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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AN INVESTIGATION OF THE DRAG AND PRESSURE RECOVERY
OF A SUBMERGED INLET AND A NOSE INLET IN THE
TRANSONIC FLIGHT RANGE WITH FREE-FALL MODELS

By James Selna and Bernard A, Schlaff
SUMMARY

The drag and pressure recovery of an NACA submerged—inlet model and
an NACA series I nose-inlet model were investigated in the transonic
flight range. The tests were conducted over a mass—flow-ratio range of
0.4 to 0.8 and a Mach number range of about 0.8 to 1.10 employing large—
scale recoverable free—fall models.

The results indicate that the Mach number of drag divergence of the
inlet models was about the same as that of a basic model without inlets.
The external drag coefficients of the nose—inlet model were less than
those of the submerged—inlet model throughout the test range. The dif-—
ference in drag coefficient based on the maximum cross—sectional area of
the models was about 0.02 at supersonic speeds and about 0.015 at sub—
sonic speeds. For a hypothetical airplane with a ratio of maximum fuse—
lage cross—sectional area to wing area of 0.06, the difference in air—
plane drag coefficient would be relatively small, about 0.0012 at super—
sonic speeds and about 0.0009 at subsonic speeds. Additional drag com—
parisons between the two inlet models are made considering inlet incre-—
mental and additive drag.

The maximum pressure recovery of the submerged inlet at subsonic
speeds agrees well with previous results. The maximum pressure recovery
diminished when supersonic speeds prevailed on the inlet ramp. The
amount of decrease was slight, being of the order of that anticipated for
the total-pressure loss through a normal shock at the maximum ramp Mach
numbers. The variation of the pressure recovery with mass—flow ratio is
in reasonable agreement with previous results.
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INTRODUCTION

In order to evaluate the performance of an air inlet, it is neces—
sary to know the drag associated with the use of the inlet as well as
the pressure—recovery characteristics. Pressure—recovery data for
inlets are generally available; however, only limited information is
available on the drag of inlets.

Considerable pressure—recovery information on submerged inlets at
subsonic speeds is given in references 1 to 5 and some data on the pres—
sure recovery of submerged inlets in the transonic range are presented
in references 6 to 8. Drag data on submerged inlets, however, are
limited to a few tests at low subsonic speeds (references 1 and 2).

The pressure recovery of open nose inlets throughout the subsonic,
transonic, and supersonic Mach number ranges is generally known (refer—
ences 9 to 16). Drag information on open nose inlets at subsonic speeds
are given in references 10, 11, and 12. Some drag data at supersonic
speeds are given in references 13 and 14, and the only available data at
transonic speeds are presented in references 13 and 16,

The purpose of the present investigation was to obtain comparative
drag and pressure—recovery data for a submerged—inlet model and a nose—
inlet model in the transonic speed range. The investigation was con-—
ducted with mass—flow ratios ranging from about 0.4 to 0.8 over a Mach
number range of about 0.8 to 1.10. Preliminary results of this investi—
gation, based on limited tests, were reported in reference 16, and are
also included herein.

The investigation was conducted with large—scale, free—fall recover—
able models in the desert regions of Edwards Air Force Base at Muroc,
California.

SYMBOLS
A total cross-sectional area of duct or ducts, square feet
Ay component of area, normal to free stream, square feet
C total drag coefficient <’ A '>, dimensionless
Dp 9 S
C internal d fficient D1 di ionl
DI J5l na rag coe en -QTS. » mensionless

i

R S——
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3
external drag coefficient <CDT — CDI) , dimensionless

D
inlet incremental drag coefficient < 3 = >, dimensionless

o)

S

i
additive drag coefficient < 3 AS ),dimensionless

o
duct depth at duct entrance, inches

total drag, pounds
external drag < Dy DI)} pounds

internal drag, pounds
additive drag, pounds
iniet incremental drag, pounds

viscous drag, pounds

boundary—layer parameter {: E———p—f (Ey~ H) dyJ , inches
- fo

total pressure, pounds per square foot

ram-recovery ratio, dimensionless
Mach number, dimensionless ¢

mass flow, slugs per second

P1 Ay V3
Po Al Vo

mass—Flow ratio < ) , dimensionless

static pressure, pounds per square foot

dynamic pressure < 1 poV2 >, pounds per square foot
2
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impact pressure (r - D), pounds per square foot

cross—sectional area of model at maximim diameter, square feet
local velocity in boundary layer, feet per second

local velocity outside of boundary layer, feet per second
velocity, feet per second

distance away from model outer surface, inches

boundary—layer thickness, inches

mass density of air, slugs per cubic foot

Subscripts

measured value at airspeed head
free stream

duct entrance (station 62 for submerged inlet, station 1 for
nose inlet)

station 86.5
station 97
station 134

station where alr discharged from outlet has returned to free—
stream static pressure

separate measurements at a given station

surface

TECHNIQUE AND MODELS

The present investigation was conducted employing the recoverable
free—fall-model technique described in reference 16. In this technique
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the model is released from a carrier airplane at about 40,000-feet pres-
sure altitude and accelerates in free fall to a Mach number of about 1.10
to 1.15. The speed of the model is then reduced by the extension of an
umbrella-type dive brake (shown on a model without inlets in ik 0 U0 [ I
When the speed of the model has been sufficiently reduced, a parachute is
ejected from a container aft of the dive brake and the model is lowered
to the ground at a speed of less than 50 feet per second.

The models employed in the present tests were a model without inlets
(figs. 1 and 2, hereinafter referred to as the basic model), a twin
submerged-inlet model (figs. 3 and 4), and a nose-inlet model (figs. 5
and 6). The models were all 211 inches in length (exclusive of nose-
boom length) with a fineness ratio of 12.4, and weighed about 1100 pounds.
The model fins were oriented for 0° incidence. The screws used to attach
the external skin were inserted flush to the skin, but were not filled
with any smoothing compound. The hangers used to attach the model to
the carrier airplane were retracted into the model, flush with the skin
when the model was released. The airspeed head employed on all models
is shown in figure 7.

The inlet of the submerged-inlet model (figs. 3 and 4) had a 7° ramp
with curved divergent walls (reference 1). Each entry had a cross-
sectional area of 13.62 square inches and an aspect ratio of 4. The
air-outlet design (fig. 4(c)) was based on the necessity of discharging
the air forward of the dive brake.

The inlet of the nose-inlet model (figs. 5 and 6) comprised, in the
nomenclature of reference 9, an NACA series I-35.8-600 nose inlet with
a l.5-inch-diameter airspeed boom (fig. 6) projecting from the center.
The area of the annulus was equivalent to the sum of the two inlet areas
of the submerged-inlet model. The model aft of station 102 was identical
to the submerged-inlet model.

It was considered that the size of the inlet models would be most
suitable for a drag comparison if the same amount of usable volume were
provided in both models. The nose-inlet model, being the same length as
the submerged-inlet model, had a greater surface area and volume than
the submerged-inlet model. The additional volume, however, was almost
entirely consumed by the additional ducting required for the nose inlet.

INSTRUMENTATION AND TESTS

The instruments employed in the models and the carrier airplane,
their purpose, ranges, and estimated accuracy are described in ref=-
erence 16.

b
s
|
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The instruments installed in the models consisted of an airspeed
and altitude recorder, a sensitive accelerometer for measuring total drag,
and recording manometers to measure various pressures. All instruments
were compensated for the temperatures experienced within the heated inte—
rior of the model.

The locations of the pressure tubes and orifices in the submerged—
and nose—inlet models are shown in figures 3 and 5, respectively. The
pressure tube and orifice instrumentation common to both inlet models
consisted of a total-pressure rake at station 86.5 (fig. 3(c)) for deter—
mining the pressure recovery and a total and static pressure rake at
station 134 (fig. 3(c)) for pressure measurements required to evaluate
the internal drag. Various sonic nozzles were installed in the ducting
with sonic throats at station 97 to control and measure the flow through
the ducting. Pressure orifices were installed in the throat at station
97 (fig. 3(a)) to check the presence of sonic flow at this station. The
duct instrumentation was installed in both ducts for symmetry; however,
only that in one duct was used for measurements in the present tests.
Orifices were installed along the center line of the ramp and lip sur—
faces of the submerged inlet to obtain the pressure distribution on
these surfaces, A rake was installed at the entrance to the nose inlet
(fig. 5(b)) to measure the influence of the nose boom on the pressure
recovery at the inlet. On one drop a boundary—layer rake was installed
at station 60 of the basic model to measure the characteristics of the
boundary layer for correlation with the pressure recovery of the sub—
merged inlet model. (Station 60 is the location of the leading edge of
the lip of the submerged inlet model.)

The pressure measuring system was designed to render any effects of
lag negligible. For longer lines, such as airspeed-head lines, the tub—
ing was 3/16—inch inside diameter. Shorter tubes were 1/8—inch inside
diameter.

Instruments were installed in a temperature—controlled compartment
of the carrier airplane to record atmospheric data during the ascent of
the airplane and to record the model release conditions. These instru—
ments consisted of airspeed and altitude recorders, a galvanometer and
resistance bulb thermometer for measuring atmospheric temperature, and
an instrument timer to actuate a common timing circuit.

During the ascent of the carrier airplane atmospheric data were
recorded at about 1,000—feet intervals. The airplane was oriented in
level flight at about h0,000—feet pressure altitude for the drop run.
The airplane and model instruments were placed in operation 10 seconds
prior to release to record the release conditions and to assure that the
model instrument motors were up to speed at the time of release. After
release, the model accelerated to a Mach number of about 1.1. Typical
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Reynolds number and Mach number variations during the free fall are
given in figure 8.

The tests included two drops of the basic model, one to evaluate
the drag of the model and the other to measure boundary-layer character-
istics at station 60. Both inlet models were tested with sonic-throat
to inlet-area ratios of 0.477, 0.683, 0.777, and 0.889 to determine the
drag and pressure recovery of the models over a mass-flow-ratio range of
about O.4% to 0.8. In addition, the submerged-inlet model was tested
with a sonic-throat to inlet-area ratio of 0.579.

REDUCTION OF DATA

The static-pressure-error coefficients of the airspeed head (fig. 9)
were employed in evaluating free-stream Mach number. Figure 9 was
derived from a correlation of data obtained during the model drop with
airplane atmospheric-survey data as described in the appendix of refer-
ence 16. The internal drag and mass-flow ratio were also evaluated as
described in reference 16. The inlet incremental drag for both models
and the additive drag for the nose-inlet model were evaluated as des-
cribed in the appendix.

The total pressures in the ducts, particularly in the case of the
nose inlet, fluctuated with time. These fluctuations are believed to be
traceable to slight model oscillations during the free fall and the
attendant effects on the boundary layer ahead of the inlets. In the case
of the boundary layer flowing along the nose boom of the nose inlet,
these fluctuations are illustrated by the pressure-recovery measurements
at station 1, as shown in figure 10. During the tests of the nose-inlet
model at a mass-flow ratio of about O.4 (Ag/A = 0.4T7), the flow along
the nose boom apparently separated at a Mach number of 1.07 and caused
fluctuations in the accelerometer reading (drag) and large fluctuations
in the duct pressures. Data for this test were reduced up to a Mach

number of 1.07 only.

For the data presented, the total-pressure fluctuations were insuf-
ficient to affect the drag or mass-flow ratios. Although the total
pressure distribution and fluctuations at station 86.5 of both models
were small compared to those at the entrance of the nose-inlet model, a
faired curve through average values plotted as a function of time was
employed to evaluate pressure recovery.
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RESULTS

The variation of the external drag coefficient of the basic model
with free—stream Mach number is shown in figure 11. The characteristics
of the boundary layer at station 60 of the basic model are given in fig—
ure 12,

The variation of the drag coefficients, the pressure recovery, and
the mass—flow ratio with free—stream Mach number for each test of the
submerged— and nose—inlet models is presented in figures 13 and 14, res—
pectively. Drag data for the test of the submerged—inlet model with a
sonic—throat to inlet-area ratio of 0.477 were known to be erroneous and

are not included in figure 13(e). Local Mach number distributions on the

ramp of the submerged inlet at mass—flow ratios about 0.4, 0.6, and 0.8
are shown in figure 15 and the pressure distributions along the lip of

~the submerged inlet at mass—flow ratios of about 0.5 and 0.7 are given

in figure 16.

The variation of the external drag coefficients of the submerged—
and nose—inlet models with mass—flow ratio for various Mach numbers is
presented in figure 17. Figure 18 shows the external drag coefficients
less the inlet incremental drag coefficients at Mach numbers of 0.9 and
1.10 for both models, and the external drag coefficients less the addi-
tive drag coefficients for the nose—inlet model.

The variation of the pressure recovery of the submerged— and nose—
inlet models with mass—flow ratio at various Mach numbers is shown in
figures 19 and 20, respectively. The pressure recovery at the duct
entrance shown in these figures was evaluated from the pressure recov—
ery at station 86.5 using duct efficiency factors established by ground
tests which are assumed to be valid for the Mach number range of the
present tests. Figure 21 shows the variation of the entrance pressure
recovery of the submerged inlet with Mach nmumber for various mass—flow
ratios.

The maximum pressure recovery of the submerged inlet is compared
with results of other investigations in figure 22, and the variation of
pressure recovery of the submerged inlet with mass—flow ratio at Mach
numbers of 0.8 and 1.10 is compared with previous results in figure 23.

ACCURACY OF RESULTS

Based on the scatter of the experimental data, the maximum errors
involved in the evaluation of free—stream Mach number, mass—flow ratio,
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and external drag are tabulated below:

Quantity Estimated maximum error

Mo 0402 at a Mach number of 0.75
+,01 at Mach numbers above 0.85

2 +.00
m,
Cpg +.,01 below a Mach number of 1

+.005 above a Mach number of 1

DISCUSSION OF RESULTS

Drag

A comparison of figure 11 with figures 13 and 14 shows that the
Mach number of drag divergence for the inlet models was about the same
as that of the basic model.

The external drag of the nose-inlet model was less than that of the
submerged-inlet model throughout the test Mach number range as shown in
figure 17. The difference in drag coefficient based on the model maxi-
mum cross-sectional area was about 0.02 at supersonic speeds and about
0.015 at subsonic speeds. For a hypothetical airplane, with a ratio of
fuselage maximum cross-sectional area to wing area of 0.06, the differ-
ence in airplane drag coefficient based on wing area would be relatively
small, about 0.0012 at supersonic speeds and about 0.0009 at subsonic
speeds. If the drag comparison is made after subtracting the inlet
incremental drag (discussed in the appendix) as shown in figure 18, the
drag difference would remain about the same as that described above.

The above drag comparison is for the submerged-inlet model and the
nose-inlet model with the nose boom projecting from the center of the
models. The external drag of the nose-inlet model without a nose boom
would be essentially the same as that of the model tested. This is
based on the fact that changes in mass-flow ratio (which is a factor
causing large changes in the entering stream tube) did not have much
influence on the external dreg in the present tests and also in those of
reference 13; consequently, the small changes to the entering stream
tube resulting from the presence of the nose boom would have a negli-
gible effect on the external drag. After the inlet incremental drags
are subtracted from the external drags (Cpg - Cp,) in figure 18, the
resulting drag for the nose-inlet model is higher than the drag that
would prevail for a model without a boom because it includes the drag of

CONFIDENTIAL“ﬂ
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the nose boom. The drag of the boom is relatively large because of the
adverse pressure gradient on the boom. The drag resulting from pres-
sure and viscous forces on the external surface of this model without
the nose boom is also evident from figure 18 where the additive drag is
subtracted from the external drag (Cpp - Cpp). A comparison of the

(Cpg - Cp,) curve for the submerged-inlet model with the (Cpg - Cpp)

curve for the nose-inlet model shows that the external surface drag
would be about 0.03 to 0.04 less for a nose-inlet model without a boom
than the corresponding drag of the submerged-inlet model.

The external drag of both inlet models (fig. 17) increased slightly
with increasing mess~flow ratio. This result is in reasonable agreement
with that of reference 13 which shows the external drag of a series I
nose~inlet model to be practically constant throughout the mass-flow=-
ratio range of 0.4 to 0.8 at Mach numbers less than 1.2. For an open
nose~inlet model, the external drag at subsonic speeds is stated to be
constant in reference 17, with the increase in additive drag (inlet
incremental drag in the case of an open nose inlet) associated with a
decrease in mass-flow ratio being caompensated by a corresponding increase
in lip leading-edge suction. Since the external drag (fig. 17) decreased
slightly as the mass-flow ratio was decreased, it is evident that the
pressure drag of the inlet models changed in such a manner as to more
than offset the increase in inlet incremental drag. Lip -pressure dis-
tributions were not obtained for the nose-inlet model. Limited 1lip
pressure distributions were obtained for the submerged-inlet model as
shown in figure 16. The suction on the outer surface of the lip
(fig. 16) increased with decreasing mass-flow ratio from 0.7 to 0.5.
This suction, however, was to a large extent offset by the increase of
pressure on the inner surface of the lip which is not included as part
of the inlet incremental drag (see appendix). The net effect is small
in comparison with the change in inlet incremental drag coefficient over
the mass-flow-ratio range from 0.7 to 0.5 (fig. 18).

A comparison of the drag of the basic model with that of the nose-
inlet model (fig. 17) shows that the external drag of the basic model was
about the same as that of the nose-inlet model at the lower mass-flow
ratios. Previous results (reference 10) have shown the drag of a
series I nose-inlet model to be less than that of a basic model in the
transonic flight range. The present results, however, are reasonable
because the air-outlet design employed probably provides higher drag
than the outlet at the extreme aft end of the model employed in refer-
reference 10.




NACA RM A51H20

Ram-Recovery Ratios

The ram-recovery ratio of the submerged-inlet model (fig. 21) was
almost constant throughout the Mach number range at a mass-flow ratio of
0.8. At lower mass-flow ratios, the pressure recovery in all cases
decreased above a Mach number of about 0.90, the amount of decrease
increasing with decreasing mass-flow ratio. The decrease at Mach numbers
above 0.90 is probably dependent on the boundary-layer shock-wave inter-
action on the inlet ramp. The effects of the boundary-layer shock-wave
interaction on pressure recovery apparently increase as the pressure gra-
dient ahead of the inlet becomes more adverse with decreasing mass-flow
ratio.

The maximum entrance pressure recovery of the submerged inlet
(fig. 19) occurred at a mass-flow ratio of about 0.6 for the free-stream
Mach number range of 0.8 to 1.05. Above a Mach number of 1.05, the pres-
sure recovery was almost constant for mass-flow ratios above 0.6. The
maximum pressure recovery is compared with previous results in figure 22
wherein the boundary-layer parameter h/d has been plotted with respect
to the maximum pressure recovery for previous results as well as the
present results. It is noted that the curve based on the equation

Hu=~ Do 1.-28
Hy = Pg d

provides reasonable agreement with previous results. The maximum pres-
sure recovery predicted by the curve of figure 22 agrees well with the
present resultes when supersonic speeds did not prevail along the inlet
Tamp (i.e., at free-stream Mach numbers of 0.9 and below as shown in
fig. 15). The decrease in the maximum pressure recovery of the present
results is shown in figure 22 to be about 0.035 between a Mach number of
0.90 and 1.10, which is the order of decrease expected on the basis of
the total-pressure loss through a normal shock at the maximum local ramp
Mach numbers of figure 15.

The variation of the pressure recovery with mass-flow ratio of the
submerged-inlet model is compared with previous results in figure 23 at
free-stream Mach numbers of 0.80 and 1.10. At a Mach number of 0.80, the
boundary-layer parameter h/d of the present tests is nearly equal to
those of the previous data and the agreement of the previous pressure-
recovery results with the present flight data is considered good. At a
Mach number of 1.10, the variation of pressure recovery with mass-flow
ratio of the previous data, obtained on a transonic bump, is about the
same as that of the present results. The difference in pressure recov-
ery is about 0.075, which can be primarily accounted for by the differ-
ence of 0,055 in the boundary-layer parameter h/d between the two sets
of data.
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4
fl (g ) (= Ty =T, )k (pam,) Ko = (pf0) At (3)
which provides the pressure plus friction drag within the duct interior.
Internal Drag

The gquantity normally called internal drag is the pressure forces
in the drag direction and the viscous losses associated with the inter—
nal flow from free—stream conditions ahead of the model to a region aft
of the model where free—stream static pressure prevails. Because of
the general acceptance of this definition of internal drag, this desig—
nation is employed in the present report. Applying the momentum equa-—
tions between stations O and 5, in a manner similar to that employed
to obtain equation (3), results in the expression

S
b1 = (p-v0) dhx + (e)y g = m (Vo Vo) e

where dAy is the incremental surface component normal to the free
stream of the model surfaces and the stream tube bounding the internmal
flow. The quantity (Df),_, 1is normally employed instead of (D)o _s
because Vs 1is evaluated from conditions at the exit assuming no losses
in total pressure between stations 4 and 5.

Another expression for internal drag that has been used is based
on momentum considerations between free stream and the exit or

4
(DI)l=fO (p-po)ady + (D) _ = m (Vo- %) — (P, —Po) As (5)

Equations (4) and (5) are not equivalent, although they generally
yield equivalent results because the static pressure at the exit is
near free-stream static pressure. In the case of the present investi-
gation, these equations yielded practically identical results.

Inlet Incremental Drag

The difference between the pressure plus viscous drag within the
ducting and the internal drag (equation (4) or (5)) is large at reduced
mass-flow ratios, particularly at supersonic speeds. This difference

m
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(strictly, the difference between equations (3) and (5)) is defined as
inlet incremental drag herein and may be expressed as

1

Dy =~ /(; (P — po)dAy — (Dp),_,=m(V1 —V,) + (P1 — py) Az (6)

The quantity Dy is identical to the scoop incremental drag of ref—
erence 18, which is defined as the sum of the pressure forces (in the
drag direction) on the entering stream tube including the pressure
forces on the stream tube adjacent to the body and the friction losses
of the stream prior to entry into the duct. Thus, when the drag of all
components external to the duct is desired (equation (3)), or the sum
of the inlet incremental drag (equation (6)) and the internal drag
(equation (%) or (5)), must be subtracted from the total drag. The
inlet incremental drag coefficient, based on equation (6), may be
expressed as a function of pressure recovery and mass—flow ratio at a
given Mach number (reference 18).

Additive Drag

In the case of an open nose inlet, equation (6) is also equivalent
to the quantity called additive drag in reference 19, which may be
defined as the sum of the pressure forces (in the drag direction) on
the stream tube prior to entry into the duct not including the pressure
forces on the part of the stream tube adjacent to the body surface.
Additive drag may in the general case (with reference to fig. 2k(a)) be
expressed mathematically as

1

Dy = fo (P —25) (dAx)g m. (7)

where (dAy)g p, is the incremental component of area normal to the free
stream of the stream tube not including the forces on the stream tube
adjacent to the body surface. Additive drag, instead of inlet incre-
mental drag, is subtracted from the external drag when the resulting
external pressure plus viscous drag is not to include the drag of the
surfaces of the body adjacent to the internal flow.

Application of Equation (6) to Rounded Lip

The application of equation (6) requires that the area A; be
defined. In the case of a sharp lip (fig. 24(b)), the stagnation point

=g

A
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is generally at the lip leading edge and the area A; 1is known. In the
case of a rounded lip (fig. 24(b)), however, the location of the stag—
nation point is not generally known and the area A; is generally
unknown.

In the case of a rounded lip, it is convenient to employ the duct
area aft of the rounded portion of the lip (station 1 of fig. 24(b)) as
the area A;. This, of course, means that the pressure and friction
forces on the duct and 1lip ahead of station 1 are considered part of the
external surface drag (CDE - CDa)° By doing this, however, the computa—
tions are simplified because the inlet area employed is that upon which
the mass—flow ratio is conventionally based and the inlet incremental
drag becomes independent of 1lip shape at a given mass—flow ratio and
pressure recovery for a given free—stream Mach number.

Evaluation of Drags for Inlets of This Report

The external drag coefficient was evaluated, as described in refer-
ence 16, by subtracting the internal drag coefficient (based on the
internal drag evaluated from equation (%)) from the total drag coeffi-
cient. The drag of all components of the model external to the duct
(Cpg - Cp,) was evaluated by subtracting the inlet incremental drag
coefficient (based on the inlet incremental drag computed from equa-
tion (6)) from the external drag. The quantity (CDE - Cp,) includes the
drag of the nose boom of the nose-inlet model. In order to evaluate the
drag of the external surfaces, not including the nose boom, the additive
drag was also evaluated for this model and subtracted, in coefficient
form, from the model external drag coefficient. The additive drag was
evaluated by assuming that the pressure forces on the external boundaries
of the entering stream tube were not affected by the presence of the nose
boom. Thus, by assuming a total-pressure recovery of unity at the
entrance, and employing equation (6), the additive drag was simply
evaluated for various mass-flow ratios. The area employed in equa=-
tion (6) in this case included the cross-sectional area of the nose
boom.

CONFIDENTTAL
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Table of Ordinates /7 45_\
Station, Outside radius, inches | /020
inches Ry Rp 5 3
0 1.19 Sz /48.00 FAI
5.00 1570 o
10.00 2.43 - I
15.00 3.21 = A ] p Q
20.00 3.90 L < T z N
30.00 5.07 A | { @
10.00 6.02 X
50.00 6.78 - - ¥
?8;88 T b L—- Instruments — ; T
o e g5 Recovery “Parachute N
100.00 8.49 - - o Vg e R 7Y 5% ik confa/nir (‘\r‘
102.00 8.50 8.50 o © 7 —
110.00 8.46 8.50 N E o N
120.00 8.30 8.50 S S i iy
130.00 8.02 8.50 Q = S N Q
135.75 7.79 8.50 S : B X [
146.63 7.25 7.55 3 S T e A
150.00 TOT 7425 4 () %) 5‘3 B
154.88 6.82 6.82 ( g IR e 4 N )
160.00 6.56 - - - / / R N
170.00 6.07 — SN (YA ®
180.00 5.59 S <+
192.63 4 .89 - = m ‘\ ‘
201.63 3.20 == x f
211.00 0 i
R, ‘“Points of attachment F; 10.50
S1a.60 to carrier airplane R; <
Specifications 4 525 N

Horizontal-tail area (incl 1.30ft2 of fus.) 3.45 ft2
Vertical-tail area (incl 1.3ft2 of fus.) 3.45 ft=

|| Model weight, 1057 1b

Center of gravity sta. 86.25

External wetted area (excluding fins) 8515 in.Z2

A/l dimens ions are in inches

Figure 2.- Details of basic model/

Section AA
(typical) N

02

TVLINHITANOD

OCHTIGY WY VOVN



Static
orifice
location

Sta 5/ Sta.62 Sta. 865 St0.97 Sra./34

 TVIINZQTANOD

Areas (per duct)

| Entrance 13.62 in.® (sta.62)

| 16.89 in.2 (sta. 86.5)

| Entrance to throat 17.34 in.2 (sta.90)
Outlet 13.75 in.2 (sta.135.75)

Specifications
Center of gravity, approximately sta.9L
Model weight, approximately 1130 1b.
External wetted area (excluding fins) 8,575 in.Z

(a) Complete model.
Figure 3 Detalls of submerged inlet model

Note
/. A/l dimensions are in inches
2.For ordinates of fuselage see figure 2

Sta./47

Exit Dimensions
134,001 7.79 [ 8.50 | 8.22
138.00 | 7.68 - - 8.22
INT00N Tooie] ar = 8.22

TVIINACTANOD OCHTIGY WY VOVN
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Sec. BB
—6.59(typ)

Orifice
locations

| Ramp—wall Coordinates
Sta. Ordinates
35.00 L3
37.50 <29 Lip Ordinates
40.00 .87 Sta. Upper | Lower
42.50 1.16 ord. ord.
45.00 1.4h 60 .00 0 0
47.50 0.2 60.25 SR 23
50.00 2.27 60.50 .31 .30
52.50 2182 60.75 S0 .35
55.00 3.37 61.00 A2 .38
57.50 3.67 61.38 .48 RiTo)
60 .00 3.69 62.00 Dl .39
62.00 3.69 L.BE. radius = 0.17

Note W

All dimensions are in inches

(b) Submerged inlet,
Figure3.- Continuved,

o )
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TIVIINEQTINOD

Sta 86.5 Sta. /134 W

Note
L. H-Total pressure probes
2 P-Static pressure probes
3. All dimensions are in Inches

(¢)Location of pressure probes and orifices at sfations 86.5 ond /134 .
Figure 3.- Concluded,
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A-15039.1

| ‘ (b) Inlet.

(¢) Outlet.
Figure 4.- Concluded.
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Table of Ordinates 32.75 >1—= N6 B e e
Sta. Rl RE
0 L T
.,+20 3.43 3.0:-: o \ —_— \\ TSSme—
Ja | 3.53 | 3.0 _E T ﬂ 3 ;
61| 3ie | 3ok S —————— = — SN »
e L B 1 .E. radius,./3 R
1530585 [F 3.0k
&= I3 t‘ﬁg 3'02 Section AA
3:2‘2 4.87 §j§l Instrumentation and duct design aft of sta. 62,
10.205 ) 5.0 | 3.49 and body design aft of station/O2 are
1k 285 550 | 3.88 /dentical to the submerged inlet body
20.40 5.98 | 4.66
2L .43 661 518
27.00 6.42 | 5.48
30.00 6.60 | - -
40.80 7.16 | - -
49.98 7.54 | - -
61.20 7.92 | - -
70.00 85 | = =
79.56 8.33 | -~
91.80 8.47 | - -
102.00 8.50 | ==
Areas (Per duct) £ :
Entrance 13.62 in.2 (sta.0) R
(one-half total entrance area) Sta.0 1 2
Entrance to throat 17.34% in.2 (sta.90) $ta.20 .
Outlet 13.75 in.2 (sta.135.75) g Sta 36
Specifications
Model weight, approximately 1070 1b. Note

Center of gravity, approximately sta.9l
External wetted area (excluding fins) 9,124. in.2

(a) Complete model.

Al dimensions are in inches

Figure 5.- Details of NACA series I nose inlet model.

9¢

¢ TVILINHEATANOD

OCHIGY WH VOVN




TVIINECTANOD

rSfa. 0O Stas
Sta.l

H Section AA

a

Note
All dimensions are in inches

(b)Pressure probes at station /.
Figure 5 .- concluded.
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Figure 6.- Nose inlet and airspeed boom installation.
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Figure 9. — Variation of static pressure error coefficient with
Mach number for the airspeed head.
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(a) Total-pressure distribution in the boundary

layer at various Mach numbers.

z2
.08 o] 0] 10} 10 TN O ©
o4

80 84 88 Lz 96 100 .04 108 l12

Free-stream Mach number, M,

(b) Variation of boundary-/ayer paramefter
with free-stream Mach number.

Boundary-layer parameter, %
°

Figure |2. — Boundary-/ayer characteristics measured
at station 60 {;f the basic model.
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(a) Flow through a ducted body
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(b) Flow ahead of inlet for round
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Figure 24.— Two—dimensional flow through a ducted body
and ahead of an inlet.
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