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SUMMARY &
<
The effect of inlet component blunting on performance was lnvesti-
gated with an aexdsymmetric external-compression inlet in the Lewls 10-

" by l0-foot supersonic wind tunnel at a Mach number of 3.0 and a Reynolds

number of 2.5X10° per foot. The investigation waes conducted o deter-
mine the performance penalties associated with spike-tip end cowl-lip
blunting. The reported date should be useful as a design guide for blunt
inlet components applicaeble to cooling techniques.

The data indicated no marked change in inlet performence with sllght
blunting of both spike (ryjp/Tinjes = 0.017) and cowl Llip (ryy /ry ¢ =
0.0042), while & combination of the bluntest spilke and cowl lip
(rtip/rinlet = 0.068 and "-"'Lip/rinlet = 0.0170, respectively) reduced

the over-all peak pressure recovery sbout 6 counts. For this investiga-~
tion the cowl-lip anglies were simultaneously reduced as the blunting was
increased, resulting in essentially constant cowl pressure dreag for all
degrees of cowl-1ip blunting. The cowl pressure-drag rise was only
0.007 for the range of 1lip bluntness studied.

INTRODUCTTION

Anslysis indicates that air-breathing engines are a feasible means
of propulsion at high Mach numbers. At these Tlight speeds aerodynemic
heating can raise the surface temperatures above the allowable limits,
especially near stagnation regions such as the cowl lip and spike tip.
One method of reducing the high stagnation-point heat flux to these re-
gions 1s to use bluntness. In doing so, space ls also provided to house
a cooling system in the event one is needed. Although no major aerody-
namic heating problem is apparent at a Mach number of 3.0, the data re-
ported herein and information presented in reference 1 at a Mach number

*mitle s Unclagsified.
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of 4.95 should be useful in making an intelligent compromise between
structural and eaerodynamic requirements for a high Mach number design
inlet. The investigation w%s conducted at a Mach number of 3.0 and at
a Reynolds number of 2.5X10° per foot in the NACA ILewis 10- by 1lO-foot
supersonic wind tunnel.

SYMBOLS
Ain inlet capture ares, 1l.183 s8q ft
Apex meximum projected frontal area of model, 1.483 sq ft
Az diffuser-exit flow area, 0.961 sq £t
Cp drag coefficient, D/qoA .
Cp pressure coefficient, (p; - Pg)/dg
D drag
oz /my | inlet mass-flow ratio, pzVzAz/PoVohin
P total pressure
fS/PO total-pressure recovery

distortion parameter

P3

b static pressure

Q dynamic pressure

r radius

V' velocity

a angle of attack

2] splke-position parameter, angle between axls of symmetry
and line from spike tip (projected tip on blunt
spikes) to point of focused compression

(&) density of air

29095



5062

CH-1 back

NACA RM ES8G0O2a A 3

Subscripts:

c COWL

e external

in inlet

int internal

13 local

1ip lip

mex maximum

min minimum

t tip .
o conditions In free stream
3 conditions at diffuser exit
Superscript:

area-welghted velue

APPARATUS AND PROCEDURE

The baslic test vehicle, a 16.46-Inch-meximumm-diameter, 102-inch-
long model, is shown 1nstelled In the test section in figure 1. The
model employed an axisymmetric extermal-compression inlet with inter-
changeable cowls and spike Gips. A scale drawlng of the inlet with
maximum camponent bluniness, including the spike coordinates, is pre-~
sented in figure Z.

Scale drawings of the interchengeable splke tips and cowls along
with the cowl coordinates are glven in figure 3. The basic isentropic
compression splke was designed by the method of reference 2 with the
point of focused compression at the cowl lip. The spike had an initisl
cone half-angle of 13.65°, with a meximum of 35° of compressive ‘turning,
and a design spike-position parameter € of 23.60°. The interchangesble
splke tips were of O-, 1/8-, 1/4-, and l/z-inch radil, having respective
radius ratios rifrin of O, 0.017, 0.034, and 0.068 (rip = 7.365 in.).
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The streamline at the focal polnt of the compression field generated
by the sharp-tipped spike determined the contour of the internal surface
of the sharp-lip cowl; the surface was deslgned to capture the flow with-
out inducing any internal compression. Cowl-lip bluntness was achieved
by adding various 1ip radil to the point of focused campression symmetri-
cally with respect to the focal-point streamline. This design method re-
sulted in lower external 1lip angles for the more rounded leading-edge
cowls. Cowl-lip radii of O, 1/32, 1/16, ard 1/8 inch, corresponding to
redius ratios ryyp/ry, of 0, 0.0042, 0.0085, and 0.0170, with respec-

tive external lip angles of 42°, 409, 38°, and 33° were investigated.
All of the cowls under consideration had a projected area 20 percent of
the maximum frontal area.

The cowls were extensively surveyed with static-pressure orifices,
which when integrated over the projected cowl area determined the cowl
pressure drag. The cowl pressure drag 1s defined as the force acting on
that portion of the cowl between the stagnation point and the beglnning
of the external cylindrical section of the model. All the configurations
were tested with & ram-scoop boundary-layer-bleed system at the spike
shoulder, removing approximately 5 percent of the maximum capture mass
flow (fig. 2). A force balance was employed in the model, from which the
total external drag was cobtained.

RESULTS AND DISCUSSION -

All of the performance data presented were obtalned at a free-stream
Mach number of 3.0. Performance of the sharp-lip cowl with the various
spike tips is presented in figure 4. Because of the nonfocusing of the
compression shock system, improvement in mass-flow characteristics could
be obtelned by retracting the spike & small amount from the design polnt;
however, slight losses in peak pressure recovery resulted in most in-
stances. In one case (fig. 4(c)), the loss in peak recovery reached
approximately S counts. Considering the design spike position (6 =
23.600), spike-tip blunting had no marked effect on the inlet mass-flow
characteristics. The small differences noted can be attributed to the
tolerances in the spike-translation unit. This Iindicates that, within
the blunting tested, the shock structure is essentially independent of
the tip conbour and is a function only of the basic spike design.

The effect of rounding the spike tip on inlet performance with
blunt-leading~edge cowls 1s presented in figures 5 to 7. The results
indicate a trend similar to that of the data for blunted splke tips with
sharp cowl. Blunting the spike from a sharp tlp to a radius ratio of
0.068 in combination with the cowls of various radius ratios reduced the
peak pressure recoveries approximately 3 counts, as cen be seen in fig-
ures 5, 6, and 7. Comparison of figures 4(a) and (d) with figures 5
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to 7 shows a decrease of 1 to 4 counts in mass flow when the cowl lip is
blunted. This occurs because the stagnation point moves inside the cowl
lip as blunting is added to the cowl lip.

The over-sll drag coefficlients as affected by spike blunting are
shown in figure 4. Only the bluntest spike (radius ratio = 0.068) caused
an increase in the over-all drag coefficient, on the order of 0.0Z,
probably as a result of a small amount of spillage. The slope of the
drag curves during subcritical inlet operation appeared to be constant
for the various degrees of splke blunting investigated. However, when
blunting was added to the cowl 1lip, the total drag coefficient progres-
sively increased, probebly because of additive drag due to the attendant
gpillage.

The flow distortion was essentially unaffected by blunting of the
inlet components, maximum distortion values of only 0.04 being recorded.

The effect of spike~tip blunting on performance is summarized in
figure 8. 1In all cases the peak and critical pressure recoveries were
only slightly influenced by spike blunting. In generasl, pressure re-
coverles were reduced gpproximately 2 counts as a result of rounding the
tip from a pointed spike to & radius ratio of 0.068 spherical nose.

Figure 9 summerizes the effects of cowl-lip blunting on inlet per-
formance. The curves in the figure without established deta points were
obtained from figure 8. Rounding the cowl leading edge to a radius ratio
of 0.0085 had only small adverse effects on the inlet performance. In-
creasing the cowl-lip radius ratio to the maximum of 0.0170 decreased crit-
jcal pressure recovery approximately 8 counte (fig. 9(a)). It is apparent
from summary figures 8 and 9 that a small degree of inlet component blunt-
ing, with a radius ratio of 0,017 for the spike and a radius ratio of
0.0042 for the cowl lip, resulted in essentially no adverse effects on
the Inlet performance.

The design method employed in the cowl-lip design resulted in lower
external lip angles for the blunter cowls. The effect of extermnal 1lip
angle and cowl-lip blunting on the cowl pressure drag during critical
inlet operation is presented in figure 10. Experimental drag deta of
cowls with a sharp leading edge (ref. 3) having the same ratio of pro-
jected cowl ares to the maximm frontal area (0.20) and with contours
similsr to those of the present tests are compared with the present data
in figure lO(a). The drag penalty associated merely with the rounding
of the cowl leading edge from & sherp lip to a radius ratio of 0.0L70 is
depicted by the shaded reglon in the figure. Comparing the drag coeffi-
cient of the cowls tested, it 1s spparent that the reduction in external
1ip angle was approximately enough to counterbslance the drag rise result-
ing from blunting, leaving only a rise of 0.007 going from sharp to the
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most blunt. However, the drag rise due to blunting can be consldersble,
as lndicated by comparing the sharp-cowl value with the blunt. As seen
in figure 10(a), this rise can be as much as 0.074 for a cowl with ex-
ternal lip angle of 320 and & radius ratio of 0.0170. For the data of
this report, the drag penalty due to blunting sppears to be linear with
increasing lip bluntness, as shown in figure 10(b).

Typical pressure distributlions over the cowl surfaces are shown in
figure 1l. The extensive static-pressure instrumentation revealed that
the stagnation streamline moved inward with increasing cowl bluntness.

Schlieren photographs of supercritical inlet operation with the
varlous spike tips and the sharp cowl are shown in figure 12. A linesar
projection forward of the established conical shock wave orn the blunt
spike intersects at & polnt ahead of the sharp splke tip, but the
estaeblished shock wave angle is less than that of the one generated by
the sharp-tip cone. These compensating effects appeared to make the lo-
cation of the initial splke shock wave with respect to the cowl lip
essentially independent of the spike-tip bluntness.

CONCLUDING REMARKS

The effect of cowl-~lip and spike~tip blunting on inlet performance
was investigeted on an axisymmetric external-compression inlet at a Mach
number of 3.0. Slight blunting of the lnlet components (radius ratio of
0.017 for the spike tip and radius ratio of 0.0042 for the cowl leading
edge) had no apparent adverse effects on inlet performance. The combil-
nation of the most blunt spike (radius ratio of 0.068) and cowl (radius
ratio of 0.0170) reduced the pesk pressure recovery about 6 counts. Al-
though there would be an apprecisble drag penalty associated with blunt-
ing the cowl leadling edge while maintaining the externsl lip angle con-
stant, the blunting can be done so0 that the external lip angle is reduced,
thus reducing the drag penalty assoclated with blunting.

Lewis Flight Propulsion Iaboratory
National Advisory Committee for Aeronsutics
Clevelsnd, Ohio, July 16, 1958
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Flgure 1. - Model inastalled in test section.
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Cowl coordinsates

Cowl 1 Cowl 2
Distance from| T, Tints Distance from| re, Tints
stagnation in. in. stagnation in. .
/ point, in. point, 1n.
Cowl 1
o 7.365| 7.365 o 7.390| 7.365
r T 0: Externel le = 42° .2 7.540 | 17.480 .2 7.570| 7.442
14p/ 10 = O 1ip engle = 42 4 7.682 | 7.5785 .4 7.710| 7.545
.6 7.810( 7.659 .8 7.827| 7.838
.8 7.913 | 7.728 .8 7.925| 7.708
1.0 8.000| 7.785 1.0 8.01x| 7.769
Cowl 2 1.2 8.070| 7.835 1.2 8.080( 7.819
o 1.4 8.124| 7.863 1.4 8.136| 7.858
rup/rin = 0.0042; External lip angle = 40 1.8 8.197 ([ 7.900 1.¢ 8.176 | 7.900
2.2 8.230 E"’”ight 2.2 8.230 | ptralent
aper aper
/ — 6.38 _ |e.25 |'8.040 6.38 8.23 [ l8.040
Cowl 3 Cowl 3 Covwl 4
o 0 7.430 | 7.365 0 7.490| 7.365
r.“_p/rin = 0.0085; External lip engle = 38 .2 7.590 7.415 .2 7.640 7.341
.4 7.722) 7.522 -4 7.760 | 7.460
— .6 7.837| 7.614 .6 7.862| 7.562
.8 7.932 | 7.690 .8 7.953| 7.650
Cowl 4 1. 8.013| 7.755 1.0 8.028| 7.722
o 1.2 8.078 7.806 1.2 8.083| 7.783
rmp/rm = 0.0170; Externsl 1ip engle = 33 1.4 8.132| 7.845 1.4 8.138| 7.835
1.80 8.208(( 7.900 2.10 8.2201( 7.918
traight traight
2.20 8.230 aper 2.20 8.230 taper
6.38 8.230] ' 8.040 6. 58 8.23 8. 040
ip half-angle = 13, 65°
for &ll epikes
Spike 1 Splke 2 Bpike 3 Spike 4
r 1,‘/rm o 0.017 0. 034 0.068

Flgure 3. - Scele Arawings of blunt cowls end apikes.
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drag coeffi-
cient, CD,e

Total-pressure recovery, Pz/Pq
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N

Spike-position Drag coefficient,
— perameter, Cp.e —
8, ’
deg
8 gggg (Design) Total-drag (Gerived
A 2%.55 from balance)

—_——— Cowl pressure drag
(pressure integration)

-08 Teils Stable 1limit
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Mags-flow ratio, m./m,
{a) Spixe 1: (b) Spike 4:
ro/ri, O r./ry,, 0.068.

Figure 5. - Effect on inlet performance of cowl-lip blunting
(ry4p/Tin = 0.0042) et Mach number 3.0 with and without spike-

tip blunting.
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PS,mmc - PSlm:Ln

Flow-distortion
parameter,

External drag
coefflcient,
CD’ e

Total-pressure recovery, F.'S/PO

G
T [ I 1 i [ [ [ I T
Spike-position Drag coefficient,
parameter, CD,e
e,
deg
— O 23.65 Total-drag (derived —
a 25.60 (Design) from balance)
A 23.55
——— Cowl pressure drag
(pressure integration)
08— mai1s Stable limit ]
| ;
o}
.3
x & Pt
-
L
.8 -

> .9 1.0 .8 .9 1.0
Mass-flow ratio, mg/my
() Spike 1: ry/ryy,, O. (b) Spike 4: =r/ry,, 0.068.

Figure 6. -~ Effect on inlet performance of cowl-lip blunting
(ry1p/Tin = 0.0085) at Mach number 3.0 with and without spike-

tip blunting.
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Flow-distortion
parameter,

Externpal
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Total-pressure recovery, Pz/Pp
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T T T 1 | I B 1
Splke-position Drag coefficient, )
parameter, Cp,e
L 6, 2 -
deg
L o 23.65 i §
O 23.60 (Design) Total-drag (derived 0
A 23.55 from balance)
L ¥ 23.40 |
—_—— Cowl pressure drag )
sl (pressure integration) |
Tails Stable limit
| oo |
oy ‘E ,_.éﬂ
o .
.3 . : %
% B
.1 -
.8
. >
.7 ‘?‘1 )
-6 — I
57 .8 - .8 .9 -
Mass-flow ratio, m3/m0
(a) Spike 1: wy/ry,, O. (b) Spike 4: ry/ry,, 0.068.
Figure 7. - Effect on inlet performance of cowl-1lip blunt- ‘
ing (ry4p/Tin = 0.0170) at Mach number 3.0 with and
without spike-tip blunting. -
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Flgure 8. ~ Elfeet of spike-tip blunting on performance,

BZO0DESE RY VOVN

0

ST




Supercritical
drag coeffl-
eient, Cp

recovery, ?3/?0

Total-pressure

Supereritical
drag coaffi-
elent, GD

Fy/Fo

Total-pressure
recovery,

91

.3
&“""’_"O_ -0 ——
[«
W1
.85 . . , . =
O Critical (@ = 25.80°)
A — L O Peak (max,
T H I P—— ]
q D | i e
r ]
.75 [~ o] e
‘-\_’_.
‘-u.o _—
{a} Spike 1: */Tyqe Q. i{b) Spike 2: P/Ty0.017.
.3
— | b o) 0
.
.1
.85
T —
Tt (1]
-__"_"--—-. __‘_"‘--._.
o—t | |
17 _“N\ . D -""-..
1
~\M‘\ - \‘~\\\ﬁ)
1 |
+65 004 ~008 018 L0156 020 O 7004 008 012 7016

Cowl-lip radins ratio, rlip/rin
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Figure 9. - Effect of coml-lip blunting on perfaormance,
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.20 . [ i
rlip/rin 0 (Sherp)
0.0170 i
o .16 4 i P
&
-i;\
3
E .12
8
g
g oo //
2 _ P
E 4 o4 <:::;;f. 3 (Sharp)
cr”"/'
018 22 26 30 34 38 42
Exbernal cowl-lip angle, o, deg
Ef.g‘ (a) Integrated pressure drag.
52 =
2 e 1
2.
8 4 P
¥ 5 .04 >
54 =
g c" /
E it ]
g é 0 004 008 012 016 020

Retio of cowl-lip radius to inlet redius, ryyp/rin

(b) Drag increment due to blunting.

Figure 10. - Effect of cowl-lip blunting and external 1lip angle on cowl
pressure-drag coefficient during criticel inlet operation.
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Figure 11, - Coul stetic-pressure distributions.
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(e) Spike L: ry/r, ., O. (1) Spike 2: r'b/rin’ 0.017.

- C-48236

A

(c) Spike 3: ryfry,, 0.03¢ (c) Spike 4: r.b/rin, 0.068.

Flgure 12. - Schlleren photographs of supercritical inlet operation with various
splke tlps and sharp-lipped cowl.

NACA - Langley Field, Va.
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