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REPORT No. 530 CHARACTERISTICS OF THE N. A. C. A. 23012 AIRFOIL FROM TESTS IN THE FULL-SCALE AND VAEL4BLEDENSITY TUNNELS .



By EASTMAIJN. JACOBSand WILLIAM C. CLAY



SUMMARY



of lesser interest, owing to adverse effeck on the pitching-moment coeficienti, and the forward positions This report giaes the results of tests in the N. A. C. A. could not be satisfactory investigated with the mean f+scale and variable-dendy tunnei% of a new wing lines avsilabIe in the original family. section, the N. A. 0. A. %9019,which is m of the more One series of the new airfoils hav@ the forward promising of an em%nded8erk8 of rel&d airj%ik recamber position appears to be of particuk interest. cently developed. Th4 hwts were mude ai wveral vakes The mean-Iine shapes for this series are designated by of theReyn.o?.dx Number between1,000,000 and 8,000,000. numbers thus: 10, 20, 30, 40, and 50, where the second 2!h.enew a?kfoit?deve-hp8a remmndy high maximum digit (0) represents the numerioal designation for the lift and a low prom drag, which reswilsin an unueually entire series and the first refers to the position of the high value of the speed-range index. In ad.dii?ion,tlw maximum camber. These positions behind the leadpitching-momeni coejickni h vw small. The supe+ ing edge are 0.05c, O.1OC,0.15c, 0.20c, and 0.25c, O&y Of the W 88Cti07t0V8r &k710wTL a7Ut CO?M’10?@ respectively. camber and moderaie thickm?ssis used sectitma of & The mean line having the shape designation 30 and indiazted by making a direct annparison with wmiaMea camber of approximately 0.02c (designated 230) dendy tests of the N. A. 0. A. %??19,tlw well-known when combined with the usual family thiclmess disN. A. (7. A. family airfoil thd nw8t nearly rewnbles it. tribution of 0.12c maximum thickness produoes the Th4. superiority 1%further indixzted by comparing the N. A. C. A. 23012 section. This airfoil seotion apcharacteriatimwith those obtainedfrom f&caLe-tunnel peared h be one of the most promising invcdigated in teds of the Clark Y airfoiL. the variabh+density tunnel. A preliminary announce A compation h made betweenthe resu.1.%forilu newly ment of this section, then referred to as the ‘(N. A; o%vel~ed airfoil from tests in the N. A. C. A. UZriubleC. A. A–312”, was made at the Ninth Annual Aircraft d-eneityand fuLL8caLewind Wm.eL3. When the T88ui%e Engineering Research Conference in M~y 1934. from the two te8t8 are inierprded on the hawk of an At the subsequent request of the Bureau of Aero“e$ective Rwlds Number” “to allawfor th e$ect8 of nautic, Navy Department, a 6- by 36-foot model of turbulence,reamnu.bly8ati8fac40ryagreem.eniis obtaiwd. the N. A. C. A. 23012 airfoil was tested in the N. A. C. A. full-scale tunnel to verify the aerodynamic INTRODUCTION oharaotaristics found’ for this airfoil in the variabledemitg tunnel. This test was made possible through As a continuation of the invediigation recently comthe cooperation of the Chance Vought Corporation, pleted of a large family of related airfoils (reference 1), two new series of related airfoils have been built and who constructed the wing and supplied it to the Comtested in the vmiabldmsity tunnel. The original mittee for the purpose. The present report has been investigation indioated that the effects of camber in prepared to present and compare the results of the tm”ts of the N. A. C. A. 23012 motion made in the relation to maximum lift coeilicients are more pronounced when the maximum camber of the mean line N. A. C. A. variable-density and fulkcale tunnels and to compare the results with those for well-known of an airfoil section ooours either forward or aft of the usual positions. The after positions, however, are sections. 435
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CHARA~RISTICS DESCRIPTION



OF THE AIRFOIL



SECTION



The mean-line shape for the series to which the N. A. G. A. 23012 belongs was derived empirically to have a progressively decreasing curvature from the leading edge aft. Somewhat behind the mm”mumcamber position, the curvature of the mean line decreases to zero and remains zero from this point aft; thrttis, the mean line is stiaight from this point to the trailing edge. The 230 mean line has its maximum camber at a position 0.15c behind the leading edge. The camber is not exactly 2 percent but was determined by the condition that the ideal angle of attack for the mean line shouId correspond to a lift coefficient of 0.3, a value corresponding approximately to the usual conditions of high-speed or cruising flight. The N. A. C. A. 23012 airfoil results born the combination of the 230 mean line with the usual N. A. C. A. thickness distribution of 0.12c maximum thickness by the method described in reference 1. The airfoil profile and a table of ordinates at standard stations are presented in figure 1. In order to give a basis for the development of related airfoilE of diflerent thiclmwsw, the ordirmtesy of the N. A. C. A. 230 mean line we given as follows: Nose, from z=O to x=m !/=;
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Descriptions of the variabl~density tunnel, methods of testing, standard airfoil models, and the accuracy of the tests are given in references 1 and 2. The systematic errors mentioned in reference 1 have since been largely eliminated by allowing for the deflection of the model supports and correcting for the errora involved in the measurement of the air velocity. As an aid in evaluating differences between results from the two tunnels, the estimated errors from reference 1 axe reproduced as follows: hors dnc Acdderdal )Zup Ii Intern%. mm
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TESTS AND RESULTS



A description of the full-scale m“nd tunnel and equipment is given in reference 3. The N. A. C. A. 23012 airfoil was mounted in the tunnel on two supports



W-3mo?+m2(3–m)3]



Tail, from x=m to x=1



where, for the 230 mean line, m= O.2025and k= 16.957. VARL4ELE-DENSITY-TUNNEL



TESTS



AND



RESULTS



of lift, drag, and pitching Routine measurements moment were originally made at n Reynolds Number of approximately 3,000,000 to compare the vtious airfoils of the forward-camber series under the conditions of a standard 20-atmosphere test in the vmiabledensi~ tunnel. Later the N. A. C. A. 23012 airfoil was reheatedm a pfut of a general invcdigation of scale effect. The data presented in this report were taken from the latter twts which were made at several values of the Reynolds Number between 42,400 and



3,090,000. The test results obtained in connection with the forward-camber airfoil investigation, as well as the complete remits of the scale-effect investigation, are omitted from this report but both sets of results will appear subsequently in reports on the respective subjects. Complete results are given, however, &m tests at two values of the Reynolds Number (figs. 1 and 2). Some additional data taken from the available tests at Number are also preother values of the Reynolds sented with the discussion to indicate the scale effect for some of the important characteristics.



FIGURE3.-The



that The



N. L O. A. !a312a.!rfoilmountedin the fnIlaale wind tunnel.



attached to the one-quarter-chord point (fig. 3). genemil arrangement was similar to that used in



Y airfoils (reference 4). The airfoil had a chord of 6 feet and a span of 36 feet. The frame was constructed of wood and covered with sheet aluminum. The surface was smooth and the section throughout was not in error by more thsn +0.06 of an inch from the speciiied ordinates. The lift, drag, and pitching moments were measured throughout a range of augles of attack from – 8° testing a seriw of Clark
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to 25°. These tests were made at 5 d.itlerent air speeds between 30 and 75 miles per hour corresponding to values of the Reynolds Number between 1,600,000 and 4,500,000. The maximum lift was not measured at speeds above 75 miles per hour as the wing was not designed for the loads under these conditions. Additional tests to determine the scale effect on minimum drag were made at several speeds up to 120 miks per hour corresponding to a Reynolds Number of



are given for the airfoil of infinite aspect ratio.



aspect ratio and are tabulatwd against 0.. The location of the aerodynamic center (z, y) is given as a fraction of the chord ahead and above the quarterchord point. A typical plot of the dnta from table VI is given in figure 4. Curves summarizing variations of these principal characteristics that change with Reynolds Number are given in figures 5 I% 9. Curves obtainod from similar full-scale-tunnel tests on the Clark Y airfoil are



6,600,000. The interference of the airfoil supports upon the airfoil was determined by adding a duplicate supporting
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strut at the center of the wing. This “dummy” sup- presented in these figures for purposes of comparison. port was not connected to the airfoil or to the balance These curves are presented in semilogaritlugic form to and all change-sin the measured forces with the strut assistin extrapolation to higher valuea of the Reynolds in place could be attributed to its interference. DouNumber. Figure 5 shows the variation of the maxibling the effect of this single dummy support was mum lift coefficient for the two airfoils; the scale effect considered to account for the total interference of the on the angle of attack at zero lift for the airfoil section two airfoil supports. All the data are corrected for is show in figure 6; figure 7 gives the effect of Reywind-tunnel eflects and tares. The corrections are - nolds Numb: on he ‘slo~e of the profile-lift curve; the same as those used for the corresponding Clark Y rmd figures 8 and 9 show, &pectivel~, the scale-effec~ variation of the drag cceflicient at zero lift and the airfoil (reference 4). The results of the full-tale-tunnel tesb of the minimum-profile-drag coefficient. N. A. C. A. 23012 airfoil are given in tables IV to VIII. A detailed discussion of the prtilon of airfoil tests The values of C., a, C!=,LID, and c. p. me tabulated in the full-scale tunnel is given in reference 4. In for the airfoil of aspect ratio 6 and values of ~ and Cw brief, it may be mentioned that a consideration of cdJ
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the contributing errors ihvolved in these tests gives the following es-tinted precision:
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+0.0015



bhat of the Clark Y (reference 4) shows that the new &oil has a sharper break at maximum lift than does the Clark Y. The curves of the angle of attack of zero lift for the hvo airfoils are shown in figure 6. The Clark Y has a
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considerable scale effect; whereas the N. A. C. A. 23012 isunaffected by cha~~es in Reynolds Number. At zero lift a huge adverse gradient of pressure exists at the forward portion of the lower surface of the Clark Y that probably results in an early disturbance of the
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FumrmS,–hfaxfmnrnIIftax.llldents. VarfafIonwltb ReynoldsNmnkr from testsfn thefulkxde wfndtunneL DISCUSSION



Comparison with the Clark Y.—The comparison between the new section and the Clark Y section is entirely based on the test results from the full-scale tunnel, The curves in figure 5 show that the maximum lift coefficients for the two airfoils difler by little more than the e.sperimental error. The scale effect on the maximum lift coefficient for the new airfoil is, however, slightly greater than that for the Clark Y within the rrmgo of Reynolds Numbers tested. The results indicate that the coefficient for the N. A. C. A. 23012 is somewhat greater than that for the Clark Y at Reynolds Numbers above 3,000,000. A compmison 01 the shape of the lift curve of the 23012 (@. 4) with
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flow at the leading edge (reference 4). This condition of flow has a critical effect on the angle of zero lift and varies considerably with Reynolds Number. The N. A. C. A. 23012 airfoil has much less oamber than the Clark Y and the general profile, which is more nearly symmetrical, sets up a flow about the leading
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edge that is not critical; hence, the effects of male 01 the angle



of zero lift should



be small.



This



view



%



supported by the tests in the full-scale and variable denti~ tunneIs. Figure 7 shows that the slope of the lift curve for thf N. A. C. A. 23012 airfoil is slightly higher than thal for the Clark Y. Both sets of results indicate thal the lift-curve slope increases slightly with Reynokb Number. The curves of drag coefficient at zero lift (fig. 8) and minimum profihdrag coefficient (fig. 9) show that the drag of the N. A. C. A. 23012 airfoil is deii.nikly lower than that of the Clark Y. These @ures &c indicate that the drag decreases more rapidly with aD increase of Reynolds Number for the new airfoil than for the Clark Y. It should be mentioned that the minimum-proille-drag re9uhk are relatively inaccurate as compared with the drag at zero lift so that caution will be used in extrapolating them to higher vahs of the Reynolds Number. The remaining important characteristics for one wdue of the Reynolds Number are presented for com-



TABLE I FULL-SCALE WIND-TUNNEL TESTS COMPARING N. A. C. A. 23012 AND CLARK Y AIRFOILS At R. N. = 4,6W@YJ N. #.~
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