ 
4 f*> 

O 4 ÍN 
4 4) 

4? 
0 4 4) 

rg o# 

O <N (N O 
♦ ♦ 
O' rg 

© rg r» o 
O' 4 
4) — O <C O' O 
rg rg 

© ce 
rg r» O 
4 ® 
! 

rg rg o 
♦ ♦ 
<¡r —* 
X- o 
rg rg 
rg 4 
r* 4 © 

r- 4) ♦ ♦ 
m 4 
® 4 
4 ^ 
4 O 
O 4 O a 
I » f*l fT» 
I ) 
^ O 
iO rg ir ^ 

rg 
® a. 

4 

4 ♦ ♦ 4 ♦ 
n « — — 
o 4 O' o O' 

<4 O — 
o r- o 

O IT ® o C 
f* rg rg 
I I I 

O ^ 4 C 4*> 
I I I 
4 — r- 

0 0 0 0 4 O' rg r» 
^ rg fw 

O O ® O O 

♦ 4 
rg -> 
® O 
O 
rg o 
4 
• 
4 O 
I 

«4 O 

r* o-« < 

rg rg 
♦ ♦ 
IT í4 

14 © 
r* ir 
O O' 

© © ir ir © ® tr © ® ir © 
4 4 4 4 4 4 4 
© O © O © O O 

C rg rg o M 
4 4 4 
©44 «rf 

o r* 4 o ® 
^ © INI 
»4 © O 

© 4 4 © «4 
rg rg -4 

O 
® o 
o 
I 
rg C 
4 
O 
4 O 
«4 
4 © 

vx V— V— V— Vht Vu# vx 
0©44UCrO'WrgfN© © rx. fv. 4 4 «4 xg 
4 r- r- 4 4 44 © 
4444©rgrgv©g>^ 
rg *4 rr. © © r* r»* 

44©©©©©©®©©©©©u©©o®ir©©©©©©©©©©©©o©©f^©©f^ 
A ** ♦ ♦ 44 44 44 44 44 44 ++ + ▲ 

o© ©o o© o© ©o o© oo o© o© oo oo 
rg — © © — 

4 4 
© © 

4 ♦ 
O O 

4 rg 4 4 rg 
4 4 4 
O © © 
O 4 © © 4 
O' © © 
w © © 
O' —í 44 m rg 

© © ^ 
4 4 
© © 
© © 4 
© © 

4 4 
4 4 
© © 
© © 

ww w© ©o ©o o© o© o© ©O o© O© OO o o 
"^“"^^riío©©© — — •4©<«^«^©(h"i,fc©oi08©i^f'»©oiiN©fl,,»r*,©*x<*^©iNfgx^y>©i "•■’O ® ® oí rg ©o oí ex m* ©© g^gr »** ** 4*4 
®® OI 01 04 10© 0101 — — 00 © © O'O1 rg rg 00 rg rg ercr* 

— — XX XX XX «X XX IT|*I X <U *.1». XX 9 9 XX »»IX 

XXX 
♦ ♦ 
9 9 

0 9 9 

•*« M* Of 
g' © 
• i 

X X 
rv — — 

I I I I 

IV X X 
♦ ♦ 
0 0 

— XX 
IV IV 
9 9 

XXX 
X X 

IV X X IV 
♦ ♦ 
0 0 

— XX — 
9 9 
9 9 

X IV IV X 

X X IV 
♦ ♦ 
0 u 
u u — 
9 9 

IV IN X 
— — IV IV 

I I 

XXIVXXOXXITXXITXXITXXITXXIVXX—XX, ♦ ♦ ♦♦ ♦♦ ♦♦ ♦♦ ** * * « * 4. 4 
OO 99 OO IV IV OU OO OO OO OO 
wwxxxxr»** — ntv — XX — XX — — —xuu — 001 
«VIV XX XX XX nu 99 mm oo oo 
irx XX 99 XX XX IVIV xx oo oo 
OONirirxxxIVOUlTXXXXXXlVtVirFiXxiviVi 
iviv — i"- —— —— r-r* oo mm xx iviv 

I I t I 

..*.. "¡ 



1
2

6
2

C
0

»
5
 

3
7
1
C

9
C

4
5
 

1
3
8
1
5
6
^
2
 

3
8
7
8
3
0
-
3
-
1
0
1
8
3
4
^
7
 

9
2
5
4
S

0
»
2
 

S
C

O
. 

3
C

C
0
.1
 

O
.C

L
N

O
 

: " '’■* " 1 I.. ■ . ' .i. 

ÍN *>* 
rs» fsè r* 

OwOO rs* rs, rg c O 0 
22 *?CCCCOC»M»4N _Ç Ç 

UUOUOUW'OOUOUUUbU.U.O.U.U.U^M. 
• • • •• •• •* *• •• • 
O O0 OC OC 0O OO CO CO 0C CO OO CO oo 

5 0 c 0 o o o 
TTTTZTTZ ~ z o 

<x (V f>i <M 
ZZZZZZOOCZZZZT 

u.u^u.u.a.u.a.u.u.uu.u.u.üuO.u.u.gLu. 

O C o o c c o o 

o o o o o 
o o o o o 
o o o o o 
ir m »r \t 

o o o o 
o o o o 
o O 0 o 
fT\ lf4 4fN 

0 o 
o o 
0 0 

o o 
o c 
0 0 

rfs 

o o 
o c 
0 0 
f*“, tT' 

o o 
o o 
o o 

c o 
o o 
0 o 
8T 

o o 
c o 
o o 
#r ir 

o o 
o o 
o o 
r- u*\ 

o o 
o o 
o o 

iA 

o o 
o c 
O 0 

O O 
0 o 
O o 
<*■> It 

c o — c o 
0 O 0 0 
O 0 O 0 

»r ^ it 

O O O O © 
O O o o o 
O ^ o ^ o 

O 0 
o o 
»r o 

o o 
o o 
tr o 

o c 
o o 
St o 

o o 
o o 
»r o 

o o 
0 0 
iT' O 

r\i 08 08 04 
♦ ♦ fO ♦ ♦ 
O O 'O o o 
o* o* ow cr o 
o» o* *■« »0 
O O1 CD OC 
^ >r a. ^ »o 

Oí 04 OI Oí 
c ♦ ♦ o ♦ ♦ 
<¡00000 
V O» Oí N* •»< 
OI * 04 iT IO 

<y* & -4 r* f+\ 
O <T OD CD 

u. ^ o- a. 'ö 

o o 
o 0 
It o 

o o 
O 0 
lO o 

0 o 
0 O 
IT o 

o o 
o o 
tr o 

O O 0 o 
o c c c 
to O 0 0 

0 
o 
o 

0 
0 
0 

Oí 04 Oí 04 Oio» ÍOIO 

^OOOOO<0COCa0flD 
^fTfO^oOVOO^OO 
ojaaojf^^oío-oojco 

-4 IA CC OD -8 OJ rsi 
CO «ao ac cr oo 

4T ♦ ♦ ^ ♦ 
«o oí oi c a 

r*\ ff* r*\ r* \r 
a o o 

C C r* 

0O4OICOÍO40— *-<0*-^OOlO4OO4O40O|OgOO4Oí0Oi 
♦ ♦ ♦♦ ♦♦ ♦ ♦ ♦♦ ♦♦ ♦♦ ♦♦ ♦ 
fo oí ro a cr 04^ c ^ tr o ®«n ^ a o 

00^000404-0401^^0^^00^0- 00^^3 0Ü 
*Ah- c-^ 00-4 cc >r 4^^ o «ooi — o <r 
r** <7* O* CP 0fO 4— 0D4 — OD 00 4 OD« O 

Cfooiaacoooo^or-a 010040^(^04^^00^(^0- 
-h — -«• —« OD O* CC lO -i«-* — — •*— 40 

#•, «4 ^ ^ 
<0 ’'í >4 

— iT (A Oí 
♦ ♦ ♦ 
0 0 0 

OL 0 0 uü 0 
0 0 0 
0 0 

04 IA »O — 013 
rg 04 — 

iA — *>*>00004* gro4iA*>rg**foiA*>*^r 
♦ ♦♦ IJ ♦♦ ♦♦ ♦♦ ♦♦ ♦ 
O O0 00 OO OTO* 00 0O 0 
uoc00(r00^U0^írsraü00O*00o-tj 
0 ou 00 00 sr ir U0 00 0 
0 ** 00 00 foro 00 ** 0 
cr — 04040100 — (A^rg«*) — — 00040 
— m fri U0 cu tu -i — o- r- 03 m 04 

* • 



fV4 
Z 

eg rs* i* ^ 
^OOOOOOOÇNr^ 

fíxíxixii**11 

<*\1*(* + + 

a 
u 
u 
r 

o 
o 

t 
o o 

o o 
o o 
U Q 
rr> »r 

O O 
O O 
«T O 

O & 

• o 
I o 
» a 
* tr 

,^Srrz*55;^^j||8SSSggSpSSSss5íj 

o « CO o o o c o o 

XXX 
*■ + ■** 
)0000 
I • • • 

o O CO 

' o 
i o 
( o 

I • *« • 
) O X o 
» o O 
» o o 
> tr f- 

> o 
) o 
' o 

o 
> o 
I o 

o o 
Ö o 
o o 
"> )T 

o o 
o o 
»r o 

• • 
o o 
o o 
o o 
(« IT 

o o 
o o 
(T O 

O o 
o O 
9 o 
pi ir 

o o 
o o 
o 

o o 
o o 
o o 

o o 
o o 
IT O 

o o 
o o 
o o 
*n tr 

• • 
o o 
o o 
irv o 

(*S 

• • 
o o 
o o 
o o 
(PI IT 

o o 
o o 
in o 

o o 
o o 
o o 
fp m 

o o 
o o 
in o 

o o 
o o 
o o 
i*\ in 

o o 
o o 
IT O 

IP 

o o 
o o 
o o 
(p m 

• • 
o o 
o o 
m o 

• » 
9 O 
O O 
O 9 
ip in 

• • 
o o 
o o 
m o 

o u 
o o 
o o 
(p m 

o o 
o o 
o a 
(P IT 

# • • • 
o o o o 
o o o o 
m o — m o 

ip « (»i 

m (MM ^ ^ y 
♦ 04*0* ♦^'♦♦(P 
(».^00«00<000< 

inPíniP'P'CC'^^ri 
? O «p^^OPíP-© 

ip O O ® * "C o 
1 U. 9 9 u. P- ^ i C O' l¿ 

(P ip (P 
♦ ♦ -r ♦ * 

ry, IM (SI (VI "O (P 
♦ ♦ O * ♦ ♦ 

îî.îî^ïï^ïïsîîîniHsliii'-^ïiiîîïïïîssiss 
;ïiS°?SsîsIsls5SS5Sïai?s?~ilî5î;ï3sg~;;âss 

œ c a . a œ ^ 
500^^--^0^^--55000-00 
0» má O'» OO OO OO ® ^ ^,^^^ — P“Uj‘— It 

p-u. p-p-u. p-p-u-p-f“ ^ i ^ ^ 5 * « « 

♦ « 
in -> 
m o 

-* c 
(M 

m o *p 

p- ^ ^ 
♦ « ♦ 
OC fp 
P- o o 
P- "•• 
o PJ 
c o (p- 
—I (M 

I 
(P O (P 
I I 

O' 
(p o 
« 
(M 
m o 

pi o 
♦ 

<0 o 
X 

tp — 
no® 
® o 
» PI 
in o pi 

IP -» IN ® 
IP o m — c 
má P- ® 
» ® ® 
® C C p- o 
4- (p » 

,* © (p ip o 

I * I 
•t n p' 
IM O ® - o 
n PO 
o V O' 
f- o 00 (M O 
n - p 

»•OP 

— OP 
♦ ♦ 
P o 
® O IM 
n « 
IP IP 
® O (P 

I 
(M O P P o 
♦ ♦ ♦ 
ip « <r 
IM o p ® o 
IP (MP 
- u o 
.p O «T «• 9 
— — P 

ip © IP IP < 
♦ ♦ ♦ 
o 00 
•MO®®' 
p « ® 
® PP 
OP— — 1 
® PM 

^ — IP IP 
♦ ♦ ♦ 
O OO 
U—OO 
u 00 
o MM 
o — O' ® 
M 
I 

,,* * n n ‘ 
♦ ♦ ♦ ♦ 
00 00 

, ir (P IM O O I 
ip n ® ® 
K p- ® ® 

■ MMP®®1 
»in ® ® 

» n in — *n ® ♦ ♦ ♦ * 
00 00 

» o o — o o 
ou * •* 

fN. f*» f ^ "M 
I ( 

^2 a O if' ^ «JJ: J ^ 

us®:?0?® »p -7 »7 
inopioM-roMPCMion-o 

I • A¿ —A 0« ipin *0 '#■ 
i.opooojo-no;jc-^o 

i?ogïo:50S50i50si° 

ir~-r*ro|rrfjr 
î; 2 0 2 3 0 ^ : 0 2 S 0 £ S 0 î ^ 
ip® p® n p n ® O'* „ 5 2 a Î2ompoppom®om-o®mo 

mm -- w- ^ ^ * * 
«P^onnoniponifoinnoinro 

AA A A »» y A »J- 00 

nî»»r*i i*\ m tn> mû O lO If' 'f 'f 
.oo®MMPOOP»* — P®*onrp® 

J® n IP IP IP ® •»■ -« ■« - — 

• m m m * n—ipn—niPMinino 

AA 00 o- o 00 * & 
»So — 00 — w®—«o — vnp 

o o 00 o-O' pp •* 
- - 00 o o 

-mm-oomooipooomm- 

nm n n * ■* -7 ^ ^ 
i t 1 1 

» ip “» ® 
M — O P 
-O' * 
MM P 
— pon 
— — — 

A Ao A 

AA A 
® * 0 « 
— — * 
— (-. 0 
O' P O M 

P z 
♦ ® 
M ~i 
® o 
IP 
M 
* o 
O' 

IP 0 
I 

® 
— o I 
o I 
O' 
n 0 1 
® 

Xr-MZPP*'«'« 
« ♦ 
»> n o top-» — 5 
©iP®on®o — ® 
« »■ » m n ® 
© n n » i ® C* 

om* 0 ® p O 0 5 
— p - — •? Ç 
it li i A 

Q ¢5 tf1 O ^ 
ti i i i* — 0 n n on 

OPPOC'í'OA'ñ j- ® m n p ® 
^ n p ® ^ 

ooPonMOPM 
¡p - — ® M — 

« ♦ ♦ 3 ♦ ♦ 
P 0 0 — ® 

© c p o n p 
m o n ® 
— * op 

0 n c o p p 
M * P — 

I I I 
c * ® o P P 

II 11 
© n ® p 

o p o o p — 
* « p n 
p * •» m 

© M P O P O 
© .r n * 

M M O M 
♦ ♦ ♦ — o ® 
000® 
p (» ® 
m « ® 
o o o n 

M C 
♦ 
© 
P o 
0 

« 
n 
0 
p 

■ • 
MOP* 

M — — M 

©MMOMMOMM 
♦ ♦ ♦ ♦ ♦ ♦ 
© n — * — — 

©p — ©n©o-,M 
i» a> o p p — 
mi» p p no 

©o—onnoPP 
M P P P — — 

© M M O M M 
♦ * ♦ ♦ 
p © M * 

CO-OP* 
OP — p 
no m 0 

0 0 — o n * 
mm mm 

« © I 
♦ ♦ 
n n 
© « 1 
o O' 

nnonnonnonnonnonnonnwnn 

¿AoSSolfoSSoSSoSpoSSoS? 

55 ' 00 pp m* o* 

nn-nnPn.p***P*70'J';0'»t'r*'? 

SS nn A A 55 25 2- MM^nn 
i2mmoomoom--m--.p***** 

lli. 



O
 

O
C

U
F

F
 

B
A

U
E

R
 

6
/6

1
 



<0 
UJ UJ W UJ Ol tu 
_l w _» _i _< _» 
« ® « « ® ® 
« « ® ® ® 

OJUJAiujLuiuaiO 
<3 ^ 
O O D 

'00'- ooooccoo«* ' uj u. a> 
lOi ‘ ‘ o o o o o o 

o o o 5 o o 
L, i yj yj yj yy yj 

o 
» 

<* r'J -M < 
*»■ <r tr o 
rg ir i», o 
l\ IT* r~ N 
0“ «• (T O 
O O O O 
O O Q O 
• • • • 

o o o o 

o 
o o o 

cn «*< <\j o »* «V 
® ® M « — ® 

r* + m m t* m 
fs* tr ir ® ® 
IT o o o o o 
o o o o o o 
• • t • • • 

o o o o e a 

(M 
O' 

§ 
o 

IT — — 
O O ( 
o r* i 
o cr >r u o 
t 

« c — rsi i 

O 
V t 
• 

■ 

it I 

4 
o 

I -# 

u o 
U • • Q O < 
• ^ « • 

I p* . 

o 
hU 

o 
« 

u o 
o -r 

I 
^ — 

• ••••••• 
cc^uouuuu 
UUUUU^UQ 

rr\ f*\ rst r* »* -4 *+ 
I I I I I I I 

t • 

-J 4 
^ — U - 

uj « at uj u w u o u o a o 
o a o ik m 
»»D^QiUOUUOUOUUQ 
K «4 & «J « 
u < U WO U. 

• u 
« 

• u 
a* 
t u 

UUCQOUUOU. 
uoiromuirou« 

•- o 
u o 
• • 

fx + 

o o 
u ^ 
U O' 

« « 

* o 
• • 
* N 

* o 

m. ui or 

^rwuuuuuuuo^ 
<#wi^uuuuuuu 
— oouwouow — 

m ir 
• o 

u 
IT 

U 
• t 

eg 
• 

oooooooooo 

-OOQOOOOUU 

0 
® « 

® z 

• • • 
u u u 
u o o 
U tft o 
•» tr fn 
t I I 

u d <. 
w u u 
tr u tr 
tX «M — 
I I I 

« ■• 
w * 

£*?§ 
ï 

tu o » o o o o 

M 
o * 

-J « 
X 3 
O tr 

Q d d O O O d 
m 

d d ddduoddddd»M«r>-® 
wuwdddddw«« 

iri^tx^uddddd 
— "TddUddO 
-<»-ddOdUd 

i « 



Ul ui 
ml mJ 
TO ® ijO 0Û Ct 
^ ^ 3 

u* Ul 

555555555 

o 
«r 
« 

i o »« 
uj ub oi 

KKKKMMKKM 
tUUJIDtUUlUJMkUUJ 

u 
Qt 
« 
u 

t 
*3 

1 

h 

o 3 

J 

€J 

1 
C 

r 
a 

ir 
rv 

o O O O Ci 4 
I 
3 

O 
m» 

2 
C 
A 
1 

U C • 
U* 1 c 

I» 
o 
> 

c rv 
I 

• C’ C C C ff c 

o 
c 

I 
3 
► 

vte^r 

X J c c r> 
uc<ao<ro 
r-airc*c**ec' 
XI c o c c c c- .. 
C* O C O O C> C' O I 

u 
e 
c 

O 
• O O 

• • 
o 

a 

UN 
u 

o o o 
U • U • t o u o 

f 0* m* mé 
4) 
O 
4J 

U 
Ui 

• ♦ • o 
U U O ru 
U O U Oi 
O UN U • W 
•M» M« • 
I » _ - 

* O 

o. 

w 
• o 

OUWOOUUQO 
uutnutf'omoo 
»r«o«Mtrr»upui^o 

C' ► 
, c. » 

C IV 
x> o 

4f * > i» a <. 
Ul Ul 3 7« 
(.' ? C 2 » U. U 2 
o o o ui » u' 
ci or n c X f uiv 
e**- »• 3_iffo 

xuirc'«tjinu 

- O 

o w U 

u 
Ul 

IN 

oooooooooo 
ouoouuouou 

ui e 
0 «nur» «niviuv 

U' • V e ^ 

W W Ul -C • U 
ui u ui • 
u» u» - — 

Ul ■*• 
• I 

IN 

I 

W Ul 
• • 

uiuiuauuiuuiuu 
UIWUIWUUIUWUIU 

— 

Iflu 



r
u
r
.
f
r
.
,
 

r
0
„
T

i
i
.»

T
^
 
c
^
r
,
 

L
±

. 
^

 l
 

-
. 

X
O

T
lO

M
 

• • • 

* ; 

a 
I 
J 

ÍN’ ^ «ht 9 «H (O 'V'^C^lOlOv^!1**) 
<rc:€DOc:C5*-cr©oc •-»-<•-*© c© ©©«-©rv. 
©©©©©©©©©©©OC>©©©©©©©©o©©C © 
***••**••• lllll »llllflltl I 

•« rv ‘t* »V <c rv mt *-• 
^^KiOLarir^c 
urNO^ooiTN^^oio-co^o^tccirv ©nr ototf>4>K)©©©© 
«^■©«•«‘©«♦fOir^íKirN« ©fv^if' ^ tf o o ^ er ^ 
fvjr •-»•-ir ©*^©rvrMfv«-*^:^ •- -r rv «-« cv«>« o 
• •••••• ■•••••• •••••««»#»** 
o©oooooooooooooo©©oco©©©©© 

<\ l\ 
i'* -» oo-!_iuu";«CNr»oc< ou j> 

aa aaaaacciNvic 
SfVfVK'U', __. 

C C t. »«.««««« «. «-CCfil 4JJ. . 

•■'r«'« « tv « ■> c C’*-*© «^«^©©©©©©©©©•nnn^H^©©©^^^,^, 
C C-©C.-«'*C CC«>©©‘ «©«©©€ CCCCCCC CC 

críOiirivcíii^fvi^nD^c-©©© «o.^oa ocvixo^a«*' 
^ ^ i1^ W l"*' ’•t l^Olö* ©Kfv«-*ir O* <€* © •«• © © Ok io Cv c m 

© r-. io cv r r- 
O»©© K* ^ (V O » «.O'« 

cv. 
© © 

^ o 
• • 

© c • 

S 1 
* * 
t 1 

c e 
«V •- 
« * 
• » 
c rv 
© * 
c fv 

e o 
u. -*J 
r* . it 
• © V 
y et 
ir w 
V X 
-</**- 
+ <* ». 
cj <- e 

<o 
^ ir 
© cr 
c *« 
♦ y 
c X 
o c. a 
IT t* — 
O -X X 
o *• • 1, 

• u.- « 
r «. o 

2 « 
•» r 

C' *• 
► u 
a ir » 
C tf «* 
a -• 
► ï 

c © © e* c» c* © 

O. n- 

© r> i 

c c 
-J t- © * «V nr ni c. r « 
•^2 «V JJf\«,|«.' O 1* JI JJCJ ti2»*5C- 

Ç -I © .i ^ C U J 3 llVO.ro^^jy^r-co 
« 4J O J «J 2 « f« « tJ UC ^ C* MO 00 102 

• X ► 
e u 
X . 

-« c 
1 X 

1 

M 

c: 
• ►► 

o> 
2 

C't. I» 

*4Pv p* «h r j nv f\ «o r> «-* o <r4K©ir « rv «-« ir r»> rx u» ik nr m 
CCCC'C'CCC'C •»©'•“♦•©© C «r r V »•* »* ©CC Cw 
C»C>©00000©00©Cf00 ©O ©OCfOOOOC O 
•••••••••• •»••»♦•••••#•!* I 
í^r25í ®c,,0,r<> ujuifkjc-^we. 

T'1“ CTF 
» ? * Î r < £* î < o ? í í ^ 
»>o^« wi ni w4 n& « its rv ^«(Virt « « *u. w rv i\i n « 

e » Ik 
o e> o 
• i • 

* 
"f k« #■ 

* O 
nHvO « 

^ « J * 
© O • 
© © ^ J 
4 C 1 
U> t 
* 4 

• a 
* <4 1 . J 
If 4 - X 
o IX IO J 
*-• C X ► 

• flp 
© . u 

I» ► 
a >> 

© 
♦ 

© © Cf © © © © I ^ © © © © © © © ©©©©©©©©c?© © 

► 4 ♦ 4 ( 
U U O *-140 4- ’ 
Ü. 1 O Fi 2 I 
a i.« » X ui 
o * © X 

a o rw 
•0X3 

or o o> ^ «y 
c^.'ö o « c c « o F o c c o r- 

O e O 7 o M ^ ^ ^ o 1* t O O OO O O 1 O o 3 1 ^ ? 

X rr 
►* 2 

uJ t 

O |\ 

n + * 
e t c 

U. IT 
» m 

tr 
i 
i 



i 
: » 

i 

c 

d v! 

-I 
y 

i 
o 
c 
UI 

2 - 

X 
. i 

■4 

2 
2 

r- 

3 

j 
j 

e- o 
c> r 
• • 

K ir 
* o * 
* » "o 
•- tr i* 

* 
r 

o 
fv 

J 
O •!' 

i i 
<v 

c? o 
♦ 4 

^4 
T* fK m 

ocooe-ooov-c occi^v-r^o^^^r-ecroo^Hoí^w-ifV 
• OOCr-O^^OOOOCíOOOOOOOOOOC-OOOOCO^O 
ar4tir»iii»iiii»iiiii«»iiii4iiii 
u ** i* w * *4 m *•*> <€ ** o o r* 

& < r r r a or c tf 4 
4t) O O <© 4) «> 0^f>íOii>-4>^00«®*f>4D 

Ovisrvir «-*«-«^4 »4 tf\ •*) «-((^®^>®f\r\i(\i«Hr)o«-4«f)rvr4<\ «-* o « » 

r * 
» r* 

•o fV oooc»c^ooc»oo o o o « > O O O O O O I 

<h na ir 
< < 
« ►- c u 
• Ui u> 
C5 ui O • vi 

C • c: v 
r 1 or 
U tÄ H 

X. X 
. IT I- 

+ + U 
e e e 

C (/» 
C T-* V 

• o o en 

C!» •- 
O 
* 

u. 7 

a 

e 

r 4 
X «V 
s *- 

o c • » » 
4-4 «-• ff 
tv ► e • r. r- r* 
® ►- ir «4 ® 
V 0 i' • fv IV 

1' ® « r 
•no* • • 

•-H fx CV ^ 
O Oi —I 00»0 -íOOKJ-OOíJNOCN. CU if> * 
u1 y a f^ii(.2C:i^-r-.'C«Hry3y3jrec(v^ccyy 
aciv. «vrsc-.-----uc;y yy«v^*nK»-i-ic^«v^^^ 
v L * * ccai^<^«^ci.cict^c'i-ct.i yjy^ircc 

«r 
c, 
u 

-i • 
y c 

<c o 

3 
► 

r 4 
-p « 

N < 
1 r^ 
¿ ► 

c ® * ft ft - 
• ♦ æ 

« a rv — a < 
o *4 <V *-4 pn C‘ 
U. N « »- ® »-4 
45 c rv 2 cu m 
• cu ir c- 

4 4 
<U 4t 
c rw 
43 «» 

«U !U 

a 
v 

c 
s 

p r r r- * 4 * r u^r^aK«r^•-.®u«cuuu^vul^^c4r 
oo^-csooocíc'ooooc'co^.-i^^croc^tr^-^iiv*-* 
c c C1 ft c®c:'4 «r c ^ *' 40 c cr«c'®rftc.ftft'cc c r c c 

cr^^u^^rrs #®r>4r<«-cru®rr r •- u u c * c * 
acpncvjfivoircva'Ofocc-ccwcvo^itocuKjftía-r/C’C 
r •• *o »» ir K, fv ^ rr ruooKCV^tf^Koe ^ « «. cu ir cu c <c n» 

<C CU u ^ 4H <r< «4 fn 4T 9 «-« CVi 41 f\ «hi 

o 4 y 
* C K X 
O O J* C ff 
c. ^ ^ U —• 
4 4 CO l/> X 
c ir cv .3 
e ir • u* c. 4~ 
c •- c k. a 
r 4 jr h 
^ 4 I. c 

• 1' 4 
4 9* > <m 

4 a ir a 
c w -4 

«r n -4 

o < ^ 
« u 

r 

» 

o C< O C C’ o o »C*OC»OOC“ oooo« 
u 
m 

c. C l\* > 

4> 

o 

r 
-P cr 
4*4 « 
-/ i: 
U 

-4 CD C* 
y • 4* ♦ 4C 
• f. © 1 4W ¿l 
® ✓ « • © C' 
-r 4» ix *ji »- •-! 
C r C © 4- 

* ix 2. v C 

*4 4f 
• ■ *%- 

• «r 
A r 
o • 

♦ 
e. 
u 
u 

U r C' J cu 
A • O -i r, C-JC-r 
® 1 * o -• t-> t-' y o «r «4 

c tr ^ 
3 IV 

c 
cv u u •»' rj u r, 

m * -i -r cvpt y y y c: o***© y 
-» . « -j u- o 3 yycuiuri^^-i^y^CAA© 
«4 *4 4T o o o © c* o c>u» o 1? y y y ✓ -r o c» 

c 4 

ft o 
u 

«\ c c ' ft ft V ft < 

y 
o 

4- r 

r 
o 

X C 
U! 4 

y 
4 • 
© 

o © 
© IN 

ë ir 
3 • 4 ft 
ft •. n in K y 4 

ST *• T* C5 
u »- o * e 4* 
y > in © 

4 4 
pn o 
f\ ft 
*t ft 

If“ v 
ft> 

N 

00«-im4>*44mftfUft>ftl«-«®«4^ ®®®|U«4®*><U© 
OCC CftftftftC C Cvft r-fftC ft»v-^ ft 

•oooooooooo00000000000000 
A4499«t*l9l • Il I •••••••• CI4i 1144 
u ®fu®rv9nftft, o © eu oirc4«ft«®«-*©fti«-(©ft>ft>fuo^©o*4ft 

meu«* u ftr.ir®®4-©r®r«^^4-r o«\^©c\ft ftfvftft 
uiy\®«-i©n*®© oft^ftcuir^^^'r^^ftio®^^ eu cv cv 
—•oA-ftir ftft©c\ftftir •»ftftftr* n»-r oftft»^ 
0^ift»©ftï^©*-l*4CUr4*-M4ft||\K^»-l«U®©ftftKr4«UCUftïft w* IT 
T. 

OOO «*• OOOOOOOOOO ft- OOOOft'C'OOOft'OOC 00 

1 4- 
c u 
X . 

- ft _ 2 O ► 
ft 4 ft © u 

ft © X w ¿ 
a » 
—- 4 » 

r o • 
o o ft 3 
4 ft y 
ir c 
ft> 4 
r ft a 
ir k>©> _J 

eux 
O Oftl J 
ft r X ► 
• «u ►- a 

4 V- 

4 
O 

(L > 

O 
O 
4 

t ft 
A • 
I r 

tr 
n tr 

>• O ft •-• tP 
0 4 3 ® «4 

04- X • «H 

U' O 

4 ft 
u u «~» *• tr 4- «*. 
u 4 A -J ft 
Cl U ft 3 4* i* 
c p- ft © r 

t 4 
* u 
ft O 

eu 

ft ft 

P-» (U 14 ft) —J 
© C-J-© AftCC ft IV ft cv © c «X ft i\ 
u* 14 X ft V»ftXO©PtVI-)«J-J4Ct* XXXVUXIU©^ o X 
Aiuiu^iuy y 3 -r-4-4-j © © © J y ft cu fv r> ft -j-j * iu cu r> ft 
® y 3 © c* ©' 3 © © ft ft « ft © © © © © © © © © © © © S 3 ft 3 © © 

IV ♦ 
ft «-» 
ft 0 
©• 

tv 
n 

X u 

* £• 

p 4 
P c 
• c 

I if) ft 
0 

.f 

J 
_\ 

¡[itii 
litif1}^ 

"
F
M
l
'
v
 

P
O
K
M
A

 
. 

|
K
l
 
t
.
l
d
k
'
i
 

'•
£.
 

, 
C
i
'
-
N

 
N
I
A
'
'
;
 
b
<
C
 

r
'
k
i
.
c
 
< 
i
l
C
A
*
 \
 





I 

\ 

V' 

T J 
i 

-s* 

111 - 

'.U -- 
. i .< 

4 

ï* 
V - 

->i 
V 

V 
*.i 
vj 
J 

> « 
b J 

o 
o 
-ï 

a 
3 

J 
o 

Ul o ^ 
7 «re 
•- u -r 
O I r- 
ar a • 
U « r 

rr 

i? 

o 
♦ 

AC 
« 
cr 
CN 

4 
^ «V 
* e 

* «• 
C -- 

a c 
7 4 

èc. 
V * 
1 -- 

. • 
C C 

7 • 

c ^ 
V « 
1 « 
2 ir 

•- « 

4- 4 
—« * 
u* e 
i* 
• r 
û - 
o • 

a c* 
^ 4 

Of* 
V) • 

« 

ft 4^4 
• f*4-- 
o ik «h ► « 
fe O » 0 « 
O K t. ^ 

e » 

C C’ 
er c 
• » 

= ® 
^ C r- 
<0 O *> 
—- — I* 

(M -< 

C C 

c c 
c c- 
♦ t 

c c-- 
cr c 
C' d 
4 4 
O ^ 

f* o rv 
«H ® —• 

« cr 
r* rv 

r r- 
o o 
4 • 
« 0 

r. e * 

c_ 
Kî 
t- 
C 
4 
0 
« 
UN 

fM 

C 
> 

3 c* es 
4- c C 
3 • ♦ 
* or * 

o « « «o 
U- 0- 0 •- -4 
M O» 7 -4 
• —• «fi 

O- • • 
%. «j « 

l#î 0 IV 

a »4-4 
$ C 0L M m: 
tr ^ r> • o 
^ o w -I ^ 

t».' O' c c» 
« r* a. c\ 

► c* c 
3 t 4 
c t* < * r, 

«fî ;r 3o 
I. T «» 

> 0 

O C’ 
• 

Ci cr. 
<r c 
c «» 
4 4 

fr- V 
* Cf «H 

ir r* 
^ *r 
«V «V 
• • 

C C- 

o «r 
c « 
c c 
4 4 

* r 
c c r* 

* oc 
o 
U oc* 

c c 
lf> oc 
V 4 4 
* rv —' 
y «c rv f 

r* *- 

r 

auo-^d 
U I c 3 
Q ur y r 
c a ru 

r 

• IN 
CM fM 

C « 
o c* 
• 4 

IM w4 

V) 
U 

0 
« 
«9 
l* 
O 

r* 
<M 

a 
u» 

a 
a 

• 

i 

r’v 
O U 
C V 
0» 3 V 
0 cr 
0 c» 

• 4- UJ 
O-4«fO-4K0-4^4v4*-Mrr)-4Otf>0«00<\0O0«M«-*«0< o Ul o • 
COCCCOCC--1CC -<C»-i-<OOOOOO--«-*Hr4vl*H0CO _J I CS 

•OOCOOOCDOOOOOC-C-COOOCIC-OCOOOCC-OOO 7T 
3 4 i i i i i » i •• i i i • p i • i i i » » i i i » i i i i k-j tr h 

c<0r<«Ner^ _ v/ 
u-poKifMfVPoee^pOfMPoiMoecMooifNtfxpvrviri^oorvrv^^rv *m <+ 
3- 4o^cr*^<MK«\i0<i000ir®e^'e00e^-0i00S0>4p>fMfM^ or^ 
CPor^forv-«—««* c\^ *o ** ** •*: •« ^ -r-*«M—cpv. —401/--e cm 
*... -4cr 

oocoooooc. 000000000000 c* 0000000 c* • oir» 
O d <m 

4 + 
cr M • ^ v 
u. rv o c^c 
4- * «\ IV ^ mj mJ CT--CU 
U CM 3 OOPO3OUK>0CM0>O«M CM IT M 4 4 M v/) 
U' 33 <V«k;-l.'*CfM_j_il>f*4rX2J3*CC'fV2rC C ,3 3 c « e ^ 
a c cv rv rv c_-_«j t 3 3 3 cv (\k, r__ ? c + (\ t\ * •* ce • u 
4 V ^ l C t l|.C333^«LV If U C t- 

rs c 7 
rv v no 

• c 
C pr > 

4 a cr 
4t-K^<»r<^^c<«a^|iN|rrvr. ’C 4L P*- O l|V —• «C. V 
C5 C5 O O O C* —♦ O O O O O O O O O O —* O O O ••“ O CM C? IM pp* CS o o *«r-a 

• cocccc-ccc«cc*cc cccc c-cc «CC* OCCC * *00 1 
a 111191111414111111111141111114002 
I* ««Cfe-MC—-O9r0'4' C0V*440'—-0—-« •fV**0,«*C* «- 0 « 4T k* 

*-• c ® 0 a ^ p-i»40«irp4i0»0>4f>c.c.»f»«»r, rDer*0ifv0««c00 c 
u c e e *. r* «; -i 0 pf» 0 ir» -* »* r» ^ «r r> *- e K o «v «. «o -• r r, * r* c o 
3 0--0^40^^^0040^0900-40-400 |Vr*0O--0 01 O0-* 4 4 
C -»* *-«;4O0 0 0IVi-*IV-4-4«M--0r“fV-W4OlM0«t. r>*4-4 40lV»*-CC. • 
M  .O 20 

OOC OOOOOOOOOOOOOOOOOCOOOOOOOOC'C'CV ou 

0 4 0 1 
r C X 

ce o 
C II PO _J 
O 0 c 
4 0 «' c 
0 c* 4 C* 
0 MC. 
fM 4 

t- 3 u o <c cv M MC- p»; Mr: 
u 0 U 3 0 3 J 0 -J —i 040 3 3 3 C C 2 r C 3 
0 •C^-JIO «D_l€J—*_J_J-JlJU3 3 3fM0«4f r Mi^724OC0M M • 
0MJ 1.5 M O U 3 «J * -M «* «M 0 t_> O «.> C- O C C' OO C> 3 3 J ✓ ✓ C> C' C» 

M O r-* fV —» f\* —4 Cf P>» 000Otf>*>ir>M M m M 0IV000V0O000 
OCC vC*CC CCOOCC---»CCCC C.OC.0—* — CO00-CC 

•OOC'OOOOOOOOOOOOOOOOOOCIOOOOOOOOO 
044141 1944144 999 9994 49I44 4944419 
u 0 0 0 0 p* o0otri0-*0i0«4opoir — 0 ir 001^0010101-^000 

C000«-PO0« 0<^-*M*o*a« r*r (V0c00«rcr0« 
Ul 0 O-40-*0*p4:0^« C0l--0*O(M0 0—»ritfV r4C-4-400-4«>00 
wi4^M0ccirc02rr«ir00r0000 or « m o «•« m 0 m 
000 0PO0 0-4 0*0 -4-4-4-4U>PO-4»4>-40 —4 90 —4 0 0 0 0 0IM00-4 

OOC-COOOOOOOOOOOOOOOOOOOOOOOOOCIO 

1/ 
Ul 
9-1 
c 
Ul u • 
& IM 0 -J 0 3 

0 o ri j 
C_C 0 M c c 

Cl «C 3 O C* «M _J _l ^ IV 
~ 3 ^^-1-10031332 

0 
0 0 9T 0 c C 0 

2 3 O * IM O 2 
IM 40 90 -J -J 2 *9 

40 0 0 
O 3 2 
0 40 0 0 0.00-103 33 —1 —1—1—1000332004040—1—120 04000 

05 3 3 O C Ci 3 0 0 0 0 0 0 O O O Ci O O O O 1 O O O 3 3 2 2 O C> O 

• 0 a *c 
c 4 a o 

O M C- 
C M 0 
0 »0 
«V C • 
o o 
4 H 
T II 
«r >- 
rr a > 

O 4 t V 
0 9-2 

0 li 
o u» o 
o 
4 
O 
o 0 
O 4 
0 O 

• r 

/ 
v 

J 
3 

.-u 

V 

A 

il 

V. 

il 

J 

il 
\. 

îi 

!i 
5 
M 

'si 
J. 

U 

H- 

■ 

J¡ I 



APPENDIX G 

FORTRAN IV LISTING OF ARCACE COMPUTER PROGRAM 
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