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FOREWORD

The Army is currently cneaged in a program to investigate air as a
medium for modeling propulsive jet plume interference effects on missile
aerodynamics. Past research of plume effects on stability characteristics
has indicated the presence of a beneficial effect for free rockets. The
large stable transonic pitching moment usually associated with free rockets
is undesirable bocause of its effect on free rocket sensitivity to low level
winds during the boost phase of flight (Refs. 1 through 3). Plume interfer-
ence can be utilized to reduce stability (or destabilize the rocket) at
transonic, low supersonic speeds while maintaining stability at the desired
supersonic speeds. Other techniques for tailoring the variation of static
margin with Mach number are discussed in Refs. 1 and 4. Several rocket sys-
tems being developed by the Army would benefi+ by this scheme of tailoring
the stability characteristics. However, at the present time the estimate of
plume effects on longitudinal stability cannot be made with the required

precision.

Korst (Refs. 5 and 6) has proposed a modeling concept based on match-
ing the plume shape of the rocket (prototype) and the model. He imposes the
additional condition that jet plumc surface Mach number be adjusted for the
model to account for the different specific heat ratio of the prototype. A

more detailed description of this modeling concept is presented in Ref. 7.

The purpose of this investigation is to experimentally contribute
to verifying the plume modeling concepts proposed by Korst and thereby improve
prediction of simulated plume effects. The investigation consisted of two
parts: (1) investigate the plume effects of four separate nozzles with
matching plume shapes (when tested at the proper jct total pressure ratio)
but with different plume surface Mach numbers, and (2) test nozzles modeled
to match data obtained from sled tests of a rocket configuration using a
ZAP moter. In addition, a solid plume matching the four air plumes was
tested. A normal) jet simulator similar to ones used in longitudinal sta-

bility tests was also tested. Wind tunnel tests were conducted using air
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to supply the jets. The tests were conducted at the Calspan 8-ft transonic
wind tunnel! at Mach numbers of 0.4 to 1.25 and at the NASA Langley Research

: Center unitary wind tunnel at Mach numbers of 1.6 to 2.5. All tests were ;

1 4

: made at an angle of attack of zero with the cxception of two configurations 4

§ where data were obtained at an angle of attack of -5 degrees. Some prelimi- :

Z nary results of the transonic tests are discussed in Ref. 8. ‘
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E i
% Ag Base area :
Aj Nozzle exit area !
Cor Radial thrust coefficient j
é CT Thrust coefficient ;
R DN/DB Nozzle exit to base diameter ratio %
§ M, M_ Freestream Mach number {
§ Mg Plume surface Mach number i
j Mpy Model plume surface Mach number j
? MFp Prototype plume surface Mach number §
§ M, Nozzle exit Mach number i
| P Freestream static pressure
Pj Nozzle exit static pressure
Pb/Pco Base pressure ratio
PC/Pb, PC/PB  Jet total pressure ratio :
PC/p Jet total to local nozzle static pressure ratio ;
1 PL/P Local to freestream static pressure ratio §
E q, Freestream dynamic pressure ;
E R/RB Local to base radius ratio 3
RR Radius of plume curvature in nozzle exit radii g
Yo Specific heat ratio, model plume é
Yp Specific heat ratio, prototype plume %
Yj Specific heat ratio, jet exit !
Yo Specific heat ratio, freestream :
ei Initial plume angle i
en Nozzle exit angle e
|
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1.0 BACKSGROUND

The Army has been interested in jet plume effects on missile aerody-

namics for the past 15 years. The primary interest has been the adverse
effects on longitudinal stability and ccnti.l effectiveness. These effects

can significantly influence the flight behavior of free rockets and missiles

having simplified guidance and control systems.

A research program (Ref. 9) was started for the purpose of obtaining

an understanding which would enable the avoidance or alleviation of adverse

SN T S P ST

effects. The general objectives of the program were: (1) prediction of
flight conditions where plume effects would occur, (2) development of wind ;
tunnel test techniques which would adequately simulate plume effects on 4
longitudinal stability, and (3) development of d sign techniques for avoiding

problem areas and where not possible, find means of alleviating undesirable

aerodynamic effects.

Bt it M

During this program a strut-mounted model with an axial jet and a

el i

sting-mounted force model with a normal jet plume simulator were used. Effects
of nozzle geometry, afterbody geometry, body length, fin shape and size, and
the longitudinal distance of the fins from the base of the model were investi-

gated. The sting-supported model was tested at Mach numbers of 0.2 to 2.3
(Refs, 10 through 14) and the strut-supported model was tested at Mach numbers ¥
of 0.4 to 2.87 (Refs 15 through 18). Results of these tests showed base

pressure to be a good indicator of the degree of plume effects present. Com-

parisons of base and body pressure distributions with the axial jet and the

normal jet simulator were made to determine the level of plume effects that

each was simulating. It was apparent from stability tests on various configura-
tions that normal force and pitching moment coefficients varied smoothly with 3
increased normal jet simulator chamber pressure (increased simulated plume
effects) and that these characteristics were repeatable. It became apparent
that design control of the variation of pitching moment with Mach number
could be used to advantage in reducing the highly stzble transonic pitching

moments in a manner which would reduce the wind sensitivity of free rockets.
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The severity of plume effects vary with missile acceleration. Plume

effects are first ncoticed at subsonic-transonic speeds for moderate accelera-
tions and extend to higher Mach numbers as acceleraticn is increased. For a
constant acceieration the region of plume influence on the missile recedes
with increasing Mach number with only a small region at the base influenced

at the highest Mach number. By placing fins forward of the base (on the order
of 0.5 to 2.0 missile diameters) it is possible for the fins to become fully
effective at the desired supersonic Mach number while the body surface near
the base is still under the influence of the plume. By proper sizing and
location of the fins it is possible to have some design control over the

pitching moment characteristics.

In addition to wind tunnel tests, a series of sled tests were made with
a ZAP rocket firing during the sled run in an attempt to verify plume effects
during flight (Refs. 19 and 20). It was planned to make both force and pres-
sure measurements during the tests. The force tests were unsuccessful but
sufficient pressure data were obtained to verify the presence of jet plume
effects. Most of the pressurc data were influenced by sled interference
but some interference free data were obtained for Mach numbers of about 1.4
to 1.€.

At the present time, tailoring the pitching moment for free rockets
cannot be done as precisely as required for the optimum reduction in wind
errors during boost. For improved tailoring it is necessary to know how well
the actual rocket plume is being simulated in the wind tuunel. A comparison
can be made between the normal jet simulator and various cold air nozzle axial
jets. The remaining problem is knowing the difference between the effects of

cold air axial jet (or other unheated fluid) and the actual rocket plume.




2.0 ANALYTICAL BACKGROUND

The analysis of axially symmetric supersonic flow near the center of
expansion as developed by Johannesen and Meyer (Ref. 21) has been used by
Korst (Refs. 5 and 6) tc form the basis tor plume modeling involving gases
with dissimilar specific heat ratios. This unalysis allows the rapid calcula-
tion of plume shapes which are approximated by a circular arc defined by the
initial slope of the jet boundary (oi) and the radius of curvature (RR). The
first requirement of Korst's modeling technique is the geomectric matching of
the plume to be modeled (pro<otype) with the model plume. The assumption of
locally conical source flow near the exit of the nozzle leads to a direct
correspondence of nozzle shapes producing the same plume geometry. Thus,
modeling requirements are reduced to determining vie noz:zle exit Mach number

(Mi) and nozzle exit angle (ﬂn).

norst scts another condition in addition to the geometric matching
of the plumes: the proper modeling of the closure condition for the wake is
necessary. Korst suggests for consideration a choice of four specifying con-
ditions for the wake closure of the modeling law in Ref. 5. These conditions
are matching the wake recompression of the Chapman-Korst flow model, match-
ing momentum at the corresponding plume boundaries, matching mass flux at
the corresponding plume boundaries, and matching the supersonic inviscid
streamiine deflection-pressure rise relation on the basis of local lineari-
zation. In Ref. 7, Korst and D. -p recommend the final specifying condition
which requires that

(1)

(ij, 2o (M}Z: -nl/2
M P

where v is specific heat ratio, M. is the plume surface Mach number, and

F
the subscripts M and P represent the model and prototype, respectively.
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Although the circular arc appr(ximation starts to diverge from the
actual plume shape after about one nozz.e radius, the analysis of Ref. 21
provides the second-order initial conditions necessary for the calculation of
the plume boundary by the method of characteristics (Ref, 22). Thus, it is
possible to obtain accuratec plume matching well beyond the validity of the

circular arc approximatiren. (See the plume comparisons of Ref. 5.)
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3.0 TEST CONCEPT

The purpcse of the tests was to verify the plume modeling concepts
proposed by Korst. By using the simplified method for rapid determination of
plume shape, it was possible to determinc {umnilies of nozzles which produce
identical plume shapes when operating at the proper jet total pressure (Pc/Pb).
Since the plume surtface Mach number (M) would differ for each nozzle, the
validity of wake closure c¢caditions could be investigated with the use of only
one jet gas. With the specific heat ratio constant, the direct effect of piume
surface Mach number on afterbody flow could be investigated. An investigation
to verify the plume modeling concept using dissimilar propellant gases is now

in progress in Sweden (Ref. 23).

The exit geometry of four nozzles were determined which would give
matching plume shapes at the desired (design) prossure ratio. An initial plume
angle of 42 deg was selected to insure a plume having characteristics which
would cause flow interference. The matching plume geometry and the character-

istics of the four nozzles are given in Table I.

Table 1 Plume Geometry and Nozzle Characteristics

DESIGN
M °n p/P, Mp Re
1.7 | 9.1 39.6 | 3.05 | 3.734
2.0 | 13.6 55.14 | 3.274 | 3.739

2.4 19.35 82.44 | 3.555 3.739
2.7 23.3 108.2 3.750 | 3.734

The plumes of the four nozzles match only at the proper value of
chamber to base pressure ratio. With a change of chamber pressure from the
"design point,'" the radius of curvature changes slightly for matching values of
initial plume angle (Fig. 1}. Comparisons of plumes with matching initial

angles several degrees off of the design value should be valid.
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In addition to the four nozzles a solid plume was investigated. The
plume shape was determined by the method of c¢l.aracteristics and matched the
plume shape produced by the four nozzles at the "design point." By comparing
the effects of the solid plume on afterbody pressures with the effects of the
four nozzles, a measure of plume tlexibility may be determined. The solid

plume represents a plume with infinite stiftness (Ref. 8).

The sccond part of the investigation of plume modeling techniques
consisted of an attempt to model the plume effects of the ZAP rocket motor.
The Army Missile Command has recently been involved in sled tests where ZAP
motors were fired. The sled was accelerated to low supersonic Mach numbers
with the rocket being ignited at various sled velocities. The sled test con-
figuration had an ogive nose and was strut mounted on the sled with a boundary
layer plate between the sled and the model. The first series of tests used
the same rocket diameter as the ZAP vehicle 4,17 in). The second series of
tests had diameters of 7 in. Both afterbody and base pressure measurements
were made.  An unsuccessful attempl was made to also measure acrodynamic forces
on the 7-in model. A complete description of the sled test is given in

Refs. 19 and 20.

In order to model the ZAP plume effects it was necessary to determine
nozzle exit conditions. The Solid Propellant Equilibrium Chemistry Frogram
utilized for this purpose gave an exit Mach number of 2.53 and a ratio of
specific heats at a nozzle exit of 1.235. ZAP nozzle has an exit cone angle
of 10.36 deg. The measurable thrust obtained 4. ring the sled tests varied
between about 10,000 to 27,000 Ib. For plume modeling purposes a thrust of
about 19,000 1b was chosen., At this thrust the ZAP (prototype) has a plume
Mach number (MF) of 3.35, an initial plume angle of 32.31 deg, an initial
plume radtius of curvaturc of 5.427, and a chambe¢r to base pressure ratio of
83.1. Using the streamline deflection closure condition [Eq. (1)], a plume
Mach number for the ZAP mode! was determined to be 2.906. It was determined
that the model (air) noz:zle would have an exit Mach number of 1.76 and an
exit angle of 3.95 deg, and would match the prototype plume when the chamber
to base pressurc ratio was 39.1. Model nozzles were fabricated to match
both the 6.13-in and 7.0-in diameter sled vehicles having nozzle to base

diameter ratios (DN/DB) of 0.8 and 0.93, res;rctively.
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Since the nozzles of this investigation have short divergent sections,
the supersonic flow can be significantly affected by throat geometry. A pro-
gram was written by Korst (Ref. 24) where throat curvature could be deter-

o s ol B

mined which would give flow conditions approaching the nozzle lip that were
close to ideal conical source flow. This program uses transonic flow field
solutions near the throat, suggested by a combination of the Oswattitch-

Rothstein (Ref. 25) and Sauer (Ref. 26) analysis followed by the method of

RSN

characteristics.
. 1

A normal jet plume effects simulator has been utilized by the Army
Missile Command to obtain stability characteristics on several missile and
free rocket configurations (e.g., Refs. 10 through 14). The normal jet ;
simulator is advantagrous because of the comparatively low mass flow required

to simulate jet effects and because of the absence of unintended interference

e o,

with the model flow field. A normal jet simulator was tested so that its

e D

relationship with the modeled plumes could be investigated.
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4.0 APPARATUS AND TESTS

4.1 WIND TUNNELS

Tests were conducted in the Calspan Corporation 8-ft transonic

wind tunnel and the NASA Langley Research Center unitary plan facility.

The Calspan 8-ft transonic wind tunnel is a continuous flow, variable
density facility. The maximum clear tunnel Mach number is 1.30. The tunnel
may be operated at stagnation pressures from 0.10 to 3.25 atmospheres to provide
a variation of Reynolds number independent of Mach number. A detailed descrip-

tion of the tunnel is presented in Pef. 27.

The supersonic tests were conducted in the low-speed circuit of the
unitary plan wind tunnel. This facility is a continuous circuit wind tunnel
with a 4 x 4 ft test section capable of opciucing at stagnation pressures up
to 60 psia and at Mach numbers of 1.50 to 2.87. A detailed description of

the facility is gjven in Ref, 28.
4.2 MODEL

The model was a 2.5-in diameter body of revolution having a four-
caliber tangent ogive nose followt . by a cylinder. The model was 32.5-in
long with the aft 8.55 in of the cylinder consisting of interchangeable
afterbodies. A strut support was used to mount the model to the wind tunnel
suppcrt system. The strut was ducted internally to supply high pressure air
to the model chamber. Pressure instrumentation was also routed through the

strut.

A drawing of the model installed in the Calspan 8-ft transonic wind
tunnel is shown in Fig. 2. A photograph of the model in the Langiey Research
Center unitary plan facility is shown in Fig. 3. 1In the Langley facility the
model was arranged in the test section so that the support strut was 3C deg
above the horizontal. The sting support system was offset to the right side

of the model center 1line.
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Seven afterbodies were built by Calspua for the present tests., On
each afterbody 10 cxternal static pressure orifices were installed in a single
row 180 deg from the strut. A manifold of three base pressure orifices was

installed in the upper quadrant of each afterbody.

Four of the afterbodies incorporated nozzles designed to produce
congruent plumes when operating at the proper jet pressure ratio (Fig. 1). i
Two additional afterbodies contained nozzles designed to model the plume ‘
effects of the ZAP rocket on both the 6.12- and 7.0-in diameter sled configura-
tions. The afterbodies had nozzle exit to base diameter ratios (DN/DB) of

il

e g

0.8 except the nozzle modeling the 7.0-in diameter sled configurations. This

afterbody had a base diameter ratio of 0.93. GEach nozzle had four static

pressure orifices on the nozzle wall opposite the support strut.

The final aftarbody was built to hold the solid plume and the normal ﬁ
jet simulator. This afterbody had the same distribution of external pressure é
orifices as the nozzle afterbodies. The solid plume was designed to match the
size and shape of the plumes of the four nozzles previously mentioned. The

normal jet simulator consists of 24 sonic nozzles arranged circumferentially

in two rows with a common air chamber. Air is supplicd to the chamber through

the mode!. The combined exit area of the 24 nozzles represented 5% of the model

st

] base area. (The geometry of the normal jet simulator is proportional to the ii
L normal jet simulators used on sting supported model tests. In these tests the ?
b
simulator was mounted on the sting and air was supplied from the rear.) ?

Details of the various afterbodies are presented in Fig. 4. Orifice
locations in terms of model diameters from the base are presented in Table 2.

Due to the lack of test time, the internal orifices on the two ZAP model

nozazies were not connected.

4.3 TESTS

-

The model was tested at zero angle of attack except for a few runs
at transonic speeds where the model was pitched to -5 deg angle of attack.
During a run Mach number was held constant and jet chamber total pressure .
was varied up to about 600 psia. Where matching plumes were desired, the i{
Pc/P value was set on or near the "design point" with additional data points

b ‘]
close to the design point. No transition. grit was applicd to the model. ‘
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AFTERBODY EXTERNAL OR!FICES (ALL NOZZLES)

O T TR RO YRy, TRTINT

S Y X SRUARE PRI A S PN S VPELy DR

ORIFICE NO.: 1 2 3 4 5
MODEL STA.: 25.188 26.458 27.638 28.938 30,188
ORIFICE NO.: 6 7 8 9 10
MODEL STA.: 31.126 31.688 31.938 32.188 32,438
ORIFICE NO.: 15 °
MODEL STA.: 32.500 (BASE MANIFOLD)
NOZZLE INTERNAL ORIFICES
M= 1.7 CONICAL NOZZLE ~c1-§'
ORIFICE NO.: 1 ! 12 13 14
NOZZLE STA.: o 0.25 0.75 1.00
MODEL STA.: 31.3611 31.6111 32.1111 32.3611
1
M = 2.0 CONICAL NOZZLE ch-g
ORIFICE NO.: 1 12 13 14
NOZZLE STA.: 0 0.375 0.750 1.125
MODEL STA.: 31.245 31.620 31.995 32.370
M = 2.4 CONICAL NOZZLE ch-g
ORIFICE NO.: 1 12 13 14
NOZZLE STA.: 0 0.375 0.75 1.125
MODEL STA.: 31.1668 31.5418 31.9163 32.2918
M= 2.7 CONICAL NOZZLE ch-‘;
ORIFICE NO.: " 12 13 14
NOZZLE STA.: 0 0.500 1.000 1.250
MODEL STA.: 31.0509 51.5509 32.0509 32.3009
SMALL ZAP NOZZLE z8
1.76
ORIFICE NO.: 1 12 13 14
NOZZLE STA.: 0 0.500 1.375 2.375
MODEL,STA.: 29.9978 30.4978 31.3728 32.3728
LARGE ZAP NOZZLE nz 93
1.76
ORIFICE NO.: 1 12 13 14
NOZZLE STA.: 0 0.75 175 275
MODEL STA.: 29.5074 | 30.3514 31.3514 32.3514

Fig. 4 Configuration Description (Continued)
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b. PRESSURE ORIFICE LOCATIONS
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TP,

ne 8 nc_8 ne 8 nc 8
17 2.0 24 2.7
d = 2.0000 d = 2.0000 d = 2.000 d = 2000
d/0 = 0.80 4/D = 0.80 d/D = 0.80 d/D = 080
9, = 15° 8, = 15° e, = 15° e, = 18°
Q, = 9.10° 9, = 13.60° e, = 19.35° e, = 2330°
X [ 4 X 4 o r x r
.9560 9600 1.3681 9600
..4889 .8985% .1.0061 .9600® 4914 .7251@
-.4510 .8939 . .4944 8229 - .4537 7169
..4137 8898 . 4535 8159 4177 7093
-3768 8860 . 4133 8096 .3823 7025
-.3401 83826 . 3736 8039 . 3476 6963 -1.5984 96000
..3035 8735 3341 .7987 3129 6907 5216 6721@
-.2666 8787 2943 7941 2785 6857 . 4361 6537
-.2299 8743 . 2547 .7901 .2435 6812 .3596 5396
1922 2722 . 2138 7865 . .2089 6773 12867 6284
.1282 8695 1425 1817 . 1724 6738 2158 6199
.0641 8679 - 0713 .7788 . 086" F681 - 1414 6134
0 8674 0 7775@ 0 362 0 6085
0641 2679 0713 7788 0862 6681 1414 6134
1282 8695 1425 7817 1724 6738 2158 6199
1922 8722 2138 7865 2089 6773 .2867 6284
2299 8743 2547 .7901 2435 6812 3596 6396
2660 8767 2943 7941 2785 6857 4361 6537
3035 8795 3341 7987 3129 6907 5210 6721
.3401 8826 3736 8039 3476 6963 6201 6968
.3768 3860 4133 8096 3823 7025 7445 7325
4137 8898 4535 8159 4477 .7093 9113 71872
4510 8939 4944 8229 4527 7169 1.1533 877
4889 8985 5615 3355 4914 7251 1.4138 0845®
5276 8035 6596 8564 5252 7342 1.4491 1.0000®
5673 2090 7125 o, 5696 7444
6084 9152 1.2550 1.0000 6121 7558
6408 9202¢ 6577 7687
1.1389 10000® 7071 7835
7508 8004
8194 .8199
8620 8346@
1.3332 1.0000
(D NOZZLE ENTRANCE
@ UPSTREAM TANGENT POINT
3 THROAT
@ DOWNSTREAM TANGENT POINT
® NozzLEEXIT

NOZ2ZLE IS CCNICAL BETWEEN (D) AND () ,ANDBETWEEN @ AND (® , AT HALF ANGLES
OF ©, AND ©,, RESPECTIVELY.

c. CONICAL NOZZLE COORDINATES

Fig. 4 Configuration Description (Continued)
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IETIE S TR SR N SN TR

e R FAWE

2 8 Nz 93
1.76 1.76
d = 20000 d = 23168
4/D = .80 4D = 9267
e =5° 8 =15°
e, = 395° 8, = 39
x L 4 x r
-1.6018 96000
- 4588 8600
- 4088 8575 -1.2483 110000
- .3609 8553 - 4181 9308
- 3145 8535 - .3643 9887
- .2690 8519 3116 9868
- .2243 8506 - .2598 9854
- 11800 8496 - 2085 9842
0 8478 0 9819
.1800 8496 2085 9842
2243 8506 2598 9854
2690 8519 3116 2868
3145 8535 3643 9887
2609 8553 4181 9908
.4088 8575 4736 9933
.4588 8600 5315 9962
5115 8629 5925 9996
5078 8665 8577 1.0037
5998 8686@ 6948 1.006
25022 1.0000 2.8986 1.1584

NOZZLE ENTRANCE
UPSTREAM TANGENT POINT
THROAT

NOZZLE EXIT

@eee06

NOTE: INLET SECTION AHEAD OF NZ1‘3: NOZZLE IS EXPANDED TO 2.200 IN. D1A. — SEC SKETCH

DOWNSTREAM TANGENT POINT

d. ZAP NOZZLE COORDINATES

Fig. 4 Configuration Description (Continued)
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Table 2 Orifice lLocations (X/D Forward of Base)

BASE AND AFTERBODY ORIFIC: LOCATIONS

X/n
e | (CALIBERS
ORLLICL FORWARD
. OF BASE)

15 | 0.000 (BASE)
10 ]o.02s

9 0.125
8 0.225
7 0.325
6 0.551
5 0,925
4 1.425
3 1.945
2 2.417
1 2.925

NOZZLE ORIFICE LOCATIONS

1.76-3.95-.8 1.76-3.95-.8 1.7-9.1-.8
TAP | X/D R/Ry X/D R/R, X/D R/R,
14 | 0.051] 0.7955 | 0.059 | 0.9279 | 0.056 | 0.7827 (
13 | 0.451| 0.7417 | 0.459 | 0.8822 | 0.156 | 0.7501 !
12 | 0.801 | 0.6898 | 0.859 | 0.8081 | 0.356 | 0.7005 ;
11 | 1.001| 0.6782 | 1.159 | 0.7855 | 0.456 | 0.6939 f
TAP | 2.0-13.6-.8 2.4-19.35-.8 | 2.7-23.3-.8 i
: 14 | 0.052 | 0.7780 | 0.083 | 0.7436 | 0.080 | 0.7328 ‘5
‘ 13 | 0.202 | 0.7024 | 0.233 | 0.6375 | 0.180 | 0.6550 H
12 | 0.352 | 0.6433 | 0.383 { 0.5610 | 0.380 | 0.5338 ¥
11 | 0.502 | 0.6222 | 0.533 | 0.5330 | 0.580 | 0.4868 f
¥
|
1
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The transonic test was run at constant mass operating conditions of
1/3 atmosphere wind-of¥ picssure.  Mach number varied between 0.4 and 1,25
and Rcynolds number varied between abeout 0.8 to 2.0 million/ft. Several data
points were obtained with zero tunnel velocity. A complete description of
the transonic tests is given in Ref., 29, Mr. C.lF. Reid was the Project

Manager for tests in the Calspan Corporation Transonic Wind Tunnel.

The supersonic tests werc performed ~ver a Mach number range from
1.6 to 2.5. Only one run was made at a Mach number of 1.6 duec to the plume
choking the tunncl flow. A Mach number of 1.65 was subsequently tested as
the minimum Mcch number, The tunnel stagnation pressure varied from about
1080 lb/ft2 to about 1600 lb/ftz. The Reynolds number was held constant at
2.0 million/ft. The dewpoint was maintained sufficiently low to insure
negligible condensation effects. Mr., Peter I, Covell was the Project Manager

for the tests in the Langley Rescarch Center unitary plan facility.
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5.0 MODLEL NOMENCLATURE

Where data from nozzle configurations arc compared the more descrn .
nomenclature used in previous Army Missile Command reports will be used. Th::
nomenclature is designated by MJ-ON-DN/DB where MJ represents jet exit Mach
number, ON represents nozzle exit angle and D\/DB represents the nozzle exit
to model base diameter ratio. For example, the largc ZAP nozzle is designated
as 1.76-3.95-.93. Results of the present tests have ten stored in the Army
Missile Command Aerodynamic Analyzer System dota basc. This system was used
to make plots of the basic data. A 5- or 6-character designation was used to
identify configurations and are used on the plots of the basic data in
Appendix A, A different model designation was used by Calspan. Figures 2
through 4 were reprinted from Ref. 29 and the Calspan designation is used.

A comparison ot the three designations are given in Table 3.

Table 3 Model Nome:..cla.ure

PRESENT MICOM CALSPAN
REPORT AAS (REF. 28)
MJ—GN—DN/DB DATA BASE
1.7-9.1-.8 B1AZ43 NC i87
2.0-13.6-.8 Bl1AZ44 NC -8
2.0
2.4-19.35-.8 B1AZ45 NC 584
2.7-23.3-.8 B1AZ46 NC 587
1.76-3.95-.8 B1AzZ41 NZ -8
’ ' ) _ 1.76
1.76-3.95-.93| B1AZ42 N2 :93
’ ) 1.76
NORMAL JET B1AJ2 S1
SOLID PLUME B1AS3 52

PN

NP PPYRRY - RO
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6.0 RESULTS AND DISCUSSION

The basic results of this investigation are presented in Appendix A.
Typical distributions of base and afterbody pressures are shown for various
jet total pressure ratios (Pc/Pb) for each test configuration at both transonic

and supersonic speeds.

As previously mentioned, four nozzle were built which were designed
to give the same plume shape when operating at the proper jet total pressure
ratio. The design jet totul pressure ratio uand the resulting plume Mach

number for these nozzles are as follows:

NOZZLE PC/Pb MF
1.7-9.1-.8 39.6 ]3.05
2.0-13.6-.8 55.14 {3,274

2,4-19.35-.8 82.44 | 3..55
2.7-23.3-.8 108.2 |3.75

Pressure distributions of the four nozzles at the 'design" pr:ssure
ratio are compared to the solid plume (with the same shape) in Fig. S.
Generally at Mach numbers of one or less, there is little effect of plume
surface Mach number on afterbody pressures. However, there is a tendency
for the plumes with higher surface Mach numbers to cause higher pressures,
and plumes with lower surface Mach numbers to cause lower pressures. The
solid plume generally results in the highest pressures. With increasing
Mach number the effect of plume Mach number iicreases and solid plume
distribution diverges more from the air nozzle data. At the supersonic Mach
numbers there is a significant diffecrence between the various nozzles and the
solid plume. In general, plume surface Mach number can be related to plume
flexibility (or stiffness) with the solid plume representing zero flexibility

(Ref. 8).
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There is some doubt of the precision of plume geometry at the "design"
conditions. The nozzle wall pressure distributions are compared to computed
distributions in Fig. 6. From extrapolation of the measured values it appears
that the nozzle designed for an exit Mach number of 2.7 has an exit Mach number
nearer to 2,6 and the nozzle designed for un exit Mach number of 1.7 is nearer
to 1.8. The other two nozzles appear to he -~'ose to the design value. Even
with the reduced precision, it is expected that the general conclusions stated
will remain valid. An analysis of the transonic data by Nenni (Ref. 30)
indicates that the "design" plume shapes from schlieren photographs compare

well with computed plume shapes.

A review of the sled data was made for possible comparisons with the
wind tunnel results. It appears that the sled data #t conditions matching
transonic tunnel measurements was affected by interference from the sled to
such an extent as to make it questionable. Wwhen t:sts were run at the unitary
tunnel, blockage resulting from the plume size voided planned tests at a Mach
number of 1.5. A run was made with the smaller ZAP model nozzle (1.76-3.95-.8)
at a Mach number of 1.6 and blockage occurred at values of PC/Pb > 40. The
remaining ZAP configuration (1.76-3.95-.93) was tested at a minimum Mach number

for the test of 1.6%.

No exact comparisons were available between the sled data and wind
tunnel data. However some off-design comparison can be made where the two
Mach numbers are slightly different. For thrust levels where the prototype
(ZAP) is not exactly modeled, the comparison should still be valid (Ref. 7).
Where initial plume angles are matched there is only a small discrepancy in
initial plume radius of curvature. The variation of Pc/Pb with initial plume
angle for both the prototype (y=1.235) and the model (y=1.4) is shown in Fig.
7. Comparison between the 6.12-in sled data (M=1.56, Pc/Pb=105) and the
model (M=1.6, PC/Pb=40) is shown in Fig. 8. From the preceding figure it
is apparent the plumes nearly match. The data in Fig. 8 compare both the
jet-on and jet-off pressure distributions. For this case the sled plume

effects are greater than the model plume effects.
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Fig. 8 Comparison of Jet-On and Jet-Off Base and Afterbody Pressures g

Between the 6.12-in Sled Configuration and Wind Tunnel
Configuration (1.76-3.95-.8)
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There appears to be more matching conditions for the carlier 6-in
ZAP configuration and the modeled nozzle (1.76-3.95-.8). unfortunatety, the
4 orifice distribution on the sled was designed to measure pressures at transonic

speeds and consequently few orifices are located near the basc of the model

where the plume effects are restricted to a small area at supersonic speeds,

The variation of base and afterbody pressures on the wind tunnel configuration b
£1.76-3.95-.8) with cled jet total pressure ratio at a Mach numbe» of 1,65 is
shown in Fig. 9. The wind tunnel PC/Pb was related to the sled PC/Pb by using
Fig. 7. Also shown in Fig. 9 is the variation of base pressure on the 7-in
sled at a Mach number of 1.63. The base pressure was the only usable data
during this sled run. The only other orifice in the area influenced by the
piume appeared to be plugged. However, there appears to be a fairly good

match between sled and wind tunnel base pressures.

Brazzel (Ref. 31) used thrust coefficient (CT) as a parvameter for

correlating sustainer level jet effects on base pressure. Althcough jet-on

O IRl TE LN TN O SR S S

base pressure is influenced by many variables, the use of CT allowed the
analysis of experimental data in a manner where adequate design irformation

could be obtained. Thrust coefficient is given by

s il e

i 2L

2
JYPAM A @ T P rhrus )

1/2v, p, AM LAg

Cr

PR I

sl e

where the subscripts j and « represent the jet and freestream, respectively,

For simulated sustainer thrust levesls where the base is aspirated by [

? the jet, the use of Cp appears to account for all the variables except jet

il 2l

; Mach number (assuming the use of air or similar gas for the jet). At the
thrust levels high enough for the plume to influence the afterbody, there is

the added effect of nozzle exit angle and nozzle exit to base diameter ratio.

Since four of the nozzles of the present tests were built to give the
same ''design' plume shape, it appeared reasonable that Cr should te a good
parameter to correlate base pressure. Shown in Fig. 10 is a comparison of
the variation of Pb/pw with Cr for these nozzles for Mach numbers o7 0.9 to 2.5.
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It appears that a fairly good correlation is obtained for all of the freestream
Mach numbers shown. The approximate value of Pb/pw for the "design'" plumes

may be obtained from Fig. 5.

The correlation obtained in Fig. 10 suggests a slight change in
approach of modeling plume effects on aerodynamics. For high acceleration
tactical missiles and free rockets, the exit Mach number is usually between
about 2.3 to 2.7. Using the Korst modeling technique the model noxzle exit
Mach number will vary from less than two to nearly sonic. When the exit Mach
number is close to sonic, the nozzle will be difficult to fabricate with
precision required to give an ecvur:’ ¢xit Mach number. However, a higher
exit Mach number and higher exit a: :. » nozzle designed to match the plume shape
of the model nozzle could be utilized. For example, a model nozzle having
an exit Mach number of 1.7 and an exit angle of 4 deg could be replaced by a
nozzie having an exit Mach number of 2.5 and an exit angle of 15 deg. The
plume Mach number for the Mj = 2.5 nozzle would be higher than that of the
model nozzle resulting in plume with a higher stiffness factor, but this fact
would tend to account for the effects of afterburning (Ref. 32).

The variation of base pressure with Cp for the two ZAP configurations

is shown in Fig. 11. Base pressure is not correlated by CT 1s well as for the
nozzles in Fig. 10.

The variation of base pressure with radial thrust coefficient (CRT) for
the normal jet plume effects simulator is presented in Fig. 12. Radial thrust
coefficient is given by

C - radial thrust
RT q_ A

ref

where radial thrust is the total thrust from the 24 nozzles on the simulator.
The normal jet simulator, which is used on sting-mounted force models, tends
to simulate the radial component of momentum of an axial plume. By comparing
the variation of base pressure with CT from Figs. 10 and 11, and variation of
base pressure with CRT in Fig. 12, an indication can be obtained of the amount

of radial thrust required to simulate the same plume effect- as the axial jet.
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The fraction of radial to axial thrust required to simulate about the same
plume effects is shown in Fig. 13 for the two families of nozzles in the

present investigation.

At high values of C_ .. and for the supersonic Mach numbers in Fig. 12(b),

RT
the base pressures induced by the normal jet simulator exceed the plateau
pressure established by Zukoski (Ref. 33). If thrusts at this level are to be
simulated, better results would probably be obtained with the simulator moved

further aft.
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7.0 CONCLUDING REMARKS

An investigation of concepts for modeling jet plume effects on missile
aerodynamics has been made. The experimental results tend tc verify the modeling
concepts proposed by Korst. Comparisons wcre made of afterbody pressure
distributions under the influence of different air plumes having the same shape
but with different surface Mach numbers. The comparisons indicate that
increasing plume Mach number generally increases the plume effect on afterbody
pressures with this effect becoming more pronounced with increasing Mach number.
A so0lid plume with the same shape as the air plumes has the greatest effect on
afterbody pressures with the effect increasing considerably at freestream Mach

numbers of 1.25 and highter.

The shape of afterbody pressure distributions under the influence of
plume effects simulated by the normal jet simulato. compared favorably with
the di. tributions under the influence of axial jets. The ratio of normal
to axial thrusts, CRT/CT’ required to simulate the same level of effects

varies with both freestream Mach number and axial jet nozzle geometry.

An attempt was made to compare sled tests of the ZAP rocket with an
air nozzle modeled by Korst's concept. No exact match of test conditions was
available, but the few cases where comparisons were possible tended to confirm

the validity of the modeling concept.

59




r: s NTWGAT T T T T T e e -y T RIS T T T W N T T A, TR R S g R Kot Sl ki




.
o

L‘LA-.{:&-‘ PPN T UL SO v ST S VN G- < e >

10.

11.

12.

8.0 REFERENCES

Pettis, W. Jr., "Effects on Normal Force of Streamwise Gaps Between the
Body and Fins of a Missile Configuration,'" Master of Science Thesis,
Department of Aerospace Engineering, Mechanical Engineering and Engineering
Mechanics, University of Alabama, Lniversity, Alabama, 1971.

"Design of Aerodynamically Stabilized rree Rockets,”" Engineering
Design Handbook, U.S. Army Material Commi..d, AMCP 706-280, 1968.

Davis, L., Jr., J.W. Follin, Jr. and L. Blitzer, The Exterior Ballistics 4
of Rockets, D. Van Nostrand Company, Inc., Princeton N, J., 1958, i
Dahike, C.W. and W. Pettis, "Normal Force Effectiveness of Several Fin ]

Planforms with Streamwise Gaps at Mach Numbers of 0.8 to 5.0," Technical

Report RD-TR-70-8, U.S. Army Missile Command, Redstone Arsenal, Alabama,
Aprii 1970.

Korst, H,H., "Approximate Determination of Jet Contours Near the Exit of
Axially Symmetrical Nozzles as a Basis for Plume Modeling,' U.S. Army
Missile Command, Redstone Arsenal, Alabama, Report No. TR-RD-72-14,
August 1972.

oL b B P

Korst, H.H., "An Analysis of Jet Plume Moucling by Dissimilar Propellant
Gases," Proceedings, 43rd Semi-Annual Meeting, Supersonic Tunnel Associa-
tion, Pasadena, California, 2-3 April 1975.

Korst, d.H. and R.A. Deep, '"Modeling of Plume Induced Problems in Missile
Aerodynamics," Proceedings, 17th Annual Aerospace Sciences Meeting (AIAA),
New Orleans, Los Angeles, 15-17 January 1979.

Korst, H.H., R.A., White, et al, "The Simulation and Modeling of Jet Plumes
in Wind Turnel Facilities," Proceedings, lith Annuai Acrodynamic Testing
Conference (AIAA), Colorado Springs, Colorado, 18-20 March 1980,

T it e v

Pages 80-430.

e A ek U R St A Bth AN D,

Deep, R.A., J.H. Henderson, and C.E. Brazzel, "Thrust Effects on Missile
Aerodynamics," U.S. Army Missile Command, Redstone Arsenal, Alabama, Report i
No. RD-TR-71-9, May 1971. 5

Henderson, J.H., "Transonic Wind Tunnel Investigation of Thrust Effects on
the Longitudinal Stability Characteristics of Several Body-Fin Configurations
(Sting-Mounted Model with Normal-Jet Plume Simulator),'" U.S. Army Missile
Command, Redstone Arsenal, Alabama, Technical Report RD-75-14, i
531 December 1974,

Henderson, J.H., "An Investigation of Jet Plume Effects on the Stability
Characteristics of a Body of Revolution in Conjunction with Fins of !
Various Geometry and Longitudinal Positions at Transonic Speeds (Sting-
Mounted Model with Normal Jet Plume Simulator)," U.S. Army Missile Command,
Redstone Arsenal, Alabama, Technical Report RD-75-37, 12 June 1975.

Henderson, J.ll., "lnvestigation of Jet Plume Effects on the Longitudinal
Stability Characteristics of a Body of Revolution with Various Fin Con-
figurations at Mach Numbers from 0.2 to 2.3 (Normal Jet Simulator),"
U.S. Army Missile Command, Redstone Arsenal, Alabama, 1achnical Report
RD-76-22. February 197¢.

61




13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

REFERENCES (Contin.ced)

Dahlke, W., "An Investigation of Flow and Stability Characteristics for
a Body of Revolution with lins and Flare in Presence of Plume Induced
Separation at Mach Numbers 0.7 to 1.4," U.S. Army Missile Command,
Redstone Arsenal, Alabama, Report No., TR-TD-77-11, May 1977.

Henderson, J.H., C.W. Dahlke, and G. Batiuk, "An Experimental Investiga-
tion Using a Normal Jet Plume Simulator to Determine Jet Plume Effects

on a Long Slender Rocket Configuration at Mach Numbers from 0.2 to 1.5

U.S. Army Missile Command, Redstone Arsenal, Alabama, Report No. TR-TD-77-2,

4 February 1977,

Burt, J.R., Jr., "An Experimental Investigation of the Effect of Several
Rocket Plume Simulators on the Pressure Distribution of a Body of Revolu-
tion at Freestream Mach Numbers of 0.9 to 1.2.," U.S. Army Missile Command,
Redstone Arsenal, Alabama, Report No. RD-TR-70-23, September 1970.

Rubin, D.V., "A Transonic Investigation of Jet Plume Effccts on Base and
Afterbody Pressures of Boattail and Flared Bodies of Revolution," U.S.
Army Missile Command, Redstone Arsenal, Alabama, Report No. RD-TR-70-10,
October 1970,

Craft, J.C., and C.E. Brazzel, "An Experimental Investigation of Base
Pressure on a Body of Revoluiion at High Thrust Levels and Freestream
Mach Numbers of 1.5 to 2.87," U.5. Army Missile Command, Redstone Arsenal,
Alabama, Report No. RD-TM-70-6, July 1970,

Henderson, J.H., '"Results of Transonic Wind Tunnel Investigations to
Determine the Effects of Nozzle Geometry and Jet Plume on the Acrodynamics
of a Body of Revolution," U.S. Army Missile Command, Redstone Arsenal,
Alabama, Report No. TR-RD-72-17, November 1972,

Martin, T.A. and R.A. Dcep, "Aerodynamic Testing on a High-Spced Test
Track," Presented at AIAA 16th Aerospacc Scicnces Meeting, U.S. Army
Missile Command, Redstone Arsenal, Alabama, 16-18 January 1978.

Martin, T.A., "Investigation of Plume Induced Sepuaration on a Full-Sized
Missile at Supersonic Velocities,'" U.S. Army Missile Command, Redstone
Arsenal, Alabama, Technical Report RD-80-12, 20 June 1980.

Johannesen, N.H, and R.E. Meyer, "Axially-Symmetrical Supersonic Flow
Near the Centre of an Expansion,'" The Aeronautical Quarterly, Vol. 2,
1950, pp. 127-142.

Addy, A.L., "Analysis of the Axisymmetric Base Pressure and Base Temperature

Problem with Supersonic Interacting Freestrcam Nozzle Flows Based on the
Flow Model of korst, et al., Part III: A Computer Program and Representa-

tive Results for Cylindrical, Boattailed, or Ilared Afterbodies,'" U.S. Army

Missile Command, Redstone Arscnal, Alabama, Report No. RD-TR-69-14,
February 1970.

62

T ekt T ot ettt

oo et st

o sl i

i

ikl

S b bk e L

PR




sl 24

23.

24,

30,

i
tJ
.

33.

REFERENCES (Continued)

Nyberg, W.E. and J. Agrell, "Investigation of Modeling Concepts for
Plume-Afterbody Flow Interactions," European Research Office, U.S.
Army, London, England, Final Report, FFA Technical Note AU-1384,

November 1981.

Korst, H.H. and R.A. White, "Internal and Lxternal Ballistics of Mis-
siles with Special Consideration of Jet-Plur » Interference Effects
During Launch and Free Flight Phases,' University of Illinois at
Urbana-Champaign, Report No. UILU ENG80-4007, Urbana, 1L, December
1980.

Oswatitsch, K. and W. Rothstein, "Flow Pattern in a Converging-Diverging
Nozzle,"™ NACA TN 1215, 1949,

Sauer, R., "General Characteristics of the Flow Through Nozzles at Near
Critical Speeds,'" NACA TM 1147, 1947,

"8-Foot Transonic Wind Tunnel," Calspan Corporation Transonic Wind Tunnel
Report No. WT0-300, Revised September 1973.

Langley Research Center, '"Manual For Users of the Unitary Plan Wind Tunnel
Facilities of the National Advisory Committee or Aeronautics,' 1965.

Reid, C.F., "Effects of Jet Plumes on Pressure Distributions over a
Cylindrical Afterbody at Transonic Speeds,' Calspan Report AA-4017-W-15,
February 1979.

Nenni, J.P., "Analysis of Experiments on the Effects of Jet Plumes on
Pressure Distribution over a Cylindrical Afterbody at Supersonic Speeds,"
Calspan Advanced Technology Center, Acrodynamic Research Department,
Buffalo, New York, AROD Project No. 13797-E, January 1980.

Brazzel, C., "The Effects of Base Bleed and Sustainer Rocket Nozzle Diameter
and Location on The Base Drag of a Body of Revolution with Concentric Boost
and Sustainer Rocket Nozzles," U.S. Army Missile Command, Redstone Arsenal,
Alabama, Report No. RF-TR-63-23, 15 July 1963.

Walker, B.J., and A.L. Addy, "Preliminary Investigation of the Effect on
Afterburning on Base Pressure,'" U.S. Army Missile Command, Redstone Arsenal,
Alabama, Report No. RD-TM-71-6, December 1971.

Zukoski, E.E., "Turbulent Boundary Layer Scparation in Front of a Forward
Facing Step,' AIAA Journal, Vol. 5, No. 10, October 1967, pp. 1746-1753.

PRET T R TR s’ ;Zr o

L cbmitics s

Rt L L B R 15 i P im0 -

R ST AP PO -0




TR e o T T T T T SO P R T T T LI T W W A AR AT ST (YR A < YT
i i N .

Chix s

64

.

BLANK P!

it &AY Torm ¥ sk a Uil

i




APPENDIX A

DATA BASE

65

[T

s

s

g n




ey e ! v o : - R e e
< e , rpy T T v T A £ TS VTR :
e L I e T R, v i

e Kipd b
i)

i
i
4

BLANK PAGE

g s
[PRF O

N e e




T T g Y g Ty N
4 i B K T 4 b - -

hd : : it T TG T T T IR 0 T e g T e i oy g,

» o e . : cal ATy

.w.cumc\zc .oﬁ.auza ‘1= :gyzvig uofiranSyjuo) °siaqunu yoey WLoIlS
9313 SNOTIPA I¥ UOIINQIIISTP aanssaid Apoq uo o13Iea aanssuvid Te3o3 3af Jo 399333 :V 2an¥fJ
1 % 0=l " (®)

w a/% 43s¥8 40¥4 3IMYLSIA
$°9- ©0°0 »°8 8°@ 2°T 9°3 @2 2 82 ¢
”,‘ g - - —p — - g 8°9
T 6°G
81
| i
| 421
w £°1
w a/d
W »°3
; £y2Y18 $°92 8r° > I Y
, £62414 $°29 oF°9 ¢
N £:2918 6°bb 6+°@ > )|
| $H-7418 2°6% T % 9°% J
m £r2u1g [°CE 8t -8 x
; £H15 9°1¢ o 2 +
£+7e1d 2°F1 av-e o { 2°t
‘914503  €2-3d HOUE  T08WAS
wallinns ~ [ [ —_— - e e L m.ﬁ :




TN T AT Y v e v g v e e .
T . - w G e T T U

.cw.onnc\za .o~.mnz¢ .n.dun: :gyZVIg uojaeadnijuod *s12qunu yde}, Wedlls
-33:] SnOTiIBA 1B UOTINQIaAISIP 2anssaad Apoq uo o1jel 21a8S91d TrIOl I3 JOo 3I0@IIA 1V 2INYT 3
0%°0=k " (%)
g/X 3548 HOY4 IoHYLSIC
b°’0- ©&°0 b°6 8°6 c’l 9°1 e°¢c | A 8°¢ c°t
e o — - —— - —— 8°e
w |
6°8

%tv
ill‘llll‘ t e°l

41°1
.1 2’1
k £°1
ﬂ d7d
M J bet
£p2uig b°92 er°g 2 L S°1
£y2ui18 $°29 8y°8 £
£yZu18g 6°td er°o >
£62018 C"6£ 8y°Q p A 9°1
£+7v1d 1°SE ey 9 x
£+2919 9°1¢ 8y °0 +
£582019 2°E1 €y 0 o 2°1
‘ *914%02 8d4-/2d H3UH T03UAS
f, v o L ' A Lo 2. 8°1 [
j




T -

[
1

.
WMMIMMMMM
ot BT s
0 NN NN NN
SILIITTAIT

4 -4 -t
Ov—l i i vyd

OLDNOOOMm

Qrtet Dt M
\\ &8 o 0 e @ O
NI D OM
O e aimmM T O

TOODORDO®
r_)rhr'&f'\-r\-r‘-h-'\

MA

1.8

R D ke aid S

1.4

L/P

1.3

69

1.2

1.1

1.0 }

B L AT JRRRptee

8.9

8.8

2.8 1.6 1.2 6.8 9.4 9.9 -0,

2.4

XD

DISTANCE FROM BASE,

M=0.7
cont'd

(b).

Tigure Al:

5 i s St et m Sl xR S, e enntthi kil I T i VN L e

PO F SRR A L it

o




P e AT TR R T
. . L e e

R

p,3uc” ]V 91ndy4
6°0=H ()
gsX *3sug HO¥d4 3IJNULSIA
‘e- ©°e »°0 8°0 2°1 9°1 8°2 #°2 82 2t

1 = o —-— - - — v - 8°@
! | {60
L
o
b ~
4
M t
. + £HZY1g €°62 86°9 3 is°1
Fhod1d 2°09 06°0 <
£p201d 2 8¢ 86°0 >
- £r2e1g S°1¢ @6°0 X {91 i
£+z918 1°88 060 X :
; Sreeig 3°92 86 ° @ + M
t £+ZU1g 22T 06°9 o {21 “
m “9T4NO0D dd-d HOYW  108UAS M
m - y SR . S - A & 2 Y — t onﬁ M
W _
¥




L}
)
. 3
PL e oo o + s mm ey Y- L
- K
W i
< .
X ,
(V] -
i
: §
oQ i
b LIMMIMMMMM o X i
A R R A [
1 MRIRRIEIIN \ I :
>CITITIA ta :
5—1—4-—4—-«4.-«-0 (7] 1
OOOMnOMmMN VK- 4 ¥
l ] @ 1
[ _ ] t B
\ E *
o . 3
o NOMINVN® XX P \0“ ‘
¢ o v 8 8 o8 4
SOOI Dt . W 3
P o—uMTTO® w-g
s i
o 2 :
DO ‘ y *a 1
r So00R000 f o ,
® o N & 0 & o g
Poambalateie Loty . 1
ﬂ <
.
P h o
Q ;
Do+ xMvAy 1
=
@ % o7 4
ﬂ N L 1
- .
') 49 1
N i
I e a 2 VY N \ 2 . 4 '0. E: 4
© N W N T M N -~ e 6 © u !
3 . L] [ ] [ ] [ ] [ ] [} a R
< ;
4 4
o

Daberan e T E R PREL JO P L
S : . e o o SO 1 o S e
it s NS T3 a5 5, oL STk e bibtbhnn corar st kst L R et . Dbt cwan ¥ e b bl € i




B i

LMIMMMMMM
ol A A A A
R N N TXTNTY]
FICITITT

Ovﬂvﬁﬂﬂﬂﬂﬂ

OBOOBADN®

Donmamnnin

\...l...
ONWVNDNDON
@ = NMYT T ON

QAROPOD

=l 4 v o§ o=t v v 4
e @ 5 8 & & w®
zﬂﬁﬂ—‘tﬂ‘““

ACH

O+ X¥évAv

SYMBOL

1.8

1.2
1.8

1.1

1.7 ¢
1.6
1.5
1.4

PL/P

8.9

L ]
o
]
(L)
[ ]
[+ +]
L o
[ ]
(-]
Q
Y
®
»
W
o 2
s 03
L ]
r
[ o)
74
w
L]
s W
g
<
e
o2
®
~ o
<
| ]
(4]
0
[\ V]
N
™

M=1.1
cont'd

(e).

Figure Al

SUPESRERN N

o e b i P4t PR U A A




LMMMMMMM
ST TETTLY
. IR
TCTAITIXI

oﬁﬁﬁﬁ““d

OOONNMm

O NN D=
\I.....'
O =@ DWBINM
S ~aINmM TN

T DOWDNWINION
D NN N NN

q....'..

- —

1.8

P e

1.?
{.6
1.5

1.4

PL/P

1.3

1.2

1.1

1.0 }

8.9

[ ]
©
]
®
[ ]
©
v
[ ]
)
a
® S
o X
[ 9
w
.
N &
L]
T
o
&
P
g
L}
.
-
X4
[ 3
o e
<
[ ]
N
0
[ ]
o
N
™M

M=1,25
cont'd

(f).

Figure Al:

Fro—y

1 .
RPN P

A R e W

2 s o, Kot LBl i







e IS e i e & e B i o et e A

!
A
Q 4
L ] ;
® !
4 |
. :
o !
F
®Q |
L @MMMMMMMM o X 1
o LR R R A A 3
L NINPIRINININN - .
SCITTAIXTAT (] 4
O T T v v vt v ot end )]
OOV UDBNAO0 N &
« OO
b -
x
)
O omTmom- ™
N ®® a9 a0 w
O™NOLITAMY o W
P g OW-DIMIMN -t g
<
o
-+ JreA 3
rPONDIDOOD ' Q :
f 5O0D00D00 o~ 5
" & % ® & 8 o O i
TN !
< 1
J ~ !
[ & i
Do+ xvA uD ;
>
i n q o -3
& 23 |
£ o {
N a
PR — -t 4 T S V— . - &< 4
W T N & ® W T N 0 ® g; i
L ] . L ] L ] [ ] [ ] L ] [ ] [ ]
N N N N - - - -e -t ] o
[- 9]
a.
\
o
Q.




o
' a
1
) ';
. i
@ |
v
L]
® :
|
o Q i
. . !
MMMMMMMM % :
P Cererreee 1° !
0 NMIBEINNNN -
>IIIICTIAIT W
oﬁﬁv—.v—lw‘ﬂﬂﬂ m
OONNNNDNMA N < _,
. @ 1
t 1=, s.
:
Qoonwmmmo oLk |
! " 8 ® 6 8 A s e @
: l O™ TDD~ANYP . W t
| 4 TOONMMYE W - 3 !
-ttt :
: - :
| 7 |
O
3 ODODDOOD ' a
| P SoBnnnnN 1
H a &6 &« & ¢ & a8 o
| SN !
. {
[ ]
] I
Lo+ xevAva
& o ¥
¢ ¢ nd
1o o g
£ 9
8 g3
o 4 A W S ¥ SR S . A - o =%
v < N © © ") < ~ ) 0 a
[ ] [ ] [ ] [ ] [ ] L] [ ] [ J [ ] [ ] -
N N N N -;. L -t -t -t @ )
N
ot
o




1‘].’.‘.1 il ” -y

w.onmc\zc ‘9°¢1=6 .o.Nuhz tHh7Vig uotieanidyjuo)d *s19qunu (dB} WEIIIS
-9914 SPOFAPA IT UOTINQTAISIP 2anssaad Apoq uo ofjed aanssaad [e3o03 32l JO 3I293JU gV 2andT4
v°0=k "(®)
g-¥ ‘3s5Y8 Hodd 3IINYLSIQ
‘e~ 8’8 t°0 8°0 <t 9°1 8°2 t°c 8°¢2 c't

- . ~— -— v - aan - &£°0
u 3 .8 o m..o
1
4
| , bt e———— | 0]
l +* “ aoﬂ
- T e
! i de1 ~
d-d 4
i T L e B
- 4 4 51 “
++291g 1°92 6y °0 £
P+2U1a g°19 g+ @ 2
o + ++2U18 1°85 P+ °0 ¥ 4 3°1
revl1ad c° 3% 2+°0 x
t+2UTg £°1L er°8 +
o 4+ ++2U1g 6°S1 gtr-a o 4 <2°1
*914M0D 8d4-2d H3YH N03HAS
— L & L A 2 -4 8°1




.
| el : § 7 T e | 1 4 ?
n )
- 4
L]
L o l
5 ® 9 |
T 1% B
Ogaaade :
RN MMNN 'S ]
SIETTITI b
o.q-c-_—u-c-ag " (g :
L (_)mmlﬂmm | & :
L -y i
x |
Q :
) o 1
. Q_\OMOQ—OV " T %
; “\ e 8 8 9 u @ w i
! NI D . i
3 L (] y %
o =MW 2 !
c 3
3 h 3
a®
! DDIORED 4 a2 ]
? 1 Ul"\-f’\-l‘bl’\l‘\.l\ :
(I e & % & ® & “
-._:CD'S@OCD\D |
< .
b" [ ]
, b od 1 »
3 o9 ;
~ D g4 XA j
\ 4
* 0) i
1 o o
o e
W O
ol
3 n’ N (:; 3
. 2 2 2 4 8 a Py 2 ff; ) <
o
Q - w w wr ™ AV} — @ (2)] o0 ‘5
- [ ] L} [ ] L] . - * . L] L] I%
- -t - - -t -t - - -4 e {x ) b

PL/P

78

s ped D et



D i
—TTITT ST
NN NN
FCCITTIA

ov—dvﬂﬁ—‘ﬁ—lﬁ

OUHMOMAMMN

Drmnne oo

N S *e e
UU’:"‘P‘-V‘D'\-M
o~ MV

TRIIORODO
UU‘-O‘:U‘.Q\O\U\U\

cllll...

1.8

1.7
1.6
1.5

79

I MR S

e 8.8 0.4 0.9 -9,
XD

1

1.6
DISTANCE FROM BRSE,

2.8 2.4 2.0

3.2

T~ N NI R—————————

M=0.9
cont'd

(c).

Figure A2:




L NNINININN
Laaaaaa
Oﬂﬁ"‘ﬂ““

ONMOMMM

Deininmn

\o...ll
QNG00 »
a0 0WINMN

+ODOOOD
SO0

b SR
z—tﬂ—!ﬂ—‘—l

o

8.9

©
[ ]
®
.
[ )
©
a
®
o X
[ Y
™
~ &
. @
-l
T
o
&
W,
P
. ul
- )
T
- o
-
o4
)
<
N
[+ 4]
N
N
™M

M=1.0

).

Figure A2:

ont'd

~

\

P S




- T e e e ™ e T e R R

—r e I — YT T AT < v

p,3uod 7y 2an8y 4
1°1=R °(3)

A% *3SuYg HO¥d IINVISIC
v°o 8°o0 e’y 9% e°2 | 8°¢ c°E

- - - —v- —p—p v 8°0
{0
4 90°1
411
4121
o M.n
d/
§ v°1
pEZYUTL 21 011 > 4s°1
t+2918 @°t+sS a1°1 <
$+2Y18 £°c6 e1°1 >
t+2v18 6°F2 811 ¥ 4 2°1
t+2018 9°'6S B1°1 X :
$+2418 it a1l + :
tt+2vi1d 2ce er1°1 o 4 2°1 :
91 4H0D 8d-24 HAHH  108HAS ;
i — Lo A A A A A w-ﬁ w

s;(vnuﬁ..;}&?hl.. SRR PRRTE LS

iR i b o o

o ;
e i v e o ey

st e A e 1




o S — e g s e T g —
p,3uod :zy aandyy
ST 1=W  °(3)
d/X *3SY8S HONJd 3IDNUYLISIQ
‘9~ 0°9 v°Q 8°0 CAN ¢ 9°1 8g°e *#°c 8°2 A
- ” v - g g 8°‘0
T o
+ {11
] +f {z1
4/
T 4 v
! R
tv2u18 £°£8 c2°1l >
» T 14274-2%:) | S0 S2°1t X 4 9°1
bb2U1g 0749 G2°1 X
i ppZ2H1g 5°9p €'l + )
bp2alg 9°Ge c2°1 o q1¢2°1
*913H0D 8d4-3d HIYH T08HAS
y - S = YOS S . & & P 0.“




TTETTTETY
Pl 2o b i b B b
L NN PN EINN
>ILITITTT
5.—4-—4-—:—(-—0—1-‘

O DODOOWA

Do~ooonm

" ® @ 8 @« @
MO L P Oyemt
o PN TNN

WOV
" s 8 u 0 9 0
 ambabalalal ol )

Immu’mmmm
()

O+ X¥vAL

SYMEOL

2.6

1N

2.4

2.0
1.6

PL/Pi.8

o d i e T

1.4
1.2
1.0

8.8

2.8 2.4 2.0 1.6 1.2 0.8

3.2

XD

DISTANCE FROM BASE,

M=1,65

(g).

Figure A2:

cont'd




E
b

T N

v 4 -y v v v . 4 - -
e -
P
L prTTTYTee
T e
Y NS ININTNTY
FITITTITI
Dc-tc-d-‘-c-lv-ov‘
D@D I00
F
Q
Q. NTDHON®D
\\ T @ ® e @ s B®
) RN T MPHD
P Q@ MTWLIMN
-4
TDDDDDOD
F OO0
" @& & 9 & = @O
S aInICINCINN
J %
[ B
Lo+ XewvAu
S
7
[ |
B A A A Y - /— A
W < N o w v -« 0N ® 0
. L L] L ] L] [ ] ® [ ] [ ] [
N N N N - -t - -t - (]
o
A5
-t
a

84

9.9 -804

0.4

2.8 2.4 2.9 1.6

3.2

(h).

Figure A2

X/D

DISTANCE FROM BASE,

M=2.G

cont'd




<
[ ]
) 2am v o 3 ™ v v v ?
: :
B
I 1
() Q ]
R AR A D D s X
B R R B -4 10
L PTIPIN P NINN - y
> ITIIITTE w g
Q—ﬂv—dv-df‘v-‘v-‘v-lvﬁ (7] 9
O@mWoIoazmm tug
. P
b L ™ T .
o !
m ac ]
AP TOUVD v TR ;
W% s s e s s 8 0 \o 1
£y~ 1D D DD l cw .
P 3 WD—OWOTM - :
—t g > A
2 |
® 2 K
QODIODRD ﬁ (\3 (=] | -,%
" SURWDLLND L
’ e ® ®» ®» ® & & [
Z AN .
- >
° .
= 1~ .
W 54 XA LM 4
; . !
» ® < |
1T N Ve
e O
F G 5
>R Y]
0 ..
. ~ N H
' ) A A A . A A m c< : j
[ :
w < (Y ) Vs < o (] (s 4] b :
[ ] [ ] [ ] - L ] L ] [ ) [ ] e w
-y
N Y Y} N - — - ® -

PLP1.8




it TR T TR T
T e "3 TR T TR T L s e < .

e iy

-g-0=8a/tq ‘se 61=T0 ‘g zelW  :GyZVIG UOFIUINBIIUC) SIQENL YOEH WEIIIE

2313 SNOJIBA 3B UOTINGTIISTP 2anssaid Lpoq uo of3Iel banssaixd [e30I IA[ 32 IV3IIT €V 2an81a

9°0=H (%)
dsX ¢3svYg WOd4 IONULSIC

e~ 0°‘o v°o 8°09 c°l 9°t 0°¢2 | A 8°¢ 2°t
j — < - —— - - ™~ 8°9
&
_, _. {01
3 4 d-«
| PR
w 1, 1¢£&°1 m
d/d
r 4 ¢#°1
1 4 { et
: (1 24-2%: 9°001 ov°0 {
ﬁ 3 Z4-3¢:] 6°98 er°0e ?
+ cp2utlsg G°82 or°0 X 1 9°1
1 cbzY1g 8°ES 6+ °0 X
SbZUig 1°%E et 0 +
g F SHZu18 2°87 ey°0 o {27
, "914M0D ad-3d HOYH  108HAS
. - A e a s e a 8°1

e Labsmnid

: '

[T U Cp



r e - T S T v Wrwﬂ e L) TOPTRNR T T o B AR Y e < e

e——— 4 ™ gr————y —— ﬂ ? !
! |
! f
; ® 3
/ .
\ e ®
i: el
. |
. L
r o :
: o< |
L LDVININDN o X 3
o B A i
L BININNNN [ ]
O T e vt vt ot vt 7)) 1
. @ ]
p -y i
S z
s m [+ j
' 2. OMND~D Y i
i DY e & » ¢ & 3 (V]
! ¢ YO M= ORN o« Ul ]
5 g d’_goommmu - g ,
| 0 ¥
F o A |
; DOIDODO o~
! S R o ~ ;
P T * o2 e ;
—0ODOD ;
- f
J N .
3 ;
o i
, D 94+ XA |
* & @ ¥
: . < L
? ¢ N N 5
i o¢ g
i f O i
i‘ b V) t ;
N 25 ]
F s . - A An A a A ™M e o ! i
; ® N W BT M N = ® O O i ii
: - [ [ . [ - 3 ® . . ° .
b i
[« l 3
\ 3
o |
0.
i
87 *
|




T

i e e

L ]

LDV
b R R A
WNNMNNINN
zTITITAL

Ov—lv'lv-'v-‘vd'lﬂﬂ

Qmmmmmmm

Coonnaen

\ " % 9 & & @& O
SNVRNOME

TOODDOO®
STTRNOVG

EDODOROD

A

O+ X¥vA v

SYMBOL

8.4

6.8
X7D

1.2

DISTANCE F20M BASE,

1.6

i L e

2.9

2.4

e A i i

2.8

M=0.9
cont'd

(c).

3.2
Figure A3:

A A y .
© N~ O w - ™M N - (> o
. . . [ [} . . [ . .
-l -y -y -4 e -y e -t L] s3]

PL/P

. ° e " .
T e A PR N M
. + - A o 'y -
; . » )
e et bt Vo RNy -



el TR { T | T Ry T I T

P

T ———
v v L 4 ' L. v A4 A J v -T
g = e ¥ g
L DINVIINN 4
D A A A
L PIRINEAINNN
*TIITIAX
Oﬂ—‘ﬁo—lv—‘ﬁﬁ
& OOV OMM
Q
QNN
., s v« % & a s O
ON D =T AN
b G OIUDN00 Cheet
d
| rPO00008 <
LEYRO0O®
q " ® @& » ® %8
E—Qﬂ—dﬂw‘ﬁﬁ
= 1
o
Vo4 xevAu
>
)
i 1
A A - A ke y ¢ A a A
M e W W YT M N e @® & ©
D s i -
a
\
4
a.
89

e A s A

©
]
o
[ ]
®
.
[ ]
©
o
@S
o X
[ Y
w
~ a2
" 0
-l
r
o
&
b,
0
. W
-0
4
4
-
o2
[ ]
)
<
[ ]
o
®
[
~
(4] ]
™M

M=1.0

(d).

Figure A3:

cont’d

|
i

e




[ ]

LWLV
[ Srvrevrere

1 NI P NN
Laaxcaaacaa

aﬂﬁ—ﬁﬂﬁﬂﬁﬁ

ONOONADOD

Do+ o0wn

\...I-.‘I
ONOMMMON-0
G DN

TODOODDOD

sy vl gl ad g v ol o gd
" o 0 8 8 8 00

-
I 2 1
Do+ xwwvAve
b oy
# »
It A L A A A A A A
o ™~ w 'p b 2 ™M L3V Al o N »
L] [ ] L J L] L L] [ ] [ ] [
0.
N
o |
o.
90

1.2 6.8 6.4 8.0

1.6
DISTANCE FROM BASE,

2.8 2.4 2.8

3.2

X/D

M=1.1

(e).

Figure A3:

cont'd




]
|
o
[ ]
o
<
e
1o
® Q
AN DI N
P Daaareae ﬂ o X
N IS TSTSTNTNTN -
SIICACAT W
Oﬂ—‘v—‘—ivﬂﬁﬁ w
OoOOANmm N g
]
| K
1 b =
8,
B preraire TN g
\ » 8 o ® & 8 0O w
u""@\bf\"nmv # s W)
b ZAMDNM B -t
n‘ d g g
<
"
O
= I DWVUNIN IO .
P SN {a®
gJJJJJJJ
<
r {1«
o
go+x*vmu
Yoo
» ®
[ ]
; 3
N
a2 2 A i A A a A A m‘
O N W W T M N e ® O ™
- et e e et et e e e ® @
o
N\
wd
o
a9l

M=1,25

(£).

Figure A3:

cont'd

i SERSHE TN VR

[RPSPITE

o ot




Ll v . L \ A - I A\
et ﬁ
LD )
e S
L L TN [N,
> T ITIIX
'Dv-‘ﬁ—‘v-l—t-l
O omaMm
ﬁ
Do
\ e s © o & o
D MM
Q. Of-f.0w <
-y
+ IWIIWIOWND
N WOVYVY 1
. o e ® @ 0 0
o= vt =4 ot ol et g
4
Q
Do+ X
-
»
o
a F 1 F = Yy A A -
<+ N @ W T o0 ® o
[ ] L] a L ] - [ ] L] [ ]
N N N - - -t -t o

2.8 2.4 2.0 1.6 1:2 958 0.4 aoa -0.4
DISTANCE FROM BASE, X/D

3.2

M=1.65

(g).

Figure A3

cont'd

v e

4 i i




R N TS A T AW S - —

‘p,ToU0D gy 2anBYJ
0°Z=K “(W
g% 3548 W04 3IINULSIC
v°o- 0°0 b°0 8°0 c°1 9°1 8°2 v°c 8°c et

r—— v v v ) 4 v m.&
i —= { 1071
5 < N.ﬁ
Cul
_w p <« #°1 ..m
i {91 . :
s 4 8°1d/1d
S $ 40°2
| ! {2z
) stZulg 8°£S 69°2 x
crzY13 £°28 8@’z x
L SHIH1g £°t6 AQ°2 + | -
r b SrIu1a a-2a1 R o b2
“a13H0GD ad~-2d HJd A03HAS
— . . . . -— . 9°2

s o N e T




Fondiliiatiinms

.w.onnn\za ‘ot cz=Me ‘s°z=lW :9yZVig vojiIBinSIjuo; - s13qUNU yow} wesiys
3313 SnOTavA 3B UOTINQTIISTP 3anssaid Lpoq uo ojlel aanssaad [el03 39f JO 3199337 :Hy 21n314
%0 =k °(®)
ds¥ ¢3sYg HOdd 3IOHULISIQ

8- ©°0 X 8°0 2°1 9°1 8°2 2 8°2 2°t
r v— - -— - - —->— - 8'@
b 462
{e°1
4 1°%
4 21
et
d/d
4 ¢°1
9p2618 8°16 0y°0 ) 45t
9pZ618 $°821 e+ -6 <
9+2418 $°911 8t °0 >
9+7918 3°001 8p 3 X {31
atZu1g 8°69 or B ¥
a+7919g @°9% ot 0 +
9HZ819 c 171 Gr°9 o {21
“9T14H0D 8d-3d HIYW  108HAS
- “.“ J . y e -~ - w.—

e il o A P s YA st

e i Rt ke b kg e Ee Tk Ak s A ciaidi e it e el Dt e

94




k-nusu»-_..umummuﬂm:mmm...i... S S JrrTe s i

TP

(5'D\DDLDWODND
R R A
LNNNNNNN
=ITCTICEK

e et =l o o el vt ool

Smmmmmmm

D Mt oTn

\ . o & & 3 8 0
O TINNM
&M DA M et

vt ol oy

rPRIOVOD
DyfelefefeN i

S A e S

1.8

1.4

PL/P

i.3

95

1.2

1.1

1.8

i.2 8.8 8.4 0.0
®x/D

1.6
DISTANCE FROM BARSE,

2.8 2.4 2.0

3.2

M=0.7

(b) .

Figure A4:

cent'd

s il




B AR

N S o BERRREA wn o "0 ol o e
R PR o AU e fisacais N

i
- N
s p— v e— v 2 g Pr—— 6 ;
i [
|
® T
. :
® ?
r <
: .
: (-] |
E ;
f a |
@3
® X
; - 4
w
o0
NS
. O
ol
x
&
D _ucum W
\...... w
ONTMMMN Y]
A ~MOOON *'ﬂg
o=l od -
Qa
»
® s
PO .
] P S0.0.ANRRN 1a®
E q'l....
= }
-
H
n‘»p ﬂN
0 o
4 & %
ol o 3t
. = O
y - yu A A A s a2 Gf éi
M o~
n T ™ N - ®© o0 o v
. ° . . . . . . =)
-4 - - -t - - (<) Q@ .2?
m “‘
N
-
a
]
]
96 ;
i
e
1

Ren: it -'irﬂ»v‘ ekt D k'fu‘-'; "-7"11




v v v L B v L F 4’
\ semm man o = 2
L ]
1 \DDWVV D 1
Rt ob B e
L RIRINIIN
TITTTA
Dv—‘vﬂﬁdﬂﬂ
OmOOmMM
Cyonens
\\ a 8 & ¢ e °
O TOFINR
&N IDONDM— <
e g
I@@@QQQ
Q@DQQOQ
c s e =8 ¢ o 0
zv—‘v—ﬂ-ﬂﬁw‘“
a 1
@ o XA
>
¥ 4
F % & A _A & A A &
™ W W ~~r { o] N -4 (] & 0
[} [ ] L ] L ] ® [ ] L] [ ] e [ ]
-y - -t - ared - - — (o ] [« +]
.
Y
P |
o.
Q7

<
[ ]
P
' i
-
© s
L ]
Q
i
< {
. ;
o P
P
ii
o %
23 |
® X L
¥
'S !
] i
NS b
. @ :
- :
S B
o« B
o |
s W S
- :
z i
-
o2 }
~ e ]
<
[ ]
N
® ! 3
N % L
- g :
£ 8 | 4
o o i
° ~ 3
o -
[ [
= -
g i
= [y
%




o
L J

L ]
L9010 D WDWVD
Tt
1 NININININ NN
>ITTTITITX

dv—l—‘-tv-.—‘v-lv-l

oYL OOMOMmm

g%o-thqodcnh.
\ e 8 . 5 & a0
G NM WD e er

vl ot o oud

TROOOOO®

p vt o= vt @l ood wd

i.8

1.7
1.6
1.5

1.4

PL/P

1.3

i.2

1.0

8.9

8.8

2.8 2.4 2.0 106 1-2 908 0.4 aoo "0.4

3.2

DISTANCE FROM BARSE, X/D

M=1.1

(e).

Figure Aé4:

cont'd

e
ke s S e . a2 15

ot gl st A o Al e




A 4
[ ]
ron— | o 2 2 [
]
s ® |
: [ Y :
; * mfpmelt—4 ® a
<
.
r ®© :
: |
L 120V VWVVLVY o X !
e o i rd i b sk o !
{ p INTINNININR - :
| :rCQCCIC@CC (17} i
cs-u-«-u-u-t—u-d (1)) o
Qmmmmmmm NG |
. @ f
-l i
[ . ‘
o
[0 0] x
D et N OM ™ ‘
\ e o e & w o & w i
U(VO\O\DI.O(\IN e W ;
4 Q_P\-V‘MF‘PhVN -4 g '
onf o= wod o4 '
a i
5 i
D
Iu'nnu’ummmn o~
P SN NNN N ?
4 ® e« o & o o @ :
*
. i
P N :
o i
Lo+ xevau
>
w 0 W o
b R
~N - &
R O :
x o %
|
o g |
a A a 2 A _a 2 a a2 o ;
™M ~ o ;
. [ ] L] - L] [ ] [ ] [ ] [ ] [} [ ] [ ,‘
- -t - -t - -t - - -t > @ ;: !

PL/P

99 1




e et ar i, e

PR S

- et A T—————————
h v v v v v v L 2
| s e
b V00000V
Tttt
. NBINIM P INING
>ITITITICA
D—a-—c-—t-—l-—t—‘—o—.
oD DM
P L
)
AL ODMWNTN T
\ s 8 & o ° @€ 9 @
ONTNIFM T ®
P Q_N'D'T.P-\th\j 1
Lok o)
TN
WD WWD DD 1
¢ s o 9 & ¢ ® O O
z-—o—u-o-o-o—own—o
T
8 T
Q54 XewAvd
A
>
w
A A A A A 4 ¥ - A
) \ o~ @ o0 w -« Y @ ®
L ] L] L] L ) ® - L ] L] L] L ]
N N N N - -4 - - -t ®
Q
.
-
a
100
R R A

208 2.4 2.0 1'6 i.?. 0.8 904 0.0 ‘804
DISTANCE FROM BARSE,

3.2

XD

M=1.65
cont'd

(g).

Figure A4

Ty




- g T
——— >

s

" . -

<
] \
v A\ A ' :
® -
~ H
F 2 a o
4 .
® b
p | 1
1
o y
o % |
D000 ® 2
Dttt Ty R |
LI b - {
-r‘-I‘I*I‘I‘IG@G r |
: 5.4-—40—‘.'4'4"‘.'." N a B
| S aoen ' & %
i - b
i1 p g &g
| =
DD i) =IO © y
N . s @ ° o o @ . . m l |
St D= NED *-ao .
T 00T 9 :
1N\t vt - 5
% |
® o &
K _— ; i
b TV DRIDR o~ |
§ " uoaomoooq .%
.« 8 & ® s o @ -
EPVIN LYY |
< ;
¥
o
D o4 xpw S VD
> o)
s * =
o e
1 ~ 8
$3
N - .e
, ! 232
A 8 A A A A M 3
n =)
W -« N @ w‘ b t\i 0. ‘5 &
N o ~ ¥ - -t - - oY

PL/P1.8 g

101}




et

. T . ..ot
r~ v v - —— & \ 4 ) ‘W
r 1
L '0'DWDDWDODD !

e A D A

N TN N TNTNTNTNTNTY)

FIITTIITTII

'-:’ﬂ—dv-‘vﬂc-lﬂ—lﬂ-‘

WM OMMM
b ‘

Q

QDTN RNOW

~, L ] L] . ) L ] e @ [ ] L ]

T ~MIMN =T D
P Q== TOWN | 9

QN jomtot o
| T OIDDIDIDDOD d

SOLVLVL VLN

,‘x L ] L ] L L] . [ 2N ] [ ] [ ]

= NSNS

J
[ &

Woe XevAud

S

N
b 4

A A [ . A [} [l 4 [ 4

0 < N @ 41 (V) < N ® o]
- [ ] L] L ] a [ [ ] [ ] [ ] [ ]
N \Y] 3V N -t - -t - - o

o

\

-4

o

102

P

gt L

-3.4

0’4 o.a

e.e

1.6
DISTANCE FROM BASE, X-/D

2.8 2.4 2.0

3.2

M=2,50
concl'd.

1).

Figure A4:

2 e i, | o a

B s, AL e

o s e,




e 3 s - -
¥ Ll et " g AR e e
RS 5 T T s P RS

JRS—— L R . il

-g-0=8a/Nq ‘,56°c Mo ‘9s 1= :1vzvig uorieandrjuc) -siaqunu yOE wWe21ls
2913 SNOFiBA 3B UOTINQIIISTP sanssaad Apoq uo oj3ea Iinssaid Tel0] 3a3f jo 393333 :GV 2an3dy4

6°0=H °(®)
gsX ¢3SY8 WO¥d 3ONYLSIA
vp°0o- 0°0 L - 80 et 9°1 - 4 »°e 8°¢ 2t

— g —— — — —— - 1 g°e
{68
{ {e1
.f {11
¢ $ { ¢t
P d/d
ﬁ |
} | _
1p2u18 yoch 969 ¢ ;
1r2818 9°9¢ 069 > ]
1 $ 142919 b:82 86°0 X {91 |
1b25148 2°G1 068 X )
142619 8°8 66°0 +
1 1+2919 1°1 06°8 o {21
“914H03  84-2d HOBH  T08HAS
r r# . - . ‘ . e 8°1 “

i, B Tl = A P s e a xv..i\\‘fxaf S .v.w w.i\ o — " " s i - " ’ .. : .‘




. i]!,‘,iiiiis,‘ ,;,i4..111?154...‘5._,..1,.3,.,,i;:.;.!, - .; <1% ,..yi.!
- : e o : ) T a0 - i el Tady e

p,3u0d :gy 21n3y4
0° 1=K °(9)

: GsX ‘3SUY8 HOY¥4 3IONVYLISIC

] b'o- 0°9 b°o 8°e c°1 9°7 8°c e 8°¢ ¢t

w P— e v v =2 2 v 8°0
4 6°0
] o1
{14
P
41 £°1
d/d ;
11
L 1
S°t :
1$24-2¢: | C°6b 80°t 4 .
1$2018 v°8t 0°1 > 3
I1v2Y18 pEE 80"} X 4 9°1
1p2Y18 1°62 86°1} X
1$2u1g 1°91 88°1 +
1§ 2424 6°11 8a°1 o 4<2°1
*9I4H0D 8d4-3d HJIUU T08HAS
y— A e s 2 - el 8°1




L’.—qv—c—c—c—l—c
Ty
L NINNININN
zm«x¢¢¢¢

ol oef =4 >
o vy L

OQOOOOM®

Dt e
\ ¢ & @& 6 o o
O RN
am—MMen

:u‘)lnu')lnlﬂln
OO NN

¢« & & o o
zﬂﬁdﬁ“ﬁ

O+ XA

SYMBOL

p
>

1.8

1.6

1.7

1.5
1.4

PL/P

1.3

[RER)

1.2

1.1

1.0

0.9 }

8.8

1.2 0.8 3.4 0.0 -0, 4
%70

1.6
DISTANCE FROM BASE,

2.8

2.4

2.8

™~

M=1.25

(c).

Figure AS5:

cont'd

. i o

TS R R S

2NN




v L v A LA v LB v
e p— —————+~
9 |5¢-‘v"-1«ﬁ~
Ty
TR L [t L LY
> I IIITX
D.ﬂvﬂ—‘ﬂ‘-‘“
LW DO
i )
Drrernme
\, L I e w L ] [ ]
LRt =N
P Q. MMM N <
s IG\-:D-:DOOG <
D' oD0VWwW
q a & o & o @
aabalalalele)
3 1
O
D 54 P A
>~
()
\ «
A A A ) A A A A
W < N @ QD (Vo \' 2 Ny > o
[ ] [ ] [ [ ) L [ ] -
(\; ‘\; N N ": - - o - [
Q.
\
4
Q.
106

Al s s i

XD

DISTANCE FROM BASE,

M=1,6

(q0).

Figure AS5:

cont'd

Ln e A el ettt




» ; A

4
< h
*
L g v \ \ . ame Y v (o]
]
o
A A Y — g
v ™ - (v}
v
® .
I
by
o | j
vt 2t ot ot et o . ’
| [ Caverarerae o X -
u_l‘lflrlf‘ NEIPINEN - A
| > ITILTITIXTX w P
£ _}.—u—c«u«u-—u—u—a-ﬂ w0 f {
REYvelhviabtvutentustoetss] N | i
‘i [+ ] ' 4
! P!
o :
F RN R 20 X w o
: -_ - » 9 s ¥ v & w w 4 ¢
sy DTN T e D 0 o W :
> L MM __‘% .
a :
- 8
‘ WL DLW s ’
3 u' N ] C4
‘: [ Sr-r;rur\.r-r-h.h U .
a ® a8 ¢ 9 ¥ L]
4 =~ 3
|
v !
P " 3
o N g
E'— + Aol i %
- [
. o b
! ; |
P o~ :: 2
3 !
L
NG -:
i - 4 i wdh & A il y m 3 g 5
4 W ¥ & ® ®m v v N © o g -
. [ ] ] - . - - - 1
i N N N N - v - - - © 2 )
K o - x
\ ~
ol
[V

5% s E] >

107

A

T .
R W s

e

- A 3
B T N S P RUPUUN IS ERNEPC T IPETY - - SO 1 0~ - T Mool X0y



<
v ™ 3 v L g v v v (v ]
! ‘
® !
i — A A a g !
) g v v v v [v] ‘
» {s .
|
f ® Q y
ot et et ot ot > vt L A
F Caaaarease 1® B
_ T S TN TN T TS T .L - |
3 > I T ITITITX tu |
- ¥ | T v vt et vt o d ) .
: (AWM <
) (§Y) &
p 91 5
b = L
: 8 L
! Ev?.mmvrum-cw u. L
: L ® s & e 8 s e e O
8 ()R- OO o W
, P L SNODTMN 1 —~Q \
‘ a L
- i ;
@ 2 :
~DIDOCRDD *a
P SR0RODODO 1N
R - - a L] [ ] L) * L]
ZNCINIMIAINININ]
~r
- o~ :
P ‘
S 1 ;
D 4 KA um 4
o i
o . i
w O o [ ;
e - 4
+ 100 °©% u
35 i
£ o ‘ !
N
2 2 2 A A e % 2 f’; :‘:j -
W < N @ (¥ A N @ © = =
[ . [ ] '] [ [ [ [ » (4] |
Y] AV N N -t e - - () E !

PL./P 1 . 8

108




ok € LK S g - e

L B T (e e R T e S - ot e
T e L T T
:
-£6°=8a/Ng ‘g6 g=Np .m;.T.h.z 1ZYZViY woFIvAnSFIUCH °SIIGUNU YOB[ WE3AIS
; 291J SNOTaBA 1B UOTINGFIAISTP 2inssaid Apoq uo ojjel ainssaid [elo03 3af 3o ID2IJA 9y 2an3T4
] . 06°0=KH "(®)
asX $35U8 WO¥d IINBLSIC
] t‘g- o0°e v°0 8°8 ¢’ s°1 6’c | 8°¢ 2°'€
w v L3 L g L v v m ‘@
L .Av “ m ‘ Q
S 41 06°1
- {1 7°1
" ) N ) ~ (o2}
T 17 L Mr » .H
471d
4 Lv b ? * ﬂ
! i {51
cb2ulg 93¢ R6°0 ’
- + chZvlg 1°9¢ a6°0 X 41 9°%
Z+ZH18 b es°q@ %
Z+2918 622 06°@ *
' $ ZtZHi3 2t 66°Q o i 2°1
*914H02 Sd-Cd HIHH T08HAS
A a a ry a Py 2 m [ 3 “




T o L T e T A R BT o e T T L Ty T P 3 T Saas Es s Ll o3 e GER i e

*p,3u0d g9y 3anB} 4
M 00 1=k °(S)

d/x ‘3S¢8 WO¥d 3JONVLISIQ
t‘e- o0°e v°a 8°0g 1 e°1 a2 bec §°¢ 2°C
v v v L L v L m'm

| ] _ {60

RS

£

- gv o P moﬁ

I S

R\

' ~ = { 1°1

ﬁ 1 —a : 12

g ‘WA.. ,. 1€&°1 e
= d-d q
| : { {vs |

- o 4 mOﬂ

19°1

YT DNIN-
LaJAV Ik o

Q
Q.
X
)

NI NN
R I
NV
IDIRL
¢ © 9 = 8
el d vt vy
D4 Kot

FARITIRNIN

> IIXITTX

S
O

o o vt o
taafvaloaYuelor]

12°1

Ui 08WAS :
a a m.u

)
—
g_’ao-‘mun

o
4
p
>
3




1p,3u0d gy 3In3yg
CT 1=K °(9)
d-¥ ¢35¢8 WOdd4 3JMYLSid
W v.o-@.ov.am.om.ﬁm.ua.me.mm.mm.m

Mv A A v A v v LJ m\a
! {60
v {1°1
, {2z B
: , 1€}
d/1d
! 11
: P
2+2419 8°8s g2°1 > M
m . 1 2+291g 1°pt 8¢’ X {91 @
, g+zv13 8°8¢ GZ°1 X ,
cFZ919 Q*es g2°1 "
| } ZH2913 501 52°1 o {21 m
“914H02  84-0d HAYW  T08MAS |
A a a & e A A w.d L
q“

P N e S T SR W .



1T
T

._3'.'\1'."-1'\1'."-10“\](\]
e dedh g do i A - o
LL.' IS RV a9 I Y |
> T LTITITITX
Svdvﬁ—tﬁv-lﬂﬁ

500 NIMEM

D romnrnn
" e o LN s o O
LD =MD
3 WWT™mNN

LIMOWIWLWOILWN
DD DD

¢ % o 0 4 e 8 o

b 4

T

b

(A ]

LAY ]

PL-P 1.8

1-0

9.8

~0.4

1.2 0.8 0.4 8.9

1-6
DISTANCE FROM BASE,

2.4

2.8

XD

M=1.65

(d).

Figure A6:

cont'd

VR,




-+
-+

19 NI NI
e e e A
(@ PIEAEIPIR NN
>ITITITIXIX
'D—-lv-ﬂo-ﬂv-(v-lv-‘v"

S WNNADWD M

g.:',l'))ollf)—“fl\-
.. 8 & 8 o 8 ® &
Lj":)f‘?“)'?)'ﬂ'?m
L WDwerrMmo)

T WL
;_‘f\.f-r\-r\-rhrbr\-

FRITRE
r -l
U
RV T ALY
n
' l
\ A a 2 a e g 2 Y-
w ~r 8Y) 9D (53] Y - AV D
Y [ ] [ ] - . [ ] [ ] ° [
N 8] (Y] N - -t - - -t
Q.
N\
wd
Q.
113

e ¥ o kbl e

0..9 "’9.4

6.4

2.9 1.6

2.4

X7D

DISTANCE FROM BASE,

M=1,75

(e).

Figure A6:

cont'd




ECEIRNPRIRTRRCIC., PRTE LN T8 IR Y8

- o TR T ———
<
L ]
2 i v - ™ -~ v F—_-ﬂ O
[}
o
[ ]
e ®
<
-
r ©
. >+
Y Dt IAVTAYIAV T4} 1aV AT .
P Covvaocere ®
wrard PRSPPI
z‘I'I‘I\I@'I‘IG
[ vt i et ot et vt vt vt
S -
Y]
D_nJ.r-u')-DO‘-OmM
. @ % e e & o 9 @ L")
; ' BD =D T 00 .
P o -P-WDTMN -y
@
DODIIDIDD °
f 500200000 N
1 I s o 8 s 0
-_.—_“-J'f‘-](\ll\lf\llf\lNN
<
[ ]
p S N
W e A
~ =
v m
o5
} &
{4} )
Y < d @ Q@ YO b o @ [s1)
L ] * L] L] L ] L ] . L ] - L ]
N N N N vt - - - - )
a
\
- |
&.
114

X7D

DISTANCE FROM BASE,

M=2.0

(£).

Figure A6:

concl'd.

el 2 Rt I it i s L e i o s

F bt ai.

N TN Py = WP TORNPAVESEPR

. i A L e il




*ZfVIg uoj3ean8jjuo) °s813qUNU YOER WER1J8 9313 SNOTIEA
18 uoyINQFiISFp @2anssaad Lpoq uo OoF3Iev1 3ingsaid rojernwys 3af TewIOU JO ID3IIT LV 2an3f4d
6°0=K (®)

gsx 43sva WO¥4 3ONULSIA
»'e- ¢°6 | ) 8°80 et 9°I 8°e | 8°¢e A

r n g - g v v v v v Oto
I T 41 &0
f {01
, 1711
F 4 2°1 }
. g3 j
4714 1
| T {e1 ;
p > 3 d non _
ervia 2°8¥ 86°0 2>
b g ervig 8°9%¢ 06°@ ¢ 1 9°1
ervig 9°1L 86°8 X
ervig 6°22 66°0 +
$ 2rong E°ET 86°9 o {2 M
*9I4M0D 8d-3d HIHW F08HAS M
= = A S & 4 - — Qou “

Mt ket s . e 3 s b i 0 et

P - e N




:
w
m
W

*p,3uod 7y 3andyg
0 1=k (9
Q/X ¢3su8 WOX4 IONVLISIQ
r°o- 0°0 »°‘0 8°e c’l 91 B°e | A 8°2 2°’t
r T r v - T v v - 8°¢
S 9 m-&
3 1 Qu"
, 111
b 4 Wou -
L 1 £°1
d/\d

s 1 ¢°1
f 1 {s°1

grvta | 04 ¢ ee°l >
p ervig 2°9¢ 06°1 ¥ 1 9°%

crvig 6°2E At

efyig 2°22 v
b 8 crvig 9°¢l 9°1 o 1 2°1

*OI4HC 8d4-3d HIWW F08UAS

; — 4 I — A A s - 00“




m *p,3ucy  :/y 31814
| St i=K " (3)

W ga/x ‘3598 HO¥4 3INYLISIC

| bg- ©6°@ | A ) 8°8 21 9t e°‘¢e | A 8°2 2°t

w ~ T -— v v v v — v 8’6
w

w

16°@

10°1

1 1°%

{121

1 £°1
d4/d
1 #°1

16°1

{1 9°t

{2 |

. a

JU I0AHAS

F manalions b e A ' semadhungms e g8°t

o
o
N
(8]
Q.
o of




e o i3 Tt e e

1

LY naiciaicioicies

P e Bor e Jow Joe I B |
FECITITLXE

Q-l«—!v-lodu‘—‘“

ODRDNOIMD®

Prtremmamon

\".l....

O NOMWDM0N

o M=OONMM
-4 ol g

THDINDOVNY
LWVVWVLYVLVVWY

> ¢ @ @ @ & & & @

2.6

2.4 ¢

2.2
2.9

1.6

PL/P1.8

113

L
s riok TR

'9.4

Q.4

DISTANCE FROM BASE, X-/D

1.2

PRy W

2.4 2.9 1.6

2.8

M=1.65
cont'd.

r
3.2

(d).

1.2
1.0
8.8
Fiugre A7:

1.4

TR T s A e e thEG o Bk




®
T Laiciairinios 4
u"""""."’ﬁ'ﬁﬁ"
SITTLITICTE
O T 4 T ot ot ot et wmd
OHODAMN @M
& 1
os ]
0 NOD D OOM
‘W % ¢ e 8 0% 0 O
ONVVIHWCDU'\N
b & M-S Oifew™ 1
*of g ot
L TRONOOOD 4
LPOETDIDOND
® & & ® 2 & 2 0
S aiaIaiN
o ~
Q
Vo+ xmvAum
P
o
b ’
v <« N 3] W < N - ] @®
» - . - . . . . .
& N A N - - -t - ®

PL-P1.8 }

119

L 4

®
)

n
-

L J
P
-

[ ]
)

(=]
®
o -~

=
™
~E

e 0O
-

x

o

e
©

o w
-

-

<

P

o R

[ ]
~°
<

[ ]
o~
o

[ ]
~
~

®
™

M=2.0

(e).

Figure A7:

cont'd.

y

PE—




L
) 4
Yoty
w2 =™
-v-Q'QIc( » Lo e
c*ﬂo“.—lﬂﬁ -l
C 00 00 30 10 00 G0 QI
L
o]
&‘D“w“"ﬁmm
\ e @« @ © & & » @
Omo:r..v.-smqh. )
< 00 DN
ot ot od
rOTOAROED <
Juvuvuvuwu)uvtwiﬁ
e @ @ o s 2 0 O
S NN NNN
- 4
Q
Do+ v um
x .
o
Y
A A A 2 a4 B v - A
< o L=\ @ W < N -] ®
[ J [ ] * L] e [ ] G L L]
N N N - vt - - - . )
a.
N
-d
Q.
120

2:8 204 2.9 1!6 102 0.8 9.4 000 "9.4
DISTAKCE FROM BASE, X-/0

3.2

M=2 50
concl'd.

().

Figure A7:

PR TSI

o bt st i f o AN e

{
1
1
4
§



T Ty - T Tyt T g - t E .,
" e acaikitn I T T T e gy e g - e 7o
e - .- - —a - .

*€SV1g uofieinsjjuo) ‘uorInqraIsfp 3ianssoad £poq uo 1oje[nufs swnid pyios Jo 3023J3 8V 34n3id
‘ oY% 0=K (%}

w asX *35Y8 WO¥4 3INYLSIA

,_ b°e- 0°0 »°0 8°0 e°t 9°Y e°e v°e 8§°2 g 4

ﬂﬂ T v v v v v aan v 3°@
. 1 {40
: f | PP o - r-= —0- —0 {1 6°1
b 1t 1 1°1 B
[ v
i 1 {21 _
b L J ’ M-.d m
d/d
i 1 {1 ¥’
i T 1 8°1
- ¢ { 9°t |
i £8YI12 3INNTd GIT0S O¥°0 o { 2V |
ﬁ *a13N0D 44734 HOYW  T0BHAS w
h — W oh & A 4 & S —— Qoﬂ




. - e e e g ; :
- R g . o : - Hﬁﬂ« ey Yl

e, P

*p,Iuds gy aIndp4
06°0=h (9
g% $35Y8 WCd4 IFONYLIBLd
b°e- ©0°0 v°e g8°e 21 91 6°2c »°e 8°¢c 2 >

— - - v v ~y v 8°0C
g Lﬁ “ mao
P + - - N wal) ) m.w
L 4 4 1°1
, $ 12°t -
p o< 4 nOM
d/d
< - i ¥t
p <& 4 moﬁ
- 4 § 9°t
+ £5YTE  3INNTd GITGS el°e hd 1 ¢2°1 3
ﬁ *314N0J 8d7/3d HIUR  WauAS ]
r g P—N N eeadion, ol swund N S | 00“ h




S e e — . —
1
m *p,3uU0> 8V 21n314
06°0=H " ()
_ Qs/xX >35Y8 HOWd 3IINVLSIA
»°6- 6°0 ¥°8 8°8 2°t 9°% 8°2 $°2 8°2 2°¢

N - . . — S— ' 8°0
{
: b < 4 6°0

- {106°t

- i 1°1

L {12t -

s {e°1 _
w d/d ;

! { vt
W
m L + {5t w
w T 1 {91 M

.G— £8Y1d 3WNId Q1108 B6°8 +

! } | 0 £SUTE 3WN1d GI10S 26°8 0 121
A ~  *S14N0D 8d-04 HOUY  T0BKAS ;
w, , . . — . . 8°1
, ]
w 1
m {
.. m




;
'
i
t

£ rrn e Ry g e e e ot 7

yo-

g2

b'e

g/X 43sY8 WO¥d 3ONYLSIQ

e’

9°1

8¢

| 4

‘p,3uod
00" 1=K

8°¢e

‘Y 3andy4
“(P)

e°t
8°6

i A A g e

A d

g—

A 2

.

v

v

v

124

d4/d

et




" . - S - - R T G TR T i S =T = it - s~ .
w"” — - My = T, ey e o e T e g iR

. asX ¢3s¥a WO¥d 3INYLSIQ
. se- @8 ve 8@ 2T 91 ez vz 6% 2°c

4‘ v P — v v v v

d/d
X {1 »°1

A

L + £eYT8 3WNTd 41105 81° % o
8d/Jd HOYN  08HAS

, - — U - —— — - - l g°3

ORI

o N e Bt ki . > . i P




]ﬂ.&. . . s s, e e o e e i e et et g et et o e e

{ *p,3uod gy 3andy g
0Z°1=H *(3)
ds% ‘3svd NO¥Z IINVLSIA
p°a- 6G°€ | A 8°¢ e’ 9°t g°e v 8°¢e e’t

g ™ e v v - ——p— —e 8°®

p - 4 m.g

1 6°%

126

dsud
{ vy :

16°1




i S T e
- — et N
gl il ™ ‘ T e g I e e e e A a e L ..’l
- - - . - .- - . - C e = - o - . i i N .
e e e e e e e e et Bori ottt s e e, b e
¢

‘p,3uod gy aan3dyyg
€9'I=H " (%)
asX 13548 WO¥4d 3IINYLISIQ
v'e- 86°¢ 8°e e°'l 8°t e°¢e v°e 8°e et !
- 8’@ |

e g v e e s e

¥ T —y— -y — v v v

s 0 {1061

R TTT Yem s s e
v
A

s ) F ¢

! 1 el

e
A

4 8°1 >

, 4 5 8°1d7Wd
, 4 {1 6e°e
w ! 4 ] 22
P .
| ] oianes Earad O fhek sk 1"
i b e — — 9°¢2

s . i




s SO
TN ITRRE. T TP N

*p,3uod gy ¥indyjJ
0°Z=H (%)
ds/X 3svd WO¥4 IONYLSIA
v°e- 0°0 b°e 8°e e’ 9°1 e°e pee 8°2 2°’t

r - ——r v REREES — 8°0
3 4 e — — . et
f 1 {21
1 + {»
i ) | | 9¢7 -
[ 1 {81 m
r 1 ez _“
¢ 3 {22

VT AL SR

|
.J




r——— v - I R TR T gy T T T ¢ e . .., L e - T TN e , .

*p,Touo> :gV 21N 4
. G =K ‘(1)
Qs ‘35vd WO¥d IONVLIBiIQ . .
v°e- 6°0 v°8 8°‘e el 9°1 e°e vee 8°¢e e no.o

1 6°1

1 ¢°t
1 #»°1
{1 9°1 o

{8°1d7Wd

1 0°¢

— 9°2 :

r
s




s . ’ o - TR Skiiiiag R T IR T e e

; A r
‘g o="u/Ma ‘Crgz="@ ‘/'7= K :9yzvld wor3Ieandfjuc) ‘55— 30
joe3le jo aI8ue e 3B UCTINGTIISTP 2INSS3aId Apoq uo 3inssaid Te3z03 33f jo 309334 6V 2andTg
06°0=ik °(®)
ds¥ 435y8 WOWd IFINVLISIC
p°d- €6°¢ v°8 8°9 ' A ¢ 9°1 8°2 | A4 8°e e°’t

T e - ¢ v v v v g 8°0

R & 41 6°0

, ] et
B 4 1°%

1 ¢’}

g £°1
w 4/ m
p 1y M
w g u
1 1 opz¥1g 91221 869 3 {91 |
} 9rzutls 6 8¥l 86°d X :
S 5018 S8 ece o {2
*DI4NO3 €6d4/9d HOYH  J08HAS !

T R




YT

v°e

e s e

b T TR T T

T T T I G T Y g e e 1o

*p,3uod :gy 3an2y4

ST 1=k " (Q)

gs% ‘3s5vy8 WOMd4 3ONULS1Q

8°9 2°1

9t 0°e *°e 8°e 2°'t

v

Dornow

N
©
Q.
X
(&)
. o
x

v ) 4 L o v

TJOaNHAS

i

i it

walh SR

8°0
6°6
e°t
1°t

et

131

£°1

d/d

&°t

9°t

e°t

8t

D it 1ot £t o PP WPR i o

R R A 73

i

M
i
1
:




SN Chald - T T R ¥ T g Y Y TN TR T T W T T T I P T e R T A T T S e [ A ST S ey T e T Sy i,y -

§
3
]
q
]
1

W.
“

R Y

132

s

. a2




DISTKIBUTION

Office of secretarvy ot Detense
OUSDRE/TWP/Land Wartfare, Rm 3E1025
The Pentagon

Washington, D.C. 20301

Attn:  Dr. James Richardson

Commander
U.S. Army Muteriel Development and Readiness Command
5001 Eisenhower Ave.
Alexandria, Virginia 22333
Attn:  DRCIRD-1, Bobh Schleger
DRCDL

Commander

U.5. Army Rescarch and Dovelopment Command
Dover, New Jersey 07801

Attn:  DRDAR-LCA-F, A. ifocb

Director

U.S. Army Acromechanics Laboratory

Ames Research Center

Motfett Field, California ¢4G35

Attn: Dr. lrving C. Statter, Mail Stop 215-1

Weapons Systems Concepts Team
Aberdecen Proving Ground, Maryland 21010
Attn: Mr. Miles Miller, DRDAR-ACW

Commanding Officer
Air Force Armament Laboratory
Belin Air Fofce Rase, Filowrida 32542
Attn:  Mr. C. Butler
Mr. P, Howard
Dr. D. Daniel

Arnold Engineering uand Development Center
Arnold Air VForce Station, Tennessee 37389
Attn: Library

Mr. R.C. Baucer

Air Force Flight Dynamics Laboratory
Wright-Parterson Air PForce Base, Ohio 45433
Attn:  FDCC, Mr. Val Dahlem

T B TR W T

No. of
Copics ‘ 1




DYSTRIBUTION (Continued)

Commanding Officer
U.S. Naval Surface Weapons Center
White Oak Silver Spring, Maryland 20910

b Attn: B. Piper, W-A2l
%i F. Moore
b Library

U.S. Army Armament Research and Develonment Command
Ballistic Rcsearch Laboratories
Aberdeen Proving Ground, Maryland 21005

} Attn: Dr. Charles Murphy

NASA-Langley Research Center
Hampton, Virginia 23665
Atin: Mr, Bill Corlett
: Mr. Peter Covell
} Mr. Charles Jackson
Library
} Commanding Officer and Director
} Naval Ship Research and Development Center

Carderock, Maryiand 20007
Attn: Aeruvdynamic Laboratory

\ NASA-Ames Research Center
Moffett Field, California 94035
Attn: Library

NASA-Lew Research Center
Cleveland, Ohio 44135
Attn: Library

NASA-Marshall Space Flight Center
Marshall Space Flight Center, Alabama 35812
Attn: Dr. W. Dahm

Mr. J. Sims

Library

U.S. Air Force Academy
USAF Academy, Colorado 80840
Attn: DFAN Capt. Brilliant

Philco Corporatinn

Aeronutronic Division

Ford Road

Newport Beach, California 92663

Attn: Technical Informaticn
Services-Acquisitions
Mr. Fred Hayes

134

IR T N R T i mul

No.

Copies

[ N R T Y

of




G B ao

DISTRIBUTION (Continued)

Rockwell International
Columbus Aircraft Division
4300 East Fifth Avenue
Columbus, Ohio 43216

Attn: Mc. Fred Hessman

Sandia Corporation

Sandia Base Division 9322

Box 5800

Albuquerque, New Mexico 87115
Attn: Mr. W. Curry

Purdue University
Lafayette, Indianua 47907
Attn: Or. J. Hoffman, Propulsion Center

University of Tennessee
Space Institute

Tullahoma, Tennessee 37388
Attn: Dr. J.M. Wu

University of Alabama
Departnent of Aercspace Engineering
University, Aliabama 35468
Attn: Dr. J.0. Doughty
Dr. E. Bailey

Jet Propulsion Laboratory
California Institute of Technology
4800 Oak Grove Drive

Pasadena, California 91109

Attn: Mr. Robert Martin

Commander

U.S. daval Ordnance Station
Indian Head, Maryland 20640
Attn: Mr. N. Seiden

Commander

U.S. Naval Weapons Laboratory
Code 3243

China Lake, California 93555
Attn: Mr. Ray Smith

Arvin Calspan Advanced Technology Center
P.0. Box 400

Buffalo, New York 14225

Attn: Mr. C.F. Reid

135

No, of
Copies

.




DISTRIBUTION (Conuinued)

Commander

Naval Ship Research and DPevelopment Center
‘Bethesda, Maryland 20034

'Attn: Mr. Dale Chaddock

University of Missouri at Columbia
Department of Mechanical Engineering
Columbia, Missouri 65201

Attn: Dr. D.E. Wollersheim

University of Illinois
College of Engineering
Urbana, Illinois 61801
Attn: Dr. A.L. Addy

Dr. H.H. Korst

Dr. R.A. White

Engineering Library

Johns Hopkins University
Applied Physics Laboratory
Silver Spring, Maryland 20910
Attn: Dr. L. Cronvich

Mr. Gordon Dugger

Mr. Tisserand

University of Notre Dame

Department of Aerospace Engineering
Notre Dame, Indiana 46556

Attn: Dr. T.J. Mueller

Naval Ordnance Systems Command
Washington, D.C. 20360
Attn: Mr. Lionel Pasiuk, ORD-035A

For transmittal to:
TTCP

Boeing Company
P.0. Box 3707
Seattle, Washington 98124
Attn: Library Unit Chief
Mr. R.J. Dixon
Mr. H.L. Giles

Convair, A Division of General Dynamics Corporation
Pomona, California 91776
Attn: Division Library

Nielson Engineering and Research, Inc.
850 Maude Avenue

Mountain View, California 94040

Attn: Dr. J.N. Nielson

136

No. of
Copies

[ O S

Fo=

ERFRTII BV DD P T S

O D e i o e a1y i) B




Rt sl

DISTRIBUTION (Continuerd)

Hughes Aircraft Company
Florence Avenue at Teale Street
Culver City, California 90230

Attn: Documents Group Technical Library

Ling-Temco-Vought Aerospace Corp.
Vought Aeronautics Division

Box 5907

Dallas, Texas 75222

Attn: Drv. R. James, Unit 2-53330

New Technoiogy, Inc.
4811 Bradford Blvd.
Huntsville, Alabama 35806
Attn: J.H. Henderson

R. Singellton

Lockheed Missiles § Space Company

luntsville Research & Engineering Center

4800 Bradford Blvd.
Huntsville, AL 35806

Lockheed Aircraft Corporation
Missile and Space Division

P.0. Box 504

Sunnyviale, California

Attn: Tecbknical Information Center

The Martin-Marietta Corporation
Oriando Division

Orlando, Florida 32804

Attn: Gene Aeillo

Hughes Aircraft Company

Bldg. CP-13

Canoga Park, California 91304

Attn: Dave Carlson, Mail Station T-94

McDonnell-Douglas Company West
5301 Bolsa Avenue

Huntington Beach, California 92646
Attn: Library A3-328

McDbonneil-Douglas Corporation
P.0. Box 516
St. Louis, Missouri 63166

Northrop Corporation
Electro-Mechanical Division
500 East Orangethrope Y20
Anaheim, California 92801
Attn: Mr. E. Clark

137

RV

No. of
Copies

, “:? S ».)’t{‘;n,» - el = o
oL SRR -




]

T R A o S Ry Y

R o Saas & S e

DISTRIBUTION (Continued)

Emerson Electric Company

8100 Florissant

St. Louis, Missouri 73136
Attn: Mr. Robert Bauman

Commander

U.S. Army Missile Command
Redstone Arsenal, Alabama 35898

Attn: DRSMI-FR, Mr.

Strickland

-LP, Mr. Voigt
-R, Dr. McCorkle

-RD

-RKD, Mr.

-RDK, Mr.
Mr.
Mr.
Mr.
Mr.
Dr.
Mr.

-RBD

-KPR

Deep
Landingham
Brazzel
Burt
Pettis
Martin
Walker
Dahlke

-RPT(Record Copy)
DRCPM-RSES, Mr. Sullivan jfb

/anLp!JAJZO
= ;”")-n,q_j f,p.,uuf S l

v (’," PYRE
/T-LJlﬁJQ”
e 2

Erhi é;"‘”~

138

No.
Cop

[

—
—_ U o e o e e e D b (N e b e

of
ies

FRRpRpTY

P O L PR PP S,

i kb

il o

Py




