
r ~~
— - —

AD — A 0 3 6 759 NAVAL POSTSRAOUATE SCHOOL MONTEREY CALIF ,,
~THE FINITE CLEMENT METHOD APPLIED TO FLOWS IN TURB OMACH INE 5 . (U )  I

DCC 76 V F SAfl TO I.
UNCLASSIFIED

~U~~fl 
_ _  

1
•
_ _  

_:~ fl[9
:. pr t!~” !!.. : _____  __ 

I

U_
_ 

I I
JU iuS

_ j~I’T~’ 1 IE~!II U
I I



‘ •~~~

LI
___________________ I 8

.25 6



NAVA L POSTGR ADUATE SCHOO L
cx:’ Montere y, Califor nia

/

THESIS
THE FIN ITE EL EME NT ME THO D APPLIED TO FLOWS IN

TUR~OMACH TN ES

by

Valentin Francisco Gavito , Jr.

December 1976

Thesis Advisor: D.J. Collins

Approved for public release; distribution unlimited.

i I~~ . ! ..
t~~~~~~ .

~~~~~ ~~~~~~~



SE CUmiTY CLA SSI P ICAT I O N OF TNIS P4G t (V~,.s D.l.j.i~sr.d)

BEPO~
1, 

~~~~~~~ 
A .rI~~~1 

READ 1NSTRUCT ~ON S
W’.” l~ I ~~ I ~~~ BEFORE COMPLETING FORM

1. ~ t IO~~T NUMI(~ 2. GOVT ACCEU ON NO 1. ~ tC Iø i INt $  C A T A L O G  NUMSE~~

4. TITL E (.,~~S~ièUU.) TYPE OF •EPO~~T e  P E M OD  COvE~~EO

• The Fini te  Element Method Applied .To F1ows~~n 
~~~~~ er ’s Thesi~~ December

Turbomachines , S. ~~~~~~~~~~~~ ORG. ~ EPONT NUM• C~

7. A UTN O~~(.) S. CONT~~ACY O* G~~A MT NUMSE~ (.J

/‘
~ 

) Valentin FranciscoJGavito, J~,

0. PE~~POmMlNG O~~G~~NIZA ?lON NAM E AND A0O~~IS$ IS. PNOO~~A M C L EM ENT , P.OJCCr , t * s x
ASIA S lO~~K UNIT NUM SI*S

Naval Postgraduate School
Mont erey,  California 93940

II . CONTROLL ING OFFICE N A M E  A N D  ADDRE SS ia. •CPORT DATE

/ / )Dec~~~~~ ~~ 76 ”a
Naval Pos tgraduate School 

______

Monterey, California 93940 ~~~~~~~~~~~~~~~~ PA GES

13. MONITORING AG ENCY NAME S AOORESS(It ~~f l•r~~it hu~~ Contr.iJfti ~ OIVIC.) 1$. SECURITY CLASS. (oS h~a

Unclassified

Ia. OIC LA SSIFI CAT IO N/OOW NG RA OING
SCM £ DU L C

15. DISTRISUTION STAT EMENT (.1 Ma R.p.rt)

Approved for public release;dis tribution unlimited.

Il. DISTRISUTION STATEMENT (.1 A• Ma r s1 ~~I.red I~ I~.ik 30, iS dfff.e.w S,~~ R.p.vf)

II. SUPPLEMEN TA RY NOTES

IL KEY SORDI ~~~~~~~~~ ~~~~~~ ~~~~ 41 A~~ • • V  ~~d I~~~~ 4~~~ ~y W .*  ~~~~S i )

Finite Element Method
Turbomachines

30. A~~STRACT (C.UMIN SI leV SI aS~~ IS ,i ~~i p  d l~s.Ni& I, SSSII

~The finite element method is applied to the two-dimens ional , inviscid ,
compressible radial equilibrium equation for axial compressors . Isopara-
metric elements are used along with three-point Gaussian integration for
stiffness matrix evaluation . The radial equilibrium equation is put into
quasi-harmonic form for stream function formulation and results are pre-
sented using an isentropic flow assumption . Axial velocity profiles at
rotor and stator blade edges are compared with published performanc e data — -.

DO 
~~~~~~~ 

1473 £01 TIOM OF I NOV 01 IS OPICI ITE

( Page 1 S/N 0102 014- 040 1 
SECURITY CLASSIFICAtION OF tall PASt ~~~~~ ~~~

. 
~~~~~~~~

‘1 
~~~~~~~~~~- . . -- •)



.4

5~. CU I I Y V  C L A S S I F I C & ? I O N  OF Y~ i IS • IOt(Wh .., flai~

.~~ of the NASA Task-I stage transonic compressor and with numerical f i n i t e
element results of Hirsch and Warzee.

DO Forr~,,~ 1473

~1 o1%2~ )14 66O1 St~~u a IT Y  C LA $ $ I I IC A ~~ lON OF I W I S  F&OIrWIl..’ Oat.



THE FINITE ELEMENT METHOD APPLIED TO FLOWS IN
~(JRBO~ AC HIN ES

by

Valentin ?rancisco Gavito , Jr.
Lieutenant , United States Navy

B.S.M.E.,Southern Methodist Universlty, 1970

Submitted in partial fulfillment of the
• requirements for the degree of

MASTER OF S C I E N C E  IN A E R O N A U T I C A L  E N G I N E E R I N G

from the
N A V A L  P O S T G R A D U A T E SCHOOL

December  1976

A u t h o r :  

~~~~~~~~
A pp roved by: 

_ _  

• 

- - --
~ecoñ~ 1T~ a~ er

a r ~~~~~~~~~~~~~~~~~~~~~~~~~

----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~sean 0! science an~ ~ngi n eeriri g

H 
.,



ABS T RACT

The finite element method is applied to ~he
two—dimensional , inviscid , compressible radial

equilibrium equation for axial cospressors .

Isoparanie t r ic  e lements  a re  used a l o n g  w i t h  t h r e e — D o i n t
Gaussian integration for stiffness matrix evaluation.

The radial  e gu i l &b r i u m  eq ’ia t ion  is p ’.it into

q u a s i — h a r m o n i c  fo rm f o r  strea m f u n c t i o n  f o r m u la t i o n
and resul ts  are p resen ted  us ing  an i s en t rop i c  f l o w
assumption. Axial velocity profiles at rotor and

s ta tor  blade edges a re  compared  w i t h  p u b l i s h ed
performance data of tu e NASA Task- i stage transonic

compressor and with numerical finite element results

of Hirsch and Warzee.
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I. INTRODUCTION

A. PROBLEM STATEMENT AND OBJECT IVE

The prediction of meridional flows within turbo tnachines ,

be they compressors or turbines , is a difficult but

impor tan t pa r~t of the design process. The difficulty arises

from the presence of three— dimensional and viscous effects

within all turbomachines and the importance arises from the

necessit y to design accurately and efficiently.

To simplify the problem of viscous, three—dimensional

ana ly sis, Wu E R e f . 1 ]  showed that this complicated flow may

be analyzed by solving two interrelated flows: on~ being the

blade—to—blade flow describing the flow betwe~ n rotating

blades and the other being the meridiona l through flow which

describes the rad ial equilibrium. These flows are depicted

in Fig 1. In addition , an inviscid and axi symmetric

assumption is made in the through—flow thereby simplifying

the flow to a two—dimensional , axi sy~ metric, inviscid , and

com pressible analysis.

T hree me thods may  be f o u n d i n cu r ren t repor ts re gar ding
the  so lu t ion  of t he  r ad i a l  e q u i l i b r i u m  e q u a t i o n .  The  f i r s t
two are the streamline curvature method [Ref.2 ,3,and 4] and

the matrix method [Ref.5 and 6] which is basically a finite

difference technique. The third , a rela ti v e l y  n ew m eth od , is
the finite element method. As shown by Hirsch and Warzee

[Ref. 7]’, th e solu tion of t h e rad ial equi l i b r ium eq ua t ion b y
the finite element method is achieved by arranging the

7



equation for the stream function in quasi—harmoni c form.

Due to the excellent results reported in Ref.7 and to

further the research effort for finite element techniques in

f l u i d flow p ro blem s, the purpose of thi.s thesis is two fofl.

Firstly ,  the goal was to formulate a computer program for

solution of the rad ial equilibrium equation paralleling the

steps as presented by Hirsch an~I Warzee . Secondly, after

sui tab le ver i f icat ion of com p u ter resul ts wi th those of
Hi rsch and W arz ee, the goal was to compare computer

predicted flows with measured performance data of the Naval

Post Graduate School’s transonic compressor.

The purpose of this paper is to present a report on the

results obtained thus far. In Section II, the derivation of

the radial equilibrium equation is presented followed by the

applica tion of the finite element method to this equation.

Section III d escribes the computer program in some detail.

Section IV contains selected test cases which were used in

program testing and checking. In Section V 1 conclusions are

present ed along with recommenda -.ions for further study and

work on the project. The appendices contain the progr am

listing along with a sample test case for reference by ~he

user. In additio n, a list of references is contained for

further reading on the subject of this paper.

8
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II. THEORY

A. THE DERIVATION OF THE RADIAL EQUILI3RIUM EQUATION

The following discussion is taken from Ref. 7 with

slight changes in notation. The basic turbomachine geometry

to be analyzed is depicted in Fig 2. Althou gh the machine

noted is one stage of a compresso r, a similar analysis to

the one that follows may be applied to other machines such

as axial turbines and mixed—flow machines .

One begins with the Euler equation assuming the viscous

forces to be neglig ible.

—,
+ 

~~~ Vp /f (II.A.1)

The continuity equation , assurning unsteady flow is,

.~i + 7(~V’)~ Q (II.A .2)

The First Law of thermodynamics in a fluid field

becomes,

Tvs vh - ~p/~ (II.A.3)

10
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Substituting equation (II.A.3) into equation (II.A. 1)

leads to the Crocco equation ,

—,
—,, —,

V s  (Vx v )  Tvs — vH (II.A.4)

where H is the total enthalpy .

Assuming a steady and adiabatic flow , the energy

equation becomes simp ly,

(~7.v~H=o  
(II.A.5)

which shows that along a streamline in a stationary system ,

the total enthal py is constant .

In a relative system , such as t h e  case in a r oto r b l ade

row , the total relative velocit7,W , can be expressei in ~he

followin .~ f o r m ,

—
., _., _, __-, _ ,

W~ V + <~~j  
-
~~ V + IL ( t . A . 6 )

-~~where w is the constant angular velocity and U is th~
constant periphera l speed of the relative system .

Now , the Crocco equation in a relative system becomes ,

~~~~ 
~~~~~~~

Parallel to equation (II.A .5) for the stationary system , the

energy equation , 3 ssuming steady and adiabatic (relative)

flow in a relative system , bec ome s

12



—.7 
(II.A.~3)(w .  

~~~
wh e r e  H

~~
is the  r e l a t iv e  t o t a l  e n t h a lp y  expresed  as fo l lows ,

H — 
(II.A.9)

2

From the following velocity diagram ,

U

7 
we

vrn , wtn
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equation (II.A.9) may be arranged as follows.

Since ,

(II.A. 10)

t hen ,

\411: ‘I~ 
.t- \/~

’ -2 U..\10 .F LC~ 
( I I . A . 1 I )

a n d ,

“~~~~~~
- \ ( +  1 k -  2l1~.V9 (II.A. 12)

Substituting equation (II.A .12) into equation (It.A .9)

leads to the following relation ,

2

~~ h + T t4.V9~ H- U ,~’t~ 
(II.A. 13)

E q u a t i o n  ( I I . A . 8 )  shows  t h a t  is c o n s t a n t  a long  a
streamline in a relative system.

Upon integrating equation (II.A.8) between tne rotor

inlet and outlet , the Euler equation for turboma chines is

f o u n d ,

ou.T

~ (~~9)j (II.A.14)
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It may be shown Ref .9] that by circumferentia lly

averaging equation (II.A .1), and under the au symmetric

f l o w  a s s u m p t i o n  t h e  f o l l o w i n g  r e l a t i o n  is va l id ,

-c~(v~~~~ T. vs -VW k F~ * t ~ (II.A . 15)

where  is th~ bod y f o r c e  of t h e  b lades  a c t i n g  on t h e  f l u !
and all variables are mean values along the  d ir e c t i o n  of t t~e
circumference. Hence equation (I .A.1 5) is ar . appr ox irna ti on

f o r  axi  s y m m e t r i c  f l o w .  As  a f i n a l  no te  on e q u a t i on
( I I . A .  15) , since t h e  v i s c o u s  f o r c e s  were  n e g l e c t e d  in
equation (II.A.1) , t h e re  m u s t  be a f o r c e  i n t r o d u c i n g  t h e
entropy variations along the blade. This force is

proportional to m e  pre s sur e loss co e f f i c i en t a n d i s l ab e l ed

F~ , t h e  d i s s i p a t i v e  fo rce .  Fd p roduces  w o r k  w h i c h  in t u r n
pro d uces entropy pro d uction radially along the blade. U n d e r
the  axi  symm et r i c  a ssumpt ion , e n t r o p y  v a r i e s  a x i a l l y  an d
radially only and is assumed to be proporti onal to the

pressure  loss c o e f f i c i e nt s  [ P e f .  2 a n d  8 ] .

Due to b o u n d a r y  c o n d i t i o n s  imposed  on the  p r o b l e m  and
t h e  au s y m m e t r i c  a s s u m p t i o n , c y l i n d r i c a l
coordina tes, (r,O,z) ,will be used in all subsequent analysis.

Therefore , equation (II.~~.15) , in cylindrical coordinates

and with axial symmetry is as follows ,

~~~~~~~~~ -~ v1)~
.
~ -T4~ — c -

~~r ( 1 1 . A . 1 6 )

+ ‘~~j~v8)~ Fe

15



\ V~ ~~ —~~ rV~~ ’4-~~V~j —  .
~-~(R\4~= ~ ~ - r~ ( I t . A . 1 8 )

It is import ant  to  n o t e  here  t h a t  u n d e r  t h e  ax i
s y m m etric assum pt ions , equation (II.A. 15) reduces to t ne
f o l l o w i n g,

V . 0 (I I . A . 19 )

L ikewi s e in a r e l a t i v e  s y s t e m  ( r o t o r )  , the a x i  sy m m e t r i c
a s s u m p t i o n  leads to the  f o l l o w i n g ,

\v F ( 11.1.23)

E q u a t i o n  ( I I . A . 1 6 )  descr ibes  t h e  m e r i d i o n a l t h r o u g h  f l o w
rad ia l e q u i l i b r i um  equa t ion  fo r  the  f i n i t e  e l e m e n t  m e t h o d .
Since one is conce rned  w i t h  t h e  m e r i d i o n a l p l a n e , t h e
f o l l o w i n g  d e r i v a ti v e  e x p re s s i o n  is t a k e n  f r o m  Fig  3.

( 11.1.2 1)
~~~~~~ ~~~~ ~ V~ ~~

Ther efo~ e equation (11.1.17) reduces to ,

p

~Fe - 

~~~~~~ ~~V9) ( 11.1.22)

w h i c h  reveals  t h a t  in  a duct  w h e r e  t h er e  a r e  no b l a d e s  and
therefore no blade forces , angular momentum is constant

16



along a streamline. In that case ,

(11.1.23)

As shown in Ref. , the circumferentially averaged

continuity equation is the following,

+ ( 11 .1 .24 )

where  b is the  b lockage  f ac t o r  d e f i n ed  by Hirsch a n d  Warzee

as t he  t a n ge n t ia l area r e d u c t i o n  due  to the  t h i ck ne s s  of t h e

bl ade.

~ (11.1.25)

where t is blade t h i c k n e s s  a n d  s is blade spacing.

17
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One further step in the formulation of the radial

equ i l i b r ium equa t ion  f o r  so lu t ion  by t h e  f i n i t e  e lement
method  involves  i n t r o d u c i n g  the s t r e a m  f u n c t i o n .  In
cylindrical coordinates, the stream functions are defined as

fol lows ,

— ..L 
~E?:.±’

‘

~~~

-

____ (II.A.27)
—

S u b s t i t u t i n g  these express ions  i nt o  e q u a t i o n  ~‘1I.A. 16)
the equation becomes,

~ 1J
_

~~ ~. / i  3~l-\ i (~ct ~.s
~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ (11.1.2 8)

The right hand side of equation (II.A.28) is applicable

to the  absol ute f l o w s  in the stator and duct regions. For

r e l a t i ve  f lows  such as those in the rotor , the right h a n d

side is m od i f i ed  b y  r e p l a c i n g  t h e  t o t a l  en t h a l p y ,~~, b y the

relative total enthalpy, H~~, and the quantity ie/R is

replaced by We/R .

As a last a s s u m p t i o n  in t h e  f o r m u l a t i o n  of t h e  g o v e r n i n g
r e l a t i on  for the  m e r i d i o n a l t h r o u g h f l o w  r ad i a l  ? q u i l i b r i u m
equ a t i o n , both t h e  r a d i a l  c o m p o n e n t  of t h e  body  fo rce , F~
a n d  t he  radial  com ponent  of the  d i s s i p a t i v e  f or c e ,Fd , are
neg lec ted .  This a s s u m p t i o n , [ R e f . 1 , 8 ]  does not h a r o e r  t h e
accuracy of t he  resul ts  f o r  c o n d i t i o n s  a t  d e s i g n  speed .
Even though publ ished compressor per formance  d a t a  used for

19



the test  case in t h i s  thes i s  was  o b t a i n e d  at 3 . 5  design
speed , these force  t e rms  w e r e  also neglected in the computer

program. As will be shown later , this assumption could

possibly have had adverse effects on the predicted axial

veloci ty  p r o f i l e s at the  ro to r  hub  and  t i p  regions .

The final representation of the meridional radial

equilibrium equation to be solved by the finite element

met hod is as follows ,

~~~~~~~~ ~~~~~~ ~ 
(11.1.29)

w h e r e ,

k~ (11.1.3 0)

and

~~~~~~~ 

~~ 
(11.1.31)

B. THE F I N I T E  E L E M E N T  ~1ET ~~OD APPLIE D TO THE RA D I A L

E Q U I L I B R I U M  EQUA T I O N

In order  to f o r m u l a t e  e q u a t i o n s  ( 11.1.29) t h r o u g h
(I I .~~. 3 1 )  in m a t r i x  f o r m  f o r  so lu t ion  by the f i n i t e  e l ement
me thod , one must  a p p l y  a w e i g h t e d  r e s i d u a l  t e c h n i q u e  to  the
e q u a t i o n s  for  n u m e r i c a l so lu t i on .  The w e i g h t e d  r e s i d u a l
m e t h o d  used here is the  ~a l e rk i n ’s Met h od .  The f o l l o w i n g
discussion is t a k e n  f r o m  R e f .  7 w i t h  only  s l igh t  c h a n g e s  in
n o t a t i o n .

Rewr iting equation (11.1.29) and dividing throug n by R ,

one has ,

20



( I I .  B. 1)

4~~~)+ ~~ K~~ )÷~~
w h e r e  t h i s  equa t ion  r ep resen t s  the f l o w  in  the v o lu m e , V.

The boundarj ~~w 1ition for this partial differential

equa t ion , a f t e:  i : v i di n g  t h r o u g h  by R , is ,

+
~~~ =0 (II.B.2)

where  t h i s  egu a t i o~ s lves  t h e  f l o w  on the closed boun dary

of the  v o l u m e ,or ,S.

By applying the weighted residual process to equations

( 11.3 .1) and  ( I I . B . 2 )  and  us ing  an  a r b i t r a r y  w e i g h t i n g
f u n c t i o n , W (r , z) , one has

(~~)ç~~ V ~ -0 (11.3.3)

where r and r are the volume and surface residuals
~~~~

r e s p e c t i v e l y ,  or ,

- + 
~~~ 

(I I .B .~~)

~~~ 

~~~~~
, ( I I . B . 5 )

If t h e  so lu t ion  to e g i at i o n  ( I I .B . 1)  was  exact , bot h r
a n d  w o u l d  be equal  to zero.

In order to clarify the boundary condition , equation

(11.5.2) , one may  a n a l y z e  t h e  e qu a t i on  as follows.

21



On the  su r f ace ,S , w h e r e  is specified ,

(II.B.6)

and ,

“4 
y (II. 3.7)

Si m i l a r l y ,  on the surface , 4h e re~~~ ?O ,S~~, w h e r e

( 1 1 . 3 . 3 )

o u~s
4 (11.3.9)

Due to the  axi  s y mm e t r i c  a s s u m p t i o n , the  f i na l  e q u a t i n
w i l l  not  invol ve d V and dS b u t  t h e  i n t e r s e c t i o n  of 3V and iS
w i t h  t h e  mer id iona l plane .  T h e r e f o r e , one m u s t  t r a n s f o r m  t se
v o l u m e  i n t e g r a l , dV , to a s u r f a c e  i n t e g r a l  and  t h e  s u r f a c e
i n teg r al ,dS , to a l ine i n t e g r a l .

H e n c e , let ,

dJ7. = i n t e r s ec t i on  of d V  and  m e r i d i o n a l  p l a n e

C. = i n t e r se c t i o n  of iS and  m e r i d i o n a l  p l an e

and ,

With this transfor ma tion , one may rewrite equation

22



(11.3. 3) as f o l l o w s ,

~~~~~~~ ~~jz~JQ ÷

0 
(11.8.10)

wher e on the con tour ,

One must  n o w  i n t e g r a t e  t h e  f i r s t  t e r m  in eq u a t i o n
( 11.3.10) by par ts  to o b t a i n  the f o l l o wi n g ,

cw~~ ~
-

( 11.3.11)

~~r~4~ W 
~~~~~~~~~~~~~~~~~~~

.t).

Inspecting the first term in equation (11.3.11) , one may

use the following integraL theoreai to simplify further

(11.3.12)

Rewritin g equation (11.3.11) ,gives ,

~ ~ n~dC- 
~~~ ~

. à.4’ ~~
~~~~~~~~~ ~~~~~~~(11.5.13)C C.

~~ 2m~1CzQJc
F i n a l l y ,  s ince

+ (II.B.1~4)

equation (11.3.13) reduces to the following,
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K(~~~ + (11.8.15)

One now has the final equatio n in the form for use by

the weighted residual method using any arbitrary weighting

f u n c tion , W(r ,z). As noted previously, the ‘ alerkin ’s

Method will be used here which implies that the weighting

functions are the same functions used in apDroxim ating the

stream function ,

Before applying the finite elemen t method , one must

discre t ize  t h e  c o n t i n u u m  a n d  t h e n  a p p r o x i m a t e  the  u n k n o w n
f u n c t i o n  ~~~~~ , by a set of p o l y n o m i a l s .  For th is  p a r t i c u lar
p r o b l e m , e igh t— nod ed i s o — p a r am e t r i c  e l e m e n t s  were  chosen  f o r
discre ti za t ion , see Fig 4 , a n d  t he  f o l l o w i n g  a p p r o x i m a t i n g
functions were used.

( 11.3 .16)

w h ere ,

= s h a p e  functions

= v al u e of ~~ at t h e  no de

= v a l u e  of ~4) at any arbitra ry

location within the element. The shape functions ,N~ , used

here  a r e  de f ined  by t h e  f o l l o w i n g  r e l a t i o n s  as s h o w n  in
Ref. 10~
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+ #~~ )(‘÷ 
~~~~ 

-

~ ~~~~~~~~~~~~ (11.3.17)

~~~~~~~~~~~~ ~~~~~+ 9 O ~~)
where the following coordinate transformations are used ,

( 11.8 .13)

~~~~~
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Figure 4 - ISOPAEANE TRIC QUADR ILATERA L E LE~~ NT
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At this point , one is rea1y to apply th€ Galer kin ~~thod

to equation (11.3. 15) by substituting euuation ( 1 1 .2 .  1~~) for

the unknow n function~~ , a n d  f o r  th ~ w~~i~;h~ f~~n c~~ion , ~~,

which y ields ,

cK~~~~~~~~~~~+ ~~~~~~~ cIJZ. Q .3.1~~

This integration yields t h e  f o l l o w i n g  s y st e m  of
equations w nich is solved for the un~~ own nodai~~ ,

1 (11.8.20)

where ,

~~ f i~ ~~~ r i ~ ~~~
‘
~~~~ dJ L  ( 1 I . B . 2 1 )

and , :

( 11 .8.22)

ifl addition since both the ‘stiffness matrix ’,~~, and the

right hand side vector , [ F ] ,  ar~ f unc t ion s of ~ , the system

as defined by equations (11.3.20) through (11.3.21) must be

solved i t e r a t i v ely .

At this point one has the total finite element

formula ~~ion of the radia l equilibrium equation as defined by

equations (II. B.1 ~) and (II.B .20) . The problems which

remain to be clarified are basically two fold. Firstly one

2~



must  e v a l u a t e  the integrals in equations (11.3.19) and

( 11.5 .2)  by  n um e r i c a l  m e t h o d s , and secondly, 4h~ solution

procedu re  f o r  t h e  n o n — l i n e a r i t y  mus t  be formulat ed . In. Part

C, both of t h ese f in al st ep s a r e  presented.

C. NUMERICAL INTEGRATION OF STIFFNESS MATRIX AND 3OLUTION

PROCEDURE

1. N u m e r i c a l  in t e gr a t i on  2~ ~~~~

As noted fri Section 11.8 , ev a l u a t i o n  of e q u a t i o n
(II.B.21) must be perf orm ed numerically. In add ition , one

realizes that the derivative ex~ ressions enclosed within the

i n t e r v a l  mus t  b e e v a l u a t e d  by a c o o r d i n a t e  t r a n s f o r m a t i o n .
This  is done in t h e  f o l l o w i n g  w a y ,

Since ,

(1I.C. 1)

~~~~~~

then ,

(II. C. 2)

+

~~~ ~~~~~~~~
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and in m a t r i x  f o r m ,

.~r

I I (II.C.3)

Furthermore , defining the Jacobian matrix as,

= 1 1 ( I I . C .4 )

t h e n by d i v i d i ng  b oth  s ides  of e q u a t i o n  (I I .~~. 3) b y J , one

has  t he  f o l l o w i n g  t r a n s f o r m a t i o n ,

.~~~L

(T I . C . 5 )

In add i t io n , it h a s bee n sh o w n [Ref .9~ tha t

d r  ( I I . C . 6 )

N o w , w i t h  e q u a t i o n s  ( I I . C . 5 )  a n d  ( I I . C . 6 )  , eq uation

(11.5.21) becomes the following,
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~~~ tt~ ~~~~~~~~~~~~~~~~
Equation (II. C .7) is best integrated using the

G a u s s - L e g e n d r e  i n t e g r a t i o n  m e t h o d  since it is of the

f ol l o w i n g f o rm ,

(II.C.B)

or finally, [Ref.10],

~ ~~~ ~(j~ ,~~~~~~~~~~~~~ (II.C.~~)

where A an d  B. a r e  c o e f f i c i e n t s  (Fi g 5) for both two an d

three point Gaussian Quadr ature.

At this point , one has the tools to calculate all

the elements of the stiffness natrix . In like ~ianner , t h e
right hand sid e vect or , f , is calcualted by numerical

integration.
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NUMBER OF
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+ #  - 4 - 3 .
POINTS -~~~ -
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0 .774 59 66692 0 .55555 55555
3

0.00000 00000 0.88888 88888

Figure 5 - GAUSS IAN INTEGRATION POINTS
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2. S o l u t i o n  ~~ocedure

The following is a synopsis of the basic solution

process. Specific details concerning equations and methods

of compute r coding are covered in the proceeding section.

The proceeding is meant to give the reader a preview of the

so lu t i on  process .

a. Discretization

I n i t i a l l y  the  m a c h i n e  u n d e r  a n a l y s i s  is
discretized into eight-node iso—paramet ric elements. T h e

axial calculation stations are placed arbitrarily in the

duct regions and along blide edges and centers for the rotor

and stator as shown in Fi g 6. At this point the system

t opo logy  and  nodal  c o o r d in at e s  a r e  specified.

b. Initialization

To begin the iteration process , one must assume

an initial internal stream function , velocity, and density

distr ibution. In the program , the initial internal stream

function was assumed to be that of the outer boundary

throughout while the velocity and density distr ibuti on ~as

assu~eI to be that of t h e  i n l e t .

32



-~ 
.. , .~ ‘0 —

~

~1
- -

~ -~ ~

;\

4

”.

~

- s

I______

11 - —
~

Fi g u r e  6 — C O M P R E S S O R  DI SC L~E T I Z A T I J N

33



c. Calcula t ion of th ermo d y n a m i c  vari ab les

Befo re c a l c u l a t i n g  the  r i g h t — h a n d  s ide  vector , f

, one must obtain distributions of angular momentum ,

enthal py, and entropy. This is done by first calculating

the thermodynamic variables at the inlet axial station from

the given inlet conditions. In order to proceed axially

t h r o u g h  the  m a c h i n e  to c a l c u l a t e  t h e  nodal  a n g u l a r  m o m e n t u m ,
enthalpy, and entropy, the following three equations derived

in Sect ion III  are used.

C~T = con stant along a stator streamline

= c o n s t a n t  a l o n g  a rotor streamline

~rV e = const ant along a duct streamline

An example of this calculation procedure for the duct regi,n

is shown graphically in Fig 7.
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In th is f i gu r e , the angular momentum at point X

is equal to the angu lar m omentum at point 1. e!ore form ally,

(rV9) 
~~~~~~~~~~ 

(~V9~ 
(II.C.2.1)

Since t h e  p r e v i o u s  a x i a l  s t a t i o n ’s t h e r m o d y n a m i c
variables are know n, one rust now find the values of if and

a t po in t  Y. Th i s  is done  i t e r a t i v e l y  in t h e  f o l l ow ~ n o

wa y .  S ince

~~~~~~ ~(~= 
~~~~~ 

(~~~j~~~~)~~~~~ (II.C.2.2)

and along the left side of the element ,

~~ — i  (II.C.2.3)

then equation (II.C. 2.2) ma y be solved for by .a suitable

i t e r a t i o n  m et h o d .  As will be shown in the next section , a

half—int erval method was used to obtain the unknown

Once is known , then equation (II.C.2.1) is solvel fo r

the angular momentum at point X. The rotor and stator ar~
handled in a similar fashion. In addition , the rotor and

stator deviate t h e  flow creating a three—dimensional flow

f i e l d  b e t w e e n t h e  blades in the  r e s p e c t i v e  b l a d - ~ r o w .  Low
speed cascade c o r r e l a t i o n  d a t a  R e f . 1 3 ]  was  used to
calculate the effective turning angles in the ro~ or and

stator. These effects are calculated beforehan d with cnown

mass flow rate and uniform axial velocity assumptions at the

rotor inlet . The results of these calculations are part of

th~ input data routine in the form of r e l a t i v e  a n d  a b s o l u t e
flow angles at the rotor nodes and absolute flow angles at
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the stator nodes. This will be shown more exactly in the

next section.

d . Calculate matric es

At this point , the right hand side vector ,f, and

the stiffness matrix ,K , are calc u la t e d .

e. Solve system of eluati ns

The system of e j i at i o n s  as shown in e~ uation

(11.8.20) is solved for the r i d ~ l stream function.

f. Perform relaxation iteration

Due to the strong non—linear properties of the

system of of equations , the followino iterative scheme is

necessary.

4J
fl*I ~,fl r~

1 
(II.C.2. L4)

where d ~s the under reiaxa tion factor . As will he sho~ n in

S~ ction III, tnis scheme is per form~ i only in certain

regions of t he  m a c h i n e  a n d  in a d d i t i o n  a f t e r  a s p e c i f ie d

number of iterations.

g. Update velocity arid density profiles

Using the curr ent nodal distributi on of ~ne

stream function , axial. and radial nodal velocity componen ts

are calculated along with a new nodal density d i s t r i b u t i o n.
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Again , this calculation procedure will be shown in the next

section.

n. Test for convergence of 4)

Stream function convergence criteria is now

tested and will determine if further iterations are

necessary. The solution is said to converge if the following

equation holds for all nodes.

(II. C. 2. 5)

w h e r e  € is a d e s i g nat e d  r e q u i r e m e n t  f o r  c o n v e r g e nc e .

i. Summ ary

In summary, tae eight steps involved in the

solution are noted below;

(1) Discretize the continuum.

(2) Assume an initial stream function , ve l ocity,

and density solution ,

(3) Calculate the nodal ther m odynami c va:tabl~ s

from the civen inlet conditions.

(4)Form the right han~ side vector , E (r,z), and

the stiffness matrix , K.

(5) Solve tne system of e~ uations , g iv-~n by, [
~~

= (F) for a new stream function distribution.
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(6) Perform relaxation iteration if requir ed .

(7) Calculate new nodal velocity an d density

distributions from the current stream function sciution.

(8) Test the solution for convergence , and if

required , repea t st~ ps (3) through (.S) using the current

nodal stream funct ion values.

This co n c l u d e s  t h e  s o l u t i o n  descr i p t i o n a n d now

one is ready to oore completely understand th e computer

progra~ which assembles the preceding eight steps.
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III. THE PROG RAM

A. OVERALL FLOWC UAR T AND DESCRIPT ION

The overall flowchart of the orogras is d-~nict e1 in Fi~
8. Those blocks denoted by the letter ‘S’ are sub :ou~ ines ,

while th~ remainin j calculations are an integral part of the

main program.

Afte r proper dimensioning of all a rrays and subsegoent

lnrtlalizat :on , the input data are read and t n e n  ~r d .

This not only presents a physical plcture of tri e orob lem n i t

aiso serves as a cross chec k to the user for c r:ect ~a t a

insertion. In addit ion , a subroutine is availabl e to obtain

a cooputer drawn plot of the mesh (Fig 6) and is a fur her

check on prc~ er data input.

At this po±nt all the necessary variables cave bean

stored and the iteration counter for stream func -ion

conver~ ence is set. Aith the current nodal values of and

the given inlet therm odynam ic conditi ons , the the rm odyna mi c

variables throughout the machine are calculated. Frow ~n e

calcul ited values of enthalpy a n d  angular m om en r 1i ~~,

(isentrop ic floA is assumed ) , the ri~ ht— h and sid e  v e c t o r  is
c a l c u l a t e d  f o l l o w e d  by t a e  stiffness m atrix calculat ion

(eq u a t i o n  I I . S . 2 1 ) .

The system of equations ( e q u a t i o n  (11.8.20) ) is now

solved for the n~ w nodal strea m funct ion iistr~ r’uti on . rt

is here w h e r e  for all iteration s but the first th a t a
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relaxation factor is applied is not-e d previously in equation

(II.C.2. L4) . The reasoning behind not applyi ng the

relaxation scheme to the value of nodal after the first

iteration is the fact ~hat the first iteration ?r)duce~ a

close a p p r o x i m a t i o n  to -he correct str~ an function

d i s t r i b u t i o n .  ~‘ith this close approximation o the :~tre am

function came a velocity and density distrib u tio n which in

turn was nea r the correct solution . It was foun d ¶h f if

the first iteration was relaxed , the second it-~:ition bec ame

unstaole since in fact the velocities ~n d ~er~sities were

them selves farther from the true ialues t h a n  wer e as~~imed

initially.

After testing tue nida l stream fun cti on for ronver gen re

by use of equation (II. .2.5) , t h e  calculation process is

either repeated or ceased by ii :t u c of cony ergence or

limi:in~ toe number of iterations.

As stated previously, low speed cascade ccrreia.~~ion d ata

(R-e f.13 ] were used tn calculate turnin o an gles in the blad e

regions. These angles were assumed constant thro u ghout tne

solution and not refined after subseguent iterat ions.

Further work on the oom pu ter pro gram coul d entail in

additional ccmputational routine whi ch would calculate the

new turning angles after each iteration. A sample

calculation of rotor turning angles is shown in A p o e nh ix J.

In the following sections the program structure is

exam ined in more detail.



[DIMENS ION ARRAYS I

IN I TIAL T.ZE ARRAYSI

READ IN DATA

SET ITE RATION COUNTE R

CALCULATE THE RMODYNA MIC s
VAR IAB LES FROM G IVEN

CALCU LATE RIGHT HAND~~J
SIDE VECTOR FROM GIVEN S
THERMODYNAMIC VAR LAB LE~J

[CALCULATE STIFFNESS MATRIX

[~oLVE SYSTEM OF EQUATIONS FOR

PERFORM RE LAXATION
ITE RATION IF NOT 1st ITERATION

CALCULATE NEW VELOC ITY AND DENS ITY~~ S
DISTRIBUTION FROM NEW S TREAM FUNCTION

STR EAM FUNCTION 
CONVERGENCE SATISFIED OR

~~ 

1 
ITERATION LIMI T

-L INCR EHENT ITE RAT ION COU~ TERj PR INT FINITE
[ELEMENT RESULTS

Figure 8 - PROG RAM FLOWCHAR T (
~~ )
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B . T H E  M A I N  P R O G R A M

1. 
~~ ~.fl2!L~ ~~~~~~~~

The following is a description of the input data

r e q u i r e d  by the  pr ogram.  The  data are arranged into twelve

categories described in the following manner.

a. category 1

Problem identification.

b. category 2

Number of nodes and number of elements.

c. category 3

Node numbers , nodal coordir.ates and nodal

bl ockage  f a c t o r .

1. c a t e g o r y  ~4

System topology.

e. category 5
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Element type; duct , rotor, or stator .

f .  ca tegory  6

Absolute flow angles for rotor and stator nodes.

g . c a t e g o ry  7

Relative flow angles for rotor nodes.

h. category 8

Inlet therm odynamic quantities.

i. category 9

Ph ysical constants for fluid under bservatioa.

j  category 10

First estimate of internal stream function.

~ . category 11

Node numbers and specified nodal s~ re~ m

function.

1. c a t e g o r y  12

L4 L$



Node numbers where the right hand side , f(r,z),

is to be calculated.

~efore describing in detail the form at to be

followed for data insertion , it is important to note the

following assumptions.

( 1 )  Uniform flow conditions at inlet and

outlet.

( 2 )  unifor m flow conditions at rotor inlet

for calcul ation of appropriate turning angles. This

a s s u m p t i o n  is necessa ry  to c a l c u l a t e  t h e  va l ues of r o t o r  a n d
s t a to r  f l o w  a n g l e s .

with this in m ind , the discussion will

continue.

The following describes each category in more

detail.

Category 1:

Format: (23AL4 )

Number of cards: 1

Procedure : Enter the ti t le of the p r o b l e m  ifl
columns 1—20.

Category 2:

Format: (2110)

Number of cards: E~~ual to the number of

nodes  in the  s y s t em .
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Procedure: Enter the number of nodes in

columns 1—10 , and the number of elements in 11-20. Both

integers must be right justified .

Category 3:

Format: (I10 ,3F10.0)

Number of cards: Equal to the number of

nodes in the system .

Procedure: Each card contains the node

number followed by the Z coordinate , R coordinate , and nodal

blo ckage f ac to r .  The  c o o r d i n a t e s  ar e  in  d i m e n s i o n s  f
inches.

Category U:

Format: (915)

Number of cards: Ecual to the number of

elements in the system .

Procedure: Each card contains nine integers

rignt justified in columns 5, 10 , 15 , etc., through 45. :he

first integer is the elem ent number followed by the eicht

nodes  associated w i t h  t h a t  e l e m e n t .  It is important to note

that the nodes are read in startin g with the upper right

hand node and proceeding in a counterclockwise fashion

around the element .

Category 5:

For~iat: (2110)

Numo er of cards: E~ ual to the number of
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e l e m e n t s .

Procedure: Enter the element number in

co l u m n s  1 — 1 0 , followed by the integer ‘1’ (duct) , ‘2’

(r o tor ) , or ‘3 ’ ( s t d to r)  d e s c r i b i n g  t h e  e l e m e n t  as e i t h e r  in
a duct , rotor , or st a tor  r e g io n.

Ca te g o r y  6:

Format: (5X, A4 ,I10 ,F10.0)

N u m b e r  of ca:ds: E q u a l  to t he n u m b e r  of
rotor and stator nodes plus one ‘ S T O P ’  card .

Procedure: En ter the node number (:i~ nt

justified) in columns 1 1 — 2 0  f o l l ow e d  b y t h e  -ialue of the

associated absolute flow angle in radians in coln~tns 21— 30 .

The last card in this category is a ‘STOP’ card ent~~:ed in

c o l u m n s  7 — 1 0 .

Category 7:

?ormat : ( 6 X , A 4 , I 10 , F 1 Q . 3 )

Number of cards: E~~u al to the nanb er of

rotor nodes plus one ‘ S T J P ’  card .

Procedure: Enter the node number (rigat

j u s t i f i e d )  in columns 11—20 followed by the value of the

a ssoc iated  r e l a t i v e  f l o w  an g l e  in r a d i a n s  in  c o l u m n s  2 1 — 3 ) .
The last card in this category is a ‘ST~DP ’ card .

Ca t e g o r y  ~:

?ormat: (7?1O .0), (F10.O)
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Number of cards: 2

Procedure: Enter the following quantities in

the prescribed order and w ith the noted dimensions.

First card

Mass flow rate: (lbm/sec)

Inlet axial velocity : (ft/sec)

Outlet axial veloc ity: (ft/sec)

Inlet to tal density: (ibm/ft
3

Inlet static density: (lbm /ft
3
)

- aI n l e t to tal pressure: ( i b r / lf l

Inle t total temoerature: (‘R)

3eco~ii card

Speed : (RP~ )

Category 9:

Format: (3F1J.O ~

Number of cards: 1

Pr ocedure :  E n t e r  t he  f o l l o w i n g  g u a n t i t i e s  in
the prescribed order .

Gas c o n s t a n t :  ( f ’ — l b f / l b m — T h )



Ratio of specific heats

Constant pressure specific heat :

(BTU/lbm— ~ R)

Category 10:

Format: (flO.0)

N u m b e r  of  c a r d s :  1

P r o c e d u r e :  E n t e r  t h e  f i r s t  e s t i m a t e  of t he
internal stream functiion to be used in the first iteration.

Category 1 1:

Forma t: (5~~,AL4 ,t 10 ,F 10.0)

N u m b e r  of cards: E~ ual to the number of

nodes having a specified value of the stream funct ion plus a

‘STOP’ card.

Procedure: This set of cards allows tnC

stream function boundary conditions to be reai in . A

t y p i ca l  ca rd  c o n t a i n s  an  in t e g e r , r i g h t  j u s t i f i ed  ~n c o in ~ns

1 1 — 20 , w h i c h  is t h e  n o d e  n u m b e r , fo 1 l o~~ed by t n ~ v a . u e  of
the specified stream function in c o l u m n s  2 1 — 3 0 .  ~~~ las t
card is a ‘STOP’ card.

Category 12:

Format: (5X ,A 4 ,I 10)

Number of cards: E~ u~~l to ~ h e  nunber of

nodes where the right han d side is t h-~ spec ified .
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procedure: Enter the node num ber , riqht

justified in columns 11-20 , where the ri ght hand side is to

be c a l c u l a te d .  A g a i n , t h e  last card in  t h i s  c a t e g o r y  is a

‘STOP’ card.

After all th- ~ati has been read by the ~ :ogram ,

the inpu t data is ~:irite1 and the mesh is plotted for

verifica tion by th~ ase:. rhe sample forma t is shown in

A p p e n d i x  C.

This concTi udes the input routine. The next

section describes the cal :uiation of the stiffness m atrix ,

K.

2. Stiffness ma trix evaluation

As shcwn previous ly in Section It.C.1 , t h e  f ol l o w i n g

egua tion describes each term in the eight by eight e1e~nent a l

matrix.

~ I

~ çk~~ ~~~~~~~~~~~~~~
in a d d i t io n, ‘k’ is defined in the followi nc way in or der to

numeri..a117 integrate the equation.

i
k - 

ç~ ~~~~. 
~~ ~~~ 

(
~ 

. 

(III. ~ . 2 . 2 )

where b is defined as the elem enta l blocKaie facto: ta~~~n as

an average over the eight nodes of the ~a :ticulir elem~ nt

and ~~~~ 
are t h e  d e f i n e d  aus s— ~~u a d r a t u r e  i n t e g r a t i o n

points.
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Figu r c 9 - STIFFNESS MATR IX E V A L V A F L O N
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Fig 9 d e p i c t s  t h e  f l o w c h a r t  f-o r both elemen’-al

stiffness matrix evaluation and the assembl ao-e into the

syst~~m stiffness ma trix. ~ore sp ecifically, t he f i g u r e
shows a three—point Saussiari ~uadratore scheme but can be

changed to a two—point scheme by simply integrating four

times instead of nine as shown.

The actual coding of the stiffness matrix eV alua t ion

a n d  ass~~inblag~ m ay b e founi in lines STEO3~~1O throuch

ST~~C4 ’70 in the cempu ter progr am .

3. ~~~~~~~ ~~

At this point , the syst em of e~~ua t ions  a r e  m o d i f i e d

for tae boundary conditions and solved for th~ no dal streaa

func tion values. An equation solving routine , DSIM~~,

a v a i l ab le  in t~ie system library was used for this purpo3e .

:t ~as f o u n d  t h a t  no c o m p a r a b l e  s a v i n g s  ~ as r -~a l i s e d  by

i s i n g  a banded equation solier.

~~. I t e r a t i o n  s c h e m e s

As no ted previously i n  Sect i : n  II.C , a r el axat Ion

scheme is necessary f-or ronvercence to a solution.

Two distinct differences w i h  r e g a r d  to the

iteration method were noted f r m  that of Ref. 7. Firstl y , it

was found that rela xa tion was necessary only in the rotor

and sta tor element s and also in the du ct region between the

r o t o r  o u t l e t  a n d  s t a t o r  inlet. Secondly, d u e  to  t h e  extreme

no n linearity in the roto r_ sta t or areas , I sw itch was

r~~q ’i i red  w h i c h  c h a n g e d  t h e  si gn of ~ in equati on (II. C. 2. fl

as requ ired for stabi li~~v f conver gen ce. C 1 a ri f ~~ca~~ion ‘f
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this chan ge follows: It ias found that during the ini tia l

t h r t e  or f o u r  i t e r a t i o n s, t h e  s t r e a m  f u n c t i o n  v a l i es  of  t h e

rotor—stator nodes som etimes exceeded the value of the ap p e r

boundary. Due to an abscence of sources within the dom ain

of solution , this occurrenc e was incompa tible wi th t n e

bo u n d a r y  c o n d i t i o n s .  A t  th i s  p o i n t , i t w a s  n e c e s s a r y  to
make ~~. ne~iative in equation (II.C.2. ’4). During subseguent

i t e r a t i o n s, as t h e  so lu t i o n  c onv e r g e d , the rotar—s tator

reg ions became stable and the si gn  of ~ . ~as  returne d to i t s

positive value. This iteration prov~~d to staoilize the

solu tion with respect ~o stream function iilues and

velocities.

The iteration Drocedu re is coded in tn-e com?Uter

p r o g r a m  f r o m  l i n es  S T R 0 5 O 7 d  t h r o u g h ST~~0 5 2 Q 0 .

5. The o u to ut  r o u t i n e

Once  c o n v e rg e n c e  is o b t a i n e d  o r  t h e  n u m b e r  f

iterations have reached the limit imposed by the u s e r , t h ~
r e s u l t s  are  disp layed. ~ sam ole output is cri ow n in tne

A p p e n d i x .  :n a d d it i o n , t h e  u n i t s  of a l l  d e p e n d e nt  ‘, -i : iao l~~s
are the s am e  as t~iose n o t e d  in t h e  i n p u t  r o u t i n e .

C. TH E S U B R O U T I N E S

The  f o l l o w i n g  desctibes each of the ~ix subr ou ti n -~s in

the c o m p u t e r  p rog ram . Eac a sub -~~ction contaiic a lict of

calling arguem ents and for subroutines FC A L , SLINE , and VE~ ,

a basic flowchart. In additio n , fot ~hose subrou tines w~iose

ma thematical taeo:v was n o t  presented in Se c t i o n  I l l , a

brief treatment is also g iv~ n.
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1. b n  
~~~~

This  s u b r o u t i n e  c a l c u l a t e s  t h e  s h a p e  f u n c t ions

(equation (II.B.17) ) at the values of a n d  as  req  j e s t e d

in t h e  a r g u e m e n t  l i s t  b e l o w .

S U B R O U T I N E  S H A P E  ( E , Z , SF)

E v al u e of ~ ( i n p u t )

Z v a l u e  of ~~ ( i n p u t )

SF = e igh t  by one  v e c t o r  of t h e  e i g h t  sha ~~e f u n c t i o n s .

2. Subroutine jacob

JAC OB calculates the Jacobian m atr ix as defined in

e q u a t i o n ( 1.C.  l.~~) f o r  t h e  v a l u e  of ~ ,~~~~ d enoted in tne

a r c u e m e n t  l i s t .

S U B R O U T I N E  J A C O B  ( E l , Z 1 , D , , R C~~,Z C~~, R J A C )

E l  = value of (in~ ut)

Z i  = v a l u e of ~ (input)

~e i g h t  by one  v e c t or  of 9 (calculated)

E = ei gh t by one vector of (calculated)

RC$ = eight by one vector o~ the ‘r’ coordina tes of the

nodes associated with the elemen t (inpit )

ZC~ = ei gh t by one vector o: t h e  ‘ z ’ coo r d i n a t e s  f t h e

nodes associated with tri e element (input)

RJAC two by two J~ cooian .oat:ix (output )
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In addition , the subroutine assumes that the vectors

RCS and ZC$ cont ain element coordinates arranged in a

c o u n t e r  c lockwise  f a s h i o n  b e i i n n i n g  w i t h  ‘he u p p e r  r i qh t

corner node.

3. Subroutine s h e

This suoroutine calculates the thermodyna m ic

v a r i a b l e s  t h r o u g h o u t  t h e  m a c h i n e  g i v e n  t h e  i n l e t  c o n d i t i o n s

as d e s c r i b e d  in  3cc ’ ion I I .  C.  2 .  T h ~ c a l l i n g  a r o u e m e r . t s  a r e

d e f in e d  b e l o w .

SU B P O U T~~N F  S L N E ( J I N L E T , RC , P 3 t ,W P L , 9 ,U 7 L , / V E L ,T V E L ,

D E , N N O D E I , CP , :: ,~~K , A L P ,~~ ; , T W E L ,3E , H S )

U I N L E T  = I n let  a x i a l  v e lo c : tv

R C = N o d a l  ‘ r ’ c o o r d i n at e s  v e c t o r

PSI  = Nodal stream function vector

WRL = Nodal angu lar momentu m v ector

9 = N o d a l  tot al enth a lpy vector

tJVE L = Nodal axial veloci ty vector

IVEL = Nodal radial veloci ty vect or

T V E L  = Nodal  a b s o l u t e  t a r i g e n t r a l  v~~1o: i t y v e c t o r

NODE = Matrix contain in g nod~ s associ~~ ed d i t : o  t o e

el ement

I N L E T  = Vector co n t a i n ing node n u ~~b er s  a t  i n 1e~ s~~a t i ~~n

N N O D E I  = N u m b e r  of nodes at inlet station

CP = S p e c i f i c  h e a t

TT = Total tem per atu re at i n l e t
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KK = Iteration counter

N T = Element type vector

ALP = Nodal absolute f l o w  a n g l e  v e c t o r

T W E L  = N o d a l  r e l a t i v e  t a n ge n t i a l  v e l o c i t y  v e c t o r

B E  = N o d a l  r e l a t i v e  f l o w  a n g l e  v e c t o r

= N o d a l  s t a t i c  e n t h a l p y  v e c t o r

As s h o w n  in  Fi g 13 , t h e  ba s ic  c a l cu l a t i o n  ~rocedu :e

b e g i n s  w i t h  c a i c u l a t i n q  t h e  r e o ui : e d  e n e r c v  an  J m o o e n t i m

v a l u e s  a t the  i n l e t  s ta t i on .  At this point , be ginn in~ with

element one , the element tve e is interrogated to fistin;ii~ sh
between duc t , rotor , and stator elements. If the elem ent is

in a duct  r e~~ion , t h e n  t h e  s t r e a m l i n e  i n t e r s e c t ion s  f o r

local nodes 2,6,7,g and 1 (Fig 7) are deter m ined along with

the associated values of energy anl angu lar m ome ntu m. For

t h e  r o t o r  and stator elements , one must ini tia ll y find the

energy and momentu m val ue3 a t  local nodes 3,u ,5 ( F l o 7) ~~ie

to th e d~~sco ntinuitjes imposed by t ne 3laie edie s. T~nce

t~ ese calcula tions are oe :formed , hen the process for the

rem ai ning nodes in the element proceeds in a similar fasr.i n

to the ~uct elements.

A f t e r  al l  t h e  e l e m e n t s  h a v e  b ee r .  c y c l e d  t h r o u g h , t h e
new distributions of nodal an~ ula r mom en t um and ener~ y are

returned to the main program for further computations.

Specifically , these v a l u e s  will ne used  b y  t o e  next

subroutine , FCAL , for calculation of  t h e  r l~~h t  h a n d  s ide
vector.
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ROTOR

FIND H
r
,rW

~
,W
e [ FIND H,r ,V

AT LOCAL NODES 3 , -~ , 5 ~\T ~QCA ODh S 3 .~+~~5

FIN D STREA~IIJNE FIND STREA1~~INE F I ND SThEA2~~INE
INTERSECTIONS OF iNTERSECTIONS OF INTERSECTIONS OF

LOCAL NODES RE MA IN IN G NODES RE MA INING NODES
2 ,6 , 7 , 8 , 1 AND AND CALCUlATE AND CALC U LATE
CALCULATE H , H , rW , W , h H , rV , V , h

r V , AND h.  r ~ e 9 9

NO 

~~~~~~~~ LE~~ NTS
—[:EXT_ELE~!ENT}— < HAVE 3 E E N

Figure 10 - SUBROUTINE SLINE
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U .  Su b r o u t i n e  f c a l

FCAL calculates the right hand side vector as

defined by equations (It.A.31) and (11.8.21). U s i n g  t h e

identical coordinate transformations for numerical

integration as described in Section II.C, the final equation

to be coded is the following,

f L.~
±_ ‘

~~~ J~
’V!~:. fí .i

~ i ~~~ ~~~~ t~
L
~ 

(2 ,~~’~~~
( I I I . C. L$ . 1)

+T(2 12)

where isentropic flo w is assumed , and ,

a ng u l ar  ~ oa~entum

(11I.C. 4.2)

t o t a l  e n t h a l py

The a r g u em e n t  list is defined below. In additio n ,

onl y t h o s e  v ar i a b l e s  in t h e  l ist  4h i ch  have not  b e e n  d e f i n e d

pr eviously are described .

SUBROUTINE ?CAL (F ,~~,H,ZA ,EA ,UVE L ,RC ,ZC ,~~~L ,TVEL ,N~ S

,NODE , NN ,NE , NNFS P, T~ EL , Ni’E)

F = R i g h t  h a n d  side vecto r , f ( r , z )

= vector  f ~a u s s i a n  i u a d r a t i r e  c o e f f i c i~~n t s

Z A  = Vector of gaussian qua d r a t i r e points

EA = Vector of1~ gaussian lu ad r a tu r e ~oin ’s

N F S  = Vector containin g nodes uher~ ~ he r~~T~i r  o~~n~ s i d e
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is to  be s p e c i f i e d

NN = number of nodes

NE = number of elements

NNFS? = N u m b e r  of n o d e s  where the right h a n d  s ide is

sp e c i f i e d

Fig 11 depicts t h e  ba s i c  f l o w c h a r t  f o r  t h e

subrou tine. To initializ the proced~~:e, one begi i~.~ wi th
t h e  f i r s t  node ( u p p e r  r i g h t  h a n d  c o r n e r )  of t h e  f i r s t

e l em e n t .  A s w i t c h  is t h e n  a p p l i e d  w h i c h  d e t e rm i n e s  i f  t h e

right hand side is to  be calculated at the node o r  if a

stream function value has been specified. This information

is t r a n s f e r r e d  f r o m  t h e  m a i n  p r o g r a m  th r o u g h  t h e  a r g u e m e n t

list. Once the node is a l l o w e d  t h r o u g h  t h e  s w i t c h , then the

integration process is started at the first inte gration

p o i n t .  As in S e c t i o n  I I I . A . 2 , t h e  f l o w c h a r t  d e n i ct s  a

three—point Gauss ~uadrature s c h e m e .  A f t e r  t h e  integrati on

has  been c o m p l e t e d , a sw i t ch  d e t e r m i n e s  if all the local

nodes  in  t h e  e l em e n t  h a v e  been  cy c l ed  t h r o u g h  a o l  if so ,
t h e n  t h e  a s s e m b l y  of  the  e l e m e n t a l  v e c t o r , PS , is p e r f o r m e d
to build the system ri ght hand side vector , F. F in a l l ~~,
the subroutine _ determines if all the elem ents h a v e  been
examined in order to signal completion ci the ri g ht h a n d

side vector. ;~t t h i s  p o i n t , t h e  v e c t o r , F (r , z) , i s  c — t u r n e d
to t h e  m a i n  pr ogra m f o r  p r o b l e m  s o l u t i o n .
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BEGIN WITH 1st
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________ LI = L I-r i
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I NEXT NODE ) RHS VECTOR F S ( L )
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Figu re 11 - SUBROUTINE FCA L
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5. Subroutine vel

This subrout ine calculates axial and radial

ve loc i t i e s  and  a l so  d en s i t i e s  at each  of  t h e  nodes from a

k n o w n  s t r e a m  f u n c t ion d i s t r i b u t i o n .  A s  n o t e d  p r e v i o u s l y  in

Section II.C.2 , both veloci ty and density profiles ace

updated after obtaining the latest value of nodal stream

func tion.

The veloci ty calculation proceeds from ‘he stream

f u n c t ion equa tions ,

‘I I e4~ ( I I I .  C. 5. 1)

vr~ — ( 1 1 1.0 .5 . 2)

w h e re ‘b ’  is toe tangential blockage factor. Since r , , an l
are of the following form ,

g
r~

~~~~~~~ ~~~~~ 
( 1 1. C. 5. 3 )

then the equation for the axial velocity, V~ , become s ,

1.
( I I I . C . 5 . E 4 )

~~~~ ~&r~ L~ ~r -J

A g a i n , si nce t h e  s h a p e  f u n c t i o n , N .  
~~~~ is not an
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im p l i c i t  f u n c t i o n  of ‘r ’ a n o  ‘z ’ , o n e  m u s t  use e~g u a t i o n
( 11.0 . 1. 5) to ob t a i n  t h e  p r o p e r  d e r i v a t i v e s  f o r  c o m p u t a t i o n
of ~e 1 u a t i o n  ( I I I . C . 5 . U ) . For e x a m p l e , f r o m  ~g u a t i o n
(III.C. 5)

+ ( 111 .0 .5 .5 )

At  this  p o i n t , wit h equation (III.C.5.5)

substituted into e q u a t i o n  ( I I I . C . 5 .U )  , one has tne complete

eXpression for the axial velocity as functions of~ , T!
L
. One

proceeds siTilarly for expressing the radial velocity, 7

in term s of ¶ andY1~.

In order to calculate the nodal density, one uses

the following density relation for flows in the stato: and

~oct reQions .

- — ~~ V j

is the  st aaaa~~.on ien s r t y .

Si n ce ,

( 111.0.5. 7)

then ,

_ _  

( T r . C . 5 . ~~ )

I
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Since the density appears on both sides of the

eguation , the new nodal density is obtained iteratively at

the  no d e .

For the relative flows in the rotor , the following

r e l a t ion  for s t a t i c  d e n s i t y  is used E R e f . 1 U ] .

~ C
~~ \ j ~~ (~i ~~~~ - (~-i~ w 2-~ r)’~- L  ( 111.0 .5 .9 )

~~ L ~~‘ —r- 
q~~~~~~~ j

A g a i n , t h e  sol u t i o n  of t h e  n o d a l  d e n s i t y  is o b t a in e d
in an iterative fashion.

In the following a:g.iemen t list , o n l y  t h o s e

variables not defined in the irevious s~ hroutine

d e s c r i p t i o n s  are n o t e d .

SU6RCUTINE VE L (NE ,SN ,RC ,NODE ,;,E ;,TT ,R H J ~~,P9CN ,:T ,

2~~I ,~~HO , E , U I N L E T , U V E L , VV E L , R~1O S T A , ’;T :, A L?)

G B a t i o  of s p e c if ic  h e a t s

RG ~as co n s t a n t

RHOT = Total density at the inlet

R H O N  = w o r k  v e c t o r  w h i c h  c o n t a i n s  t h e  n~~w no~~al  d - n : : ty
distribution

R~TO = Nodal static density vector

B = nodal blockage factor vector

R H O S T A  = S t a t i c  ‘dens i ty  at t h e  i n l e t  s t a t i o n

The basic flowchart for 5UBROUT INE VEL is s h o w n  in
Fig 12. ~e g i n n i n q  ~~~~ t h e  f i r s t  n o i~ of t he  f i r st  ele~ -~n t ,
the J~ cobian natrix (eiu.ltion (II.C.1.~&)) and its inverse



are found. At this point the partial derivatives with

respect to ‘r ’ a nd ‘z’ of the shape functions are foun d as

noted in eguation (III.C. 5.5) . A switch then allows those

nodes not at the inlet station t o sass and calculates the

new densi ty and Velocl ti2s at t h e  nodes .  For  t h o s e  nodes  at

the inlet , the velocities and static densities are retained

at the given inl et c o nd i t ion s .  This is done to maintain

boundary condition integrity for t h e  solution. After

cycling through all elem ents , the subroutine returns the new

nodal velocity and density distributions to the m a i n

program .
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BEG IN W ITH 1st ELE ME NT , LI= I

~BEG tN WITH 1st NODE OF ELEMEN T 1 
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I F~~~D JACOB~~~Nj
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~
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=
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I=~
YES

t~WXT ELEMENT]—

Figure? 12 - SUBROUT INE VEL
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6. Sub :outine 
~~~~~

This subroutine utilizes the Calcomp plotter to

dep ict the mes h topology of the machine under observation.

SQBR 3UTIN~ ~1PL3T(RC ,ZC ,N O D E ,NN ,N~~)

This completes the description of the main progran

and associated subroutines . In the next section , a test

case is carried through from da ta input no final results.
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IV. TE ST CASE S AND RES ULTS

The p r o g r a m  was  tes ted  by u s ing  o u b l i sh e d  p e r f o r m a n c e
data { R e i . 1 2 )  of the NAS A Task—i stage transonic compres sor.

The compressor was discretized into twenty—ei ght elements

a n d  107 no des  w i t h  15 a x i a l  c a l c u l a t i o n  s t a t i o n s  ( F i g  6)

h e  sp ~~ed was 0 . 5  d e s i g n  s p e e d  w i t h  a mass f l w  of  1O ~~.~ 3

ibm /sec. In add ition , u n i f o r m  f l o w  w~~s a s s u m e d  b o t h  a t  t o e

inle t and outlet S t d t i of l s .  Turnino and es for the rotor and

stator were pre calcul ate d assum ing uniform conditions at

the ro tor inlet and usin~ NASA 3P—3~ bl ade correlation da t a

[Ref. 13). Th e s e  absolute and relative flow angles I~~~:e

assu med constant th rou gho u t the iterative nroceli:e as they

were an inteo:al part of the input d a t a .  T h e  A p nendi x

c o n t a i n s  a l i st in g  of t h e  i n p u t  d a t a  an I o u t p u t  resul ts for

the NASA Task— i tcansoni : compressor with test c~~n i i ri ns
n t e I .  To c o m o a r e  t h e  a c c u r a c y  of the p redi cted flow with

actual laborat ory obseriat ions , com outel axiai veloc~ t

profiles at the ro tc: inlet , rotor outlet , sza~~o: inlet , in~
s t at o r  o u t l e t  w e r e  c or n o ar e d  wito ex oe rime nta l results. :n

addi tion numerical results from Bef .7 were also cooca:sd .

Fig 13— 1 6 show the computer predictions plotte d w ith tn~
experimen tal values and t he n u m e r i c a l  solut ions obtained bn

Hirsch and Warzee . he orofiles shown were b tai ne d after

~.eti i t e r a t i o n s  a n d  u s i n g  a r e l a x a t i o n  f a c t o r  of  0 . 2 .  O n e
f i g u r e s  s h o w  t h a t  ‘he best  o v e r a l l  a~~:e e men t  w i t h
experim ental data occurred in the stator inlet and outl~~t.

In this region th .~ worst error was 17~ which occurred at :~ e

stator t i p  i n let .  T h e  a v e r a  ~e er r o r  t h r o u g h o u t  t h e  s t a t  or
:~~g i o n  w i t h  respec t to  e x c e r i m e n t a l  I a ~~u w a s  6.ó~~.
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The rotor huo and tip outlet area exhibit ed

insta bilities in density convergence using equation

III.C.5.9. Specifically, the density solu ’ion conver ged to

w i t h i n  8~~ at  the  r o t o r  o u t l e t  t i p a n d  h u b .  It was found

t h a t  cy not  a l l o w i n g  t h e  n o d a l  d e n s i t y  a t  t h e s e  n o d e s  t o  T O

b e l o w  a c r i t i c a l  v a l u e  of 0 . 0 6  ib m/ r i f t , t h e  s o l u t i o n  f o r

t h e  s t r e a m  f u n c t ion  c o n v e r g e d .  By a l l o w i n g  t h e  n o d a l

d e n s i t i e s  a t  t h e  r o t or  ou t l e t  t i p a n d  h u b  to  go b e l o w  t h i s

critical value , t h e  computed velocities at these nodes

became increasingly large and the arguem ent w ithin the

brackets of eq uation 111.0.5.9 b e c a m e  less  t h a n  o n e .  T h i s

p r e v e n t e d  c o n t i n u a t i o n  of  t h e  i t e r a t i o n s  f o r  t h e  s t r e a m

f u n c t i o n  s o l u t i o n .  I n  a d d i t i o n , t h e  r o t o r  tio o u t l e t

e x h i b i t e d  n o r e  i n st a b : li t v  t h a n  t h e  r o t o r  h u b  o ut l e t . The

s t a t i c  d e n s i t y  a t  t h e  r o t o r  h i D  o u t l e t  o s c i l l a t e d  a b o u t  a

v a l u e  of O . 0 ~~2 l o m/ c u  f t  w h i l e  t h e  r o t o r  t i p  o u t le t  w a s

constantly driven to t h e  c r i t ica l v a l u e  of 0 . 0 6  i b m / c a  f t .

One method attempted to alleviate this problem was the

f o l l o w i n g .  S ince  a h a L f — i n t e r v a l  i t e r a t i o n  r o u t i n e  w a s
used , o n e  t r i a l  r u n  i n v o l v e d  r e v e r s i n g  t h e  d i r e c ti o n  of

c o n s e c u t iv e  ou e ss es  w h e n  t h e  d e n s i t y  i te r a t i o n  d i d  not

c o n v e r g e . I t  was  f o u n d  h o w e v e r , t h a t a f t e r  t h r e e  to f o u r

i t e r a t i o n s  of th e  s y s t e m  of e gu a t i o n s , t h e  st a t i c  d e n s i t i e s

at  t n e  r o t o r  o u t l e t  t i p a n d  h u b  w e r e  a g a i n  d r i v e n  t o  sm a l l e r

a n d  s m a l l e r  v a l u e s  w h i c h  led  t o  i n s t a b i l i t y  once m o r e .  Th e
n o d a l  d en s i t i e s  c o n v e r g e d  at  a l l  i nt e r io r  p o i n t s  o f  t h e

ro to r  edge and  m i d — b l a d e  r e g i o n s  a n d  a lso  a t  a l l  t h e  ro~~or

i n l e t  n o d e s .  By i n c l i d i n o  a l l  r o t o r  nodes , t h e  a v e r a ge

e r r o r  w i t h  respect  to e x p e r i m e n t a l  d a t a  w a s  2 7 . 5~~.

Fig  17 shows  a p l o t  of c o n v e r g e n c e  c r i t er i a ,E , v e r su s

t h e  n u m b e r  of i t e r a t i o n s  f o r  a r e l a x a t i o n  f a ct o r  of  3 . 2 .

T h e  s t a b i l i t y  of c on v ~a r i e n c e  is s h o w n  t o  i n i t ia l l y  d e cr e i se

a n d  t h e n a f t e r  the thir d iteration oscil~~ates abou t a n
app rox ima te value of 2 9 % .  I t  is i m p o r t a n t  t o  n o t e  t h a t  t h i s

curve represents ~ he max imu m value o~ ~ as shown in e~ uition
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( I I . C . 2 . 5 ) . In a d d i t i o n , t h e  cu rve  in a c t u a li t y  r e p r e s e n t s

the oscillation of nodal stream function values in tri e

rotor/statOr reg ions since in fact this is where toe

n o n — l i n e a r i t y  is ~ he g r e a t e s t .
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V. CONCLUSIONS A N D ~ECOM~1END A r:DN S FOR FURr :d E~ STUDY

Agreemen t with both experimental data and num erical

solution of Ref. 7 was best in the stator reg ion to within

8%. Predicted axial velocity profiles in the rDtor inlet

area were within 26.2~ of experiment al results. The

i n s t a b i li t i e s  w i t o  r e s p e c t  to  s t a t i c  d e n s i t y  s o l u t i o n s  a r e

p r e v a l e n t .  One ci t h e  r e a s o n s  f o r  th is  n um e r i : al
disagreemen t w i t h  ~-iirs:h and Wa :zee is t h e  isentropic

ass u m p t i o n  im posed  by  t h e  p r e s e n t  program . Rocoo 0 en dations

for further study on the project in c l u d e the add ition of

entropy variati ons in the rotor and stator blade reg ion s.

This would necessita te the use of blade correlation data

[Ref. 13] for loss predictions and involve additional input

da ta  p l u s  p r o g r a m  a d d i t i on s  to S u b ro u t i n e ’ s SL N E  a n d  E C A L .

70



RA D IUS (IN)

/
+ 

\ ~ PRESENT NC~U~R I CA L

/ RESULTS
+

* NU?~~RICAL R;~SULTS , H. ~~~~
‘
.r C

IC
+

N

AX IA L VE LOC ITY (FPS)

~ ig u r e  13 - AX IA L PROFILE AT ROTOR IN L h T

71



RADIUS (IN)

+ PRESENT NU~~~R L CAL

/ ~ RESULTS

I *

/ Q EXPER I~~ NTA L RESULTS

1+

II
~

AX IA L VELOC ITY (FPS )

Figure 14 - AXIA L PROFILE AT ROTOR OLTL[ F

72



RADIUS (IN)

l3~

+ PRESENT NIJ~ERICAL
RESULTS

‘
~~ 

[ * NU~€R I CA L RE SULTS , H .&~~.
Q ~XPER fl~~NTA L RESULTS

i
\~

/
+

j

AX IA L VELOCITY (FPS)

Figure 15 - AX IAL PROFILE AT STATOR INLE T

73



RADIUS (IN)

N.

/ ~ + PRESENT Nu~~ R I~ A:./ ~ RESULTS

I ~~~~R ICAL RESULTS ,
C EX PER I F~ T1~ RESUL T S

\
+ ‘~~~

+
\ \ \

\ ~

I
AX IA L VELOC ITY (FPS )

Figure 16 - AX IA L PROFILE AT STATOR OUTLE T

7~4



EPSILON

I.sI~

*

LII

II I I I -4r

NU~fi3ER OF ITE RATI ONS

Figu re 17 - EPS IL OtI VS. ITE RATI ONS

75



APPENDIX A
COMPUTER PROG RAM

cC C C CC 0 0 0C0 0 0 0 C 0 0 0 0 0 0 0C0 0 0 0 0 0 0C0 0 0 0 0 0 0 000’CCCCC
r’ .c r—~r ~~ j r ~Nju  —~~~ ‘J m4-tr . -~~~C’0~~~~J c tt -a 0 C — ’ - ~-f  0N~~~

C- 0 0C 0 C C 0 C~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~r C ’C ’ rC’ r~-’- 1fl cC’ ~~~~~ 
- .r.~~’-t -u- u- u-

C C C c CC 0cC c C c C C C C 0 C C 0 0 C C C 0c C C ~C- 0 C 0 0 C c C C 0
C 00 00 000 0 0 0 0 0 0 000 0 00 00 00 000 00 00 0 0 0 0 0C C  0000000000
~ ~ .~cY a a a~~ ~- c x  x l a a  a a~~~I~ ~~ci a ~~~~ r~ ~~~~~~~~~~~ ~~~~~r~~’ r~ a: ~

I— ~ - ~ - ~- ~— ~— p— ~- j.- ~— $— )- i— ~- I.- ~— ~— ~— I— ~~ ~— ~~ ~— ~- N ~- ~— N I— I- I— N i-.- i— N N I— N N I p- )— I— N N N
v~~~~ ’~V~cr v’ 4J~ I5 VHi~~/ 1V’ ~~~J(~i~ V’ ~J~~/ )  tJ~V-V ~ T’ V’ (ID (I” (J) V 1N1’ V (I’- VNJ) (ID VN/Nf ~~~~~ J)~f( V’- V~V~c1)

I —

LLJ —
• — — —

_ J I  ~~V) 0 N N
C LL

Z ODZN C — 0’ — -~c~~c — — z
— ~~ - — LU — ‘... ‘-~ ID
(I’ N <0< — — ~

— ~~ — CO — N
Z ~~JC’,J~~~ C - — CC C

— —— —‘ —.

u~ 2W r.j C\j . N (N ~‘.j
—2  V’ — N -~~ r’~l Z 0 —~ CC

C — ~~u’<<2 I — - C-’
o ~~ LID —, U Cr’ _J — ~- N -C
o c. ~~ — — • U-- r.j N ‘~— ‘~; — —N -~ ~~ < ~~‘ N — 22 C- 0

~ z ~— ~_ . — .. ~— i— — . . c— c
C C — —— — — — —-- C — _~J — I — — (N
_ ii — N-- ~~0 ~~ —~ — - 0 - -.f ~f C V 2

__j I— .w —o~—j.r—— — ~
— cc ‘~- ( “~ o. i~ ~—

~~~.-~Z--~~~~a C ~ NO’ r’~ C- C-
—~ N U.- U L) — — (N N N- ~O ~~

- < —

—~./- C -7 Z  ~~~V) -C’- r ’ -— —. 2 .~~~ IN IC- u-CO
- LL\C .~O ~C- ~CC0

(ID U- c r ’ - Cr’~~~-C  _J CC-’ .: •
C.. Cr. 0 Li.~ C — — — .4.— — < ~~ N— Cfl • C IC’ C — -. N- C C 2

C.. ~~ —~ U. ._J — (~~- C — N N— V~ ‘N C- u- ~ a r’’ ._ N
a —NC0’.-.C — ~~ 0 • ~ç’N N- ‘ - r — C - 0~.C • ...- C”

IT C- ‘i -00 — I N- C’ — (I) • 2 Z c~j N 2 C’ C’. C’~ .- (— —

— C’J —. l~~ < L’)~~C C I— I . —. 0’ • - u - u -  C ’ N —.r
I -— — C- -x —— a u-i U~ — LU U 2 - I 0 ‘-5 N (N (N a C a-S

— — — —cr — — C _~ — C — a r—C -0 ’Cj
> ( $ — . 0.N I C-N C 00 —00 ..o -.Cu.. CC- C

L) Q. r’J 0’ — C - —z—-. a N— C. z oc p c
Li C- C- >- — — —— ~

. — — — N- — — ‘\i N < 2 (N .. ..j ~~ 
j~ — • .

— U . < - ~~ ~~ ——— ~~~ —.. .. N— C..-. .- = c N  — u-u- oc’ c-’z ~
— — —

2> u- C- a N N ~‘-—~ C l)  C — - C- C *1) ~
- (N C- C- -C- C N CC

-~~ C- ~ - < -:~ .0 C’ ~~~~ p-.j -~~ 0 CC — u~ 
p— c’ • u- 0- a C C

< — -C - — —  — ——- ~2 --. -t i- C’ C- • 0N-~’-- p— ~C’~~j 0-
4J ~~ UC Z ,_- --.C C ~u—’ C-~~~~~~—.- -- ‘IC’ ~ -N-  < .5  ~~N-~~-~~~ C-

- L- ~~ ~C’ < “~ — — — ‘-‘.‘ — U~ —) f C- C -C) C • • C- u- ~~ —0 ~..
I — C- - - - - - >~~ .) ‘~~~ ZV’ N- .~. .2 .2 0’ i C- .u-.-~ —

(ID (ID ~D. ~~ a — -~c > — a - -~ Z C • I— (NtC (N - -~~ ~~‘C N— p .
U~iN- U-i (I) .- P’-- — — —— ~~~~~ .— C- — — — 2 .t- .1- u-C o c- —~ r’~ —

— u -- C C- • I — C. — — — N — — N- C C — (N N (NC .22 IT — ~~~ N
—~~ • 0 -~~~0 I C ‘N— ~~~~~ N~~~ j -~~~N- CI T~~~~~ O C- C-C. C ON 0’ • ~~Z (NOrn
z ~~ U C- -c - ~ 

— — — — — — 0  - ,-_ — — .— — — 5— ~~- a . —. ~o C C— C- C-
C- I (ID — (

~/ N N-- — — ( -~~ I -C .5 — .- (--- N- 5-- -~~ — —
u- I~C’ — N- — C- ~~ a 2 — — — — — — a - — — a C C ~. - — - — l~~0 C- C-’ . .

I I I Z * . C .i . L C — .. - — LA~. I i3 .4Th u-i 0 0 N. C’ C 2 ‘.0 — — —
lii —15(5—- U-i _J -.N T <— 0  C w-~ — - - - .. ._J -

~ Th r~ ~ 2 C o- ~~ IN IN’— u-CC ~ C
I>(<—Ca <4- --V  — —

~~ ~~~~~~~ >- — C- ~~ ~
— —  C- .r ~~~~~~~~~~~~~~~~~~~ .CIT C-

C 1 I~~~~~ ~~~~~~~ j C - C - —  ‘— ~
— 5 - -  I— N .0 O N - ’NC ’4~~ a - I- IN a -
$ 2  — - - O N- C- C -  00 $  C

<— a  . . •o . •.~~~~ - 5!-- <
— C - . 0 --.-O’C ..-‘C’ U

~ 
.-.• - —. — —. — .- . C’ -~ .D -C) — ~~ — a

Z i-’ I’ . - - .r Li’ -~ - -~ .r - .‘ P— u-i —a C U. u 0’ o’ IN -.f Z
— C -C -C -C -zf~~~ C-.~’C-C- — I -  i. ”f ~~ -C —

~~~~~~~~<- 4 -i <0cD C
— N  N(— ~~~ N- — $ C <

- .~ . . <N  N- C’ —7
C- C.OCCCCC.CCCu C C I  C- • • C: • •

— ( N  .~~ (N

15 L L- ~~~ 
, - 

1515 151515 15 1515

76



000-0000000C00000000CCCC-000000C00000C C0000000CC CC
C-C J rq’~ -f .CN-~~~ Q’0~~~ ”J r” -I-2 5N~~~Q’Q~~~r-,ir. 0-IC ’- -.:N~~~C’C—c~--J r” —~-u~ .CN-~~~

(J’CD.—. NJ(”NI-’C’ -0
C-C’

000COCC000C000000000C00000000C00000C00000000CCCC
0 0 0 0C0 0 0 0 0 0 0 0 0 0 0 0I 0 0 0 C 0 0 00 0 0 0 0 0 0 0 0 0 0C0 0 0 0 0 0 0 0 0C CC

N N N- I- N N N- I— N N N N N- N N N N N N N I- N- i— N N N N N N- N- I- I- N N I- I- - N -N - N - N- N- N  N N- I- N
(I V) I D V ’ IDV IDV~V IDV, ID V) VD L/D VDVDV’ IDV I D L i V D & IDV~~I)V Lr V~V( t / D V( 1 D V’- L/ ’N/’ V’VI V~ IDV Lf( IID VNi ”J (

(ID

LU

U-

Lu

a
—

—

C- N
Z LU

-J
Cz —

C
(1) 2
‘ —I
C.

z
N
U-I

Z
(ID —
U.—

Z W 15 N
C- 2 1)
Z - a C

Z N
z 2 <  Lu CC
—

—o CC ..  C-C-
CI C _jZ OCC) C 0 0 . N C C O O  Z Z C  ~~~~
< C ...JZ CC CCC.C C~~~C Cc a — — • • — -C. — —

— ~~~—< - C-C-0 • • • .00 CC • CC .  •C u-. CC —~CClI II ——
0- a .-C —C • • 00000CC 0 • •CCC. •CC ‘-.1 C

I I 000 II • ‘CC CO ~~ 
.0 , ii ii ii II II II —— II II 1

C <~~—P.-l • II I? II II CO • II 1 •o C —— Is
— u-I N1— .— C II II — C (I II II 0 II — -u_ — LU — ‘~~
— ~~ ..-~~~~~~~~~ II II — — II ~~~~IID  — — C  — ‘-- -~ --~ C-
N ZN- <C II — II Is — — 2 -~ —— Z C - — — C-C C  -, 1 C C

— < — — — — (I) — N N — 0- — — — r.i —Lfl  LCD •~~~ 5 ~o 
Z--~~~ —~~~ —N L L L U N— — C . 0~N.-~~-4— N-—.-.

a <~~~ — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ...J .-J Z ..C.L~~~~ — ?
2 LUCZC~~~ 4 IDIa>>>a1515~~~~LLaa I I—V~~~~~~~W C 02CC OCc.a U -CCC~~~~~CE

— Z C>Na -J~~~Z1~~~l~~~~II<Nvx 15 o — — 1 5 Ca~.sa a15Cc U~.15C C

C C — -C C
C 0 -4 -‘ 0- 2
2 5151515 ~~ LJ — —4

77



OCCCCC0000000000C0000COCCCCCC00000CCC000C000CCCC

C-C-0 ’ooCoCCCOoC-4 -4~~~~~~~~~~~ (N(NC’J ( NINC’- i ( N(N(Nmmm m D r - ~~ r~ ,0 -  I- u-u --I-
COO —~~~~~~~4-& .~~i~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ .-4 _4 — 4 S~~~d 4 . ~ d _4 _4 4 _ 4  _4 — — — — 
~~CCC0CC0C0CCC0CC0CC 0C0C0CCOCCCCCCCCCCCCCCCCC0C.CCa a a a a aa a a a a C r’  a a a a a a a ~~~~~~~~~a a a a c ~~a aa a a a a a x a a a
I— N- N N I— N I— N N N N- N I— N N- N N- I— N N I— N N I— N- N I— N N N- N N N N N N- N N N 4—4-  N N N- N- N I— p.--
2V( J (~J I V 2 2 2 V ’ - 2) . J V) V(V( V) . J D V D V D 2(I D 2 /D V~~f l l/D V V) VV - c r  c/) t f ) V ‘jD VNJ’ t$ c,C ’2 (fDVI Lr~

C.
C-
z. . —

C (I) 4—
a C.

Z . LU I—
<C 0 (I)

a Z
— I I  • — C

— 2  0- IN —
2W0 - II N

0 — —
I -_ 

C — — C
CZ Lu LU Z

224-- 2— 0
0 2
2 —

Z N <2 - —

15—. — N C- C

— C a
0 C (/D

Lu 0 C> — CJ~~ LU
N 2 Z < W — _J a
<CU.. <cx U~ l I U.-C (.0
Z—I  N C — U- Z
— 4— 4— • C- — — 1/) .—.

CC -(7) LU
C~ N 4— C- Z — — N <C-
C2< < (NO Z C
C.
1.0 5— LU C- 0 Lu <L U  U-

— UJW — C’ ••
— ~~Z •  U- IC- 4-- CC —I

<ZN — iu U- C Z 2 22 Lu
C. —.2 ~~ C < C - u-i 2
C - w _ i a  Z~~
Z •~~ — LU ‘~~~~ a C —

—U- — .0 N — — N 2 a
‘J) C — u-i 2< -0  LU IT. — C
cr’NZ •< _J —— aCI .2 IT
LU 15 Z a. — I IT U. — - ~ N Z C-

— a .... -L C- a  — U- < 0-
— ~~ NC 2 0 ON a

C — 51< .22 L U N  — 5—< • 000 -.2
2 W  — IT ‘C-C C — a -~i - .~~I ‘- - — • —

N- i — U. C- C C -
LU < < ~—J C- a - 1— 2 Z 2 .~ — N- a.
C~~~~C — a LU 0 - — - C-aC
0150 —o ~~~~~~ 0 Zr’-~ 0 C-L  — ~~ --.2 2
C-C C- — • N-W I— —— .— II — .—- —C-----

C -a C - CC  a u--Cu, —U. — - C
C- o C-U -NZC-4 ~~C:C. Z_ .0 C—1--. Cu. CT Z——CLi .  0

• — C —C < (I) —O tu -~~~ C- C-  —00 <U. —O i— .0  — -
C — — LU_ I -< — — (‘C’ N C — —7—  Lu N — - 4—  ~~ U C~ — — -I- /1 - -

CC II a <_ I  — — (I) N C — .2 a C- —C a a a -< • C- a
II 110 CII ICC )--

~~~~~ IC.—— IC-4 li -C:
(I . — <—4 1/) ~~ < 12 0’ —‘ < )< LU

— LU — II 000W 0 LU — LU (5 ...J U. —— LU — LU IN LU — ‘5 • II Lu
— -C- a— C  C-C-7 a . 0  C a— C  -a — I T  C

C Z N Z  ——- C 0C-—NZ 2Z NC-  .CZ NC r ’— Z—— .5.— — .~~——  N - -~~~- N (
~~~~~~W<.-. ~~~~~~~~~~~~~

Cat  ~~~CC~~~~4-—
4~~Z u-iC-. CC- < a .Z  << 2 <CaZ <aZ < a — a z

C-LUC:C L U N <  Cu.Z0C C u.-C 15 L .UCIu_ IC
C~~(/)U.- C-~~ -U. 15 Caa1.

-4

CI 0 (N
C 2 CC  —~C —42 — ‘C
-C ‘0 ON- 0(

~~ O~~) a
— ~~~~-15’.0 —4 --4 15L) L4 L) L) —~~~~L) L L . -  ~~~~~_‘1515L15 -.

78



000C00000000000000000000CCC00000CCC CCCC 0000 CC -C O O

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~— a. J’ C —. IN

-4 — — —  __ _-4_ _ _  -4—  -4— - 4—  -4 __ _ 4 _  _4 -4— -4— -4 - 4 - 4  _J -4-4  

0C0CCCCC000CC00CC0CCC00CC0C0CCO00CCCCC0CCCCC0~~ ITC.
a a a c x U - a a a a U- a a a a U -a a a a aa a c x a U - a a a i a : a a a a a .~~~L fU-
N NN N N N4 - N N N N -N N N - N- N - N 5 - - N N - N NN N - N NI - N N N - N N N N- N - N 5 - - - N NN I --- N . - - 4 - . - N N-
251’20V1 $-/N/DVI 2IJ’22V 2202 f ( .P V ) L/D O tJ NID I/D Lf l (/) lI’ Vl V 2 2 2 0 2 2 2 ’ J N JC ’cul L/’ l /NP, L’ cf .$ ‘J’

U. I
N a N
IL .2

U. N a
ZZ  -CL C- — u—— — C

—N I — I  C-
L U C  • -  7 —~~~
NN — <Z C- -
<N ~ N-a .  C

— N C 11)_I a • >- -
~~z— I —

5— — C
C-N  C- U C  — 2—

C — C- 5-- N C- ‘C- n
U. -L3’~~U- 4- C I

<u-I ~ U. — <— — a N-S-.-
- N 2CL O- N ‘C- N

U- ~~-C C C
- a. C- —I.-

— u - I l l
I— a < ‘— —cC U- N _
— —N — IC- • 2 5— —
N -N  U LI) C W <  If) —

Z C W C Z  C- . — — CC
< 14 -C-—  a — — C

- — LU —0
C — a C- i— (ID — ‘- -f~ C-

>- C< C - . N  II) C-
I (I’ <i C

— ~~ 0< a. N LI a N- I —
- 2 - Z = LI~ C- U.

<CT U - N W  ~- 0 — —
Z -J C w UI —LI) (I) ‘— Z
)- U I ~~ 0 LI)—. U C —

C- C- Z 1._ v— C-.

C LC- LI - C • C — < <0 5—
~~C~ C - - C. C ‘ _. 0 Cu-. C- -c)

-a a -C- — UI ‘5 U.. — — Z
—.--- I— . i- — — I— Ii )  -. IC- C U— 5— < 0 2

(5 C - u -  _i LI) LU ~— C < 2  I f )  LI) a
2 N . -~J C U ~-N — C 2 C 15 La h-C -  -

N U .t/) N- Z < rfl ‘— a  C-
— rn N- C- ~~ — a. 0’ CC ~~ 

5-- 5— —
LU C Pd) 5- .- C- — 2 — LI 2 C C-

— . —~ _I — < IL — C —‘ CC — — a C —
C C C  Z>- — — N- u- < 0- ‘2 — — C-
a — p- -- — N W  :~~ C- LI. 12 — N Ui — — .

~ “-i U-
Cu- C —a>- -~ C- C LU • <2 .2 —

~~ .-‘5 ZLI’<NC ~~ L/’ ‘ In — a C - u - C  2 * < 2
— - —  — — C * — --..-~~~~ — N — I-- — _

C- ~~—a 2 N— C Z -5 .r0  C- -~ — — —
Z j—. — C N- C N fl rfl C C- CI ~~ < “ — -0 )— .—. CI C- — N — ._ i IT
-O -N-w <X>— _IC CCC— Z • <~~~a CC <~/)IN - < .-C-v -..-.

—‘ --I- If) _
~ u- C-LU N .—‘ • — C — (N IL. < — • LI. — C U — — ‘~~ ~~~(/D -I .

—< • Ii a. C- C> a- —C — . U.- * a (5u — c a lu — • C- I 2 —
IC —02 C—Co C C—~ CO II

<X LI 1< <LU <.—4 (LU -.) LU < . 4  I II

— LU -C • Ui LU N- LU IL Ui IUCfl U_i LU —. II II U.
a— C  II C- a— a— -  cx. a— ii— — — C -

N-ZN-a 2 ZNZN LI) ZN C-N-
a. — — — < —  < —< — 

< a— — C -  —ia<cx .  <C
W O w O  .5 LUC uC’  ~~~~C. a a — a c. a IL a LU U- LU a LU -C-C a a a

In
-t — ,

~~ N-
— 0 — mm m ,-, —
O -~~ C C C  C CDI ‘5
— 15151515L~LJ15C-’ — —‘151515 1 5 1 5 1 5 1 5 1 5 1 5  151515 -‘15151515

79



CCC 000000000000000CC 00000000000000000000-0C0 00000
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ...--~--a.CC’
0’ 0’ 0’ 0’ C’ 0’ 0’ CC0CC0C0C0~~~~~~~~~~ — — — — IN (N (N IN NI IN (N IN (N c- .j ~~ I- ’ 1 In In (‘1 I~’~) In 1-~ 5 -4-

4 (NINCD CD~JIN(NININNININCD4CDNINININC’~ CDJ ININCD4CDJ(NININCDIIN1NCDiININ r INNIIN-J(NININ
C C C  0000000000000CC 00000000000000000000000000000-C
au- a U- a  U-aaa .x —x a a aaa a a a a a a U-a a . a a a . a a a a a a a a . a a U-a a a U-a  a a.
N-N- N -N- N - N- N- N - N -  N-S- N- N-N 4 - 4- 5 - 4 - N  4 - N - I — N - N - N - N - I - - N - N - N - N  N - N - N - N - N - N - N - N - N - N - N - N  N-, — N

222022  (/ 1 2 22 2 2 2 2-2 2
— • C-

7 1
N- C —

LI. LI) —
COO N- C) C- C

zI C- CC. I C-
a. C • —

LU — I — • — ~1- U- —I-
14-N U- (N-I- i— 0-
—.1 U.. U_i N ‘-— -4  LI) C —
<a  a (ID — -~~ — C-
>ZZ  — I N - -  C

— —  C *—  I N—
U *_  —
C- N- N-  -_J —— a
N- << LU —5- > IN 5—

> UJ LL~ 4
LU lJD >~ Ca -

— Z N -  - C C-  C —C-
C- C - —  - C-—
- Z—

CI— Z — cr’ T — -C
( _ .— LL LI- * C LI *

C C a— a a —
< C-  LU — U- — U. —

C— C L) — It) a I —
IL C — Z —

C N —. 7 1’~ N- (~ D ‘ J I

N- t Z C 0 * a — 4 IL
-C-N 7 C LU LII — * a 5-— * a

C U -  C — a- — N- —z  C —C-i
LU LU — N .1 — C — -‘ a. —
U_i II  I- — a. —— ——

N- 0 LI — — C  U- — C
C a C N- UI — L~ U- N C- I— — C-
a C C-  LI) a- N- cx. UI LU
C U - U -  5-- — I f)  2 a 45- -— —

— 5-- LI. UI — Z ——  C C-—--
- Z (5 u_i a a- UI (~0 C- — — — — — — —

U~~~ Z a N- C — --- - -—
- Là — C- C- IN U_i — — — ~~~~~~ — N- Pd) — ‘ — N
O ‘-~ — = rn a C UI N a. a— I a  a- a-- a N-u-.
C Z C — IN LU L I )  <0 C LU — .~~ — — U- — U. _J
Z —2  N In ~— 0 1 a — — 1 a 15 Z U.N — * C-

~~ L/) < IN <0 N ~~ ZOO’ N- Z~~~~~C- Cu-. C - h - C - —
U. 1<0 C ‘IT — • UI LU ‘—U. — — IT — — _. ——
lIt’ L/) 4- ‘1) ‘2 1) C CC  U - 15 — — 75— a — —

5-- 2>- a C LU a a. — 5-- 2 0 C- — I —~2 C - C C ”
<a. 0 ‘2 C. — C C u ~~~ I/DC C -‘Lu ~~~ (/‘Q~ C u-. C~,’a-

‘.5 ‘C- — C- C- ~~ -‘2 a. C- C -— C - C  + C -— C C
7>-b— 2 C) C- 2 2 —C- -— u — C—  ‘ I I I

— LI Z C Z — C-C — CC ( I — ~~C- II Ii — C- II ‘I
2. a C Z . — C Zu -~ — C Z IN CU — Z UJ~~- #  — -.-u Z -s- —

2 — 5— -  7 —0.--~ Z -‘--~~~~ <0 —0 ~ N-C — —  C -~~ — — .-- — —

— I f )  C- — P—. • II LI) — —‘ • SI 1/) LI. —. — —I-UI Z — — C .—‘ Z LI’ C- 
LU C -C U- W 4- — Lu + — U. —< — — LI) I — LZ~~~~ — C- — -2—— —

l I Z  -~~~~ S I C -  -~~ It O - O il --ct) l IC-~ - N  Z ( I C— — N
.11)1/) .V’ cIl <X ILL IC- — If) N- N - U  I— ~ -— — — — II Ui — — — — II LU ~.— 1Ii -C • — --- OIL_i 5 — C- U- L I .  U .  II — ‘ Z L U U .  — I...

C —~~~~~~ C C —~~~~~~~ C: -~~~-- C- —-.2CC- C -a — C - C—— Z ‘à  —02 C C - N - U - — a C - C -  — I N — ZZ — Z—  ‘C’—C-C-— C -
Ii InL. II N- U .’ ’  5 In15 N U J ’ ’ J < i ( / D C - —~--- UI CLI — ---.——2

IN~ -4 LI- C. N- C”) N-Si U-) ON —‘ C-- ~ ~ — ---25- -  a- — —— — C  N-U. ——— — 2 —
(II V1.U (C- C- UI —c/)aC C- <cC ~ -V1 -- .— 15 If) -LI) .-. — — C-UI — — — C
— C IL — Z C-C -. —. C LU — C- Z C C ~-‘-~ U.- U. LI - fl LI Z C. C (ID ~I1 U I C- C- a 2 if’ 2~_
)~~0.-.~~~-. Z L ~ ~~~~C— ~~~~ — Zc )  C - L L u - — Z a - C~~~ Z . C :Z 3 - C U - L C-  CZ C C a~~

C
—‘ “-I (N C — IN
In - -  C 1)’ ~‘ 0’ C”

151515 1_ i L~L (Nc) LI) — ‘—i I_ . I _ 115 . IC- —

80



0 0 C C  CC C C - C O O  CC 0 0 0 0C0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0C0 0 0 0 0 0 0  0 00
~~~IN I n 0- L I  - ~~~C0 - 4C ’-.. - --- .-1- If~ a- N-- rC C~~~ -- .rC’ f- - 2 - L O’ C - . C ’ 0-ICD ’Sr—a~ OC—- ’C ’J -~~rLr -C r---C
-t 4-~ r0 - - 0--I- .r ’4 C LI\ lf- U C I f L t) I f 2 , ., 1C -C-~~-C- -C 0- O N U ~ 1.a. CO 0-IC

, rIN-— ,, ’ - ’,.(Nr’ lC ’ (C’LIN(NC ’ IC\JNi -INNJ(NC’ i r J ( N c C ’ C - C’—1’ r.r’ ,IINr I C’.,C’ ,lNrIr. C ” C ’ )r’, r- I ’ - ’ . ININr’.
C CCCC0 0 0 0 0C00 0 0 0C0 0 0 0 0 0C0 0 0 0 0 0 - 0 0 0 0 0 0C0 0 0 C C - 0 0 0 0 0 0

a U -U -a. -ca a-I U . U- U-~~ U - U - a  U- cl- U- a a a .c lcx U-a  ~ a a c a a:  a U - Q~ U- U -  a a cc a U-u-  U-
N a— S- - N- N- N -  , — 4 - 4- N- N NN4 -N5--5---N-a--N N N- N- N -N  5— N - N- N - N- N - N- U-  5— N- h— N 4 - N - ,~~ N -N - 5 -~~ - 4 - U -  N- 5-—
2 2 2 2 2-2 2 2 -2 U ) U I V’ tT L/D Ir’ .JD2L/ ’.2- V’ LII U ‘2 2 22 2 U I 2 2 2 2 2 2 (J 1’)UILf  L/D V) V) V Li Cf 3 ) 1  iC- I f)

C
a —

C-) — — 0-

— - — z. —
a UI —

>- — a- -_ w
.5 LU -‘w C-

Z ‘ I —  C— C- —~~~ z
U” -C — .-.-‘,

C C C- ‘-—~ — — —  —

C- — — — ‘S .- In
C :1 a — — — .  - -
LU LI. — fl In N- —

C LU I LU a- — — a. — C- —
LU LU C- N- a- —u. I - . LU— — 5- Z 7 — —  a- C
LI U- U- U.. - ~ - <  ‘C-
a — Li. C- C N )( —(N Z

C LI) C’ Z C- • < — ‘ C .- U -

UI U UI )< Z ‘ a-S — —
-1 UI IL If, — — <0 . .- IN

C- (
~t) LI~J U -~~ U.. — C — —“I ~~ —

N • (_~) — C. C: IN - U- ‘ — (“ i —
LI) UI — C IN C- — - — u- . - —

— C- C- a U- - CL — 2 — - I N
C. C- — UI LÀ. In 15 U- Z I ~~ IN —

252 ‘— 0 -C: — — < 0 — ’ -- . — — 2
U - C -  P -J IL - a — — — C-

-C- - LI. I C- C - <0 ><~~~— .C >-Z
O N-  U- C- I— C- C- <0 C —.C— .
C- h r  — N 5- LI _ 1 5  In —

— LU a a <0 z —a a.. — — ~- —

LU N LI U- J <0 C Ui - — —

-CC- LU C C C 5- 5- LU U-. — — -
C C. UI C C —  C- C- ‘—‘ u — <

a. Ct~’. a N N- N- N- C- C— ~~~~~~~~~~~~~ — - C-
La., C uj C- Z — (1’ UI 3. II. LU (‘J >- IN - ‘C — C —

- C — — LU U _ i C -  1 5 7 — a  - -‘--~~~~ ~~ C-
-<0 0 C” , — — I I — U- .~~_. — <0 - — • ... —

C C-LI’ a N- 5- — 7  — ~~ — , ‘~- N- C —
75— C- LU C <0 <— 15 4 -0 - C  0 -C -—— . 5 >- —

Lu C C’ C I f)  — I/I UI a ~~~~C’ .11 — IT — - - — a - ->- — —

N15 +0- -— -2 f l I t-  I~”,C —  — — <0 IOCOC- f .1. ~:C .- -  2.-
ZZ Z — 0 —  I n — 0 - C - . -~~ - J’ u - . C- - 2~~~ 5- --2
C— — Z o— a -  7— 72- IL 1- ~ 0 -0- —0 -CC-<0C”,jC -~-<CO 2 CZ I n~~~C 1~. )Z —  — C -  N ,—~~~~7 —. 1< — 7— ) < — f l  — -—‘-(C—
15W U.<0  .-~~~ .+— C —- .~aJ) LI)  .-LI)  Ca Cj’— .0 -,-~~ . --C - C-3  -“ -C U- —

a I u U- —— ‘-I-UI UI a — a  C.. C N- U’ N a. a 112 ‘L.. 0- ~~ LL INLU - — u~. -IN
CL 5— 7 a —<0 • a -~ C- C- C- Z LU C-i” C U- — -~~~ N- - — — - — -—

C- S I C  - ‘IT17 II II C- C- a .  — — L U — —~~~~
II II Z C- C a a. LI CX U- U- a. U-C• II Lb — UI — U_i —‘ ~~~ - - - 11’ ~~ - - C-

L I — C C I I  —C II II
.— C C - N - a — C -  C —C -  C— C-
UI C — <0 — — C I — U- LU~ <0 1. ’<0 U- <a <0.- U- <0 U. < 0 -  LU
C IN C — 5 - — U I  NJ LI) N- C ” ,.— N N- 5— N ‘— ~. N a- • N ~~ ~~~ ~: .~~— ~~. 5— ~~
UI < 0 U -— V 1 Z W  ~ ‘Z C- C- — a — C C — a —  a ) < — a— C - )<—
Z -Lu-~CLu- U- C .Z  U- C- 2 C C -  N- N Ca:aC.-za.aa~~~----a.oa.C-Ccx
C- C - U - a — C- L I Z  C - C- L I  C~~.15 Z C- 2 U - a~~~ u- -  ~~~UI~~~~a ~~a —

C 0 - C  IC ’ C C IN
m C — C C’ .—. In -I- —I- U” .~_ -C
O CC -~ IN iNC 0 0 C-’ 0 0

-~) ‘-__ -- L. LI) 15 — ~ ) IN LI) Li (‘-j i LI) C-) ‘N C.. LI i__i LI. LI L L— ‘\J —~ — — ‘

-
~ 1



CCCCCC CCC C C0000CC 000000000C COIC0000C000000000000
O’ C.—sINIn ’ S N O C~ C.-4NJIn-I-U-D C — N J I n ’SN0-Q~C— N J I n 0-t r
~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘O COC CC 0OC C— 4 .—~.--l .-4 --. — —~~~—~~~~~~~~~~~~~~~~~~~~~~ INcNI-nr’DrnInrnIn
NJ I N r ’J N J r ’N J I N I N N J I n I n I n I n r n I n r n r n I n c n I n I n m m r n r n  In I n I n r n I n c 4Drf l I n I n r n m r n r n r n I n I n I n
00000C00000000000CCC000CCCC 0000000C000000C00000
U- U- U- U - U - U - U - U -  U - C U - U - U -U - U - U - U - U -U - U - U - U - U - U - U -  U- U -U - U - U - U - U - U -U - U - U- U - U - a U - C U - U - U - U -
4-NN4-p-~-N-N-N-N-4 -4 -N4- NNN-N-N4-N5-N-NN-N-N  5-- 4 -N N-N NN-N-f — N-Ns - -I-N-N-N 5— N- S-- N
2020220020200002Lf)y)UIUIOUILI)UILt )22 UIUILf)LI)UI(/)VD VDLt)2(I15fiLI)OUIUIcr- L/’- U1UI

• — — — a.
In IN’S In — 15
— IN S — 5— <0

— ~~~—m — Z .  <0 -—
)( 15 .—4 >< C • C 20
In .-lI) U. If S — 7<0

— 0 C-U-
rn .0— In LI) • C-)— — C- • N-LU

— U - —i U — C- • — N
—)< —O — >< U.- S <0 0<
U_i In 4-U.->- IC’ C- Z
Z . - LJJ N- 0- — — ~~~~

s C CC-
_rn 152 — — — — In <0 • — (.215

— — C <UI IN IN )< VS IN — LU . 4-
II C Z IN — IN ‘-I- 0— IN — U -• <0 I— <0

—> (  C LI) LI. — — ~-0 .- — UI IN >< N 5 4- LI. C_i
—In —‘U- C. — IN . 0— IN C- — Lr~s ‘i-I • C-

— 4- -<0 — IN ~~ •‘0 IN 2 — — C C- C
In Lu N- S/) — — 4  In S IN — C In IL) • —_ C-— — ...JV500.. — —IN ~—4 In — —‘ LU — N.J 5 0 <0

LU — ZUJ 4- U.. ‘ I N  — LU .—’ — II — - • LI) C
N X — a —  — Z IN — —W C — U >< 15 C-UI
Z In C- — —— — IC) <0 • U- <LU

— < >(‘S ~~~ IN — C_S IN II — s— — LI — — C Z
— In C — 0- s C- I N  ‘15W IN II IL. — IL ‘fl 4- I LI. — —a. — U_i U- —In <0 —U - i  V) .-W II — — C — G — 1/) 15
- — U <IN ..—s U -— UI IN ‘SU- 4- C-) — 5/) - Z 5 C-) LI) C

0. > IN UI 0-INN • C- LU C- LU UI >( — • LI. LU <0
~~~In 1/) — —(2CNLL rn If 150 C — UI -IfI . ‘I) If) LU LL.
U-’ — LI - — UI U-LU — UI C- — It) UI — 3. — S IN IN 52 U-
CIn ——ci C. — UjLU N 3.- If)rfl Z • V) -/5 5—
C- —  4-0-L U is — — — U -C-- UI Z — LU .—. <0 • Lb a C- s/i
Z — N- <LI) — — —‘S — 0. 4-0-  — — N—i C- — I C- C
.-) < —ZIN LU — ‘S-S • .- — — Z~~ • C- • C-. 1.2— In N- )- 0- U--C . • In IN 11 5 -— U- — UI U- LC’ UI 0 • 2 2 N-C

N- — CC a. C • In In ~—4 IN - 
— >- N- UI a- — — — C- — — — C-

In CIaUIIn—s. ’UI VD< 5- c ’f i C - LU II In— — N- • I)—
5-0-  2 S L U  U’ -‘S4- N- If)  ~—~~- — — UI I— <0-. C — U-— — C- U-— UIW — —— •< U I C V ) CC LU — ‘C Ui — — C - C- U - LU I— C- U-N-

LL)( LL -cC .-- - InwZ -C- U -— cc —>( - 0 hUN- — N-LU
C In U- C- ‘SC - II IC <IL) — LU UI In U_i —2  Z U- NC-  N- UI0-
C — -4- . u SI w UN Co = — — — I — — C- LU I/) — C
Z rn I— In N 55 )- 15 UI C ~~ — . U.. ~~ LI) In — C- a — C LU
-— CN— ’C 2>-N -  — N - - C-C- —C - LL~~~U C N-C-) C- C C-

— - C LU LA. . N- LI - IL’ N- .—. LU <I—LU LI) — Z <  It) C- .C~ c.. UI — -C- N- C-
-O)( ~~ a .-— a ~~ ‘ -‘C-) II — U.N C LLJ I—.~~~Q LU )<C C- C • LU LU ii

— -‘0 Z —  — C - a -USC UN. -< —CVI — .--4 -— 0 — 1(5 7 — —C IN 15— — —I-.-’ >< N - - CL a NW <0 IC) N- LU DC-Cc —IC- C C — — LU — U- 7 —
— In II 0- a Ui Z a-LU ‘C S/S N ~~ 2— 0- In 0~ 2 0 In C-) LI. N U- * — 20-
Li. — C .- .C ~. a > <o10 <00 C — C — —. — ~ -J CD C- u. • N- ‘ a
C - ) < W I N U . - < 0> N- — —Z .-— —)( .—4 - .----s . -.—~ — rV >)- LU
‘L~~ 

.---I-5--INCZ COIL LI) -)< .--. .->(C -~~~ ~- l < -  •)<LC C. 52W ZN -a ~~ C-N-
C- In U. — ‘<0 •0- C. C Z C — LI. 0-NW 0-—SW IC. LU 0- • IL If U- Z Li N- C — C- C C. LU

— 4- L1L W ~—C. U-N —4/5 5- • N- ~ 5- -ON —— LU C _ a  — Z U- C— — — — 5 - 5- N - N - L U  150’—.—— UI — — — — — C- — — N- C
IC’ U- LI. <L1115 15 U -U- • U -U- U- C

~~~~ — C N-N15 N-ON-UI ~~ — a — C ~~ — -~ — Ui ~~ — 15

— 7_ _ JC CCZ C << 0CZ <0 2 Z Z~~~~Z— C  C-— C
— - N - L U UNU- .-.QLIDU-UI....N-. 5-- ‘- ‘N-—N-C N - 0 -  0 4-

a<I nW<  ILJ<NU..<WW<LU<ZU.J< U_i
C- 0- ’ —’N0- — 0-  •- — — .- — — —4 - 0 - —N0- C 5 4-Z I - -- 0 - —  N0 - 1 5  5 —4
Ca. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —. U-15 C-
Z a O 0 - 1 50 - 0 -0 - 0 - 0 - 0 - 0 - U - 5 2 ’ — .U-CZ U-CU-52)<cCC<0 —

-‘1LC-~~~LU - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C
— — — (N In 0-~C’ -SN ~~~ — -~ —

0- IC’ 0 C C  C -~
‘S ‘S ~~ N-- 0- ~ C C
C’ 0 CS 0 C C  — —
— — — — -. — -~ 1515151.) 1.. Ci. L )  I_i C _ C _ C _ L I  151515 LI L)ç)



OCC00000000C000000000000COC000000C)CCC00000000000

In In In In 0-0-0-0-0-0-0-0-0-0-2 2 2 2 2 2 2 2 2  It) sO’S ‘S’S’S’S~ Ds O sO sON N N- N N N N N- N- N- 0 - 0 - 0 - 0 -
In In In In In In In In In In In In In In In In In In In In In Sn In rn In In rn In In In In In In In In In In In In In In In In In In In
C0000000000C0000000000000COOCCCC000CO©CCCCCCCCCC
U- U- U- U- U- U- C CU-U-C.L U- U- U- U- U- U- U- U - U - U - U -U- U- U- U- U- U- U- U- U- C Y SU-U- 0- U - U - U - U -U - U - U - U - U - U - U - U - U - U -
N- N- N- N- N- N- N- N- N- N  N- N- N -N -N- N -N- N -N -N- N  N -N- N- 4 -4 - 4 - 4 -N - N -N  N-N-N N -N- I - N- N- N- N - N- N- N - N- N- N - N-
022220 S/S 20222000 If) UI 0020002002020 VS S/SO VS 022002 VS 0002200

5-

>-
• C

>- 15 C —
C <0 LI) U-
C 0-I IL N-
U- ON- 2 <0
4- U-C Z 0-
Z LU U- —
LI_i N-  LU 15

LU ->- Z <0
O -.4 —C  N-
C- Z sJ -J Z Z —

<0 —<0 7 Ui —

— ccl - 0- In

> U. — N- U. IL’ -

C C  LI.Z C a —

a C- LII C U- ——..Z Z  C- ——
I — U - .   UI LU’C
N 15 C_-i UI N- C  VS
C LU N- U- LU <0 C’-~ Z
U- > 15~~ Z Z’ C

— —~~ - w • C —  —)- .-sJ) >3 a I-) 0-Ui N
C al  Ui .15 0 LI)
15 U_i — IL LU > <0 + C C-
<0 >LU O~~ N- LI) ZO C-
I >0-   — --- C.
N- — — I/i- UI 15 0 0-
C - — i  C- U- IN 0- LU
Li - LU LU 520 3 <0 - + IN C

— >3 7  —  <0
a C- N-  <I LI) N- —~~~~~

- C-
Lu — — I C -  c—) C- —— —
— 1 ‘2 ~ r - LU LU LC\ C0
1 -3 N C_s C . - .-
3 a .- C- Lu  U - a  C —  N

a C C- N-  15 Z —  <0
Li. ~~a ~~~~~~~ 15 Lb  —

O a LI) 0 - U- LU  0. U-—— C > 1 CC C- 1/’
i/S UI U.. Lu C cc +0CC- 0- -
Z 0.-N I—’ •  <0 <0 2 Z C —

C -Z N- -<0 >- <0 LI lrf l0-2’CN0-~ -~n~J In0-2 ’CN0- ~) —. C —

— ‘~~) — — C 
U_i 0- — a. 0- -<0 —

N U- Z Lb C.  <0
C- -i.S N--<0U- <0 52  ~~~~~~~~~~~~~~~~~~~~~~~~~ IL. .+ + Lb N.J
It- N — <U- N N-.j LA. N-  -

U.. N- 15 Z  LU LA. IL LU LU LU LII U_i U LU LI. LU LU LU Li. LI - U- <0 —  ‘<0 —

U- aN 0Z~~j I wZC0C.C-C-C-Cc0C.CSC-C-CiC.CCS -~~~~~~~~~~ —
-— Z — ( i LL_ i   —.4 —000C-CCCC.C0C’CCSC- iCO C LU0- N-0-0-C~ C- —

o —C 15>C 3 15—~Z Z Z Z Z 7 ZZ ZZ ZZ Z Z Z Z  LI C ~ - <0
— CL) < 0 — 5 2  > a -A . .
C — — ‘215< LU 1.) II C_ 15LI’1515L” 2C_ULIUUL)LI i_- LI) <0 C - _ - -  -

~~ —
IL U_i —— U- U -U- U- a a U- a N-i N-A NJ N.J N.J N.J N-A N-i LI) —— — II IS II C- LU
Z Z  15L1.  CLI) LU 0-.
— • <04 -  ‘-— II II II II II  I I  II II II II II II II I I  LI II —.——C Ci ~~~~~— <0
15.—. L)Z C-
OW LU — C IZZ 0 0 0  vs
0 Q.-sIN In 0-IC’ ~5N 0- .-. IN In 0-2 0 0 -  — — 0 —  C-i

aU_i 0- a0-0-Inrf lIn a
157 —.43  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ <0 -

< I- -- 015L-’L.Li1515C_L-~LI)LILILI15LI15LI C+ .CCC <0
LI. • — CU- U- U- U -U- U- U  -~~ N-J N—S N-i N.J N-.) N--i N-_ i -‘-. 3. CCC LI)

-4 -S — C-i

2 In
C C
-4 -4

1515 L.L)ULI)15 L)15L)LL) —~ L)L)L~L) LI)LI)L) C-)

83



00000000000C000CCCCCCCC0000CCCCCDOCCCOC0000000000
0-(C ~ON0 - O50 rs I I n 0- $ 0-G’O_ NIn0-$’CN0-~~~C IN In0-$’SN0-C’0 -5(NIn0-2’SN0-C’C-~~~
0-0-0-0-0-0- CC0CCCCCCC INC-JC’JINC\JC-J C-~JC-J C’.AInIn

CCCOOC0000000000COCCCCC00000000C000 C-CC 0 0 0 0 0 0 0 0 0 0
0- U-a U  -U- a a U- U- U- U -U- U - U - U - U - U - U - U -  0- 0- U -U - U -a U - U - U -  a U- U- U- U -a  ._i. a - U-a U - U - U - C U - U - U - U -
N N -N -N- N- N- N- N- U- N- N -s - N - N -  4 - 4 - N - N- N - N -N- N -N - N- N - N -N- N -  4 - N I_ - N -N- N- N- N- N- N- N- N- N- N- N- N -N- N  4-N
0020200222UIUIVSc ’SUIOVSVSUIOUIVS 000000000UI0000000002002002

— C--i
- 4 -
-(‘-I

IN.—
• —

C- ININ L)< —
C — —  <C  -
— (—Li CU - I N
N- — <<0 —
<0 *
0- — Z — — —  C
52 C-A <0 N-N CA IN Li
UI — — ** — —  *
N — LI 0- — — — .—s — C-
C- — 2 <0 Ci l~’.C--. C-. —
— a < C LI) — — —‘ --. — VS

— — — cc <0 —-. —s C- C — (15

LI) a — ~~ * C — — — CC — UI
<0 <0 — 52  C D~ 3 U-U - .J U-
C C-) — L~ (‘I LU C C C  CC C C
U- — U J -  <0 — 52 > C. -~~ 52 ><

— a C- — C — Z + + U- I..
Ui C- a — LA. — + + 1

LI. 0- Z — LU U C- vs — — — 0- — a
C- — — I <0 <0 U- U.- — — l IN * U- <0

- Z 5 2 —  N- C — U-- LI) — IN — - - cc
5 2—  U- 0- > -52 - -  C a — * C-LI

LI a. LA. LA. LU C C- 0. — — — — — ‘C- — 52 Ci...
cc C- *C  SC I LI — vS —-. - >  C_ LI) C- - I

Z — LI — C. <0 2 ~~ Li 7 < 0 <  a U- —
<0 LU a C- — C — LA. — <0 <0< — C ~ 5 * — C — —— — a — — Z rj  — 52 — U- C C U- U- a “-. —

a. SC <0 - LU 0- C N — —  * **  C - J O N  —

C • C. UI U- C- (N C — w - * N-N- — — C LI Lu a -<0
15 — C- * — — — U’ —d 3 * * a — —s C * C- ~~s I I  * Z

— <0 +  ... U :  a CS — C- ——  C-. — — U- — — — ——) — __4 i~ <0 If . — C — U- —fl-- ’ C- ...~~~ d C _- >- ~‘y j  — .1..

<0 LU — — LI. C U -<0 L/) - ..~i — — a — — — 51 C —

U_i N--I 52 — LU N- U- U.. — C- <0 a a C a — Ii. a C U - UI
N- — C- ~~~J) LI) * > C’J <0 C N- — — C- C (— — >- U- N ~~ I—c r —  a — C.. — U- < ~~~~ U - C C  ~~ 

-
~ ~ .

— L~ LI N C-I C-A C- CC- I- A. U- a -C- C C- —
C- — C 0-0 fTh — ~~ C C <0 - — Ii C- U- C C C- C-- — CC- a C
LI <0 C- -I— CC C —4 -4 Li —i LI Lu U- 

~~~~~ — I.,
a LI — — U- — — — C- Li - CU-S C- a C- — a II H 52 II II 15 0. — Li.
<0 — LI. — LA. C_. —— — II 5 — <0 ~ ) <0 52 C<0 0<
LI) 0- 11 11 . < I I  II SI ILL > LI. — LI) ~J --- -- 15 II 0- LI) CLI

C- U- Z —~ — —. IN -<0 — IN II
C.) 15 LA. —. C — LU - — C-) — — — —

— I I  C- - I N -~~~4 0- CC- — -~~ a — — —

C C— Z II • — — • C 00— C-  — —  —— — — II— — — — — .—4 (N 4- 0 - - _-. — a C-_i .
~-‘ —

15 InLU’— N- C ——— —  a InIn<N- CC CC 52 — 52
15 C 5 2 —Z  a CZ ~~C C-C C- I

Cl—iC U I L ILC C  <0 15C’—O U -U - U- U-  a. C- a.
CU- U- L I  ..LLuIcL)LI L~ 00 4-1 5  CC CC 3. LI. I..

C C
In 0-

LI)LI) LL IL I  InL)L)L) 15 InC_LI UC_Li C_ sC-LI) L)LILIL tC- LI) LI



OC00000000COC00000 CS00000C00000000C000000000C0000
INIn 0-I-C- ‘ON0- C’ 0 -sIN In 0- If, ‘SN- 0-C’ C Csj1’l 0-IC’ ‘SN- 0-C’ C— C--I In —3~ (5 -C N0- C’-C — C -A In 0-IC’ -.Q r— 0-C’
In ~~ In In In In In In 0-4-0-0-4 0-4 4-0-4 2 2 2 2 2 2 2 2 2 2  -.0 -.0 sO’S ‘0’S -0 sO’S sO N- N- N- N- N- N- N- N- N- N
0 - 4 0 - 4 0 -0 - 0 -4 - 4 4 4 4 0- 0 - 0 - 0 - 4 0 - 0 -0 - 0 -0 - 0 - 0 - 4 0 - 0- $ 0-~ t 0 - 0 - 4 0- 0 - 0 - 0 - 0 -4 0- 0 -0 - 4 -0 - 4 0 - 0 -0 -
0000C 00000000000000CCCCC00 0 0 0 0 C 0 0 0COC0 0 0 0 0C C0 000
U -U -U -U -0- U-U-U-XU-U -U -U -U -U -U -U-U-U -U -U -U -0 - S U -U -U -U -U -U -  ~~U-U-U-U-U-U-cca U-U-U-U-U-U-CU-U-U-
N- ~~ N N -N -N -N -N N -N -N -N -N -  N -N I- N-N - N- N- N N -N -N N- I-N N N- N -N - N- I- N N- N -N -I- I-N- N-I- N- N N- N N- N-

VS VS 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 0 0 0 0 0 0 0 2 2 0 c n O O V S  VS VS

-.0

cC-
— -S >-
C--i LI. U-
— — <0

a • >< C
C- C - C--A C-
52 U- - C-
— N - - . O  C-
N- C C- • 0-
<0 U- U_i In. N
U- <0 7
52 0 52 LA. LU Li. C
LI) C. W 15 — 0- C-
N- • U - UJ 0- >< Ui a
C - I N  .-C-J a U
— — I— U- — — IL C-

* C O s l o —
U C 0 LL~— • N
U - C  IN In >< C
C • >< --d LI) N
N 0- — 0 - L U  Z N

C- UI
U- — — h- —~)( a. LI~s C-
C. * U- — < ‘S IN 52 0- -C-

— N 0-— s  — U- LU —

C — — <0 C -

— 0 — — 0- — N- — • — — Li.. <0
— IN — ZCIn’O C-— Z N--i —i--- Lb — -~_i_~ —---- • — N- C-
3 <  Z C C.) — C -— L I I n  ~~ >< LU

* — U. C- C- W”. Li. — -— 0-— 0 U- IL 0- — 5< LU .i._i 7 0-
UI - - C LU i~. ~~~ 

-~ U.
— C N U.- -) < N- U- U-
—4 <0 — C- L U0  -~~~~~~‘tC-- i C- C LI)
N-i 52 C C- 22 — - < — • —  C a. >-
2 - —C   — ‘_i-- —~-

-.SO C VS
0- I LI — C--A r,5 0- I-C- -.0 N- 0- C — a 0.—s • U_i C. I-A.

* U- — I NC  0-N - 0- 0- - U.S In IN 0-0 -  • a

C~1 r-, 
~~ 

—
~~~~ U- —  —  ~~~ ~~ In - — — .0 LI a

I ii.. 0- 52 • U- 
~~~~~~~~~~~~ IN >< LI_i 0 — —--. >- —

U -~~ 
U_i a .CC V)Z 0- IN ~~. 

I I  L.A
LU LU U~. C. > — C L U W U _-w w w wU i  II II LA. N N- •)< ~~ II II -A_i -C-

0. I I NJ II • V)L-)000000.00 — —  — —  cs_i S—i — U- 0-
II C COCC-CiC-0C~~~—~~~— , I  LI U- - 

WU J LS) LS.) >— Z 2 Z ZZ Z 5 2 5 2 — l I~~C4.4 LU s03 3..- O — C C U~i LA.
— C .—. I I C C C  aa. — C— C-  I nZ—Z—  • -C- C
— - — Z C-Z  IL< Il II I? ’I IS 55 II I I C - - Q~~-CC- — N - —N - C- 0CC-A C- C-
— .~~ 0-0  LC’ZW\Z -— C- U- <L i~- <Z- ~~~~~~~~~ —
Ni — L U N -  N N a Z In In —.4- r- U- 0-4-  LU In In — N- N-
N-i C- — C- z C- v C-—S C-A In 0- LC- .C N- 0- II It — C- — A. — a. - s~ z ~Z 0- L U —C_ C_ Li 015 Li C ~.Ci C-a C. U- C- )( C C 0- C  C
U.- U~. U- U- C _C _ L I  < 0-Z ZZ Z 7Z ZZ O —C i C U . sC -  - .~).~~~~3a . IN C- IC-U. S. LI

-4

CCC 0 — 0  — C- C
2 2 -C ~~ C

C-) LI) LI) LA (-C-LI) In In In C-C-LA (C- In C-) IN In In LA LI ~C- In 
~~ C-) 0 -L I - L i

85



COC000CCOC0000C0000000CCCCCSC000000COC000C000C000

0-0-0-0-0-0-0-0-0-0-0’ 0’ 0’ 0’ 0’ 0’Q’ 0’ 0’ 0’ 000000 0000.—. ~~i - ’  — — .—~ — ~~ C-I IN IN (N (NIN IN
0 - 0 - 0 - 0 - 0 - 40 -4 0 - 4  3 - 0 - 0 - 0 - 4 - 4 - 4 40 - 0 -  2I-C’LC’ $2 $U-S2$LC’2LC’ tC- LC- LC’ Lt IC- IC- SC-
00000CCCCOCCCCC000C0000000C000C0000000000000CCCC
U- U -U - U -U -U -U - U -U -U -U -U-U -U - U- U- U- U- U-  U- U- U-  U - U - U - U - U - U - U -C U - U -  U - U - U - U - U - U -  U - U- U- U- U-  U-U-U-
N- N- N I- N - N - NI - N- N -N- N- N- N- N- N -N- N  N N N- N N- N -N- N- N- N- N- I— N- N- NN- N- NN -N- N- N -N- N- N -N- N- NN - I-
00002000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 V) 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

I L U
CN-

C.
LU <C
0 LA O —

Li. 15 N-
IL •-< LI)
Z • )- LI) -LA

Z 4- Z
2 0. —— —— — 152 C

N ZC-  —

C- U_iC ~.— 0-
C- -U-C-  CAN -  —
— C~ —’ — C
N- U-Lu C-C C-
<0 U_iN ZC. a.
U - C  -.02 -
-a. C- — —
5— <0 252 —7  .‘S
— C- C

U- — > -  C —
N C N-N- • Li
5< 4- < — — LU ‘C- NJ
LU LI) 5<1/) — — 52 -r’C -
2 LU <C- — — Li..—’ C-

a U_i — — Z — N 52
Lu U_iD C C C-NC C-
C C- a. — — .— .— 0- U-
LA. C 0 Il) UI N- L.. —

— 0.- 0- C-CU- N
— U) N- Ui <0 - N- 52
-~~~ C- C C S I —~~~UI I

— 0 -~i • 7 )- U -C>  — U-
U- — C C —  — — 4 - 5 2  —
— — N- UI — — — — UI -
LU 5< — 0- — — — C>- N-

C C- C-’.’’ a.C — — C— — - .2
LU — C- NI C-a C-A UI -,-~
> — Ii - — U- IL Li. N- ~~. C N- C- I/S U- -

<0 3 U-> 0- — — Z Z Z  -C-
UI 3.- II. C- LU C * * LI ~~ UI LI —

* 0 —.4- A. 3 N- C C a. C.
C — — —— w c o ~~ U- U.. 0-
Z 0 - 2  — 3  — z LI C--A IN C- >— )  C —
<0 C LI. — 4 • ~~ - <0 CC

— N — ‘~15~— 52 — C- Z — s
<0 0- — UI Z C—’ U-C-  In — + I U-U-C -<
Z N — )- Z -~ LI— IN — C-~~~~~~~~L~~~
LU CD 0- 0 0 — Li_i LU N- 0- — ‘~~ In — Lu <0
0- Z5— a C O C .—  C- LI. C..) C- ~CC ‘CZL C CCC- — C ’_ -  3
C ZZ ~~rs . <  C- - iii - <t .~~2 ~ CC  N -Z U -  -— -— 0 - L U L U  7 .
Z — — I • ‘— S C —— > 0- — .w 0- — • In52 “~‘C- C- NC -  C-LI
LU — — —  CC — a U. 0. 2 ’  — — LI N- St~~ a. <0 - C-
C- C — II — — _i. U.’ 52 sf5 5/) Li. 15< U A.
3.. 5 II — — II SI LI) It La. -tI C- cc a. II U_ C-I) ‘C- It • S t C II 0. Z ——— —~~~ 0- 0- . — — a

—Cl/)U.- — — 5 <  U-—’ II LU —0 — II U-U_i -C-—.-- u.’---- I I U_i ‘-‘ II LU aLA.
A. )<~~~CI l C C -‘~~— C LU ...-.52 C-In C-

CCC- ‘ IC  21(5—C- Cm C — H Z  • ._ .4_ZIn~~~C-I N 0_ C- >>
d ..--. 5<5< .-~ .- s .--- .—. IN ~~N U I — ’N-~~~---~~t ct.-. —

0 - 0 - I I— — C C5 < N- 0 - — N -  —C 0-—’’N- ~C-tCN0-—NAL4—N-
— — - C  Z VS Z a N — — Z — — Z — C- U- — Z 15 Li_i

CCL.X—0-0-Z-.--001C) <C OV)~ -L. aCLI .CC-’J’L’_ L.’J-~~CC CLU U.J LIJ W L A . O C-U- U  C-CU- Li ‘ ‘ 0 1 50 C L i 5 2 0 C L I

-4
i. 0 2 In 0 — ~~ IN C -~~
52 — — — NJ N- N ~~ 0- IN

0- 0-ULI)LI) LISL IAL L— .  0-LIL. LIJL 0- 0- 0- 0-L.LIULIL0-

86



0000000000000000000000CCCC0000C0000000CCOCC)00000
0-0’C.~-.INm0-$’SN-0-0’C .-.INIn0-$’0N0-0’0—4INIn42’SN-0-0’C~ -4(Nm0-$’SN-~~ C’C.—.C-JIn 0-Ifs

$22 (C- 2221(5 2222$ $222 $$tfs $$2 2222$ 2221(55(5
00C000CCC00~~~0CC000CC0000C0CC0CCCCC000C00C0CCC000
U -U -U -U -U -U -U -U-U -U -U -U -U -U -U -U -U -U-U-U-U-U-U-U-U -U -U -U -U -U -U -U -U -U -U - U -U -U -C U -U -U -U -U -U -U -U -U -
N-N- N-N- N -N-N- N -N-  N N- N- N-  5-N N-N- N- N- I- N - N - N - N -  I-N-N N-N-N-N-  N-N- N-N- I-N -N -N- I- N -N-  N-N-N-N- I-N
20000000000020000000000000UI 0000VS VS I/SOUL 00000 2000000z

C C
I L -  0 C

— N
C LA. — ZV)
15 UI N_i CU) U-
C — — — w 0
— N- S N -U - I—

<0 0’ L)52
I UI — — zo u_i
N- NJ C CU- >
— 2 — — U - C
3 UI • — —  UI

U_i 0’ IN 0-2 0.
C- 0- — Il <0.— —
C C -~) ‘-i_i UI
— Z — — z U- VS

N- 0. - -C- N.-’ C
C — •a  VS 7
0- U- L/) • 7 <0
— IL.! S — C-VS — C I
U- N- IL ZU- ~—
N — U- - Ui I NN  N
(I) U - C  — Z •-< 0-
— 1 5 0 -  IN C- LU - U -  52
C U) — —U LUW —

W N-LU - N-C- N- s— U-
— S (C- ~—IU — <Lb LU —
ZC-  C-CC-  U-52 a C
CC — LI-A L/S O C- W U- U-N- C - ’—— — 52W C I— A-I 0 - 5 <  < 5 2
4-4 -  U- U-UI — — >  Ca C
C-) C — Ui N- N C- ‘C- Z :‘< —
20- — > U l< <0 ZC
C— s/S ZN-U - a .  CO - -

LA. U- C C .—. LU LI- — — N- Lu
N- IN LI) U- N- N- C- Lu -

~~ IN <U.’
0-vs — ~~~~.— — _i.~-C —— 0-N
<0 — — — 2 • . 4- U- ——
IL. C. — — C • • U - —  .

U- — — • S 52 C - U 1  C. VS N
N 2. — — — N- . • Li.. — U- • Li. U.. X
U) C SN v’ — C-_i • • <0 C- — z C- ii.

CC CO — 0-C U) Z • • C5<L’) Lu C-U- C—C-
CC C-C 3N- C 0- C • • If —0- >(u 11)

• • • • IL U N- I LA. • 5 0- ~L U. N- 2’ — ~— — -c
N_iC-i NJIN 27 C I C • ‘ C -s~ C~~ a ~~C- N- <N-C-
— •—‘ —‘ —i — C- .2 — -n 0 -VS • N- —N- C ~~ 0- a ~~ — < 0  U- UI U-
IN IN * * U.- — — ‘ ‘4  <0< • 005/52 ‘.—<C — NV’ U_i—— — — LA. C — ‘52 Ui C- • 520 U_i —0 d i . -  IN <0 U- Li Li_i

C-—— C -— —  U-0- CC --N- csC — 452C0 52 CU-N- -N-AU-
C - — —  Z— —  < <  C- • -C-C ~~ I-5 2  .—sU -I---’SCC- —IIUUJ < C- C-

— a Cu. 0(/) —(3 U)’—’ C- — <0 fl —~0- L.A — I—>- N- IC-,U- 7 Z
— U_i LI — U_i LL 0- Lu - .0- vS .— Cu.’ C- .-Ci. .-— -— 5< U- Li) - -

>> >> C-N- — C~— 
CL!) a. LI- LI- I N- - - C- - N- Li a U- — -

C> ‘ I C-> ~~ 1/ II- — —0- — — — — C — — NA N — ~~ I- —-C-- 52 N-_i C C!
II • LI) I-/)(JJ — • — — — — Z II 0 I I

— I I  II — l I lt —0- 0- • +.-~~~ I— U-  L/! C.
UI LI. 0.— — -<0 <N- UI 5/) ‘ 2— 3 N- 3- 3 — LU — C C

C. .-..-.C. -.A C- CCS ./’52 <0 ~~~~~~~~~
i — —70-— —  7 • 0— C--A • 0. Z 15 N- C~ — N - C -S— N C-  C I C-
— — — — — — 0 In vs II -0- II 5< LA. I li_i LI- ‘/ ~ U -41._i 0 .0

4-Ci. C — 4- It )c4 -0 - N - 0 - W C N - 0 - L I  4 — 4
LUL L C- - .1. IL Z II —ON-U) 5 Z — ‘ U- — ~~ ~~ N- — U- —.

C.LLCC0~LU C ~~ U.-U-OLL 0- C CCA. .~~W C—C
C52>L)CC>sJ 5<C.’—.LL-52U.~~~5<O 31L ’ ’3L1 2 3 U- >  CU-C

-4 -4

— IC- 0 0
NJ 0- 0 .-. (N C C C CC C
In cC- C IN SN In 0- -.0 -C- — 2
4- C - s  CC-LI C-) (5 4 -0-  4-LiLA LI. 151515 — —‘--‘ C_C-.) LI C_L. C-’Li 1(5

87



0000C000000C00000000 0000000000000000 C00000000COC
‘SN0-0’C.—’ INIn0-20N0-0’C.--sNJIn0-2’SN0-0’C~ -~ ’.In4$ ‘S 0’C—SN $0N-a~s)’0--4C-4C--

2$2$$22scsIf-r-$$22$$$2u52$22u-0 0 0.t-.0000000 —00-0--C ‘S’S’S0.O—0~C’-O’S
CCC 00000000CC 0CC-CC 000000000CC 0000000000 000CC 0000
U-U-U-U-U-U-U-U-U-U-U-U-0. U- U -U -U-U -U -U -U -U -U -U -U -U -U -U -U -U -U -U -U -U -U -U-U -U -U -U -U -3~U -U -U -  U -U-U-
N -N -N -N - I -N -N -N - I -N I -N -N -N -N -N -N N I -N -N -N N -N -N - I -N -N N -N N -N -N -N -N -N -N s - - N - I -N N N N -N -N N  C-
00U)U)U)VS00VSVSUIO-OO0UIUI2U)0VSUIU)VSVSVS0VSUIU)000UIVSOV~1V_ i(flCJ)0V)20 UIVS LI) 1/,

U_i S

N S

S —z
Z — Z Li
C .  > - —  C-

LU S N .—’ —

C-I C _ i s  
~~~ l I— z —

U- N- S Ui • 115 — ‘S  Z 0’—
C —. — • C- — . — —
N 0- U) IL.- • ... — — — Li.. <C
UI 4- Q~- 11) S C — — N- C- C. U_i —C

U- C — • — —0 3 Z C- —
0- U- N- S — C — — — C- — a

C 5 <0- 5 <  —— - —

•UJ CIA. U) ~ CU-C--I 5< SI UI — 3
— N- C- • —. — — C--I — — LI- <0 —
UI<0<Z C- IN ‘~~~-‘S — .0 Z -A—
C a IC CD • IN — — • —— • — —N-

C- — — UI IN — — In - — In — — C
U— oN- N- U- 3 LA — N- — - LA 0-
0<1< LUC - U-C >—A C >

151515 N -a  U (1) U- — — — LU — N U. U
UI LI! — C — —~J LI-A N- — — 5< — 3 5 <  — UI N-I
CILU-L) U-C UI a —IN 5<4-NJ — —
—I U-Ca o~~ IN C 5< — — In — — Lu —
< C-< N- UIC-4 1 5’ S  -‘ -- ‘S 3 0-N-
> C <C-) U_i UI LI- U) — U - • -— • - — C

0<0 U- >In — —In LI’ U.. —
N- -ci 3 2 0 - > — N- 15 -—
C- N- LU U..U- N ~~- U- —C 0-LU C — — (C
Li) N-I Z 52 U- Z> — > — U 0- U-
U -Z 52 U- <0 >- LU — — 5< .5— 5< 0. — —

LI. N- 0- —IN 5< •C’J - C_ i—
C- 0-U -U - > (I) — LI) 5<15 — 0— — a — 0-
LI U- C C- N- LI 15 In U_ i -C — -C IL —

N-OIL Ca 52- LU .—s > . — — . > ~
-

C-iC a 52In C- ’ S  C-
N-I-<0U-! S1~ LI- LU —— — —— —
—11) 0. C-U- > I - — - --C_ i  —--C - -
3 5< CD U- UI — > C—. — — — — U’ — —— —0 — N U- Z — — 5< a — 5 <  — 0-

Z N-— 15 C-- C’ — — (\J C. aIN <0
— 7 N - < 0  C — C C C- - C C  U- 5 <(J)  — — N-i -~h---.44

— ZIN ~1’ UI C. .052 - CC’S - 3’S - I
— 0- Lu N- C IN Li. C- • IN . • — —-‘ — • — — • 1 0. LU C.
c/S O 52 <0 !~ U.- - U- — ‘N — NA (‘-4 5< ‘“—‘ In ~~ — In - - — -C I!) N- U- !~~ In C- -~IN — — 0- — .-s $—--‘ 3

15 (1)15 U_i — 0-—  N- C IN IN IN — C-_i— — C - — 0  — I IN N
U_i a UI U_i N 0< — C- —- — — — C -— C — —~ — C — a <0 —0
LC-<0 C-> — — CLI’ - 52 ‘ L i  — — — —‘ — IN NJ 5< ‘N IL O  5< — — — a
<C-A U. Z — NA N IN — — r_ i .—‘ 52 In IN a U- C- — —

0 — — IL LI C- — N- —‘ I--- Y U_i 7 52 a a a~~ — IN 5/) — - .---C fl — — <N- * ~~ —0 3.. 0- -_ 5< ~~f 5LU N- ~~ ‘4L Li. i.Lj LL. ‘-INC -In -z ‘-In
• U_i C N-— —s C/C U_i U.’ — 0- — 52 — >  > >3 Li. IN — Li — IL — Li. — As) I-.. ‘< 5 >
0 0. N 11’ IT C Z 5— -0- U - C -  > N- 5— N- - -5-- N -1--- - I 15 U- U- C

IS — - C 3 II — - 5< — - — - — o IL) U-U-
II U- Z IS II II II U -2 U- U- U- 0- C- ~ Z C-

U. — U_i 1153. _- — a3 3 —  3— 3 C .—N - I -C CC -
— C -  —

~~~~ OZ— — ~~. — — — — C - C - — -  ~~~~~~~~~~~~~~ 
1/) I-. ~~~~~~ —

0 — 7  ~~~~~N- Z -  — 0 Z N UJ ” N...N- N
N- — ‘LU <C • —s C IL .I- C Li. <I-_i  <U <0 52 ~~~ 

UI — C-
‘—‘ N 4- ON- 04 -0 -—  • C ‘ S a a a a N N 0- C -N - 0 - N - 0 - 5 — 0- A . 5 2  a.LA.151L- LA.— Z — Z N — U -N • N UI Li. .1_i 1.- C- — ii2— 0.— C. — a. C CC - C C -  0 . 0-0 -
0-C. COO OU -C <  . C C>> >~~~ad C  U-AC -a.C-~~CNLi.ZC- Z 0 - — —
L A L I  C0- o 523U.U- S 52 CC>N-l—Li3U- 3a.3WC~~U.L/)CU_iO -‘--CC-

-~~ NJ -4

0 ‘3 C) C— .-i CC
0 0 Co o 0 — NJ.-4 NJ Q—~.0 N— ~ j — 0 — — — — In In
4-LALI )OUUOL’ 0-L)L L) 0-—. LJOL)LJLC--~ ‘S — s

88



C00000000000000000000000000 r)00000000 0C00000 00000

Nj Nj C-JNJSNrUm I n m I n r f l I n mr C - rcf l4-4-4-.f’3-~4- -0- .-4 -~~~$u 2$LC’$2Lr$2’S’S0.C’S’S.O’S.C .cNN

000000000000000COC 000000000000CC CCCC0 0000000000C

N- N- N- N- N - N -N- N- N- N -N  N- N - N - N- N -N - N- N  N- N N- 4 - N - N - N - N- N - N - N - N - N - N - N - N  N-I-N-N-N-N-N-N-N-N-N-N-I--
I-I) ‘IS V) LI U)U)220CI )V )222U)U)OUIOU)V)20000VSOU)VAV)OO U I VU ) V )OV  UI02000UIL/!I1)

C N-
15

— .11._i
NJ CI S N - C -
— N -N -
— UZ U.U- U_i
—-I Wu l CCI

— > .- CU— N-
— a C-
0- U_iU- — U-
— 0~ .-Ii N-A C
C- —I I—u.-
- 23 N-U-

—
0- CU. N- I L 1 5
- C-C - < U

0- <0 LA. >-
SN 0-2 CCL)
— I Z  Li
LU N-~~ LL C.
C I— IL52Z
0 52N- — 1 5 <
C- — C -
- 11>52

— — C O
N- U - U -
C II— 4 N-
— N-Il) C-Lb <0
— — U .N -U
I) 1./IC •
U.- U_i IL) 0 -a U-
Z Na C C—

— • . C. UILIsLC
— ~~~~~~~ N- z <a U)
0- COO- Z 1<0-
— 15<0 U- UUI
~ . aU-Cs) <0 —

LA. <0 N- S U_I C-) 1/) N U-
- o ZZ  a C CC-U- —

— 3W  U_i a z >  a
N- U _ C   IL C —

C ZZ C  ~~ C- C- — C  UI—— — ~~ C- 11- U) Li CC LU
..0 N- <0 <0 <0 IL — Z

LI) .~ o INm0- ’-C- -CN0--.(’ ..In ._i- 2~CN-0- U_i LU CD C
C- ‘V — C vs • > I IN

— 3 LU AX. U- >~ C U -— — — —  U - 5 <

N- N- N- 0 -U 0- 52 — .—.  C C • 0.— C
0 — C a 1.1. LA. LU N- • C UI — N-—— — I15 -<0 N-I UIU_WLUWWWWU_ iWIUU_iLUU WUILU N- U. 52

— U_I Z0C5C00C -00000000 3.0 LU ~~ C’ • 7—C

aCIN ‘I) N 0 a COCOCCCfl00000CCDC a 0- LAUIuiLi) C- —’--
UI U-O U -0- LI) —~ZZ Z ZZ Z Z ZC -Z Z Z ZZ Z Z  LI - U. 5252
>—--4 C- a U_i -o >- >- a i~~~ C-C -  -4W
N- 0-0-  4-IA. — IN —~C LI) IN) U LI) ( C C - C - )  015151515 LA LI- L-UU ~~ i_I — 5 2  Z C C)

• U - U - U - U - U -  U -U- U- ~‘-.~IN-4 C’ -iN4 N-4 NJ,-.jN~.J II ii
Z zZ  10 — Z .

I_ I__ i — II II S I II II II 5! II II II II II II II II II — a I— — LI-— — — — II C 152C-0
UIV)Ci) C- C ’~~~~’ 0 52 LI-C-C)
ZZZ  C O—”~_iIn4-2’SN0-.---4NJrC- -~~$’SN-0- C
LII U_i UI 2— N IN C-) I/S a N CD
0-0-0- — Z ~~ ‘~‘ ‘5’-’ ~~ If’ ~~ Ii. ..- N-

ULA . C L)C- L)LI)UL~ULI)LI)15LiLI) C 5 2 5 -LI- CC
CCC C-U-c C X . a .  X O X U - U - 0 . N~~~~~~~~~~~~ J 1 )  C

C
52 —

1515015151515 £!~~i)L.)U 151515 NJ

89



CC0C0000C000C00000000000000000C00000000000C0000’C
Ni In 4-u) ‘ON 0- C’ C — C-_I In 4-2 .-C N- 0-a’ 0.—s IN In 4- 2 ‘SN 0- a’ C — NJ (C- 4-2-ON- 0-0’ 0~~ C-_i In 0- I-C- ‘SN 0-a’
N- N- N- N N N- N N- 0-a) 0-0 -0 - 0 -0 -0 -0 -0 -0 ’  0’ C’ 0’ C’ C’ 0’ 0’ 0’ 0’ 0C0C0CQ0CC~~~-~ -C -

~~~~~-4 .--~ — — —‘S ‘C’S’S’S ‘C’S’S’S’S ‘S’S’S ‘S’S’S’S’S ‘0 ‘0 ‘S’S —0 ‘S ‘0.0 ‘S~CN-NNNN-N-N-N-N-N-N-N- N-N-N-N-N-N N- N-
0000000000C0000000000000C0000000000C0000000COCCC
U- U -U- U-  U-U-U  -U -U-U-U-  U- U-U -U-U - U - U -U - U - U  -U-U - U- U - U - U -  U-U - U- U- U -  U- U- U- U- U -U-  U-U - U- U- U -  U - U - U -U- U-
N- N- N-N- N- N- N- N- N- N- N- N- I - N- N- N -  I— N- N- N N- N- N- N- 4-I—N-N-I--I--N-N-I-N-N-N N-N-N I— N- N- N- I- N- N- N  N-

2225/5 2

*

S

5— —
2
—
O — —0. LU —

C —
C- C LU
C C- C
— — C
I- 15 Z
<0 U- —
0. 3 C-
52 * *
ILl — —
N- — — —
C- • —— . Z —VS < N J  — —
Li_i C- — — S U._i LU

U- 0 0 - c )  • * *
C — 0 < 2  • — —
N- — LI) 52 <0 • C-A iN
<0 L — < U -  ‘-‘ • — —
U- C- I...) ~ * 0- S NJ C--)
C C <0 — 5 2  — — —  — — —

- C) U_i (‘-4 0 U - — — — Li
C- U -I — < 0  * C~~ A z —  <C <0
C) U_i - I— .—4 —) — — 52 52

C — Z — — — U - U -
52 -cC LI I-A. LI) U_i — — — —-4 52 N-I 0 <0 C- — — — — + +
— 1./S — C) N- -<0 — — —— —
vs If- N- U- 5-- Ii. LU ~~~~ — U- —
IT- U_i L I Z  IL U_i 52~~~~~~~~~~-~- C_i

C- N- •~~~~~ <0 I C I C C - C U _ I  is)
<0 -ci C- • C- N Z 52 5252 — IN —
-3. — — < W a  LU — — — —~~~ U- C — C

C I-U — — 0 - I N  /) .—~~~~> a a aZ C * >- ‘1-
C- UI C U- • U- 0- * LU IL Ii.— IN — C —

LI) U -— C — LU IN U_I — >5(5 > 3o — —~ —. C
<0 C - Li N- > — Z 520!— N-U  -a - <0 ‘CD
U- 0 . 5 2 < 0 5 2 W  c J Z  a - ~~ -S*  **  U -iN C- I N .

<0 — 52 — 0 <0 — — — — C — — — — — i—
U - -<0 <0 52 < C  C~~h- C z~ ~~~~ 1 U C-
52 LI- N-S LU N~J u_ i U -LU — * ~~~~~ Ds)s~ 3 <0 IL < —4

C- — 0- • I C- C-) — — 52) . — 52 52 * -

N- N — N — 5— — Z LU - L L  U- LU C- U -CD Y C
LU 52 52 — C-) 0-sf ~~ UI ISO 0- - CC— (3.
_. Q ~ C. — C- CA ‘ -C  < 0  — • — -C- —
LI) - Z < 0 5 2  < 2 5 2 C )  C- .—s -4 - Q+  -4- 4 52 52 — 1 0 -
>- -4 — U. — LU — — — U- — U_i --

LA U- U.- — LU ~~ IL — a CCC II C •>  >C IL 52 113 U- -CD II
II UI 0- <0 > .5252CC 0-— ID 0-0- 0 0- 52

3..- C 52 2 . ‘  •~~~52 — C  C-C-  •~~~C •ss)C-C
52 <0 LI) 0. ‘— 000 As) 11) — UI 1/) I-f) Li_i 0 Cs) VS LU 0 ~~ UI C.

I < 0- — ‘S C- C 4-
0 1/) 52 II II 11 11 0 51 W S I C  II l I Z  11 0 11 Z S~ C) SI N-
C — N — — — ‘A — ~fl .--.
In _J -U 52 -1 C>U-—CCZ>C>aI-- 3-.3N-

15 N- 15 0 -0 -0 -  0-— 0- N 0- 0 -Z  0- 0- 0-NA
C <0 -<0 u_i <0 CCCCDCLbCC~~~C-C  C-C C-C
O 15 52 o 2~/SU) 

~~~ CI) ~~~~V)15C-~1 20 ~.fl CC vs U _i~/~5 C IC
-4

0 2.O C C —
NJ ~~~~~~~ NJ

0UL)C-JUL.0 L)s15L) 0L)L) LILAC-) 1500 —~.---~---~LI(CU — 0 1 )Li -.

90



CC~0C0CC000CCCC0OOCC000C0CCO0O0CC~O CC C CC0C0 C C CC OC C
C 4-UC-’ON0-0’0— .C-Jm4-UC-’SN-0-C’C C-Jrfl4-tC-’0N- 0- 0’0.-s(”JIn4-Lfl.0N-0-Q’0~~~~~~~~0-Lr -oN
(N SN NJ NJ (N IN NA (N (N NA CC-In In (C- In In In (C- CC- In 4 -4 -4 -0-4 -4 -4 -4 -4 -4 -2 2 2 2 2 2 2 2 2 2 . 0 . 0 . 0 . 0
N-N-N-N-N-NN-N-NNN?’~ N-N- N- N- N- NN- N-N-N- N- N- NN.N- NN-NNN- NN- N- N- N-N-N- N- N—N~N-N-N-NN-N-
0000000 0C00000000C00 00000000000000000 C000C000000
U-U-U-U-U-U-~~ U- U-U-U-U-U-U-U-U-U-U-CLU-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-U-IX.I(
N- N- N- N - I— N - N- I - N- N- N - N - N- N- N- N - N - N- N- N- N - N - N- N  N- N - N- I - N - N- N- N- I - N- N- N- N- N- N - N- N- I - N- N- N  N- 4--N
0205/5202222 2 2 2 2 2 2 2 2 2 0  I/I QS220VSVSVSVSUIUIUI02222202  2&) UI 22220

IL
l/~)
0-
C
U I .
W

U- U-
CC

S ILI-
z <0
O
— —C
N-
-<0 I—C
a
C-C 0-
LI) C-
a
<0
(C —CI)  C

0-2 C
a C-C
-IX LC<0 0-
N IN

• Z 5 2 0 -  —
U - Li_I )- —
O 0- — U-0-~~ AU
N- LI- (C I L )  *
LI a <0 NON-A -~U_i LU C - —  U-i
> -~~ 2 5 2 —

N- - U_i — a) -
U_i ~~ N-N--
LI a LI < < ‘5 A  —
— C- -IN —l U-LI) Li

— *
U- ~~~ LALU - a

— C C (C’ aN-~~52 U -<0Z cc *
— 0- <0 — ..._ —— CD
• 52 — U_i U_ i 52

— • U. a — •
— * N- — N- .5 2—  1<0— N -— — u_i C) C- U— S 1 -5 — (C 0-
II- U-CA — ~2 N — I I———
52 — N- C- I N C  C-U-C
C- C~ <* U - — C U_i - — Cu -  -

52 52 0- —CD a k —  IN

— IN * )< U- — LU a S U- C- ~~ * -
‘5~ > — — u_i a — <  522  — C-
U. 0-C + 0- —~ NJ (C- 4-2.0 N-CC ‘f’ N-I LU U- — ‘J~ C-_ iC CC) C C.

520-  0- CC LI. — 520- ‘— — C C 5 2 V
52. 052  C. 0- N- 15 * UI C-I~) • • • .C- -
z — -./,  ~~‘ + ~ - — >< <15 — a < 0 CC - C -
— IN UI Li. — C IL C) <0 C-C-~~ 4-
a +- ~~~ <0 L U W U _ i L U W L U L U L U  II  ~ J C Z C- U_i I—CU- Il 55 II - )

~~~LA. C C C A CC 5 2 C D C .  — SI • 15 U_i U-
I CC OCCC C C~~~——  C) 0- 52

LU 0-LA.  U-Li. C- Z Z C- C - C -  Z 52— If’ IL U_i — U. U) C — N- C- -~ N — NJ
I CO lI C - C -  — C S I C  52 UI N-— —

C- s/5 , . 527 II II II 5! II II II SI C— Il 2 0 52 ZC- CL) vs 4 .—C NJ IN 55
— ‘-“-- 0Z — C~~~-. —‘U-a 52— 52——---
N- II II — N- N- 4- — N- ~~ — N- N- C U - (CL)  (C LI —
C- — Z Z  —4 (’J I n 4-L f’S N - C C  I l — C -  — 52 C- N- U -C U - C. .
O )( )< 

~ CO C — C 52 (52 
~~~ IC - -A_ i 7_ A 0- —~ s 5 2 5 2 —

U )< >( LA. L) sJ ZZ Z Z Z Z Z Z 0~-LA. LI C-U t_A 1 5 U - 5 2U- LCS—

C — CC C C C-
~~ CC C C C)

—‘ L)UU ~ ) C- i (C C -~C-) 0-UUL) L.~~( C ( C (C . 4  1500

91



C0000000 00C)0000000000000000000520000000000 000CCOO
0-0’0 In4-$’SN-0-0’0.—4NJ’~~4-2’SN-0-C’  C_i — INIn4-LC5 ‘C N-0-0’0—NJm4-)f- ‘0N-0-0’0~~-CINrl 0-
‘0’0NN-N-N-N-N-N-NNN0-0-0-0-0-0-CC0-CC0-0’0’C’0’0’C’C’ 0’C’0CC00 0O0CC—4.-4-~--4~~~ -.
N- N-N- N N- N NN- N N N- N N- N-N- N- N N- N N- N- NN- N N- N- N- N- N- I N N- N0 -0 -0 -0 -C C C C 0-C C 0- .cZL 5252 C - - U - U- C C
000C000000COOC000000CC OCO C CCC C CC C0000000000CC CCC
U - U - U - U - U - U - U - U - U -  U- U- U- U -U-U-~~U-U-~~ U- U-U -  U- U- U- U  - U- U - U-  U-U -U-U-U-Cr U-iL U-U -U-U LU )?C U-
I- N- N N- N- N- N -N- N-N- N- NI- N- NI- N- I- NN- N- N -N  N - N - N -N - N -N - N - N - N - N - N -N - N - N - N - N - N - N -  ~- N- N N- N N-

N- N- a NI
U_I 3
15 LL U- LI-LI<0 <0
2 Z520-Cl—aLL
— U-aC< —

C <C- N -N- C-. LU —

— C-) <)J) —Cc~ —C
0- C-4 I-U_ i N- Z<

— ZLU I-/ )NZ As)
O <0 << C U  IN L_i
I N- aC-N- C_i_I C CINU-
U- v ’ <a— VSN- a  —4 5-
• LU < I CZ < 0-

— —ZLI-U-C~~
_i aCCr-

I/S I--C C-LI5215 U_ I - 0
0. — — Li C (C<C > - — IN IN

— (CNICjI-/51552 >11_i — CC
U CC- N-  <z-~~C — —C.. CC

C C C- C IN 150- 1552 LU C- — — a •
C CD 52 C C C C — LU — —< — — N— “—<0 — C
• C • 52 • C) • Z >U-ZCA s-’)N-Z CC — — —
4- • 4- • 4- • 4- 52 N - CON -U I C  - --4 — ~~C
‘— —t IN —~ IN 0- IN 0. >115 — Z <0 IL — • — — N- C
— IN — IN — IN — U - —  N- 5-LI) N N- ~~C CD • .— — C C — 2 I <C Z  1.1.-C
U_i — U - — U- -~~ U~_i N- Z C!— a 0-CA > ~~ — —

* U- * li_i * LU * C <—ICZ (C —— C - - I  C -
—‘ * — * - * — I I/C <0 U: — U- s-f N- —— - 52 52
U_I — LU — IN -~~ -IN U- CC 0-~~~IF— — — ~— — • C

U- N-I * N-I * — Z u~. — ~— IC C. CC C) N- C
+ * 0 * 0 I- -.f_ i 5 2 —_ U ’ .. — 5 2  — — -C ——

I C 52 C’ C. —.—. — ‘— U-3 U-Lu )--523.. U..— --. CD I
-~~ C • C_i • — — — — — N- C . ‘.-. - LI - -. — C. .-

A.) .—4 LU • C--) • C-_i — — — — ..C <0 52 U-. _i- — >— — IN 52 • -3.
* J_i * N) NJ U. a Cs) _i IC p— >- 0- --52

* — I + U U (-J U - C- N- a Z— — — 5 2  5
N-) — N~S + I IN U- NJ U- 52— LI <01’S U-CU- -

~~~ — C N- ~ -

* IN 4 —~ —4 * * * * -LA 15 >- -A - 5 2 - .-- - - 52 5
C * C —4 IN ~~ ‘ IN — U_ i3 < 0-_ i , U-52 ~~~C ———
52520 52 IN * INC* - .- . C- — 150 Z— _-Ca — — ~ --- • C-~

. 5 2 5 2 _ i  .0* C— *C.— —— —— C-I U-A— C- s— - <0 — s-_i-. C)L’~~~ —CD
• C-JO — C NJ — N-_i COW IL Z — LI U-~C-Z -~~ N- 5 2 >  -~ 0. a NJ I

N_ i C - _ i  s N-I . N-SIN -IL Z a U C - C -  — —  .-—— —c
+ IN I IN AN -‘ IN I + ~ + + U 0- — >- LI N-- — I— I N——U- — C- - — — — —

I IN + IN 5 — U- - I-N- Z 52 vs - N-U I cf-U- - i  C-CA — — — —
—4 ~~4 — — ~~~~.—. — — — — — — — D. C- — — I— u- U _ . ‘C. — — — • -C — - 

~~
-
‘ 0-— N-i Li IN — — — LA_i IN U. — .—4 IN — NA C-a  C-is LI C — ~ - -C — — • — — — —

* * IN * U.~~~~IN *  U_i * * — — - - — 52-C U .Z- J 5 I-’10- C C — I—- .—CC I 
LA. C — * — C * * * C)— . * —4 OIL — 4 — a C-i (N — — 52 LU LU U. ~ ~— ... - IN IN — — — — — — —
* CU CLUC~~- C5 2 a 5 2I N 0 I N C- *  —— — — U~~~ C-0_ i~~u .C-< 52< - - C - C  C-C-

• 52* -L CIN •*  C .— L)UUL) C-I- is Ca 7-AC ~~ 52~~~C- . — ~~~ i C C - u  a_ i . .j I_ i’
I NN )  4- I —4C-~_i • C~-J —~ • + NC IN < 0 S X < <  — C- a Z -f u. <0~~ -52 C 3 . - -  • • CD 52

I NJ I U- ‘N 0- 5 2 5 2 5 2 5 2  a C 1/5<0 52 Lu U— LU 5-* i 5 2  a ( N C —  —~~~ C - C C -
- 4 - 4 -C- + + 5 2 + 4 - - U - U - U - U -  .1.1 — C L U < C C 0 -~~~U- <0~ A _~-CD~~~~~~_ - 4 5 2 5 2 Z

0 -4- 4 C+C 4- -s- C — ~~ >U- IC I C X . 5 2 aN C< 0 5 2U ._ i . 5 2 — C 5 2  — — — - —— — . — C C- — • — — II II II II I - C~~ C-I- 4-~ ZN- lI_i 1— i. U - 5 2 5 2  1 1 5  (C LI LA
N-) L U- 4 — U • — • N-) — —4 N-) LU S I C-i Ui —U U- • U -U- U- U
— I  I W I N I — N - J-’ I L U I N I  S 0- ZU- Z 5 2Z ZZ— .~~~--I — — I I — - 5 — — IN - C--I LL C — >  N-C U U U C IN IN — II I II II

(IS 4— - >
II II II II II II II IS 55 5 S I S I II II II 0 1 ’—J INC-52 52 —

52~~~~ - — ’ - Q C 2 C __i — 5 2 1 5 2 11  C-— - .~~~ -_i--
(C LI-U I_AN-C- C-’  U - U_ i  aLL A_ i_i IL: LULL <C <C

NJrn4-LC- ’S N -C C .~~CNm4-2~_iJN-0-  < 0 < 0 < < Z - C - .~.-~~~> ~~~~~~~~~i~~~~ s— ..-- ~~ ‘. v ~- C 5 2 C ) C) C) Q u  U 5 2 5 2 5 2  0- < -< 0 C 1 5 L IC-  (C
CC-CC (C- IL 52 LI LU_i IA - U_ i U LULL_i U-IC U- U- U --U -(C U- C-LU ‘7’ 052 C C~ 5 2 5 2  00 U. U -~~. U.

-4

ci
0

U U L~ UU L) (CU LA

92



000000000000C0000C000000000000000CCOO’DCCCOCCCOCC
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 -0 -0 -0 -0 -0 - 0 -0 -0 - 0 -0 -C C  0-CC 0 - 0 - 0 - 0 - 0 - 0 - 0 -0 - C C  0-0-0-CC 0-0-0-0-CC 0-0-CC 0-0-0-0-0-CC ~~ 0-0-52525252
COCCCC00000000000000000000000CC000C00000000C000C
U -U -U- U- U- U- U- U- U- U- U- U- U- U- U- U- U- U- U- U-0 . U - U- U- U- U- U- U- U- U- U -U- U-U-U-U-U-U-U-U-U-U-U-U-U-U -U - U .
N- N- N - N- N - N- N - N- N- I - N - N- N- N- N- N - N- N - N- N - I - N - N- N - N- N- N  N- N - N - N- N- N-  N-F~~N - N - N - N - N - N -4 — N - N - N - N - N  I-

2 22222 2

+

IN —

— + +  N .—* 

4 - -CU-
N-
W 5 2 0-

Z Z C-—- -—
— -

— — — — — 1 5 2 C C)
U.) —  N ‘7’ U I U -Ui  — C) fl 52
<0 __i __i <0 52
52 ——U - L U  U_i 1’) C- ---- Z Z Z U- — — — N

— • * *  I N ’N -~~ -— *  I C I C L~’—

~~ Z — — 52 U- s -f )
LI) ~ IN NA Z — U-c ’ Is-/5 L~ (N * * U- C-
N-S — —  52 if) C C~. 0. U- — — — —. Li.
• 0- — (N  3. * * * IN 0- ‘C U-C.

‘f’ C  N- ~~~~~~~~~ 5 2 _~~~ -
Is-i (C IN UL) I 52

Z U-  <0 52 <<0  5 2 5 2 5 2 <  5 2 5 2
<0 - 52 IN 5252 52 C —U -U -U -—  52 C C -

— 7 U- i.) IC Z — 4 5 2 5 2 5 2 - . # - . --4- 52 ——- Z 0C
C- C C 0- + + U - C) ~ + - - -  • I

— C’ _~~~-_i -U- --
< LU ~ I 52 —— C- C . —— — — ’Nr N- U.  5 4-

IC- ‘C N - C C  -~~ C-_i -‘ , .~- 7 -C N-CC 52— V a <0 __i 15 ~ N- IN U - — — Li. — — — — — U- - —— U-C)  ~~ C- C-Ul N - i i — — —   ——
a —i C-i <0 U- C. C 1/’ 52 — - — — — - — — _

i. —.  — —
— -— IN > — C * * — — — — 

<0 - 2 IN IN —— C-CD C— — —U,ILIi.<--— - -
U. U_i U- LU U) ~~ 1._i U: UA U. u-i 152 -_i — — — 2’ — — N- C) 5 2 5 2 - C -  .~_i a — —
CT,  C- C)C C . C C~~~~T C .CS C— a C) — — • C’jsa, i. ICC-~~~
CC C-L.CCUOCCCUL C CC U C <0 0 - — C - J  ~~C 0.C-C52U-52ZZ~~~CLU
Z ZZ C C - C - C - C DZ Z Z Z  - a.-4 Z 52 52 -— U • 5 2*  C C C* — — — _.CDT’

— <U — U. Z ~~~L_IL ‘ i-- C 7 —Z ~. C C-C
(CU LI (CUL’C-- Li C-. LI ‘-_i (C _~— IL — — —~ <0 C- u~. — —~~~~~ -_-— — IC 7 Lila U- 1 CD =
U- U- U- U- IN NA r- -_i NJ N..) N.J -‘-.J NJ II 52 IL 55 52 52 • Li. — — — — C 0.. C a — 52 52

52 2’ 3. U- — U- 202 N-I * * * < 0 L I  — —
I l l  S i l l II II II Si ll II II II — I __i — ~~ Li_i — 52)03 CC——— jC521C-

0- II S I C -  — ~~~~~~~ cfl~~-sN II
CD IC C C- •f’ IS — SI ——— S I II U-U-

f - - C -N -  52—NJ 50- 1 .  C N-CC C 0—  LI) ~nIC-N- IN INN_ i  <0
A a 15 ~taa I- IN U -— — — IN 5 2 5 2 5 2  52 52 II II

# ~~ a a —— C- — — a U. U. — U- .— a
LU C-. LI~~~ LI) LI. ‘U C-_ iL)  Li LI) Li 0 <0 <0 52 N-) U -C a 11 5 2 5 2 5 2  c’ + + + U 5 2 1 5 0 .
U - U -U- X) N.iINININNJN-JINP~J C ~~ LA. 52 CC-U  — 52 .52

C

LI’S—) (CL) ULAL) UL)U 0 - a a  ‘ —)(C U

‘33



CCC0000C’OCOCCCOOCOOC’OCCCCCCCCOOOOCCOCCDCCCOCCCCC-C

‘0 ~O ’O ‘0 —0 SON - N - N - N -N -N -  N- N- N N- 0-0-0 -0 -C C  0-0-0-0-0-C’  C’ C’ C’ C’ Cs C’ 0’ C’ 0’ 0 000 0 0 0 0CC —  —
0-0-CC0-0-0-CCU-CC~~’CC0-CC0-0-CCU-0-0-0-CC0’ 0-0-0-U-CC0-0-0-0-CCCC0-0-0-0’0’0’C’C’C’CsC’C--CsC’o’
0000COCCC00000000000000000000C000000CD000000 C0000
U-U-U-U-U-U-U-U-U-U.U-U-U-U-U-U-0CU-U-U-U-U-U-U-NCC’UCU-U-U-U-U-U U -U -U -U -U -U -U -U -U -U -U -U - U--U-U-
N-N-NN-N-N-NNN -NN-NN-N-N-N-I-N-N-N-NN-N-N-N-N-N-NI— N N - N - N - N - N - N - N - N -N - N -N- N- N -— I - N l -

s-P 2(1 c/S V’V 2 2 2 0 2 2 2 0 2 2 2 2 2 2

C-4 — - —
— * — —
<0 * NJ — —I — — * — U-
0. — — * LU C.
a — — — 5 2 0
<0 C C C -
— C - I C- —
C- • — 0 ~ — U-
<0 — — 15 0- *

— N- I <0
IN 52 (52 LI. — — C D — C )
* * — 5 2 2
* — IN CD -<0 —NJ’~~r-J— — C Z ~

-

<0 NJ C — C L I_ i * U- *
N- * • 0- U.C*C
Li_i * ~~I * + * 0 5 2—— — —NJ — ~ ‘ 4  * — 0 4-

* 1’) N- U- * — 52 4-
*0 ** — I —
— s-_A (52—— —4 — — C- *
-~~ C U- U. N- <0 — — — —0-~~~ **N I — * —

NJ LU IN — —
CA * — —U-COO—U- I CA * — —

* 5 2 4 - 5 2— *  C — Z C D C X  — —
0-4-N  •IN 2 C) N- — 52~--. — —

• N LU~tVi
C- C-  ~~~~ I - - C - IN — * U-’— C  0-
CC) — • NJ IN * NJ — 52 * — — ~A.’ >< 52

— U. •+ ~~~ < >— Z I NZ  I- <0
Cc-: — ,

~‘~-* —4 5 -1 * * * IN 0* I >IN~~~I N —  U. N-
N- I— (N IN CC — — c— 2 cC-NJC N- C ~: a — a -52 -

CC * CC. IC- ---’ CC * IN* ~~~~‘ — C C.—wv’iU- C C - C -
1252 *C  • 5 3-0.521 0 52* —‘I— ,N0—~ 0- IL/-> U->  — ‘C- -

U -.4- - 4 - * 0 - U  52 52r-j U. C ’fc~~ C ~C < 3 - C S >  52~~~a CD
-~ — — 4 - 4 -— r ’ ,  52N- • C • I - N-INC I—
4- ‘0 52 24- ~~ * ~~ — SI INC 0- I C  II — C-ON- I IS II II II II 5 II 0-

• • • — 3. - — * — • — I st 52. 52 — ‘52 N- CD 52 U. LI
N-N-NJ .-— -- * I N*  U-*~~ _i IN -C’2 — —

~ -.~~~52IN— + C r i  IN ‘4- lf IN— U,  1.(.~~— U.
• • — — — IC * C s-fc C IN — 52. C C ~~‘ C. — C — C C —

+ - - U-—- N1 •*CCCC- — ‘CU -52<052 —52 1 / S I C- C)  5 — 52 
— - )< U- — * -~ ‘ — • — I U ~~

“ 0- 5 • — 52 3_ C —‘ • 52.—. 2’ 
Z — — 52 LU * 0-—. -- —---_ i • — ‘—‘ N 0- I — — — LI. • C • C 
A_i — — + C-C-IN — U -N- C-_ i — 4~~~4- — — C- — —‘ C • sO S — -.L. 52

C. — — Z C — 4)- 11- S U- I —~ i_i I — — C) * U- 52 1/) I 524— I 52 LU U_I L. - U_i ~~. C a ILL_ i
C *0 aIN*C.* C_iC - U-N- • .. —-C-C 52520520052521_i.- U-.

a’J ’~~ D_ A — s - L A~~~~~~~-2 - ~~I DrN Ci’ UlC*~~~ — •—4C,~~-.zXaCD •0-—~ J ---.’~ .52 . -CC - 52 C -~jI52UC- 52
Si CC — — — — C) -— < Z . -~—— -cZ-<0 .--4<0Z C • U- L7L>~ ‘C )C CD •C)Z C C- C - I  C - C - I C-  52

-~~~~ ‘~~~~~
‘ 1 I 4-5 20. ‘- “~ 0- — 

Z C - Z  II II II 55 II II 55 II II I I Z C I S I  II S I SI Il l I Z  5 5 )( — LL_. II ::T l’—L S I C -  ,_,,_i ,____ , ____ ._ _ .___ N- _ ___ iZI- N-
U- — — C - N -  -52 2- — — — N- ,— — 52 I L _ i .’ -LI u~. — a ‘C- C- Z

U-LL 0- NJC-A NAIC- .I ~ -~~-~~~~~4 I0 .0 - I L L U- aC U . U W 0- I  > >> > C > >_ 5 2  U.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 52 > > S - 2 5 2 >U .._ c_A

— C ((S C C - I f  C- C
C — — i_is i/C C) 52) C’

-~~ ~S IN NJ U U - NA LI (C —

94



-C000CCOCOCOC0000COOC000000CDOOCCC0000C)CCCOCCCCCCC
INr) 4- U S ’ O N C C C ’ 0 — N J ,-n 4-U S’0N 0 - 0 ’ C - I N J r n 4 - U S ’ 0 N C C C A C — N J (~’4-US ’0N- C C -  5 2 — (N~~~ t f - C ’- 5 2 5 2

-I-I -INJNJNJINNJNJNJNJNJIN m (~
-
~cnmmmc ’-c m (’sm0- 4 - 4 - 4 - 4 - 4 - 4 - -.t0 - .-tU- 1 .1 .1 .1 /C-If St’ L(’ L/C L/C-

00000000000000000 000000C000000000C -000CDC-CCCCDCOC C-C-
U - U - U - U - U - U - U - U - U - U - U - U - U - U - U -
1— N- N- N- N- N- I— N N- N- N- N N- N- I— N- N- N- N- N- N- ‘— 4— N- N- 4— N- N- N- N- N N- N N- N- N- — 4—’ I— ,— I-- N —I—-N — N N-
000222222200222222222 22020222222022’.’ 22 c~ s-I ‘50222 222

U. 4—
1 2 .

1/SN- Z<0N -
LU ON-C-
15 N- ~-‘O<0

— (15< N- C - I -  -a
N <0 U_i C-CL/S 15
C —‘2I0-s-.Z U I
— U - Z N - C-  C- >- —

— <C- L/’) V) U (C U-
U_i a >—U-6.-. C-

-

C) U- N-C< ‘IS Z
o 0- L)~~~~LL -~ -~~ U_i 52
Z — ~~~Cj U_i< I U-- — 0-ZC’TS— 1 N- —
a N — IN <C ZN- a -

~ C N- CA C- u— C-U - C .  —

> — C C >— I12N-C Z 0-N- — — — • ~~
“ N- ~~ 7> ~~ <0 —

5- If’ (3 0 C - U _ i  ~~ — ‘i- ~~ IC

al ~~ 0 - 0- a <0 ~~ N- a N-
LU - - I C U-C-LI C-—vs .52 C- 0
> U- — — 52 U_I — 1/) c” 7’S cL_i -a
> 0 - N  — • I C-aZ  aZ 0- C—— 0 N —~ N -I > -u- ’U.— C. C ~~-_i C I (Cal— C- N-  C _, C-
LU. LU — — - U_i> a N - C - C D  I U.i ((S Li

~ a - I — <  ~~ C- a LI
C - N -  - u U.’ C’ 52 0c/c < N- C- 52 N- C

— — > 52 • N-C IL — C LI) a
1(52 > ~ —4 2 0 - — - ’ s Z L U - -  a “-A U-— — I U -C -C - C-H- ZN- — • — 4—
a - — N- - N ~~ ‘- ‘U-N-C — <0  u_i N- a -C
0. 52 N C  C- < 1 5 2 5 2 < 0  > IN
0 -_ _ i  C — C a > - 5 2 N- a>-  u_i — a

-~ — • C-~~~~~~Z’:—” I ’— <U-  I ~
_i 52 • a— — — a —‘ LI U_I —‘ 52’ ~_I~_i 15 N —

-15 U- a A_i I — N- IC- I — C — a >- <0 * - U,
C-N a 0- - <O Z aU ’..., U-CC-I — — N C- _i..

~7 > N- —c -_A >- -52~~1I, ~~~- ‘_ A N-  — .~~ 52
- C —CC s - f ’- 5 5 .U~~~~ ”S 1 < 0 7  — — —_i 1..— 52

U- — — 0--t • I — — N C-a — Z — <0- — - -  N- - — C  CD LU LI’ N I— <N - 3- — — C LI -
N- .-IN0- CU-LI - — I ~.. ‘<(C N- C-LI a C- —- CC a
U_i N- I — — ~. N--C- N- N- C-U_ i <<U~ — <0 a — C I CC a
155-- C-. 52 ——  Z SC C If) -J~~’~~. .52 — N — 2 I - ... ‘ -r .‘) 0-
C- - .—sJ) C. U_I - • -52 5-— — LU I LU N- <0 Z — 1< CC- -

— U - C -  —aC—-- —4 U .C - C -Z <  — .rICDN <0~~~~~ N-N- — L U  4-
C-U I -N--r.’C-UC — 5252N - U -.— N-N-,/’ N -_ I_ i(CN - 41- —‘ CC a

—< 0’C -I--- ’ C-C -  .—..52 ’ I C~~~0.* 3. ~~52 -5 2 5 2  0.
— i~~~~~ C —  ---- 52. Li’ s ~.— N -  0 - > —- - -  *0 3_ c..) ‘ UJ — —  C-

• 55- ~
I IC 0.3- p — C D  ‘ I l~_) ;s ’s~-Z — — * — .-_i C 0- W—I /)524” I ~. N- 13. c-’ C. U,. u, a I I I” — • •

-2 .~_ i _ _ i a —’ ._. — —“5C- - 5 2 <  5 2 7.  -~~ —. I) 2 3 . —’  CY~ ” 52
~~ c’S U.. -’ZI 2>—~~ .C- C D  IC-C-N-I): —— ‘•

~~~~~~‘- — - .52 U-a —

I U- C. N- I -~~ C. N- N C c’ N- — a .1. — — — —— 52, 1- 5 • • -U.
I I U- 3 i_ i_ i C - U-  • C-- S I — ~~— .---- —

U- 22 C-C-C l ) : — - .
— II U- C- — ZN- 52CC-CC IN SI — LU. —5- Li. — — —

52 11) N- .- a ~ cs- . 52 — — —
0 —Z  Z 52N-I2 ’7 ’-JS O 1/’ .-”W ‘CaCZLI 152’ C - — U  u-. —
C L 5 2  L a — C -Z Z Z Z  LI_ i c- ‘‘ ...~~

‘ —
1f1 N- C-C- U.-_ i ._, U- . U , LLIu_i< >~~~~~~~~~~~~

- -‘ — C-IC
._i Z 4 - U - 5 2 U -Z U - ”’ 0-~~. 0 - N-  a -_ —--—Z 1— ~~ - ’-—

C C - C D  Li UU C - ’- 0-  <0 0 - I C A U- —~. - L  C
Usi a U - —.. U_i V’ • ‘— U5 2 5 2 C ._ i 5 2C 0-NC 0- II ._.:

C C- 52
C- —
L/C U U(CLIL)LI’UULILI)ULULI)U -‘~.( Ca -~

_-) 5



I IY’ AD— A03$ 759 NAVAL POSTGRADUATE SCHOOL P ONTEPEY CALIF F/S 20/ is
THE FINITE ELEMENT METHOD APPI.IED TO FLOWS IN TUPSONACHINES.(U)

UNCLASSIFIED 
DCC 76 V F SAVITO

2~~2

‘I
I

_____ 

END
DME

FILMED

I



ll~ll ‘ • 

II”
I I

• _ _ _ _  18

• 
• ______ 

I 6

V ‘ I



000000000000000000000000000000000000000000000000
0—~Nm ’ON~~~C’0—C\J C’.m~?~r ‘O C’0 C’C—r’~m-1 u-~ Or—
‘0 *0 *0 .0 *0 *0 .0 *0 ’0 .ON N N N N N N N N N ~~ ~~ C’ C’ 0’ C’ 0’ 0’ 0’ 0’ 0’ C’ 000000CC

0 ’ Q ’~”C’00CC00C0
000000000000000 00000 000 000 0000000 0 0 000—_— — — — — —

~- ~- ~- ~- ~— I— I- I— I— ~~ I- I.- I— ~- ~- ~- ~- ~~ I- I- ~- ~— I- ~— ~- ~-. ~- ~- ~- ~- ~~~ )- ~- I.- ~— ~— ~- ~— ~- ~~~ I— ~~~ ~~~ I- I— ~- I-
t,1V~ LflV ~ V~ VflI) V) V~ V~ 

(/1 V1 t~~ V) ~ñV~ vi vi vi vi ~nt,1 Ji 41)41) *1~ vi vi i,, vi 41) vi vi vi vi vivi i /) tM 41) 11) 41) 41141) 41) (P vi

I I—
-, — -, z

l•.J • ~~~ — LU S

* — C C’4 ~~
* —. *—  w Z
— — *—  _J LU
— Lii —w w ~:< 0  41) <0 ‘ii
— 0 —C ~

- -~~41) 2 U~ Z7~o — <— lii —
4~) (11< (1) I-.
0 ~~ —— - 01 LU 7 —+ < ~~ LU —

0 +—  3~ 41) —

~~~ -, 41) C 2 w lii W
— w “0< LL ~~ 0 U

0 —~0I-- I 
~~. 0 7

~~
. 
* C —— ~~ —~~ C z w

>—tr~ r~J Z * L(’~ * UJ
+ ~~ en >w — — 2 I —.

U ‘..lC P .J— — 41) LU
0 >o >— ~~. >
—~ *0*~~ ~

- Z * 7
r..j — c a  —. r.~r’4 ~~ — — 0 — C
> ~~~~ > 5 > ~~~ ~ .—J ..r U
— I N LU + N + — LU
I— ~~ ~1i C ~~ 0 U LU

> >W  N vi ) 2
LU * — *0  —I-- — —
> ~~~~~ 0_Cz C + —

0 — — >  > >Z  I— u  I—.

— ‘.-‘ —— —~~ —— U~ ~~ C
— — I.- * 0 — I- -~ — (~~W (5 — w 0

(5 Z LU — _~ ~~~ 0’
LU LU LU 0> u.. —w — — — I- ——— 00 ~~ — — C I- w — U.. — tf\ ~/ )  0—— 000* — — 00* 41) It) I— *3. V) — — I——, ) Z Z ~~ ~~ ) —) — 2 iX — — ..t ~~ — ~~ 0 0— —~~ — —— II — — — II —. C ‘‘ LU — 000—C —(5 0’ C

— — ,~~~~ I I I’ — — ) I II 2 I— — Z 000 LU U.- 0.. —~ —— — — —, — I —— — -, — — LU LU . • 20 0—
~~
. • I? II II — — —— — II II —— — 0 0 c.j — —  r-~ ~~ I C I— 0

it) Li. U I —)— C ttiW W ’-.’’ ) — U r~ U 0 ‘-.- I — ~~ U I 0
—o c—— — —-— .‘  z •00—.’— —— — ‘  — w2w Z ..V —U.J~~~0 c5C~en ~~ ~~ w ———..-. — — — en Q0 U~ —— — — • ‘.- I — = — w ~~. — I 0~ • —(5

U.- ZZCUJ )
~~~~” C U U  —

II ——.00 • — ——- —‘ II ——00 —— 0 41) 1) L U— a . -  41) • —0. .
—~ ..J Z C ‘-~~~ W — ._l ~~I ZC ~ LL. — z 0. —4 0.. 4. U’\ + 0.. en * ~~ ~— + . .

Thiiw-.Z OWW — S ~~~~~ <~~~~~~ ~~~~J I-I -
> >W— ,..—...C0~~~—4 >>Q.-—’—— —~ CC~~ — ‘.U +oI— .—~...aIu...u~ 0 • I.-—ça .... .

.—4~~~>~~~L.)W UJWZCZ ~~4 ~ 4~~~>_.JL)W W Z0Z  41)0’— (5 rf) (SWWWI/) (1)—. ‘1i •
C ~~. 000— Z — — C <~~ 00— Z — c..a 3. — • — — . — U.. II a.~ I— <
Ui II II 0C~~~~j’-~~-C ‘Oil  II 00..a— P-.- II 3. 03. 11 II 1/) LU TI ‘-‘ 3.-

ii II ZZZLU -.JZ) Ii Ii ZZLU...~Z II II II — II II .j vi—
Cr,si~ ———3ixOO Cr-.a~~ ——>~~ 0 I— U.- 0U~ _j c~ ~~ <+  3.LL. l— w u.-

- —(5,-.W U4UJU3. LLJ
-4

Ct)J — C Ui 0 0 0
00 0 0 0—--’ en ,

~.- ~L)Ui Ui Ui U ç)U .0 ~0 — U — U — U

96



000000000000000000000000000000000000000000000000
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~—— c’.j ~~ e.a c’j ~~ e.~c-.J c’.J c’-.j c’.j en en en en en en en en en en .3. .~~ 

.
~~ 
.3. .~~ 

.4.3. .3.4’ 4’ Ui Ui Ui It) 4(4 It)
000000000000000000000000000 )0000000000000 000000 00—— — __._ — -4-4-4-4 _4_ -4-4—— -4-4-4~~~4-4-4-4-4~~~~-4-4-4 _4_ ——-4 -4-4  _ _ _ _ _ _I  ~-4 -4

l-I -1 I-  I- I- I- I- I- ~- I-I-I-I-I- I- I- I- I- ~
- I- I- I- I- I.- ~~ I- ~

_ I- I- ~~ I- I- I- I- I- I- ~~ I.- I- I- I- ~~ I- I- I.-

*
— 0
— * I-
— —
Z Ui I-

— • — (1,
— — IL —

4’ — vi LU— —  — 0
— —  LU .0 + 0
— ‘ 3 .  0 0 2

— o c —
Z Ui — I-

0 —  — en ~~~ <
2 0. 0’ —

— — 0  -J c.jO —
I— I— ..J 0 < *C4 — 0.
Z U ~~ Z — * • • (Li ...J
W — — Z —N — C  <

0* 1) Z < ~~~~S- ~~
‘ C I

LU —— I — I— Z — C Z I-
.1 >— s? * — • 0 — I— — Z
LU I 3.— — — LU — Z ~~ I W

I- _1 U. ‘3. — C + — — I— *
I- Z <41) — Lii C —— ~ ) — U
Z S (Li = U. C Z 0 LU— — .3. —
LU C Z I- + ~/) 0 0 0— w — I—
(1) LU LU 2 Z U S C LU ~~ IL <
Lii — W — + — = — 70 0 41) ~—

Li. LU — U I- — —o z 41)
a. vi Urn — * _J z +

— U.. — — — ‘S ~— (N LU — I- C
LU I.- 0 I- — en — < * >1 < — 2
> < <— — —  * > —

C vi LU I- LU — Z )- — + ~
.. en —

3. (1)0 — — 0.. — + 0. -

0 ct >~ C (ii — — Z — ..( —
— I.— C Z C —. < • —— < — —

— I- NN Z C  I — Z  I LU =
C Z CO~~ LU ~

— <...J 2 W i— 7 —  i — C  ~~U. .-.—. I— ct — 0 Z — -— 2 C vi
0 00 — I ._i~~ 

41) 
~~ uj W —  w 2 —

(5 LU I- I- ~~ 0.~ * = Z C — — — _~
— ..i CC U Ui *0’— — * — I— C —LU I- 1 LU
— Iii (5(5 w 0’C’ en———-.J C Z W~~ ~~ * >— — — LU LU — — ~~ — Ui en —c~ I- — 00 I- — I- —I— U ~/) CO U.. Ui —J C Z

— . . 2 I— I— WV) — U. — LU Li. 7— LU — Li. Z
— LU IC) 00 C CCI- ~~ V~’-’ II I— > — 4/) I- —
— Z ~~ Ui LU LU (5 I- (5(5< 11 LU — I I vi < —LU . . — ._J 0 II LU — ._J ...J _. —
C ~~ C — Z 7 LU en ~~ 0 C — II II II -) (I D —

U ~~
- 0 . • > U • Si 2 0  Z U t.j U Iii

Z W~~ )i— C~~ Z w QQ_1Z ’.Z — — —— ..J —— 0— 1(50 ZZ C I ww < .12——— < — —— —— C
— LI (5 U U ‘ IL — ~~ 4/) LI 2 Z Z U Z Ui U Z
Via— 0 • I — —  — — I — .. a a a —

en.t • ~~ — — —— — * — * LU — —— — — ._J
I- 5.4 I I W C  ‘— — —  —— LU

O C~.--~-40 (50 1 00010 Ui —— CtflW~~iO — —— 0 —u. >
LU Ui Ui 1(4 (SW LU it) • LU ~4.W LU .3. .0 Ui LU 0 0  — Z LU LU LU 0’ LU C

— — I — ~~ I — — • I — —— — I— I— Z U.. C U. — 0 00 ~ -4 CC
II C II OQ.ll lID ~~~ ‘-‘ C—’-’ C C ZZ —viZV)....j C 000 CZ

I— I-- — I- — — Il I- — ~~~II I-I l  I- - — — ...J — u~ z —z Z I- Z
-.JC~~ ~~~~~~~~~~~~ U. U. CU. LU C C LULL ~~ + 1)4 > —c-a——C —Z “.4
Ui (5~~ (5—w LU (5 “ (5—— —(5—IS — — ~~ I i— I * I 1(5 I >

— -4 -4 -4

0 04(4 C Ui N C Ui
-0 N’O 0’ 0’
— -- U — — — L)L)L) U — U U U LI U UU — UL) U

97



000000000000000000000000000000C )00000000000000000

‘Or— IX) 0’ 0~~ (N en.? Ui .C N ~~ 0’ 0— (NC~~.3. Ui ‘ON 0’ C—~ (N en .3. U~ ‘ON ~ 0’ 0— ~‘j en .t It) ‘ON ~~ 0’C — ~~~ en
UiUiUiUi.0 ’O’0.0’O’0’O’O.0’0NNNNNNNNNN~~~~~~~~~~~~~~~~~~~~~0’-O’0’C’0’0’0’C’0’0’00C0C000CC0 0C0C 000C00CC 0CCC000000C00 000C0 000C00C —4 -~
-4-4-4-4-4 — -4~~~~ -4~~~~ -4-4-4-4 -4~~~I~~~~ -4~~~I-4 -4 -4-4 __  ___  -4-4-4-4-4 - 4-4-4 - 4-4  __  -4~~~~ -4

I-I-I—I- I-4-I-l~-I-l--I-- I- I- -4-I-~~~~~~~~~~~~~~~ I-4- I-I-4-I-#- I-I.-1_~

LU
C C
I- C

— 0 Z
0. —

— Ui
— < LU —
a — C a —— z  + 0 — v )
2 <  2 Z C

— 4— — — U
‘ —0  — I- — C 0 0
‘— + — ~~. 0 0 0 0
— 0 — — — C S 

~~ 
0

Ui 0 — >~ IL. f~J • .3. • .3.
0 . — 0. 0 >0  4 . s 4  ‘S
C — Ui —4 C * 0 — S —

7 —  C < Z~~~-JC— * C I — >Ui 0 0 0 0
0. — Z I— u. + en C • C I
_I P.4 — Z ~~~~— ~~ 0 • — . .—~
< > I Li. ->0 —
— * * —-—*0 I
Z N J  — Li ZZ~~~C)J I
< > 4’ — < —> • IL LU
I— + • — I— I— ’-’ N LII * LU *
C — Li. .4 0’ ’4— S * Ui * LU
* > ~~ 4/) I— * -0 .  (‘-4 Ui * Ui *
— * 0 ‘1) —uiQ*

I— + p.104/1* ‘.40 OP-JO
>—> C C >CC— •~~~~• 

.4
* Z— — 2 * Z— ~~ + (N (‘4 I (N
‘~.1 — — — P.4 — * 

... LU S •.. NJ
>‘— I IL en — > ._I ~ (5 U.. — * — ILl — *
+ — C — ... i + Li. ~~ * Li. P-I LU * NJ NJ
— 0 — LU —— NJ * * * “-4 * *

>LU. ’0 Z — > 4 - —+  S * P-JP.IW*NJUi
Ui 4- * Z I- ?‘~4*  *I•.J.~

I— C - a~.l - 2 P.J+f ’ .4 114 1
>Z ’ U i  < C  .. .l > — LU + I
— —‘-‘en — ~~ —‘0 I U.. + ~ Li..
I.- -.1—C ...a — — 4- * a..0 LU —— LU * Lii *

Lii LU 0’ 114 = I ~ (511.10 .4 U. NJ * NJ Lii NJ * SJ LU
0>00 ~ * ~ 030Ui LU v i i  W *  ~.i.*

— ~~4—ce-4 I — vi —— “—cm .0. NJ+ I NJ+
— C * z • en —— C * Z 0 I— NJ - + +
Z ~~ — Ui — LU 2 Z ~ —0’ -i I ~~I Li. I NJ
— II I ~. I— Li. I— a — II 10 LU U.. I NJ * * NJ *— — II — .4 4/) (Ii .4 —— II (‘4 00 C Z —.4 * Li. P-I LU * LU ~‘J

— Z ’  TI (‘4 _4 a . — ‘2— II . (‘JO — W’- P-i ‘.4
— I * ~~ II — ~~ —— — N- —IC-i ~-i 0 a.~~ —.. + + I I +

LI — LI WW’- 2~~~~~~~’ . riO C I— .4* ~~ + +
0— aZ~~’- —J ‘ . L U  ..J CC’—’ .7—44 1—4-. I— I..i— 014.10 OW
C— -’ ~Z .4 0 ‘ct CC—’-’ -Z* CC C C ~~Z w — a U Z C U Z 2W’-. — a* (5(5 (5 (5 I U vi * •NJ . * • NJ
—0——’- Z Z —-.0-.’— —— —— LI W~~~ NJ—I ~~~~~~~~ I
...J0 W—~’-.’ — —— ...J ...J OW — ‘-‘ —‘~0 —‘ ~~ ~ Z 7 —
LU 20 UJ-. — 1 W LU Z CUJ~~ — S I I LU — 4 - 0
>-.C OW ‘— 0’ — * > >—~~ Ow—C’ OIL. Lii + I- Ui (C) vi I— — — II 

~ II II 4 II
>uzCo—0’ LU— ~~>UZCC20 114(5 — (S~~I~~ ZZ ~~(~~V)

a~— ZCUJ —4 CIA .~~—Z0 —— • •.,O IZ •—Z— ~ — ‘c~ (5 0 —7— — — — — — —
II a—Z OO C— II II ~.r-z—C ZZ C ZO 0 i-DC ~ ...1w—C)4m.3.ui.oN

II Ui-1 0I- Zu.. II Ui -.4— ’1_ .. 111-  Ii ~~~~~ - II I- Z O Z —— — — - -— —

~ >~~v izo .. .y) NJ~~ ~~~~~V)....C LULL. ~~ 14.0 C CW W Z ~~~Z~~ ’u.LULUILLLILLL
>~~#-3I (S I >>~~~-~~~I (S -‘~~ Z ISZ—ISZ IS U~~ CLUV)~~’C(PV)V)IiiV)tnvi

-4 -4 -4

.0 0’ 0 C 0
0’ 0’ 0 — (‘4

4_lU L~ ULI LI U — (‘1 (‘4 U

98



00000 0 0 000000 C 0 0000000
4.1(4-ON-’ .3. .0 0’O-’ffl4’Lt) ~~ (N
00000 0 0 C-’-4 — — (“.4 (N(NC-JC-Jm en en

0 0 000000 C 0 0000000
0 0 000000 0 C 000000 0

3~ ~~ _j J _i J_i _i _i -J -J ._l _J... J_J_J _i _J
4-4 -4 -4 -3 .  3. 0. 3.3.3.3.3.3. 0. 0.

S5

-4

41,
.4
4-.

;
0 — a — (N
C. — (“4 I —
I LU 0. a 0

(‘4 Z 0 0 I
a a .4 ‘.0— Z — V~ —i ‘.

LU Z O ’  4 O w
* a — — __I
Li. 144 . ‘ — N I—
* CO .  a — 0—
NJ C 0— — — I—
I z— ..r-- — — —‘NJ”C C  — — ‘ 3 .

NJ U I 2.-’ )-. —— — ~~ —
NJ 3.7— — — a Ui — I —+ — a’(N-..> UW en -,“ 0.. (N en
4_lIUC~~< 

_i..J I — Z C C I
LU ~~ I P-4 — .45 <.4 — o-. o. — • a

* < “—Ui — 4_lU 0 — — — (N — Iii 0
W 4-. N ZS.. ‘S 4/14/) I Ui W .-4 .—I0. a I

C~~20——4’ZCC enw CC ——C — Cr-
I ._J*Z ~~w m4 ’JZ**  —z ~~CO ~ 4C’J ‘ —

• a~~a 0 ZZ 3.0.’ ’ 7—C 00
O 1 <LI — OW ~ —I_I_I • — ——- — COO. — ~~~— — .C ~~ UJa OZ...JL&J — 0 -4C-J C -‘-.~~~ ...aO
• I u.. ~~ 4- ....J II UU vi— II II 00 II II — #—W C—LU LI

— LI Z ZZZ-.< P-J~~ I-I- LU II<~~ ~~4-1-
— ~~ ‘-‘I-OOOi- L)..J W OO— II II I W——ZW 0Z~~1OO ~

~~ 1-.-. ’~~~
-I

~
-1 4/) II II ~~~ J~~J 0’- ~~ WW ~~~~~ ~~ ...J~~ ~~ >- ....J_i LI)

H vi ~~LIvi4/)
i/)
~~O0 ZO.3.C) C——ZO.3._AZ LLZZV,3.3.Z

Z 0—277* 0—a— 0II O~~~~)-’ZZ —C —
—~~ (S 3....J WLLJ UJ_J< _I_I14--.J ...J C-J en——p-—--_I4-o II
~~~~~~ ~~o.111<I- ——Z.~.1-.i Ui (NZ.-’4’J..JZ4’ -J Z_J _J~ JI-~~~C—I-~~o —’-’—u.1.4o—e’sO<.4oa.ca.a.Ca.a..4o ..J<C<.4<WWZ
U. W WZV )0..0QC~~~CCOCLJ Ll çI0ZOCCL_lL)CUUCC4_) t_lLI~~~L)~~~C.iU.

C

0 0 0 0
0 C 0 0
— en -j 4

99



APPENDtX B

SAMPLE INPUT DATA

44-ON —
C C .0— ’00

• 0 • I S  I S  I I  • S ~ I 0 5 I S 5 I S S I I S I S • 5 I S I I I S I S I S 5 5 5 0 0
.-I .-4 .-1 1  -I~~ 4 -I — .~~ — ~~I — .-I_I.~4 .-I -I .-I ‘ — .-I — .- ~ I .-I -~~~4 — — .-4 .-I ..4~~4- ~ 

...4 — .I (‘4 _4 Q’. ~~

I • S S

C
‘/1
vi ~~ 0’ Ui 0’ .3. 0’- 0’ ~A IA 0’ en ~ N .QUi N ,0LC\ 4’ .~~ en ~~ — Iii au — c’-u IA
W r-m 0’0’e/~ C’00 0’0’0C’C’0’4.0’0’0’0’0’0’C’C’-0~Nm ‘OmUi,0NIu
~~ ~~~.?OUioUic4’O.?eooC4.(NCUi0Uio.?O.?r-~~~0’—m0’Ui-4N’()o’- Ui—m~~~mN(’.N_IC

~~0.. I S I I s •Ui S I • I I 5 I 5 5 S S I ‘ui • • I • S I S S I I I S I S 5 • • • • • S • I
I ~~r-.o’.rm—0 •r-~~.0moN~~p— -o.rm—o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~O ~~~~~~~~~~~~~~~~~ ~~ 4 .-4 ~~~ _I ..I -I .-4 -I .- I.-I — — .- ~ ~~ .-I ~~~~ .-4 — 1.1 4..-4 . 1 1 . 4  ....4,..I . 4  —
U

LI
—~~Z(N c’.jr-JC-J(Nr’J4’44.4.4’4’4’4”t ~~NrflC’
O 0000000 OCc ,OCOCOOOOOOC -‘4’a -’
vi 00000000 0O00o00C ’0’C’0’0’~~~~~~~~~~~~~~~~u~’ui UiUiUiUi4’mmZ 5 5 , 5~~~ 5 1 5 5  • 1 5 5 5 1 5 1 0  5 1 5 5 1 1 5 5  S S I S S S S  • I I S I S S S S I I S S
.4 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~__-I — -4-4-4 — — -4 -4-4 -4  — -4-4 — -I1-

-4

— — — — — — — — — 4es4e’.4(Nenmmmenmmenmm.?4’.r 4.3.4.4
(1)-I
.4
1-

.4

.4z

1.00



.?o’Oomm~~Ui-4_I.3..oN-C-o (sJ~~(Nui 4(NC0—4NUi4.— UiUi(N44.’400-’ (N.?
-‘~.0UiNC’thN ’.OUi .-’0” (“JO’ 0’-I.OIANQ’enN.0Ui

mmmo’Ui4.44’c”.jme..4..- .... ~~ -Ien(N .~~ Lu . . . S0m’0o’o0’r-r-N-.o~~~r—~~~o’Cm.c o’C-3.NN-N—

~~NNIAmO’IAC’C’0’~~~~~~~~~~ C’ ~~~~~~~~~~~~~~~ COCCC~~~~~~~~~~~~~~~~~~~
0’0’0’0’Q’O’- 0’~~~~~N0’.0’0’-0’0’0’0’C’ 0’-

S S S S S S S S I I S S  5 I I S S I S  I • I S 5 S I S S S 5 S S I  I I S I 5 S 5 I S

~~0’ mIt) NO~~4-mNe’j~~m 4’UiQ’C-J~~eau -O~~ ‘0-4’Oo’(NLt)~~IAm.c (’.4~~(N—..oNN-IUiu”uiN-o’0’
enUi~~o(N-4mcNmNmCIX)Ne..4No.?mc’.J ~~4.m~~~~IAm—0~r.4Uim4.(NUimm’O0’.~~4’OCUiCen
‘O-O.04- CONN-O~~0’0~~N~~~~0-’~~~ (NmaIr-Ui~~_I’.t’O.OLs’a~ ‘Or’..1~~~~~~N’Ooen.cCC~~~~I S II I II I I  S Il l  S O S I S I  I S S I S S S S I S S O  I S S S I S S $ S S  S I S I S I S
m(N-4o0%~~.Gm-4 o’N.o.o4.en(N~~_IOr-Ui4.(NCN’OIA4’4.m(N_ ICr-ui.r c’4Cr-.0IAui4’mmr’.J-4r-
-4— — — _4~~~~~~~ 4 4 4  .4,..4 — — ~~~~~~~~~~ — — ~~~~~~~~~~ _ I  .-I . ~~~~~ — — .~ 4 — .~~4 — ~

.Or’J~~ .? (N4N~~ mQ’Ui-IN(’.J~~~4’ (N(N ~~~~~~~~~~~~~~ ~iU’OIA .oen-4...4C.4c~,’OuiQ’(N.0 (Nr.44-.r~Jmm0’ -ceno’ -O~~~0’ ‘O0’0-’mmUiOUi.G(’4’O 0’.? r-.J—.-,0 mr-mo’ ui—Ui
(N-4-’0 uiIAIAIAuiIAUir-r-~~o’o’C.o~~o’C-~~~o’0’o’ooC—r’J~o.o o .o.0.?m(’Jr-4—-I—cor-

1 1 1 1 1 1 5~~~~~5 1 5  S I S I S S I S  S 5 I S I S I S S S S I S I  S I S S S S I S I I S S S O S

~~~~~~~~ o’o’o’o’o’oooooo00-4_ I-4—(N(N(N(NC-J(Nmmmmm444..?4.c-o .o.Q.o.o.o.o.oo’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4..3..?IAU iUiLC)IAIAUiIAIAUi.O.0.0.0.O’0,O .O.0NNNN NNNN NN~~~~~~~~~~~~~~~~~~~~~~~~~ O~Q’0’0’Q’

101



-4_I(N(Nmmenm4’4’4UiL(i -C -O .ONT’-NNCX)CO 0 O’C000
-4 — — —

r-C’--’m~~mUiNIAN0’ 0’-’mLt)enIAN0’N0’-IenmUiN
-4.-4C-J(Nmmmm.?.?4’IAIA’0.0’0Nr-NN~~~~0’o’C00O— -4— —

• I I I S I I I O S SS S

-4.-4—~~~~~ (N(Nm.?4’.?UiUiIAUi’O.0’0N~~~~IZU~C’C’ o’o’-

en LA NC’ NC’ -‘en — mIt) N IAN Q%.-4 0’. ~~m ui en Lii No’ NO’ — en
o’eno -O~~ IA
4.-IC.? en — U) IA W N

S I I . I S . S.  . 1 1 .
ui.?(N—r-N-OUi.?m(N_ I—(N4-~c~I.c~X)o(No(N-3..o 0~~C(N4’r’J-3..C~~-O~~C(N

.4(Nr%Jmmmm .3.4’ 4.LflUi..0 ‘O’ONNNN~~~~~ 0’- 0’-

— mu) N ((IN O’.-4 0’ ..4(~~ IA mu) r-0’ NC’ — en —en IA N IAN ~~~~~~~~~~ — — —en en en 44..?.? 4(4 IA .0 ‘ON-N P-N IX~ ~~ a’
IA IA
‘0 -0 Ui LI)
. S S S S . S S . l I ..

C’o’o’o’mmmmmenenmmo-4(’sjm4’u).0r-~~o’o-4c~Jm4u).or-~~o%C-4r-Jm.3.tr\ .oN
(N (Nmmmmmmmmm _I (Nmm4’.?IAIAIAIA’0’O~~~~~~~~~~ o’O’0’o’

IA .0 N~~ 0’ 0-’ (‘4 en 4(C) .ONu)N 0’ -‘Q’.’ en U) mIAN C’ NO’ — en m IA N IA N-a’ -‘0’-. en IA — (“Jen.? U) -ON
o’o’o’o’o’o0ooo00o-4—— (N(Nmmm.?.?4’4.U)ui.0 ’0r-NNN~~~~coO’o’oOC-4-4 ~~~-4_I -4 — -I —

...4s.1 .—I ~~~~~~~~~ (“-444 “-4 (“.1 (‘S C-_ (‘4 (‘!(N

102



‘~‘C’C’4’m NNN~~ NIAenO’~~ —4~ ’J’O_ I—4’.O~~ .?.0
u)N(Na’~~~0mN—~~~~N0N0’ooN.0(NCo’-.cC’C’O—

IA i(4 U) -~~~~~ -‘4’ ~u ‘Omen CC.? (‘4 (“4 (‘~ (N (‘4 ~~ Ui — — ( ‘4 (‘4 (NP-
t~~ ~~ IA c~ en N N N (NO-4 N (NO’- N Lii 0’ en 40  N NC’ U) (~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 1 0 1 5  S S s S l ~~~ S 0 1 1 5 1 1 1  I ll s I S I S

~~~~_I(”4r4(’Jc’4.-4_I mmmm— .’-4-’en .tIA ‘ON~~c.0—’Jm4’ui’ON ~~a’~O_ Ir-jm4ui ‘ON’X)C’

~~0’0.-.(’Jm4Ui’0N~~ O’C— (4m4IA’ON~~

103

--- - - - - .- - - - - - - -  ~~~~~-~~~~~~~~~~ - - __________________________ ____ - ______________



en

0’
4.

‘.04.
U)
C
U.)
-4

C

(N
C’
-4

C

N~~~~~ 4’(’J.O4.....l4’N0’(N en .~~.~...LAa’4O’~~uiu).-..cfl.-. uiIA.tNO .mt— ~‘OC’0CN’O4(N.?’O0’CN0~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N-
O’_Im4.rfl_ILflQ’4.O’OC-J~~ 0Q’ ‘ON’Ou)0’r.uUi~~~uiN4.N--.~~ 4.04’r-4.-.0’4U) iii P-NNN

(N 4(’4C’40~~0.-4 -0’O’ONiu) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .0 OCOC
NC’NIAQ’m4.4’—.N4’(N..OOen OCO’UiC~~IAc-4O ’4. ’OmCNor-~N.?uiIAui.o’O -4’
~~‘0’.o.o’ONNN~~~~mmr4- .r4. s 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 0 (‘JINININ
I I I S SS S * I 1  I l l  I S  - 4_ I l l  S I ’  5 5 1 , 5 • S S I .S I I S . 5  I 4.

-4 _4 (‘I S

•—~ I N— N—NP.—
en

C—~~m4u)’ON0O’0.-,(’4m.? en4’IA.0N~~ a’Q..~(’Jm4’Ui’.QN~~ C’O ...U)Jen.?IA en CU)4’0’
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 444.4-1’ 4... ? U) I A I A L I ) I A U) L C ’ . I A U i I A - 0 ’ O ’ O  0 N

Ui
(N

4.
- - 4 4 .

0
(N —

0. 0. 0’
0 0 —
1- I- ~41, vi C

IA Lii
.0 •~A(N
.0’ en —

N-IA S

0 en en N

104



0’C’C’0’C’C’ O’0’0’
4 I .~~I.-I I..~I .I ..4 .-I

NNNNNNNNN
000000000
L€”U)u)LI)UiIAUiUiui 0 000
(NC-J(N44r’.JIN(\i r’.i(N000000 500 I 5 I

~~~~
~ S 5 ~ S •0 I .000 •

• I I S S I S I .0000CC 00 0
N- N- N N N- N- N- N- P.-
-4-4~~~ -4 ~~~-4 — — —~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (Nm,ON~~0’o-4lNui’Or-o.-’c’..m.?ui.0o’.C~~~~ui
m.?Uiu)’ON-~~~~~a’... ,r-J(Nm4.u)Ui’ONN~~ q.o’ -I-4~~I(N(NIN(N(N(Nenenenrflrflmr~~m4’ 4,3.4

0.
0
I-
(I,

105



-ON ~~ 0’- C en.? IA ~ 0’ 0-’ ~ j  en .1~ N a) 0’ ~~ en4’ Ui-ON a) — (N en ‘ON- a) (7- C) — (‘-4 u)’ON
$.?4.?IAIAIAIAIAIA’O’O’O’O’O’O’O’ONNr-NN-NNa)a)a)a)a)a)a)Q’O’O’C’C’C’

0.
C
I-
Ill

106



APPENDIX C
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APPENDIX D

CALCULATION OF ROTOR ELEMENT FLOW ANGL ES

The following is a b ri ef synopsis of the procedure
contained in Ref .13 for calculating the outlet relative

flow angles in a rotor elemen t from th e given inlet relative
flow angle and blade solidity. The reader is referre d to

Ref.13 , Chapter VI, for specific details of low speed

correlition data .

As stated in Section III.A , uniform f low conditions at

the rotor blade edges were assumed. This assumption coupled

with knowledge of the mass flow rate and rotationa]. speed ,

enables one to calculate the inlet relative flow angle ,~ , ,

as show n in Pig 18 .

Prom blade geometry information , the blade ~~~~~~~~~~~~

c= (1)

is obtained . At this point , , an d r are given and one may

calculate , the rotor outlet relative flow angle from

correlation curves depicted in Ref 13. The equation used to

determine is the following,

(2)

where  K 2 is the a n g l e  b e t w e e n  the  t a n g e n t  to the  b l a d e  m e an
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camber  l ine and the ax ia l  direct ion (Fig 18) . This is
obtained from the blade geometry data. £ is the lcw speed

dev ia t i on  angle  which is ob ta ined  f r o m  the co r r ela t ion
curves in R e f .  13. The f o l l o w i n g  e q u a t i o n s  show the
r e l a t i o n s h i p  be tween  and the  cor re la t ion  data .

s’~ c0 ~~~~~~~

~~~~~~~

The var iables  m , K~)~ , K c ) ,~ and  ~~~ , are all values

wfl ich  a re  ob t a ined  f r o m  t h e  c o r r e l a t i o n  cu rves  and are  a l l
function s of the given blad e geometry . The guantity, + , is

the blade camber ang le and again is obtained from the blade

geometry data. Once all the variables are obtained from the

correlation data, equ at ion (~ ) is solved for the deviation

angle for an uncambered blade section ,ç0, and then eguation

(3) is solved for the deviation angle , . One now

calcula tes  f r o m  equa t ion  (2) for the blade element. With

now a known q u a n t i t y ,  one now ca lcula tes  t h e  a b s o l u t e
f low ang le , ci~ , f r o m  u n i f o r m  f l o w  assu~Irpt ior t s .

An e x a m p l e  fo l lows  f o r  nod e n u m b e r s  ‘43 and  57 (F ig  ~) .
Prom R e f .  ( 1 2] ,  Table  II , the  f o l l o w i n g  q u a n t i t i e s  are
obta ined a s suming  the an g l e  of i nc idence , i , (F ig 18) is
zero an d therefore the inlet rela tive flow angLe , , is
equal to k 1 I

= k , = o l . 8 8

r = t.. 3G62

4, = 6 9 5

1 ~8



= 5 L4 •9 3 °

~~~ ) max = 0.035

tip radi us 18.25 in

h u b  ra dius 9. 125 in

Assiimj nq- u n i f o r m  f l o w  at  t h e  ro to r  i n l e t  and a
rotational speed of~ ‘4 359.5 R P M , the  f o l l o w i n g  gu ant i t i e s  are
determined from the rotor inlet velocity diagram (Pig 1B).

(107. (. ~~v44/3~~C_) (I~f(4. II~4’/f’*.~)Vm = -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 1.4 *

Vm = 246.802 Ft/sec

where the area A , is determined from the hub and tip radii

and t h e  d e n s i t y  is assum ed to be 0.08 Ibm/c u ft.

Now one is ready to obtain the correlation data. From

Ref.{13], Pig 162 , with 
~~I 

= 6 1 . 8 8 ° and r = 1 .3062 ,

From Ref.( 133, Fig 162, with = 61.38
0 a n d  ~r = 1 . 3 0 6 2 ,

m 0 .235
Fr om R e f . [ 1 3 ] ,  Pig 172 , w i t h  t/~ ) :nax = 0.0350,

k~ )t = 0 . 2 9

From Ref.(13], page 222, one uses the following value of

( K c ) s h  for  6 5—series  blades ,

KS)sh = 1.3

At this point all the necessar y data has been obtained for

equations (3) and ((4)

= (1 .0 )  ( 0 . 2 9 )  (2.50) = 0 . 7 2 5~
From e q uat i o n  (3)

(5

d = 0 .725  • 0 .235 ( 6 . 9 5 )  = 2.36

F i n a l l y ,  equat ion  (2 )  g ives  t h e  des i r ed  value of
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= 54 .93 + 2 .3 6  57 .29 °

At t h i s  point  the  r e la t ive  f low angle for node 57 has been

obtaine d,~~ = 57.29°. These two values of rela tive flow

angles, 
~~I 

= 61.88 for node ‘43 and 57.29 for node 57,

are then read in the program as input data for numerical

compu tation.

This process is repeated at each required blade element

section for the proper outlet relative flow angle.
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