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SUMMAKY

Experiments are described in which measurements have beéen made of the
dreg and pressure reccovery of a wedge centre-body intake of rectangular cross-
section, Intakes with four different wedges (12°, 16° 20° and 24° semi apex
angle) were tested at Mach numbers of 1,56, 1.86 and 2.14, The measurements
were obtained for the following three different flow states; with both the
) wedge and cowl lip shocks attached, with only the wedge shock attached, and
finally with the wedge shock detached, The results obtained from the drag
meagurements are compared with those from an approximate method of calculation.
With the wedge shock attached, the spillage drag can be estimated reascnably
well but when the wedge shock is detached the measure of agreement between

experimental and calculated results is poor.

Curves showing the variation of capture ratio and pre-entry drag at full
mass flow with MDO for particular wedge angles, and curves giving the cowl drag
gt full mass flow for families of both straight line and elliptical cowl profiles

are presented,

* Replaces R,A.E. Tech, Report 66208 - A.R.C, 28449
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1 INTRODUCTION

A considerable amount of experimental work has been done on coniceal centre-
body intakes but as yet, the equivalent wedge centre-body intake has received
much less attention. For single~ or twin-engine insvallations (engines in the
fuseloge or in separagte nacelies on the wings) the conical centre-body intake
is an obvious choice, since its geometry blends well irlth the remainder of the
aircraft. TFor multi-engine esvplicstions however engines may be placed so as to
occupy a fair portion of the wing span, either buried in the wing with intakes
et the wing leading edge or positioned under the wing in a rectangular shaped
nacelle. In these cases the wedge centre-body intake cobviously applies. Whare
it is deemed adventageous to vary the geometry of the intake in flight the wedge
centre~body inteke may also offer improvements over the equivalent conicael centre-
body intake. Variable geometry in this instance is limited (by practical
difficulties) to varying the fore and aft position of the centre-body with respect
to the covl whereas with the wedge centre-body intake the angle of the wedge, the
position of the cowl 1lip and the fore and aft position of the centre-body can all

be varied, either separately cr together.

The shock pressure ecovary of vedge centre-body intakes is readily
caleulable and for o given wedge surface Mach nuiber and internal geometry it
should be possible to estimate {he losses other than sghock losses from tests of

equivalent conical centre-body intokes.

IT vhe wedge centre-body and the cowl lip shock are attached it should be
possible to caleulate the pre-entry and cowl dreg of infinite span intakes
reasonsbly accurately using shock-expansion theory. However, at Mach nusbers
below design this flow configuration does not coniinue indefinitely, as first

the ecoul shock detaches and then the centre-body sheock wave becomes detached.

As the following table shows these shock detachment Mach numbers can be
congiderably higher for wedge centre-bedy intakes than for eguivalent conical

centfe-body designs.

/Table



. Cowl 1ip | Centre-body
Shocel: -
Intake Design Centre-body hoc Centre-body shock shock
Mach . pressure surface
type P semi-angle recover Mach No detachment | detachment
y y * { Mach No.' | Mach No.
Conical| 2.5 25 0.76 1.75 1.80 1.33
Wedge 2.5 20 0.75 1.64 2.21 1.84
I

* For an internal cowl angle of 10°, ¥ = 2.5,

Thus the main aim of the present investigation has veen to measure drag
of centre-body intakes having centre-body angles which enable all these three
flow scates to be achieved at the test Mach numbers of 1.56, 1.36 and 2.74.
The tests have been made on intalkes with height-to-width racios vhich are
fairly typical of fighter aircraft installations so that the departure from
the infinite span conditions of the theoretical estimates can be assessed. A
check on a proposed method of drag calculation at full mass i‘low.1 (treating the
intake as a spilling pitot type intake) where the centre-body shock wave is
detached has been made. The drag under spillage conditions has been measured
and compared with calculated values using methsds of estimation originally
developed for conical centre-body intakese’B.

2 CALCULATION OF MAXIMUM MASS ¥LOW, PRE-ENTRY AND COWI, DRAGS

2.1 General

Yle require to know the drag and maxirmm mass flow in the flow states
ghown in Fig.l. When the shock waves are attached to the nose of the wedge
and the cowl lip and the external flow is everywhere supersonic as in Fig.l(a)
the mass flow and pre-entry drag can be calculated exactly by consideration of
the supersonic flow around wedges (see Section 2.2). The cowl drag’'can be
calculated by the method of characteristics or by shock-expansion theory (as in
Section 2.3). The latter method sglthough not exact is probably sufficiently
accurate for most practical purposes at least up to a Mach number of 3.0, and
is of course much easier to apply.

% some Mach rumbers below the design figure the required deflection of
the flov at the cowl lip will preclude the attechment of the shock at the lip.
It is not easy to formlate even approximate metheds for calculating the drag
in this condition particularly if (as is most likely) the lip shock is detached



due to excessive deflection of the internal flow, In this case by ignoring the
effect of this shock detachment on the external flow the cowl and pre-entry
drags can still be calculated., If the shock detachment is caused by excessive
deflection of the external flow hovwever the drag is not readily calculable by
any method.

At low Mach numbers the nose wedge shock is detached and it was suggested
in Ref.? that the drag at full mass flow in this condition could be calculated
by the approximate methods, already availeble, to estimate the drag of pitot
intakes under conditions of spillage. Thus the maximm mass flow is calculated
for choking at the entry plane (assuming that the deteched shock is normal over
the entry streamtube area) and the drag is calculated as for a pitot intake
cperating at this mass flow. This method might be expected to glve reasonable
results at Mach numbers well below the nose shock detachment Mach number, T%
has also been suggested4 that it might easily be modifiied to take account of
the shock curvature over the entry streamtube by assuming a hyperbolic form for
the detached wave.

So far only the drag at full mass flow has been considered. The calcula-
tion of the increased drag arising when the intake is spilling can again be
considered in two parts (a) wvhen ihe wedge shock is attached and (b) when it
is detached.

For the first set of conditions the method developed {or conical centre-

body intakes in Ref.2 has been adopited and used.

When the vedge shock is detached the spillage draz is calculated by the
method already outlined when the full mass flow drag was discussed earlier in
the section. The intake is treated as a spilling pitot and the method proposed
by Freenkel in Ref,5 is used.

The actuzl details of these methods are not given in the present report

because they have already been summarised in Refe,3 and 5 respectively,

In the remaining part of this scction details are given for the calcula-
tion of mass flovw, the pre-entry drag and the cowl drag at full mass flow for
both straight line and elliptical cowl profiles. Finally the method of obtain-
ing the total drag is surmarised.
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Ao
2.2 Celculaiion of the maxirum mass flow <E- and the pre-entry drag
ey nax

CD at maximum mass flow
re
P o]

The maximum mass flow is given by (Appendix A):-
(AW> (hw> ) cot 8, -~ cot 8
Aen max hen masx cob ew - €0t &
and pre-entry drag at meximum mass flow is given by (Appendix A):-

P1 ; cot Gw - cot 9£
Peo cok aw - cot O
C =
Dpre %

o A

Poo

using the notation given in Fig.2.

These two quantities have been calculated for wedge angles of 4°, 8°, 129,
16°, 20° and 24° in the Mach number range 1.2 - 3,0 and for a suitable range of
1ip position angles @, and are presented in Figs.5 and L,

2.3 Calculation of cowl drag (CD Y at full mass flow for straight line and
cowl
0

elliptical cowl profiles

2.3.1 Gtraight line profiles =

For an intake having parallel sides the cowl drag at [ull mass flow is

given simply by
G_l ) 1) (1 _Pen_
%0 Bpa

X
c =
Dcowlo ?_0_9
Do
or
C—-I- i 1) L tan ng
et hmax
CD =
cowl 9
0



since in this case !

Prax ~ Yen

ta.nﬂo el
In Fig.5, CD /EEL— is plotted versus M, for various values of 7 _.
co'wlo max °

Strictly in calculating the cowl drag the effect of the pre-entry flow on
the flow over the cowl should be considered, i.e. the loss in total pressure
across the wedge shock, the Mach number and streem direction immediately ahead
of the cowl 1ip, should be talen ints account. However the cowl drag obtained
in this way is found to be only slightly greater than that calculated neglecting
the pre-entry flow and assuming that free-stream condicions apply at the cowl
1lip. This can be seen from Figs.6 and 7. In Fig.6 Cy O/E;L— is plotted

cowl [ “max

versus 0 for various values of o end a particular free-stream Mach number.

Here it can be seen that the difference between the drag calculated considering

the pre-entry flow and that obiained neglecting it (the value of CD / L
cowl

h
max
o

when 1 = 6]) is always small (2%) independent of whether a shock or an expan-
/L with
cowlo, max

sion occurs at the cowl lip. Fig.7 shows the variation of CD

Mo for a particular wedge and covl slope and again it is seen ilhat the two
methods of drag calculations differ only slightly over the range of Mach number

considered.

Hence the curves presented in Fig.5 can be used to obtain sufficiently
gecurace values of the cowl drag when the centre-body intake is operating
under full mass flow conditions, if it is assumed that free-stream conditions

apply immediately ahead of the cowl lip.

2,53.2 Elliptical cowl nrofiles

A series of elliptical profiles ccvering a range of initial slopes,
fineness ratios and aree ratios will include most cowl profiles (having zero
slope at the maximum cross section) that are likely to be encountered in

practice. The drag of a representative series has therefore been determined.



The ordinates of several elliptical profiles have been celculated from
the expression

2
- (hmax-hen)
L -5
(hmax Bon) i \
nax Cen x
* [- L2 Ltanﬂ -2( )}{ (max on) tanno(i~ )j‘]
T Jtan > max hen);
Lo T T N

which is derived in Appendix B together with the expression below for the
gradien: at each of the chosen ordinates .

- X
dh T
dx/ L j’L tan n\ E(Emax - hen)}_ b - 1
L (h -h ) can m van "o
max en o

The covl drag has been cbtained by graphically integrating the pressure
coefficients which were found aic each chosen point on the cowl by Frandtl/MByer
expansicn thecry. - P

The results are presented in Fig.8 where C is plolted versus M g

cowlo
for various values of h n/h L/n and n,. 4s with the straight line cowl

max’ max
profiles CD can be determined from these curves gssuming [ree-streasm

covl
o]

conditions 4o apply at the covl lip.

2.4  General calculation of Lotal drag

In the preceding part ol ihis section debails sre given of suggested methods
for the celculation of the fundamental drag components of two dimensionsl wedge

centre-body intakes. The total external drag is obtained as fcllows: under full
mass flow condrtions

C = C + ¢ + ¢

Dext Dpre0 Dcowlo Dside walls
and Fig.4 enables CD %o be obtained for a range of M_, and various values of
pre
o

95. Also, Figs.5 and & show the variation of CD for both straight line and

cowl
(o)



elliptical cowl profiles over the seme Mach number range and for various values

of initial cowl angle end cowl fineness ratio.

The calculation of side plate drag depends of course on their shape, If
swept back side plates are used their drag can be calculated by a method

developed for swept back wing sections and given in Ref.6.

When the Intake is spllling the external drag coefficient is given by

the expression:-

c = C + CD + CD
cowlo side plates spill

vhere Ch = CD +4AC
spill pre cowl

and is calculated by either of the methods described in Section 2.7 depending
on whether the wedge shock is attached or detached.

3 EXPERIMENTAL APPARATUS AND PROCEDURE

The experiments were carried out in the No.h 51 in. sg supersonic Hunnecl
at the R.A.E. Details of the model intake sre shovm in Fig.9. Four
wedges (12°, 16° 20° and 24° semi opex acgle) could be inserted in the intake
and each one vas positioned sc that the wedge shock would impinge on the cowl
lip at M, = 2.70. The wedge centre-body dimensions are given in Fig.10. Side
valls were attached to the wedges, each pair being svept back at the wedge
shock angle for M= 1.86. Tests were made at Mach mumbers of 1.56, 1.86 and
2.14 gnd at Reynolds numbers of 0.294 X 106, 0.266 X 106 and 0.235 X 106
respectively based on cowl height. Both pressure recovery and drag were
measured over a range of mass flows through the intake, Similar measurements
were also made at each Mach number with the intake operating as a pitot intake,
i.e, with the centre-body removed. *

The pressure recovery was obtained by taking an arithmetic mean of the
readings of 42 pitot tubes situated in the exit plane. This method was adopted
after checlking that it gave approximaiely the same results as an aresa mean
method. The positicns of the pitot tubes are shown disgramatically in Fig,11
the irregular shaped exit ares being necessary to obtain the required mass flows

with the existing sting attachment.

The total drag of the intake was measured on & strain gauge balance and
the external drag obtained using the relation helow:-
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] C P P
Cy 2 ——— [ﬂ._(]_.ﬁ!l}g )A ) <1_~_bgse A
Qo Aoy LFx P ~ %/ exit ase

ext
fp__@.c:a’: i 1> Abal} i
SF

i.e. internal, balse and skin friction drags and the pressure force on the end of
the bazlance sting are subtracted from the measured total load. The base drag was
found from the arithmetic mean of 4 pitot tubes positioned immediately downstream
of both the fixed and interchangeable exit plugs as shown in Fig.11., The skin
friction drag vas estimated from Ref.7.

Schlieren photographs were taken to show the shock configurations existing
with the intake operating at full mass flow.

4 RESULTS AND COMPARISON UITH THEORY

4.1  Ceneral

In this section the experimental results are split up for convenience into
two main groups. In the first, full mass flow conditions are considered. The
results obtained with the intalte cperating as a pitot intake, are presented to
indicate the general accuracy of the measurements. The remaining results are
discussed under the three main headings outlined in the Introduction, i.e. when
the flow round the intake is completely supersonic (both the wedge shock and the
cowl shock are attached), when the wedge shock is attached but the cowl shock is
detached and finally when the vedge shock is detached.

Sx

In the second group the drag results obtained with the intake spilling are
compared with theoretical calculations. The variation of pressure recovery with
mass flow is also given although these results are inecluded mainly for complete-
ness as tThe wedges were desipgned specificallir for the drag tests and not to give
high pressure recovery.

The theoretical intake dreg for both maximum mass flow and spillage condi-

tions has been calculated by the methods referred to in Section 2.

4.2 Drag at full mass flow

4.2.,1 Pitot intakes

Fig.12 gives a comparison between the theoretical and experimental results
obtained at each Mach number with the intake operating as a pitot intake. Fairly
good agreement is oblained bvetween the two resulits at each Mach number, the
measured drag being slightly less than the theoretical at two Mach numbers. This

ny
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is to be expected becsuse the theoretical drag is based on two dimensional
theory even though the model 18 nearly square in crogs~-gection.

" ‘
It will also be noted that the value of (Kﬁ?) determined from the
ery max

experimental results is slightly greater than 1.0 at M_= 1.56 ana M = 1.86,
This overestimation of mass flow through a pitot intake, although it often
occurs, is difficult to explaein. It is calculated (assuming choking to occur
in the exit plane) from the relation,

=
Lgo
b=
ra

oo oX (P
E P, E_ "

"
o
g 13

n

A
jne)
and hence if the pressure recovery is obtained eccurately -—:) is
I :
Acx oy’ mest
overcstimated only if o is uno grest. Acn can of course be measurcd

en
sccurately but because of smzall boundary layer effects and the blockage produced

by the pitot tubes (situated in the exit plane) the estimation of the effective

Aexfis slightly doubtful. In the vresent investigation the cffective A x
- = @
wes taken as:-

s}
Actual Oxit Area - 7~ N

where r 1s the external radius of the pitot tubes and N is theAn sber of tubes
<3
in the flow. This applies a quite significant correction to —-1-.'-3 but the

A

AN an
fect thab -A-D;) 16 gtill slightly in excess of 1.0 indicates that such a
e max

correction is necessary.

A
At M, = 2.14 (A__oo is slightly less than 1.0 although the schlieren
eny max
photograph Fig.l12 shows clearly that under full mass flow condition the shock

is attached across the intake plane.

4.2.2 Yedge centre-body intakes

Cormparisons between the theoretical and experimental drag results
obtained with each wedge, are made in Figs.1% to 16. In general the agreement

between the calculated and measured values of CD is poor, e fact which must
ext Ay

be attributed to the consistently low experimental values of (—A—- compared

en’ max

with the theoretical values. This can be seen from Figs.15(b) to 16(b).
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This tendency to measure lov mass flow through the intake (the reverse of
what generally happens with pitot type intakes) is probably an effect of wedge
tip and side vall bluntness {the Mach number component perpendicular to the
swept back edge of the side walls 1is too low to ensure shock attachment). At
the lov Reynolds numbers of the tests the boundary layer groiurch on the wedges
and the side walls will also be an important factor.

The effect of the initial Ymrdge thickness can be seen by comparing the
thepretical shock wave angles with those measured on the schlieren photographs
(greatly enlarged). For the 12° wedge at Mach numbers 1.56 and 1.86 the
theoretical shock angles are 57.4° and 45° whereas the measured angles are 59°
and 46°, These changes lead to approximately 1% reductions in the corresponding
mass flows, For the 16° wedge atb M., = 1.86 the reduction in mass flow is
approximately 4%,

The detached shock on the swept back side walls will undoubtedly force
the wedge shock forward (locally on each side of the intake) and will therefore

-

cause a reduction in mass flov and an increase in drag.

{a) TVedge and cowl lip shoclis athached

The gbove c¢onditions apply to:
(i)  the 12° wedge at M= 1.86 (Fig.13)
(ii) the 12° and 16° wedges at M= 2.14 (Figs.13 and 14).

Although the agreement between experiment and thecry is better with the
12° wedge the experimental drag is quite appreciably greater than the theoretical
results in all cases. t will be seen from the schlieren photographs shown in
Figs.13 and 14 that the wedge shock angles are greater than their theoretical
values (the shoek should lie along the swept back edge of the side walls ac
My = 1.86), also although the cowl lip shock is theoretically atfached it is
seen to be detached on one side of the 16° wedge at M= 2.74. As has already
been mentioned these differences between the theoretical and erperimental shock
positions will lead to increases in The measured drag over the theoretical

values.

(b) Wedge shock attached but cowl lip shock detached

These conditions apply to:

() the 12° wedge at = 1.56 (Fig.13)

o]
(11)  the 16° and 20° wedges at M= 1.86 (Figs.14 and 15)
(i1i) the 20° and 24° wedges at M_,= 2.14 (Fige.15 end 15),
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The intake drag under these conditions is calculated in precisely the same
way as for case (a), i.e. the presence of the detached shock at the cowl lip is
ignored as it 1as expected that this would cause only a small increase in drag.
Again the agreement between theory and experiment is generally poor. Good agree-
ment is obtained only with the 12° wedge at M = 1.56, However, the agreement
is no worse than occurred in (a) the experimental drag is preater than the esti-
mated drag end it would appear that if the correct mass flow had been obtained
the agreement would have been much more reasonable.

(¢} Wedge shock detached

This condition aepplies to

(1)  the 16°, 20° and 24° wedges at M_ = 1.56 (Figs.1%, 15 and 16)
(i1) the 24° wedge at M__= 1.806 (¥ig.16).

Already it has been mentioned that under these conditions the drag is
calculated assuming that the intake is gperating as a spilling pitot intake
and that the detached shock is normal to the free-stresm direction., Quite good
agreement betWeen experiment and theory for the 24° wedge at M_ = 1.86 was

ocbtained but for the rcmaining three cases large discrepancies occur.

The good agreement obtained with the 24° wedge is fortuitous because
(as the schlieren photograph shows) the wedge shock is not detached. When the
flow pattern does approximate to that about a spilling pitot intake we note;

(1) The mass flow is considerably less than the theoretical choking mass
fiow end in the absence of pitot measurements in the entry plane no adequate

explanation can be given for this,

(2) The calculation of the drag of a spilling pitot for this choking mass
flow ratio by the Fraenkel method5 does in any case overestimate the drag
(see Fig.17(a)). Thus it is probably better to apply a method similar to the one
suggested by Seddon in Ref.8.

On the basis of work described in Ref.4 it has been suggested that the
detached shock is of a hyperbolic form. If we assume that the location of the
shock wave upstream of the wedge tip is the same for the intake as for an isola-
ted wedge, the drag can be determined by finding the static pressure rise across
a curved shock inhstead of a normal shock. The schliexen photographs indicate
thet this would appear to be a more correct procedure but it was found to maka
only & very small improvement to the agreement between calculations and

measurenments.
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4.3 Drag and pressure recovery under spillage conditions

Fige.17 to 21 show both the variation of external drag snd pressure
recovery with mass flow for each particular intake. Tile pressure recovery
results obtained with the wedges are included only for completeness. The
wedges were designed primarily for the drag tests and their pressure recoveries

cannot be regarded es typical.

4.3.1 Comparison between theoretical and experimental drag rise with
spillage

(&) Pitot intakes

The varistions of drag for the pitot intzkes under spillage conditions at
each Mach number is shown in Fig. 17{a), (b) and (¢). The agreement with the
theory is fairly good which again indicates that the influence of "end effects"
is probably small. '

(b) Vedze centre-body intales

The method of predicting the external intake drag with spillage suggested
for conical centre-body intales in Ref.2 has bheen used here for the wedge
centre-body intakes when the wedge shock is attached. TFor the detached wedge
shock conditions the increase in dreg is obtained by again assuming that the

intake operates as a spilling pitot.

When the wedge shock is attached the agreement between the theory and the
experimental results is fairly good as can be seen from Figs.l15,
20(b) and (c), and 27(c). However Figs.19(a), 20(a) and 21(a) and (b) show
that wvhen the wedge shock is detached treating the intake as a spilling pitot
results in epproximately 25% overestimation of the drag. Again in the calcula-~
tion of this spilling pitot drag it has been assumed that the detached shock is
normal to the free-stream direction. This asswiption was mede partly for
simplicity and partly because taking a hyperbolic shape egain failed to give
mich improvement.

L.3.2, Pressure recovery

(2) Pitot intakes

Fig. 17(a), (b) and (c) show that the pressure recovery obtained at each
Mach number is only slightly less than the normal shoclk pressure recovery.
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(b) Vedge centre-body intalkes

As mentioned in Section 4.1 the vedges were not designed to give good
pressure recovery and as can be seen from Figs.18 to 21 the sudden expansion
and "corner" effects lead in each case to pressure recoveries far below the
thecoretical shock values.

5 CONCLUSIONS

(1) With the centre-body removed the experimental drag and pressure
recovery are in quite good agreement (under both full mass flow and spillage
conditions) with the theoretical results for pitot intakes.

This result, obtained with a model of almost square cross section, indi-

cates that the influence of "end" effects is fairly small.

(2) The spillage drag of a two-dimensional wedge centre-body intake can
be estimated reasonably well by adapting the method proposed in Ref.2 for
conical centre-body intakes.

(3) Treating a two dimensional wedge centre-body intake as a spilling
pitot when the wedge shock is detached overestimates the drag by some 25%.

(4) Two possible reasons {(apart from the low Reynolds number of the testis)
can account for the low maximm mass flow values through the wedge centre body
intakes: First the components of the free-stream Mach number perpendicular to
the edge of the swept back side walls 1is always too low to ensure an attached
‘ shock and secondly the wedge tip bpluntness can account for a small but signifi-
cant forwerd displacement of the wedge shock.
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Aprendix A
Ao
THE CALCULATION OF (K_—\} AID CD FPOR TWO DIMENSIONAL WEDGE
en’’ max cowlo

CENIRE-BODY INTAKES WITH STRAIGHT LINE FROFILES

From Fig.2

end
b - Yen ™ Bo
B tan O '
Hence
Bon ™ Poo i no
LN’ - tan O ~ tan Gw
n = (LN tan & - hen) tan O
e tan Bm
T~ tan O
and LN
n B tan & - 1) can em
2 en —
hen tan O - tan 90j

T

when the wedge shoek impinges on the cowl lip:-

L
N

—— = o0t 6

hen &

and under these conditions the entering mwass flow reaches its maximm value,
hence

_{'.°_° i .}_1_23 ) cob 93 -cot O
2 = \n T ecot & - cob & '
en” max e’ max w

"



Appendix A

The pre-entry drag (based on Aen) in this full mass flov condition is
defined as

L
%o

re
P 0
en

C—T- _ 1) (cot Gw - cot 9‘&)
o cot 8, - cot &
%o

Peo

17
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Appendix B
THE CALCUTATIQN OF CD FOR TWO DLMENSIONAL WEDGE
cowl
o)

CENTRE-BODY INTAKES WITH FLLIPTICAL CCUL PROEILES

Assume that the profile shape is glven by

x2+ah2+bx+ch+d= Q . (B1)

Using the notation given in the diagram below end the following boundary

conditions;
h 8
; ! A‘r-t‘ o 4 1
N\ ) Bpax © Yen
M, .
T %/L
x = 0 h = O
x = L b= By~ Ben
dh
= tannowhenx— O, andh = O
dh
= Cvhenx = L, endh = hmax - hen
Equation (B1) can be rewritten as
2tenn -2Lh -k )
o max en 2 2Lh
X + 5 h--2Lx+ T 0 .
(n ~h ) tannm o
max en o

Hence the ordinates and the tangents to the curve at each one may be
obtained fron
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B ex Ben ’
+ (_._____.-) + (h -h )
1L max en

| (hm:a.x"hen)2 1 (hma.x-hen)} %
x\/[———-—;é—-— -{ta.n n, - 2-—-—-1-:-»-—-— {% lan no(f - )}]

[ (h _-h )}
-Ltanno—a ma'xL en

and

X
B
dh <L

dax/T T - -
/ {Ltan no 2 (hms,x hen)}h+ 1

tan T‘lo

' 2
(hma.x - by,) tenn,
knowing the ordinates and tangents at arbitrarily chosen points the
Prandtl-Meyer -expansion theaory can be.used to obtain a series of pressure

coefficients along the cowl profile. These can then be integrated graphically

to give CD .
cowlo
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NOTATTON (See also Fig.2)

crosg-séctional area

ordinate measured from and perpendicular to intake axis
distance measured from cowl lip parallel to inteke axis
length of cowl, 1l.e, distance between entry and maximum cowl
cross-sectional areas

distance between wedge tip and entry plane

semi-apex angle of wedge centre-body

inclination with respect to the intake axis of & line through the
tip of the wedge

initial inclination of the outside surface of the cowl
initial inclination of the inside surface of the cowl

total pressure

static pressure

h-s

dynanic pressure 5 p v2

Mach mumber

free stream Mach number at which the wedge or cone shock falls on
the cowl 1ip

cowl wave drag coefficient at full mass flow (based on Amax)

pre-entry drag coefficient at full mass flow (based on Aen for
Fig.4
totel external drag coefficient at full mass flow (based on Amax)

total external drag coefficient at any mass flow (based on Amax)

free-stream

in the entry plane

in the exit plane

immediately behind the wedge shock
immediately ahead of the cowl lip
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FIG.1(a) ALL SHOCKS ATTACHED

FIG. I(b) COWL LiP SHOCK DETACHED

FIG. 1(c) CENTREBODY SHOCK WAVE DETACHED

FIG.1 FLOW PATTERNS ABOUT A CENTRE BODY INTAKE
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an approximate method of calculation, With the wedge shock attached,
the splllage dreg can he estimated reasonably well but when the wedge
shock 18 detached the measure of agreement between experimental and
calculated results is poor,

Curves showing the variation of capture ratio and pre-entry drag at
full mass flow with M for particular wedge angles, and curves giving
the cowl dreg at full mass flow for families of both straight line and
elliptical cowl profiles are presented,

an approximate method of ealculation, With the wedge shock attached,
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shock Is dotached the measure of agreement betmeen experimental and
calculated results is poor.

Curves showing the variation of capture ratio anxd pre-entry drag at
full mass flow with M for particular wedge angles, and curves giving
the cowl drag at fu)) mass flow for families of both streight line and
elliptical cowl profiles are presented,
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