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SUMMARY 

Wind tunnel tests have been made on a simulated high by-pass ratio 

fan engine mounted close to a wing to determine the interference effects 
in the Mach-number range 0.6 < M < 0.81. The nacelle and adjacent wing 
surfaces were fully pressure plotted and overall force measurements were 

obtained. Salient features of the results are discussed in this note, 
but actual nacelle drag increments are not quoted. 

Comparison of test data from a free flow nacelle supported by a 
representative pylon and a "minimum" pylon suggests that the nacelle has 

a major influence on the local wing flow, whereas it seems likely that a 
pylon could be designed to have relatively little effect on this flow. 

Tests on a nacelle with a cold fan jet exhausting at HJ/Ho = 1.5 
demonstrated that free flow nacelle effects were amplified by the jet. 
An attempt at reproducing the jet effects by using a simple gas generator 

shroud was a complete failure. It is however still possible that now 
that the fan jet effects are known, a more effective shroud, i.e., 
extended-cowl nacelle, could be devised. 

* Replaces A.B.A. Model Test Note M.28/1 - A.B.c.30 158 
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FIGURES 

General assembly of model. 
Spanwiee nacelle and wing pressure tube location. 

Fully pressure plotted l/20 full scale nacelle installation. 
Nacelle position relative to local wing section and 

(A) original pylon (B) modified pylon. 

Comparison of cambers for pylon to follow lower surface streamlinee 
at low and moderate C L at M = 0.71. 

Wing root pylon sections forward of maximum thickness. 
Minimum pylon installation. 

Shrouded nacelle installation. 

Blown fan cowl installation. 
Effect of nacelle and pylon on wing preesurea at M - 0.71. 

Effect of fan nozzle exhaust flow on wing pressurea at M - 0.71. 
Effect of fan nozzle exhaust flow and shroud on pressures at the 

pylon-wing junction at ab 0 3.5’. 
Effect of fan nozzle exhaust flow on gas generator preaaures at M - 0.71. 

Effect of fan nozzle exhaust flow on gas generator preasurea at eb - 3.5’. 
Pylon pressure distributions. M - 0.77, ab - 3.5’8 EJ = 1.5 Ho* 

Effect of fan nozzle exhaust flow and shroud on fan cowl pressuree at 

M = 0.71. 
Effect of fan nozzle exhaust flow and shroud on wing pressures at 

M = 0.71. 

PLATE 1 Flow on outboard side of pylon ledding edge - free flow nacelle. 

2 Flow on inboard aide of pylon leading edge - free flow nclcelle. 
3 Flow on upper side of fan cowl - free flow nacelle. 

4 Flow on pylon - free flow nacelle. 

5 Minimum pylon - flow on upper side of fan cowl 
6 Shrouded nacelle - flow on upper side of fan cowl. 
7 Flow on blown nacelle at M - 0.71, H j - ls5 Ho’ 
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1. INTRODUCTION 

. 

High by-paw ratio fan engfner for traneport aircraft are currently 
being designed with diemetere about twice ar large ar those for an&ma io 
use at the prerent day. Conrequently the interference drag of the mgine 
inrtallation aeeumee a greater importance than hitherto. The aim of the 
terte to be deecribed, was to examine a representative inrtallation of such 
ao engine mounted relatively clooe co a wing, ae required on a low wing 
airbue-type layout, and in particular to determine whether jet effectr 
would then be rignificant, and if eo whsther theee could be rimulated by 
an extended fan cowl (i.e. a rhrouded gar generator cowl). 

Ibe preoent note har been prepared prior to publication of a complete 
report. in order that the information rhould be available to assirt in the 
darign of eimilar modelr. 

. 
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2. DESCKIPTION OF MODBI. - 
The nacelle was mounted on an existing HS.681 half-model (fig.1) which 

had an early wing design’ based on the DH.129 wing (based on section C). The 
3 nacelle was stationed at 45.4X semispan (fig-Z) where clean wing tests had 

demonstrated that there was littie variation in spanwise pressure distribution 

and hence the flow approximated to sheared wing conditions. It was agreed 

that the unrepresentative fuselage and the high wing installation would be of 

little significanca at thie spanwise station. 

The nacelle profile was based on an early Rolls-Royce design for the RB.207 

engine and this was matched to the local wing chord to obtain in affect a l/20 
scale modal of a typical installation (ffg.3). A NACA 1.85.45 external profile’ 
was chosen for the forward Fan cowl since on an isolated nacelle this would 
ensure a small spillage drag down to a relatively low mass flow, and a drag-rios 
Mach number at low incidencea beyond the range of the current tests. The fan 
cowl contraction ratio is 1.25 and the profile from the highlight to the throat 

approximates to an ellipse. Theboat-tail angle of the fan cowl is 13.5’. 

Compared with the original Rolls-Royce nacelle, the gas generator cowl has an 
enlarged exhaust nozzle to obtain a mass-flow ratio of about 0.7 at the inlet 
of the free flow nacelle whilst retaining dimensions of the correct order for 
the fan cowl nozzle. The gas generator cowl had a boattail angle of 16.5’. Both 
the fan cowl and gas generatcr ducts had a small contraction at exits. 

The nacelle centre-line was parallel to the local wing chord (this was 
1’20’ nose down, relative to the HS.681 wing and fuselage datum), and the nacelle 

was axisymme t ric The positioning of the nacelle relative to the local wing 
section is shown in fig.4. A large nacelle under a low wing would require to be 
positioned vertically as close to the wing as possible and hence, the vertical 
distance from the wrng was selected such that the wing boundary layer and fan 
cowl wake would not quite wrge. In practice the fan cowl would require to be 

ahead of the wing in order to operate thrust reverser8 (unless of course the 
cowl were lengthened rearwards to incorporate exhaust nozzle silencers) and the 

positioning of the fan cowl ahead of the wing is typical of the spacing required. 
The pylon design is defined in fig.4. A NACA 0012 profile wae chosen for 

the original pylon section adjacent to the wing (fig.4A) in order (a) to have a 
well rounded leading edge, since on an aircraft the sidewash would vary 

considerably under different flight conditions, (b) to heve the peak suction on 

. the pylon well forward in order not to coincide with the peak suction in the 
wing lower surface distribution (fig.10) and (c) because a 12% thick pylon wae 

c 



the minimum that could be used to duct sufficrent air for the blown nacelle 
configuration to be described shortly, Aerodynamically, an RaA.8. 100 12X 
section would probably have been a better choice as the included angle at 
the trailing edge of the NACA 0012 aerofoil is 16’ as compared with 11.8’ for 
the R.A.E. 100 section. However the latter section would not hnve been 

so suitable for matching with the existing air duct position in the HS.681 
model wing. 

The pylon extended from 5X chord to 70% chord at the wing in order to have 
the leading edge well aft of the wing stagnation region, and the trailing edge 
at a typical rear bulkhead position. The pylon leading edge was defined by a 

line from the wing to the crest of the fan cowl and the trailing edge by a line 
from the wing to the gas generator exhaust noeele. At the fan cowl the pylon 
forward section was chan8ed to have a 10% R.A.E. 101 profile, to reduce the 
possibility of a suction peak in the vicinity of the cowl crest and a consequent 

local reduction in drag-rise Mach number. By not taking the leading edge forward 
of the crest this possibility was further reduced. The section8 between the 

NACA 0012 profile and the R.A.E.lO1 profile were faired linearly. 
The chord of the pylon increaees rapidly with diatauce from the wing and it 

was decided that the pylon should have a constant maximum thickness. To achieve 
this the NACA 0012 shape was retained for the rear of the pylon and the length 
of the R.A.E.101 forward section at the fan cowl was determined from the maximum 
thickneaa . Ae a coneequence a triangular area was obtained of constant maximum 
pylon thickness. This was beneficial in that the pylon thickness was constant 
in the region of the fan noezle which simplified the design inside the nozzle, 

and also in making the design of the pylon compressed air ducting easier. 

A pylon camber was choeen, defined by the model clean wing preseure distribution 
for P local CL - 0.48 at M - 0.71. This ia compared with a camber line for a 
local CL - 0.34 at M = 0.71 in fig.5. The high rate of camber that would be 
required adjacent to the leading edge was ignored, since it wae difficult to define 
this from the experimental data , and in any case incorporation of the extrerm flow 
angles adjacent to the etagnation line would be impractical. In addition, the 
manner in which the flow deviations were propagated forward and below the wing vu 

unknown and this would significantly affect the camber of the highly swept pylon 

leading edge. Consequently the camber was modified at the leading edge as 

indicated by the chain dotted lines, The camber at the relatively high C,, war 
chosen, since this aided model design by limiting variations in camber to aft of 

ths maximnm thickness station, thus reducing vertical distortions in the region 

ix which the compressed air pipes were ducted through the pylon, and cl100 by 



avoiding variations in the camber of the pylon at the fan cowl noczle. It 

was aleo hoped that the small change in camber due to choice of the higher 
CL conditions would not have too much effect on the flow. Also, it should 

. be remembered that in practice, the presence of the nacelle itself would 

modify the direction of the flow atreamlinea over the wing. The camber was 

reduced linearly to zero on a eaction at the maximum pylon span (i.e., at the 
gaa generator nozzle), along lines of constant pylon thickness. The propagation 

parallel to the pylon trailing edge rather than say vertically downward, was 
considered to be not unreasonable in the vicinity of the nacelle. 

A preliminary model teat to check that the fundamental wing-nacelle geometry 
was satisfactory, indicated that at the pylon leading edge the curvature of the 

pylon surface approaching the maximum pylon thickness was too high for the local 
flow conditions (this will be discussed in detail in eection 4). Consequently 
the pylon leading edge was extended forward locally adjacent to the wing, to 

mate with the wing at 2% chord (which was still aft of the etagnation point 
for normal operating conditions), and to have a leading edge sweep angle of 
79’16’. The pylon leading edge eweep adjacent to the nacelle remained unaltered 
at 84’58’. The upper forward section of the pylon was then revised to have a 
NACA 0010 profile and the forward profile of the lower section was faired smoothly 

into this, resulting in a lower section of increased length and the same thickness 
form. In effect this provided the lower pylon with a NACA 00046 forward section. 

As discussed later in section 4, the local flow at the pylon leading edge waa 
found to be satisfactory after this modification, and hence this design was used 
for the general test series. 

Four different configurations were then tested. A fully pressure plotted 
version of the above nacelle/pylon installation, a nacelle supported by a minimum 
pylon to determine the effects on the wing of the nacelle elone, a fully pressure 
plotted nacelle with a shrouded gas generator to simulate the fan jet flow, and a 
nacelle with a blown fan jet operating at representative pressure ratios. 

The preeaure points on the fully pressure plotted nacelle are indicated in 
fig.3. Both sides of the nacelle and pylon were identically pressure plotted. 
In addition, the wing upper and lower surfaces were pressure plotted along the 
chord lines shown in fig.2. Besides the external pressures, static pressures were 
also measured internally at the fan and gas generator nozzles on the nacelle in 
order to asses8 the internal drag of the nacelle for force data reduction.* 

* Drag data is not included herein as the internal drag is still being determined. 
Calculation of the internal losses has been complicated by the use of curved aurfacer t 
(the inner wall of the fan cowl for example). In similar model installations it is 

recommended that duct8 having straight walls should be used wherever possible. 
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Overall forces on the model were measured for the fully pressure plotted and 
minimum pylon installationa only. For the blown nacelle, the balance constraints 

due to the compressed air ducting could not be assessed and the particular ehroud 
installation tested was not suitable for force corrections. The “minimum-pylon” . 

installation is drawn in fig.7. The pylon was of constant chord NACA 0010 
section. At the wing the pylon extended from 10% chord to 27% chord, to avoid 
the need for pylon camber. It was not possible to obtain pressure measurements 
on the nacelle and pylon, but wing pressures were measured. 

The shrouded nacelle is shown in fig.8. Unreported tests on a different model 
at A.R.A. had suggested that the fan jet boundary would be sensibly of the sams 

outside diameter as the fen nozzle at the plane of the gas generator nozzle. Hence 
a simple parallel cylinder shroud was designed for the fully pressure plotted 

nacelle, on the basis that if this were successful, then drag corrections for a 
pressure cylinder would be relatively simple. To try and obtain the same intake 
flow as with the previous models, the fan nozzle area was not altered, and the 
thickneaa of the shroud was absorbed by a slight expansion of the “jet” boundary 
at the nozzle exit. 

The blown nacelle design is shown in fig.9. A total pressure of 1.5 atmos. 
was required at both the fan nozzle and the ges generator nozzle in order to obtain 

representative exhaust pressure ratios. To duct the required fan nozzle mass flov 
alone through the pylon, 300 p.8.i. was required, and 500 p.s.i. was needed in 

order to pipe this air through an existing duct in the wing. The only suitable 
air supply at A.R.A. was an intermittent 4000 p.s.i, system primarily used to drive 
the hypersonic tunnel facility. Since running times would only be of several 
minutes duration with this supply, and the gas generator exhaust flow was not 
likely to have any significant interference effects*, it was decided that only the 
fan nozzle would in fact be blown. It was also considered desirable that the inteko 

should not be faired in, because the fairing would be extremely large so that the 
resultant flow distortion could well mask any jet effects. Hence it was decided 

to have free flow through ‘the gas generator nacelle and to attempt to obtain the 

besic free-flow nacelle pressure distribution on the fan cowl forebody by the 
choice of a suitable intake bullet. The bullet was designed by extrapolating data 
in ref.3, on the aesumption that similar pressure distributions would be obtained 

on a particular NACA cowl with end without a spinner present, provided that the 
predicted critical Mach nunbars were identical. In order to choose a bullmt which 
satisfied this condition and which would not have a serious separation at tha , 
inlet, particularly at incidence, the throat diameter of the fen cowl had to be 

increased, so that the covl contra&ion ratio was reduced to 1.072. The internal i 
lip shape was made a constant radius and from experimental data at A.&A. it was 

not expected that this would significsntly affect the external cowl lip pressure 
distribution at the test Mach numbers. The throat area was matched to the exhaust 
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nozzle area to obtain an intake tlow which simulated a mass flow ratio slightly 

in excess of 0.7 in order to reduce the possibility of separated flow from the 
fan cowl lip should the bullet design be unsatisfactory. The bullet finally 
chosen was a NACA 1.70.60 i.e., a NACA I profile and a diameter and length of 

. 
0.7 x and 0.6 x maximum fan cowl diameter respectively. Because of the space 
required inside the fan cowl for the compressed air ducting, the free stream 
intake flow was required to turn rapidly inwards aft of the intake throat. The 

area distribution was carefully controlied to reduce the possibility of flow 
separation in this duct. 

A satisfactory exhaust flow distribution was obtained by the use of the two 
perforated plates indicated in fig.9. A mock-up of the compressed air system 

from the pylon inlet to fan nozzle exit was used to develop this system. With 
no control on the exit flow, the circumferential distribution was poor, with 

the majority of the air flowing out of the bottom of the nozele, whilst radially, 
a typical pipe flow distribution was obtained, with the flow falling off rapidly 
at the sides of the annulus. Control of the distribution was obtained using a 
symmetric hole array in the perforated plate nearest the noezle, whilst varying 
the open hole distribution of what was otherwise an identical array, on the innat 

plate. This achieved a reasonably uniform distribution around the circumfatenca 
and a square distribution across the width of the nozzle. 

3. TEST CONDITIONS 

The model was tested at 0.6 i M < 0.81. The tests were not taken to a 
higher Mach number, because it was considered that the clean wing characteristica 
would then be unsatisfactory. 

At these Mach numbers the Reynolds numbers were as follows! 

M 
% %I 

0.6 3.6 x 10~ 1.6 x lo6 

0.81 4.3 x lo6 2.0 x lo6 

where Rc is baaed on the local wing chord at the nacelle position and 

% is based on the fan cowl maximum diameter. 

Transition was fixed on the wing with a 0.15 inch wide roughness band 

at 0.05 chord using bellotini of 0.0049 - 0.0059 inch diameter and Araldita 

adhesive. 

On the fan cowl a band of 0.0030 - 0.0035 inch ballotini was rituated 
: 0.3 to 0.6 inches aft of the highlight, and the same aiae ballotini was also 

used on the bullet 0.3 to 0.6 inches aft of the apex. 
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On the inboard side of the pylon the roughness band was betveen 0.2 
to 0.6 inches from the leading edge measured along the normal from the leading 

edge, whilst on the outboard side the band was 0.25 to 0.40 inches from the 

leading edge when viewed from the front. The ballotini used was again 0.0030 
- 0.0035 inches diameter. 

The transition fixing was checked using acenapthene. 

4. DISCUSSION OF TESTS 

As previously noted, a free flow model with the original pylon 80 in 
Fig.4A was tested first. Force data indicated that the installation had nn 
interference drag that was not unacceptably high. However oil flow runs at 
M - 0.71 at o b - 3’ and 5’ showed that there was an undesirable separation 

on the outboard side of the pylon nt the leading edge, plate 1A. Due to the 
cross flow,;he flow at the pylon leading edge was virtually parallel to the 
wing leading edge adjacent to the pylon wing junction. The section norm81 to 
the pylon leading edge was then found to be excessively flat with an extremely 

high rate of change of curvature near the maximum thickness (Fig.6); this 
evidently cause@ the flow separation. Hence the leading edge was revised as 
described in eaction 3. The pylon profile normal to the leading edge, although 
bluff was now of a reasonable shape and repeat tests at the earlier oil flow 
test conditions, demonstrated that the separation was no longer preeent 

(Plate 1B). Due to the cross flow the stagnation line was on the inboard eids 
of the pylon leading edge, Plate 2, and moved aft as incidence was increarsd. 
A region of separated flow at the rear of the fan cowl and inboard of the 

pylon was induced by the cross flow at moderate incidencea, Plate 3, and it 
will be observed that the appearance of this separation is related to the 
position of the stagnation line. 

The flow separated at the trailing edge on both sides of the pylon, 
Plate 4. This was probably due to the large trailing edge angle of the 

NACA 0012 basic pylon section. The pylon wake at the wing surface suggertr 

that the pylon should have been mOre cambered at the rear, but the oil flov 

in the wing boundary layer adjacent to this may not be in the true local 
external flow direction. 

The oil flow tests with the minimum pylon demonstrated that the 
forward influence of the wing in itself was sufficient to cause flow 

separation on the rear upper surface of the fan cowl, Plate 5. Comparison 
of wing preseure distributions for the minimum pylon with those for the 

free flow nacelle and for the clean wing, Fig.10 is useful in demonarrating 
F 
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the effect on the wing flow of both the nacelle and the pylon. (The minimum 

strut data is for the lower surface only). The first point to note is that 

there is an increase in suction on the forward lower surface. and a decrease 

at the rear when the nacelle is present, so that in effect the peak suction on 

the lower surface is moved forward. The shape of the revised pressure 

distribution is little affected by the presence of the pylon. In fact the only 

significant change with the pylon present is to increase the peak suction 

level on the inner wing. Hence one concludes that in the absence of jet 

effects at least, the pylon shaping should be aimed at minimising the inter- 

ference on the wing, inboard of the pylon. The results from the blown nacelle 

tests, to be discussed later, indicate thrit this conclueion is still applicable. 

On the lower surface the presence of the nacelle in itself has not increased 

the peak suction value above that of the basic wing except that at very low 

incidence. In fact on the outer wing panel the value is reduced. However 

with the pylon present the maximum surface velocitiee on the inner panel are 

greater than those on the clean wing. There is apparently little change in 

the pressure distribution on the upper surface of the inner wing in the 

presence of the nacelle and pylon, although additional pressure points would 

be useful adjacent to the leading edge in order to confirm this. On the outer 

wing there is a significant reduction in the peak auction and this 1s probably 

the reason for the reduction in the separation that occurs over the front of 

the wing at the highest incidence. At the test conditions, there is no 

noticable effect on the trailing edge pressures due to the presence of the 

nacelle and pylon. 

Now let us consider the blown fan nozzle teste. It was first necessary 

to confirm that the blown configuration was consistent with the free flow 

models. before attempting to determine the effect of blowing at a representative 

preseure ratio. Hence the blown nacelle was teeted with the fan nozzle running 

both at HJ = Ho and at HJ - 1.5 Ho. Typical pressure distributions are shown 

for the wing stations in Fig.11 and nt the wing-pylon junction in Fig.12. 

These figures demnstrate that in general the data from the blown nacelle at 

“J - Ho are sensibly identical to that from the free flow nacelle. At a jet 

pressure ratio HJ 

% 

= 1.5 the shape of the pressure distribution is unaltered, 

but the peak suction level is increased compared with the reaulte from the 

free flow nacelle. This effect is reduced with increase in incidence, Fig.11. 

and from the inboard dietributione. Fig.12, there ie eleo a auggeation of a 

Mach-number freeze on the wing surface pressurea, beyond which the suction 

level doe.9 not rise. Thus jet effects may be lees significant at free stream 

Mach numbers above thoee of the preeent teete. At the wing/pylon junction the 



increased suction with blow occurs at about 252 actual wing chord or 43% pylon 

chord on both sides of the pylon. At M - 0.77 this ia the source of a 

relatively unswept strong ahock wave on the inner wing, Plate 8. At M w 0.79, 

Fig.12, the peak suction on the outer wing is rapidly approaching the suction 
level of that on the inner wing, and hence a fairly atrong shock wava might be 
expected here too at slightly higher Mach numbers. Although the auction increase 

is aft of the maximum thickness line on the pylon it ie ahead of the crest on 
the wing, so that the presence of the shock wave on the lower surface is not 
aa damaging as might at first appear. On the wing the additional suction on 

the lower aurface would result in a local loss in Cl, although at the higher 
Mach number conditions where the suction peak is of the aame order, jet on 
or off, then there is a slight rise in pressure level ovar the rear panels and 

hence possibly, a slight increase in CL at a given incidence. 

Variation of the gas generator pressures with incidence at M - 0.71, and 
with Mach number at (I b - 21’ is given in Figs.13 and 14. The SUrfaCe pressurar 

at H J - Ho are basically the same as those for the free flow nacelle. Witt 
the fan jet exhausting at 1.5 Ho there is a suction increaee which reaches a 
maximum at about 75% of the gas generator cowl length. 

At this pressure ratio, it is estimated that tha fan cowl exhaust is 

aubaonic to about M - 0.71 (an assessment of the internal duct flow for the 

free flow nacelle indicated that the exit Cp was positive). Even at M - 0.77 
when the nozzle is definitely choked, the pressure ratio is evidently too low 
for atrong shocks to form in the exhaust flow, except where imposed by the 
wing-pylon-nacelle interference. In assessing the local Mach numbers on the 
gas generator cowl it should be remembered that the relevant total pressure 

is of the order of 1.5 H 
0. 

For example a shock is present at M - 0.71 at the 
auction peak on the inboard aide of the pylon. This cauaea a flow separation 
locally at the rear of the gas generator at the lower incidencee. Aa might 
be expected the gas generator suction peak in adjacent to that at the 

Wing/pylon juWt.iOn, Fig.15. Plate 7B shows the oil flow on the outboard side 
of the pylon and nacelle when blowing at HJ/H - 1.5 at M - 0.71 with 

“b - 5.1°. There is a thick layer of oil present on the gaa generator cowl. 
This is due to oil which has collected ineide the “bane” of the fan nozzle as 

the tunnel is brought up to speed flowing out once blowing be&S. However 

instead of being scrubbed away the oil then stagnated. It has been auggeeted 

that this is because of the low temperature of the gas generator surface caused 

by throttling of the internal air. The uneven distribution of the oil on the 

gas generator cowl ia probably aaeociated with local cooling variations, through 
the expaneion of the air at the pylon duct outlets. (Note that the dark band 

i 
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on the fan cowl, and the similar band at thr rear of the gas generator cowl 

dre prcxeur“ tube zuub, us: d~r LIOW Induced eifects!. 

Plate 7A shows the flow on the upper side of the fan cowl at M - 0.71 

at 0 b = 5.1’ with HJ/h - 1.5. Unlike the free flow nacelle at this condition, 
0 

Plate 3B, there is little sign of a separation inboard of the pylon at the 

rear of the fan cowl. However this is not necessarily a jet effect since no 

separation bubble was observed prior to blowing. The fan cowl pressure 

distributions, Fig.16. show that the intake was effectively operating at a 

higher mass flow ratio (i.e. at reduced lip suction values) with HJ * 1.5 Ho 

and hence the boundary layer at the rear of the cowl may have been modified. 

To judge from the lip suction the intake was operating at an effective mass 

flow ratio of about 0.66, as against a free flow nacelle mass flow ratio of 

about 0.60, as suggested both by the lip pressures and by internal pressure 

measurements. The blown nacelle was of course designed to run at a slightly 

higher mass flow ratio than required. to avoid the possibility of lip 

separations if the bullet design were not successful. On the other hand the 

free flow nacelle was intended to operate at a mass flow ratio of order 0.7, 

but the flow was less than this due to there being poeitive base pressures at 

both nozzle exits. Another point to note is that the blown nacelle inlet flow 

was satisfactory despite the presence of the expected flow separation at the 

spinner crest. Plate 7A. 

Yawmeter tests with the clean wing had indicated that in pitch, the flow 

in the region of the fan cowl intake was closely parallel to the free-stream 

and that the sidewash was about 3’. It is therefore consistent to find that 

the separation bubble which forms at the lips was longer on the upper outboard 

side, Plates 3B and 5. The oil flow photographs were obtained wind-off after 

running at the specified condition for several minutes, followed by a rapid 

tunnel shut down. The latter accounts for the oil under the separation bubble 

apparently having run back along the cowl in the photographs. Fan cowl 

distributions, Fig.16. are consistent with the oil flow, in that under low 

epillage conditions with no significant separations preaent, the maximum peak 

suction at the lip occurs where the relative incidence at the lip Is higheat, 

i.e., intermediate to the top and side outboard pressure distributions, 

Incidentally, the top inboard and outboard pressure distributions are from a 

single row of pressure holes ahead of the pylon, which then divides to pass 

each side of the pylon. The pressure rise at about 40X cowl length at the 

top is due to the pressure field ahead of the pylon. 

z Finally we come to the shrouded gas generator tests. The lip pressures 

Fig.16, suggest that the intake flow is slightly greater than that with the 
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free flow nacelle, and hence intermediate to that of the free flow and blown 
nacelles, Despite this, Plate 6 shows that s significant separation occurs 
inboard of the pylon at the rear of the fan cowl at M - 0.71 even at 2.9’ 
incidence. In addition Fig.16 shows that there is a general pressure rise 
all over the fan cowl, due to the presence of the shroud, Hence one concluder 
that the pressure rise at the rear of the fan cowl due to the presence of the 
shroud does not simulate the presence of the exhaust jet. Even more important 
Fig.17 shows that the pressures at the lower surface of the wing, in the 

presence of the shroud, sre akin to those of the clean wing in form at M - 0.71, 
and Fig.12 confirms that the peak underwing suction occura further aft under 

different Mach nmber conditions with the shroud present. The magnitude of 
the peak suction is increased compared with the clean wing. and since this 
occura in the vicinity of the crest of the wing the effect is significant. 

On the wing upper surface the peak suction at the lip was of greater magnitude 
than that for the blown nacelle configuration. Thus the results of the 
present tests with the shroud are not encouraging. However the parallel cylinder 

probably aimulated too large a jet. Ref.2. for example, suggests that the jet 
boundary could contract over the rear of the gas generator cowl. In addition, 
the effect of the jet or shroud would be lesa if the nacelle were further from 

the wing in a vertical sense. Even so, it is obvious that one has to be very 
careful in using a shroud to simulate jet effects. The flow at the rear of 

the fan cowl could not be simulated (unless possibly if there were a gap between 
the shroud and the cowl, and there were not excessive outflow or inflow at the 
gap), and the shroud effects would require to be tested against a blown nacelle 

to ensure that the shroud was of satisfactory design. To be able to use a 

shroud would of course be very beneficial, where a continuous compressed air 
supply is not available, where sufficient compressed air cannot be passed 
through the pylon, and to simulate jet effects on a force model, assuming that 

the forces on the shroud could be determined satisfactorily. The shroud on 
this model was assembled around the basic free flow model, so that an internal 

throat ws.s formed at the fan nozzle exit. There was then a relatively slow 
expansion until near the rear of the gas generator. This resulted in a supersonic 
flow being developed in this annulus, with an ultimate shock and separated flow 
from the gas generator. Consequently this particular configuration had a high 

drag. For a force model installation it would therefore be preferable to use 
an extended fan cowl nacelle, with no internal body. 
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