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sur:mw.ry 

In order to assess the supersonic performance of the 
C-105 intakes, pressure recovery and drat:; were measured on a 
1/40 scale intake model over a ra.~e of mass flows and Mach 
numbers. Also , the stability of the flow was investigated 
in an attempt to determine the onset of "buzz" and schlieren 
photographs of the flow were taken. 

Early in the test prograrm:no the velocity distribution 
in the intake ducts was found to be unsatisfactory . The 
prograrnne, in a somewhat abbreviated form, was carried through 
nonetheless to det er mine the orders of ma r nitude involved and 
possibly to di scover the cause of the poor distribution. The 
latter was a ttributed to poor dimensional accuracy of the model; 
in particular, the matching of the flow surfaces in the ducts 
downstream of the model intake was not satisfactory. 
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1. Introduction 

A 1:40 scale model of the intake of the C-10.5 aircraft was 
suitably instrumented so that the following tests could be 
carried out: (a) Measurement of intake pressure recovery and 
duct losses, (b) Dynamic pressure measurements indicating 
onset of "buzz", and (c) External dra r; . These tests were 
performed at nominal Mach numbers of 1.4, 1.6 and 1.8 with a 
constant ramp angle of 12°. The range of mass flow through 
the intakes was sufficiently large to encompass the regions 
of interest. The effects of incidence and boundary layer 
bleed flow were explored. 

The test Reynolds number was about 1.4 x 106 based on 
the distance from model nose to ramp lips. 

2. Test Model 

This is shown schematically in Fig. 1 where also are 
indicated the model stations corresponding to the arbitrarily 
selected flow stations. A photograph of the model fully 
instrumented and mounted on the balance is seen in Fig . 2. 
Mass flow through the intakes was varied by me ans of choking 
plugs at the exits which could be adjusted to give any desired 
value of exit area . Both plugs were always moved together. 

The value of "S 11 shown in the inset of Fig . 1 is a measure 
of the downstream axial movement of the plugs expressed in 
fractions of an inch. 

The port plug was allowed to slide over four pitot probes 
which were fixed axially with respect to the duct and positioned 
90° apart at varying radii. The impact faces of the probes were 
all located in the pla ne of the three static orifices in the 
duct wa.11. Furthermore, at any plug setting the probes could 
be rotated in unison through an an,r:;le of 360° thus allowing a 
complete circumferential traverse at four different radii. 

The starboard plug carried no instrumentation as it was 
used only to ad just the mass flow to the value obtained in the 
port duct. However, a pres sure cell sensitive to pressure 
oscillations was incorporated in the starboard duct in order 
to detect t he onset of "buzz". This is shown schematically in 
the inset in Fig . 22 (a). As the terminal posts of this cell 
protruded into the airstream on top of tho fuselage, a plasticine 
fairin r; was put over it necessitating a similar f a iring on the 
port side in order to preserve symmetry. 

I 

-- J 
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/\lthough the model uas designed to accommodate interchangeable 
ramps of various lip anz le only the 12° ramps, representative of 
the actual aircraft configurat i on, uere used in the tests. On 
assemblinr; the r a.nps to the intakes all joints were carefully 
sealed with 11Sealite 11 cement. 

Mass flow through the boundary layer bleed ducts was varied 
in discrete steps by the introduction of t.-10 sets of brass 
inserts into the boundary layer bleed duct exit. Thus the mass 
flows achieved were those uith the ducts fully open, fully closed 
and half open, i.e., with the exit area set at half the fully 
open value . A sin r; le pitot probe was located on the axis of the 
port bleed duct the forward face of wh ich was positioned in the 
plane of the f our wall static ori fie es. ':Jhen the duct was fully 
closed this probe was uithdrawn. 

In all , there were seven static pressure orifices in both 
the intake and boundary layer bleed ducts which were connected 
to steel hyperdermic tubing running through the solid portion 
of t he model . These tubes protruded about 1/4 inch into the 
airstream where connections to plastic tubing were made. In 
Fig . 2 the chokins pluc;s have been interchanged to show the 
r1odel more clearly. 

J. Wind Tunnel 

The mode l was t ested at three Mach nunbers in the 10 inch 
supersonic tunnel, the corresponding Reynolds nu.mber be ing about 
l. 4. x 106 based on the distance from fuselage nose to ramp lips 0 

The nominal and actual Mn.eh numbers as well as the percent 
variation in !fach number in the tunnel workini:; section were as 
follows: 

nominal 
Mean 

The mode l was interference -free at all Mach numbers; the 
tunnel nir uas dried t o a specific hur11idity of less than 0.0005, 
the stari;nation pressure and temperature being approxiimtely 
atmospheric. Runs of about 10 seconds duration were taken . 

lJ.. Balance and Hodel Hounting 

As drac; measurements were to be made later on in the test 
programme, the drag balance, although inactive, provided a 
convenient mount for the model whilst the lnitial pressure 
measurements were carried out and schlieren observations made . 
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This balance could rotate the mo dol through un angle of attack 
rango from 0° to nearly 10° as well as through 360° in roll. 

The mo del was sting-mounted to this balance with the 
bracket holdins the choking plugs, referred to above, attached 
to the shield of the sting . Thus the plugs were completely 
separated from the model-stinr, combination. Also by means of 
the shield the pressure existing on the baso of tho model could 
be measured. 

5. Tost Procedure 

It was not found feasible to take various sets of measurements 
concurrently. Hence the test pror;ra.mrne was divided as follows: 
Pressure measurements through the complete range of test 
configurations wore made first. For this purpose all pressure 
taps on the model wero connected to short small-bore plastic 
tubing and carried outside the airstream whero connections were 
made to largo-bore rubber tubing . These then led directl~r to a 
multiple tube mercury manometer. At oach position of the choking 
plugs, which were moved from S = o.5 to S = 0.9 inclusively, 
readings wero takon at every 90° rotation of tho port plug. 

1·.Then t he above measurements had beon completed, mo del drag 
was recorded for the same range of s. For this purpose all 
pressure leads wero removed and pressure taps on the model were 
blocked off. Shield pressure, however, was measured. The 
balance output, as ~iven by a displacement transducer, was 
carried to a hi P,h speed potentiometer recorder. Similarly the 
shield pressure, which was measured with a pressure transducer, 
was carried to a second recorder. These recorders provided 
reading accuracies up to + 0.2~t . All tests were carried out at 
incidences of 0° and +4°.-

Follouinr, the dra13 measurements, tests on f low stability were 
made a gain for t ho same range of s. These tests were carried out 
using a 2.5 p.s.i. Sierra pressure coll mounted in the star board 
duct. The pressure oscilla tions wore recorded by feeding the 
output of the Sierra bridge circuit into an oscillograph. 

For a particular Hach number and plug setting the inner 
chamber or reference ~ressure was maintained at the duct static 
pressure determined from the preceding pressure tests. This 
ensured that the cell diaphragm was unloaded sta tically during 
a run and responded only to dynamic pressures. 

Finally, schlieren photographs woro taken for S settings of 
0.5, 0.7 and 0.9 for various conditions of boundary layer bleed 
flows and external boundary layers over the range of test Mach 
numbers. These photo graphs wero limited to a model incidence of 
o0 inasmuch as the model had to be rotated 90° in order to show the 1

1 details of the flow at the intake entries. Illumination was 
provided by a spark source. l 
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6 . Data Re duction 

6.1 ¥ as s Flow Rati o 

prom the usual i s entropic relations f or a perfect gas 
the f ollowin5 exr,ression c an easily be shown t9 hold, 

'"'-~fAV =J&~~Pr." At'/(; /i' /(f )1/ -j)' 
Referring to Figure 3, the mass flow at station 3 wil l 

""Flr22'/gf21.' A3 /; {( rff /( i/) ~ - }/-- (2) 
Define 

be , 

n100 = A, P V I 1>0 00 

i.e. The mass flowing in the free -stream through an area 
equal t o that of t he flow area at s t ation 2. 

Hence,,---~ 

"".., = A~)~ Kt; 

Dividing Eq . (3) by Eq. (4 ) and simplifying , the mass flow 
ratio i s, 't , 

i!f- : K;. f (11.,,J !:. f (I., Ii' f ( !., l ~ - 1J 7i =i ___ (s) 
0() fo.,./147 j( /j/ JJ 

where 
v, - rz:' A'3 
,1. {.. - V ;;-::; -

Ai. "i+I 
and iN=iJ f {f-1~} =- (J+ t::!) •/ 

The fre e - stream Mach nwnber function i s given in the table 
be low for )f = 1.4 , 

Iloo f (M oo ) 

1.i4 1.958 
1. 4 2 . 212 
1. 83 2 . 523 
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Eowevor, as each of the four pitot probes in the 
inatr1.ll,1o nt0d tluct is effective over areas of different 
mncnitude tho overall mass f low rati o is found more 
precisely by sUiln:ning the component mass flow ratios over 
smal l area divisions such as indicated on Fii:;ure 4. 
l!oreovor, since readings Here taken a t every 90° for 
0° ~ Q ~ 270°, where Q is t he ano,tlar displacement of the 
pitot tube a ssembly, the mass flow ratios through the area 

OF 

divisi ons bec ome, ~ 

(~3) =-(K?z) f (M00) (If) f( ~{/ J/~)1f_ / }t z. __ (,) 
~ ~ ,9 ~ ( ( ,1 ~ (( 1 ,6 J) 

n = 1, 2, 3, 4 
Q = 0°, 90°, 180°, 270° 

Hhere J is the arithmetic moan of the static pressure 
readings anq. 

K _ ~ A3,?t 
72- ✓~ Az. 

The value of~ is tabulated be low f or a mea sured intake 
entry area A2 = o. ,592 in.2 H 

6.2 

The 
overall 

n ~ 

1 o.oi816 
2 o.o .564 

i 0.12900 
0.33804 

Haris plow Weichted Pressure Recovery 

pitot pres sures were mass flow-weighed to c ive the 
pre::isure recovery acc ordi ng to the following expression, 

Eh'l.70 

~ (~~) ( '°~.~) 
fo3 - ::o (? ~ ~ 

lo~ ---------~.,...._9~~.....-,0(-~,-)-
"'Z•' "n--1~ ~ 
BsO 

k This area was de t ermined by m0asur i11G the area of the template 
used in the manufacture of tho intake entry. It corresponds 
to 947 inq 2 or 6 . ,58 ft. 2 full scale . 
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6.3.1 1~ass Flow Ratio 

P A GE 13 OF 2~. 

7he mass flow ratio can nlso bo ca lculated by considering 
the i ntake oxit t o be choked. Under thi s condition one nee ds 
the aroa ra t i o between stat ions 3 and 5 ( t o dotermine the Hach 
number at stat ion 3) and the static pressure a t station 3. The 
r:mss f' low r a tio thus becomes 

'?->Jg ,::. .-»ts =- Asps V5 =- A5 p~v~ 
.,,.,co ~ Az._ fc.o v.,,, A~ P- Vi:,,/) 

Eq. (8) can easily bo shown to be equivalent to 
¥+/ 

'>YI, = As to.; __!_ ( .3:._ + 'i- I t1 ~) ~ _ _____ ( & oi.) 
·n100 A1. ;:, M~ . 'i+-1 >Jrf \ 

I O<>c, 

If it is assumed that the total pressure loas between 
stations 3 and 5 is negligible we have 

(9) 

The free- stream I-1ach nUi."111.Jer function, h (H<i0 ), for )s" = 1.4 
is c;i ven in the table below. 

1.138 
1.283 
1.473 

The area ratios A3/A5 and A
5

/A
2 

are functions of the exit 

plug setting, s, and arc given in the table below 

s A3/A5 A5/A2 

0.50 2. ~6 o. 1.JJ+3 
0.60 1. 18 0. 591 
0.70 1.436 0.748 
0.75 1.304 0.824 
0. 80 1.217 o.883 
0.90 1.066 1.008 





AE- h6d 
NAT ION AL AERONAUTICAL E STABLISHMEN T NoHSAL-H- 58 

LABORATO RY MEMORANDUM 

By definition, Eq . (3), ,:e have 

?n3 = ~ '/4 A~ _ @o Voo Ax, 

'>l-1.-, /;., V= A2. fc,c:, \/"° A, 
Therefore, 

A - -m, A 
""- - i. 'l'Yloo 

Eq. (11) becomes, 

P AGF 

D == F +2 A3 (z g3 + ~)-? A2 {41..,, + f,,..) -( A., +Ai,) f..+ Ab ?;, 
00 

So that 

15 

CD::._£___ t ZA3(
2 

il +- ~)- "'13 A-i (4-+ Lz.)-#l~+Ab)~+ Ab Pt, 
tooAi= A,= !o ~ '¾.. A~ if~ 1-A,:: if~ A;:- loo 

where i;, is the area-weighted dynami c pressure ratio 

and ..;;,, in the sum of the comnonent mass flow ratios 
'1'>1ao ns given by the denominator of Eq. (7) 

The are a-weighed dynm:rl.c pressure ratio was calculated 
from the following expression, 

Now, since 

and 

we have 

and 

OF 21~ 

( rz) 
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7. Discussion of Results 

7.1 Total Pressure Distribution 
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Figures 5 to 11 inclusive g ive the r a tio of total to static 
pressures acros s hor i zonta l a nd vert ical diameters at sta. 3 
for a r ane e of mas s f lows~ nd Mach numbers as well as for various 
n odel configurations . All the se fi gure s have one f ea t ure in 
common, namoly, ver y poor pressure d istributions, particularly 
at the higher mas s f lows. 

Figure 5
1
pres ents these distributions at a froe stream Mach 

number of l. Lµ ~ f or full boundary l a yer blood mas s flow and wi th 
the fusol ago datum set at zor o inc idence. I t will be se (;m t hat 
there ex isted a very largo drop i n total pressure in the vicinity 
of the duct axis which became particularly serious at high mass 
flows . Similar f low pa t t erns woro f ound at Mach numbers of 1.64 
and 1.83 with perhaps s lii:;ht varia tions in t he location of the 
lari:;ost pressure dip. 

Fi i:;uro 6 shows t he effect of comp l etely closine the boundary 
layer bleed ducts a t a Mach number of 1.83 and a t zero angle of 
incidence a s i ndicated by the das hed l ino . This off ec t appeared 
to be a 0ener al incr ease of t ho pross uro rat i o (i . e . loc a l Mach 
number) over the whole r ange of ma ss flows through the intakes 
without a s i e;nificant change in t he quality of the pressure 
distributions. 

The influence of the external b oundary layer on t he total 
pres sur e distribution is s hovm in Fi VJ.re 7 for a f ree stream :Mach 
nur1ber of l. 6L~. The model was so t f or zero incide nce and for full 
boundary layer bloo d mas s flow . Hore a t urbulent l,oundary l ayer 
on t he f use l a ge was indu c ed by 1r:c ans of a band of sand part i cle s 
round t he f uselage nos e. A simi l a r boun<lar y layer was produced 
on the r amps by bonding a wire a cross the i ncli ned f ace of the 
r amps a t a point a bou t thre e sixteenths of A.n inch <lowns t ream 
of the r amp lips . 

As can be seen the t ype of external boundary layer had a 
small offect on the pressure distribution except at the highest 
mass f lm1s where t he turbulent boundary layer increased the 
ma gnitude of t he l argest depression in tho distribution. 

14~ ~ ~ ') ~~~~ ~ 
_--pe,_,,_,~ ,:,/ a,1.P.,~ ~ r~.11 ! 
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The effects of incidence are indicated in Figure 8 which 
is plotted for a free stream Hach number of 1 . 6 4, full boundary 
layer bleed mass flow and induced transition on fuselage nose 
and on ramps . Increasing the incidence from 0° to 4° appeared 
to snooth out the pressure distribution at the smallest mass 
flows but did not seem to produce any improvement at the other 
end of the range; in fact in some instances the pressure dips 
were accentuated . 

In exploring all the factors which could conceivably account 
for the very unsatisfactory pressure distrihltions which were 
being measured, the mo del was thoroughly tested for leaks by 
imrilersion in an oil bath . The intake entries were successively 
plugged with shaped rubber slugs while compressed air was let 
into the duct exits. This test revealed serious leaks between 
intake and boundary bleed ducts on both sides of the model . 
Upon completely dismantling the model it was found that the 
solder used in sealing the joints had not penetrated a sufficient 
distance into the inner portions to effect a complete seal. 

Conaequently,all joints were coated with "Sealit" cement and 
the model re-assembled . Tests subsequently performed,however, 
indicated tha t leakage uas not responsible for the poor pressure 
distributions, as can be seen in Figure 9. 

In order to impart to that portion of t he boundary layer not 
captured by the bleed duct a smoother outward flow over the 
fuselage sides, the boundary layer bleed duct entry configuration 
was r:1odified as shown in Figure 10. Total pressure measurements 
with the modified ramps, Figure 11, were essentially unchanged 
when compared to those r.ieasurcd with ·the orir,inal ramps . 

It was concluded, therefore, that the nature of the pressure 
distrH::utions was due to the internal confic;ura tion of the 
intake ducts, as determined by the design area distribution and 
matchine of the internal flow surfaces. The relative effects of 
the above hro factors could not be, however, determined from the 
tests . 

The area distribution of the C-105 intal(e ducts, as given in 
Reference 1, Has compared to those of models used in References 
2 and 3. The configura tions of the latter models were similar to 
that of the C-105 model and 8ave c ood pressure distributions. The 
comparison is s hown in Fi gure 12 where areas and lengths are 
plotted non-dimensionally to the scale of the C- 105 mo del. Except 
for the curvature of the C- 105 distribution being opposite to that 
of the two other intakes. tho C-105 duct area varia tion is in 
general similar to that of the HAGA models (Ref . 2 and 3) . The 
C- 105 design would result in relatively larger adverse pressure 
gradient in the upstream portion of the duct . 
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The matching of the intornal duct sur faces in the mo d.ol was 
obsorved to be pool' . Th.o cons istontly large clip in the p1•e ssure 
distribution occurrjng at t he high Ii'lB.ss flows slichtly below 
and to the loft of tho duet axis ims probably en used by the very 
bad joint uhcrc two po.rts of the moclol ca.."11e tocether to fm•m the 
intern2.l duct. 

7 . 2 Pressure Recovery 

Corresponding to the pressure di s tr ibutions di scussed above, 
the mass flow -weighted pressure recoveries ca lculated by moans 
of I:g . 7 arc plotted against mas s flow ratio in Figures 13 to 
l G inclusive . 

In Figure 13 are shown the pres.sure recoveries f or the three 
test Mach nunbors, with full l::ournlary layer bleed flow and at zero 
incidence . Poak pressure recovor ies decreased from 0 . 941+ to 0 . 820 
as the Hach nurn.bor was increased from 1 . Li-4 to 1 . 83 , the mas s flow 
ratios correspondinr:: to tho peak r ecoveries inci1easi1~ from 0 . 65 
to 0 . 92, the latter occurring at a Mach number of 1 . 64. 

For compari son, the pressure recoveries computed under the 
assur.mtion of sonic f low at the intake duc t exit are represented 
by dashod lines in the sar:ie fi 0ure . The agreement is reasonably 
e;ood at the low mass f low ratios . However, at the hi r-;her mass 
flow ratios it is doubtf ul that the f low reached sonic velocity 
at the exit. This wou l d presumably explain the lack of a greement 
par ticularly noticeablo at the lowest Hach number . 

Because of the unc ertaintJ as t o the range of validity of the 
assumption made 1n· section 6.3 above, . pressure recoveries were 
computed by the mass flow-weighted method. 

I 
The effect of mas s flow through the boundary layer bleed ducts j 

on pressure recovery is sho,m in Figure JJ+ . At a Hach number of 
1 1. 83 ancl u ith the mode l at zero incidence , p eak prcs suro recoverie s 

increased from 0 . 735 to 0 . 820 as the mas s flow through the bleed 
ducts increased from zero t o the maxir.rum value . With increasing 
mass flow r a tios through the intakes, the improvement· in pressure 
recovery due to maximum bleed flow increased from 5 . 5 to 11. 2%. 

Artifically inducing transition had a deleterious effect on 
pressure recovery as can bo soen in Fi curc 15. Here the pressure 
recoveries are shoim for natural and induced transi t ions at a 
Hach numbor of 1 . 64 , zero incidence and full boundary l ayer bleed 
flow . The loss i n recovery brought about by induced transition 
varied botwcen 3 and 10:; over the mass fl ow ratio range explored . 

A c hanc e of incidonce from 0 ° to +1• 0 p1•oduced no change in the 
pressure recovery as s hoim i n Fi gure 16 which is plotted for a 
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Hach n1..lr.'lber of ·1. 64 and f or full t ouncJ ary layor bleed flow with 
induc ed external trans ition. 'rhe effect of incidence on pressure 
recovery wa s thoref ore much srnnller than it wu s on the total 
pres sure d istribution, Figure 8. 

Simil arly, leakage between intake and bounJ ary layer bleed 
ducts produced no significant chan~e in the pressure recovery 
as is ev ident in Fieure 17 . Here f l ow condi tions and model 
configurat ion correspond to those of Fi e;tlre 9. 

Replac ing the ori e inal ramp by the r.iodified one pro due ed 
a modest i mprovement in the pressure recovery, givin~ an increase 
of 2% in the peak values, Pir.i:t1re 18 . This conparison was made 
at a i-:ach number of 1 . 64, incidence of +4°. full boundary layer 
bleed f low and naturo.l trans i tion . In both ins tancos t he model 
was re - seal ed. 

7. 3 Extornal Drap, Coefficiont 

The external drag coefficientk a t zero incidence and with full 
boundary l a yer bleed f low was calculated by rooans of Eq . (13) and 
plotted aga inst the mass f low ratio in Figure 19 . The correspondini 
pres sure recovery characteristics are g iven by Figure 13 . I 

The external drag is soen (Fi ~ure 19) to decrease with mass 
f low increasini; arnl to re ach, at least at Mach numbers of 1. 41~ and I 

1 . 64, a minimum ut the point beyond which the pressure r ecovery I 
abruptly decroasc s , see Fi r;ure 13 . In view of the protuberances 
on t he model ( pressure tubes , fairings over t he Sierra pressure I 
cell, etc . ) and the unlmown baso pressure distribution, the I 
ab solute values of the measured drae•are of little inte rost . . 
It is suggested, however , that the slope of the Cn-mJ/rnoa curves 
is of si enificance . It is f ound t ha t a decrease of 0 . 1 in the 
masn f loH :!:'atio causes an i ncreas e of about 0 . 0018 in the external 
drag coefficient based on the wing area. 

The calculation of the external drag coefficient involves a 
lari:;e number of ther:r1S , as s hoi,m in section 6. li. , and their 1 

variation Hi th mass f low ratio is sho~-m in FiQ.U'e 20 f or H..a = 1.41+. 
The drag force as measured , te r m 1, ahous a variation similar to i 
the external druG coeffic ient, Figure 19 . The base pres sure , term j 

6, appears to be i ncreasinc; s lic;htly wi t h the rias s flou i ncreasine; . 

7.4 Flow Sta bility 

0scillograph records of pressure fluctuations were n~ asured 
with t he Sierra cell at nominal T-!ach numbers of 1 . 1~, 1. 6 and 1 . 8 
for zero and full boundary layer bleed flow and for choking pl ug 
setti ngs from S = 0 . 5 to S = 0. 9 . The results of t hose tests 
arc summarized in Tabl e 1 and some of t he oscillograph traces 
are reproduced in Figures 21 and 22 . 

, k 0ased on the maxirmun cross-sectional aroa of the model . 
I 
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All rocords, Tabl e 1 , exhibited an approximately constant 
frequency of about 400 cps ; only f or t he larGest plug openings 
the frequency decreased in some cases to about 200 cps . In most 
rocords the existence of a small ampl itude , low frequency 
oscillation was discernible; however , onl y i n one case 
(N c,o = 1. 64, S = o.5, Fi gure 2l (a) ) was the amplitude of the l ow 
frequency oscillations appreciabl e . A schl i eren photograph 
correspondi~ to this case is sho,m in Fii3uro 23 ( e), the Sier r a 
cell beinG in the lower duct . 

The a r1plitude of the high frequency oscillations was small , 
except for the sma l lest mass floH and for the case of no boundary 
layer bleed flow . 

I 
I 
I 

Althous h the oscillogaph'#-records show in ceneral high fre quenc j , 
small amplitude pressure oscillations , they are not considored t o ' 
imply the existence of intako f l ow conditions usually refe1~rod to 
as "buzz" . The schl ieren flow observations , described below, 
corroborate the above view, at least for full boundary layer bleed 
flow . Furthermore, the oscillobraph trace correspondinr, to no -
flow conditions, Figures 21 and 22 , a lready contained frequencies 
of about 200 cps which were presumably present in the actual test 
records . It was found that this initial oscillation in the 
oscillocraph record could not be inolated. Shock mounting the 
os c illograph to remove tho effects of pump motor and tunnel 

1 
vibration produced no change in the zero oscillation which Has I 
a pparently electrical in origin . 'rhe uniformity in the frequoncies I 
obtained cou l c1. not be attributed to froquency ovorloading. the 
pressure cells possossing true ros ponse characteristics to well ! 
over 400 cps . I 

Because of the lower duct static presnures at t he hic,,; her mass 
flows, the initial prestressing of the cell diaphragm to avoid statid 
loadinr, during a test, often exceeded the rated 2.5 psi limit of 
the cell, see Tablo 1. However , these initial differentials 
were never maintairnd for any appreciable length of time and 
under these conditions the cells were capable of withstanding 
over 200~ overloads. 

7 . 5 Schlieren Photo7aphs 

A typical series of schlieren photographs taken at n Mach 
number of 1 . 64 are presonted in Fi gures 23 to 25 inclusive . These 
were obtained at zoro incidence and with the original ramps , the 
model being rolled 90° as described in soction 5. 

Figures 23(a ) and 23 (b} are repeat runs which show the flow 
configurations on the body with natural external transition, no 
boundary layer bleed flow and minimum mass flow through the 
intakes (S = 0 . 5) . These runs demonstrated the unsteady nature 
of the separation which occurred just downstream of the f'ore-

-r b o-u.--c~[h-1~~"T\../ 

-fo?t-~ -?. 
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body bulge. In FiQ.l!'e 23(a) this separation took place on the 
stnrboard (lower ) side of the forebody while on the port side 
separation took place slightly upstream of the rrunp lip. This 
resulted in a highly asymmetrical shock pattern at the entry to 
the intakes, there being in fact no shock system on the starboard 
r amp . When forebody separation alternated to the port side, as 
sho,m in Figure 23(b), separation upstream of the starboard ramp 
did not occur and the nor:r:inl shock on the ramp moved closer to 
the intake entry. This alternative location of sepn~ation was 
not regular and indicated some type of flow instability. The 
phonomenon was unpredictable in that it could not be ascertained 
whether the side on Hhich separation first occurred was fixed by 
tunnel starting conditions or whether t he chc.ngeover occurred 
durins a tunnel run . 

Figures 23(e) and 23(d) show t he effect of increasing mass 
flow on forebody separation and on entry shock conf i guration. 
At medium mass flows (S = 0.7), Figure 22(c), forebody separation 
occurred further downstream uhi le the normal shock on the r amp 
moved closer to the entry. At the highest mass flou investigated 
(S = 0.9), Figure 23{d), separation occurred only on the starboard 
side, slibhtly upstream of the ramp lip and the normal entry shock 
occurred closer to the entry face. 

With full boundary layer bleed flow, FiQll'eS 23(e) and (g ) 
inclusive, no forebody separation obtained; again the progressive 
do,mstrearn movement of the normal shock on the ramps ~ith increasi 
mass flow was clearly seen, the shock boinc; unswalloi-red at the 
highest mass flow (S =- 0.9) • 

Induced transition, achieved as described in section 7.1, 
produced the effects shown in Figure 21~. In FiQ1r0s 24(a) to (c) 
inclusive, the mass flow in the intakes was increased for no 
boundary bleed floi-1. Hence these figures correspond t o Figures 
23 (a), ( c) and ( d ) ,rhere transition uas natural. Inducing 
transition can be seen to delay separation to a point further 
doimstream but prevented it only o.t the hi r;hest mass f low, in 
one intake only. 

When the f low in the boundary layor bleed ducts was nominally 
ono half (exit area equal to one half tho fully open area ) the 
external f low configurations are g iven in Figures 24(d) to (f) 
for increas i ng mass flow in the intakoso Figures 24( g ) to (i) 
givo the corresponding configurations with full boundary layer 
bleed flow (exit area equal to fully open value). 

A notable fact concerning th0 Si0rra records is the lack of 
correlation with the schlieren photogr, aphs of the flow a t the 
duct entries. The photocraphs corresponding to the Sierra cell 
records of Figure 22 are shoi-m in Figure 25 where the cell was in 
the lower duct. Here it is seen that separat ion had occurred 
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we 11 ahead of the intake ran p:J yet the clynar1ic pressure records 
have the same re13ular ap pearance as those taken for the flow 
confir,urations represented in Figures 23(f) and (g ) whore no 
separation had ta l:en place . Also Ficure 23(e) shows no 
occurrence of separation on the f orebody yet t he corres pond ing 
Sierra cell record (Figure 2l(a )) as mentioned in section 7.4 
exhibited an irror;ular oscillation in anplitude . 

In addition to the investi::;ation of f loH stability by means 
of the Sierra cell, sevoral schlieren photo;:-;rnphs wore taken for 
each conficuration both by double exposure spark an_d by repeated 
sin,.,.le photor,raphs . The latter were superimposed . But in either 
case no movement of the shock syster,1 on the intake ra'Tips could be 
detected . 

8. Conclusions 

(i) The velocity distribution in the intake ducts at the 
subsonic di f fuser exit was found to bo h113hly non uniforr.1. 
This was attributed to the internal duct configuration, 
includine poor matchin~ of the internal f low surfaces in 
the intake model and made the evaluation of r esults laborious 
and inaccurate. 

(ii) The pressure recovery as determined experimentally 
was found to be appreciably smnller than that obtaine d uith 
basically similar models by the N. A. C.A.; see Figure 26 . 

(iii) The t o tal external int ake drag (i . e . spi llage drag 
plus fuselage forebody drag) Has me asured and its variation 
with mass flow determined . 

(iv) Flow stabllity in the intake subsonic diffuser was 
investir;ated by means of a strain r;auge pressure trans ducer. 
Although the results could not be consi dered conclusive, it 
appeared that the "buzz" clid not occur under full boundary 
l ayer bleed flow condi tions . 

i 
photo r:;raphs j 
full 

(v) Double exponure and repeated spark schlieron 
of the intake flow indicated stable conditions uith 
boundary layer ble ed flow. 

(vi) Sparlc schlieren photos raphs of tho intake were tak;en 
and have shown that no separation occurred ahead of t he ramp s 
u ith full boundary layer bleed flow. severe separations were 
observed with boundary l ayer bleed partially or completely 
closed. 

I 
I 
I 
I 
I 
I 
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(vii) It was found that the non•tLt1i f ormi ty of the voloci ty 
distribution at tho subsonic diffuser exit was little affected 
by closing-of'f of the boun,~a r y layer bleed, by inducing 
boundary layer transition on tho f uselage nose and on tho 
rmnp lips , by pooi t ive fuselage inciclonco and by oli.J.ninating 
loal:s Hhich ,-;cro or i g inally present in the modol bet,,reen tho 
main and the boundary layer bleed duc ts . 

(viii) I t was found that closing-off of the boundary l ayer 
blood flow and/or inducing transition on the fuselac e nose 
und on the ramp lips decreased appreciably {by about 10 
percent) the p1•eosuro recovery; positive i ncidence and 
sealing of tho model had no effect on pressure recovery. 
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TABLE 1 

SIERRA CELL MEASUREMENTS 

CHOKING BOUNDARY PRELOAD 
PLUG LAYER Moo 

STATIC DYNAMIC 
POSITION BLEED SHIFT J\MPLITUDE FREQUENCY 

s FLOW {PSI) {PSI) {CPS) 

o . 5 FULL oo 1 . 44 1 . 6 0 . 2 400 
0 . 6 2 . 0 0 . 2 400 
o . 7 2 . 5 0.2 400 
o . 8 3.4 0 . 2 400 
0 . 9 5 .8 0 . 2 400 

o.5 FULL oo 1 . 64 3. 1 3 . 0 400 
0 . 6 3 . 3 1 . 4 400 
o . 7 3 . 6 0 . 4 400 
o. a 4 . 2 0 . 4 400 
0.9 6. 5 0 . 4 200 

0 . 5 FULL oo 1.83 4.2 1 . 2 400 
0 . 6 4 . 4 0 . 8 400 
0 . 7 4 . 5 0 . 5 350 
a. a 4 . 9 o . 4 300 
0 . 9 6 . 8 0 . 4 200 

o.5 ZERO oo 1 . 8 3 4.9 8 . 0 370 
0.6 5 . 0 6. 0 380 
0 . 7 5 . 6 4 . 0 400 
0 . 8 6. 4 2 . 0 400 
0 . 9 7 . 9 1 . 0 400 
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(a) GENERAL VIEW SHOWING INTAKES 

(b) VIEW SHOWING DETAILS OF INSTRUMENTATION 

FIG.2 MODEL MOUNTED.ON BALANCE 
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FIG 0 /0 DETAILS OF THE TWO TYPES OF BOUNDARY LAYER BLEED 
DUCT ENTRIES. MODIFIED ENTRY ON THE LEFT. 
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NATIONAL AERONAUTICAL ESTABLISHMENT No . .... ...................... .. ....................... . . 

PAGE ................. . oir .................. . 

LABORATORY MEMORANDUM 

(a) S=.5, DYNAMI C AMPLITUDF."" 3.0 PSI, FREQ.=-400 CPS. 

(b) S"'.6, DYNAMI C AMPL ITUDE= 1 .4 PSI, FHJ<..;Q,.= 400 CPS. 

FIG.2\ OSCILLOGR APH RECORDS M!I.: 1.64 
FULL BOUNDARY LAYER RLEt D F'LOW 



NATIONAL AERONAUTICAL ESTABLISHMENT No.--•·····--···---···---

PAQE-............................. 0, ................ .......... . 

LABORATORY MEMORANDUM 

(c) S=.7, DYNAMIC AMPLITUDE,., 0.4 PSI, FREQ..= 400 CPS. 

(d) S=.9, DYNAMIC AMPLITUDE= 0.4 PSI, FREQ..• 200 CPS. 

FIG.2.\ (CONCLUDED) 



NATIONJCL AERONAUTICAL ESTABLISHMENT 

LABORATORY MEMORANDUM 

I 
I 

SIERRA CELL MOUt-.TING j 

I I I 

C SEC. 2. 

NO, - - ·--··· ··--·-·····- -···-···-·--·················· 

PAQE. ... -········-··· ······· ·01' ... •.. _ ...... ... , ...... . 

(a) S=.5, DYNAMIC AMPLITUDE = 8 0 0 PSI, FREQ.= 370 CPS 

(b) S=.6, DYNAMIC AMPLI'I'llDE == 6 0 0 PS I , PREQ, .== 380 CPS 

Frn.22 0SCILL0GBAPH RECORDS M = 1. 83 
NO BOUNDARY LAY.SR BLEED,.,10\'/ 



NATIONAL AERONAUTICAL ESTABLISHMENT 

LABORATORY MEMORANDUM 

I 
j 

I 

I 

No . .. ... . 

PAGE .......... . 

DYNAJHC A1,'.PL ITUDE = 4 . 0 PSI , e'Ri:<:Q .• = 400 CFS 

;d) S=.9, DYNAMI C AMPLI TUDE= 1. 0 PSI, FREQ,.= 400 CPS 

P TG- 0 22 (CO NCL UDED ) 

. ... 0, ............... . 



NATIONAL AERONAUTICAL ESTABLISHMENT No . ...... .. .. 

PAGE- .. OP' .... .. . 

LABORATORY MEMORANDUM 

(a) S=. 5 , NO BOUNDARY L 11YER BLEED PL OW 

(b) RSPEAT OF' (a.) SHOWI NG AN ALTERNATIVE POSITION OF SEPARATION 

F I G.2~ SCHLIEREN PHOTOGRAPHS rvr'Q()= 1 . 64 
NATURAL TRANS IT ION 



NATIONAL AERONAUTICAL ESTABLISHMENT No, .......... .. . 

LABORATORY MEMORANDUM 
PAGE ................. ... ... , 01" ........................ . 

(c ) S=. 7 , NO BOUNDARY LAYER BLE,m FLOW 

( d) S=. 9 , NO BOUNDARY L AYi~R BLEED F LOW 



NATIONAL AERONAUTICAL ESTABLISHMENT NO.·-······················ ·· ·- ·············· -•"·· · 

LABORATORY MEMORANDUM 
PAGE. .. ..... ..... ·-······ ·· .. OF .......... . 

(e ) S= 0 S, FDLL BOUNDARY LAYER BLEED FLOW 

(:' ) S= . 7 , F:JLL BOUNDARY LAYER BL EED ?'L OW 

(g) S=. 9 , FULL BOUNDAR Y L AYER BLEED FL OW 

FIG.23 ' CONCLUDED) 



NATIONAL AERONAUTICAL ESTABLISHMENT No.---·· 

LABORATORY MEMORANDUM 

(a) S=- . 5 , NO BOUNDARY L A'..'ER BLEED PI.OW 

{b ) S= . ? . NO BOUNDAFY LAYER BLEE D PL01V 

(c) S= . 9 , NO BO!JNN. "iY L AYER BLEl'., D FL O'V 

FD .2~ SCHL IEREN PHOTOGRAPHS M_:: 1
0

64 
J\NDUCED TRANS ITIO!T 

PAGE.. .OP' ............... .. . 



NATIONAL AERONAUTICAL ESTABLISHMENT NO.--············-····· ············ -··········-····· ······· 

PAGE· ········· -········· ········ •Of" .............. ..... . 
LABORATORY MEMORANDUM 

(d ) S=. 5 , HALF' BOUNDARY LAYER BLEED FLOW 

(e ) S=.7, HALF BOUNDARY LAYER BLEED FLOW 

(f) S=. 9, HALF BOUNDARY LA YER BLEED FLOW 

FIG.24 (CONTINUED) 



NATIONAL AERONAUTICAL ESTABLISHMENT 

LABORATORY MEMORANDUM 

(g) S==. 5 , FULL BOUNDARY LAYER BLEED FLOW 

(h) S==. 7, FULL BOUNDARY LAYER BLEED FLO\V 

(i) S==.9, FULL BOUNDARY LAYER BLEED FLOW 

FIG.24 (CONCLUDED) 

NO. •-······"············· •·························· ····· 








