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On the Appliation of Trailing-edge Serrations for NoiseControl from Tandem Airfoil Con�gurationXiao Liu∗, Syamir Alihan Showkat Ali†, Mahdi Azarpeyvand‡Faulty of Engineering, University of Bristol, BS8 1TR, UKThis paper presents a preliminary study on the appliation of serrations as a passiveontrol method for reduing the aerodynami sound from airfoils in tandem. The aim of thestudy is to investigate the e�etiveness of serrated trailing-edge on ambered NACA 65-710tandem airfoil to ontrol and regularize the turbulent �ow within the gap area between thetwo airfoils. The wake �ow harateristis for a ambered NACA 65-710 airfoil with andwithout the serration treatment have been quanti�ed using two-dimensional Partile Im-age Veloimetry (PIV). To better understand the aerodynami and aeroaoustis e�ets ofserrations on the tandem on�guration, the rear airfoil was equipped with several pressuretaps and surfae pressure transduers. The surfae pressure oe�ient distributions andsurfae pressure �utuations have been measured using the pressure taps and remote sens-ing probe tehnique. Experiments were performed using a sharp sawtooth serration, fora number of tandem airfoil on�gurations, with di�erent airfoil separation distanes. Theresults show that the use of serrations at relatively high angles of attak, namely 10 and 15degree, an lead to a signi�ant redution of the turbulent kineti energy, whih is believedto be due to the interation between the �ow �eld at the tip and root of the serrations.Results have also shown that a signi�ant redution of surfae pressure �utuation an beahieved over the leading-edge area of the rear airfoil, partiularly for on�gurations athigh angles of attak. The wake and surfae pressure results have on�rmed that the useof serrated trailing-edges an lead to robust ontrol of the wake �ow and redution of wakeinteration noise. NomenlatureAoA angle of attak, deg
αs serration angle, deg
αfront angle of attak of front airfoil, deg
αrear angle of attak of rear airfoil, deg
λ serration wavelength, mm
2h amplitude of serration, mm
d slot width, mm
H slot depth, mm
Rec hord-based Reynolds number
U streamwise �ow speed, m/s
U0 free-stream wind speed, m/s
W gap distane between the front and rear airfoils, mm
Wx streamwise distane between the enter-points of the airfoils, mm
Wy vertial distane between the enter-points of the airfoils, mm
Cp pressure oe�ient, p-po/qo
Cp

′

rms

�utuating pressure oe�ient, p′

rms/qo
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p
′

rms root-mean-square pressure �utuation, Pa
po free-stream stati pressure, Pa
qo free-stream dynami pressure, kg/ms2TKE turbulent kineti energy, 1/2((u′

rms)
2 + (v

′

rms)
2), m2/s2

u
′

rms root-mean-square streamwise veloity �utuation, m/s

v
′

rms root-mean-square lateral veloity �utuation, m/sI. IntrodutionThe aerodynami noise produed by the rotating blades has been studied over the past deades. Thenoise from rotating blades, as a omponent of ompressors and turbines, aused as a result of the interationof turbulent �ow from the front-blade with the rear-blade, has remained a hallenging task. The noisegeneration mehanism of ontra-rotating open rotor (CROR) propulsion systems has also attrated muhresearh interest in the reent years.1 It has been shown that the interation of the tip and wake �ow ausedby the front propeller with the rear blades is a major soure of noise and therefore redution of the front-blade wake turbulene intensity an signi�antly redue the overall noise signature of the CROR system.The noise from rotating blades in a uniform �ow an be generally ategorised as trailing-edge noise, earlyseparation and stall noise.2 The redution of blade trailing-edge noise has been investigated extensively overthe past deade. To redue trailing-edge noise, several passive methods suh as serrated trailing-edge,3�15porous surfae treatments,16�19 surfae treatments,20, 21 brushes22, 23 and morphing24, 25 have been underinvestigation. Amongst all the other passive trailing-edge treatments, serrated trailing-edges, in partiular,have reeived onsiderable interest due to its simple yet e�ient noise redution apabilities.The e�ieny of serrations for assessing the trailing-edge noise have been extensively investigated byHowe.26�28 A detailed analytial studies by Howe have shown that the trailing-edge noise an be reduedsigni�antly by applying sawtooth and sinusoidal serrations to the trailing-edge, whih introdue the de-strutive sound interferene. It is also laimed that this sound interferene enables the breakdown the lateralorrelation length of the turbulene struture near the trailing-edge, leading to a notieable noise redution.It has been also shown that the magnitude of noise redution relies upon the frequeny, spanwise spaing andlength of the serration teeth. Howe showed that the optimal attenuation of noise an be aomplished withtrailing-edge sharpness of larger than 45◦. However, Howe's mathematial model does not math the absolutenoise redution with the experimental data. Lyu's et al.29, 30 reent analytial model improved the existingmodel developed by Howe by taking into aount the existene of onstrutive sound interferene in additionto the destrutive sound interferene predited by Howe, and the results have shown a better agreementwith the experimental data. Reent studies have shown that the implementation of trailing-edge serrations,suh as sawtooth and slotted-sawtooth serrations, whih have superior noise redution e�ieny,13 an alsosigni�antly redue the wake turbulene intensity, partiularly at high angles, where maximum aerodynamiperformane is obtained.7�9 This signi�ant faster turbulent energy deay within the wake region is believedto be due to the three-dimensional �ow originating from the serration tip and root planes. The possibilityof reduing the turbulene level using serrations shows an option for a new tehnique for reduing noisegenerated by wake-airfoil interation, suh as ontra-rotating propellers, rotor-stator on�guration, et.To expand the existing knowledge and better understand the e�et of using serrations on the aerodynamiand aousti performane of airfoils in tandem, detailed study of the wake development and surfae pressure�utuations have been arried out and presented in this paper. A omprehensive aerodynami study using aambered NACA 65-710 airfoil with and without trailing-edge serration has been arried out using the two-dimensional Partile Image Veloimetry (PIV) tehnique. Thorough measurements have been also arriedout for pressure oe�ient distributions on the rear airfoil. The e�et of serrations on the noise generation forthe tandem NACA 65-710 on�guration has also been studied by studying the surfae pressure �utuationson the rear airfoil using the remote sensing probe method. The experimental setup manufatured for thepresent study and the aerodynami measurement tehniques are disussed in setion II. The results anddisussions are provided in setion III.
2 of 13Amerian Institute of Aeronautis and Astronautis



II. Experimental SetupExperiments were arried out on tandem ambered asymmetrial NACA 65-710 airfoil in the low turbu-lene losed-iruit wind tunnel of the University of Bristol. The tunnel has an otagonal working setionof 0.8m × 0.6m × 1m, with ontration ratio of 12 : 1 and apable of reahing reliable speeds of up to100 m/s, with turbulent intensity of 0.05%. The in�ow veloity used for this study is 30 m/s.A. Airfoil and Serration Model Design SetupThe shemati of the tandem airfoils on�guration with and without the trailing-edge serrations are shownin Fig. 1. The front and rear airfoils were manufatured from aluminium-7075 and RAKU-TOOL WB-1222polyurethane board, respetively and mahined using a omputer numerial ontrol (CNC) mahine. Thefront airfoil was designed with a 2.3mm blunt trailing-edge with a 15 mm depth and 0.8mm thik slot alongthe span of the airfoil in order to install the �at plate (baseline) and serration inserts at the trailing-edge(see Figs. 1(a) and ()). The rear airfoil, on the other hand, was equipped with a total number of 34 surfaepressure taps on both the pressure and sution sides of the airfoil, see Figs. 1(b) and (d). The two airfoils areplaed parallel to eah other, in a uniform �ow, and retangular end-plates with a hamfered leading-edgeswere used to maintain a nearly two-dimensional �ow over the two airfoils.In the present work, the sawtooth serrations (Fig. 2(a)) were hosen based on their turbulent kinetienergy and noise redution performane from the previous experimental studies.7�9 The geometrial pa-rameters of the serrations used in this study, namely the amplitude (2h), periodiity wavelength (λ) andthe angle of serration edge (αs), are provided in Table 1. The geometrial parameters of the tandem airfoilon�guration (Fig. 2(b)), suh as the gap distanes between the front and rear airfoils (W ), the streamwisedistane between the entre-points of the airfoils (Wx), vertial distane between the airfoils entre-points(Wy), angle of attak of front airfoil (αfront) and rear airfoil (αrear) are given in Table 2. Note that, Wx and
Wy were de�ned based on the the loations where the the maximum turbulent kineti energy is observedfrom the PIV results obtained for the baseline ase of an isolated NACA 65-710 airfoil.

Figure 1: Tandem airfoil on�guration, (a) Front airfoil model: Assembly view of NACA 65-710 withtrailing-edge serration, (b) Rear airfoil model: NACA 65-710 with pressure taps distribution, () NACA65-710 with and without trailing-edge serration, (d) NACA 65-710 and the loations of the pressure taps
3 of 13Amerian Institute of Aeronautis and Astronautis



Figure 2: (a) Trailing-edge treatment: Sawtooth serration, (b) Tandem airfoil setupTable 1: Geometrial parameters of trailing-edge treatmentsCases Treatments 2h λ λ/h αs

mm mm degreesCase 1 Blunt 0 - - -Case 2 Baseline 15 - - -Case 3 sawtooth 30 9 0.6 8.53Table 2: Tandem airfoil setup parametersCases αfront αrear W Wx Wydegrees degrees mm mmCase 1 5 5 0.3c 199.106 19.113Case 2 5 5 0.5c 229.106 25.113Case 3 5 5 1.0c 304.106 37.113Case 4 10 10 0.3c 197.307 36.368Case 5 10 10 0.5c 227.307 30.868Case 6 10 10 1.0c 302.307 42.368Case 7 15 15 0.3c 194.349 -0.998Case 8 15 15 0.5c 224.349 -0.998Case 9 15 15 1.0c 299.349 2.752B. Partile Image Veloimetry SetupThe wake development and the energy ontent study of the front airfoil with and without the trailing-edgeserration were arried out using a two-omponent Partile Image Veloimetry (PIV). A Dante DualPower
200mJ Nd:YAG laser with a wavelength of 532 nm was used to produe 1mm thik laser sheet with the timeinterval between eah snapshots of 23 µs and a repetition rate of 2.5 Hz. A mixture of Polyethylene glyol80 with a mean diameter of 1 µm was used to seed the air inside the low turbulene wind tunnel. A totalnumber of 1600 images for eah measurement were aptured using a FlowSense EO 4M CCD amera with aresolution of 2072 × 2072 pixels and 14 bit, orresponding to �eld view of 14.8 cm × 14.8 cm. The imageswere analysed with the DynamiStudio software from Dante. The iterative proess yield grid orrelationwindow of 16 × 16 pixels with an overlap of 50 %, resulting in a faial vetor spaing of 0.43 mm.

4 of 13Amerian Institute of Aeronautis and Astronautis



C. Surfae Pressure Measurement SetupThe steady and unsteady surfae pressure measurements have been arried out using the MiroDaq pressuresanner and remote sensing probes on both sides of the rear airfoil, see Fig 1. The pressure taps for pressureoe�ient distributions were made from 1.6 mm diameter brass tubing with 0.4 mm pinholes with theangle perpendiular to the surfae of the airfoil to avoid any aerodynami interferene between the pressuretaps. The surfae pressure �utuations measurements are performed using remote sensing probes, whihare onneted between the brass tube of the pressure tap to a remote mirophone holder equipped with 34Panasoni WM-61A mirophones using plasti tubing with the inner and outer diameter of 0.8 mm and3.6 mm, see Fig. 3. The detailed desription of the remote sensing probe methodologies and frameworkwill be doumented in a separate paper. The data was aquired by a National Instruments PX1e-4499 at asampling rate of 216 Hz and sampling time of 8 seonds, and proessed using the Matlab software.

Figure 3: (a)Shemati drawing of remote sensing probe, (b)Remote sensing assembly drawingIII. Results and DisussionA. NACA 65-710 Airfoil Wake MeasurementsTo better understand the e�ets of serration on the wake development of the airfoil, the �ow measurementsof NACA 65-710 airfoil for the baseline, blunt and sawtooth serration (λ = 9mm) on�gurations have beenarried out using Partile Image Veloimetry. The wake measurements were performed at angles of attak,AoA = 0o, 5o, 10o and 15o for hord-based Reynolds number of Rec = 3 × 105, orresponding to the �owveloity of U0 = 30 m/s. The wake pro�les were aptured at downstream loations, x=0.2c to 0.8c relativeto the trailing-edge of the baseline ase. The wake results are only presented for the AoA = 5o, 10o and 15o,where the results were found to show signi�ant hanges in the veloity pro�le and turbulent kineti energy(TKE) with the implementation of trailing-edge serration.Figure 4 shows the wake veloity pro�le and turbulent kineti energy (TKE) results at AoA = 5o. In thenear wake region (x/c = 0.2 and 0.3), the wake veloity pro�les at the tip position of the sawtooth serrationare similar to that of the baseline, but the root-�ow exhibits a smaller veloity de�it, with the de�it diploation moved upward along the vertial plane. It is also lear that the wake veloity de�it for both thetip- and root-�ow at the far-wake loations (x/c = 0.5 to 0.8) exhibits an overall upward de�etion of the�ows ompared to the baseline ase. It an also be observed that at the viinity of the airfoil trailing-edge(x/c = 0.2 and 0.3), there is a notieable redution in the TKE magnitude of both the tip and root asesompared to that of the baseline. Also, the TKE peak positions have shifted upward for the root-�ow andslightly downward for the tip-�ow relative to the baseline ase, signifying the existene of a strong upward�ow through the serration valleys.The wake veloity pro�les and TKE results at AoA = 10o and 15o with and without trailing-edgeserrations are presented in Figs. 5 and 6, respetively. It an be seen that at AoA = 10o, the veloity pro�lesfor sawtooth-serration has a smaller veloity de�it, espeially for the root-�ow ase in the near-wake region,5 of 13Amerian Institute of Aeronautis and Astronautis



x/c = 0.2 to 0.4. The resultant �ow after mixing for the tip- and root-�ows has a similar trend ompared tothe baseline �ow but a signi�ant downward de�etion ompared to the blunt ase. A signi�ant redutionin the TKE an be observed for both the tip- and root-planes, by up to 49 % in the near wake region, andmore at the far wake loations. It an be onluded that the use of trailing-edge serration at AoA = 10o ansigni�antly modify the wake struture by reduing the veloity de�it in the near wake region, leading to amajor TKE deay whih is believed to be due to the interation between the tip- and root-�ow planes. Theresults obtained here are found to be in good agreement with those obtained by Liu et al.31From the veloity pro�les at AoA = 15o presented in Fig. 6 for the near-wake region (x/c = 0.2 to 0.4), itan be seen that the tip- and root-�ow veloity dereases signi�antly on the airfoil's upper surfae (y/c > 0).It an be observed that both the baseline and serration ases exhibit a large veloity wake-width, indiatingto an early separation on the airfoil's sution side. The veloity results show that the wake de�it dip loationfor both the tip- and root-�ow are loated slightly below the dip loation of the baseline airfoil. The TKEinreases for the root-�ow ase in the near-wake loation (x/c = 0.2) above the trailing-edge ompared tothat of baseline, whih an be assoiated to the interation between the �ow �eld at the tip and root of theserrations. Results have also shown that redution in TKE of up to 28% above the airfoil and 48% belowthe airfoil an be obtained at far-wake loations (x/c = 0.5 to 0.7), where the magnitude of TKE redutionwas higher relative to the near-wake loations. The serration veloity and TKE pro�les eventually oinideto that of the baseline ase at x/c = 0.8.It an be onluded that the use of serrations at relatively high angles of attak, espeially for theAoA = 10o, an lead to signi�ant hanges to the veloity pro�le and redution of the turbulent kinetienergy (TKE). The results demonstrated here are partiularly important in the ontext of wake-interationnoise and the possibility of noise redution in tandem airfoil on�guration by stabilizing the wake �ow usingtrailing-edge serrations. A detailed analysis of the possibility of reduing wake interation noise will bepresented in the next setions by studying the surfae pressure oe�ients and surfae pressure �utuationsover the rear airfoil.

Figure 4: Wake development for NACA 65-710 at α = 5◦, (a) mean veloity pro�le and (b) turbulent kinetienergy
6 of 13Amerian Institute of Aeronautis and Astronautis



Figure 5: Wake development for NACA 65-710 at α = 10◦.

Figure 6: Wake development for NACA 65-710 at α = 15◦.B. Pressure Coe�ient DistributionThe steady and unsteady surfae pressure distributions along the rear NACA 65-710 airfoil for baseline andthe tip and root serrated ases have been examined. The mean Cp and �utuating Cp
′

rms

pressure oe�ientsof the rear airfoil at angles of attak, AoA = 5o, 10o and 15o, with the airfoil separation distane ofW = 0.3c,0.5c and 1.0c are shown in Figs. 7 and 8. At low angle of attak, AoA = 5o, it an be seen that the mean7 of 13Amerian Institute of Aeronautis and Astronautis
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a little di�erene between the baseline and serrated ases. Interestingly, there is a signi�ant hange in the
Cp distribution at the airfoil sution side for AoA = 10o. At AoA = 10o, with W = 0.3c, 0.5c, the Cpinreases in the near leading-edge region (x/c < 0.15) and redues signi�antly further downstream of theleading-edge over the airfoil sution side, partiularly for the gap distane of W = 0.5c. Comparison of thegaps between the tandem airfoils show that the larger gap (W = 1.0c), at AoA = 10o on the sution side hasa small inrease in the near leading-edge (x/c < 0.1), but a signi�ant redution in the region up to 0.3c.Nonetheless, the results obtained for the pressure side of the airfoil for all gap distanes remained similarfor both the baseline and serrated ases. For higher angle of attak, AoA = 15o, W = 0.3c, a notieableredution in Cp an be seen on the sution side of the airfoil for the serrated ases. At W = 0.5c, onlya mild hange in Cp an be observed on both the sution and pressure sides of the airfoil for the serratedases. However, at W = 1.0c, the Cp at the airfoil sution side shows a slight inrease for the serrated asesover half of the hord distane whereas over the pressure side, the Cp drops a little, espeially in the nearleading-edge loations. The Cp

′

rms

, on the other hand, is signi�antly redued for the serrated ases at highangles of attak on the sution side of the airfoil, espeially for AoA = 10o, whih is assoiated with low levelof turbulene intensities downstream of the front airfoil. Lower turbulene kineti energy levels yield lowerrms pressure oe�ients, whih is also onsistent with the results obtained in Figs. 5 and 6. The pronounedhanges of Cp and Cp
′

rms

in the serrated ases are likely to be due to the lower wake-turbulent interationbetween the tandem airfoils, where the serrated ase has notieably redued the turbulent kineti energydownstream of the front airfoil. To further expand the results obtained for surfae pressure distributions, adetailed study of the surfae pressure �utuations are disussed in the next setion.C. Surfae Pressure FlutuationsIn order to further investigate the e�etiveness of serration treatments for reduing aerodynami loading andnoise, surfae pressure �utuation measurements have been performed on the rear airfoil using the remotesensing probe method. The results are presented for the AoA = 10o and 15o, based on the signi�antTKE redution results observed in Figs. 5 and 6. Figures 9 and 10 present the surfae pressure �utuations(φpp) results for the baseline and serrated tandem airfoil at AoA = 10o and 15o, respetively, with di�erenthorizontal gap distanes (W=0.3c, 0.5c and 1.0c) between the airfoils, at x/c = 0.013, 0.053, 0.233 and0.533 on both the sution (upper row) and pressure (bottom row) sides of the rear airfoil. For aerofoils atlarge angles of attak, the �ow will separate from the aerofoil sution side and therefore, will ontribute tonoise generation. The pressure side, on the other hand, have negligible hanges in the intensity of pressure�utuations, whih will not ontribute to the radiated noise. In what follows, the results of surfae pressure�utuations with and without the serration treatments will be disussed brie�y for the tandem on�gurationon the sution side of the rear airfoil.At AoA = 10o,W = 0.3c, the intensity of pressure �utuations in the near leading-edge region (x/c= 0.013)of the airfoil's sution side is almost negligible and inreases slightly in the entire frequeny region at
x/c = 0.053 for the serrated ase. However, at x/c = 0.233 and 0.533, the φpp of the serrated ase re-dues in the low fc/U0 region and beame similar to that of the baseline ase at higher fc/U0 region. Theoverall surfae pressure �utuations for the serrated ase hanges signi�antly when the gap distanes be-tween the airfoils inreases. At AoA = 10o, W = 0.5c, a lear redution in φpp an be seen at x/c = 0.013,0.053 and 0.2333 on the sution side of the airfoil, in the low fc/U0 region for the serrated ase, but a slightinrease of φpp an be seen in the higher fc/U0 region in the near leading-egde loations and beame similarto that of the baseline at x/c = 0.533. The results have also shown that a signi�ant redution of φpp on thesution side of the rear airfoil an be ahieved with larger gap distane between airfoils (W = 1.0c), where asigni�ant redution of φpp is observed in the low frequeny region for almost all the measurement loations(x/c = 0.013, 0.053 and 0.233). Contrary to the results obtained with smaller gap distanes (W=0.3c and0.5c), the pressure �utuations obtained for the airfoils on�guration with gap distane ofW = 1.0c at higherfrequenies beame almost similar to that of the baseline in the near wake region (x/c = 0.013 and 0.053),but a notieable redution of φpp seen at x/c = 0.233. It is also seen that at further downstream loationsfrom the leading-edge of the rear airfoil (x/c = 0.533), the pressure �utuations of the serrated ase is similarto that of the baseline ase, whih an be attributed to an early separation on the sution side of the airfoil.Contrary to the �ndings obtained from the surfae pressure �utuations at AoA = 10o, the use ofserration at high angles of attak, AoA = 15o, however, appears to have ompletely hange the φpp at allthe gap distanes between the airfoils. The results depited in Fig. 10 for the AoA = 15o, W = 0.3c show asigni�ant redution in φpp for all the measurement loations (x/c = 0.013, 0.053, 0.233 and 0.533), in the9 of 13Amerian Institute of Aeronautis and Astronautis



entire frequeny region, on the sution side of the rear airfoil. At W = 0.5c, a moderate redution of φppan still be seen in the near wake region (x/c = 0.013 and 0.053) for the serrated ase on the sution side ofthe airfoil at low fc/U0 region, but eventually onverge to that of the baseline ase at downstream loationsfrom the airfoil leading-edge (x/c = 0.233 and 0.533). The results have also shown that there is no hangesin the φpp between the serrated and baseline ases on the sution side of the rear airfoil with the larger gapdistane, W = 1.0c between the airfoils. This is believed to be due to the early separation of the �ow on thesution side of the airfoil. The φpp observed on the pressure side of the baseline and serrated ases, remainnearly similar to eah other, espeially for the larger gap distane between the airfoils.As demonstrated in the results obtained from Figs. 9 and 10, signi�ant redution of the surfae pressure�utuations espeially at low frequenies in the near leading-edge loations of the rear airfoil an be ahievedby using trailing-edge serrations on the front airfoil. Results have also shown that a signi�ant redution ofsurfae pressure �utuations an be ahieved over the leading-edge area of the rear airfoil, partiularly foron�gurations, at high angles of attak. This is believed to be due to the signi�ant redution in the energyontent from the turbulent-wake �ow strutures within the gap. Also, it an be onluded that the redutionof the front-serrated trailing-edge airfoil wake turbulene intensity an signi�antly redue the overall surfaepressure �utuations signature of the rear airfoil, espeially in the near leading-edge loations.IV. ConlusionThe appliation of serration treatments from tandem airfoil as a method to ontrol the wake develop-ment and hene the noise generation and radiation has been studied experimentally. Results of the �owanalysis have shown that the mean veloity and the energy ontent of the wake �ow an be redued usingthe front airfoil serrated trailing-edge, espeially at high angles of attak. It is also obvious that the use oftrailing-edge serration on the front airfoil an lead to signi�ant redution of the surfae pressure �utuationsover the near leading-edge region of the rear airfoil. Results have also shown that signi�ant redution insurfae pressure �utuations in the near leading-edge region, on the sution side of the rear airfoil an beahieved partiularly with the tandem on�gurations at high angles of attak. The possibility of minimizingthe unsteady aerodynami loading on the rear airfoil and turbulene interation between the airfoils usingserration between the tandem airfoil an be interpreted as a potential ontrol of the noise generation meh-anism. In order to better understand the e�et of trailing-edge serrations in the ontext of tandem airfoilon�gurations, further experiments, inluding the far-�eld noise measurements will be performed.
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(b) Gap distane between the airfoils, W = 0.5 c

  

−20

−10

0

10

20

φ pp
 [P

a2 /H
z]

 

 

  

 

 

 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

10
0

10
1

−20

−10

0

10

20

fc/U
0

φ pp
 [P

a2 /H
z]

10
0

10
1

 

 

 

 

 

fc/U
0

10
0

10
1

 

 

 

 

 

fc/U
0

10
0

10
1

 

 

 

 

 

fc/U
0

x/c=0.533x/c=0.233x/c=0.053

x/c=0.013

x/c=0.013 x/c=0.053 x/c=0.233 x/c=0.533

() Gap distane between the airfoils, W = 1.0 cFigure 9: Wake development for NACA 65-710 at α = 10◦, blak line: Baseline, red line: Serrated11 of 13Amerian Institute of Aeronautis and Astronautis
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(b) Gap distane between the airfoils, W = 0.5 c
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