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SUMMARY

Various propelling nozzle configurations with all-internal expan-
sion were tested in external flow over the range of Mach number 0.7 to 2.2,
in order to determine the effect of base bleed (i.e. the injection of low
energy secondary air) on base pressure. An Toverall efficiency! 1s
defined, which enables the effectiveness of base bleed, as a means of
reducing the base drag, to be assessed. The results indicate that with
supersonic external flow base bleed generally tends to éalse the levsl of
base pressure, but no improvement in the overall efficiency 1s obtained.
At subsonic external speeds, the secondary air has a negligible effect on

base pressure.
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1.0 Introduction

For the engine installation of proposed supersonic transport air-
craft, the exit area of an internal expansion, convergent-divergent pro-
pelling nogzle, such as would be appropriate to the exhaust pressure ratio
at cruise, often proves tc be considerably less than the cross-sectional
area of the engine nacelle, A relatively large base area 1s thus created,
and the problem arises of minimising the drag associated with it.

Proposed methods of reducing this drag are summarised as follows:

(1) Base drag may be completely eliminated by extending the
nozzle until its exit area coincides with the nacelle cross-sectional area.
The nozzle flow will then be over—expanded at cruise, and the internal
porformance will suffer. At off-design conditions the penalty may be
large.

(11} The nacelle may be boat-tailed sufficiently to reduce the
base area to zero, whilet retaining the correct nozzle exit area. Base
drag is then replaced to some extent by boat-tail drag of the nacelles.

(iiL) Base drag may be reduced by allowing a small quantity of low
energy, secondary air to escapc into the base region (this technique is
known as base bleed or base ventilal.on), The exit area of the nozzle
appropriate to cruise conditions may then be retained, cor the nozzle may
be shortened. It has been sugzested that base bleed 1s more effective
with such a shortened nozzle at cruise, and some improvement in internal
nozzle performance at off-design conditions could be anficipated.

Various combinations of base bleed and boat-tailing are alzoc possible.

With the intention of helping to decide which of these systems
offers the best solution, and morc especially to investigate the
effectivencss or otherwise of base bleced as a technique, a series of
convergent-divergent model nozzles has beon tested on cold dry air. These
models were axisymmetric throughout, for convenience of manufacture and
testing, although 1t should be remembersd that for proposed supersonic
transport aircraft the nacsllo cross-section may be square or rectangular.

2.0 Description of test equipment

2.1 The external flow rig

A doscription of the external flow rag used for these iests will be
found in Reference 1. The rig consisted of two alternative working
sections, 1llustrated in Figure 1. Each line comprised a nozzle, vicwing
section and pressure recovery diffuser, the supply and exhaust arrange-
ments being common to both lines. Bxternal flow from Mach number Q.7 to
1.5 could be provided by the upper or ‘transconic' line, whilst the lower
"supersonic' line oporated from Mach number 1.3 to 2.4. Test models were
carried on a long parallel, hollow sting, which passed through the throat
of the test line nozzles, and could be interchanged between them.

Figures 2 and 3 show the arrangcment of the sting carrier section,
which fitted immediately ahead of oither external flow nozzle. Thas
consisted of a round duct with a streamlined bullet carried on its centre-
line by a singlo hollow arm. From the bullet, the sting, with the model
on 1ts downstream end, was supported so that the outlet plane of the
model was located in the window of the viewing section. Air, controlled
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externally, was delivered to the model through the inner, load-carrying
tube., The instrumentation and control lines from the model passed between
the i1nner tubc and the outer cover of the sting.

The transonic line was cquipped with a slotted nozzle of circular
cross-section, 11.3 inches in diamcter (see Figure 2), tho outlet Mach
numbor of which could be varied simply by adjusting the applied pressure.
A two-dimensional, flexible wall nozgzle wvas used for the supersonic line,
the nozzle outlet being 12 1n. x 12 1n. (see Figure 3

2.2 Tast models

All the various builde of model tested were founded on & common
basic unit. A typical nozzle configuration built from this unit 1s shown
in Figure L.

The secondary or blecd flow was cbtained by tapping off some of the
primary nozzle flow, through vents upstrcam of the threat, and the amount
tapped off was controlled by a remotely actuated ring valve, located in the
annular secondary passageway between the inner and outer surfaces of the
model. Sccondary mass flow waze estimated by paessing the air through a
constricted section downsiream of the ring valve, equipped with pitot
tubes and static tappings, as shown in Figure L.

Parts addztional to thosc in Figurc L cenabled various builds of
model to be constructed. These builds formed modifications of two 'basic!
designs, which are 1llustrated in Figurc 5. Both have parallcl outer
shrouds, with coplanar cxists, and arca ratios of 2,050 and 2.789 (tho
corresponding design pressure ratlos are 11.71 and 18.8 respectively).

Two modifications appear in Figure 6., Figure 6a shows a model
incorporating some degree of cxternal boat-tailing (1°30').  In other
respects, this build is 2dentical to the 'basic' short nozzle, as in
Figure Sa. Figure 6b shows the construction of a non-coplanar (or
extended shroud) nozzle. This was formed by fitting the outer shroud of
the 'basic' long nozzle (sec Figure 5b) to the short primary nozzlec of
Figure 5a.

Tor some tests on the short nozzle, the basc apertu}e was partly
blocked. In one such arrangement, the bleed flow was discharged adjacent
to the primary nozzle exit (see Figure Ta), whilst in ancther 1t passed on
cither side of the blocking picce (sec Figure 7b).

3.0 Instrumentation and air supplies

The models were fitted with the following prossurc instrumentation
(the circled numbers in Fagures 4 to 7 refer to the location of these
tappings, and will be quoted where possible):-

(a) Two prtot and two static tubes situated in the primary
nozzle inlet, upsiream of the bleed flow take-off points
(Numbers 1, 2, 3 and 4 1n Figure 4).

(v) Two pitot tubes situated in the primary flow betweon the
bleed take-off poinis and the nozzle throat (Numbers 5 and
6 in Figure 4).
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(c) Three pitot tubes and three wall statxc tappings in the
bleed airflow measuring section, downatream of the control
ring valve (Numbers 7, 8, 9, 10, 1t and 12, respectively in
Frgure 4).

(d) A tapping in the primary nozzle base thickness (Number 15
in Figure 5a),

(e) A tapping outside the primary nozzle at 1ts outlet, indi-
cating the static pressure in the base region (Bumber 16
in Figure 5a).

(£) Two tappings inside the primary nozzle at its outlet,
indicating the static pressure in the primary flow
(Humbers 13 and 14 1n Fagure 5a).

(g) Either one or two tappings in the outer shroud base
© thickness (Mumber 17 in Figure 5a and Numbers 17 and 18
in Figure 5b).

(h) Bither one or two tappings inside the shroud at 1ts end,
indicating the static pressure in this region {Number 19
in Figure 5z and Numbers 19 and 20 in Figure 5b).

(1) A tapping outside the shroud at its end (Number 21 an
Figure 5a).

(3) Five tappings along the outside of the boat-tailed shroud
(Fumbers 24 to 28 in Figure 6a).

(k) In some builds, a reversed pitot tube in the base anmnulus
(Bumber 22 in Figure 5a).

(2) In some builds, a pitot tube placed in ths base flow
passageway (Number 37 in Figure 5a).

(m) In the models with partial base blockage, of the types
shown in Fagure 7, iwo sets of three base tappings each
inserted in the blocking prece (Numbers 29 to 34 in
Faigure Ta). Also, two iappings located in the constricted
regron where the bleed flow escaped (Humbers 35 end 36 in
Fagure 7b).

Secondary mass flow was estimated from the readings of the single
prtot and static tappings located in each of three of the six measuring
section ports (Figure 4). The averages of these readings were treated as
mean total and static pressures acting over the constricted passage area,
mess flow then being obtained according to one-dimensional isentropic
relations. It is therefore lakely that the values of secondary flow
given here are over-eatimated.

The heoight of the free~stream boundary layer at the nozzle exit
plane was measured by attaching three pitot rakes (spaced circumferen-
t12lly at 120°) to the end of the model. Their location 1s 1llustrated
in Figure &.



- 8 -

The temperature of the air supply to both medel and test lirne
nozzles was maintailned within the range 25 to 35°C at all times, Arr dry-
ness was measured by an R.A,B,-Bedford pattern frost-point hygrometer, and
held at better than -20°C frost-point throughcut. Air supply pressure was
at a lovel of 5 atmospheres and throttiled independently as required for the
model and external flow.

LaQ Model vperformance

A summary of the operating conditions of the various model builds 1is
given in Table I,

Lo Base progsure characteristics

The aim of all these tests was fo examine, for each operating
condition, the variation of base pressurc with bieed mass flow. To obtain
the results in a non-dimensional form, the conventional procedure 1s to

P

plot i against y (see Appendix I for notation}. In these tests Y 1s
o0
1dentical to the mass flow ratio, ﬁi , since the total temperature of the

D
bleed air 1s equal to that of the primary flow.

Some caution 18 required when interpreting base pressure measure-
ments. As mentioned in Section 3.0, a variety of pressure tappings was
provided in the base region of these models. In many tests, particularly
those on the short nozzlc versions, these tappings indicated uniformity of
base pressure for low quantities of bleed flow, the agreemont steadily
deterrorating as the blced flow incrcased. 4 typical set of base pressure
readings 18 presented in Figure 9 for the short nozzle with no boat-
tarling and a coplanar exit, and Figure 10 gives a similar comparison for
the long nozzle with coplanar exit. In the latter casc, the spread at
high bleed flow rates is much worsc.

For the purposes of comparing model performance one with another, 1t
is necessary to assume a single basc prassurc characteristic for cach
build. The base pressure results which follow have accordingly becn
obtained by averaging the available recadings at cach bleed flow value,
despite the large differcnces occurring in some instances,

Before considering the experimontal results in detail, some des-—
cription will be given of the variations in flow pattern whach are
encountered.

The flow i1n tho base region of & propelling nozzle with a coplanar
exit 1s shown dragrammatically in Figure 11, for supersonic external flow

b
and various operating pressura ratics. In Figure 11a we assume N <y
0o

so that the external stream expands around the lip of the outer shroud
(at A). Also, 1n this example, the flow withain the primary nozzle is
under-expanded, and so continues to expand at the nozzle ecxit (at B) in

a similar manner to the extornal stream. Clearly, the extsrnal and
internal boundary layers (of thicknesscs & and 61 respcctively, as shown
in Figure t1a) must detach at A and B, and frec shear layors will develop
in the rcgrons A-C and B-C, dividing thc stagnant base region from the
supersonic streams on erther side. At C, ths two shear layers evidently
converge 1n a recompreSsion reglon.
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P

If sufficient blecd flow 15 now injgected to cause fh to exceod
o0

unity, the expansion at A 1s replaced by a shock, and the flow pattermn 1is
modified to Figure 11b.

Alternatively, 1f the pressure ratio across the nozzlse 1s lowered,
the expansion fan at B may be replaced by a shock, and the flow pattern
wtll then be as Figure 1ic. Further reduction in nozzle pressure ratio
may caus¢ the internal jet to separate from the walls, thus offectively
increasing the width of the base. The appropriatc flow pattern for the
separatod condition i1s shown in Figure 11d.

With subsomic external flow, the expansion fan or shock at A 1s
replaced by a zone of graduel expansion or compression, and the recompres-—
sion region at C may be expected o exhibit different characteristaics,

Figure 12 presents the performance of tho short nozzle with a
coplanar exit, in supersonic c¢xternal flow. The flow vattern here 1s
evidently of the type depicted in Figure 11a. Small quentities of bleed
flow (around 2 per cent of the primary mass flow) result in a significent
increasc in base pressurc (some 4O por cent), but latile further improve-
ment i1s rcalised with higher quantitice of bleed flow.  For valuecs of
in excess of 5 per cent, the baso pressurc 1s scnsibly constant.

Figure 12 also lndicates that o roduction in cxhaust pressure ratio
E.P.R. = §E causes a fall in the level of base prossure ratio.
0

The base pressure characteristics of the same nozzle in transonic
and subsonic oxternal flow are given in figure 13, for values of E.P.R.
appropriate to a supersonic transport aircraft operating at these flight
conditions. In the case of My = 1.1 (Figure 13a), reduction of E.P.R,
has resulted in an increase of base pressure level. This trend 1s clearly
opposite to that observed in Figure 12, whorc the external Mach number and
B,P.R., were higher. An effect of this nature 1s consistent with tho
rosults quoted in References 1 and 2, which indacate that, for a particular
external Mach number, a cratical valuc of E.P.R. coxists at which the base
pressurce ratio 1s a minlmum. When E.P.R. 28 reduced below this critical
value, the base pressurc ratio increcascs rapidly; above 1t the basc pres-
surc ratio risos slowly waith ancrcase of L.P.R. Reid and Hastlngse, work—~
ing only at M= 2.0, attribute this discontinuity to a chango of tho
recompression shock pattorn in the extornal flow at C (Figure 1ta), but
Reference 1 shows a very saimilar behaviour of base pressure with change
of B.P.R. in subsonic extcrnal flow.

A consaderation of Reynolds numbcr suggests thot the primary nozzle
boundary layor is turbulent throughout, for the conditions of these tests.
At E.P.R. 4 1n Fagurc 13a, the nozzle applied pressurc ratio

P
A.P.R. = §£ varies from 5.8 to 5.0, and the nozzlc should therefore be
b
running full. Thas will, of coursc, also be truc at any higher L.P.R.
The flow pattern then rescmbles Figure 11c.

In the casc of Figure 13b, relating to an externsl Mach number of
0.69, base pressurc ratio 1s scen to bo remarkab1¥ independont of both
bloed flow rate and E.P.R., the goneral levol of =2 being around G.9.
oo
The flatness of these curves 1s apparontly asscciated with the presonce
of a subsonic e¢xternzl stream, a rclation borne out by other results to
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be mentioned later. Just the same cffect has been obtzined at O.N.E.R.A.A,
using a basc bleed model very similar to that shown in Figurc 5a, with an
arca ratio of about 2.6, Furthermore, roccnt theorctiecal work by Nash
does 1n fact predict that base bleed 1s likely to be inoffectaive in sub-
sonic external flow at thosc values of Roynolds number.

Performonce of the long model with a coplanar exit i1s presonted in
Figurc 14, for extornal Mach Numbers of 2.2 and 1.8. These baso pressure
characteristics have a different shape to those discussed carlier, and the
roason for this 1s not cloar. Howover, the sonse of variation of basc
presguroc ratio with B.P.R. 1s similar to that obscrved in the short nozzle
results.  In Figure 15, the performance of this nozzle at subsonic specds
18 given. Herc again, the trends are similar to those observed for the
short nozzle, and basc blecd is clearly ineffeetive,

Shown for comparison on Figurcs 14 and 15 arc some data cxtractod
from Reference 1. The nozzle there had an arca ratio of 2.90 (design
pressurc ratio 20) and a thin basc, without blucd. It 18 intoresting to
note that, for the case of zero bleced flow, thore is fairly close gencral
agroemont betwoon the values of bhase pressure ratio obtained from
Reference 1 and thosc from both 'basic' models in the present tests, des-
pite quite large differences of design pressurc ratio and base hoight
{comparc Figure 12a with iha, 12b wrth 14b and 13b wirth 15b, for matching
conditions of E.P.R.).

Now 1f thc base region woers able to be shielded from the extcrnal
flow, 1t 18 reasonable to supposc that the bencfits accruing from base
bleed might be increcased. This should be ¢speeirally so in the casc of a
shortened pramary nozzle at cruisc conditions, wherc the antornal static
pressura in the cxit plene 15 higher than ambicnt. To this ¢nd the
extended shroud modcel of Figurc 6b was tested.

Figure 16 depicts the flow pattern in the basce region of the
extended shroud systom, for supcrsonic cxtornal flow and various nozzlo
oporating conditions, In Figurc 16a the operating pressure ratio is
sufficient to causc the internal flow to expand at the pramery nozzle
exit (A). A fre¢ shear layor dovelops an the region A~B. Subscquently
tho jet reattaches on to the ocuter shroud at B, with accompanying recom~
pression. At tho same time, the froc shear layer 15 rchabilitated on the
shroud to form a new boundary layer. Finally, further expansion or com—
pression will occur at C, depending upon overall conditions. Clearly, in
this case, the base region 1s completely shiclded from the cxternal flow.
So far ag the internal flow 1s concorncd, base pressure thoory {c.g.
Reference % reclating to backward-facing steps) indicates that a reduction
in E.P.R. may be expocted to rosult in a proportional loworing of the
base pressure ratio, the A.P.R. romsining constant for a given value of
py provided always that the primary jot reattaches on the shroud. This
18 saying no more than that tho rogion A-B~C in Fagurc 16a becomes
effoctively part of the internal expansion systom, controlled only by
tho pressurc at C.

Corresponding to Figure 16b would be the casc when applicd condi~
tions are the same as for Figure 16a, but the shroud length is reduced so
that reattschment cannot occur. The recompression zone will then lie
outside the nozzle, and behaviour will be similar to that already described
for the coplanar cxit models.
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At low values of A.P.R., the expansion at A i1s replaced by a shock
which tends to deflect the internal flow away from the shroud, and will
eventually prevent reattachment regardless of shroud length (F1gure 160).
St111 further reduction of A.P.R. gives Figure 16d, in which the intemal
Tlow 1s fully separated within the pramary nozzle, In all these cases
the external flow is able to influence conditions in the region A-C, s0
removing the immunity of base pressure to external flow enjoyed when
reattachment takes place within the shroud.

At condaitions when the external flow i1s subsonic, the infernal
situation will generally resemble that in Figure 16d, with no reattach-
ment. The system 18 therefore likely to behave in a manner similar to
the coplanar exit models, which were then insensitive to bleed flow.

It cen be realised from the foregoing discussion that, for an
extended shroud model to coperate efficiently at crurse, the shroud should
be long enough to permit internal reattachment. The critical length will
depend upon the value of base pressure created in the region A-B
(Figure 1%a), which in turn 1s affected by the amount of bleed flow

admitted.
The results of tests on the extended shroud model are presented
in Pigure 17, for supersonic external flow and various values of
E.P.R, Vhen 2 18 plotted against pu, the same results fall fairly close

Dyt
to a single curve (Figure 18), as would be expected 1f sufficient shroud
length wers available for reattachment to take place throughout the range

of bleed flow.

P
For zero secondary mass flow, 5 .. 0.0%6., If the internal flow

is assumed to be inviscid, then once tgé iach number at the primary nozzle
ex1t 1s specified, the position of the jet boundary streamline may be
calculated by the method of characteristics (in this case for axisymmetric
flow). A computer programme® has boen writien for this purpose, and the

result obtained when iz = 0,036 1s shown in Figure 19. In this compu-

tation, the outer shroga 18 assumed to be absent, and the boundary of the
freely expanding jet is dotermined. The external shroud location is then
superimposed on the drawing, to give an approximate indicaizron of the
minimum length for reattachment. Viscous ¢ffects will introduce some
modification to the picture. At zero bleed flow, the shroud i1s of ample
length. The corresponding flow pattern for PPbt = 0,085 (corresponding
to p = 0,08) appears in Figure 20. In this cgée, 1t will be observed
that the outer shroud, no matter what 1ts length, cannot contain an
invascid free-jet. However, in the presence of secondary flow, the
reattachment streamline can no longer be assumed to coincide with the
invaiscld jet boundary. This could mean that the picture given by

Faigure 20 1s to some extent pessimistic. The scatter of the experimental
points in Figure 18 at higher bleed flows may be due to partial fairlure

of the primary jet to reattach,

Values of base pressure ratic obiained wirth the oxtended shroud
model in subsonic external flow are given in Figure 21. In their 'flat!
character these curves resemble thoso for coplanar models, as previous
congideration of the flow patterns suggested.
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Test results for the boat-tailed model of Figure 6a are shown 1in
Figures 22 and 23. Figure 22 1s for M. 2.2 and 1.8. These curves
exhibit a maximum value of base pressure ratio at bleed flow rates varying
between 4 and 6 per cent. The pronounced fall in the level of base pres-
sure ratio at high dleed flows is thought to be due to the increased velo-
c1ty at which the secondary air i1s discharged through the constricted base
passage. Figure 23 reilates to transonic and subsonic external flow, and
comparison with Figure 13 for the 'basic’' short nozzle shows little
difference as a result of boat-tailing ot these conditions.

Before any test data became available from other builds, some
opznion held that the performance of the short nozzle with & coplanar exat
might be improved by introducing partial blockage 1n the base region, and
causing the bleed air io be discharged at high velocity. The models
1llustrated in Figure 7 were accordingly tesied at My 2.2. Pigure 24
ndicates that the high injection velocity of the blecd air has in fact
produced the oppositc effect to that required. As can be seen, tho base
pressure ratio remains elther almost independent of bleed flow, or actually

folls with ancreasing flow,

In Fagurc 25 18 prcsented a comparison at My 2.2 betweon the base
pressure characteristics of all the model builds with a short primary
nozzle, It 1s evident that the extended shroud model makes much the most
cffective use of bleed air. At low bleed flows, the boat-tazled buirld s
superior to the 'basic' short nozzle, although inferior to the cxtended
shroud. This advantago disappears at larger bleed flow, when the velocaty
of bleed discharge becomes too high.,  Still greater discharge velocitics
occurring in those models with partial base blockage arc clearly
detrimsntal.

It should be berne in mind that some further drag 18 associated
with the boat-tail. This component 1s included in the overall thrust
efficiency, to be discussed in the next Scction, and was derived from pres—
sures measured on the beat-tail surfacc.

A similar comparison 15 made in Figurc 26 for thrce bduilds with a
short primary nozzle at M, 0.7. No saignificant differences can be
detected, ’

To sum up the effects of geometry and bleed flow on base pressure
ratic alone, without regard to the overall picture, 1t i1s apparcont that:-

(1) Pleced flow can increase basec pressure ratlo 1n supersonic
external flow, rapidly at first and subscquently more
gradually, so long as discharge velocity 25 low,

(21) Boat-tailing as a general principle offers some improvement
1n supersonic external flow, subject to (1) above.

(211) An cxtended shroud, of length sufficient to allow reattach-
ment of the primary jei, successfully shields the bleed
daischarge from a supcrsonic external stream, and permits
much higher values of base pressure ratio to be attained
for a given bleod flow. The effect 1s particularly
marked at higk bleed flow.
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(iv) With subsonic external flow and appropriate primary nozzle
operating conditions, the valuo of base pressuro ratic is
virtually constant regardless of bleed flow or geometry.

L.2 Overall efficrencics

To enable the performance of the various nozzle configurations to be
compared directly, a form of 'overall efficiency' (n) has been employed.
The expression for n is glveg in Appendix II. This enables base pressure
characteristics in terms of 52 versus u to be converted into efficiency

oo
characteristics (i.e. n versus u), which provide a true measure of the
effectiveness of base bleed as a method of reducing base drag. It should
be noted that in the deravation of the efficiency expression, it 18 assumed
that the secondary air is captured at free-stream conditions, and 1ts
inlet momentum has been computed on this basis. This momentum term can
be very important at high bleed flows.

It 18 unnecessary to convert all the base pressure data anto
efficlency characteristics, since i1t has already been seen that the base
blockage modifications to the short nozzle proved unsatisfactory.
Furthermore, it has been observed that the performance of the short nozzle
1s considerably amproved when the outer shroud 1s extended, and so it only
remains to compare the following configurations on an efficiency bhasis:-

(a) short nozzle with extended shroud,
(v) 'vbagic' long nozzle with coplanar exit,
(c) short nozzle with boat-tailed exterior.

In Figure 27, the overall efficiency of these three configurations
15 plotted against the bleed flow ratio p for My 2.2 and E.P.R. 20, The
corresponding characteristic for the 'basic' short nozzle with coplanar
ex1t 13 included for comparison. These results reveal the following
points of interest:-

(1) For both the 'basic' short nozzle with coplanar exit and
the boat-tailed model, the inlet momentum of the secondary
air becomes a dominanit factor in the expres%ion for m

as bleed flow increases, which the rise of §h with p is

o
nsufficient to offset. This causes m to fall as p
increases,

(11) As the base pressure characteristics would lead one to
expect, the efficiency of the extended shroud model 1s
markedly better than that of the 'baglc‘ short nozzle.

In this case, the rapid increase of ?E with p at low

bleed flows 1s sufficieni to overcomém%he effect of the
sgcondary inlet momentum and the efficiency increases
slightly up to a value of p = 0.02, whereafter it falls.
The maximum efficiency 1s, however, only marginally
batter than that at zero bleed.
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(111) The best efficiency 28 cbtained with the 'bvasic' long
nozzle and no bleed.

On Figure 27 1s also shown a value of m obtained from Reference 1
for a nozzlo of design pressure ratio 20, with a thin basc and no bleed,
operating at the same conditions, This nozzlc had a value of overall area
ratio (maximum cross-sectional area/throat area) of 3,06, as compared with
3. 39 for the present models, It should be noted that the efficiency
values guoted in Reference 1 ordinarily exclude the drag force on the
anmular base, For comparison with the overall efficiency used in the
present tests (Appendix II), 1t 1s necessary to deduct the base drag term
as given in Reference 1.

Similar comparisons to that in Fagure 27 have been made for various
values of E.P.R. and external Mach number. At supersonic external speeds,
the trends arc consistently as indacated in Figure 27.

It will bo observed that the nozzle tested in Reforence 1 has a
higher efficiency at cruilse conditions than any of the base bleed models
considered in this report.

A typical comparison with subsonic external flow (M = 0.70,
E.P.R. = 3) 1s shown in Figure 28, It will be observed that under these
conditions, nonc of the modols benefifed From the introduction of hasc
bleed, n consistently falling as @ 18 1ncreascd. A corresponding valuec
of m obtaincd from Reference 1 1s again included.

5.0 Ixternal houndary layer measuremcnts

Thooretical work? indicates that the level of base precsure achieved
in this type of experiment is influenced, to a great extent, by the thick-
nesses of the anternal and extcrnal boundary layers. To provide o datum
for the test results, 1t 1s thercfore necessary tc measure or csiimatoe the
appropriate boundary layer parameters.

Yo attempt was made here to take measurcments of the intermal
boundary laycr. A mothod of estimating boundary layer thickness in a pro-
selling nozzle may be found in Appendix IV of Refercnce 7.

The externsl boundary layer in the model cxit plane was cxplored by
means of the patot rake descrabed in Section 2.2. Ixperimental velocity
profiles were found to be indepcendent of free-stream Mach number, and the
rosults were therefore averaged. Velocaty profiles obtained zn the
12 1n. X 12 1n. supersonic line and the 11.3 in. transonic linc arc das—
playecd mn Figures 29 and 30 respoctively, where they arc compared with one-
ninth and onc-cleventh power law profiles. It will bec observed that the
experamental results do not conform tc cither of those power laws. The
appropriatc boundary layer thickness for the supersonic lino was 0.80 n.,
whilst for the transonic linc 1t wvas 0.62 in.

These vzlues amount to 23 per cent and 18 per cent respectively of

the overall model diameter. TFor compariscn, the engine nacclle of a
supersonic aircraft might be expected 1o grow a boundary layer around

12 per cent of i1ts diameter by the nozzle outlet plane. For a given
afterbody goomstry, this zmplics thal lhe ratlio of boundary layer thick-
ness 1o baso height 1s unrepresentatively high in the present work. Cn
the ovidence of Reference 8, there 1s in consequence & general tendency
to over-estimate base pressures.
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By assuming that the total temperature throughout the boundary layer
18 constant, 1t 18 possible to caleulate, for a given external Mach number,
the displacement thickness (8*) and momentum thickness (8) from the experi-
mental velocity profile, Variation of these quantities with L 1s pre-
sented in Figures 31 and 32.

6.0 Conclusions

In most of the nozzle configurations which were tested, base bleed
was observed to raise the level of the base pressure ratio, sc long as the
external flow was supersonic and the nozzle was running full.,  When the
external flow was subsonic and appropriately low pressure ratics were
applied to the nozzle, base blecd was found to be consistently ineffective.

On comparing the results in terms of an overall efficiency, and
debrting the fres-stream inlet momentum of the bleed air, 1t 15 found that
no sagnificant increase 1n efficrency can be obiained by employing base
bleed 1n any of the configurations under any conditions. It would appear
that base bleed does not afford a general method of improving the perform-
ance of o propelling nozzlée installation,

There 1s definitely no case for cutting short the internal expansion
surfaces of a nozzle an order to provide an area for introduction of base
bhleed. In the casc of a long-range transport aircraft, better all-round
nozzle performance con be oblained by continuing the pramary cxpansion at
leagst as far as 1s required to reach ambient pressure at cruilse.
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TABLE T

Nozzlo operating conditions

basc blockage - type (b)

Model build Mach No. Exhaust pressure ratios
Short nozzle with 2.20 204y 15.52
coplanar exit 1.80 14.92, 12.19
' 1.10 7.01, L.05
0.69 5.66, 3.01
Long nozzle with 2.20 20.52, 18.45, 16.45
coplanar exart 1.80 14.72, 11.75
0.89 6.02, 3.0%
Ol?o 5'07’ 2’96
Short nozzle with 2.20 20.01, 17,94, 15.94, 14.02
extended shroud 2.01 19.96, 17.98, 15.97, 14.03
0.88 6.06, 3.02
0.70 5.06, 3.02
Short nozzle with 2,20 19.50, 17.84, 16.00, 13.95
boat-tailing 1.80 14.95, 12.00
1.09 T.12;  3.97
0.70 5.00, 3,00
Short nozzle with partial 2,20 19.95, 17.95, 16.25, 14.40
base blockage - type (a)
Short nozzle with partial 2.20 20.05, 17.95, 15.50, 14.02
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APPRNDIX T
Notstion
cross-sectional area
drag force

thrust force .

- f=
flow p arameter \= I@?

Mach number .

pressure (siatic unless otherwise stated)
mass flow

gas constant for air (= 96 ft 1b/1b°K)}
temperature (static unless otherwise stated)
velocity

primary nozzle davergence half-angle
afterbody bhoat-tail angle

boundary 1ay€r thickness

boundary layer dasplacement thickness
boundary layer momentum thickness

overall tirust efficiency of nczzle and bleed system

(see Appendix II)

. pramary nozzle internal gross thrust efficiency

bleed air momentum efficiency

I r_._-._

( Qs Ts,t

bleed mazss flow ratio | = —————
QP TP:t

Primary nozzle entry total pressure
Base pressure

Applied pressure ratio =
_ et
Py

Drimary nogzle entry total pressure
Anbient pressure

Exhaust pressure ratio =
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APPENDIX I (cont'd)

Suffices ete.

n isentropic conditions in primary nozzle throat
© base

& pramary nozzle exit

i maximam cross-section of nacelle

n cross-section of nacells at sxat plonse

P primary nozzle {low

secondary or bleed flow

iz}

t totel head condztions
B.T boat-tail

o ambient conditions
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The overall thrust efficiency ef a propelling nozgle
with base bhleed

- by -

W, G. ¥, Lewis and M. V. Herbert

(4 - An) (R - Pp.7)

cocell)

vacel(2)

veoo(3)

RIFMENEE s
.Am A‘n
Pp =D A
Case A. Conical primary nczzile running full.
“le shall define the following ferce terms:-
Fp = momentum + pressure thrust of primary air at primary nozzlg
outlet
b )
= np,max e e + Ae(Pe - e
Fgq = momentum of bleed air at outlet + base pressure thrust
QsVa
= gt =224 (b - he) (P - R
Dy = 1nlet momentum of bleed air, assumed to bc taken from
free stream
UsVoo
T8
DB 7 = boat-tail drag of nacelle afterbody

voooll)
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the signs being taken such that

Total force = EP + FS - Dy - DB.T

We further define

_ is
Fp,ideal - g

where v4. is the fully-expanded isentropaic veloci?y corresponding to
~£1* (= E,P.R.)
The overall cfficiency is given by

Ib + Ty =Dy - P p

"ﬂ:
Fp,ldeal

It 18 convenient to express all force quantities non-dimensicnelly in
the form i

Fp.idesl _ %p ., Yas . (5)
A#PP,t g W’T:p’t res e

where KP = TP

P, fpo Yo (A 1) (6)
A¥ t - T‘P,max g Voo A¥\D,P,R,. E.P.R. T
P Tp,6

wnere rvé_is the isentropie velocity corresponding to pramary
zl at -%E(——-——-z
nozzle area ratio o3| T™ooow
< Fp.t
N D.P.R. is the prumary nozzle desagn pressurc ratio = >
e

\Tb max is the design-poant efficicncy of the pramary nozzle
3
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Q.RT
Neaw vy = -8 3

and putting p =

Qvy  WER (8B )7 Ty
we getl = ¢ 5
g g AgPy, s,t
. F, ;_LBK_PeR oo Tg
s o = 7N ¢ e = s olle - +
Aﬁpp,t o g Ag ( ) Ts,t
(I Ae) (— 1 ) 7)
. AT \ A.P.R. E.P.R.
R (8)
);,.P - [ X XN
& P:t g \fTs’t
DB.T (Am“'%)( 1 PB.T) 9)
APp ¢ 7 A% /\EJP.R. Tp,t
&) » (7) - (8) - (9)
Then n 1s evaluated as
(5)
Notes
1e Py,r may be determined approximately for a given boat-tail angle 3

by using the eppropriate two-dimensional Prandtl-Meyer relation, or
from experimental pressure measurements if available.

2. In the present tests Y for all three streams can be taken as 1.4,
so that Kp = 0.3966,

3. In (7) and (8) 1t will usually be pussible to write Ts,t = Too,te
In these particular tests 1t 18 true to put Tp ¢ = Tg, ¢ = Teo te

4. In many cases it will be sufficiently accurate to take
To/Ts,t = 1 in (7), the first term of which amounts t) a very
" amall part of the whole farce. For the same reason mg 1s also
taken to te unity in the absence of other information,

5 If the velocity of bleed alr dascharge is sufficiently great for

the approximation in Note 4 to be unjustified, the value of Ts/Ts,t
can be faund as follows:-— .

2 2 2 2
NPT A B 2 S
5 Ysg A’S Kpb Ts,t




7 ¥ 1
while —St8 - 4 4 S 2
Ty Z7 s

Hence E‘%;E(E%;E - 1) = US“.’ )- HQK;QR (éi)z(A.P.?{. )2

6. The value of primary nozzle design-point efflciency‘rb max Gepends
- ’

on D.P.R., and cone angle ¢. It may either be calculated approxi-
mately or derived from static thrust celibrations, For the primary
nozzles of these tests, wath o = 10° and D.P.R. values 11.12 and
18.76, a figure of 0,988 was estamated from Reference ? as avprop-
riate to these test conditions,

7. I the primary nozzle should be other than conical, e.g. two-
dimensional, the same relations are applicable except as regards
2

the terms My pay oM T ooae

Case B, Condical pramary nozzle wath anternal separation,

Relataons (2), (3), (4), (5), (7), (8), and (9) remain as in Case 4,

and Notes 1 to 5 apply. Alternatave treatment must, however, be used for
the quantity F, when the praimary nozzle is ne longer running full,

We will now write '

- %[%1 - homy - )

APR
F K {
cr _L_ : . & v + -A‘er ( 1 = 1 ) L X I (10)
%P - Y A+ \a,P.R. ~ E.P.R.
p’t p:t LPR

where [ < } 1s the isentropic velocity term corresponding
Ip,t
=¥

APR

P
to —21% (= A.P.R.)
Py

and Tb 13 the internal efficiency measured for the primary nozzle opcrating
under static conditions at this value of AP.R.-

(10) (?)r— (8) ~ (9)

{5)

Then 7 15 evaluated as



Notes

8.

g.

10.
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To take an example, appropriate to curve 2 of Figure 28, for which
M,=0.7; EP.R. = 3 DP.R = 11,12

we sec from Figure 13 that Pb/Rm ~ 0,9, giving A.P.R. = 3,33, At
this condition a suitable value of o would be (.92 with turbulent
boundary layer separation,

It 1s worth observing that any primary nczzle of similar geometry
but different D.P,R., provaded that turbulent seperation still
occurs at the same A,P.R., wall have a value of 2y at that condi~
tion quite close to that given an Note 8 above., ~This fact may be
understocd by rcference to the sketch below, drawn for a particular
AP.R.

: %) b Q

Due to the nature of the pressure risc occurring in a nozzle with
turbulent boundary-layer separation, most of which is concentrated at
the separation point as depicted, it will make very little difference
to the internal performance, as rcpresented by the shaded area, whether
the nozzle ends at station a, b or ¢, For instance, ot the condition
of A.P.R. 3.33 with a turbulent boundary layer mentioned in Note 8, a
10° nozzle of D.P.R. 20 has n_ = 0-90 (Refs. 1 and 7), as compared
with the velue (.92 taken for D.P.R., 11.12., It is therefore generally
unnecessary Lor work of the present nature to carry out static thrust
calibrations for every nozzle of different D.P.R. encountered.

In the speeial case of no blecd flow (W = O) and no boat—~tail
(B = 0), the expression for overall efficiency reduces to

] -20n

.P.R., E.};.R. )

. - &
g VTP, & A
APR
1’] =
Bl &
g YT

p,t EFR
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It may be noted that, with the further condition of A = A.e

{zero base thickness), this reduces to the femiliar symmetrical
relation for single-stream nozzle internal performance

m( )E__ +£G_._3____ e )K_v__ -
F{EFR) g A*  EP.R. = 'F(&FR) g |y A¥ AP.R
Vg e Beits g Tt JLon,

tJEPR 4PR

in whach the notation is now as used, for instance, in Reference 1.

D 76932/1/125875 K4 10/66 R & XL






A
|

P\ o
|Hu\>l\| -

af
pa
Fqsaié i
e

MODEL PROPELLING NOZZLE TEST RIG.






| \
‘ | ) TEST
| — \ NOZZLE
I \
\ N
N »
N N
N L
L B
| S
NN \Y > N
] | ) %
; ' f
M ’
1 4
( !
i L
1 4
f .
| \\W‘_i SLOTTED
) | ———poRTION
I f OF NOZZLE
i % |
f j INLET OF
[ L4 SLOTTED
f A NOZZLE
F g
g7 777
oK ‘\ NN
\ N
\ \
\ ) STING
\ |
\ I N
y M
M M
NN NN
/ N :// A
\ |
| . f \
b ’7P N
A 7/ l \
; N
Y% |
|4 ﬁ hy
\ VSIS ; l \
A H
~1 N
_///[////////
S N |

STING CARRIER SECTION IN TRANSONIC LINE.




T

[

|
&
l
TEST

- NOZZLE
ol I
O ;HZ“\

1| FLeExiBLE
- Ll pLate

THROAT
OPERATING
LINKAGE

"
M
11
A
H
r
1

STING

STING CARRIER SECTION IN SUPERSONIC

LINE.




FIG. 4

BASE TAPPINC

PRIMARY NOZZLE

\\\\\\\\\\\\\\‘“‘““ -..-

| __—~OUTER SHROUD

\\\ : ‘\\\:‘

MEASURNG

ANNULAR MEASURING

SECTION DIVIDED
INTO SIX PORTS

PRIMARY PITOTS

ki ko d Lt LML LT T I L L & Ldlllldlld Lo i il do el il L L

@
| —
1
| RING  VALVE
RINC VALVE
OPERATINC CABLE.

\/ F— /——((=..=
oot TN
\? - N
2Y s :jsb—:gf ! i S INLET PITOT/STATIC
1N N RAKE
VN N
VilIN R
i\ N
&""‘-——-‘ e T \\ )
\DUTER STING TUBE

INNER STINC TUBE

GENERAL CONSTRUCTION OF TEST NOZZLE.




FIG. 5{a ¢ b)

(777772 e 7T I 2777 ——@
i 1 ()

THROAT DIA, |:90
PRIMARY EXIT DIA. 2720
SHROUD OUTSIDE DIA 3510

IIIIII[II/II/IIIIIIIIIIf7

////////// AT A S A A A S S A L S S Y S R

\ l’llll”””

THROAT DIA 190
PRIMARY EXIT DIA 3 (72
SHROUD OUTSIDE DIA 3-510

A oy o

L&
11111111111111 771////”1111//1177'///111[,

I’lll’lll”, o

GEOMETRY OF SHORT & LONG COPLANAR MODELS




FIG.6 (@ a b)

1" 30

LL/.//??.L[//I_/*///L//_/L/ AVAva

S22 @

777

THROAT DIA 1-90"
PRIMARY EXIT DA, 2 720"
SHROUD OUTSIDE DIA. 3-275"

= :

IIIIII

7 X8

IIIIIIIIIIIIII

N

ON PARALLEL
PORTION OF (Q)
SHROUD

VAL AL AT A A A A A

P A A S AP A A

THROAT DA 1-9Q"
PRIMARY EXIT DIA. 2.720"
SHROUD OUTSIDE DIA. 3-510"
SHROUD OVERLAP  |-268"

KI
y o IR 17

o

PPl el 22l 20 2Ll L 2 27 i o J &

(b)
GEOMETRY OF EXTENDED SHROUD & BOAT-TAIL
MODELS




THROAT DIA 1-90"

(G) PRIMARY EXIT DIA 2.720"
SHROUD OUTSIDE DIA 3-510

NS
S e | A

GEOMETRY OF BASE BLOCKAGE MODELS.




)

———
)
4
%

s
IN

L L Lt ol i i

e’
A L ioi
v

0-.80
1-10
1-50

AR
£

AR A A i S A A e

| A S A .

LOCATION OF PITOT RAKES
FOR BOUNDARY LAYER SURVEY




FIG. 9

A
| O
Pp
Pwo
oS l——
o8f-- - - |
0-7
Mgo=2 20
EPR=1550
06
05
LOCATION OF STATIC TAPPINGS
Cc4 (ZZ777777777 773% Ba—
Qs A
—
-+
03 —
AXIS OF NOZZLE
02 - - — —
|
o ;
[
i i
|
0 | _

o QO 02 0-04 C-0%6 O 08 10 /-L

A COMPARISON OF BASE PRESSURE READINGS
FOR SHORT NOZZLE WITH COPLANAR EXIT.




A ﬂ FIG. IO

20 T
P
LOCATION OF STATIC TAPPINGS
18— TP 77777 7 777 AX
0}
C—> Q¢ o
16
—> 0,
_AXIS OF NOZZLE
I 4 }
|'2 Mm = 2‘20
EPR = 18.45
-0

o8 T

06

04

02

O 002 C-04 Q086 008 Q10

A COMPARISION OF BASE PRESSURE READINGS
FOR LONG NOZZLE WITH COPLANAR EXIT.




(a) (b)

(d)

BASE FLOW PATTERNS FOR A NOZZLE WITH A COPLANAR EXIT,OPERATING IN EXTERNAL FLOW







FIG. 12(asab)
A

/G/T
o]
& /
P X
) ’ PR ey
R
06//
©@ EPR.=220-44
O 4 XEPR=I5 52
Mg 2-20
o2
@
o -
o] O 02 O 04 006 O 08 Q10 /J
of
Py
08 A/ o]
| 6V/
X EPR=14 92
O 4 @EPR=1219
Myl 80
02
o P
0 o 02 0O 04 QO 06 O 08

GC-10 /“
PERFORMANCE OF SHORT NOZZLE WITH

COPLANAR EXIT.




FIG. 13(asb)

Py ‘

Peo

0-8 B it >
L

06 /

o4
X EPR=T Ol
© EPR=4-05
M=l 1O
0-2
(a)
o] -
o 0-02 004 0 06 0-08 0-10 /u_
10
Pp
Po |, — it — e ————— |
o8
06
-4 ® E.PR =5 66
X EP.R=3 OI
Mo=O 69
02
o A
0 0 02 0-04 0.06 O 08B 010 M

PERFORMANCE OF SHORT NOZZLE WITH
COPLANAR EXIT.




FIG. 14(@aeb)

R
o8
/ )”—__—@"’
o)
4 REPR = 20-52
OEPR = (B-45
DEPR= 16-45
FROM REFI Mg = 2 40
0-2 Mo ™2 20 ® EPR = 20-89
@EPR = 18-16
AEPR= |5-05
@
o —
o 0-02 0:04 006 0-08 010 J
1-0
Py
Pe
08
(0]
o-68

i

©4 © EPR=14-72
X EPR.=11 75
FROM REF| Mgo=1-75

mEPR=I525

Mxp=1 80 @ EPR=1I193
0-2
o

o 0-02 0-04 0 06 O o8 010 M

PERFORMANCE OF LONG NOZZLE WITH

COPLANAR EXIT.




FIG. I15(as b)

[ S v — —_—
0-8
T —
06
0O 4 OEPR.m 6-02
XEPR=3-0l1
M20-89
0.2
(@)
o i
(o] 002 0O 04 O 06 O 08 o110 ﬂ
1-0
Pp
P, (D
© L i — -
o8
(o .
OEPR=35 07
XEPR= 2-96
® REF.| E.P.R=25 O
W REFI| EPRs3'0O
O-4
MQ'-.O'?O
Q2
o) 1 . -—
O 002 004 O 06 0 08 010 /LL

PERFORMANCE OF LONG NOZZLE WITH
COPLANAR EXIT.




. __.-'-"
—
_-'—-b--—--_-.——.-
c"/’@--——s
=
P I A ETSOTTIENEITTSSSESIISS T
- - —
— —
' I:} A '—_-___....-....-
—
Q‘ - —

(0)

(d)

BASE FLOW PATTERNS FOR A NOZZLE WITH AN EXTENDED SHROUD,OPERATING IN EXTERNAL FLOW.



1:6

14

(o]

FIG. |7

Yo
-

el

7

e
e
v
/

e

AN

R.=19 98

PR =796

EPR=IS 96
e

_-EPR=(4 O3

®© MQ‘2'0|
/ /
O O2 004 0:06 0-08 010

/T-

PERFORMANCE OF SHORT NOZZLE WITH

EXTENDED SHROUD.




FIG. I8

0 09

O 08

O 07

0-06

O 05

0 04

003

0-02

o

X Me=2 20

O Mu=20)

0

O 02

004

0-06

0-08

———

0-10 M
PERFORMANCE OF SHORT NOZZLE WITH

EXTENDED SHROUD.




FIG.I9

LOCATION OF POSITION OF JET BOUNDARY 5_ - 0036

OUTER SHAOCUD JET REATTACHMENT )

| pt
1
Ll Ll S S S S D L
INCIPIENT SHOCK WAVE
/ / >
/ v / /
VR

I
li

I

I .

I :
CENTRE LINE OF NOIZLE

CONSTRUCTION OF THE ISOBARIC JET BOUNDARY BY AXIALLY SYMMETRIC CHARACTERISTICS.
(WITH SUPERIMPOSED OUTER SHROUD LOCATION,)




FIG.20

b . o085
LOCATION OF
OUTER SHROUD

UL 77l 2 2l 77727 20222222 227

JET BOUNDARY

CONSTRUCTION O

F THE ISOBARIC JET BOUNDARY BY AXIALLY SYMMETRIC CHARACTERISTICS.
~ (WITH_SUPERIMPOSED OUTER SHROUD LOCATION.)




FIG. 2!{asb)

©8 ——"\"{\ B
Pac
06
04
X EPR=6 06
O E PR.=3 02
M“-':O'Ba
0 2
(@)
O —.
(o) O 02 O 04 O 06 0-08 010 y
I O
Py
P o %
—e——— A .
" ] "7_"_""‘6\
o8
06
O 4
X EPR=5-06
Ma=0 70 ® EPR.=3 O2
O 2
o l J i —
o] 0 02 0 04 O 06 O 08 010 /U-

PERFORMANCE OF SHORT NOZZLE WITH
EXTENDED SHROUD.




FIG. 22 (as&b)

. e

O 4 FEPR=19 50
AEPR =17-84
XEPR =16-00
Moo= 2 20 GEPR =13 95

XEPR =14 95

O 4
QEPR =12 QOO
Mae=! 8O
0.2
o -
0 0-02 004 O 06 O 08 CI10 /J.

PERFORMANCE OF SHORT NOZZLE WITH
BOAT-TAILED EXTERIOR,




FIG. 23 (asb)

0'8 /{ —
Pb
Peo
o ///
/
XEPR=7 12
04 OEPR=3 97
Mae=! 09
0 2 =
@
0 _—
0 002 004 O 06 008 010 yn
08
06
OEPR=S5.00
XE.PR =3 0O
0 4
=0 70
o 2 Moo
o -
o) O 02 004 O 06 O 08 010 /1

PERFORMANCE OF SHORT NOZZLE WITH

BOAT -TAILED EXTERIOR.




? | FIG. 24 (G&b)
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FIG. 27
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A.R.C. C.P, HO.B92
February, 196,
Roberts, J. B. and Golesworthy, G. T«

AN EXPERIMENTAL INVESTICATION OF THE INFLUENCE OF
B/SE BLEED ON THE BASE DRAG OF VARIOUS
PROPELLING NOZZLE CONFIGURATIONS

Yarious propelling nozzle configurctions with all-internal expansion
" were tested In external flow over the range of Mach Number 07 to 2+2, in
vrder to determine the effect of base bleed {i,e. the injection of low
energy secondary air) on base pressure. An toverall efficiency' is Jeflned,
which enables the effectiveness of base bleed, as a me-ns of reducing the
base drag, to be assessed, The results Indicate that with supersonic
external flow base bleed generally tends to raise the level of base pressure,
' but no improvement in the overall efficiency is obtalned. At subsonic

external apeeds, the secondary alr has a negligible effect on bose

| pressure.
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A.R.c. C'PI NOC&
February, 1964
Roberts, J, B. and Golesworthy, 6. T.

AN EXPERIMENTAL INVESTIGATION OF THE INFLUSNCE OF
BASE BLEED ON THE BASE DRAG OF VARIOU3
PROPELLING KOZZLE CONFIGURATICNS

Various propelling nozzle configurrtions with all~-intarnel expanslion
were tested In external flow over the renge of Mach Number 0°7 to 22,
in order to determine the effect of base bleed {1,e., the Injzction of low
energy secondary air} on base pressure. An foverall efficiency' is lefined,
rhich enables the effectiveness of base bleed, as a2 means of reducing the
pase drag, to be assessed., The results indicote that with supersonic
external flow base bleed generally tends to ralse the level of base pressure,
but no improvement In the overall efficlency is obtelned. at subsonic
external spees, the secondary air has a negligible effect on cnse
pressure,
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A.R,C. C.P, No.B%

February, 1964
Roberts, J. B. and Golesworthy, G. T.

AN EXPERIMENTAL INVESTIGATION OF THE INFLUENCE OF
BASE BLEED ON THE BSE DRAG OF VARIOUS
PROPELLING NOZZLE CONF ICURATIONS

Various propelling nozzle configurations with all-internal expansion
were tested In external flow over the range of Mach Number G*7 to 2-2,
in order to Jeternine the effect of base bleed (i,e, the injection of low
energy secondary air) on bage pressure. An 'overall efficicncy! is Jefined
which enables the effectiveness of base bleed, as a means of reduedng the
base drag, to be assessed. The results indicate that with supersonic
external flow base bleed generally tends to raise the level of base pressure
but no Improvement in the overall efficiency is obtalned. it subsonlec
external speeds, the secondary air has a negligible effect on bose
pressure.
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