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Abstract: The aerodynamic interference effects of usual devices supporting aircraft models during wind tunnel tests 
have been studied by means of steady RANS simulations of the flow. The flow field and force disturbance caused by the 
supports were deduced by comparing simulations with and without support. Two configurations were addressed. The 
first one deals with low speed test of a large transport aircraft mounted on a circular strut. Only longitudinal forces on 
a clean configuration are studied.  The second one deals with transonic test of a business jet model mounted on a Z-
sting. The support effect is analysed for several Mach numbers and angles of attack. Special attention was paid to the 
proper derivation of corrections of the incoming flow conditions in terms of Mach number and angle of attack. 
Comparison against experimental data is provided to validate the results.

NOMENCLATURE

α Angle of attack
CA Axial force coefficient
CD Drag force coefficient
CL Lift force coefficient
CN Normal force coefficient
Cm Pitching moment coefficient
Cp Pressure coefficient 
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M Mach number
p Static pressure
q Dynamic pressure

SCS Area of model cross-section
SF Area of fuselage cross-section
X Distance to the PMR along wind tunnel axis
x Distance to the PMR along model axis

δξ Difference of field quantity ξ due to the support
δξ = (ξ)support on – (ξ)support off

Δξ Difference of integral quantity ξ due to the support
Δξ = (ξ)support on – (ξ)support off

Subscripts
∞ Flow state at entry of the computational domain 
f Friction
ff Far-field
nf Near-field
p Pressure

ref Flow state near model position, reference quantity
Abbreviations

AoA Angle of Attack
CFD Computational Fluid Dynamics
HTP Horizontal Tail Plane
PMR Point of Model Rotation
SCAB Sting Calibration Body

1. INTRODUCTION 

During wind tunnel tests the aircraft model is maintained in the test section thanks to a support system. This support 
is shaped to be as small and as discreet as possible, under the constraint that it should sustain forces generated by usual
types of models over a wide range of flow conditions and enclose all cables and tubes necessary to supply energy and 
collect measurements from the embarked sensors. These constraints may in fact lead to large size supports compared to 
the model dimensions, especially in pressurized wind tunnels where the forces on the model can reach several tons. 
Therefore, it is generally recognized that aerodynamic interference caused by the model support may have a significant 
effect on the measured data   [2] [8] and several studies were undertaken in the past decades  [12] [13] [16] to determine 
this effect for numerous configurations and flow velocity. 

In most wind tunnel procedures, the support effect is now accounted for thanks to various corrections methods 
  [7] [14] [17] [21]. Unfortunately, the presently existing methods exhibit several drawbacks  [3]:
§ they differ from one wind tunnel to another, making it difficult to compare final results;
§ they rely on simplifying hypotheses and/or empirical assumptions, which validity is doubtful for example at high 
Mach numbers or for unconventional models;
§ they call upon dedicated experiments which are touchy, expensive and requires the introduction of another support, 
i.e. additional distortions of the flow.

In an attempt to alleviate these drawbacks, several recent   [6] [10] [15] or older   [4] initiatives aimed at determining 
whether advanced numerical simulations could help in understanding and predicting the support interference effect. In 
this paper, two examples of such investigations carried out at ONERA are presented. The first one deals with low-speed 
single-strut interference on longitudinal forces on an Airbus configuration tested in the F1 wind tunnel. The second 
application presents results obtained on a Dassault Aviation Falcon mounted on a Z-sting at ETW at cruise conditions. 

Note that the support is generally called a ‘sting’ when nearly lined up with the oncoming flow or a ‘strut’ when 
more or less vertical, and this nomenclature will be used throughout this paper. A sting is very often attached to a 



‘sector’ that enables AoA variations.

2. SINGLE STRUT EFFECT AT LOW-SPEED

A test campaign dedicated to the assessment of interference effects of the usual systems supporting the model was 
carried out in the ONERA F1 wind tunnel at Le Fauga-Mauzac using an Airbus model. It confirmed the existence of 
significant effects on the measurement of model forces, as was previously studied by means of experiments and 
computations on aircraft  [11] [20] or helicopter  [9] [19] models. The results gained served as a basis for correction laws 
that are believed to be satisfactory. However, testing other models would require performing new tests to derive 
accurate support effects. To avoid such expensive tests, CFD is foreseen as an appropriate way to predict support 
effects. The  work then undertaken and reported in this section aimed at validating the ability of RANS CFD tools to 
predict the effect of the single strut on pressure distribution and on model forces.

2.1. Test case, experiments and flow modelling

The Airbus model was tested in the F1 wind tunnel  [7] to investigate the interference effect of a single circular strut 
of diameter 80 mm at the model entry and increasing to 120 mm closer to the bottom wall. The size of the test section 
was 3.5×4.5 m, the frontal area of the strut was 0.180 m2 and the span of the model was 2.869 m. The hydraulic 
diameter of the fuselage ( π/2 FS ) was 300 mm, i.e the ratio of the strut diameter to the fuselage diameter was 0.27, 
which should yield moderate disturbance according to  [11]. As shown in Figure 1, this model was tested mounted on a 
fin sting. Measurements were first carried out without any strut to acquire reference data. A dummy strut was then 
mounted in the test section and measurements were performed at 10 fixed angles of attack, the strut position being each 
time adjusted to keep in same relative position the model and its dummy support. The whole campaign was realised 
with a Mach number of 0.20 and a Reynolds number of 7.7 millions based on mean aerodynamic chord.

The modelling of this test campaign for CFD was realised only for the clean configuration (slats and flaps retracted). 
The body, the wing, the horizontal tail plane (HTP) and the strut were included in the model. The main remaining 
differences with the real model tested were:
§ the through flow nacelles, their pylon and the flap track fairings were not modelled;
§ the fin sting support was replaced by the real vertical tail plane;
§ the unsealed gap between the strut and the edge of the fuselage hole was not modelled because of the lack of proper 
geometrical data. Note however that this gap was reported to have an effect on pressure distribution because of flow 
leakage  [19].

The turbulent boundary layer is modelled on the aircraft skin and on the strut surface thanks to boundary conditions 
and proper refinement of the mesh. On the contrary, no viscous effect is modelled on the wind tunnel walls, which 
allowed us to keep them parallel and to extend the test section up and downstream by about 5 times the length of the 
model.

A structured mesh comprising around 8 millions nodes was build around the model and strut and is shown in Figure 
2. For computations without strut, new blocks of mesh are added to fill in the volume of the strut, so that no alteration is 
made to the rest of the mesh. It ensures that spurious differences resulting from a mesh effect are kept as low as 
possible, and it allows accurate comparison of the flow fields on the model skin and in the surrounding volume.

The physical model implied compressible RANS equations and the two-equation k-ω turbulence closure of Menter, 
with Zheng limiter. This turbulence model has been selected thanks to preliminary computations on a 2D cylinder, 
compared to experiments reported in  [1]. The main numerical parameters are summarized below: 
§ Mean flow equations were solved thanks to a Jameson second order spatial scheme. Coefficients of artificial 
dissipation for second and fourth order are respectively ξ2 = 0 and ξ4 = 0.008. Martinelli correction was used with an 
exponent of 0.3;
§ Equations for turbulence field were solved thanks to a first order Roe scheme, with Harten correction using a factor 
of 0.01;
§ Low speed preconditioning of Chow & Merkle, with parameter β = 5 for the preconditioning of convective fluxes 
and β = 1 for the preconditioning of artificial dissipation was used;
§ Iterative method for time marching was a first order backward Euler scheme, associated with implicit scalar LU-
SSOR solving with 4 relaxation cycles;
§ To improve convergence, local timestep and a 2-level multigrid cycle were used.

2.2. General results

Computations were realised with elsA software  [5], on two processors of ONERA vector computer NEC SX-8. 
2,000 iterations representing about 14 hours CPU time were necessary to reach convergence on configuration without 
strut, with the L2-averaged mean flow residuals loosing 4 orders of magnitude and efforts well stabilised. Concerning 
the configuration with strut, natural unsteadiness of the flow prevented the computation to reach such a fully converged 
state. Residuals were brought down by only 2.5 orders of magnitude, and forces kept oscillating around a stabilized 
mean value, with ±2 10-4 CD, ±3 10-3 CL and ±3 10-3 Cm amplitude. An attempt to damp these oscillations thanks to 
higher artificial dissipation (ξ4 = 0.032) was successful, resulting in an identical increase of drag and lift for the 
configuration with strut and without strut, predicting therefore identical strut effect. Consequently, because these 



oscillations are representative of the flow physics, it was preferred to work with lower artificial dissipation and to rely 
on the force coefficients averaged over the last 500 iterations.

Corrections were applied to the force coefficients and to the upstream Mach number and AoA to account for wall 
interference effect. The set of correction used was the same for experimental and for CFD data, and was computed 
according to usual wind tunnel procedure  [7] [21]. Blockage correction due to the support was applied neither on 
experimental data nor on simulation data. The figures presented in this paper do not include the force on the vertical tail 
plane that was not present during wind tunnel test.

The Figure 3 shows a comparison between computed and measured force coefficients. This comparison is not fully 
rigorous since the nacelles and flap track fairings were not present in the computation. Consequently, the computed drag 
coefficient is lower by about 50 10-4. The lift gradient is slightly underestimated. The aerodynamic centre is predicted 
4% of mean chord away from its measured position. Apart from the above discrepancies, general agreement is good.

2.3. Strut effect on the flow and on model forces at iso-AoA

In this section, the strut effect is regarded as the difference between configuration with strut and configuration 
without strut, the geometrical AoA of the model being kept constant between the two configurations, which can be 
summarized as:

Δα = 0
ΔCN
ΔCA
ΔCm

computed

The effect on the flow is first examined on the skin of the model by observing in Figure 4 the difference in pressure 
distribution δCp. This quantity is compared to the experimental data collected thanks to the pressure taps indicated by 
the dots on the lower part of the figure. The interpolation of the experimental data on the skin was realised thanks to a 
Kriging method. The interpolation is accurate on most parts of the fuselage where the pressure gradient is small with 
regard to the spacing of the sensors. This is not the case close to the strut-fuselage junction, where interpolated contour 
lines should be disregarded.

The distribution of pressure disturbance created by the strut is similar to the pressure distribution around an isolated 
cylinder, with a stagnation point on the fore part and a separated region of low pressure on the aft part. It weakly 
depends on the AoA. Alteration of the wing flow is related to an increase of local AoA over the whole wing span. 
Compared to the available experimental data, the pressure disturbance is well predicted upstream of the strut. On the 
opposite, disturbance related to the strut wake is not accurately predicted. The suction on the aft part of the strut is 
underestimated like in the 2D cylinder computations that were performed to select the turbulence model. More 
downstream, the computation predicts an area of positive δCp corresponding to the end of the recirculation area that is 
observed in experiment roughly at the same position. The rest of the wake exhibits slightly negative δCp (around -0.03) 
that are underestimated by the computation (around -0.01).

The strut effect on forces can be observed in Figure 5. Computations predict that the strut increases the lift 
coefficient of the model by about 0.01 whatever the angle of attack, whereas experiments show a dependency with the 
angle of attack, however with widely scattered measurements. This effect is also lower than the one reported in  [11], 
with the same support but on a different model. The effect of the strut on axial force is very well predicted, and remains 
within experimental uncertainties at all computed angles of attack. Finally, the effect on pitching moment coefficient is 
underestimated by around 0.005. Its order of magnitude is the same as in  [11]. In general, regarding the available 
experimental dataset, the strut effect is accurately predicted all over the range of angle of attack studied. 

The strut effect was examined on each part of the model and the result is shown in Figure 6. The upwash on the 
wing is the main responsible for the lift increase. It has also a direct effect on the axial force, but only a minor 
contribution to pitching moment due to the fact that the reference point is located close to the wing aerodynamic centre. 
According to the observed wing lift increment, and considering the slope of the wing lift curve, the mean upwash on 
wing is 0.15º, in line with the value derived in  [20]. Similarly, the downwash on the HTP plays a role on lift and axial 
forces, but with smaller amplitude because of the smaller size of the lifting surface and because of the smaller δα at the 
HTP location. On the opposite, due to the lever arm, the HTP is a major contributor to pitching moment. The magnitude 
of +0.005 for ∆CmHTP is in agreement with value obtained by comparing tests results with and without HTP. The impact 
of the large flow disturbance at the strut-fuselage junction is responsible for fuselage contribution to drag and pitching 
moment. Finally, the variation of friction drag is negligible on every part of the aircraft.

2.4. Strut effect on the flow and on model forces at iso-Lift

Since the wing obviously suffers from the upwash created by the support and since it contributes to the lift and drag 
deviations, the idea of correcting the AoA to account for support interference was put forward. Computations were then 
undertaken to compare ΔCD and ΔCm at iso-lift instead of iso-AoA. Contrary to the previous sub-section, Δα is now 
computed to ensure ΔCN = 0 (lift is here approximated by normal force) and according to the slope of the lift curve, the 
geometrical AoA of the model in the tunnel is then decreased by Δα = 0.115º.  This can be summarised as:



ΔCN = 0
Δα
ΔCA
ΔCm

computed

The effect on the flow close to the fuselage is very similar to the case at iso-AoA visible in Figure 4. The wing is 
still subjected to upwash on its inboard part, but this is partly compensated by the outboard part lying in a region of 
negative δα. 

The force breakdown is displayed in Figure 7 for the three studied lift conditions. The effect of the strut on fuselage 
forces is nearly unchanged compared to the iso-AoA computation. Because of the more negative angle of attack, the 
down force generated by the HTP is slightly larger, with coherent effect on axial force and pitching moment. In spite of 
the AoA reduction, the lift of the wing with strut remains higher than without strut, so as to compensate for the down 
force on HTP. The ∆CN on wing was however significantly reduced, with associated reduction of ∆CA by 30% to 60%. 
Note that if the iso-lift definition of the strut effect is selected, forces have to be projected in wind axes using the 
corrected AoA αref = α∞ – Δα to be consistent.

2.5. Conclusion

Steady RANS computations were performed on the model shape tested at F1, and compared to the available 
exhaustive experimental database. In spite of inaccuracies in the prediction of the strut wake, the ability of this 
modelling to predict the strut effect on pressure distribution and on model forces was demonstrated. A breakdown of the 
force acting on the different parts of the model was realised and showed the contribution of each element to the total 
interference effect. The flow on wing and HTP is altered by up- and down-wash. Consequently, the wing is a major 
contributor to the strut effect. This can be partly compensated by altering the angle of attack of the model with strut. 
The fuselage has a significant contribution only to drag and pitching moment. HTP has mostly an effect on pitching 
moment.

3. Z-STING SUPPORT EFFECT UNDER TRANSONIC CONDITIONS

This second application deals with high Reynolds transonic test of a Falcon model in the cryogenic wind tunnel 
ETW near Cologne  [23]. Contrary to the previous case, no twin sting test were available to asses the effect of the 
support. Therefore, no validation of the predicted sting effect could be realised. Additionally, ETW has a test section of 
2.0×2.4 m, with solid lateral walls and slotted top and bottom walls. Since no satisfying solution was found to model the 
slotted wind tunnel walls, all computations presented below were realised in free flow, i.e. without any modelling of the 
tunnel walls.

3.1. Mach number and AoA corrections

The transonic flow over supercritical airfoils is well known to be very sensitive to the Mach number and AoA, 
which drives the position of the shock wave on the upper side. This is the reason why accurate Mach number and AoA 
corrections should be used to compensate for support disturbance, not only in the wind tunnel but also in the 
computation. This section presents the procedure that was used to determine these corrections.

For each Mach number and AoA, a preliminary computation was realised, consisting in an Euler computation of the 
flow on the isolated Z-sting (without the blade). Mach number and AoA deviations are then probed at the point of 
model rotation (PMR), which in most test cases corresponds to the longitudinal position of the 25% of mean 
aerodynamic chord. Figure 8 shows the results obtained for Mach 0.80 to 0.90.

One can observe that the support slows the Mach number down by a few 10-3 at the PMR. This velocity disturbance 
increases with Mach number in agreement with Prandtl-Glauert compressibility rule. It is independent of the AoA in the 
small range we were interested in. Concerning flow angle, because the support mainly lies below the model centreline, 
it deviates the oncoming flow upwards. The order of magnitude of resulting upwash at the PMR is of some hundredth of 
a degree and it decreases with Mach number. The order of magnitude of these values is in agreement with previous 
findings on similar supports  [8] [21] [22].

The values of ΔM and Δα of Figure 8 were used to correct upstream flow conditions in the computation of the 
model with support as indicated in Figure 9. One should note that in all cases, pref and qref are used to compute the 
pressure and force coefficients, whereas some authors  [8] compute coefficients with upstream conditions p∞ and q∞ and 
apply afterward a dynamic pressure correction factor. Similarly, and contrary to section  2 where several definitions of 
sting effect were investigated, the angle used to project the force vector onto wind axes is always αref and not α∞.

3.2. Validation against sting calibration data

To assess the accuracy of the isolated sting computation and to gain insight into the validity of the derived ΔM and 
Δα, a comparison with experimental data gathered during tests with the sting calibration body (SCAB) was performed. 

The SCAB is an axisymmetrical body of diameter 160 mm, with a sharp nose and a base. It was mounted on the Z-
sting support used for the Falcon model resulting in the configuration shown in Figure 10. Results are also available 
from previous tests with the SCAB mounted on straight sting. From ETW experience, such configurations are 
insensitive to Reynolds effect  [18]. Euler Chimera computations were then performed with elsA software to simulate the 



SCAB in the following configurations: isolated, mounted on straight sting, in the presence on Z-sting without blade and 
mounted on Z-sting with blade. Flow separation on the base of the SCAB is not accurately predicted with such inviscid 
modelling, but is not of interest here.

Results on this configuration are presented in Figure 11 at Mach 0.85, showing distribution of pressure on the top, 
side and bottom of the SCAB. First of all, one can notice that although the tunnel walls and sector were not modelled, 
no systematic deviation between experiments and computation is observed. This indicates that the wind tunnel walls do 
not generate significant pressure gradient, i.e. their divergence is properly set to compensate for boundary layer growth 
and also probably for the gradient generated by the sector  [10]. It also shows the efficiency of the slots in preventing 
blockage effects for this non-lifting case. Secondly, the Figure 11 shows that the slowdown effect of stings on the 
oncoming flow extends far away from the support, and covers the entire model. Finally, by comparing pressure 
distribution for straight sting and Z-sting to reference distribution on the isolated SCAB, it appears that the Z-sting 
support generates larger velocity slowdown than the straight sting, yielding for example ΔM = –4.9 10-3 at the PMR 
instead of –2.6 10-3. This disturbance becomes locally even larger (–7.9 10-3) when considering the blade.

The computation procedure described in Figure 9 relies on the pressure distribution created by the Z-sting without 
blade. It was checked that the computation on isolated support yields the same pressure distribution than the difference 
between SCAB on support and SCAB alone (apart from stagnation regions), which proves that we are in the scope of 
linearised potential theory. This justifies the use of isolated sting computation in the procedure. From Figure 11, it can 
be seen that the Mach number correction deduced from this procedure is underestimated by about 3 10-3 at the PMR 
because it does not account for the blade.

3.3. Breakdown of sting effect

Comparing the force on the model without sting and the force on the model with sting and with properly corrected 
upstream conditions yields the total sting effect, as sketched in Figure 9. A breakdown of this effect on drag is then 
proposed, after  [8] and  [17], between far-field and near-field effect. The far-field effect is defined as a force due to a 
pressure disturbance δĈp which gradient is assumed to be directed along the model centreline. If this gradient linearly 
adds to the field generated by the model, it creates a force in the axial direction known as buoyancy force and which 
coefficient is expressed as:

ref
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Model ref

ff cos.pˆ
α

δ
∫−=∆ dx

S
S
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CdCD

At small AoA, cos αref ≈ 1 and in practice the axial force is confused with drag force. To compute this buoyancy 
force, the pressure distribution δĈp(x) is the one probed along the model centreline in the isolated sting computation. 
The resulting force ΔCDff is presented in Figure 15 and ranges between -5 and -8 10-4. This force is subtracted from the 
total sting effect to give the near-field effect. 

The use of far-field correction has to be defined in accordance with the wind tunnel procedure. A buoyancy 
correction is already part of the usual data reduction performed in most wind tunnels. Therefore, care has to be taken 
not to account for it twice, by applying first usual wind tunnel corrections, and then support corrections deduced by 
CFD. In the present case, buoyancy was corrected by ETW based on experimental data, and only the near-field effect 
was used as a CFD support correction.

3.4. Flow computations and sting effect

Flow on the Falcon model, with and without support, was computed including the modelling of the following 
features (see Figure 12):
§ Full aircraft model, including body, wing (shape under cruise lift coefficient), lateral and central nacelles, vertical 
and horizontal tail planes.
§ Connecting elements (blade, sting, sting boss) down to the sector attachment. The sting is prolonged down to the 
infinite downstream by a cylinder of diameter 445 mm. The clearance between the blade and the model is considered as 
perfectly sealed and is consequently not modelled.

The Reynolds number based on mean aerodynamic chord was 16 106 for all computations, identical to the test. The 
boundary layer was regarded as fully turbulent. Computed Mach numbers were 0.80, 0.85 and 0.90.

A structured grid was built around this geometry. Taking advantage of elsA capabilities to deal with partially and 
totally non-matching joins between blocks, the mesh size could be limited to about 7 millions cells while maintaining 
good refinement in places of interest. It is estimated that a gain of about 35% compared to fully coincident grid was 
realised on this case. Like in previous section, the volume of sting and blade was filled with new blocks of mesh for 
computations without support so as to minimize spurious effect. Compressible RANS equations were solved using elsA
software  [5]. The two-equation k-ω turbulence closure of Wilcox, with Kok correction, Zheng limiter and production of 
k based on vorticity was used. The main numerical parameters were the same as in  2.1, except for the low-speed 
preconditioning that was not used at the studied transonic conditions. 1,500 iterations realised on a NEC SX-6 
representing 21 hours CPU were necessary to reach convergence. L2-averaged mean flow residuals lost 4 orders of 
magnitude and efforts were stable within ±0.2 10-4 CD, ±10-3 CL and ±10-3 Cm.

The Z-sting support effect on the pressure distribution on the model surface may be observed in Figure 13. First, one 
can note that the Mach number correction applied was rather successful in retrieving correct Mach number near the 



wing of the model, at the cost of a slight overspeed on the nose. Plotting the flow angle in the volume surrounding the 
model shows qualitatively that the AoA corrections also permitted to compensate for support-induced upwash. As a 
consequence, the wing shock wave is not moved by the support interference, as can clearly be seen in Figure 14. The 
larger distortions are logically observed close to the blade, but they also extend to the lateral nacelles where the size of 
the supersonic region is reduced by the shock wave moving upstream. The flow slow-down associated with the 
stagnation region at the blade leading edge also extends to the wing lower surface. A shielding effect from the lateral 
nacelles can be observed resulting in the upper side of the lateral nacelles and the central nacelle suffering almost no 
distortion. The whole horizontal tail plane lies in a region of overspeed as predicted by SCAB computations reported in 
Figure 11. 

Because no twin sting test result was available on this model, it was not possible to validate these observations 
against experimental data. However, the test at ETW allowed us to compare computed and measured pressure 
distribution on 7 sections on the wing. The agreement was found very satisfactory, as shown in Figure 14.

The effect of the sting support on model forces is presented in Figure 15. At first, let us analyse results at Mach 0.80 
and 0.85 only. The lift is increased by around 1.5 10-2 nearly independently of the AoA and increasing with Mach 
number. This is related to the pressure increase on the lower side of wing and fuselage. Concerning drag, the far-field 
effect lowers the drag of the model because of dominating positive pressure gradient. The remaining near-field effect 
ranges between -5 and +5 10-4, and like the effect on lift it grows with Mach number. Negative pitching moment 
deviation of about -5.10-3 accounts for the upwash on the horizontal tail plane. It is weakly dependent on AoA and it is 
again increasing with Mach number. At Mach 0.90 a shock wave appears on the wing lower surface. It is then not 
possible to keep shock waves at the right position on both side of the wing when introducing the support. This explains 
the rapid growth of deviations at this high Mach number.

3.5. Conclusion

Sting interference effect has been computed prior to the transonic test of a Falcon model and could be used as 
corrections during the test campaign. The magnitude of the effect of the Z-sting support was found weak. The wing 
flow and especially the shock wave position were nearly unaltered by the support. The larger disturbances appear on the 
lower side of the lateral nacelles. Special interest was paid to the proper determination of Mach number and AoA 
corrections to perform computations with support that are comparable to wind tunnel data. A breakdown of drag 
deviations between near-field and far-field effects was proposed to facilitate the integration of CFD results into the 
usual wind tunnel corrections.

4. CONCLUSION & PERSPECTIVES

The two applications presented in this paper illustrate possible contributions of CFD to improve the understanding 
of support interference in wind tunnel tests. Both low speed and high speed test configurations, with different models 
and supports, were successfully addressed by RANS simulations of the flow. The importance of proper Mach number 
and AoA corrections prior to performing computations with support was highlighted, and a way to determine these 
corrections was proposed.

Investigations on support interference are still undergoing as a part of the FLIRET project and other research 
projects. Special interest is paid to the improvement and the generalisation of the determination of Mach number and 
AoA correction, both for computations and for experiments. From the design point of view, the experience gained 
throughout these projects could be used to support the design of low disturbance supports. The rising use of Chimera 
technique will make considerably easier the meshing process in the near future. The use of other CFD codes relying on 
unstructured meshes might also be a solution to improve response time and to address more complex configurations.
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FIGURES

Figure 1: Airbus model during test with dummy strut at F1 Figure 2: Mesh of the model and its support in the test 
section (1 mesh point out of 4 is displayed)



Figure 3: Comparison of lift, drag (wing elliptic induced drag 
removed) and pitching moment coefficient with and without 
strut, as measured and computed – forces are projected on 

AoA not corrected for strut effect

Figure 4: Strut effect on pressure distribution under the 
Airbus model at AoA 10º as computed (top) and measured 

(bottom, dots indicate pressure taps)

Figure 5: Strut effect on forces

Figure 6: Breakdown of strut effect at iso-AoA

Figure 7: Breakdown of strut effect at iso-Lift



Figure 8: Mach number(continuous lines) and AoA 
(dashed lines) deviations at PMR  deduced from sting 

alone Euler computations

Figure 9: Computation procedure for the prediction of transonic 
sting effect

Figure 10: Euler Chimera computation of the sting 
calibration body mounted on Z-sting and blade at Mach 0.85 

and AoA 0º: Mach number in the plane of symmetry

Figure 11: Pressure distribution on the calibration body for 
various sting supports (see on top) at M∞ = 0.85 and α∞ = 0º, 

computed by Euler CFD (lines) and measured (symbols)



Figure 12: Pressure distribution and friction lines under the 
Falcon model with (top) and without (bottom) Z-sting 

support

Figure 13: Sting effect on pressure distribution on the Falcon 
model

Figure 14: Wing pressure distribution on the Falcon model Figure 15: Sting effect on force coefficients
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