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AblOtRaCT. 

Several empirical correlatione of beat transfer 

in segmentally baffled heat exchangers have been publiehed, 

but as syatematie attempt has been made to compare the 

results of different workers, or to correlate them on fa 

common basis. the thesis describes a new method by weane 

of which LL detailed experimental data available have been 

fairly satisfactorily carelated 0  as shown in ig.l. £he 

points are fairly well represented by a single line having 

the equation 

3,).14
f 	

u.4 	2 
t(2.2 	fAb I 13 (1) 
P 	A-ha 

/U 	 1 	b c 

The correlation is discussed and the need is 

shown for (/) Greater accuracy of measurement. 
(2) Data on larger heat exchangers. 
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14 	Determination of clearance 

Tinker's data. 
ratio exponent for 

Jhort's 1947 data plotted on same basis a 'ig.12. 

4 

Title. 

1 	Correlation of shell-side heat transfer in 
...mentally baffled shell-and-tube heat exchangers. 

2 	Typical cress-baffled heat exailanger. 

3 	btors which affeot the flew pattern. 

4 	Calculation of flow areas. 

5 
6 
	• 	 a 

7 
	N 	 a 

6 	Curves t3 facilitate calculation of area A and A 
c 

9 	ankerla data plotted on 3hort (1943) bamis. 

10 	Trial of exponent 0.14 for viscosity ratio for 
Tinker's unit 11. 

11 	finker's data re-plotted with vincosity ratio and 
end spsce factor. 

12 	finker's data re-plotted with P-d.a in place of 7.- 
1 

15 	Determination of clearance ratio exponent for 
Short's 1947 data. 

16 	Tinter' data re-plotted with clearance ratio 
(final correlation). 



5 

Liar ui :i1GUU66 ceontd1 ) 

lig.No. 	Title. 

17 	Short', 1947 data re.splotted with clearInce ratio 
(final correlation). 

T)etermination of yiscosity ratio exponent for 
Gardner E.; biller's data. 

19 	Correlation of uardner 

2u Xinker correlation. 

21 	Typical tube ::trrangements. 

22 	4ilson lAbt. 

23 	Gorresponding logarithalio plots of h against * 

24 
	Dimensions of Short's 1947 exchanger 14o.l. 
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Afoo;a:„, 	Uitit • 

Aav 

M h 

 

Total  beat transfil, area of outside of tubes 

Average shell Bide flow area 

ret flow area through baffle window 

Clearance area between curved edge of baffle. 
Rnd shell 

Average maximum crops flow area between baffle, 

i p 	Averege Animum cross flow area octween baxfflee 

0.6 211 
b 	End space factor - 

1   
i.2+t,1•„2   1111-2. 	dimeneionleem 

.L 

AeoLlatant 

diarueter of tube 

1 	inside diameter of 'bell 

D2 	Yalvoloping diameter of tube bundle 

1;3 	Diegieter of baffle 

f 	A mathematic:el function 

14ass Velocity 

Cay 	Average ma r' velocity 11 A/A sm  

h 	Lest trr4nsfer coefficient 

Therml condi.4ctivity at mean bulk 
temperature 

soft. 

Po.ft. 

P1. ft. 

a 	Upecific heat per unit mass at men bulk 
ter4erature 	11,T.U/1b 

dimensionless 

ft, 

ft. 

ft. 

ft. 

lb./ft?hr. 

lb./ftNr. 

3.Th.J/ft?hr.°Y. 
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NW-4 4C.  ATUL-  (Contd.) 

1 	i;haracteristie linen' dimension 	ft. 

Total length between tube eh,,ets 	ft. 

442 	Length between end baffles 	ft. 

143 	iree space between ldjacent baffles 	ft. 

NuFselt number e hd/k 	dimensionless 

rube pitch 	 ft. 

	

r 	Prandt1 number . 	 dimensionlems 

“e 	.teynolds number : Galfga 	dimensionless 

teeff Nffective “eynolds number used by 
Tinker(3) 	dimensionless 

,eight of baffle above centre line 	ft. 

tY 	Total shell side tanss flow rate 	lb./hr. 

A 	itch of sdjacent rows in tube tank in 
direction of flow 	ft. 

pitch of adjacent tubes in a row 
perpendicular to flow 	ft. 

ieiuperature difference 	
o- 

Absolute viscosity at wean bulk 
temperature 	lb./ft.br. 

	

/445 	absolutes viscosity at tube surface 
temperature 	lb./ft.hr. 



lbaliODUCTIOh.  

The snell and tube heat exchanger. of which a 

typicn1 example is shown in xcig.2. consists of a number 

of parllel tubes passing through an eNveloping shell, 

which is almost invariably of circular cross section to 

withstand the pressure of the fluid in the shell, and also 

for ee of construction. (;rome-beffies are frequently 

used in this type of exchanger to increase the velocity 

and turbulence of the shell-side fluid 	to ensure that 

the iote heat excanger surface iP eff ctive; and also 

to support the tubes. The moot common type of baffle is the 

semental, or half-rnoon baffle. shown ii 'igs 2 end 3. which 

forces the shell-side fluid to flow back and forth 'Icross 

the tubes. 

heat is transferred between one fluid flowing 

inside the tubes (the "tabe-side") gihd another fluid 

flowing tnrough the ioll outside the tubes (the shell 

ride), 	he present or is concerned with befit 

transfr by forced convection on the shell side. 

hL:i 	a 	 

it can 00 shown by dlv,:ensional.analysis (1) that 
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the heat t.ansfer by forced convection in 9 system of Hu 

given geoetrical rihrrpc is given by a dimencionlers 

equation 

hl sf(G112AA 
k 	ViA k-/ 	 (2) 

1 being a characteristic linear dimension of the system, 

and 0 the mass velocity of fluid measured at any suitable 

cross section. i'he form of this equation may he 

detemined by experiwent, and. it is well established that 

for fluids flowing out a16 tubes, 

(4)(4.1̀/3  f (G1) 
977, 
	(3 

twat is, oy plotting 

(14 
	

/4 
 a single curve is obtained. 

which over a limited range can be expressed approximately 

by 

mo61/3."  
a 	 kep) 

\/4)  

where 	and n are constants. The relationship obt,,!ined 

applies to all systeixir of the given geometrical shape, 

regardless of their size. the choice of eiwension I, 

and the cross section rat which G is measured, are both 

arbitr%ry since all the systems being considered are 
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geometrically similar; for example, if the syetem coneimte 

of a fluid flowing normal to a bank of tubes, I may be taken 

at either tube diameter or tube pitch, and G may be 

measured between adjacent tubes or in the free mtremn, the 

resulting relationships being in a constant ratio to each 

other. 

The heat transfer in systems which are not 

geometrically similar cannot in general be represented by 

a single relation of the type (2), (3) or (4). 6uppose for 

example that the heat transfer in a bank of tubes could be 

represented by equation of the typo (4); then that in a 

number of different banks of tutee having several ration of 

tube pitch to tube diameter d would be represented by 

several corresponding equations of the type (4), possibly 

with each having the same n but different C. The ohoice of 

1 and G now becomes significant since alteration in either 

will alter 	but by judicious choice of 1 and G, it may be 

possible to express C as an empirical function of r and 

d, so that all the geometrical arrangements can be 

represented by a single empirical relation 

(1121(K1/3 
loll n 

x  f
(
eod) 	(5) 

yx, 

which applies to any size of eystem, but only to shapes 

within the range of f(i),d) investigated. This method has 
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been applied satisfactorily to cross flow over tube banks. 

in a baffled heat exchanger, the maes velocity 

of fluid varies continuously. At the baffle "windows" 

the flow is parallel to the tubes. Between the baffles, 

the flow is across the tubes, the ear .s« velocity fluctuating 

an the fluid flews alternately in the restricted spaces 

between the tubes in a row, and in the free space between 

the rows of tubes, and also varying as the width of the 

cross flow area increases from the baffle window to the 

shell axis and decreases again to the next baffle window. 

The choice of a suitable crows-,section on which to base 

is one of the major problems in obtaining a satisfactory 

correlation. 

several georsaetrioal variables affect the flow 

pattern, and therefore tile heat transfer, in a baffled 

heat exchanger, those considered to be most significant 

being shown in Yi03.3; taey are:- 

Tube diameter, pitch, and arrangement. 

Baffle dimensions and spacing. 

shell diameter. 

:,paces between end baffles, and tube pltss. 

Clearance between baffles and shell. 

0 	tubes, and tube holes in baffles. 
M 
	

the outside of the tube bundle, 
and the shell. 
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A correlation. to be generally aelicable, should therefore 

be based on tests in which ell these quantities have been 

varied. 

celdams (2)quoting Chilton & Drew, recommends 

that h be calculated from the ordinary equation for cross 

flow, reduced by a constant factor of Q.6 *to allow for the 

effect of leakage that ordinarily occurs in croem-beffled 

heat exchangers.*  in the equation for cross-flow, G is 

based on the minimum flow area between the tubes in a. row; 

in this case, an average value for all rows of tubes 

between the baffle edges would presumably be used, The 

method clearly gives only rough approximation, and implies 

that the geometrical arrangement affects the heat transfer 

only in so fax as it affects the cross flow mass velocity. 

linker (3) has shown in his 'lig. 10 that the factor U.6 

mey be in error by several hundred per cent. 

bowiaan (4) correlated Otis own data for a number of 

commercial exehangere. itiass velocity U wee calculated on 

the minimum cross flow area between baffles, at the shell 

diemeter, modified by a leakage factor chosen empirically 

to bring the results onto Coiburnte curve for flow across 

an un-baffled tube bank. The leakege factor is assumed to 
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be constant "for all the exehangers in a given line," 

Thim, like the previous nethod approximrtes to a given set 

of results but is conviously unsatisfactory as a general 

correlation, 

short (6) made a systematic seriee of meaeureelents of heat 

transfer in a laboratory heat exchanger, in which the baffle 

spacing, tube di peter, and tebe pitch were varied, baffle 

height, mhell diameter and tube length being fixed, A 

complicated expression ie given for 0 which ie in effect 

an average of mass velocities through various sections in 

the !then, empirically weighted, A dimensionless tube 

arrangement factor in included, and the results all fall 

remarkably well on a single curve. 	expreeeion for G 

containe the shell diameter, although this WUP uot varied 

in ehort's experimente; it ie stated, however, teat the 

oerreletion R1040 fairly well represents eowman's data 

which cover a 4 to I range of ellen diareeters. 

enert (") later re-correlated the sine data. using a simpler 

expreseion for the mace velocity, namely the aritnmetic 

mean of mass velocities through teree cross sections of the 

shell. There was a slight lone of accuracy even omitting 

the widest baffle spacing, A new "tube arrangement factors 

(k 	es4 ed .d) 
	

was introduced which hae dimeleions 14" 



Thus the "constant.  1.28 obtained, which should be 

dimensionless', has dimeneions 1.)°4, it will be shown 

later in the present paper that a itmeneionlese term 

/1.-d ,d ij 4 gives a good correlation of Tinker's data, 

   

The shell diameter Di was not varied in 5hort'e experiments, 

but Cowman's data for ehell dismetere up to four tithes 

that used by bhorte correlate fairly well on Uhort's curve. 

bhort'e work io of particular value because it 

shows the effect of varying one dimension while the rest 

were unchanged; thus the effecte of baffle epacing, tube 

size. and tube pitch were found. The effects of shell 

diameter, baffle height. and baffle-to-shell clearance 

were not invertiested. 

Gardner 84 	 (7) carried out experiments eimilar to 

8hortle, using two arrangements, differing only in the 

pitch nand number of baffles. %eating and cooling runs 

were 73Rde with water, and three oils, and a viscosity ratio 

similrtr to that proposed by Bieder & Tate (8) was 

introduced to bring heating and cooling data onto a single 

curve, In other respects their thethod of correlation was 

similar to lAlortle original method (6). Their work is 

useful in establishing the viscosity ratio term which had 

hitherto been neglected. 

14 
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Short (9) recently extended his earlier work by 

invoetigating the effect, of baffle .'leiT7.1t o  and bsffle to 

ehell clearance, inie &atoll was accuretely bored, and 

baffles having cleozwLnes from 0,06 in, to 	in, on 

diameter were used. Jhortir original method (6) of 

correlation was uoed, with the addition of a baffle for 

ehell clearance ratio (Ab/he)7417, This is net a rational 

factor, since it tende to infinity as 	tends to zero; 

more rational factor ie proposed later in the present 

paper. Ni1 the tote were for the cooling of water on 

the shell side, and no viecoeity ratio was included, 

Again, only one shell rize was investigeted. 

'Tinker(3) hes c;vde an entirely new approach to the problem 

which is pernape fundainentally more pound than any previoue 

One. The dietrihution of fluid among the various flow 

channels in the ohell in analyeed from fluid flow 

considerltione, only that part of the fluid which sctuelly 

flow s ':cross' the tube nest being corridered effective, 

it is etated that in convention -1 designs this may be only 

from 12 to 60X of the total ehell aide fluid flow, the 

remeinder leaking round. the bMfflee, or by-passing the tubes 

through the annular npace between the tube neat and the 

shell. 
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The so-called "effective" weer,. velocity was obtained by 

dividing this calculated MRSP flow across the tubes by the 

mean crors flow area of the tube nest. A semi-theoretical 

factor was introduced to show for the smaller mesa flow 

rate in the sections between the end baffles end the tube 

sheets. Zxperimentl dtqa are given for eleven different 

shell and bueffle errangewents. but for only two tube 

diameters and two pitch/diameter ratios. These correlate 

fatly well by tinker's method. especially It the higher 

Aeynolde numbers, an shown in Ag, 2U. The met%od, however, 

is involved, end reeuiree a fairly complete knowledge of 

the flow distribution, The game deta correlrte +somewhat 

better by the method proposed later, shown in Fig. 16, the 

heat transfer being ealculeted directly from the 

dilleneions of the exchanger, and the fluid ,properties. 

Tinkerle paper contains an interesting analysis 

of the eetimated effect on the heat trensfer)  of various 

cleareuces. 	embhasie is put on tine detrimental 

effect of tube bundle to erten. clearance. Complete 

eliminetion of this, it is claimed, will frequently increase 

h by over 40A, while sealing stripe between the baffle 

windows, shovn in iig.38, will increase h by about 2k f. 

Yloating heads Oe1g.2) should therefore be designed to 
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require the minimum clearance oetween the tube nest and the 

shell. 

Donohue (1U) has taken the various experimental data 

mentioned above, and plotted. the resAlts of each obeerver 

seperately, expressing them in a simple form similar to 

that recommended by lichdame. Shortle reealte required a 

different method of correlation from the rest, and have 

been ignored altogether in arriving at the equations 

finally recommended. Tinkerle data appear to have been 

incorrectly plotted, the scatter being thereby reduced; 

furthermore, as already pointed out, Tinkeris data cover 

only a sLosIl range of tube arrangerentes 

Despite its shortcomings, however, this type of 

correlation might be useful in designing a fairly 

etandardisod type of exchanger, 

1!;411 .,11  

As mhown in the previous section, different 

methods of correlation have been fairly eucceerful for 

different limited rangee of conditions but no really 

eatisfaotory general correlation has emerged. Owing to the 

highly empirical nature of this type of correlation, the 

first stop, are more or leee arbitrary, and subeeluent steps 
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involve some trial and error, 

IIGQPS Aid) iltUCADV4.4. 

The correlation WaP restrioted to tests for which 

detailed data, including the valuer of all the dimensions 

considered likely to affect the :feet transfer, were 

available, namely the teats of Tinker (3), short 1947(9) 

and Gardner * Siller(7). The range of variables covered 

is shown in the Tablet" in Appendix L. 

Tinker's results which covered the wileet range 

of variables were firet plotted on the baeis of short's 

1943 correlation(5). This method was then modified step-

by-step until a satisfactory correlation was obtained. 

This was found to apply well to short's 1947, end Gardner & 

results eo finally all the reeulie were plotted 

on 	single graph (:eig,1). 

TAi&IAATOA.6 AT 	t 	 Tilt; 	FitaPKIiTIES, 

Ac in previous correlations, fluid propertiee 

have often, to en at the mean "bulk" temperature of shell 

side fluid, that is, the arithmetic mean of the inlet and 

outlet temperatures, this it the simplest procedure to 

follow, and renulte in a satisfactory correlation, 

1414i:31U.4. 

Again, following previous correlations, the outeide 
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tube diameter is ueed as the characteristic dimension in 

the dimensionless groups hd/k, and GRIT d/kt 

V - 0Cia.  

Short (5) hae shown that apart from exchangers 

with very wide baffle spacing (21 in. in a 6 in. dia. 

shell), the method of Reserving the mRms velocity Ow/ 

used by him in 1943 resulto in little loss of 9.courncy 

compared with the more complicated exprension he used in 

1942. subsequently used. by Gardner & si1ler in 1947 and 

again by Ohort in 1947.  This method was therefore tried, 

and j.roved satisfactory. 

The method of calculating Gay iP given below. 

COAA,0,TIQN Uf  

As a first comparison, these results were plotted 

coordirig to 6hort,ri 1943 method which coneiFte of plotting 

MO) 	
/ 	01) 	egainet Gay  d . 

A4  
The resulting plot ie shown in1,ip.,„9 ;3,nd compared with 

:-Aaort's line which h!  tie equation 

hd 

	

	 k/3 le 1.20 /Ggy 41u.6 
(P1 	

.41  4;e1  4 

The points are widely scattered, being in the auxin above 

„hortie line. 
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Viseosity ratieWps• slider a Tat. (6) first introduced 

a factor (Nius U.14) 	to bring together heating and cooling 

data for viscous oils inside tubes. In recent experiments 

at the University of Delaware, liergelin et alia (11) found 

that for oil flowing across a. cooled tube bank, the same 

factor applied. Yor Tinker's exchanger 14o, 11 heating 

and cooling data are given which have been plotted both 

with and without the viscosity ratio, in 	showing 

that the factor brine the two ,eta of results into a 

single line. This ratio iP dimoueeed further in the section 

below on Gardner s.nd miller's data. 

.nd Uuce factor. The heat transfer coefficient in based 

on the total heat transfer area A of the exohang r, while 

mess velocity is based on the space between adjacent baffles. 

In the end epaoen between the end baffles and the tube 

sheets, however, the mesas velocity for ()rose flow is lees 

than that between baffles, in the ratio2L3/(L1  a L2) where 

1.1 is the total length between tube sheets, L2 the length 

between the end baffles. and 1.3  the sppce between adjacent 

baffles. aesuoing the heat transfer rate to be proportional 

to (maee flow)u'6, the heat transfer rate in the end spaces 

will be 

'1 

24,5 _) u. 6 	timea that between baffle. since 
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the tube surface area is proportional to length, it follows 

that 

actual heat transfer  
TMtransfer calculeted on mess velocity between bafflei 

where 4 : L2401.1 - L2
-  

)(, 

1 

This factor war first introduced by Tinker. 

Tinkerie date. have been re-plotted, with reduced 

rcetter, ir ?ig.11, which include both the viecoeity ratio 
(frt/Pe)(414  and the end epace fector B. 

Affect of tube pitch k t  tube diaweter d. and shell  diameter DI  
The factor ueed in plotting elgsnO,snd 11 .4 d ,dy 

was used first by 3hort in his 1.943 correlation covering 

various tube diameters and pitches, but only one ',hell size 

and one bRffle height. This faotor, as elreedy mentioned, 

is open to objection because it is not dimennionleee. AO 

it was found that the ordinetee of ig.11 tended to be 

higher for the smaller shell eizee than for the larger, 
0.4 the factor was modified to114  . d 	with the result 

I-) 

shown in Ag.12, of reducing the scatter still further. 

Clearance Aatio. Me ordinates in ilig.12 are in general 

6 

  



slope 2 

factor/ 

is fairly 

b  
+ Ael 

shown in °ig.16 
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higher, the smaller the baffle to shell clearance. The 

clearance is included in a dimensionless ratio AbAab+ Aa) 

ahere A
b 
is the net flow area tarough a baffle window, and 

A0  the clearance area between the curved edge of a baffle, 

and the shell. txpreeted in this way, the ratio tend?! to 

1 as the clearance is reduced to zero. The ordindh in 

iig.12 for each separate exchanger at he ss 102  has been 

plotted logarithmically against .01;13+ Aa) in Fig.14. The 

points are ratner scattered, but a line of 

representative, and the introduction of a 

reduces the scatter of the correlation as 

correlation of Tinker's data, and has 

. 1/3 0.14 	(44 	2 

(t) 	1°11) 	(4 1. 151 	L'I"s) 1 	A
b
+ A

c 

which is the final 

the equation 

I4 :2.22 tAI-21.1 
k 	I (G) 

, alc)4T's 1947 DATA (9)  

These measurements were ade with a single tube 

bundle in a single shell, but with a range of baffle spacing., 

heights and clearances. The data have been plotted first in 

Yig,13, on the same basis as oig.12, that is without a 
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cleeraace ratio. A cross-plot wae then made (Fig 15) of 

the ordinate in Fig 13 for each eeparate baffle arrangement, 

atne a lai4, against i.a0/(abi- etc). Again a line of elope 2 

is fairly representative of exchangere having clearance 

ratiom of more than about 0.7. Xxchangers having clearance 

ratioe lees than this would be unlikely to occur in practice, 

and have therefore been omitted from the final correlation 

of ahort's data which is given in Yig 17. The line in 

A.g 17 has equation 

1.55 ( G air d 	frill 

AA  ) 

.4 

() 41) (c7--F iLei 
(71 

CORRELATION UF G 1tTt' 	& 511 	Diah(7t. 

The particular fePture of there experialents was 

the use of four different fluide in both heating and 

cooling runs. Owing to the wi0e. scatter of (lets. for watela 

Gardner & Siller omitted these from their final correletion; 

they have been included here however, arid the ecatter i 

disouseed later. 

in order to furtaer investigate tmt viscosity 

ratio exponent, teken a bove as u.14, the plot in fig 16 

hat been made, the noattered resits for water being 

encloeed in a ringa since the viscosity ratio correction 
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for water is, in any case, invariably small the points for 

water have been disregarded. it ehould be pointed out that 

the aotual values obtained for/V/1.4e  differ considora,bly 

from those plotted by Gardner 4 biller, although the slope 

of the line is about the mule. Two lines have been drawn 

through the pointe, one having the usual slope of U.14, 

and the other the slope u.19 which was adopted by Gardner 

a biller. Mere appears to be little to choose between 

these two lines, and in fact a line having a slope of U.16 

or 	would be better than either. in view of the 

previous evidence (0) (11), in support of the U.14 exponent. 

this value has been retained here, and Uardner 4 biller's 

data have been plotter in 	19 on the same basis as 

:Vigo 16 and 17, The points for the higher ieynolds numbers 

are scattered, but a mean line has been drawn halting equation 

The results of Tinker, :Short (1947) and Gardner & 

biller which were plotted separately in digs 16, 17, and 19. 

have been combined in .7, single graph in rag 1. The nearest 
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line having slope 0.6, i.e. the same slope se wigs 16. 17. 

and 19. has equation 

ti 	1/3 	u.14 0.4 

(P) 	(*) 	(II 4  

fluid properties exceptpe  being taken at the mean bulk 

temperature 

h : shell side heat transfer coefficient, given by 

Total he 	transfer oer hour 
x log. mean 0 

ft.2 hr.
oF. 

d : outside tube diameter 	ft. 

11. QV 

p .. AbsolJte viscosity of fluid 	lb./ft.hr. 
a 	* 	a 	* at tube Po eurface temperature 	0 	• 0 

c 	specific heat of fluid 	ii.Th.U./lb. 0F. 

ft. 

ft. 
6 = end 	space f:,',etor 

21.3(.46 

r. 1'2 + (L1 u' 142 ) ""' 2) - 	4. 

1.1 total length betv'een tube sheets 

1.2e length between end baffles 	ft. 

thermal conductivity of fluid 

G ov  : Total shell ride mass; flow rate 	lb.flt,2  hr. 

1 : tube pitch 

to shell diameter 

ft. 

(i) 



L • space between adjacent baffles 	ft. 

• Ab.. net flow area through baffle window 	ft.2 

• Aow clearance arca netween curved edge of baffle. 
and shell 	ft.2  

mar is obtained as follows:- 

Gov 
ItTo Ap Aml 	tav 

w;lere 

►
e 

ay 
 1(1 

71b ltp 

• Apo average minimum cross flow 7orea 
between baffles ft. 

• Alna maximum cross flow Area 
between Oaffles 	ft.2  

ae 	wetAods of calculting areas for four tube arrangements 

are given in zigs 4 to 7.; met'Iods of other tube arrange-

qents will be apparent. !,;urves for calculating the area 

and length of curved porlinctor of :. circular segment are 

blotted in AA b to fanilitate the calculation of Ab and Ac. 

The itlean line drawn in'fl.g. 1 coinodes with the 

mean lino through Chrdner a Aaler's resultr. 	It 1P1 18% 

aoove the line through 	ortie data and iE! 17;: nelow the 

line through Tinker's data. A somewhat clorcr approximation 

to the points in .Fig 1 would have been given by 	line 

26 
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having a elope of lees than 0.6, but it im preferable to have 

exponents of only one digit where ooseible, This expenent 

is further Justified be the fact .th&.t the iieynolds number 

exponent in the ordinary croon-flow equation in also 

It should be noted, however, that the elope of 

the line for eech eeperate exchanger le unaffected by the 

method of correlation, and there is a tendency to impress 

upon the collected 17.)inte for s group of exchanwere, that 

slope which is considered at the outset to be nearest to 

the slopes of the lies fur tae eeparete exchangers of the 

group. fhie effect is shown in the Appendix dealing with 

the Wilson method of plotting, but plea cure when e. cross-

plot such em Fig 14 is made from the points in Fig 12, 

which represent the reeulte for Tinlierte group of exchangers, 

the points for each exchanger lying on a different line 

(although the lines hove not been drawn), all the lines 

having s slope of aporoximetely o.6, Ench point in Yig 14 

reereeente one exohanger, its ordinate being the ordinate 

in Fig 12 at which the nearest line of elope u.6 passing 

through the points for thet exchanger. intersects tie line 
of the 

ae 	102, AS a result, tree slo?e/neareet line through the 

collected ;Aints in the finel correlation in dig 16 is made 

to be u.6. The slope would be known with grekter certainty 
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if there were lest scatter of the pointe for each 

individual exceanger. 

ene of the cuain difficultiee in dealing with the 

results is that in all ceses it was U. the overall co- 

efficient, that wa 	ered, while it wee the shell side 

coefficient that was required. Tinker obtained the ellell 

side coefficient from 	by calculnting the tehe tide co- 

efficieet from measured tuhe-eii data: lhort,and Gardner 

ci; miler have used the Wilson method of plotting. Neither 

method is entirely satisfactory, and it is worth noting 

that when, during the eresent work, en attempt wee made to 

obtain Tinker's tube-side coefficients by the eileon 

method, the resulting correlation wail chaotic, In either 

ceee, the experineutel errors were magnified wen the mhell-

side resietance wee small compared with the tubeeeide, the 

errors in determining both the large tube-sido resistance, 

and the lerge overall resistance, being transferred to the 

Eeell-side reeistence, iii undoubtedly ocounts for 

the wide scatter of ardner 	ieillerle data for water, a 

fact teat has been entirely everlooked in their paper and 

tee eesuing diecuesion, ior 	of their experivifmte, 

appreoiably different resulte are reported for almost 
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identical rune, showing either that aeasureaeats were 

inaccurate, or that fouling had occurred. 

The value of the correlation is restricted by 

the narrow range of d/bi, namely from 1 /9.4 to I/273 

Nxtrupolation of equation ( 	) tu cases far outside 

this range can only be regarded au speculative, and data 

are required for larger exchangers having smaller d/D1  

ratios. 

Tube hole clearance has not been investigated. 

fluid flowing through this clearance is certainly not, as 

Tinker suggests, lost as far ae heat transfer is concerned. 

Affect of tube arrangement,. The relative merits of different 

tube arrangements will not be considered., but only the 

effect of tube arrangement on the shell-side coefficient. 

Tube arrangement haa not been considered as a 

variable, in the correlation. although, while both 6hort, 

and Gardner a tiiller used an equilateral triangular 

arrangement, the flow directione relative to the tube 

patterns in the two cases were at 90o  to sac a other :. 

ncle tube arrangement will affect only the cross 

flow heat transfer, three typical arrangements tthown in 

ii 21, will be compared by applying Grimison's correlation 

for cross-flow heat transfer as given by Yiehenden 6aunders 

(1). 
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In each wise, t e tube pitch is taken at 1.5d. 

The 4eynolds number in case 1 (measured on t.he ninimun 

flow arse) is taken ae 8. WO, while in the other two cases 

a eeynolde number is taleen which will give the same total 

nieee flow rate. The relative shell side coefficients are 

teen ae foliage. 

eese 	 1 	2 	3 
coefficient 	1 	0.9U 	0.ted 

• sr 	in Ca eel' 

e'or noreial tube 'arrangements therefore, tube 

arreneement has saiete, but, n)t a major effect on teee eeell 

side coei:ficiont. eeering in mind that not all the heat 

trenefer takes place in cross flew, the proportion which 

does depending on tee geometry of the befflee. 

• 	 • 	 . 	 • 	 . 

Summarising, the data from three different eets 

of experiments have been correleted PP eccuretely es the 

observetiens allow. in order to determine the Aeynolds 

number exeanenteith more certainty, there is need far 

greater eecurecy of individual reeulte. and especielly 

in the determinetion al the tube-aide coefficient. rata 

are required for larger exchangers. Tube arrangement has 

only a email effect on the neat transfer coefficient. 
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Age of variables included in the correlation. 

1, itange of dimenoionless groups in equation (1). 

Group, 	Nano  

1.67 - 44.00 

. 2.3 

u.052 - 6.45 

0.167 - 0.29 

	

9.4 	27.3 

0.76 - 0.96 

	

u.67 	0.95 

3. 



2. Details of exchangers and fluide used by Tinker. 

2 3 8.219 8.031 
0.375 0.375 
0.531 0.531 
170 170 
24 24 
11.69 11.69 
0.020 0.020 
7.50 7.50 
12 1 
1.062 1.062 
2.12 ,2‘,12 
U.250 0.062 

1 
in.6.000 
111.0.375 
in.0.531 

92 
in.36 
in. 24.5 
in.0.020 
in.5.50 

in.3.06 
in.0.840 
in.p.094 

ftehanger No. 
Shell inside dia. 
Tube outside dia. 
Tulle pitoh 
Be. of tubes 
Length of tube 
Baffled length of tube 
Tube hole clearance* 
Enveloping dia. if tube bundle 
Number of baffles 
Baffle pitch 
Baffle height from centre 
Baffle clearance on dia. 

0.0 
4 
 7Q 

0.375 
0.531 
170 
24 
18.06 
u.020 
7.50 
16 
1.062 
2.12 
0.101 

10. 5  23 
0.375 
0.531 
262 
24 
12.5 
0.02. 
9.125 
9 
1.562 
2.31 
0.070 

3.5
6 
 27 

0.375 
0.453 
40 
15 
10.41 
v, ,,J1.., 
3.25 
lo 
1.156 
0.9u 
0.017 

5.L1 
0.375 
0.453 
124 
2.4 
16.25 
„,.o10 
5.50 
9 
2.031 
1.25 
0.023 

0.007 
0.625 
.j.750 
68 
48 
34.75 
x.015 
7.25 
23 
1.562 
1.955 
0.067 

7.95
9 

 9 
0.375 
0.453 
243 
60 
67.12 
0.011 

'7.044 
11 
5.5 
1.625 
u.037 

8 1 7.959  
0.315  
0.453 
243 
80 

'67.12 
0.011 
7.644 
11 
5.5 
0 
u.037 

8.02
11  

0.626 
0.75 
6o 
72 
56.25 
0.012 
7.1 
19 
3.125 
1.965 
Q.u44 

Shell side fluids 	'Icuter. and italeac 2.190 oil. 

kroperties of iiavac 2190 oil 

iemP.°1 	
Upecific 0.42y 

iipecific,Gravity 
0.916  

100 0.457 0.900 
150 0.485 0.882 
1du 0.502 0.671 

Viccopity lb/rt. 
2420 87  
60
242 

 
0.83 
0.54 

34 0.44 



19 15 11 	7 	19 
Baffle pit s& 	ine 2,313.01 4.24 7.11 2.33 
Baffle height fr3m centre in. 2.5 2.5 2.5 2.5 2.00 
Baffle clearance en dia. in. 0.000.06 : :J.06 o.06 0.06 

z:to/lenge: Ire. 	1 	1 	2 	3 	4 	' 6 
Number of baffles 

33 
33 

3. Details •f exorangers and fluid used bar :Alert (1947), 
and included in correlation.  

dor all exd:Aangers:- 

:ell inside dia. 
Tube outside dia, 
Tube pitch 
o. •f tubes 

Length of tube 
.Baffled length of tube 
rube nolo clearance 
'r.nveloping dia.of tube bundle 

! 6.1-85 in.1 
0.625 in. 
0.b75 in. 
30 

	

. 	in. 

	

43 	in. 
0.005 in. 
5.73 in. 

11 119 911 '12 113 20 21 22 23 
11  19 15 , 11 19 19 11 19 

4.24 2.33 4.24 2.33 , 3.01 4.24 2.33 2.33 4.24 2.33 
240.10 1.21 1.21 o I0 	Q 	U 	1.21 1.21 1.21 

u.u6 o.o6 o.o6 0.a)  o.o6 o.o6 0.255 v.125, ,..125 J.255 

bhell side fluid usitd 	Water. 



4. Details of exahengers and fluids used by Gardner 
rno ullier. 

For both exchangers:- 

Shell inside dia. 	'5.94 in. 
Tube outside dia. 	0.375 in. 
Tube itcr, 	0.5 in. 
10. of tubes 	8o 
Length of tube 	36 in. 
Baffled length of tube 

(approx.; 	30 in. 
Tube hole clearance 	0.010 in. 
2nveloping die.. of tube bundle5.28 in. 
Baffle height from centre 	0,75 in. 
Baffle clearance on dia. 	0.030 in. 

• 16:changer ro. 
trumber of baffles 
baffle pitch • 

1 
26 
1 in. 

2 
15 
2 in. 

,hell side fluide used 	4ater, Soberly oil Lo.990. 
oil tau. 969, and welocite 

Liocony 

34 

Areportles of the olio 
Oil Temps/ Viscosity 

lb./it•kar. 

	

99k4 135 	204 
* 160 	102 

	

6  200 	44 

	

969 135 	53 
* 160 	34  
• 30 	17.4 

	

Ve1..30135 	16.2 
O 160 	13.1 

	

* 200 	6.5 

used. 
Ispecific 
Gracvity 

spec. hea 
li.Th.w/lb. 

4hermal cond. 
.,13.The4/ft.hrPY 

,d.903 0.465 0.0711 
0.695 0.477 0.0705 
0.662 0.469 .0697 
(.1.6b4 v. 46b 
0.675 0.460 ,.0713 
0.662 0.499 0704 

U.636 0.462 0.0761 
0.629 0.495 0.0754 
(0.615 0.515 0.0745 



API:1001X 11.  

Note en the 'Oilmen method  at Plotting,  

This method wae used by Short, and by Gardner & 

biller, to find the shell•side heat transfer coefficient 

h, from measurement* of overall heat tranefer, and shell 

side mass flow rate a. it avoids making difficult tubs 

surface tetagerature measurements, or calcul9ting tube side 

coefficients. 

The method. is as follows. ,or a given heat 

exchanger, a s.rie of tests in mmie, keeping the tube.. 

nide flow rate constant, ,,qhile the shell-side flow rate 

is varied, so ti- at te combined coefficient hi for the 

tube wall, scale, vnd tube-side fluid rewaint toubstantiolly 

constant, while the shell-side coefficient h varies, It 

in then assumed that h ie proportional to 4in, a value for 

n glee being assumed, (kore strictly h is proportional 

to 	but thie refinement is not relevant here,) New 

since 1 :1 	1 	(1) 
n 

it follow that 
1 a (2) 
U hi 14 

35 
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U and 4 being known, and hi constant. The iilsen method 

is to plot 1/1.1 againPt 1/.411, and provided the correct 

law has been assumed for h, the plot gives A straight line 

which, at 1/411  e U. intersects the 1/U axin ut the ordinate 

1/hi. i-a,owing 1/hi, h nay then be determined from 

equation (1). Finally by plotting h logarithmically 

againet 	a otraight line of elope n will be obtained. 

It im found, hownver, Visa, by aseumini; a value 

for n which is sligatly in error, considerable errere in 

h can result, thi1e the final logarithmic olot will have 

a slops eival to the wrongly assumed value of n, thus 

apparently confirming it. This will be illustrated by 

twe hypot, letical exafa.,tee, in which the proper relation 

between h and d is given by h C4"67, while the relation 

is erroneously assumed to be h = 

ocample 1: b large compared with hi. 

Data 	Correct Analysis Incorrect Analysis 
IF 1 	1 

- 	 A1 h 	1 
u 	04..6 

	

2220.05 0.0045 0.0025: 4000.0675 0.00263 	300 
122 250 0.04 0.0040 0.0020 $0010.0552 0.00213 470 

	

1b912660.03 ,.Q.,..)0.35 0.0015 66710.0426 0.00163 	614 
345333 0.02 0.0030 0.001010000.0296 0.00113 6b5 

f11:0141,0010,01 0..01025 o.0005W000.0150 0.00(3634.590 

!frost 1ig22,1/hi00.002 	iron l'ig 22,,l/hir:0.001.67; 
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it Will 0 P'en  f An Pig 22 that gltAlrup41 the 

graph of 1/U against 1/ 0*6  is practically linear, it 

gives the wrong value of hi, leurtliermore, when the 

corresponding values of h are Plotted logarittmaioally 

against 	in 2ig 23 a (nearly) straight line having the 

wrong slope 0,6 is obtained, which is low by from 5 to 

Ixample 2: h email compared with hi, 

Data 	Correat Analysis 	Incorrect Analysis: 
1U 	1 	! 	1 	1 	1 

0.0 u 	h 	70.6 h 
53,v467, 0.070 .0.006UA4U056'179 0,0913 U,U062 	161 
59,5 179u.u65 o.uu56 u.0052; 192 (J.4)54 0.0056 	172 
67.u1.92'.6u t).0052 U.004o 20e, Q,U795 Q,U054 	165 
76,5, 2Q0,055 Ni,UU4b 	 227 	U.QU5U 	2u0 
b7.5 2270,050 0.0044 0.0040 250 c),0675 0.0046 	217 

irom leig22,1/h1eWW4 	iProp 1io;22,1/hisdi041)02: 

In this case, the erroneous Wilson olet given a negative 

hi which in itself is absurd, Again the logarithmic plot 

hrP the slope -.6, end is low by from 10 to 13A, even 

although h is mmali cmapared with hi. iiad a wider range 

of .4 been considered, from vi s 10, to 	= 67,5, the 

erroneour wilsen plot would still have been almost linear, 

and the valuer found for h would hair been from 6 to 22a 

low, 
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when preparing the present correlation, .ilsen 

pletr were made for the results given by Tinker for each 

of his exchangers aesutLing n 	0.6, in some cases 

(exchanger 1‘40.3 fer exaEAple) experimental scatter was 

se ;rest treat riG straight line could be drat r, tlIrough the 

,ointe; in ethers, an aopreximate straight line could be 

drawn, but with such uncertainty so to be uPele9R. In 

one case (exchanger INo.11, runs 116 to 126) a straight 

line was obtained, which gave a negative hi. 3ventual1y, 

Tinkers calculated values' for hi were used. 



A.PFAiiD1.1  

5ample Calculations.  

ahort's (1947) exchanver No, l. Run No.1, 

Data:- '.xchanger dimensions as shown in Fi#, 24. 

    

€ube-side data. 
Fluid 

os flew rate 
inlet temperature 
Outlet temperature 

bhell-side data, 

water 
25.720 lb./hr. 
66.636g . 
75.1 °F. 

Fluid 	water 
Mass flew rate * 	2,790 lb./hr. 
inlet temperature 	137.536g, 
Outlet tealperature 76.393F. 
dtat transfer 
coefficient h 	344 3.Th.U/ft2.hr..F. 
(Determined by :Mort, using 

lson plot). 

L-Jvcrall 
Log mean temperature 
difference 	26,30y. 
Overall heat transfer 
coefficient 	242.0 

Calculation of areas. 

s a 0.404. 	G from gig 6 a O.U5. 
1 

0ross sectional area of shell 	30,04 sq. in, 
Grofle rea of baffle opeLing : U.05 x 30.4 2 1.502 again. 
Dregs sectional area of tuoes passing through baffle 
opening T U. 
Met area of waffle opening 	al, 2 1o 5U2 sq.in. 

39 
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ny 
	x baffle spacing : zszk x 2.33 : 13.4 sq. in. 

AP  x 	baffle spacing s 1446 x 2.33 = 5.62 sq. in. 

	

Ac  2 Curved length of baffle edge x (L1 	D3) 

• Q2 (from Yig d) x 	D1 x 4(D1 D3) 

• U.6 x x 6.185 x 0.03 	0.466 sc.in. 

46(ib _IF 	+ 14, 46(0.665-1-0.45-Ir0.1779) a 44.]. 

where Aar  is in sq. ft. 

!lb-- = fLog . u.764 
Ab+AC . 

Galcultion of remaining dimensionless groups. 

iiiean shell-side temperature e 1_37.534-7.39  2 108421 Y.=ti  
2 

and Pr113  2 1.60. 

hd/k 	344 x 0.625/12 x 0.365 2 49.1 

Gay02 Wd/AavtA2 2790 x .625/44.1 x 12 x 	4,2d0 

At thin temperature, p. 1.50 	k .0.365 Bah.u/ 
ft.hr.91.. 
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Ts find 	first find t o. the tube surface temperature. 

Since UA9s hA(ta  • is  

t s, 	tm  - U9//h 2 106 • 242 x 26.4/344 2 71.6°F. 

Therefore p s  : 2.33, and (PO4) s (2.33/1.50] • 1.55 

s ;2 =0.206 

60.65  =9.90 
0.6'25 

43+(60 	43)  .(2 z 2.3.1u.6 
‘60 - 43  

6u 

2)1 
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Shell Cover 

Shell 
Tube 

Impingement Baffle 
/ 	Channel 

Tubesheet 

Support Saddle 	Baffle 
! 	Tie Rod E Spacers 

Floating Head 	Channel Partition 

Fig-2 _ Typical cross baffled Shell E Tube 

Heat Exchanger, having  double  pass 

Tubes 	single pass Shell 



Shell 
diameter 

4 

N 

End space 

	4  

1,1  

Tube pitch 

Tube arranyernent 	T be diameter 

4 	 

4 	 

Space for 

channel 
partition 

Strips 

between 

00006, 
000000 ••••••• 
0000000 

000000 
-00-000-00- - 

000000 
000.0 

Baffle 
height 

Ns:\ 	 N... N4  baffle window \  

Baffle spacing  

Tube sheet has 

to reduce by-passing 

to pass throuyb shell 	of tube nest. 

Clearance 

Fi9.3. Factors which affect the Flow Pattern. 



Calculation of flow areas. Equilateral triangular 
arrangement, with side of triangle parallel to flow.  

Ah= shaded arcs = area of baffle window —cross sectional 
area of tubes Passing through it. 

Am Urneari width of shell between baffle edges.) 
L3  x arca/I3DE/ 

A 	Length of curved baffle ce/ye ABCDE x(D, 	/2. 

Ai., when 	= L3 (1x/n, 	 kri z  
AP, when P>3.73d—L3 (Zal7i1a.) 
where:- 
-n, = number of rows of x's between ha-ifle cages 1=-4 in diag ram, 
"71, 1--= 	0 	 0 	 0 

Y 	
" y'. 

	

(-b 
, 	If 

71/1, 	 " tubes 	 , (.-- 5 
r12 	 0 	 Z'S 	

- ( ' 5 



F 

Shell dia. DI 

Ba ffle  
dia. D3  

Baffle 
/-ieiyhtS 

Tube 
pitch P 

Tube 
dia.d 

X 

Baffle spacinr-L 3 

Colculation of flow areas. Eg ilatcral triangular  
arrangement, with side of triangle perpendicular to flow.  

A= _shaded ara, =drew of baffle window - cross sectional 
dreg of tubes passing through it. 

(trydn wicitl) of shell b e t ween  baffle edges ) 

L,x aredA8DE/Z5. 

Length of curved baffle edye A 8C DE x( D, -D3 )/2. 

11r= 1_ 3 ( x/rix ) 
where:- 
mx -number of rows of tubes between baffle edges(-4indiayram) 



Fig.6 . Calculation of flow areas. In-line square  
arrangement.  

shaded area =area of baffle window.— cross sectional 
area of tubes passing through it_ 

L3 ( mean width of shell between baffle edges.) 
- L3  x area ABDE/ZS. 

Length of curved baffle edge ABCDE x 	WIZ 

Ap= L3 ( 2,9c/ri x ) 
where:- 
-r-ix= number of rows of tubes between baffle edges.(=4 diagram) 



c, rty.7. Calculation 	flow areas. -)taggered square 
arrangement.  

5bacled area ----- area of baffle window -cro_55 sectional 
ar-ca of tubes passing through it. 

A),== L,(mcan width of shell IDetvve(r, 1)a Hi( edges.) 
X arca ABDO& 

Lcnyth of curved baffle cdgcABCDEx(0-D3 )/2. 

A,, when p<1.7c/ = L3 ( 219c/rtz + yin) 
Ap , when P>1-7d, 
where:- 
72,D,-- number of rows of 3cd.5 between imlfle edye5(6 in diagram) 

if 	

" Ys 	" 	 h 	(-6 ,r" 	) 

II 	 " t U bes 	" 	
/1 	

' 	(-6 " 



2
 

0
 

0
 

0
 

nli
gir

gi,
42

§;*
 16

-4
10

:11
ff 

L 
••i

su
rELM

,12
114

4,4
, 

we
.. 

T1
111

111
111

-T
:  

Pim
 

r-4
:10

12
2 

	

U
A

 	
 
 

....1
111

131
411

11:4
1.' 

E
M

  
 H

IM
  t

iiE
31

:3
33

3:
i2

.-^
nz

M
A

  

	

. -• 14
31

11
113 .

41
1:

13
L9

1L
14

11
 	

...
...

.
33

33
 	 

Hi 	
%

RM
.  4

1.11
15

 ...
.. 

	

an
: 	

M
un

n 
g"

 N
o 	

..
2

="
. 	

. 
N

iB
e
r
.g

- L
A

T
T

A
tir
ti

i' 
..

• 
'L

•V
M

•"
••

 	
H

rt
ai

r:
01

1i
ai

rd
11

3"
11

:4
1E

H
T

A
L

 
EN

N
IM

M
Il

la
ir

aT
e:

:1
41

:1
1=

. t.
..1

1:
Up

ti 
 
	

-•;
-• u

• 
Af

in
:1

22
E1

E"
::2

2:
iii

:•
•3

1:
!:.4

: 
	

31"
112

.7P
13

33
610

3:2
0 

tv
it

ur
vi

ra a.
ta

r 	
: 	

-r
: 	

1:
: •  
	

-2
 .. 

Br
iff

m
rp

al
si

is
 	

... 
•

—
• 	

,12
22:9

1.
. 45 t

r
a

itr
in::
:#

43i
ir m

sii:.g
p;•3

13?  
1.1

,11:1
151 
	

 
.11 1

14
1D

.. 
	

 
1

.2
.:c

or
na

lva
i 

1111
 	

du
me

mp
ri:

 —
11:

22:
27,

:ba
na

mr
n. 
	

 
• 

if
  • 

M
e 	

S
S

.
11

 

• 
• 

01
0 

7
1

M
1

1
1

0
•

1
1

 V
IA

 	
SO

 	
•

 

&
S

E
I
M

 
S

O
F
 	

M
V

O
:
M

a
n

 
M

E
*

 	
M

a
r 

I
h

iM
a
t 

,... 1
.  

, 	
•-

.• 	
. A

 	
...w

.....
-- 1

-2
, 

E
li

n
ti

li
gg

ria
 •

 %
IP

 
	

lie
rm

ilm
hz

i 
"I

iir
' 

:V
 ir

  li
ka

n.6
2i

rlb
.1 76

14
4-

41
..
 r

.  
‘-

11
1ir

ifi
i:11
15E1

51
. 

i
 
	

.....
....2

,,..,
. ....

.„ 
„
. 	

.....
.•...

.,.,.
.,..,

. a
  .....

,,.
...

 ea
 • 

ai
se

•r
••

••
 N

o 
! 1

.1
  :4

42
42

11
:1

11
6:'

 	
'"'

" 
BM

 	
A

 M
E

P
=

 A
r ai

la
ilf

i-"
M

 A
. I

';1
ill

ik
eli

tif
ih

tit
tP

rui
mN

iE
tr  

" 
Pr

 
.L

.sr
an

on
:.•

 .- 
ad

s 
Pr i

ln
if

fi
li

ii
ir

af
fi

ar
li

iP
M

E
T

'rw
"  .

 	
- .
-1

3 0
E

-S
ii

ii
it

: 
m

aw
 	

.I.
... 

 
lo

w
su

su
i .

..t
ri

lM
if

fi
k4

10
, 

nn
i L

iff
ihm

an
ne

nis
tel

ifi
nii

i: 
.2.-

• 
a

lt.. 	
•

 	
a
.,

•
 	

d
i
  

..:4
4ir

ria
ra

 il 
"1

"0
.11

ffi
liir

o o
r 

T 
ar

Ed
iE

W
S: 

ull
um

un
t , 

. 

	

.W
.Ei

ni:B
 	

:: 	
l'a

gL
IO

Z
. 	

E
lf

iE
ft

."7 ..
. 

N
E

M
I
T

I
A

ll
i r e

i
a

l
k

r
ip

 n
 a

.  
E

ir
g
B

E
E

0l

.•
 

..
. 
6
. 	

21
:L

ai
a•

 ..
. 	

n
il l

 L
i.

 i
it

il
io

  
'P

in
 W

H
B
P

P
IR

P
IL
if
f
i 

i  
 

• 
a

ri
l
 

r
i
f
i
l
.
.
 

 
W

P
M

..
 

h 
M

om
s!

. 
i
i
i
F
  
=

 
ffe

rg ig
Ew

om
pa

.-2
2:

:: 
Ku

l 	
ira

li P
,,

  

1
1

1-
4-

 

-T
;4_

1-1
4 





10 10 10 1.0 Re 

f  

,_  IT 4- 
 

_,_____4____ 	, 	.__, ._,. 	„i  .---4 	, 	, -- 	• 
4-44 - - -.---•- 	i.-  .--t--r. 	-I,- /- -4-1- :__ 	,  ,_ 	_l_ _ 	, _, i 	1 ___;__________ 

	

 i-  7-1- 	. 	t 

	

4. 	-t ----;-- 4-, 4  4---1-4 1 	!--r-4-- - 	, 	, ____, 
+- - 	• 	-,----t- 

- 
', 	--4 	` 4 1 -4 	-4- 	-1---,-4 

4 	--. , 	,----1-1-- -c-- 	+ , 	, 	1 	! 	.  i  L _147   . -1_ 	le i.  1 
ri- 	''' 1  I 1 r  , 	., 	... 	.___.,.. 

1- 	-,---.-4---, 
 H 	H-  

-4- 
it 

_ 	•_ 	,_ 	. 	 , 	_., i_l_, 

T 	L --"7 -*t 
Y 	

: 	--- --..---1----.--,--4- . 	i 	• 

- 	-- ---t 	4' 4,--h" 	1 -1- --1 
-1------  - 	. 	..., 	- 	r ; 	f--+- -1 i  4 

-,- 1-  1  _ ,___ _-_,__. 	.1..4, 	I 
)- 	I 	I 	I 

1

.4_4__ 

	

_____. 	_4_. '----4 -4--4- 

	

I 	i 	! 
4-1- -i-- -4-- _ 	_ 	 , •--' 	 , 	;, 	,_ 	. _ I_ 

, _-4- 
__ 	__. 1__ 4 	'_ 1 ' 1 	, 	, 	, 	-1  
--i- 

, 	---4---t- 	- 	- 
t 	. 	i 	r  

• _I. 	._ 	, , L 
, 	-, - - 	7-  	t '÷- 1 1 

• • 
.1.61. ON 

"' - 	--.- -1 -- . -. 
H' 
-+-+-

+ 
-4' ill!) t-.- 1 

NI INIII IN hi- H 4 Or MI MO I --t 	, 4±-  4 	1 r 
.-  t 

-4-- 	' 

- '- 	+ ----'-- ----- t -- 	- - - -1  -' Oni / _ 	_t___ __4. 	± -!-- rti": 4 
- • 	- - - 1 	-r- - 	' ---, 	- -,- 

i  , 

I - 	-1--  - 	- 	-1- 	-' 	1 -' i -- 1/11: - 	----1-  - 	1  4 
I 

4 I 
--' - ' 

1 	1 4_ 
-, EN  

! _4___ I 

Igoomormow:  

I I i . _.„_._± , 1 ' -I  

, i . 
'!III 1 

I 

1  , 
, 

____ 

i 
-- 	• 	' 	- 1 

	

I 	4 
__. 
I 

-- 

-K? 
-'s ; 	i 'I 

_' 
- _, 

• • 1 	1 i 	.., 
, 

-- 	 . 

• , 

, 

I 

iji 	, 1  
----4 . I 

1 	, 	I 	I', 
—7:71 	r: 

..12I --I---..--.- ..J.-4 -4-- I- 1.7:11BMIN gill ...-4 -ZIllieff11111111111 t 	 MI ' 1 rt 'IT- 411O1B111 "1- '-'' 
1-1— 

7-- 	, 1 IllattillillIIIIII 111111111111111111111 t- ---II- 	• , 	4._._ L  ..., 
7  'SAN 

41411q 
O . 

_•__,_,_ 

1 	' 	' 	' 

_•• 	4 	• 

. 

. 
j 	. , 	, 

I 

- 

1 

-r---  _.• • ..._ 11610111. t -----t or - _,_,L _ 
-- 	. 	i. 

_i_ 

' 

------i-r"-:' 

	

-4-4 	. 
4- - 	h i 	f J 	I 

- -4 - •.. 

1 
- 	4 • 	- 	4-  

:. -J- 
11 

I,  

1 
! 

 

1111M 

1____ -: ' ' t '1  
1- 	4- •-•-.1 

-I- 

— t -- - •- - . 
' 

, 	• 
I 	, 

1- + • 

I 
- 

i 	I 	; 

I 

, 
! 

I 

i 

'' 

- 

. LE T  
I 

- 
I 
1 I 

_ _, „._ _ 
4 _,- 

, 4 	 III 
t-- 

-T 1 I , alp __ 111 -- 
- ----H---- 4  

t i 
 	I 

441- , 11E1I in II -t- 
- --fr 71-7'.  — . 	- ----' 1 0E11 1111 Milli _14 

t - 	- 	.. 	- 	4 • IN ani:M111111=MI • - 4  - 	- -f 1--  -'.± -t-r 1  . 
- 	4  

• - 
. 	. . 	4 	. -i- i t,  _ 

1 	1 	. H 11 	1 
--” -r-i÷ 	I 

1_ 	1 

1 1' 
i 
I 

' 

1 

4  

,- 

I - 	- 	- - ! ' -•—I 
- -- - i - - I 

, 	. 	t 
- . 	1  -f -  1-11 :1 - --I +- -4-  4- 

, 
H -1-1Irjt to* 	• 

-41 ' 	1 

I. 	i-.; - -- .---- --I-- 

i 

I 

] 

-7-1-` 

	

.: 	-4I 	i-  
I 	i 	; 	I i 

c_ iC ci,c, 
i 
I 1 

If it, 
,r 
r  

, 
1 

- 
I. 

1 	
. 

i4  -4- 
I 

1 
I 
I 

1 

i 	1 , 
I) 
i 

1 
I 

IIIMIUMMI1111111111MININ1111 	11111111111111101111111111111111111111111IMMIIIIIIIIIIIINIII1IMI 
F'9.10. Trial of Exponent 0.14 for Viscarty  Ratio, for Tinter's Unit U. 

/0
2 

-ID 	H 10  

0 

0 
o 



b5 
to

 c
o 	

o•
 	

(.1
1 	

t
)
 

.
 	

• 

co
 

0
 sa
 

N
 

40
 	

"4
 0

:4  C
O 

4*
'' .t3

 

- 	
' 

'•7
4+

77
 %

Fr
: 	

' :
7;

 g
."

.:7
 

• 

-o
- 	

a
 :

c
t 

• 
•c

) 

S
ta

r 
!t

o
- 

1
5

X
 	

t 

im
ili

iii
i. 

ittr
ii:h

is,1
;:rl

ii,.
: 

li
lt

 I
P
 

“ 
41

11
11

! I
 

111N
tf

iljr
iti

lla
t 

11
r

et 	
Itill

int
iiN

n I
I 

et
, h

i/ 	
3igin

ius
u 

inf
o*

 
1
1
1
8
1
6
7,
1
1
1
1
 L

 
A

ul
t 

SU
N

 li
tl

if
il

M
t 

	

—n
on

 	
..1

1,1
11

1 A
li

n
 U

l 
Il
l
 :1

1
A

lt
ie

ri
a
il

ir
g
ii

i 

	

rl g
m

, 
11

1•1
11

11
14

 S
S
S
S
S
 	

'3
:2

1
(1

1
1
1
1
%

1
1
1
1
 

	

-
::

3
—

r
u
i
r
t
jI
 
	

4
r
w

in
d
m

it
li

n
 

Hi
m"

' '2
 • z

r
 

.1
,.

..
,;
;;

2
1
, S

S  
....
  SS

  .
4
1
:r

.,
-,,
,,
p

,i
m

u
•

s i
a

m
:
 

sird
ifite
l. 

,.. 

c CO
 

O
rY

- f 
-4

  

_ 

-7
. 
t 

Ii
ii

ig
il

il
it

il
il

ii
i 

	

ii
 m

a
 '
r
u

n
t
y

 	
IU

d 
i 
il
l 

I
 
s
l
i
p

 
UM

 
1
 i
ii
 	

il 
11

11
11

 M
IM

S
 

Ha
i il

iti
t1

11
 In

iti
tu

alt
io  

"
fi lli

ali
lla

ilail
III

M
itili

till
ia
 

t a
im

iti
m

as
tit

ut
tis

i s
w

um
 

.1 	
fI  U

M
 M U.

0 D i A
it

li
l 

 !
U

M
Mn

TU
l  1

 R
 

	
11

01
11

11
12

1 
ri
. 	

. 
t  

1
 ,

(4
,1

1
1

1
,,

ti
n

it
n

, 	
 

f 
lis

vO
n 

44
44

4 
11

11
41

11
04

 	
 

N
iS

H
 4

44
44

4 
ni

r M
il

 	
 1

 	
ii

ii
 I

O
W

 B
O

 
	

II
 

	
 ii

i 1
11

0,
11

 
-■ 4--

 _:-
F-1

-.. 
vai

n! .
.....

.. u
m   

: 
	... i

iiii
i 4,

, 

1:
13
:
ii

 '
''
''
''
' "

4,
it

:
:
:
:
:
 

..
 	

• 	
4 

• 	

44
:1

:1
‘ 

..
d
.:1

1..
  !
MI
R
!
 L
.
l
u

itl
ia:
::;

itl
iiv
  

••-
• •

 

"
 
r
:
 
1

4
."

Ii
ii

ir
ra

rl
' 

C
U

. 
!t

t•
tr

it
••

• 
. 

0
7
 

a;
 

C
L
 

-0
4 

81
1,

i" 
ro

• 4
 

/ 14
1 



N
 

V 
P
Y
 

N
 

222 
e
 

P.• W
 

•*so-1;71g 
"P

J
-(1 1<2 

t/
 

-d
 f..1 SERS ON 133FIS 14dVID 

vv 
N

 
re) vt ti) *4 	

t.. 	
tz

 0
 =

 =
 

E
 X

 P
 
a

4
+

o
•
o

lic
r
-0

-4
,
u

x
 

(r) 	
S3”An S X S31DA7 E DO1 

.. 	• i; tiillif IA- 4.,n[.• ,- 1 
i_• mi E. 

--.. : . mi 
t if 1 	. rv-:- - 

ri- -11",-iti 
i
 

-.5. 
r: 

_ 
fi 

7.- 
23 

til 
.. r 

. 11:11ffqPii:TrP 
IfilL1 111.4-• 

§ -: 
-221 
11.1.__gn_ 

i - 
11.:: 4 	

9
 f Ili 

,r'-4
4 FF 

...., 
E•r. ' 	'' 

• -,_ i: _ 
- 

a
 

• 
-- 

3 
2 	I 

a 

im
. 

-[. " 
- 

:- li 
t • 122nisiii 

iiiii••••=. 
.. - it

. - 
: 

11114 ..ti,- 
__ "

 
, 

-I 4- t. 
E..1. 

=
 

, 
, 

r.
_

 
' 

-1.8 
IE. t. i ti st fi 	:

 
1 

s.z--. 
• -, . _ .,_ 

.t": 
-,--.7 

: 7:, 
.1-7-- 

==1111 
-li

tlitt
; 

.; . 
; ,....:14-; I: -, ° 

-szt-...=
=

- 1 
. 

. 
LIE 

ru 
3 

'' 
' 

U
N

 
- - 

,.., 
3 

.1 .- •'- - 
" "t-: 

...=
 

u 
Ill 
I... 

...N13 
Ilw

." i
 

1
4: 

i 	••: -.. 
Ian

 
: • , 

1-i'M
' 

t , •-•--1_ 
: 

A 
+1 lt„*' 

.11-4- 
i 

2 5: ... 
. • ... 

wit m
''M

r:Tal 
N

M
 

.....Eir_mi.... 
• . • . 

II 1
141:1' 

11.12::1121 

a
ll 

t 

Pig 
ii 

4 
td, •:: pjoritl; In 

.
 -
 

_ .... 
; 	i al 

id
 

-3
 , g

lte
 

R. it :m- 
-_- 

-d.v. - :-_•:- _ 
1:11§ . 	I 

KII T.I 
.4- 

III 
.4 h:111411 

.111 e 
it  i

 
"
 1 s m

i"a 
- - 

2
 _ - 

- 
-
 

't 
,; 

El 
•;:i 	[ . 	r 

...1 
-
 

4i-Iir-t-: 
I' 

 I 
E,- • 

1174_, 
I4--Eilli_ 

• -a
, a 

: . 
- 

lii .1 : 
• i gi 

- 
..4,r-... 
-*-- 

' 
.JCL 

w. 
• 

In
n

 
_ 

'-_, . _ . . : 7 . -. -_ r-. ' . .=. r. -=. 
. 

. 
. -\_ 
. 

r 

- 
i.t 

i 
..1,---i' 

r: ;:i.- 
I: . "_, :: • 1 “.... 

. 
:::- 14-..... '-, 

-  -. 
--' 94,-. 
Iffr-,.. 
- -
 

.-+24
-1- 
-1.---- 
---'- 
-1- :• 

- 	- T -.IL- 
1- -4

-- 
4 - 
- - -Et:: 

- - • 
--L,..1_-•-_:_r_.-_ 

- 	--- 
-
 

' a ' :'k 
1 4 -h' 

..1 ' , 4-4- 
-1-4" t..,. 

,-- *- 
!.. 
' 

.-- ' 
'_, 

- 	- 	• 
14 .- t- 
Ili- : 1.3- 

V !_-_,-='-i 
'..,- A 4

 

- 

-t 	E,_ 
_,4_44-4-- 
- 	-  

1•4-: - _ 
--:-4.7 

_,- .
 - 

i iiii rt'i .F.-,, 
4
 

:' 
-- 	

_ 
l 

t11.1. 
r. i 	

I 
, 

-t. 
• • 

- 
• 

. 
--i

i.-1:-_41-- . 
•

/ 
ir,.. .1 '• 

i 
ft: 

8. 
I 
i 

f_..-4J 
.1.*::i1,1 

' 	
tC

-IT
V

 
ql -9th: 

r, ; 
, 	t • 

1
111

0
 

+. - -1 1-i''. 

I,- 
- t•T 

 
,
 

411-44:'',- 
*".... 

J4:,..,:_. 
il+

 
;.1. 

- 	_ 

_ -4 "'FT_ ._ -- - 
 7+7 - .1--4._-_ 

-..:.- 

F-
- __ - 

• • ii , 1 ' 
, . 

+'• 

. 
II 
-I 

.... 

uga 
1

33111- 
...h.±„...i 
1

.-±
:1---;
_

; 
- 

- 
:,----

si 
` -a---14

7,---:/:.: 
--hi- 

-- 	
_,__ 

- - _______t___ 
.,-- 

...4_7:_ 

- 	
-17- 

. 
m r 

, 
ir 

4-:' ' 
.- 

- -1.- --j- 
1 

4 
- 

-al' 
--- E

a
 

I 
2 

f 
_rt 

m
a .

 us 
is 

so 
41. 

.- 
1 	

4  
;
 

I- 
- 

6 
- 

Itil 

,4 :III 
i'T ii ii 

w.w..„. 
ill 

 

T 1 
ur 0 

i' 

in
 

H
an 

u
m

 

Ilir, 
l'il 

1 	•,'Il i I 

-t  
. ' i", - -rt-t-i-i 

lid
 

' 

• 
, 

II „4_1 

i sm
 1
 
i

-- 
i, 	11" 

ii 
oil 
ICH 1 

ii I i 
plim

om
 I, ■i 
P

I 

	

s
it, 

	
 

	

J 
	

_ 
_ 

I 
i
 I
 
I
 

4 , . 
■ II 

i 
--i- 1- _Li_

 
, 

-_- _ -
 - 

I
 

- -1 
L

 - - 
I I n II 	I 

14 
U

N
 I I III

1111 
M

I 
IM

 

lill 
I 

111 
li 

inn 
il 

-- 

-4- 1
  

----. 
 • 	i 	! 

IN
IN

 
it 

 111101 
, 1 	. 

 1 II 
m 

Zlifilitc 
til 

.- 
' 

I 
. 

•-a;f:-.. .- 
•1' 

riV
 

I 
E 1, 	-7. = - -' 

. 	• 
P 

.c., 
,_ 

,....E -.L 
..,,i.E_ ,---..- 4- It ---f.74±----:- 

-: -- no i 4A 
i
 

--t 
- 	_ 

7
71 

1
 

:.3 
c- 

....: 
4

 
T-44-1_ . 

-:1
 

'‘.71 ;PI 
7

0
 1:44 TT 

M
I 

:4I••. i 
r4 

_ 	4 
,--. 
--•  

a 
111 
if&

 
• 

L 
LIT- -- 

11 
ta-aiTn- 

 
+---- 

• •• 41•11 ••14I 
MIN 

••  WIWI.: 
• NO 

INU: 
• tr.- ' t. 

WO 
=

 
3
-
 

3.4 
. 

.r.ftt. 
- 

_ 
• 

11/1 
" 

' 
"1 

,,t. 
:1:1111111 

I 
III • 

t. 
4- 

• r 111 
zi■ 

:=
2

1
5

 
1_, 

1 -I., ir 
. 

-- 
• - 

O
il 

. 1 
4 

1 Ha a g1:1•11111:.. 
M

I ' 
, -r-r-r" 

1 
um 

T 
m

use 
enema am 

- 	- - 	
- 

=
 

s 
-
 

ti I
 

11.11. It 
In. 

. 	' 
- ,- 

-
 

-.:---T,----...- 
g
 ._ ::_7-.E p, *

 
 t: 
: " 

1 
t 

i; 
- 
:
 

• 
.
 -\_ 

- e. 	
mos. 
•••••`  ' 

, 	t 
Y I it 

. 
•E -i-: 

a.,,14- 
ti 
i
 	"_=1",r-: 7 . - 

..t-- 
_ 

.-.1 
1

1
 

n
iiil 

PP .
i
 

.. • a
: / • . •3

"
 urt:r.• 

... 
.. 

r 1 
iricl
....ip

ia
lt=

"' 
"" 

t $4, . r 
• 

1:: 
:11"-I: .9 algili"."••••"c i 1

=
 

.. 
r
 

:If 
P 

:- 
---- 

_ 
. 

. 
F

u
n

ifisiii, 
"104

-
 

,,.."Eijr 
i 

i 
' 

• 
. 

• 
:
 

a -::-.r-- 
t 

j . r.
I 

=
 

oat ran
i:. :I. 

. 
N

 
.... 

. i 
4. 

.1- 
7

P
I . "II 

a. 
11

 
• 

M
E

N
 

iiiii' lir  
■

i 
, 	, 

. rii 
a

 
-
 

a 
1 . ink pi ... IN . 

:a
 

lis" 
1:11 I • . " 1.1.B

i 
i•

 • 
° ° 

Em
il 4a1=

,,t 
14 I 

la 
• .it

 
4 

5 
-E

 
i 

. d
. 

.. 
g . 1 

M
I, -in 

.. . 
, ;11' 

 
-,  	, 

14-1 . 
t 	- 

I 
4 t . 

1 In lath 
I
l
l
 

1 0 
II 

1 i 

II 

Ph 
O

M
 

• 
I
 -I- ii 4. ' III 

_I 

1 II II Ili  l 
_ _ 

- 11 

- 	
- 

_. 
II IB

M
 
I
 

' is I
I
I
 

i u 
1 1 

' /11 
ii 
ess s 1

 
12112 
1 

.1_ 
__ 

-I-' 
es 

N
M

I 
I 	

t ITiti f ft 4 	
- t 

I 	 I 
t —

 
_ 

11 
U

 
I 

I 
I Illin

 
__I i_ 

N
M

I 
■- 

t t. 
i 	 , r t 	.1 

1 	
1 

ti 1 	i 
I 

I 

i 
_ 

II 
IIIIII 

1 
ilm 
il 

111 IN 
111 

I. 
Rigid I I iti Iiiii 

1111111 t 
 

_ 
__ - - 

1
 

II 
N

O
M

 Im
niNg. _fflI111111 II 

II 
IN

LIN
IN

I 
m

im
pfigun 

im
ium

m
um

m
ulsom

 
IL 

; n 
ii 

, ii 
1 11 n 

'm
ein

 
la

n
a

i 
!YUEN 
,... IN 1111111iNm

Ilm
IIIIIN In

 
111111IN

N
IVIIIIN

 NI1 r 
uaiiinium

UUU 
IIIIM

Inim
uN

IM
IN

LIN
 

I 
I 

N
M

I 
' 

IIIM
M

IN
In

u
 U

M
N

IN
IIIN

N
I 

. 
4 mit 

-,..,.. rvititi 
m

int 
N

g
 

•,,._ i.. 
..., ..1.11110

1
:- : - 

..1
5

 
E

ll 
i 
i
 

.411 
I 

n • • 
suinak-1:141Iiii die.„.1 .0.E.Er 

_-ai.; 
i
 

; 
14r 

.ra:1::14t;s. 
2.-...alifirag..= ==S:Er--E 

----,,E
E

=
. 

-=
ts

. 
E

N
111. 11111 

- 
W

I 
I. 

h
 

-; 
F. 

I 
-iii 

g2. 
r 

"
P

.•••••••-• 
.- 

=
=

 
i .1:NI.Thef,:zion 
iiiiiw

nt:H
IP:4.103E

'--555- 
im

esE 
-
 II, 

I.:E
ti1X72473:1251222524:1:217.4.E122.:21== 

::"-ag
-
 

•
1. 

.- -: -
 

L
- 

1
5
6
1

E
 

-i' 
• t 

zit 
qt 
,-4 

• .liviriii :::::-.10:: S
i--2=E

E
=41r-  

•
• M

in
i li iliiiit :-" • i -- 

- 
-s

s
E

-- 
" 

' 	fi 
' 

i-ii 
u4 

• 
d

in
 

- 
- 

1 
is 

L! IA
.: 

12:11.ain 
.ag

. 
■:::11 

illifT
s

k
s

g
io

n
ih

n
u

e
s

ja
il 

.
 

zo
rg

iliis
s

iiiiii=
g

=
=

'!' 

g
e

ri,.....T
.=

, 
yffur.ingt3-Iiiig

ie
-v

i,ittlE
illin

ffg
! 

Nmeafi'mwmgmata.ii.. 
--am

:•.: A
IN

. ,i.m
o 

C
r : 

•:an
 

iii 
g

lio
n

s
ig

 A 
ill L

 
m
i 

uH
., : 

:.: 
n. 

. 
tin

. 
 

■
. • w'sia: 

a 4,....t.sinu, 
gs:::,..0 

tr...-42.4
-d

a
a

._. 
......2.=aw

ato :lig m
e,.....nii.:: 

..ii. nung.:i1.110.1.10E
F. 

• g 1E1, 
. •: aiiiiffina- 

• lt:LT.5.m
 

w
itii : ..1 . ' 

• -: ....411......w
....._.====.6

 
• 

Lx.,• -to
 - 1; liM

IN
IFA

I:;!:iffilin
ii--_,-w:=-

 
ice'-ILE19illimIT 

P 
/M

H
 

•
aqi 

- 
M. 

-LE
 

:tu
t itra

g
g

 
e.. :=-a-...: en

 
B

B
 

=
 

.--E
r-41 
.iirnio hi 

i 
- 

.-, 
".*:i.vgatiii",, 

iiii:sel*:
-. :-ca 162-411L121-

11
i
l
y

 

- E
-=

 
-:1.41"r•-==-E.-

 
g . 

i -•..r 
 e,i

.:1--1
 

W
I 

: 1 t - 
:= : 

sli2•:i 
sic akelass• 

t. 
ea 

: '0'.:-Ev:I=F
-,IP

Er-:=• 3E
r•a= 

re 
- n

iiiiq
 

;Ls: 
ii."-:" 

2 
11....INIIII

"Y
L

- 
--'1=-=,....a 

- a -*-4-- -' 
! 

- 
' 

,,. 
" i..:-- 

- F..%-.. 	
 

"" 
,..._-__4,1 

'J. 
s •- - 	- 

- 
li . 

IP-64411i 
==•-•=" 

u I 
:pi 

s 1-4-1--r- -.' 
E r. 
- 

_ 
M

g
 

I 
IP

:tlt-1g
 

.... .:4114::41 
14 

IF
. IF

 11+% 
iirfa

4
4

 V
:: 

2 
i
i
I

ii 
. . 

. 
_ 

u 
a 

jig fi 
N

I 
•i!ii 

g 
"C

 
••••• 

rainE
am

IS
E

m
ai 

..1■ 
"
 anal+ :lip

 
"••P

tiril a 
11:100 
11... 

Lai r 
am

 
ara++-1••• 

i 
, 

, 
" 

i nil :";  + 
■ Fill:EFEEEEri, :1 ' ii 

 111 
i 

re
.g

i-E
1

1
----a

ffir. l' 
i
 

ow ;Fiji ailml— .:111:111.:: °- m== 
g 

I 
' 

L
in

illIT
IO

 
gli_

. 11•111•=11•11111111121111••••• IN I 
142 'r, 

• • h
 

dri.rir.itim
.. 

LIfillt fili1B
 II 	11/ 11•16•11•111111 is 

11.1 
I 

• 

uhg.L'im
m

on 
n

r
i
l
l
ing

e
llii 
H 

ll 
u

H
ru

m
p

i . 
.. 

it I 
_1_ 

- 
. 

" 
I 

1 
• 

I 
1 ;lira ............. 

T
■

 fin
:u

m
:m

g
 co

w
 ir 

.
 

Ii 
i s 1 

11
 

tb 
net 
...di 

i. 
tin{' nn: 

rintrarim
i 

s 
m

m
usum

nam
m

 1 
1 V

II 
1 uleinsusis 

111,1111111i .Ifl 
h

ill 
i lam

 
A

i 4
 II 

p
 

- ___ 
i
l
 

m 
tr

ill 
.. 1 

[LIMP' 11"llihi 11111111111 iliTFIIIIIIIIIII LIP" i•-.11 I pir li 
I 

_ 
...low

 ii iii h
i Iiii......„1..i. iii il fill Hit mii,,I 1 ,i, .1.. 

m 
AI iff! 

il 
IL 

"wili HIM  III 111 
- 

I . 
I 

"111 
1111111f 

h
d

 
rin"" 

j 
"II l 'ill I 

I
 

; 
; 

III IN
 

ium
n 

j.,., 111111 
-I
 

I 
1 	r- - 

::. : 
.4 , 

e
s 

Q
iii . 

;3E4-
 

-. 
r- 

-tz 
, M

i.1:-"Iiiilift„ -
 

"= 
:ft 

-;1:4'.- ,
 _,_ -it 

M --I• : 'It 
- 

F 
i 

' fill 
SEE - - ------ 

4:: 
. 

- 
ii 

,f! . fl, 11 
M

illi. 
ti4 

1 
dkiffilliM

M
S

_ 
1:11E-n

r
il 

u
t 

r...= 
m

a
i
n

 
=

_
 

.i 1 L
ill' 

H
O

 
idis. 

,
 

I ;
 lif

• 
' 

, i• _I 
-4.1w

 
-_ _'. '- ___ fr 

i i 41- 11, I 
ft! 

:44-_, 
, , 

• tt 
i- - 

-I 
• 

Il
l;
 

' 	• 
1

4
 :::°. 1.1,.415M

.....
.12:Es=-E

E
Z

E
 

- 
_ 

- -J-1.: -- ---1- -
 

- 
-":4- 

-1
- -1--- g

 
. r: 

. 	
• 

i t1.1 ' 
4 a. 

:: 
_14_, 

a+ 
. 

sr.- -;, 
1.-t- 

ram
s 

III 
 • 
l
i
•
 

. 
1 

:119611 S
IIM

m
ig

n
j=-=10 ..

M
4

M
,-.:_.W

Iffi 
IIIIIE

F
/Iiin

ille
lp

:=
E

=
=

"
T

ig
; p

ill 411 
'11' 

. IS
! 119 

. ig
c.......elEm

-a-sm
 

If 
+....i: 

• 
.. .1.i •: 

I 11:22:1
 ...5 R

E
U

IM
IR

E
M

ILIZE
P

II 
••• I' 

'-alIFIE
E-
-

11:=E
in

E
E

 .. M
 

illuil .1: 
4 

.1 „gm •:h
.. ..:E

H
E

m
E

a
ra

 
a 

m
ast 

e .III. 
h 

f a :. 2i 
1101111111••• 

..: 
illn

 
132 

- iwilillaimailmal 
9

P
.1

1
 

E
 

.... 
, fi EAI 

ii 
7 _ 	

„_, 
• 

ii 
i 

In 
 =

1
-- r - 

==zse, 
sthd 
inm 

!it!" gifit . 
1 

;u
m

 
li t't 
- 

• 
''I 

' • :
 

•••• 
; 

... 
i 

r."'rl= 
_ ,._.,.: 

1
, . LI 

WA 1. 
-t, 

1 
- 

Tt, I 
r_ "- 

Eli
jay

:2 
:
 

i 
12 

-7-# ''---- 
II 

4,!.:ritti 4 
- . 

.=:-.... 
0 - 

: E 
t-T- 

- 
•

3f.,14 
t 
.0 , / 

lir 
,I. : 

" 
_ 

:3-_,_4:_z_---= 
". 	

.--- 
.1 . 	' 

. 
.-47:_---.r.-. -_,:=--_- 

. 
; 

, -• :
 ur 

--t 
:'7-  

4-. 
-!--,-: -, _ 

- - 
-t-__ _ 
--1- 

3n 
. iii IV

': 
4i, 
it 
6.1 ► 1 

, 4 . 
. , , 4 41 

• -I -,- . .. ' 
0

 
th- 
---L-212.F:. 

- 
	

- 

-17-11-E-L-1
-_--.±t.L

 
, 	, 

7 
1----:.-,.--_ 	- 	

 
...- 4.=_ _

 
' 

• 'ft n . • . , ii 4 
lir 
,114.11di 
stom....." 

_
 m

ius 
%

I
 

:
 

elm 
4 

a 
 Lic 

_ _ 
4.-1,44,t1i1 
..1:i 

4-4 t4 
—,

7_1
.. 

 
41-4 	I it, 

fi,4 
-114 4 

-t-' 1 
fiII 

4., 1 fit ' 4:'.1:t+. 
-L fj-,-4-t 
, 	1

.1 	-.... 
-t- 	

•, 
,- 

--1T
jl_

 

,-- -i--.-- 
__  ,- 

----4,- 
.̀t'̀ - ... - - 

I 
am 

a %
A

 

, 
---i 
t
f
,, 

I 
II 

t. .1 

1 '[}ii 
, , 1 1, I „lit,-i.,, 

it 

-i 	 _I- 
.1 	...14 
Ill, 
TT Lir 

' 

- 

, I 

'.I - t 

i I 0
 i
 

, i 

-
.1 

tilt ii, ___1____ 
-'--L 	1- I--1-11.---. 

-4- 	1- 	
I..i - 	. 

7 J.: 	ti-1=. 
 1_ 

1-- 	' 	.1 
	

I 
-r- -t 1 -1 	, 1 

, 	,1 

-4, --I-- :: 

i1i 
 

N 
I - 

I 
1 ' L 

_ 

III 4,4 
111! 
ii4 

1 	 ;!ili .- i ' i .1 
.4.1 ;it 7 .1 ri T 

f 
44 
l-i 1 

, -H
u 

tL'4 
t_-, 
' i il 

 • 	.. 

;- 	1- 
tir

-f4,- 

41144441 

." 
-or. 
-; -- 
-......, 
.i.., 

44 

---t 
 r,iiif tit-4,-1-1-,-,-,--,- 

-4--1_J-1---
:
 

	

4-
 	

• 
	

. 

	

:: 	.., 	
- 	_t_ .  

1 	
if- 1 	

4
- 

	

14.f . 	...i 1_ 	. 

	

-; 	
, 	; 	, 	

1 
; 	i-tri- 	,-..- 

• I t; ;I- 
 -1- --1.1

-;i 

	

i 	
; 

— - - 
- 

1 
1-- 

4 i' i. 	
4 

. i 	I%
 

, 	li” , 1 , 
1 11 1--F

 •  

. 1171 
111 t 
1.1 . 	. F , I
 - 1._ 

1111 
11-i-- 1

_
 

_
it . 

44 
4 :-.r.',.:`, 

:i-_, - :- 	
,.E- 

...-.- 
-1" 	

;:l r-rr 'IN
+ 'z' lira 4-s- _ 21/2-- 

M
E

 
. 

- 
r= i 'F-f-fi' 
L

IIM
IN

IN
M

E
M

 
-E 7-.7' .---;''-±.-± 

M
U

M
=

 :4T1..= "4t1. -it- -..-11-4 
I.:- 

f 
_ ;, rii
n

iffin-IM
U

N
ird

ig
E

g
lIn

tiM
1

1
4

:-P
lin

IF
IM

N
ISt 

IT
A

IO
N

T
M

E
r . 

, - 1 	
• - 

4,1 
7' II; : 	i • 1 

L4T
B

R
IM

IW
IE

R
M

W
E

B
4

1
1

 
 

 'ffilllillO
M

N
A

T
IIIIIA

M
E

N
IN

IN
IC

7
 

 
	

- 
	

• 
4. 	:-t* 
-Iv

 
4111‘; ''t 

1 4 
4 	i 1 

4,41.1:9-- 
4 4,--4,-.-.4-4i, -4- -,-tii---...!=-EF 

4- i - 4. 	. 	4 	4 --.1.-T-2 
.-It: 	

L rt 
4 ' Tii 

" 
. 

..,:., 
•••••••101111111 

' it 
' 1 

/ 	' 
t 

1 
4;
 

.i41117.4-11.4.4 -- 1-1::FE;F:1---. -- -.1
 

a
UZ . 

--, i!i /Tr 
-1-Ltt-t. i.:-;1;r4-1-• 

1.1- 14-rtriji 
-4, --

::-_-:_i. 
Ett,.-ti . !-:-_-;-_-; 	.-r 	,.. 	1 -. 

4.7 
	 .. :I. ;_-=',--_-_r:_-.- 

;7_47_ • 
., 

- 
1 

1---- 
. 	- 

I
 

.. 
111,. 

, 
r.

11-,44, 
ittrop-s 

.--:. 	-- 
- 

---- 
7I 1-1:Lri f~I „

1f 
• i 

. 
it tit i--11- i

 -14- 
kt...:- 
4-1: 	..4 

, 	IL
 	.F.:t--,-,:-'7.-------- 

4 	t-_...-,-;.-_ 
i_A-...-i-5z--1_,_, I 

t 
5 

4 
Sz 

d 
t 	

.-- 
1- F.- rt"; :14 	

•• 	
4 	

- 
-I 

• 

4. ,-. 
1

 

' 

: 
.1 ' 

iit1 d
i
 . 

1
 1-T 2 

IT
 -4: 

r 
-4

 
- n_, .ii .., 
; 

=i 	-r 
i, 	, 
ii. 	, r. 

-4-',..; 

1--;-__:t1_,-.:. 
- 

t,-...-:-:- 

;F._ 
' --iflf _ 

, 	
_., 	,-_-_-....4_-_,. 

-_,--'1-1:1!..1 _ 
. 

- 	.- 
 ..; lq,.T 4,_ls 

4-4,-44,1--m, 
i'-',i1..1--ij.. Frr_.1-_ 	_ 

-0-Lt. 
.11.-a-,-.-- 

: -7- —
 

4 —
I  

-
 

-4*-- i. 
A 	 !II' 

1 

F 
,.

7;-.4--4" 
114 i 
4 

,+' 1 
-4 

 
:
 4_  . 

r 	• 

- 
:.;, 
T

 • -1-___r_!--4-: 
. 

-4,--_,-,---1--t--: 
_,_:____,. 

  .1._ 
 
,

4 
--"-- 

' i 1 .
1P,11 

  - -  
- _s_ t--L__ 

1-_-4,--__L.... 
• 

.4 	
_t 

.: ill! 
4,..1, 
ii 	4. 	i 

:I.1.4 
' 	ii 	. iti 

1,it 
r.i 
,..••"1. 
! 	*;. / 

, i 

+ 
'1111/ 41, 

.,,, 
;1;r,', 

; 

i 	1.1 
f 4, 

 lit 
f" 
-rt 

- 	'I 
r42__,... 

	

i
 
	

i.
tr i 

. 	+I, 
i-41-i-j-4-.7t- 

-I . 	, 

T
itr

iL
l-V

 

.11:1
.142dal_T

r- 

_a. , 	
- 

.-_,2:1-_-,-t-1-7 
, 	

,- 

-- 	- 
-- 

r- 

- 
-::: 
- 4

 
- - 

. i
 t 1:: 13 1 

1 i 
. 

I ■'fill- 
q 

t._ 
_4 

1.-_1:.=_, - ;44: 
4 	

- 4._,_ q 
4

 
• 

' 
7

- ' 
+---- 

11 
ii 

' 
^4-+ 1

 Dili 1 i l i ,_. 
f 	

SI 
IN .
 

I 	1 
I 

' 
I
 

ii . 
1,1 	4.1 I 

t 
_t__ t.r..?, 
i 1 	

la ..;ii 
1.,,„;,titI 

li 	i , fill L
 

.,,. 44' 

l'.!li,t,!t 

1 	„..,,.. 
t,!' .1 , I. t11 
t:.t 1.I,i 
.11 

i :I 
qi. 
4,„ 
tit ,..:1.4_..1 

,f .41_ 
,14 
H; 

. 1 , 	I 4I 
1-i-i- 
!it 
,i:,_.,,x

, 

.1 	
4 

441 4114 
.II tr4 

4,, 
:1411! 
I 11,i.! • ,4  .41 L 

i!r,,it. 
h

tli" 
1,1111_ 

, 
,_t 

.-1•11, 

' ill!: 
It 

, 	. ,•..1- 
Fri.„ 
',., ,  

141__C....1_1_ 
-11_, 

1-11.1- 
'-i-j-t

1--- 
,, 4_4

 

• 1 4 
' 	• IA 

11_,, 

, 	; --, 

, 	
. 

4-4-.1.-4- 
Jf......1_, 	• --1- 

, 	
Ii4

j--1,-- 
-I 	

.
--1

--- 
- 	

H
1-i-I- 

I. J. 	
__ ,_ __ 

 ,....__;l_l_t__ 
ti_4

_1_4_L
E_- 

1 	
! 	1 	! 	! 	I_1 - --- 

--1----1 
-1-- 
_

 
....1_ 

__I J
 

m
 

Ai_ su
l 

__1_
, 

l i0; t., ;7 
"11 -0 ii ri (,, Tr [ 

II 
n

 
W

I !fit , 4 t 
. illii 
a

 II t ,. -4 1. -.! 
1 

__ 	
_ 

1
 

_I 
_ 	1: I , 

I 	
 

;11 
r 

14 fr 
} -J.- 

It 't 
 t' 

1 
11''i 
,ili 

l'r I i 
1 	

J. 
I i 1 1 

T
- 

_ - _171_1_1_1_171T 
___t._ 
T 	I 	

' 1 	
;,, 

I 	
Ti 

41 , 
:LI 

, 
t ii 0 

u
 B

 
1

 
1 

M
IM

I 	
d• ! 

,1 
r
 

I,- .1 N
U

R
 

1111 
1 	

.......___, 
, 	, ' 

I th; 	i 
II 	f 

I 	
!I R

ill 
1 

i 
! 	I 

III' 	! I! iii, 
Al: 

, 
I 

i 
1 

t 	
r I 	i L

i' 	
I 

' 	
.,i.:'! 

.'i ;111151' 1111, 11Th t H
I 1 I 	11-1-1, 	1 

I 

N
 

0
 a co 

N
 

• c r 

0
 r- 

.
d
 

0
 

nr 

0
 

cn N
 0
 

a% 



IA
 	

-
a. 	

U
l 	

0
. 	

0
1

. 
ID

 0
 

0
 

6
 

a
 	

a
 	

a
 

ar
-F4

1
 
 0

4
6

R)
 

9
 
.
0

 

' 	
1 	

. 	
• 	

, 	
., 	

: 
4 

I 	t 	
.L'

 	 • 	
: 	, 	

i 	; 
, 	. 	

: 	, 	
r. 	

:I
I 

'-'•
-••

 	•
•••

" 
: 	• 	

• 	
..

. 
•••• 	

I 	•
.'•!

 	.
 

-.4
- 	

...
:.'

:-,
 , 	, 	

, 	• 	
• 	1  

,I.
., 	

• 	% 
--

 -
--

 
.. 

	: 	
• 	. 

:,!%
%7%

.• 
,,,

,..
;i.

• 

I  

., I 	
 

. 
•• 	 . '1'.

• 

	

..•_ •
 	• 

• t 	
1 	• --.-
- 

•r-
t• 

'H
." 

ll.
lt.

 
',%'

1•• 
•:

r4
  

1 (-
1 	• 

...
. 

, - 	•
-.7  •• 	

• • 
- 

• 
•:1

% 
•%

"! 
."

; 
-•

-•
 

. It"
' 

:••
• ,,• :IT
: 

:11
,, 

:t
, 

•••
• ••••
 *-,-

: 
t•••

 , • lt,•
. 

11,i
! %1•
 

';'
' 

"t
' 

1 

:-• .. 	 •
 

•: 	%
 

i4
l 

• •1l•
 

••• 

.1,
 	

1 
-
 	

i 
--

-r
-r-

-:-
-:-

-  
--L

---
-1. 

--
:-

 	
1-

1-
'---  

1 	
1 

- -I
--  

j-
r 

!--
-1

-1
-1

 
-I-

  I-
-' 

r-1
--

-  
l---

,---
  1 	

- 	1
 • 

-1
--

; 
1 	

. 	
'._ , 7 

1-1
,• -I

--  
-i-

t-  

• r 
	• 

-7
-t-

f-  
4_,

_,.
 

• • 1 	
1
 

_- 	
t 

I 	•
 	 1

 
	 

I 
r•

 

	

f-1
 	I
 

'1-
r-I

 

	

- r
!" 	

- 

H
T:

 
-:•••

•-1-
'' 

	

i_l 	
1._' 

"1
;1

, 
• 1

 	rt
% 

	

1...
 	 I
, 

1 	 '
 	 i 	

• 
i 	f 
	t 	

, 
• 1

-11
 L 

il'
r,

  

! 	
!! 

1 
 .4

1i
 

• ti
• 

1 	 • 	
l 

, 	 i
 	1r

 
'1 	

1 	 j 
H 

: 
I- 	
ii. 

1-
• I

 
-r

l. 

i 	i
iiii

;!
 

1- 	
-' 	

-- 
..r

11,1
41.

1, 
l•-•

11
:.•1

1.,
 

17
:•••

•./•
• 

• H
• 	

•••
• 

4 4 	
I' 	

II 
i 	

ill
 

- 	1
111

1.t1
 

"i1
.1

11
': 

-,i
,, 	

. 	•
,, (,;;!

•,;:
'' 

.!t-
--,

-- 
1g..

...1._
. . 

:7.
'17

" 
• .

...
. 	.. 

• ' 	
• 	.

 
•

..t 
1
 	 '•

 	• 
!.' 

' "
', ' . 

..-
:,I.

 pH
 

rt
 

:14
.4 

• .
,: 

1.1
 	 ;
 

ji 
	I 

1 	
1 	f 

1 	i
 

I 	i
 	I

 
11

 14
 riji

, 
r;--

T 
,I.,,.

..
,r

,  
•I•1

! 
Ill

/ 
1   ili
i 

1 	1
 

i'.
1 

r..I.
:t 

! - T
. 

• •
; 

I 	
r  • •
•• 

l 	i
l 

i   . 	I
I 

I 	
1 

1 	
' 

l• :I'
 

-• Ji
, 

lilt
 

Al
l 

:. 	
1 

,. -..i,
 

"..
 

-.:
 

• ;•••
 

..i
  t:•..
 

'', 1'''
 

	

„..
.7

1-.
77

:-.1_
_I 	

 

il
l 	

ii
 	 i 	

, 
• t

-T-
  

--
-1

- 1
-1,

 	 1-
L:

-•
- 

: 	
• 	

:_
: 	

,_
,..

,.:
 	; 

- 	. 	
r -

1,1_
;. 	

r 	
1_ 3

.: 
' 	

t 
i  1

 i
  
"
 

- 	 •
 -- 	

--i 	
•'-

 	
- 	
- 	
: 

L
,_

j 	
•,_

, 	
1 	

L.
...

.,_
 

__I
:__- .

11_
1_4

7..:
_i, 	

i_
_1

_• 
- 	

' 	
1-4

-4
.-1

-1
7-

 
, 	

1-i
...,

 

H
i 

	

- 	
1-T

 
,r 

	

1 	% t 	I
 

	

tt 	
t-  ._/ 	

._.
 

1 
ri-

i; 
-,-'

, i_r_1
  

	

-; 	• 	
{ 	' 	

• 
_4

..1
;  

• 1..
iii 

t 
i
 	' 	

' 	I 	
l' 

4 	
•• •

 I 

	

, 	
•;••

; 
II

I 
t  

„::
-. 

.1
-'1

1'0
 

11
:•,1

.1'I
t 

lil
li:

11.
: 

If,
 

-"1
i '.•
 

r;t1
J,,

•,.
,..•

,, ,..
•  

'1%
,•,i

i; 
:::

, 
".

; 
14

; 

--
--

j-f
-‘-

' 
 

1,.
,q_i
f 

 
,',-

"It
.1

 

It ti
jil

l, 
,!1

1..
. 

'•;..
11 .:;

1. 
•••

•ti.
.. 

Iti,
...

1.: 
i,...

4'0
,- 

	

. 	' 	
1 

ii
.:
 

_I;
 	.. t.r.1
- 

	

/ 	
11 

, 
or

  
1- 

	

tt' 	i
t  .i.

, 	'
 

:::.
• 	.

,1.
.1.

.. 
t.•.

 	
..••

• 
h
i 
:.
, 

'1
., 	

;IL
 

IL
,: 	

14
. 

'-.-
4 	

I:,
 

I•
i, 	

!I.!
' I. 	

' 

0.
 

4•
...

.. 
Hi

. 
u.

...
.. 

:11
 

•.,
 -. .1,

 
•-• ..
 

	

-
7
 	;

 	
. 	,

 
-1-

-
  -
--

 '-
'--

--
 -

 

	

.• 	
_1. 	

i_
. 	

• 	:
_;_

., 	
• 

•- 	
• - 	

•-
r 1

- 	
-T

-1
 

	

: 	
1..

.. 	-
....

..t.
 	i.

.• 	
. 

	

.._
•_.

. 	
....

1 	 .
1.!

....
.;,-

• 

I 	
1 	

_ 	
i 

----
1- 	

-:( 	
- 	--

- 
; 	

1. 	
I._ 	

. 	:
 

' 	-
..- 	

-: 	-
-: 	

:-
' 

-'
" 	

'''
'. 	

' 
•
 

..
 	
,
 

- 	 ;
-, 

:77
 	• 

,
 	.
 .

 
' 	'

 	' 

-..1--
-1

 	f
-1

-7
- .:

''...
"',;.

.1.,  
.•

.'"
' 

:-.
...

 	 :•
••

 
'1,

 	' 	
:. 	-

...::
 

' 

' 
:'
""

: 
• -•

•••
• 	 •

 
; '"

.. .
 :-

.7 
' 	

4  

?.:•
• 

'''''
'•":

 
• '''

'' '
. 

''.•!
;..-

.:' 
'
 

i',--
t1 

ti
l!

  
't•

-1 
:I'

. 	t - 	
'
 

..-!;
., 

Ii1
-1

  
"'•

' 
:',.

:', 
.
 
"
 

';''.
. 

1.1
":  

,;1
1 

"'..
. 

'
 

	1
 •••

 	1
  

'1,i• 'F'•
'• 

ll,', 1
",.

. 
,..

; 
'•

 n
 7

 

.7
'7

 

.1,.
 

:%
. 

	

-t• 	
i 	

4 	
• 

	

-H
 	

j-
 

 

	

••
••

-l
• 	'

 	
•••'-

"• 
..7

1.7
.1.

11
:7A

-  

	

. 
- 	

.._
 	.•

 	, 

	

.:
1
: 
. 
! 
-
 	
!
 	

:-
 	
:
 

i 	:
 	• ;

 

1
•3

.' 
-1 	

; 	.
 

,.,
 	,
 

.
 	.
! 	

; 	
;
 

-1 	
t- 	l

'i 
h
 
1
' 
'1

.•
  

' 	i
 	• 	
i• 

,1
1t

• 
. 	: ;
 	
e
 '
: 
: 

-• 	
I-• 1
.'
 

' 	'
I7  

: 	
! 	• 

: 	
, 	• 

.
.
 	
:
 ; 

/V
t..

 •
 

1,•
.'

.1 .
!
!
.•,

t, 

1.
"••

•"•
t, 

.:•
'::

 	7,
: 

. 	
, 	-

-,,.
, •I••

•••
• 

'.
, 	

.I
. 

'•;
"••

 
r ' 

::, •
7  

sr.
,•,..

,,.  
. 

. 	
• 	

. ,
 6

 	 

	

 
	
; 4  tA
l
 

 

I 	'
II
  

.7:
:,
 

1.
..
 17

t! 
I
";
 

'Il
i •••
 IN

! 
• [

!. 
- 	"

: •-•t
t 

'''.
••:

'• 
:;-

•:!
,:: ;-••!

 
•,
.

:-
J
r
1

--
1

:
•
-1

:;
.-

}
-
: 
;
 

-'-
. 	I. 	

-:' 	
' 	,

 	 "
 	:

 	-•,' 
1

 t
 i-

• 

''. 	I
! 

. 

• 7
-1 

..
..

 ..1.-
1 

i
 tI

t!
 

• :
 	..

' 
. 	

. •
 	.
 

---
• !

 '1
-1

 	l
-'•

 
	

-.
--

t-
- 

. 	-I 	
• 	1

'•
 	

• 	:
 

;II
' r

':!:
 

:"•
'!:'

...
 .1:•

141
.. 

.!:
;:„

•: 
j H

I 
1::

. 
t,.

. • 
it
„ 

: 	•
 

;.
..
..
..
0
M

..
..
 

f 
: 
. 	

1 	
..

 ,
; 	

, 	
. 

! 

.:_
t._

: 	
..
 

..- 
t 	_

 t_.
71....-

: 	.
.. 

•-•-.
. 	-

i- 	
. 	•

 	t 	
1-  

:
 	
:
 

.• 	
. ...
 

i- 	!
 

'. 	
: : 	.
 

t-,
 

-. 	'
 

'
 
	

.1 	
• 	
:
 

	

..
 	, 

.: 	
• 

' 	
• 	
'
 	

• 

:::
: .

 	, 
:::

: .
 : 

.. 

. 	
• 	•

 	'
 

	• 

t 
:::

: •tt
 t• :: „ 

, ...
. 

:.- .
47.

7-t-
- :::

--1
:1

11
 

••-
-1- 	

;- 	
,-- 	

t 
--:

 	
: 	

r 	
: 	
-
 

-•:i 	
- 	

1:
L.

1.1
.:-!

-; .. 
•1 	
: 	t

• 
- 	•-

: 	1
 

: 
t ...

 :
 

. ..
... 	

 
1

1 j.
i...lt

  

..
..

• 
 

, 	
1 

i 
. "
 :.

 
..
 

L
.
 

•-
•-

•1
 

' 	:
 	.:

,.:
1-  

• 
• -

: 	
 

.
.
 

::
 , 

•
'. 	r

•-:
 

..
..

 
. 

- 
i. 	
:.
, 

	

- 
- 

, 	
• 	

- •
 

. 	
. 	

. 
- 

..
. 

: 
.. 	

' 
• 

- 
-.:

. 	-:
 	---:

......
:. 	..

,..• 
'1

-..,,
- 	I

r'-'•
.•'-"-I

.  
'''F

'i3
  

:- 	:
 	• 

'-
- 

--'I 
1. 

	

 
	.1 

; 
: 	I
. 

. 
: ...

. ...
. 

 . 	
: 

. 
• :

 
• :

 
,._,

:- 
.,..

 

, 	
. 

:_
t. 	

; 	
i•  

• 
' 

 
 

": 
:: 	

i: 
...

 ' 	
•'' 	

•' 
'  7

', '  -
,:;

 1 
. • 	 . 

-'
 -  
	I '-

I--
  t •  	

. 	
i4 "  

- 	
4

.L
1

 
:4

.:t '
1 

...-_1
 	; ! 
'•
 '
 	 .' 

. . 	 ' . 
tt It.
,
 ::

 t: 
' Jr

'; - .
--:

-- 
_.

 
	

: 	
• 

: 	
. ..

T
tH

 
-::

:: 
-. 

 
.
 4
":

 '
::

 
. 	

; 	
• 

.. 
• 

::
 ...

.. 
...

 
:::

-,'
:::

. 
.::

 ii
,"

 1
1, 

- 
1:

 7
-• 	,

- 	t
r 	I

-,
..:_

i 	.:
- 

. 
: 	:

 	-: 
..

..
..

..
 

I.2
 i 

!! 
, 

• h
t 
	

 I. 
' 	

:-::
I 

'::
 	 . 

I
.
,
 ,.

, 
.
.
.
 

.--_
-;--

7. 
• 

' ' 
1•1

1: 
•ii

i}•
•••.

• i. :•••
.".:

::: 
::. 

:::
 

• 

T-f-
_-.1

--;:r
i•-: 

: 	:.
. -

... 
:-1-1
i1;

i•  
. 	.

..
..
 ;'-'
1::2

-1  
..- 

111
'; 

i'.'
 1

  
ii
 i 

	

:k
t-r

_11
-:-.

IrE
t t

.t
 

•
: 

:.•
t..

.1
.:-

: . 	1
   	

• 	. 
-• 	

 
' 

1 
 • 

....:
„...

17:
 	:

 	• 
:i
 

	•
-
:
 	• 

 i
T

T
it'

 ::1
;.::

•,:. 
it:

 
• 

' 
. 

. 
r 	

i.i.
..--

t.:I
ri-

.-•
 

: 	
. 

Il
t ; r

ti :
: 

• •
• 

', 
-i.

'1:-
.r-...

Et-
i-ri

-s.
11

'1-
  I
f.
il-i

i-i
i-il

lt-
ii-i
 

 
	j

.".;
 

...
.. 

:.i
:: :

 	'1;!
 ;H

I ''
."17

'..-4
77::1

':-
.i-  • 

.i. Y
r i

-; 
:.:

 	-; 
--:
;-•4

 
' 	•

.•.=
.: .

.,;.
....

. •
 - 

, 
ii 	

'• •;
!;;-

•: 
,. 	

_ 	.
, , 

,,.
.,.

.•
• 

•.:
;•:

: 
.1 	

• 
• 

'..
.! 

ili
: 

.:',.=
:ii 

-- 	
--!

;-•-
•7•

F:i
 	i.

  
'IT

 1
4
--

 ...
.1 

ii1
1-1

11
•11

'1-I
tii

ii 
I 	

..• 
-11-

11 
1-II

: I
': 

";;
•.,

: •-
•-•-•I

-1
•4

•••
::-1-

-: 	
:- 	•

 	.-
 ,

 	 • ;- 
-;--I•

lt 
• III

11
11

11:
:.1

,-;
:4

4,1
 I-1

11 
1::

•1 i
i,I
 ,4:z

 

1 --i
-  1 

: 	
; 	

• 	I
 

; 	.
1 	

• 	
, 	-

; 	 ;
 

: 	-
• 	•

•• 	
, 	:

 
1- 	

'-'
-:

 	-
-• 

... 
	

 
ii 	- 	

' 

• ,
 

•• 	
• 1 

:  „.
 • . 

• , 	
. 	

, 

.• 

	

,.
,t
 	 • 

	
• -

 	
•-

• 

	

l• 	• 
	:1

••• 
•••.

;.1
. 

- 	
' 	•

 
...

..-
:-..

 1
.:
, 

•, 	
.,.

 
"I' 

' 	.
 	 . . l•-•
 	• 

:"
 	- 

jil
t I•
i 

..
1' 

••1
1 • 

• : LT
 

ili
tifi

l.:!I
i 

"1
: 

t   , =::
 j ..-. 

,j,
; 

.41
" l'i
 •; ::••

 
it
- :a
', .131

' 
.:1•1

'•',.
.'„.  

:1"
' 

';'.
 •• :1
' ••• Ir.
: • ••''•

 
.':

 -, - :-
 -

 	li
t
''1-

1-
'11

-'1.-Lr
 

.. 	
.
 	

r' 	
1
-
''
  

-- 	
, 	

''. 	
•-•

• 	 4
 	-'

•1
 

. 	
, 	

: 	
, 	

: 
__1

..• 	
. 	

'... 
"
 	 ;

 	
'-
-,

 
:- 	

_, 
-7--

r..
. 	I
 	.
t-

',.
 

I
 	
1  •-1
-  

, 	;
  

i 	L
.:. 

r 	•
 	r 	

t 

[1
14  

1
.1
1
  

1 . 	i_
 

. 	'.
 ' . 

1.
...

;. 

1
 

•
 I
.  ,1
  ,,
 .:
 ill:
1.1  

- 

1
1

; 
 

•-i i
 

1 	,
, 

.,
  

:_
,"•

:t•
•• 

!;i
i''',

:ii,.'.. 
i
l
l
 	
i
l.
  

,J-
.7,

,,,
,  

•,,
,I-

t.,1
.  4. 

=, 	
..,

,. 
1.1.7

,'"
,  

'.*i.,',''
'::',-"

 
.'
:1

: 	
.I

.  
,.,-

,i . 
.... 

,i.,
t 	

, 
i.•

 	;•
••• 

•.= ••;
 	-

 	• 
,..

, 

I  
I-

T
 

i 	• 	
.1 

'A
., 

1 	i
 :•-
t; 

• ••
,-; 

1.,t
i. 

T
'
' 

„,,
, 

..
i, •• :=
" 

;;;
" 

,i,
',
..

I.
 

 

17
 

'7
  

,-i
: 

t 	 ,
, 

• ".••
, •.H.r-',

 
'.
1
'  

..,•
 

•,1
1,  != ".=
 .,,,
 :.:1.:  'II

 	
' 

T. 	'
 

- •
 - - Ji, 

_-1.
Ii- 	

_..
.Li-

  .t' 	
.•I 	 ! 	

' 

; 	
r
 	

' 	i
 	:

 	L
.
.
.
.
.
:
 

--
t-

i-
r-

i ;
-,

 	 1
 • 

I 
-t,

 	- 	
+,---

, 	
., 	

-, 	
, 	 ;

 	,, 	
.. 

- 	 -
--

 	 -i
--:

 	i
 	

. 	:
 	t. 

I- 	
lt-

 	
: 	

• 	I
- 

 
- -1

 	 .'1
._.,

-- I
' 	• 	

'. 	-,
'. 1 	

; 
.• 	

• 	
,..1_

 	•-
:. ••••

 ' 

. i 	;-
.. 

	

.- 	
- 

	

 ' 	
' 

	

..'. 	
". : 

,: 	
:1

,  
''••

•-
t,.
4

.:
1
1••'
  

' 	
1.

 	 .'•
 

, 	r
i 	1  . 	::
-:.

 
" 	'7

 
. 	.

 	.
..
 

....
•..

i.. ' n
;.
=

•:
=

r;
 

..•
 	•

••:
 

1,-1
.1

1
1

11
. 

',;
'!'•

;!:
 

' 	H
., 

-
  ':'

 
H.

,.„
-",

  
•,.

.4•:
•••

 
1
:!
::
1
!:
::,.

..,
!;:

 

• 
•:••

• 

.i.
'....._

,..1  
',1

",,
I. 

-''
,',

"''
''''

' , 
"1

:,""
" 

'..!:
....

i. 

. 	,
i, 

:-11
.11
1
 

0.
 i ,1
, 

L"
, 

..:.
,1.- 

:•.
 

:1
..1

 
-rr

.t 
.i'

: , ; 

It 	
.. 

1 II
' 

• !
• ,• '•!'
. •,... ,L.
 

,,,
, 

:l4
} 

1,",
- . i..

 ,• ;-•"
*.'.

... 
- .:•1

 •. 	•
 :. • • 

•.. 
• _ --- -_ 

l 	
- 

I 	
.i.

 
- 	I 	

- 
-...

-•:
,--

:_
..:

 

•-• 

'...-
:. 

• -
i•-

• • 7
:!..

! 
' 	.

-T 
: 	:

:: 
• 

. 	
::

 
.,

.!
':'

'' 

. 	
. 

' 
•
 	
",

 :
 I

 

,.
..
 

' 	:
 	 1....r 	

. : 
••

 	:
:
 	I
I 	

. 

• 
.:'

': 
..
..
.:
 

:-..
,...

,...
.. 

t ..
 

t',.
;":

':' 

• ::::
:•:

: 
:i.

; 
.,

••
 ..• - 

I 
- •.• 

 
.
 • '"

 '
• 

' 

	

 •- 
	i1  

'--
 r.

t._
 	;:_

t 	-
; 

- 	
• 	-

. 	
. -

t l :
 

	
•I
 	

•.  

,-;
 	: 

I 
I-

, 

I• 	
3•• . ;  - '. 

: 	.
 	• , 	.

 .•. ..11  	

.

i1

: 1
 

v. • 
• 

:,   

..
 	• 

:,
 
 : :•

 7 
1f.

;'    

...
...

. „
 t . I:' :.441 , 	. ,•.. . 	 
....

, 	
 

17
! 

 

.. : . . .
 h . :

4 • "1:1
3 .  

"
 

. 	• 	
... 

.•
,, 

1 i .

1 14..
i• : 

. 	•
,, 
 
. 1

 

 1 
 !• 	:

 	' 	
..:

_- ;• .; 
_, : : _ 

- 	.
 	1

  -..
.,-.

... 
_I, I 	 i : 	;

 
...1

-••
-..-

.I.
t.:

 
 1

"' 4 I i :
  l• : 
 

I
 t   
.
 	. ; ; 1 :'' 1 _1 :' :... :'• : 

1..1
."-

:•:
 ::

:••!
•••

.•.1
I.T

 
7 :"7. . 	

1
13

11
 

 •- I l
i
 1I 1" .4

':•  

.tt
 

7 :
 
..1

•-
' .  

t.,
1,

....
.t.,

- 

i :
:• :•••• ,   

• ,.; .. ... .
 

..,
 	- 	

-_1
•-;

 	:
. 

_-.
 I.:

. i-
-:.tz:

. 	 t 
. 	;
 	.-:.

: 
- 	

- 	 •
 	.

- 	•
 	..

.. 
I• 	

1:
 	1-

: 	
'.. 

' : 
- ; 

: • 

• . 	I
::

 	. : 

Ii.
iii

:i.:
11

:1•
::::

  
-.,

.. 	
I"

 
-; 	

::t
. 

;!•
:::

1:
 

... 
••••

/i1“
.: 

:-.:-
....„

..: 
3" 	

•• 

, 
• .

 4.
 

1 	
11

.!  i! 

•• .....- 	
., 

:-; 	
j  

i's:
 	: 

• 
II

I 
. 

31
 

'' 
_,.

 	- 	
, 

-•T
1•7

4,,
--:

 
-1-

4
 A. 	

-:,
 .-

;7:
. 
, 

. : 

-..... I-I
 	.1

.",•,-
 

:1..
:: :;:
 i 	

.. . •.,
-  11 
. ; 	::

.; ' ; . r
• 	

 

...
:::

, 
•••

•••
,: 

•":
''''

. !-..
I.:  

: 	i
.:

 
!!

;.1 
-I,..,-

,-. 
::.:

1 
i•';

 : 	t
. 

; 	•
•.- ,..,-

: ' :3 
-- •• 

- 

	

,,!
. 	

.. 

	

_::
:...

.: 	.
 	

-; 	
:. 

•l• 

,-
, 

• ...
 

. F
 -....

- ;-•
 

.-1= i
 i:

:-_-:_
lif

l 
: 	...T

I,.:. 
-1

: 1
1 

iii
iH

:II:
 

ii':
1.;

.::
 

ii;1
1:

•:' 

::: 
. ::

: 
!Ii

iti
. 

:31
1.!:

 7._•=i;
 

1 ••
: 

1: •1
 l 

i 

:-..
t... f 

.';i:
: 

tt i:
::•

:: ;...':
 

%;% 
! 

: 	
:! 

:••
 ,•,

••• 	.
. 

„
 

- -
 

• •
 

• . 
1

  :1-
4 1 	i
l 

•ti
.t.  :1

 •
 i 

 
I.

 •
 
	

.! 11 
. 

-•-
• 	

. 
_.' 	

_'•-
.. 	

., • 	.
 

. 	.
 4 
..

..
 "
 

+1
 ..

 
7 

3
3

4
1

 
22

1 

::::
::•.

• 
. 

I 
c

'r
l-  

1 
'4

3
 

: 
Ii

 

-
 	

- 

_ 	
. 	

! 	I
 	'

 	'
 

•'•••
• 

,•
 I

 I
 

-- 	
I' 	

' 
I
 	

 

. ' 	
.. 	

" 
	

 •••
 

	
" -

 ,.
1

:1
 

' 	' 
.1

i 
" 	

9  •
1" 

••
,,

 

""
 .1

:•.
! 

'''
 ..•

•;•
. 

'''
' 

••
- 

i 
-

t-
 	

j -
1

7
 

-
 	

4"-
.77-

:--4
.7

I--. •-
t s, 	:

1-  
"

1
 

.4.1
-.1-_-

13T
 

14
,11

r, 
t-

-,
-

,  
- r
r
..
,.
.ii,

.1:
41;

  
..

 
.i
t:
 ..,;

 
r 	;

,:
 ,..
 l': 

.. 
%-t

ii-'•
-  

- 
--'

- 	
%.--

-•*•.-
- -•• 	

t- 	•
 	.1

 	• 
•.•••

•1%
.;•-1

.-/.
 I 	i

. 
• I

 
.. 	•

 
1..

l.--
I• 

.1-
;:l

..
 

-1%
,..‘

1 	• 
...

.,:
•.t

...
...

.,.
;. 

4.
..,
, 	

' 
_.!

,...
.., 

 
:tl•-

• .•'.
....

 
H%

-.• 
.4

.. 
•H

t :II
: 

14
•. 

. 
• 

, 

i 	
• 	• 	

• 	-
 	

- 	t1
 	'..

....-
- 

	

I_ 	
;-. 	

, 	
: 	.

 	:
 	. 

- 	
'.-•-

•:•,
l 

; 	,
::
: 

:.:
••1 	

-...
 

-!
‘,.

• 	
: ••••.

 	•
•• 

.... 
 	-..

.. 
:-1

1-• " 	t
.i 

'il
l: :I
li 

l.;•
-•. 

1:1
1 Al 14

' : :::::
 

t_ 
.:7

4- .
1-

11
: 

_ 	
_1

_!
. .

.: 
:••

•-:
 

...
-i. 

• ••
•••.; • z

.{ it 	
.*:l

i.l.
-.1

1-1
-•:

;:li
 

- ....
T:

jr4
-t:

:::"
 :;•.:i

•441
1.• 

:;:t
r..!

:-.. 
• l

li.
 

:-.1.
...: 

!••!••
••• 

Il..
.1 

:. ..:
: 

i: "
 •• 	•

 
•1::

•1-1•
-_-..7

 	
'- 	

r-
 

 

	

_.
...

._
-:-

 	 ::
 T

:T
 
t:

 
:1

4- '
3 7,
11

:,-., 
. 	, 	

. 
ii.

. 
.,-

, 1.
;••

• 
-;..

 , 
7., 

-•:..
.! 

•,-
 

'...1
_,..

.;..:
:_..

..:-.
 

:::
: 

_ 	i
. 	,

 	.
..r

 	.:
, 	1

 	:.
 	.„ 

; 	[
:.

..
..
.:

'  ;
„-,

,,:•
.::

: .
.:::

 . :
: . 

:1
: 

iii
i i

ll-d.
 11

..., 
7 

17
17

-:7
 	

I•1
--i  

; i
 

-1
-  i

. 
fil

l -I
 !1

:1:
4T7

7; r
'•'

"  
s'I
ii
 i
 	.r

! 
1-:1

 
1_-_

_2:.
=:

:. 
Hi

 4
2..

i.  .
. 

;11
 41.

2
•;.:
ii ,1

1.,. 
i,...  
i-4,.

.•,:i
  !

,••
 

---
' 	- 	

-: 	
' 	

• 	;
 	' 	

• 

	

t- 	
-•

:-,
 	,:

-. 	
-.. 	

; 	•
 

'' 
'' 	

' .
" :,..
,- 

' 	
' 	.

..:
 	

. .....
 ,

:i
4  

W
i .•

;i:
 

.. 	i
 

-,
i-:=-

-i--
-;.,

=--
i'l-

--i
l 

`i-
i.jr

-t.
Ni

 i
lii

ir
d
iii

i•
'. 
i-i
ii.. 

! 	?
I 

•:.
::

: 
i

l..
..

--
--

IT
,.
.-

.•-
•

-•
-,

-H
•

-i
i -

--
-.

.
. 

- 
.1--

1-
fiti

-r4
::- 

ifll
i,l'

i', 
fl..i

i..;, !
-!..1

-1;
 

II
 

1.4,1
 ;,..

.., .
... 

- -I
- 	• 	

: 	
! 	

4 	i
 	' 

' 	
 

 
	-..,

,i;
"-.

..
.::

: .. .
.. 

-.., 
:::

 :.:
.-; 

:.: 
424 - 
	-,

 	-4
 ,
 	4.

 -
..- 

; 
4 4,i

. 4 1
14iii

.i,1,
4i,i

 iii
;t!

l,",: 
; i

ii 
1 1

; :
 	1

' 
,:1

-.7-
i- 

r- 
r: 	

fr
i,-i

-  
-;1

11
1 

Ill
'ii

ii 
-:11

1fi
f:-

j14
L  

J: 

--
j _..
. 

--t
- 

---
-I-

  

:: 	
: 	

,• 	•
 	 1 

. 	1
 	..

. 	:.
 	1 	
!.

. 
1 	
; 	

: 	;
 

•,•!
• 	:

 	1
 	

., 
; 	

: 	
• 	 1

 	;
 1 	• , : 

• • 	
• 	4 	

. 	
 

!.
 	i 	
.;

,:
::

 
: 	

• 	
. 	. 	

• 	; 	
• 

: 	;
 	• 	

' 	• 	
: 	• 
	

•• 	
: 

7 	• 	
.' 	

7 	• 	
'•
 
 

• 
H

 	
.,
 

•  

,,,
,,I.

.,,
,.,

.. 

: 	. 	
,, 

,
.
.
.
 	
,,
, 

 "
 .

 ' 
..

. 
: 

, :.
; 

4..
 

I
;
 1 	

•;:
:. •'.1

. • t. 
: 	

..
. 

' 	
'
'
'
I
 

11
"::

 
ill

' , -.,
!::

:::
 

• .
. 

', 	
: 

l
'•:
:
 iIi"

 
i„.„

.....
 

.••
..,

.. 
"
:
 

.I
.:
'  

"'"
 

•:.
 

''I
, 

:1
-1

-1
:-. 	

i -1
-  

_ 	
t.,

...
,..

 
i 	

!. 	
. 	

,-1
-.-

: 
- 	;

 	
; 	

.4. 	
. 

• 
. 	
, 	.%

 
:
 

	
1

. 	
: 

. 	
.
.
.
 	
...

, 	
._

 .
 	

1
 	
1
 

- 	
-
 	

.I 
•-
i -

••
•  

• 
1
.-

-1
-;

  j 	1
-; 

4 	
,
•
 

, 	
I . 	
j-4

 
I-

1
 	
• 

I, 
	',

 	
. 

: •
. ; :-:
 1 4 : 

1. 	;
 

„
 

! 	;
-i 

; 	..
1-.T

  
1 	1.

 
;
 	
,.
I 

. 	
1-

 

' 	
1
.•

  :it
 

7 	1 	
I 

,.
..

, • !.
...!

.. 
• 

:-..
 I • 
;
 

; 
. 	
I • 

• 

• .
. 

• H
 

4
.1

: 
•
 ,
 .

 

i
 	•
 	.

. 

• 
li "

dr
.'',

 

1
.
1

:
i
i
 

....
1..

t i.,,
 

,.
.r

:•-
'.
;
 

i
 	
l
i '

t
!
'  

. 	
lik

t! • :
: 

i 
1
 .

,"
' 

 

.
!
 

 

...
,  

71
11 "

I 
I
.'

4
t
  

;:
w

4
1
1
. 

„t:
11

.4-
, 

 .
.
4
*
!i

..
.t
t
 

6 	
.;

 II
, 4  

1.1
.1i

 
4

1
••

 4. i
 

: 	 1
:
 

 

4 	
. 

i 

1 	
, ti i
t  -1 

.1. 	
i-j

..,
4 

.1 	
t• t. 	,
-I 

I 	
1
4
  

..-- 

i 

i 	
; 

7 ,1
 

-I 	
' 

1,-r
, 

11
4 

..p
, 

4
4
1
 

' 
,.

. 
,i
 

Ill
• 

it
'

i,i
 

i.d.
i 411
 

it
'
  

i 	
; 

i 
' 

 

io
, . 
,'
, 

11 1:
 

ii 	•
 

.1
  
i 

•
 

..
..

 

-- 
.-4

- - 

--
- 	

--
 '
-'
• 

,r 
 

- 
- 

 
-F

T
 

- 
. 	

..
..
 

- 	--
 	-- 

--.
-- 	

- 
r 	

....
.._

1._ 
.-

- 

1 
"
' . - - 

-1 -1  - 	- _ 

-
 •

'•
-41

1;
 

I 	
1, 

It
.  

-, 
r  I I 1 -
4- 

r •
 1-

 _ 

„
 
;
 
f
 

6  
•
 

1_1
11.

 

	

1 	
„„1

, 

	

- 	t
r, 

i i 
t•i

; i1
  

I 	
: 	'

. 
:j!

•4
 

I
 	
th

 
li,.

.1 

 1
 

	 1
 

, 
i 
' 
• 

• 
1
. 

:11
11"

d 
iin

ii,!
,;,

,, L
„ 

Hi
t-1

7j 
,,i

tiv.
 

:. 	
II 	

1 
• i•

••t
• 

	

..:
 	 :,

 
p
h
t,

, 

• ,
•,
1

; , 	
, 	 ,

 	.
 	• 	

• 
! :',•

11
1::

-10
 

i.,_ , 
I•0

17
••! 

'1:
"It

't 
• 1 

41
". 

,,t
t  
I
 

, it
tIt•

•• 
'77

••'?
7' 

! 	
t  
!
 

,J.
,, 

1 I- 	
, 

• •••1
-•• 

:I
:.
 

7 	'
 	1

 
1

;4
, 

 

..
 	

; " .,.
.' - • 1
 

' 	
•• '..4

  

1„p
 li

. 
t'.•

t, ,. •• 	
• 

t..
, .,.

...
.. 

1,.-.
:...

. 
••:-

, 
::.:*

. 

7;t
• 

''' •••',
 

- 	:
 	

• 	:
 	 :
 	;•

 	: 	
; 	1.,

 	i
 

:-.-
1 	

H
i-

 
 

..
 	: 	

, 	-,
; 	. 

I 	: 	
, 	:

 	 ,
..
,,
 

i 	•-
• ji
.,
:;

•  
;.
;:
::
. 

• 
.7

-.7  

	

....
!;;

;: 
	

 
	

' 
 

;;;I.
--: .

 --,:
: 

•::
 	

' 

''.
••

".
 

-"
,"

; 
; 	

 

	

,.„
...

, 	
'..

.,.
1.

.::
. 

"
 

1:
:: 

::
: • :
::

 ' • 	
' 	t

i  .;:
 

I 	
;;,

'. 
,:.

:: 
:
:
 -7

  
;;I

: 
',:r

. 
;;.

: :••
•• '....f

 
•,t:

. 
...

,.;
. 

-
 :•••.•

 1.. - 

L
I 	

"-r
.1

-[••
•; 

__.-
_• 

	 4
_ ,-

--- 
- "..

-1
.:1

---
1 -

1-'1
11 

.:
-.....4
-•.-

  t 
---
;-

1-
:-:-

..1
-:
 

: 	:
 

-- t
- •
L

.
  

4 ; : 	:
 

.r•
 

'
I
[
. 

•• 
,,
. 

:' 
. 

-t=
 

..
. 

,; l:
 

--
t• 

 

.
.
;
;
:
!
 

•d=
i==

-=•
 

I.:
:.;

11
: 

-:;•
' ..

 
::::

••••
••1

/ ..,
 tre

,llis
: 

, 	,,•
-••

- 
II 	

74':
: 

.:• .
. , .

 
%-.•

•.:l
li. 

17
. 	,

 
t- 	

1 
;1

4  
;1

.. 
41

:-
. 

1, L
I  

= 	 i
; 

; 	 i
t 

; 	:
4 

; 	
',"

 i' 	
1;  

1,..
., 

• 1•
• 

....
.; 

•.-:
;i 

1:-,
 

Ilt
. 

.:I
; 

":
:: ity
.::

Ti
:_-1

--  
t: 4  '

 
••••

 

_ 
- 	

- 
	

- 
'1

1
-. 

- 
-,

 

_ :
 •-•.

- 
_ 

- 	
• 

. - 
. 	

. 

- - _ .
 - 

4
 

it
. 

:: 	
• 

:1-
- i.

 	_
.!.

1 
-

111
7'1

't•
  

- iir
.1,

1 
;-;

!-=.
1 

'31
 	..

 
-i

i.:
 

ili'1
11

1 
;;

;;
;:

 
. 	i

t:t
•I 

ti
v

i4
i 

'.`i;•
,`;i:

i; 
; T

111
11-1. 

• I
OW

: 
: 	•

,:•
:. 

• 
1.1.

1,
:, 

-1
-
il
 

i-
'4  

:-
.: 

fi. ,
,,

 11
7.-1

 
""

 
•:1-1

; 
"1

,  

4Lt
;11

',-, 1,1
: 

: 	;
. 

- 
• t;
 I,I

: 
- 	:.

 
•!•

 .ir.
 •-. - 

I. 	
; 	

1
-t

-;
 	1

 
.-.-.

.; 	.-
 	.

....i
,;_:-

F.-
-1

=1_
 

-1.---.
,---i

i 	•
 	' 

-4
- 	1-

 	
• 	--

:. 	:
 	: 	

... 
: 	

' 
.... 

: 	
' 	

 . - 
':

• 1-:
: 

.t.i
. 

. "
 

...
:;.:

::.
; 

..1
.: 	

1,.. 
„.,•,

...
...

,. 
?-:

:,L
 1-  .7:"

.: ' 	
••

 • ,
 ;

 	: 1 

"•
 1: :: 

'' ... 

- 	
-1

1 	
' 

---
- 	

-- 4
:-i-

-• 
r

-
 

	
.
,
 

. 	
''- 	

• T
 	

 
- 

,
 ' ', 1.-
: 

.7  -,
 • ;-:

 .: • :
 -:- 

• t
 • I
 

-1:
-t.  

:. 
:I

L
I 

• • 	
• 

• !•
-•

1 
:.*,•

 1:
 -\

 
':
 1  

••
":•

• 
•-•

“;.
:::

: 
4!4

.,..l
iii 

;=_
Ity

t,4
..,•

:;1
••;.

 
I 

 ... 
•-••

 
•,!,

..:
t.,

 
',t

ilt
'  . l-

t 
- 	
..

 
LL

 	 •,.
 

3:
: 

I 	
1  • 

-4
1 

It.L
i ;•:

: 
-44,•

 
.:1

;  
!:'

, 1"
 - r-
 '"'

 
3 	.

- 
,.

 I':
 -I-

1---
-i-

 	 -
fr
it il.

•-••
•• 

--:1
=-

3 -'
 •-

-I--
1 :-S

--!
' 

-_,
 _,

..-_
.:: 	

1,.
.:,

:it
_ 

' 	
-Irt

• 	
I--

FH
.-4

 7  -
 -1

-1-
  t-

:-i
i-I

.1
 

-r
:.-

 	
't

Ci
ll4 1

11 
:-., ..

-,-.:
.44

.-il,
 

-..
'.- 

 
14 ;

41
:1:

i 
ii:

 	ii
i. 

iti
 

t 
=i

t; 
:it

, , 
- 

: 

__,
_ 	:

- 
-

LT
- 	

'. 
. 	.

 
-i 

1
 I

', 
- 

...
 	. • 

1 1  
, 	J

.:. • 
. 

::: 
.
 

• 1 
.. - 1 

r1
1 

..
 

, 	7  : 	.
. ..

. 	
i  

. 	
: .
.
 

, 
. 	

. 
• 

. 
- 	

.- -
 	-

h-..
i-d

il-
T 

,f-
-i-

,i7
i-;

 
• :

-• 
1 17

- ; r
 

-1-•-i
---.-r

.r
ti•-i

.i.
 

1 
ill.

; 
-.I

: ii 
ti 

tri
ti 

:-:1
4-'•

' 	"
  

-.--:-..
:1;

:ti:
 :.-ti

lii:
:: 

1 	:
.'-

' 	' 
: r

 
• 

• 
1 	

i 	
• 	

• 	
.-1

 
1-

 	
‘: 	

• 	
1 1

-  
..
 	

..
 

• t  
" 	 

•"
: 1

  
. 	.
 

• 
,••

••‘
• 

-
: •1

.•:.
• 4.1

,71
.. 

"'
 	 '''

...
 

. 
-.•-

•-• 
;:
::
 •••

' 
ijr

: H:
: 

:::
i ::,

, 
:::

: .„ :::
. •-

, 	
_,_ 	

. 	
•-*

 	.
 

	

7-
 - -

1-- 	
T.- - 

i 	;
 

• • 
• ,

 	• 	.
 	l 	•

 	%. 
• ;

, 	
•' 

...
.. 

• •
-• ......

.. 3 
%.:1

:•.•:
". 

::::
::::

" !-•1
1-.• 

1:
I .:
 • 

• 
{::

. 
.:"

 :•••
• 

'''
. 

"..
 

41:1
_7.

••. -
;:-

:::
:::

1.
 	. 

4 	-
- 	'
' 	'

3:
: 	.I

. 	t
...

 ,, 	•
 	.

.1_
 	I-

•.•  
!. 	

2 	
•-•• 	

.11
 111

: .. 
:1:•

 
!-1

.14
.:;:

::1
1.;

!:`•
 

'4.1
1;4

. ,
. •-•:

;I 
j.„

 
22

:: 
..,

. 
:::

:.t
...

.. 

. 	
i 	

A 	
• 	

. 	
: 
 
.
 	

. 
• 

•, 
" .

 : 
. :

 
2  

2i1
1:

1:
:.,"

'"
!••

• 
: 

, 	
. 

1-1
: •

 ' 
,..

 .. 
• ,.
 

•••
1 

- 	
t 	;

 
‘1:-

--.•
 	

... 
;-,

 	 -; 	
• ,

* 
i ;;

Ii
.i
i...i

i! 
. 	 •

it.:
:: 

. 	i
tts

.:!:
 .
 -

 
1

":1
 1

1:1
 

rtt
t 

"•
- 

:1;.
i : 

;...
. •,. 

-•;1
 	

1 	
- 	

' 	:
 	t

:.: 	
1,:'.

 
•..

...
..:

 	. 	•
 

...
.. 

'''' .
 • 

:i
ii
 

• 
•-i
 	:
 	i

•-:_
i- 	1.

71 	
i 	:

 	:
 

14
  .
.
 •• . 

:::
::  
	:•

• 	.
...

. 
:::•

 	: . 
" • 1
' •t:

• 
I::

: ".
• 

:-:
: 

•• 
"
 

• 
• 

•-
" 

--,.
::- 	

t-i.
 	I
T

 " 
: c

u
r:

 
-1

1.
:::

ri:
 • 

. 
1,:•

•••!!
1:-•

: :
:,.

 
1:

•; 
- 

•••
• 

•::
: 1

: 
..
 	:

 	-i
 	:

 	..
 t

 	• 	
.._

:_:
t 	

: 
.t

.1
-• 

	it 
i'••

• 	-
 

	

 
	t

ti•
7 

11 
-.P

. 7
i:: 

: ;:
-f_

 	i"
--42

"7-
1 	

. 	:
 1

 :
 	f 

..
 

• 
• 

. 	
• 	

: 	:
 	•

• 	`
 

: '
1 
	
H

; 
;;:

;F
11

: ;
;••

••;
••,

 1;
 

'•i•
I ;

.:1;
 .:;:

:• ;
;;•.:. 

.-
-r%

 	1 	
i 	 •.

% 	
1 	

, 
t 	

• 	
• 

. ..
....-.

.11i
1.4  

::•
:: 	
 

; 
j*:

• 
• 

i 	
1--

:1-- 	
1- 	

i- 	
.i 

1 	.
. 	

• 
.-1

;T
ill:

 
'I
I

I 	

I  
: 	

:...'•
 

7 	
I 	
:
 	 :
 	:
-:

 	i
 
:
 

l
i
I
 

II
 

. 	
I 

--
1 	

j--1
--1

 	-
 	T 	

i-7
 i-  

---
r-
I-
- 	

--I
 	r
 r

-,- 
 

- 	
• 	

' 

_ 	
1 	

: 	
1 	
; 	

. 	
. 	

' 

, 	
. 

'I
-  ' 

---
--*

 
' •-

•11
..-

  • •
•' 

..
 	

..1
 

. 	
, 

' 	
. 

I 	
' 	

' 	
;II

4
'  

rt
,Iii

 7  
.7•

:•• 	
'74  • 

. 	:„
 	..

.. 	
, 

,•• '.. 
"-

tr
-: 

• ..
. 	

• 

. 	
. 

• -- 
. •'''

' 
:•-

t: . 
. 	.

. 

• ---
 

- ...
 

. ••• ..
 

, 	
_ 

:- 	
; 	

' ..!
.. 	

: 

.. 

• 
1 	

, 
t 	
. :,-E-

,, 

	

7 	
." 	

: 

	

.."
, 	

11,
•. 

' 	• 	
I. 	

2  
• 

:: 

-,1
-•-

•:-
, 

3
, 

'11
:••

•,.7
  

••4
+•

•;•
; 

. :
I- . • 

• ,
" 

11
`T'

'"' 

••."
,7•..

: • 
•'!.

 
•1•

•••1
.: 

-"
--

- ir
-T : f ,--
i'"

 

.. ••• C.
, 

1-0
,• 

	

'• 	•
 

nT
• 

73
3, 

	

, 	 • 
„
 

ti?
 '- • •,.

• 

. : ,,
 

•I:
' 

•'!
". 

 
' 	• i•::

 
. 

. '''•
' 

t 	
I 	

• 	
• 

' 	
' 	
I
I
I
 	' 

3 
3

•7 -
3[7

-  
F

j--r
--

  
, 
	-

 1
 L

I 
•$1

1 	
, 	1

 	1
., 

: 	
! 	

•-•
-: 	

-:-
: 

:- 
	

• 	• 	
I 	•

 
 
.
 	I
 	+

 	,.
. 	

8.. 	
, 	,

 

•••
. 

' 	: 	
. 
	

';1
•'1

4'
1"

 
.1-7

---
-1

7-1 
,• 	: 	

_,'' 	'',
.
.
 

• 
1.

:;1
: 

' 	• 	
: 

I 	
H•

 
'1

.,
„.

..
t.
..
..
1
. 

11 ,, 	
.. 	

I  

F.
,,:

iii
i 

; i ,1
1,:1,1

 
11

:;
:i'

:.  
'1•1

, 
' 	•

•;•
;i:

 

; 
...

.-.
.. 

ir.
1.;

, 

"T
IT

' 
111

-1,
4' 

,i•li 
	'1.i.i

ti 

,IT
1
 

 

3 
.1 3

1. 
, 	2

1! 

i 	"
4 	', 

! H
 t 

,.•
 • 

_. 	
; 

, 'i  •1•, 
r'
'' ri,
' 

...
: I

I 
 .•

 ;;,
,, 1."11:,
  " 

r'
' 

111
1 

.i ;..
...

.. ,••2
 I'll' i ,
," 

- . •. 

• ,,,
, 

'r;  *,_:"
. , 	• ,..
 

• 
i 	
"
 	•

•• 	
t 	1

 	• 	
t.. 

i. 	
i; 	
. 	-

• 	
' 	-

t- 	.
 	• 	

. 
-:!

--.
-:

-.1
:4 	

I -.
1
 	;
 

-
'•

 	
I
 	

•-
-'

: 	
'.-

•_
•,

.•
 	
' 

,  
	_

 

...
.-

i ...7
::•

 
; 	• 	

, 	l-
il•

••
' 

, 	:
 	! 	

t.,..
. 	7

1: 
• 

, 	
t.

•.
..
:.

•.
:'

 

. • 
;,.

 
+7

1:
- 	-

 
• 

, 	, 
:: 	

..I"
: 

..
 	

..
..
 

: 
• -

; 7:
 

I ..
 

;:i
 

;:
;.

• 
.4 	
.' .t.
..t

...
;,.

 
.:.;

;:::
• 

.:
:
:
 '
;
' 

. 	
__

-__
::: 	
, 

I.
: 	

! 	.
. 	

, 	. 
-

I-
.
..
 	

I 	
:
 
	

• 

. i 
•
 
:
 

, •
 ..

..
 	• 	.

 
..

..
 ..;
' , 

":
;,'

 
•
„
,
 

' P
.:1

1 

;-
 ,,
, 

' 	
...

.. 

••
itl

.•:
: 

.1
i..,

._
 

II
:
:
:
:
:
:
:
:
 . ..
 '• 

-, 	
I  

., .
....

 2 
....

.,,4
 

..
:•

."
;.

":
. 

4
..

.r
• 

*::
:-:

: 	 

1 r4
i 

	

 
	i

l-i
i 

1•4
, 4

-t•
I: 

fi
 1

-1
.- 

• 
I
,
 

:
:
.:

:
:
:
:
 

ti•
 

t-,
- 1.

....
, 

1
:

•.
:
 

.4
 

, 	 ,
, 

.4.
-  

I
':

:
 

.
.
.
,
 

., .....,
: 

:1•
• 

.
.
II

 
..

 

::
 

-,;•..
 

.1. • 

:)..
• 	

1 	•
1--4

V
•i

. 
L
.-

, 	 ,
.,--
,„--.

:.._
-,:.

:_i
 

-- 	
: 	

'': 
71

-r 
i 	.

 
- 	

-
:
 	

.•
- 

/.1.!;
:
0
;
1

-:
 
	
:•

 

• a
 • 	

.-
11

 	i 
	:
 	̀. 

- :
0 	

; 	
'. 	

'.-
 . 	

.::
:.-

. 

•.;
 	.
 	• 	:

1 	/
 	•.1.

• 
'..

 	 I 	
. .-3 

4 	 i
i 

,'
, 0

,,H
 

:
 
	:
 
	:
 

	
t
 :

•
. 	
:
:
 

I.:
 	:.

:1
: 	

..
 

• , 	
.,
..
 	,.

 itt
.li

ll;
: 

i 	4
  "'

I
I
.
  

,
t1.

11
.:1

:.1
.. 

-1
1.

1
.,
i,
:
i.
 

'!.
.,,

:i:
 

t..
...

 	.1
 :l:•

11
,:l•

 
4-
:
:
1
:••

  

..
3.1

1
.1

..,
  

r;
,.q

. 
„i..

..1
.. 

4.
 

-4
 	 •

 r
i 

:-
. 

.1
._

 

III
; 

1
 
r
  

f+ 	
t 

:
li
t
 

..
.-

:.
 

t'l
 1

 
 

1,. 1m
 

:4
::

 

.
.
 

i:t
. u`

:::
. 

.1
, 

:
 •-•
•,,

 
,.

.I
.,  

.
 
	

-
 	
:
 	

I 	
f
.
.
 

,. 	
- 	

I 	
: 	•

 

.
 
	
.
.
.
.
 

:
 	
' 	
:
 	.
.
 

r 

.
.
 	
.
 

.
.
.
.
.
:
.
 

••••
!i•••

 . •
 
;
..

. 

. • 
•1  

.
 

.
.
.
.
 

:
:
:
:
 

::-
: 

..•
. • .

.
 •,• 1-...

 
• . 

	

 -
*
 	
:
 

-
-
!
 	

:
 
	
:
 
	

•
, 

i:
: 

- 	-
 	

' 	
• 	.,

. 	•_
. 

.: 	
r 	

.; 
; 	

;
 

:
 	

• •.:
 

:••
 

. 
' 
'
 

I 	
.1

•  

•
 ••

• 
i
l
l
.
 

 
	

• 

.. 
.
.
.
.
.
 

"
I
”
 

1!•
,v. . 	
- HI; 

. i . 
i . 

i
 	:
:
:
 

•
 I
:
 

Ti
t':

 
"
 

:
:
:
:
 

;-•
• 

I
 i
i 

 
:•'

' ..; 

- 	
•:

. 	
;
 	
i•

••
•
 1

.-
4

.  
O

i 
_ 	

:
 
	

..
..

it
- 	

•
 .

1
:
.L

;
•-•.

.-
 

T.'
 'i

tii
--17
i--

?•1
 4'1
:
  1

:
 	
:
 	!
 
	
I.
 	i
i-
:
::
 

•,•
.:

 
 

T:
1-1

,41
-11

-I
 -r;

- .1.
i 

4
:1

1
.11
..
.
.
 

'4
:: 

iii
ii 

:!
1
:1

”.
.,

 

Iii
:T

i: 
in

iil
i,T

ill
i 

 
	
i
i
.L
.
 

•,-:
 it 

t-
:"

  

.a
i 

• 1 

::
::

 .
..

•
 

- L
i- 

1;
-1 

• 
• 
I 	

I , 
1::.

• :1
11:

•• 
• 

,,
 .

. i•
 •:

... •:'
: 

• 
F 

7: 	
: 	

: 	
: 	

: 
- 
	1

•••
:.: 	

: 
-• 	1

 	2
-f

• i
 	1

 

..
..

..
 

..
..

 
 

	• 	
14

1 
-.1: 

.1
3 

• ...
.. 

. 
•:. 

:1 
4..

-s7..
.1

,1_
17

0;r
1) 

• -
 i -

-et
 	i 

b.
 	
:
.
.
,
1

1
-A

 ; 
--i. 	

;-,
 	t 

0:3
,1 	

1
-1 

' 	I
 	• 	

i4L
: . 

0
'

.
.
:
H

I
 

 

-1
:-
...

 	.
. 

.• 
 .

 
;I 

:.:
- 

1 	;
 	 ; 	1

; 	•,
. 	: 

...
. 	 :,

.:,
 

..
 .

...
 

: 	
, 	

: 	
• 	:

 
• • 	

: 	:
.- 

::,
:::

:::
 

: 	-
 ! 	

.§
.1

 
,- 	
: 	

:••c
+. 

..-
j. 

• ;
 	

" 	
' 

'A
.: 	

: 	:
 

li 
I 	:

 	;
.; 	

:.1
: 

r;
i:
ii-

::
' 

••;:
::::

;:•
11

t11
;:: 

::.
:::

:::
:::

;;;
;::

: 
1
,4

:  
I..

., 
1 	
;;

 ,i
.,

 
....

1 
:4;

:, 
,.

!.
..

. 
.: 	

..
i. 

11
:: 

::'
 ,.,

 

-- 	I
"' 

•:
,;
::
::
::
 

..
..

. 	• 	
, 	.

. 
::;

: .
 ::

; 
1 	

- 
_..

.. 	
.. 

-••
 

...;
 	 •

 , 
- 

-•
 I-

, 	.
c.i:

 
i 	-

t-:-
i 	.

..:-
1::

 
• • 	

• 	!
 	• 	

• 	,-
• 	,

 
11•

11
•:

";
••••

'11
::rt

:..:
1•

4i-
•••

•-•
-  

t•T
.:::

:•.•
 :.

 	••
::::

 .
 	

-1 
t•.-I

-• 
_:;1.

1 
•::

:: 
II:

: :
:. 

i 	
-1

-: 	
• 	

i-i
li.
i.::

Ci
 .:1

-.4•• 
:!: 

.. ;
 . •

• t
i•:

:-•
 

 H
i i

iii
 

;!'"
 

   
	

I'
- 

 
1:1

!:1
: , 

... 
. 
: 

i-i•
I'''

. 	
I_ 	

I 	
. 	i
ii 	

• 
!it

t:•
14

1  
•••

4•1
4:1

 iiro
z•••

•• 
Ft

 
.• 	

•••• 
, 	.

 :.
 

.... 
1.

1.
. 	

. 	I
 

1:
 	•  

'' .
.. .

 	
• 	
 -

 
	 :

'I1
 ii

ii 
1Ii

1 1
";:•

 
• 

I 	
- 	• 	

• 
: 	••

•• 	. .
...

. 
M

E
M

 
.•• •••• 

-:-
., 

	i.
.6:

  
; .

 	 . 	
„
 *
.'
',..

1-1
14

j-t
•iiV

e:_
j! 

: 	
- 	-

.;
. ...

; 
,4

..
.
'

• 
.
.
 

_if
ii, 

 

• 'f 	
!--

I 	'
 	!

..f 	
" 	1

. 
. 	-

 	' 	
•i
,
:
 

•,•
.;

!•
i?

 
•
,
.
•
•
 

,
,
,
 

•
:
:
i 

'•-
•:;

•
t;

•
  
-
 

W
N

W
 

t  
i 	

; 	
-.• 	

: 	
!-

;-
• 	

"J
o,

 	
! 
	

' 	
 
.
 
i
i
i
l
k
i
f
i
l
 ,,

 	
 

Ii
!:

::
:-

  
••

••
 	

• 
	

 1
01

 .1 It 	
I 

-1
: 

3I:
3 

• -:
 

iiI
: .: 	

. 
I •-1
 ', 

. 	
t...

1 
,, 	.

1 
' ' 

TH
 

ti
''
1
1
:•

 
• 

'-•
-•:

-• 	
1-1

-: 
1 	

*I" 	
'1

 	1
 	',

 	1.
 	:
 

: 	
--i

 	I
--;

 	! 
-. 	
!, 	

1- 	
,-;

 	., 
- 	

' 	
' 	'

 	 •
 	• 	

: 
" 	

. 	
i 	:

 	1 	
. 

-1
 	i
'll

• 	
. 

1.
 i-

rf
 	t

 	
. 

.1
! 	

I:1
- 

',
 	.1

-', 	'
,'"

j 
1 	

j 	.7
' 	"

", 	I.
 	ij

 
" 	;

 	; 	
i 	 1

" 	!
 	t!

 
f 	!
!!

,!
,0

 
' 	!
' 	'.

'11.
.:1

  
'1

 	. 	
1•I

' 	i
l'i 

i',
 	I.

i 	• 	
..
..
 

. 	,
 	. 	

: 	t,
 	:t

 	....
 "':

' .
 	, 	.

.. 
"-H

t. "
' 

. 	,.
..;

,' 
•ii

i1
,••

 
*I

;i•
H

; 
'H

t.:
I:.

  
1:1

11
•42

: 
,..

1.
...

! •3
:11

,'• 
''''.

-""
3 

•1.
'ir.

- 
.:,,

.,,,
. 

,,.
.:-

 
I ...

 : ..
 :. 

.i.
...

. 
;,-;

 . ..
.. 

'' i 	1
. 

1:
' 

Fi
l': 

1,-'
-'1,1

 
:IP

. 
„i.

• 
t 	1

., 

IT
. 

!. 	
I' ;it
!. 

;:t
t, 

':.1
: 

!..
.. 

"3
: 

'Il
l 

;Ii
i, 

Il
l 

ill
! 

II"
. 

::.
t..

...
...

.: 

,;"
 

'';
'''

' 
t1;• T''' t'1

•"
" 

::
;.
..
;.
.-.

..j
...

...
.,_

••
 

I'.I
.....

.:.  • ," 

t-  
'- 	

:- 	
, 

' 	.
' 	

t--
' 	

i 	
• 	;

 	; 	
" 

' 	
, 	
„
 	!,

 	1
- 1

-, 	
"I: 

- 	I
- 	1

 	 i
 	'
-;

 	;
 	1

-, 	
. 

'11
' 	i
 	

.. 	
-.

!'"
,"

 	.
 	I
 

'..
r..

.: 	
P.: 	
..-

, 	
...

I.:
1 

._ 	
. 	 .

. 	• 	
• 

, 	.
4..

.! 	
... 	

. 	
. 	.

 

, 	• 	
,.,

•: 
, 	, 	

, 	 ,
:,
 	 H

 
• ,

!;-
!•,

:"
 

' 	• 	
• 	1

,'1
. 

.; 	I
 	

..t!
 ir

. 
I 	i.

'": 	
: 	'
til

l: 
• .

..
. 	4 	

. :
, 

t 	• 	
. 	t 	

t 	t 	
t i

. 

IN 
! 	

I 	
1 	

. 	
! 	 1

 
T 	
i- 	

r •
r•I

T 	
•••; 	

i 
... 	
ii- 	

1 	
11-

1.
1 	

..I
 	1

:1, • 
i-

-j-
 	t 	

1- 	
t- 	

-1- 	
=-;

 
.• 	

' 	
1 	

:1
" 	

...
i.t  

. 	
,_._ 	

... 
• -

 --
, 	 1

-1
 	, 	

:- 
i •

 :.
 L

H
:Il

i -J:
4 

I 	I
 	11

1:1
 

1;1
. .1

 i•
I 

1 
r t.

 1,1
-  

1  
= 	=

 	,,-
, 	.. 

II
 	:L

ri:
1•1

1 
; 	.

 	t 	
,..: 

1 ;
.1 
i .i.

:*:c ;
1 t 	 '
' 

1,
9 

it, 
= 

l, 	 , 	
• 	, 

i 	1 	;
 

rt i ii
 

.;•-
•• 

41
 , rIl

lii;
 

Iii
iil

 
tr

ii,
 1  

;H
AI

!  
, 	

1 
tio

t ;;;7
1-

1. 1
%

i;1
-1H .

-1 
itt

li:1
14 '
il
 

4I. 1
::11

!• 

ti'
. 	 'T

 
: 	'

`.*
. 

, 	, 
:01

,1: 

I 	i.1
1 

I 	 I
t!

 
1r,

 	;
 

t:
 

...
. 

, 	 ;
; I 

1 '., 	
I 

_I 	
I  

li 

{ , 
t• 	

:',
11t

 

ll'
i 

11
' 

id:
, 

1;
li 

11
';',  ni
; 'i.

, 

';',
 

::::.
• '1.1
 

ili:
 •• i.,..
..1.

. 

....
 I ..:11:
 

..,
. tri;
 

• ;••
 

;I
I;

r
: 

-1
'::-

• 
•:.

:.:
1 	

17
: 	1

-1 
• -

"-
• 	

, 	'
 	. 

, 	
:
.:

•
•
:
!
.:

 	
•, 	

:
 	

•, 

•'
 	,
 	4 	

' 	' 	
',-•

 
i 	i
 	; 	
. 

	.,
 . 

J-4
1-.

.1.
:•,

.. 
• •

-••
• .

.. 	•
 	. 

• 
", 	
I

', 	
,.'

..;
  
:t  '; " '

H
.' 

"1
1:

:- ''..
., 

. 	..
...

 
: .

.. 
„ 

. 	,
 	4

' 
. .. .. 

1, ...
.... 

..•
 	•

,. 
::::

::',.
.• 

:::
j.•,,

•• 

	

4I
 	-

 

	

. 	i
 	,.

 

	

: 	-
. 

•--
- 

i 	l
',1

. 
:-....

 
Hy

. 
:::

: 
4:

,. 

l'.
1 ...,
'• 

Ii.'
. 

-.•.•
.: 

•••
• .:'..

. 
ti..

. ,..
 

1'.'
'. •..
. -3.:

' 

' 

c 'I 	.
1-3

- 	
, 	i
 

- 	
• 	•

 
7i. 	

: 	
i 	-

, 
t.

_T:
 3 	

• 	
"
 - • : .: 

' 	' i 
13  I 
	• • • ' 	'
•
I.

: 
L

.,
. 

	

.j-
 	.

 

• 1 	
:• 

:•l
ti..

' 
• . 

II,
- 

"
-1

.-• 
11

::::
•.; 

:,'
33

",
l.
l!
 

...
%

. 	' 
'It

.t.
t.,

 
“t.•

• 	"
t  , 

• .
 

.1
..

 
I 	,

:1,
 

.1
: 

•,-.
:', ...
 

::"
: 

::
: 

, ! 

. ....
 '' 

T: 
• 

1-
'-;

-  IT
 . 

-II 	
1 

,. 	
, 
	

_ 	
-.1

1'
,-  

• 
•% 	

t 	:
I-

. 	
% 	I.

 	•• 	
i% 

1 	
!. 	

,..
. 	;

 	.
 	;. 	

; 
; 	

4 	
• 

1:1
-- 	-

! 	.
 	1

 	lt
 	t 	

4 

:,
 	 i
I

it
t . 

1 
	

. 1 	
. •..

. 
I 	
;I
I 	.

 	; 
.. 

, 
.1 1

 	!F
:".,

-',-
.:!; 

 
.
!f•4

6
,V

 
,4

,,  
1.

. 	I
t:
: 

r ...
".

.•
,,.

.r
.,.

 
IiT

ii:i
u!

..,
;;',;.

;',...
...i 

Iii
if3,1

!.. 
4

.
4
1
1
.1

1
i 

11.
t.0

! ti
ll
 

t..1-
.•  

....
.: i -41. 

...
, 

7. 	
• 

tr 	
5, 

..
.,
 

'..' 	
4  • ...

; 
:i•

• 
.
!
 

"P
: 

ll:
t

.:::
 

."
 

!II
: 

-,
,,.

. ., 	.
 

r•/
' •'..:.
; 

' 	
•_

t 	
' 	•

 	.I
 	:
 

- 	
: 	

t 	.
t-

: 	I
. 	, 	

. 
13

1.-1
 	1
.,,
li 	

I., 
3j

- 	:
-.t

. 	:
.•.

• 

._
::.

.; 
...

. 	.
..
..
. 

". 	;
 	',..

., 	,
 	.. 

"-
 -

 -
 

	

  
 l
i ::
 

i 
:I

L 
 

: , .V
.: 

• • I:
 

3 
. 

:::
 • 

41 
it 

I 	
' 

. 	
I 

..
 

. 	
t:

 
. 

1 	
.. 

I. 	
-::

 
, 	
,
 

. .1 ...
.I.

 
.. 11 

...
..

'''..
1 

-
 	:

 ;
I:

: i 

...
1 ,..
 

it:
', 

.. I.I
 . F•;
 

' 
, 	

; 	
1 	

:.--
-1.

i. 
-1, 	- 	
r 	

!,-.-
i--

,; 	
:. 	;

 	,.
- 

• 
• 	
r 

--
"-

 •
 

I 	-
I 	

1 	
•••••

 	!
 	I
:. 

...
. .

.. 	
; 	 . 	

, 
I 	:

II 	
• 	:
::
ll
 

1 	 ,
,,•

:,•
•••

•: 
• ..

.• 	I
 	t•

rt.
: 

1:
1:

-.t
tri

. ,..
..•

...
. 

:-
...:

1" 
4i1

i-;:
• 

•11
•••

•• 
; 	

't't
  

, 	
. 

" 	
/it.

  
••• 	

- 
••• 

1.4
.,-1

 • '• 
•••4
:.  

-:.!-
!..

tIl
l 

•••
•• •; 	
, 

..; 	
4 

2: 	
• 

'...
 

..•
 

t-1:
.• 

-,..•-• ••:
 • : :::

 
..1

 t 

1--r
.1=

1 :i
-.1

-":
 

• 
-41

 
 
-
  . 

, 	..
. .

.1
 

i.
:.

i:
::

 
•••,

-11
.,:: 

...1
21-

1,.•
 • :

: . t
z• 

•
 

: 
I.:

 
; 	

i 
5 

4 
: 

. 
I 

	
- 	

I-
A 

-  
I.
. 

•1
•  

.•
 I

 	 I
 

1_1_
,••

,ii••
!...

•• . 	
 

I 

1 	
, 

I tz  
, 	

. 
. 

• 
3 	I
: - 	

, 
4 ...

;•• 	
. 	 '

..;
 	..,

 	 1
.1-

 

	

I 	
!
 

	

t -i
i 	

...
II:

 
. „ 

:1
,

1:
 ::

.•,
,..

,,,
„..

 T
  eT

tt
 

I
.  I. 4  

44
 

.I
! 

. r
 •:i 

 
:4

: 
• it

 ---I
 	It

 7;
•:1

 	I 
.1.

1 	1
 

'::
:-

:"
 

• 
1--

•••
••-

t--
..•

•:
-:-:

 :1
.• i

'.
' ..

;
',
,
 

-:-
,••

• 	•
 	••

:: 
'.

'"
4
:".

• 

••
:::

:::
: -

.
1
,
,

,  

::-.
1”.

... 
•;
:

11
 

:IL
: 

','
,!

, 

,4
;..

.1
 

;
I
"

, ' ''
.;

',
 

::::
: , •"-

 
I 	

:•
,- 	

-V
., 	

:.,,
-.:

-: 
_..

-', 	
: 	
: 	

• 	I
: 	:

 
	

 4,
 

• 
;:

 	•.•
 

•; 	
,,.

,..
. 

t;,
. -H

..,
 

;•,..
. . ;

iv. 
: 	:

:: tit
••

 
:::

:, 
1-,•

 
::.

; ••,•
 

:1:
 

••• 
1:

-i 	
L-

-t-
t-i

T:
 

- 	
I -
i 	

1 	
1: 

i-  :
 	!
! 

t ,',
-;

;:i
!i;

 
: 	i
 	

...-'
• 	'J

r 
; 	

• 	
_.' -,•,

‘.,;•
•s.1

4;1
1,,,

,,g
'. 

: 
f:'

:!i
t:;

: 
: 	.

... 
',:.

!t.
4.. 

';;
;. . 	
t 

to
. 

1.•
 

P.:
 

,, 
"•

,:
::

:,
 

..
“ ,i,-

,  ,
,i• 

' 	
1-

-1
--;

 71
.-j

. t.
-17

-1.
:::

 
..

 	'.
.:.

::
 

, 	;
 	.
..

 	I
. 

Id
 

.._
 

.4.4
:::

!:. .
...

1 
i• 	

.14  
..;

 	 I
 

il
 '!••

• 
.1;

 
: 	

: 	
• 

--
: 	
! 	
! 

, 	
' 	

1 
' 	

 
' 	'
 	t 	

' 	 '
 

•
 •'

 
I 

 
	.

..
..

 	-
 

.
_l

i 
- 4

- 	
'. 	

I. 	
i..-

1-
:•;
.:

-I
 

ti 
• 

.:,
..j-

I V
4.1

-:-
. 

 
. 

	..
,t 

r..
,1

41
1.

: ;
11

4'4
1:
 

!..
..i

. 
,;,

., 
 

il
l It

  
4. 	

r• 
ti
 	 i
 

4 	
.1

 

..
 

II
::

 
. 

V.
 •

 
.. ..
i•  

••
 

_ 	
._.

i71
-.-

; 
H.

 r.-
t-

1.-_-
_,;1

7.1
.-1

::. 
11

-p
-f

lit
 

., 	.
r... 	
I 	I

- 	t
_t t

 tin
:Ii

ii 
.11

,i
 	! 	

. til
lt:

r; 	
1 t

iT 
t 	,

it 
1.!_

•,-1
. 

4.
  

-t.? 
,, 	

• 
, 

;.„
 !:!

. 

	

i
 
	

. 

	

I
.-  
i 	
.0

-'1
.
 	
:.

- 
I 	
i
 	
• 

.-
 	
i

t:
 
	
i
i
i
 
.
.
 

 
	
"
 	
iii

 ill
 :i,

!i,1
1 

'.t 

 ,
t2

 	i7
-1 	

,-
i-:

 	:
 	. 

. 
iiii

i:::
. 

•:11
-.: 

iii
i i

:i*:
: 

. 	
t 	

t---
,-.- 	
, 	

:,-
 	
. 

± 	,
:- 	

: 
,,il

l'4
,  

:i
l 	
Il
li 	

ili
i, 

iii
i 

:-
In

ir'
it 	

..! 	
i 	1

 	!
 

' 	1
 	I 	

1 
ii, 

il i
 

i 
' 	•

 -:
 1

3;'
 

:::
, :

1i:
 

:,..
., '

:: 	
••• 

::,,
L,,

..• 
'''--

- t'
ril

i_
 	t.

13
  i • 

1-.-1
-  

, 	
1 	 '

, 	
- 	

• 	.
... 

--1.
;-.-13

.11
.,•-1

4-;
 -4

1•1
11.

iii.! 
••••

,. 	;
 

i
  

:11
1t:,

`,1 	
ili-

1. 
•x., 	

-.1 
... 	

,••
•,, 

II
 . 1
iti

 
•. 	
: ji

i:i .... 
- 	•

 	• 
1--

i- 	
•' 	

!• 	
: 	1

 	'
 	f 

; i
i:'

 14
  •-

tr:
Ilt

iIf
ft 

19
11i

1 
I 	

41-1
1.?

i-i
iii

 :I
li .

-2;::
=7.

1-•
 	f

r7
!-i

f -
I 

; 	I
 	:
:4

.1
; 

1-'
•i

 
H

::
 

1.i
'' 

'4i
n: 	

...:'.
. 

1--.-
i'-
fl

-t.. 	
t-4

t-  
• -•

 ...
 • t

 •1
1 

-Il
l'
if
il
l 

tfr
ial

tit.
 !I

llil
li: 	

1!,
 4 

I! 

N
 

U
. 

L
. 

L
. L
. 

L.r
 

C
 

U
l 

0
 p
,̀  

70
 

z
 

LO
G 

3 C
YC

LE
S X

 S 
CY

CL
ES

 
4

 .
1

3
 	

A
  

y
 

•
 

6
 r

o
 

9
0

.
1

-
x
(
)
G

o
a
 
•
 

N
.
e
 
•

o
 

r••
•)
 	

rs
.)

 
	

 

--
 0

 J
D

 C
O

 	
•
 

U
l 

rtt
. 

PR
itip

cif
irrL

2- G
RA

PH
 S

HE
ET

 N
o S

i35
 

(.
0

 0
0

 -
I 

ts•
 

IN
. 

0
4

 e
V

 
c
,4

 
1,3

 



-L_ _1-- • -,- 

• _ -r -r ••- 	• 
::.-i,... 

iri ,_i __.€±1--_: ' -,-- 

	

i ;II iT.?" I' :-I.-: 	i'....-.i fiti. 	..H,7z.,-ii.7:,-'. - f -  -i-I1-- 	 .7 --. t- '-4---.7,-r-t---'- 
".! t,I'fi 	i-.!--_-?17rv. : 	••. ',. ,_.t'y 

.,tt•ti.t.,.. 	ii-I-i '!•--H zi:', -... 
i..4,I•  '. . •  	.. 	• :. I. 	:,.:. : ''. 1 	

. 	- 	-. 	- -_. 
• :• :::i . ...., - 	

. 	, , 
. 	. 	, 	. 	. 

; 	 I:::: 	. 	.. • t - . : • 	- 
-,--1.:4-:-:-: -:. : 	. ........ ,...._ 
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Fig.21. Ty pical tube arrangements. 
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