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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

A METHOD FOR DESIGNING LOW-DRAG NOSE-INLET—BODY
COMBINATIONS FOR OPERATION AT MODERATE-
SUPERSONIC SPEEDS

By Robert R. Howell
SUMMARY

An experimental investigation in the Mach number range from 0.8
to 1.4 and a related analytical study have been made of the drag charac-
teristics of axially symmetric nose-inlet—body combinations and their
equivalent bodies according to the transonic area rule. It was found
that pressure-drag equivalence can be obtained between an axially sym-
metric nose-inlet—body combination and a body of revolution having a
cross-sectional-area development equal to that of the inlet body minus
the cross-sectional area of the entering free-stream tube for inlet mass-
flow ratios at least as low as 0.7. It was also demonstrated that the
equivalent-body concept is an effective means of obtaining low-drag nose-
inlet—~body combinations of practical proportions for use at moderate
supersonic speeds.

INTRODUCTION

Since the conception of the transonic area rule (ref. 1) much work
has been done in efforts to establish the scope and limitations of its
applicability. With regard to its applicability to air inlet configura-
tions, the drag characteristics of some complex ducted configurations
(refs. 2 and 3) have been examined in the light of the area rule and
have been found to be at least qualitatively explainable on the basis
of the longitudinal area development of the configurations.

Recently, quantitative agreement at Mach numbers up to 1.4 has been
shown attainable between the pressure-drag variation of an axially sym-
metric nose-inlet—body combination and its equivalent body according
to the transonic area rule (ref. 4). These results are of particular
interest inasmuch as pressure-drag equivalence was obtained at Mach num-
bers substantially greater than 1.0 with the use of the transonic area
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rule. On the basis of experimental results available on unducted con-

figurations, the transonic area rule would be expected to work only at

Mach numbers close to 1.0. (See ref. 1.)

The present investigation was undertaken to provide a careful check
on the equivalence obtained in reference 4 and to demonstrate the effec-
tiveness of the transonic equivalent-body concept as a basis for designing
low-drag nose-inlet—body configurations. The equivalent body, for this
case, was considered to be a body of revolution whose cross-sectional-
area development was that of a corresponding nose-inlet—body combination
less the cross-sectional area of the entering free-stream tube. In addi-
tion to an experimental investigation, a related analytical study was
made to help explain the pressure-drag equivalence obtained experimentally
at Mach numbers greater than 1.0.

The experimental investigation consisted of drag measurements on
an arbitrary nose-inlet—body combination operating at inlet mass-flow
ratios of 1.0 and 0.7 and its equivalent bodies according to the tran-
sonic area rule. The tests were conducted in the Langley transonic blow-

down tunnel at a Reynolds number of about 12 X 106 based on model length
and at O° angle of attack. The Mach number range for the tests was from
0.8 to 1.4l1. .

SYMBOLS

A cross-sectional area
CDyp total-measured-drag coefficient, DT/ qoF

) Pp - Po)A
CDb base~drag coefficient, Do = - ( o) L

LF %F
CDin internal-drag coefficient (includes base drag), Din/qu
Chext external-drag coefficient, Cpgp - Cpy o©r CPT - Cpy
ACDext difference in CDext at any Mach number and Chext,
at My = 0.82

Ap/a pressure coefficient
D drag, 1b -
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X
Subscripts:
o}

i

diameter of body

maximum frontal area of mj/m; = 1.0 equivalent body

ratio of local total pressure to free-stream stagnation
pressure

length of body or forebody

free-stream Mach number

PiViAg
PoVoAy

inlet mass-floﬁ ratio,
static pressure

radius

dynamic pressure, pV?/2
density

velocity

axial distance from nose leading edge

free stream
inlet

base

closed body
ducted body
maximum

total
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ANATYTICAL CONSIDERATIONS

The theory of reference 5 has been used to calculate for a Mach num-
ber of 1.41 the shapes of minimum-drag axially symmetric forebodies. The
s0lid curves of figure 1 represent the shapes so obtained for a minimum-
drag closed forebody or projectile tip of fineness ratio 6.0 and for two
nose-inlet—forebody configurations having inlet to maximum diameter
ratios of about 0.4 and 0.6 which bracket the range of practical interest.
The minimum-drag inlet shapes are for an inlet mass-flow ratio of 1.0.

From the transonic equivalent body concept for air inlets, two other
nose-inlet—forebody shapes having the same ratios of inlet to maximum
diameter were derived from the longitudinal area distribution of the
minimum-drag projectile tip of figure 1. The longitudinal distribution
of cross-sectional area less the cross-sectional area of the entering
free-stream tube of these inlet bodies is the same as the longitudinal
area distribution of the closed forebody. The closed forebody or pro-
Jjectile tip is referred to as the equivalent body. These nose-inlet—
forebody shapes are presented in figure 1 as the dashed lines. As can
be seen, the difference in shapes of the forebodies obtained by the two
design procedures is very small. The maximum difference at full scale
would be of the order of 0.25 inch. Rough calculations indicate that,
if an equivalent forebody fineness ratio of at least 3.5 is maintained,
the two design procedures should, for all practical purposes, give the
same shape regardless of the ratio of inlet to maximum diameter of the
inlet body. It is, therefore, indicated that an axially symmetric nose-
inlet-—=body combination having a longitudinal area distribution the same
as that of a minimum-drag equivalent body should also be a minimum-drag
configuration. This does not imply, however, that the value of pressure
drag for all ducted configurations derived from a given area distribution
will be the same as that of the equivalent body. A comparison of the
pressure drag of nose-inlet—~forebody combinations obtained with the
equivalent-body concept with the pressure drag of their nonducted equiva-
lent bodies can be inferred from the theory of reference 5 inasmuch as
the body shapes obtained with.the theory are so nearly the same as the
shapes obtained from equivalent area distributions as indicated in
figure 1.

The calculated pressure drag of nose-inlet-—forebody combinations
of varying ratios of inlet to maximum diameter are presented in fig-
ure 2 in terms of the ‘drag of the equivalent body of figure 1 from which
they were derived. It is obvious that, for a value of dj/dpax = O,

which corresponds to the closed projectile tip or gquivalent body, the
drag ratio is 1.0. For increasing values of di/dmax’ the inlet diam-

eter dj incfeases and, theoretically, goes to infinity for the condi-
tion of dj/dygx = 1.0 since the area development must be maintained.

The configuration corresponding to this condition (di/dmax.= l.O) is
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obviously a stove pipe having zero pressure drag. For the conditions con-
sidered (Mo = 1.41 and 2.0; a = 0°), it is seen that the pressure drag of

a ducted forebody is always somewhat less than that of its equivalent non-
ducted forebody. However, for practical nose-inlet—body design consid-
erations, that is, values of di/dmax up to about 0.6 and Mach numbers

up to about 1.5, close agreement in pressure drag can be expected between
the axially symmetric nose-inlet—body combination and its equivalent
body if equivalent bodies of relatively low pressure drag are considered.

Although the difference in pressure drag between the practical inlet
body and its equivalent body is indicated to be small, it may be of inter-
est to see why this difference does exist. Figure 5 presents a compari-
son of the theoretical pressure distribution over a closed parabolic body
of revolution of fineness ratio 12.5 and a nose-inlet—body combination
having the same longitudinal area development. The pressure-coefficient
calculations were made in a manner similar to that of reference 6. The
inlet body has a ratio of inlet to maximum diameter of 0.6 and, of course,
is operating at an inlet mass-flow ratio of unity. The calculations were
made for a Mach number of 1.41 with o = 0°.

The differences in pressure drag indicated in figure 2 result from
differences in pressure distributions such as those shown in figure 3.
The marked differences at the extremities of the bodies result from
large differences in surface slope. The particular values of pressure
coefficients presented in figure 3, which were obtained for a parabolic
equivalent body of revolution and corresponding ducted body, do not
necessarily correspond to the theoretical values for the forebody shapes
considered in figures 1 and 2. The comparison between the ducted and
closed bodies in figure 3, however, should be similar to a comparison of
the forebody shapes considered in figures 1 and 2. TFor a body which
closes to a point, such as the one used in figure 3, the differences in
pressure distribution on the forebody and afterbody are approximately
compensating and leave the drag of both configurations nearly the -same.
If only the forebody and its pressures are considered, pressure-drag
results comparable to those indicated in figure 2 are obtained. Although
the calculations made are for a Mach number of 1.41, it is clear that
the pressure distributions for the two configurations will not be iden-
tical even at a Mach number of 1.0. As was pointed out previously, how-
ever, the actual pressure-drag difference is small even at a Mach num-
ber of 1.41 and the trend with Mach number indicates that, for all prac-

tical purposes, the difference would approach a negligible amount at a
Mach number of 1.0.

Another point to be noted from figure 3 is the improvement in pres-
sure gradient over the afterbody of the inlet configuration resulting
from the reduction in. surface slope. This improvement in pressure gradi-
ent may have a favorable effect on the drag of the body in a viscous
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fluid, although it should be noted that the wetted area of the inlet
body will be greater than that of the equivalent body.

The major points to be made from this analytical study are that it

- should be possible to design low-drag nose-inlet—~body combinations for

operation at moderate supersonic speeds from the transonic equivalent-
body concept and that the inlet body should never have greater pressure
drag than the equivalent body from which it was derived. For practical
configurations, pressure-drag equivalence can apparently be expected for
supersonic Mach numbers up to at least 1.4,

MODELS

Equivalent body, mj/mg = 1.0

The equivalent body was arbitrarily selected as Lighthill's theo-
retical minimum-drag body (fig. 4). The shape of the body, which had a
fineness ratio of 12.5, is defined by the equation

1/2
% = (%)ma.x(\ll - x2 - x2cosh™t %)

In order to provide sufficient inlet 1lip thickness to permit the construc-
tion of the corresponding nose-inlet-——body combination, a hemispherical
nose shape was added. The radius of the hemisphere was 0.2 of the maxi-
mum radius of the body. Reference 7 indicates that a hemispherical nose
shape of such small radius should have negligible effect on the drag
characteristics of bodies at moderate supersonic speeds. After removal
of a portion of the afterbody to allow insertion of an internal strain-
gage balance and sting, the test equivalent body fineness ratio was 10.2.
The body was constructed of wood and had a plastic external finish. The
external shape and dimensions are presented in figures 4 and 5 and

table I. : ‘

Nose-Inlet—Body Combination

The area distribution of the inlet mass-flow-ratio-1.0 equivalent
body was added to an imaginary cylinder to obtain the external shape of
the inlet body; that is, the entering free-stream tube was handled in
the same manner as in references 3 and 4. The ratio of inlet to maximum
diameter was chosen to be 0.53% with a resultant total fineness ratio
of 8.9. The external shape and ordinates are presented in figures 4
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and 5 and table I. The internal open-area distribution is shown in fig-
ure 6. A sketch of the model in cross section (fig. ) shows the details
of the internal ducting arrangement. For the tests at an inlet mass-flow
ratio of 0.7, an internal constriction was used to obtain the reduced
flow rate. The model was constructed of stainless steel and had a highly
polished external surface.

Equivalent Body, mi/mo = 0.7

The area distribution for the mi/m0 = 0.7 equivalent body was

obtained by removing from the cross-sectional area of the nose-inlet—
body combination the cross-sectional area of the entering free-stream
tube at the mi/m0 = 0.7 condition. This removal of area results in

an equivalent body having a blunt nose as shown in figure 5. The model
was constructed of wood with a plastic external finish. The external
body ordinates are presented in table I.

Reference 3 suggested the possibility that pressure-drag equivalence
between an inlet body and its equivalent body for the reduced-inlet mass-
flow-ratio condition could be attained only if the growth of the entering
free-stream tube ahead of the inlet was considered part of the area
development of the inlet body. Some tests were made to investigate this
possibility. The growth in cross-sectional area of the entering free-
stream tube was estimated by using the theory of reference 8 to locate
the inlet bow shock and by making an arbitrary fairing between the shock
and the inlet 1lip. The longitudinal growth of cross-sectional area of
the entering free-stream tube obtained was reproduced as spikes which
were placed ahead of the blunt-faced equivalent body for some of the
tests. Splkes designed for My = 1.25 and M, = 1.L0 (fig. 4) were

tested. An arbitrarily rounded nose ahead of the blunt-faced equivalent
body was also tested.

APPARATUS AND TESTS

The models were sting-mounted in the wind tunnel at 0° angle of
attack (figs. 4 and 7). The angle of attack of the model was established
by means of a sensitive inclinometer and was unchanged for the tests.

Total-pressure measurements were made at the exit of the inlet body
by use of a 13 total-pressure-tube rake which was clamped to the sting
and was free of the model (fig. 4). The distribution of total-pressure
tubes is shown in figure 8 and typical total-pressure measurements are
presented in figure 9. The static pressure at the base of the models
was measured by inserting an open-end tube through the center of the
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sting into an open section of the balance. For the equivalent bodies,
the pressure measured was the average pressure in the annular opening
around the sting in the plane of the model base. TFor the inlet body,
the pressure measured was the average in the annular opening between

the balance shield and the sting in the plane of the model base. (See
enlarged sketch, fig. L.) These static pressures were used to adjust
the base pressure drag to that corresponding to free-stream statié pres-
sure, and in the case of the inlet model, were used in conjunction with
the measured total pressures to obtain point values of momentum deficit
and mass-flow ratio. These point values were in turn numerically inte-
grated over the annular area of the exit to obtain inlet mass-flow ratio
and internal drag. :

For most of the tests with artificially fixed boundary-layer transi-
tion, a l/h-inch—wide band of 0.003-inch- to 0.005-inch-diameter carbo-
rundum particles was placed around the bodies 1/4.inch behind the leading
edge. TFor the mass-flow-ratio-1.0 equivalent body, a l/2-inch—wide band
was used. :

Most of the teéts were made in the Langley transonic blowdown tun-
nel. This tunnel has an octagonal slotted test section, 26-inches between
flats. The tests covered a range of Mach number from 0.81 to 1.41 and a

corresponding range of Reynolds number from 11.6 x 106 to 13.7 X 106 based
on model length. Because of the small ratio of model to tunnel size used,
tunnel-wall interference effects are thought to be negligible at subsonic

speeds (ref. 9). 1In the low supersonic Mach number range (between

Mg = 1.03 and M, ¥ 1.16), wall-reflected bow-shock effects prevent the

data from being comparable to free-air results. The effects of small
static-pressure gradients along the tunnel center line in the region of
the model at Mach numbers from 1.16 to 1.35 were eliminated by applying
buoyancy corrections to the drag data in this Mach number range. To
provide an experimental check on the accuracy of these corrections and
also to provide a guide in fairing the drag curves through the bow-shock~
reflection interference range, the ’mi/mo = 1.0 equivalent body was

tested in the langley 8-foot transonic pressure tunnel through a range

of Mach number from 0.90 to 1.21 at a Reynolds number of about 2.0 X 106
based on model length. The results of this test should be comparable

to free-air results except in theé Mach number range between 1.00 and 1.02
where the bow-shock reflection interfered with the model. Model condi-
tions for the two tests in the different facilities were the same except
for a difference in sting configurations which resulted in a slightly
different base-pressure drag.

The estimated maximum possible error in CDT’ CDext’ and M, . based

on the accuracy of individual measurements and the repeatability of data
is t0.002, *0.005, and t0.0l, respectively.
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RESULTS AND DISCUSSION

The measured drag components and inlet mass-flow ratios for the
.configurations tested are presented as a function of Mach number in fig-
ure 10. All drag coefficients presented are based on the frontal area
of the mi/mo = 1.0 equivalent body. Consequently, relative values
determined from comparisons of drag coefficients correspond to relative
values of drag force.

Approximate limits to the bow-shock-reflection interference range
are evidenced by the depression in the drag curves between Mach numbers
of about 1.03 and 1.16. Some data were obtained in the interference
Mach number range to help define the interference region. These data
are faired with dashed lines in figure 10, whereas the estimated
interference-free external -drag curves in this region are faired with
solid lines.

High Inlet Mass-Flow Ratio

Equivalent body, mi/mo 1. O. The results of the tests in the

Langley 8-foot transonic pressure tunnel were used as a guide to fair
through the reflection interference range for the mi/mo 1.0 equiva-

lent body (fig. 10(a)). Comparison of the data obtained from the two
test facilities indicates that the buoyancy correction applied to the
data of the Langley transonic blowdown tunnel is essentially correct,
and that the presented data should be comparable to free-air results
outside the bow-shock-reflection interference range.

Addition of a roughness strip at the model nose had negligible
effect on the external drag throughout the speed range. Schlieren
observations indicated that at supersonic speeds this effect was due to
an overexpansion at the nose of the model followed by a compression
shock which apparently fixed transition at the nose for these speeds.
An expansion around the hemispherical nose followed by an adverse pres-
sure gradient which fixed transition probably also occurred at subsonic

speeds although there are no pressure-distribution data available to
verify this possibility.

Ducted body, mi/mo = 1.0.- The maximum inlet mass-flow ratio

achieved (fig. 10(b)) was slightly less than the desired value of 1.0.
This probably resulted from a constricting effect due to boundary-layer
growth in the short length of constant-area duct which followed the inlet.
The length of constant-area duct was required to provide sufficient metal
thickness in the vicinity of the inlet 1ip to meet the model structural
requirements.
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The addition of a transition strip at the model nose had no effect
on the external drag at subsonic speeds, which is probably due to flow
spillage at the lower inlet mass-flow ratios around the relatively sharp
lip which prevented attainment of laminar flow. However, at supersonic
Mach numbers (where the inlet mass-flow ratio was close to 1.0), some -
laminar flow was apparently obtained.

Also shown in figure 10(b) are the supersonic drag coefficients for
inlet body III (mj/my = 1.0) of reference 10. The estimated fin drag
has been removed and the drag coefficients have been converted to a basis
corresponding to those of the present inlet body. The supersonic drag
level of the present inlet body was about 30 percent lower than that of
the reference inlet body which was the best nose-inlet—body combination
previously tested in this Mach number range. This large reduction in
drag should not be associated entirely with the present design procedure
since a major portion of the reduction could be accounted for by the
difference in fineness ratio between the two test models. The comparison
was made primarily to show the possible gains in performance through
more optimum inlet-body designs. :

Comparison of drag characteristics of inlet body and 1ts eguivalent
body, mi/mo = 1,0.- The pressure- and external-drag characteristics of .

the inlet body at a mass-flow ratio of 1.0 are compared with the charac-
teristics of its equivalent body in figure 11. The drag coefficients at
a mass-flow ratioc of 1.0 were obtained by means of a linear extrapolation
of the data presented in figure 10. The data for the transition-fixed
condition were used for the extrapolation in order to avoid the effects
of any possible shifts in transition point with change in mass-flow ratio.
As can be seen in figure 11, the variation of pressure drag with Mach
number for the two configurations was essentially identical. In additionm,
the absolute values of the external drag were also very nearly the same.
The small difference in drag that did exist between the two configura-
tions at subsonic speeds was about one-half the amount expected on the
basis of the difference in wetted area. This result, also obtained in
reference 4, is believed to be due to an improvement in pressure gradient
over the afterbody of the inlet configuration as previously noted in the
section "Analytical Considerations."

Reduced Inlet Mass-Flow Ratio

Comparison of drag characteristics of inlet body and its equivalent
body, mi/mo = 0.7.- The pressure- and external-drag characteristics of

the inlet body at a mass-flow ratio of 0.7 are compared with the charac-
teristics of its equivalent body in figure 12. As in the mass-flow-
ratio-1 case, pressure-drag variations with Mach number for the two con-
figurations were in good agreement. A maximum difference in pressure
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drag occurred at a Mach number of 1.4 and amounted to 0.02 in drag coef-
ficient. This small difference is within the experimental accuracy of
most test facilities. The absolute value of the external drag for the
two configurations was again nearly the same.

Effect of spikes.- It was pointed out previously that spikes simu-
lating the growth in cross-sectional area of the free-stream tube entering
the inlet at an inlet mass-flow ratio of 0.7 were tested in conjunction
with the mi/mO = 0.7 equivalent body to determine if this area growth

ahead of the inlet should be considered a part of the geometric area
development of the inlet body at reduced inlet flow rates. As can be
seen in figures 10(c) and 12, the major effect of the spikes was to
reduce the external drag of the equivalent body by about a constant
value throughout the test Mach number range. The variation of pressure
drag with Mach number, therefore, was the same with or without spikes.

Tests of the My = 1.4 design spike; the Mo = 1.25 design spike,

and of the arbitrarily rounded nose gave the same reductions in external
drag. The indications are, therefore, that the external drag reduction
was due to an improvement in surface slope at the blunt face of the

- equivalent body but did not depend on the detailed contour used. Appar-
ently, the reduction in surface slope and consequent reduction in turning
of the flow at the nose of the model reduced the adverse effects of local
boundary-layer separation that probably existed at the nose of the blunt-
faced equivalent body. ' '

Schlieren photographs of the flow at the nose of the inlet body at
a mass~-flow ratio of 0.7 and the mi/mo = 0.7 equivalent body for Mach

numbers of 1.1 and 1.3 (fig. 13) show that the presence of the spikes or
round nose did not alter to any significant degree the supersonic flow
field in the vicinity of the nose, which is consistent with the agreement
in pressure drag for the different nose shapes tested (fig. 12). Also,
note the agreement of shock location and similarity of basic flow phe-
nomena between the inlet body and its blunt-faced equivalent body,
especially at My = 1.3.

Performance

_A‘i: supersonic speeds, where the total-pressure recovery at the inlet
station is primarily dependent on Mach number, relative performance of
normal-shock open-nose-inlet—body combinations can be judged on the
basis of external-drag characteristics. The external drag at a given
Mach number can be determined from the drag at mj/my = 1.0 (minimum

drag) and the variation of drag with mass-flow ratio. A comparison of
the rate of change of external drag with inlet mass-flow ratio of the
present inlet body with the two best bodies of reference 10 is made in
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figure 14 for the Mach number range from 1.0 to 1.4. The slopes for the
present configuration were determined by using the data for transition
fixed to eliminate any effect of possible shifts of transition point.
Also shown in figure 14 is the theoretical additive drag of reference 11,
which is indicative of the maximum possible drag due to spillage.

It is seen that, in addition to having lower drag at mi/mo = 1.0

(fig. 10(b)), the present configuration also has lower values of the
variation of external-drag coefficient with inlet mass-flow ratio through-
out the Mach number range investigated, indicating a relatively large
improvement in overall performance.

CONCLUSIONS

An experimental investigation in the Mach number range between 0.8
and 1.4 with O° angle of attack and a related analytical study have been:
made of the drag characteristics of axially symmetric nose-inlet—body
combinations and their equivalent bodies according to the transonic
equivalent-body concept. The following conclusions are indicated:

' 1. Pressure-drag equivalence can be obtained between an axially
symmetric nose-inlet—body combination and a body of revolution having
a cross-sectional-area development equal to that of the inlet body minus
the cross-sectional area of the entering free-stream tube for inlet mass-
flow ratios at least as low as 0.7 and Mach numbers up to at least 1.4,

2. The use of the equivalent-body concept has been demonstrated as
an effective means of obtaining low-drag nose-inlet—body combinations
of practical proportions for operation at moderate supersonic speeds.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 19, 1954.
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Ducted Equivalent Equivalent
b 4 body, body, rT; body, r;
r mifmo = 1.0 mifmo = 0.7
0 0.3000 0 0.164
.018, .3048 . 054 L1730
.0%6’ .3085 .072 L1794
. 048 3112 .0826 .18%9
.072 L3127 .0882 .1865
.090 L3132 .0900 L1874
.100 .3139 .0923 .1885
.200 .3183 .1065 .1958
.280 .3218 L1164 .201L
.580 L3376 .1548 2257
.880 .3549 .1896 .2509
1.180 L3732 .2220 L2762
1.480 .3918 .2520 .3008
1.780 4101 . 2796 L3243
2.080 4285 . 3060 L3473
2.380 L4460 . 3300 . 3686
2.680 4622 .3516 .3881
2.980 L4779 .3720 o67
3.280 .4930 .3912 .h2h3
3.580 507k .hog2 o
3.880 .5201 4248 4555
4.180 .5%29 kol RIy(o)1
4.480 .5428 L4524 1813
4.780 .5519 L4632 .4915
5.080 .5589 h716 .Lhogl
5.380 .5640 L4776 .5051
5.680 .5660 .1800 .5073
5.980 .5640 ATT6 .5051
6.280 .5589 4716 .4999
6.580 .5519 L4632 L4915
6.880 .5428 s2lL 4813
7.180 .5%29 Lok 701
7.480 .5201 4248 4555
7.780 507k .4o92 430
8.080 .1930 .3912 hok3
8.380 LT779 .3720 L4067
8.680 622 .3516 .3881
8.980 L1460 . 3300 . 3686
9.280 4285 . 3060 L3473
9.580 101 L2796 .3243
9.800 ko7 .255 .3033
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Figure 1l.- Comparison of forebody shapes of ducted bodies obtained by
theory of reference 5 and those obtained by wrapping the area distri-
- bution of the projectile tip of reference 5 about cylinders equal to
the inlet area in cross section.
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Figure 2.- Variation of ratio of ducted forebody drag to closed equiva-
lent forebody drag with inlet to meximum diameter ratio for My = 1.41

and My = 2.0. « = 0°.

CONFIDENTTAL



NACA RM L54IOla

CONFIDENTTAL

16

‘0 =P fTH'T = W °3usmdoTSAS9D BaIE Teulpn3IduoT aues oy} JuTasy
AO.H = %w/Tu f9°0 = xdsd\ﬂ@v,QOﬂpmﬁnsoo £poq—199TUT-8S0U PUB UOTNT
-0Adx JO Kpoq orToqexsd JI9A0 UOTINQIILSTP ainssaxd Jo uostaedwo) -°¢ dandTd

g
0°1 ) g L 9* G 1 ¢ 2° T° 0

. ‘ . = .
p—— A
. ///ll - £poq POsOT)H

£poq pejong

80"~

o=

. _ < . o
Ay | | N /
/ \ . £poq paijond— — //// e

£poq Paso1d

30°

il

CONFIDENTTAL

ag €1uafoTIjo00 sansssad

9%




17

CONF IDENTIAL

NACA RM L5hIOla

.dm#mv# SUOT}BMITIUOD 99IYJ Y] JO YO39HS OT}BUmreISBT( - 4 2INITJ

pro7. ="y
LO SO O1shVY W07 =SSV
L ONILEDZSO AGO8 TFLIIT 30 ANFTTHAIDS7 A00&

I i 2
¢
L 1
RS N
* w0219
VEn.w
Somer 0960 ="
OV H0 Oy MOZr-sSpv ¥
LW PNILVPII O ATOE OFLINT 7D 4NF TN A20F
TIEHE ADOF =090 70
’, B - AP
—_— = =-_r -
< N
TTe=T—TO : —
DR A i A A
; . i iyt FIIN CIOIEHII _
FINSETRS =LYl E oD VLR ONIAOMHS Sy TG nisle N ) )
LIXF FO WYXOYIG TZOY INT ) ] so2ty ] #089€%
ik 4
gz ¥ %;W = _
a, T ”
O7IWS SINY P z = TONS TUNI -t
INVIE TN 28l o4y LO= N ML 8O
. AL ayReN/
owiLs TAYY NIV IN APOF 4 FINIFSON ORLING :
Y TSSO ~T 0l
D BN BRI N W e s (== o/ L ° Q T A
3 —-— - . LT TR il e P T e e e e e S TSP 4 Vo ! —_— —
N 1,0 ° S ¢ P
¥z -, _ o2y 089's
w7 ul T g 4 T " _
iy

CONFIDENTIAL



18

CONF IDENTIAL NACA RM I54I0la

L-841l41
Figure 5.- Photograph of the three bodies tested.
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L-83178
Figure T.- Photographs showing mi/m0 = 1.0 equivalent body mounted in
tunnel.
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Figure 8.- Distribution of'total-pressure tubes in exit measuring rake.
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Flgure 9 - Typical total-pressure measurements made at exit station for
the two inlet mass-flow ratios investigated.
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Figure 10. - Variation of measured drag components and mass-flow ratio of
. configuration tested with Mach number.
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Figure 10.- Continued.
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Figure 10.- Continued.
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(d) Ducted body (mi /Mo
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