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tm Pmtw and Allied StudlsS 

Studies of the flow around the base of an cgive cylinder body 
with a length to diameter ratio equal to 6 at fcch motor 3 hare been 
pleted for the case of completely turbulent flow.    A report la now in pro- 
gress reporting these results.    These tests, which corcred a Reynolds num- 
ber range from about 5 million to 50 million, were primarily designed as 
a detailed flow study of the region behind the base in an attempt to con- 
struct the oomplete flow field for the ease where the boundary layer leaving 
the body was turbulent.    The most interesting result of this study has been 
the examination of statio pressures on the axis behind the body.    It was 
expected that the pressure would increase from the low base pressure value 
to the free wtream value In some smooth fashion.    The experimental results 
show that (1), there is an over-compression, sometimes as high as 100% 
occurlng approximately four diameters downstream of the body and (2), then 
a »V*r   <PQ>"%nsion of the wake back to ambient conditions.    Free stream 
stati-~. , "enures are not anproaohad on the axis for distances less than 
about 1C diameters,    those results have been explained on the basis that 
the compression caused by the conical flow behind the case and the trailing 
shock structure (the only mechanism to turn the flow back to the axial 
direction)   gives a considerably higher pressure ratio than the two dimen- 
sional expansion at the oomer of the base.    As a result, pressure at the 
axis is considerably higher than ambient pressure and an expansion wave 
system must be generated to bring this pressure down to ambient,   A re- 
examlnation of the theory shows that sveh effects can also be predicted but 
further results are necessary before verification can be made. A tost pro- 
gram to examine this detailed base flow is being set up for conditions which 
will have laminar and transitional conditions of the boundary layer at the 
base* 

In an attempt to get the effect cf the flow leaving a body of 
revolution at an angle to ttic aiaa, tests have boon started on series of '-. 
cones of various conical angles.    Although tho geometrical length of these 
cones varies (the base diameter is held constant) the variable Reynolds 
number characteristic of the tunnel allows examination of too flows for the 
same Reynolds numbers for all bodies over a range of Reynolds numbers. 
The offset of flow deflection angle w*«t be included in the Crocco-Locs 
theory if it is to predict bas* pressures on bodies which have surfaces at 
the base not parallel to the axle.    This program has been combined with a 
serloa of tests of the same cones as above with the addition of various 
length cylindrical afterbodies.    These tests are designed to study the effect 
of the corner formed by tho junction of the cone and cylinder on the boundary 
layer and the subsequent variations in base pressure. Prcll-Anar. tests 
have been carried out on both of these programs and the present tcjt pro- 
e,rom Includes oonsiderable work on this phase. 
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Shock frag Boundary Layer Interaction gfcmwVg 

As part of tho over-all program in the study of ehock MTH and 
boundary layers and their interactions, a series of toete to sassaino the 
details of a shock wave boundary layer inter ction have been studied in the 
big tunnel whore the pr-jssuro rise has been caused by a corner.    This oethod 
provides a phenomena ir. which the ooaplioation of the Initial or incident 
shook is eliminated and the compression is deteminod by tho wall snap*. 
Previous testa have been cade; in sharp corners varying with flow deflections 
frc= 5° to 25° at a Mach nunbor of 3.    A series of tests were started on 
corners formed by varloua radii to examine the effect of spreading out the 
pressure rise and »ilowing centrifugal forces to play a greater part in 
the interaction.    Results have been obtained for several low angle comprese- 
tions but blockage difficulties have forced suspension of the test program 
for the present.    Modifications to the dlffuser block should relieve this 
difficulty and allow <*otapletion of the test program.    Preliminary results 
already show a very considerable difference in the sharp and smooth corner 
studies with the curved walls (centrigual effects very Important) supporting 
much higher pressure ratios have been obtained in the sharp corner tests. 
This work is of particular importance in such applications as ram jet Inlets 
and supersonic compressors. 

2*" x 2" Tunnel 

A series of tests have been made on the interaction between an 
oblique shock wave and the turbulent boundary layer on the nozzle wall of 
the 2j x 2" tunnel at Kach number = 3. Shock wave strengths from 0 to 15° 
have been examined. The boundary layer has bean held constant and is fully 
turbulent (a Reynolds numbered based on displacement thickness of about 
7000). For shock wave strengths below 6°, studies of the two dimensionality 
of the flow shows that quite severe cross flows are experienced even though 
the shock generating wedge completely spans the tunnel. All attempts to 
get two dimensional flows have been unsuccessful although static pressures 
measured on centerline are considtont. As a result of this Investigation 
no data has been presented for these low angles and considerable doubt as 
to the veracity of other published data now exists. Tho literature mentions 
no examination of tho two dimensional condition. The pressure distributions 
on centerline show A peak in the pressure rise curve with the final pressure 
being considerably less than the thucretlcal predicted value. This is in 
agreement with other published r .suit* but appears to be due in large part 
to the three dimensional nature of the flow. For theso weak shock strengths, 
small variations in the flow and boundary layer characteristics must play 
as important a part in the phenomena as the weak shock strengths tested. 

Above 6°, two dimension*.I characteristics could be obtained and 
a summary of the results for shock wave strengths of 7 to 15° are shown 
In the following chart. The boundary layer thickness is indicated on the 
horizontal scale as £   and it can be seen that this interaction spreads 
ait only to 10 to 15 boundary layer thicknesses in constrast with the 
laminar case which may extend 50 or more bound-rv layer thicknesses upstream. 
The development cf the pressure rise on tho wall with varying strength 
shocks has some of the characteristics of the laminar boundary layer inter- 
action. In jj&fticular, an inflection in the pressure rise curve is found 
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which has not been obtained by previous investigation beoause of the 
relatively low ehoek strength used. 

In the study of this phenomena some considerable effort hoe been 
put into the development of oolored Schlieron photograph*.    Colorod Schlieren 
photography is not new, but its value his been primarily in the field of 
publicity.    Past techniques hive necessitated long exposures and therefore 
it has not proved an Important research tool.    A technique has boon devel- 
oped at this laboratory for taking colored Schlieren photgraphs with a 
microsecond flash*    The color system consists of a spocial confined light 
sources, a prism, the conventional Schlioren optics, and the use of a slit 
instead of the conventional knifo edge.   Bctachrome film and special pro- 
cessing developed in our photographic lab are used to obtain a 2" z 2" 
transparency.    lr. these Schlieren phot graphs, each pressure gradient is 
identified by a particular color.    As a result, the final photgraph shows 
considerably sore detail then the ordinary Schlieren because of the eye's 
sensitivity to color.    For example, a small compression and a small expan- 
sion, aide by side, will be two completely different colors in the colored 
Schlieren system whereas they would be only allghly different in the gray 
scale for ordinary Schlieren photographs.    An exacin\tion of such photographs 
has given some considerable information on the structure of the shock wave 
boundary layer interaction horetofor not available    Below a shock strength 
of 0° the reflection of the shock wave from the turbulent layer Is a "regu- 
lar" reflection, i.e., the incident shock wave is reflected as a single com- 
pression wave.    At about 9°, a change takes place, the influence of the inci- 
dent shock wave extends upstream and the reflection consists of initial com- 
pression, a small expansion fan and a second compression.    As the incident 
shock strength becomes stronger this phenomena spreads out and becomes a well 
defined initial reflected shock followed by a separated region.    The incident 
shock reflects fr^m tho top of this region as a strong expansion and the 
attendant reattachment and turning of the separated layer cause the second 
compression.    The change in reflection characteristics, as determined from 
the color Schlieren photographs, agrees with the- occurence of tho inflection 
point in the wall static pressures (sea the figure for shock wave strength 
of 9o).    Total head surveys are now being undertaken through the interaction 
region to determino the site and characteristics of the separated region 
and other flow characteristics. 

Theoretical Vfonc 

The obtaining of detailed experimental results on the shock wave 
bound -.ry layer interaction has stimulated additional work along theoretical 
lines on the prediction of the shock wave boundary layer interaction effects. 
The Crocce-Loe* theory seems to be able to give a very good representation 
of the flow with the exception of tho sharp pressure rise duo tj the initial 
reflected shock.    It will parhaps not be possible at the present time to 
predict this theoretically.    The results of the detailed total and static 
surveys have at loast provided a good   lOdal and attempts are now being 
made to predict this initial pressure rise from purely theoretical considera- 
tions.    There seems to be some indie tion that thij initial pressure rise, 
i.e., the pressure rise before the inflection point, may be very little 
influenced by Mach number and if so, provides a critical parameter in any 
solution. 
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The Crocco-Lues application to bae» pressure was 
In an attsepi to predict the over-shoot of the pressure on the axis behind 
;he base.    Tho method of calculation made it necessary to contract the 
axtoraal invisid flow which must be done by a three-dimensional method of 
characteristics*    Some preliminary work along this lino has shorn pressures 
on tho axis which rise above tho ambient static pressure but the complica- 
tions of the external flow calculations makes it impractical to push this 
solution further.    This work will bo continued as more experimental results 
are available in this separated region behind the base* 

Reports in Progress 

1) A re ugh draft of a report on the results of the detailed 
study of the flew bahind blunt based body ?f revolution with a turbulent 
boundary layer has been completed.    A compilation of the results has 
shown the need for a f<*w more test points which should bo obtained within 
the next, month or so.    The report will be ready for publication shortly 
thereafter. 

2) A report prasonting the results of tho work on tho inter- 
action between various strength shock wives and a turbulent boundary layer 
is also in rough draft form.    This roport should also be forthcoming within 
tho next acntn to six woeks. 

3) it summary of the results on the shock wave boundary layer 
interaction studies has boon prepared for present tion at tho AtxJS Heat 
Transfer Meeting in California tho end of June. Tho papor will be pub- 
lished in tho proceedings of this meeting. 
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