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SUMMARY
Results are reported of tests on a two-dimensional combined
external/internal compression intake having a design Mach number of 2.2.
The effects of changes in the form of the ramp bleed slot and the sub-
sonic diffuser were examined. In addition tests were made with a crude
form of sidewall bleed.
The maximum pressure recovery obtained at the design Mach number

was 87 per cent with a bleed of 2.8 per cent of the capture flow.

Replaces N,G.T.E, Memorandum No, M,358 = A.R.C. 24337
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1.0 Introduction

The present paper describes a model variable ramp intake having a
design Mach number of 2.2, and summarizes the main results that were
obtained when the model was tested in Cell 1 of the Engine Test Facility at
N.G.T.E. Although both the intake and its design Mach number are currently
very much in fashion on account of their application to proposed supersonic
transport aircraft, the tests were primarily intended to provide general
aerodynamic information, and except in one or two respects were not related
specifically to any particular project. Preliminary measurements of
pressure fluctuations during "buzz", although taken, are not presented
here; the associated electronic measuring techniques are still under
development and a further paper on the subject will be issued in due course.

2.0 Description of the model

(a) General

The construction of the model was derived to a large extent from
the internal compression intake tested earlier in Cell 1. The super—
sonic diffuser projected forward from a conical housing which acted as
the inner spill shield when the model was mounted in the Cell, and which
contained the subsonic diffuser and much of the control gear. figure 1
shows the arrangement of the model, and Figure 2 the method of mounting
in the cell. Photographs of the model are shown in Figure 3.

The model was designed so that both the shock pattern and the sub
sonic diffuser could be changed by the substitution of different compo—
nents. "Starting", in the sense of establishing supersonic flow, could
be achieved either by retracting the cowl backwards along the line AB in
Figure 1, or alternatively by lowering both the ramp and one wall of the
subsonic diffuser as indicated by the broken lines in the Figure.

The subsonic diffuser wall and the ramp could be positioned inde-
pendently of each other, the ramp by pivoting about the point X in
Figure 1, and the wall of the subsonic diffuser by pivoting about posi-
tion Y. Thus it was possible to obtain different openings to the throat
bleed at the termination of the ramp surface for fixed positions of
either the diffuser or the ramp. The diffuser pivot was sufficiently
far aft for adjustments of the position of the knife edse at the bleed
slot to produce only very small changes in the subsonic diffuser geometry.
The variation for the long subsonic diffuser is plotted in Fisurc L.
Increasing all the angles by about 10 gives the variation for the short
subsonic diffuser. A butterfly valve for controllin. the position of
the normal shock in the main intake flow was provided downstream of the
exit from the subsonic diffuser. The blced was not throttled. It dis-
charged into a plenum, whence it was removed through two ducts acting as
measuring lengths and containing pitot tubes and static tappings

The model controls were electrically powered, and the positions of
the different components recorded remotely by "Desynn" indicators. A
pneumatic drive was designed to enable the whole model to be rotated
through either 90 or 180°. Thus the nozzle incidence facility built
into the cell allows testing at both positive and negative pitch and at
yawe
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The intake capture height and span were respectively 2% and 3% in.
The capture plane aspect ratio was thus 1.4, a value roughly equal to
that suggested for projected supersonic transport aircraft.

The tests were made with an inlet total pressure of approximately
40 in.Hg abs, which, with temperatures of about 20°C - sufficiently low
to avoid mechanical cxpansion difficulties on the model - gave a free
stream Reynolds number based on the inteke capture height of approxi-
mately 1 x40%. Ultimately it is intended to test the model at full
scale Reynolds numbers corresponding with an intake capture height of
approximately 3 ft, and flight at M = 2.2 at an altitude of 60,000 ft.
The model was therefore designed to withstand loadings corresponding
with the inlet total pressure of approximately 5 atmospheres that will
be required in simulating full scale conditions. One consequence was
that in order to provide sufficiently stiff side walls, and also side-
wall windows both large enough to permit satisfactory observation of
the throat flow and of sufficient strength, the sidewall chamfer was
more blunt than is desirable in an actual installation. At zero ineci-
dence the chamfer was 16© in the tunnel flow direction and 273° degrees
perpendicular to the swept edge, which meant that the shock generated by
the sidewalls was detached from their leading edges. Estimates based
on previous work however indicate that the effect on capture mass flow
is small and unlikely to seriously affect the performance of the model.
Nevertheless it is intended to check the effect of chamfer angle in fur-
ther tests on the present model.

Instrumentation was as follows:~
9 static tappings along the length of the cowl commencing in the
plane of the throat and covering the entry section of the subsonic

diffuser.

3 static tappings distributed along the length of the subsonic
diffuser sidewall.

20 total head tubes distributed on an equal area basis and forming
a rake in the exit plane of each subsonic diffuser.

2 static tappings on the subsonic diffuser sidewall in the plane of
the rake.

In addition to the bleed duct instrumentation already mentioned:-—
1 static tapping in the entrance to the ramp bleed.
1 static tapping in the bleed plenum.

A pressure transducer was fitted in the sidewall of the subsonic diffuser
at the diffuser exit plane.

The throat flow was cbserved by Schlieren apparatus.

(v) Model geometries tested

The two supersonic geometries that were tested were designed to
give "shock on lip" operation, as in Figure 5, with oblique shock
strengths of 79, 79, 10° and 99, 5° and 40° respectively, but without
allowance for bouncary layer growth. For a free stream Mach number of
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2.2 these shock patterns give a terminal supersonic Mach number of 1.38,
and a total shock loss, includin. that throuzh the normal shock, of

6.1 per cent. A lower Mach number imnediatoly upstream of the normal
shock would be expected to give higher pressure recoveries. However,
the previous experience of the authors su.gested that for the initial
testing of the present model a terminal supersonic Mach number of as high
as 1.3% would help to aveid running into difficulties with the supersonic
diffusion.

The two subsonic diffusers that were tosted acc shown in Figure 6.
The profiling was confined to one surface in order to simplify the construction
of the model. The area changes are equal in both diffusers. Relative
to the capture height the length of the shorter of the two diffusers
corresponds very closely with the len_th, for the same proportional area
change, of diffusers proposed for transport installations.  However the
shorter diffuser tecsted here continues diverging to an overall area ratio
of slightly more than 2/1, vhereas a tynical full scale prorosal stops
short at an overall area ratio of approximately 1.75/1. A further diffcr-
once is that the diffusers shown in Figure 6 are two-dimensional throughout,
whilst full scalc proposals tend to include 2 transition from rectangular to
circular cross section within the length of the diffuser.

Initially the wmodel was tested with a ram scoop bleed in the ramp
surface at the throat, as shown in Figurc 5. Subsequent modifications
to the ramp bleed arc shown in Fioures 7 and 8. No provision was made
in the first stagc of the denign for sidewall blecd, but towards the end
of the experimental programme some tosts werc made with the relatively
crude form of sidewall blecd shown in Fi_ure 9.

3.0 Tast procedure

Prior to running the tunncl the "Desynns'" indicating the positions
of the ramp and subsonic diffuscr (and hence the blzed opening) were cali-
brated for positions of the diffuser tip, measurced from the line of the
cowl, and ramp positions mcasured by inscrting sli) sauges in the blced
openings, as shown in Figure 7.

The most convenicnt starting procedurc was to position the throttle
wide open and translate the cowl rearwarcs. The cowl was then rcturned
to its design position, whilst the ramp and subsonic diffuser werc so posi=-
tioned that with a 0.1 in. blecd slot lhe intcrnal oblique shock from the
cowl fell on the tip of the subsonic diffuscr. Readings were takon for
diffcrent throttle settings covering a range of positions for the normal
shock from fully supcrcritical, throu,h 'buzz", to fully oxpclled forwards.

The procedure was rcpeated for blecd openings of 0.05 in. and
0+15 in., which were obtained by wivoting the diffuscr wall carrying the
bleed slot knife cd_c. As would bo expocted, these subscquent adjust-
ments moved the point of impingement of the internal obligue shock very
glightly away from the lip of the bleed slot. With the 0.05 in., opening
the shock was very slightly downstream of the lip, whilst it was a little
upatream with the 0.15 in. opening. Lowever the movement was very small.
It was only just discornable with the 3/1 optical ma nification of the
Schlicren arparatus, and tests showed that its effict was negligible on
both pressure rccovery and blecd.



-] -

Some tests were carried out over a limitced range of incidence and
will be reported latcr. The present paper rcports only those tests that
were made at zcro incidence.

4.0 Results and discussion

(a) Tosts with the long subsonic diffuscr shown in Figure 5

The most marked features of the first rcsults were the rather
disappointing pressure recoveries, and thc very strong shock wave emana-
ting from thc region or the ram scoop bleed slot. Figure 10 shows that
the pressurc recoverics measured with the two shock patterns tested were
within 1 per cent of each other, and virtually invaeriant with changes in
bleed flow. The mean level of rccovery, at 83% per cent, is low com-
pared with the rccovery of 93.9 per cent based on thc losses of the
thecretical shock pattern alone. Figure 141(a) shows the throat flow
pattern, which was fairly typical of both shock configurations and all
bleed openings. The disturbence ot the bleed slot knife edge is most
noticeable, and the consequent effect on the Mach number distribution
along the cowl is shown in Figure 11(b). The drop in Mach number
following the impingement of the shock from the diffuser lip is followed
by a region of expansion in which the Mach number rises locally to 1«5l
The reasons for the indicated Mach number in the farthest forward posi-
tion indicated on Fizurc 141(b) being as high as 1 .46 are not clear, as
with the supersonic geomctry unaltered, save for the substitution of a
step bleecd to be discussed later, the design throat Mach number of 1438
was achicved.

The disturbance at the ram scoop bleed slot appcared to worsen as
the height of the ram scoop was increased, and this cffect is suggested
as & possible cxplanation of the pressure recovery rcmeining virtually
constant as the blced was increased. Disadvantages of ram scoop blecd
would scem to be the blockage causcd by the projecting scoop in a region
very sensitivc to area change, and also the likclihood of the accompany-
ing flow dcflections excecding the local detachment angle.

Subsequent modifications to thc bleed slots werc shown in
Figures 7 and 8. The build originally designed for theoretical oblique
shock strcngths of 99, 50 and 410° was given a 3 in. racius, commcncing
1 in. upstrcam of the throat, and blending into the bleed as in Figure 7.
The build having the 7°, 79 and 100 theoretical oblique shock pattern
was fitted with the step blecd shown in Figurec 8. Figure 12 shows the
cffect on pressurc rccovery of the bleed modifications. Most noticcable
is that whereas with the original ram scoop blecd there was nothing to
choose between the two builds tested, after modificetion the build with
the step blecd clearly gave the better performance. The highest pressure
recovery was 87 por cent with 2.8 per cent bleed at a free stream Mach
number of 2.2. The form of the curves suggests that higher recoverics
might have becn obtained with higher bleed flows, end this poseibility
will be investigated during the next test serics.

Although the flow still became more unstcady at the largest bleed
opening (a result which is ascribed to the bleed slot becoming more of a
ram scoop, and lcss of a flush slot), the modificetions to the bleed pro-
duced a much more stable flow. With the modificd blecds it was possible
to locate thc normal shock within 0.25 subsonic diffuscr entry heights
downstream of the bleed slot knife cdge, as shown in Figure 13. In the
carlier builds stable location of the normal shock could only be
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achieved farther dovnstream in the subsonic diffuser. Part of the
improvement can be explained in terms of the behaviour of the sidewall
secondary flow developing along the line of the internal oblique shock

as shown in Pigure 14. This stream of low energy air was shown by
liquid tracer techniques to be split into two by the unmodified ram scoop
bleed. Part of the stream entered the bleed slot, but the remainder
passed into the subsonic diffuser, where inevitably it would tend to pre-
vent the formation of a clean normal shock. However, with both forms of
modified bleed, but particularly the step, all the liquid traces indica-
tive of secondary flow were deflected into the bleed passage. In addition
to the valuable role of the internmal oblique shock in deflecting the
secondary flow towards the bleed slot, the expansion around the corner of
the step bleed also appeared to be useful in drawing the low energy air
into the bleed. Supercritical plots of the Mach number distribution
along the cowl for two openings of the step bleed (two diffuser positions
and a fixed ramp position) are shown in Figure 15. Compared with the
plot for the unmodified bleed the most noticeable feature is the marked
reduction of the influences of both the shock from the diffuser lip and
the subsequent expansion. It will also be noted as commented earlier,
that the cowl Mach numbers at the point nearest the cowl lip correspond
closely with the design figure of 1,38,

The design shock configurations (in the sense that the intermal
oblique shock impinged on the subsonic diffuser lip, and the throat sta-
tic pressure corresponded with a Mach number of 1.38) were obtained with
ramp angles slightly below the design values, the difference presumably
forming a measure of the boundary layer growth. Thus with the step
bleed the design shock pattern of 7°, 79, 4100 was obtained with angles,
based on the model geometry of 7°, 5° and 8°, With the curved entry into
the bleed slot, angles of 99, 40 and 9°, based on model geometry, were
used to obtain the design shock pattern of 9°, 5° and 10°., The total
boundary layer growth on the supersonic diffuser surfaces therefore
appeared to be equivalent to a total flow deflection of between 2 and 4°,

An interesting consequence of the reduced ramp angle necessary to
provide the design shock pattern (in the sense defined previously), was
that the reduced internal contraction made it possible to "restart" the
intake after shock expulsion by use of the throttle alone, A more
detailed investigation of this phenomenon will be made in a later test
programme, It was noted that the internal contraction between the cowl
lip and the throat required to produce the design shock pattern corre-
sponded almost exactly with the maximum theoretically possible for self
starting on the assumption of one-dimensional flow.

(v) Subsonic diffuser changes

In the builds featuring the ram scoop bleed, substitution of the
shorter of the two subsonic diffusers shown in Figure 6 reduced the pres-
sure recovery by between 2 and 3 per cent. After the modifications to
the bleed, which it will be recalled enabled the normal shock to be posi-
tioned much closer to the throat than previously, the pressure recoveries
given by both subsonic diffusers became almost identical., Figure 16
shows the experimental points. The results are consistent with earlier
work with an all internal compression intake operating at a free stream
Mach number of 3, where it was shown that provided a clean normal shock
near the diffuser entrance is obtained, increased rates of subsonic diffu-
sion become possible,



(c) Sidewall blecd

Towards the end of the tost programme perspex sidewall windows,
drilled as shown in Figurc 9, werc Titted to the rig in order to obtain a
preliminary estimate of the effect on pressurc recovery of sidewall
bleed. The bleed discharged directly to the free strcam and was not
mea.urcd. The pressure recoveries shown in Figurc 17 are thercfore plot-
ted on a basc of ramp blced onening for a given supersonic geometry. An
improvement of roughly 1% per cont on pressure recovery is noted over the
range of _comctrics that were tecsted with the longest subsonic diffuscr.
A test with the shorter subsonic diffuser showcd an improvcement in pres-—
sure recovery of 1 per cent. Simple estimates bascd on the throttle
position suggest that as much as 8 per cent of the intake capturc flow
was removed through the sidewall holes. A better exchange rate between
sidowall bleed and pressure rccovery might be obtained with more sophi~
sticated blecds: the rows of holes used in the present tests were impro-
vised at short noticc. On the other hand the prescnt tosts without
sidowall blecd suggest that the adverse cffect of the sidewall boundary
layors has becn appreciably reduced by dosigning the ramp blced to remove
much of the sidewall sccondary flow.

5.0 The prospeects for improvements in pcerformance

The highest pressure recovery obtainced during the tcests was
87 per cent with 2.8 per cent blced from the ramp surface. The follow—
ing possibilitics for improving the prcssure recovery soem among the
more importants—

(a) Some optimisation of the ramp blced design. For example,
the step bleed uscd in the proscnt tests may not have becn
in the best position.

(b) Larger ramp blecds than those rooorted may sive improvements
in rocovery. Blced slots shaped as in Figurc 18 may prove
worthwhilc.

(c) Preliminary rcsults sug.cst that sidewall bleed promises an

improvement of about 1 per cent on pressurc recovery, or
pcrhaps slightly more.

(d) An increasc in tost Reynolds numbor to simulate full scale
conditions would reducec tho viscous losscs and may improve
the pressurc recovery. An incrcasc of 1 or 2 per cent
would scecm possible.

(e) A re~-design of the shock pattern might result in lower
torminal supcrsonic Mach numbers, and need not involve
incrcases in the cowl drag. The reduction in theoretical
shock loss could amount to somec two percentagc points and
might bc accompanicd by an improvement in the performance
of the subsonic diffuser.

6.0 Conclusions

A two-dimensional combined oxtornal/intcrnal compression intake has
been developed to give a maximum pressurc rccovery of 87 per cent at a
free gtreom Mach number of 2.2 and with 2.8 per cent blecd at the throat
from the ramp surfacc.
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The tcsts have emphasised the importance of the bleed slot design.
They have also confirmed that increased ratcs of efficient subsonic diffu-
sion become possible vhen the throat conditions allow a "clean" normal

shock to be positioned in the cntrance to the subsonic diffuser.

At the prescent stage of the investigotion there appears to be 2
fair chance of increasing the pressure recovery to 90 per cent.

D 37318/1/Wt.61 K4 6/65 R & CL
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THE MODEL ASSEMBLED AND READY FOR TESTING

(b)

THE MODEL WITH THE INNER SPILL SHIELD REMOVED
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A.RCe CuP, Noo 805 5334697422
August, 1962 533,6.,011.52
Nﬁale, M. C. and Lamb, P. Se 621 01438-225

TESTS WITH A VARIABLE RAMP INTAXE HAVING COMBINED
EXTERNAL/ INTERNAL COMPRESSION, AND A DESIGN MACH NUMBER OF 2.2

Results are reported of tests on a two-dimensional combined
external/ internal compréssion intake having a design Mach number of 2.2.
The effects of changes in the form of the ramp bleed slot and thas sub-
sonic diffuser were examined. In addition tests were made with a crude
form of sidewall bleed,

The maximum pressure recovery obtained at the design Mach number
was 87 per cent with a bleed of 2,8 per cent of the capturs flow.
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TESTS WITH A VARIABLE RAMP INTAKE HAVING COMBINED
EXTERNAL/ INTERNAL COMPRESSION, AND A DESIGN MACH NUMBER OF 2,2

Results are reported of tests on a two-dimensional combined
external/internal compression intake having a design Mach number of 2.2.
The effects of changes in the form of the ramp bleed slot and the sub-
sonic diffuser were examinad, 1In addition tests were made with a crude
form of sidewall bleed.

The maximum pressure recovery obtained at the design Mach number
was 87 per cent with a bleed of 2.8 per cent of the capture flow.
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TESTS WITH A VARIABLE RAMP INTAKE HAVING COMBINED
EXTERNAL/ INTERNAL COMPRESSION, AND A DESIGN MACH NUMBER OF 2.2

Results are reported of tests on a two-dimensional combined
external/ internal compression intake having a design Mach number of 2.2.
The effects of changes in the form of the ramp bleed slot and the sub-
sonic diffuser were examined., In addition tests were mede with a crude
form of sidewall bleed.

The maximum pressure recovery obtained at the design Mach number
was 87 per cent with a bleed of 2.8 per cent of the capture flow.
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