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INVESTIGATION OF TRANSIATING-SPIKE SUPERSONIC INLET AS
MEANS OF MASS-FLOW CONTROL AT MACE NUMBERS
OF 1.5, 1.8, and 2.0

By Gerald C. Gorton

SUMMARY

In order to check the practicability of a translating-splke 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 renge of engle of attack fram 0° to 9°.

The additive-drag penalty essoclated with inlet mass-flow splllage
was slgnificently reduced by using e translating-spike inlet rather
than a fixed-geametry inlet. However, the total-pressure recovery of
this transleting-spike inlet with oblique shock spillage was less than
the total-pressure recovery of the fixed-geometry inlet at the ssme mass-

flow splllage.

Indications of the improvement in performence of a turbolet instal-
lation by means of mass-flow control with this speciflc variable-geometry
inlet are included.

INTRODUCTION

When turbojet engines are ocperated over a range of altitudes,
engine speeds, and flight Mach mmbers, same form of varisble-inliet
geametry is needed to efficlently match the mass-flow requirements
of the engine to the alr delivered by the inlet. One proposed matching
method prescribes the use of an inlet with a transleting splke which
would allow the required amount of mess flow to be spilled with e mini-
mum of additive drag. Additional meens of mass-flow control are dis-
cussed In references 1 and 2.

A preliminary investigation (ref. 3) of a trenslating-splke inlet
hes been made, but the avallable information is limited to internal
flow performance at zero angle of attack. The object of the present
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investigation wes to ascertain the practicabllity of a translating-spike
inlet as a means of mass-flow control and to obtain total-pressure-
recovery dete at angle of attack and drag date at zero angle of attack.
The over-all galn in performance of an engine equipped with a
transleting-spike inlet is determined by the combination of chenges in
total-pressure recovery snd drag reletive to the values obtainsble with
e fixed-spike inlet. This investigation was conducted at the NACA Lewls
leboratory.

SYMBOLS

The following symbols are used ln this report:
A flow area, sq Tt —
Ay inlet capture area defined by cowl llp, sq ft
Ap meximum external cross-sectlonal area, sq ft
Cp external-drag coefficient, D/qoAn
Cp,s &dditive-dreg coefficlent, Dy/qohy
D drag force, 1b

Dg edditive-drag force, 1b

Dg drag force due to mass-flow splllage, 1lb

Fp thrust at operating total-pressure recovery, 1lb

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

L length of model, excluding conicel-spike projection, in.
M Mach number

m mass flow, slugs/sec .

mg mass flow through stream tube defined by cowl lip, slugs/ sec
P total pressure, 1b/sq ft - e —
P static pressure, 1b/sq ft

q dynamic pressure, ‘rpMz/Z, 1b/sq £t

1
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X axial distance downstream of cowl Iip, in.
(1 angle of attack, deg
T ratio of specific heats for alr

03 cowl-position perameter (angle between sxls of diffuser and line
Joining spex of cone to cowl 1lip), deg

9 theoretical oblique shock angle, deg
Subscripts:

0 free stream

3 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-dlameter model was installed in the 8- by
6-foot supersonic wind tunnel which was cperated at Mach numbers Mgy of

1.5, 1.8, and 2.0. The Reynolds mumber durling the investigation was
approximgtely 3.4x105 » based on the maximum externsl dlemeter of the
model (8.125 in.).

The model was Investigeted wlth three inlets, one of which was on-
design at a free-stream Mach number M, 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 splkes were poeltioned at the cowl-lip station. The
cone shoulder 1s that portion of the splke where the contour deviates from
a straight conicel taper. The inlets designed for Mgy = 1.5 and 1.8 were
investigated at zero angle of attack. The 1lnlet deslgned for Mo = 2.0 was
used in conjunction wlth falred spacere to obtein splke translatlon
and was investigated at angles of ettack from 0° to 9°. The spacers
made possible the positioning of the conical splke at cowl-position
parsmeters 6; of 54.1°, 45.8°, 43.0°, 39.3°, 36.5°, and 34.1°. The
first three values of 63 allow the oblique shock generated by the
cone to fall at the cowl 1lip et 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. Herelnafter, these spacer con-
figurations will be referred to as the translating-spike inlet.

The principal dimensions and notation for the various conflgura-
tions are presented in taeble I, and the coordinates of the cowls, coni-
cal splkes, and faired spacers are given in tables II and III. A sche-
matic disgrem of the model including detalls of the falred-spacer assem-
bly 1s given in figure 1. The diffuser area-variation curves are pre-
sented in figure 2 along wilth a schematic dlagram of the model on which
the pertinent stations are indicated. .

The instrumentation comsisted of a statlc-pressure rake at the
plene of survey (station 3), a three-camponent strain-gage balance
within the model centerbody, a movable plug st the outlet of the model
to control the mass flow, & direct-reading angle-of-attack lndicetor,
and a dynamic-pressure plckup located slightly downstream from the
plane of survey. The dynamic-pressure pickup wes used in conjunction
with schlleren apparatus to determine inlet-flow instability.

The Mach number at the plane of survey was determined from an isen-
troplc one-dimensionel erea-ratio existing between the plane of survey
and the choked outlet. The diffuser outlet Mach number M;4 1 1s
defined as that Mach number celculated by lsentroplcally expa.nding the
flow to the internsl-duct area, at station 4 with the sting removed.

The mass-flow ratio presented 1ls the ratio of mass flow through
the model mz to that of a free-streem tube defined by the capture

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

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

determined from the measured average statlc.pressure and the calcu-
lated Mach number at the pla.ne of survey, to the measured free- stream
totel pressure, P.

Dreg date were computed from exlal- force readings of the three-
component strain-gage balance.
DISCUSSION OF RESULTS

Effect of splke translation at zero angle of attack. - Total-
pressure recovery, diffuser outlet Mach number, and external drag

v
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coefficlent are presented in figure 3 as a function of mess-flow ratio
for the transleting-spike inlet at zero angle of attack. These perform-
ence characteristics at critical operation are summsrized in figure 4 as
a function of the cowl-position parameter 6. Additionel deta, 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
GZ = 43.0° and decreeses as the splke is translated to elither higher

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

8;< 43.0° arises from the flow expansion over the cone shoulder upstreem
of the cowl lip. (See fig. 5(d), for exemple.) The decrease in total-
pressure recovery for 91>45.O° is a result of the normsl shock belng
forced outside the cowl 1lip because of excessive internal contraction
(see £ig. 5(e)) and the Pact that the oblique shock moves downstream

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

At MO = 1.5, the inlet appears tq be less susceptlble to losses
in totel pressure assoclated with the expanded-flow reglon over the
shoulder. However, the inlet does suffer & drop in total-pressure
recovery for 61>45.8° because of excessive internal contraction (see

fig. 5(1)).

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 end mass-flow ratio at criticel operation of the
translating-splke inlet.

Variation of the totel dreg with 63 1s most pronounced at
M = 1.8 and 2.0 with the minimm values occurring where 63 equals the
theoretical oblique shock angle ¢. The increaese in total drag for
8;< ¢ 1s the result of the additlive drag associated with mass-flow
spillage downstream of an oblique shock, whereas the increase In total
dreg for 63 >¢ 1s due to splllage downstream of a normel shock. Thils
splllege downstream of the normal shock results from inebility of the
inlet to swallow the normal shock because of internal contraction. The
totel drag et Mp = 1.5 is essentlally constant over the range of 83,
with the effects of internsl contractlion most noticeeble at 63 = @.

Analysis indicates that an inlet can be designed which will keep
the cone shoulder downstream of the cowl lip for the entlire range of
spike translation, without internsl contraction. It 1s expected that
such & design would retain the higher criticel total-pressure recov-
ery of the fixed-spike inlet throughout the renge of tramslation.
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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 epproximstely 0.035 to 0.056 based on the maximum
external cross-sectlonal area as determined fram linearized potential
theory.

Effect of splke translation at angle of attaeck. - The total-
pressure recovery characteristice with the spike adjusted for 6; = ¢
and also extended to 63 = 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 ratlos
for the tramslating-spike inlet are summarized in figure 7 as a function
of angle of attack.

The total-pressure recovery and mess-flow ratios at critical oper-
ation decrease with increased angle of attack for the varlous splke
positions, and, in general, the same trend in ecritical total-pressure
recovery and mass-flow ratio with splke projectlion 1s cobtained at
angles of attack as was previously indicated, figure 4, for zero angle
of attack.

Performance camparison of translating-spike inlet with fixed-
spike inlet. - The total-pressure recovery and drag of the transiating-
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 camparison because it is a high-
performance inlet at Mg = 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
wlth a trenslating-spike inlet at critical operation. This reduction
results from the lower edditive drag assoclated with oblique shock mass-
flow splllage a8 compared to the inlet normel shock mass-flow splllege
of a fixed-spike inlet forced to operate subcritically to match the
engine requirements.

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

The propulsive thrust of a turbojet engline equipped with the
translating-spike inlet would tend to be increased, relatlve to that

. 2948
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of & fixed-splke inlet, as a result of the decreased spillage drag, but
tend to be decreased se 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 comperison was made by sizing both the fixed-spilke inlet and the
translating-splke inlet to a turbojet engine at My = 0.85 and operating

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

Fp ~ Dg

thrust = of 2.5 percent at Mp = 1.5, 6.5 percent at My = 1.8,
n,l

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

Camparison of experimental additive drag with theoretical predic-
tions. - The aforementioned enalysis indicated that any gain in turbojet
engine performence, wvhen a translating-splke inlet is used to cbtain the
mess-flow spillage necessary for engine-inlet matching, most probably
will result from reductioms in the additive drag of the inlet. A theo-
retical meens of predicting additive drag (ref. 5) is compared with the
experimental values of this lnvestigation.

Theoretical inlet normal shock additive drag 1s 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 thelr respective design Mach numbers. The experimental
inlet normal shock additive drag 1s defined es the difference bhetween
the spillage dreg and the change 1n cowl-pressure and friction drag as
the inlet goes suberitical. The splllage drag 1s the total drag at a
glven mess-flow ratio minus the total drag with zero splllesge. Configu-
rations 1.8-46.9 and 1.5-54.5 experienced critlcal mess-flow spillage,
and the drag curves were extrapolated to unlty mess-flow ratic. Data
for & similar configuretion (ref. 6) were used to estimate the chenge in
cowl-pressure end frilection drag with decreasing mass-flow ratio at
Mo = 1.8 and 2.0.

The theoretlical 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 remasined constant. The correlation between the
theoretical and the experimental edditive dreg et Mg = 1.8 and 2.0 is

excellent. Experimentsl cowl-pressure-drag data were not avalleble to
make the correlation at My = 1.5.

Also Indicated in figure 9 1s a comparison of the experimental ob-
ligue shock spillage drag end theoretlical obligue shock additive drag of
the tranelating-spike inlet. The experimental obllique shock spillage
drag 1s defined as the total drag at critical operation for a glven
spilke proJection minus the total drag at critical operation with the
splke positioned for zero spillage. The internsl contractlon with con-
figurations 2.0-45.8 and 2.0-54.1 caused the normel 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 theoretlcal curves taken fraom figure 7, reference 5, show rea-
sonable correlation with the experimental deta, with the best agreement
at the higher Mach numbers and the higher mass-flow ratios. It is
doubtful 1f better correlation could be expected, since the theory is
based on & conleal flow field at the cowl 1ip, wheress the experimental
values are from configurations with an expanded flow fleld over the cone
shoulder and upstream of the cowl 1ip.

SUMMARY OF RESULTS

The followlng results were obtained in an investigation of a spe-
clfic translating-spike inlet used as & means of mass-flow control over
a range of free-stream Mach numbers from 1.5 to 2.0 and 4t angles of
attack fram 0° to 9°.

l. The drag penalty assoclated with inlet mass-flow splllage was
significently reduced by using a translating-spike inlet rather than a
fixed-geametry inlet. However, for the particular design investigated,
the galn in englne performance resulting from reduced edditive drag was
partially nullified by e decrease in the critical totel-pressure recov-
ery of the transleting-splke inlet relative to the suberiticel total- _
Ppressure recovery of the fixed-geometry inlet for the same amount of
mass-flow spillage.

2. The transleting-spike inlet experienced a decrease in the crit-
ical total-pressure recovery and mess-flow ratio with increasing angle
of attack for any one spike position, similgr to a fixed-spike inlet on-
deslgn. Also, at a glven angle of attack, the effect of splke transla-
tion on eritical totel-pressure recovery anfl mass-flow ratio was, in
general, similaer to that of the zero angle-of-attack performance.

Lewls Flight Propulsion Laboratory
Nationel Advisory Committee for Aeronmautics
Cleveland, Ohlo, July 20, 1953
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TABLE I. - PRINCIPAT, DIMENSIONS AND NOTATIONS FOR
CONFIGURATIONS INVESTIGATED

Ehximum externsl crogs-sectional area,
0.360 8q f£t; maximm diffuser flow
area, 0.289 sq ft; over-all length,
55.875 in.; 1ip radius; 0.005 In.;
internal 1ip angle, 702

Inlet Inlet capture area, |External l1lip angle,
configuration sq £t deg
(s)
2-54.1 0.1545 12
2-45.8 +1545 1z
2-43.0 .1545 12
2-39.3 .1545 1z
2-36.5 .1545 12 .
2-34.1 .1545 ia
1.8-46.9 .1422 11
1.5-54.5 .1290 11 _

8First number refers to design freée-stream Mach num-
ber, second number to cowl-posltion parameter.

2948
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TABLE IX. - COORDINATES FOR COWLS AND GONICAL SPIXES FOR CONFIGURATIONS INVESTIGATED

[A11 dimensions given in inches ]

Cowl 1lip station

e
€——>x Aj —> 2

d d

1.5-54.5 Inlet designed for oblique shock to fall at
- cowl 1ip at Mg = 1.5 with cone shoulder

at cowl-lip station.

1.8-46.9 Inlet designed for oblique shock to fall at
cowl 1ip at Mo = 1.8 wlth cone shoulder
at cowl-lip station.

2.0-43.0 TInlet designed for oblique shook to fall at
cowl 1ip at Mgy = 2.0 wlth cone shoulder
at cowl-lip station.

(a) 1.5-54.5

x ¥ a b [}
=1.70] Conical 0 2.43 2.43
0 0.80 1.0 Conical 2.82
.10 .84 1.25 2.67
.20 .88 1.50 2.72
.30 .91 1.75 2.75
.50 .97 2.00 2.79
1.00 1.11 C cal Conlcal
1.50 1.24 onI
2.00 1.36
2.50 1.48 6.80 5.25 3.38
3.00 1.59 7.00 .28 3.40
5.50 1.69 7.20 3.29 J.42
4.00 1.79 7.40 3.31 J.43
4.50 1.89 7.60 5.32 3.44
5.00 1.98 7.80 5.33 3.45
5.50 2.07 Conlcal| Conical| Conical
6.00 2.16 1
6.38 2.22
8.67 3.35 3.47
(b) 1.8-48.9, () 2.0-43.0,
L 2 b ° 225 oy cu;ulzzs 2;6
-2.41jConlcal | o 2.55( 2.55 o |1.32 .25 (2.69 | 2.74
(o] 1.12 4.60] 3.12] 3.24 .2 1.39 .50 |2.75 12.78
1] 1.18 5.60] 3.22| 5.34 4 | 1.45 1.00 |2.80 | 2.89
.25( 1.21 7.801 3.29{ 3.41 .8 1.51 2.00 [2.93 | 5.04
40| 1.28 8.60 | 3.32( 5.44 1.0 1.81 5.00 |5.04 | 5.18
1.10] 1.42 8.87 3.35( 3.47 2.0 1.84 4.00 |3.1% | 3.25
g-}g %-g: 3.0 |2.01 5.00 |3.20 [ 3.32
"10 2'03 4.0 2.14 6.00 {3.25 | 3.38
5-18 2'21 4.94 ] 2.24 7.00 |3.30 | 5.42
¢ . 8.00 [3.33 | 3.45
8.67 [3.35 | 3.47
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TABLE YII. - FAIRED SPACERS USED TO'SIMULATE TRANSLATING-SPIKE INLET
[A1l dimensions given in inches ]

N

y
3
I-—c

Configuration C

2.0-54.,1 0.43

2.0-45.8 1.08

2.0-43.0 1.386

2,0-39.3 1.76

2-0"56-5 2-12

2.0-34.1 2.44
2.0-54.1 2.0-45.8 2.0-43.0
x vy X y x ¥y
0 4,47 0 4,47 0 4.47
.50(4.55 .50|4.55 .5014.55
1.00(4.61 1.00(4.61 1.00(4.61
1.25(4.69 1.50(4.70 1.50{4.68
1.50{4.76 2.00(4,76 2.0 |4.73
1.79{4.80 2.4414.80 2.5 |4.78
2.72(4.80
2-0“39.3 2.0-3605 2.0-34-1
b 4 b x Y X y
0 4,47 0 4,47 0 4.47
.50]| 4.55 .50 |4.55 .50 |4.55
1.00| 4£.61 1.00|4.61 1.00}4.61
1.50|4.67 1.50|4.67 1.50 |4.87
2.00|4.73 2.00[4.71 2.00|14.71
2.50{4.74 2.50 4,74 2.504.74
3.12} 4.80 3.0014.77 3.00|4.76
3.48 |4.80 3.50[4.79
3.80 |4.80

8¥62
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Totel-pressure recovery, Pz/P,

External-drag coefficlent, Cp

Figure 3. - Concluded.
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