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WAKE SURVEYS AT THHE TAIL POSITION OF THE

AYRO CF-100 HALF MODEL, M = 0.8 to Mz 0.9

5 RY

Surveys of total head loss were made in the wake of the
Avro CF-100 half model in fhe Mach number range from M = 0.6 to M = 0,9
at angles of attack of 0.5, 2,59 4 50 and 6.5°,
» .

At low angles of attack at all Mach numbers, the wing-nacelle
Junction seemed favourable in decreasing the wake width, At higher angles
of atteck ~nd high Mach numbers a peak in the wake width occurred behind the
wing-nacelle junction.

The first indication of fthe wnke widenings over the horizontal tail
at lov angles ol attack and high Mach mumbers was behind the fuselage -
nacelle fillet, At the higher enples of attack the wake first spread over the
tail behind the nacelle as the Mach number was increased,
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INTROIFICTION

Measurements o total head loss were made in the wake of the Avro
CF-100 half model, at the tail plane vosition, in order to determine guali-
tatively vpeak wake widths and regions of hish loss,
SCOPTE OF TSTS

A wake rake was used to determine the losses and ~xtent of the wale be-
hiné the fuselage, fuselage-nacelle fillet, nacelle, wins-nacelle junction,
and two outboard wins statione at model Mach numbers from M = ND.6 to M - 0,9
and at angles of attack of 0.5, 2.5, 4,5, 6.5 derrees. (Ansle of attack was
measured from the fuselage reference line), )
APPARATIIS

Te N.4A,%, transoniec win~ flow f-cilities were used to conduct the
tests.

A photo-raph of the wake rake and the half model is shown in Fisure
1. Fifty-five total head tubes, 2.04 inches I1.D,, wer: located in the model
wake, and measurements of total head loss were made during six fli~hts with
an eleven channel pressure recorder., The plane of the leading edze of the
total head tub=s was located 1.72 ¢ aft of the trailin= edse of the Jjet pipe, i.e.
at nbout the 0,25 ¢ point of the horizontal tail,

The ratio ot inlet to exit arsa of the nacelle was 1,56.
METHOD

A steady Mach number was estrblished in the flow past the model and
tte model cycled through six degrees in two degree increments, with the model
vausing 1% seconds at each ansle,

All fli-hts were carried o1t in level flisht or in shallow dives so
that lar effects were necrlisrible,

RISTTLTS

“he results are presented in two forms, In Firmres 2 to 30, lines of
constant loss are plotted in a transverse nlane at the tail position for the
four different ancles of attack over the range of Mach numbers. The wake
boundary position (’ng: Q ) was estimrted from the wake nmrofiles nlotted
for each line of tubes, In Firures 31 to 27, &P vs. vertical heizht
avdove ana below the aimlane reference line L is plotted at =ix
spanwise locations for the four angles of attack at each Mach number,
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M mures ? to 9 are contours of the wake at an angzle of attack of 0.50
(relative to the fuselage reference line) for Hach mmbers of 0.60, 0,65, ey
0.77, 0.82, 0,86 and 1,90, The- wakr width does not increase armreciably with
increacing Mach number until M - 0.77, where the wake r~enerally increases,

At M - 0,82 the wrke behind the fuselase-ntcelle fillet spreads over the in-
board nortion o¥ the tail, No appreciable chanse in the woake takes place ur to
M = N,90, where the wake spreads downward, probably due to shocks avpearing

on the lower surfaces, A common feature of 211 the Fimures 2 to 9 i¢ &
narrowins of the wake behind the wing-nacelle junction,

Fismures 17 to 16 are similar to Fisures 3 to 9 except that the angle

of attack is increased to 2.5%, ©The weke is generally wider than at 0,5° for
the same Mach number, At Mach mambers up to M = M,71, the wake behind the
wing-nacelle junction and the wing widens slightly with incressing Mach number;
the walre behind the nncelle anc fuselage-nacelle fillet remainin: cssentially
the same, Between M = 0.71 and 0,77 the wake width behind the wins and wing-
nrcelle junction increnses considerably, and the wake behind the fuselnge-
nacelle fillet covers the inboard nortion of the horizontal tall, Above M = 0,77
the waje bpehini the fuselage-nacelle fillet remains essentially the same; the
wnlere behind the wing-nacelle junction and the wing, however, widens anpreciably.

L M g V.36 the wake behind the nacelle covers » nortion of the tail at about
midspan, At M = 0,90 this peak is sone and the only nortion of th- wake
coverin- the tail ic inboard near th- fuselags,

Fioures 17 to 23 are a rapeat of the above for an angle of attzck of
L.5%, At all Mach mumbers the weke is 2t least partially coverings the
torizontal tail., 4t M = 0,60 snd 0,65 there are two peaks where the wake width
is anite large, one behind the nacells and theé other outboard of the wing-
nacelle junction. As the Mach number increases from M = 0,65 to M = .90 the
peak outhoard of the wing-nacelle junction disamnears (at ¥ = 0.71), and the
peak crigsinnlly nehinc the nnacelle, moves outboard until at M a 0,82 it is
herind the winr-nacelle Jjunctior, The wike completely covers th+= tailplane
sbove ¥ = N.71, and the width generally increases with increasing lMach number,

Firures 24 to 20 are wake contours at an ansle of attack of 6.5°. At
these particular Reynolds numbers the aircraft is almost completely stalled at
Mz n.6n and 0.65, and nertially stalled from M - 0,71 to M = 7.90 (Reference 1).
There seems to be = pealr in the wake width behind the wine-hacelle junction
at all Mach numbers at thic anele of attack.

Piemreg 1 to 37 are rlots o” the wake losses vs, vertical heisht for six
spanwise stations, Plots are mrde at angles of attack of 0.5%, 2,52, 4,5° anad
£.5% at ~nch Number (M = N.60, 0.65, 0,71, n.?77, N.B2, 0.86, 0,9n). The trend
from M = N,60 to M = 1,71 is that the wake width incrrases appreciably in
echrneine from an angle of attack from 2.5 to u,5°, Above M = 0.77, the wake
width increnses more or less uniformly with increasines anerle of attack. The
pealk losses at a =iven Mach number rcenerally incre=ase only slightly with
increasings an<le of attack. For all ancles o7 attack the pealr losses increase
with increasings Mrch mumber,
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CONCIIJSIONS

At low angles of attack (« = 0.50), the wake behind the wing-
nacelle junction is narrower than the wak+~ behind the wing, The wake widens
anc covers a portion »f the tail surface behina the fuselage-nacelle fillet
as the Mach mumber increases beyvond M - ,82,

0
At x = 2.5 the wake covers the inboard nortion of the tail surface
vehind the fuselare-nacelle junction as the Mach number increases beyond
Mz ,77. The wake widens behind the nacelle and covers the tailplane at
M- .86,

-

At « = 4.5 there are two neak w-ke widths, behind the nacelle and
behind » section of the ins just outboard of the wing-nacelle Junction
at M - .60 and .65, As the Mach mimber increases beyond M = 71, there is
a sinsle veak that moves outboard from behind the nacelle to a position
behind the nacelle-winz junction;

At the highest angle of attack tested (X = 6.5°) the peak wake width
is behind the wing-nacelle junction for all the Mach numbers,

It is difficult to assess the possible effects of the low Reynolds
numbers since sevaration is probably associasted with shock waves on the model
surfaces at these marticular test Mach numbers., No attempt was made to
determine the effect o the jet on the wnke since it is difficult to duplicate
flizht conditions. In any case the resnlts are felt to be qualitatively
mood in indicatine the recions of high loss and large wake widths,

REFFRENCE:

1. Lift and Pitchingz Moment Measurements of the Avro CF-100 Half Model,
M=-0,3tcMail,n, D, G. Gonld, N,A.E., Lab. Memo FR-10.




CF=-100

HALF MODEL AND

WAKE

RAKE

8 od



04

FlGH

|
1

MACH NC

APPROXIMATE VARIATION OF REYNOLDS NUMBER

(BASED ON €=1'56 IN) WITH MACH NUMBER




B v

s e JU
(INIT -434 39V13SN4 WOH4) SO0  og0:=W
b wd, :
°4V SSO7T 3¥NSS3I¥d TVLIOL 40 SHNOLNOD
AJA¥NS 3INVM NOILD3S -3¥LN3D 001-40

AL Aok e [P

T e e

©

e
949

. A¥VCNNCE
. @3 LYNI153




§
(]
§

INVYM O3 1VWNILS3

4oy MMw.s 4
o {3INIT 334 39VTI3SN4 3D
- 5 :
o °4V SSO71 34NSS3™d TVIOL 40 SHNOLNOD
A3IAMNS 3INVM NOILD3S -3¥LIN3ID 001-4D
t.o.\ I'Jl‘ - -
T 94¥
mW
b
m.oumwd tttttttttttt
AMYONNOB 7 =




FIG: 57

(3INIT -434 39v13SN4 WOYHL) so:=D =N
b

°4¢ SSO7 3IMNSSIHd IVIOL 40 SHNOLNOD
AIANNS INVM NOILD3IS -3IHINID "001-42

A

v
b

L9
=b

£9F g0
5B

_.o, 04y
AMVYONNOS

3IMVYM Q3 LVWNILS3




21-= 19
(3INIT -434 39V13SNS WOYH4) $0:=D 2L =N
b

94V SSO7 3IUNSSIHd TVIOL 40 SHNOLNOD

FIG 6

AFAYNOS INYM NOILD3IS ~FHINTD  00)~4D

t 0 - |
1 CH s <Tgh L 0 =T
Oud m‘
)D v S .. - PO H
e e |
S i 5 e e |
T egdy |
|
R _
°qv

AYYOINNOY
IMVYM O3 LVWIiS3




Ll

-
-

»TN.JQ

= (3INIT 334 39v13SNS WONHY) co=D >8 =N
= b
o %497 SSO7 3HMNSS3IHd IVIOL 40 SUNOLNOD
AJAENS INVM NOILD3IS -3I¥IN3ID 001-4D
\\.\. % \\\ : \\\x\.
POz gom e
T 049
-
b
RO B LT, D N R
20: 505 — —— ———
1= =D
LR
AMYAONNOS

3IMYmM O3 LYANILS3




FIG &

: 917z 19
(3NIT -439 39v13SNd WOYHL) s0:=D 28=N
b

949¥ SSO7 3IHNSSINd TVIOL 40 SHNOLNOD

A3A¥NS 3XMVM NOILD3S -3¥IN3D 0O01-40

o e
°dv

£ 0 =55 o

P

b
d
b
20 553

<9

b

1-0 = o4v

AHVYONNOS
INVM O3 LVWNILS3




L

sai-= 19

O (INIT -334 39V13SNS WOHL) SO=D Ob =W
D

e °49 SS07 3HNSS3IHd IVIOL 40 SHNOLNOD

AJAHNS INVM NOILD3S-3H¥LIN3D 001-42
_ P m
_ S v ot w
e |
w \.\tl _
_ £ S |
| Sl |
W - ~\\ \\\\ ,ﬂ
\ |
A \ . \\\\\ \ i

s oo T /
..\.. \
ik |
T o4v
: = |
i P e |
F e olw f
3 AHVYONNOSG
IXYM 03 JYWi1S3 ot R
( ( {




ESTIMATED WAKE
BOUNDARY

APQ i

J
[
I
(=8
o
)
(@]
~N

e e
2|
55

I
>
nln o
[o
Q
o

CF-100 CENTRE-SECTION WAKE SURVEY

CONTOURS OF TOTAL PRESSURE LOSS 4P,

q
M:=-60 (s Sty (FROMAFUSEL.AGE REF- LINE)
CL SSAA L,

O 94




- (INIT -434 39VI3SN4 WOH4) - /=D Loz
D
b b
e °%4¥ SSO07 38NSS3™d IVIOL 40 SHUNOLNOD
A3AYMNS 3INVYM NOILD3IS-3¥IN3D 001-32
1 e
pOe som e ey
04V
—
b
i - O e
b
Nvo.n mlalﬂ s b | A
AMYONNOS
IXYM O3 LVWI1S3 = T
( (




ESTIMATED WAKE

BOUNDARY
APg
e Ol
A

q

q
é.p_g 04

9

CF=100 CENTRE—SECTMN WAKE SURVEY

CONTOURS OF TOTAL PRESSURE LOSS 4P,

~ q
M= 71 a=/5 (FROM FUSELAGE REF- LINE)

244

2ol
A




FIG |3

(INIT -434 39v13SNd WOMH4) =D LL =N
b

04 ¥ $S07 3¥NSSINd 1VIOL 40 SHNOLNOD
AIANNS INVM NOILD3IS -I¥IN3ID 001-4D

I:r

-0 =

o
a
<j

|

€0

"

=]
o a
<3

¢-0z

=3
8
<

b
_Olrnln'
%dv

A¥VONNOGQ
INVYM QI LVNILS3




FIG 14

Gz:.tmuoﬁmm:uzom&m.mnc
b ‘ :
%49 SSO71 3¥NSS3INd IVIOL 40

ezl

R

SHYNOLNOD

A3AMNS INVM NOILD3IS -3FHINID 001-42

2]
o
o
alv
<

o
o
Q
mlc
Q

sl
°4v
: AHVANNOS

INVM O3 LVYWILIS3

A~




-

FIG

gy tln
(3INIT 438 39Vv13SN4d WOYHY) s 7:=D : 28 =W
b

°4 ¥ S$SO7 3I¥NSS3IHd 1VIOL 40 SHNOLNOD
AIAHNS IMVM NOILDIS -IHINID 0O01-49

D= e

lv

£ 0

"

o
'8
<3

lo

2Pz

[¢ 8
<

=

_o”oaq

AHVAONNOS
INYM O3 LVWNILST

PSS RS




7o A_U

(INIT -334 39v13SN4 WON4) s2=D Ob =W
b

04y $SO7 3¥NSS3I¥d TVIOL 40 SHNOLNOD
A3A¥NS 3INVM NOILD3S -34INID 001-49

FIG 16

.0 % : o e

o

€0 = ¢

©
a
<1

o~
b
o
O.!U’
<

<3

d

b 2 ) -

AYVYONNOB
INYM O3 LVALLS3

VoS
P~




L

7
M (3INIT -434 39v13SNT WOYH4L) =D 02 =N
4 b
4 °4 9 SSO7 3IMNSS3IHd IVIOL 30 SHNOINOD
AJAHNS 3INVM NOILD3S-3IHIN3ID 00! -4
et
/,//;
i
b
¥0* 5av 2 o
b o
S e e S
orily
AMVONNOS
INVM Q3 LYWNILS3 R naat IO TG R Tt




FIGg 18

(3INIT -4348 39V 13SN4 WOHL) S v=D )
b ,

%4V SSO7 3¥NSSI¥d TVIOL 40 SUNOLNOD
CAIAMNS 3INVYM NOILD3S -3YLN3D 001-3D

o
a
<2

b
moum.m

<!

S

B
%49

AdVGNNO8
IAYM O3 LVNILS3

N o

e




L.

19

FIG

(3NIT 434 39v13SN4 WOYHY) sSb=D
b

4y SSO7 IUNSS3I¥d TVIOL 40

SY4NOLNOD

AFAENS  AAYM NOILDIS -~FNINID - O01~-42

04V
)O. U
rR oan
2 iy
O oq v
b
1 0 —
Cyqv
AHVANNOY

3XAVM O3 LUNILST

v s

—




A

FIG 20

O%'= 12
(ANIT -434 39v13SN4 WOH4) S =D =N
b

04y $SO71 3¥NSSIHd 1V1IOL 40 SHNOLNOD
A3JAHYNS INVYM NOILD3IS -34INID 001-42

e S
T o4y
Lo

£-0=

o
<]

d
L.

20 = 3

<!

d

b

I 0= —=
O3V
AYYAONNOSB
IMVM Q3 LVNI1S3




Gz_,_.“_mmqudm:msom&m;ﬁu \ms_

% :

%47 SSO7 3¥NSS3IHd IVIOL 40 SHNOLNOD
A3AYNS INVM NOILDIS -3¥LINID 001-4D

FIG <&l

b
o4v
b

<

€0: 53
b
0

Zl G I S i ) e ot i s

d

<

L0 =

B
047

'

AHYAONNOS8
INYM Q3 LVAILS3 2 =




_ gerely
(3INIT -434 39v13SN4 WOHL) s v=D 28 =N
(&)
5 b
°%4 ¥ SSO07 34NSS3IHd 1VIOL 40 SHNOLNOD
A3IAHNS INVYM NOILDIS-3IHIN3ID 001-4D

A¥YANNOS it
I N O WIESE S e :




FIG R 3

(INIT -434 39VI13SN4 WOH4) S =0

b

%4V SSO7T 3I¥NSS3I™d TVIOL 40 SHNOLNOD

A3AYNS 3X¥VYM NOILO3IS -3¥IN3D O
" ,

Ol~d40

..

Ure
vououq
b
Ry
b
Ncum‘a)q
-l
‘O.o&c
AMVYONNOS

INVYM O3 LVWILS3

e




FIG24

(@inI8Ls) =5 = JU
(INIT -434 39v13ISNd WOHY) 9=D 09=N
b
%47 SSO7 3MNSS3Hd IVIOL 40 SHNOLNOD
AFAHNS 3INVM NOILD3IS -3I¥IN3ID 001-4D

PO o i e e e

I e ik r e s

2:0: &

1 O:=

AHYAONNOB
e e e BN L R o o R R L ST e e Y




FIG

a311ve) © Sz 19
(INIT -334 39VI3SNd WOY¥4) = =D 59N
b
°dV SS07 3MNSS3¥d TVIOL 40 SYNOLNOD

AJAUNS INVM NOI1D3IS ~3HIN3D 001-30

Bl
v 0= o.llac
i

€0: 53

Q

b
NOHWM

<l

b

_o”o&q

AHVYAONNOSB
INVYM Q3 LVANILST

»os




FIG 26

(3INIT 434 39v13SN4 WONY) _~ 9:=D P

b

049 SS07 3IHNSS3IHd IVIOL 40 SHNOLNOD

AIAHNS INVM NOILO3IS -3HINID O001-42

(o]
a
<)

!tr O.‘c'
<

o~
o
o
o
<

b
o ey
°49

A¥VANNCE
INVM CG3 LVUNW!LS3

Y 1S
~
.
\\
o
e
Pty
2
. 1 e ©
s ) e ™, 3
AL ] \: XY
el o L
s
_— o
2 Y
N -~ e YW P
N m Lo
& s
2 e s t—— e e
<3 —-
At
o —~
B
s s T

e



FIG 27

(3INIT -434 39V13SNd WOYH4) < 7:=D 7= N
b

949 SSO7 3HNSS3I™d TVIOL 40 SUNOLNOD

A3AYNS 3INVM NOILD3IS-3IYINID 001-4D

\chlmll'
R sy
i
A
i b
20~ 359
D

1 Oz
049
AYVAONNOB

XYM 03 LVW!ILS3

a 29

i . .

. ’

ot TR <&
= )
~, - i
M =¥ a i
~- s
Tl oy =
- o =
o TR v b= ~
S N\ ~ -
e S ~ T S
~ < b -~ 2. - I o
/f! /// i
o507,
= ~ = /// ==
‘\‘l‘i
/,(/ " »
N e eSO
R o 9
S A i di

= -

o ~

N




FIG 28

sobs g

23

(3INIT 434 39VvI3SN4d WOHL) 5 2=D
b

049 SSO7 3¥NSS3Hd TVIOL 40 SHNOLNOD
AIANNS INVM NOILD3S -3IYIN3ID 001-4D

>8 =N

b
PO =
04V

~ U

£ 0 m.alm
20 5o

" T 0g9

m \J - 7!‘ﬂ1.’
*d ¥
AHYONNGS

INVYM O3 LYNTLS3




il

(3INIT -43Y 39v13SNd WOHL) :9:=D ) =N
b

%49 SSO7 34NSS3IH4 IVIOL 40 SHNOLNOD

G <

AIAUNS BAYM NOI1I3S ~3dINID - 001 -40

> |
7 ™ y
=l s : @
e e -
b0= o o o 3
= U R A ~ o / e ~ 5
04V <, Pl ~ < -
= TS &+ o @
-y
b . z T
€ 0- m,atm, T ~ G SO e ey > B
N ~
20 i : B et e ) /
T 049 =l i) 4 3
= o S o

AYVANNOS e SRS ST 7
eSS BE S e A o




2 Yo

FIG

5% HI—U
(3INIT 434 39v13SN4 WOHA) 2= 0 OhL =N
b

94V S$SO7 3IMNSSIHd 1VIOL 40 SHNOLNOD
~341IN32. 001-4D

AIAYNS INVYM NOILD3S

IHYM

b
v 0= MMm
iy
mO”o@¢

Sh
05 aa7
(e <
Aeas o

AdvaNNCy
g3 ivwils3

S e s

g
Tt
2
e V.
Lo}
& e
g -
[0} OF
0
<+ ) 0 e
S ) f\
b ~ s G
Vi e .
b ’
B T
-~ Gt ~ N
~ T =, :
- - x > = S, =X
=
bt f ~ N ) A SRRy
N N -
/// 5 iy - goth g
~ - e N
=S : 2 2 o
A N e =, RS s ~ Sl —r ™\,
~ Fostae ol Sl et L /
s s
Sy o \\\
Oy /! ! o \\l/
he //,.. e = o
4// & Ty
Tl \\ll.//l
st . o
i 4 T W / A
- — 8 ‘\\




ir

( ( (
-~y
g ik
=11
¥
B
1
? i
1-0
2k
N
—— a-~“—.~ b Y b g
0
APo
q Lo Pl i , o 1
‘.—4___‘_,__—-—-0'-“' -::—:‘:—-“.‘:‘?-‘
ot e B el o o e S e S B
WA e I Elientons. Zoedbeds i SR~ s

|

e

TR el AT

.= 88

Rt 3 e A e

e e s e s 'FRONM FUSEL AGE -KEF 4,
Py e SRRSO L e e e :
@ = A87 i
PR ” ; ; :
CF-100 CENTRE- SECTION WAKE SURVEY
VARIATION OF TOTAL PRESSURE L0SS
| M - 0,60

B e B

INE

WITH ANGLE OF ATTACK

1E 9414




29
wh A

FI1G-

59 =N ;

MOVLLY 40 379NV HLIM SSO7 3HNSS3IHd TVLIOL 40 NOILVIYVA
AJAYNS 3INVM NOILI3S -3HIN3D 001-42

s iy el 88 2 D)

il gD

- o SZ: D

o

(3NIT 434 39v13SN4d WONA) O

Z »«,\\..\\ e
¥ 5
OdV
s o s ; 0
s -_— = ]
8]
04V
@ 3
e Py )
s ~a - - —
EAs ’ v L S
S
Cd ¥V
0
oy £ : e < O
i ! 1 o1
PRoREgh B T o
et g L2
s L 1:.‘|1v1..A‘ D N Sl S A A S . er‘ e ,T“ i

C
<3

e

"

|..l IW\“MWM.H\H{I(» Ay.‘.).wfhl o B aueaiaiodin e el

T

PR

A,
A= T | e
T e o . — I
A ) t:l.b,t!‘!uf.:mil -

s e i ot

O-1

b




iL=W
MOVLILV 40 379NV HLIIM SSO7T 3¥NSS3IHd Tv1iO0Ll 40 NOILVIHVA
AJAHNS 3INVM NOILI3S -3IHIN3D 001-40

FIG-33

ey = G9:D
e TR RS

e B s, ong-Bhoen a1 2 E
(3N17 438 39Vv13SN4 WONS)

v 050 = D

- SRS EETESE S VS PR 1 e e OSSN SIS O
O

e U

ik il i g F VS
o S e s i L
S - 3 g e——
RN e

e | PSS R, ¢ b
v el 4 S

~ - 0
I.:M.u,:l S .;i.l”/....‘ ™ S o T o N e g T a—
L £ === e 0 e i IS Rne =BT i o S i e i
— I e —— i?.ﬂ.fll. E




L SN

FIG

=N
MOVLLY 40 379NV HLIM SSO7 3HNSSIHd TVIOL 40 NOILVINVA
AFAHMNS 3IHVM NOILI3S -3HIN3D 001-40

s e * et 8 S
s S = e g B D
D
o0

C3NTTY J3H 39VvTasnd wWoud) S5 09 0 =

St o ; 5

<
s ~ o o et « 3 oel, 2
oy, gl o = B RSB ot
i < e R N L el R QR T EN R
: e s —ATTTT e




¥ e
]

FIG-3

o T

Z8 =N
MOVLILY 40 379NV HLIM SSOT 34NSS3¥d VIOl 40 NOILVINVA
AFAYNS 3IMYM NOILI3S -3HINID 001-40
i G 95D
g A 0S¥ :=D
ro e, ol e LT

{3N1T. 434 39%¥138Nd woyd) S e i MO T LS &

e © b
\-\\\\\
o e B
i b
ey o e et o s e i po Sl R T
SRR

e S oot ik She

R oyl

=S et s ey
S - S
i i A Mo s Bt T [
Od
o i et bowis

TR .
e

" ek AR
N = =&, (0

O
b

> e i 839

Ty SRV A S S ——— f ~




FIG 3L

2€-* N
AIVLILVY 40 3ITONY HIIM SSOT 34NSS3IHd TVLIOL 40 NOILVIHVA
AJAYNS INVYM NOILI3S -3HINID 001-40
—— - —— 69D
—e e sp- -~ G D

A e S L

s -
(3N 434 39VvI3SN4 WOHL) O R PR ¢,

i

wed O
.rlo.l/l..ilﬂ'. e — & R m———— M \\\\\\ ot 0
oy g, \\\\\\\Gx O e BN 3 BN MRe T
— ‘HI»I,... e WY e i ! P - B .\\\\\\\B
e s e oy’ e,
& T e !“Hl.“n"l.‘llhnr?.o e I'»VI.. o e < A 1\‘\0\\\ b
/ o % 3 M OQ q
(0]

<




1 At

g A

4]

AJVLLIV 4O 3TONV HLIM SSOT 34NSS3d¥d TVv1iO0L 40 NOILVIMVA
AAYNS INYM NOILD3IS -3F4IN3D 001-40

{3NIDT. 43H 39vTI3ISNS WOHA)

e AP D ER
b i KR

v
- — g —— ,G2:D
: v

O omOn

== ©
Lo
04y
B0 1%
B s
Od ¥
Q-
O
B
Cd ¥
01
Q
4]
837
O-l
/J/W{”.‘ll P—— - BTk PRI e S ~ .\\\\\Nn 0
_ e | e 2 i ST "
- )Tn)\tl\l’\.h-ﬁi” et T ST (L S R e e QT \l\\\\\\\
e L il‘@lﬁv”!a&'ﬁﬁ SHas e el FETAT —_— ||qu
T T—p - - ————— - %4 ¥
0 i
0
b
amd
g3






