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TURNING AT THE COWL LIP OF AN AXTSYMMETRIC

INLET AT A MACH NUMBER OF 2.95

By Kenneth C. Weston asnd Kenneth L. Kowalski

SUMMARY

An experimentsl investigation of the pressure-recovery performance
of -a fixed-geometry, two-cone, low-drag lnlet was made at a Mach number
of 2.95. Low drag was achleved by use of an internally cylindrical cowl
employing repid flow turning that was within 4° of the wedge angle for
shock detachment. Various boundary-layer bleed slots were used in an
attempt to control throat flow separatlion on the centerbody. Throat bleed
in the vicinity of the centerbody shoulder was necessary to control flow
separation sufficlently to allow sttachment of the internal 1ip shock
wave. A total-pressure recovery of 0.62, corresponding to a kinetic
energy efficlency of 0.915, was measured at & mass-flow ratio of 0.97
with throat bleed.

Calculations on & ramjet cycle indicate a net propulsive thrust that
1s 10 percent greater than the thrust possible with conventional fixed-
geometry axisymmetric external-compression inlets having higher pressure
recoveries.

INTRODUCTION

As the range of interest in supersonic flight shifts to higher flight
speeds, the necessity of optimizing the over-all inlet performance of the
air-breathing engine becomes increasingly important. The intelligent
selection of the optimum inlet configuration requires careful evaluation
of meny interrelated factors of which pressure recovery and cowl drag are
most significant. If for a fixed-geometry inlet all other factors are
presumed to be equal and little influenced by changes in design, the
problem is then reduced to the balancing of pressure recovery sgainst
cowl drag. Such a balance is necessary since, in general, the highest
recoveries obtained with fixed-geometry axisymmetric externsl-compression
inlets have been achieved with high-cowl-drag configurations.

Shiww ensialan)
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There are several indications that performsnce losses due tc appre-
ciable reductions 1n pressure recovery can be overcome by decreases 1n
cowl dreg. For instance, reference 1 indicdtes that s one-cone low-drag
configuration was. competitive at a Mach number of 3.85 with a two-cone
inlet and an isentropic inlet on a specific fuel consumption or range
basis. Furthermore, ramjet net propulsive thrust calculations at a Mach
number. . of 2.95-indicate that inlets having low cowl drag are comparsble
with or better than inlets having much higher pressure recoveries -
achieved by use of a relatlvely high angle cowl.

An axisymmetric external-compression inlet with low cowl drag pro-
duces an internal shock wave originating st the cowl 1lip. This internal
shock must eventually either be reflected or csncelled at the centerbody
surface. In doing so, a significant inbteraction with the centerbody
boundary layer usually results that is aggravated by its presence near
or in a reglon of adverse pressure gradlient. As indicated by references
1 and 2, separation of the centerbody boundary layer and concomitant
Pressure-recovery losses are the usual consequences of the severe throat
conditions. : - - S

In order to determine the severity of the penalties assoclated with
internal-shock reflection and the general desirability of extreme cowl-
lip turning in an axisymmetric high-compression inlet, an experimental
program was lnitiated. An inlet model was designed and tested in the
NACA Lewils l- by l-foot variable Mach number tunnel at & Mach number of
2.95. Performance data ln the form of pressure-recovery and mass-flow
measurements were obtained. '

SYMBOIS

The fcllowing symbols are used in this report:

A area, sq in.

Ay theoretical minimum area for cowl shock attachment
c percent of meximum contraction, Ae-Ath/Ae-AK

Cp dreg coefficient (based on Ag)

Cp net propulsive thrust coefficlent, CF,i - Cp

Cr,i internsl thrust coefficient (based on Ag)
M Mach number

m mess-flow rate

6TLY
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P total pressure

P/Py total-pressure recovery

P static pressure

T ratio of specific heats

6y cowl-position parameter

Subscripts:

e inlet entrance station normal to average flow direction
J Jet exit station

th throat
(0] free-stream conditions

1 diffuser discharge station

APPARATUS AND PROCEDURE

The cowl drag of an external-compression lnlet 1s governed largely
by the rate of turning of the internal flow near the cowl 1lip. & high
rate of turning allows the reduction of the external cowl angle and a
resultant reduction in cowl drag. Flow turning through sn oblique-shock
wave that has & wave angle equal to the detachment angle of the reduced
Mach number flow field ahesd of the cowl lip serves ag the maximum allow-
able rate of turn for an inlet lip. The inlets reported here utilized
this type of flow turning with the exception that a 4° margin of safety
from the detachment angle was used to assure that detached-shock spillisge
would not occur as a result of excessive cowl-lip compression.

To 1llustrate the reduction in cowl angle possible and to simplify
machining, an internslly cylindrical cowl was selected for use with two
two-cone centerbodies. The cone angles were then selected as those
glving maximum theoretical pressure recovery at & free-stream Mach number
of 2.95 without exceeding the desired internal wave angle. A 17.5° half-
cone angle followed by & 10° increase in angle was used. Figures 1 and 2
show a sketch of the supersonic inlet and a photograph of the inlet in
the tunnel, respectively. The two centerbodies and single cowl Were
scaled to mate with an existing subsonle-diffuser model support system

(fig. 3).
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When the flow field corresponding to the inlet conflguration chosen
ig mapped, a very rapld centerbody turn is found to be necessary to avoid
exceeding ‘the Kantrowlitz-Donaldson contraction criterion. Two center-
bodies were designed that differed essentlally only in sharpness of
centerbody shoulder (designated as centerbodies I and II). When the
centerbodies are mgtched with the cowl they sre deslgnated as inlets I
and IT. At the design cowl positlon parameter (6; = 27.8°) these
inlets have the area ratios and percentages of meximum contraction shown
in the following table along with those of g hypOthetical inlet of
maximum contraction.

Inlet - |Area ratio|Maximum
Agn/As |contraction,

C)
percent
I ’ 0.828 98.1
IT : 877 70.2
Maximum 8247 - - 100.0

contraction B

While the percent of maximum contraction C is high, the actuml area re-
duction ie small as a result of the low supergonic éntrance Mach number
that allows only =z small area decrease. Centerbody and cowl coordinatesn
for both inlets are given in figure 1.

The locations of six flush slots for centerbody boundary-layer re-
moval are shown in figure 1. ZFor identification purposes these are des-
ignated A to F. EQually spaced holes were drilled at the bottom of the
slots to connect to the lnterior of the centerbody. The slots were filled
and smoothed when not used. Bleed alr was ducted through the centerbody
and out through the three centerbody support struts which were vented to
free-stream static pressure. No independent control of the bleed flow

was exercised.

Measurements in the form of pressure-recovery and mass-flow data
were-taken for.both inlets. The asrithmetic mean of the pressures obtained
from apn area-weighted rake was taken as the engine-inlet total pressure.
The mass-flow ratio was calculated by using a callbrated choked plug and
the total-pressure recovery, assuming no change in total pressure between

rake and plug.

The experimental tests were conducted in the NACA Lewis 1l- by l-foot
variable Mach nurber tunnel at a Mach number of 2.95 and a simulated
pressure altitude of 55,000 feet. The tunnel total temperature was main-
tained at 100°45° F and the dewpoint at -200+10° F. The test Reynolds
number was 2.72x106 based on the maximum model dlameter of 4.5 inches.

6LLY
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RESULTS AND DISCUSSION
Inlet Performance

The performance of inlets I and II is shown in figure 4 for the
"slot D open” and the "all slots filled" cases. Included in the figure
are schllieren photographs of the external-shock-wave-structure during
supercritical operation. Comparison of the all slots filled photographs
with those with slot D open shows the failure of the no-bleed configura-
tion to swallow the detached shock wave ghead of the cowl lip, while the
wave 1s clearly attached in the slot D open case. 8Since slot D is located
in the minimum-area section, ite success in permitting swallowing of the
lip shock is not a result of mass-flow removal ahead of the throat;
hence, the inlet is not physically overcontracted.

Several investigations, including those previously cited (refs. 1
and 2), have observed that boundary-layer separation at or near a throat
can result in choking of the passage. Therefore, it is felt that boundery-
layer removal through slot D acts as a controlilng Influence on separation
in the throat caused by shock-wave - boundary-layer interaction and/or
rapld centerbody turning. This is further emphasized by examination of
table I, which lists bleed combinations tested in conjunction with each
of the two inlets. Results indicated that none of the bleed combinations
that excluded slot D allowed attachment of the cowl shock. It may then
be reasongbly concluded that boundary-layer control loceted in the throat
in the proximity of the centerbody shoulder is & requisite for cowl-shock
attachment with this type of inlet.

The sensitivity of inlet I to bleed-slot location i1s graphically
illustrated in figure 5. The pressure-recovery - mass-flow ratio curves
and the sccompanying schllieren photogrephs showing supercritical opera-
tion indicate the ineffectiveness of slots E and F in swallowing the cowl
detached shock even though slot E was located only 0.08 inch downstream of
the rear of slot D. Slots D, E, and F were simllar in every respect
except axial position. The peak pressure recovery was found to decrease
with bleed-slot distance from the centerbody shoulder, a further indica-
tlon of the desirgbility of the location of the bleed slot close to the
centerbody shoulder.

A summary of the performances of inlets I and IT with various bleed
combinstlions is shown 1n figure 6. Peak pressure recoveries obtalned
varied from 61 to 66 percent, all obtained with suberitical operation at
mass-flow ratios from approximstely 0.80 to 0.90. Pressure recoveries
as high as 0.62 (corresponding to a kinetic energy efficiency of 0.915)
were obtained with a mass-flow ratio of 0.97 (both inlets, -slot D open,
fig. 6(d)). Inspection of the slot D open schlieren photographs of
figure 4 shows that a portion of the mass-flow loss 1s due to oblique-
shock spillage. Furthermore, since no control of the bleed flow was
exercised, optimum bleed flow may not have been used.

. —
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The performances of inlets I and II are compared in figures 4 and 8.
Practically ldentical performance was obtalned with both inlets for the
no-bleed case. Wlith few exceptions, the peak recoveries obtained with
inlet I were slightly higher than those obtained with inlet II. The
performance of the two inlets was only marginslly different, which in-
dicates that the sharpness of the centerbody shoulder was not as ilmpor-
tant as favorgble bleed location.-

In general, the minimum stable point of the inlet varied from capture
mass-flow ratios of 0.76 to 0.95. As indicated by flgure 4, the use of
slot D moved the minimum stable polnt of both inlets from a mass-flow
ratio of about 0.95 for no bleed to approximately 0.88 for the slot D
open condition. ZFurthermore, the minimum stable mass-flow ratios of-
figure 6 indlcate that the use of bleed flow through any of the slots
resulted in an improvement in flow gtabllity over the no-bleed case.

Total-pressure distortlons obtalned with both inlets were on the
order of 0.05. These low distortions should not necessarily be consldered
a result of the supersonic inlet design since an abnormally long subsonic
diffuser was employed. In general, the total-pressure profiles dipped
at the axls of the inlet because of the boundary-layer buildup on the
long centerbody in the presence of an adverse pressure gradient.

Figure 7 shows the effect of-—change of tip projection on the per-
formance of Iinlet IT with slots B and D open. No performance gailns were
realized by decreasing the cowl-position parameter. On the other hand,
the decrease of pesk recovery with increases in tip projection was small.
Increases in the cowl-poslition parameter that resulted in overcontraction
gave poor recoveries which were not recorded.

Eveluation of Inlet Performance

Two methods were used to calculate—the theoretical pressure-recovery
performance of the inlets reported here. The conventlonal shock atructure
calculation made consisted of an evaluation of the total-pressure changes
through the external shock waves and isentrople compression internally to
a normal shock at the minimum area. The préssure recovery was also cal-
culated by the method of reference 3 by assuming a sharp centerbody
shoulder and by using calculsted cone surface pressures. Thils method 1s
a solution of the momentum and continuity equations for a zero angle
cowl in the absence of frictional effects. The results are tabulated
in the following table and are compared with the measured results ob-
tained at s mass-flow ratio of 0.97:

CO——
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Calculation Pressure recovery,
P/Po
Inlet I |Inlet IT
Conventional shock structure 0.72 0.71
Method of ref. 3 ' .65 .64
Measured recovery at m/mg = 0.97 .62 .62

The megsured recovery at a mass-flow ratio of 0.97 is well estimated
by the calculation described in reference 3 which tskes into azccount
supersonic turning losses. The difference between the experimentsal re-
covery and that predicted by the method of reference 3 represents fric-
tilonal and subsonic-diffuser losses. Therefore, it is felt that compari-
son of the experimental with the theoretical pressure recoveries indicates
that with proper boundsry-layer control no severe ghock - boundary-layer
interaction losses are incurred by the use of a low-angle cowl at a Mach
number of 2.95.

The dependence of the internal thrust coefficient of a hypothetical
ramjet engine designed for a free-stream Mach number of 2.95 on the in-
let pressure recovery is shown in figure 8. Also shown are curves of
theoretical drag coefficients and the resulting propulsive thrust coeffi-
cients for two-cone and isentropic Inlets with no internal compression.
These curves were obtalned for inlets with internsl cowl-lip surfaces
alined with the stream of the compressed flow field and represent a
range of external lip angles from 20° to 34°. The case of the internsl
flow alined with the cowl lip was selected because 1t provides a well-
defined relation between the drag and pressure recovery when the
empirical drag correlation of reference 4 is used. It should be
emphasized that this case represents a lower limit for the performance
of a well-designed axisymmetric inlet. Any efficient attempts to re-
duce cowl drag by internal cowl-lip compression should result in
better propulsive thrust performsnce than that defined by the theoret-
icael curves. A discussion of the calculations is presented in the
appendix..

Examination of figure 8 indicates that the propulsive thrust per-
formance of the isentropic inlets selected is essentlally independent of
the pressure-recovery level over the range of values selected. It may
be noted that the propulsive thrust coefficient curves for the isentroplc
and two-cone inlets coincide in the lower pressure level, but the two-
cone inlet suffers & rapid decrease in thrust at the higher recoveries.
This difference between the curves results from the fact that, as the
external cowl-lip angle approaches the two-dimensional shock detachment
value, large Iincreases in pressure recovery are obtalned for the isen-
tropic inlet, while only small increases are obtalned with the two-cone

inlet.

o
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Figure 8 also includes points representing the results of several
experimental investigations. Thrust coefficiente were evaluated in each
case that employed the same ramjet calculdtions as for the theoreticel

curves described previously.

The drag coefficient for the assumed ramjet configuration using the
inlet of the present report was evaluated by applying linearized theory
to a 3° conical nacelle with the nozzle exit-inlet capture-area ratlo
requlired by the experimental pressure recavery. Comparison of the re-
sulting propulsive thrust coefficient with the theoretical inlet curves
shows the galn in net propulslive thrust possible with an inlet employing
the internal reflected-shock principle asg compared with the conventional

high-angle cowl inlet.

The Mach 3 performance of the inlet of reference 5 is indicative of
the experimental results obtalnable with a two-cone all-external-
compression inlet of rather besic and conventional design with no-bleed
flow. This point 1s shown for compsrison with the theoretical two-cone

inlet curve (fig. 8). o

The gains made possible by employing a translsting splke for inlet
starting in conJunction with the internal reflected-shock principle are
indlcated by the point of refererce 6 (fig. 8). This performance was
achieved with a single-cone, translating splke, high internal-compression
inlet, which used two internal cowl reflected shocks to obtaln low cowl

drag and high pressure recovery.

The experimental drasgs reported in references 5 and 6 were adjusted
slightly to make thenm compatible with the nczzle exit-inlet capture area
ratlio required by the assumed engine and the experimental pressure re-
covery. No drag correctlons due to bleed aor supercritical cowl-lip
splllage were considered since all three experimentel points operated at
aepproximately the same mass-flow ratio m/mo 0.97). This would slightly

reduce the thrust coefficlents shown.

It may be concluded tHat, with the low-drag type inlet having throat
bleed, propulsive thrust coefficlents may be obtalned that are as much as
10 percent higher than those obtainable wlth an inlet having the Ilnternal
cowl lip slined with the compressed stream. Further additional gains are
availsble if—variable geometry in the form of spike translation for start-

ing is allowed.

SUMMARY OF RESULTS

A two-cone inlet wilith a low-drag cowl was tested at a Mach number
of 2.95. The low-drag cowl was achieved by rapld internal flow turning
of 40 less than the wedge angle for shock detachment. The results are

as follows:

AT I¥
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1. A comparison of theoretical pressure-recovery calculations with
the experimental date indicates that with proper boundary-layer control
no severe shock - boundary-layer interaction losses were incurred by the
use of the extreme cowl-lip angles at this Mach number.

2. Calculations at Mach 2.95 indicate that, with the low-drag-type
Inlet having throat bleed, propulsive thrust coefficients may be obtained
that are as much as 10 percent higher than those obtalnable with an inlet
baving its internal cowl-lip alined with the compressed stream.

3. The use of throat bleed in the vicinlty of the centerbody shoulder
controlled flow separation sufficiently to allow attachment of the in-
ternal lip shock. Use of throat bleed 0.08 inch downstream of the rear of
the shoulder bleed slot did not sllow attachment.

4. Application of a theory which is a solution of the momentum and
continuity equations for inlets with zero angle cowls estimated quite
closely the experimentsl pressure recoveries obtalned.

5. A total-pressure recovery of 0.82 {corresponding to a kinetic
energy efficlency of 0.915) was achleved at a mass-flow ratio of 0.97
wilth throat bhleed. Pesk pressure recoveries as high as 0.66 were obtalned
wilth suberitical operation end high bleed flows corresponding to mass-flow
ratios from approximately 0.80 to 0.90.

Lewls Flight Propulsion Leboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, February 4, 1958

Comminnuh,
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APPENDIX - DISCUSSION OF CALCULATIONS

In the calculation of the theoretical propulsive thrust coefficient -~
pressure-recovery curve of figure 8, a nuMber of assumptions and restric-
tions were made.

A hypothetical ramjet engine was assumed that hed a flxed capture
aree and full capture mass flow. A subsonlc. diffuser-exit Mach number
of 0.2 was asgsumed, and a comibustor total-temperature ratio of 3.0 was
used with a fuel-air ratio of 0.05. The cormbustor was assumed to be of
constant cross-sectlional area wlth tY = 1.4 prior to combustion end
Y = 1.3 at the combustor exit and in the exit nozzle. The exitnozzle
was cut off by employing the empirical formulas given 1n reference 7:

%Q =1 + O.55[:C§i) - l]
1 1/po=py

The inlet configurations used were two-cone &nd lsentroplc inlets
having no internal compression and internsl lip angles alined with the
stream ofthe centerbody flow field. In all cases a 3° thickness angle
was gssumed for the cowl lip. For the two-cone inlets the compression
angles were selected as those gilving maximum theoretical recovery at se-
lected internal 1lip angles. For the lsentropic inlets, the pressure re-
covery is described uniquely by the flow angle at the focal polnt. The
tebulated Mach numbers and flow angles of reference 8 were used to obtaln
this recovery. In both cases, a S5-percent diffuser total-pressure loss

was assumed.

The empirical curve of reference 4 relating cowl-1llp angle, nozzle
exit-inlet area ratio, and pressure drag coefficlent for cowls ofel-
liptical contour was employed to obtain theoretical cowl pressure drags.
A laminar Priction drag coefficlent of 0.01 was used in sll cases.

6TLY
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TABLE I.

- INLET CONFIGURATIONS TESTED

NACA RM ES8A27a

Inlet I

A B c D E de?
V) ////I //// 27.8 No
I I 218 | wo
222222 /45/ 27.8 Yes
i Y e | ves
i, e1.s | wo
WG Y, 27.8 | To
//// / //// ////A///// ////// 27.8 No
///// //A , /// 27.8 No
/I /////A T e | e
/) IR 278 Yes
Wi, I z1e | ves
7//// ///// /// 27.8 Yes
////A/////////////,/// ///// ////// 27.8 No
T, ) zie | ves
////////// fi ///// M 27.8 Yes
Y ! LTI 27.8 Yes
YT Y, ) 218 | ves
///////////// ////// 27.8 Yes
/>44;?45492;2227 /] 27.8 Yes
v VA 278 | ves
4&4&?9 554//// /)555/ 27.8 Yes
. v, ’//////////// 27.8 | Yes
;ZZZZZ //4/ 4?457’ // 27.6 Yes
43%7 / />§;9/ /;42294287 /] 27.4 Yes
8Bleed slots: [__lopen; VZZAclosed,. . .

_6T.F
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Bleed slots

QU -

13

3.598 Diam.

A AT

Centerbody I

Centerbody II

X, in. | ¥, in.

%, in.| ¥, in.
0 0
2.40 756
3.5 | 1.311
3.60 | 1.351
3.70 | 1.375
3.80 | 1.387
3.90 | 1.3%0
7.00 | 1.390
8.00 | 1.382
8.75 | 1.370
g.12 | 1.348
9.50 | 1.320

0 )
2.40 756
3.50 | 1.311
3.60 | 1.381
370 | 1.380
5.00 | 1.380
7.00 | 1.370
8.75 | 1.360
9.12 | 1.348
9.50 | 1.320

Bleed | Distance to
slot leading edge

of slot of slot
A 2.12 A 2.12
B 2.40 B 2.40
c 3.00 c 3.00
D 3.90 D 3.72
E 4.10 E 4,01
F 4.44 F 4.34

Figure 1. - Schematlc diagram of supersonic inlet with Iinlet coordinates.
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Figure 2. - Imlet I in variable Mach number tunnel.
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Flgure 5. - Superacnic inlet and model support system,
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Figure 4. - Performapce of Inlets I and 1T with slot D open and with 211 bleed slote closed.
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Flgure 5. - Bffeot of throat blsed slot location on pressure recovery far inlet I.
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Total-pressure recovery, P/Pq

.70
GG gaies TR, 4‘0;3%
.60 % % //
& &
.50
(a) Slots C and D open. (b) Slots B, C, and D open. (c) Slots B and D open.
.70
Al
| -
q
.60 TJolet
O 1
o Ir
Flagged symbols W]
denote unstable
50 flow
.60 .80 1.00 .60 .80 1.00 .60 .80 1.00
Mass-flow ratio, m/m,
(d) Slot D open. (e) Slots D and E open. (f) Slots C, D, and E open.

Figure 6. - Summary of performance of inlets I and II with various bleed combinations.
Free-stream Mach number, 2.95; cowl-position parameter, 27.8°.
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Total-pressure recovery, P/P,

NACA EM ES8A27a COMEnE R 19
.64
O
P~
Cowl-position
.60 parameter,
81,
deg
o  z7.8 \
0 27.6 \‘
.56 A 27.4 ~
Flegged symbols \ &
denote unstable
flow L
- S R B
.76 .80 .84 .88 .82 .96 1.00

Mass-flow ratio, m/mo

Figure 7. ~ Effect of tip projection on inlet IXI performence.

Mach number, 2.95; bleed slots B and D open.

Free-stream
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Thrust coefficient

Drag coeffieient, CD

S NACA RM E5BA2Ta

1.8 | 1 | T I
Propulsive thrust
coefficients based

Net internsal on experimentsl
thrust coef- . pressure recovery —1
ficient; C +—
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Inlet total-pressure recovery
Figure 8. - Performance of a ramjet engine as function of inlet pressure

recovery. Free-gtream Mach number, 2.95; engine total-temperature ra-
tio, 3.0; diffuser-discharge Mach number, 0.20; fuel-air ratio, 0.05.
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NoTES: (1) Reynolds number is besed on the diameter o ‘ED
of a circle with the same area ss that UNCLA blF
of the capture ares of the inlet.
(2) T™e symbol * denctee the occurrence of
buzz.
Description Test parameters Test data Performance
Report
i‘i Rumber | Iype of |Free- Reynolds Angle Anig’le Inlet- |[Discharge- Maxciatum Remarks
facility Configuration of |poundary-|stresm | ey of . flow | rior | Frov | total- | Mess-flow
g oblique| layer Mach attack, lyaw, ofile| profite plcture | pressure ratio
ghocks | eontrol |number| X 10 deg deg r pr recavery
CONFID. 3 Flush 2.95 2.17 0 [} 7 0.66 0.99-0,76* Internally cylindrical cowl
RM ES8A274) glots genersted an oblique shock to
Lavis 1- in turn flow rapidly and achieve
by 1-Foot various low cowl drag. Higher net '
Variable [locationa propulsive thrust coeffi-
Mach clents are obtained tham with
Hober conventional inlets having
Tunnel higher pressure recoveriss.
Fixed-geometry two-cone inlet
CONFID. 3 Flush 2.95 2.17 0 0 v 0.66 0.99-0.76* Internally cylindrical cowl
RM ES8A27a alots generated an oblique shock to
Lewis 1- in turn flow rapldly and achleve
by 1-Foot various low covl drag., Higher net |
Variable hocation- propulsive thrust coeffi-
Mach clents are obtained than with
Rumber conventionel inlets having
Tunnel higher pressure recoveries.
Fixed-geometry two-cone inlet
CONFID. 5 Flush 2,85 2,17 0 0 7 0.66 0.99-0,76* |Internally eylindrical cowl
BS8A274] alots generated an chlique shock to
levis 1- in turn flow repidly and achieve
y 1-Foot various low cowl drag. Higher net
ariable locations propulsive thrust coeffl-
ch cients are obtained than with
Number conventional inlets having
Tunnel Fixed-geometry two-cone inlet higher pressure recoveries.
CONFID, 3 Flush 2,95 2.17 0 0 7 0.88 0.99-0,76% |Internally oylindrical cowl
RM ES8A27a) slots generated sn cblique shock to
Lewie 1~ in turn flow rapidly and achieve
y 1-Fopt various low cowl drag. Higher net
Variable locations propulsive thrust coeffi~
Mach cienta are obtained than with
Number conventional inlets having
Turnel higher pressure recoveriea.
Fixed-geometry two-cone inlet
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