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W Absteast’®
The oncoming o' a new g ‘neration of subsonic transport aircratt’
(with supercritical wing and high by-pass ratio turtofans) has
led to an experimental study of wing nacelle jet pylon interfer-
ence in transonic flow. To this end, a test set-up was developec
at the ONERA S3Ch wind tunnel. The nacelle models represent a
turbofan by means of two compressed air jets. The scale is
1/18.5. The nacelles are fixed on a thrust balance measuring
afterbody thrust and cischarge coefficients. The wing is locabec
tbetween the sidewalls c¢f the test section. Pressures are measureil
through 456 holes located on 8 airfoils. Drag coefficient of the
wing 1s obtalined by wake survey. The following parameters can
vary (1) wing/nacelle position; (2) upstream Mach number (from
G.3 to 0.8); (3) jet pressure ratio; (4) with/without pylon and
(5) type of nacelle. Wing nacelle interference can be studied by
means of total thrust drag analysis as a function of the various
parameters. The test set-up 1s described and examples of results
_2§jp111tjeaﬂof this set-un. -
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EXPERIMENTAL STUDY OF THE INTERACTION BETWEEN THE WING
OF A SUBSONIC AIRCRAFT AND A NACELLE OF A HIGH BY-PASS
RATIO ENGINE®

P. Levart#® "eR/20-1

SUMMARY

The oncoming of a new generation of subsonic transport air-
craft (with supercritical wing and high by-pass ratio turbofans)
has led to an experimental study of wing-nacelle-jet-pylon interfer-
ence in transonic flow. To this end, a test set-up has been devel-
oped at the ONERA S3Ch wind-tunnel.

The nacelle models represent a turbofan by means of two com-
pressed air jets. The scale is 1/18,5. The nacelles are fixed on
a thrust balance measuring afterbody thrust and discharge coeffi-
clents.

The wing i1s located between the sidewalls of the test section.
Pressures are measured through 456 holes located on 8 airfoils.
Drag coefficient of the wing is obtained by wake survey.

The following parameters can vary:
wing/nacelle position;
upstream Mach number (from 0.3 to 0.8);

Jet pressure ratio;
witbh/without pylon;
type of nacelle.
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Wing nacelle interference can thus be studied by means of
total thrust-drag analysis, as a function of the various parameters.

The test set-up is described, and examples of results are pre-
sented {llustrating the possibilities of this set-up.
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1. INTRODUCTION

The problem of nacelle-wing interaction on civilian aircraft
‘bas been discussed over the last few years by many authors [1-13].
Only a few studies consider the case of supercritical wings, which
could be more sensitive to interactions than classical wings, or
the case of nacelles of notors with a bhigh dilution rate, which bhave
a4 large dimension blower, which means that the nacelle has to be
very close to the wing.

A rather general study of the nacelle-jet wing interaction was,
therefore, undertaken in a wind tunnel in order to develop basic
information required for selecting the relative nacelle-wing poai-
tion for this type of configuration.

2. METHOD AND TEST EQUIPMENT

The tests were performed in the S3 wind tunnel at Chalais-
Meudon at the ONERA.

2.1 S3 wind tunnel of Chalais-Meudon

This is a subsonic/transonic wind tunnel which is continuous
and reversible. The cross section is quasi-octagonal. The dimen~
sions of the test section are the following: Height 0.8m, width
0.9m. Diameter of the inscribed circle = lm (area = 0.66 mz). The
total length of the teat section i1s 1.75m and the useful length cor-
responds to the dimensions of the portholes: 0.60m. The generat-
ing pressure is close to the atmospheric pressure. The generating
temperature increases as a function of Mach number, from ambient



temperature up to 340 K approximately for M = 0.9,

The lateral walls are solid and parallel (these are the port-
holes).

For this study, the upper and lower walls are solid, so that
the incidence (angle) induced by wall effects is small. Initial
tests in an empty wind tunnel carried out for Mach numbers between
0.3 and 0.9 gave satisfactory results. During the detalled tests
discussed here, the Mach number upstream never exceeded 0.80.

2.2 Rear body weighing balance

Most of the experimental studies of the nacelle-wing interact-
ion carried out up to the present time were designed to evaluate
the influence of the presence of the propulsion nacelle (simulated
more or less) on the wing characteristics. One of the original
features of the present study 1s that in addition, we measured the
influence of the presente of the wing on the engine performance as
a function of various parameters. For this purpose, the propulsion
nacelle is placed on a weighing balance for the rear body which 1is
particularly designed for steadying the rear body of engines at a
high dilution rate.

The diagram is shown in Figure 1.

The principle is the principle of an upstream sting where the
model to be studied is fixed downstream of an axial cane which is
used to provide compressed air flux and for the pressure measurement

tubes. The talance used is a single component balance (axial thrust)
and contains a dynamometric bar equipped with strain gauges.

The nacelle model consists of a part which is not weighed (inlet
air fairing up to a coupling plece) and a weighed part (rear body
proper).



In the first version, the connection between the weighed part
and the non-weighed part was provided by an annular dynamometer
located in the upstream part of the nacelle. The first tests showed
difficulties with this arrangement. The space allowed for the dyna-
mometer was tight , and it was anchbored to not enough material.

In the test, mechanical and thermal stresses developed so that a
precise measurement of the thrust becamre impossible.

After this, the dynamometer was moved to the upstream point of
the cane and the suspension between the weighed part and the non-
weighed part is divided by an annular roller.

The control of the boundary layer along the sting upstream of
the nacelle is provided by two devices which operate successively
and simultaneously: One tangential blowing device and one aspira-
tion device to the right of the inlet fairing. These two devices
allow one to reduce the thickness of the boundary layer over the
rear body and to reproduce a realistic external flow.

2.3 Test models

2.3.1 VWing

The wing model is shown in Figure 2. This is a wing with a
chord of 220 mm with a relative thickness of 12.5%. It is installed
with a sweepback angle of 28° between the lateral walls of the wind
tunnel. The profile 1s an SNIAS profile of the supercritical type.
The wing is twisted linearly by 3° along the width of the test sec-
tion. The model 1is equipped with U456 wall pressure taps distributed
into 8 sections. For each section there are 30 taps on the top
side and 27 taps on the bottom side.
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In addition, the drag of the wing can be determined from sound-
ings of the wake. Stagnation pressure explorations were performed
for six chord positions corresponding to the wing sections carrying
the wall pressure taps.



Wake pressure and wall pressures are not acquired simultan-
eously. The rake remains installed in the wind tunnel (in the
retracted state) during the entire duration of the test. It is,
therefore, important to verify that the presence of a rake does not
noticeably influence the pressures measured over the wing. Figure
3 shows a pressure distribution measured over the wing with and
without a rake downstream.

The tests were performed by artificially triggering the trans-
ition of the boundary layer using carborundum grains glued near the
leading edge of the wing, on the top side and on the bottom side.
The transition band with a width of 3 mm is placed 13.6 mm from the
leading edge.

The wing 1s fixed between the walls of the test section, but
its incidence angle can be changed, as can its altitude and its long-
itudinal position.

2.3.2 Nacelles

The nacelle models were provided by SNECMA. They faithfully
represent at a scale of 1/18.5, solutions considered for the rear
body of an engine with a high dilution rate, the CFM 56.

The thrust is obtained from two compressed air jets which
simulate the engine flux.

Three models of nacelles were tested. They are shown in. Figure 4.
Two nacelles have confluent flux. One is short (FCC) and the other
is long (FCL). The third one is of the short kind with separate
flux (FSC).

They are equipped with pressure taps rver the upper meridian
of the external fairing.

2.3.3 Pylons



The mast wbich connects the propulsion nacelle to the wing
plays a very important role in the wing-nacelle interaction. In
any experimental study it is, therefore, important to represent
these masts in a realistic manner. The mast was represented for
four configurations, two with the FCL nacelle, one with the FCC
nacelle and one with the FSC nacelle.

The masts are originally connected to the wing. Since the
nacelles are weighed, there can be no mechanical contact between
the mast and the nacelle. This explains the space between the
nacelle and the mast.

The complete installation for the nacelle-wing interaction
study is shown in Figure 5.

2.4 Tested configurations

Tests were performed in three stoges.

a) after determining the incidence angle to use we studied
the characteristics of the wing alone in the wind tunnel
for different Mach numbers.

b) study of the thrust and the external pressure distribu-
tions of the three nacelles, tested alone in the wind
tunnel.

¢) study of the nacelle-jet-wing-pylon interaction with a
simultaneous test of the wing and the axis.

This latter part then consists of several parts:

- irfluence of the delay rate of the jet engine on the wing
characteristics

- influence of upstream Mach number

- influence of the relative wing/nacelle position

- influence of the nacelle type

- influence of the presence of the pylon



The influence of the delay rate was astudied for values between
the natural flow rate (that is, which simulates the jet emerging
from a hollow nacelle) up to cruise conditions.

The upstream Mach number varies between 0.3 and 0.8.

For each of the nacelles FSC and FCC, several relative posi-
tions were studied. They define a T with three positions along the
horizontal and two or three along the vertical. These positions
are defined in Figures 6 and 7. The nacelle FCL was tested for two
relative positions, both with the mast. These positions are defined
in Pigure 8.

The study of the influence of the presence of the pylon was
performed for one relative position with the nacelle FSC (number
21') and another one with the nacelle FCC (number 18°').

3. EXAMPLE OF RESULTS

The present test configuration allows one to acquire a great
deal of information about the nacelle-wing interaction: Pressure
distribution over the wing and over the nacelles, measurement of
the thrust and the flow rate coefficient of the engines. For each
configuration 1t 1s then possible to determine a tbhrust-drag global
balance. The results which follow give an idea of the possibilities
with the installation.
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For the analysis, the results were corrected for wall effects

using the theory discussed in [14] by using a constant incidence

angle and Mach number within the test section.

For each sectlion, the aerodynamic coefficients were obtained by
integration cf the pressure measurements. The global Cx * and Cz

‘The waKe soundings were performed during a second test serles,
When this present document was edited, the results of the Cx of the
wake were not yet available and the evaluation of the Cx was per-
formed from the integration of pressures over the wing. .
7



values of the wing were obtained by integrating the Cx and the O8
local values as a function of chord. It is found that the global
coefficients only affect the part of the wing between the two ex-
treme positions of the pressure tap .

3.1 Influence of the Jjet

A simple way of representing complete configurations of wings
equipped with nacelles now in use consists of using a hollow nacelle
through which a natural air flow rate circulates. It 1s then inter-
esting to verify whether this representation is not too simplistic,
by testing the wing plus nacelle combination for various air flow
rates, from the natural flow rate up to the flow rate which repre-
sents the crulse thrust. This is done by comparing the local and
global aerodynamic coefficients. Pigure 9 shows that a substantial
variation in the delay flow rate of the Jet results in a very small
variation of Cx and a moderate one in Cz. These results confirm the
ones obtained by El-Ramly and Rainbird [15] for a similar configura-
tion.

These tests show that 1t 1s interesting to use permeable
nacelles when we are only interested in the wing characteristics.

On the other hand, the thrusts obtained with a natural flow rate
and for the crulse flow rate are very different as are the pressure
distributions over the nacelle fairing, especlally over the cover
of the first motor which is directly subjected to the influence of
the jet on the 1ift and the drag of various sections in the chord
direction for different Macbh numbers.

In addition, Figures 11 and 12 show the influence of the delay
flow rate of the jets on the pressure distributions over the wing,
for two chord positions. One of them (Figure 11) was very close
to the axis of the jet and the second one was farther away (Figure
12). In the latter case, theinfluence of the delay rate of the jet
is completely negligible.



3.2 Nacelle-wing interaction on the pressure
distributions '

Figure 13 shows the effect of the presence of the wing on the
pressure distributions over the nacelle fairing FSC for two % -
numbers. The influence is substantial, especially at Mo = .94,

Figures 14 and 15 show the influence of the presence of the
nacelle FSC on the pressure distributions over the wing for two
chord values. The effect 1s pronounced for the central section
(Figure 14) which is not surprising. It 18 also the same for the
more distant seetion (Figure 15). The effect is translated espe-
cially for this chord distance by a movement upstream of the shock
on the topside of the wing.

3.3 Influence of tune relative wing-nacelle position

3.3.1 Influence of the horizontal position

Figure 16 shows the variation of Cx of the wing and the thrust
coefficient of the nacelle caused by a horizontal displacement of
the wing and nacelle,

We find that the drag of the wing and the thrust of i‘he nacelle
are increasing functions of the relative distance. The global inter-
action balance represented in Figure 16 is always favorible and
shows that the best position 1s the 21' which 1s where the wing
and the nacelle are closest to ene another.

3.3.2 Influence of the vertical position

Figure 17 shows that when the wing 1s displaced vertically
away from the nacelle, the drag of the wing and the thrust of the
nacelle decrease slightly. The global interaction balance, which
is always favorable, indicates that the most distant position is



the best but the change from the other positions is only small.

The results of the two paragraphs above confirm those in [16].

3.3.3 Study of pressure distributions over the nacelle

Figure 18 shows the variation of the pressures over the nacelle
for various relative positions studled for cruise flow rate. The
pressure level over the secondary fairing increases when one moves
the wing away from the nacelle horizontally or vertically to posi-
tion 21', except for the last pressure tap.

3.4 Influence of the nacelle type

The two nacelle types FSC and FCC were compared with the wing
in a similar position, that is for two distances of the central
profile leading edge of the wing from the reference plane of models
of identical nacelles.

Compared to the FSC nacelle in position 10, nacelle FCC brings
about a strong reduction in the drag. The presence of the wir H
the same effect on the thrust of the two nacelles which gives a rore
favorable global thrust-drag balance for the FCC nacelle (see Figure
19).

3.5 Influence of the presence of the pylon

Two config rations which only differed by the presence or the
absence of the pylon were compared. The nacelle is the same (FSC)
as 1s the relative wing-nacelle position (21'). The incidence, the
Mach number upstream (0.794) and the del.y flow rate of the jets are
also the same,

Figure 20 shows the difference between the pressure distribu-
tion over the wing for n = 0.456, We find that locally on the bottom

10



side, the presence of the pylon provokes a subatantial acceleration
of the flow.

When one moves away in the cherd direction, at n = 0 (Figure
21), the influence of the presence of the pylon on the pressure dis-
tribution is negligible.

4, DISCUSSION OF RESULTS

The results presented here vill consider again the local and
global Cx values obtained by integration of the pressures over the
wing. They have to be confirmed by the determination of the Cx
obtalined by sounding of the wakes of the wing. The tests were per-
formed during a second test campailgn and the results have not yet
been analyzed.

Also, the study of the relative wing-nacelle position was per-
formed without a pylon. The importance of the pylon, emphasiz<d in
Section 3.5, will require the study of the nvesence of the pylon.
Unfortunately, the type of installation use. oere 1is not very prac-
tical for such a study (one has to builld a pylon shape for each
position of the nacelle).

As far as the measurement of the thrust f “he rear body is
concerned, the conf.guration wes calibrated using a calibration
nozzl. of the ASME type whicy i, saown in Figure 22. The tests were
performed for two eaternal Mach numbers and expansior flow rates
which varied and these were compared with results obtained with a
similar nozzle tested on the dynalpy BD2 test stand of the ONERA at
Modane. Also, a formula proposed by ASME was used. Figure 23 sum-
marizes the comparisons and shows that the agreement is good, both
for the isentropic thrust coefficient nu and the flcw rate coefficient
CD, which validates the relative results of the thrust.

11



5. CONCLUSION

A nacelle-wing interaction test configuration has been devel=
oped for the S3Ch wind tunnel of the ONERA for subsonic configura-
tions to be used in the future. That is, we are testing the super-
critical wing and double flux engine nacelles with & high dilution
rate. The characteristics of the wing are determined by measuring
wall pressure distributions on eight sections, by using wake sound-
ings downstream of the sections. The nacelles are placed downstreanm
of an upstream wing which carries compressed air flow. The thrust
of the rear body and the flow rate coefficient of the nozzle are
measured. The study of the effect of various parameters can then be
carried out:

- expansion ratio of the Jet engine;
upstream Mach number;
relative wing-nacelle position;

nacelle type;
presence of the pylon.

The results presented illustrate the multiple possibilities of
this installation which can be used in the future:
- on the one hand, to facilitate our understanding of inter-
action phenomena;
- on the other hand, to validate the corresponding theoreti-
cal prediction methods.

12



NOTATION
B 1/2 chord of the wing
c chord of the wing
CD nozzle flow rate coefficient
cx drag coefficient
cxp pressure drag coefficient of

the wing carrying the press-
ure taps

cz 1ift coefficient of the part
of the wing carrying the
pressure taps

D diameter of the nacelle in
the secondary ejection
plane

FAs thrust coefficient of the
nacelle

Kp pressure coefficient Kprti.t:
Ky

local drag coefficient
of one wing section

K local 1ift coefficient of
one wing section

M upstream Mach number
P local static pressure
P, reference static rressure

ABBREVIATIONS

FCC short confluent flux nacelle
FSC short separate flux nacelle
FCL 1long confluent flux nacelle

3 3 R
[ ]

ler/ 1S

/20-6

local stagnation pressure

reference generating press-
ure

stagnation pressure of
secondary Jjet

reference dynamic pressure
Q. 0,1,..l\‘

Reynolds number measured
in the calibration nogsgle
throat

wing reference area

abscissa measured over one
meridian of the nacelle
(origin for the nacelle
reference plane)

abscissa of the secondary
ejection plane (B.A. ori-
gin of the central wing
chord)

chord distance (origin:
section no. 8 of the wing)

vertical distance (crigin:
test section axis)

incidence angle of wiag
reduced chord

isentropic thrust coeffi-~
cient

13
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Cruise flow rate. .



e

b
|

!

.73
FIGURE 21. Influence of the presence
of the pylon on the pressure distribu-
tion over the wing. M_ = 0.794; o = 1°
n = 0. Nacelle PSC pgsition 21",
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nozzle installation
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