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FLiEﬁT MﬁAﬁUﬁ%ﬁENTs OF -DRAG AND BASE PRESSURE OF A
FIN-STABILIZED PARABOLIC BODY OF REVOLUTION
(NACA RM-10) AT DIFFERENT REYNOLDS NUMBERS
AND AT MACH NUMBERS FROM. 0.9 TO 3}3

By H. Herbert Jackson, Charles B. Rumsey,
: and Leo T. Chauvin

SUMMARY

Free-flight tests have been made to investigate the total drag and
base drag at different Reynolds numbers of full-scale and half-scale
models of an NACA research model designated the RM-10. The general shape
of the body was a parabola of revolution of fineness ratio 12.2 with a
blunt base ‘to prov1de space for the rocket jet. The models were stabi-
lized by four 60° sweptback fins mounted at the base of the bodies.

. The Mach number range of the tests was approximately 0.9 to'3.3.
The ranges of Reynolds number, based on body length, were from 1k X 106

to 210 X 10~ for the full-scale models and 15 X 10~ to 110 X lO6 for the
half-scale models.

The results show that the total-drag coefficient for both models
reached a maximum at transonic speed and gradually decreased over the
entire supersonic range, while the base drags were a maximum at tran-
sonic speeds and a minimum at about Mach number 1.2 for the supersonic.
speed range. '

It is indicated that there was at most, only small effect on the
total-drag coefficient of the configuration at a given Mach number due

specifically to reductions in Reynolds number of 20 X lO6 to 120 x 106

over the Reynolds number range from 4O X 106 to 210 X 106. The base-:
drag coefficient of the half-scale models was 25 to 50 percent lower
than that of the full-scale model. The difference in base-drag coef-
ficient would account for practically all the difference in the total-
drag coefficient of the twd models, indicating small effect of Reynolds
number changes at a given Mach number on fore-drag coefficient over the

Reynolds number range of the tests. This would be expected from the present
. A A "#;.(3:4' -
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knowledge of skin friction in this Reynolds number range. The difference
in base-drag coefficient was possibly due to either the difference in
Reynolds number at a given Mach number or to differences in the internsal
base configuration between the full-scale and half-scale models. Part

of the decrease in total-drag coefficient with increasing Mach number
over the higher portion of the Mach number range was doubtless due to
"the reduction of skin-friction coefficient with increasing Mach number.

INTRODUCTION

As part of an NACA program of supersonic research, the Langley
Pilotless Aircraft Research Division has made a series of flight tests
at its Pilotless Aircraft Research Station, Wallops Island, Va., to
investigate the drag at different Reynolds numbers of a fin-stabilized
parabolic-arc body of revolution designated the NACA RM-10. This
investigation is part of a coordinated program including also tests of
the same configuration in various wind tunnels in order to assess the
effects of. Reynolds number on drag characteristics. Data from the
Lewis 8- by 6-foot supersonic tunnel are given in references 1 and 2.
The change of Reynolds number in the present tests was obtained by
using models of identical configuration but of different scale and by
boosting the models to obtain various altitude-velocity relationships.

Reported herein are zero-lift total-drag data for nine models of

- the same configuration. Base-drag data were obtained on five of these
models. Five of the models were half the scale of the other four, which
are designated full-scale models. Some of the models were used concur-
rently for investigation of heat-transfer and boundary-layer phenomensa
at high Reynolds numbers in supersonic flow.

The Mach number range of the data presented is from approximately
*0.85 to 3.30 for the full-scale models and 0.90 to 3.02 for the half-

scale models. The Reynolds number ranges were from 14 X 10° to

210 X lO6 for the fpll-scale models and 15 X lO6 to 110 X 106 for the
half-scale models. These Reynolds numbers are based on body length.

SYMBOLS

CDT total-drag coefficient, based on maximum cross-sectional area
of the body (0.785 sq ft for full-scale and 0.196 sq ft
for half-scale)

CDB' base-drag coefficient, based on maximum cross-sectional aresa
of the body
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R Reynolds number, based on body length (12.2 ft for full scale
and 6.1 ft for half scale)
M Mach number
b - P
<é£> base-pressure coefficient <£E———£g
9 /base q

Pp base pressure

P, ambieﬁt static pressure
q dynamic pressure

D diameter

MODELS AND TESTS

The general configuration and body equations of the test models
are given in figure 1. A photograph of the full-scale model is shown
in figure 2 and photographs of both the full-scale and half-scale models
in launching position are shown in figure 3.

The bodies were of parabolic-arc profile, the basic parabolic
shape having a fineness ratio of 15. Cutting off the pointed stern at
81.25 percent’of the full length to allow space for the rocket Jjet'
resulted in an actual body fineness ratio of 12.2. The four stabilizing
fins were equally spaced around the stern. Their plan form was untapered
end sweptback 60° with a total aspect ratio of 2.04. They had a
10-percent-thick circular-arc cross section normal to the leading edge.
The thickness ratio in the streamwise direction was 5 percent.

The full-scale model had a body length of 12.2 feet and a frontal
area, on which the drag coefficients are based, of O. 785 square foot.
The half-scale model had a length of 6.1 feet and a frontal area of
0.196 square foot.

The models were all metal in constructioﬁ, utilizing spun magnesium-
alloy skins and cast magnesium-alloy tail cones to which the fins were
attached. :

All models carried internally a sustainer motor; one full-scale
and all half-scale models also utilized various booster rocket motors
to obtain high Mach numbers. The rocket motors used and meximum Mach
numbers reached are given in the following table:

PO AR 2
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Sustainer Total Booster - Total
Models rocket motor |IMPUlSe | nocket motor |imPulse Mmay
(1b-sec) (1b-sec)
: . e | memieee |2,
Full-scale 1,2,3 |6.25-inch ABL
: Deacon used 19,800 6.25-inch . =
Full-scale & in all models ABL Deacon 19,800 [3.45
' : .25-inch ’
Half-scale - A : 3 1,720 [1.6
° Mk. 7 ’
) Modified
Half-scale - B 3.25-1nch o-inch HVAR | ) 900 |2.1
aLt-sea Mk. 7 used L1204 ™ 15 ghtveight »9
— in all models : :
Half-scale - C,D,E | 6-25-inch 19,800 |3.1
_ ABL Deacon

The variation of Reynolds number with Mach number obtained in the
tests is shown in figure 4. Two curves are shown to represent the Mach
number -Reynolds number relation for the full-scale models, one depicting
the variation for the unboosted models 1, 2, and 3, and the second the
variation for the boosted model 4. There are three curves shown for the
half-scale models, since each of the three types of booster rockets used
resulted in a different altitude-velocity relation during flight. As
can be seen, for a given Mach number the test Reynolds numbers of the
unboosted full-scale models were approximately twice those of the half-
scale models, while for the boosted full-scale model the Reynolds num-
bers were roughly equivalent to those of the half-scale models.

Data were reduced for the decelerating portion of the flight tra-
Jectory after rocket-motor burnout. Trajectory and atmospheric data
were obtained from the NACA modified SCR 584 radar tracking unit and by
radiosonde observations. Velocity and total drag were obtained from
the CW Doppler radar as described in reference 3. Also, total drag and
base drag were reduced from data telemetered to a ground receiving sta-
tion by instrumentation incorporating a longitudinal accelerometer and
a pressure cell.

Base pressure was measured inside the afterbody between,the rocket
nozzle and the skin by an open-ended tube located in the full-scalé and
half-scale models as shown in figures 5 and 6. The annular area around
the rocket motor at the base was sealed from the forward part of the
body to prevent internal air flow. The base-drag coefficient was com-
puted as equal to the product of the base-pressure coefficient and the

éllllllll'llllk;



ratio of the base area to the body frontal area, which is 0.367. This
assumes that the measured base pressure acts over the entire area of
the base. - :

ACCURACY

Total-drag coefficient.- The random -scatter of the total-drag
coefficient points for any one model is very small, as can be seen in
figures 7 and 8, even though some difference is eapparent between the
results of different models of the same scale. The results of models
of the same scale do, however, determine a mean curve of total-drag
coefficient from which the maximum discrepancy in total-drag coefficient
at any supersonic Mach number is *0.008 or approximately +3.5 percent
for the full-scale models and *0.015 or approximately +6.5 percent for
‘the half-scale models. The accuracy of the mean curves is, however,
believed to be much better than these maximum discrepancies, probably
" being around #0.005 over the supersonic speeds for both the full-scale
and half-scale models. The accuracy in the transonic and subsonic
speeds is somewhat less, probably being about #0.0l.

Base-pressure and base-drag coefficient.- The frequency response
(ratio of recorded pressure to actual pressure) of the base-pressure
measuring system, from the end of the base-pressure tube through the
pressure instrument, was one up to frequencies of approximately 3 cycles
per second and 5 cycles per second for the full-scale and half-scale
models, respectively. Since the only oscillation in base pressure was
that which occurred through the transonic speed range and had a fre-
quency of approximately 1/5 cycle per second, these relatively low fre-
quency responses were satisfactory. The time-lag constant for the
pressure system of both models was less than 0.0007 second. At the
lower Mach numbers investigated, the base-pressure-coefficient data are
subject to rather high systematic errors, since the quantity (Pv. - Po)

is of the same order of magnitude as the reliability of the telemetered

base-pressure measurements. Although the systematic errors in <§2>
base
may be large, the scatter of the data indicates for transonic speeds a
prbbable accuracy of +0.03 in (éE)
' 9./vase
- factor, an accuracy of #0.0l1 in Cpg- The probable accuracy of Cpp

at M ='2.5 is $0.003.

or, because of the area-ratio

Model contours.- The body coordinates of the test models were
within 0.020 inch of the design values and the surfaces were smooth and
highly polished at the time of launching. Changes in surface conditions
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due to heating during flight are believed to have been small since the
design of the models is such as to hold irregular "expansions to a
minimum.

RESULTS AND DISCUSSION

Drag results for the full-scale and half-scale models are presented
over Mach number ranges of 0.85 to 3.30 and 0.90 to 3.02, respectively,
in figures 7 and 8. Both total-drag coefficient Cpp and base-drag

coefficient ,CDB are based on the maximum body frontal areas.

Total-drag coefficient Cpy as obtained from the Doppler radar is

shown to as low a Mach number (i.e., distance out) as was covered by
that instrument. At lower Mach numbers Cpp was determined from telem-

etered drag-accelerometer data except for full-scale model 2 and half-
scale models C and D which experienced telemeter failures.

Good agreement in total-drag coefficient is shown in figure 7
between the boosted and unboosted full-scale models. This agreement
in Cpp, obtained in tests of greatly different Reynolds numbers, indi-

cates that the effects of Reynolds number change at a given Mach number
on the drag of this configuration are small over the range 40 x 10

to 210 X 10”. This is also indicated by the agreement in Cdp of the

half-scale models whose Reynolds numbers at a given Mach number were
also somewhat different. The mean Cpp curve for the full-scale models

shows a maximum Cpp of 0.26 at Mach number 1.0k, gradually decreasing

to 0.21 at Mach number 2.5, and then decreas1ng more rapidly to 0.17 at
Mach number 3.3. The mean curve for the half-scale models shows a
maximum Cpp of 0.25 at Mach number 1.05, gradually decreasing to O. 19

at Mach number 3.0. Measurements of boundary-layer characteristics
made on the full-scale configuration, which are as yet unpublished,
also show a significant decrease in friction-drag coefficient w1th
1ncrea51ng supersonic Mach number.

The curve of the base-drag coefficient CDB for the full-scale

models, presented in figure T, was computed from base-pressure measure-
ments made on only one model. The base-drag coefficients as determined
from half-scale models A, C, D, and E determine a mean curve which shows
roughly the same characteristics, though lower values than those of the
single full-scale model. Both show a maximum coefficient in the tran-
sonic range and a minimum at about Mach number 1.2 for the supersonic
‘speed range. As can be seen from.the curves, the Cpp for the



. full-scale model has'an average value of approximately O.04 and the

half-scale mean curve has an average value of approximately 0.025.
This difference in Cpg may be due to either the difference in

Reynolds number at a given Mach number or to the difference in internal
base configurations, which are shown in figures 5 and 6. As can be
seen, the internal volume from the base forward to the base-pressure
measurement tube contained between the rocket motor and the skin is as
much as seven times as great, relatively, in the full-scale models as
in the half-scale models.

- The measured base-pressure coefficient Cé2> from which Cpg

i . \4 base
was calculated is shown for both full-scale and half-scale models in

figure 9 along with a calculated curve of CQE ~ for full-vacuum

2 /base
base pressure,

For comparison of the results obtained at different Reynolds num-
bers, arbitrarily averaged curves of total-drag and base-drag coeffi-
clents for both the full-scale and half-scale models are shown in fig-
ure 10. It can be seen that the curves of the total-drag coefficient
for both models are similar, with the full-scale curve being higher by
approximately 0.0l5 over the supersonic range to Mach number 2.5.
Beyond Mach number 2.5 the two curves approach each other, reaching the
same value of Cpp, 0.195, at Mach number 2.9. A comparison of the

base-drag curves again shows the full-scale values to be higher by
roughly 0.015 over the measured range and also shows that the curves
tend to converge at higher Mach numbers.

Subtracting the base-drag curve from the total-drag curve for both
groups of models yields curves of total drag of the forebody, including -
fins, The comparison in figure 11 of these curves shows that they are
"in good agreement, indicating at most, only small effect on the fore
drag due to the Reynolds number difference between the full-scale and
. half-scale tests over the range of Reynolds numbers covered. This might
. be expected from the compensating character of the two probable major
Reynolds number effects on body drag; that is, a larger percentage of
laminar boundary layer on the half-scale models, and a lower average
turbulent skin-friction coefficient on the full-scale body due to its
higher Reynolds numbers. Since the components making up forebody-plus-
fin drag were not measured individually, it was impossible to determine
the effects, if any, of Reynolds number change on these components.

. .
" - : 5 4 .
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CONCLUSIONS

The supersonic zero-lift drag of a parabolic body configuration
has been measured on both full-scale and half-scale models. The test
Reynolds numbers of the unboosted full-scale models were approximately
twice those of the half-scale models, while for the boosted full-scale
model, the Reynolds numbers were roughly equivalent to those of the
half-scale models. Within the limits of the investigation, the results
_indicated the following:.

1. The total-drag coefficient for both models reached a maximum at
transonic speed and gradually decreased over the entire supersonic
range, while the base drags were a maximum at transonic speeds and =
minimum at about Mach number 1.2 for the supersonic speed range with
relatively constant values over the rest of the supersonic range.

2. There is at most, only small effect on total-drag coefficient
of the RM-10 configuration at a given Mach number due specifically to
"reductions in Reynolds number (based on body length) of 20 X lO6 to

120 x lO6 over the Reynolds number range from 4O X 106 to 210 X 106.

3. The base-drag coefficient of the half-scale models was 25 to
50 percent lower than that of the full-scale model. This difference
may possibly be due to either the difference in Reynolds number at a
given Mach number or to differences in the internal base configurations
between the full-scale and half-scale models.

4. The difference in base-drag coefficients would account for
‘practically all the difference in the total-drag coefficients of the
two models, indicating that the effects of Reynolds number change on
the fore-drag coefficient at a given Mach number is small in the
Reynolds number range of these tests.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va,
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(a) Full-scale model.
L-60473

(b) Half-scale model with Deacon booster.

i
Figure 3.- Views of models in launching position. 63870
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Figure 9.- Comparisoh of base-pressure coefficient for the full-scale
and half-scale models with corresponding Reynolds number.
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Figure 10.- Comparison of total-drag and base-drag coefficients for the
full-scale and half-scale models.
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Figure 11.- Comparison of fore-body drag coefficients for the full-
. gcale and half-scale models.
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