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A Comparison of Experimental Results for the Transonic Flow around

the DFVLR-F4 Body Configquration

Summarg

Recent developments in computational fiuid dynamics have led to
the need for an experimental data base of configurations in tran-
sonic flow against which results of variocus computational methods
may be checked. As openly available experimental results for a
modern commercial tranaport type aircraft are lacking the GARTEUR
Rerodynamics Action Group AD(AGOl) have selected the DFVLR-F4
wing body configuration as a test case for which experiments are
te be conducted in the different transonig windtunnels of the
GARTEUR member countries as well as for a computational study.
This report contains a comparison of the main experimental results
on the DFVLR-F4 wing body configuration from the windtunnels
HLE-HET, ONERA-52MA and RAE-Bft x 8ft.
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1. Introduction

In order to improve transonic design methods for three dimensiocnal
configurations and to increase confidence in windtunnel data a
cooperative aerodynamic research programme was initiated under
the auspices of GARTEUR. In the Action Group AD{AGU1l) "Wing hody
aerodynamics at transonic speeds™ [1] a series of aercdynamic in-
vestigations on a wing bhody configuration had been prcpésed in-
corporating experimental investigations in the transonic wind-
tunnels of NLR, ONERA and RAE, as well as computational studies
with the best available computer codes for threedimensional tran-
sonic flow.

The model chosen for this exercise was the DFVLR-F4 wing bedy
confiqguration incorporating a supercritical wing of high aspect
ratio and advanced design [2,3], which had been aliready tested
as half model in the Transonic Windtﬁnnel of DFVLR, G&ttingen
{TKG),

Resunlts of the computational study, which in addition to the in-
vestigation of the DFVLR-F4 wing bhody configuration, also inecludes
¢alculations of the more conventicnal ONERA-M6 wing [4), have

been reported in [5] and [s]).

The experimental investigations on the DFYLR~F4 wing body confi-
guration were made in the transonic windtunnels NLR-HST, ONERA-
S2MA and RAE-8ft x 8ft, following an agreed test programme, and
comprise force- and moment-measurements, surface pressure measure-
ments on the wing as well as on the body contour and measurements
for deriving buffet onset data from rms-values of wing root bending
moment and wing root and tip accelerometer. In the ONERA-S2Ma
windtunnel unsteady measurements of fluctuating wing pressures have
been recorded.

The test results from the three windtunnels involved are summa-
rized separately for the NLR-HST tests in [7], for the ONERA-S2MA
tests in {8] and for the RAE-Bft x 8ft tests in [9].
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This report compares selected test results from the three wind-
tunnels. In the following chapter the DFVLR-F4 wing body configu-
ration will be described followed by a short description of the
windtunnels and test arrangements used for this exercise. After

the discussion of the test programme and presentation of the data
selected for comparison, a detailed discussion of the comparison
between the results will be shown. Thereby the main emphasis of

the discussion is placed on the comparison of results from different
windtunnels on nearly physically the same model rather thanh on

the aercdynamic performance of the DFVLR-F4 wing body configuration.

2. Model .

2.1 General descripticn

The model of the DFVLRE-F4 wing body zonfiguration, which was used
for the exercise in the GARTEUR Action Group AD(AGOLl) was designed
and built by DFVLR [2,3]. Fig. 1 presents a general view of the
model including the main important geometric dimensions. It is a
typical configuration of a modern wide-body transcnic transport
aircraft.

The design Mach number of the transonic wing is M = 0.785 at a

design lift ccefficient of c. = 0.5. The aim was to achieve at

the design point a nearly shackfree pressure distribution on the
upper wing surface combined with an elliptical lift-distribution
aleng the wing span [2]. Fig. 2 shows the arrangement of the wing
in more detail in a perspective view, In the couter part of the
wing from the kink station at n = 0.4 to the tip station airfoil
DFVLR-R4 is used [3]. The inner part of the wing contains a wing
root section which is modified in order to have a greater thick-
ness and in order to account for the presence of the body. The
wing surface itself was generated by a linear lofting procedure
between four defining sections of the wing, which are presented
in Fig., 2., The data of the sections defining the wing are tabula-
ted in [6].

More detailed information of the DFVLR-F4 wing is given in [2,3].



The maln geometric data of the wing are as follows:

Span: b = 1.1754 n
Wing reference area: s = 0.1454 m?
Aspect ratio: ' A = 9.5
Aerodynamic mean chord: g =0,1412 m
Leading edge sweep: hp = 27.1°
Sweep of gquarter chord line of outer wing: ¢,c = 25%
Taper ratio: A = 0.3
Chord at the wing root: cp = 202.14 mm
Chord at kink: g = 119.8% mm
Chord at tip: Cp = 60.64 mm
Thickness/choxrd ratic at wing root: 6R = 0.15

at kink: GK = 0.122

at tip: §p = 0.122
Location of wing root section: Yp ™ 74.21 mm
Or relative o semi-span: g = 0,1263

The shape of the fuselage of the model is shown in a sideview in
Fig. 3. It is formed by a forebody including a cockpit, a cylin-
drical part containing the wing and an afterbody. The cross-sec-
tions of the fuselage are presented in Fig. 4 for the forebody
and in Fig. 5 for the afterbody at the stations marked in Fig. 3.
The tabulated data of these fuselage cross-sections are given in
Cal.

The main dimensions of the fuselage are as follows:

1132 mm
148.42 mm

Length of the fuselage: 1
Fuselage diameter of cylindrical part: D

The locatlon of the wing relative to the fuselage can be seen from
Fig. 1.

The variation of the cross-section of the complete model including
the wing is shown in Fig. 6. These data are needed for buoyancy
drag corractions. "



2.2 Model construction

The windtunnel model is formed by the left and the right wing
and the fuselage which can be separated in the vertical plane of
symmetry. These components are mounted on one central part, which
contains the housing for a six-compeonent windtunnel balance.

The fuselage shells are manufactured from aluminium alloy except
for a fibre-glass rear body used in the RAE tests and have a thick-
ness of approximately 5 mm, In the forebody of the fuselage two
Scanivalve units can be instalied, including two driving elements
and two decoding units with a total number of seven blocks each
with 4B ports.

The wings are made of steel of wery high strength (tensile strength
about 900 Hfmmzl and have a cavity for the pressure tubes and the
other equipment, This cavity is closed by a flush-fitting cover
plate on the lower surface. As shown in Fig. 7 the right wing is
equipped with seven stations for surface pressure measurements.
Bach station has 36 static ports, 23 on the upper and 13 on the
lower surface of the wing. The location in chordwise direction is
the same for all seven stations and is given in Table 1 together
with the spanwise distribution of the stations. The static pres-
sure holes have a diameter of 0.3 mm. The left wing was egquipped
by ONERA with 14 holes for dye~fluid-visualization tests as well
as with two agcelerometers for measuring normal accelerations at
the wing root and tip, and a root strain gauge for measuring un-
steady wing root bending moments. The positicon of this equipment
in the wing planform is shown in Fig. 7. Not shown is the addi-
tional equipment of the left wing with 7 Rulite pressure trans-
ducers installed by ONMERA for unsteady measurements in the ONERA-
S2MA windtunnel. For further details see [8). The cylindrical
part of the body has 44 pressure-holes in the vertical plane aof
aymmetry, 22 on the upper and 22 on the lower surface with a
spacing of 16 mm (see Fig. 7). The position of these pressure
holes as a fraction of wing root chord relative to leocation of wing
root is alsc given in Table 1. ’

Thus, the DFVLR-F4 wing body model is egquipped with a total number
of 296 pressure tappings.



2.3 Accuracy of the wing manufacturing

After milling and polishing the surface of the wings, the accuracy
of the contour was inspected with a high=-precision measuring ma-
chine ZEISS UMM [10], The measuring accuracy of this facility is
hetter than 0,001 mm. At the time ¢f inspection the 0.3 mm pres-
sure holes had not been drilled,

Surveys in the chordwise direction were made at positions corre-
sponding to the seven pressure measuring stations and additionally
at the definition secticns at wing root and ‘tip. Fig. 8 shows a
gelection of the inspection of bhoth wings presented as the discre-
pancy AN in the wing dimension. AN means the difference in wing con-
tour in the direction normal to the wing surface between the nominal
and the manufactured ¢r actual contour. A pesitive AN indicates,
that the manufactured contour is outslde of the nominal and vice
versa, This figure presents as axample the results for feour span-
wige positions of both wings: It can be stated that the mean de-
viation between nominal and actual is in the order of |AN| £¢.05mm,
and the left wing shows a slightly higher waviness in the chord-
wise direection.

2.4 vVariation of the mcdel during the test phase in the three

windtunnels

After completing the medel in February 1980 the windtunnel tests
were started with the measurements in the NLR-HST windtunnel in
March 1980. For these tests both wings were painted by NLR with
black varnish, The thickness of this varnish is said to be not
thicker than 0.01 mm and is said to be constant all over the
surface (information by NLR). The black painting of the wings was
needed in the acenaphthene tests for the optimization of the
transiticn strip. After the windtunnel tests static load tests
with the left wing were made by NLR in order toc get some infor-
mation about the deformation of the wing under windtunnel load.
During these tests the left wing underwent a residual defoima-
tion in the cuter part of the wing (n=0.9 to the tip). This
damage was repaired and the left wing was reinspected. A repeated
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measurement of the wing surface in the damaged region showed no
indication of a change compared with the original shape.

For the tests in the ONERA-52MA windtunnel in November 1980 the
black celour of the left wing was removed and replaced by a white
varnish in order to have a bright background on the wing for flow
visualization test with coloured liquid. According to information.
given by ONERA the thickness of the white varnish was about .03 to
0.05 mm. In the ONERA-S2ZMA windtunnel the model was mounted on a
Z-sting with a slightly different geometry in comparison with the
NLR-HST Z-sting. Therefore the gap in the fuselage for the sting-
outlet in the rear part of the afterbody had to be adapted to the
ONERA Z-sting.

The tests in the RAE-8ft x &6ft windtunnel were made 'in November
1981. In this windtunnel only a horizontal central sting for the
model mounting passing through the fuselage in the afterbody near
the centerline could be used. Furthermore the six-component ba-
lance used at the RAE had a different diameter than the balances
used at NLR and ONERA, Therefore it was necessary to manufacture

a4 new central part for mounting the wings and housing the balance
and a new afterbody. An inspection measurement of bhoth centratl

parts on the EEISS-machine indicate a very good agreement of both
central parts in the region of the wing-caonnection surfaces, so

that the geometrical set up of the rigged up model (wing sweep,
angle of incidence) can be said to be the same by using the diffe-
rent central parts. The shape of the RAE afterbody was not com= =
pared with the original one. The varnish on the right wing surface was
the same as in the ONERA tests, whereas the white varnish of the left
wing was removed prior to the RAE tests.

At the tests in the three windtunnels the model had a varying
number of incperative pressure ports, increasing from test to test:

Windtunnel spanwise surface chordwise remarks
section position

lower 0.95 blocked

NLR -HST 4 lower 0.60 blocked

upper 0.90 leaking

11



5 ‘upper "0.65 ' blocked
-5 lower 0.10 leaking-

ONERA~ 6 upper 0.55
S2MA 6 upper 0.60 blocked

b lower 0.70

7 lower 0.30

4 " upper " 0.15

5 lower 0.50G

& upper 0.15

RAE~ 6 upper 0.25
8ft x 8ft 6 upper 0.425. blocked

6 upper D.55

7 upper 0.20

7 upper 0.40

7 lower 0.30

These damaged pressure ports have an influence on the local
aerodynamic coefficients of normal force ©n and pitching moment
Ch being evaluated by integrating the measured pressure distri-
butions.

In the pressure plots which will be shown later the measurementsa
at these peints are excluded, and in the integration of the dis-
tributions to obtain ¢, and ¢ the pressures at these points were
obtained by linear interpolation between adjacent holes.

The influence an e, and cm-coefficients can be estimated in the
following way:

1. NLE-HST measurements

a. section 2 at n = 0.238
ﬂcn = (0,004 too low
ﬁcm = (.003 too low nose—down

b. section 4 at n = 0.409
ﬂcn 0.01 too high
ﬂcm 0.003 too high nose-down

n

12



¢. Bection 6 at n = D.636

influence on cn and cm small

ONERA-SZMA measurements

a, section 5 at n = 0.512
influence on cn and cm small

b. section 6 at 1 = 0.636
infiuvence on cn and cm small
cn tooc low

c, saction 7 at n = o,844
de = 0.01 too high
.ﬁcm e 0,000

EAE—Bft X 8ft measurements

a. section 4 at n = 0,409

influence on S, only when shock-lecation is at x/c = 0.15

b. section 5 at n = 0.512
influence on S and Cn small

c, section 6 at n = 0.636
influence on ¢, and c  high, but no statement about
magnitude possible, depends on shock location at

x/c = 0.25

d. section 7 at n = O.844
from lower side influence on
ﬂcn = 0.01 too high
ﬂcm = 0.000

if shock location is at x/c = 0.20 no statement about
ac and ﬁcm posaible,

13



These increments in Ch and Cn have to be considered when dis-

cussing and comparing the integrated wvalues of local normal force

coefficients Ch and lecal pitching moment coefficients Cn-

3. Windtunnels and test procedures

3.1 Descripticon of the windtunnels

All three windtunnels used in this exercise are continuous running
transonic facilities with the test section in ‘a pressure shell,
Therefore the Mach- and Reynclds number can be varied independently
from sach other., The NLR-HST and the RAE=-8ft x B8ft windtunnels are
driven by electrical power, while the ONERA-S2MA is driven by a
water turbine,

The dimensions of the test sections of the three windtunnels are
compared in Fig. 9. Two cross-sections are sgquare {ONERA-S2MA

1.75 m x 1.77 m, RAE-8ft x Bft 2.44 m x 2.44 m}, while that of the
NLR-HST windtunnel is rectangular (1.6 m x 2.0 m). The cross-sec-
tional area of the RAE-8ft x 8ft windtunnel is 5.95% mz, which is
nearly twice the area of the two other windtunnels. &ll three

test sections have different types of walls:

NLR-HST: slotted top- and bottom-walls with 12% open
area ratio

closed side—-walls

ONERA-S2MA: perforated top and bottom walls with 6% porosity
closed side-walls

RAE-B8ft x B8ft: ¢losed walls.

211 three windtunnels can be pressurized. More details of the wind-
tunnels can be found in the separate test reports [7,8,9].

14



3.2 Model installation and instrumentation

In all windtunnels the model was mounted on a sting=-support.

Fig. 1D gives a general view of the two different systems

used, the "Z-sting® used in the NLR-HST and ONERA-S2MA windtunnel
and the "central-sting" used in the RAE-8ft x 8ft windtunnel.
There are only minor differences hetween the two "Z-sting” moun-
tings in the NLR-HST and the GNERArSZMA.1

The angle of attack of the model is defined by the angle between
the incoming undisturbed flow in the test section and the fuse-
lage centerline,

Each windtunnel used its own 6-component strain-gauge balance
which was fitted into the central part of the model, and its own
pressure transducers for the surface pressure reccrding, ingluding
the complete data acquisition system. The great number of surface
pressures were reccrded by Scanivalve units., During the ONERA-
52MA and RAE-8ft x 8ft tests two Scanivalve blocks from DFVLR

were used, formed by seven scanning modules, two driving units

and two decoding units. Each S-type module has 48 pressure

ports. Thus a total number of 3136 pressure tappings could be
measured.

In the NLR~HST windtunnel an NLR development of 4 units of WLR
duplex~gcanners were used. One duplex scanner is formed by two
vaives each of which has 48 pressure conhections. These two valves
are driven by one solenoid.

3.3 Transition strip

During all measurements discussed in this report, the model was
equipped with transition strips on wing and fuselage. The strip
of the fuselage (see Fig. 11} was made by NLR and was not removed
duriﬁg the whole test phase. It is of 2 mm width and has a rough-
ness of 150 K carborundum. ’

15



The location of the strips on the wing is a result of oilflow
tests (see Fig. 12) in the NLR-HST windtunnel, and following
extensive discussions within the Action Group between experimen-
talists and theoreticians. The location finally agreed on was a
compromise between the two requirements:

¢« To compare results from the different windtunnels over a
wide range of Mach number and angle of attack.

« To ensure that, for a number of test cases suitahle for
theoretical treatment (see Section 4.3), the flow on the
upper surface in the region of the trailing edge crank
was not separated, by placing the upper surface transition
strip further aft {(but ahesad of the shock).

This strip positicn is referred to as '5/15/5'. The reason for this
shorthand is evident in Fig. 11 which shows that, on the npper sur-
face, the strip is at 5% chord at the wing root; between this and

a point at 15% chord at the kink station it is joined by a straight
line; further outboard it remains at 15% chord until station 7

(n = 0.844), from where it is joined by a straight line to a point
at 5% chord at the tip. On the lower surface, the atrip is at 25%
chord everywhere, The strips in all tests were 2 mm wide., At the
stations 4 and@ 7 a gap was provided within the strips in the upper
surface in order not to disturb the pressure holes.

As the agreed test programme comprises tests at two Reynelds num-
bers Re = 1.5:10% and 3.0-10%, the transition strips had to be
optimized in each windtunnel for the two Reynoids numbers, taking
into account differences in flow quality (e.g. turbulence level)}
of the windtunnels.

The transition strip was optinized for the above manticned surface
positions for the flow condition of M = ¢.78 and ¢, = 0.6 by deter-
mining the smallest grit size of the carborundum for the strips
which preduced a turbulent boundary layer just behind the strip.

The optimization tests in the NLR-HST and the ONERA-S52MA windtun-~
nels were done with the well-known acenaphthene-technigue and the
temporal development of the image of the wing surface was watched
by TV cameras and documentation was made by static photographs [7,8].

16



Fig. 13 presents one result of an acenaphthene test for M = 0.73,
¢ = 0.5 without and with transition strip from the ONERA-S2MA
windtunnel., In the RAE-8ft % 8ft windtunnel a different technique
was used which is described in [9]. The basic idea is to compare
the variations with Reynolds number of (a} the profile drag of the
wing alone ' (ie total drag of the wing body combination minus drag
of the body aloxe minus estimated vortex drag), and (b) skin fric-
tion drag of a flat plate of the same planform and with transition
taken at the position of the transition strips on the wing. Transi-
tion is deemed to be fixed when these variations are the same.

In order to get for all tests a transition strip of hearly equal
quality it was agreed to produce the transition strips by the same
technique. The density of the carborundum grits on the strip was
checked by the DFVLR member of AD(AGO1), who was present at all wind-
tunnel tests. When producing the st¥ips an attempt was made to achieve
a unifeorm grit distributicn with a dénsity of approximatély 25%

grit area of total transition strip area. Thus, the following grit
sizes for the three windtunnels have been found.

windtunnel Reynolds grade of roughness

number upper surface lower surface
NLR-HST 1.5+ 108 H0(0.150 mm) |[.120(0.105 mm)

3.0 - 1D°% 180(0.074 mm) 240¢(0.053 mm)
ONERA- 1.5+ 10°% 90(0.150 mm) 120(0.105 mm)
S2MA 3.0 - 105 | 220(0.060 mm) | 240(0.053 mm)
RAE- 1.5* 1p*% 90{(0.150 mm} 90(0.150 mm}
Bft x Bft R

3,0+ 10¢ 220(0.060 mm) 180(0.074 mm}

6+ 10E 0.05 to .06 mm ballotini {both
surfaces)

Table of transition strip grit sizes

3.4 Test Programme

The windtunnel tests were carried out after an agreed test pro-
gramme which was revised after the first test series in the NLE-
HST windtunnel and which should comprise:

17



1. Optimization of grit size for transition strip by acenaphthene
and RAE-technique
‘Transition strip location upper surface 5/15/5
a). Re = 3.0 <10% ¢ =0.6 M=0,78
b}. Re = 1.5+10% ¢, =0.6 M =0.78
2, Pressure measurements and force- and moment-measurements
Re = 3.0 « 10F
e, = 0.3, 0.4, 0.5, Ukﬁ B
M = 0.6, 0.7, {0.74)}0.75, (0.76), 0.77, 0.78, 0.79, ©.80,
0.81, 0.82, (0.85)

3. Force- and moment-measurements on wing body model
Re = 3,0 . 106
cL = 0.1 to chax
M - Doﬁ; 05?[ {D|T4]; 0-?5; {Do?ﬁ]; 0-??; 0.?3; 04?9; 0-50;
0.81, ¢.82, {0.85)

4. Force- and momant—measuremaﬁts on body alone
_Re = 3,0 - 106
a = =39 to 3°
M = 0.6, 0.7, {0.74), 0.75, (0.76}, {0.77), ©.78, (0.79),
0.80, 0.8%, 0.82, (0.85)

5. Pressure measurements and force- and moment-measurements
Re = 1.5 - 108

a) Cp = 0.5 .
M ¢.6, 0.7, 0.75, 0.77, 0.78, 0.79, 0.80, ¢.81, O.82

b) M = 0.78
@ 0.3, 0.4, 0.5, 0.6

L

6. Force-~ anéd momeht-measurements
Re = 1.5 « 108

a) Cr 0.5
M 0., 0.7, 0.75, 0.77, 0.78, 0,79, ©.80, 0.81, ¢.82

*
}values in brackets were optional
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b} M = 0.78

- D.1 to Cr max

7. Unsteady measuremants
Re = 3,0 +10°

a) Rms-values of accelerometer and strain gauge output
during force- ang -moment measurements.

b) Unsteady pressure measurements by Kulites,

‘The actual test programmes being c¢arried out in the three wind-
tunnels are listed in full detail in the three separate test re-
ports [7,8,9]. Prom there it can be seen that the full test pro-
gramme has not been investigated in all windtunnels. In the NLR=
HST windtunnel the pressure measurémepts for the Re = 1.5~ 10°%
case and the unsteady pressure measurements by Kulites were not
made. In the RAE-Bft x 8ft windtunnel also the unsteady pressure
measurements have not been carried out. There additional measure-
ments were made at other Reynolds numbers than prescribed.

A sumﬁary of the actual test programmes is given in Table 2 to 4,

3.5 Special features of the measurements in the three windtunnels

The measurements in the NLR-HST windtunnel were the first tests
with the DFVLR-F4¢ model within the GARTEUR work. Therefore, it was
necessary to find out the shock position with free transition by
0il flow visualization tests at the flow conditions M = 0,78 and
¢, = 0.6 at which the transition strip had to be optimized. These
results led to the decision on thé final transitien strip on the
upper surface as indicated in Fig. 11,

The HST-windtunnel is equipped with an online digital display
showing the interesting flow- and model-parameters as Mach number,
Reynelds number, lift ceefficient of model and angle of attack.
With the aid of this display it is very easy for the windtunnel
operator to adjust prescribed flow conditions. Furthermore, the
windtunnel has a guick look system which can be used to examine
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the test results immediately. The change of the transition strips
has been done outside the test secticon, FPorce- and moment-measure-
ments ﬁnd prassure measurements have been carried out in two dif-
ferent windtunnel runs whereby for the force~ and moment-measure-
ments the electrical and pressure leads of the pressure meas-
uring system inside the model had been removed in order to avoid
force interaction effects.

In the ONERA-S2MA windtunnel force- and moment-measurements are
done using rapid ¢-sweeps at numercous Mach numbers. Then, the re-
sults are interpolated for the nominal Mach numbers. This test
technique is more efficient than the continucus adjustment of the
Mach number during a peolar. For pressure measurements the pres-
cribed flow conditicns are adjusted at each point. This windtunnel
is equipped with a digital display showing the main model and

fiow parameters which allows the operator to adjust prescribed
flow conditicons (e.g. a given lift cocefficient). The windtunnel
had no online gquick look data system. The transition strip was
changed inside the test section. The force- and moment-measure-
ments were done with the pressure data acguisition system connected
to the model.

At the time of the tests in the RAE-8ft x Bft windtunnel the ‘'aon-
line' data reduction facilities @id not allow force coefficients
to be computed while pressures were being reduced to coefficient
form. Therefore, a separate series of force tests was necessary
to determine the angles of attack needed to achieve the desired
1ift ccefficients. However, pressure distributions could be viewed
on a visual display unit 'on-line' and force and moment coeffi-
cients could be plotted on the same unit when force tests were
being conducted. Tests could be made without removing the model
from the working section with the model inverted as well as erect,
in order to check the sting and balance stiffnesses, angular
misalignment between model and balance axes, balance interacfiuns
and flow inclination in the working section., In [9] the excellent
agreement obtained between erect and inverted drag polars for a
number of Mach numbers is showrn.

The transiticon strip was changed in the working section. The con-
nection between the pressure measuring system and data acquisition
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system in the rear body was not broken during the force and moment
tests. However, a check loading of the model was performed in the
tunnel after the tests with these connections made:; this loading
confirmed the values used for sting and balance stiffness, balance/
model axis angular misalignment and balance interaction, but indi-
cated that the electrical sensitivities of the six balance chan-~
nels differed from the nominal value by a small fixed percentage.
This meant that the lift coefficients used in the RAE tests were
generally slightly higher than the agreed values.

4, Data reduction and presentation

4.1 Data accuracy of the measurements

The data accuracy due to the instrumentation depends on
s the accuracy of the balange readings,
+« the accuracy in angle of incidence, and
s the accuracy in dynamic pressure and Mach number,

Estimated values of these influences are given for all windtunnels

in the fellowing table.

NLE-HET ONERA-S2MA RAE-Bft x #ft
valance HLR 622 ONERA 655 Ho.2 2.25inch 0
Hormal Force T 9220 W 20000 N 7100 W
Maximum Ranga | Axial Forca * 03¢ H 1700 B £70 H
Pitching momant | ¢+ 461 Bm 1000 Hm 750 Nm
0.3%
Estimatad Horual Force full scale 0.1% full acala 0.2% full =scale
accuracy of Axinl Forcos fﬂllui.éﬂ.].ﬂ_' 0.1% full socale 0.2% Eull acale
balance Pltching moment 0.3% 0.1t full scats 0.2 full scale
full wcale
Angle of incidence in t 0.02° t 9.02* £ o,0L"
Hach oumber AM i 0.000% t 0,001 t 0.001
Dynamlc pressure 4q t 40 ¥ + 75 B t 45 !,
m n n

*! This balance was chossn in order to ensure buffat invaztigaticns on the modal
as part of the agresad tast programme




These data result in the following contributions of uncertainties

in CD' CL and EH for a typical case of M = 0.75, QL = 0.5 and
Re = 3+10°%:
IM:IZJ =1 5':12' Balance * 'ﬁcDm * ﬂl":l:'hq
l‘!"':L =1 ﬂcLBalanca * ﬂch t ﬁch
A€y = * 8% patance © ACuq ¥ ACyq
NLR-HST OMERA-S2MA RAE-8ftx8ft
Balance T 0.00043 T 0.00027 00,0002
Ao * 0.00018 * 0.00012 * (0.0001
ho
D Ag t 0,00003 £ ¢.00005 + 0.0000
Total * 0.00064 * 0.00044 + 0.0003
Balance t 00,0048 t 0.0031 + 0.0022
Aa 3 0.0000 £ 6.0025 + 0.0001
dcp
aq * 0,0005 + 0.0008 * 0.0005
Total * 0.0053 * 00,0064 + 0,0028
Balance £ 0,0017 t 0.0011 t 0.0002
Ao + 00,0000 + 0.0001 * 0.0000
acH
Ag * D.0001 + 0.0002 * 0,0001
Total * 0.0018 t 0.0014 t 0,.0003

Due to the addition of the error terms the given values of the data
accuracy are very pessimistic. Moreover, the sco defined theoretical
accuracy mist not he confused with the repeatability of the mea-
surements which is much better.

4,2 Corrections to measured data

The experiments carried out on the DFVLR~F4 wing/body configuration
in the three windtunnels have been reported in three separate re-

22



ports from the corresponding establishments [7,8,9]. In these
reports all essential facts concerning the measurements and the
data evaluation have been presented.

The final data presented in this repert have been corrected with
usual corrections applied to the data in the three windtunnels.
These corrections differ from windtunnel to windtunnel and are
briafly summarized here:

NLR-HST windtunnel

The angle of attack was corrected for
¢ 5ting and balance deflection due to aercdynamic loads

» upwash of the flow in the test section,
The aerodynamic coefficients of the model were corrected for:
« buoyancy drag

« no sting interference corrections were made,

ONERA-S2MA windtunnel

The angle of attack was corrected for

« upwash of the flow in the test section {very small).
The upwash was deduced from tests on the grected and inverted m

» sting'énd balance deflection due to aeraodynamic lcads.
The Mach number was corrected for

« wall interference (very small}.

The drag coefficients were corrected for
» bucyancy drag
s Sting interference

s+ wall interference
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Forces and moments were interpolated in Mach number and angle
of attack for the nominal Mach number by a special ONERA routine.
No corrections have been applied to the pressure data.

RAE-8ft x Bft windtunnel

Thé angle of attack was corrected for
» 5ting and balance deflection due to aerodynamic loads
« upwash of the flow in the test secticn

« tunnel wall 1ift interference

The aerodynamic force and moment coefficients were corrected for
+ Dblockage (0.001 < AM < 0.004 for D.6 5 M S 0.82)

« base pressure.

No corrections were made for buoyancy effects on drag; however,
calculations show that this correction is small for 0.6 SM$ 0,82
and Re = 3-10° (ﬂcn-ﬂﬂ.ﬂﬂﬂli. In addition, no corrections were
applied for sting interference; these corrections would normally
be determined by the twin sting technique. This method could not
be used for the present tests, and this is one of the reasonsz for
performing measurements on the body alone in an attempt to remove
sting interference from the comparisons., Pressure coefficients
were corrected for blockage in the usual way.

DFVLR has obtained a complete set of final corrected data from the three
establishments which form the basis of the following comparison.

4.3 Data selection for presentation in the comparison report

From the first test series in the NLR-HST windtunnel the test
cases for the calculation exercise have been chosen as indicated
in Fig. 14. As trailing edge separation started earlier at the
kink station of the wing than expected these test cases were
selected in that region of Mach number and 1ift coefficients,

where the wing is nearly free from separation. Thus, the flow con-
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ditions of M = 0.75 and Cy = 0.5 and ¢, = 0.6 and H = 0.77 and

¢y = D.5 were fixed. Fig. 15 presents oilflow pictures of the

upper and lower surfaces of the wing for the three test cases.

An additional curve in Fig. 14 indicates the limits of flow con-
ditions where the transition strip is functioning properly. At
lower cL—values and lower Mach numbers the shockwave on the upper
surface is upstream of the strip position. This fact has to be

kept in mind when comparing results from the three windtunnels,

In particular the drag coefficients at flow conditions below this
limit may be influenced by differences in transition position. Thus; a
gserious comparison of drag coefficients cannot be made there. Never-
theless it was decided within AD(AGOLl) to make comparisons also at
low Mach numbers M = 0.6 and 0.7, being aware of the shortcomings

resulting from the improper position of the upper surface strip.

For reasons of clarity and clearness not all data of the ex-
perimental programmes will be compared, As results for Re = 1.5-10°
case were not available from all windtunnels the Reynolds number
Re = 3.0°10° case had@ been selected for comparison purpose. In
several meetings of the experimental specialists of AD(AGOL) it
was decided to present a comparison of

o force- and pitching-moment data for M = 0.6, 0.75, 0.77
and 0.80 for wing/body combination and for wing alcne

» buffet ohsgset data for M = 8.60 to M = (0.45

« wing and body pressure data as well as integr&ted local
normal ferce and pitching moment ceocefficients for

e, = 0.5 M=0,6 to Q.82

M =0.75

: EL bl ﬁ-jr 0-4; ﬂ-5 and U-ﬁ
M = 0,77

with special attention to calculation test cases.

With the aid of the wing alone data it is intended to make some
statements about the different sting interference effects in the
three windtunnels. 1In the following chapter this comparison will
be presented in the form of computer-aided figures produced from the
original final test results sent to DFVLR on magnetic tape.
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