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DIFFRACTION OF STEP SHOCKS THROUGH A DOUBLE SLIT

AB3TRACT

An experiment, using a four and one=half inch shock tube, is desgribed,
showing the results obtained when a step shock wave is allowed to be
diffracted by a wall with two 1/8 x 1/8 inch slits spaced one inch apart.
The effects of the slits in the wall were made two-dimemsional by letting
the length of the slits extend across the vertical diameter of the tube.

Spark shadowgraphs of the resulting phenomena, after the shock wave
has been diffracted through the slits, are shown. Iriple point measure-
ments taken from shadowgraphs are presented in graphical form for five
different peak pressures incident upon the model. The pressure values are
the calculated values of the shock pressures before diffraction.



INTRODUCTION

Work on the diffraction of a shock wave through a single slit of
varying width was published by G. Uhlenbeck of the University of Michigan
in 1950, His wark showed a diffracted front which became flatter as the
slit width increased. TFurther work was reported at the Salt Lake City
(1951) meeting of the Fluid Dymamics Division of tHe Américan Physical
Society by Henry Alberts of the Ballistic Research lab.. In his work,
a wall with a single slit size was used with varying precsure to obtain
the various diffraction phenomena. 1In this case the shape of the wave
fronts was determined to be cylindrical. Diuring the same session of the
Society, Elder and de Haas of the Johns Hopkins Applied Physics Lab-
oratory described the formation of a vortex ring at the end of a shock
tube, The decay of pressure behind the shock front appeared to be of an
exponential form.

The present paper extends the work of the previouys authors to the
case of tw equal slits through which step shocks are allowed to pass.
The shocks wers all of the air to air wvariety with the expansion chamber
at atmospherie pressurs, ‘

DESCRIPTION OF APPARATUS

Figure 1 shows the L4 1/2 inch diameter shock tube used in the
experiment. The numbers label the various parts. Item (1) in Fig. 1
is the high pressure compression chamber. A cellophane diaphragm
separates the compression chamber, which is filled with compressed air,
from the expansion chamber. The air pressure is varied to obtain the
desired excess peak pressure (Pg) after the diaphragm is ruptuwred. The
shock remains at a roughly constant pressure for a duration of between
two to five milliseconds; if no reflection or diffraction occurs.

Item (2) in Fig. 1 shows the position of the two Schlieren light
sereens and photo-multiplier combinations which were triggered when the
shock wave diffracted the beams of light onto the photocells. The
pulses from the photocells started and stopped a 1.6 megacycle counter
for shock velocity calculation. The second pulse, which was the stop
pulse for counter 1, was also used to start & second 1.6 megacycle
counter which was in turn stopped by the induced pulse from the firing
of the spark gap. The pulse from the second light screen also triggered
a delay unit %6§’ which allowed the shock wave to progress into the field
of the photographic windows (3) before triggering the spark gap (5) for
the shadow picture exposure on high contrast £ilm (4). Item (7) in-
dicates the high voltage supply to the spark gap. The gap was operated
at approximately 9,000 volts,

& guartz collimating lens was used to make the light nearly
parallel in order to eliminate as much parallax and resultant inaccwracy in the
image as possible,



To Sparx Garf

FIGURE 1. 4-1/2" Shock Tube, Aberdeen Proving Ground, Maryland.



DESCRIPTION OF THE WALL USED

A diagram of the wall used in the experiment is shown in Fig. 2.
All data measurements made on the photographs were made from the point
(0,0) at the center of the upstream side of the wall,

It should be emphasized that the incident pressure (P;) is the
accurate pressure calculated from shock velocity measurement before
reflection and diffraction oceur, but that it does not define the
pressure after the stated phenomena take place. The shadowgraphs
which are shown were taken as the shock fronts traveled along in the
region of the viewing windows after diffyaction. Striations in the
pictures are apparent, due to the use of ordimary plate glass for
the windows,

DESCRIPTICN (F THE SHADOGWGRAPHS

Figures 3-13 are shadowgraphs of eleven separate shots, In the
absence of a multiple spark, the use of several shots at constant
pressure is an approach tc a time sequence for a single shot. Thi
pressure incident at the front of the model is about 5.5 lbs./in.” *+ 2%
maximum scatter. This error in pressure will cause almost no change in
the phenomena after diffraction. The distance coordinates will suffer
a slight inmaccuracy (+ .OL in.) if the pressure has a deviation maximnm
of % 2% from the average for the discrete shots of a 'constant’ pressure
series, - -

: Figuwre 3 shows the shock approaching from the left somewhat over
half of the distance through the slit. The shock wave to the left of
the slits has been reflected. ‘ -

Figures L and 5 show the growth of the diffracted cylindrical
fronts expanding from the two slits. The vortices on both the inside
and outside edges of the siits, for the most part ,have a circular
appearance devoid of the formation of density layers as yet.

At the time of Fig. 6, a group of shocks is forming inside the
slits, due to a choking by the boundary layer at the slit walls thereby
creating, in effect, a de laval negzle, or miniatuwre wind tunnel., If
the flow conditions are correct, then shocks may form in order to
satisfy the conservation equations. The interaction at the inter=
section of the two cylindrical fronts will be examined more closely
later.

Figures 7 and 8 show the interaction of the cylindrical fronts
with the vortices, The weak waves in Fig. 8, which appear to come
from the vortices, are the results of these interactions;, shown in
clearer detail in Figs. 14, 15, and 16 to be discussed later,

Figure 9 shows a Mach stem now begimning to grow at A" = A.
Above the upper vortex, a weak wave front is noticeable duve to the
reflection of the diffracted cylindrical wave as its end moves along the
wall of the tube.
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Figures 10, 11, and 12 show the continuation of the Mach stem
growth,. Finally, Fig. 13 shows only turbulence from the vortices with
all signs of the interacting fronts gone.

Figures 1k, 15, and 16 are presented to aid in acquiring a clearer
understanding of the cylindrical front interacting with the vortex.
Figures 1l and 15 are offered as proof that the ecylindrical wave is
furnishing the interacting components for the generation of the weak
waves near the vortices; rather than, perhaps, some internal phenomena
of the vortex itself. The time and pressure values are approximately
the same for both of the figures. In Fig, 15 one slit has been blocked
off so that only one diffracted wave is evident, There is no indication
of any interaction ocewrring in the vortex region now that the diffracted
wave from the second slit is no longer present. This is the basis for
the contention that the interaction between the respective vortices and
the diffracted waves accounts for the phenomena detected in Fig. 1k.

The interaction to be discussed is that centered around the bottom slit,
In Fig. 14 the cylindrical fronts from the two slits have interacted to
cause the small Mach stem A' = A, The diffracted front '} travels
downward until it hits vortex 1. When the collision oceurs; two things
happen, A portion of the wave is reflected to give D73 amother portion
of the wave is transmitted which becomes diffracted and rotated in vortex
I, expands as the jet stream strikes it, and is 'blown’ out to become D%.
Many additional photographs furnish corroborative evidence to verify this
concept, Another portion of the wave is transmitted through both vortices
to give D,. A part 1s also reflected back from the jet stream to produce
the wave R in Fig, 16. When vortex II is hit by D, D' is reflected from
this vortex and a part continues through; but; no wave has been rotated
around and ‘blown! out in front as in the case of vortex I. See also
Pig. lé=a., Two conditions are sugpested which may be able to account for
the absence of the interaction of the second vortex. The first condition
is that the vortices are now slowing down, thus causing less of a
rotational interaction. The secord condition is that there is a lack of
a Jet stream on the further side of vortex II. Therefore, no 'blowing!
effect is possible, Without this "blowing' process, apparently, no wave
is produced to expand outwardly from the second vortex,

Figure 16 has two other discontinuities which are interesting.
These are clearly demonstrated for the greatest pressure (Ps=12.7
1bs/in.2), The first is that the contact discontimmity, or slip stream,
which appears at C is necessary in order to satisfy the conservation
equations of a three shock configuration. The second wave is labeled B,
It appears because the model does not touch either of the viewing windows
(in order to prevent scratching of the windows)., This setup allows a
shock to pass over and under the model into the viewing section where it
is photographed as a separate shock wave.

DISCUSSION OF THE TRIPLE POINT GROWTH
Five sets of photographs were taken at different gonstant incident

pressures: Py = 3.2, L.1; S.4; 8.5, and 12,7 1bs/in.“. Several shots
were taken at positions similar to those in t he shadowgraphs previously

13



FIGURE 14,

Double Slit. F'! = 8.5 1b. /in. o

FIGURE 15,

Single Slit. P_=8.51b, /in.?

FIGURE 16,

Interaction of Cylindrical Wave
Front With Vortex.
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Bketch of Cylindrical Wave Front
_ Interacting With
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shown. The X=Y coordinates of the triple point 4 for these photographs
are plotted in Fig. 17 for each of the constant pressure series.

It can be seen that each of these series tends to some value of X
when Y=0, This point (Dp) corresponds to the value for which regular
reflection ceases and Mach reflection begins for that particular pressure
ratio across the shock front. Unfortunately, since the least reading of
the experimental measurements involved is approximately 0.0l in., there
is uncertainty as to where, exactly, the actual value of X=Dy falls. For
the curve of Pg=12,7 1bs/in.2, this point is probably at X = 70 units,
This is not immediately obviocus from an investigation-of the curve. How=
ever, a possible error of approximately 0,02 inch in reading the photo=-
graphs lee.da to an inherently high figure for Dy as read. At this value

of Dp= 70,  extreme = 49",

Additional Information is obtained if the growth of the Mach stem
1s compared for a constant X distance with Pg allowed to vary. Figure 18
demonstrates this photographically and Fig. 19 shows the data plotted with
the Y coordinate as a function of Py for the constant X coordinate equal
to 307 (* 1) units (as measured from the shadowgraphs).

CONCLUSION

Shadowgraphs have been presented showing the interaction between
two cylindrical shock fronts produced by the diffraction of a step
shock through two small slits. A plot of the growih of the Mach stem
versus distance was made at several shock pressure levels, However,
sufficiently accurate peak pressure measurements of the Mach front
could not be made to emable scaling and theoretical correlation of the
results. Perhaps development of the multiple-spark shadowgraph system
will make possible velocity measurements of the required degree of
precision.

The trief study of the interaction of 2 wave front and a vortex
presents; together with supporting shadowgraphs, a cause and effect

theory of a very complicated phenomenon.

GEORGE COULTER

AMES m.%
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X -Coordinate Held Constant
(x = 3.07 ins.)

2
Ps = 3.20 lb./’iﬂ.2 Y = .08 in, Ps = 4,17 1b. /in, Y = .12 in,

2
Ps = 5.52 1lb. /in.2 Y =,19 in, Pa = 8,58 1b. /in, Y = .34 in.

2
Ps = 12,87 1b, /in. = .57 in.

FIGURE 18. Shadowgraphs Showing Growth of Mach Stem As a Function of Ps.
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