@ https://ntrs.nasa.gov/search.jsp?R=19930088293 2020-06-17T07:42:32+00:00Z

RM L54D30a

NACA RM L54D30a

S

- CONFIDENTIAL Copy

NACAASE FILE
CORY

RESEARCH MEMORANDUM

&4
NORMAIL FORCE CENTER OF PREbSURE AND ZERO- LIFT Iﬂ%& 5

SEVERAL BALLISTIC-TYPE MISSILES AT MACH NU”MB&é 05

©
By Edward F. Ulmann and Robert W. Dunning z ?o' g
» ¥x &
o
Langley Aeronautical Laboratory ¥ 5
Langley Field, Va.

CLASSIFIED DOCUMENT

This mat rial contains information affec ting the National Defense of the Unitzd Stat within the meaning
of the espionage laws Title 18 U.S.C., Secs. 793 and 794, the transmiss: velation of which in any
mannetanunathoizdpe n is pri }ub(tdbylaw

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
Iuly 6, 1954

CON F I DENTIAL

., Sy "’:&}bs ;’ ‘, {Y



NACA RM L5k4D30a CONFIDENTTAL
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RESEARCH MFEMORANDUM

NORMAL FORCE, CENTER OF PRESSURE, AND ZERO~LIFT DRAG OF
SEVERAL BALLISTIC-TYPE MISSILES AT MACH NUMBER 4.05

By Edward F. Ulmann and Robert W. Dunning
SUMMARY

Tests were conducted at Mach number 4.05 to determine the aerodynamic
characteristics of several missile models having turbulent boundary layers
and to compare these results with available methods of predicting the
- aerodynamic characteristics. (The condition of the boundary layer was

determined by the china-clay-lacquer boundary-layer-visualization tech-
nique.) Normal force and pitching moment were measured through an angle-
- of-attack range of 0° to between 4° and 8°, depending upon balance 1limi-
tations, and at roll angles of O° and 45°; drag was measured only at O°
angle of attack. :

An analysis of the data indicated that the normal-force coefficients
and center-of-pressure locations of the finned bodies were essentially
the same for roll angles of 0° and 459.

The correlation of Grimminger, Williams, and Young for the bodies
alone and the same method plus the fin-body-interaction method of Nielsen,
' Kaattari, and Anastasio for the bodies with fins gave good predictions of
the normal-force coefficients and center-of-pressure locations. The
conical-shock-expansion theory underestimated the zero-1lift drag coeffi-
cients by 3 to 8 percent whereas the Newtonian flow approximation plus
" Prandtl-Meyer expansions overestimated the drag coefficients by about

the same percentages. .

INTRODUCTION

Several ballistic-type missile models have been tested in the Langley
9- by 9-inch Mach number 4 blowdown jet. The chief purpose of the tests
was to determine the normal-force characteristics and the center-of-
pressure locations of the missile configurations with turbulent boundary
layers to aid in the selection of body shape and tail fin size. The
determination of the drag of the configurations wherever possible and the
usefulness of various methods of estimating the aerodynamic character-
istics of the configurations were secondary purposes of the investigation.
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This paper presents the results of tests at Mach number 4.05 of

five missile configurations through an angle-of-attack range of approxi-
mately O° to 8°. Schlieren photographs of the flow about most of the
configurations were taken and motion-picture studies were made of the
boundary~layer flow over one configuration by the china-clay-lacquer
technique. The analysis includes the use of the predictions of the cor-
relation of Grimminger, Williams, and Young for bodies alone and for
bodies with fins, in which case fin-body interaction is predicted by the
method of Nielsen, Kaattari, and Anastasio.

SYMBOLS

normal-force coefficient, J%
q

pitching-moment coefficient, M
gsd

drag coefficient, q%-

normal force

pitching moment about the base
free-stream dynamic pressure
body maximum cross-sectional area
body maximum diameter

angle of attack, deg

roll angle, deg

drag of body with fins minus drag of body alone

Mach number
Reynolds number based on body length

fin thickness ratio
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Subscripts:
L large fins
S small fins

APPARATUS

The tests were conducted in the Langley 9- by 9-inch Mach number 4
blowdown Jjet, which is described and for which a calibration is given
in reference 1. The settling-chamber pressure, which was held constant
by a pressure-regulating valve, and the corresponding air temperature
were continuously recorded .on film during each run. Wire strain-gage
balances mounted on stings and located inside the models were used to
measure normal forces and pitching moments. Drag was measured by an
external strain-gage balance mounted inside the model-support strut down-
stream of the model.

MODELS

Bodies.- All the test bodies were bodies of revolution. Models A
to C were made up of cones of approximately 31.50 apex angle and frus-
tums of cones, had fineness ratios of 9.0, 8.5, and 8.2, and had a body
maximum cross-sectional area of 1.695 square inches (fig. 1). Model D
had a fineness ratio of 8.6, a body maximum cross-sectional area of
1.228 square inches, and consisted of an L-V Haack nose of approxi-
mately 37.7° nose angle, extending back to the maximum-body-diameter
position, and a circular-arc section which faired into a cone-frustum
tail.

Fins.- Two sizes of tail fins were tested, arranged in cruciform
patterns at the tail of the bodies (fig. 1(a)). The subscript S denotes
the small fins and subscript L denotes the large fins. Both sizes of
fins had double-wedge airfoil sections, triangular plan forms with leading-
edge sweepback of 600, and aspect ratios of 2.6. The larger fins had a
maximum thickness of Uk.4-percent chord located at the 68.4-percent-chord
station and an exposed area of 1.153 square inches per fin. The small fins
had a maximum thickness of 5.0 percent chord located at the 65.3-percent-
chord station and an exposed area of 0.799 square inch per fin.

Roughness .- The boundary-layer-transition strips were approximately
1/8 inch long in the sStreamwise direction and were applied around the
body and along the fin ridge lines, the leading edge of the strips being
located at the 62.8-percent-body-length station and 1/16 inch forward of
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the fin maximum thickness (fig. 1(c)). The strips were number 60 carbo-
rundum or 0.003-inch-thick cellulose tape as noted.

TESTS

Tests were conducted to determine the normal forces and pitching
moments of models Ay, Bp, Bg, Cj, and Dg in the smooth-surface condition

through an angle-of-attack range from 0° to between 4O and 8 as limited
by the load range of the balance. These models were tested at roll angles
of 0°, 45°, and 180°, two of the tail fins being in the angle-of-attack
plane at 0° and 180°. The drags of models A to C with and without both
sizes of tail fins and with smooth surfaces were measured at 0° angle of
attack at a roll angle of 0°. The base pressures were measured and the
drags were corrected to zero base-pressure coefficient.

In addition, the effects of carborundum boundary-layer-transition
strips at the 62.8-percent-body-length station and along the fin ridge
lines on the aerodynamic characteristics of model Dg were investigated.

The normal forces and pitching moments were measured through an angle-
of-attack range and motion-picture sequences. of the boundary-layer char-
acteristics at 0° angle of attack were obtained by means of the china-
clay-lacquer technique (ref. 2). The combinations investigated were as
follows: fins clean and a transition strip on the body, body clean and
transition strips on the fins, and transition strips on the body and fins.

The tests were run at humidities below 5 X lO“6 pounds of water
vapor per pound of dry air; these humidities are believed to be low enough
to eliminate water-condensation effects. Other test conditions are given
below:

Stagnation pressure, models A, B, and C, lb/sq in. abs . . « . . . 235
Stagnation pressure, model D, 1b/sq in. abs « « « o o o o « « o o 196
Stagnation temperature, models Ato D, OF . . . . . .+ . . . . 70 to &

Reynolds number:
MOGEL A o v v e e e e e e e e e e e e e e e e e e 25% 108
MOAEL B+ o o v o e e e e e e e e e e e e e e e e 23x 100
MOGEL C o o v e e e e e e e e e e e e e e e e e e e s o22x 206
MOGEL D v v e e e e e e e e e e e e e e e e e e e e e e o u17x 1205

The test-section static temperature and static pressure did not reach
the point where liquefaction of air would take place.

Schlieren photographs of the flow around the models were obtained
by use of a system incorporating & spark-discharge light source of approxi-
mately 1 microsecond duration.
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PRECISION OF DATA

The uncertainties involved in obtaining the aerodynamic coefficients
and the center-of-pressure locations have been analyzed. It was deter-
mined that the variation of stream Mach number through the tunnel test
section, which is about -0.01 per inch in the downstream direction, would
cause the experimental center-of-pressure locations to be about 0.1 caliber
too near the base of the body; however, this correction was not applied
to the data because of its small size and approximate nature. The prob-
able uncertainties in the data due to the above effect and the accuracy
limitations of the balances and the settling-chamber-pressure recorder
are listed in the following table:

T Y o I 0

Cm ® & o & e o e e e s e & & e e ° e & e e e @ lo * ¢ o o o o e o ) io 002
e et e e e e a 0.
CDmin @ ® & & s o e e o e e+ s e e+ e e 6 e s @ o 005

Center of pressure at a = 09, calibers upstream . . . . . . O to 0.15
Wy AEE o o ¢ o & o 4 4 o o o o s o 4 4 e e e e e e e e e ... 0.1

For the finned configurations, the stated accuracies in Cy and Cp

can be applied only to the average value of data obtained at roll angles
of 0° and 180° because of small inaccuracies in the angles of the tail
fins relative to the missile center line.

THEORETICAL METHODS

Body Alone

Normal force and pitching moment.- The problem of making theoretical
predictions of the normal-force and pitching-moment coefficients of bodies
of revolution as aerodynamically blunt as the bodies tested in this inves-
tigation has not been solved .to date. Accordingly, predictions of the
aerodynamic characteristics of the test bodies have been made by use of
the method of Grimminger, Williams, and Young (ref. 3), which is based on
an analysis of experimental results of a large number of tests of bodies
of revolution at supersonic Mach numbers from 2 to 4.31 and which has
given good predictions of the normal forces and pitching moments of ogive-
cylinder bodies at Mach number 4.06 (ref. k).

Zero-1lift drag.- Two methods were used to predict the zero-lift drags
of the bodies - the Newtonian approximation (ref. 3) using Prandtl-Meyer
expansions over the boattailed sections of the body, and the conical-
shock-expansion method as given by Eggers and Savin (ref. 5). The friction

CONFIDENTIAL



6 CONFIDENTTAL NACA RM L54D30a

drags were estimated by considering the body surfaces to be rectangular
surfaces with area equal to the body area and length equal to the body
length and having completely turbulent-boundary-layer flow. The method
of Frankl and Voishel extended as presented by Rubesin, Maydew, and Varga
in reference 6 was used to compute the skin-friction coefficients.

Body With Fins

Normal force and pitching moment.- The increment in normal-force
and pitching-moment coefficients due to the addition of the tail fins to
the body was predicted by the method of Nielsen, Kaattari, and Anastasio
in reference 7. These increments were added to the body-alone predic-
tions of reference 3 to obtain the body-with-~fin predictions.

Zero-1ift drag.- The zero-1ift drag of the finned body was estimated
by adding the drag predictions of the body alone at 0° angle of attack to
the predictions of fin pressure and friction drag. The interference drag
was assumed to be zero. Since the fin-leading-edge shock was attached
(fig. 2), the pressure-drag coefficient of the triangular fins was assumed
to be equal to the theoretical shock-expansion two-dimensional drag coef-
ficient; this assumption was found to be justified by the analysis pre-
sented in reference 8. The fin friction-drag coefficient was calculated
using the same theoretical methods as for the body alone by assuming
boundary-layer transition at the ridge line of the fin. However, later
tests showed that such transition did not occur.

RESULTS AND DISCUSSION
The Effects of Boundary-Layer-Transition Strips on Boundary-Layer

and Aerodynamic Characteristics

It is known that ballistic-type missiles will be operating with a
turbulent boundary layer over most of the body. Therefore, it was desired
to obtain data with a fully turbulent boundary layer over the boattailed
section of the body. It was predicted, on the basis of other tests in
the Langley 9- by 9-inch Mach number 4 blowdown jet, that the body bound-
ary layer would be naturally turbulent over the boattailed section of
this model but transition strips were added to make certain of having a
© turbulent boundary layer. Schlieren photographs of the flow around the
body and boundary-layer-visualization tests of the configuration with and
without roughness were made to determine the nature of the boundary layer.
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Schlieren photographs.- The schlieren photographs of the flow around
the configurations indicated that the boundary layer over the body became
turbulent at some point upstream of the 2.2-caliber station, the upstream
1limit of the schlieren field of view (fig. 2) . The photographs also indi-
cated that the addition of a carborundum roughness strip at the body-
maximum-diameter station did not noticeably change the appearance of the
boundary layer.

China~clay-lacquer tests.- In order to check the indications of the
schlieren photographs regarding the body boundary layer and to determine
the fin boundary-layer condition, boundary-layer-visualization tests
using the china-clay-lacquer technique were made. Motion pictures of the
tests were taken and representative frames from the film sequences are
shown in figure 3 to illustrate the following discussion of the nature
of the boundary layer on the body and the fins. The tests of the con-
figuration without roughness on the body indicated that transition from
laminar to turbulent boundary-layer flow on the body occurred at about
the 0.8 caliber station. This effect was noted visually after each rum,
since this station on the body was not visible in the camera field of
view. The portion of the body from the_0.8-caliber station to the maxi-
mum diameter was observed to dry more rapidly (became white sooner) than
that part of the body back of the maximum diameter (fig. 3(a)), probably
because of the thicker boundary layer on the boattailed portion of the
body as shown in the schlieren photographs (fig. 2). The addition of a
transition strip of carborundum particles around the body at the maximum-
diameter station had little effect on the relative drying rates of the
forward and rearward portions of the body (fig. j(b)); thus, no change
in the boundary-layer conditions was indicated. The indications of the
schlieren photographs, that transition of the boundary layer occurred
well forward on the body and that the addition of a transition strip had
no effect on the boundary layer, were therefore substantiated by the flow-
visualization tests.

Looking now at the fins, it was concluded that the boundary layer
was laminar over the fins outboard of the effect of the disturbance from
the intersection of the fin leading edge and the body boundary layer,
because this region dried more slowly than the section of the body for-
ward of the maximum-thickness location, which had turbulent boundary layer
over it (see especially upper tail fin (fig. 3(a)), t = 21 seconds) .
Furthermore, the outboard section of the clean fins was often still wet
(dark) at the conclusion of a run, as was the section of the body forward
of the 0.8-caliber station; therefore, both surfaces had laminar boundary
layers. The flow did not separate from the fins during any of the runs,
as indicated by the fact that the rear panels of the smooth fins never
dried more slowly than the forward panels.

It was concluded, therefore, that the boundary layer over the boat-
tailed section of the smooth body was naturally turbulent and that no
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flow separation occurred from the fins. The addition of roughness thus
appeared to be unnecessary and should have no effect on the model forces
and moments. '

Force tests.- In order to check the conclusions drawn from the
boundary-layer-flow-visualization tests, force tests on the same body-
fin configuration were run with and without similarly placed transition
strips. The results of these force tests at 0° roll angle with and with-
out carborundum transition strips on the body and the fins in all possible
combinations (fig. 4) generally showed no significant differences in the
normal-force or pitching-moment curves for the various configurations.
Less extensive tests at a roll angle of 45° indicated no significant
differences in the data obtained with and without transition strips on
the body and the fins, or in the data obtained at the two roll angles
with the same transition strip configurations. It was therefore con-
cluded that the addition of boundary-layer-transition strips to the other
models was unnecessary.

Comparison of Experimental and Predicted Results

The experimental and predicted values of the normal-force and
pitching-moment coefficients and the center-of-pressure locations of all
the configurations without boundary-layer-transition strips are presented
in figures 5 and 6 and table I.

Normal-force and pitching-moment coefficients.- The method of ,
Grimminger, Williams, and Young (ref. 3) gave very good predictions of
the body-alone normal-force coefficients of the four bodies tested at
angles of attack up to about 3° (fig. 5). The predictions were not as
accurate at the higher angles of attack, being up to 10 percent higher
than the experimental values in some cases. The variation of pitching-
moment coefficient with normal-force coefficient of the four bodies alone
was also predicted accurately by the method of reference 3.

Good predictions of the normal-force and pitching-moment coefficients
of the finned bodies at the lower angles of attack were obtained by com-
bining the predictions of the methods of references 3 and 7. At the
higher angles of attack the normal-force coefficients were overestimated
and the pitching-moment coefficients were underestimated. The combina-
tion method predicted no effect of roll angle and no effect on the experi-
mental data of changing the roll angle can be seen in figure 5.

Center-of-pressure location.- The method of referénce 3 predicted
the center-of-pressure locations for models A to C without tail fins
within 1/2 caliber of the experimental location and predicted the center-
of-pressure locations for model D within 1 caliber of the experimental
location (fig. 6). (The center-of-pressure locations at a = 0° were
determined from the slope of the pitching-moment curves.) The predictions
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of the center-of-pressure location of the finned bodies by the combina-
tion method were very good - within 1/L4 caliber of the actual location -
throughout the angle-of-attack range. The center-of-pressure locations
for the ¢ = 450 condition are very slightly forward of the center-of-
pressure locations for the ¢ = 00 condition; however, the difference

is nearly within the probable accuracy of the data and thus cannot be
considered significant.

Drag at zero 1lift.~ The Newtonian method described in reference 3
plus an estimated skin-friction drag slightly overestimated the zero- .
lift-drag coefficients of the bodies alone (table II), whereas the conical
shock-expansion method (ref. 5) plus the estimated skin-friction drag
slightly underestimated the zero-1ift-drag coefficients. The increments
in drag due to both the small and the large fin were predicted within the
probable accuracy of the data. In all cases the predicted increments
were somewhat higher than the experimental values, probably because the
root sections of the fins were operating in a relatively thick boundary
layer. (See fig. 2.) For the bodies with fins the blunt-nose configura-
tion (model CL) had 80 percent more drag than the finer-nose configura-

tion with the same length midsection (model A1) and this increase in drag

coefficient was predicted within about 10 percent by both the Newtonian
method and the conical shock-expansion method.

SUMMARY OF RESULTS

The analysis of the results of tests at Mach number 4.05 of missile
configurations having turbulent boundary layers over most of their length
and comparison of these results with several methods of predicting the
aerodynamic characteristics of the missiles indicated that:

1. The normal-force coefficients and center-of-pressure locations
of the finned bodies were found to be essentially the same with the four
tail fins oriented in vertical and horizontal planes and when rotated 45°
"from that position.

2. The method, of Grimminger, Wiliiams, and Young gave good predic-
tions of the normal-force coefficients and center-of-pressure locations
of the four missile bodies alone.

3. The method of Grimminger, Williams, and Young plus the fin-body-
interaction method of Nielsen, Kaattari, and Anastasio gave very good
predictions of the normal-force coefficients and center-of-pressure loca-
tions of the finned-body configurations.
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L. The conical-shock-expansion theory underestimated the zero-1ift

dfag coefficients by 3 to 8 percent whereas the Newtonian flow approxi-
mation plus the Prandtl-Meyer expansions overestimated the drag coeffi-
cients by about the same percentages.

Langley Aeronautical Laboratofy,‘

National Advisory committee for Aeronautics,
Langley Field, Va., April 19, 19k.
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TABLE IT

ESTIMATED AND EXPERIMENTAL MINIMWM DRAG COEFFICIENTS OF

MODELS A TO C

[@:: h.05; R=22x 106 to R=25% 106; base-pressure coefficient::Eﬂ

o Cp, body | Cp, body | ACp due | ACD due
Source b ? plus small | plus large to small | to large
: ody alone fins fins fins fins
Model A
Conical shock- ] '
expansion method 0.115 0.126 0.131 9.011 0.016
Newtonian method
with Prandtl- .122 133 .138 011 .016
Meyer expansion
Experiment .118 .128 132 .010 ) .01k
Model B
Conical shock
expansion method 0.112 0.123 0.128 0.011 0.016
Newtonian method'
with Prandtl- .119 .13%0 .135 011 .016
Meyer expansion
Experiment .117 .125 .128 .008 011
Model C
Conical shock-
,expansion method 0'195 . 0-206 0.211 0.011 00016
Newtonian method
with Prandtl- 225 236 241 .011 .016
Meyer expansion
Experiment 213 .223% 225 .010 012
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Model A
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3.829———— |
. 8,781
10.531 1. R
12.406 {
Model ¢ - o
~
g’ R 090 3
~ - Y
}
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10.088 1,231 |
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Model D 7
4030" ©
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T
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o}
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2\ d = 1.250"
g = cos'l(l ~ 2L—x) = 13

(a) Model dimensions. Dashed lines indicate small fin.

Figure 1.- Models. All dimensions are in inches.
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Model BS

Model Cg

(b) Photographs of models Ag, Bg, and Cg.

Figure 1.- Continued.
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L-76081

Model Dg mounted on the normal-force and pitching-moment balance.

L-76082

Close-up of carborundum transition strip.

(c) Photographs of model Dg.

Figure 1.~ Concluded.
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No roughness
(= 1/29
Model Dg

Zero flow

Model Dg

No roughness

Roughness on body
o= =1/2° oC =00
Model Dg Model Bg L—85661

Figure 2.- Schlieren photographs of models Dg and Bg. M = 1O
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O Body clean
Body alone A Transition strip on body

0 Body and fins clean
6l < Transition strip on body -
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Body -~ fin A Transition strip on fins -
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A and fins .
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25

Figure k4.- Effect on the normal-force coefficients and pitching-moment

4coefficients. of adding transition strips to the model D body and
fins, singly and in combination. M = 4.05; R = 17 X 106.
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(a) Model A,. R = 25 x 10P.
Figure 5.- Variation of normal-force coefficient with angle of attack and

pitching-moment coefficient with normal-force coefficient for models A1,
Br, Bg, Cp, -and Dg. M = 4.05.
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Normal-force coefficient,
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(b) Model Bj,. R = 23 x 106.
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(c) Model Bg. R = 23 x 100.

Figure 5.~ Continued.
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Normal-force coefficient,
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Figure 5.- Continued.
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(e) Model Dg. R = 17 x 106.

Figure 5.- Concluded.
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