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SUMMARY

In order to check the practicability of a translating-spike inlet,
an investigation was conducted in the 8- by 6-foot supersonic wind tun-
nel on a 50° conical-spike inlet at Mach numbers of 1.5, 1.8, and 2.0
over a range of angle of attack from 0° to 9°.

The additive-drag penalty associated with inlet mass-flow spillage
was significantly reduced by using a translating-spike inlet rather
than a fixed-geometry inlet. However, the total-pressure recovery of
this translating-spike inlet with oblique shock spillage was less than
the total-pressure recovery of the fixed-geometry inlet at the same mass-
flow spillage.

Indications of the improvement in performance of a turbojet instal-
lation by means of mass-flow control with this specific variable-geometry
inlet are included.

INTRODUCTION

When turbojet engines are operated over a range of altitudes,
engine speeds, and flight Mach numbers, some form of variable-inlet
geometry is needed to efficiently match the mass-flow requirements
of the engine to the air delivered by the inlet. One proposed matching
method prescribes the use of an inlet with a translating spike which
would allow the required amount of mass flow to be spilled with a mini-
mum of additive drag. Additional means of mass-flow control are dis-
cussed in references 1 and 2.

A preliminary investigation (ref. 3) of & translating-spike inlet
has been made, but the available information is limited to internal
flow performance at zero angle of attack. The object of the present
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investigation was to ascertain the practicability of a translating-spike
inlet as a means of mass-flow control and to cbtain total-pressure-
recovery data at angle of attack and drag data at zero angle of attack.
The over-all gain in performance of an engine equipped with a
translating-spike inlet is determined by the combination of changes in
total-pressure recovery and drag relative to the values obtainable with
a fixed-spike inlet. This investigation was conducted at the NACA Lewis
laboratory.

SYMBOLS

The following symbols are used in this report:

A flow area, sq ft

A; inlet capture area defined by cowl lip, sq ft
An maximum external cross-sectional area, sq ft
Cp external-drag coefficient, D/qpApy

Cp,a additive-drag coefficient, Dy/qpA;

D drag foree,  Ib

Dg additive-drag force, 1b

Dg drag force due to mass-flow spillage, 1b

¥y thrust at operating total-pressure recovery, 1lb

Fn,i thrust at 100 percent total-pressure recovery, 1lb

L length of model, excluding conical-spike projeetion, in.
M Mach number

m mass flow, slugs/sec

mo mass flow through stream tube defined by cowl lip, slugs/sec
P total pressure, lb/sq £t

P static pressure, lb/sq £t

q dynamic pressure, TpMZ/Z, lb/sq ft



NACA RM ES3G10 3

X axial distance downstream of cowl lip, in.

a angle of attack, deg

77 ratio of specific heats for air

81 cowl-position parameter (angle between axis of diffuser and line

Joining apex of cone to cowl lip), deg

P theoretical oblique shock angle, deg
Subscripts:

0 free stream

S plane of survey

4 diffuser outlet station, sting in

4,1 diffuser outlet station, sting out

X axial station

APPARATUS AND PROCEDURE

The sting-mounted 8-inch-diameter model was installed in the 8- by
6-foot supersonic wind tunnel which was operated at Mach numbers Mg of

1.5, 1.8, and 2.0. The Reynolds number during the investigation was
approximately 3.4x105, based on the maximum external diameter of the
model (8.125 in.).

The model was investigated with three inlets, one of which was on-
design at a free-stream Mach number My of 1.5, one at 1.8, and one at
2.0. These inlets were designed such that the cone shoulders of their re-
spective 50° conical spikes were positioned at the cowl-lip station. The
cone shoulder is that portion of the spike where the contour deviates from
a straight conical taper. The inlets designed for My = 1.5 and 1.8 were

investigated at zero angle of attack. The inlet designed for Mp = 2.0 was

used in conjunction with faired spacers to obtain spike translation
and was investigated at angles of attack from 0° to 9°. The spacers
made possible the positioning of the conical spike at cowl-position
parsmeters 63 of 54.1°, 45.8°, 43.0°, 39.3°, 36.5°, and 34.1°. The
first three values of 6; allow the oblique shock generated by the

cone to fall at the cowl lip at Mg = 1.5, 1.8, and 2.0, respectively.
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At My = 2.0, the last three values of 6; cause 9, 19.5, and 27.5 per-

cent mass-flow spillage, respectively. Hereinafter, these spacer con-
figurations will be referred to as the translating-spike inlet.

The principal dimensions and notation for the various configura-
tions are presented in table I, and the coordinates of the cowls, coni-
cal spikes, and faired spacers are given in tables II and III. A sche-
matic diagram of the model including details of the faired-spacer assem-
bly is given in figure 1. The diffuser area-variation curves are pre-
sented in figure 2 along with a schematic diagram of the model on which
the pertinent stations are indicated.

The instrumentation consisted of a static-pressure rake at the
plane of survey (station 3), a three-component strain-gage balance
within the model centerbody, a movable plug at the outlet of the model
to control the mass flow, a direct-reading angle-of-attack indicator,
and a dynamic-pressure pickup located slightly downstream from the
plane of survey. The dynamic-pressure pickup was used in conjunction
with schlieren apparatus to determine inlet-flow instability.

The Mach number at the plane of survey was determined from an isen-
tropic one-dimensional area-ratio existing between the plane of survey
and the choked outlet. The diffuser outlet Mach number M4,l is
defined as that Mach number calculated by isentropically expanding the
flow to the internal-duct area, at station 4 with the sting removed.

The mass-flow ratio presented is the ratio of mass flow through
the model mz to that of a free-stream tube defined by the capture

area of the inlet cowl. The mass flow at the plane of survey was
calculated by assuming a choked condition at the outlet-nozzle throat
and using the measured average static pressure and the calculated dif-
fuser Mach number at the plane of survey. An outlet-nozzle flow coef-
ficient of 0.98 was used.

Total-pressure recovery is the ratio of the total pressure Pz,

determined from the measured average static pressure and the calcu-
lated Mach number at the plane of survey, to the measured free-stream
total pressure, Pg.

Drag data were computed from axial-force readings of the three-
component strain-gage balance.

DISCUSSION OF RESULTS

Effect of spike translation at zero angle of attack. - Total-
pressure recovery, diffuser outlet Mach number, and external drag
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coefficient are presented in figure 3 as a function of mass-flow ratio
for the translating-spike inlet at zero angle of attack. These perform-
ance characteristics at critical operation are summarized in figure 4 as
a function of the cowl-position parameter ©;. Additional data, not

presented in figure 3 are also used in making the summary plots of
figure 4.

The total-pressure recovery is maximum for My = 1.8 and 2.0 at
62 = 43.0° and decreases as the spike is translated to either higher

or lower values of 6;. The drop in total-pressure recovery for

0, < 43.09 arises from the flow expansion over the cone shoulder upstream
of the cowl lip. (See fig. 5(d), for example.) The decrease in total-
pressure recovery for 63>43.0° is a result of the normal shock being
forced outside the cowl lip because of excessive internal contraction
(see fig. 5(e)) and the fact that the oblique shock moves downstream

as 6; increases. Both conditions increase the amount of mass flow
passing through a normal shock at free stream Mach numbers.

At Mb = 1.5, the inlet appears to be less susceptible to losses
in total pressure associated with the expanded-flow region over the
shoulder. However, the inlet does suffer a drop in total-pressure
recovery for 91:>45.8° because of excessive internal contraction (see

Figs 'S0 Y ).

The variation of diffuser outlet Mach number with spike translation
at zero angle of attack, as shown in figure 4, results from changes in
total-pressure recovery and mass-flow ratio at critical operation of the
translating-spike inlet.

Variation of the total drag with 63 1is most pronounced at
MO = 1.8 and 2.0 with the minimum values occurring where 61 equals the
theoretical oblique shock angle ¢. The increase in total drag for
07< ¢ 1s the result of the additive drag associated with mass-flow
spillage downstream of an oblique shock, whereas the increase in total
drag for 63 >¢ is due to spillage downstream of a normal shock. This
spillage downstream of the normal shock results from inability of the
inlet to swallow the normal shock because of internal contraction. The
total drag at Mp = 1.5 is essentially constant over the range of 63,
with the effects of internal contraction most noticeable at 6; = ¢.

Analysis indicates that an inlet can be designed which will keep
the cone shoulder downstream of the cowl lip for the entire range of
spike translation, without internal contraction. It is expected that
such a design would retain the higher critical total-pressure recov-
ery of the fixed-spike inlet throughout the range of translation.
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However, the redesigned inlet requires the internal cowl-lip angle to .
be increased from 7° to 18°, thereby increasing the cowl pressure-drag

coefficient from approximately 0.035 to 0.056 based on the maximum

external cross-sectional area as determined from linearized potential “
theory.

Effect of spike translation at angle of attack. - The total-
pressure recovery characteristics with the spike adjusted for 61 =0
and also extended to 8; = 39.3°, 36.5°, and 34.1° (corresponding to
9, 19.5, and 27.5 percent spillage at My = 2.0) are presented in fig-
ure 6 as a function of mass-flow ratio for the various angles of attack
investigated. The critical total-pressure recovery and mass-flow ratios
for the translating-spike inlet are summarized in figure 7 as a function
of angle of attack.

The total-pressure recovery and mass-flow ratios at critical oper-
ation decrease with increased angle of attack for the various spike
positions, and, in general, the same trend in critical total-pressure
recovery and mass-flow ratio with spike projection is obtained at
angles of attack as was previously indicated, figure 4, for zero angle

of attack.
Performance comparison of translating-spike inlet with fixed- .
spike inlet. - The total-pressure recovery and drag of the translating-

spike inlet at critical operation is compared (fig. 8) to the subcriti-
cal operation of the fixed-spike inlet, 2.0-43.0, for the range of Mach
numbers investigated and zero angle of attack. This particular fixed-
spike inlet was selected for the comparison because it is a high-
performance inlet at My = 1.5 and 1.8 as well as the on-design Mach

number, 2.0.

As shown in figure 8, total-drag was reduced by obtaining spillage
with a translating-spike inlet at critical operation. This reduction
results from the lower additive drag associated with oblique shock mass-
flow spillage as compared to the inlet normal shock mass-flow spillage
of a fixed-spike inlet forced to operate subcritically to match the
engine requirements.

The total-pressure recovery of the translating-spike inlet with
supersonic spillage is lower than the total-pressure recovery of the
fixed-spike inlet, for the same amount of mass-flow spillage, through-
out the range of Mach numbers investigated. However, this may be char-
acteristic of only the particular design compromise selected for these
inlets.

The propulsive thrust of a turbojet engine equipped with the
translating-spike inlet would tend to be increased, relative to that
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of a fixed-spike inlet, as a result of the decreased spillage drag, but
tend to be decreased as a result of the lower total-pressure recovery.
Any change in over-all performance is the combined effect of drag and
total-pressure recovery. An example of this may be seen in reference 4,
where a comparison was made by sizing both the fixed-spike inlet and the
translating-spike inlet to a turbojet engine at Mgy = 0.85 and operating

at Mg =1.5, 1.8, and 2.0. This engine exhibited a gain in effective

F, -D

thrust —=——= of 2.5 percent at My = 1.5, 6.5 percent at Mg = 1.8,
n,i

and 2.5 percent at Mp = 2.0 when the translating-spike inlet was used.

Comparison of experimental additive drag with theoretical predic-
tions. - The aforementioned analysis indicated that any gain in turbojet
engine performance, when a translating-spike inlet is used to obtain the
mass-flow spillage necessary for engine-inlet matching, most probably
will result from reductions in the additive drag of the inlet. A theo-
retical means of predicting additive drag (ref. 5) is compared with the
experimental values of this investigation.

Theoretical inlet normal shock additive drag is compared in fig-
ure 9 with the experimental values for inlets 2.0-43.0, 1.8-46.9, and
1.5-54.5 at their respective design Mach numbers. The experimental
inlet normal shock additive drag is defined as the difference between
the spillage drag and the change in cowl-pressure and friction drag as
the inlet goes suberitical. The spillage drag is the total drag at a
given mass-flow ratio minus the total drag with zero spillage. Configu-
rations 1.8-46.9 and 1.5-54.5 experienced critical mass-flow spillage,
and the drag curves were extrapolated to unity mass-flow ratio. Data
for a similar configuration (ref. 6) were used to estimate the change in
cowl-pressure and friction drag with decreasing mass-flow ratio at
Mp = 1.8 and 2.0.

The theoretical curves for inlet normal shock additive drag were
calculated from equation (8) of reference 5 by use of the assumptions
that the subcritical total-pressure recovery and the static pressure
along the cone surface remained constant. The correlation between the
theoretical and the experimental additive drag at My = 1.8 and 2.0 is

excellent. Experimental cowl-pressure-drag data were not available to
make the correlation at Mg = 1.5.

Also indicated in figure 9 is a comparison of the experimental ob-
lique shock spillage drag and theoretical oblique shock additive drag of
the translating-spike inlet. The experimental oblique shock spillage
drag is defined as the total drag at critical operation for a given
spike projection minus the total drag at critical operation with the
spike positioned for zero spillage. The internal contraction with con-
figurations 2.0-45.8 and 2.0-54.1 caused the normal shock to position
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itself upstream of the cowl lip (see figs. 5(e) and 5(i)) and made it
necessary to extrapolate the total-drag curve to unity mass-flow ratio.

The theoretical curves taken from figure 7, reference 5, show rea-
sonable correlation with the experimental data, with the best agreement
at the higher Mach numbers and the higher mass-flow ratios. It is
doubtful if better correlation could be expected, since the theory is
based on a conical flow field at the cowl lip, whereas the experimental
values are from configurations with an expanded flow field over the cone
shoulder and upstream of the cowl lip.

SUMMARY OF RESULTS

The following results were obtained in an investigation of a spe-
cific translating-spike inlet used as a means of mass-flow control over
a range of free-stream Mach numbers from 1.5 to 2.0 and at angles of
attack from 0° to 9°.

1. The drag penalty associated with inlet mass-flow spillage was
significantly reduced by using a translating-spike inlet rather than a
fixed-geometry inlet. However, for the particular design investigated,
the gain in engine performance resulting from reduced additive drag was
partially nullified by a decrease in the critical total-pressure recov-
ery of the translating-spike inlet relative to the subcritical total-
pressure recovery of the fixed-geometry inlet for the same amount of
mass-flow spillage.

2. The translating-spike inlet experienced a decrease in the crit-
ical total-pressure recovery and mass-flow ratio with increasing angle
of attack for any one spike position, similar to a fixed-spike inlet on-
design. Also, at a given angle of attack, the effect of spike transla-
tion on critical total-pressure recovery and mass-flow ratio was, in
general, similar to that of the zero angle-of-attack performance.

Lewis Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, July 20, 1953
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TABLE I. - PRINCIPAL DIMENSIONS AND NOTATIONS FOR
CONFIGURATIONS INVESTIGATED

Ehximum external cross-sectional area,
0.360 sq ft; maximum diffuser flow
area, 0.289 sq ft; over-all length,
S5 8ol Ind s Nildps radius, "0. 005 dnv;
internal lip angle, 7°q

Inlet Inlet capture area, (External lip angle,

configuration sq ft deg
(2)

2-54.1 0.1545 1.2
2-45.8 .1545 2
2-43.0 1545 ALz
2=3923 .1545 612
2-36.5 .1545 iz
2-34.1 .1545 12
1.8-46.9 .1422 Lk
1.5=54.5 <1280 10

8First number refers to design free-stream Mach num-
ber, second number to cowl-position parameter.
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TABLE II.

[A11 dimensions given in inches.]

Cowl 1lip station

- COORDINATES FOR COWLS AND CONICAL SPIKES FOR CONFIGURATIONS INVESTIGATED

0 J =
1.5-54.5 Inlet designed for oblique shock to fall at
cowl 1lip at My = 1.5 with cone shoulder
at cowl-lip station.
i;é:ié;g Inlet designed for oblique shock to fall at
cowl 1lip at My = 1.8 with cone shoulder
at cowl-1lip station.
2.0-43.0 Inlet designed for oblique shock to fall at
cowl 1lip at My = 2.0 with cone shoulder
at cowl-1lip station.
(a) 1.5-54.5
x y a b e
-1.70| Conical 0 2.43 2.43
0 0.80 1L, 40) Conical 2.62
2@ .84 125 2R6T
.20 .88 1..50 2L e
50 91 ALGHAS) 2.15
290 .97 2.00 279
100 3.11 Conical Conical
1.50 1.24
2.00 17556
2.50 1.48 6.80 3.25 3.58
3.00 1.59 7.00 3.28 3.40
S0 1569 720 5529 3.42
4,00 1579 7.40 3ol 3.43
4.50 1.89 7.60 DDL 3.44
5.00 1.98 7.80 533 3.45
550 2.07 Conical| Conical| Conical
6.00 2516
6.36 2.22
B.67 oD 3.47
(b) 1.8-46.9. (c) 2.0-43.0.
B - 3 g 2x oy Con: 12bse 2css
-2.86 ca y .
=2.41{ Conical 0 2.55( 2.55 0 1.32 .25 |2.69 |2.74
(0] a2 4,601 3.12| 3.24 .2 ) 50 |2.73 | 2.79
i | 1186 5.601 3.22] 3.34 4 1.45 1.00 |2.80 [2.89
L) IR R e Tb0 3.29 ] 3.41 86 s 2.00 |2.93 | 3.04
.40| 1.26 BL 60N 3.82 | 3.44 1.0 B 3.00 |[3.04 |3.18
1.10] 1.42 BR6T 3.865 3.47 210 1.84 4,00 |3.13.13.25
ggg igj 3.0 112,01 5.00 [3.20 | 3.32
4'10 2‘03 4.0 2.14 6.00 [3:25 ]'35.68
5‘18 2‘21 4.94 | 2.24 7,00 |3.30 |S5.42
¥ - 8.00 |3:33 [ 3.45
8.67 |35 5. 4T
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TABLE III. - FAIRED SPACERS USED TO SIMULATE TRANSLATING-SPIKE INLET

NACA RM ES53G1l0

[A11 dimensions given in inches ]

Fe.x :j
i

. L TE

le

o

ENp

Configuration C

2.0-54.1 0.43

2.0-45.8 308

2.0-43.0 1536

2.0-39.3 176

2.0-36.5 202

2.0-34.1 2.44
2.0-54.1 2.0-45.8 2.0-43.0
X Y X Y X 5
0 4.47 0 4.47 0 4.47
501 4,55 B 04 555 .5014.55
18016 i U Sl 1.0014.61 10510100 7L R[Sl
1.25]4.69 1.5014.70 1.50|4.68
1.50(4.76 2.00(4.76 20O 875
1794 B0 2.4414.80 205 1478
224,80
2.0-39.3 2.0-36.5 2.0-34.1
X i X Vi X i
0 4.47 0 4.47 0 4.47
<S04 55 .50 14,55 00114 255
1.00]4.61 1.00|4.61 1.00(4.61
1504167 1.5014.67 1.50|4.67
20004075 2004 871 2.00 [4.71
2.5004, 74 255004 .74 25004 274
31214780 5.0004., 77 5.008|4 576
3.48 |4.80 500014 79
3.80 |4.80
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(a) My, 2.0; (b) My, 2.0; (c) My, 2.0; (@) My, 2.0;
6y, 43.0. By 139.3. By, 36,5, 8y, 34.1.
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NACA
C=~33181

Figure 5. - Schlieren photographs of translating-spike inlet at various
values of free-stream Mach number MO and cowl-position parameter 6

1
at zero angle of attack.
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Figure 6. - Total-pressure recovery characteristics at angle of attack for various configurations.

02

OTDSSH W VOVN



=
1 %;
] S
NACA
5 B =
»
: a
= ™
r el g (]
g \"‘Q 8
=
3 e T ]
(0] ~
& -7=P~‘,;;
v E\ \~‘\
;:3 p?:{ - TR 1l
8 \-\ \\~
w =
5 ——— ~
A ‘W\ e 2450 My 2.0
:Eg' 2-45.8 Mg, 1.8
S 2-54.1 Mg, 1.5
i ————— 2=3905
0 — e 22555
a8 2B
il
Sl ——
m —
g =t
) = L
- e e
e i ALY
—
. T 9
é \_§ ] ‘-* — e} e e
é T -- NL\.\ = i g
i P N
0 6 12 0 6 12 0 6 12
Angle of attack, deg
(a) Free-stream Mach (b) Free-stream Mach (c) Free-stream Mach
number, 2.0. number, 1.8. number, 1.5.

Figure 7. - Effect of angle of attack on translating-spike inlet at critical operation.

T2



1.0

22

‘\\\ Inlet

— -0 — Fixed-spike

(2.0-43.0)
Translating

Total-pressure recovery, Pz/Po

&) Oq VG /)
v

|
/
|
|
|
| spike
|
\
|
|
|
|
!

R Z
a0 O ”

e 4 z
S P N
H 6 / i
gy C : / 5

Eiy

0 G /

Pl

%9 / a

mo // // i

N
-
# 7| - //
Qr -1
- -
il

Mass-flow spillage, percent

(a) Free-stream Mach (b) Free-stream Mach number, 1.8. (¢) Free-stream Mach number, 1.5.
number, 2.0.

Figure 8. - Comparison of translating-spike inlet characteristics at critical operation with subcritical operation
of fixed-spike inlet at zero angle of attack.

0] 20 40 0 20 40 60 0] 20 40 60

OTOESH Wd VOVN



Aa18uRT-VOVN

2.0-43.0 Mgy, 2.0

O 1.8-46.9 Mp, 1.8 ) Experimental inlet normal shock
1.5-54.5 My, 1.5 ) epillage drag

O 2.0-39.

S 2.0-36.5) Experimental oblique shock spillage drag

> 2.0-34.1

————  Theoretical, ref. 5
};7 ______ Experimental inlet normal shock additive drag

\\ ‘\
\

\ \ Inlet normal shock additive dra&

N\ \ -

\\Sx Inlet normal shock additive draé\\

o\ By

> \ ~ 1807

Inlet normal shock
additive drag \ (o) \\ \\ \
Q By

B o\ \\ \\ \\ ]

N

‘\\ Oblique shock additive drag
™~ B )
[ Obligue shock additive drag . | O B AT
8

Obligue shock additive N U
e *D\% ST
1 | | |
.4 a6 R0 o2 4 <6 .8 120 G 4 .6 +8
Mass-flow ratio, mz/mg
(a) Free-stream Mach number, 2.0. (b) Free-stream Mach number, 1.8. (c) Free-stream Mach number, 1.5.
Figure 9. - Comparison of theoretical and experimental values of additive drag for annular 50° conical inlet.

T

0TOZSH W VOVN

g2l



L A st

A “ h

m
]

Fofhtngo s
‘wmc& Sl Ak
) fratanrfl
. aaseulidd

Eh Eis) zr..r..?ntrn\. }

3...5@?: e

e BN B4
LU S S R

E ¥
P

)

. .n,..h,ﬁ_: P Tt
IDRENSEE Ve RS- et

U
P
-

::aﬁatc: 31

m?ﬁ. gy e
&3! ,lﬂf::wi ~H
gl o ,Jq-ﬂﬁw. n_.m.uhx&l, T
LRI w5t?
: ﬁuﬁﬂ:

b |
»
B
w

o M e oo ot e it e

QIDREA MA AYAY

& VA {sirotiesT

3_;.,, O rea vl

AUl STOR

& ~ 90 .v%mé.mz:t JAMETE
¢ InGelst areoiy B
KAy el

o, iz 6l

alni adioe

o G T TR (WTRRET ¢ RS
puing 9&d

388 O ..i_wﬁ IS

E.C.L
woli

oIl AR Sbet Gukisigits adIgefr

_Euamm M ADAK
s aA gl Be Bion Yesivb A LinoBeW
ETRT B DT T AL GV AFFT FC BOITAN TRV &

240, ALK A0 s S NM-2a TR SO &

e g ORI 5.1 »c A0 &mﬁ%x HBAMTA =
e ;?E qBE & R 1etioio i T M
Tk S.vmitm».u ) mEel &
T i (o
PR S N e srahpsy e doodn ol Asbio ol |
. 1, S5 i Bejsubnod eiw T T T %
s inag ...&. & to banaod Eeaw gkmoaysaus 001
e TS w {81 10 syl Ao Ls Jeinf o
A hb g Rus U8 @ Y gl Hasiis o sl jo QME%— h.

Lomo daidsaem fulot 0406 balsiopzes §ilsaay ﬁ.ﬁv gid

sgapyb e Saiey g uau:&..ﬂ glinEaiiicgia Rew &
it 1 mdng-baxdl B aed) aenisy delai eZiie Aalic
%.3» st 10 raavoiut sTusmrg-Rlol ed! .ui&w
hwmm»ne sl Tigh e 43N g n&ﬁ
ad)de Aaw .: i




