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A detailed description of a computer code to predict the influence of 
electrophilic liquid injection on re-entry plasma sheath properties is 
presented. The code requires input data on the liquid injection system 
parameters (i.e. electrophilic liquid properties, injection velocity, 
number of orifices, etc.) and the plasma sheath (shock layer) properties 
for no material addition, and predicts altered shock layer flow properties 
and species concentrations. Of primary interest is the ability of the 
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code to predict reductions In shock layer electron concentrations, which 

determine the effectiveness of the Injectant In alleviating re-entry 

blackout. 

The physical processes Incorporated Into the model Include: flash vaporiza¬ 

tion of the liquid jet, penetration and breakup of the jet, droplet 

acceleration and vaporization, diffusion of the spray/vapor cloud into the 

shock layer, vapor decomposition, heterogeneous and homogeneous charged 

species recombination and homogeneous electron attachment/detachment 

kinetics. The Influence of the electrophilic liquid and vapor is assumed 

to be limited to the volume contained within a droplet-vapor-air (DVA) tube, 

which extends in a streamwise direction from the location of liquid jet 

breakup to the end of the body. Flow properties and species concentrations 

are assumed to be constant over the tube cross section, so that only the 

streanwise influence of the droplets and vapor on integrated electron and 

ion concentrations is predicted. 

This report includes the equations utilized to describe the model and serves 

as a Program User's Manual, incorporating instructions for preparing input 

data, sample input and output and Fortran listings for two versions of the 

code (specialized and generalized chemistry versions). 
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I. INTRODUCTION 

It has been established that the injection of electrophilic liquids into 

re-entry plasma sheaths can significantly reduce electron and positive ion 
concentration?1» * and alleviate re-entry blackout for signal frequencies rang¬ 
ing from VHP to X-band.1.2 Prior to the present study, however, a systematic 
computational technique to predict the alteration of plasma sheath properties 
as a result of liquid injection (and to subsequently interpret flight data1. ) 
from given injection system parameters was not available. In this report we 
discuss an analysis and computer code which can be used to predict altered 
re-entry plasma sheath fluid mechanic, chemical and electrical properties when 
flow field (shock layer) properties for no material injection are given as 
input data. The computer code is a considerable advance over the one developed 
by Pergament, et al,3 which has been used to analyze electrostatic probe and 

signal recovery data taken during the RAM C-III flight.* 

The fundamental assumption in the present model is that the influence of 
the injected liquid (and the electrophilic vapor) is limited to the volume 
contained within a droplet-vapor-air (DVA) tube which extends in a streamwise 
direction from the location of liquid jet breakup to the end of the body (see 
Fig. 1). The boundaries of the tube normal to and circumferentially around 
the body are defined by the expansion and spread of the electrophilic vapor. 
Flow properties and species concentrations are assumed to be constant over the 
tube cross section. Therefore only the streamwise influence of the injected 
liquid on integrated electron and ion concentrations within the plasma sheath 
can be predicted. This appears to be a reasonable first approach considering 
the overall complexity of this problem and the number of physical processes 

which must be incorporated into a realistic model. 

1 Hayes, D.T., Herskovitz, S.B., Lennon, J.R., and Poirier, J.L., Preliminary 
Report on the Trailblazer II Chemical Alleviation Flight of 28 July 1972, 
AFCRL-72-0640, 25 October 1972; see also, " Inflight Electrostatic Probe 
Measurements of the Effect of Chemical Injection on the Properties of the 
Re-Entry Flow Field," AIAA Paper 73-692, AIAA 6th Fluid and Plasma Dynamics 

Conference, Palm Springs, 16-18 July 1973. 

J Schroeder, L.C. and Akey, N.U., "Material Injection Alleviation during the 

RAM C-III Flight," J. Spacecraft Rock. 10, 170 (1973). 

•i Pergament, H.S., Mikatarian, R.R., and Kurzius, S.C., "Fluid Mechanic and 
Chemical Kinetic Effects of Water and Freon E-3 Injection into Re-Entry 
Plasma Sheaths," Final Report, AeroChem TP-291, NASA CR-132309, October 

197 3. 
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figure 1. Schematic of liquid injection into a re-entry plasma sheath 

The processes included in the rodel are: flash vaporization, penetration 

and breakup of the liquic jet, droplet acceleration and vaporization, diffu¬ 

sion of the spray/vapor cloud into :he external (shock layer) flow field, 

decomposition of the vapor, heterogeneous and homogeneous charged species 

recombination kinetics and homogeneous electron attachment/detachment kinetxcs. 

This report is a detailed description of the analysis, including all 

equations utilized in the computer code. The code is written in such a manner 

that it should be relatively easy to replace existing pieces of the model (e.g. 

droplet vaporization, vapor diffusion, etc.) with more sophisticated treatments, 

when these become available. There are two basic versions of the code (versions 

C and 1)), which are almost identical except for the chemistry routine. Version 

C incorporates a specialized chemistry routine which considers specific heter¬ 

ogeneous and homogeneous electron/ion recombination reactions and electron 

attachment/detachment reactions and does not allow for vapor decomposition. 
Version D incorporates a generalized chemistry routine in which up to 50 differ¬ 

ent species involved in 100 different reactions can be employed. (Unfortunately, 

version I) has not yet been completely debugged.) 

Tnis report also serves as a Program User's Manual, incorporating instruc¬ 

tions for preparing input data, sample input data, sample output and Fortran 

listings for versions C and D. 
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II. MATHEMATICAL MODEL 

A. Phenomenological Description 

A schematic of liquid injection into a re-entry plasma sheath is 

shown in Fig. 1. For blunt re-entry bodies, shock layer Mach numbers immedi¬ 

ately downstream of the sphere-cone junction (the location of injection 

orifices for both Trailblazer1 and RAM C-III2 flight test vehicles) are, 

typically, about 2 to 3. Thus the presence of the liquid jet induces a strong 

shocK which is nearly normal at the surface and rapidly decays to a weak shock 

before it finally coalesces into the air shock surrounding the body. The 

liquid jet is therefore exposed to air pressures and temperatures which are 

greater than the undisturbed shock layer values at the injection orifice. If 

the tempeiature of the injected liquid is greater than its boiling point at 

the post-shock pressure a fraction of the liquid will " flash" into vapor 

(flash vaporization) in order to reach pressure equilibrium with the surround¬ 

ings. The remainin? liquid is deformed and turned downstream by the air flow 

while simultaneously disintegrating into droplets; the droplets are accelerated 

and vaporized by the momentum and heat transferred from the high velocity, high 

temperature shock layer. 

Mixing between the drcplet/vapor spray and shock layer air influence, 

the plasma sheath chemistry by: (i) reducing the shock layer temperature (which 

reduces ionization rates), (ii) enhancing the rate of electron/ion recombina¬ 

tion over the dominant homogeneous recombination reaction, N0+ + e~ -»■ N + 0 
via heterogeneous recombination, and (iii) attaching electrons. It is antici¬ 

pated that the efficiency of electrophilic vapor attachment will exceed that 

of heterogeneous electron/ion recombination in reducing electron concentrations. 

The top of Fig. 1 shows the normal penetration of vapor and droplets 

into the shock layer, while the bottom of Fig. 1 shows the circumferential 

(lateral) spread of the vapor and droplets around the body. Flight tests1*2 

have shown that the extent of the lateral spread of the vapor off the injection 

axis can be substantial. 

B. Model Formulation 

In principle, the accurate prediction of plasma sheath properties 

during liquid injection cycles requires a three-dimensional analysis. However 

the effort to model the complex interactions between the liquid jet, droplets, 

vapor and shock layer air in three dimensions was beyond the scope of the pres¬ 

ent study;* therefore a one-dimensional approach was taken. The present model 

* In addition, the uncertainties in some of the input data, e.g. droplet sizes, 

entrainment rates, rate coefficients, etc., are sufficiently large that a 

three-dimensional analysis is not warranted at this time. However after a 

number of calculations have been performed with the present computer code to 

interpret flight data1»2 and obtain a feeling for the relative importance of 

all the input parameters on altered plasma sheath properties, it may be desir 

able to extend the present model to three dimensions. 

7 
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should give an adequate description of the significant physical/chemical pro¬ 
cesses without unnecessarily complicating the analysis. 

Referring to Fig. 2, the normal shock air passing through a cross 

sectional area determined by the liquid jet penetration and the spray lateral 

spread distance is assumed to mix perfectly with the " flashed" vapor. This 

mixture, together with the droplets, enters the DVA tube at the point of 

liquid jet breakup, establishing the initial gas and droplet conditions for 

the DVA tube calculations. Droplet vaporization and droplet/vapor/air chemical 

reactions, occurring within the DVA tube, are assumed to be functions only of 

streamwise distance, parallel to the re-entry body. Shock layer air is 

continually ingested into the DVA tube (Fig. 2) and instantaneously mixed with 

the air/vapor mixture flowing within the tube. The neutral species entering 

the tube are assumed to be frozen at their shock layer values at the point of 

entry, whereas the charged species (e.g. N0+, e~) will, of course, be depleted 

via the recombination and attachment reactions taking place within the tube. 

The pressure along the tube must be specified as input data. The 

initial pressure is that behind the normal (jet) shock, and the streamwise 

distribution is assumed to exponentially decay* to the shock layer pressure 
for no material injection. 

Expressions for momentum, energy and mass (vaporization) transfer 
rates between the droplets and the vapor/air mixture, together with a suitable 

chemical reaction mechanism are incorporated into the DVA tube governing 

equations. During vaporization the droplets are assumed to remain at their 

(initial) boiling point temperature. The problem is completely formulated 

once the pressure distribution, initial conditions at the point of liquid jet 

breakup and the shock layer properties for no material injection are known; 

the gas and droplet conservation equations are then integrated along the DVA 
tube in the streamwise direction. 

* The " relaxation" length is an input parameter to the computer code. 

Preliminary calculations show that the streamwise property distributions are 

relatively insensitive to this parameter if a reasonable value is chosen (say, 
1/2 the body length). 

H 
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Figure 2. Schematic of Droplet-Vapor-Air (DVA) tube model. 

III. SHOCK LAYER PROPERTIES 

4 — 7 
Several programs have been used to calculate the shock layer properties 

for no material injection for different re-entry test vehicles. For example, 

the method of Lew4* has been applied to the Trailblazer flight tests; the fully 

viscous shock layer theory of Kang, et al5 has been used to make RAM C-III 

^ Lew, H.G., "A Study of Electron Density Distribution in Viscous Flows," 

AFCRL-72-0718, November 1972 

s Kang, S.W., Jones, W.L., and Dunn, M.G., "Theoretical and Measured Electron- 

Density Distributions at High Altitudes," AIAA J. H, 141 (1973). 

6 Schexnayder, C.J., Jr., Huber, P.W. , and Evans, J.S., "Calculations of Elec¬ 

tron Concentration for a Blunt Body at Orbital Speeds and Comparison with 

Experimental Data," NASA TN D-6294, 1971. 

7 Kiel, R.E., Bergenn, R.F., Jr., Kessler, T.J., and Kaplan, A.E., "Boundary 

Layer Plasma of a Re-entry Vehicle: A Comparison of Prediction Models and 

Flight Measurements," AIAA J. H, 1235 (1973). 

9 
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flight calculations,* as has the inviscid flow/houndary layer analysis of 

Schexnayder, et al,6 Kiel, et al? have combined several programs to interpret 

electrostatic probe flight data taken in the Re-entry Measurements Program- 

Phase B. 

The shock layer properties required as input data are, pressure, tempera¬ 

ture, velocity and the following species concentrations: NO , e", 0, N, 02, 

N2, NO. These properties must be specified (input cards 10 and 11) as a func¬ 

tion of distance normal to the bodv for a selected number of streamwise loca¬ 

tions measured from the liquid injection station. Average property values are 

determined by the program at each input value of s as follows: 

p (s) 
e 

1 
y 
'max 

pe(s,y) dy 
(1) 

with similar definitions for T (s), ü (s) and Fe.(s). The molecular weight of 

the entrained air is then determined from 

w (s) = 
a 

i 

The entrained air density is then computed from the equation of state. 

p (s) W (s) 

p (s) = -e- 
e R T (s) 

e 

(3) 

and the stagnation enthalpy is computed from, 

n(s)=h(s)+ua/2 
s e e 
e 

where^ he(R) = hj ^(s) 1 '5) 

A linear interpolation scheme is used to obtain shock layer properties at values 

of s other than the input points. 

* Recently, Miner and Lewis" have also reported shock layer calculations for 

the RAM C-I1I vehicle. 

t The enthalpy-temperature relation used in the program is described in 

Section VIII. 

« Miner, E.W. and Lewis, C.H., " Hypersonic Chemically Reacting Viscous Shock 

Layers over Sphere-Cones and Cylinder-Wedges,1' AIAA Paper 74-172, AIAA 12th 

Aerospace Sciences Meeting, Washington DC, 30 January-1 February 1974. 

10 



TP-308 

The actual pressure distribution along the DVA tube is different than 
P due to the displacement of the shock layer air by the liquid jet and elec¬ 
trophilic vapor. At the injection station the pressure increases to the value 
immediately downstream of the normal shock and is assumed to remain constant 
until the point of liquid jet breakup (i.e. the start of the DVA tube calcula¬ 
tions). Downstream of this point the pressure is assumed to decay to the 

undisturbed shock layer value, according to. 

P 
_ _ a , px \ "(8 “ ®bk)/Ls 

pe + peue (l ‘ 7- )e 
(6) 

where L is a relaxation length within which the dynamic pressure decreases 
to 1/e of its local normal shock value. Lg is input to the code and should be 

taken to be some fraction of the body length. 

IV. JET SHOCK, FLASH VAPORIZATION AND LIQUID JET BREAKUP 

In this section analyses are described for determining (i) conditions ^ 
downstream of the liquid jet shock, (ii) the amount of liquid that " flashes" 
into vapor, (iii) the position of the liquid jet at breakup and (iv) the ini¬ 
tial droplet properties. The general procedure is to compute properties down¬ 
stream of the jet (normal) shock using, first, the integrated average proper¬ 
ties in the shock layer at the injection station (see Section III) as the 
pre-shock properties. The computed post-shock properties are then used to 
compute flash vaporization and liquid jet breakup. After the distance normal 
to the body at which breakup occurs (y^) is determined, all calculations are 
repeated using as input data to the normal shock calculations integrated aver¬ 
age property values up to y^, instead of ymax> This single iteration* 
accounts for the fact that the jet shock is normal only in a region relatively 
near the body and that ymax is approximately equal to the total shock layer 

thickness. 

A. Jet Shock 

The properties immediately downstream of the jet shock are computed 

via solution of the conservation equations through a normal shock. These 

equations are: 

* This iteration is performed by the program even if all the liquid flashes 
into vapor. In that case the ybk is used only to establish a reasonable 
value for the initial entrainment area (see Eq. (35)). 

« 

11 
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h « h + 
y X 

y 

(7) 

(8) 

(9) 
X p 

10) 

The method of solution is to assume Px/Py and solve for p and h from Eqs. (7) 

and (8). The enthalpy-temperature polynomial is then inverted (vïa the procedur 

described in Section VIII.B) to determine T , and py is computed from the equa¬ 
tion of state 

( 11) P 
y 

A solution is obtained when the computed value of Px/py equals the assumed 
value of Px/p • 

B. Flash Vaporization 

Assuming that the vapor pressure of the superheated liquid jet is in 

equilibrium with the surrounding pressure, py, the fraction of liquid that 

" flashes" into vapor can be computed from. 

(12) f 

If the temperature of the liquid jet is lower than T^ there is no flash vapor¬ 

ization. For large temperature differences f can beD£omputed from Eq. (12) to 

be greater than unity; in that case the program will set f = 1.* 

The boiling point of the electrophilic liquid is usually known at 

1 atm. The program uses this value as input data and computes T^p at the local 

pressure, py, from the following expression,9 

* The program will also set f = 1 if f is greater than some input number 

(FFVI, Card 2, Cols. 51-60). 

9 Weast, R.C., ed., Handbook of Chemistry and Physics, 52nd edition (Chemical 
Rubber Co., Cleveland, 1971), p. D-144. 

12 
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V ■ (t¿07 ' ^ ^-y) 

wheri» Al^. is assumed to be a constant equal to its value at 1 atm, and T^p(l) 

is the boiling point at 1 atm. 

C. Liquid Jet Breakup 

The program allows for the occurrence of either aerodynamic breakup 

or vapor pressure breakup, depending on whether the Weber number exceeds or is 

less than the critical Weber number. The value for the critical Weber number 

is input to the program; from the literature,10 a reasonable value appears to 

be Wecr = 6.2. The Weber number is defined as, 

We P u 
y y 

d /2o. 
eq I (14) 

where deq is the diameter of an equivalent single orifice having the same 

total mass flow as all the in-line (with the flow direction) orifices (i.e. 

deq = ^ dQ).* It is necessary to introduce the concept of an equivalent 

single orifice since both the Air Force (Trailblazer)1 and KASA (RAM C-III)2 

flight test vehicles used multiple orifices for increasing the penetration of 

the jet into the shock layer. 

1. Aerodynamic Breakup (We > Wecr) 

Aerodynamic breakup of the liquid jet is assumed to occur via the 

jet stripping mechanism discussed in Ref. 3. From that analysis we obtain 

the following expression for the jet breakup time. 

In Eq. (15) the air viscosity is computed from Sutherland's law,11 

,0Lane, W.R., " Shatter of Drops in Streams of Air," I and EC 43, 1312 (1951). 

* The justification for the use of this equivalent orifice diameter is given 

in Ref. 3. 

1‘Sutherland, W., "The Viscosity of Gases and Molecular Force," London, 

Edinburgh and Dublin Phil. Mag. J. Sei.—5th Series 36, 507 (1895). 

13 
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or 

ref 

1.21 

(tr) 
10' 

3/a r T f + 110 - 
ref_ 

T + 110 
L J 

T3/* 
T + 110 8/cm-sec 

where T is in °K. The Reynolds number, Re^ is defined as, 

(16 ) 

(16a) 

pud 
Re = -X,- y. eq 

y 2 uy 
(17) 

(sbk’ ybk) is 

From a force balance on the jet the location of jet breakup 

!bk ' (uy - VlSl',e >' 'bk' + Vt8ln9 'bk (18) 

ybk - Ve cos9 tbk 
(19) 

The streamwlse jet velocity component at breakup is, 

2 p 

bk 
D -X 

" d p „ 
eq Î, 

(u - V sin 9 )a t + V sinQ 
y ^ bk (20) 

The vertical jet velocity component is assumed to be constant, i.e. 

Vbk = \ COs9 (21> 

The drag coefficient Cj. is taken to be that for a cylinder in hypersonic cross 

flow (CD = 1.2). 

A modified form of the Volynsky correlation12 is used to estimate 

the mass-averaged droplet diameter, i.e. 

,a Kurzius, S.C. and Raab, F.H., "Measurement of Droplet Sizes in Liquid lets 

Atomized in Low-Density Supersonic Streams," AeroChem TP-152, NASA CR- 

1242, March 1967. 
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(22) 

where is the air Mach number downstream cf the normal shock, defined as 

Va 
(23) 

and W is defined as 2(p /p)We. The specific heat ratio is computed from, 
Li X« 

where Wy and Cp are evaluated assuming the composition of the air remains 

frozen through the jet shock at its input value at the injection location 

(s = 0). 

The mean droplet size, d32, is then obtained from the expression 

given by Gooderum and Bushnell,13 

(25) d 3 2 Ä 1•38 d 3 o 

The droplet diameter computed from Eq. (25) is the initial droplet diameter 

for the DVA tube calculations. 

2* Vapor Pressure Breakup (We < Wecr) 

For Weber numbers less than the critical Weber number breakup occurs 

via " boiling" of the liquid jet after emerging from the nozzle. It has been 

observed14 that breakup is initiated at some characteristic temperature of the 

jet, designated the " shatter temperature" . Gooderum and Bushnell1'* have 

correlated this temperature with orifice diameter for water jets and have 

obtained the following relation. 

T T 
sh (26) 

T 
sh 

where Ç % 0.1 for orifice diameters from 0.01 in. to 0.04 in. Droplet 

13 Gooderum, P. and Bushnell, D.M. , "Atomization, Drop Size and Penetration 

for Gross-Stream Water Injection During High Altitude Re-entry with Appli¬ 

cation to the Ram C-I Flight," NASA TN D-6747, July 1972. 

“* Bushnell, D.M. and Gooderum, P.B., "Atomization of Superheated Water Jets 

at Low Ambient Pressures," J. Spacecraft Rock. 5, 231 (1968). 

15 



TP-308 

diameters are calculated from additional results of Gooderura and Bushnell15 

who correlated water droplet sizes with jet injection temperature and orifice 

diameter. A curve fit of the data given in Ref. 15 results in the following 

"dî = Ak exP(- Bk T) • (26a) 

Ak ~ 612 and * 0.0244 and T is in UK. The extrapolation to electro¬ 
philic liquid jets must obviously be mrJe with caution. 

a" Vo- Tsh * For liquid injection temperatures less than the 

shatter temperature the breakup time can be calculated from the time to heat 
the jet from T to T ., i.e.. 

¿♦o sh 

"bk 
Cp.ft (T<lh Ti>0> pfc de£ 

4 q" (2/) 

lhe heat transfer to the jet is computed from the expression for free molecular 

heat transfer rate given in Section VI.B. The position and velocity of the jet 
at breakup are then obtained from Eqs. (18) - (21). 

b‘ " In this case the jet wil1 ,flash' immediately into 

vapor, reaching the boiling point at the post-shock pressure. The jet breakup 
time is then computed assuming the jet is heated from Tbp to Tsh. * 

The present version of the program automatically goes into the 
vapor pressure breakup routine if We < Wecr, after calculating liquid 

jet breakup parameters from the aerodynamic breakup analysis and completing 

the DVA tube calculations. This is done because the precise value of We„_ is 

not well known and,if We is only marginally less than We.r,it appears worth¬ 

while to calculate DVA tube properties for both jet breakup modes and compare 

the predicted distributions of charged species concentrations for the two 
cases. 

Gooderum, P.B. and Bushnell, D.M., "Measurement of Mean Drop Sizes for 

Sprays from Superheated Waterjets," J. Spacecraft Rock. 6, 201 (1969). 
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INITIAL CONDITIONS FOR DVA TUBE CALCULATIONS 

The initial conditions for DVA tube calculations are determined via 

an analysis that assumes perfect mixing between 'flashed' vapor and the shock 

layer air passing through a semi-elliptical cross sectional area, defined by 

the maximum jet penetration,* yjjjj, and the lateral spread of the spray at the 
point of jet breakup, s¿jt. 

A. Lateral Spread at Breakup 

The lateral spread of the spray has been estimated via interprete ;ion 

of data obtained for water sprays by Horn and Reichenbach,16 who showed that 

the lateral spread distance scaled by the orifice diameter (at s = 150 d¿q) 

depends approximately on the inverse square root of the free stream Mach number. 

In order to interpret the data of Ref. 16 in terms of the lateral spread of 

electrophilic liquid sprays, a simple dimensional analysis of the lateral motion 

of a droplet was formulated (see Appendix A). The results of this analysis 

indicate that. 

s ' 
rr- K' 

eq 

d' 
_e_a 

rp 
(28) 

Using Eq. (28) to interpret the data1 shows that the proportionality constant 

is approximately unity. The equivalent diameter, d' ,to be used in Eq. (28) is 

one having a mass flow equal to the total mass flow from all the side-by-side 

orifices,t i.e. 

d' 
eq 

nTF (29) 

In Ref. 16 it was found that at a downstream distance (from the 

orifice) of about 70 d* the lateral spread distance approached its asymptotic 

value. In order to calculate the lateral spread downstream of this point we 

* If all the liquid flashes into vapor (f = 1) y^ will still be computed via 

the methods described in Section IV.C. However, in this case y^ will be a 

fictitious value, used only to determine an approximate initial cross sec¬ 

tional area for the DVA tube calculations. 

16 Horn, K.P. and Reichenbach, R.E., " Further Experiments on Spreading of 

Liquids Injected into a Supersonic Flow," AIAA J. _7, 358 (1969). 

t Note that this equivalent diameter is different from d , used to compute 

penetration distances and liquid jet breakup. 

17 
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where 

d',/rD eq P0 

Then, w» get for s' > 70 d' eq 

*' m ’o * »- ClSoV") eq 

Now S70 is evaluated from Eq. (30a), 

s J 0 ■ »I + *1 (230 ) 

and, finally, we get for s' < 70 d' 
e£ 

+ (tõV) eq 

(33) 

(30a) 

(34) 

(31a) 

Usually the strearawise position of jet breakup will be less than 70 deq . Thus, 

substituting sbk in Eq. (31a) will give the lateral spread distance at breakup, 

s/. . The entrainment area from which the mass flow of shock layer air is 

computed is then given by 

“ 2 ybk sbk 

for the assumed semi-elliptical cross section. 

(35) 

B. Shock Layer Air/Flashed Vapor Mixing 

Assuming perfect mixing between the shock layer air and flashed vapor, 

the conservation equations are solved across a control volume bounded by the 

jet shock and the droplet/vapor/air mixture at the streamwise location of jet 

breakup. The mass flow of vapor is computed from 

% - f*i 

and the mass flow of air is determined by 

*. ■ Wbk 

The conservation equations are: 

Continuity 

(36) 

(37) 

m + m 
a V 

p u A 
000 

l1.' 

(38) 
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Momentum (assuming p = p throughout the control volume) 

(39) 

Energy 

mH + m H 
as vs 

a V 

(m + m ) H 
a vs 

o 

(40) 

H 
s 

C T 
Pt bP 

+ AH + V„ a/2 
V i 

(41) 

V 

The momentum and energy equations are first solved to get u0 and Hg , respec¬ 

tively; the static temperature is then computed by inverting the ° enthalpy- 

temperature relation. The equation of state is then used to compute p , noting 

that the molecular weight of the mixture now includes the molecular weight of 

the vapor. Finally the initial DVA tube area is obtained from the continuity 

equation, Eq. (38). This area is larger than the entrainment area, Kk , becaus 

it must accommodate the vapor, which pushes the streamlines outward. 

VI. DVA TUBE ANALYSIS 

The DVA tube calculations are initiated at the point of liquid jet 

breakup using the droplet and air/vapor properties computed in Sections IV and 

V, respectively. One-dimensional droplet and gas conservation equations are 

solved along the tube with a pressure distribution specified by Eq. (6). Shock 

layer air is entrained continuously, the entrainment rate being a function of 

the entrainment area which is computed via the wake growth law given by Eqs. 
(30a) and (31a). The shock layer air is assumed to mix perfectly and instan¬ 

taneously with the air/vapor mixture within the tube while undergoing no change 

in composition. 

A. Governing Equations 

1. Vapor/Air Mixture 

The conservation equations applied in the DVA tube analysis are: 

du = 

20 
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dH 
s puA 

(H - H Ads + (pu H 
p s v e e s 

p u H ) dA* 
e e s 

- p u A dH 
® P P8 

(43) 

dY, 
puA 

W w, Ads + (p u Y . 
i i e e e,i 

p u YJ dA* - Y Ads 1 
e e i i v j 

dY 
i r 

—=7 (1 - Y )Cp,r Ads - Y p u dA* 
puA [_ v v vKe e 

(45) 

(Eq. (45) is only used for version C, in which the vapor is assumed to undergo 

no decomposition. For version D all species mass fractions are computed from 

Eq. (44)). 

dh [ (H. + dH.) - -tï-tJÜÜ-’ (46) 
s s 

Then, T = T(h) by inverting the enthalpy-temperature polynomial, and 

_ 1 

dp p ■+ .dg r y iii 
R(T + dT) L ¿y W 

Y, + dY. 

j 

- P 
(47) 

where the summation over all j species in Eq. (47) includes the vapor. Finally 

the change in area is computed from, 

dA -i- U 
pu L v 

Ads + p u dA* - Au dp - Ap du 
pu l v e e 

(48) 

The droplet properties in the above equations, up, dFp, Hps and dHp are deter- 

mined via the droplet conservation equations; the vaporization rate cpv is 

computed from the heat transfer rate to the droplet and the chemical produc¬ 

tion term: 
V • (j) r., w.(= } ù )are computed from the specified chemical reaction 

mechanism and rate coefficients. 

21 
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2. Droplets 

We assume that (i) the droplet temperature remains constant at its 

boiling point and, therefore, the energy equation does not have to be solved 

and (ii) the normal droplet velocity component remains constant at the normal 

liquid injection velocity, V cosQ. The following equations are employed: 

dF 9 !j> lüü , - —C. -X_ (u 

2 P* r 2 
P 

u ) Ads 
P 

(49) 

dF 
du 

p u A 
P P 

m - p Y uA 
i_V 

u A 
P 

H = C T + u 2/2 
Ps P* bp p 

(u + d u )2 
dH = c T + —E__-L. . H 

P Pn bp 2 p 

(50) 

(51) 

(52) 

(53) 

The term f in Eq. (49) is defined as the ratio of the actual droplet drag 

coefficient to the drag coefficient from Stokes law. In Eqs. (52) and (53) Tjjp 

is the droplet boiling point temperature evaluated from Eq. (13) at the pressure 

behind the (normal) jet shock. 

The change in droplet radius is determined from 

dr 

2 u 
ds (54) 

where d is determined from the free molecular heat transfer rate (see next 

section). 

22 
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B. Droplet Vaporization 

Free molecular heat transfer to the droplet is assumed, which gives 

the rate of change of droplet diameter as,3 

d 
- y p(u - y 
AH T 

V 
(55) 

where Ts is the relative stagnation temperature between the droplets and gas 
determined from the relative stagnation enthalpy. 

H = h + u a/2 
s _ r 

(56) 

and the enthalpy-temperature polynomial. The thermal mean velocity in Rq. (55) 

is computed from, 

¿v « (3p/p) l/a (57) 

The vaporization rate (typically, in units of g/cm3-sec) is then expressed as, 

? a d 
4" V 2 n pt 

where n is the droplet number density, defined as. 

n = p /(4/3) it r 3 p 
P P * 

Combining Eqs. (58) and (59) gives, 

9 

C. Droplet Drag Coefficient 

! ^ ¿ 
p 

(58) 

(59) 

(60) 

The expression for the drag coefficient used in the program was 

taken from the work of Crowe,18 who correlated data on small diameter spheres 

in flow regimes from free molecular to continuum in terms of a normalized drag 

coefficient, defined as, 

18 Crowe, C.T., " On the Momentum and Heat Transfer Equations for Two-Phase 

Plumes,'’ JANNAF 6th Plume Technology Meeting. CPIA Publ. No. 209 

(Applied Physics Lab., Johns Hopkins Univ., Silver Spring, 1971), p. 101. 
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CD “ (CD - CD >''(CD - CD > 
I FM UI 

(61) 

where is the Incompressible high Reynolds number drag coefficient (taken to 

be 0. ) and Cn is the free molecular drag rnefficient. Cn is expressed as a 
FM 

function of Knudson number and particle Reynolds number, 

CD » G(Kn) D(Kn, Re ) (62) 

where, 

G(Kn) 
Kn0*3 exp(1.2 Kn0-5) (63) 

and 
1 + Kn0*3 exp(1.2 Kn0*3) 

T Re 
D(Kn, Re ) = 1 - exp 

P 8 
.0.7 .Kn Kn * e (cD - 0.48) 1 <64> 

Kn * 1.26 \ly 
M 

Re 
(65) 

u - u 
M (66) 

p r (u - u ) 
Re = —-2_ 

P V 
(67) 

Cn is obtained from Stokes drag law, (note that Re is defined in terms of 

^p)* i.e. 

12/Re (68) 

Cn is obtained from, 
FM 

D 
FM 

gjSPl-L.^//2) (1 + 2Si2) + 4^, - Sta) ^_1 erf(Si) + 2 (69) 

n/tT s,3 2Sj 3 Ss 

24 
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where 

Sx - ^/T72 Mp (70) 

and Sa - Sx nTtTt^ (71) 

Finally, is evaluated from Eq. (61) and is used in Eq. (49). 

D. Normal Penetration and Entrainment Area 

The penetration of the spray into the shock layer normal to the body 

as a function of streamwise distance, s, is computed by adding the penetration 

due to mixing with shock layer air to the local droplet penetration. The 

contribution due to mixing, ym¿x» is assumed to be the same as the lateral 

spread distances (s' - s¿) computed via Eq. (30a) or (31a). The droplet pene¬ 

tration is computed from, 

(72) 
y, pen 

Thus the total penetration is ytot = ymix + ypen> and the entrainment area is 

computed from 

(73) 
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VII. CHEMICAL REACTION MECHANISMS 

A. Specialized Chemistry Version (Version C) 

This version of the code incorporates the following one-way reactions 

and rate coefficients. 

Reaction 

(1) N0+ +6-+ 

(2) N0+ + F" + 

(3) N0+ + (e" + S) + 

(4) N0+ + (F" + S) + 

(5) Q + e- + 

(6) F" + M + 

(7) F~ + 0 -+ 

(8) N + 0 + 

N + 0 

NO + F 

N + 0 + (S) 

N + 0 + (S) 

F~ + Products 

F + e” + M 

OF + e" 

NO'*' + e" 

Rate Coefficient Form 

Ci T-ni 

C2 T_N2 

Rj 

lu 

Cs T-Ns 

C6 exp(-B6/RT) 

C7 exp(-B7/RT) 

C8 TNb (-B8/RT) 

The following points should be notedt (i) Reaction (8) is the reverse of 

Reaction (1); (ii) Reactions (3) and (4) are heterogeneous recombination 

reactions which occur at the surface of the droplets; expressions for k3 and 

lu are given below*»(iii) Q represents the electrophilic vapor which is 

assumed not to be decomposed; (iv) The rate coefficients are incorporated into 

the program in the form shown, with the coefficients, temperature exponents 

and activation energies being input data (cards 8 and 9); (v) The justification 

for th* use of this mechanism, the form of the rate coefficients and the^ 

specific values recommended in Section XI are given by Pergament, et al. 

Expressions for the production rates for each of the above reactions 

are: 

Homogeneous 

.(,) 

.(2) 
w 

.(=>) - 

.U) - 

.(7) 
w 

. ( a ) 
W 

k‘ P’W Fe- 

= k2 paF + F-,- 
NCT F' 

= k5 p‘FaF„_ 
Q e' 

= k6 (p /w) ff- 

= k7 P2Fp- F0 

= k8 paFNF0 

(74) 

(75) 

(76) 

(77) 

(78) 

(79) 

A discussion of the derivation of these equations is given in Ref. 3. 

26 
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....... 

Heterogenecas 

w<»> 

w(-) 

k3p Fn0+ 

kl,p fno+ 

(80) 

(81) 

where 

f sk [ 
pv _ F - 

e e 
> PVe- Fe. + (vF. + u - ud)p Ff_ J 

(82) 

k«. fi.k. [ 
(Vp. + u - ud) p Ff- 

pve- Fe- + (vp. + u - ud)p Fp« ] (83) 

(1 + n) m. (r /r )3 
3 _ H *o 

^ rp pl ud 
( W + u - “d ) (84) 

The factors f3 and f* (card 8) are coefficients by which the rates of the 
heterogeneous recombination reactions can be arbitrarily varied, n must be 
evaluated from the following transcendental equation, 

(v+ + u - ud)p fno+ (1 + n) 

exp(-n) = “, _ p-^ + (v_,_ + Ü - u,)p F. pv 
e e 

Expressions for the thermal velocities are: 

VN0+ 

V _ 
e 

/ 3 
1.88 X 105 (T/5000) cm/sec 

1 / 
4.40 X 107 (T/5000) cm/sec 

i / 
2.36 X 10s (T/5000) cm/sec 

(85) 

(86) 

(87) 

(88) 

. where T is in °K. 
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B. Generalized Chemistry Version (Version D) 

Reaction types are given for one direction onlyi both forward and 

backward reactions and rate coefficients must therefore be specified. The 

generalized form of the one-way reaction (card 9) isA + B + C + D->’E + F + 

G + H. Individual reaction types (card 9, cols. 41 and 42) are specified 

below. 

Reaction Type 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(ID 

Reaction 

A + B 

A + B + M 

A + B 

A + B 

A + M 

A + B + C + M 

A + M 

A + B + C 

A + B + C + D 

A + B 

A 

E + F 

E + M 

E + F + G 

E 

E + F + M 

E + M 

E + F + G + M 

E + F 

E + F 

E + F + G + H 

Products 

Examples: For reaction type (2) on card 9, C = M and F = M. For reaction 

type (5) on card 9, B i M and G 2 M. 

Rate coefficient types (card 9, cols. 43-44) are specified belowj 

data must be given in cm-molecule-sec unies. 

Rate Coefficient Type 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) * 

(9)* 

(10)* 

Rate Coefficent, k_ 

P (constant) 

A T'1 

A T-a 

A T“1 

A exp(B/RT) 

A T“1 exp(B/RT) 

A T~ 3 7 2 

A TN exp(B/T) 

A TN [(K/T) + 1] exp(B/T) 

<$ A TN exp(B/T) 

* Note that for these reactions the exponential term is expressed as exp(B/T) 

rather than exp(B/RT) as in rate coefficient types (5) and (6). 
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Er^ressions for the production rates for each of the reaction types 
are given belowi 

■ kf o' Vb 

kf o' fafb 
w 

*<,) ki o’ Vb 

kf o1 fafb 

¿(,) . kl--_FA 
w 

i**' - kf p‘ fafbfc/w 

w(7) * k, pa F./W 
r A 

.(.) - kf p- fafbfc 

= W o** F F F F 
f P A B CD 

i<‘,,) ‘ kf »’ fafb 

■ 6k pa F F 
f AH 

(89) 

(90) 

(91) 

(92) 

(93) 

(94) 

(95) 

(96) 

(97) 

(98) 

(99) 

Fh in this reaction refers to the molesof hydrogen atoms that might be 
introduced into the flow due to an abluting heat shield. 

., .I 

; 
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Note that reaction-type (11) only specifies one reactant (with arbitrary pro¬ 

ducts) and yet w(»‘) has the form of a 2-body reaction. This special reaction- 

type is introduced because of the manner in which the rate coefficients were 

specified3 for the decomposition reactions involving the electrophilic vapor 

and hydrogen atoms, i.e. 

Q + H -*■ HF + Products 

where 

Q = 4 X 10_1‘ exp(-4000/RT) 

(k)H a 9.2 X 10-10 exp(-4000/RT) 

00HF _ 9.2 X IQ"10 exp(-4000/RT) 

(k)0 is the rate coefficient for depletion of Q by H; (k)^ is the rate coeffi¬ 

cient for the depletion of H by Q and (k)HF is the rate coefficient for the 

production of HF from Q. In this program these reactions would be handled by 

specifying the reaction Q + H -> HF as reaction-type (4) with rate coefficient 

type (5), having A = 4 x IO"11; B * -4000. In the normal method of progran, 

operation this would give identical depletion rates for Q and H, (equal to the 

production rate of HF), via Kq. (92) above. But because of the manner of speci¬ 

fying the rate coefficients for this reaction, the above values of A and B only 

give the correct depletion rate for Q. Now we must invoke reaction type (11) 

and rate coefficient type (10) in the following way: 

Q -*• H 

Q -> HF 

6 * -(9.2 - 0.4)10-1° for depletion rate of H* 

A = 1 

N = 0 

B = -2000 

6 - (9.2 - 0.4)10-1° for production rate of HF 

A = 1 

N = 0 

B = -2000 

* 6 is negative because in the reaction of interest H is actually on the left 

hand side. 
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VIII. THERMODYNAMIC DATA 

A. Program Input 

The thermodynamic data have been incorporated directly into the 

specialized chemistry version of the program (version C) via a set of block 

data. The specific hent of each species is expressed in the following form. 

Lij + La^Q + L3j02 + L/.J03 + Ls¿ 9-2 cal/mole-°K (100) 

where 9 * T(°K)/1000. The enthalpy is then expressed as, 

T 

•M, C dT + L6j 
o P, i 

(101) 

a 98 

C dT; H° being the heat of formation at 298°K. Thus 
P-f ^ 

where L*. = Hr - \ 
* o 

the block data are Ll;^ through and the molecular weight of each species, 

Wi# The values of the coefficients used in version C were obtained by curve 

fits of the JANNAF data.1* 

For the generalized chemistry version (version D) the above data have 

to be input (card type 8), up to a maximum of 50 species, in the manner 

discussed in Section XI.B. 

It should be noted that thermodynamic data are used in the program 

only to determine the enthalpy and temperature of the mixture. They are not 

used to determine equilibrium constants (via the Gibbs free energy) from which 

backward reaction rate coefficients could be evaluated (since only one-way 

reactions are employed in the kinetics scheme). Thus for species with small 

concentrations, and for which thermodynamic data are 'ot available, it is 

recommended that only some reasonable value of Ln (i.e., constant specific 

heat) be input and the remaining coefficients be set equal to zero. This should 

result in a negligible error in the enthalpy of the system. 

19 JANNAF Thermochemical Tables (Dow Chemical Co., Midland, continuously 

updated). 
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B. Inversion of T from h(T) 

As noted above the mixture enthalpy is expressed as h * f(0). The 

following numerical procedure is used to find a given value of h. Let 

(102) G = f(6 ) - h 

(103) G 
n+1 

where n is the number of the iteration step. Setting + ^ ^ gives 

-G /OG/30) 
n 

A9 (104) n n 

A 9 Since 
n 

(105) 
0,. = o - g /OG/ae) 
n+l n n 

The above recursion formula is used to solve for 0 from h(0 ). The iteration 

stops when Gn - th, where e is a very small number. 

IX. NUMERICAL TECHNIQUES 

The ordinary differential equations given in Section VI (with the 

exception of the species continuity equation) are solved via a simple explicit 

marching procedure in which a nominal integration step size. As, is specified 

as input data. During the first 10 integration steps, however, the step size 

is reduced at least a factor of 10 less than the input value, and will be 

reduced still further if the vaporization rate is very large. This has been 

found to be necessary to obtain a smooth start to the calculations. After the 

first 10 steps the step size is allowed to increase up to 5 times, the input 

value, but will still be controlled by the vaporization rate if 9v is large. 

The species mass fractions, are evaluated via an implicit inte¬ 

gration technique; i.e. these variables are evaluated from information at the 

forward step (n + 1) as well as at the present step (n). This is accomplished 

by linearizing the production terms in the individual species continuity 

equations, Eq. (44). The sum of all species continuity equations then results 

in a matrix equation in which known coefficients (elements of the matrix) 

multiply the unknown species concentrations (which form a vector). This pro¬ 

duct is equal to a known vector on the right hand side of the equation. The 

linearizations involving species and Fj (for a two-body reaction) or F¿, 

F. and F^ (for a three-body reaction) at station n+l (all variables are 

kÂown at station n), are given by 
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The terms underscored by a single line contribute to the elements of the 

coefficient matrix, while the terms underscored by a double line contribute to 

the known column matrix on the right hand side of the matrix equation for the 

linearized system. Thus the matrix equation takes the form (for N species), 

a 12 ais 

&2 1 

IN 

N1 NN 

Fi 

Fa 

N 

Qx 

Qa 

N 

It should be noted that the size of the matrix is determined by the number of 

species in the chemical system. 

This implicit technique is used for both versions C and D. For the 

version D integration procedure, however, if any species mass fraction is pre¬ 

dicted to be negative the step size will be halved until a positive value is 

obtained.* The recommended value of the Initial step size (card 6) of 0.01 cm 

was determined from several trial calculations and should produce a stable 

solution. However, if the solution appears to be unstable this value should 

be reduced. 

It is a straightforward matter to add this step size control to version C and 

to incorporate a step size control on the other dependent variables (u, Hg, 

etc.). 
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X. PROGRAM OPERATION 

The program was originally written in Fortran IV for the IBM 360-91 

and converted to the CDC 6600. It can readily be converted to other machines 

with a sufficient core storage (Version C occupies a core of AO.6 K and version 

D occupies a core of 5A.A K on the CDC 6600). There are no special routines 

which must be provided by the system, other than the usual functions. 

XI. PROGRAM INPUT DATA 

If two complete (identical) data sets are used the program will make 

complete DVA tube calculations for both aerodynamic and vapor pressure breakup 

if We < We,_. If only one data set is used the program will consider only aero¬ 

dynamic breakup in establishing initial conditions for the DVA tube calculations 

(even if We < Wecr). 

A. Version C - Specialized Chemistry 

Card 

No. Columns _Description_Format 

1 1-80 Run identification 8 A 10 

2 1-10 Factor which multiplies entrainment area, 

A* (usually 1.0) E 10.3 

11-20 Factor which multiplies DVA tube static 

pressure, p (usually 1.0) E 10.3 

21-30 Factor which multiplies vaporization rate, 

1>V (usually 1.0) E 10.3 

31-40 Factor which multiplies particle drag 

coefficient, Cq (usually 1.0) E 10.3 

41-50 Pressure relaxation length, L (cm), 

see Eq. (6) E 10.3 

51-60 FFVI, fraction of liquid that has flashed 

into vapor (f) is set equal to 1.0 if 

f ¿ FFVI E 10.3 

3 l-10 Molecular weight of liquid injectant E 10.3 

11-20 Specific heat of liquid (assumed constant) 

(cal/g-°K) E 10.3 

2Í-30 Injectant boiling point at one 

atm ( °K) E 10.3 
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Card 
No. Columns 

31-40 

41-50 

51-60 

61-70 

71-80 

1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

1- 5 
6-10 

11-15 

16-20 

21-25 

1-10 

11-20 

21-30 

31-40 

1-10 

11-20 

21-30 

31-40 

41-50 

Description 

Injectant heat of vaporization (cal/g) 

Density of liquid (g/cm3) 

Injectant mass flux (g/sec) 

Velocity of liquid jet (cm/sec) 

Jet injection angle (deg), measured from 

normal to surface 

Temperature of liquid jet (°K) 

Surface tension of liquid jet (dyne/cm) 

Viscosity of liquid jet (poise) 

Diameter of single orifice (cm) 

Afc I Coefficients in expression for d32 for 
|i vapor pressure breakup (see Eq. 26a) 

Number of input data points per streamline 

Number of streamlines + 1 (l.'SL) 

Number of in-line orifices 

Debugging output index, 

If 0: No debug output 

1: All debug output printed 

Number of side-by-side orifices 

Value of s at injection site (must be 0) 

Initial integration step size DS (cm) 

(recommfc ad value, 0.01 cm) 

Maximum integration distance (cm) 

Number of integration steps between print 

output (DSP), in multiples of DS; e.g. to 

print at every 10 steps, set DSP = 10 DS 

Directed thermal accommodation coefficient, 

Up (recommended value, 0.3) 

Random thermal accommodation coefficient, 

a-p (recommended value, 0.2) 

sQ» maximum lateral spacing of orifices (cm) 

а, lateral spread parameter, (recommended 
value, 0.333) 

Critical Weber number (recommended value, 

б. 2) 

Format 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

(NPS) 15 

15 

15 

15 

15 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 
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Card 

No. Columns _ Description_ Format 

Cards 8 and 9 contain input data on the rate coefficients for the 

reactions in the specialized 'hemistry version (see Section VII.A). Values 

used in previous calculations'* are given in parentheses (cm-molecule-sec units). 

8 1-10 

11-20 

21-30 

31-40 

41-30 

51-60 

61-70 

71-80 

C, (l X 10'2) 

Cï (lx IQ**) 

C5 (3 X 10“l) 

C6 (3 X 10-10) 

C7 (1 X 10“l°) 

C8 (2.3 X 10“‘ö) 

f3 (usually 1.0) 

it, (usually 1.0) 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

9 1-10 N» (1.5) 

11-20 N2 (1.5) 

E 10.3 

E 10.3 

21-30 

31-40 

41-50 

51-60 

61-70 

N3 (2.0) 

Na (1.5) 

B6 (8.0 X 10“) 

B7 (3.0 X 10“) 

Bb (6.4 X 10“) 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

The following cords specify the free stream (shock layer) properties. 

Card-type 10 gives the streamwise location of each data set; these cards are 

noted, 10.1, 10.2...10.NFS. Card-type 11 gives the streamline location normal 

to the body and the property values. These cards are noted, 11.1.1.1, 

11. 1.1.2.. 11.1. (NSL-D*. 2 .. . 11. NFS. (NSL-1). 2. 

10.1 1-10 Streamwise location of first data set (cm), 

must be at injection site, s = 0 E 10.3 

11.1.1.1 1-10 Normal distance from body of first streamline 

(cm) E 10.3 

11-20 Pressure (dyne/cm2) E 10.3 

21-30 Temperature (°K) E 10.3 

31-40 Velocity (cm/sec) E 10.3 

Note that on Card 5, Cols. 6-10, NSL is the number of streamlines + 1. 
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Card 

No. Columns Description 

U.1.1.1 Al-50* 

51-60 

61-70 

71-80 

11.1.1.2 

11. 1.2.1 

1-10 

11-20 

21-30 

31-40 

1-10 

11-20 

71-80 

U. 1.2.2 1-10 

31-40 

11.1. (NSL-1). 2. 

10.2 

31-40 

1-10 

fno+ 

Fe- 

F.,_ (usually 0) 

Fn (mole/g) 

Foa 
fn, 

fno 

Normal distance from body of second 

streamline (cm) 

Pressure (atm) 

F _ (usually 0) 
r 

Fn (mole/g) 

NO 

NO 

Streamwine location of second data set 

(cm) 

Format 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

* 
Note that F. = Yi/Wi = Xj/W, where * mass fraction; = mole fraction; 

= molecular weight of ith species and W = mixture molecular weight. 
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Card 

No. Columns Description 

11.2.1.1 1-10 

11.2 

10.NPS 

Normal distance from body of first 

streamline 

(NSL-D.2 31-40 F, 
NO 

1-10 Streamwise location of last (NPS) data set 

ll.NPS. (NSL-D.2 

31-40 FNq for last data set (Nlo) at last 

streamline (NSL-1) location 

1 REPEAT ABOVE DATA SET 
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E 10.3 

E 10.3 

E 10.3 

E 10.3 
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B. Version D - Generalized Chemistry 

Card 

No. Columns _Description_ 

1 1-80 

2 1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

3 1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

Run identification 

Factor which multiplies entrainment area, 
A* (usually 1.0) 

Factor which multiplies DVA tuoe static 

pressure, p (usually 1.0) 

Factor which multiplies vaporization rate, 
4>v (usually 1.0) 

Factor which multiplies drag coefficient, 
CD (usually 1.0) 

f3, factor which multiplies k in Eq. (82) 
(usually 1.0) 

tu, factor which multiplies ks in Eq. (83) 
(usually 1.0) 

Pressure relaxation length, Ls (cm), 

see Eq. (6) 

FFVI, fraction of liquid that has flashed 

into vapor (f) is set equal to 1.0 if 
f ¿ FFVI 

Molecular weight of liquid injectant 

Specific heat of liquid (assumed constant) 
(cal/g-°K) 

Injectant boiling point at one 
atm (°K) 

Injectant heat of vaporization (cal/g) 

Density of liquid (g/cm3) 

Injectant mass flux (g/sec) 

Velocity of liquid jet (cm/sec) 

Jet injection angle (deg), measured from 

normal to surface 

4 1-10 

11-20 

21-30 

31-40 

41-50 

51-60 

Temperature of liquid jet (°K) 

Surface tension of liquid jet (dyne/cm) 

Viscosity of liquid jet (poise) 

Diameter of single orifice (cm) 

Afc ! Coefficients in expression for d32 

Bfcij for vapor pressure breakup (see Eq. 26a) 

Format 

8 A 10 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 
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Card 

No. Columns _Description___ Format 

1- 5 Number of input data points per streamline 

(NPS) 15 

6-10 Number of streamlines + 1 (NSL) 15 

11-15 Number of in-line orifices 15 

16-20 Debugging output index. 

If 0: No debug output 

1: All debug output printed 15 

21-25 Number of homogeneous reactions (IKINE) 15 

26-30 Number of species (NS1) 15 

31-35 Number of side-by-side orifices 15 

1-10 Value of s at injection site (must be 0) E 10.3 

11-20 Initial integration step size (DS), (cm) 

(recommended value, 0.01 cm) 15 

21-30 Maximum integration distance (cm) E 10.3 

31-40 Number of integration steps between print 

output E 10.3 

1-10 Directed thermal accommodation coefficient, 

ay (recommended value, 0.3) E 10.3 

11-20 Random thermal acconunodatiou coefficient, 

aj (recommended value, 0.2) E 10.3 

21-30 s'0 maximum lateral spread of orifices (cm) E 10.3 

31-40 a, lateral spread parameter (recommended 

value, 0.333) E 10.3 

41-50 Critical Weber number (recommended value, 

6.2) E 10.3 

The following cards (card-type 8) contain the specific heat data for 

each species. Data must be included for each species. The first 8 species 

must be in the following order: N0+, e~, 0, F-, N, 02, N2, NO. The remaining 

species can be in any order. Specific heats are expressed in the following 

form: 

C = L. . + L2 . Q + L, .02 + U .0 3 + L, Q-2 
p 11 i i i cal/mole-°K where 0 = T(°K)/1000 
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Card 

No. 

where 

8.1 

8.2 

8.NS1 

Columns Description 

The enthalpy of each species is then expressed as 

>T 

dT + L6j 

'•i 
AH' 

^ * Í 
p2»e 

! - \ Cd' 
i J. Pi 

AH® * heat of formation at 298°K 

i 

1-10 First species (N0+) name identification 

11-20 Molecular weight 

21-30 Lx 

31-40 L2 

41-50 L3 

51-60 Li. 

61-70 L5 

7i-8C L* 

1-10 

71-80 

71-80 

Second species (e~) name identification 

L6 for second spec?as (e ) 

L6 for NS1 species 

Format 

A4 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

A4 

E 10.3 

E 10. 3 

Card-type 9 specifies the reaction mechanism and rate coefficients 

(see Section VII.B). No particular order is required. 

9.1 1- 4 Species A (Reaction 1) 

5 + sign 

6- 9 Species B 

10 + sign 

11-14 Species C 

15 + sign 

16-19 Species D 

A4 

A4 

A4 

A4 

i 

. 
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Card 

No. 

9.1 

9.2 

9. 1KINE 

10.1 

Columns 

11.1.1.1 

20 

21-24 

25 

26-29 

30 

31-34 

3o 

36-39 

40 

41-42 

43-44 

45-53 

54-58 

59-66 

67-73 

74-80 

1- 4 

1- 4 

1-10 

1-10 

11-20 

21-30 

31-40 

41-50* 

51-60 

61-70 

71-80 

Description Format 

= siyn 

Species E 

+ sign 

Species F 

+ sign 

Species G 

+ sign 

Species H 

Blank 

Reaction type (1-11) 

Rate coefficient type (1-10) 

A4 

A4 

A4 

A4 

12 

12 

A (Pre-exponential factor, cm-molecule-sec 

units) 

N (Temperature exponent) 

B (Activation energy, eal/mole) 

K (Reaction type 9 only) 

6 (Reaction type 10 only) 

E 9.2 

F 5.2 

E 8.1 

E 7.1 

E 7.1 

Species A (Reaction 2) A4 

A4 Species A (Reaction IK1NE) 

Streamwise location of first data set (cm), 
must be at injection site, s = 0 E 10.3 

Normal distance from body of first streamline (cm) E 10.3 

Pressure (dyne/cm2) 

Temperature (°K) 

Velocity (cm/sec) 

Fno (mole/g) 

Fe- 

r0 

Fj.- (usually 0) 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

Note that F^ = Y^/W - Xj/W^, where = mass fraction', = mole fraction; 

Wj = molecular weight of ith species and W = mixture molecular weight. 

MM«*« 
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Card 

No. 

11.1.1.2 

11.1.2.1 

11.1.2.2 

11.1. (NSL-1). 

10.2 

11.2.1.1 

11.2. (NSL-1). 

10. NFS 

11. NFS.(NSL-1 

12 

miHNi '1 »ppiiip» 

Co lumas 

1-10 

11-20 

21-30 

31-A0 

1-10 

11-20 

Description 

Fn (mole/g) 

Fo. 
FNi 
F 
NO 

Normal distance from body of second 

streamline (cm) 

Pressure (atm) 

Format 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

71-80 

1-10 

31-40 

Fp- (usually 0) 

Fn (mole/g) 

NO 

E 10.3 

E 10.3 

E 10.3 

31-40 

1-10 

1-10 

2 31-40 

NO 

Streamtfise location of second data set 

(cm) 

Normal distance from body of first 

streamline 

NO 

E 10.3 

E 10.3 

E 10.3 

E 10.3 

1-10 Streamwise location of last (NFS) data set E 10.3 

).2 
31-40 Fn0 for last data set (NFS) at last 

streamline (NSL-1) location E 10.3 

1-10 Initial mass fraction of H atoms (This card 

must be included even if the value is zero) E 10.3 
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Card 
_No._ Columns Description___ Format 

1 REPEAT ABOVE DATA SET 

2 
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A* 

8® » 8? » 
Be 

C 

C,, C2 

NOMENCLATURE 

DVA tube area; also constant in rate coefficient expression for 
generalized chemistry version of code (version D) 

entrainment area 

initial area for DVA tube calculations 

exponent in expression for lateral spread, Eq. (30); also speed of 
sound 

activation energies for rate coefficient types (5) and (6)¡ activa¬ 
tion energy/2 for rate coefficient types (8), (9), (10) (version D) 

activation energies in rate coefficient expressions 

constant, defined by Eq. (32) 

constancs in rate coefficient expressions 

drag coefficient 

normalized drag coefficient, defined by Eq. (61) 

incompressible, high Reynolds number drag coefficient 

FM 
free molecular drag coefficient 

d 

d 

d 

d 

d 

d 

eq 
« 

eq 

0 

3 O 

3 2 

erf 

drag coefficient from Stokes law, Cn = 12/Re 
uo P 

specific heat 

specific heat of liquid 

rate of change of droplet diameter 

equivalent orifice diameter based on number of in-line orifices 

equivalent orifice diameter based on number of pide-by-side orifices 

orifice diameter 

mass-averaged droplet diameter 

mean droplet diameter 

error function 

mass fraction/molecular weight (moles/g) of ith species; = Yi/Wi 

fraction of liquid that flashes into vapor 

factors which multiply ks in Eqs. (82) and (83) respectively 

defined by Eq. (49) 

defined as C[)/Cj)o 

heat of formation at 298°K 
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Hs stagnation enthalpy 

Hj, initial stagnation enthalpy for DVA tube calcu .ations 
o 

AHv heat of vaporization of liquid injectant 

h static enthalpy 

K constant in rate coefficient type (9) (version 0) 

Kn Knudson number 

k rate coefficient 

kg proportional to heterogeneous rate coefficients, k3 and k*; defined 
by Eq. (84) 

Li, La, 
...L6 coefficients in enthalpy-temperature polynomial, Eq. (101) 

Lg pressure relaxation length, see Eq. (6) 

M Mach nurah -»r 

Mp droplet Mach number, defined by Eq. (66) 

ma mass flow of shock layer air passing through Aj^ 

m^ mass flow of liquid injectant 

riiy mass flow of 'flashed' vapor 

N' number of side-by-side orifices 

N number of in-line orifices; also temperature exponent in rate 
coefficient expression for generalized version D 

N,, Na 

N5 temperature exponents in rate coefficient expression 

n droplet number density 

p DVA tube static pressure, defined by Eq. (6) 

q" heat transfer rate 

R universal gas constant 

Re Reynolds number, defined by Eq. (17) 

Rep droplet Reynolds number, defined by Eq. (67) 

tp droplet radius 

Tp droplet radius at liquid jet breakup; initial value for DVA tube 
° calculations 

s streamwise distance (along the DVA tube) 

s' lateral spread distance, measured from injection axis to DVA tube 
boundary 

s' lateral spread distance at s = 150 d' oo r eq 

Sq initial lateral spread distance 
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870 

£.,0 

1sh 

tbk 

u 

u0 

ud 

Ur- 

ve- 

VF" 

VN0+ 

U 

wa 

WL 

We 

Wecr 

Wi 

Wi 

w(j> 

*v 

y 

^max 

^mix 

^pen 

^tot 

lateral spread distance at s = 70 d¿q 

static temperature 

temperature of injected liquid 

stagnation temperature 

shatter temperature, see Eq. (26) 

time for liquid jet to break up 

velocity in s direction 

initial velocity for DVA tube calculations 

Va 
total droplet velocity, u¿ = [up2 + (V^ cos 9) ] ^ 

velocity relative to droplet, ur = [(u - Up)2 + (V^ cos9)a] 

streamwise component of injection velocity 

liquid jet injection velocity 

thermal velocity of neutrals 

thermal velocity of electrons 

thermal velocity of negative (F ) ions 

thermal velocity of positive (N0+) ions 

mixture molecular weight 

average molecular weight of shock layer species; defined by Eq. (2) 

liquid jet Weber number, defined as W^ = 2We(p^/p) 

Weber number, defined by Eq. (14) 

critical Weber number for aerodynamic breakup 

molecular weight of ith species 

chemical production rate of ith species 

chemical production rate from jth reaction 

mass fraction of ith species 

mass fraction of vapor 

distance normal to body 

maximum distance normal to body at which shock layer input data are 

given 

expansion distance of DVA tube in both normal and lateral directions 

due to mixing 

droplet penetration distance normal to surface 

normal distance of DVA tube boundary from surface 
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Greek 

directed thermal accommodation coefficient 

U'f random thermal accommodation coefficient 

Y specific heat ratio 

n defined by Eq. (85) 

9 liquid jet injection angle (measured from normal to body); also 

T(°K)/1000 in Eq. (100) 

U viscosity 

p density 

P0 initial density for DVA tube calculations 

o surface tension 

vaporization rate 

Subscripts 

bk 

bp 

e 

i 

j 

Z 

P 

r 

ref 

X 

y 

Superscripts 

_ average value of shock layer property, defined, e.g. by Eq. (11) 

value at point of liquid jet breakup 

boiling point 

shock layer 

ith species 

jth reaction 

liquid 

droplet 

relative to droplets 

reference value 

upstream of normal (jet) shock 

downstream of normal (jet) shock 
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APPENDIX A 

LATERAL SPREAD OF SPRAY 

In order to derive an approximate expression for the lateral spread 

of the spray we employ the following simplified dimensional analysis. The 

force acting on a droplet due to a pressure gradient in the s' direction is. 

f <A-l) 

From normal momentum and dimensional considerations, the pressure gradient 

across the droplet formed from the jet fragment can be expressed as, 

áE_ a 
ds 

pu 
r. 

The equation of lateral motion of the droplet is. 

Aw 

ml ÃÍ ' F 

(A-2) 

(A-3) 

where w is the droplet velocity in the s' direction and At <*L/uÄ where L is a 

characteristic break-up length. Combining Eqs. (A-l), (A-2) and (A-3) gives 

the following expression for w. 

w Pu. 

Vi 
(A-4) 

Taking L ^ ypen> we 8et 

w cc 
pu 

piUl 

(A-4a) 

The lateral distance the particle will move is, 

s' = wAt 

Combining Eqs. (A-4) and (A-5) gives 

(A-5) 

(A-6) 

From the results of Weaver20 

to express s' as 

we get ypen/do “ [p JluJi2/pu2 ]. Thus it is reasonable 

s'/d = C d /r 
o 0 P 

(A-/) 

A-l 



By interpretation of available experimental data on the lateral spread of 

liquid sprays,l6»ai the proportionality constant (C) in Eq. (A-7) was found to 

be approximately unity. 
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APPENDIX B 

SAMPLE INPUT DATA 

1. Version C 

2. Version D 

B-l 
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APPENDIX C 

SAMPLE OUTPUT,* Version C+ 

(see pages E-2 - E-14) 

Sample output is not given for Version D since it was not 

completely debugged at the time this report was prepared. 

These results were obtained with ir inadvertently omitted 

from the denominator in Eqs. (18) and (20). When this 

correction is made in the code, values of a, and u,, will 

be correspondingly reduced. 
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Line 1 

Line 2 

Lines 3-15 

Line 17 

Line 19 

Line 20 

Lines 22-23 

Lines 25-36 

Line 38 

Line 41 

APPENDIX D 

SAMPLE OUTPUT-EXPLANAIIONS 

VERSION C 

Input data on Card 1 

Input data on Card 2 

Input data on Cards 3 and 4 

Input data on Card 5 

Input data on Card 6 

Input data on Card 7 

Input data on Cards 8 and 9 

Starts listing input for first value of S (Card-types 10 and 11) 

J 

Y 

PE 

TE 

UE 

FE(I) 

AV 

streamline number (first streamline is designated 3=2) 

normal distance from body (cm) 

pressure (dyne/cm2) 

temperature (°K) 

velocity (cm/sec) 

(moles/g of ith species)—in order NO e-, 0, F- 

N, 0a, Na, NO 

integrated average properties (G) from the body (Y = 0) 

l ) 
max to the position of the last streamline (Y = Y )*» 

G(S) = 
max £ 

max 
G(s,y) dy 

I 

WA 

HE 

HSE 

REUE 

REUE2 = 

First column gives input value of S (Card-type 10) at 

which average properties are computed. 

Input data set number 

mixture molecular weight 

static enthalpy, cal/g 

stagnation enthalpy, cal/g 

P u e e 

P u 
e e 

(g/cm2-sec) 

2(g/cm-sec2) 

D-l 
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REUEHSE 

RUFIE 

RUF2E 

RUF3E 

Line 42 RUF4E 

RUF5E 

RUF6E 

RUF7E 

RUF8E 

Line 46 and 

following 

pu h (cal/cm2-sec) 
e e s, e 

p u F.Trt+ (moles/cm2-sec) 
e e NO 

p u F _ (moles/cm2-sec) 
e e e 

p u F_ (raoles/cm2-sec) 
e e 0 

p u F„- (moles/cm2-sec) 
e e r 

p u F., (moles/cm2-sec) 
e e N 

p u F„ (moles/cm2-sec) 
e e 02 

p u F., (moles/cm2-sec) 
e e N2 

p u F.,_ (moles/cm2-sec) 
e e NO 

Input for second value of S 

through tenth value of S (1 = 10) 

*C0NDITI0NS IN FRONT OF SHOCK (integrated average values from Y = 0 to 

Y = Y at the injection site, S = 0) 
max 

PX 

UX 

HSX 

RHOX 

TX 

WAX 

MASS FRACTIONS F(I) 

pressure (dyne/cm2) 

velocity 

stagnation enthalpy, cal/g 

density, g/cm3 

static temperature, °K 

mixture molecular weight 

mass fractions ( = W.F.) of species in following 

order N0+, e~, 0, F", N, 02, N2, Q (vapor) 

★CONDITIONS BEHIND SHOCK 

PY 

UY 

HY 

RHOY 

TY 

TBPY 

pressure (dyne/cm2) 

velocity (cm/sec) 

static enthalpy (cal/g) 

density (g/cm3) 

static temperature (°K) 

boiling point temperature at PY 
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*JET BREAK-UP INFORMATION 

WE 

REJ 

= Weber number 

= Jet Reynold's Number^ 

TBK 

YBK 

UBK 

XBK 

WEL 

= Jet breakup time (sec) 

= Jet velocity in s direction at breakup (cm/sec) 

= S breakup distance (cm) 

= Distance normal to body at breakup (cm) 

* Liquid jet Weber number^ 

D30 

DMAX 

D32 

Droplet diameter based on mass (cm) 

Mean droplet diameter (cm) 

Maximum droplet diameter (cm)^ 

**M0DIFIED FREE STREAM CONDITIONS IN SHOCK FRONT BY SINGLE ITERATION** 

(integrated average values--from Y = 0 to Y = YBK (above)—upstream of shock 

at the injection site, S = 0 

Repeat of Lines 38 to 44, with new integrated average values 

♦CONDITIONS IN FRONT OF SHOCK 

Repeat of above with new integrated average values 

♦CONDITIONS BEHIND SHOCK 

Repeat of above with new values 

*JET BREAKUP INFORMATION5 

Repeat of above with new values 

INITIAL FLOW RATE (G/SEC) 

XMV = Mass flow of " flashed" vapor (g/sec) 

XML = Mass flow of liquid (g/sec) 

XMA = Mass flow of entrained air (g/sec) 

XMM = Mass flow of entrained air plus vapor (g/sec) 

AE = Initial entrainment area (cma) 

t Set = 0 in first calculation of Jet Breakup Information if We < Wecr* 

§ Always assumes aerodynamic breakup in calculations for first data set. 
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**CONDITIONS 0 THE INITIAL MIXTURE AT S = 

(The following are initial conditions for the DVA tube calculations at the 

position of jet breakup (XBK)) 

U 

HSV 

HSR 

H 

TSR 

RHO 

A 

Velocity (cm/sec) 

Stagnation enthalpy of vapor (cal/g) 

Relative stagnation enthalpy of droplets (cal/g) 

Static enthalpy (cal/gm) 

Relative stagnation temperature of droplets (°K) 

Density (g/cm3) 

DVA tube area (cm2) 

MASS FRACTIONS OF SPECIES (Yi = F^) (given in the usual order) 

P 

WM 

RKO 

HS 

FV 

Pressure (dyne/cm2) 

Mixture molecular weight 

Density (g/cm3) 

Stagnation enthalpy (cal/g) 

Mass fraction of vapor (mass flow of vapor/mass flow 

UP 

VP 

TP 

RP 

SE 

YE 

of air + vapor) 

Droplet velocity in S direction (cm/sec) 

Droplet velocity in Y direction (cm/sec) 

Droplet (boiling point) temperature (°K) 

Droplet radius (cm) 

Lateral spread distance (cm) 

Penetration distance (cm) 

INITIAL THERMODYNAMIC INFORMATION 

GAMA 

CP 

SS 

MA 

MP 

REP 

= Specific heat ratio 

= Specific heat 

= Speed of sound (cm/sec) 

= Gas Mach number 

= Droplet Mach number 

= Droplet Reynold's number 
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Thç results of the DVA tube calculations follow 

RUN IDENTIFICATION 

*S(cm) = Distance from injection site 

All symbols same as above, with the addition of: 

RHOP * Particle cloud density (g/cm3) 

ELECTRON DENSITY = (era-3) 

The following line gives the values of (moles/g) for each species in 

the same order as the mass fractions. 

CHANGES OF MASS FRACTION OVER DS = 

The following line gives the changes of mass fraction (derivatives) over 

the present integration step, in the usual order—ending with the mass fraction 

of Q (vapor). 

The following quantities, starting with DP are evaluated at the previous 

value of S 

DP 

DRHO 

DU 

DHS 

DFV 

PHADS 

DA 

DAE 

DUP 

DRP 

QP 

PH1V 

DFP 

DQ 

Pressure derivative (dynes/cm2) 

Density derivative (gm/cm3) 

Velocity derivative (cra/sec) 

Stagnation enthalpy derivative (cal/g) 

Vapor mass fraction derivative 

(PHIV)(A)(DS)(g/cm3-sec) 

DVA tube area derivative (cm2) 

Entrainment area derivative (cm2) 

Droplet velocity derivative (cm/sec) 

Droplet radius derivative (cm) 

Free molecular heating rate (erg/sec-cm2) 

Vaporization rate (g/cm3-sec) 

DUP/(RHOP)(UP)(A) 

Total heat transfer over DS (ergs) 

PRODUCTION RATES FOR EACH REACTION (M0L/SEC-CM3) 

The following line gives the molar production rates of Reactions 1-8 (see 

Section VII.A) in order. 
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PRODUCTION RATES FOR EACH SPECIE 

The following line gives the molar production rates (mole/sec-cm3) for 

N0+, e”, 0, F”, and N, in order. 

LOCAL THERMODYNAMIC INFORMATION 

The first line following gives the same data as noted above at the local 

value of S, with the addition of, #P/sec = total number of droplets/sec 

within the DVA tube. 

The second line following gives the following information in order: DS, 

ETA, SE, YE, VP, XX,a, XX, XX, XX, where 

DS = Present integration step size (cm) 

ETA = Used for heterogeneous rate coefficients (see Section 

VII.A) 

SE = Lateral spread (cm) 

YE = Penetration depth (cm) 

VP = Droplet velocity normal to body (cm/sec) 

a = Exponent in expression for lateral spread, Eq. 30 

XX = Not used in present version of program 

After printout at maximum integration distance (Card 6, cols. 21-30) program 

will print, AERODYNAMIC BREAK-UP IS IMPOSSIBLE, WE = (if We < Wecr). 

Then, if a second data set is included, all calculations will be repeated 

using the vapor pressure breakup equations to establish initial conditions 

for the DVA tube calculations. 
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APPENDIX E 

FORTRAN LISTINGS’' 

(AND SAMPLE OUTPUT) 

SAMPLE OUTPUT 

VERSION C 

VERSION D 

p. E-2 

p. E-15 

p. E-42 

These listings do not contain v in the denominator in 
Eqs. (18) and (20). Corrections should be made to the 

code in subroutine BREAK; expressions for UBK (version 

C), lines 108 and 139 and XBK (version C), lines 112 

and 142; UBK (version D), lines 111 and 143 and XBK 

(version D), lines 115 and 146. 

E-l 



mmm .1'» .Hl ‘ «.mm 

Jt *-4 *4 *-4 —4 

UJ illl Ui 
•n \r-* <r 

u. 
U. 

*4 «-I «-« f\i u. 
"D 
0¿ 

r-4 1-4 (Kl 

vO 

f\J 

♦ * 
UJ o 

1 ♦ 

u. •• 
U. OJ 

m 

•-4 3 
I rt 

U. 

tv: 

ft 
n 

t 

>15 

f\J 
vD 

i 'S* 
I ■ » 

♦ O 

i -> 

Ü 
I Q 

"Z *4 UJ 
o > »— 
UJ + U 
V UJ UJ 

U. '1 -) 
■ •» T 

» C\J <\J 
t rt 
«> t I 

O 
(/5 

•O ^ 
-« I 
»O 1*5 

V 

■ f\i . 
■ J X 
♦ j 

4 i,i 
J O 'ft 

co - r\j 

(M 3? K- 
• O • 

-Í r-< ^ 

» ♦ ^ ■> fti 

U. 
* 

o 
•I ^ 

♦ U. ' 
*J o , 

.-4 •» 
} i/i 

'~4 ~4 'di 
I • -4 

<5 *- 
¿ 

T ~4 Jj 
«t J Q. 
iV ♦ O 

UJ ft 
'O -ft CL 

> 
*4 I 

-) • I 

H < II 
NJ 

V •-« fft 
- ft r 

o o 
• G. V 

»- <1 i» 
ft > 

O »-• 
UJ o 
-J UJ 
O ft 
" .5 

O UJ IÜ 
«13 

■ UJ 
^ (Vi IjJ 

ftl K. 
UN li a 

» aO 
-4 0» 

UJ v£> 
II (ft 
— V II 
< 5 r 
UJ o • 
(ft ^ Q 
X >- <t 
'9 »- ft 
'-4 — 

X (J t*J 
3 O -J 

li. ui -* 
> < 

(ft 
(ft i- ►- 
« IU UJ 

I .J 
♦ T 
' J O 
ft» V 
O UJ 
«ft z 
• >- 

(ft o 

II Z 
- o 
X l-l 
w (/) 

III z 
ft UJ 
3 »- 

ftj *4 
• • n 

M IÍN ►— 
Z 

H M UJ 

ft 
UJ *» 
ft u. 
T ft 
• H 3 
- 1 

oro 
UJ U ►h r\j (NJ 
(ft w lu •-> 
I ft U. ♦ I 

T* UJ UI UI UJ 
U H- o J •» 
'S UJ o IM ^ 
r r h 
tí <i ft • • 
>*• »H 3 vO (VJ 
V 3 ft 
I- OHM 
4-4 4*J V V 
"! '» n «* « 
O —I 
O U. 3 
(ft *-4 C5 
►u ft «-I 
> O _l 

liJ ♦ 
»3 liJ 

■ O II 
(J «N 

U. 4 
UJ 

UJ 
C-» d 

1-4 i.J ♦ 

ft ♦ 
( ) 14J 

H (VI 
-. CP 
z • 
1¾ ro 

-J « 
O 1.» 
r i 
- ui 

. 'Vi 
• (T 

UN II 
O 

z 

(VJ II 
0 <\J 

z 

vU 

UN 
O' 

<VJ 
O' 

IP 

t 

« 
>0 

O' 

1 J s 
•\J ♦ . J 
UJ UI I 
3 u* -J ui 
,J t (O rr. 

ui U. ^ N- 
3 • CP 
ft 4 

(VI 

•» f*> 
ui I n 
3 UJ I 
il «U ui 
Y 4 to 

u. o a> 
3 • O' 
ft (\j • 

ip 

♦ 0 
ui 'll I 
GO UJ ao uJ 
X . ■ (VI PJ 

U. --4 o 
3 • ^ 
ft 0 • 

(ft 

J « 
♦ 3 
uJ I 

111 III ♦ • i 
X ou ro 

U. -» <> 
3 • *-l 
ft (ft • 

PJ 

U. PJ 
3 • 
ft (M • 

4¾ ^ 
s 
III 
-j 00 
o » 
r i 
- UJ 

III 3 
U 

vP 

I 

p 
05 

O 0 

./) —4 ( 

ft z 
9 -i 

O -4 
z 

f 2 



' .. ' ’ . .-.■ 

I 
UJ 

I 
UJ 

l\J 
kJ 
I 

rvj 
wJ 
I I 

Ui 

•-< «4 (\J u. 
D 
Cfc 

*-« »4 (\J 

LT> 
n o o 
I I I 

»P 

«M 
3 
U 

I 
IxJ 

K tr 
• * 

■»-4 r-4 

I 
(II 

■D 

O . (M 
O i LT> 
~t "O ^ 

IT* 
in 

UJ K» 

U. I 
-> III 
rv ro 

U> 
I 

UJ 

O' 

u. 
“5 
O' 

I 
UJ 
CT 
»4 

u. 
3 
OK 

3 UJ 
rv K» 

sO 

ir> Lf\ 

*3 ^ 
ui iO 
O' ^ 

I 
iiJ 

ir> 

D U. ^ <iJ 
U tí N *4 

-* s 
l\i ♦ kJ 
UJ UI I 

UI (NJ ui 
iij .- (M 
u. u. ou u> 

D • 
tv <r • 

IVJ 
r • 
c3 m 

nj 
ou 
O' 

rj ♦ _> 
U UI I 
r> cu -i ui 
UJ n ^ 
^ u. in t4 

D • K 
OK to • 

UJ 
m 

J3 in 
O' 

r> 
u 

j ro 
ui to 
“3 i.i I 
•U lu nj ui 
V K. J ♦ 

U. »-« l\J 
D • ^ 
V \J • 

-J tï 
O 3 
X I 

K 
*-» J' 

III «4 KO 
U. 

IÜ I o 
UI I 

i i ui on i.j 
- .4 -4 
U. J* J 
D • ro 

-J OD 
O > 
T I 

ui m 
li. 

I 
UJ 

IjJ I o 

-J ao 
O -» 
T I 

UI I -K UI 
UI '-I CO UJ 
i¥ n. i£> lO 

U. vO .4 
^ • N- 
O^ ^4 • 

IM 
*-4 ro 

UI tO «4 

i0 
41 

♦ 
ni -il 
1/) UJ *4 UI r vD o , 

u. -» OO 
■D • X) 
V • 

ro 4 
cr m 

3 4 
♦ O 

UI UJ I 
O UJ *H IiJ 
r j in m 

CMSJ 
■0 • 
•X NO • 

UJ 
■3 UI lil I 

wT uJ • î UJ 
X OD • > O' 

u. »a m 
-ï • 4 
O' • 

NJ 

Ui UI 
“3 i-' 

(Ü 

in in 
in 

m 
X 

♦ 
àJ 

ui I 
1.1 • 11 -4 Ml 
X m n> o 

u- ^ m 
■3 • ^ 
V nj • 

ui 
<s uj m 
X t <n 

u. <m 
D • 
Of nj 

m 
CNJ 

Ul J 
CL ♦ 

J 

O' 

UJ UJ 
lO 
n t 
K. «4 

• • • 
in i0 u) 

10 
10 

m 
t 

in 

♦ o 
UJ « 

I I lit IP III 
X in ci »4 

u. o» nj 
D • iO 
ry M • 

UJ 
•ï io ro 
X » m 

u. nj 
D • 
i*f m 

nj 
0 

UJ 

.0 

O V0 

in c* 

C3 ’O 
♦ 
UJ I 

UI UI UI 
X n N. rs. 

u. « in 
■3*4 
V nj • 

ui 
UJ K. 
4 4 
u. nj 
^ • 
of nj 

UJ + 
r- '.J 

in 

o. ♦ 
UJ 
4 

IÜ 
in in 

ic 

E 3 









- 

i 
UJ 
i 

u. 

I 
o 

rf 
« 

it 
-¾ o 
r .a 
o ♦ 
X Ul 
_i f\j 
«t 
o o w • 

(/» ro 
X 

in i 
• iii 

M O 
■t 

Il K. 
a • 
O ^ 
UJ 
</» II 
'S. CL 
r o 
o X 
«- or 

ro ro 

rr ^ 
f\J I’O 
vT K 

Il II 
~ a 
-Í (X 
X 
X 
X M 
0» o 
-» ♦ 
O III 
T -t 
y 

■t • 
•3 ro 
♦ 
Ul II 
in o. 

C3 
II ♦ 
a ’ I 
CVJ J) 
T M 
o -n 
X • 
aJ H 
z 
>- II 
a n 

3 w D 
nj CL 

'T' vO »-I 

ro iij 

o t 

X H oj 
O — 
— * H 
rO - <X 

l\i 
Z 

l\J 
o 

Si 
n 

•n i 
i 
i 

X> IXi >3 
• *-« I 

in ^ uj 
^ r 
• 13 
I ro 

vO • 
rj II <VJ 
I 00 I 

UJ O II 
vD «4 > 
* X M 
o> a X 
• a 

<\j 

lO 
» INI 

ta r.i i«i 
I vO ro 

UJ tr\ >3 

V-» ^ «3 
I •-> ^ 

’ll I I 
«3 Ui UJ 
xj ^ T 
O UD CM 
• ro 

in • • 

h h 
rw to <L 
n t y 
i o n 

i.j 

•n ~o *3 
ro . ♦ i 
s m ui u 

UJ 3 X 
ro <© 

CM I 
• ♦ < J 

»-< *J N. 
-t » 

II ^ flO 
O <-l • 

• 
rv 'O 

./) I il 
••I I I >- K. 

M J» H- - 
O O' *-l I 
U O' o IU 
0l • S «4 
/> OJ J J 

3 ro 
u. II • 
O I X 

UJ O 
r/) <X 
Z N. ►— 
O '3 O N» 
M 9 III ’ 
r- uJ j I 
o m id ui 
«*3 »H 
X o <m 

00 CM 
Q 

V 
id 
> 
o 

Id II I« 
o :3 a 
m n 3 

a 

4 vO 
• » ro •3 

» ^ 
UJ I I 

4 ro id id 
«■4 cm - o rr 

X I «# «o ♦ 
O aJ • 4 in 
•-I O' I • • 
I— m \J ro 
O X II I 
< . 3 II II 
X *4 T Id a 
U. I IX < 3 

n a 
(O 
'/> -O «4 
<X 3 »4 M J 
X I 3 » I 

id ♦ I id 
U. O UJ id *4 
3 ro 

X 
o 

«* U) 

z * 
O Id 
►4 X 
»- <M 
O CO 
< • 
III *4 
X 

r 

X 
3 

I ^ *4 
I 0 • /) • 

III X 
• 01 I *4 

h H a. 
a. < u. 
(3 0 3 

Z I 
3 Id 
H4 m 
♦ - 3 
( l n 
-o • 
a cm 
3 
X 
a 

o HI 
Id X 
io m 

•\j 
•‘3 
♦ 
Id 

id 
UJ X 
►H -t 
O O 
id • 
a cm 
i/I 

X rO 
O » 

Id v3 
,0 4- 
O' UJ 

Z »4*3 
0 3* 
►4 6 ’d 
r- ui nú 
< <3 ro 
X oo v0 
X ^ • 
O • 

U J J 
H4 X ♦ 
r j id 
«3 <t O 
3 0 0 
3---0 

a a. • 
<3 Cl 
X 
X 
ui 

X ro X ro T *4 r\j 

Z I 
O UJ 
r-4 X 
- 3 

r ^ «r* 
3 • 
O CM 
O 1 
X 
a. 

3 I 
• UJ 

-4 «.3 

J 
«ï ra —« 
on • 
O «* 
-j r 

X 4. 
X III 

4J X 

O' 

U. id 
X 

cm m 

in h 
cm X 
• in 

it 
— • j 
X r> 
l*' ♦ 
X Ul 
-J Id 
<t CM 
O X 
w • 
in X 
X 

CT> CM 
O' 

II JO 

O <M 
id 
in h 
X a 
X o 
O T 
— a 
3 

4- ro 
O f 3 
I I 

Ul UJ 
in in 
»o o 
O' X 
• • 

X ro 

~ a. 
J X 

X CVJ 
i3 » 
-» ♦ 
O UJ 
X 4 
X X 

4 
4 • 

'd h 
in Q. 
IM »- 

II ♦ 
— «I 
CM -4 
r X 
O m 
•d cm 
Z 
3- II 
a cl 

» w 3 
» a 

i 
ui 

i 
Ul 

Id 
tC 

id |.< 

O — 
W V II 
n — <t 

i 
l«J .4 
X 
U) I »4 
in id • ) 
• • I 

00 < i Id 
-4 X 
• n 

X 
in • 
• 3 ll *4 

» in 
ui a it 
4 < > 
• X « 
ro a X 
• a. 

(M 

UJ Ul 4 
r** .O HI 
i ro 

ui 4 er 
vd • n 
•o I • 

ii a 
a ri 

i 
Id 

I 
id 

in ro 
» in 

CM '3 I 
• ♦ id 
4 UJ <M 

O' -O 
ii in cm 
O O' • 

• 
O' 1-4 

Il II 
«3 in cl 
*4 T X 
I 3 O 

Ul 
X 
X CM -4 

m «d • • 
• 3 ro X 
• I 

in id II M 
in 3 CL 

H CM O 3 
in -o a 
o • 

a io 
n OJ X 

r4 m H» t4 O UJ 
o m »-4 i 
id cm cn UJ 
cl • Z n 
10 cm ’*1 

a 4 
U. II • 
n i z 

id O 
rn X 
Z cO ►- 
O O CJ co 

■4 » 'd » 
»— UJ «J I 
O X id id 
«14 «*3 

> dll 
O t4 0* id id 

im ro it> 
I O P4 

m 
1-4 O I • • 
*- rs. 4 ro 
O 3 II 
«1 .3MM 
X -4 X uj a 
u. X < Q 

O 13 
in 
rn 3 -4 

-I -4 *0 n 
X I 3 ♦ 

id ♦ I UJ 
Ii. v0 UJ id id 
O x x> M ro 

•4 cO 1 O' 
n . .n •' • 

III <M • • t 

X i 
O vd 
I O' 
o d 
Ul O' 
cn • 

— f\j 
-4 

T I 
C3 id 
►4 in 
►- "O 
a 
4 • 
III -4 

X X 
3 J 

U_ 4 

Z I 
3 id 
►H X 

X 
o 

M M 1. 
a. «a u. 
0 3 3 

13 
II ♦ 
O Ul 
Ul K 
cn in 
X -c 
0 • 

d 
a 

CM 
4 
4 

I 
id 
-t 
4 

Id 
Id 4 
M CM 
(J -O 
UJ * 
a CM 
m 

X 1» 
O cn 

z i 
o id 
-4 4 

- <M 
C 3 ro 
3 • 

3 CM 
O I 
X 
a 

a 
UJ 
X i 

*4 Id 
o ro 
I m 
id m 

O' • 

(L ♦ 
*J Ul 
X CM 

UJ 
O' 
O' 4 
CM • 3 
• ♦ 

O' Id 
X 

M tti 
< «H 
r • 

CM ♦ 
4 UJ 
«•3 in 

in 
rn 

Z *4 ^3 
3--14 
1-4 I Ul 

X X »4 
X 3 • 
3 • 
U. ro 

Z 
**4 II 

o o 
1-4 V 4. 
X -J Id 
«1 -t 0 
Z O » 
>- — *4 
3 a. • 
3 C ) 
X 
X 
ui 

«4 m i ■> 
c ) m • 

O 4 

X ♦ 
X uj 

-4 t 
rO O 

u ui 
* 

CM id 

vD M 
•O X 

• in 

X *-3 
1.9 ♦ 
X UJ 
J 4 

•4 X 
O «u 

CO 

11 id 
«« • 
rj <M 
Id 
in ii 
X a 
X o 
O X 
— u¿ 

•3 '3 
I I 

Id id 
• O M 
ir» «d 
r-| id 

•o m 

M M 
— a 
-I X 
r 
X 
X "J 
19 o 
— ♦ 
O Ul 
T 4 
y X 

4 
4 • 

UJ II 
in a. 

CM Xr 
r «4 
O CM 

► II 
n ci 

« CM *4 
• in ■» 

CM Id 
<*> -3 
in M 

X M «4 
o — 
— X II 
n — -i 

CM 
T 

CM 
o 

id 
d 
4 
4 

I 
111 
in 

in >o 
• ♦ 

m ui 
ro 

M id 
O id 

• 
,iv ro 

m i u 
>.! 1 I V. 
1-4 4 1- 
O •** 1-4 
id in in 
X • z 
n n u 

i3 
U. M 
3 I Z 

•d 3 
in X 
Z X u. 
3 3 0 
M I d 
H- Id «J 
O • J d 
<X O' 
J .4 

y> 
n 

E 7 



_
_
w
 

I 
1

,.
.,

1
,.

,-
1

,,
 

ri
m
 

■- 
■■

Jf
c-
 '
 

; 
- 

-•
- 

^
 



I 
Ul 

•J 
♦ 
ly 

s 
U. 
U. 

♦ ■* 
UJ « 3 
»*» ♦ 
•-» ni 
a <.•> 
• 3 

M if» 

U. Il 
* 0 

« 

*1 
*4 * 
I M 

UJ + 
M U! 
»I 0 
P* »* 

0 

I 
UJ 

I 
1*1 
* Í 

CN* 
il 
I 

ni 
» 

m 
> 

I 
lit 

fT vP M 

M 
* » 
I 

UJ 
U» 
'* 
-t 

•a 
**» 

I 
üi 

m 
tsi 

U. 
D 
O. 

I 
ni 

M 

I 
Ul 

rg 

M 

I 
ül 

I 
ni 

I 
iu 

IA 

cr 

«T 

I 
ni 
es 

•a 
i 

•u 
M 
* 

II 
** M 
U * 

IM ♦ 

1 . • -î 

1 M M «ij H »I J 
4 

« 

IW 
1 

I 
UJ 
3 

t» 
4 
I 

I 

% 
I 

ip 

I 

3 

3 

lit 
3 

ÿ $ 0 

s. 
l=J 

I 
PJ 

i 
I 

ni 
*-4 

5 
9 

I 
tu 

? 
t 
-9 

I 
UJ 

I 
m 

a 
9 
« 

I 

Ül 
'•» 
H 
9 

•4 

I 
iX» 

• I (M 
r* 0 

ro 
OU ^ 

• 
i rr m 

in -« .3 
I • «I ^ il 

IaJ «a 
I O « ^ 
z «4 nj «H a 
O '3 »— f* 9 
UJ ♦ O V 
OX UJ UJ _J 
U. O -J 0 

J Z O 
►- <H »-1 M ^ 

U. • • H- 
^ lu ►- < 
a T * lü 
3 r4 0- T 

»NJ O X 
♦ U. < O 
l»J O _J r-l 

»-4 ^ *■> 
•H » (/) O M 
M «4 lü >Ü O 
I • '-4 _J UI 
O 0-3 0. 

^ Z /» 
Z «4 UJ 
< O a. 
of ♦ o 

ui ae 
® -a a 
• 3 O 

II 
m I 

<M 19 • » < 
O V 3 
♦ _J ♦ I 
111 «X UI ' 
r# o "O i 
CO 'M • 
C\J Z r. 
• O • ■ 
^ *4 

UJ 
I 
» '3 -< 

Z 'l 
I • I 
I *\J lü 

H < Il — 
-» Kl ^ O 
^ ^ lO UI 
w <* Z </> 

O O V 
• a V -.a 

►- <i o ^ 
a ~ * 

D 
• •» u >• -J 

UJ vO 
(/) 

. V II 
» T -> 
I O • 
I ~ O 

t- tx 
M •« 
O UJ 
O -I 
J O 

•il ■* 

J 0- V» 
M < Z 
o ni uj 
m X a 

m 
o inj <g 
^ r*l t3 
» I I 
• uJ UJ 

(M O '3 
O 3 

r\4 II KJ *4 
r» -» • • t/> 
♦ X KJ l/\ 0- 
lil O Z 
*3 V II II UJ 
3 UJ — M 

Z O T O 
• >~ UJ O 04 <\J KJ 
J Q /) W U. « » 3 

I IX U. ♦ I 
il z r uj nj iij ni 

— O O 0- 0 *3 3 
bX *-« N. UJ O KJ 3 
« 09 Z Z -H 3 
ui Z J5 «î a • • 
IY UJ ^ 04 O .û KJ 
^ 0- >• O ^ 
0- 0- O H H 
«X UI «4 1*1 V X 
Y O 09 o O ^ 91 
UJ < O 04 04 

a u. o u. d 
T ex t/) »4 Cï 
UJ »4 <X *4 
0- /1 > -5 I 

O 
7) 
Z 

n • 

I 
UI 
13 t3 

0-4 31 ♦ 

0- • 
Z 

O U) 
CD 

3 -3 
• IJ5 

v0 II 
03 ® 

i J ♦ 
*3 HJ 

C3 iK 
Z 

(X ♦ 
Oui 

uj 
_j «x> 
O C3 

—■ KJ 
*4 CT 

lü ro 
U. 

uj lü 
-9 r 3 

O KJ 
Z 

*4 O 
• UN 

X) 
KJ 

O' 
iO 

KJ 
O' 

K. 
UN 

UN 
O' 

KJ 
K» 

lü 
UN 
KJ 

lü 
O 
3 U» 

vD 

KJ ♦ «3 
UJ '.J I 
*3 ni 3 U* 
IJÜ J0 -O fT» 
à. u. ,•> I . 

3 • CK 
ût *4 • 

M 

» fO 
UI Its 
3 UJ » 
lü m *n ui 
Y ^ 3- ® 

U. v£> ü 
O • O* 
Y Kl • 

t 
♦ I > 

ni ui i 
09 lü ® uj 
X v0 Kl KJ 

U. H 80 
■D • 0 
Y vD • 

ro 

K» 
3 to 
♦ «3 
..J I 

ni m t i l 
X UN ^ ro 

U. r-, 'O 
D • 4 
Y IO # 

KJ 

ni 
: ui K 
: -* un 

U. KJ 
■D • 
Y KJ 

U> 
Il KJ 
«» UN 

O "3 
r i 

ni 
iO 

~ KJ 
04 UN 

UN 
U) 

lü 3 «4 

UJ 
r u> 

-o 
vD 

V 
UN 
<o 

KJ 
4 
• 

i/N 

'èi 

J* 

• O 
• » 
» 4 '/» 

Y 

O *4 
Z 

E ? 

Kl 









II Mllll HR HI IH VIRU IP 11 lili ' ... 1^111,11« 





P
s
o
&
s
a
x
 

J 
I
G

 i
 I
 I

.\
- 
U
I 
,
O
U
T
P
J
 T

 ,
 I

 4
 =

 t
 í
>=

 I
N-

'U
 í

 .
 1
4
P
c
o
*
O
U
T
P
ü

 T
 ,

 T
 4
P
¿
 ,
* 

-
 
T
H
I
S
 
3
E
G
<
 
T
O
P
 
C
J
"
 
U
S
£
 
-

 
-

 
I
?
/
1
1
/
7
3
 
-

 

r * 
« «o 

ro o 
D V 
*- O 

fV 
»-« 
«a U' 
I 
a *5 
o »- 
a. 
«J «i ■» » 
n 

ui o 
i r 

c ►» 
JC. O 

o ►** 
-j 

IX *-* 

2 
r 

a 
J 

z 
o 

III (/) 
r 

Q 
a a 

a a 
a u 
u a 

o > 5» 
ivj a u 
* a a 
i a a 

H 
i ai J 
* a ‘x 

-X a a 
*-< a a 

' n a u 
I o <t «a 
I *-* a a 
— a a 

* — «(/) 
r-j <\I rj I» 

1 C’ O O z IT I 

N. K 
Ul iu .( 

. fO i CP 

Êíi 
Z ^ n i 
o or (V ai ft' *-* t 

o 4 » m 3 * o I 

» r\j 

i «( «4 —i 
• •CM 

i «O ^ 

■X) t> II 
Il II H-« 
> rvr O' 
«■j O' O' 

II 
(\| >u c 
Of »- ta o 
of o n 

J <J O O (j <J o q 

X) 

F] i S 

.. I 











* 



UN 
* 

E 2 





1
2
 

c
o

n
ti

n
u

: 
0
0
 

1<
* 

II
 -

 1
 »

N
S 

F
r3

ÍI
I,

I>
=

F
T

à
C

II
,I

»
/S

U
1

 
1
4
 

C
O

N
T

IN
U

E
 

1
1
5
 

(;
*

*
.*

*
♦
 

N
O

<»
M

ÍL
lZ

E
O
 

in
 

IO
L

E
/G

n
 

o
p
 

«I
K

T
U

R
E

 

r 



1 

¡ 

<t rt> ti o «r 
r • o T y "D 
r u 'i cr y n 
ou y o o u' 7 
u • u. u. a 'ii 

.-Jfc_U.... 



(V 
-r 

a 
o 

•u lA 
T O 

► rr> w 
» J -J 

«i 3 

r •* 
<-r r*. -* 
»- » jv 

i .*1 *~i — 
-t j sr 

ill 

t: 
. d' 

-f 

I *-< C 

a •>:*»- 
. O u. J 
> K Z3 O 
» O V 1 

3 O' 
o' cr 

► */l ul ^ 
' ► t - 
■XU»-« 
‘ T> -> 
► O Q 
i (\j •> ^ 

■*> ~ *r - 
o ► * T 
OJ ♦» <J X 
- -I J - 
■ j 4 -i a 
>- O 1/1 

• «? -X 
— M- u ^ 
Cl ^ ^ - 

•• * 

ti. IT 
» ^ , 
ti A I 

u. *: 
O. X 

41 w 
ftJ r» 

^ J) u yi 

i’ll1. 

• i r. 
a ii. 
•X X 
u. X 

i ~ 
^ •- 

* *T 

f 
w ï - 
to •«■ 
(/ ^ 

X Ul X> 
nt t'i ^ 
•1 u ►- 
- -'i <- 

/» ry r> 

a -, 
► X o .r 

-» ► U. D 
r-* ►* o O 
''J -J - ► 
- 4- O ( t 
o X u. D 

rr u 
u r 
• X 

0 W 
l/t T* 

T ►• 

I X •/> 
U 

• T \j 
^ u r.» 

(\i '*j <► 
- "T rr a 

*-• rf* ^ 

— cc r- 
t* u. u. 
<\i * o 
^ K. ► 

1 U ' - 
t1 ► a. 
u. r < 

4 - 
? - 
l/j J /1 

C' 
t (-5 «1 
0' T X 

T 
(V X ^ 

•• Cl 
-> rr rj 

1 »■» ■ 
u 

u. H< I 

ii 
» (il X 

u ¿ «M 
o ► r> 

-.j d 
t ^ 

I ”) X 
■ ur «t 

' — '4 . 

T •< — 
► :> u j 
) c' ^ 

► y ^ 
' • ijj 

fv *J *• 
« r-t -,4 
rj r; -h i. 

'¿XW 
,.. J .,- 

r> » js 
- u 

.4 J 
-> -o •• 

» \J u ^ • 
«- r> u. 
In o C' 

4 i ' 

i ► r 
•. X r 

n u. i-* 

i T »- •* *- 
•• jt a 
j ^ 

i 'J ^ 

T T 

— a ► 

u Ui * or 
DOS + 
(V ^ u. <t 

^ n 
r ’»i u 
0' ÎJ 

. oh a 
* ** Ii c.*> 

c uc 

a « 
*• 4.J X Y f*' *— 
^ w *1 

m lu 
►- T 

Ij 
o t X 
4-4 
J X 11' 
O (0 4- 

o r 
L 1/ 

or • 

. 

3 Z 
U. C o 

Ui ÍV T 
r- .T? r 
<f o o 
y i/) o 

* t (/ 
. — o 
D O 
ft or, 

* n y IV 
I “5 • 
. O >-i 2 
► ^ d C5 
■ D -D r 
: D Cf T 
» + + n 

f\i ii * 

U O' 
• O 

— I* 
J u> u 

vf) i> ► 
u u u. 
^ O U. 
n a u 

z z 

I V 4-4 
V cl X 
z •* z 

ri 
-: ï 
* o rji 

a- a * 
* X X 

.. fl 4. i 
^ rr u 

3 t I « 
41 - < 

a M ♦ 
X X # 

» '•) J *- 

o o o u ra 

► n O C7 4-4 'j 

*-« (\i ro d .n vD »4 f > / Ul sû X- 

V r r 
o. r X 
X o o 

•* t' o 
<<> 

r ■> r 
r u. *- 
o u. o 
o o 

a u 
u iij 
rvi n 
o X 

u i| u 
-* —■ 

rf • * • 
0 OJ X ai 

P U U u 
m I » r > f 1 > 
.41 II II il ' 

4- r X -n , 

Í 
a 

X) 
♦ 

/1 2 
r* rT) 
4-1 X 

* 

• J 
o I 

4-. -, 

—I f' •- 
3 4^-4 

'*> 4 * 
4N 

C 
i- r 

- — .\j nr 
n h» 4-- 4- u * 

nr ^ ^ 

• tj u. a. 

i/» «J 
•> ♦ i 
- .t. 

• * * Y » d *^ (/) 
O 4J ^ X lO * I 

I _| r» -41 111 .*» (r> r> i 
». « » T T 0 -» ♦ 
X ui -« • ro 4-1 i/) i 

O 4-. 
T V 
l' Y 

V Y V 
a nr Y 

Y V Y V 
O Y Y / 

U Y Y V 
4-4 Y Y '»' 

. W IJ 
r 1 rj* w a il 
Il I w 9—4 
^ T U U -J 

O il Ut H — > , 
Il H 1/ Y </ >- 

U1 ij) 4-i 4-4 ■ 

D r? D *-• 
O U‘ z J 4-4 r u 
r 4-4 n. ï,1 r r* o 
X 4- > "fc ** o o 

_i i^ i 
-ï Y 

> Y 

E ¿5 

■to 





$U
4«

?0
UT

I 
U
E
 
ET

 4
¿
T
 I
t 

r 
A
f
C
C
.
 C
I
>
 

IF
 
(
I
C
C
.
L
T
.
1
.
 3
1 

.
»
N
O
.
 
(
C
C
.
G
T
.
-
,
.

 J
»
>
 
G
J
 
TO
 

C
O
N
T
I
N
U
E
 

W
R
I
T
E

 (
 F
, 

1 
C 
31
 
C
C
.
S
l
 

mmIII jpiijpiRiiiippii HpmpbiimPHippipnHijiii 

X 
r 

V 
o 

. 

C- 
*- o 

ul ^ O . 
uj • or 

■ .,1 J"» 

» i : r * to 4 r* ♦ • -y 
..i -h .is «.i «4 ».i -r K o r 4 •* *» •» • U2 

• O • 4 2 'll X 4 ^ UJ 2 z 
I-« O II if »-« MM « — M C M C O' 
P» h < it ta» M /^ (/* M il w h «t w r' 

T -J Ú ~ ^ 
oe uii-ujo*- _ior ijiC|u.u.*-ujo yooui 
o uj o uj O u ui X « a i^i *-**-* uj o o Oooo7 

E ¿7 



I 
r** 
O 

cj 

u 
3 

I UN 
T > 

* t 

. . 
V r> 

t 

O 

_j 
► a -I > 

r * 
T «1 A —■ 

> il. ►- * A 
» 'T' i i .-i — 
»J •*'*>? 

>- a ► if' *- 
j » c 4. o 
• r • 3 t 

f\ •nr-* 
i/' '/i * » 

♦ «3 0 _» 
•4» • • T 
rii r^» ^ ■ 
•r ^ • 
U* *J -t 'Y 

^ /i 
r n •> T 

-* 4- 1 r' 
rf ill •* •« 

UJ if> 
*- U. 
u t 

T O 
ii — 
O 'T' 

U 
o 
X 

• •> 4/1 U- *»' 
V /1 • f 
Y *— T x ►-* 

•• r> -) V 
a » • (k Y 
• in rj * 

Ul 1 X) 
* ft W' w 

»• tt ^ u ► 

• ' 1 
D U l/* 

i. Y 5 T 
ax-* 
► X ii r 

i «u, s 
Y - J - - 
► 1 •> t 

X1 X 14. ■> 

•I \ 
a u 
u. 4 

O' u 
1 * 

V ♦ 
4 »-> 

■ r — 3 

uO7. 

»n rr 
7 — 

<T X 
« - 
► X 

M- I 

— 4. N. 
r? U l* 

— » 
• r 
*» 0 t ♦ 

0 4 

• r» - "v r1 
• n * c * - • 
t a -t — - 

,< V ■ 
14 ►- * 

rvi 0 
ii u 0 

. T> » u 

X -T 
r> *- , 
i 0 
■Y T ’ 

1 
V >• . 
• Q < 

► '1 

f ♦ 
w C» . 
X X ■ 

--* J € 
- i n u. rj 

Z) r 
-r a. X j 
'•an » «• 

ft - ▼ 
I4 ►«►-*>■ 
k < V «I • 
♦ ^ • 3 
ii» n — » 

t i, ► 
a * f> 
► *-« n ■ 

-• L W ' 
O T) » 

• a • 
— V. • 

* » ' ‘ 14 - 
.-3 T 7 

I - — 
I » ii 
0 W t 

-r ?? 

i Y O r> -3 <\4 
* 4 - Y - 

- ft -» 
u ~« -T 

'1* 
U U - Y 
t n t • 
Y - U -I 

l4 

/ 
• : w 

n -% 

- a u. -h t 
♦ tu ► -> 
T I— 

* * Y Y ►- 
n „ rr t . 
-«n*- ► » 

- Y • 
Of*. 

D '•' ^ . 
oro- 
Y ia T 

i rr X r ■ 
3 ^ n * 
-/> — O 

X -i Ll u u 
• -> »on 
• * a Y y 

»/) '4' 3 ^ 
n o •-• 4 

•» » • «T L-J 
n r 3 3 r 
»/i 3 n ûr r 

-» T ^ Y 
t — u f* 

Y f. 
- (i 

'? -, 

» I • 
. V f* 

- - <1 1» 
V ii X 

X - X V ,1 ♦ . 
*- ~4 -if _i —« I 
-1 1 Y 141 O — 1 
i.) n 3 4* f »-i * 

♦ ♦ 

r K 
n ♦ o 
• M ♦ 
•f I « 

X JS vO K r> 3 

► — *-« H V m 

CJ 

ul U. «> 
r, f ' 

‘4 ^ * 
3 u -- 
Y • « ' 

ui in u 
Û -O - 
u u u 
3 3 14 
Y Y U 

V T 
a r 
V C 
- f.' 

«u I Y - I V 
*% «1 1* »-. ♦ 

^ Z - J ' ^ 
n 3 ►-« O 11 •• 
r t -* r a u 
r t u r «f' ti 

V V 

(VI w» 

«tu» 
4, * ♦ . 
If .«<51 

u u 
Il II 

t l#» ,0 K 
-• •» 
u u 

— Il 
U II 

f ü x> -« ij.af/fv« 
00 < J 

a o • 
U '4 l 

4- ^1-1 
«t t I II 
Y «I II ♦ • 

H ♦ —< ' 
_jX-4- 
-J (J* w -3 ’ 

«T 3 * w . 
O «t C* rf ' 

3 ♦ -« J 
Îf' u I i 

u • • 
u 14 • -« r- 
• « N. U O 

I f*' 
-4 14 

♦ <; 
t I 

< ' t 
♦ ? 

♦ 
» i r* 

I tu 
• u • 

♦ N ♦ 
u 4« o (ft 
* 14 ♦ u 

-4 • 

♦ V •» (V 
• -i <b ♦ • 
u 4 «'J t u 

r* w 
Il ^ M II il 
♦ l| ♦ ♦ ♦ 
f ♦ -i f\. f 

» » a « » » 
i fij <N» fM 

w X - — — 
■ c r ^ a »7 

• Yl o U 
^ -4 I4 I • 
U U «i 
• • — I 1 c> 
+ tf ~ — 
/ 1 I 1 -# w 
Il — Il II II 
♦ Il ♦ ♦ «» 
f ♦ -« f\j »o 

fVJ « 

U -* ' 
• .4 i 
<t> » i 
« 1 -4 < 
I f * < 
u •* 
♦ il . 
t ♦ 
- t 

«M u 
t4 • 

H U 
■«* ♦ 

i r. - 

W > IX W — . 
rr c* n r <t 

>Z 
a -- 

f: ¿h 

—» 

i 

è 







»jO
M

i • «rf
c* s ^

 
» 

*
>

t fe
''*

 iC
^
iV

rT
 

N
O

kw
r? 

iq
íc

: 
r 

tis
N

>
n

p
 

’f n
o
o

tt-rs 

r 

V 
o 

Ò 

-i ^ _j -J -j 
-* -i ^ -j -j 
*t 1 <1 *1 €i *Í 
13 U í J O 3 

E 3 I 

i 

-
-
 

»
h

i/ 
ir»

, 
'.a
 

( i )
j
-

 
P

‘C
s
llS

N
)J

 
N

Ic
IT
 

T
1«
-

 
c j * (6

 ) A
* A

,‘; • 
A

'l» • C
D

 N
'«

 n
 

T
*

tc
 

t
I
‘
l
z
)
r
‘
J
‘
'
i
r
r
.-‘C

S
)’J

-c
n
 

T
M

?C
 



m mp .. nipp mn pp. 









i 
c 

2T 
O 

•X u 
7 
w i/ 
u. 1/1 
I «t 
t» r 

*•! «-I f*' 
h »^i o 

a ? 
i 

-* h • 
r\i M. # • 

•-< • 
e ■ 
r u • : 

C 

<jb 

1-2 

Ml X 
¿e V 
- m ^ 
^ r - 
II *t W 

I ÍM «f ■» 
U M 

o r 
o ■« 

o* 
t 

r !3 
• ■i t » 
d V rí 
* C- w 
l~l • I X 
b- *-< (/Î ►_ 
Ä II T II 
o r h »-• 

B T »- 

T5 
I * 

O 

► ir « 
a cr i 
«♦ X I 

MI » w ,|J 

I 

« « 
j ti i 

á?! 
»> Y i 

> r 
o a Y y » 

r » n cr <r rr i, 
r ct ry bb r X o 
X II II || Il h 
II <T n ^ n ^ r 
«i o »y *-► r> (/» X 

d 
CY 

lij 

t • 
ftJ • 

cv 
rr 
3 

E 36 







•Il 

ï 
■V 

«i 
<1 
J 

I 

II 
t 
+ 

«4 U' 'J t 
w r ^ C' i 
*T % U 

<\J O «M «-• «\l • > »3 *-* 
♦ ♦♦♦♦♦♦♦ 
U J a J A. Ü .1 ii ti J 
ï« r^> tf. (J> u u» O 

«H <1 f » (M 
j 'T* o ^ r i r\j t 'v 
^ ♦ c ro «M ^ <r <r »3 
• •••• ••• 

tw j •« i\* «ï « j 
i i i 

CT » 
-i 4> 

T * 
O 

t I 
^ -f 
O O 
a z 4» 

► « V 

- T *. 
rr UI -• «J 

Zi“ I 
I «I > 
• i -5» ,J 

Ä J a 4 
t ^ cb 

•* T c. f 
« O 
- U. * 
-J <4 *< 
X </ • Z 

- Z ♦> 
V Z <J Y 
►- »»I 

i\ a» ^ r j r» ' j • r* 
i I I I I I i I • 

•J .J ii 1 |l 1 fcl »o 
f> —< N i * rî» • » »-* t 

<*î J' (\J 4' 4 » J > f. 
^ J 'P w O ^ 

N. f ~n r ■ r T% f> 

t1 »h *-« *-« f\ r» t h 
i i I • i 

IM 0 «M f'j rJ '3 
I I • I I I I I • 
• -ii lli J ii ui U •) 1—• 
^ -l -4 ^ 1 r-t *-% 

^ 4, t >> -» » 'M 
<*i ••< U' *T» 

O O rs. «M i_. N. J 

T 
•M 

4) 

i r 
l.l (Vi 

i i\j <M *f *4 ro 
I I 

a «ti 
i/ <♦> 

J «t* 
o • 

* 

-■4 JN 'Ni If* W- 
I I I I I 

U U* ai u.. 4J 
— ' I <J> fN <J< 

> f t r 
■T' fT <\l CT 

• • • • » 
r K. **’ J Y* 

O J -« .■> r»i 

♦III* 
J Ui J ü 14« 
O J C ai P 
.0 •) MN INI »* 
CN. ^ r-» NJ 
vf — f-- P 
• • • • • 

•a 'O rs. ^ 

I I I I 

»-4 O •« 

I • *V (T 
U <9 O JN 
O U • 

e 
N. b. «4 
«r4 T » 
• O Cj» 
9 »-4 • 

I »I* f» 
- 3 *H 
JO f 
• . ^ f 
•ii o <; I 

V. ~j p 
«• • -) K 
3 f.y e 

j i 4 
• -J • 

I -• o4 J J\ 

• I 
J Ui 

i .» r*> 
^ cr 
t 04 

JN 0 
• • 

*•4 f 

I I 

rr> <\i 
o 

<v j 

INC «-n a a* 
♦ ♦ ♦ ♦ ♦ 
•i.l I I II I 'Il 

U U 
Z U 

V o o 
44 o r t_' • X 
*- O T • 
•4^0 » 
r* ir* r N 

• * 
• » 

► V -4 * 
•44 J f 9 cr «a « vi> 
•r >r r o o T 

i\j ry* , 
«4 • • • 
H- .o t »O 
cr 

c 

-I t 
-t 4? 
M r j 

*■4 (\j n j- ift *) rv 

• ♦ Y o 
• I '.J 4-r •<* 

r • V 
r J l\l ém. M4 
UN JN 1-4 Z 
►- »-4 — 
• • 1-4 «f 

X) cv 3 m- r 
*t Z 

•» » » o »*' 
X> T* * 

O o Q 

I 
1 

I 

I 

tr 

E 39 

MA« HUMÉ 





o 
n 

• n 
■» a 
r 

o ► f 
i 4 

N. ^ t» - 
.• c ► 
v ^ f 
S-í 
*- O 

» C W X 

n *~ 
» ►-< 

"» H 

-J V 
<y rr\ 

3 
O 

> y 

*-« c 
r >> 

I V 
V «f 
z •* 
o ►-< 
r » 
r u. 
o u 

••i h 

*-* O . 

u , 

n 
lili k- r? * r-l 

Il «k II 

Z 

. U. 

Z 
o o 
c> n 

• t~ II »-4 *4 H I 

n o 
z 

i r> cj 
I o 

i/' i 
o II «-i h i 

i i- i3 

w ^ « 
(/» C3 D •* 
»r V z 
«t o *-< I. I 

-* i k» i» a 
II «* W fc» 7 »-« O 
a - u h n a »- 
(3 *-• *• O * '/1 

2 

i |i i •> » 
i'ir; 

_j f. C' « ' 
* •- O V 
• Çÿ 1 * 
o i n H 
Q o *• 

rvj 

E 41 

„. ..... 





rvj 

Cl 
0 

c-> 
0 

v£> 

O 
a 
0 

¥ 
I 

“i 
n 
i 

15 

-) 
0 

•U 
0 ^ K. 

rr fvj 0 
Ul ui v£ 0* 

(\j 0 • 
M •» • *4 
m • 'NJ 
a. vO -o m 
fc- H II •-« Ç5 > 0Í « 
wo «1 j *: 

UJ uj vD 
*0 ^> UJ 
«-♦ ao 
fO *4 
• • .¾ 

OO ^ • 
•4 ' 

M II II 
M »J O 

3£ 
t c î a 

• •:» j <3 • 
« J O 
II 

O rs > « J 3 i-l •"> 
• O ft. 

H II II II 3 »03 H H O il H II • » H II H M 
*f * » r* h il T i '/> -ft X Û. ft. ft. m '1 ui 0* 
DOU.U.'Dft'X*-Xi-XOfXUJ«ftftv«<i- 
-, K O .1 O .-i I-» Q 3 .“I 3 13 3 l»i 

»ft X 
X »-I 
O H- 

3 i 
Z ft 

Y J 
Y *1 

* — LU 
» U. => lii 

Il Z ► 
. — 1-4 II 
I M ►- Z 
' ^ Z li 
. -4 3 ft 
) .*. O >» 

ir> 

ft. 
•3 
» 

ft ft 
i- 3 
* ♦ 
«I ft 

<U ft UJ 
(ft o 
Il II 
3 II 0 
Ul ft ft 
ift lil T 

'ft • 
O <-> - 
» *4 

• X * 
• (ft 

in o 
<ft h h 
a X y 
Il « M 
-4 X r 
(ft eft ft 
3 3 3 

3 3 0. 
— ^ (ft 
liJ lil 3 «4 
I- >- Il I 
-4 4 ift II 
ft Y ft (ft 
* T -1 ~4 

»-4 (ft 
►- o 
Z II 3 'ft 
4 1 3 

Z 

ft 

3 

E 4 i 

« 
X

X
I:

:i
U

-U
P

>
 *

*
2

 +
 ^

P
»
»
3
) 

JR
 
: 

S
Q

R
T

(A
X

X
1
) 

N
S.

- 
=

rt
S

- 
IU

*
U

-J
 

» 
/ 

(2
.:

*
C

T
£
) 

I 
I 

— 
ï 

5 
C

A
L

L
 

T
ln

lW
iH

S
^
.T

i 
,r

i
,F

, 
.î

l.
C

P
S

P
) 





ü
f
<
n
¿
i
>
:
 
«u

äI
'*

 í
< 
i.
 

) 
•3
n4
os
-F
("
is
i>
*P
'j
£;
i*
!J
ft
r 

:a
ll
 
ch
ei
f 

:
a
_
c
j
l
*
t
i
n
j
 
jf

: 
1 
("
(S
I)

 =
F

 (
M
S
I

 )
 »
Ü
F
 (

 I
4j
I 

> 
j
o
 
3
5
 
I
•
1
1
N
S
1
 

*F
 
(
<
F
(
i
)
 

) 
,w
r
.
 
.
.
,
)
 
s
o
 
ÍO
 
V
i
f
 



J mÊtÊÊk 



A MMHMM 



)
3

O
H

i
‘
(
0
,
t)

V
h

‘
<

?
*

')
A

d
C

‘
(
r
*

i)
V

d
3
 

N
0
M

W
0

 3
 

»
"
 

‘
tlX

V
^
O

A
 

K
O

Ï
S

N
3

M
in

 

» 
"
î
Ç

A
M

q
j
o

n
 

N
O

I
S

K
3
P

I
O

 

n
i
i
f
d
 

S
N

i
i
n

c
^
e
n

«
 

*■< 1.- 
«J 3 

f * J 
w. » 
(il 
T O 

O iiJ 
* V 

■» 3 
•1 * 

rr o 
► H •‘CT' 
V — 

•■ lii 
* J U. 

O * 

I ••> . 

•il 

’ fV ». 
1 III I 

» n 

or •> 
>i * 3 X 

— O * V* 
ï,, n /1 « 
•n .□ ï- . 

u. o »- 
3 w •• 
•V «r 

* f O j 
» * T 

O •» K 
.J T * 
‘t «* .4. 

•. Il f/l 
<J • T 

n. r» 
» » ¿ ' u. 

•* o 
»/» <o 

n T 
T » I- 

■) f* 1/1 •. 
iv y ï- r 
• •03 

«« ÜL • • 
• • liJ INJ 

< r» 
*- or 
>• o •»r 
• h- Û «T 

-* «* Ul • 
» • O 

S 'A • o 
*- T a «î 
■j • lit • 
A ►- • <t 

ï • a o 
3 3 0* 

j •. » 1 
- ^ a i/> 
» a 3 r 

ni CM I 
n u 
u. r : 
U X * o 

3 V • 
£ <K ~ 

X t> iV 
• U. 3 

•h O O 
*-4 ru _i • • 

• X 

• o ■ 
i (/i ai 

o 
a 

o o 
r\ /» 
T ^ 

a ^ 
3 HJ 
ar a 

• ”> V o 
> a 

►03 
^ O ►- T 
*- T »er 
•U 0^ o o 
iM • 0 » 
3 X r > 
* •* •u. 
• x: uj o 
««•/)<• 
i • • o. 
* (/> ui 3 
— O Q 

lil — HH 
•NJ * <3 
a ru a 
3 ^ • 
y cm 
« 3 i 

►h n rj 
uj • «- 
•u — ui 
a '"J *3 
o cm a 
y w 3 
• a ir 

r oo a 
X a 3 
• 3 • 

‘-H X in 
•-0 • '0 
(\J ® • 
ro m O 
O • «t 
• •-• T 

►H HH x 
CM 4 • 

-» O fs- 
«a a a 
ru • (3 

• 3 
a • 
o 
C/ï o 

O 3 
HH 03 ^ -H I 

A r>j ■— 

> ro 

O •-« T 
• a x 

-h m 
•n a a 
w • y 
ai* 
o a «t 

• u a o> 
jo • a 
a -.o cj 
3 a • 
X • u> 
• *-« a 
^ iu u 
# » m •> 
<M a. r.i 
«-3 a 
ai r o 

X 3 «H 

o *- m 
x o «- 
y r *h 
• Y X 

03 - 
(MO*-# 

O 
T 
y ► 
• Q 

> 3 
X H- 
3 • 
• > 
a a 
cd a 

-I 3 CM <M 
l/l » ■«■» w 

r — o o 
• 3 3 

-» (M *- ►- 
> > »T 

ru o a a 
>— m •* » 
3 
3 a > o 

*-• • CM <M 

—.VT 
• Jí X 
; r • 

ru M _J 
-H • O 

• — X 
-> Y 

►M * •> 

O t/l 
X 2 

r» 
T 

Z Z 
HH HH 
y y 

a a' 
O (3 

a *-« -<« 
3 i.i a 
V K. o 

Y ~» • 
• 3 O» 
y ►- *h 

►- .j 
•u 

• Y 
i m 

a a 
(3 HH 

uj a - 
3 3 J 
y y m 

3 0X3 
a 00 x a 

4 O M 
3 r a 

X 3 
• O Y 

— (4 a 
«H I, o 
lO • H 
«- CM 
a a o 

• o 

— 3 
ri Y ««* 
CM • iil 

uj uj a 
03 03 • 

a K 
• o 

3 3a 
Y Y a 

c 1 

y 
o 
a 
3 

-4 <M "N ♦ 

a h» 
• ^ V 

y 3 H- 
0 — 4 

O (U 
• »— T 
y co v 
o 
>- 2 Z 
• o o 

y x x 
3 X T 
X o O 
• i ï O 

h- i r» o • 
a CM 3 3 
Z--H-H- 
• O CVJ K I 

to x a a ■ 
a 

3 y 
O 3 

3 y . 
V 4 ’ 

2 V 
«V Y 
0 O 

aJ 3 
I- X 
Z CO 

• — T 
■M a . I 
KJ y • 

*-4 hH 3 
• • a y 

-» O CD 
KJ » H- * 
HH o •> Y 
••-•14 

T — a • < 
ru y o o 
HH >' •‘O' 

1-9 09 
3 3 
3 3 

O (O en 
a y o o 
CD 3 Z Z 

X -H 
lü tf> 

3 hh 
X > 
x a 
o a 
o 

Z Z 
O 3 
X T 
X X 
O 3 
< > C N 

O O 
K O 
Z -4 
O 
X o 
x u: 
o 
c > 

X, V T II 
Q r# ri 
-H X « 3 « 
a Ul r» • I 
CO T » i9 i 
X O •• *h • 

V • CO I 
z z io • 
oo-o- 
X x a u i 
X X 4 H- 1 
3 o Ul • : 
o o y • 

• y _j -j 
_l 4 O lO 

CL • Z Z 
3 O • • 

H O (O 0 
> • a a 
Y I Z “* 

a HH HH 
-O •* «t 
O • • 
• a a 

x o o 
4(/1(/( 
r • • 
' 9 H- ►— 
• J J 

•0 4 4 
Q • • 
•■ O O 

O _j _i 
'0 4 4 

IfN O K 

•H • »H ■ ■» 
•4(9 • h4 
• •4 *-4 • «H II 

O) C0 • 0) I HH • 
I — » O' — *4 * 
i a 3 — tu f/i x m 
> a -j o a z ru -t 

•H H* 4 H4 l( HH 
y • a Y '/> O — 

-Y V Y Z o a 

u 
• Il 

o •• 
H HH 

X ri O 3 
Y J *H *H H 

— o 
hh a 
a x 

a m 
3 — 
Z •H l 
HH fO « 
H- Z C 

I CO 

O HH I 
O X I 

• O il> O) I o 
- — — HH Z 
Ut Ul 4 II 
H- O H- Il (O 
•H 4 HH *H 3 

I Y a Y HH 3 
X Y X 4 X 

H- O 
Y CO 
r» z 
'O II 

a 
m c/> 

Ul z 
O x 

t: 

9t* «Hh* 



a 
o 

o 
3 
O U • 

fŸ ►H 
3 
H- ♦ 
K O 
^ z 
r 

iit 
u. »ií 
o « 

x: '* uü 
!» 

V O 
— Ui rH X 

UJ 
T 

T 
<3 

Í\J 

r 
o 

o 

o ^ 

X 
►- 
2 

u. 
3 

I Ul 
I 3 

i*J 
O 

»A O til 
z r > 
• 

tu f/> ►- 
2 < 

— 00 
o O 
'O .4 3 ft. 
Z ^ Q. 
X Z z -J 

3 
O 

3 
r 

~ i 
3 ü. 
-- O 
UJ I 

« V 
3 UJ 

I.I O . 
n t ■ 

z » 
e V 
o 

3 • 
Z * 
«X I 

a 
•> 
^ f/» 

*H U» 

(/I 4 

(¥ 3 - 
cr a. f-i uj 
oo o ^ z 
M U. 3 

ft. J (ft 
3 g A ft 
UJ <1 • «t 
3 O I 

UJ (ft 
»- 0. — liJ 
< Z O h- O 
g • r3 3 • 

J 3 «4 «4 a O 
• OH « Z H 

•4 _J »-I tft O «* 
H < — O ►H 
►- o ir\ o — 
i' _ < ™ 
Z O UJ *- 
X O .V »- 

z 
» O »4 

en 2) 
o 

a 3 n 

M 

I M UJ O 
I »3 • 

M Z O 
I M II 
I w ^ 
3 Z -I 
1-3- 
u. O >> 

ci a vjD 

M H ^ 
— lü 

-* Z 
3 ►-* 

IV 
-I «t 
(ft ~ 
Z 'J ^ 
• J »-« 

ÍVJ -4 — 
•( «UJ 
3 U> U. 

«r •mi——. 

UJ *- 
3 3 
*4 a *- « o : 

vO — 
0 3««- 

*4 O 
— t-4 <X 4 
o uj o¿ o ui • 
► 3 * 3 . • 

3 1 
— a * 
•Ü ( 

. «0 M ^ I 
I w «* oD ’ 
■ ui ui • : 

(ft 
Z 

i • 
* UJ <\J 
I 3 M 

Z 3 

* 
> 
O 

UJ Ul » ►H 
Q. 1-fN « 
* » V t-l 
V > 3 i-i 

— O O ♦ w 
rft 
»— 

Z U 
I — t-t 
3 l-lt-4— 
W V W CD 

O 
J- 

3 

o m i 
• *- i 
(ft 0. I 
• M 

«3 ^ ^ Ä >H 
3 O 
z 

3 
ft. 

3 
O 
Y 
3 
3 
Cft 

* 
n 

3 o 
O 3 

*4 ► 
3 O 

II — 
¿ft 3 ! 
► »- I 
a a 

3 
3 »- 
3 U. 

Z 
3 U 

33333333 

-k—»-VV-^-V-V 
33>kVV>kVV*VV «4- 
— r-4 
V >.i-l»-|»-4|-|U4H4HH»-t «*3 

V — 
— —« *H (\J f-> V > 
H-IH4*-«' W«*»^www 'S. 

•< — — 33 3P033'^^ ^4-k 
333l-l-U-i-^-»— ►-»— — »-« 
!-►— »-UU U.UU.U-U.U 3 — 

-* Û. ►- 3 »- CD 
3 U H II il II h II h 3 t- 
— II H II -^-k-k.-k-.-»-k-»UJ a 
>•«-»-*—»333333333 M II 
il 333 — — — — — — - -Z«-» 

— — 30 30330O»-i»-«»-4 
3000033(033331- — — 
— 333>-l— I— I— i— H-l-l— Z0D3 
Ol_|_|.k4(M3giri'0K.(£i 3 >- ► 
>• a H* 3 U U U U U U U U O 3 a. 

(«o g 

E -19 

è 



x
r
U
=
U
/
S
S
 

f
l
X
X
l
=
<
Í
U
-
U
P
»
*
*
¿
*
/
P
»
»
2
»
 

U
R
 
s 

S
O
R
T
 (
A
X
X
1
1
 

J
M
=
1
.
2
1
E
-
5
M
T
*
*
i
.
5
>
/
 C
T 
+ 
l
l
S
)
 

i
o
5
 

(
.
E
P
=
R
H
O
*
 
U
K
*
K
P
/
U
i
 



û. 
o 

V0 

U 
a 

a 
ne 

a. 
a uj 
-* V 
« » 

a a 
-> < 
* £ 

-» X 
w-t * 
VI 
? < 
^ £ 
Il X 
* • 

(/» 
£ on 

*3 
rv 

Ul UJ 
<\J 0O 
U. U. 
"> -% 
iV <v 

* » » 
» Ui UJ 
aJ «H ^ 
en u u. 
TDD 
• /V (V 

X » •* 
CJ X X 
^ N. N. 

O 
D 

O 
« 
ne 

■3 
a. 

“3 
*3 

D 
'n 

T O 
O' * 

•* <t 
£ £ 
X < 

3 * <3 
V fl 

3 vO ® 

< • * 
£ V0 vO 

M lü 'ü 
a. ►- »- 

£ (tf (* 
X Z X 

» » » 
UJ UJ Uj 
X 00 sT — 
» X u 3 

Ul 3 • 
• 3 il <\j 

X UJ • —4 
r> ne • uj 
r4 * X 'O 
•» <* N» •> 

• X •> X 
«Í K ♦ u> 
X • U V 
• * U> PO 
« fNJ U. • 

X III 3 <\J 
O 3 fl *-l 

UJ • iü 
• ne • 3 

» • X O. 
• K- »4 

• X • 
*o N. * >n 
• uJ teU 

i j u> X * ^ » 
«-4 IÍN # U. 

lü O lü 3 X 
UJ ® ^-4 V 3 fl »4 
3 ^ — UJ ♦ w 
Z I- I- I- X »►- 

<t «X <X » X 4* 
*- X £ X •• U» £ 
Z « ^ X V 
O O O 3 (T* * O 
O U. a. U. Ill U. 

» 
» UJ 
> I— 
a. » 
a » 
• X 
* «0 

X • 

p^ • 

M • 'O 

» H Cl 
Il (O — UJ 
fO UJ X »- 
O M f\J f/) 
Z O 1-4 
» >ü • 

•> a » ae 
X Ul II • 

— 'O fl ■> 

< • 
0. X 
O O 
» «-4 

X • -* 

r- >• * 
•> » Il 

* » A 
— X £ 
X ^ -3 
— V 
U. * lü 
* » -J 
• 3 O 

X * £ 

V f\J — 
V -4 

X 

PO P-4 

*-4*0 
x-l II Z 
lü -J » 
*■4 to * 
-I Z X 
n * po 
*>4 • * 
**» X in 
(\J PO *-* 
» • • 

IM o * 
• fU II 

cD • (/) 
U. • Z 
• H O 

X en PH 
•h a. V- 
• Z O 

<NJ • < 
*H • Ul 

• ne 
X £ 

X X X 
a to po 
fl » * 
« PO PO 
CL • • 

K O 
CL U Tl 
3 » lü 

» » * 
X M » 

L0 II 
III Ul 

t£ UJ 
O • 

PO * 
• » 

<3 X 

iTl *H 
O ui 

*H X 
Ul «\J 

PVJ '3 
O -H 
» Ul 
« » 

X » 
f\J II 
• ® 

— 3 o 
PO • * 

O *H X 
t4 aJ fVl 
uj a » 

fl -J <5 I 
en < X 
» 1-4 <t I 
» P- I- 

X -4 C/) 
PO 2 ï-» 
•»•HQ 

ir» • 

w w UJ ^ w O 
P- P- U *- p- 
<t < * 
X X ► 
X 1 X 
O O ^ 

X X O . 
X a z 
O O * 

O ‘H u. 

CO P- * 
Z <r • 

X X 
X 3 
3 •» 

Z 
* 

N. lü • 
PO • PO V 
• » «PO 
O II 3 • 
*H —. H Cl 

• Ul L9 Ul T-4 
a V • 

t4 T 
Ul O 

* Cl 

* T-4 I 

Z TU uj 
lü O •» 
£ • 
UJ II 
d * Pw 
O » O 
Z X * 
►h rvj #. 

X X 
--- 'M 
Z P- * 
*H < PO 

XX* 
a fx 
* O H 

m o po : 
2 *-4 *1 
* UJ O 
•» •» -4 » 
X * UJ 
«VJ II *• 
*• oo * 

ro (D il i 
• * ♦ 
3 • O I 
H X Z 
tü (VJ U. 
• *• • I 
♦ PO » i 
Il • X 
(Vi J «NJ 
2 t4 •* I 
» ul PO 
•• « • I 
X * J 
f\J II -H 
•»K lü 
po lö X 
• * *H 
O •> » 
*H X * I 
UJ (VJ II 
û. - ♦ 
T^ PO 2 I 
•••VI 

* » ♦ I 
Il tH !3 
H lü T 
Z » Z i 

* 
Il PO «H 

♦ vO » • UJ i 
« GO » J •> 
* t4 * 

T • T I 

Z O 
O UJ 

p- 
2 0 
O ill 
•H 3 
P— Z 
«1 PH 

3 UJ 
O X 
«JK 

» < 
. O U 
i O 
I O 
I *H to 
» P- UJ « 

•> < Il » 
*0—11 
H ** O — 
— Z lü • 
X O lO O 
I »-i V «r 

i o i» i o /V 
X. TT W W 
_i rsi X ui 
< -H 3 I 
o d u o 
H* O U. 2 
p- a «X 
«a < 'O 
UJ > (/) P- 
T <t Uj 

U. X 3 
O 3 » » 
►H • » 
U. P- X X 
r-4 <X V3 
o iü fvj ru 
UJ T V V 
û * 3 PO 
(O « • • 
* X , CJ 
•» i J H *~4 
X (VJ ul UJ 
O V » • 
(VJ 3 * 

• Il lu » 

Il II 
(Vj *3 — — 

UJ* UJ IH • H PO o 
3 Ul X lü 
*H •» O lO 
U. * V V 

il O X 
— •• o 

Il V — 

2 P- 
»H d 
X Ul l 

a. 
i o I 
» fi 
» (V 
I I 
I I 
I I 
I I 

(VI w * 

T X 
I *H CO 

P— «O O 
et a 2 o 
<r iü _j 
J '0 3 Ul 
3 Z * > 
O «H •. 
lü -J X P- 
3 »H J UJ 
O O (VJ 3 
X CD V * 

<3 4* 
X • Z 
V 3 X 

— O T-4 O 
ro u ul U. 

>• P- Il U P- P- * * 

• X X 
d X 
O 3 

X X 3 O 

— P- X 
X lü ' 
O £ «VJ 
V <ï V 
lü PH 3 

10 d X 
Z o < 
•ü * » 
P— •• •• 
X X 

iü i3 rv 
O (VJ (VJ 
<X V 
U V •> 
x * 
3 (O 
(0 3 1— 
* • Z 
•* IJ UJ 
X -H P-4 
»3 lü O 
(VJ »»H 
V * U. 
3 II U. 
• — Ul 
O U O 

lü O 
lü (O 
» » CL 

» Z o 
11 O d 
— V n 
X £ 
~ i* a 
UJ ** PH 
<x >- 3 
3 P— Q —• 
P- PH PH V 
•I fO -J 3 
do* • 
UJ o » o 
a to X 
Z *H « 
UJ > (VJ 
I- * V 
* •» 3 
• X • 
X O J 
* 3 (VJ -H 
(VJ V Ul 

lü 
« 

* 

10 *H 
* Ul 

3 X 
• (VJ I 

»3 
tH V IÜ 
lü 3 «O 

3t.«* 
• * O 
O II 

<i • 
I T I 
d h 
o ui 

» U •• 
: Z * 
► r-4 H 
* (O 
► o >o 
* ‘H • 
» Z * 
I < X 
I Z (VJ 
» >• T. 

O 3 
O • 
X r» 
ne -h 
UJ lü 
“ a 

UJ 
> 

O 
o 

o 
Z 

H X l _ 
I O Ul 3 » • 

lü X » • .J * » 
a. d * 3 «t n u 
H * H • »-4 — O 

Z 'p 
O 3 

— «X «H 
3 «X Ul 

C3 3 -H 
tH O O 

p ft »3 P- 40 l 
PH V ' 
2 -J i 

J' J *H >\J 
ry» -» -I 
-T «H H H 

IO ^ ÜV 
^ 3 

H 0.1 •o * ft K. m 

3 X * 
• (VJ II 

rj T. fl i 
» •* t-4 PO d 
» X lü • * 
I fvj •» -» • 
I V * *H X 
p — n uj pó 

X - • 
I P- X • 3 
f < * Il • 
IX •> <1 u> 

X X 3 *H 
3 3 * Ul 

I PVJ 

o (VI 
4P 

ro fvj 
p-> • 

U) 
I U 
• * 
I * 

ft 
O f 

V 
■— (VJ 

• X * 
3 (VJ 4P 

p «H V X 

X • 
X V0 
3 ij- 

cl r X 
«X d X 
X o o 

Cl 
3 
I- 3 
lü Z 
d lü 

U) 
<H (VJ 

E 51 

* 



U
E
C
K
.
C
P
U
T
I
N
 

S
U
ä
k
O
U
T
I
N
E
 
C
P
U
T
I
r
t
 
(
i
K
I
M
E
.
N
à
l
)
 

iRliip.jiWliiigpiiipii iii li 

a 
o 

a 
o 

tr cl 
•• ^ 

•4 T- O 

H «. 
Oí ^ 
V V 

O 
O 
z 

Q. X> 
O w 

Z Q 
«H Kl 

.V — 
V o 
-a 

o — 
« •-« 

ITN 4-1 

*/> 

Û. 

-4 V 
» JÉ 
^ « 
Kl 

« »H 
~4 w 
-ty 

j\ ir 

m-t t-4 
z u. 

» 
Kl o 

X X 

» -I 

.V — 
•V « «M I 

M H- 
Kl V 

— li 
-J -J _i Q. H il U 
.. w H o ^ X r 

X z ui o u. : 

—■ h 
«O -> 

u> » 
u » 
» X 

rj «4 

if> ia Kl r» 

>0 <-« 
T 

» -J T *4 KJ X» ,r\ 

■-'-»KIKIKJKIISJKI 

•• -) 
“J ^ 

O 
a KJ 
-> K4 

cy' t - 
UJ « (\J 

^ K» ry 

O 
V X. X X 

O «4 

zz*«*««. 
uMuoarocrnc» 
O O liJ Ui iii UJ UJ lü 

KJ 

UI III IK Q. Ui ro t4 
T T » (/I T KJ ♦ 
VO » X O UI *4 «4 

Va V P) + (/) 

ZZ -4 Z Z 1 J -h z 
o O -» O O • f/1 M 
rrozrajZQ. 
« X z z r i. h o 
oo • O O > X z 
« > o o o « ^ ^ 

‘ Kl '-3 W w •* w w M 

♦♦ ♦^u ^ •*zzzzz:*uj»4 

X O r4 
H4 3 O ro -» 

• “> 

»4 UJ 
f/' a 
Z *4 M 

* • V) I _J 

O 
'Ví 
» 

II 

• X «4 ro «« 
KJ »4 *4 «ui 
►”* w llJ ' 3 K. 
KJ fK l/N ^4 » 
* » a ui X 

«« X «4 K. vO 
X KJ » •> * 
*4 • t X t 
» KJ -4 U) < 
^ M KJ a a 

• -t X 
'-P X X 4T -4 

(/> 
z z 

*4 «p ^ UJ Ui II l.l A <Vl .4 w 

'üou.rguiqíu.ii.u.u-u.ii.oouj^oaou.^oooõoâíoou]? 

Kl »4 
3 -3 



r 

Ui 
ci 

i/) 
lu T 
► O 

a 
o 

IU 

< O 
» » 

O UJ 
V 

> a 

u 
D 
ry 

lu 10 
X O - r ~ 

(X *-• ^4 
o * tr 

u. 
►H »H 

IT 

* UJ 
f\t tn 

•» a 
•-« r» 
QÍ T ' 
O' CYT I 
•O i 

'/) w 
I 

<1 ~) 

• o 
••I » 
O rvi 

U. 
U. 

K • 
O ♦ 

: 0. - 
> • «o O « « ! 

(Nj a < 

>D 
X> 

X 
•» O ÛC 

(NJ --0 
û » 

UJ '/) (/) 
Q *- 

X » » 
Ti <¥ (/> 
(Y' V *- 
» » O 

-* Q. » 

œ LU 2 — _j 

UN ►- I 
U. o » 
o o 
fŸ ■ 

.ï tn • j 
CD » ro 

► * rt • 
I UN O 0O 

X 

o 

I* «U 
IA 

OJ W 

U. 2 Q (X) 

-< O 
(/) 2 
2 * 

CL ao 
O *- 
2 a 
>•« KJ 

O 
T 
K 

O 
X 
.X 

CJ ‘ UJ 

» “î V 
‘UÍ CL 

3 UJ > 
r\j ► • 
- O X 
ui O *3 
a r * 
* X *N 

» CL U. 
AJ ( ) « 
Ü. X 
2 2 -J 
X * ro 
• O — 

-J 1/1 CD 

(/) »-« 
2 UN 

O 
X 

o 
a 
co 

o 
V 2 

A X 

3 
I L. 

— O 
► a •* 
• a 

-> « ut 
o •» Cî 
i (/) •« 

w T a 
IU «lu 

r •« a 
. X o o 
.A/ •» T 
• • r* fL 

> ►-« o 
(NJ 

• li. 2 U- 
2 • U 

*2 «o 
U X U 
w ^ 2 
III H« X 

cl — <r> 
3 <-» U- 

X a 
• o . 

*>. (/). 

a 
O ^4 
M UN 

un - 

- o ^ 
</) ~ K- 
(/» UJ L. 

a a 
IU O L» 
V- » a 

o 

cl 

<V ra 
X ^ » 

— J- 
UJ «* '- 
2 a. co 
Ht o ^ 

i • a 
^ O H- 
’-'Xk 
UJ X O 
Aj • a 
^ X « 
a« * 
» Z UJ 

i/i <r 

* UJ 
: aj -a 

I U. (NJ 
* D ^ 

(V Al 
! « fO 
► *-t O 

•-ta» 
cr 
u. f-t Hl X 

Q U. -Û 
<î a u 
r a » 

» AJ < 
ro * 

O Cl Ht 

(Nj » a 

a o 
a Aj 
X ~ 

• il *-l «A 
»*> UN U. 

<f n CD 
r Aia 
X — a 
• ui a 

• X CD 
•r o t- 
X T o 
O CL T 
» »X 

• A X » 
X (S 
O (NJ O 
• “>(*> 

(NJ *V —* 
La- » CD 
O X *- 

« 

O 
-% T 
** M >- 
tr + a 
^ > <o 
Ht T H- 
X n » 

u a 
(/1 X 
2 » 

KJ 
•H X 
• a 
^ a 
Kl Ht 

a 
i 

D 
♦ T 

O X 
♦ a 
/> s. 
D 

-» *-t KJ » 
3 UN 

(NJ w 

O 
a 
a 
» 

3 a 
Ht V 
r 

■> » tu a o u. t* 

a u. Ht 
a 3 tu 
» X K. 

t IU 

3 2* 
O 3 

Sf.-î 
3 O (/) 
U) O 

^ 00 LU 
-0(/) 
tu • • 
3 O Z 
a /> X 

Ht ^ 

u» u. 
3 3 
a a 

< o 
3 Z 
a r 
• o 

r» -t li 
AJ UN • 
— — AJ 
iu u. a 
(NJ » 

-* 3 
a « a 
O AJ » 

a a 
O » »3 
» X CO 

CD - 
> ♦- œ 

~ œ u. 
^ co a 
• Al— •> 
» * X 

sO _J <D 
•- a L- 
_• O Ht 
>' » 

N* UJ 
V 3 X 

3 a 
o » 

Al H- 
Kj X 

H» » — — 
3 u» 

O H* u UN If. 
o a 3 h» M 

I- IA 
a » 
2 -t 

UN 
U» - 

UJ 

3 a 
a * 

UJ UJ 
(O «£> U) 
o a a 
• 3 3 

a- X a 
o • • 

X 
o 
U! 

*!**>♦ ,|N ^ 
O 

1A o 

a X to 
a cd 
* H Z 

a •o 
a X z 
a en z 
• X o 

• o 

t* 3 X 
UJ C* CD 
T Ht » 
V -J X 

V, <t 

a t 
2 O 
V V 
• 0 AJ 
iu r 

X — 
Kj (X 
Ht a 

2 T 
Ht O 

O O Ht 
z z > 

3 o a 
t ) o 

O (3 
T r 
z z 
o o 
o o 

N. V 
O »4 

<** Ht Z *-» 
a a ui a 
• co ï o 
oxoz 
O X Ht 
»422 — 
- O O H4 
o z z a 
a 2 z h 
• O 3 -t 

o O a 

H» » X 
a» a a 
• > a 

ui ♦ » 
r» a a 
• 3 a 

•-t • » 
a rs 

• 3-1 

o ♦ * 
UN 
Ht O 
A- X 
— a» a 

a 
3 X 
3 a 
2 » 
X (/1 
» D 

a a 
r» a 
en to 

z X z . 
ai o a 

> C3 _J K X 
» • • a * 
» o cr UN 

u ta • 

n lA K. 
o UJ a 

OO JT 
UN «0 • 
X • -* 

X * « 
r» Ht 
(a o j 

X 3 
» a i 
UN » 
a 10 3 
U> 3 ♦ 
ro Ht (/» 

- t* Z 
Ht H III 
ta tu > 
• ♦ * 

o o 
o • 

a a 
o r» 
2 2 

< — C/ï 
h * y 
a un a 
— • * 

a a -r 
» » X 
3 O I 
X X ro 

a a a a — 
M H M II 

AJ PO -t 
a a a 

un X 
a a 

.ta u 
— a m 3 
Ht w Ht O 
X a o z 
a Ht 3 X 

K h 
u c/> 

il (/> 3 
O 3 M 

aj a j 
> a 

UN . 
Ht a a 
H- > X 

10 — 
3 M 
Ht Z .1 
Z 2 O 
> O O 

K M 
a «« 

a a 
» 3 

u — 
-i'./>-i 
< X X 
o .y a 

M 2 M II 
X O 
a o 

■* 

a a X m ^ ♦ 
» » i X X ro 
— — u i I X PO 
PO ^ Il II H X 
— — a « -h u 
Ht m o z z X «a 
X y r a a o 2 
a a Ht m Ht Ht Ht 
PO ^ X X X X X 
X X es a m a a 



. 



1 "J IPIIUI' 





6
5

 3
 
J1

 =
 I
*.
RK

 < 
Ir
tf
l 

J
¿
=
I
<
R
R
(
I
R
,
2
 

J
5

 =
 I
R
R
k

 <
I
R

 «
5 

J
ó
-
I
R
R
R
U
R
.
Ó
 

j
7
-
I
R
k
R

 !
I
R

 »
 7
 





PPilHW 

ui 
o 
«X 
a. 

R 

CM 

I 
I 

? 

!• 

I; 

'O 

rg 
(\j 

! 

! 

s 

a 
o 

♦ 
CO 
CJ 
»■O 

Z 

I 

» » » » 



<
?
r ) 

IT
M

 T
J
. 

1 
'?

 

l/ï O 

«H f\J ¿T 
-> -) O 

i ru «i 1 ^ 
* T n 

i o n ♦ V V 
-« r 

-ï T. -r •/ 
i » > < > -. 

k —« 

r » 
-V — 
♦ 

: f ir» 
I '> k 
’ V — 
• -* 

y *-.• 
. 4 J[ 

r • « 
r' .-4 

• *> “> T r y 

♦ 
.y -> 

• i 
y 

^ y V ■ 

II 
~ — **. -» 

Ifv A 1* 
\ . 

•« -k *f 

'li .*k - ^ . 
♦ r ♦ in » .t » K» » ,m i 

»- i 
•t 

• -i r" **« 

y i: y K 4 « 
i J V .cy — 

•» -. |i o 
X « « * .■> 
-4 "> •> - .* 

» -> 

— .1 

y *1 T n » ^ 

*> 

■» o 

*> il - h « Il X H * Il X 
Il -» ^ Il •*> il A 

N p a .r\ .. i — ^ 

*4 -» 4 •in 
T V 4 -> ^ 
X t II -4 - 

X M , „ 

Il 1 J ij- 
r\i -, .4 ^ fv ->-> 

*- ~î 
. 'f 

'-! ♦ 

./1 k» 
j r.¿ k' 

*J> * ' 3 

r: r- a "• 
“ï i * 

7! ' 
-4 O 

î 4 
; - 

y ¿ — *4 

* 4 
TXT*) 

rvccc cicc 

V. ~ 

— q ■ 

ter 

E 60 Reproduced (rom 
besl available copy- 9 

mmm MtflMHiaiUHi J 



Ql 
O 

l/> './> 1/) Irt CO t/> 
o o o o o n 
<1 «3 <* <r CT «s 
▼ T T X T T 
Q a o. Q a o. 

r\i r+s : C\ .f\ K. «r 

2 
►— 
U. 

u. u. u. u. u. u. 

ui Ui Ui U) Ui Ui 
«f rr 't 
i. o -» a a cj 

M ^ 'Q 4) K "O 

J 



S
Ü
B
R
J
U
T
I
U
E
 
S
u
O
P
<
X
.
â
,
N
)
 

. 
Tk
,
-
»
Q
 

I
r
t
i
S
 
P
K
O
ü
R
A
M
 
F
i
.
^
ü
S
 
T
H
E
 
S
O
L
U
T
I
D
N
S
 
13
 
A
 
S
E
T
 
O
F
 
N
 
S
I
 «
J
.
 f
 A
N
E
O
U
S
 
L
l
N
t
A
R
 

E
Q
U
A
T
I
O
N
S
 
B
T
 
U
S
I
N
S
 
T
H
E
 
G
A
U
S
S
-
G
O
R
O
A
N
 
R
'
D
U
S
T
I
O
N
 
A
L
i
O
i
l
T
H
N
 
M
I
T
H
 
T
H
i
 

' p'iip 

X 
o 
uü 
n 

► -i 
<j> ar - 
UJ < « 
H- «J I 
< D ' 
(V o 1 

FH O • 
O.^; 

-J O 
« M : 
* C/Ï ( 
3 UJ » 
O Q ( 
4 

I 
O - 

» 
* 

« </>»--. 19 » 
ar -« • ^ 

►- < ir» 
o a • - 

lü < 
r 

^ - 

z ^ « 
»< 

V 
II (/) - 
Sí ® 
< I 

» 
*# » 

I O U. ( 
i a : 

-> 

ft? 
“9 

fO < 
• Z 

ai i/» 
.-i 
IaJ I 
n i 
*"• I 
a oí 

V 
« 
* 

„ O 
.h fV 

Z -H û? 
» «4» UJ 
•4 C3 • 
Il aH X » 
a? »ui «4 ^ 
•H sO D N* «•* ♦ 
— Z »- F- X 

3 lil »H «* <* 
.4 *- F- r r o. H 

*h z V a: o -• 
o oí ^ o o F- a 

■« ri u. j. (/1^ 

Z — 
« 

«X 
- _ V ■ 

0.--- 

<1 
» 

_ «-* 

V < 

Il II 
“> — 

“> 
vO •* 
X 

o ~ 
ra « 

: h h 
— IH 
X 

. • cr ■ 
’ X 
’ ^ o I 

o 

X »4 ’ 
• O- « 

ar X 
UJ II 
• “> - 

<_J O *4 
»4 r» o 

« 

l/N l/i a IT «9 
.4 <M M Fft 

E 6¿ 

A 
(
1
,
0
=
0
 

9 
C
O
N
T
I
N
U
E
 

9
9
 
C
O
N
T
I
N
U
E
 

R
E
T
U
R
N
 

E
N
O
 





S
U

Ö
rt

JU
T

lN
E
 

à
<

ÍX
<
 

T
R

A
C

E
 

tL 
O 

vO 
sC 

o 
o 
o 

Ui 
o 

V 
o 
o 
X 
(/) 

o 

>• o 
T »- 

o 
z *- o 

a Ü) 

C V 
^ * 
» o 
► UI 
X 0> 
O (Ÿ 
T «U 
z > 

c* 
a 

(A 
z 
o 

o — 
X 
CL' 3 

•• •*» 

> a 
n 
Î o 

o 
Ui 
V 
o 
o 
X 

V » 
A- » 

T 
a 

a ►- 
CD <1 

o 
»*» 

X _J 
X X 
X D 
• V 

55 

O 
» 

(/) 
/) 

a 
o 

X 
o 

a 
o 

X o 
o 
X • 
'V »- 

X . 
ry ■ 

nj 

<y 

a 

(/) 
«T 

UJ L9 

O >- 
X X 
QÉ O 

(/) 
Z 

X ‘3 
^ • 

fO < 
<NJ O 

X 
o 
T 

O Ü) 
» z 

X 
T3 

o rie 
ii X I 

» VC 
«D O 
- D 

a o 
w ► M 
Vi O »H ^ 
o t or ♦ 
_i a o » 
<x •> a I- 
• > «X — 
> X > X 

“) 
UJ 

> *-4 I 
U_ II I 
Il ■> I 

CO — 

a 
o 
1/) 

f/> (NJ « 

IO 

M X <r4 -a U. M 
« a 
I V 
* X II 
. UJ M 

(NJ 

a ^ 

>. o 
3 a 

— (/) 
u. a 

UJ 3x3 
3 X (NJ O 
a X X X 

UJ w X 3 lU 3 < 
3 U- X ♦ 3)0 
z (^ X a X 
t-i i T 3 it (/) • 
V. I II II X X I 
Z I X M 3 II • 
o I »/) X X X ) 
O I X 3 a r I 

X 
3 
X 
a 

UN X 
(Ni X 
• o 

o X 
h a 

X 
a o 

(NJ «4 
-i ii 

ui » »- 
3 ‘O M 

X V 

Sr 
•Y u. 

>4 IÜ 
I- ^ Y 

♦ O 
(NJ X 
X a 
3 ~ 
» * 
X (NJ 
3 X 
X 3 
a i 
♦ X 
X (/) 
a X 

a 
O X 
a >- 
® a 
II X 

o a o 
O ■« O < 

Il II a h 
CD I-« 

n 
*4 X > o 
u> V a o X 
• X a 

>- X a ♦ >• 
I- (NJ — X V o 
» a 3 O 3 T 
► a • ^ X X a 
X X uj o a a V 

X Z ^ ^ ^ X 
X «X • O 
Z Z O sO </) UN X m * 3 w ® «a 
»- > cn <t II 

a *-« uj n *■ 
J ,, w > X 
j O -» 3 3 
< t u a u. i X 
( j a ^ z ^ a j. 

a i 
z I 

i 

Q V T UN 
a 3 (^ • 
I -I 

Z (NJ 
• X 

UJ o - 
3 3 
Z 3 )- 

^ X 
z a 
o a o 

• o 
> a 
X ro 

> o I- 
X **» X 
O X . 

UJ X ^ • 
3 a a h 
z » a n 
M X II M 
»- 3 > 3 
z n X a 
o >- o 3 
o 3 a »- 

m a u. * 
n >- 
a — i*j i- 
3 (NJ ' 
)- (NJ 3 * 
— -i a it 

o X • X i 
►- O v£) O UJ 
< • '* L> * 
X ^ (NJ 
> H dl I • 
a >-1- i 
n a h i n 
> 3 a i X 
a i- z » 3 

-. u a 
O 3 

I I 
>- H4 ¥ 

. a uj ’ 
)- a a : 
_j «01 
• UJ I 

(3 )- 

X • X 
III O 3 X 
O Z X IÜ 
» 4 UI Z 
UN *0 * 
• — • r» 
o a un • 
♦ O • (NJ 
V UJ o ♦ 
3 Z • O 

UI » -J 
3^0 
» U> X 
j 3 a 
X U* X 
3 3 UJ 

• O 
X o X 
3 ^ (NJ 

• 
>- * * 
o 

o a > 
• 3 a 

o a- a 
n *■* 
> 

3 _l • ^ 
» • ► X 

I V UJ O 3 
i o z X a 
. t '-' Y a 
a — n n 

I II 3 X 
i uj a ui X 
» X m ¿ X 

•V O J 
•> X 3 
-j a i 
3 X V 
X -J 3 

~ a o - 
X IV X * 
X • ~ a o 
X UJ ^ o 

z o • * 
t- • -( 3 X 
a O » io O 
rï o 3 un r 
</) m -» «a 

M UJ o II 
II w M II -( 

-( V X 
X a Y 3 X 
X ^ X »- X 

® -( 
(NJ 1 

E 64 

■ÉÉÉI J 



M CM 

z> 
Z -J 

*- z 
Z II 
o o 
O *-l 

o o 
m cd 

o o ►— ►- 
CD CD O *■« cm 
*- »- • U. U. 
CL »-> *» m n 

m M II II 
D -I -I 
Z «4 «4 w w 

►_! w .-. w O O 
►- O O O « CD 
T -n CD U ►- I- 
O I— I— ^ fM 
t J CV ►— “> U .i 

vX) 
t 

K 
t 

I 

‘l 

! 
•I 
j 

Í 

J 

J 



a 
o 

o 
o 

n 
a 

o 
o 

o 
<3 
QC 

aooanooo 

k-(t—J [f\ \0 *■ «O 

xxKu.u-U-u.ii-UU-U-1: 

• • »OOOOOOOOV 

» » »oooooorioo 
ooofflCDTífnfficDm coi: 

ÄÄÄÄÄ*..>-^-H**-«f\JK>^Lrvi3K-«OZ 
'VJrvifVirjrvjrvjQ.fr-'SU.U-li-U.U.U.U. 

non 
m -o fn 

^ ^ ir» 
u. u. u. 

'B^m'om-'ti^^cDrDír m rv 
». >> ►>->.>.>.>->■>■►>•< 

u. 
» 

-¾ 

u.zzzzzrzz**z~ 
S» M II II II II J -J _l -J -J -I -I -J -1 -1 M 

-*Q.QLÚ.Q.ÍLQ.aQ.Q.Ú.ft.w 

O • ^ 
COJ-I-J-J-J-J-J-J-I-*-1* », 

Il (.) O O O ti o c > < > < > o * ' Î x 

fVJ 
Úí 

~4 ~ * < 

non 
ro (D ra 

ro -t il> iß N. 

II U. 
•-4 ♦ 
M X 

O ^ 
r> * 

D O 
z • 

Z X 
o «1 
o * 

X 
» < 
X X 
a ti 
•i » 
X *4 
O - 
X < 
<v •« 

X — 

?rí! 
X u. u. 

X X X II II II 
<L 3 
H H H ^4 «4 «4 
A 4¾ M * » 

«4 «4 *4 CD «4 fVJ 
w w w I- ^ w 
<u ro *b o « « 
►- i- >- X i- *- 
a -> >- <y u u. 

»o ^ ir\ *ß K co so 
(A -> 
z -> 

u. u. u. 
Il II II 

X» ^ I 

■o m TO 

U. li. u. 
Il II II 

vO 

td ro en 

«4 O »4 O 
II • II 3 
-> a M 
n II M II 

»4 3 M 3 » 
ro -Î ro -> i 

> o o o o 
.0300 

Ui 1.1 
3 3 

Z Z 
O o 
o o 

3 
O 
♦ 

• V Ä 

» m o 
3 w # 

•4 0^ 
O V 

V i — 
~ 
•4 * w 
w • O 
O 3 O 
>- 3 * 
*- ».3 
II »4 ^ 

II I— 
*4 X ♦ 

O 
N. 

3 

3 
» 

3 

♦ X 0 
C/» »- 
X o 

X II X 
X *-* 

X II h 
T w ^ 
(I X Ui X 
UJ (/)(/) X 
T T X X 

~t *4 «4 Ai 
-4^-^- 
«-* 111 ffi ffi 
rn f a »- ►- 
i- X u. u. 
3 » » • 
4 *4 *4 »4 
-«XXX 

«4 X X X X 
X X X X X 
X X II II II 
X II «k «>. «* 
II #* «4 *4 *4 
M w w «4 
»4 UJ IJ til 
*- UJ (A -4 AJ 

IJ Ai X u. u. 
3 3 3 3 3 
ty rv .* ¡x <v 

* 
CD 

3 
O 

O 
3 
y> 

E 66 



n » 

f . '■ 

"> ^ CD 'T' 'T' 
V k*’ »— h- 

t. «4 U >«- 

« X * H. X 
ft K t4 < X 1 
X X < X X »M 
II It It H II -« 

• J r 4 
r -. 3 
+ 73 Y 

~ ~ ~3 u£ 

-4 4 -4 m4 -4 0 

.1 1 I U' M 
r r » — 

v£1 fl 

..1 Ul 

0 
w w ,| ul 

II 1-4 

u. 

-1 
"t 

i r-i « »—«»-* '4. 

k-4 O U. * J> 

n 't 

4,! 10 

/-¾ X m 
ui >£ hi 

n IT* H il "\ 
• .3 V) _l * 

V 
n 

4 *1 ✓ -Í V 'f' 

J V .1 ». 
3 J> 
r' Y 

i O '/> • 
t- *V ’ 

i 3! 
. X » 

«* <M 
4 -J »1 
. IU O 

»M 

Û 
*-4 

n 

UJ 
•> 
• L 

m 2 
X —4 . 

i vD 

2 

-> n. -4 .i ij. 

« n 
o I-* 
•-4 » 
• V 

V m 
Tl M 
•.I -ï 
Q X 

A 00 
» « 

CD Ui 
►H ►— M 
-J 0- =5 

T * rY 
X ^ 
» « V 
-* X m 

-4 > ^ X 
_J U. — *-t 
T U. 2 2 0. 

T X • J J * 
1-4 • o a Q. if> 
Urn *> • 1-4 « • 
II U. -4 J J <.J 

- u. ^ 
t II *1 -I 
4 •» .1 J 
-- yt 

2 
t-4 
/» 

.-3 w 

» 
»4 V 
• 0 

•4 /> I 
ti “> 

»- ni 
—4 ♦ 

T 

T 
(/» 

« ‘1 * 
2 >• 
H-t 7> • 
X « 

UJ *-* *■ 
a T. 

_ u. r 
• » T) 14. I V ■ 

III ^ ,U * I II 

-» 

< 4 ■-* 1^1 
•. V ♦ r 

*> 'r> # 
— t ■*» 
X r * a -* 

X "» ♦ X 

V r > ♦ 
f > X n X 

i 

i 

A 

E 67 

............ 

r\i 

L'> 
S- 
.XI 



M
I)
 

A
*
c 

1
4
 

-K
A

C
T

IÜ
4

 
rt 

<4 
1

*
F
 (

D
/H

I 
(
I
I

 
j 

iT
IN

U
E

 

f 

HI 

3 
o 

z 
o 

a 
o 

¢/) 

Ui 
ni 
3 

Z 
O 

a • K 

t > 

O • < 

*- *- a 
• •> V 

M »- fM 1-. 
•- » ^ < 3 
X T -* * 
~ W V >- o 

T 3 > T M T 
* • ^ z 
V 3 M»-4^UJ ► 
n - H- X. < O Q. * * 
• ix rv * T i a. tj tí m 
-« V) *- j II * C«<K*»-3X 
i r 'i j 3 * X o h . 
t h <f t ♦ h « a a. & 
c r •- ( ) ul * a3v-.3/i 

UJ 
i— 
o 

' 3 3 ►” f\J ^ 
Il M »-I » V 
« n z * «h 
<y 3 •-» a. 

> 
— C9 ♦ 
rs o Z f\j 
• • *-• # 

«4 »- • 

D a. 
O 3 

J • • < 3 
r > > o w 
X u. u. 

o 
T 
rv 

rv cn 
(/) ►- 
ft - 
O X 

•> « 
^ QÍ 
(ft (ft 
X T 

. U. i 
» —« i 

i 
U. I 

X .-4 »4 » *4 

ft? 
3 

— 0 
«H Of 
X 3 
X I 
<r 3 
%+ 0 
*- 3 
a? ^ 
cr i 
(ft tft 

T »- 
U II I— 

^ H 
X (ft »-4 
3 

'ft »-4 
*- Cft 
» 

rV -. 
(ft ift — 
T (\J uft 

Z vD • 
H4 ** vO 

_i 1-1 —I 
< 0? X 
( ^ T ■* 

ft? 
U. 

X 
o 
o 
T 
(ft 

3 

n 
(3 

► OJ 
v> o 
• » 

«4 V 
III 
ft • 

• er» 
•i -I 
♦ it) 
O • 
z * 
* II -» 

•. *ir ift 
X » • 

XX-*« 
» *4 UJ 
(ft 

UJ Ui 
(\j ao 
U. U. 

« * UJ 
• * • 3 

• U) Ui » 
Ui «4 K. » 
(ft U. U. X 
X 3 3 oo 
0 IV (V ~ 
*0 0 0 

X * * ,u 
1.1 X X h- 
h-4 ^ • 

O 
z 
o 
o 

X 
«ï 

UI 
—« • tl 

. L> •-* > 
I UJ *4 U. 
> a m 
I (ft *0 
i » » 
i u. H »ft 
• O I 

* U. o 
: 'ft • *4 
> X » 'ti 
ox*. 
*4 -4 • 

• • ►- »11 
<M (M O rft r9 

— X 
-* ift 

(ft 
Z (T» 

II •UJ ( 
M vD 3 ■ 

~ Z I 
(M UJ H4 . 
xi-»-: 

-i z : 
o ft? o ( 
.3 "» U I 

I O O' 
» «4 a 
i a *4 
I <4 0 
i 0 in 
I (ft 1-4 

ft? *-» • 
U. «4 « 

UJ X 
(ft « 
(ft * 
<t II ►*» 
X o • 

»0 0 3 
• • -4 

X X 'll 
I fsi -H • 
>*+00 

— * • * 
— UJ UJ UJ 
X X tft (ft 
Ift * X U 
• UJ 3 

*4 • 3 ft? 
-4 X Id * 
i.i o »V • 
•4 -4 » X 
*4 » • X 
(1 » X • 
*4 «r X » 

_ »Ul 
(VJ • » (ft 
0 »XU. 

r\i X i.i “ft 
• 030? 

tO Ui • 
U. • ft? • 

Id Id 
0. • 
-4 » 

X » 
n m 
0 X 
• (VJ 

X » 
(M »ft 
X • 
♦ a 

•4 
X id 
O • 
O • 
X il 
(ft X 

o 
U. T 
O Ü. 

» 

O z X 
id * O (VJ 
►Hin?» 

o 
o 

*4 » M »X 

X » 
X 0 

0 — 
(ft » 
0 II 

X r 
X 13 

X 
Ui 

o 

:< «* <f • (\i 
r z 
X -X 
o o 
a. u. 

a? «4 * 
O Ui » 

(VJ 

* X » 3 
• (ft » U —. 

X Id 3 M 
•4 X 3 (X X ^ 
— —I UJ * w (d 

»- »- X •►-(!. 
«X «X • X <r • 
r r • 
X X X X Q? X 
O 3 O' • O ^ 

• I u. » 
-4*1 -4 

Id 
• Z (ft * 

(Vi o z » 
*4 M O II 
Id I X* *4 X 
CO t « ». (ft 
a i ex m t 
•4 I l.ta » 
• I K Z » 

X I M o X 
»ft • O «VJ 
•I III » 

Jl I _J • »ft 
< » (J) » • 
0 » z X rft 

X X »-4 l\J *4 
O' «4 (ft X Id 

(ft 

V o 
^ z 
• U4 

(VJ X 
•4 Id 
Id 00 
O' 
•(ft 

• » z 
X II o 
IM «* M 

*-4 U» 
X W 
»ft U- o 
• z 

O Cft o 
•4 Z O 
Id (ft 
• 1-4 * 

* I- • 
II O X 
X ^ (Vi 
< X V 

■» 3 -3-3 '*» 
U> N. 

«X < rQ «X II » (ft «X 
z r z X X (ft z 
'X'X*-X3x\J<lY 
oozoo • r o 
-i. u. O U. 0 U. 

-4 Ol *1 
O' o 

I (VJ 'VJ 
(VI 
(VI 

Y 
CD 
3 ft 

E 6S 



r 

ce 
'TJ 

ce 
'O 
D 
yy 

cm 
V 

* X 
X ÍM 
CM •* 

a 
o 

a 
CD • O 

* cj *-t 

X *-« UJ 
M ÜJ •» 

t4 T 
U, » 

CO * Il 
• M CM 

m r-\ 
X * 

X » X 
CM H fM 
» (/) •> 

» Ul 
» (3 
il <* 

» X »- 
» f* *r 

• X O 
» c\i c ■> 

a ^4 cr 

• X (M 
» fM « 
il • ro 

Ul co • 

I iu ' 
H 

• O 
•3 T1 

X 
CM 

O 
O 

X lil » 
'M ► » 
X » U 

X co 
^ AD Cï 
O "D * 
-4 • 

» » X iy 
Il II m o> 

> ui r X 
Z X » 
X » J • 
» • «* X 
« X M IM 

X CM I- •• 
CM »X 
V CO !-• 

•*J f/l 

• O 
M O 
O 
X 2 

o 

O 
X 
» 

• X <x — 

-* 3 Ul *4 
O T UJ 

3 M -J *-« 

O 
T 
V 

« X X 
r IM CM 
:e * •* 
-3 X» »O 

2 3 3 

'U UJ 
a. • • 

i h h 
X X ^ 
« en uj 

Ü • » 
v » U. Il 
i5 M O 
^ X /1 
•U X f/> T 
C- X Z * 
< * O • 
OC X 

* ■!> 
CO o 
• -J 

• O CO 
» ? • 
Il *-4 -I 

> CM 
X CM . - 
O * O co 

UJ I 

• O 3 
*3 n •* 

* 1-4 UJ l 
* r -4 . 

X H 
(NJ J 0. 

» < «4 : 
CO M N. I 
• C- «O 

V ♦ * 
ro • • 

X X -* 
I- CM CM V 

< UJ a 
1-4 • I ^4 

2 • 
IU c-» • 

Ul 

CM 
• X 

3 Cl 

Ul UJ 

• • 
* 3 'O «-I 
» —4 *-4 I iJ 

X UJ 'U • 
CM • » • 

• Il 
>- Il MX 
< -1 X ^ 
r iu « * 
OC OC ^ Q 
O • » » 

M II I » 
2 «T I H 
•ï r • -ï 
• xi» 

• * » 
» » « K 

X X X CM 
CM CM CM X 

V »- 
C/> » D 

co 

CM 

^ I *0 

rar 
oc 
O UJ o 
U. u. 

» » o 
• X c/l 

X IM 
CM w ^ 

•»- O 
•o X 'U 
• r * 
t oc oc 

-4 0 0 
•AJ O. CJ 

X *- Q 
O UJ 2 

41 
CM 

UN 

Um UC tu 

UN 

E Ó) 

j 



Ui 
o 

Û. 
o 

KÛ 
V0 

n 
o 

tn un 
u- un 

O U 
C\i 

( ) • 
T -« 
3 X 

(/> 
f/ Z 
O O 
V O 
V • 
•U X 

lü 1 
T «H 
»- V 

Z 
</ï • 
in ' 

<X 
J I 

O 
<x 
Y 

3 lil 
— O - » 
X _J • 
%- «t 

Y ° Z 
u> (/) -J 

O 
(/I 

UN I 

» a 
UN X 
(NJ Ui 

(Y 
X 

r> 

UN 
J* 

U. •* 
(Y o 

O UJ UN 

^ * - 

UN U> Xi 
'|n rj » 

O • ►“ 
u. i 0+ tn 

T T <SI œ * O * Z£ 
O »- a. ♦ UN aJ I <VJ UN xi O (Y 

lu M II -» i * o UJ 
h. I _J O >. J X O Ni X II I— 
<_> i <a»-fYa^x»-x — iir n 

u. z » »- r »-Z i ^ ^ u. 
& "D I <OOZDU.il 3 II U. »/nu Y 
UI H I rN V •»* .U V NJ ,.?> X -* X — l.l 

Y 
LU 

U 
Z 

O' 
O 
iY 
(Y 

Z 
Ui 

rr _i 
<f* Q. 

» C 
»T» O 
(T O 

3 U. 
0+ (L & 

f* 
lü - 
W. O -J UN 
• J1*-« 
O T » </î ~ 
(/) (Y UN Û. '9 
X Ui X) 'U • - " = — 
» I ^4 ■*> -i T UI 
3 4--^ I O UNU.Q.OI 

rj . tu 1 Y U. o o ,0 <Y Y O o 
• X(Y l'UY •-* • Ui O • Z 

,4 X II Uj h-« *— lü -4 X • J O I ^ J 
• ^ ♦ t: i w w h w h ►» m u» i u p 

_ fc_j V (Y Li_ u. U. U. IU.r-Q 
u u u u iü <Y U. u. U. <Y U. «Y O Y U. » Y lü Z 

(V -4 Y *- *J 1.1-4 III .1 I Ui Y Ui 

X 
O 

UN lü UN 
UN c J UN J UN 
fO 4 4 '-N UN 

v9 UN 
U> O 

J JN 
X rr* 

E 70 

mm u mu iiMBiÉÉMiUMiaifcifciAii ütfMMMimiItti 



■PflPHP -- 

a 
o 

i 

* 

(a 

s> 
•x> 

Q 
O 

IA 

O 
-• *-* 
V *- 

Y O 
» Û. 

'✓» Y 

‘ z- 
A 
~ (Y 

» X 
ÍM (/» 
— I 
»/> — 
• X 

O 
<t 
fY 

Y 
ui o 
z u. 

i n c/i 
I fvj •* 
« » 

t- Ui 
o r 

Z -!> 'll 
J Z T 
a. 05 j 
*-» d (/> 
-I V» 
• -f 

z 
o 

Z I 
o z 

< z 
UI "3 
Z il *- Q 
M «f ui Z 
3 «*<• Z ui 

E 71 

MHHMflU 






