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LIST OF SYMBOLS

free-stream Mach number

local yawed pressure

ambilent pressure

nonyawed conewall pressure

gas constant

entropy

specific heat at constant pressure

specific heat at constant volume

local veldcity referred to limiting velocity

undisturbed ﬁélocity referred to limiting velocity

yaw contribution to the velocity component u

polar velocity components in the radial direction, normal to
radial direction, and normal to meridian direction, respectively
angle of attack

yaw of the axis of the conical shock with respect to the
free-stream direction

‘ratio of the specific heats

rotational angle denoting the position on the cross section of
the solid cone.

position of the conical body in the © = x plane referred to
the shock axis

zero-order terms of Fourier series (part independent of angle
of attack); except for P, above
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LIST OF SYMBOLS (Concluded)

first-order terms of Fourier series (part proportional to angle
of attack) '
cone surface values

 quantities at external surface of vortical layer

referring to direction normal to the direction along a conical
ray :

referring to direction along a conical ray
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ABSTRACT

For a right circular cone moving at supersonic velocities at zero angles
of attack, measurement of the total head pressure and a conewall pressure
enables determination of the ambient pressure and tempera.ture.l The analysis
is here extended to include corrections for small angles of attack with the
use of Perri's first-order theory.2

This report presents a tabulation of the ratio of the yawed conewall pres-
sure to the ambient pressure, and the ratio of the yawed conewall to nonyawed
conewall pressure at various rotational points on a 15° right circular cone
for Mach numbers ranging from 2,0108 to 8.0589, and at angles of attack from
1 to 10°.
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INTRODUCTION

In axially symmetric supersonic flow around a right circular cone, where
the direction of the stream is parallel to the axis of the cone, direct meas-
urement of the total head pressure and the conewall pressure enables deter-
mination of the free-stream Mach number, the ambient pressure, and the ambient
temperature. This technique was employed by this laboratory during the IGY
with the use of Aerobee and Nike-Cajun rockets for the measurement of ambient
pressure, temperature, and density in the 30- to 80-kilometer range over Fort
Churchill, Canada.

Small angles of attack (of the order of 2° to 4°) were observed, and cor-
rections to the nonyawed analysis can be made with the use of Ferri's theory‘2
From this theory, the ratio of the yawed conewall pressure to ambient pressure,
and the yawed conewall to nonyawed conewall pressure are computed and tabulated
for a 15° right circular cone.

DISCUSSION

The effect of finite angles of attack can be seen through the ratio of
the yawed conewall pressure to the ideal, nonyawed, conewall pressure P/Pc,
Calculation of P/Pc can be made through the following identity:

where P/P, is the ratio of the yawed to the ambient pressure, and Py/P, is the
ratio of the ambient to the ideal nonyawed conewall pressure.

For the specific case of a 15° right circular cone, the ratio Pa/Pc has
been calculated in Ref. 3. The expression for P/P4 is derived by Ferri, and
is the basis for the computations in this report.

FERRI'S ANALYSIS

Ferri's determination for the supersonic flow around a cone at small angles
of attack shows the existence of singular points at the surface of the cone in
what he terms a "vortical layer." Across this layer the pressure distribution



remains constant, but a discontinuity in entropy, density, and velocity occurs,
In previous work, as in the Kopal Tables, 35 a computation from Stone's Theory,
the flow properties were considered continuous. The analysis as developed by
Ferri enables use of the Kopal values up to the point of the "vortical layer,”
after which the previously mentioned discontinuity in entropy is accounted for.
The resulting pressure distribution, valid for small but finite angles of at~-
tack, 1s expressed as:

exp -(——) (1)

COMPUTATION OF P/Py

The expression given by P/Pg in Eq. (1) can be expanded, as suggested by
Ferri, into a form where Kopal's tables may be used for the evaluation of the
shock and conical flow properties, thus facilitating computation,

The steps leading up to the final expanded expression for P/Pa will be
given. '

(a) TFor a given Mach number My, Vy is the undisturbed velocity referred
to the limiting velocity, i.e., it is the ratio of the undistirbed velocity
to the velocity that the air in front of the shock wave would have after an
adiabatic expansion into a vacuum.

i (l e -21)M§>-l )

(b) (AS/R) is the increase in entropy per gas constant across the shock
and 1s expressed in terms of Sy and Sy, the entropy change independent and de-
pendent, respectively, of the angle of attack a.

AS Sg, Sy
= = = —_— (3)
R R (7 - Dey

Sg is found in terms of the shock strength  Py/P, on page 555 of Kopal No. 1,
and Sb/cv = d is tabulated on page 309 of Kopal No. 3. ’

(c) Corresponding. to the yawed pressure P, V, the local velocity referred
to the limiting velocity can be expressed in terms of its component polar ve-
locities vy, vy, and w. Using the first-order Fourier series expansion as
given by Ferri:



v = v + o cos ©
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where the suBscript a refers to the part independent of the angle of attack,
and b refers to the part dependent on the angle of attack. Denoting the sub-
script ¢ as being on the surface of the cone where vp is zero, V2 becomes:

Ve = (vra *tavp,  cos 0)2 + a2w§c sinZ0 (5)
c c

In Ferri's analysis, the properties on the cone (with subscript c) are
uniquely related to the quantities at the external surface of the previously
mentioned "vortical layer" (denoted by the subscript e). The pressure dis-
tribution through the layer remains constant so that the pressure at the ex-
ternal surface of the "vortical layer" is equal to the cone surface pressure.
A discontinuity in entropy, density, and velocity exists, but it is shown that
the cone surface properties are only affected by the streamlines that cross
the shock in the meridian plane © = nx. In this © = x plane, S, = Sg,

Vre = Vp, 8nd We= We= 0. It is with these relationships that the terms in
Eq. (5) above are established. This is done with the use of Egs. (32), (3L),
(35), (37), and (55) of Ferri's report. ‘

Since ultimate computation is with the use of the flow properties as cal-
culated in Kopal's Tables, the terms in the equations referred to above are
converted to the notation conforming to Kopal's. The polar velocity components
Vp, Vp, 8nd w used by Ferri correspond to u, v, and w used by Kopal. For
example, Vrae in Ferri's report corresponds to u¢ in Kopal's notation, and
similarly Yna% corresponds to vy where

YV o= Y, ta-5 (6)

% = position in the © = x plane of the conical
body referred to the shock axis

Y. = half angle of the solid cone
o = angle of attack

® = inclination of the conical axis with respect
to the free-stream direction.



Equations (32) and (55) from Ferri's report:
vy = (Vra - avrb)e = (Vra - rb)c (7)
V. + v § (8)
I‘be ¢ na.’é a

can be expressed in Kopal's notation as:

uy +oxy + vy (9)
= - 5
T C R T ) (10)

be

Similarly Egs. (34) and (37) from Ferri's report

2
8e Sp
v = —— + 7 (11)
e y(y - Dvlec, Pe
2_7’-1 2 '
ag = ——-2———(1—vr) (12)

A\l
combine, and, in terms of Kopal's notation, with the use of Egs. (9) and (19)

ahove, Vry becomes:
c

- u¢ + OX% + 8v¢

VI‘bc ) u¢ oy, + 6V¢) Cy ) (x%c * V¢ (13)

The term Vrg, from Eq. (7), using (9), (10), and (13), becomes:

w +a [l - () + oxge + 5"45)?,5‘3] (1)

Vrac ) ay(u,; toxy 5wy) c

Finally, Eq. (35) from Ferri's report:

- -Vr-bc

sin ¢c

(15)

W-bc =



and on substitution of Eq. (13):

-1 L (wy+axy, + 8wy s,
sin Y, 27(u¢ toy 6v¢) ;,

WbC =

- (xg, + vy % ) (16)

The sbove expressions for vrg,, Vry,, and Wpeare substituted into Eq. (5) and
give V2 in terms of the quantities 8/05, ), Vi) X¢c’ and Sb/cv which are tabu-
lated in Kopal. This expanded expression for V2 is:

2 2
Ve = {u¢ + (1l + cos ©) t 2753;; :ZZZC : ::Zi; -? - O cos 9(x¢c + vy g )}
c v

(17)

+

o®sin®o {1 - (uy +oxy, + 8w Z 8p

5 2
sin®y, 27(u¢ + 0, +'8V¢) -c:. ) (X¢c Y o )}

When substituted into the Ferri expression for the yawed to the ambient pres-
sure ratio P/Py, Eq. (1) becomes:

L (wy romp t i) S 5 :
_13_ 1 -{u’p + ol + cos 0) 27(1135 = va o (x%c tg v¢)oc cos 9}
P, 1- V3
(18)
‘ 4
_ fsinzg{l - (o +ompe v BY)" Sy (g + = VME 1 7
sinFo 2y(uy + axy, + Bvy) cy ¢ qa

1- % =0 (3

This is the final expression used for the computation for the values of P/Pa,
For a given solid cone (e.g., \ﬁc = 7.5°), at a given Mach number M;, angle of
attack o, and rotational angle ©, the quantities in Eq. (18) are determined
as follows:

1. &/a, Sp/cy from Kopal No. 3, page 309.
2. Y from Eqg. (6) of this report.
5. uy, v from Kopal No. 1, the values of u and v at the angle ¥.

L. Xléc from Kopal No. 3, the value of x at the angle 5&0.



5. Vi for various Mach numbers M; from Eg. (2) of this report,

6. AS/R from Eq. (3) of this report.

These various quantities for the Mach number range 2.0108 to 8,0589 and
angle of attack at 1° increments up to 10° were tabulated, and the computa~-

tion for P/Py from these quantities, through Eq, (18), was completed through
the use of an IBM 704 computer.



1.

REFERENCES
Sicinski, H, S., Spencer, N. W., and Dow, W. G., "Rocket Measurements of
the Upper Air," J. Appl. Phys., Dec,, 1953.

Ferri, A., Supersonic Flow around Circular Cones at Angles of Attack,
NACA Report 1045, 1951,

Spencer, N, W., Table of Pressure Ratios Ei/gc and Ec/za vs. Mach Number
for a 15° Right Circular Supersonic Cone (y = 1,405), Univ. of Mich, Res.

Inst, Scientific Report No. ES-3, Sept., 1958.

Staff of the Computing Section, Center of Analysis (under direction of
Z. Kopal), Tables of Supersonic Flow around Cones, Tech. Report No, 1,
M.I.T., 1947.

Staff of the Computing Section, Center of Analysis (under direction of
Z. Kopal), Tables of Supersonic Flow around Yawing Cones, Tech. Report
No. 3, M.I.T., 1947.




M= 2.0108

-
o
[
it
Pl
)
i
™
i
M L
- -l ] =l e
4 i . - 4 - A 4 L -
:";. Ir:l-' s ET\ o E; [xx} -
- LA A 0 [} X “r »
) CH I e My M -.9l
I il el o o ol oo
& oomk om o o - -
& L P R B I I . K B I
(]
"
o . {.-. l-‘,; I 20 i - b o &) -
g ) sl - Iyl g -l
a® [~ Ll K - vl - T :r e
i i - ¥ - 7 . x o
N ! = ‘ by I i L | o [} —
a - - - - —- o =l 3 ] ]
- - s s s [ I B
R 4 4 L B N 4
|
mlo e rd y . A
! E 5 o [ I R H I 51 (<Y TN U SR I o} B
o I ol wl oAy o T AT T 2 B B T I 5 rT4
Qe r r [T —_ il ) 4 -
0 L 8 - od I~ ) )} (W] ™ ')
S o v i o] P IS o S5) N ST Y Y B (S R
a _.-, -_.: " -,.;. i) G o4 [ [ [} I o o o o o
K K K . o o - o o . B . . . . . .
° o [} L P} [} o [} [l iy [ Dl - ~— - - -~ - ~— -~
M0 ; i
" : { i
i : !
o i Lo
iy r I s .,
K v " - b K
:1—- b 1 I'"- U ,_f l“j]
r-'-J ) ] uw iZn U - ad g}
™ ] i - iy o i i I
- - ; — [T Y] I | R I
- - - B e s s B
[ ol oMb | I I TS S IR NN S
— oy ! £ £ 3 o o b
H: ooy Lru:: [oc] I o T T 0 I T o B
N — e N s B == A =T A T XA TR Y
Qo . T T N R S | s s S PR \; et
E ..: L-.- LT: '.'-‘.- X () el -l - [} () (] ) Lo
o a0 s a3 C; . . . . . . . .
' - e T e Bt Pt R IR B
0 ! ;
N i
t
[}
o
[:: :T: ': -TJ z;? :3 {;— R =1 I TR
) u X X 0 pixg K Nl o ko - T
0.° iy i) Iy b il —i [ e - R ‘.; I'I : ‘-—
< 3 ey “F “t oy I i R = i ] Ll i Ll ] “F
S 1ol R R I A M P I TR S | I S R O 1 R ] B B
e s s s [ s R s
[yl [y oW [ [} o gl
i [t [ [} b ] u
4 P | BT RS < ]
fou o — — — [} 4
= [ I v } [w] (o) (] [} -l
S N S S (R N S (R B
ot ol i
T s ™ o b
o oWl o - —
DO | I o B w2 S —
L T I o S 0 o 2 8]
B e T ] B B
fm] (] [} (] P} [} [ fas) o}
[} [} (] r_:)’ vl:ll l:.l t“'.n C:
() [ — o] i [(p] [ ]







BETLTT = ] ik U T T gnoty T =¥ T TEZmEDOcd

POLTL L CEEETE D

SET0

b o - . . SEPPINSIE Y [

SOUSE" 0

FoRl

[REANE=R

FEOO0LT L

R P

PEEEE T peoi Tl :

OSk1E "0

u/d

solg’g =N

10



-a=10°

a=9°

P/P,

T
o0
i
L]
o
=

a=8°

=]
2L,

1514
10
0

11

]
X
1.0

M = 2.3105
74

1.
1.

Z0

a3
251

T

T

2
=]

.

Ty
faa(}

14

{.

1232

=

o

1.04540
1.0555%

=

oS

a5
0. 200

.

]

50,

E

w0
™

G.59

It

$14

1.02010

1. 10525

™y

w0

[
T
o
K

.
-

=

115

105

1.

=
LI

i
]

595
zoz

1.1¢

1.

S0

15



M=26847

a=5°
P/P,

P/ R,

P/R,

°
<

P/,

P/R,

P/P,

20

a=l°

P/R

-

8] L)

~ —

- —
. |

- —

[l

i

w

o

ax)

sy
b -
i )
o
[
. |
- -
i
oo )
o
-
- -
o bk}
o o
o

o

0.
]

1.

1.1107

i
by
I

1.1,

119

1.1

[N

e
—
-~

o
—

i)

o

=

1551

[}

o )
(] oyl
] o
i 15
R %]
. .
— -

t

!

el

4094

1.

j

0.0
]

12

ju]

"

S,

251

iy

)
o

40

T+
o+

[N]

1.0

1935

1

=1

1
i
|
[
(
(
(
(
{
(
[

S50

1.

sS40

1.09

1.t

4
T
Do
Lax]

4
™
™

]

1.02704

0152

1.11

1.1

1.02115

0

=
)

150,

=0

1,161

=

111522

T2

1.03

W
o
R
i
|
|
P}
5]

30

R

16

[
)

S

o5




M =2.6847

: oy I ol
- [ it
u L32] [0}
o o M
3] Wil
3 [ u ()
TR T o
! el i) u
— ] (g i
B I R S -
S T T T, I B o
[ o] o ot -
A | — L0 ] o
i bl ™ - )
G 3l [} (&) uwr ~— it
Ly [ Y |l
oo al e - R
|
"
i
o : ! .
by R T Il | o
= [ERTI  TE  B  R « I o o 25 N O R
el I bt e [ i fn] BT TRy
] i il i - &y g ] - 'l o
pan L) b [} o Iyt [ — w ] o s
bl o} o] fau 2y v:| 12 -_. -,- .-. ,—. .— ,: .-' ,—: .—. 'r—
T L
[ BT S A ~m F- = @ -
el B L I Ty N | -
ol ol o o oy (TR £ N Wl - y
L] ] [ [y Ky o o - — - & m - =
o - - - I~ I~ T o — i ] 8] 3 it
° C: l:|' C|. [} il [} 2 — - — - -— - -—
®
" i
o
g = GoSE B 5
o ) L - i ] o
ﬂ\-o Sl - s I it E
. T 1) ool m 0 -
a l:: l:; [ o~ — ] o fux]
. . o J o o . .
- e P e T B —
of o T ] ("] I
oMy [ax] ] i m it ] (o
[ FE S I b - ) TR
s o g I b ) | YT
& (] [l o Pt — - 0 (5] ) 5]
o o B . o B B . . . . . . . . .
DI [m] ! [} [} an] ] [ [ [mi} -— - - — - -— -
[ ] i
~
"
u J 1 .
ol Tyl 3y wy fRe] -~ - o0
Wil - -l O I ]
v o ™) Iy 50 ' = = T
Wy L] I T 21 M o' (NN T L o
o - - F W - - -
gl e Iy [T} ™ g} ] R Rl - [
[ux} [ax] ==y by | w [Xx] Pl [Xx] [} [
4 1 U L] I~ - it K] K} U [Ty]
™ T B o) L] L] ot o] K] 4 [ o
0 ] ex] ow [y i i} ~ — [} ™ L
[ ] o] ] [ [} - — -— — — - -
o ! i
© |
" '
) T & - Wi e cdl col g ey
JRt S ¥ Rt 4 W o wal o m o [~ 4t
Q.u u L 0 bl [ 0 s ux] i [(p) u ]
~ ol ol - i [ ("o =] I | =
a [ ) [} [ o) i i [ R} ) u v
- | e - - e B e e B B - - -
[+] — - o o ] o} ]
for) o o ol o o o o o o O = = g
. . . . o f . B o o . . . . . .
ol = ol of o el o of o o o = = =] o =l
- e | bl -] o o ey 5] S - { o
— | - - -

13



P/P,

a=5°
P/

P/

40
P/P,

a=3°
F/R

M=3.1795

2 (-]
P/R, P/

PP,

574

a=|°

P’

—i o] [ I T B T B et B L < ] ~ ol omi m -l -
ool - (%} P} [Ty w7 i [ - u — w0 by “F
I o (] [} mloo Rl — (i i [ i i ] i
o o P I Y o P Y 1w T [T ¥ S I LT I | B
o o [ B ] ) ST Fioc] AR Aot SN | B Y| I S
ol . . . . . sl T w . . " . . ol . "
[} [} [} [m]] !:ll i} fm] o} [m] - - — — - — -—
1
I !
. | i
! i
i \ :
| |
ot} i - o i b [} i) () i [ e}
- i 1oy} — ['e] (3} P} o [} Ier] uy
R R <t ™y “t L] us “F I i o)
o e ! B T i = b -
B e I I R R B 1251 B L I
v: '-—. - — -— - — -~ -~ -~ -~ - ] — | ] - —
|
£ - L N 1 l L i 1 + L i
[ L 1
At l P ™) ) [~ 4 53] [’ o 5 o I — — i~ o ) P}
[Ty I o I O N X LA MY N vVt NN TS oY S | NN Y PRV | I o B o LR it B I 1}
R IR R (R R I R <) NS B o SR] B R VR I AT T R B R
1 1 1 it 7y T I [y — 4 [ ') i ot o — [ i
W oy o [ [0 S VI TR B T T o N = = e R s [ | B
o o ol L ) L] .l - o . . . . - . . . Al
ol - o [ou [ o/ [ou] o o o [ - - -— - -— - — -

o] 1J - P T =T = AT L <L N I BV BN V] N« R o B i
[ iy Lax) ¥ u el it - [ (=] us E %] I “F “F ]
Ty Ly i - X | it B - 'gl - Ll [y ] <+ . L]
Wl el [T AR ) BT B Y & N T Y o I v T o -
-~ — - -~ IR iR =] ™ ™ + koo Ty '] K] R il

o 4 o o o N . B . . . . . . . o .
B s T e I B L A e B o T T B B B

L S L L L -1 -
(o] a3} [ [w] [g] [ ] [ax - ) ] i

) il - w0 u
1]
- =~ w [

‘
9447

g
Qi
=
1.02276
=
=
1.1093
3
1.1517
5
5

0.90014
0.92709
4

]
0.
0.

fax} o] e0 3 s i ¥l 1 ) U g [x2 ] &) L Y] [ = -—
— ) [ (%] i [y T i s - [a " %] ] ax] - L oy ]
4 L ur - (o] - - 0] o u - o] bl o (5} xy] i+ ]
— — — [ i “F| 1! - ] i = B [(p] i i R ) [ou] -
DRTT A o) I < T o TR ] I TR S LI | B TR T Fy o] Wl W o e
e L e T e I B S B e e I o T o B B o
{ : T
- 4 [ T o [p] [ T - ] B [(p] [ — g Ly [ [ig]
fax] Rl [ o i Q n - ] (] o - [ T L] - o} %}
w0 [ [} ™ (3 [~ w5 ] — L m - ] w3 - “t i - ™
- — I 4 ™ Kl u - ] 2 4 L] (] §- o o [a] o]
™ o 3 i @ i o G i i [w] [} ) f] )} [} o — .
o of o o o o e o o o - = = = = - - -
I
|
1
|
o
i
|
- o e el o KA L B Rl I T I o R ™y [ o
™ i u ] [ — 7 " (] 3 i (] “F i - g L)
Y ] L] -~ i ul - i ] ™y o ] uy us [ax] —
W o R [ i) o] [ 5] I 4] o foue] &2 [Ty [} - — )
[T ¥ B Y| B T 1 B VR T ] B R 1 I i+ W+ 3wy u
- - - — - - - — — - -— - - — — - —| - —
1
] I o N B T R ] Wlbooal =1 s o Sy e P S LI ) I ¥ T o
T ] L] 4 “F L] i ) L] L] i ) o [y “F %]
D o N = ] T B % VY Bl AN o o T SN O N Y N &1 I} B o
[(p] uy e i L M~ w L] (] o - ] ! ™ ] T T “t
[T rEHI ) PR % R v S O B e | I o ) R Y | AR v 1SN ot AR | I v} A e |
- . . . . AR . B . . . B o . . E . «
o ] foa] Lou] ] o fou] [ ] [} - - — - - - - -— ~—

— 3 — [55] [} [x] [y [xz} “F us oY ) [ — | o
Y L 1 B - e My M oAl | o [ R
TR ] B — o om Ty U TV o I R 1 [T
I I ] -1 P R YT R ol
[T 1 B 15 S T Y B o' Ml e A o
— — — -~ -~ - - - - — — — -~ - — | — —

!
=1 = B =1 =1 B =] o o ol oo oo o o o o o
. . . N . . . e . .
r:.. [} »::-v - n:.| :-‘ ':: [ f:: L T A | v VA e} N | S o S o |
i R S P ] IS S oL 25 S o B o L] B : 5]
i e I e B B




a =10°

a=8°

M= 3.1795

a=7°

a=6°

] 1
miomfom ; o
[ o B -
PO R I g o
AL oo o -~ i)
E LTI Y Uy o)
o W sl . . . o
o o o o o o } -
i | ]
i b ;
i ] M i H
! 1 ! [ ! !
| { | !
: 1 !
9] i [ n} ) sl O oy - o Lo T =
a® 0 I A B B - (i
[ ] [0 [} 7 - u i Ty 3 [xx] [
& [ I o B S| S T =T ) B | [ I ) B
ol Lyl fog [y} - - R 0 [ fax] [au (%} by
al oo al g g a2l d &gl g A A2
1
[ B L - o i |
1 \ I
P! IS T O ST B oY i U T 0]
a-o wl = o i s s i : ] “F w0 e ]
IR 'y oL ] o ™ Gy - L] ] ] ]
Noom o oo moof ow oy - o e 4
a [0 TRRRY" I Y1 S N T N U TR (v ] B ' TR O R o X —
o o o - . . . . . . . . o
o] o foul s ] [ou] o ] [ ] D} o ] |
N |
H |
|
H | |
i P I | B T - | W e - M &
o “t L it ™ ™ L <t (g} i ™ Ry [} P -
as 5] ) fx] o + &) - s 2] [y - [ 4 w7
N Tyl | — o] ] [m] ax] [ax] " i it i L] —
a 7l I i ] o o ) Iy — M u - [ 17 o
e e e Ot A = ==~ S IR S S B [t B I B
—a E 4 4 L e
T -
“F ) gl Uy 1) [ w0 ) -~ g U o] - “F L) it [iy] I’J"
(e I = | I Y B TR I I VA R B TR E = Y - @ #
mo i - Iy 5 w0 ] [ax] ™ [w] ] “F o] F (] - 'y} ] -
- - o) [un) ) “F “t T I~ [} () (] ] L] I- - ] o] 3]
& I i [ ) R L] L] R B ] i I (] ] — 4 st [[p) i L]
o o o o o . . . . . . . B . . . . . .
ot o oo o o o o o o o ol o e ot IR T ol I o B

I i ol uy m i o 4 i Dy 0] = s o] - o]
i I b i (o] s - 7 ™ R — oy LU K] — '] ]
by I o Lt R o L] K o L] Loy i T i3 LU ™ - T
X 0 i ) i pod iyl 4 i - o s “F ] o “
e o L] ) o o fod o) (] D] o - (o] - ™ %]
» " . . . . u . . . . . . . . . . .
[ o) o [ o ] ' o ] - - - -— - - %] o4 %]

1

(] n oW e
4 L] ] “t

K i [0 ™ ™
[ [l w (g o

ju]
]
7

m ' ) [T ] 7 o

i) 'p] <t
A€ o @l ow o oal -
o] Mmoo

[25% H C T O I N I o

7
S
12
i5
3

P/
T
1.138
5
2
1

2
1
in]
a
0. 7200
4

!

=] IS R A NN O R SR (N S CY T RY! (NTOY S oY N o Y I i

“t £ u o — ™ [%x) L] I ™ “F i i ™ ni w7

0_0 et o IR 21 B X PR | N [ B | B o o
N ™ i~ - i i g - & 7 [ [a] i = i o o]
n. [} [ar] [l i o [ [ o - [} 5 u [ o 1 [}
. . . . . . . . . . . . . . . . .

-~ — — [ ] [ [w] [m] -— — - -— - — — - (2] (2]

wl ol el om om

) @ ™
M @ B -
e S [ T

P/R
7
r
T
2
S
4
11
G
3
1.03044
4
2
5

!
i 1

[=THY: 7-.{ el T Y [ Y R O S S (R BT | ]
T 15 L - M [ [ + - 1y [xy] e e ] U
u-o I o) - — i — W e [ — o o Ty i
N 5 | | b iyl w7 [ — - Y i o 5 -] it
o ol ool Sl oo o Lo T | I R o | B T A 1) o] T
o o o o o o o o o o o o
. . . . . . . . o B B
© ] (] ] ] - [ P [ f} P =)
— 2] L] - P 8] it w0 [ [




M= 3.8946

a=5°

4°

a=3°

a=2°

a=|°

P/R,

P/R,

Q%
N
Q

P/R

-

1.111

0.0

E]

1.1100

944032

i

1SES

1.17

84013

[}

X
[

L}

]

0. 5480

=

iyl
ryl
=
iy
[

[
4

-

$18

[

o]
o

7

[

19SS S

i

1

0.9

I
[
[
|
L]

4
™

O

[}

0. 99296

[}
™
i}

.
—

[y

110.0

S

w0

1
™
™7 Gy
i P}
- e

0.0

141

™|

10E2

1

it

o

1. 06026

i
g
Py
o
Lax]
. .
— —
- 4
- -
[} [}
1] it
-~ —
. .
- -
— it
]
oy
I
[ ;
. w
i
— — :
|
I
'I
I
=
L] T
R ]
D] Pl
. .
-




M= 3.8946
a=8° a=9° a=|0°

a=7°

a=6°

t i I i
3 I (o [T o I o TN o) B v LS O B Y B o5 - | 4
™ ) I ral oo om0 oMl daf ol o}
o o - [ IS T TR T SN ) S S o B Y o
i [T T S ] I HI HA o (N S [ | T ] o
o T T T T T TR T BN FI 1 B! B B o 5
. . . . . . wi . . . o . . .
o o o oo o o o o o g o« - - o
H i
1 ' H
! 1 :
I :
i
|
] ¥ wyom & Lud h’J: [ '] [ Kl it X} 8] [} ™ ) R 1=
o - o o ol o] wom o~ ol o o3 S o e S el M o
Q" - o W o @ =l o owl @ o o o moml ol oM oa e - oM
S ] T O TN o1 Y I N T N ¥ NN N T 1 RS (R O T [t B
L I I At o) VR A I AT T ) B B s R I B
al ool 2 e ol o ! oo B R (Y I et B S N T R
; H -7 T
ST BT ] I mi o alow al e
3 [ el i w3 - i ] ™ 3] o I~
o ® a wlowm o< ™ r-! oo oMy o
Qr ) o - oo o mimomf I BTy R
G T TR I T TR S B - o W - wlooml ol e
a . . . . . . »i . . o . . . N . .
ol of o o o o o o o o e I S S oY1 o
: | L ;
: | i ! i
.
|
[T Y I 4 Y R S BT I e I =1 Y -
TR B T B - B T R I s 1 et B TR o
P I T BTN - T o B TR YN T NS TN o B B TR 5 -
o o oap wal ow op wowmf o3 oml om ocnom Il
S I S TRY:1 IRV TR T R INVCY R B IR S S M I ™
o o o o o o o o o o e - o= o oo ey om
- .{r— B
.
| ;
o o o ow oon owl o ol wlow| o el ol oMol w2l ow
R R < I B T i 1 | N7 O Y It B4 ) I ¢ B
W el w oM w2 o] Wl ol o ey ey o mlom | w0
N oo o W oF o o O = ] o ® =i el e e -
Q@ oW o W w @ ow w9 @ m @ - m @
o o o o o o o o o o o o] ~ = = - - -
i
i
i
o i
FC T I TR v R B et SR S Y 'R B o BN Y N AR T Y o TR N ¥ T
e T TR (A Y-V B T IS =Y < T Y BN S o B 01 B T o S | N 1R ]
a? o oW @ o @ ol omow| @ e oml ool o ow m @ ol
LG =B B S & S B T ) TRt | . 3 S o AN A S o S I 4
P < 5" N N NN oo o A o B F A=Y =1 It o A [ = B IR
o = o o o o o o o o - = o= o= oo o o ey o
T3] I A N S B T A I SR oY B | Y TR Y B NS St N ) SR Y SR
Q bt I A= O o A AR I f YT A L Y Y <23 STt B BT R - B T R
a ot Tt T B 4 B et T S A 1 el A s e AN = N 1 N = Y- T B4 B
N Loz I N Y Y+ o ) N S Y N 1 - TR o B B Y B o] I S 3
a L0 W v ) u [(p] L0 v w0 - s} [} - [25) o W [ -
o o] ] ] [ou] o o [m] [ o [ - P - — -— —
{ | |
' 1
1) ) ™ i ] i y] i - by e - 5 Lo ~
[ iod Bt L] =] et on L LI ol N AR R (T o I TR ]
a® @l [t I - R L B! BT R TR | BT TR ]
~ ol o = wiloomf ol el mf o owl oml =l s
a [ o [T A B & I ' TN Co [ T Y Y LIS Y S
of o o D I B R TR Y oY1 R YT o1 I R oY
f i : | | ]
T DT < N SRS BT T Y RNY1 (N o - | N TR o | I L
Wl TR 1 I o TR ot B ' [N N1 BTy T SRR TR B Y TR (1 B |
Q® ot w telom b omlowf =l o] o o ow o e o & -~
G I o whowl W o @ om @ e D o~ O] Moo
a W I Y IR BT I B T e B oY S = 1A 5 TR A T+ B T TRy
o o o o o o o o o o o o = = = = - = -~
; ! )
: ' |
I I
i i | ]
i i ‘ I
i I { |
ril L T Y -l DT -
i - @ o | P ol
o o (&} o] L e} [ ]
{9 i P I T o - - .:r.E I r.;;&f
o i [ - - r— ™) M o e i
- T R B I B 1o i
R e - - - . ]
1 | ' . H {
| 1 L | | |
! ! P P i | !
i ; :
m oo i [ ] o [ [ [m] ] [m]
ooa o [ S v P o N o] oo P o
- [ i+ "N [ (] —. ™ U o




0124
1]

/R,
i

=3

&

0.
i)
0.

a=5°

232
208
=01

0237

=

PR,
1.1
1.11
1.1

2504

R

4°

a
=)

=
b
= -
o2

1
1

P/P,
2338

1.
1.
1.

—

R,

0.77911

as= 3°

_
S

1.4565

2841

w'
1.

M=51033

P/R
0.83148

a=2°

xh

paprpg N ]

P/R,

1.51911

1.

0. 23164

o
-
o

.
[

dz=|°

f.D

100

0,

]
l:L:l
it
!

:
I'U‘
boni]
4y
o

1. 5008

T
ax]
=

ot
[
i
7y
o

=
&
T

4

-

1.

204

-

1.1

1.8

4
]
rm
7

'
)

£

0.94

L
My
e
=

e
(]
[axd

-

—

20

0. 876"

1

e

1.

97372

a.

s

0.0

=]

18

V. O

1499

1.1

[
-
()

1.50360

Govi

.
-—

)

no. g

1

1

>
=

1.04%

e

251

1.0

Ty
b
M
D}

Q]

]

=

7

b
<.

(o]

“t

(=]

a

s
[~

“t
[

1.1173

0414

2.0180

T3

1.0

120.0

[
W)
T

4

2119

2

V1

1

=1

L]

]
L]

1.144321

[

]

-

1401

2
L

=

1.080

[

31198

f
[yl
I,

Py

)

[

8}

IR
[

. a

i

1

5 ]

“1.50

1

<}

4

e §al

- -

2

2051

1.

83

L2071

1

534

8]
(g
[
]

1.0




M=51033

a =[0°

a=8°*

a=7°

a=6°

P/P,

4

av
a

P/R

n?

P/
0.46795

P/R

0.285424

a.o

4

P/R

")
Iy

(]}

oo

0.73430

)

|

[l

0.54841

0.53085

)
o

0,969

10.0

I~

0.40191

S

PRIy

ju]

o™
w

4

0.45481

3y

o

W
Dyt

=
<

0.5340

-
[

9

I~

0

50

0.47°

[}
™
3|

uw
[Tp)
1A}
<

O.7884%4

Iy

™M
™4
E

Q.26020 0.52556

S0.0

0. 41808

0.5992

127}

by
I

S

ki
(]

60.0

fo1418

1

i

L]

e
o

[
]

L

1.04519

70.0

—
.
[

w
(8]
w
(4]

594

1

=
()

a.

™

21114

]

1044

=

0.

190

™
o

0.

cZ02

1.0

20.0

L AOEZ

R

(]
o

=

g
L
ey

1.03

0.59145

4
o

[~

1.45817

100.0

110.0

O9ES

1.1

[}
4
1)
-
o

CA2TEZS

0

1.59514

(]

T
o

1.084

5
™

)
™

130.0

LSOOG

1

OS=2z

)

1.51120

(o)

2

™

1.45014

2.64944

140.0

)
o}

m

o
o
X
Ly

1.75201

2.2118

150.0

160.0

=

L

4

50

=)
o i

1)

)

24843

4. 92042

IR

M
(o)

™

IR

2.11317

=T e bl
e EETE

[
sl

La3]

i

™
|
[}

1.9124¢

2, 49406




a =5°

M = 8.0589
a=3° a=4°

as= 2°

O al o @ ) R N R B
a 1w o ) -— [ [ - o
& I T wm ™ 2 [ By

Wy (e T o) - - o w7

I T s o I ol -l e

ol . . . - . - 0 ] . - | e s
oo o o] R A R I T & S

j | | s
I i !

o T o i wil a0
a ) o et T B ol [ B T
IR T Y W I BT Ty
& - ot ot ow] o it 125 IR —
ol LA B Y B e e R
- - PTESY H B YR R BT T R
S e o - - T 1 SO S ey St n el Sl e o
i I -
| |
|
Byl ] i [ Xy u [} o - ] [y [x) s 8] i
a® oM oA A [ | B N B T 4o
~ B N r-loaal W g e oWl b -
a o, 1 i R ox) o - o ] = i) R it - f:'fl
1y [y, [ > [l = [ax] [ -~ R} 7y Uy Ea] [xa 20y
S oo o o o g o o g - < A A = -l -
: i
| |
i il A wh oy e ml el = = m — i i
— 3 1 o Iy = L R Rl i ™ R u [ S
mo ) Yy i Tgl uy ] sl Kl s — 1 X 1 “F
=i Ly s [ My “t [y} i) ¥ T oy ! [x - i
E b K i o [} ™ i+ il - b b ml R [ ]
- — - — - - In] R} 4 ] L] L) L Ry it 'g u
|
|
|
|
[ - 1 4 L
1 4 4 b o
[T TIRRT:] I TR 1 [T TR Bt BT ¥ I YA o1 B TR oo TR oY1 (N Y SRR Y Y 1 IR B ¥
o [ox) g ] “f [y T i~ & [=l- = g - M - ol [y o L]
9 I w0 %] <t 1t T ™ ) ] L) - ~F y] [ s w0 [(p] ]
a L] ™ “t ] ] - [Tyl o} L] 2] - o (o] i [ ['y] - in (]
& Kl R w L w0 [ - w0 [ax] i ] - - ol o] Iyl (g n
. ] . . . . . . . . - . ] . . . . . )
o o o o o o o af o Ol - =l =l ] = = ] = -

[yl My b 3 Rl g pu} i “F " i ™ [y} g w0 i 0l

[au] L] oo L] u = - it i 7 - ] L & - ] -

| () 4 L us iy u b L M i ) ] o e ] L] -

b L L L T o u s oy L} [ [Xa) - o] - i o

ol ol Po TR S o1 N BYS IR S B ') YT B A ., ] +!

. N . . . . . . . . . . o . . . . .
- - - — [} ™ [} i i %] Ly} o} Lo} L] & <+ T ks

. b -

" wf i [} [ax] [ [ i i 'l - " -
o] (o] o ] [y} L it o [} i ] ) i
[ ST e B T o I o B} SY Y B [N T B 5 SR N Y B &1
“F Lex] ] = i [ox) L] o st [ox] - ] st
o o (] o [} o] - -~ (X} ™ L] o] ™

a® ~oa o om o™

P/
4
4
]
o

[] o b o] o [ax] [ 9] [} ] il L] [ K] ]
ﬂ.u s il [Xe) X [ w 7 i [m] Ty} P ) D] “t [}
i i u 3 0 [} (g b o u? u i [} [} o]
& R LS| T o S TR L NN S Y | B Y| R TR ] ol
- — - — [} L] L] e KX | [ ] L] '] L -
. . . . . . . . . . . . . . . . o
[¢] 9] 4 [ %] ] ™ (R} (%} i a2 L) Loy o] ™ 7y

[ iy [ o] ] 2] oy ] [~ &} ] %] o] ] M-
bl -l &) 2 @ @l ool ow] ey myy -] w2 e~
A o | ol e om 1] I B - BT Y B T ] BT S S T | B TR
N 9 w0 - o [ ki pu] (o] - < ~ i - L] ~t e u?
a w 0 (] (] o [} T [ ] [w} [} [} — — - - —
. . . . . . . . . . B . . . . . .
) [ (] D] [ (] (] (] ~— - - - - - L - —
i : 1
18] P [ [ -— (%'} (] X} [ Xy (2] (a3} 2] fxxl Iy (] I
o [ R Y] B TR & T v] I Y LY ol el o omoa own . m
Qs ™ (] K [} L) “F I - i o) “t = [} i 10 [}
N [xd I T B« TS oY B Y B v Y R N B T I I B T B
a F K d u b u Rl W - o o o - - ] o4 [
™ o R} o i o e} (R} ™ o %] ™ ™ o m ™y L] L]
s
® o o o o o o o o o o o o o O o !
] 1:.1 v_; D. E.:| C.- D D. ':.- ':.l |:.| L‘_; L] II: )
R YT 25T R I V' Y N ) I S~ B e | IR S o R 1 !
-~ —" - B -

20



M= 8.0589

a=|0°

a=9°

as=7°

as 6°

P/P,

P/P,

P/,

P/P,

P/R,

P/P,

P/P,

O

P/B
O.38270

P/,

i

- THT

g

0.64500

0.27011

70

<321

0

0.914322

1o.a

0,25806

™y
L
-
[

[xx]
)
1)
1)

o)

18]
|

0.32107

(R

-
-}
i
0
o]

0.26291

s
o
o

My
G

a. 909

0.20315

0.25738

29

e 731

-
h

O.2114

1.1154

.,

A

1432

0.19414

0.255

0.72:630

G

0.325

0.92706

-

0.40%

S

1. 15108

0.26154

0.74384

0.34056

25

2

[}

1448

1.2

uy

i)

0.20003

L]

a]

'y

1.0

u
oy
I~

-—
™

g.z203182

-

0.51200

-4 s
il

.44

i

)
™
™

D.32149

0.41853

1.19032

0.39136

1.41063

" 0.59971

0.29212

1.1130%

0.49600

b

0.50349

rm
(3}

52}

0.71197

2G0T

1.6040% 0.56400

57352

0.

'y

. 1.91

L7740

.a

29

.20

2

D

I~

e

45088

LG1042

!

4
™

™4

0
I~

()

.
“

2
=

1.05291

%]
e
Kl
o
i

™~

110.0

e

1.1

1.19713

1.27684

0
(&}
L]
R

1

1.284

(]

%]

5

)y

o

=
-
'~'—"

+

1.54¢

[m}
L

4. 58746

- 133838

']

4
R

(]

W

140.0

7. 46850

1

2.348

57951

&

5560

[r)
[y

2.49143

[}

&l

ey

[}

(]

=0

1

o
o

1]
[
o

.
™

Ty

T4

11.

18160

. 0

17

L

2.95250

4.03921

11.48763

o

L]
[

52204




08I

Nele Nerd; .06 -09 -0¢ Ne)
1 | I 1 | I 1
140G 0
*0l=0 -090
- 0G=D
6=D -9=D
o8= 0l=D
=0 Hos0
./
N, \
o]= s J% 00l
Yot S
°g: | ch d
MWM 0d =D
ol = oE=D 021
08= otr=D
06 =
o0l=D —H 0Pl
09I

8010°C=W

d/d OILVY 3¥NSSI¥d GAIMVA-NON OL GIMV A

22



08I

Neley

.02l .06 .09

-0¢

1 0S80

1090

1080

0 0 o

o
I MAl—

o

o

]

)

0
O oM~ OW
"

°

(@)

W
8

ol
Y4
o€ =D
=D

"
o)

1021

-10¥l

109’1

SOLE'T=W

>d/d OILVY 3INSSIYd GIMVA-NON Ol @GImVva



x4 «06 09

<08| 0G| 0% 0
I 1 I ] | I
09 =D 100
ol =D
1090
1080
001
o 120 °d
ol=D M
og=D
ot=D 1021
0G=D
09=D
ol=D 10?1
08=0
o6=D
1091
o0l=D

LY89°C =W

d/d OlLVY 3dNSSIAd GIMVA-NON Ol QIMVA



08I

o0GlI

o023l 06 09

ol =D
0d=0D

ot =D

6

o0Ol=0

S6LI'E=W ’d/d OILVY 33NSSIAd GIMVA-NON Ol QIMVA

ovo

090

080

00l

o2ai

ovi

09l

a|a®

25



«08lI 06l Yor| «06 09 o0¢ 0
I I -

o+ O
090
080
0]0)|

ol=D

0S=D
(o r A

oE =D

o=

0¥

oG=D

09=D - oOl=D

9 (g=b/ -0l loo]

ol 06=D
d/d OILVY 3INSSIAd AIMVA-NON OL AIMVA

9Y68'E =W !

0..|CL°

26



08I - 0G| Neory: 006 . 09 0% o0
| i I ] | | | I
——Z <
1/'\0@"
R i,
5> Hos0
oG =
omm
7o
ol=D \\\‘“‘“\\\\V\I‘l o0'I
_ 7
0d=D \“\
og=0 4
ob=D -4 0S|
oG=D
09=D
10072
0l=D
o8=D 10672
6=
—100'¢
01=D
og'¢e

EEOLI'S=W

d/d OlLVY 33NSSIAd AGIMVA-NON OL GIMVA

a]ae

27



-08l -0GlI Ner4 006 209 o 0¢ o0
T T . T T T \}O_ud_ 60 g Hv_
9=
°S= 4050
. oNn
; O_HG
g 00l
77772
= \\
ol=D «\““\
ON"d \\
o€=D —10G'
. % Y
o= M
-1007¢
oG=D
ow.hu T om.N
ol=D —oo'e
o0Ol=D
o8=D o6=D
6 oG¢e

6850'8=W d/d OlLVY' 3ANSSIAd AIMVA-NON Ol AIMVA



T

3 9015



