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I, INTRODUCTION

The aerodynamic performance of flared projectiles has not been
investigated in detail - either by the wind tunnel techniques, which usually
focus on the effects of perturbations of the flare geometry; or on the free
flight ranges, which normally employ the flare for its strong stabilizing
influence in order to survey some other performance parameter. For a given
projectile, the wind tunnel experiments can efficiently determine axial force,
normal force and spin deceleration characteristics and the influence of the
Reynolds number on these coefficients. However, the dynamic coefficients,

C and CM + C Ma ® 2T® not easily established and the axial force
coegf1c1ent is clearly not equivalent to the drag coefficient which is
required for application design. Free flight ranges are most suitable for
measurements of the drag and the dynamic coefficients and, ultimately, the
dispersion and accuracy.

The few flare control data available verify that the high drag associated
with the flare makes such a projectile unattractive for anything but very
short range applications, although a recent publication in the form of a
careful computational study describes a very novel flare concept which will
require evaluation by experimental methods.

This present report is intended to be used in the formulation of quick
estimates of the static aerodynamic characteristics of the conventional flared
projectile. The data is based primarily on References 2.and 5 and the
exposition follows that of the corresponding finned projectile
presentation. The drag, static moment and normal force coefficients are
determined from the simplified geometry of the projectile and the bounding
aerodynamic conditions, i.e., sea level, flat fire, 2<M<5, and small yaw. The
computer program is writtenm in the Hewlett-Packard Basic language and is
easily convertible to other Basic-language microcomputers.

II. PROCEDURE AND RESULTS

The empirically-developed expressions for the aerodynamic contributions
of the components are based on those of the corresponding elements for the
similar finned projectile - following the form of Reference 5. Modifications
are introduced as indicated by the test data of Reference 2. Caliber
notation, where a representative linear dimension indicates a reference length
and the mass/force dimension is converted to a specific gravity equivalent, is
used in the physical description and in the interior of the program operation.

Figure 1 is a sketch and Figure 2 is a set of shadowgraphs of a flared
projectile. Tables 1, 2 and 3 define the equations used to describe the aero-
dynamic parameters. The initialization instructions are presented in Appendix
A and the full program listings follow. Figures 3.a through 3.g present a
projectile outline, input tabulation, a table of the static aerodynamic co-
efficients and graphs of the normal force slope, drag, static moment slope,
lift force slope, accuracy factor and velocity decrement. The range is 2<M<5,
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This is an interactive program, i.e., the operator responds to specific
i requests from the computer, which permits selective options of the output.
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Figure 2. Shadowgraphs of Minuteman Missile Model in Flight (Reference 2)
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TABLE 2. NORMAL FORCE AND STATIC MOMENT SLOPE COEFFICIENT

i
Normal Force and Static Moment Coefficients
8 la -7
Nose Body Normal Force Cyqp ™ (1:9 + 1.3 5= + 0149 Z2)(87°7 (6103 + .036M)
Datum Coefficient * n
[3
2 1
Center of Pressure| x_ . = (.89 + .75 = s P gte98
of Normal Force oFe n
- ‘
Static Moment CvaB (xc.p.BJ(CNaB‘
Coefficient
67 ( e
Flare Normal Force Cyar * (2.67 - ) (cosdj(n/8)
Coefficient b
Center of Pressuref x_ p.F " Lo+ R, (dy - 1;/tand
of Normal Force *Pe
Static Moment Conf ° (xc F)(CNGF)
Coefficient *Pe
Assembly Normal Force cNa = CN(:B + CMF
Coefficient
Static Moment cm - CHnB + Cﬂal’-’
Coefficient
Center of Pressure x, = C\h/C\‘u
of Normal Force ke ) )
Gravity Assembly Normal Force C‘kx - C\h
Coefficient ) ’
Datum Center of Pressure X, p =X, P
of Normal Force tee e
L
w Static Margin Ax = x - x
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TABLE 3. RETARDATION AND ACCURACY FACTOR

Retardation

Mach Number M =
along Trajectory

Average Velocity Decrement Av =

I
Accuracy Factor J == X
de
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GROOVE LENGTH: =@

MAX FLARE DIAMETER: 1.632

FLARE ANMGLE: 15

.00

CENTER OF GRAYITY: 1.758
MACH NUMBER AT MUZZLE: 3
MAXIMUM RANGE (METERS>! 10800
PRDOJECTILE WEIGHT (CRL3>: 4.11
AXIAL MOMEMT OF IMERTIA CCRALS»: @
TRANSYERSE MOMEMT OF IMERTIAR CCALS»: 2.4
1.8 CALIBER REFERENCE DIRMETER <IN, »:

) Figure 3a. Computer—Generated Output: Projectile Outline and Input Parameters
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STATIC AERQDYNAMIC COQEFFICIEMTS FOR
LONG ROD FLARED FROJECTILES

MACH NUMBER

2.8 2.3 3.8 3.5 4.8 4.5 S.9
CHNRB 1.976 1.911 1.888 1.833 1.887 1.298 1.911
KCPB 1.331 1.5a7 1.631 1.7308 1.817 1.394 1.966
CMAB 2.629 2.889 3.879 3.253 3.428 2.994 3.757
CNRAF 2.529 2,381 2.315 2.277 2.254 2.238 2.227
CNRAT 4.496 4,293 4,203 4.160 4.141 4.13¢€ 4,139
CMAT 8.435 3.368 8.412 8.585 8.621 3.751 5.859
cG-CP -.118 ~-. 191 -.244 -.286 -.324 -.358 -.338
CMAT,CG -.332 -.819 -1.023 -1.191 -1.341 -1.488 -1.613
CDUWN «611 « 574 . 545 522 .563 . 487 .473
CDB 527 452 . 377 . 302 . 227 153 873
chv . 845 . 041 .037 .832 .27 .822 L9183
CDGR 8.809 8.800 0.090 B.000 0.000 3,000 d.aaa
CDWF . 150 120 . 198 . 8386 875 .87 . 868
cDT 1.334 1.187 1.859 942 . 832 .7 628
CLA 3.162 3.185 3.143 3.218 2.382 3.487 3.518
J ZETA ~-3.989 -1.918 -1.554 ~1.387 -1.249 -1.163 -l1.182

Figure 3b. Computer—Generated Output: Table of Aerodynamic Coefficients
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Figure 3d. Computer—Generated Output: Zero-Yaw Drag Coefficient
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MUZZLE MACH Mo. 3.808, INITIAL YAW CyCLE 11.599M

2000 ¢
1753 |
1590
n 1250
\
=
— 1088 P~
—1 .
o 7sof T
> ~—
5808 i
250 |
—-———_——_
B i 1
0 .S 1
RANGE (KM)
RANGE & M, RETARDATION134@.284 M-S KM
RANGE S@3 M, RETARDATIONIZ4D.284 M-S~ KM
PANGE 1000 M, RETARDATION 927.116 M-S-KM

Figure 3f. Computer—Generated Output: Trajectory Parameters
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b Intercept of CD vs M characteristic
c Slope of CD vs M characteristic
Cefo Center of gravity of projectile, nose datum
CePe Center of pressure of normal force
d 1.0 cal, reference diameter
dy Diameter of base of flare
e Base of Natural log
23 Cylindrical body length
zgrl Groove length from nose (starting groove)
lng Groove length from nose (last groove)
Azgr Groove length
zn Nose length
m Mass of projectile
s Range
v Velocity of projectile
Av Velocity decrement over specified range
Xe.p.B Center of pressure of normal force on body
Xe.p.F Center of pressure of normal force on flare

A'ref

Ayetted

%

LIST OF SYMBOLS

Reference area (.785 calz)
Surface Area of lateral surface producing viscous flow drag

Drag Force , zero—-yaw drag coefficient

l/zp v? ALes

Pressure drag coefficient - base of flare
24
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Cper
Cor

Cown
Cowr

CvaB
CMmaF

LIST OF SYMBOLS (continued)

Drag coefficient due to grooves

Total Drag coefficient
Wave drag coefficient — body (nose)

Wave drag coefficient - flare

Lift Force

’

1/20 v2 Aref §

Static Moment

pr v2 Aref dé

Static moment coefficient - body

Static moment coefficient - flare

Normal Force

pr v2 Aret §

Normal force coefficient - body

Normal Force coefficient - flare

Axial moment of inertia

Transverse moment of inertia

Iy cLa
5 aerodynamic jump factor
md

25
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aerodynamic lift slope coefficient, § =

aerodynamic moment slope coefficient

aerodynamic normal force slope coefficient
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o LIST OF SYMBOLS (continued)
O i
1
i M Mach number
P
o Mg Mach number at muzzle
3 Ml Mach number along trajectory
S
q: Aref b
> Q Operational parameter, B——Er:;—-
"
K} cM + Db
f R Operational parameter, Mo
o
.
ff a Angle of attack, employed here as a subscript
L
o
By 2 1/2
2. ] M -1 , operational parameter
o+
>
>
?.-
§ Sine of total angle of attack
)
ﬁs g Dispersion parameter, employed here as a subscript
W
- 0 Flare half-angle
-
o " 3.1416
. 1}
'. o} Ambient air density
2,
:
D
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APPENDIX A

INITIALIZATION INSTRDUCTIONS
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b
3 APPENDIX A
d INITIALIZATION INSTRUCTIONS
.y To use this program, the operator requires only the entry of the geometry
[\ and the physical properties of the projectile, the range excursion and the
j muzzle Mach number. Caliber notation, where a representative linear dimension
¢ provides a reference length and the mass/force dimension is converted to a

specific gravity equivalent, is employed extensively. The reference diameter
may be in inches or in millimeters and the range input in meters.

The program will call for the operator to respond as required.
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bl b Ao By L LEdb A _an gl 0 o0 o aug o

10 OPTION BRSE 1 ! PROGRAM FILE “FLRARE"

20 DIM QC23,7),Q1.7), A8 1) ,RO(2D),Rk3(20),¥ (20>

30 INTEGER Array_t(0:2333%),Array_p(d:23940>

40 PRINT PAGE

S0 BEEP

1] PRINT *THIS PROGRAM WILL CALCULATE AND PLOT ESTIMATED™
?9 PRINT “ STATIC RERODYNRMIC COEFFICIENTS OF LONG ROD"
89 PRINT *FLARED PROJECTILES IN THE MACH RANGE 2-S*
99 PRINT

189 Proj_desi1gni FRINT

110 Comput ed=9

139 PRINT *INPUT THE FOLLOWING VALUES I[N CRLIBEFS!"
168 PRINT * CONICAL NOSE LENGTH: *

170 BEEP

180 INPUT L

181 PRINT "L “;“CONICAL NOSE LENGTM":L

190 PRINT = CYLINDRICAL BODY LENGTM: *

200 BEEP

210 INPUT L}

211 PRINT "Lt =*;"CYLINDRICAL BODY LENGTH";L1

228 PRINT = GROOYE LUCATION-NOSE: *

230 BEEP

249 INPUT P1

241 PRINT *P1 “;“GROOYE LOCRTION/NOSE";P1

2%@ PRINT * GROOVE LENGTH: *

269 BEEP

270 INPUT P2

271 PRINT *P2 “;"“GROOVE LENGTH";P2

289 PRINT * MAX FLARE DIAMETER"

299 BEEP

300 INPUT M3

310 PRINT *"MH3 “;"MAX FLARE DIAMETER" ;M3

320 PRINT * FLRARE RANGLE"

330 BEEP

240 INPUT He

330 PRINT *Hé “;“FLARE ANGLE":H4

460 PRINT " CENTER OF GRRVITY OF PROJECTILE: *

473 BEEP

489 INPUT C2

431 PRINT *"C2 "3 "CENTER OF GRAVITY OF PROJECTILE"; Ll

492 PRINT

493 PRINT

S99 PRINT "INPUT 1.3 CALIBER REFERENCE DIRMETER - INCHES i °

310 BEEP

Sa0 INPUT D

sa1 PRINT *0 “;"INPYT 1.0 CAL!BER REFEFENCE DIAMETEF 'IN"HEC "
330 PRINT *INPUT (.9 CALIBER REFEPENCE DIAMETEP MILLIMETERS:

240 BEEP

k31 INPUT DI
381 PRINT "Dl ;" INPUT MORMALIZED PRDJECTILE NEICHT ' M! L-IMETEF,-:':QX

353 PRINT "IMPUT NORMALIZED PROJECTILE W€! CUBIC TALITERS

579 BEEP

S39 INPUT W

<81 PRINT “u ;" INPUT MORMALICED PROJECTILE WEDGMT T B{. “HLIBEFS !
399 PRINT "IMFUT ANIAL MOMENT OF [MERTIA CAL[BERIesT . : -

309 BEEP

519 INPUT |

61l PPINT *1 "i*IHFUT RAXIAL MOMENT IF [HEST Ik :

329 PRINT “IMNPUT TEANSYVERSE MOMENT IF [HERTIA
£33 BEEP
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A8 849 INPUT [1

AR 541 PRINT “I1 “:"INPUT TRANSYERSE MQMENT OF IHEPTIA ' CALIBERS«=S.1":1}
" 5%  PRINT

#

669 PRINT “INPUT MACH NUMBER AT MUZZILE: "

e ¥ 879 BEEP

580 INPUT M@

681 PRINT "M@ “;“INPUT MACH NUMBER AT MUZIZILE:"“;MO
599 PRINT “INPUT MRXIMUM RANGE (METERS,: *

700  BEEP
710 INPUT §
720 §$9s=s
738 PRINT PAGE
748 DEG
79  B=20
768  Bl=2S
r 780 BasL+Ll
SN 799 ME=H3-2
g 809 H7sl/,S54(H3-1)
R 801  HB8®B3I+H?
o 348 Image_1: IMAGE 2D.2D
~ 8%0  Z=9Q
Y . 940 PLOTTER IS 13, “GRAPHICS"
3 9%8 Iplor=9
. 960 Graphics: GRAPHICS
‘pV\ $7@  EXIT ALPHA
WO 950  SCALE -£,49,5,22
W~ 990  X_scale_ractor=42.23
> 1909 MOYE -1,29
o 1219 [CRAW 20,20
B 1020 MOVE 9,8
AU 1039 DRAW L,B+.S

1949 DRAW L,B-.5

* 1050 DRAW 9,B
1069 MOVE L,B+.S
1079 DRAW B3,B+.5
1030 DRAW B3,B-.S
10959 DRAW L,B-.5
1190 MOVE B3,B+.S
{119 DRAW H7+B3,B+HS
1120 DRAW H?+B3,B-Hs5
1138 DRAW B3,B-.5
1540 MOVE 0,B-.2
1958 DRAW @,B-9%
1968 MOVE L,B-.7
15?9 DRAW L,B-2 )
153@ MOVE B3,B-.7
1619 DRAW B3,B-4
1649 MOVE -.2%,B-1.S
1650 DRAW L+.2%,B-1.%
1669 MOVE ~-4,B-1.9%
1873 LORG 2
1680 LABEL L
1690 MOVE -.2%,8-3
1799 DRAW B3+,2%5,.B-3
1?19 IPLOT -B3-4.3,9,-<
1720 LABEL B3

1730 MOVE -.2%5,B-3

1749 DRAW B3+,2%,B-3
17?9 MQVE -,2%,B-4.°
17€3 DRAW HB8+,2%,8-4.5S
1779 [PLOT -HE-4.3,3,-2
1739 LRBEL M3

1731 MOVE HB,B-HE6-.<&

1732 MOVE He,B-

H
1732 DRAW H3,E-S
4
1734 DRAW m3,B-4
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1810
1828
1830

1940

18350

1860

1879

1988

1881

1882

1890
1900

1901

1910
1928
1938
1948
1958
1960

1970
1980

199¢
2000
2010
2020
2036
2040
20350
2050
2079
2080
2990
2119
2128
2130
2140
21350
2151

21€9
2170
2180
2199
3088
3100
3119
3129
3130
3140
3130
3168
3179
3180
3190
3200
3210
3220
3239
3240
3290
3260
3276
3230
3298
3300
3310
33z0

MOVE 0,8+.2

DRAW @, B+5

MOVE C2,B+3

DRAW C2,B+S

MOVE ~.25,8+4.5
DRAW C2+.25,B+4.S
IPLOT ~C2-4.3,9,-2
LABEL C2

MOVE -.235,B+4.9
BRAW €2,B+4.,5
MOVE -.25,2+B
DRAW P1+P2,2+8
IPLOT -P1-FP2-4.3,0,-2
LABEL P!

MOVE P1+P2,2+B
DRAW P1+P2+.2,2+B
MOVE P1+P2+.3,2+B
LARBEL P2

LORG 1

REM

REM

MOVE £2-.1,B-.1
DRAK C2+.1,B+.12
MOVE C2+.1,B~-.12
DRAW C2-.1,B+.12
MOVE Pi1,B+.?

DRAW P1,B+2.5
MOVE P1+P2,B+.7
DRAW P1+P2,B+2.5

MOVE C2,B
LORG S
LABEL "0"

MOVE P1,.5+B -
DRAW PL+P2,-.5+8

DRAW P1+P2, .5+

DRAW P1,-.5+B

DBRAW P1,.5+B

LORG 1

MOVE HS8+,25,E+.3

REM

REM

LABEL H4;"DEG FLARE"
LORG 1

MOVE 1.%5,B-3

LHBEL " NT Y "

MOVE 4.5,B-9

LABEL W{*" WCAL3"

MOVE 1.5,B-10

LABEL "IX ="

MOVE 4.%,B-10

LABEL I;* ICALS"

MOVE 1.5,B-11

LABEL "IV =

MOYE 4.3,B-11

LABEL I1;" ICALS"

MOVE 1.95,B-12

LABEL "DIA="

MOYE 4.5,B-12

IF D=3 THEN LRBEL D1:" MM, CAL"
IF D<:9 THEN LRBEL Di" IM-CAL"
MOVE 8,29, 2¢

LABEL “"LONG ROD FLARED PROJECTILE DESIGH®
G3TOURE Array_ti <4}
GSTORE Array_bie«), 3,227
EXIT SRAPHICS

RLPHRA

31




- adhdte gl nd A i Al A4 At alS ate abh-ailh ohe o Calnadle Ao sl mdh b gty &+ & o8 oo s, |

Y
®
&
X
)
[/
-
: 3330 IF Iplot=d THEN Ask_it
) 3340 PLOTTER 7,5 I3 OFF
&) 33%0 GCLERR
) 3368 GOTO Print_input
) 3370 Rsk_it: PRINT PAGE
‘ 3380 Iplotai
3390 PRINT “D0 ¥OU WANT A HARD COPY OF THE FLOT? (f or N»°
3490 BEEP
2] 3410 INPUT Replys
' 3420 IF Reply$<>"Y" THEN Keep_picture
& 3430 PRINT "DO YOU WANT THE COPY ON THE PRINTER (@), OR ON THE FEN PLOTTER -1
KX 3440 BEEP
» 3450 INPUT Plou_device
3460 IF Plov_device=d THEN Dump_graphics
K 3479 PRINT "SET PEN PLOTTER AND PRESS CONTINUE WHEN RERDY®
K 3480 BEEP
N, 3498 PAUSE
R 3509 PLOTTER 13 ?7,S,"9872A"
& 3519 GLOAD Array_t(®)
K 5520 GLORD Array_bu#3,9,227
My . 3830 PLOTTER 13 IS OFF N
e . 3540 GOTO Graphics
3. 3850 Keep_picture: PRINT “PRESS CONTINUE TO RETURN PLOT. THE PLOT™
&4 3560 PRINT "WILL REMAIN ON THE SCREEN UNTIL CONTIMUE IS PFESSED AGAIM,"
] 3%70 BEEP
I 3580 PRUSE
o 3598 EXIT ALPHA
o 3638 GRAPHICS
. 3610 PAUSE
U 3520 GCLERR

3630 EXIT GRAPHICS
3648 ALPHA
. 3650 GOTO Print_input
D" 3660 Dump_graphics: EXIT ALPHA
N 36790 GRAPHICS
! 3630 DUMP GRAPHICS
. 3698 GCLEAR

) 3700 EXIT GRAPHMICS

» 3718 Print_input: PRINT PRGE

37290 PRINT “DO YOU WANT THE INITIRL DATA PRINTED GUT> .4 or Nt°*

} 3720 BEEP
‘A 3740 INPUT Replus
‘5 37%0 IF Replus<. 7" THEN Menu

B 3760 PRINTER [3 8

2 377@ PRINT
', 3730 PRINT “ALL VALUES ARE IN CALIBERS UNLES3 OTHERWISE HQTED"
', 37%@ PRINT

3800 PRINT “"COMICRL NOSE LEMGTH: ";L
3310 PRINT “CYLIMDRICAL BODY LENGTH: “;L!
3320 PRINT "GROOVYE LOCATION-NOSE: “;P1

.} 3830 PRINT "GROOYE LENGTH: “;P2
384@ PRINT "MAX FLAPE DIAMETER:":H2 q
j 3858 PRINT “FLARE ANGLE: ";H4
) 390@ PRINT USING Image_L;F
N 3938 PRINT “CENTER OF GRAVITY: ";iC2
394@ PRINT "MACH NUMBER AT MUZIILE: ":ind
3953 PRINT “MAXIMUM RANGE (METERS>: "3 f
3969 PRINT "PRQJECTILE WEIGHT (CARL3': "4
e 3979 PRINT "AXIAL MOMENT OF INEFTIR CALS:: ":]
o 3930 PRINT “TRANSYERSE MOMENT OF INEPTIA .CALS»: “ill
. 3990 IF D< .9 THEN PRINT "1,d CALIBER FEFEPENCE DIAMETEF ..t ":D
» 4099 IF Di .9 THEN PRINT "1.0 CALIBEFP PEFEFENCE DIAMETEP .uM.: ":iD1
4019  PRINT LINCS)
4820 PRINTER I3 16
o 4030 Menu: PPINT FAGE
l'.
K
'y
"
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(R
LN

DANH
)?\‘ 2 1‘»‘.

LN R
‘lﬂt‘.'....qf‘l‘:g?i_.

By

3%, 6, 9,53
-),I‘n?t':!!’g’l‘ 0%.4°

Y b e e o Lo o ael ag

4040 Menu_list: PRINT "OPTIONS: "

4950
1062
40790
4089
4999
4180
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
42350
4260
4270
4280
4290
4300
4330
4340
4380
4368
4370
4380
4399
4400
4410
4491
43500
4310
4520
4830
4540
4350
4560
4579
4580
43599
4609
4619
4620
4639
4649
4659
4660
4670
4709
4719
4711
4720
4730
4731
4730
4799
4809
4819
4820

PRINT * © =~ END PROGRAM"
PRINT * 1 - NOMENCLATURE"

PRINT * 2 - TABLE OF AERODYNRMIC COEFFICIENTS
PRINT = 3 - CNAT us. MACH NUMBER PLOT"

PRINT * 4 - CDT us. MACH NUMBER PLOT"

PRINT * S - VELOCITY us. RANGE PLOT"

PRINT * 6 - CMAT, CG us. MACH NUMBER PLOT*
PRINT * 7 - J ZETR vs. MACH NUMBER PLOT"

PRINT 8 - LONG ROD FLARED PROJECTILE DESIGN®

PRINT *ENTER SELECTION:®
BEEP

INPUT Option

IF Option®d THEN End

IF Computed<>Q@ THEN UWhere_to
Gl

G2=11

Gé=L+L 1

J2eL/SARCL#L+.2%)

I3, S#CH3~1)TANCH4)

Mw2

FOR Y=i TQ ?

G3mSQR(M#M=-1)

G4=G3/L

GS=L1/G3

QrcyrsM
G?l(l.9¢l.30640.0149065)0(1/63".?)0<.61030.036965)
G8»TANC(F)>/G3

COR(, 99+, 7S3C4+,54CS)#(1/G3°.52>#(G3-M~2.3
J1aG72G

Q¢l,Y>aG?

QC2,Y)=G9

Q3,vr)a1
Jan(=,67/H3+2.67>52COSHE)*M/G3
JSsLelLle, 12(H3-1)/TANCHS)
JEnl4nlS

InJ4+G?7

FIC YR SL AL

KimJ

K2sJ1+J6

K3=K2/J

K4sC2-K3

KSuxKd4e)

K6=KS

QAQS,vre]

QC8, YIaK2

Q?,?r=Kd

Q(8, v)aKS

Jné+J 10

KS=6+KS#6/, 220

K7aMe2~3.9

Kg=J

K9esK?

Ti1=KS

12928l J2448L1+44J3-COSCHAY ¢ 1+ J3¢TANCHA))
TSaM~,238L~1.73

18e.2/7S
TE=EXP(,6#C(H4-87.3))
T68(,265-.043%M) #H3~ 24T
T7eT2#(.004974~,008721+M)
TOu3aMe/ 87,3/ M*(,7S5~,8-HD)
Fis,00028*EAP(3,94L0G(M3»+PT
F2uF 12 (TS+T?+T
FamTS+TE+TPeTI4FL

Pésfd

REM
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4830 REM

4840 QC9,Y)=TS

49%0 0<19,Y)>=Té

4860 Q(11,Y)>aT?

4870 0QC12,Y>=F2

4890 QCl4,Y)sT9

4930 Q<19,Y)sF4

4940 IF M=3 THEN Fosf4é

4950 FdeuF4sS+6

4960 IF M=% THEN F7®(F4-61>/S

4979 F3une+e

4999 Fouk1-FS

49990 0(19,Y)>=F9

2000 N1=G2/Gle(Fo/Ks>

S010 Q<20,Y>aNt

S020 M=Me.S

5038 N1sm§+N1-/2

5049 N2=N{

5050 02=F8

5068 03aF4

S970 NEXT ¥

5080 NS=S00

$890 Y=}

8100 N3=(F?-Fé>-2

8119 NIwFE-3#N3

8128 NGePl#,073/62.4-3aN4/NH

5130 N7?sN3+Ne /MO

S140 Skip_62 IF D>@ THEN NSsEXP(S#NE#39.37/W
%189 IF D150 THEN NSwEXP(S#NE#1209/D1)
8160 NIsNE/(NZRNG=N3)

S$170 NO=(M@-N9>#341330

$190 VI(Y)SN9#341,.38

%198 NO=NO-/S

$2006 R2CY)>=S

$218 R3C(Y>aN®

8220 04=N9

5230 0S=S

5240 S=S-NS

8250 Ymvel

8260 IF $<>9 THEN Skip_6

8270 N3=(F?-F6)>/2

€230 Yisy

8290 R2(Y)>=d

$3980 R3I(YISRICY=1)

€319 V(Y)>sMo*341.383

$320 Né4sF5-3#N3

8330 N6aPI#.073/62.4 3+N& "W

%349 N7=N3+N4- MO

%3%9 [F D)@ THEN NSsEXP/OS<NE6+393.37.-D l44teatecionr= 1300
8360 IF D10 THEM N3sEXP(0S+N§«1909-D1>
8370 NOsN4/ (N7#NS=-N3)

%389 NO=(MO-N9)#341380

5399 NO=NO-/0S

%400 06sl1/K6#3%P[,.0012

8410 06sSARCABS(NS, )

S420 IF D>@ THEN 01%064D-39,37

8430 I!F D1>9 THEN O1s=)4+#D1-1000

449 Computedsl

9450 Where_to: ON Option 3070 Nomenclature,Coef _tabla,i_plor.i pin
t,S_plot,Proj_design -
5468 S_plot: PRINT PAGE

€470 PRINT "DN ¢OU WANT THE PLGT ON THE S3SCREEN 9>, SR OON THE"
%480 PRINT * PEN PLOTTER (1)*"

$49Q BEEP

$300 INPUT Plor_device

%519 IF (Plot_device .21 AND ' Plarv_devize 10 THEN Plar_d4v:4=d

34
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33359
3369
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I[F Plot_device=d THEN Skip_reset

PPINT “RESET PLOTTER PEN LIMITS AND PRESS CONTINUE WHEN RERDV"

BEEP .
PAUSE

PLOTTER IS 7,5, “9872R"

GOTO Do_plor

$380 Skip_reset: PLOTTER IS 13, "GRAPHICS”
$590 Do_pTot: GRAPHICS

S629 EXIT ALPHA

5618 ON Option GOTO Nomenclature,Coef_tablea,Cnat,Cde,el_range,Cmat,J zeta,Proj
_design

3620 €_plot: IF Plor_device=d THEN End_screen

$63@ GCLERR

$640 PEN @

$6%8 EXIT GRAPMICS

$660 PLOTTER 7,5 IS OFF

S679 ALPHA

36990 GOTO Menu

5699 End_screen: EXIT GRAPHICS

3700 ALFHA

$71@ PRINT “DO YOU WANT R COPY OF THE PLOT ON THE PRINTER? (Y or N
$720 BEEP

$738 INPUT Copys

5749 IF Copys$s"Y" THEN DUMP GRRPHICS

3790 PRINT “PRESS CONTINUE TO RETURN PLOT. THE PLOT WILL REMAIN®
S760 PRINT " ON THE SCREEN UNTIL CONTINUE 1S PRESSED RGAIN."
S77@ BEEP

8780 PRAUSE

$790 EXIT ALPHA

$80@ GRAPHICS

$818 PRAUSE

$82@ GCLEAR

8838 EXIT GRAPHICS

5840 PLOTTER 13 IS OFF

3880 ALPHA

9860 GOTO Menu

88798 End: PRINT PAGE

END

$8990 Nomencliature: PRINT PAGE

$908 PRINT "D0 YOU WANT THE PRINTOUT ON THE SCREEN (Q), DR OMN THE FRINTER .1.°*
$910 BEEP

5920 INPUT Printer

$93Q@ IF Printersd THEN Do_it

$943 PRINTER 5 @

$9%0 PRINT LINC2)

3968 Do_it: PRINT * NOMENCLATURE"

3978 PRINT

$980 PRINT "CNARB Slope of the Normal Force Coefficient vor the projectile ©O
dy*

$99@ PRINT "NCPB Presaure coefficient for the projectile bog.*

6000 PRINT “CMAB Slope of the Pitching Moment Coefficient £or the projecrile
dody"

6019 PRINT “"CNAF Slope OF THE Normal Force Coeffizrent for *ha prajectile ¢!
are”

6920 PRINT "CNRT S1ope of the Total Normal Force Coefficient”

8030 PRINT “CMAT 3l1ope of the Total Pitching Moment Coafficient”

6240 PRINT “CMAT,CC Siope of the Total Pitihing Mcaent Loefftrciant absut the'
6359 PRINT * zenter Of gravity®

6063 PRINT “CDuWN Coefficrient of wave drag for the projectile node”

6078 PRINT *CDB Base drag coefficient for the projectile”

6080 PRINT "CDV Yiscous drag codfficrent for the proje:triqg”

099 PRINT “CLGR Profile drag of grcoved zection of bod”

6119 PRINT “CDWF Wave drag coefficient for the projecttle ¢lare"

6153 PRINT “CDT Total drag coerficient”

6169 PRINT "CLR 3lope of hre 1i1Fr coefficrent”

8179 PRINT “J ZETA Rerodunamic jump factor®
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) 5180 IF Printer=Q THEN Beep
A 6199 PRINT LINCS)
- 6200 PRINTER IS 16
- 6210 Beep: BEEP
U 6220 PRINT LINC1)>;"PRESS CONTINUE WHEH RERDY TO RETURN TO MENU*
6230 PRAUSE
" 6249 GOTO Menu
X 6230 Coef_table: PRINT PAGE
rﬂd} 626@ PRINT "DO YOU WANT THE TARBLE ON THE SCREEN <@), OR UM THE PRINTER (1)7?*
Haty 6270 BEEP
el 6289 INPUT Printer’
g 6298 PRINT PAGE
b 6300 IF Printer<>@ THEN PRINTER IS 0
¢ 6319 PRINT * STATIC AERODYNAMIC COEFFICIENTS FOR®
6320 PRINT * LONG ROD FLAPED PROJECTILES"”
- 6339 PRINT
RO 6348 PRINT USING Image_2;"“MACH NUMBER"
T €339 Image_2: IMAGE 30X,11R
Y 6360 PRINT
wply 6370 PRINT USING Image_3;"2.0%,“2.5","3.0",%3.5%,"4.9","4.5*,"5.9"
o 6380 Image_3: IMAGE 12X, 3R,6X, 3R, X, 3R, 7K, 4(3A,6X)
1 N . 6390 Image_4: IMAGE ?R,2C1%,4D.3D>,2¢2%,4D.30),3C(1X,4D.3D/
e 6408 PRINT USING Image_<¢;"CNAB  *,0(1,1),0¢1,27,8¢1,3),QC1,4>,QC1,%5),071,67,3¢
3 1,?
71‘ 6418 PRINT USING Image_4;*XCPB  *,Q¢2,1>,0¢2,2>.0¢2,3>,0¢2,4>,0(2,%>,R(2,8>.9¢
¢ 2,
P, €420 PRINT USING Image_43°CMAB  *,Q¢3,1>,0¢3,2>,0(3,2>,0(2,45,0(3,%),2¢3,8),4¢
ag) 3,7
o 6430 PRINT USING Image_4;"CNAF  *,0¢4,1>,3¢4,2),0¢4,2>,004,3),2:4,%,0¢4,5:,0¢
¥ 4“7
R ; €440 PRINT USING Image_4;“CNAT  *,0¢%,13,0(%,2),2¢(%,3>,0¢%,47,0%,%5),0¢5,57,Q¢
: 5,7
. 5430 PRINT USING [mage_45°CMAT  ~,Q¢6,1),0(6,2/,0¢6,37,0¢8,4>,0¢6,%5,006,68),0¢
- 6,7
‘:\; 345? PRINT USING Image_4;°CG-CP *,Q(7,1),0(7,2),0(7,3),Q07,4>,2¢7,%5),G(7,8),a<
N ’
et 6470 PRINT USING Image_4;“CMAT,CG*,Q¢8,17,@¢8,2),@(8,3),0¢(3,47,0¢3,5,02¢3,6,,Q¢
Y 8,?)
.*qk 6480 PRINT USING Image_4;“CDWN  *,0(9,1),Q¢3,2>,00¢9,2>,Q(23,4),0¢2,%),009,53, ¢
! 9,7
) 6490 PRINT USING Image_4;"CDB *,0C18,15,8¢10,2Y,8712,32,R¢13,45,0¢19,%5%,2.10
- ,6),0¢10,7)
) €300 PRINT USING Image_s;"CDV " DL, 10, 2¢88,2Y,2C01,3),00 0,4, 0011, T, 001
) ,8),8C11,7)
v 6519 PRINT USING Image_4:"CDGR  ",0¢12,1),R<12,2),2¢12,2>,8¢12,4+,2:12,%1,012
o +65,0¢12,7)
< §330 PRINT USING Image_4; "COWF *LRC14,1),R€14,25,0C 4,22, Q01,4 ,2013,%,,0014
Qiﬁ 167,0C14, P
65790 PRINT USING Image_+;"CDT *,0¢18,1>,0(18,2),6¢13,3>,2:13,4-,0:15,5%,018
. ,67,0¢18,7)
V.. €580 PRINT USING Image_4:“CLA "L 0019,15,2¢019,2),Q019,35,0013,4:,2013,% Q.19
o +6),0¢19,™)
s €398 PRINT USING Image_4;"J ZETA *,0¢20,1,,0¢290,2+,0¢20,3,0:30,4',2¢290,%:,4:29d
ol ,67,3¢20,™
"o 6600 IF Printer=d THEN Skip_?
ﬁf' 86190 PRINT LINCS
W 6620 PRINTER IS 16
6639 GOTO Menu
664@ Skip_?: BEEP
. 6630 PRINT LINC1);"FRE3S CONTINUE WHEN READY? TO RETURN TO MENU®
- 6660 PAUSE
SN 6678 GOTO Menu
o 6680 Cnat: SCALE 1.4,%.2,-5,31
L, €698 CLIP 2,%,9.39
A 6700 LANES .2%,2,2,0,-4,2
X 6718 UNCLIP
<
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6720
6730
6740
6730
6760
6770
6780
6790
6890
6319
6329
6930
6840
6850
6960
6879
é880
6890
6909
6910
6920
. 6930
6940
6950
6960
6970
6980
6990
7000
7010
7029
7030
7040
7030
7060
7970
7080
7090
7100
7110
7120
7130
7140
71%0
7160
7170
7180
7190
7200
7210
7220
7230
7240
7290
7260
7279
7290
7290
7300
7319
7320
7330
7340
7350
7360
7370

&ﬁﬂf v
E AR AACKA

o
{ '. '.

KRR
LA A
e sty

LDIR @

LORG S

MOVE 3.5,-3

LABEL "MACH NUMBER™

LDIR 9@

MOVE 1.7,18

LABEL °“CNAT*

NMOVE Q1¢1)5,Q¢(S%,1>

FOR =2 T0 7

DRAN Q1<) , 8¢S, DD

NEXT 1!

GOTO E_plot
Cdt: SCALE 1.4,%5.2,-,2,1.03

CLIP 2,85,0,1

LAXES .29,.1,2,0,-4,2

UNCLIP

LDIR @

LORG S

MOVE 3.5,-.1

LABEL “MACH NUMBER*

LDIR 9@

MOVE 1.7,.8

LABEL "“CDT"

MOVE Q1<1)>,0¢18,1)>

FOR [=2 TQ ?

DRAKW Q1<1>,Q¢18,1>

NEXT I

GOTO E_plot
Vel_range: SCALE -S$9-3000,31+459-30099,~1609,2490
CLIP 8,59-1000,0,2000

LAXES .S5,290,9,9,-1,1

UNCLIP

LDIR O

LORGC S

MOVE $9-2000, ~2%0

LABEL “RANGE <KM>"

LDIR 90

MOVE -$9-380083, 1000

LABEL “VEL (M/S)"

MOVE R2¢(1)71000,V(1)

FOR [=2 TO v1

DRAKW R2C(I>-/10@0,v(])

NEXT I

LDIR @

LORG 1

MOVE 90,2190

Image_S: IMAGE "MUZZILE MACH Ne.*,2D.3D,",
LABEL USING Image_35;M9,01
MOVE o, -~%00

Image_s6: IMAGE “RANGE",SD," M,
FOR I=sY¥1 TO 1 STEP -1
LABEL USING Image_6;R2¢[),R3¢I>
IPLOT 9,-30,-2

NEXT 1

GOTO E_plot
Cmat: SCALE 1.4,5.2,19,-23
CLIP 2,8,6,-22

LAXES .29,2,2,9,-4,2
UNCLIP

LDIR O

LORG S

MOVE 3.9,S

LABEL "MACH NUMBER"
LDIR 90

MOVE 1.S8S,-3

LABEL “CMAT, LG

INITIAL YAW CYCLE®,4D.3D,"n*

RETARDATION",4D.3D," M. 3 KM"
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7460
7470
7489
7490
7S50

MOVE G1¢1),0¢8,1)>
FOR [=2 TO ?

DRAN Q1<I>,Q¢8,D>
NEXT 1

GOTO E_plot

7510 J_zeta: SCALE 1.4,5.2,~2,20.5

7320
7330
7340
7830
7569
75790
7389
7390
7600
7619
7620
7630
7640
76350
7660
7670
7680
7699
7700
?°10
729
7730
7749

o i 0) ”
KA 4‘,-,,‘3"‘ U.l"lrv.a' ,{'3’&!

cLIP 2,3%5,9,20

LAXES .25,1,2,9,~4,2

UNCLIP
LDIR @
LORG S
MOVE 3.9,-1

LABEL "MACH NUMBER"

LDIR 99

MOVE 1.6,10
LABEL “J ZETA*
X_incemi.8
LDIR @

LORG 2

FOR I=2 TO 20 STEP 2

MOVE X_inc,!
LABEL *-*

IF I>?7 THEN X_inc=1.7%

NEXT I

MOVE Q@1¢1>,ABS(Q(20,1))

FOR 1=2 TO ?

DRAW Q1¢I)>,ABSCQC20,1))

NEXT I
GOTO E_pilot

Y

38

‘.é'."@t_i.afi,vg ‘ligt‘lﬁ ,‘l_)q

h

Q
Akt

]
"

anl

DN}

(]

4

(
i.3'1'~‘,

INONOWY )
:'i’e"!t'l!c'|A|'l!e'l:;'|‘g'|!0

OO = O
h".g' ‘|=‘h!‘?‘a! ‘t!!’

‘ f
l#




DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
12 Administrator 4 C d
Defense Technical Info Center ommancer
ATTN:  DTTC-DDA USA AMCCOM, ARDC
: - ATTN: SMCAR-LCU,
Cameron Station E. Barrieres
Alexandria, VA 22304-6145 SMCAR-LCU-M
. D. Robertson
2 Director M. Weinstock
Defense Advanced Research :
Projects Agency G- Larson
D N O
ATTN: C.R. Lehner Overs 7801
G. Ligman, Jr. C d
1400 Wilson Boulevard ? e
1 A 22209 USA AMCCOM, ARDC
Arlington, ATTN: SMCAR-~LCA,
. Bo Knutelski
1 Director SMCAR-R
Institute for Defense Analyses .
E.H. Moore, III
ATTN: H. Wolfhard SMCAR-~LCS
400 Army-Navy Drive Je Gregérits
Alexandria, VA 22202 T. Davidson
1 Commander SHCAR LeA,
a .
. E. Friedman
US Army Materiel Development A. Lehberger
Command R, Wrenn
ATTN: AMCDMD-ST A. Loeb
5001 Eisenhower Avenue
] o e 22333 S. Wasserman
Alexandria, Dover, NJ 07801
1 Commander 7 Commander
Armament R&D Cegter USA AMCCOM, ARDC
USA AMCCOM, ARD ATTN: SMCAR-SCM
ATTN: SMCAR-TDC
07801 SMCAR-SCS,
Dover, NJ B. Brodman
To Hung
2 Commander J. Jacobson
Armament R&D Center D. Brandt
b USA AMCCOM, ARDC W. Gadomski
&: ATTN: SMCAR-Tgi E. Malatesta
‘ Dover, NJ 078 Dover, NJ 07801
gé 4 Commander 3 Commander
g USA AMCCOM, ARDC USA AMCCOM, ARDC
N ATTIN: SMCAR-LC Davi ATTN: SMCAR-LCS-T
E: SMCAR-LCU, D. Davitt Dover, NJ 07801
" A. Moss 2 Commander
) Dover, NJ 07801

USA Watervliet Arsenal
ATTN: SARWV-RDD, P. Vottis
DRDAR-LCB, T. Allen

Watervliet, NY 12189

LINE TN R BN AT AT AT AT AT T AT e w e -
.,.,\m,'\%\\.\\x._,v._._,_.\‘i
Wit . %s.ﬁi.(-‘.‘t\.fa.fx{-\. PR CRIA TR CRTGIY -'-'\:'u*.




“ '1':'1 4

X0
FRANE

4

PP
P W

X

. _
SR ]

No.
Copies

of

1

“NTR L,
v.","n. LY

DISTRIBUTION LIST

Organization

Commander

US Army AMCCOM, ARDC
ATTN: SMCAR-ESP-L
Rock Island, IL 61299

Director

Benet Weapons Laboratory

Armament R&D Center

US Army AMCCOM, ARDC

ATTN: SMCAR-LCB-TL
SMCAR-LCB, J. Zweilg

Watervliet, NY 12189

Commander

US Army Aviation Research
and Development Command

ATTN: AMSAV-E

4300 Goodfellow Blvd

St. Louis, MO 63120

Commander

US Army White Sands
Missile Range

ATTN: STEWS-VT

White Sands, NM 88002

Director

US Army Air Mobility Research
and Development Laboratory

Ames Research Center

Moffett Field, CA 94035

Commander

US Army Communications
Electronics Command

ATTN: AMSEL-ED

Fort Monmouth, NJ 07703-5301

Commander

US Army Electronics Research
and Development Command

Technical Support Activity

ATTN: DELSD-L

Fort Monmouth, NJ 07703-5301

Commander

US Army Missile Command
ATTN: AMSMI-R

Redstone Arsenal, AL 35898

40

Ro. of
Copies

Organization

Commander

US Army Missile Command
ATTN: AMSMI-YDL

Redstone Arsenal, AL 35898

Commander

US Army Tank Automotive Cmd
ATTN: AMSTA-TSL

Warren, MI 48090

Director

US Army TRADOC Systems
Analysis Activity

ATTN: ATAA-SL

White Sands Missile Range,

NM 88002

Commander
USA AMCCOM, ARDC
ATTN: SMCAR-FC, E. Freedman
E. Falkowski
SMCAR-LCA, R. Wrenn
A. Loeb
S. Wasserman
Dover, NJ 07801

Commander

USA ANMCCOM, ARDC

Benet Weapons L.boratory
ATTN: SMCAR-LCB-TL
Watervliet, NY 12189

Project Manager, XMl

USA Tank and Automotive Cmd
ATTN: AMSTA-TSL

Warren, MI 48090

Commander

US Army Research Office
ATTN: Tech Lib

P.0. Box 12211

Research Triangle Park
NC 27706-2211

Commandant

USA Artillery & Missile School

ATTN: AKPSIAS-G-CN
ARPSTAS-G-RK

Fort Sill, OK 73504

» 0w 0 o | ~ - L T W T T B o 3 Y UL N
A ) 1 () - - b ; D)
W6 n."ft&‘o.lPo'ﬁ’:!t'e=l‘13l'-»l‘v'!"e'l'ah O T P N P G s m;"ﬁ'nmm&?&\lﬁyﬂi




v e e, : -
Ao Al e nAr d o el e i g hae aab et et aak Shalh Siah Beh il il Jhel 8ok dak Sak Bad el Aok Bolh and A R A AR A Ach Rta S f:a d a fan o | Ma A adaahe-ar-gi-an b aboad b ]

DISTRIBUTION LIST

No. of
Copies Organization

1 Chief of Naval Research
ATTN: Code 473
800 N. Quincy Street
Arlington, VA 22217

2 Commander
Naval Surface Weapons Center
ATTN: Tech Lib, L.L. Pater
Dahlgren, VA 22448

1 Commander
Naval Research Laboratory
ATTN: Code 6180
Washington, DC 20375

1 Commander
Naval Ordnance Station
ATTN: A. Roberts
Indian Head, MD 20640

Aberdeen Proving Ground

Dir, USAMSAA ‘

ATTN: AMXSY-D
AMXSY-MP, H. Cohen

Cdr, USATECOM |

ATTN: AMSTE-TO-F |
Dir, USACSL, Bldg. E3516, EA

ATTN: SMCAR-RSP-A
|
\

A T

NANL

r

41

el



4.2
L)

Lols
-"

{‘r Ly

v’5

A
¢

R

33
)
¥
\

USER EVALUATION SHEET/CHANGE OF ADDRESS
This Laboratory undertakes a continuing effort to improve the quality of the
reports it publishes. Your comments/answers to the items/questions below will

aid us in our eftforts.

1. BRL Report Number __Date of Report

2. Date Report Received

3. Does this report satisfy a need? (Comment on purpose, rclated project, or
other area of interest for which the report will be used.)

4. How specifically, is the report being used? (Information source, design
data, procedure, source of ideas, etc.)

S. Has the information in this report led to any quantitative savings ac far
as man-hours or dollars saved, operating costs avoided or efficiencies achieved,
etc? If so, please elaborate.

6. General Comments. What do you think should be changed to improve future
reports? (Indicate changes to organization, technical content, format, etc.)

. .- . . - LTS R L P S T
" N e S P I
r"'. v-.‘ .0 y L4 W Irf » 'I."r.r --1‘1,_‘\ ‘-.\""\ DA L \\5 ..'-_'\ 4’\.

Name
CURRENT Organization
ADDRESS Address

City, State, Zip

7. If indicating a Change of Address or Address Correction, please provide the
New or Correct Address in Block 6 above and the Old or Incorrect address below.

Name
OLD Organization
ADDRESS

Address

City, State, Zip

(Remove this sheet along the perforation, fold as indicated, staple or tape
closed, and mail.)

LT . ~
NI RAER S VRIAS s




" 1
" |
4
.
b
y — — — — — — — — — FOLD HERE — ~— ~— — — — — — —
L
R* Director NO POSTAGE
U.S. Army Ballistic Research Laboratory NECESSARY
" ATTN: SLCBR-DD-T IF MAILED
0 MD 21005-5066 IN THE
:: Aberdeen Proving Ground, UNITED STATES
by OFFICIAL BUSINESS ]
.1 PENALTY FOR PRIVATE USE, $300 BUSINESS REPLY MA]L
." FIRST CLASS PERMIT NO 12062 WASHINGTON,DC L
POSTAGE WILL BE PRID BY DEPARTMENT OF THE ARMY [ ]
]
?
o Director ]
Q U.S. Army Ballistic Research Laboratory R
¥ ATTN:  SLCBR-DD-T
W Aberdeen Proving Ground, MD 21005-9989 L
. .
4
» —~ — — — — — — —— FOLD HERE — — — —
A
.
b
C
it
X
‘l
N
h
L]
:
-.
4
o
v
p LA A AL R RN ~

NI RVRI ST TS SE RTINS DO IE IO AL A PP T .( G, ARG L) A
L) { 1 R ’ PR T ' X & " 1 O
‘ : ‘E’v‘t ’v t"‘ MY -’~ At "s's‘t oD Ftteransns SRR A L DN AL S AN WO



{4

&

O W T Tl TR LW 1T W AT W (W W LI Ay 5w om o o e m o e —

%
2

)
(i

‘h
K
-
Ve
-
.,
R

“»
~
N

®

v

-

Lo
tu

™~ )i
OO —

.\. -\.\. -.-n.,- ---.N-\ l\l”\.ﬂ‘nl 'S 4 Nuﬁ- £ O o SRTRIa F &/ \1\\1\ Pd DA [. . SRR IR L X -
. y - - hY ) I's LA . 1 4 " < L .
L R s R S R N e R S A s VYN



