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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. 
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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 'lbuezs", 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 

(4 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. Zigure 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 ed,=e 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 Fi,ure 4. 
Increasing all the angles by about lo 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 bleed 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 
yawI 
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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 nith an inlet total pressure of approximately 
40 in.Hg abs, which, with temperatures of about 20°C - sufficiently low 
to avoid mechanical expansion difficulties on the model - gave a free 
stream Reynolds number based on the intake capture height of approxi- 
mately 1 x10'. 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 inci- 
dence the chamfer VW 160 in the tunnel flow direction and 27*' degrees 
perpendicular to the swept edge, ?;rhich meant that the shock generated by 
the sidewalls zas 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 alon g the length of the subsonic 
diffuser sidersrall. 

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 observed by Schlieren apparatus. 

b) 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 7O, 7O, 10~ and 90, 50 and 100 respectively, but without 
allowance for boundary 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 
6.1 per cent. 

through the normal s-hock, of 
A lower Mach number imi.lediatoly upstream of the normal 

shock would be expected to give higher pressure recovcrics. However, 
the previous experience of the authors su(,,,rested that for the initial 
testing of the present model a terminal supersonic Kach number of as hi.gh 
as 1.38 would help to avoid running into difficulties with the supersonic 
diffusion. 

The two subsonic diffusers that were tested are s%ov,n in Figure 6. 
The profiling was confined to one surface in order to simplify the construction 
of the model. The area chanbcs are equal in both diffusers. Relative 
to the capture height the length of the shorter of the two diffusers 
corresponds very closely Cth the length, for the same proportional area 
change, of diffusers pro;losed for transport installations. However the 
shorter diffuser tcstcd heri? continues divcrgin; to an overall urea ratio 
of sli;;htly more than 2/l? tshcreas a ty$cnl full scale proposal stops 
short at an overall area ratio of apLzoximatLly 1.75/l. A further diffcr- 
once is that the diffusers sho\;n in Figure 6 are two-dimensional throughout, 
whilst full scale proposals tend to include a transition from rectan&ular to 
circular cross section within the length of the diffuser. 

Initially -the model was tcstcd with a ram scoop bleed in tho ramp 
surface <lt the throat, as shown in FiKuro 5. Subsquent modifications 
to ths ramp bleed arc shown in Fi,ures 7 and 8. No provision was made 
in the first stat;o of the dc;;i@ for sidew,all bleed, but towards the end 
of the espcrimental prog?ammo some tests '~erc made ;sith the rolativi?ly 
crud= form of sidevial bleed shown in Fi,,ure 9. 

3.0 Tea-t procsduro 

Prior to running the tunnel the "Dcsgnns" indicating the positions 
of the ramp and subsonic diffuser (and hence the bl:cd o>enind) were cali- 
brated for positions of the diffuser tip, mcaslrod from the line of the 
cowl 9 and ramp positions measured by inscrtins slil tzuges in the bleed 
openings, as shown in Fi,gurc 7. 

The most convcniont stzrtind procedure xxs to position the throttle 
wide open and translate the cowl rearwards. Tha cowl was then returned 
to its design L>osition, whilst the ramp and subsonic diffuser were so posi- 
tioned that with a 0.1 in. bleed slot the internal oblique shock from the 
cowl fell on the tip of the sMlbsonic diffuser. Readings were tnkcn for 
different throttle settings covering a rzngc of positions for the normal 
shock from fully suporcritica19 throuch "buce", u to fully sxpcllcd forwards. 

The procedure was rcpeatad for bleed openings of 0.05 in. and 
0.15 in., which were obtained by pivoting the diffuser wall carrying the 
bleed slot knife cd,e, As would b2 esp?ctcd, these subsequent adjust- 
ments moved the point of impin&emcnt of tho internal oblique shock very 
slightly away from the lip of the bleed slot. Lith the 0.05 in. opening 
tho shock was very sii&htly downstream of the lip, whilst it was a little 
upstream with the 0.15 in. opening. iIoL:levor the movement was very small. 
It was only just discr,rnablc with the 3/l optical ma,nification of the 
Schliercn a:>paratus, and tests showed that its effect was ne;,ligible on 
both pressure recovery and bleed. 
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Some tests were carried out over a limited range of incidence and 
will be reported later. The presentpaparreports only those tests that 
were made at zero incidence. 

4.0 Results and discussion 

f4 Tests with the long subsonic diffusir shown in Figure 5 

The most marked features of the first results I-rere the rather 
disappointing pressure recoveries, and the very strong shock wave emana- 
ting from th c: region or' the ram scoop bleed slot. Figure IO shows that 
the prtssure recoveries measured ;;rith the two shock patterns tested were 
nithin 1 per cent of each other, and virtually invariant with changes in 
bleed flow. The mean level of recovery, at 83& per cent, is low com- 
pared aith the recovery of 93.9 per cent based on the losses of the 
theoretical shock pattern alone. Figure II(a) shons the throat flow 
pattern, v,hich was fairly typical of both shock configurations and all 
bleed openings. The disturbance at the bleed slot knife edge is most 
noticeable, and the consequent effect on the Mach number distribution 
along the cowl is shoyn in Figure AS(b). The drop in Mach number 
folloiiing the impingement of the shock from the diffuser lip is followed 
by a region of expansion in which the Mach number rises locally to -l.%t. 
The reasons for the indic,ated Nach number in the farthest forward posi- 
tion indicated on Figure II(b) being as high as 1 .46 are not clear, as 
with the supersonic geometry unaltered, save for the substitution of a 
step bleed to be discussed later, the design throat Mach number of 1.38 
was achieved. 

The disturbance at the ram scoop bleed slot appeared to worsen as 
the height of the ram scoop was increased, and this effect is suggested 
as a possible explanation of the pressure recovery remaining virtually 
constant as the bleed mas increased. Disadvantages of ram scoop bleed 
would seem to be the blockage caused by the projecting scoop in a region 
very sensitive to area change, and also the likelihood of the nccompany- 
ing flow deflections exceeding the local detachment angle. 

Subsequent modifications to the bleed slots were shown in 
Figures 7 and 3. The build originally designed for theoretical oblique 
shock strengths of 90, 50 and 'lO" was given a 3 in. r&Gus, commencing 
1 in. upstream of the throat, and blending into the bleed as in Figure 7. 
The build having the 7O, 70 and 100 theoretical oblique shock pattern 
was fitted with the step bleed shown in Figure 8. Figure 12 shows the 
effect on pressure recovery of the bleed modifications. Most noticceble 
is that whereas with the original ram scoop bleed there was nothing to 
choose between the tT?o builds tested, after modification the build with 
the step bleed clearly gave the better performance. The highest pressure 
recovery was 87 pzr cent )Cth 2.8 per cent bleed at a free stream Mach 
number of 2.2. The form of the curves suggests that higher recoveries 
might have been obtained with higher bleed flows, and this possibility 
will be investigated during the next test series. 

Although the flow still became more unsteady at the largest bleed 
opening (a result which is ascribed to the bleed slot becoming more of a 
ram suoop, and loss of a flush slot), the modifications to the bleed pro- 
duced a much more stable flow. Vith the modified bleeds it was possible 
to locate the normal shock within 0.25 subsonic diffuser entry heights 
downstream of the bleed slot knife edge, as shOan in Figure 13. In the 
earlier builds stable location of thi: normal shock could only be 



-8- 

achieved farther downstream 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 Figure 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 internal oblique shock in deflecting the 
secondary flow towards the bleed slot, the e,xpansion 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 tiffuser 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 internal 
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 patte,rn of 7O, 7O, 100 was obtained with angles, 
based on the model geometry of 7O, 5O and 80. With the curved entry into 
the bleed slot, angles of 90, 40 and go, basea on model geometry, were 
used to obtain the design shock pattern of go, 50 and 100. The total 
boundary layer growth on the supersonic diffuser surfaces therefore 
appeared to be equivalent to a total flow deflection of between 2 and 4O. 

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. 

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. 
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(4 Sidewall bleed 

Towards the end of the test programme perspex sidewall windows, 
drilled as shown in Figure p9 were fitted to the rig in order to obtain a 
preliminary estimate of the effect on pressure recovery of sidewall 
bleed. The bleed discharged directly to the free stream and was not 
mea,>urcd. The pressure recoveries shown in Figure 17 are therefore plot- 
ted on a base of ramp bleed opening for a given su$rsonic geometry. An 
improvement of roughly 16 per cent on prc ssure recovery is noted over the 
range of ,2ometries that were tested with the longest subsonic diffuser. 
A test with the shorter subsonic diffuser showed an improvement in pres- 
sure recovery of 1 per cent. Simple estimates based on the throttle 
position suggest that as much as 8 per cent of the intake ca2ture flow 
was removed through the sidewall holes. A better exchanhe rate between 
sidewall bleed and pressure rocovcry might be obtained with more sophi- 
sticated bleeds: the rows of holes used in the present tests were impro- 
vised at short notice. On the other hand the prasont tests without 
sidcwaLlbloed suggest that the adverse effect of the sidewall boundary 
layers has been ap2recinbly reduced by designing the ramp bleed to remove 
much of the sidewall secondary flow. 

5.0 The prospects for improvements in performance 

The highest pressure recovery obtained during the tests was 
87 per cent with 2.8 per cent bleed from the ramp surface. The follow- 
ing possibilities for improving the prc .ssure recovery seem among the 
more importantz- 

(4 

b) 

(4 

(d) 

(4 

Some optimisation of the ramp bleed design. For example, 
the step bleed used in the prosant tests may not have been 
in the best position. 

Larger ramp hlocds than those ro,?orted may Q.vo improvements 
in recovery, Bleed slots shaped as in Fidurc 18 may prove 
worthwhile. 

Preliminary results sug,cst that sidedial bleed promises an 
improvcmcnt of about 1 per cent on pressuro recovery, or 
perhaps slichtly more. 

An increase in test Reynolds numbsr to simulate full scale 
conditions would reduce the viscous losses and may improve 
the pressure recovery. An incrcnse of 1 or 2 per cent 
would seem possible. 

A re-design of the shock pattern might result in lower 
terminal supersonic Uach numbers, and need not involve 
increases in the cowl drag. The reduction in theoretical 
shock loss could amount to somo two pcrcontage points and 
might be accompanied by an improvement in the performance 
of the subsonic diffuser. 

6.0 Conclusions 

A two-dimensional combined ext~rnal/intcrnal compression intake has 
been devclopcd to give a maximum pressure rccovcqJ of 87 per cant at a 
free stream EEach numbor of 2.2 and with 2.8 2er cent bleed at the throat 
from the ramp surface. 
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The tests have emphasised the importance of the bleed slot design. 
They have al.30 confirmed that increased rates of efficient subsonic diffu- 
sion become possible rrhen the throat conditions allow a "clean" normal 
shock to be positioned in the entrance to the subsonic diffuser. 

At the present stage of the investigation there appears to be a 
fair chance of increasing the pressure recovery to 90 per cent. 

D yy8/~/%.61 Iut 6/65 R & CL 
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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- 
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