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Figure 16.« The Reynold» number corresponding eo the point, a 
& Mach number of 0.68 should be 5.8 million i 
stead of 0.58 million« 

ia- 

Heynolda number inoreased nearly linearly with Mach auobar. 

In the supercritical Ma oh number range, the* maximum lift 
ooeffieleat of conventional airfelle continued to diminish 
with increasing Mach number, while that of the low-drag air- 
foile reached a minimum at a Mach number between 0.40 and 0.55 
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and began increasing until secondary peak values were reached 
at a Mach number between 0.S0 and 0.66.  At supercritical 
Mach numbers, no effects of Reynolds numbers were apparent 
for two of the three airplanes on which pertinent datn were 
obtained.  On the third airplane the maximum lift coefficient 
was affected by Reynolds number but the phenomenon appeared 
to be basically different from that experienced at suboriti- 
cal Mach numbers. 

INTRODUCTION 

A knowledge of the effects )f Mach and Reynold« numbers 
on the maximum lift coefficient is becoming of greater impor- 
tance as the speeds and altitudes attainable by modern air- 
planes continually increase.  Since moot maximum-lift tests 
conducted to date have been either at full-scale Reynolds 
numbers and low Mach numbers or at high Mach numbers and 
small Reynolds numbers, very little is known about the inter- 
related effects of these two parameters on the maximum lift 
coefficient.  In order to obtain quantitative information on 
these effects, flight tests were conducted at Ames Aeronauti- 
cal Laboratory on six airplanes, three having NACA conven- 
tional airfoil sections, two having NACA low-drag sections, 
and the sixth having a North American Aviation - NACA compro- 
mise low-drag section.  The results of these tests which 
cover a range of Mach numbers from 0.15 to 0.73 and of Reynolds 
numbers from 4,400,000 to 19,500,000 are assembled, together 
with a considerable quantity of pertinent wind-tunnel data, 
and analysed in the present report.  From this analysis, gen- 
eral conclusions have been reached indicating the manner in 
which the maximum lift coefficient is influenced by variations 
of Mach and Reynolds numbers. 

DESCRIPTION OF AIRPLANES AND INSTRUMENTATION 

To afford a variety of commonly used airfoil sections, 
and to permit   correlation with existing wind-tunnel results, 
six particular pursuit-type airplanes wore selected for the 
flight-tost portion of this research.  For convenience in 
the presentation of the test results and the following dis- 
cussion, the type airplane and airplane model will 'bo utilized 
rather than the airfoil designation when referring to specific 
results.  Tho aircraft used in the conduct of the flight tests 
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were the Bell P—39N and P-P3A airplanes, the Grumman FPP-3 
airplane, the Lockheed P-38F and YP-80A airplanes, and the 
North American P-51B airplane.  The P-38P, P-3CN, and the 
P6P-3 are equipped with NACA conventional airfoils; the 
P—63A and  "?—80A are provided with NACA low-drag airfoil«, 
and the P-51B has a North American Aviation - NACA 
coiuproiise low—drag airfoil.  Two-view drawings of the teat 
eircraft together with pertinent specifications are shown 
in figure 1.  Photographs of the test airplanes are presented 
in figures 2(a) through 2(f), and ving-root and -tip airfoil 
sections for these airplanes are presented in figure 3. 

The P-513 and the YP-80A airplanes had very carefully 
filled, waxed, and polished surfaces,  Tho other airplanes 
were painted with standard camouflage paint.  Of the six lir- 
planes tested, the P-38P and P-39H airplanes had the roughest 
finish and the most openings in the wings. 
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Tho. freo-air temperatures were obtained either from 
radiosonde observations or from readings of calibrated free- 
air-temperature indicators or recorders in the airplane. 

Photographs cf the 0.167-, 0.350-, and 0.333-seale models 
of the P-38, P-39N, and XP-80 airplanes, respectively, as 
tested in the Ames 16-foot high-speed wind tunnel are shown in 
figures 2(g), 2(h), and 2(i).  As nay be seen in these photo- 
graphs, the XP-80 model was a complete no.iel; the P-39 model 
was complete except for the propellers; and the P-39H model 
was complete except for the propeller and tail.  The forces 
and moments ware recorded by self-balancing, recording bean 
scales. 

The airfoil test« conducted ia the Arne« 1- by 3|-foot 
high-speed wind tunnel were of 6-inoh^chord metal models 
mounted so as to span completely the 1-foot width of the 

* I 
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tunnel test section.  The lift was obtained either from inte- 
gration of pressure distributions over the airfoils or from 
measurements of the reactions on the tunnel walla of the forces 
experienced by the airfoil». 

TEST PROCEDURE 

All flight data in this report were obtained in gradual 
stalls made during turns or pull-ups with the airplanes in 
the clean condition (flans and landing gear up).  With the 
fire propeller-driven airplanes, all stalls were nade with the 
engine throttled and the propeller in the high-pitch setting. 
Although the power was on during the stalls of the Jet- 
propelled YF-80A airplane, the data were considered similar to 
the pownr-off condition of the propeller-driven airplanes as 
no slipstream existed over the wing. 

The flight maximum lift coefficients were calculated by 
the following formula: 

where 

Cx,Bax   maximum lift coefficient 

W      weight of the airplane at the time of stall, pounds 

Az     normal acceleration factor, the ratio of the net 
aerodynamic force along the airplane Z-axis at 
the stall (nosltive when directed upward), to 
the weight of the airplane 

3      wing area, ineluding area extending through the 
fuselage and nacelles, square feet 

q      dynamic pressure, pounds per square foot 

An error of less than two percent was caused by the assumption 
in the preceding formula that the lift was equal to the normal 
force ui«2. 

Throughout this report, the Reynolds number was computed 
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using the mean aerodynamic ohord as the characteristic length. 
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airplane        fray. H&.gh,„auakgXi 

F6T-3     Roll-off and slight 
buffeting 

P-38T     Slight buffeting 

P-39H    Buffeting and 
roll-off 

P-51B     Buffeting and 
roll-off 

P-63A    Roll-off and 
pitch-down 

YP-80A   Roll-off with 
slight buffeting 

Hleh.Mftoh nunVgrt 

Moderate buffeting with 
pitch-down, follovod by 
porpoising motions 

Buffeting.  Pilot reported 
apparent ineffectiveness 
of elevators to increase 
lift coefficient 

Buffeting and pitch-down 

Severe buffeting with 
mild roll-off 

Abrupt roll-off 

Slight buffeting 

At low Mach numbers, it is shown that the stalls of all 
the airplanes except the P-38? were' characterised by roll-off. 
Since stalls characterised by roll-off are clearly defined by 
the motions of the airplane, the maximum lift coefficients 
obtained in flight are relatively independent of piloting 
technique and the amount of control available, and would prob- 
ably be similar to the values measured in a wind tunnel.  At 
high Mach numbers, however, the stalls of only two airplane* 
were characterised by roll-off, those of the remaining airplanes 
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The major portion of the wind-tunnel data was obtained 
fron tests conducted in the Ames 1- by 3-^-foct hi..:h-speed wind 
tunnel and the Ames 16-foot hi^h-speed wind tunnel, and fron 
published reports of tests in the Langley variable-density and 
two-dimensional wind tunnels.  Standard wind-tunnel -procedures 
were used in all these testa. 

R2SULTS 

The variation with Mach nur.ber of the aaiinun lift coef- 
ficients of the test airplanes at a constant altitude are shown 
in figure 4.  The test altitudes varied from 20,100 feet to 
32,300 feet, depending upon the airplane.  The corresponding 
Reynolds numbers for each are presented in figure 5.  For the 
P-39N (reference 2), P-51B, and P-63A airplanes, additional 
maximucwlift-coefficient data obtained at several altitudes 
from 5,000 to 33,000 fe«t are shown in figure 6 and the corre- 
sponding Reynolds number in figure 7. 

It should be noted that the data for the P-39H airplane 
is slightly different from that originally presented in refer- 
ence 2, due to correction of some small errors. 

DISCUSSIOH 

Effect of Reynolds Number on the 

Maximum Lift Coefficient 

The variation of the maximum lift coefficient with Reynolds 
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auaber at constant Mach numbers, obtained by cross-plotting 
the data of figures 6 and 7, is shown in figure 8 for the 
P-39N, P-51B, and P-63A airplane«.  The lower Mach number data 
of this figure show that, with increasing Reynolds numbers, 
the maximum lift coefficients of the P-513 and P-63A airplanes 
at first remain nearly constant, but increase rapidly as the 
Reynolds number exceeds a critical value, and finally become 
nearly constant again at the higher value.  A similar trend 
is indicated by the data for the P-39N airplane although the 
tests vsre not extended to Reynolds numbers low enough to de- 
fine the critical. 

These effects of Reynolds number on the maximum lift 
coefficients are qualitatively consistent with those described 
in reference 3 and are explainable on the same basis,  For pur- 
poses of simplification, the following generalized explanation 
is given.  That is, the constant value of maximum lift coeffi- 
cient at low Reynold« numbers is caused by laminar separation 
of the boundary layer; the increasing values of maximum lift 
coefficient beyond a critical Reynolds number occur as the 
boundary-layer separation changes from laminar to turbulent; 
and the nearly constant value of the niaTiaum lift coefficient 
at the higher Reynolds numbers is produced by turbulent sepai- 
ration of the boundary layer.  A more complete description of 
the mechanism of these change« is provided in reference 3. 
Quantitatively the Reynolds number effects found in the pres- 
ent tests were much smaller than those of reference 3.  This 
difference is discussed in a subsequent seotion of this re- 
port. 

Bffects of Mach Number on the Maximum Lift Coefficient 

The curve« of figure 9 (obtained by cross-plotting the 
data of fig«« 6 and 7) show that at constant Reynolds number 
the maximum lift coefficient of the P-39N, P-51B, and P-63A 
airplane« continually diminish as the Mach number increase« 
from 0,15 to 0,40.  (Application of the methods of reference 4 
•hows that for the measured variations of maximum lift coeffi- 
cient with Mach number, the theoretically computed oritical        '; 
Mach number« of the airfoils were attained at Maoh number« of 
approximately 0.4 for all the airplane« teeted.)  figure« 4 j >.. 
and 9 «how that, as the Mach number i« increased further, the 1 
maximum lift coefficients of the airplanes with conventional j 
airfoil« continue to diminish to the highest teat Mach number«; \ 
wherea« those for the airplane« with low-drag airfoil« reach j 
a minimum at a Kaoh nuaber between 0.40 and 0.60 and then . i\ 

J 'Aj 
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•begin increasing until peak values are reached at a 
ber between 0.60 and 0.66. 

Mach mim- 

The decrease of the maximum lift coefficients of all the 
airplanes with increasing Mach number in the subcritical Mach 
number range may be attributed to the separation of the bound- 
ary layer at smaller angles of attack induced by the 
compressibility-steepened adverse pressure gradient. 
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Interrelated Effects of Mach and Reynolds lumbers 

on the Maximum Lift Coefficient 

While the foregoing sections have discussed the effects 
of Mach and Reynolds numbers on tho maxliaum lift coefficient 
as though they were entirely separate and independent phenom- 
ena, the actual effects of each variable aro modified to a 
secondary extent by the value of the othor.  In general, tho 
interaction of the Mach and Reynolds numbor offsets is such 
that the variation of the maximum lift coefficient with either 
variable remains qualitatively as described previously although 
modified quantitatively. 
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In thia section, the interrelated effects of Mach and 
Reynolds numbers on the maximum lift coefficients of the 
i—39N, P—51B, and P—63A airplanes as evidenced by the curves 
of figures 8 and 9 are discussed.  This discussion is divided 
into two sections corresponding, respectively, to Mach numbers 
less than or greater than the critical Mach number of 0,4, 

oubcritical Mach number range.— The curves of figure 8 
for the P—5IB and F—63A airplanes show th«.t, as- the Mach 
number increases, the critical Reynolds number becomes greater 
while the characteri8tic effects'of Heynolds number become 
smaller, finally disappearing at moderately supercritical 
hach numbers.  The same general trends may be seen in the 
data for the ?—39K airplane although the test range does not 
extend to Reynolds numbers as small as the critical,  Kost 
of the interrelated effects of Mich and Reynolds numbers »-re 
best illustrated by the graphs of figure 11 and the further 
discussion of these phenomena will be concerned mainly with 
the data as plotted in that manner. 

Figure 11 shows the TI. 
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become  sharper  and  the  adverse pressure  gradients   Become 
steeper,     Decreasing  the   airfoil   thickness   is   shown   in  refer- 
ence 3   to   increase    Her»     hence  similar   effects  due   to   in- 
creasing Mach  number   would   be  anticipated. 

Figure   11(b),   which   shows  the  variation  with  Mach 
number   of     ACj,m for   the   P-51B   and fr—63A.  airplanes,    in->- 

decreases   with   increasing Mach   number, dicate«   that     ACL max 
finally becoming zero at Mach numbers between 0,50 and 0,60. 
To afford a better understanding of this effect curves of 

and C*m« are plotted   as   a  function   of   Mach -•maxiam      •" "•'maxturb 
numbers   in  figure  11(e).     These   curves   show that,   while 
both  parameters  decrease   as   the  Mach  number   is   increased, 
CT decreases   at   a  much  greater  rate  than     Ci, 

Jmaxturb -maxin.m' 

This characteristic probably may be attributed partially to 
the higher local Mach numbers involved at the larger lift 
coefficient of  CL_„_      causing the adverse nressure BSTt.ttrb 
gradients to be steepened more than those correst>ondine to 

^tmax^jj,.  Another contributing factor mqy be that the 

turbulent separation, originating at the trailing eds-e, is 
affected by the compressibility-steepened adverse pressure 
gradient along the entire chord, while the laminar sepa- 
ration, occurring near the leading edge, would be influenced 
mainly by the steepened pressure gradients over only a small 
portion of the chord, 

Supercritical Ma?h number range.— At supercritical Kaeh 
numbers, figures 8 and 9 show that the maximum lift coeffi- 
cient continues to vary rapidly with changes of I'ach number 
and that the usual Reynolds number effects, as described 
previously, become negligibly small at Mach numbers of 0,55 
for all the airplanes tested. 

With the P—51B airplane, however, an unusual effect of 
Reynolds number was indicated which may have significance as 
a general type of phenomenon possible at supercritical Mach 
numbers.  Figure 8 shows that at moderately supercritical 
Mach numbers and at Reynolds numbers greater than those at 
which the previously discussed variation of maximum lift 
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coefficient with Reynolds number occurs, the airlmua lift 
coefficient increased abruptly as the Reynolds number was 
increased.  The entire effect disappeared at Mach numbers 
greater than about 0.60.  The curves of figure 6 for the 
r—51B airplane show that the Mach number at which the 
maximum lift coefficient starts to increase when in the 
supercritical Mach number ranre is nearly constant at a 
value of 0.49 for all altitudes tested above 1*7,300 feet, 
correspondins  to Reynolds numbers less than 1? ,700,000. 
At lower test altitudes, or larger Reynolds numbers, however, 
the maximum lift coefficient reaches its minimum value at 
a lower Mach number,  Since increasing values of the marimum 
lift coefficient with increasing Mach numbers in the super- 
critical Mach number region have been shown to be caused 
by the rearward movement of the shock wave, it appears 
that these Reynolds number effects at supercritical Mach num- 
bers are more the result of the boundary layer influencing 
the shock—wave position than the result of the normal 
boundary—lay er separation, whether laminar or turbulent, 
being modified by compressibility effects as at subcritical 
Mach numbers.  Further research is necessary before a com- 
plete understanding of this phenomenon is had, 

Comparison of Flight and Wind—Tunnel Data 

In order to determine whether the general 
Mach and Reynolds numbers indicated by the fli 
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Comparison   of   flight   data  with   model   data   f»om   A.mes   and 
•UlLg;igy,lg=X.o^.}Urt-aP?.gd,   WJU4   Samula.«.- Maximum   lift- 
coefficient   data  obtained   on  models   of   the  P—79,   P-^K,   and 
XP-80  airplanes   in   the   Ames   16— foot   high—speed   wind   tunr.el 
and  corrected  for  trim   are presented   in  firure   1?,   together 
with   the  high—altitude   flight   data   of   figure  4   for   the   corre- 
sponding  airplanes,     The Reynolds   numbers   for   the   tunnel   test» 
are  shown   in   figure 5   to  be  considerably  lower than   those  of 
the  flieht   tests,     A   comparison   of   the  maximum   lift   coefficients im 

4r<*3 
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obtained from flight and wind-tunnel data indicates that,al- 
though the same qualitative effects of Mach number are shown 
in all the data, absolute agreement between the actual values 
of the coefficients measured in flight and in the tunnel does 
not always exist.  Most of the discrepancies, however, may be 
accounted for by a consideration of all the pertinent vari- 
ables.  In general, considering only the difference between 
the Reynolds numbers of the flight and wind-tunnel tests, the 
comparison should show close agreement existing at the higher 
Mach numbers but lower maximum lift coefficients for the tun- 
nel data than for the flight data at the lower Mach numbers. 
Actually the data for the various airplanes show deviations 
from this trend which are of magnitudes that can be related 
directly to the relative aerodynamic cleanliness of the de- 
signs as discussed in reference 9.  Thus the maximum lift co- 
efficients of the YP-80A airplane, which had smooth wing 
surfaces and no propeller, showed excellent agreement with the 
expected trends; those of the P-39N airplane, which had a 
rougher surface finish, considerable air leakage, and an idling 
propeller, were somewhat lower than the wind-tunnel values. 
Although the maximum lift coefficients of the P-38F airplane 
were affected by the items mentioned for the P-39N, perhaps an 
even more important factor for this airplane was the distor- 
tion of .the lift curves at high Mach numbers by compressibility 
effects. 

The importance of this latter consideration is indicated 
by the curves of figure 13 which show the variation of the 
lift coefficient with angle of attack for models of the P-39N, 
XP-80, and P-38 airplanes as measured at several Mach numbers 
in the Ames 16-foot high-speed wind tunnel.  In contrast to 
the lift curves of the P-39N and XP-80 models, which are near- 
ly straight lines until near the maximum lift coefficient, 
those of the P-38 model have a definite decrease in slope at 
moderate angles of attack known, in this case, to result from 
air-flow separation over the wing center section.  The actual 
maximum lift coefficient of the P-38 model then occurs at ex- 
tremely high angles of attack.  Similar effect« were measured 
at supercritical Mach numbers in tests of a tapered wing of 
HACA 330-series airfoil sections conducted in the Langley 
16-foot high-speed wind tunnel and reported in reference 1. At 
Mach numbers above 0,55 the angle of attack at which the maxi- 
mum lift coefficient was reached was 100 to 13o higher than 
that at which pronounced separation of the flow occurred. Con- 
sequently, the concept of a range of maximum obtainable lift 
coefficients at high Mach numbers was Introduced.  This range 
extends from the lift coefficient corresponding to the initial 
stall (arbitrarily defined as being at 3» to 3<> above the 
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angle of attack at which separation of the flow from the wing 
initially occurs) to that corresponding to the actual maxiaua 
lift coefficient of the wing.  At the initial stall lift coef- 
ficient ia exceeded, increases in stability and tail buffeting 
are likely to occur.  These may become sufficiently great that 
they woi Id appear tc the pilot to define the maximum lift co- 
efficient obtainable in flight. 

Accordingly, initial-stall and maximum~l if t-coef f icient 
points for the P-38 model, as obtained from figure 13, are 
plotted in figure 12,  It may be seen that good agreement sx- 
iat8 between the flight maximum lift coefficient and the 
initial-stall lift coefficient of the model.  Similarly, flight 
data for the F6F-3 airplane, the wing of which is similar to 
the wing model, agree with the wing model data corresponding 
to the initial stall rather than to the maximum lift coeffi- 
cient.  (The Reynolds number of the tapered wing testa ia 
shown in fig. 5.)  Such considerations have little effect on 
the P-39N and XP-80 model data, however, since the initial- 
stall lift coefficient is virtually equal to the maximum lift 
coefficients for both models.  It appears, therefore, that the 
maximum lift coefficient obtainable in flight may be better 
estimated by considering the value of the initial-stall lift 
coefficient of a model rather than its actual maximum lift 
coefficient. 

Comparison of night data with A&a& l- by 3^--foot kLgk- 
speed airfoil datja.- Maximum-lift-coefficient data obtained 
in the Ames 1- by 3f-foot high-speed wind tunnel for two- 
dimensional models of the NACA 23015, 0015,  66,2-215 and 
651-212 airfoils which are approximately similar, respectively, 
to the root section« of the F-38F and F6F-3, F-39H, P-513 and 
P-63A, and YP-80A airplanes, are presented in figure 14, to- 
gether with the high-altitude flight data from figure 4 for 
these airplanes.  For the airfoils and Mach number ranges of 
figure 14, no appreciable difference existed between the 
initial-stall lift coefficient and the maximum lift coeffi- 
cient.  The Reynold« numbers of the tunnel tests are shown in 
figure 5. 

Because of the many difference« between a two-dimensional 
airfoil model in a wind tunnel and an airplane in flight, only 
qualitative verification of the trend» indicated by the flight 
data should be anticipated and any close quantitative agree- 
ment is probably merely coincidental. At the higher Mach num- 
ber«, very similar effects of Mach number are experienced by 
the airplane« and the airfoil«; in fact, close quantitative 

?3 
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agreement exist» in every case except between that of the 
r-38F airplane and the NACA 23015 airfoil.  At lower Mach 
numbers, however, the maximum lift coefficients of the air- 
foils have lower values, and are leee affected by changes of 
Mach number than those of the airplanes with which they are 
compared.  These trends are in accord with the previously 
discussed effects of Reynolds number which are large at low 
Mach numbers and decrease in magnitude as the Mach number 
becomes greater. 

CQfflparlaoa of night data, wjith kaaglay YarUhl£-a.eajBlt%- 
tuaael aa& tvQ-aUeaBVanftl-tunagl air.foU ftaU.- Figures 15(a) 
and 15(b) show the variation with effective Reynolds number of 
the maximum lift coefficient of several NACA conventional air- 
foils as measured in the Langley variable-density wind tunnel 
(reference 3).  These airfoils were three-dimensional models 
having an aspect ratio of 6,  Since the tunnel was operated at 
constant speed and the Reynolds number was changed by varying 
the pressure, the Mach number was almost exactly constant at 
a value of 0.06 throughout the entire Reynolds number range. 
The data are presented in two groups, figure 15(a) showing the 
effects of changes of thickness ratio and figure 15(b) showing 
the effects of changes of camber.  These curves show that 
CL max lam 

is a very sensitive function of camber but relative- 

ly independent of thickness, while  Rcr varies greatly with 
thickness but only slightly with camber.  Both camber and 
thickness affect  Cr        however, but to a much lesser 

"maxturb 
extent than they do  CL„.,,    or  E.„_ .  Values of the maxi- —max iaai      or 
mum lift coefficient« of several two-dimensional NACA low-drag 
airfoil models tested in the Langley two-dimensional wind tun- 
nel at three Reynolds numbers (approximately 3,000,000, 
6,000,000, and 9,000,000) are presented in figure 15(c).  The 
various Reynolds numbers were obtained by simultaneous changes 
cf pressure and airspeed, the Mach numbers corresponding to 
the listed test Reynolds numbers being approximately 0.10, 
0.14, and 0.15, respectively.  Due to the limited Reynolds 
number range of these latter tests, the value of  R   . 

cr 
cLmaXlam-  

and A cLaaX  are unknown, and of the four parame- 

only cLmaXfc  v  !• determinable. 

A comparison of these airfoil data with the flight data 
of figure 8 shows that the variation of the maximum lift coef- 
ficient with Reynolds number was much less for the flight 
tests than for the tunnel testa and that the  R cr was much 
higher for the flight tests.  These apparent discrepancies, 
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however, may be account«! for by a consideration of the effect« 
resulting from the difference between the Mach number of the 
flight and tunnel testa.  Since wind-tunnel data of the nature 
of figure 15 were not available for the exact airfoil« used on 
the test airplane«, airfoil« used for comparison with the 
flight result« were «elected in accordance with the previously 
discussed relations shown in figure« 15(a) and 15(b).  Thus, 
the airplane  CLmaXi   

an<* Ä"l»»ax *a*;l* *re compared in fig- 
d 
t«. <»*.*.*•..,  "^maxlam — ""•»'»ax 
ure 11 only with those of airfoil« having about th« same 
amount of camber a« the airfoils used on the airplanes; where 
the airplane  ^l>oaxt  h data, being relatively insensitive t 
change« of thickness and camber, are compared with similar 
data for all the airfoil« of figure 15. 

a« 
o 

Since the Reynold» number« of the tunnel 
quite ext end to the point of  CL_.-  ^  for s 

"maxturb 
conventional airfoil«, the data were extrsipola 
the resulting values plotted in figure 11.  In 
comparison« In figure« 11(b) and 11(c) it may 
although the variation of the maximum lift coe 
Reynold« number wa« much less for the flight t 
the tunnel tests, the apparent discrepancies b 
Reynold« number effects observed in flight and 
variable-density and two-dimensional wind tunn 
counted for by extrapolating the trends indioa 
data to very low Mach numbers. 

teat« did not 
one of the NACA 

ted slightly and 
each of the 

be seen that, 
fflcient with 
ests than for 
etween the 
in the Langley 

els may be acfc- 
ted by the flight 

Yalue» of  Rer  of the airfoils are not shown for 
ison with the flight data for the following reason.  Th 
flight data were obtained only for the P-I51B and P-63A 
plane«, which have NACA low-drag airfoil«:; whereas the 
wind-tunnel  Ror  value« available were for NAOA conven 
airfoils.  Value« of R cr for NACA conventional airfoi 
not believed to be suitable for comparison with those f 
low-drag airfoils sinoe Rcr ha« been shown to be a ve 
sitive function of thiokne«« ratio and would, therefore 
ably vary considerably with change« of thioknes« distri 
particularly near the leading edge. It is significant 
however, that for each of the SACA low-drag airfoil« fo 
data are shown in figure 15(c), Rc- hau been exceeded 
lowest test Reynold« number of 3,000,000 and Mach numbe 
0.10. Such low value« of Ror are consistent with the 
indicated by the flight data. 

compar- 
e 
air- 
only 
tional 
Is were 
or NACA 
ry sen- 
, prob- 
bution, 
to note, 
r which 
at the 

r of 
trends 
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Correlation of Maximum-Lift-Coefficlent Data 

from Several Wind Tunnel« 

late low-speed 
having differ 
turbulence f&c 
at a multlplie 
ffective Heyno 
conditions. 

orrelatlng max 
this report, 

ata obtained o 
may toe correl 
number, as we 

In early efforts to corre 
tained in various wind tunnels 
turbulenoe, the conoept of a * 
duoed in references 10 and 11 
Reynolds number to obtain an e 
alent to nonturbulent free-air 
did not prove sufficient for c 
coefficient data. The data of 
the possibility that similar d 
tested in various wind tunnels 
oration of the effeots of Mach 
number. 

Accordingly, from maximum-lift-coefficient data measured 
in six wind tunnels on models of the NACA 0012 and 0012-63 
airfoils, which are very similar, values corresponding to 
several effective Reynolds numbers were selected from faired 
curves in the reference reports and replottod In figure 16 as 
a function of Mach number.  The test conditions are summarised 
in table I. 

airfoil data ob- 
ent degrees of 
tor" was intro- 
r of the test 
Ids number equiv- 
This factor alone 
imum-lift- 
however, suggests 
n airfoil models 
ated by a oonsid- 
11 as Reynolds 

The data from these wind tunnels indicate that it may be 
possible to correlate the maximum lift coefficients obtainable 
in various wind tunnels by considering the Mach number as well 
as the turbulence faotor, even though the Mach number may be 
very small.  These curves for the NACA 0012 airfoil are very 
similar to those previously observed in the flight data.  It 
is shown that the maximum lift coefficient is affected by Mach 
numbers as low as 0.15 and that the Reynolds number effects 
decrease with increasing Mach number, as' indicated by the 
flight test data.  Similar plots of maximum lift data have been 
made for several other airfoilst  Although the quantity of data 
for any of the other airfoils is not to great a« that for the 
NAOA 0012 airfoil, trends similar to those shown in figure 16 
are readily apparent for all the airfoils. 

CONCLUSIONS 

An analysis of the effeots of Mach and Reynolds numbers 
on the maximum lift coefficients of sevnral airplanes and 
wind-tunnel models has resulted in the following conclusions: 
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1. When the effects of Mach number were considered., as 
well as those of Reynolds number, good correlation was found 
between flight data and available wind-tunnel data, provided 
buffeting or other factors did not prevent attainment of the 
actual maximum lift coefficient in flight, in which case the 
maximum lift coefficient obtained in flight appeared to be 
related to a pronounced decrease in lift-curve slope.  The 
same considerations provided good agreement among limited 
airfoil data from various wind tunnels.  Data indicated that 
the maxirflum lift coefficient was affected by Mach number down 
to Mach numbers of approximately 0.15. 

2. Distinct difference« exist between the effects of 
Mach and Reynolds numbers on the maximum lift coefficient in 
the suberitical and supercritical Mach number regions. 

3. In the suberitical Mach number region, the maximum 
lift coefficient obtainable in flight by the airplanes tested 
decreased steadily with increasing Mach number.  As the Mach 
number was increased in the superoritioal Kaon number region, 
the maximum lift coefficient of NACA conventional airfoils 
oontinued to diminish as at suberitical Mach numbers, while ' 
that of NACA low-drag airfoils reached a minimum at a Mach 
number between 0.40 and 0.55 and then began increasing until 
secondary peak values were reached at a Mach number between 
0,60 and 0.66. 

4. In the suberitical Mach number region, effects of 
Reynolds number on the maximum lift coefficient wore quali- 
tatively as described in NACA Report No. 586; quantitatively, 
the effects of Reynolds number on the maximum lift coefficient 
decreased progressively with increasing Mach number, becoming 
nil at a Mach number of approximately 0.55.  The critical 
Reynolds number increased nearly linearly with Mach number, 

5. At supercritical Mach numbers, no effects of Reynolds 
number were apparent for two of the three airplane« on which 
pertinent data were obtained; on the third airplane the maxi- 
mum lift coefficient was affected by Reynolds number but in a 
manner basically different from that experienced at suberiti- 
cal Mach numbers. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautic«, 

Moffett Field, California, March 28, 1946. 
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\, 

(a) P-38P airplane. 

4S ^'.^m'< ?v* 
,,Av .V-.' 

(b)  P-39N airplane. 

Figure 2 (a to i).-   Photographs of test airplanes and wind-tunnel models. 

J 



HAOA TK  No. 1044 Tig. 3c,d 

(c) FÖP-5 airplane. 

(d) P-51B airplane. 

k^. 

Figure 2,- Continued. 
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(a)  P-63A airplane. 

(f) YP-8OA airplane. 
Figure 2.- Continued. 

• fr-f.-, Vr'Cffiafl 
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(g) Model of P-38 In Amoa 16-foot high-speed wind tunnel. 

(h) Modal of P-39» In Amoa lS-foot high-apead >lnd tunnel. 
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Figure 3.- Profiles of the wing root and tip sections 
of the test airplanes. 
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figure 4.- Variation of maximum lift coefficient with Mach number 
at high altitude. 
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.4     .5     .6 
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Figure 7.- Variation of Reynolds number with Kach number for tb« 
flight teat data of figure 6. 
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