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RESEARCH MEMORANDUM 

SKIN- FRICTION DRAG AND BOUNDARY- LAYER TRANSITION ON A 

PARABOLIC BODY OF REVOLUTI ON (NACA RM-IO) AT A 

MACH NUMBER OF l . 6 IN THE LANGLEY 4- BY 

4- FOOT SUPERSONIC PRESSURE TUNNEL 

By K. R. Czarnecki and Jack E. Mar te 

SUMMARY 

An investigation has been made at a Mach number of 1 . 6 and over a 

Reynolds number range from 2 x 106 to 40 x 106 of the skin- friction drag 
and boundary- layer transition of a body of revolution . The body had a 
parabolic- arc profile, a blunt base, and a fineness ratio of 12.2 (NACA 
RM- IO) . The results indicate the boundary layer remained essentially 
laminar over the entire length of the model, including a region of 
adverse pressure gradient near the base , up to a Reynolds number of 

about 11 X 106 . Boundary- layer transition was very sensitive to surface 
condit i on and often occurred a t lower Reynolds numbers if the surface 
was not maintained aerodynamically clean. A compa rison of the boundary­
layer transition results with those of other facilities shows that wind­
tunnel turbulence or other flow irregularities have a large effect on 
transition at supersonic speeds . 

INTRODUCTION 

I n order to realize long ranges for airplanes and missiles at super­
sonic speed, fuselage bodies of high fineness ratios must be used . For 
such bodies the skin friction may compose a major part of the total drag, 
hence , knowledge of the magnitude of the skin friction is of great impor­
tance in calculating performance . In addition, a knowledge of the skin 
friction aids in predicting the effects of aerodynamic heating . One of 
the major problems in estimating skin friction or aerodynamic heating, 
however, lies in the difficulty of predicting at what point on the body 
transition from laminar to turbulent boundary layer flow will occur. 
The National Advisory Committee for Aeronautics , consequent l y , has 
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undertaken a general investigation of skin friction and boundary-layer 
transition at supersonic speeds . One phase of this general investi­
gation consists of a coordinated research program to evaluate the scale 
effect on a parabolic- body research missile known as the NACA RM-10. 
Various scale models of t his missile have been tested in NACA supersonic 
wind tunnels (references 1 to 3), and both full- and half- scale models 
have been tested in free flight (reference 4) . The use of both wind­
tunnel and free -flight test facilities has enabled data to be obtained 
at a few widely scattered intervals over a wide r ange of Reynolds num-

bers j for example, 2. 6 x 106 to 90 x 106 at a Mach number of 1.6. In 
general , these studies of skin f r iction and boundary-layer transition 
were limited to an angle of attack of 00 • 

This present paper presents results obtained on an RM-10 model at 
a Mach number of 1 . 6 in the repowered Langley 4- by 4- foot supersonic 
pressure tunnel, which a llowed the Reynolds number to be varied continu-

ously from a bout 2 x 106 to about 40 x 106 . Tests were made at zero 
angle of attack with natural and artificially fixed transition and a 
comparison is made of the results with other existing data. 

SYMBOLS 

A maximum cross-se'ctional area of body 

( D:Aa
g

) drag coefficient 'j: 

M f ree- stream Mach number 

p 
(

p :~ Po) pressure coefficient "Q 

free - stream static pressure 

p local s tatic pressure 

q free - stream dynamic pressure (~PoM2) 

R Reynolds number based on body length and free-stream velocity 

u velocity inside boundary layer 

u velocity just outside of boundary layer 
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x/L distance from nose of model in body lengths 

y distance normal from body surface 

ratio of specific heats for air (1 . 4) 

incompressible boundary-layer momentum thickness 

(f If(l - If)dY) 

Subscripts : 

f skin friction 

F forebody pressure drag 

B ave r age base 

APPARATUS AND METHODS 

Wind Tunnel 

The present investigation was conducted in the Langley 4- by 4-foot 
supersonic pressure tunnel which is a rectangular, closed- throat, 
single- return type of wind tunnel with provisions for the control of 
the pressure, temperature, and humidity of the enclosed air. Changes 
in test- section Mach number are obtained by deflecting the top and 
bottom walls of the supersonic nozzle against fixed interchangeable 
templets which have been designed to produce uniform flow in the test 
section. With the recent installation of new and more power ful drive 

motors the tunnel operating range is from about 1/8 to ~ atmospheres 

stagnation pressure over a nominal Mach number range from 1 . 2 to 2. 2. 
The turbulence level of the tunnel is as yet undetermined . For quali ­
tative visual-flow observation, a schlieren optical system is provided. 

For the tests reported herein the nozzle walls were set for a Mach 
number of 1 . 6 . At this Mach number, the test section has a width of 
4.5 feet and a height of 4. 4 feet . During the tests , the dew point was 
kept from below - 350 F at the lowest stagnation pressure to below - 20 0 F 
at the highest values so that the effects of water condensation in the 
supersonic nozzle were negligible . 
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Model 

A sketch of the RM- IO model, giving pertinent dimensions and con­
struction details , is shown in figure 1 and a photograph of the model 
is presented as figure 2. The body has a parabolic-arc profile with a 
basic fineness ratio of 15. The pointed stern has been cut off at 
81 . 25 percent of the length, however, so that the actual body has a 
blunt base and a fineness ratio of 12.2. The present model has a length 
of 50 inches and a maximum diameter of 4.096 inches. 

The model was constructed of steel and duralumin in four sections . 
The joints between the sections were carefully sealed and faired until 
no discontinuity at the surface could be detected . Body contours are 
estimated to be accurate to within about 0 . 006 inch on the average , with 
a maximum deviation of 0 . 020 inch . The original surface roughnesses as 
determined by a Brush surface analyzer were about 6 root- mean-square 
microinches on the steel sections and about 14 root - mean- square micro­
inches on the duralumin parts with maximnm peak to valley roughnesses of 
12 and 50 microinches for the respective metals . Most of the tests were 
made , however, with the model painted, sanded, waxed, and polished to an 
average surface r oughness considerably less than that for the model in 
the original surface condition. No reliable measurements of the rough­
ness of this surface could be obtained because the stylus cut too deeply 
into the soft surface . The surface was not so soft, however, as to be 
affected in any way during the tests insofar as demonstrated by repeata­
bility of the results . 

The body was mounted in the tunnel by means of a sting, and total 
drags were measured on an electrical strain- gage balance mounted within 
the model . Base pressures were determined from four 0 . 040- inch outside­
diameter tubes placed on the sting with the openings in the plane of the 
base a t 900 intervals a round the sting. Boundary- layer profiles were 
determined by means of a rake of tubes illustrated in figures 1 and 3 . 
In order to keep the lag in response of the rake within reasonable limits 
and yet obtain a sufficient number of point measurements within the 
thinner boundary layers , the rake was constructed of 0 . 040- inch outside­
diameter (0 . 030 I . D. ) tubing, but the ten tubes closest to the surface 
were flattened to a height of about 0 . 025- inch outside diameter 
(0 . 015 I.D.) per tube . The r ake was clamped on the sting so that 
boundary- layer profiles were determined about 1/64 inch ahead of the 
base of the model . A few check tests were also made with a boundary­
layer rake s i milar ly constructed of 0 . 030- inch outside- diameter 
( 0 . 020 I.D.) tubing . For the boundary- layer velocity-profile tests, the 
back end of the model was blocked up with wooden wedges to prevent any 
motion of the model relative to the rake. No other data were recorded 
at the time these data were obtained . 
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Techniques , Tests and Data Reduction 

Dur ing the investigation, base pressur es we r e r ead simultaneously 
with the results from the strain- gage balance . For most test condi­
tions , schlieren photographs were also made to aid i n i nterpreting 
results . No photographs a r e p r esented in this paper, howeve r , because 
they lacked sufficient detail for satisfa ctory reproduction . 

Tests were made with the model in the origi nal smooth condition; 

5 

in the painted, sanded, waxed, and polished condi tion j and with t r ansi ­
tion fixed . Fi xing transition was accompli shed by me ans of a circumfer­
ential ring of number 60 carbor undum grains located a half- inch back 
from the nose and about 1/4 inch wide in the directi on of t he flow. 
The grains covered roughly 1/ 5 to 1/ 4 of the sur face area within the 
ring. 

The tests were made with the model at zero angle of attack and in 
tempe r ature equilibrium. The tunnel stagnation p r essure was varied 
from 2 to 33 pounds per squar e i nch which gave a Reynolds number range, 
based on the model length of 50 inches , from about 2 X 106 to 40 X 106. 

The total drag was determined from str ain- gage measurements and 
the base dr ag from base pressures . No bouyancy correcti ons a r ising from 
small static- pressure gradient in the test section were applied as 
calculation showed the correction to be well within the experimental 
accuracy . 

In order to determine the skin- f riction drag of a body by this 
technique , the forebody pressure drag mus t be known . Ina smuch as past 
experience has indicated that the fore body pressure drag va ries very 
little with Reynolds number , especially when the boundary l ayer remains 
laminar or stays turbulent near the base, the forebody pressure drag 
was not determined in this investigation but was taken from the experi­
mental results pr esented in refe rence 3 for a geometrica lly similar but 
slightly smaller model . These forebody- pressure- drag coefficients were, 
according to the reference, 0 . 041 when the bounda ry layer was essen­
tially laminar and 0 . 044 when the boundary layer was made turbulent by 
fixing transition . A plot of the pressure distributions from which the 
coefficients we r e derived is shown in figure 4. The plot a lso shows the 
extent of the favorable pressure gradient over the body . It was assumed 
that the above values of forebody- pressure- dr ag coeffic ient did not vary 
with Reynolds number except to change f rom t he l amina r to turbulent 
values in the Reynolds number range nea r 10 X 106. This r ange was 
chosen on the basis of skin- fric t ion and boundary- layer-pr ofile resultE 
which a r e dis cussed subsequent ly. In actuality, the t r ansition in 
fore body- pr es sure- dra g coefficients probably will not be as abrupt as 
assumed but the actual varia tion is not known and , in any case , the 
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difference between the coefficients is small. With transition fixed, 
CDF was assumed constant at the turbulent values of 0 . 044. With the 

f ore body pressure drag thus estimated, the skin- friction drag wa s deter­
mined by subtracting the base and estimated fore body pressure drags from 
the total drag . 

Skin- friction coefficients from the boundary- layer-pressure data 
were obtained by the loss in momentum technique outlined in reference 5 
together with an assumed temperature recovery factor of 0.88, a value 
reasonably applicable to both laminar and turbulent flow. 

Precision of Data 

Stream surveys obtained at tunnel stagnation pressures of 15 and 
30 pounds per square inch with empty test section indicate that, in 
general , the mean value of Mach number in the region occupied by the 
model in the test nozzle was 1 . 61 and that the variation about this mean 
was less than 0 . 6 percent (fig . 5) . Some evidence (wall static pres­
sures) of a slight decrease in test- section Mach number was found for 
t unnel stagnation pressures of about 4 pounds per square inch and below, 
but suffi cient data are lacking to establish the accuracy of this indi-

. cation for the flow at the center of the test section . Calculations 
showed that the effect of the decreased Mach number on the aerodynamic 
coefficients was small . No significant irregularities in stream- flow 
direction in the region occupied by the model were found to exist . 

The var ious coefficients presented in the paper are estimated to 
be accurate within the following limits : 

Drag coefficient CD ' . • . . . 

Forebody pressure drag coefficient CDF 

Base drag coefficient CDB . . 

Skin- friction drag coefficient CDf 
Base pressure coefficient PB 

RESULTS AND DISCUSSION 

Effects of Surface Condition 

± 3 to ±4 percent 

±0 . 003 

±0 . 001 

±0.004 

± 0 . 003 

The basic results of the drag invest igation of the RM- 10 body over 
t he Reynolds number range are shown in figures 6 to 9 for the model in 
t he smooth condition and with boundary- layer transition fixed near the 
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nose . Initially, smooth-model tests were made with only normal pre­
cautions to keep the model clean. A rather large scattering of data 
occurred in the Reynolds number range where the skin-friction drag coef-

ficient increased abruptly with R ( that is , in the Reynolds number 

range from 7 x 106 to 15 x 106 ) and test points often could not be 

repeated . Because of these undesirable . conditions, the model was care­
fully cleaned before each run . After testing through the Reynolds num­
ber range in the carefully cleaned condition for both increasing and 
decreasing Reynolds numbers~ the model surface was refinished as smooth 
as possibl e by painting, sanding, waxing, and polishing and tested again 
in each dir ection through the Reynolds number range. Identical results 
were obtained for both surface conditions with large scale scatter elimi­
nated; hence, the test points for the two surface conditions are not 
differentiated on the plots and the earlier scatter ed data a r e omitted . 
In many instances the omitted data showed larger values of total , skin 
friction and base drag than are shown in figures 6 to 9, indicating the 
occurrence of boundary-layer transition at lower values of R when the 
model was not aerodynamically clean. 

Drag Breakdown 

Total drag.- The variation of total drag coefficient with Reynolds 
number for carefully cleaned models, with and without artificial tran­
sition, is shown in figure 6. In the smooth surface conditions the 
total drag coefficient decreased slowly wi th increase in Reynolds num-

ber up to a Reynolds number of about 7 X 106 (see fig . 6 (a)). At this 
pOint, the total drag coefficient increased abruptly from about 0 . 068 
to 0 . 088 and thence remained approximately constant to about 

R = 10 x 106 . Above the latter Reynolds number, the total drag coef­
ficient again increased, rapidly at first and more gradually later, 

until a Reynolds number of perhaps 30 x 106 to 35 x 106 was attained . 
With furthe r increases in Reynolds number, the total drag coefficient 
remained fairly constant and perhaps finally began to decrease . 

With transition fixed ( fig . 6 (b)), the total drag coefficient was 
generally much higher at the lower Reynolds number and decreased slowly 
and continuous'ly over the complete test Reynolds number range as con­
trasted with the abrupt changes characteristic of the smooth model . At 

a Reynolds number in the neighborhood of 35 x 106 the drag coefficient 
for the smooth model and for the model with transition fixed tended to 
become equal (compare figs . 6 (a) and 6(b) extrapolated), the indication 
being that natural transition was occurring near the nose of the model . 
In r eaching this conclusion, it was assumed that the roughness did not 
significantly change the character of the boundary layer other than by 
initiating transition . 
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Base pressure coefficient and drag.- The average base pressure and 
corresponding base drag coefficients determined on the RM-10 in this 
investigation are presented in figure 7. The results indicate that, in 
the smooth- surface conditions, the base pressure at the lowest Reynolds 
numbers investigated was only sli ghtly negative , hence, the base drag 
was small . As the Reynolds number was increased, however, the base 

pressure decreased sharply at R = 7 X 106, the point at which the total 
drag coefficient had increased abruptly, and thence continued to decrease 

at a somewhat slower rate up to R = 11 X 106 . The corresponding 

increase in CDB was from about 0 . 006 at R ~ 6 X 106 to 0.036 at 

R ~ 11 X 106 . From R = 11 X 106 to R = 19 X 106 the base pressure 
coefficient increased and then began to decrease slowly with further 
increase in Reynolds number with CDB reaching a value of about 0.035 

at the highest values of R investigated . 

With transition fixed the abrupt changes in base pressure were 
eliminated and the ba se pressure continuously and gradually decreased 

with Reynolds number over the test Reynolds number range from 4 X 106 

to 27 X 106 . Above a Reynolds number of about 19 X 106 the base pres­
sure coefficient PB and, hence, the base drag coefficient CD for 

B 
the transition- fixed condition were essentially the same as those for 
the smooth model . 

Skin- friction drag.- The differences in drag between the curves of 
total drag coefficient and fore body plus base-pressure drag coefficient 
in figure 6 indicate the magnitude of the skin-friction coefficient. An 
analysis of the results for the smooth model shows that in the essen­
tially laminar flow regime the skin friction comprised one- third of the 
total drag j in the case where the basically turbulent boundary layer 
covered most of the model (natural transition near nose of model at 

R = 30 X 106 ), the skin friction amounted to one- half of the total drag. 
When transition was artificially fixed , the skin friction contributed 
about half of the total drag over the entire test Reynolds number range, 
with the ratio of skin friction to total drag being slightly higher at 
the lower end of the Reynolds number range. 

A plot of the skin- friction drag derived from the data in figure 6 
is presented in figure 8 on a loga rithmic scale. Included in the fig­
ure are all skin- friction drags available to date on the RM-10 at 
M ~ 1.6. The results of the present investigation indicate that the 
boundary layer remained essentially laminar over the entire length of 
the model , including the region of adverse pressure gradient near the 

base, up to a Reynolds number of about 11 X 106. At this point the main 

-- -->--------



NACA RM L52C24 

drag rise due to boundary layer transition began and, with further 
incr ease in Reynolds number, transition moved forward progressively 
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until at R = 35 x 106 to 40 x 106 it apparently occurred close to the 
nose of the model. In correlating the present skin-friction results 
with the base coefficients, it is noted that the beginning of the main 

drag r i se due to transition at R = 11 X 106 (fig. 8) apparently coin­
cides with the peak of the pressure bump in the PE curve ( fig. 7). 

Si nce the experimental skin-friction drag increased so rapidly 

above R = 11 X 106, an analysis was made on the basis of the transition 
curve ( fig . 8) of the transition Reynolds numbers based on the distance 
f r om the model apex to the point where transition occurred . The calcu­
lations reveal that this transition Reynolds number decreased gradually 

from about 11 X 106 to approximately half this value or less as the test 

Reynol ds number based on body length increased from 11 X 106 to 40 x 106 
even though the transition region progressively moved forward into the 
influence of a more and more favorable pressure gradient . At the present 
time , sufficient data are lacking to determine whether the apparent 
decrease in transition Reynolds number with increase in tunnel ~ressure 
is precipitated by an increase in tunnel turbulence level with increase 
in stagnation pressure or is influenced by some f a ctor such as the 
increased surface-roughness to boundary-layer-thickness ratio near the 
model nose . 

The present data agree fairly well with those obtained at low 
Reynolds numbers for a smaller RM-IO model in the Langley 4- by 4- foot 
tunnel before it was repowered and with some results obtained in the 
Langley 9- inch supersonic tunnel. The same fore body pressure drag was 
used in r educing data in these instances. At the higher Reynolds num-

ber of 30 x 106 the present results are in good agreement with the skin­
friction data obt~ined on an RM-IO in the Lewis 8- by 6- foot tunnel 
( reference l)j whereas a comparison of the present results with those 
obtained at M = 1 . 52 on an RM-IO in the Ames 1- by 3- foot tunnel 
( reference 2) indicates that boundary-layer transition in that facility 
apparently occurred at much lower Reynolds numbers than in the present 
investigation. The existence of the discrepancy probably can be 
ascribed to the effects of wind- tunnel turbulence (the Ames 1- by 
3- foot tunnel is a butterfly- valve controlled blowdown tunnel with 
smaller contraction ratio than the Langley 4- by 4- foot supersonic pres­
sure tunnel ) or other flow irregularities (for example, compare the Mach 
number variations of ±0.01 in present tests to ±0 . 02 in the Ames investi­
gation ). The comparison appears to show that the problem of turbulence 
in supersonic wind tunnels is important, just as it is in low-speed wind 
tunnels , and points out the need for establishing wind- tunnel turbulence 
levels and eliminating any large flow disturbances before any significant 
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ana lysis of skin friction) base pressure) boundary-layer transition) and 
shock- boundary layer interaction can be made at supersonic speeds within 
the Reynolds number ranges now under investigation . 

The skin- friction results obtained in free f l ight by means of 

boundary- layer surveys on full- scale models at R = 85 X 106 (unpub­

lished) and R = 112 X 106 (refer ence 5) are not in too good an agree­
ment with the extrapol ated curve of the present investigation. Too 
much importance should not be placed upon this comparison, however, as 
the heat- transfer conditions for these flight-test points correspond to 
t hose of a skin far colder than that existing for the zero-heat-transfer 
conditions of the wind- tunnel data . A theory for the effect of heat 
transfer on skin fr iction in turbulent boundary layers formulated by 
Van Driest ( for example , reference 6) accounts for approximately one­
third of the di fference between the flight-test points and the tunnel 
results ext r apolated along the turbulent curve . 

In general , the present experimental skin- friction coefficients 
were in good agreement with the theoretical coefficients computed with 
t he a id of Manglers transformation (reference 7) and with the parabolic 
profile of the body taken into account . The basic flat - plate boundary­
l ayer theories used to make the calculations were the Chapman and 
Rubesin theory (reference 8 ) for laminar boundary layers and the extended 
Frankl and Voishal method (refer ence 9) for turbulent boundary layers . 
For laminar flow, the calculations indicate an increase of 9 percent in 
skin- friction for the RM- 10 over that of a flat plate. With a turbulent 
boundary layer, the increase in skin friction is only about 2 percent . 
Recently, Van Driest (reference 6) derived a relationship between the 
t urbulent skin friction on a cone relative to that o~ a flat plate which, 
when applied to the Reynolds number range of interest here, indicated an 
increase in cone skin fri ction of 12 to 13 percent . For a parabol ic body 
the increase will be somewhat less. The experimental data, however, 
appear to be in better agreement with the smaller increase indicated by 
Manglers transformati on . 

Results of Boundary-Layer Surveys 

Velocity profiles .- The boundary- layer velocity profiles determined 
a t the base are presented in figure 9. At the lower Reynolds numbers 
where the boundary layer was r egarded as laminar at the base of the 
model, the total pressure nearest the surfa ce was higher than the total 
pressure immediately furthe r out , so that a high calculated velocity 
r a tio resulted near the surface . This effect was also found with a 
pressure tube r ake made from 0 . 030- inch outside- diameter tubing . This 
apparent excess of total pressure may be the result of the tube nearest 
the surface being in a large total pressure gradient, the rake being 
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located too close to the base of the body) or boundary- layer separation. 
The use of the usual correction factors for tubes close to the surface 
(reference 10) did not lead to any significant improvements in the 
velocity distributions) hence) the corrections have not been incorpo­
rated in the data of figure 9. It is difficult to foresee how the 
location of the rake too near the base or boundary- layer separation 
could result in high total pressures near the surface but the pressure 
da ta of figure 4 do indicate the possibility of flow separ ation near 
the base of the body when the boundary layer is laminar and the pres ­
sure tube rake itself may have induced separation . Since it is not 
known which one) if any) of the above factors is responsible for the 
high readings of the tube nearest the surface) the data from that tube 
were disregarded in fairing the boundary- layer profiles and the inte­
grated skin- friction results may) therefore ) be somewhat questionable . 
This uncertainty, howeve r, should have no effect on the qualitative 
value of the results . 

I n any event, up to R = 9 . 2 X 106 the nondimensional experimental 
velocity profiles are all practica lly identical and have characteristics 
very similar to those of the Blasius profile) except for a small dis ­
placement of the experimental profile to smaller values of y/Bi 

( fig . 9). At Reynolds numbe r s of 11 . 3 x 106 or greater the experi­
mental profiles are again identical in shape but the high total pres­
sures near the surface have disappeared and the profi l es have more of 
the characteristics of turbulent- boundary- layer profiles . The best agree ­
ment of the experimental velocity profiles at high Reynolds numbers was 

found with an approximately ~ - power profile. The boundary- layer surveys 

thus show an apparent change f r om a laminar to turbulent bounda ry- layer 
profile and a change from decreasing to increasing momentum thickness Bi 

in the Reynolds number range between 9 . 2 x 106 and 11.3 X 106 which are 
characteristics of transition and in good agreement with the transition 
Reynolds number range indicated by the force tests . 

Skin friction .- The skin- friction drag coefficients computed from 
the momentum loss in the boundary layer are plotted in figure 8. The 
results are in qualitative agreement with the force data as to both the 
point of beginning of boundary- l ayer transition and the relative magni ­
tudes of the skin- friction coefficients with the boundary l a yers both 
laminar and turbulent. 

SUMMARY OF RESULTS 

An investigation has been made at a Mach number of 1.6 and over a 

Reynolds number r ange from 2 X 106 to 40 X 106 of the skin- friction 
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drag and boundary- layer transition of a body of revolution. The body 
ha d a para bolic- arc profile) a blunt base) and a fineness ratio of 12.2 
(NACA RM- 10) . The results indicate that: 

1 . The boundary layer remained essentia lly lamina r over the entire 
length of the model) including a region of adverse pressure gradient 

near the ba se) up to a Reynolds number of about 11 x 106. At this point 
the main drag rise due to boundary-layer transition began and) with 
further increase in Reynolds number) transition moved forward progres-

sively until a t a Reynolds number of about 35 x 106 to 40 x 106 tran­
sition appa rently occurred close to the nose of the model. 

2. In the essentially laminar flow regime) the skin- friction com­
prised about one- third of the total drag; in the case in which the 
ba sically turbulent boundary layer covered most of the model) the skin 
friction amounted to one-half of the total drag . 

3 . Bounda ry- layer transition was very sensitive to surface condi­
tion and often occurred at lower Reynolds numbers if the surface was not 
maintained aerodynamically clean . 

4 . Wind- tunnel turbulence levels and other flow irregularities in 
supersonic wind tunnels appear to have a large effect on transition at 
supersonc speeds . 

5 . The magnitudes of skin-friction drag coefficients determined 
f roID boundary- layer profile measurements were in qualitative agreement 
with those obtained from force tests) and the pressure data substantiate 
t he force t est results as regards boundary-layer transition. 

Langley Aeronautical Laboratory 
Nationa l Advisory Committee for Aeronaut ics 

Langley Field) Va . 
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Figure 3.- Boundary- layer rake mounted at rear of model. 
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