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1+ Introduction and Description of Apparatus

The behaviour of the flow behind a blunt base in supersonic
flow is in many ways closely related to what happens in interactions
between shoek waves and boundary-layers, as discussed in Ref. 1.

Fige 1 illustrates a typical flow pettern. At the bese there are
expansions which turn the flow inwards.  Just behind thesc expansions
there are shcar layers between the fast-moving cxternsl flow and the
region of camparatively dead air behind the basc. The shear layers
come together to form a wake, being deflected in the process by
appropriate compression waves back approximately to the frec-stream
direction. The flow pattern in this compression rcgion, the region A
of Fig. 1, is very similar to that where a boundary-layer reattaches on
to a wall after being separated by an oblique shock. There is little
change of pressure between the base and the beginning of the compression
region, and sincc the pressure dovmstream in the woke must be roughly
equal to that in the freeestrcam, the base pressure is dependent on the
amount of pressure inercase the shear layers can withstand in the region
A, Thus turbulent layers can withstand more than laminar ones, so that
if' the flow is turbulent in the region A the base pressure will be
lower than if the flow is laminar. ‘This is analogous to the dependence
of the pressure rise at separation on the boundary-layer conditions in
intersections between shock waves and boundary-layers.

Because the problem of basc pressures is related to that of
interactions between shock waves and boundary-layers, its investigation
at the N.P.L. vas 2 logical sequel to the carlier inveotigotions
reported in Ref., 1. The 2.6" x 1,5" direct discharge twmel (sec Ref. 1)
viag very suitable for this work for the same reason as before, namely
because vith it Mach number, Reynolds number, and model configuration
are all independently variable over a wide range. As with the earlier
investigation the aim of the work was to throw light on the fundamental
processcs of the flow rather than to accumlate ad hoc data. Hence
only simple modcl shapes were studied. The principal shapes investigated
were (a), two-dimensional wedges with basc : chord ratios of 1/ and 1/8,
as in Fig. 2{a); (b) cones of 10° semi-ongle, as in Fag. 2(b); and (c)
cone~oylinder bodies of revolution with 30° semi-sngle heads and lengths
of 3 and 7 diamcters, as in Fig. 2(c). In addition, thc base pressurc
bohind o shollow two-dinensional step as in Pig. 2(6.3 was measured at a
free=stream Moch nuiber of 3, and that behind a wedge on a plate, as in
Tig. 2{c), forming a "half model" of the larger wedge of Fig. 2(a), was
reasuved ot Mach numbers of 3 and L.

2./
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2, Results and Discussion

Fig. 3 shows a typical curve of base pressure ratio pp/pi,
where pp is the base pressure® and p, the free-stream pressure,
plotted against the Reynolds nurber R based on model chord, with
Sehlieren photographs of the corresponding flow patterns in the base
region. PFigs. L~6 arc additional Schlieren photographs and Figs. 7-10
show curves of pp/py ageinst R for the various model shapes tested
at the free-stream Mach numbers M of 1.5, 2, 3 and L.

(a) Genersl Foatures of the Base Pressure Curves and Flow Patterns

In general the curves of PB/P:. decrease at first with
increasing R eand then flatten off. = There are corresponding changes
in the flow patterns, as can be scen from Fig. 3. At low Reynolds
nmunbers the shear layers behind the basc are inclined only at a small
angle to the froe-stream direction, but they converge more sharply as
the Reynolds number is increased., VWhere the basc pressure curve has
Tlattoned off, the changes in the flow pattern with increasing Reynolds
nunmber are correspondingly small,

The bage pressure curve for the shallow step at M = 3
(Fig. 9) differs from the other curves in being flat at low Reynolds
nunbers and then decreasing with further increasc of Reynolds number.
This is discussed further later.

The point marked T on the curve indicates the minimum
Reynolds nunber for which the boundary-layer on the body just upstream
of the basc is turbulent. The position of transition was ascertained
by the use of sublimetion techniques and by using small pitot tubes
resting on tho surface. It will be noticed that in most cases the
transition Reymolds number for bodies of revolution is considerably
higher than for the two-dimensional wedges at the seme Mach number.
This is because transition on two-dimensional bodies is sensitive to
any small imperfections in the lcading-edge condition. Thus in Fig. 9
there are two curves for the fatter wedge with two different transition
positions, one obtained when the leading=cdge had some slight nicks in
it, and the other obtained after these nicks had been carefully removed
by stoning., The curve for the thin wedge at this Moch nunber also
corresponds to a carefully smoothed leading-edge, and it can be seen
that with such a leading edge the tremsition Reynolds number is roughly
the same as with bodies of revolution., It was found rmch more
difficult to ascertain the transition position with bodies of revolution
than with two-dimensional bodies, probably because in the former cases
transition scldom occurs symmebtrically round the body.

The transition Reymolds numbers are rather low, even with
bodics of revolution, and instcad of tending to decrease with increasing
Mach number, as is usual, they increase. This is probably because the
free=stream furbulence level in the tunnel is high, so that the transition
Reynolds numbers are lower than usual, particularly at the lower Mach
nubers, where the contraction to the nozzle throat is less than at the
higher Mach numbers. {cf.. Ref. 2).
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*pn  was normally measured at the centre of the base with two-dimensional
modc.’is and at half the base radius with bodies of revolution., Vith the
two-dimensional models of Fig. 2(a) therc were additional pressure tappings
which showed that the basc pressure is approximstely uniform over the
whole basc.
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No results obtained with the wedge on the plate (Fig. 2(e))
have been included in Figs. 9 and 10 for M = 3 and J, although the
wedge on the plate was tested at these Moch numbers. It was {ound
that at M = 3 the base pressure curve was very nearly the same as
for the fatter wedge of 2(2), whilst at M = J the curve was
parallel to, but rather higher than, the curve for the fatter wedge.
However this diffcrence is probably not significent because the wall
in the arrangement of Fig. 2(e) moy well have been at a slight incidence
to the flow. This would affect the base pressure directly, whereas
with side-supported "free" wedges the base pressure is inscnsitive to
small angles of incidence since the wake always alines itself along the
frec-stream direction.

(b) The Theory of Crocco and Lees

Considerable light is thrown on the basc pressurec problem by
the theory of Crocco and Lecs3 and a brief outline of some of their
conclusions is givon now to facilitate the discussion of the results.

Crocco and Lees predict that the shape of the curve of basc
pressure ratio PB/Pi against Reynolds number R should be as in
Fig. 11. A% very low Reynolds numbers the flow in the region A of
Figs 1 is completely laminar and the base pressure is then relatively
high and insensitive to Reynolds number. A% much higher Reynolds
numbers the shear-layer flow in the region A4 is completely turbulent
ond the base pressure is then much lower, because the turbulent flow
can withstand a larger pressure incrcase in the compression region.
for intermediote Reynolds numbers transition occurs within the region A,
moving closer to the base as the Reynolds number incrcases. The base
pressure steadily falls as the proportion of turbulent flow in the
compression region increases.,  When the shear-layer flow behind the
base first becomes fully turbulent (which according to Crocco and Lees
is when the boundary-layer just upstream of the base first becomes
turbulent) the theory predicts that pp/p2s should be a minimum.
Further incrcase of R should cause pB/p,_ to increase at first, and
then ultimately to decrease gradually. This verdation is associated
with the variation in the thickness of the turbulent boundary-layer
Just upstream of the base. The thickness at first increases, as the
irensition position moves forward on the body, but when transition
occurs near the leading-edge so that the effective origin of the
turbulent layer becomes fixed, the boundary-layer thickncss at the base
of course falls wilh increasing Reynolds number. The theory predicts
that the base pressure is greoater vhen the ratio of the thicknesa of
the boundary~layer just upstream of the base to the basec height is
greater.  Hence the variation in boundary-layer thickness just
described causes the variation in ps showm in Fig. 11 when the
flow behind the base is turbulent, according to the thecory. Also the
base pressure curve for a body of smaller base : chord ratio should be
higher than that for a fatter body.

(c) Comparison Between the Experimental Results and the
Dredictions of Crocco and Lees?

Many of the features Just described sre found in the
experimental results, but there are some differences. In this
scction the points of comparison are discussed, item by item.

(i) Of the cxperimental results, only the base pressure curve
for the shallow step et M = 3 shows a [lat top at low Reymolds
numbers. Presumably with the other bodies the flow in the compression
region behind the base was always at least partially turbulent in the
experiments.  This is despite the fact thet low Reynolds numbers R
worc achieved, often as low as 0,1 x 10°. However as mentioned before the

frec-gtream/
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free~stream turbulence level in the tunnel is prebably high, which
could eccount for the failure to obtain laminar flow behind the base
except with the shallow step., It is easler to obtain laminar flow
with a smaller base height because then the Reynolds muber based on
the length from the bese to the compression region behind it is
smaller for a given Reynolds number R based on chord.

(ii) A1l the base pressure curves other than the curve for the
shallow stepat M = 3 and the curves for M = 1.5 show a marked
decrease with increasing Reynoplds number at low Reynolds numbers.

This as associated with transition moving closer to the base, in the
maymer suggested by Crocco and Lees., The curves for bodies of
revolution at ¥ = 1.5, however, show an incresse (in one cese
marked, in the other slight) with increasing Reynolds nurbers for most
of the range in which the boundary-layersat the base are laminar.

One possible explanation is that the head shock, after reflection from
the side walls of the tumnel, comes rathor close to the base at this
low Mach nunber, and may interfere with the flow. However this does
not seem likely with the smallest chord models. An alternative
explanation is that transition occurs in the shear layers behind the
base before the compression region is reached, cven though the
boundary~-layer flow is laminar. Trensition would be more likely to
oceur at low Mach nurbers because shear layers tend to be more stable
at higher Mach numberslsd. It would also be more likely to happen
with the three-dimensional bodies tested in the present experiments
than with the two-dimensional body tested. TFor the former have laxger
base : chord ratios than the latter, so that the Reynolds numbers based
on the length firom the base to the compression region behind it are
lorger for a given chord Reynolds number R.  However there is a range
of Reynolds nurber even for the two-dimensional body for which the base
pressure ratio increases slightly with R when the boundary~-layer flow
is lamirar., This is true also for the three-dimensional bodies at a
Mach number of 2, so thet all these results arc consistent with the
explanation in terms of transition in the shear layers. It remains

to be explained why the base pressure should increase with Reymolds
number under such conditions, (though the increase is in most cases
slight.) There might be an effect analogous to that of boundary-layer
thickness as predicted by Crocco and Iees to account for the increase.
Howvever it is argued later that boundary-layer thickness may not be
very important with base : chord ratios as large as in most of the
present experiments. An altermative cause for the increase might be
that the character of the turbulent motion varies appreciably with
Reynolds nunber imaediately downstream of transition.

(iii) The minirum on the basc pressure curves predicted by Crocco
and Lees occurs in our results at the lower Mach numbers though not
necessarily, a8 just mentioned, at the transition Reymolds number.
There is little sign of such a minimmm at M = 3 and none at all
at M = ),

The N,0.L. ballistics range date quoted by Kurzwegd and
Bogdonoff's rcsults?, all obtained with bodies of revolution at Mach
nurbers of about 3, show a marked minirum.  However, in the latter
case the minimm position avparently coccurs at a lower Reynolds nunber
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The transition Reynolds nurber for Bogdonoff's data is
apparently considerably higher than in the present experiments, and it
is certainly rmch higher for the N,0.L., data. With higher transition
Reynolds nunbers, Crocco and Lees' explanation of the minimum on the
base pressure curve might perhaps be more applicable than for lower
transition Reynolds numbers. TFor it can be shown thot for higher
transition Reynolds nunbers there is a greater proportional difference
between the minimm turbulent boundary-layer thickness at the base
(when transition is at the base) and the maximum thickness (when
transition is fairly near the leading edge).

The effects of boundary-layer thickness on base pressure are,
however, not clear. Crocco and Lees predict that, for instance, with
turbulent boundary-layers of given thickness and with a2 given chord, the
base pressure ratio pB/p:. increases very considersbly for a change of
base height : chord ratio from 1/3 to 1/10. According to their theoxy
such an incrcase would occur both with two-dimensional bodies and with
bodies of revolution. The theory of Cope8 would also predict a big
increase for bodies of revolution, but a similar analysis applied to
two-dimensionzl bodies would not indicate any cffect of boundary-layer
thickness. Beastell and Fggink's oxperimental resultsd for the base
pressure bchind a two-dimensional step at a Mach number of 1.86 show
very little change of base pressure ratio for step height : chord ratios
varying from 1/10 to 1/20. The corresponding base height : chord ratios
with a "free" wedge would vary from 1/5 to 1/10 because the flat plate
on which the step is mounted corresponds to the axis of symmetry.

This lack of variation for two-dimensional bodies might seem to favour
Cope's theory rather than thot of Crocco and Lecs. However, it is
shown later that, with bodies of revolution also, when due allowance
is made for the "inviscid flow" effect of body shape on the pressure
distribution, the effects of varying base : chord ratio over a 2 to 1
range have little effect on base gressuro according to both our
experiments and those of Chapnm'11 + Thus there is experimental
evidence in favour of the view thot boundary-layer thickness only has
a smell effect on the basc pressure ratio for base : chord ratios
greater then 1/10. This might secm controry to the fact that
undoubtedly there often occurs a minirmm on the base pressure curve,
and such a minirmm is predicted by Crocco and Lees and Cope to be a
consequence of the boundary-layer thickness variation.  However the
experinentel minimmm does not always occur ot the transition Reynolds
number, as the theory requires, and it mny well be that the reason
for the minirmm differs Lfrom that suggested by the theory. Thus the
cause might be some variation in the characler of the turbulent flow
which may occur close to transition.

Not only is therc experimental evidence against the view
that boundary-layer thickmess is irportant, but it is possible to
adduce o physical argument os well. The cxpansion springing from the
base mast accelerate the boundary-layer air so that just downstream of
the bage the part of the shear layer in which the velocity grodients
are really lnrge is much thinner than the boundary-layer upstream of
the base. Outzide of this region of high shear there will be, as in
Fige 12, o region of slight shesr comperable in thickness with the
boundory-layer thickness. It can eagily be shown by inviscid-fluid
theory that along any streamline the velocity gradient normal to the
stream dirvection is reduced on passing through the sudden expansion
in the rotio of the pressure ot B to that at A (Fig. 12) Thus
particulsrly with turbulent boundary-layors, where the velocity
gradients in the outer pert of' the boundary-layer are small to start
with, the situation dowmstream of the basec is almost the same as if
therc werc no boundary-layer upstrcam of the bases, If therc is
gufficient distance between the base and the compression region

downstream/
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dowmstream (as there will be if the base is of sufficient height) the
region of high shear will have grovm in thickness and sbsorbed by
mixing the region of slight shear outside of it before the compression
region has beca reached. The profile will then be almost entirely
independent of the original boundary~layer profilc and thickness,
particularly with turbulent boundary-layers. The boundary-layer
thickness will accordingly have little effcct on what happens to the
flow in the compression region, and hence will not greatly affect the
base pressure. If, however, the base height is small the profile of
the shear-layer will still be someowhat as in Fig. 12 at the beginning
of the compression region. The compression will then steepen the
gradients in the regpion of slight shear, which will therefore have a
significant cffect on the profiles dowmstream of the compression and
hence on the equilibrium of the compression region. Thus the base
pressure might be expected to vary with the ratio of boundary-layer
thickness to base height when this height is a very small proportion
of the chord, but not when it is a larger proportion.

3. The Effccts of Body Shape

With bodies of revolution the flow patterns dovmstream of the
base and the ratios of the pressures to the free-stream pressure cannct
be independent of body shape. Consider say a cone and a long
cone-cylinder body of revolution. The pressure on the surface of the
long body just upstream of the basc is nearly equel to the free-stream
pressure. On the surface of the cone the pressure is of course higher
than the free-strcam pressurec, but if there were an expansion at the
base turning the flow Yo the froee-stream dircction, the pressure would
drop below that in the frec-strecam*. Hence if the flow angles just
domstreem of the base wore the same with the conc as with the
cone-cylinder, the basce pressure ratio pp/py would be lower for the
cone, Similarly the base pressurc ratio for a short cone cylinder
would be lover than for a long onec, since for a short cone cylinder
the pressuxrc on the surface just upstrcam of the basc is eppreciably
lower than the free-strcam pressure.

7ith two~dimensional bodies, on the other hand, the base
pressure ratio would be almost independent of bedy shape if the
inclination of the flow just downstream of the basce to the free-strecam
direction did not vary. The only differcnces would be due to shock
losses, and with  +thiclmess : chord ratios up to, say % the differcnces
would be small.

In an attempt to presont the results of Figs. 7 to 10 for
bodies of revolution in such o form that they ore indcpendent of body
shape, they are replotted in Fig. 13 os pp/p against R, whero D
is the calculoted pressure immediately dovnstream of tho base on 2
hypothetical cylindrical cxtension of the body with the same diameter
as that of the base. If T were the same with different bodies,
the ongle botreen the Pree-stream dircction and the shecar-layer flow
just dowmstreom of the base would be approximately the same. It can
be scen from Fig. 13 that at the highest Reynolds numbers, where in
most cases at least the flow in the compression region behind the base
is turbulent, pp/P is very roughly independent both of body shape and
of R. In other words in our expcriments with bodies of revolution,
(the most slender of which wes 7 base-diometers long,) the ineclination
of the shear layer {low just downstrcam of the bose to the free-stream
direction tends in the turbulent régime to be o fuaction only of Mach
nuriber, independont of Reynolds muber, of body shape, and of the ratio
of the boundary-layer thickness to base diameter.

Chapran'! 0/
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*For the pressure on the surface of the conc is less thon that after
a two-dimensional iscntropic compression turning the flow by the
semi~angle of the cone, but thc cxpansion at the base is locally
two~dimensional.
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Chapman10 correlates the results obtained with veriously
shaped bodies of revolution by assuming that the ratio pp/p' is
invariont., The pressure p! is similar to D, being defined as the
pressure on a hypothetical cylindxical extension of the body one
diameter downatream of the base. It is assumed that p' represents
an effective free-stream pressure averaged over the region from the
base to the compression region, which typically occurs at rather more
than one diameter behind the base. The ratio pp/p! differs less
from pp/ps than does pp/P, o that Chopman's "correction" for body
shape is rather less severe then ours. Howvever, the date for
turbulent boundary-layers given by Chapman!Q are correlated at least
as well en our pp/p basis as on Chapmen's pp/p' basis.

For two-dimensional flow, the only data cbtained in the
present experiments for the effects of different body shapes are showm
in Figs. 9 and 10, At high Reynolds numbers at M = 3 the base
pressure ratio is approximately independent of R and the same for the
two wedges tested. This suggests that with turbulent flow, the base
pressure ratio p1 is insensitive to R, to body shape, and to
the ratio of boundary=-layer thickness to hase height, at any rate for
base heights greater than 1/8 chord. Beastall and Eggink's results?
for flow down a step confirm this, Chapman's results’!, obtained
with base : chord ratios between 1/10 and 1/80 show, when plotted against
boundary-layer thickness divided by base height, an appreciable variation
of pp/p1 at a Mach number M = 3.1 but a much smaller varietion at
M = 2,0 and virtually none at M = 1,5, At all Mach numbers,
however, Chapman's resulis are perfectly consistent with there being no
significant effect of the ratio of boundsry-layer thickness to base
height for base heights greater than, say, 1/10 chord. Our results of
Fig, 10 obtained at M = J. show differences between the base pressure
rotios pp/py with the two wedges even at high Reynolds numbers.
However, as is shown in the next section, there is some evidence that at
this Mach number and a2t the Reynolds numbers of the experiments the flow
in the shear-layers downstream of the base is laminar even when the
boundary-layer flow is turbulent. Such a return to laminer flow on
passing through the expansions at the base is more likely to occur at
high Mach nunbers than at low ones, since shear-layers are more stable
at high Mach numbers.

(a.) The Effects of Body Shape when Transition Occurs in the
Commression Region Behind the Base

When the shear-liayers leaving the base arc laminar, the base
pressure ratio pB/p1 is very sensitive to the position of transition
in the interaction region, being much less when transition is close to
the base than when it it further away. It is reasonable to expect
that the distance of ftransition dovmstream of the baszse in terms of the
base height or dismeter h as unit of length would depend partly on
the Reynolds number Ry, based on free-stream conditions and the length
h, and partly on the Reynolds number R Dased on model chord. As
pointed out earlicr, the expansion at the base accelerates the
boundary-layer air so that just downstream of the bese the part of the
shear-layer in which the velocity gradients are really large is much
thinner than the boundary-layer upstresm of the base., Hence if on
pessing through the expansion any disburbances in the upstreanr
boundary-layer were demped out (in the same wey that turbulence is
reduced by the mean velocity rise in a wind-tumel contraction), the
veffective origin" of the shear-layer would be at the base, with fairly
large base heights as used in the prescnt experiments.  Accordingly
the transition distance downstream of the base would presumebly depend
rpinly on B, and be almost independent of R. However if upstream
disturbances are not doamped out by the expansion, the {transition
distance will depend on R as well. In/
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In Fig. 1L the results of Figs. 7 to 10 for three-dimensional
bodies are replotted 2s pp/p sagainst Ry, and in Pig. 15 the results
for two-dimensional bodies at M = 3 and ), are replotted as PR/P1
against Rp. From IMgs. 13 and 14 it cai be seen that the results for
three-dimensional bodies correlate quite well when Pp/P 1is plotted
against R, whilst the best correlation with two-dimensional bodies is
obteined vhen Rh is taken as the independent variable, This is
perhaps not unreascnable since the base pressure tendsto be lower with
two-dimensional bodies than with bodies of revolution, so that the
expansions are stronger and any disturlences present in the upstream
boundary-layer are more likely to be damped out.

However it must be borne in mind that different results are
likely to be obtained from different wind tumnels, since the results
with partially laminar flow in the compression region are critically
dependent on the position of transition, and this in turn is affected
by the tumnel turbulence level. It is perhaps because of differences
in the latter that Chepmen's results do not correlate on the same
basis as ours. Chepman!O suggests that when the boundary-layer is
laminar pp/p' is a function of hRZ/c, where h is the base height
or dismeter and c¢ is the chord. The expression hRZ/c is roughly
proportional to the ratio of the base height to the thickness of the
leminar boundary-layer at the base. This ratio certainly cannot be
the only relevant factor because it is not the only factor affecting
the position of transition relative to the base. Furthermore with
base heights which are not toco smell it can be argued 25 above that
boundary-layer thickness should not be very relevant, though the
argument applies less forcibly to laminar layers than fto turbulent ones.
However Chepman's three-dimensionel results which are plotted in our
way as pp/P:s ageinst R in Fig, 16, correlate quite well when
pe/p'! is plotted ageinst hRZ/c, as can be seen from Fig, 17. They
correlate nearly as well when plotted as pp/H ageinst Ry, as in
Fig. 18, but the correlation is not very good when pp/p is plotted
egainst R, as in Fig. 19. Our results for bodies of revolution
correlate less well when either pp/p' or pp/H is plotted ageinst
hRZ/c than when .pp/D is plotted against R, and much less well
than when p is plotted against R. Similarly with our
two-dimensional bodies better agregment is obtained with R, as
independent varisble than with hRZ/c. These differences from
Chopman's findings are perhaps due to the fact that the transition
Reynolds numbers were much higher in Chapman's tests than in ours,

In any case it is obvious from the physical discussion presented
earlier that none of the suggested methods of plotting the results
takes account of all the relevant physical factors.

Fig. 15 shows that the two curves obtained with two-dimensional
bodies at M = ). ogree guite well when plotted against Ry even at
high Reynolds nurbers, whereas the discrepancy is much greater when the
results are plotted ageinst R, as in Fig. 10. This is perhsps an
indication that laminar flow is re-established behind the base even with
turbulent boundary-layers, since Ry would only be expected to be
relevant if it controls trensition position. The flow photographs
Figs. 4 end 5 arc not inconsisfent with this conjecture, The Reynolds
yumber R is the same, 3 x 10°, in both these pictures, but the Mach
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that condensation of the air occurs in the very high Mach number region
Just outside the shear-layers at M = J., Local Mach numbers as high
as 5.6 are reached, and with the high stagnation pressures used (up to
about 20 atmospheres) and atmospheric stognotion tempersture there is
certainly a donger of condensation. 4 rough calculation suggested that
il condensation occurs without supercooling the measured flow angles
would in fact be about 3° greater than the calculated ones. Such
condensation would be most severe at the highest stagnation pressures,
i.e., at the highest Reynolds numbers. It may be that this effect,
rather than any re-establashment of laminar flow behind the base, is
reaponsible for the fact that the base pressure curves do not flatten
off at the highest Reynolds numbers schieved in our experiments at

M = ).

L. Comparison with Previous Measurements of Base Pressure for
Turbulent Boundary-Lavers

Although the foregoing discussion has suggested interpretations
that differ in some ways from those previously current, the experiments
are in reasonable agreement with previous experiments for the most
important practical case, namely that of turbulent boundary~layers.

This is illustrated by Figs. 20 and 21 which compare the present results
for bodies of revolution and two-dimensional bodies respectively with
the curves derived!0,!! by Chapman from a consideration of a large
number of experimental results.

List of Symbols

R Reynolds number based on the chord of a wedge or the length
of a body of revolution.

M free-stream Mach number,

D static pressure.

P p in free~stream.

Py p 2t the base of a bo:iy.

) calculated value of p Just dovnstream of base on a

hypothetical cylindrical extension of a body of revolution
(see page 6).

pf calculated volue of p one dilameter downstream of base on a
hypothetical cylindrical extension of a body of revolution

(see page 7).

h base height or diameter.
c chord of a wedge or length of a body of revolution.
Ry, Reynolds number based on length h.
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