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FLIGHT DETERMINATION OF DRAG
AND PRESSURE RECOVERY OF TWO SCOOP INLETS
LOCATED AT MAXiMUM—BODY-DIAMETER STATTON
AT MACH NUMBERS FRM 0.8 TO 1.8

By Ieonard W. Putland
SUMMARY

Two models each utilizing a scoop-inlet located at the maximum-body-
diameter station operating at mass-flow ratios from 0.76 to 0.96 have
been flight-tested at an angle of attack of approximately 0° over a Mach

number range from 0.8 to 1.8, and a Reynolds number range from 2 X 106 to

T X lO6 based on body maximum diameter. One of the scoop inlets had a
circular cross section with a boundary-layer diverter. The other scoop
inlet had a semicircular cross section wrapped partly around the body
with a boundary-layer splitter plate ahead of the inlet.

There, was no significant difference between the total-pressure
recovery at the top and bottom of the duct of the two scoop-inlet models
except for the semicircular scoop-inlet model below Mach number 1.3. For
this inlet the total-pressure recovery at the top of the duct was greater
than that for the bottom of the duct. The mean total-pressure recovery
for the semicircular scoop-inlet models was less than the circular scoop-
inlet model throughoq; the Mach number range. . .. »

The external drag coefficients above Mach number 1.3 were identical
for the two scoop-inlet models. . Between Mach numbers 1.0 and 1.3, the
external drag coefficient of the circular scoop-inlet model was higher
than that of the semicircular scoop-inlet model. The external drag coef-
ficients for the scoop-inlet models were higher than the drag coefficients
for the basic nonducted model throughout the Mach number r§ngﬁ't§sped.

wpllne .
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TNTRODUCTTON

The total-pressure recovery of an alr inlet and the effect of its
installation on the drag of the configuretlion are two important consid-
erations involved in the selection of a particular inlet configuration.
A scoop-inlet configuration has become important since the nose of air-
planes and missiles has become more In demand for electronic and
armement purposes. This investigation was conducted to determine some
of the effects of a circular and a wraparound semicircular scoop inlet
located at the maximum-body-diameter station. The maximum dlameter was
chosen to minimize the ducting to a theoretical engine in the rear of
the configuration.

The scoop-inlet configurations have been flight-tested using rocket-
propelled models in free flight at an-angle of attack of approximately 0C
by the Pilotless Aircraft Research Division of the Langley Aeronautical
Laboratory. The results of these tests are presented herein in the form
of external drag coefficients and total-pressure recoveries over a range
of Mach numbers from 0.8 to 1.8. The drag of the basic parabolic body
from reference 1 is also included for comparison.

SYMBOLS
A area
A; inlet capture area (for circular scoop inlet, 0.0506 sq ft;
for semicircular scoop inlet, 0.0498 sq ft)
Cp drag coefficient, i——JQE——
5PoVo AR
D N drag *
1 total body length
M Mach number
p .«x 8tatic pressure
‘ LA TN
Py _n<&*££g§?ation pressure
pd' total-head pressure measured by a total-head tube at duct
measuring station .
Galisiilisidie
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Pt,d . mean duct total pressure .
q dynamic pressure, %pV2
R Reynolds number, based -on body maximum diameter
r _radius )
\' veloclty
w/w0 ratio of mass flow of air through duct to mass flow of air
- through a free-stream tube of area equal to inlet capture area
x . longitudinal distance
7 ratio of specific heats, 1.40 for air
o) © . ailr deﬁéity
Subscripts:
a duct measuring station
e exit
F - 7 frontal
o] free stream
ext external
int internal
MODELS

The general arrangements of the two inlet models are shown in figure 1
and the basic and inlet body coordinates are listed in table I. The body
of each of the models was constructed from mshogany and had fineness ratios
of 3.6, 2.0, and 5.3 for the parabolic nose, cylindrical center section,
and parabolic afterbody, respectively. The basic body from reference 1
consisted of a parabolic nose with a finenegs ratio of 3.6 and a parabolic
afterbody with a fineness ratio of 5.8. The models were stabilized by four
60° delta fins as shown in figure 1. '

Except for the inlets, internal ducting, and the inlet external
fairing to station 43.30, the two inlet models were identical. Both the

o
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scoop Inlets were located at the maximum-body-aiameter station and were
designed to have an Inlet capture area of about 19 percent of the body
frontal area. The inlet and ducting details are shown in figure 2.

One of the inlet models had a scoop inlet with a clircular cross sec-
tion swept 6° 'and utilized a boundary-layer diverter 1/4 inch high having
a total divergence angle of 45°. The capture area of 0.0506 square foot
was defined by the inlet lips. There was an internal contraction of 0.847.
The other inlet model had a scoop inlet/with a semicircular cross section
wrapped around the body. This inlet had a boundary-layer splitter plate
% inch high and extending 1% inches forward of the inlet. The capture
area of this inlet was defined as the projected frontal area of the
leading edge of the inlet lips and boundary-layer splitter plate. There
was a 6° angle on the splitter plate which produced some external com-
pression. This inlet had no internal contraction. The ratios of inlet
area to duct-measuring-station area for the circular and semicircular
scoop-inlet models were O.446 and 0.438, respectively. The exit area
was about 15 percent less than the inlet area for both the scoop-inlet
models. This exit area was so selected that the inlet would operate at
slightly less than meximum mass flow. At these mass flows the splllage
drag would be neexr the minimum while the pressure recovery would be
near the maximum.

Photographs of the models, showing the general arrangement and
inlet closeup, are presented as figures 3(a) and (b). The photograph of
the typical model-booster arrangement is presented as figure 3(c). Fig-
ure b presents the area distribution as a function of the longltudinal
distance.  The cross-sectional area distribution of the two scoop-inlet
models and the basic body are presented in figure 4(a). In figure L(Db)
the area distribution of the duct perpendicular to the duct center line
is presented for both scoop-inlet models.

TEST AND INSTRUMENTATTON

All models were propelled to maximum Mach number by a single-booster,
6~inch ABL Deacon rocket motor, equipped with four stabilizing.fins. The
models were launched at an elevation angle of 60° and followed a zero-
1ift trajectory at approximately O° angle of attack. The variation of
change of Reynolds number with Mach number 1s shown in figure 5. The
tests were conducted at the Langley Pilotless Alrcraft Research Station
at Wallops Island, Va. Pie

Total-drag data were obtained during the decelerating portion of the
flight, after drag separation of the booster. Computations were based on
the CW Doppler radar velocity meagsurements (corrected for flight-path
curveture and winds aloft), the NACA modified SCR-584 radar trajectory
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measurements, and radiosonde atmospheric measurements. Details of the
method of computation are presented in reference 2.

A four-channel telemeter was used to make the measurements to deter-
mine the internal flow characteristics. The four pressures which were
measured continuously during the flight were the lower and upper duct
total pressures, the four manifolded duct static pressures, and the exit
static pressure. The lower and upper duct total pressures were measured
differentially to improve the comparable accuracy. The arrangements of
the duct pressure tubes are shown in figure 2. The exit static pressure
was meesured at the end of the constant-area section of the convergent
insert of the exit. This convergent insert was made cylindrical for
1.05 exit diameters ahead of the exit to aid in providing uniform static
pressure at the exit. A fairly large contraction ratio of 3.2 to 1 from
the station Jjust rearward of the duct measuring station to the exit
assured sonic rather than supersonic exit velocities at supersonic speeds
and helped to provide uniform total pressure at .the exit.

DATA REDUCTION

The mass-flow ratio was calculated from the measured velue of the
exlt static pressure and an exit Mach number obtained by assuming
Py e = Py, that is, a total pressure loss of 1 "q", from the duct measuring

station to the exit. This assumption of a 1 "q" total pressure loss was
checked at supersonic speeds where the exit Mach number was sonic and was
found to be well within the estimated accuracies. The mean duct total-
pressure recovery was calculated from the duct static-pressure measurements
and the average duct Mach number obtained from the continuity relationship
between the duct measuring station and the exit.

The internal drag was obtalned by applying the mamentuﬁ equatién
between the free stream ahead of the model and the duct exit:

Dint, = 7PoMo Aa(7) - Bede Ao - (Pe - Po)fe

At subsonic speeds when the exit was no longer sonic, the internal draé
was assumed constant at the value at Mg = 1.0, as done in reference 3.

The external drag is defined herein as the sum of the dragwise
components of the aerodynamic pressure and viscous forces acting on the
externsl surfaces of the model plus the scoop incremental drag, as
defined in reference 4. Scoop incremental drag is the algebraic sum of
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the pressure drag on the entering stream tube and the pressure and viscous
drags on that portion of the body (if any) wetted by the entering flow.
The external drag was obtalined by subtracting the internal drag from the
total drag determined from the.Doppler radar. .

From the consideration of the accuracies of the measurements, the
method of data reduction, and the previous experlence with ducted models,
the data are estimated to be accurate within the following limits through-
out the Mach number range:

1

P b
A8 ana AL ... 10.00
t,0 Pt,o
AN < PL 03 B
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T < o) i
A'CDext
P o J o1 |

RESULTS AND DISCUSSION

The total;préssure recovery, mass-flow ratio, and internal drag
coefficient are presented in figure 6 as a function of Mach number for
both scoop-inlet models. For the circular scoop-inlet models (fig. 6(a)),
there was no significant difference between the recoveries measured by
the upper and lower total-pressure tubes. The mean total-pressure
recovery calculated from the duct statlic pressure was as high as or
higher than the individual tube measurements throughout the Mach number

range.

For the semicircular scoop-inlet model (fig. 6(b)), below Mach num-
ber 1.3, the recovery measured by the upper total-pressure tube was
T percent greater than that measured by the lower total-pressure tube.
At higher Mach numbers this trend was reversed, until at Mg =~ 1.7 the

upper total-pressure tube measured a recovery about 3 percent less than
the lower tube. This might be expected when the geometry of the inlet

is considered. For M > 1.k, the shock system associated with the semi-
circular scoop is such that the air entering the upper portion of the
inlet passed through a single strong shock, while the air entering the
lower portlon of the duct passed through an oblique shock before passing
through the strong shock., However, the mean totel-pressure recovery cal-
culated from the duct static pressure agrees well with the avérage of the
two individual tube measurements throughout the Mach number range.
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Figure 7 presents the comparison as a function of Mach number between
the mean total-pressure recoveries for both scoop-inlet models with the
free-stream normal-shock recovery. The mean total-pressure recovery for
the circuler scoop-inlet model showed approximately a constant diffuser
loss of about 4 percent from free-stream normal-shock recovery over the
lower portion of the Mach number range. This indicates there is no sig-
nificant boundary-layer problem with this type of inlet. At the higher
Mach numbers, the losses are scamewhat greater. This may be caused by the
local superstream Mach number shead of the inlet being increased because
of the parabolic forebody.

The semicircular scoop-inlet model had a lower mean total-pressure
recovery than the circular scoop-inlet model over the Mach number range.
The loss in total-pressure recovery from free-stream normal shock was not
constant. At Mach number near 1.0, the total-pressure recovery for the
semicircular scoop-inlet model was about 3 percent below the circular
scoop-inlet model. This shows a higher diffuser loss for the semlicircular
gscoop inlet. As the Mach number is increased to near Mach number 1.4, the
pressure recovery of the semicircular scoop-inlet model is 1 percent below
that of the circular scoop-inlet model. The decrease of the difference in
pressure recovery between the two scoop-inlet models was possibly due to
the improvement of the inlet-shock pattern as the result of the 6° splitter
plate used on the semicircular scoop inlet. At the higher Mach numbers,
the difference in pressure recovery between the two inlet models increased
to 5 percent.

Figure 8 presents the comparison as a function of Mach number between
the external drag coefficient for the two scoop-inlet models with the drag
coefficient for the basic nonducted model (fineness-ratio-3.6 nose) of
reference 1. This drag coefficient of the basic body is presented as the
total minus base drag coefficient (both from ref. 1) plus a skin-friction-
drag correction determined from reference 5 for the fineness-ratio-2
cylindrical section of the inlet models.

The external drag coefficients above Mach number 1.3 were identical
for the two scoop-inlet models. Below Mach number 1.3, the difference in
the external drag increased with the circular scoop-inlet model having the
higher drag. The same results were also found between the circular and
semicircular scoop-inlet models of reference 6.

The external drag coefficient of the inlet models was about 34 per-
cent greater than the basic-body drag coefficient above Mach number 1.3.
The major portion of this drag difference is probably composed of the drag
associated with the fairing of the scoop into the body. The scoop incre-
mental drag also accounts for some of the drag difference. An improvement
in drag would be expected by locating the inltet forward of the present
maximum-diameter location. In references 7 and 8, the installation of a
scoop inlet well forward on the body resulted in no significant difference

‘,ll!!!!!llll!!
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in drag as compared with the drag of the body alone. Moving the inlet
forward will also improve the lnlet mass-flow ratio and total-pressure
recovery. At this inlet location, the local Mach number due to the para-
bolic forebody would be less.

The subsonic level of the circular scoop-inlet model was 47 percent
greater than the basic body. This drag difference was greater than the
increase in skin-frictlon drag associated with the larger wetted area.
This increase over the skin-friction-drag difference is believed to be
interference effects of the inlet and ducting installation. A similar
effect for a circular scoop inlet is shown in reference 6.

CONCLUSIONS

Two models with a scoop inlet located at the maximm-body-diameter
station and employing a boundary-layer bypass were tested over a range
of mass-flow ratios from 0.76 to 0.96 and Mach numbers from 0.8 to 1.8
at zero angle of attack. One of the scoops had a’'circular cross section
while the other had a semicircular cross section wrapped around the body.
The results of these tests and comparison with previously published data
indicate the following concluslons:

1. For the semicircular scoop-inlet model, the total-pressure
recovery at the top of the duct was about 7 percent greater than that at
the bottom of the duct below Mach number 1.3 whereas there was no signif-
icant difference between the recoveries for the circular scoop-inlet
model.

2. The mean total-pressure recovery for the semicircular scoop-inlet
model was less than the circuler scoop-iniet model, throughout the Mach
number range.

3. The external drag coefficients above Mach number 1.3 were identl-
cal for the two scoop-inlet models. Between Mach numbers 1.0 and 1.3,
the external drag coefficient of the circular scoop-inlet model was higher
than that of the semicircular scoop-inlet model.

4. The external drag coefficient of the scoop-inlet models was about

34 percent greater than the basic-body drag coefficient above Mach num-
ber 1.3.
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5. The subsonic drag level of the circular scoop-inlet model was
47 percent greater than the basic body drag. This drag difference was

greater than the increase in skin-friction drag associated with the
larger wetted area.

Langley Aeronautical ILaboratory,
National Advisory Committee for Aeropautics,
Langley Field, Va., August 10, 1955.
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TABLE I.- BODY COORDINATES

[ALl dimensions in inches|

Basic body (ref. 1) Scoop-inlet body

X r X r

0 0 0 0
1.00 .27 1.00 .27
2.00 .53 2.00 .53
3.00 .78 3.00 .78
k.00 1.02 k.00 1.02
5.00 1.25 5.00 1.25
7.00 1.67 7.00 1.67
10.00 2.23 10.00 2.23
15.00 2.9% 15.00 2.9%
20.00 3.35 20.00 3.35
25.20 3.50 25.20 3.50
30.80 3.45 39.20 3.50
35.47 3.34 44 .80 3.45
y1.07 3.1 4o 47 3.34
46.67 2.84 55.07 3.14
4o k7 2.65 60.67 2.84
56.00 2.15 63.47 2.65
60.90 1.68 70.00 2.15
65.68 - 1.16 T74.90 1.68
76.%0 1.53

QU




8.00 red. »38

N .38 ,
| 35
~7.00 mx.dim.\ ! ‘ﬁ 2,80 inside dian.
A N i
«19 1.00——l 2.2

Ciroular acoop-inlet model
10.38

76.30

_— L ]| |
. r2.80 inside diam,
<= — - =
. —<JL.,

Semiciroular scoop-inlet model

Exit atatic tube

Figure l.- Genersl errengement of models. (All dimensions are in inches.)

ST

HSCHGGT W VOUM



e T

gts Sta 3ta ste
26.40 U330 55,68 61,00

- - N\
N Jéi“”}i%: 1 .50 alem.
S=— L}‘r , '.50-}_ 5’;’5% —

1.0 rads 13

gectlon A=A

(g) Clrculsr acoop inleb.

Figure 2:- peteils of 4piets and aucting. (AL dimensions &I in jnches.)



Sta Sta Sta 3ta
25,20 43.30 55.68 61.00

HT

p

80
’ rd y . wd ya L
L.oo

1.25—————— «50+ |~ .
_!:ff\/,\,_’\’\’\/_,.,_ ;T 3
—_ — / &

6 »03
- ;
|

.56 L

2.13

Model center 1line
Seotion A-A

('b) Semicirenlar scoom inlet,

Figure 2.- Concluded.

BZZHGGT W VOVN



NACA RM L55H22a s 15

J
L"830}.l.6 .1
Circular scoop inlet
i
|
!
N
Semicircular scoop inlet ) ‘L"’85)-I-99 ol

(a) General views.

Figure 3.- Photographs of models.
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Circular scoop inlet L"BBO}-I-'? ol
\
L;f:-r—_%;m B 1‘1* ) Aﬁ_M*J__j
1L-83%500.1

 Semicircular scoop inlet
(b) Close up of scoop inlet, 3/4 front.

Figure 3.- Continued.
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(c) Typical model-booster arrangement.

Figure 3.- Concluded.
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7x106
6 /
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Figure 5.- Variation of Reynolds number, based on body meximum diameter,
with Mach number for the scoop-inlet models.
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