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An experimental study on the e↵ects of two-dimensional positive surface defects on the laminar-turbulent transition of a sucked boundary layer

Laminar-turbulent transition can be e↵ectively delayed using Laminar Flow Control (LFC) by boundary layer suction. However, major obstacles to the industrial implementation of this technique are related to practical limitations such as proper integration of the suction system or unreliability of current design tools. The influence of surface discontinuities that can arise from installing an LFC system (and that can potentially cancel or deteriorate its stabilizing effect on the boundary layer) is scarcely documented in the open literature, adding to the complexity of improving numerical models. The present investigation therefore focuses on experimentally characterizing the e↵ects of surface defects on the laminar-turbulent tran-

The projected increase in air tra c volume coupled with the need to reduce aviation's fuel consumption for environmental sustainability has led to a renewed interest in laminar flow research. Di↵erent approaches can be used to maximize the extent of laminar flow regions and delay laminar-turbulent transition: Natural Laminar Flow (NLF), where airfoil profile geometry is optimized to generate a favorable pressure gradient; Laminar Flow Control (LFC) where an active form of control is used to maintain a laminar boundary layer over the entire profile; and Hybrid Laminar Flow (HLFC) which consists in a combination of LFC in the fore section of the profile followed by an NLF geometry. In particular, the basic objective of these flow control techniques is to reduce skin friction drag, which can represent approximately 50% of the total drag of a typical civil transport aircraft [START_REF] Marec | Drag reduction: a major task for research[END_REF], by delaying the laminar-turbulent transition of the boundary layer. One LFC method is to stabilize the boundary layer using wall suction by making the mean streamwise velocity profile fuller.

Test flights reported by Head [START_REF] Head | The boundary layer with distributed suction[END_REF] performed as early as in the 1950s demonstrated the e↵ectiveness of boundary layer suction through a sheet of porous nylon material attached over the suction box in the wing. Regions of the wing that were normally turbulent without any active flow control were found to be laminar when suction was applied. In addition to LFC configurations using porous sheets, in-flight investigations were also done on the e↵ectiveness of suction through slots, such as on the X-21A or X-21B. Laminar flow over more than 50% chord was successfully achieved across Reynolds numbers ranging from 20•10 6 to 40•10 6 according to Joslin [START_REF] Joslin | Overview of laminar flow control[END_REF]. However, premature transition was often triggered [START_REF] Braslow | A history of suction-type laminar flow control with emphasis on flight research[END_REF] despite the care taken to ensure surface smoothness during both manufacturing and operation. In response to this issue, conservative surface tolerances were defined but did not account for local flow conditions [START_REF] Nenni | Aerodynamic design and analysis of an LFC surface[END_REF]. Eventually, despite the program's success in proving slot-suction e↵ectiveness, the uncertainties related to in-service operation and sensitivity to surface defects halted the commercial application of this technology.

As manufacturing capabilities improved, porous materials such as nylon were replaced by perforated metallic sheets (typically stainless steel or titanium). Flight tests were subsequently conducted on a Dassault Falcon 50 as described by Bulgubure and Arnal [START_REF] Bulgubure | Dassault Falcon 50 laminar flow flight demonstrator[END_REF] in the late 1980s in France and on a B757 in the early 1990s in the United States [START_REF] Maddalon | Hybrid Laminar Flow Control flight research[END_REF]. In both cases, laminarturbulent transition was e↵ectively delayed, thus demonstrating the feasibility of using wall suction on a commercial aircraft's wing using modern manufacturing techniques. In particular, Maddalon reports that laminar flow was maintained for up to 65% of the B757 wing chord, corresponding to a projected 6% drag reduction at the scale of the aircraft. Unfortunately, discrepancies between predicted results and experimental data highlighted limitations in the available design tools, leading to further test campaigns but commercial implementation.

In between the two periods of flight testing campaigns mentioned above, wind tunnel investigations were also conducted on the di↵erent parameters that could a↵ect suction performance. Critical suction (sometimes re-ferred to as oversuction), defined as the rate of suction above which suction loses e↵ectiveness and starts to destabilize the boundary layer, can mainly be a↵ected by five parameters: suction flow rate as well as hole size, spacing, geometry and wall-normal inclination [START_REF] Joslin | Overview of laminar flow control[END_REF].

In an experimental investigation illustrating oversuction, Gregory [START_REF] Gregory | On critical suction conditions for laminar boundary-layer control by suction in perforation[END_REF] found that depending on the suc- A follow-up study on the influence of the perforated sheet's porosity on transition concluded that this parameter had less of an e↵ect than suction distribution.

tion
However, other studies, by Heinrich et al. [START_REF] Heinrich | A comparison of boundary layer receptivity mechanisms[END_REF] or

Choudhari [START_REF] Choudhari | E↵ect of nonzero surface admittance on receptivity and stability of compressible boundary layer[END_REF] for example, have found that a porous wall without any suction, which can also be referred to as wall-admittance or a passive porous wall, could a↵ect boundary layer stability. Research into how this phenomenon could be used as a flow control technique itself has led to numerical studies, such as those by Carpenter [START_REF] Carpenter | E↵ects of passive porous walls on boundary-layer instability[END_REF] and Tilton et al. [START_REF] Tilton | Stability of boundary layers over porous walls with suction[END_REF], where a passive porous wall was found to generally destabilize the boundary layer. In the present study, the e↵ect of porosity without suction was observed and will briefly be mentioned; however, this issue will be addressed in more details in a future paper focused primarily on this topic.

Implementing LFC is a proven and e↵ective method to delay laminar-turbulent transition. However, commercial use of this technology is still hindered by practical limitations such as integration of the suction system in the aircraft or unreliability of the design tools due to incomplete understanding of the physics involved.

The influence of surface defects (due to manufacturing or in-service operation, for example) on the e↵ectiveness of an LFC system is related to both issues men- for forward-facing steps. In a set of numerical simulations by Rizzetta and Visbal [START_REF] Rizzetta | Numerical simulation of excrescence generated transition[END_REF], where the dif-ference between the e↵ects of the two types of steps was not as distinguishable as in the previous studies mentioned above, the onset of detectable flow instabilities also occurred earlier for backward-facing steps compared to forward-facing steps of comparable heights.

Studying the e↵ects of steps can then lead to the investigation of the e↵ects of rectangular or rounded humps on boundary layer transition, such as in the numerical simulations performed by Wörner et al. [START_REF] Wörner | Humps/steps influence on stability characteristics of twodimensional laminar boundary layer[END_REF]. In this study, the e↵ect of humps could be described as a result of the juxtaposition of a forward-facing step followed by a backward-facing step. The e↵ects of cylindrical roughness elements, such as wires studied by Klebano↵ and Tidstrom [START_REF] Klebano↵ | Mechanism by which a two-dimensional roughness element induces boundary-layer transition[END_REF] or Tani [START_REF] Tani | E↵ect of two-dimensional and isolated roughness on laminar flow[END_REF], could therefore be expected to produce similar flow geometries. In particular, a comparison between the data from the experiments by Tani [START_REF] Tani | E↵ect of two-dimensional and isolated roughness on laminar flow[END_REF] and Wang and Gaster [START_REF] Wang | E↵ect of surface steps on boundary layer transition[END_REF] shows that wires will move transition location upstream for lower critical diameter-to-boundary-layer-thickness ratios (h/ 1 ) than either forward-or backward-facing steps of comparable dimensions.

As shown in the literature, one of the main obstacles to commercial implementation of LFC is related to the 

Experimental Method

In this section, the subsonic wind tunnel facility along with the measurement techniques and experimental protocol used to acquire the steady aerodynamic data are presented. Further details about the facility and instrumentation can be found in Methel et al. [START_REF] Methel | Experimental characterization of the laminar-turbulent transition of a sucked boundary layer due to surface defects in a two-dimensional incompressible flow[END_REF].

Research Facility

This study was conducted in the ONERA TRIN 2 subsonic wind tunnel, shown in Figure 1, operating at local atmospheric conditions. Test section speeds range from 20 m.s -1 to 50 m.s -1 , corresponding to equivalent unit Reynolds numbers between 1•10 6 m -1 and 3•10 6 m -1 . Flow exits the test section through a diverging nozzle with an area ratio of 3 and is discharged in a noisereduction chamber (not shown in Figure 1). The purpose of this chamber is to prevent pressure waves from the driving fan (located downstream of the test section, at the wind tunnel exhaust) from propagating upstream 

Wall Suction Parameters

The suction panels with porosity consist of 0.9 mmthick micro-perforated titanium sheets, while the panel without porosity is made of 0.8 mm-thick aluminum. All are flush-mounted with the rest of the flat plate's upper side. The three suction panels that were tested for this study have porosities p of 0% (solid wall), 0.26%, and 1.34%, with porosity defined as the ratio of the holes' area to the sheet's total surface area.

The panel with 0.26% porosity has 90 µm-diameter holes evenly spaced in a square pattern of dimensions 1.6 mm by 1.6 mm. The panel with 1.34% porosity has 190 µm-diameter holes evenly spaced in a square pattern of dimensions 1.44 mm by 1.44 mm. A summary of the di↵erent suction panels along with their labels is given in Table 1. Suction panels were labeled P1, P2

or P3 to leave the possibility open for either porosity and/or hole diameter to be responsible for the e↵ect on transition.

Copper tubes protrude from one side of the flat plate to connect each suction chamber to its appropriate mass flow meter. Downstream of the flow meters, all flows are discharged in a manifold, whose exhaust is connected to the vacuum pump. For all test configurations with suction, total mass flow rate of the suction flow was kept constant at 0.4 g.s -1 and only suction distribution varied.

Based on results from Juillen et al. [START_REF] Juillen | Aspiration discontinue : résultats expérimentaux et comparaisons aux résultats de calculs de stabilité[END_REF] and data from the present study, four test configurations were chosen: no suction, 0.4 g.s -1 suction on chamber 1 only, 0.2 g.s -1 suction on chambers 3 and 5, and 0.044 g.s -1 suction on each of the nine chambers that will respectively be referred to as no suction, C1/0.400, C3,5/0.200, and full suction.

Porous Wall E↵ects on Transition Location

The transition positions for the di↵erent suction panel Transition location for all configurations with suction was moved further downstream than in the case without suction, as recorded in This section first describes the geometry of the surface defects and their installation on the flat plate. Their e↵ects on boundary layer stability in cases with and without suction are then discussed.

Surface Defect Geometry and Installation

Cylindrical spanwise roughness elements (wires) were chosen for their single degree of freedom (diameter, h) and their ease of installation. This type of surface 4, along with the no suction h/ 1 and the rounded average h/ 1 that will also be used to reference the di↵erent cases. Finally, wires were adhered to the flat plate using spray glue applied directly to the defect so as to minimize additional thickness due to mounting and local blockage on the perforated sheet. tion configuration does not a↵ect boundary layer profile: just downstream of the surface defect, the e↵ect of the wire is stronger than the e↵ect of wall suction.

In cases i and ii, i.e., for h/ 1 values ⇠0.2 and ⇠0.4, This trend is confirmed through cases iii and iv, where h/ 1 increases to ⇠0.5 and ⇠0.6. Regardless of suction configuration, transition now occurs at the same position: the location of the surface defect. The corresponding mean velocity profiles for all suction configurations display well-defined inflection points, shown in Figures 8(c) and 8(d). As the h/ 1 ratio is raised between cases iii and iv, the proportion of the boundary layer disrupted by the surface defect is consequently larger, which explains the increase in the altitude of the inflection point. Therefore, as the inflection point is further from the wall, the profile becomes more unstable (which is also similar to the findings related to the e↵ects of an adverse pressure gradient on boundary layer stability in [START_REF] Mack | Transition and laminar instability[END_REF]), and wall suction becomes less e↵ective. In these cases, the instability caused by the wire could not be cancelled or lowered by any of the suction configurations and transition therefore occurs at the location of the surface defect.

As mentioned at the beginning of this section, Figure 8(d), for case iv, exhibits one anomaly: the C1/0.400 profile, which has an inflection point at a higher altitude than the profiles from the other suction configurations.

In this case, the surface defect is mounted immediately downstream of suction chamber C1, on which maximum suction flow rate is being applied. Through the action of wall suction, the C1/0.400 boundary layer at the surface Fig. 8: Boundary layer profiles 1 mm downstream of the surface defect position for di↵erent suction configurations defect location is therefore noticeably thinner than in configurations no suction or full suction (respectively, 1 = 85 µm and 1 = 75 µm using the 3C3D boundary layer code, see Table 4). With this lower displacement thickness, h/ 1 for C1/0.400 is actually closer to 0.7 than 0.6. In the previous paragraph, when the size of the surface defect with respect to displacement thickness increased, the altitude of the inflection point inside the boundary layer was raised. The anomaly of the C1/0.400 profile discussed here is therefore a direct consequence of the reduced boundary layer thickness due to wall suction. Although this anomaly could have been avoided by placing the profile in its own distinct category, this situation was a more vivid illustration of the competing e↵ects between wall suction and surface defects. Translated to a more practical LFC situation for instance, a surface defect remaining at the same position would a↵ect boundary layer stability di↵erently depending on the local suction distribution.

For each suction configuration, the transition Reynolds number with and without a surface defect is compared in Figure 9(a) to data from Tani [START_REF] Tani | E↵ect of two-dimensional and isolated roughness on laminar flow[END_REF] and Feindt [START_REF] Feindt | Investigation on the dependence of laminar-turbulent transition on surface roughness and pressure gradient[END_REF] where the e↵ects of circular wires on transition were investigated. Since the reference case with no suction and no surface defect for the present data has an absolute transition position Re xT close to Tani's equivalent case, no attempt to normalize the data in Figure 9(a) to account for potential di↵erences between wind tunnels or experimental set-ups was performed.

In general, the data in the present study show relatively good agreement with Tani's data, especially for the no suction case where comparison is most relevant. The trend for the configurations with suction, although similar to the one without suction, is exacerbated. For the given two-dimensional positive surface defects in this study, wall suction is therefore only e↵ective up to crit-ical relative heights similar to those of a configuration without suction. In particular, the e↵ect of wall suction or wall porosity can be paralleled to the e↵ect of freestream turbulence Tu, as shown by the data from shows that regardless of the porosity or suction configuration, the critical h/ 1 seems to be the same, at an approximate value of 0.4. In the case of porosity equal to 0.26%, the cases with suction seem more sensitive to the presence of a surface defect than without suction since they depart from 1 more significantly before the critical h/ 1 . On the other hand, in the case of porosity equal to 1.34%, the no suction case is more sensitive to surface defects than the cases with suction and decreases more rapidly to zero before the critical h/ 1 .

Overall, between the two porous cases, the panel with higher porosity seems more sensitive to surface defects that with lower porosity. This di↵erence could, in part, be explained by the varying lengths of the laminar flow regions depending on the case, suggesting that for the same surface defect position, the boundary layer is actually at a di↵erent phase of its evolution. Di↵erences between the two porosities will not be discussed further, being beyond the scope of this study.

E↵ect of Surface Defects on Boundary Layer

Stability: Spectral Analysis

The e↵ect of surface defects on transition can also be evaluated through spectral analysis using unsteady data from streamwise traverses at 300 µm from the wall. 

q = q(y)e ↵ix e i(↵rx !t) (2) 
where q is any perturbation quantity. In Figure 11(d),

where there is a critical surface defect and transition is due to the inflection point in the boundary layer, the range of unstable frequencies is much larger than for the no surface defect case. With the surface defect h/ 1 equal to 0.43, the neutral stability curve spans over a much wider range of unstable nondimensional frequencies and these unstable frequencies are much higher than in the no surface defect case. This observation agrees with the PSD results where a range of high frequencies (above 2 kHz) were found to be amplified in to the amplification of a range of high frequencies (ranging from 1.5 kHz to 10 kHz depending on h/ 1 ). Furthermore, the mean velocity boundary layer profiles immediately downstream of these surface defects showed well-defined inflection points. For these critical surface defect h/ 1 , the mechanisms leading to transition therefore seemed to be less the result of viscosity-driven instabilities and rather the product of inflectional-type instabilities. Finally the competing e↵ect between the reduction in boundary layer thickness 1 due to wall suction and the resulting increase in h/ 1 in the presence of a surface defect that was highlighted in case iv needs to be considered when determining critical surface defect heights.

Appendix

The following tables provide the coordinates of the numerically optimized leading edge, shown in Figure 2(a).

x 
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  Tollmien-Schlichting instabilities. For these critical cases, the mechanisms of transition therefore seem mainly governed by the presence of the positive surface defects rather than by instabilities altered by wall suction. Keywords laminar-turbulent transition • boundary layer suction • Laminar Flow Control • surface defects

  figuration with suction applied over only two chambers moved the transition location 35% further downstream from the original transition location without suction with respect to the leading edge.

  tioned above. Furthermore, no experimental data reporting the e↵ects of surface imperfections on a sucked boundary layer are currently available in the open literature. In general, surface defects are known to destabilize a "natural" boundary layer (i.e., without suction and without surface defects) and trigger premature transition. During test flights on the X-21 in the 1960s, Nenni and Gluyas [NG66] established transition criteria in terms of Reynolds numbers based on the height of backwardand forward-facing steps or streamwise length of gaps, and the freestream velocity and kinematic viscosity. In this case, the critical Reynolds number for a backwardfacing step, a forward-facing step and a rectangular gap is equal to 900, 1800 and 15,000 respectively. Although these criteria are still used today, later experimental and numerical studies revealed more appropriate parameters to define transition criteria such as the two-dimensional surface defect's height-or depth-towidth ratio and local, instead of freestream, flow velocity ([BPFB16] and [CRK15]). As shown by the criteria above from Nenni and Gluyas, experiments, by Wang and Gaster [WG05] for example, or numerical studies by Perraud [PSR + 05] show that backward-facing steps, in general, tend to destabilize the boundary layer more significantly than forwardfacing steps. A receptivity study performed by Dovgal et al. [DKM94] also confirmed this trend as authors measured levels of perturbations induced by backwardfacing steps approximately twice as large as those found

  sensitivity of the boundary layer to surface imperfections. Current manufacturing capabilities imply that the designs of boundary layer suction systems necessarily involve a surface discontinuity between the re-gions with and without suction. The purpose of this study is therefore to provide experimental data and analysis on the e↵ects of one type of surface defect, namely two-dimensional positive roughness elements, on the laminar-turbulent transition of a sucked boundary layer. The research facility and flat plate are presented in the following section, followed by a characterization of the e↵ects of boundary layer suction only (without surface defects) on transition. Finally, twodimensional positive surface defects (circular wires) are introduced on the flat plate wall and their e↵ects are discussed.
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 1 Fig. 1: Overview of the ONERA TRIN 2 subsonic wind tunnel facility
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 545 Figure 5(c) is an example of a power spectral density distribution (PSD) of the velocity fluctuations at
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 6 Fig. 6: Streamwise velocity fluctuations for all tested cases of porosity

Fig. 7 :

 7 Fig. 7: Boundary layer profiles along di↵erent streamwise positions for all suction configurations
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 2 E↵ects of Surface Defects on Mean Flow and Transition Mean velocity profiles at a position one millimeter downstream of the surface defect were acquired for the different relative height ratios h/ 1 and are shown in Figure 8.In all cases but one (case iv, C1/0.400), suc-

Feindt.

  Whether transition location is moved further downstream through the e↵ect of lower freestream turbulence or boundary layer suction, transition Reynolds number is nearly independent of the surface defect's relative height up to values of h/ 1 between 0.3 and 0.4. However, above their respective critical h/ 1 ratio, all data sets seem to collapse to Tani's original curve, since neither freestream turbulence nor wall suction can counteract the boundary layer destabilization induced by the surface defect. To compare the behavior of the di↵erent suction configurations and porosities to surface defects with similar values of h/ 1 , a non-dimensional parameter xT,SD was then introduced in Figure 9(b) and is de-

Fig. 9 :

 9 Fig. 9: Transition parameters variation with respect to relative roughness height for all suction configurations

  Figure 13 shows the PSD of the velocity fluctuations for each suction configuration at the traverse position closest to its corresponding transition Reynolds number, i.e., where instabilities responsible for transition can be observed by their noticeably larger magnitudes. In the case with neither suction nor surface defect, shown by the thick blue line in Figure 10(a), a bulge ranging from 500 Hz to 700 Hz can be noticed. This bulge corresponds to the TS waves responsible for the onset of transition as discussed in Section 2.3. Similarly, the cases with suction (represented by the medium magenta line for C1/0.400 and the thin green line for full suction) also have a bulge over the same frequency range with, however, lower amplitude and at positions further downstream. Suction therefore does not seem to change the mechanisms through which transition occurs but rather delays and reduces the amplification of the natural (TS) instabilities. As a note, configuration C3,5/0.200 is not shown to improve general clarity of the graphs and because its spectra are similar to the full suction case. In cases i and ii, shown in Figures 10(b) and 10(c),where a surface defect is present but transition is simply shifted upstream, the general shape of the curves and the values of the PSD amplitudes reached by the TS instabilities are similar to the ones found for the no suction case. This seems to indicate that the mechanisms leading to transition are unchanged but that, in this case, the presence of the surface defect slightly increased the amplification process of the TS waves.However, in cases iii and iv, where transition occurs very close to the location of the surface defect, the general shape of the curves, in Figures10(d) and 10(e) re-spectively, has changed. A new bulge, covering a wide range of high frequencies from 1.5 kHz to 5 kHz for case iii and 3 kHz to 10 kHz for case iv, has now clearly appeared. This phenomena is similar to the one described by Mack[START_REF] Mack | Transition and laminar instability[END_REF] and observed by Watanabe and Kobayashi[START_REF] Watanabe | E↵ect of a single roughness element on boundary layer transition over a wedge[END_REF] who also studied the e↵ect of wires on transition.

Fig. 10 :

 10 Fig. 10: PSD (probed at y = 300µm from wall) just upstream of corresponding transition location Re xT for each suction configuration for di↵erent surface defect relative height ratios. (thick blue lineno suction, medium magenta line -C1/0.400, thin green linefull

  figurations, as explained above. In all these cases, the hotwire is therefore exploring slightly di↵erent relative altitudes y/ 1 or y/ 99 inside the boundary layer where PSD amplitude levels are di↵erent.

Table 1 :

 1 Transition positions for all suction cases with respect to the di↵erent panel porosities

	Suction panel p [%] Hole diameter [µm] Hole spacing [mm]
	P1	0	0	0
	P2	0.26	90	1.6
	P3	1.34	190	1.44

Table 2

 2 

	. The suction distri-

Table 2 :

 2 Transition positions for all suction cases with respect to the di↵erent panel porosities

		p = 0.26%	p = 1.34%	p = 0%
	suction case x	T [mm] Re	xT [-]	Re	xT [-]	Re	xT [-]
	no suction	640	1.66•10 6	1.33•10 6	1.92•10 6
	C1/0.400	850	2.20•10 6	1.56•10 6	N/A
	C3,5/0.200	890	2.30•10 6	1.66•10 6	N/A
	full suction	890	2.30•10 6	1.59•10 6	N/A
	the full suction case, which was not visible on any of
	the mean velocity profiles, can clearly be observed on
	the transition location.					
	4 E↵ects of Positive Surface Defects on	
	Boundary Layer Transition with Wall Suction

Table 3 :

 3 Summary of the surface defect (SD) geometry

	and position				
		wire				
	case	diameter,	x	SD [mm]	Note on x	SD
		h [µm]	(Re	x,SD •10 -6 )	
						located at junction of
	i	100	333 (0.87 )	
						C3 and C4
						located immediately
	ii	300	636 (1.65 )	
						downstream of C9
						located at junction of
	iii	300	434 (1.13 )	
						C5 and C6
						located at junction of
	iv	300	234 (0.61)	
						C1 and C2

Table 4 :

 4 Local boundary layer thickness (numerical

	value) at surface defect location		
		1 [µm] at x	SD (from 3C3D)	
		no				full	no	⇠mean
			C1/		C3,5/		suc-	(h/	1 )
	case	suc-				suc-	
			0.400	0.200		tion	(for ref-
		tion				tion	
							h/	1	erence)
	i	605	569		547	585	0.17	⇠0.2
	ii	839	819		804	793	0.36	⇠0.4
	iii	692	665		611	663	0.43	⇠0.5
	iv	506	421		506	496	0.59	⇠0.6

Table 5 :

 5 RexT for suction panel p = 0.26%

	config	h/	1	no defect	⇠0.2		⇠0.4
	no suction		1.66•10 6	1.59•10 6	1.66•10 6
	C1/0.400		2.24•10 6	2.05•10 6	2.04•10 6
	C3,5/0.200		2.30•10 6	2.21•10 6	2.20•10 6
	full suction		2.30•10 6	2.24•10 6	2.20•10 6
	only a slight profile inflection is induced by the sur-
	face defect. In general, for these cases, all configurations
	with suction still transition further downstream than
	when no suction is applied. Additionally, even in the
	presence of these surface defects, the varying e↵ective-
	ness of the suction configurations is apparent from the
	results shown in Table 5: transitions locations are sim-
	ply shifted upstream but keep the same relative position
	with respect to each other. For instance, the table shows
	that C3,5/0.200 and full suction transition at the same
	shifted location, while C1/0.400 is still less e↵ective and
	transitions earlier. Therefore, despite the similar mean
	velocity profiles immediately downstream of the surface
	defect, stabilization due to suction still proves e↵ective.
	Nevertheless, as the surface defect's h/	1 increases from
	⇠0.2 to ⇠0.4, the e↵ectiveness of wall suction tends to
	weaken slightly. The corresponding results for suction
	panels with no porosity and with 1.34% porosity are
	given in Tables 8 and 9 respectively of the Appendix.

Table 6 :

 6 Leading edge coordinates on the lower side

	[mm]	0	0.02	0.074	0.167	0.3	0.7
	y [mm]	0	-0.33	-0.67	-0.98	-1.31	-1.96
	x [mm]	1.18	1.85	2.66	3.12	4.15	4.7
	y [mm]	-2.62	-3.27	-3.89	-4.24	-4.88	-5.2
	x [mm]	5.33	6.65	7.36	8.9	10.6	13.34
	y [mm]	-5.52	-6.15	-6.47	-7.09	-7.71	-8.63
	x [mm]	15.36	17.52	21	23.49	28.84	34.7
	y [mm]	-9.23	-9.83	-10.71 -11.28	-12.4	-13.48
	x [mm]	39.4	46.1	55.04	62.67	72.75	83.38
	y [mm] -14.25 -15.25 -16.43 -17.31 -18.33 -19.25
	x [mm]	99.07	118	140.2	165.7	168.2	178.5
	y [mm] -20.37	-21.4	-22.25 -22.69 -22.73 -22.75
	x [mm]	0	0.09	0.24	0.48	0.83	1.5
	y [mm]	0	0.88	1.33	1.78	2.24	2.85
	x [mm]	2.2	3.05	4.1	4.94	5.9	6.9
	y [mm]	3.31	3.77	4.23	4.54	4.84	5.15
	x [mm]	8.05	9.32	10.71	12.24 14.78 17.65
	y [mm]	5.45	5.75	6.04	6.34	6.77	7.19
	x [mm] 20.87 23.22	25.73	28.42 31.29 35.95
	y [mm]	7.61	7.88	8.15	8.41	8.67	9.04
	x [mm] 39.29 42.84	48.55	52.62 56.91 61.43
	y [mm]	9.28	9.51	9.85	10.06 10.27 10.47
	x [mm] 66.18 68.64	71.17	73.75	76.4	84.72
	y [mm] 10.66 10.75	10.84	10.92	11	11.25
	x [mm]	99.9	109.8 116.75 147.5 178.5	
	y [mm] 11.59 11.77	11.87	12.17 12.25	

Table 7 :

 7 Leading edge coordinates on the upper sideThe following tables provide the additional transition location data Re xT for the di↵erent surface defects tested on suction panels without porosity and with 1.34% porosity.

Table 8 :

 8 RexT for suction panel p = 1.34%

	config	h/	1	0 (ref.)	⇠0.2	⇠0.4
	no suction		1.33•10 6	1.20•10 6	1.09•10 6
	C1/0.400		1.56•10 6	1.48•10 6	1.35•10 6
	C3,5/0.200		1.66•10 6	1.59•10 6	1.43•10 6
	full suction		1.59•10 6	1.51•10 6	1.33•10 6

Table 9 :

 9 RexT for suction panel p = 0%

	config	h/	1	0 (ref.)	⇠0.2	⇠0.4
	no suction		1.92•10 6	1.92•10 6	1.77•10 6