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INTRODUCTION 

InveBtlgators in the past were puzzled by the fact that a number of 
high-energy propellants containing metal ^ddKives were not producing 
the specific  impulses predicted by theory     A closer examination of the 
problem revealed that one of the causes of degradation was the relatively 
large amount of solid and liquid particles in the exhaust stream.    Thene 
condensed-combustion products lag the gas stream in velocity and must 
be accelerated by disslpative drag forces.    In addition,  the particles 
cannot transfer their heat fast enough to maintain temperature equilib- 
rium with the gas as it expands and cools in the nozzle.    As a result, 
the particles usually leave the motor at higher temperatures than the 
gas and, in the process, carry off thermal energy that otherwise could 
have been converted into kinetic energy.    The end result of the two loss 
mechanisms  is a lower exhaust velocity and degradation of motor perfor- 
mance.     In order to better predict these losses and to aid in  the anal- 
ysis of gas-particle systems, an accurate theory is needed to account 
for the effects of multiphase flow. 

The characteristics of gas-particle flows have been widely inves- 
cigated.    Most of the work was carried out on a theoretical level and 
various models were proposed to predict the fluid dynamics of such systems 
(Ref.  1-2).    Most of the experimental work to date has consisted of 
inferring the effects resulting from the presence of the particles by 
using the measured motor parameters such as thrust,  specific  impulse, 
etc.    Experimental information, however,  is needed concerning the behav- 
ior of individual particles to verify the theoretical models and to 
supply input data needed in the theoretical calculations. 

This report describes an experimental program conducted at the 
Naval Ordnance Test Station during FY 1963 from which a technique was 
developed to directly measure the velocities oC small,  individual parti- 
cles traveling in high-velocity gas streams.    The report is divided into 
two principal sections:     (l) development of particle velocity measure- 
ment techniques, and (2) measurement of particle velocities. 

MEASUREMENT TECHNIQUE DEVELOPMENT 

A study was conducted on the state-of-the-art photographic tech- 
niques applicable to the nvsaaurement of particle velocities (Appendix 
A).    As a result of the study a promising technique was chosen because 
it was relatively simple and inexpensive. 

The technique incorporates an explosive rare-gas light bomb and a 
simple press-type camera to obtain pictures of the particles and the 
measurements of their velocities.    The light bomb was constructed in 
such a way that two extremely intense and precisely timed light pulses 
were produced.    These pulses were used to directly illuminate the 



particles and to shutter the event.    The camera shutter remained open 
during the entire event and the particle images were recorded as pairs 
of streaks on the film.     By knowing the magnification of the camera 
optical system,  the measured distance between paired dtreaks on the 
film,  and the time duration between flashes,  it was possible to obtain 
a;, accurate value for the particle velocity. 

Various components of the system will be discussed under the follow 
inj categories:     (l) camera-recording asseirilage,   (2) light bomb or 
illumination system, and  (j) ouxiliary-flov equipment needed to generate 
the particle flows.    The critical component of the system was  the light 
source, which required most of the development time and is covered in 
greatest detail. 

CAMERA AND FILM UNIT 

Because  the event was shuttered by the light source,  the require- 
ments for the camera-shutter capabilities were not stringent; a rela- 
tively simple and inexpensive canera could be used.    However, because 
of the short effective exposure times associated with the small particles 
moving at high-velocities,  the lens and film became quite important. 

Camera 

The  canera used in the  tests was a 4 x 5 Speed Graphic press-type 
ceuiiera.     In addition to 4 x 5 negatives and Polaroid-type films, the 
unit was equipped with a special back to acconnnodate regular Polaroid 
roll film. 

The camera was modified to incorporate a nominal 10-to-l magnifi- 
cation.     The need for magnification to produce a visible streak was 
basically twofold:     (l)  streaks 1 a wide would not be readily visible 
on the film unless they were widened by overexposure (halation), which 
is not usually desirable, and (2) it was required to allow the streaks 
to be long enough for an accurate measurement while keeping the physical 
distance  that the particle had travelled to a minimum.    A 10-to-l mag- 
nification will produce a 1-inch streak on the fllti for a particle having 
travelled l/lO of an inch.    Keeping the physical displacement of the 
particle  to a minimum is required to increase the probability that the 
particle will remain in focus, and to decrease the effects of axial 
velocity gradients on the measurement of the particle velocity. 

The use of magnification has an inherent disadvantage because as 
the image on the film is  increased in size,  the amount of light per 
unit area is decreased.     This loss of intensity is not, however, as 
great as  image-size ratios w^uld indicate because as the magnification 
is increased,  the distance from the camera lens to the object (particles) 
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The problem of breaking up particle clunrplng could not be solved 
solely by the kinetic forces of the gas.    A particle generator  (Fig.   5) 
was designed to aid in dispersing individual particles In the gas 
stream.     The  combination of beating the particles  through the cotton 
bag with the action of the kinetic forces of the gas eliminated the 
problem.    There existed, also, a measure of control over the number of 
particles  in the f.ow because  the DC motor which drives  the beater 
allowed a variable rpm. 

,D C  POWER SUPPLY 

He, IN 

HOUSING 

2BV   MAX  DC MOTOR VARIABLE   RPM 

BAG  WITH PARTICLES Ht ♦ PARTICLES 
OUT   SECONDARY 
FLOW 

FIG. 5.  Particle Generator, 

FARTICLES 

Various size particles and materials were used in checking out the 
system and running photographic and light tests. 

Particles ranging from 1 to lO^tare available  commerclaily;  howevei , 
the particle sizes are usually nominal.    Powders of a stated 5ii nominal 
size may range from submlcron to 30^,dlaioeter with the maximum distri 
bution about 5u • 

To obtain significant velocity data for various particle sizes,   the 
problem existed of obtaining particles in much closer distribution  (a 
spread of only 1 or 2ft).    Added to this problem was  the need for spher- 
ical particles to eliminate the parauneter of particle shape and to approx- 
imate  the shapes that liquid particles have in a hot rocket motor.     Various 
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conmercial suppliers were conticted and confronted with these size 
restrictions with no positive results.    An attempt was made here to 
separate aluminum particles with BIC  (Buckbee Mear Co.) Micro Mesh 
sieves.     These  sieves for particles of 5,  10    15    20.   and 25//,* 2/i.were 
easily clogged and  the process was  very slow.     The results were poor and 
are discussed in some detail  in  the  section on Particle Velocity Measure- 
men' 

INTEGRATED SETUP 

The  various components of  this system were set up as shewn sche- 
matically in Fig.  6.    The sonic  nozzle was fed by  two helium gas bottles; 
the primary flow was controlled by a solenoid valve connected to a simple 
control box;   the secondary helium flow was connected  through the parti 
cle generator to the nozzle.     Both the helium regulator and the particle 
generator beater speeds were controlled by hand so that some control 
over the particle density in the flow could be maintained.    The camera 
shutter and the light bomb were controlled electrically from the control 
box. 

i IIOV AC 

DC POWER 
SUPPLY CONTROL  BOX 

IIOV AC 

GAS 
BOTTLE 

FIG. 6. Test Arrangement for Particle Velocity Tests. 
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The alignment of the various parts was critical as with most optical 
systems.    The components of the system (Fig.  7) *"£ basically the camera 
light bomb, and nozzle.     To simplify the alignment a focusing plate with 
a 1 mm grid was inserted  into the nozzle exit along the axia of flow.    A 
light bulb was placed in  the light bomb before   insertion of the explosive 
The light bomb was  then aligned to cover the field of view and to give 
maximum light on the focusing plate.    This required the front lens on 
the light bomb to be placed about one focal length from the axis of the 
flow.    The camera was then focused on the focusing plate with care taken 
that the field of view of the camera was  the sane as the field covered 
by  the li^ht source.    The explosive, detonator, and back plate were  then 
carefully placed in the light bomb.     The assembling of the light bomb 
itself is discussed in Appendix B. 

After ^.he system components were carefully aligned, the camera lens 
was set and Lhe film inserted into the camera.     When placing the film 
in the camera,  the lights were kept as low as possible because of the 
high sensitivity of the film.    The connecting of the detonator leads  to 
the shunted firing line was the last step in the preparation of the 
system for testing. 

FIRING SEQUENCE 

The test procedure was simplified b:   conducting the tests in tie 
dark, making it unnecessary to incorporate fast camera shutters and 
complicated synchronization.    The tests proceeded as follows: 

5 sec:    Primary-helium and secondary-helium particle flows 
initiated 

-2 sec:    Camera lens opened 

0 sec:    Light bomb fired 

+1 sec:    All systems deactivated 

PARTICLE VELOCITY MEASUREMEWTS 

During the program a total of ^5 tests was run in which photographs 
were taken of the particle flows.    Thirty-five of these tests were 
expended in the process of developing the technique.    The remaining 10 
were run under controlled conditicr.»  to demonstrate the capabilities of 
the system and to secure measurements of particle velocities for prelim- 
inary comparison with theoretical data. 

13 
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had to poBsess relatively distinct starting points for both sectiom» of 
the  trace.    Measurements were  taken from the start of the first streak 
to the start of the second. 

Knowing the measured distance between streaks,  s;  the magnification 
of the lens system, m; and the  time duration between the onset of the 
two streaks,  t;  the particle velocity can be calculated from 

v = mt 

CABLE 1. Particle Measurement Data 

Test Streak Measured Test Streak Measured 
No. No. velocity, 

ft/sec 
No. No. velocity, 

ft/sec 

Dl 1 1,770 1       ^ 5 2,020 
2 1,9^0 6 2,050 
3 1,830 7 

8 
1,750 
2,000 

IE 1 2,080 9 1,830 
? 1,910 10 2,270 
3 2,330 11 2A10 
k 1/550 12 1,500 
5 2,110 13 2,080 
6 2,110 Ik 2,?P0 
7 1,550 15 1,770 
8 2,130 16 1,890 
9 1,660 

10 1,770 D5 1 
2 

950 
1,280 

D3 1 2,020 3 1,300 
2 1,800 k 1,000 
3 1,1*40 5 2,610 
k 2,270 6 1,300 
5 2,190 7 1,530 
6 1,800 8 1,280 
7 1,500 9 1,330 
8 2,580 10 1,110 
9 1,9^0 

D6 i      1 1,390 
0* 1 2,020 2 1,1^0 

2 2,020 \        3 890 
3 1,860 k 1,220 
4 1,390 5 1,190 
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TABLE 1.  (Contd.) 

Test Streak Measured Test Streak MRasured 
No. No. velocity, 

ft/sec 
!       No. No. velocity, 

ft/sec 

D6 6 1,190 De 8 1,220 
7 1,330 9 1,030 
8 1,890 10 1,000 
9 920 1,1 1,410 

10 970      | 
D9 1 1A70 

D7 1 970 2 1,330 
2 1,300 3 1,220 
3 1,300 k 1,050 
k 1,160 5 1,750 
5 1,000 6 860 
6 1,250 
7 1,160 1       Dl0 1 720 
8 1,140 2 860 
9 i,kko 3 920 

10 i Mo    \ k 
5 

1,220 
830 

Do 1 2,050 6 890 
2 1,390      1 7 890 
3 1,160 8 780 
k 1,110 9 1,000 
5 1,140 10 830 
6 1,190 11 920 
7 890 12 

13 
1,000 

890 

In all 10 cases, as noted previously,  the magnification was 9.51 and the 
time duration was 3-14    sec between flashes. 

The particle velocity data for the various runs are given In Table 
1.    The fractional standard deviations varied from 1.5^ for the highest 
velocities to 3.2^ for the lowest ones.    The particle velocities are 
presented graphically In a bar-type plot (Fig.  23) which also shows  the 
velocity distribution obtained with the different fractions.    The larger 
particles (fraction 4) are traveling at the slower velocities (between 
800 and 1,000 ft/sen).    The smallest partlclea (fraction l) were  traveling 
the fastest and ranged from 1,700 to 2,600 ft/sec.    Fractions 2 and 3 
both appear to be moving at about the same velocity.    Previous  to the 
discovery that the particle fractions were not in the ranges indicated 
by the filtering processes,  this data caused considerable concern. 
However, as noted previously (Fig.  12),  the size distributions of the 
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two fractions turned out to be very close, which explains the similarity 
In velocity distributions for the two fractions. 

The particle size and velocity distributions were compared for the 
different fractions.    A range of possible particle sizes corresponding 
to discrete, selected values of particle velocity was obtained by noting 
the end points and mean values of both distribution curves (Fig.  12 and 
23)  for each of the particle fractions.    This was don., independently by 
both authors to ootaln two sets of measurements that could be compared, 
since the correlation process depends,  to a large extent, on Judgment. 
The resulting velocity figures were then normalized by dividing the 
particle velocity by the gas velocity (2,900 ft/sec) and the resulting 
ratio plotted against particle size (Fig. 2k).    The widths of the hori- 
zontal lines are an indication of the uncertainty of the data.    A curve 
has been drawn through the data to better demonstrate the trend. 

10 1- 

I 1 INVESTIGATGR NO I 
 INVESTIGATOR NO 2 

mp/m, "? 0 01 

0.1   - 

THE0RE MCA . DATA 
(CONSTANT  LAG ASSUMPTION) 

1 L 1 1 X 
0 10        Ifi       20      25       30       35       40      45 

PARTICLE DIAMETER, MICROf  i 

50 

FIG. 2k.    Normalized Particle Velocity as a Function of 
Particle Size Using a Helium Carrier Gas Moving at 2,900 
ft/sec. 
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For comparison purposes,  theoretical data vas also plotted on the 
graph.    The theoretical values were calculated using one-dimensional 
particle flow equations and assuming a constant par'-icle-to-gas velocity 
ratio  (Raf. 8-9).    The assumption simplifies the solution of the equations 
and  the results of which agree quite well in tue  throat region with the 
generalized one-dimensional calculations. 

The procedure given In Ref.   9 was used for the calculations.    The 
pressure in the chamber was taken as 30.5 psia and the temperature Sü'F. 
The throat diameter was 0.125  Inch with a l6-inch nozzle curvature radius 
at the throat.    It was assumed that the particle-to-gas mass flow fraction 
was negligible.    At the suggestion of Dr.  Crowe of United Technology 
Center,   the constant In Eq.  A-9, Ref.  9 was changed from .612 to 0.73- 
This was  to account for the fact that gradients  in the nozzle used in 
the experiment differed from those In the usual axisynnnetrlc nozzle. 

It can be seen In Fig.  2^  that the trends of the  two curves agree 
fairly well.    However,  the velocity lag is not as great as predicted by 
the theory.    The results  indicate that a further extension and refine- 
ment of the work reported here would be desirable.    A comparison of the 
data with two-dimensional theory would also be of interest. 

CONCLUSIONS 

A photographic technique was developed whereby it was possible to 
directly measure the velocity of particles  \s small as 2 to 3/Atraveling 
at velocities up to 2,600 ft/sec in a helium-gas stream.    The fractional 
standard deviation varied from 1.5 to 3.2^ depending on the velocity of 
the particle.    It is felt that, by optimization of the technique,  it 
should be possible to extend the measurements to higher particle veloci- 
ties and possible hot-flow conditions using relatively nonluminous gases. 

Individual particle velocities were measured for aluminum powder 
fractions  in a 2,900 ft/sec helium-gas stream.    Particle velocities and 
sizes were correlated and the results compared with theoretical data. 
Although the trends of the experimental and theoretical data correlate 
fairly well.  It appears  that particle lag is not as great as predicted 
by the theoretical calculations. 
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Appendix A 

SURVEY OF PHOTOGRAPHIC METHODS FOR THE DIRECT 
MEASUROOT OF PARTICLE VELOCITIES 

After considering the possible techniques which might be used to 
measure the velocity of individual particles  traveling at the high 
velocities encountered in rocket exhausts,  it was concluded that photo- 
graphic approaches hold the most promise for solving the very difficult 
problem.    A number of photographic techniques have been studied to 
determine if any could meet the requirements for such a task. 

Studies have shown that the particles of interest lie in the range 
below lO^t (Ref.  10) and have an upper velocity of about 5,000 ft/sec. 
Limitations in lighting resulting from wavelength considerations set 
the lower limit at au-ound Ifi .    Thus, any system to be of interest 
should have potential for measuring the velocity of 1 to 10/i.particles 
traveling at speeds up to 5 »000 ft/ ec. 

Initial experimental conditions called for a system capable of 
measuring particle velocities under cold-gas conditions.    However,  the 
possibility of future tests in which measurement would be taken in an 
actual rocket exhaust dictated that techniques also be examined for use 
in hot-gas situations. 

The techniques considered can be divided into two basic classes: 
(l)  those in which the particles are backlighted, and (2) those in 
which they are frontlighted.    In the first case the particle  is silhou- 
etted against a luminous background.    This results in a photograph in 
which the entire background is exposed, with  the exception of the parti- 
cle  image or shadow.     In the second case  the particle is emitting light 
(either through reflection or self-luminescence) against a dark back- 
ground.    Thus, only the particle image is exposed on the film. 

When photographing a particle using backlighting,  it is necessary 
to essentially stop the motion of the particle  image on the film.     If 
the particle image is allowed to move or streak across the film,  it 
will travel into an area already exposed by the background light and, 
in turn,  the spot of unexposed film initially in the shadow of the 
particle will become exposed.    In this way the  trace is easily washed 
out.    Through frontlighting it is possible and usually desirable  to 
allow the particle image to streak across  the  film, since light from the 
particle and not from the background is the agent for exposing the film. 

From the foregoing discussion,  it can be seen that a much faster 
shutter will be needed for the backlighting approach.    To stop a i/X 
particle traveling at 5»000 ft/sec within a distance of one particle 
diameter, as required with backlighting,  takes aji exposure time on 
the order of 1 nanosecond    (10"9 sec).    With direct lighting techniques 
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multiple exposures would be made on one filjn, giving a series of "do-3" 
across a single picture.    As discussed earlier, repeated exposures on 
one film would result in an image washout because of the luminous back- 
ground.    It would be nrcessary tj use some system in which two or more 
separate photographs could be obtained.    To accurately determine veloc- 
ity it would be necessary to arrange  the cameras so that it would be 
known exactly how the two pictures were related spatially.    This could 
be done by either making sure the cameras were photographing th-» Iden- 
tical area, such as could be accomplished with a beam-splitting arrange- 
ment (Fig. 25), or through the use of some background reference system. 
Ideally,  the resulting pictures would appear as In Fig.  26. 

NOZZLE 

TIMING 
DEVICE 

LIGHT 
SOURCE 

CAMERA 
NO I 

PARTICLE  FLOW 

ALF SILVERED MIRROR 

im 

CAMERA NO 2 

FIG.  25.    Schematic Drawing of Multiple Image 
Backlighting Setup. 

1         (0) TIME :  t,        ! 
Kj 

(b) (C) 

• (d) * 

(•' • 
1         • (f) 

• 

«2-«! 
/p '(tp-MM 

WHERE 

'2    'I1 

"ICTURE NO. 

Vp :  PARTICLE VELOCITY 

M = CAMERA 
MAGNIFICATION PICTURE  NO 2 

FIG.  26.    Idealized Pictures Obtained With Multiple Image 
Backlighting Technique (Fig.  25). 
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Only one shutter wa'j found that approached the required 1-nanooecond 
exposure time and had the necessary resolution.    This was the electro- 
optlc-type Kerr-cell shutter with a minimum exposure time of 5 nano- 
seconds.    It is possible that photographs of some of the petrtides in 
the larger sizes (5/1 and over) could be stopped at these exposures. 

Additional problems would exist in identifying any given particle 
from one picture   to another unless  the particle density in  f^e  field 
was quite low.     Because of the  very shallow depth of field resulting 
from the high magnification, particles might appear in one photograph 
and not in the second,  further confusing the assessment. 

FRONTLIGHTING TECHNIQUES 

If the serious problem of obtaining sufficient illumination can be 
overcome, frontlighting appears to be more versatile tiian the backlight 
ing approach. The possibility of streaking the image opens a number of 
avenues not possible with a spot-type image. 

Single Streak Imaging 

One of the most straightforward approaches to the problem of deter- 
mining petr tide velocities would be to take a precision "time exposure" 
of the stream allowing each particle to produce a streak whose length is 
proportunal to its  velocity (Fig.  27).    Measuring the length of the 
streak on the photograph and knowing the exact exposure duration and 
camera-lens magnification,  it would be possible to determine  the desired 
velocity.    Of course,  the "time exposure" would be very short, about 2 
to 5 microseconds. 
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FIG.  27.     Idealized Picture From flin^le Streak Technique. 
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The prliuary difficulty with thU technique arises in determining 
the exposure time with sufficient accuracy.  It is necessary to either 
have square wave shuttering (extremely short opening and cloaing tiroes) 
or to know at what time in the shuttering operation sufficient light 
has been transmitted to start exposing the film, and to know when suffi- 
cient light has been cut off to terminate the exposure. 

Exposures of the required duration can be obtained through the use 
of some type of shuttering device attached to the camera or through 
control of the duration of the illuminating light pulse. Two types of 
camera shuttering devices were considered:  (i) electro-optical shutters 
(Kerr cello), and (2) image converter shutters.  The electro-optic-type 
shutter appears to hold the most promise.  Rlbe atnd decay times of about 
1 nanosecond result in a nearly square wave shuttering for pulse lengths 
in the 2 to 5 microsecond ronge.  Light transmission is relatively poor; 
at best about 39^ of the entering light is transmitted.  This, of course, 
adds to the already serious illumination problem.  Some image converters 
also have good square wave characteristics, but at present the definition 
is quite poor for particle pictures because of the grainy structure of 
the converter-tube phosphor.  The relatively small photo size  is also a 
drawback. 

Sparks, exploding wires, flash tubes, and explosive rare-gas light 
bombs can be used to produce short light pulses of about the correct 
duration. With the exception of the explosive rare-gas light bombs 
described in some detail in the text and Appendix B, it is questionable 
whether sufficient light could be derived from these sources over a 
reasonable field of view. Additionally, all depart significantly from 
the desired rapid decay times needed, but work has been done at NOTS 
which indicates that rapid de^ay times may be possible with the light 
bomb (Ref. 6). 

If the talloff or long decay times can be controlled, the use of 
light-shuttering would provide a relatively Inexpensive means for photo- 
graphing either a cold-ges flow or a relatively nonluminous hot flow.  By 
conducting the experiment in a dark room, the camera shutter would be 
used only for capping purposes and a simple press camera could be u. 
If the flow were somewhat luminout or if it were necessary to run in a 
luminous environment, a capping shutter would have to be used that was 
sufficiently fast to reduce background lumlnatlon to a tolerable level. 

Multiple Exposure Techniques 

Multiple exposure techniques, discussed previously under backlight- 
ing approaches, are also amenable to frontllghting.  By exposing the film 
two or more times, a series of streak«? can be produced (Fig. 28).  From 
the spacing of the streaks it is possible to determine the velocity of 
the parent particles. If three or more exposures are taken, accelera- 
tion can also be obtained from the difference in particle spacings. 
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Figure 30 shows hov em idealized record might appear.    Knowing the 
effective fiijn velocity (sweep speea), v«;   the camera magnification, M; 
ajid the angle of the streak with respect to the displacement axis, Q 1 
the particle velocity can be calculated from 

II tan a 

Using graphical methods,  acceleration can also be determined. 

The streak camera technique appears quite promising.    The light 
intensity will need to be greater, however,  because of the velocity 
component of the lilm or image sweep (Fig.   30).    However,  the shape of 
the  light pulse will not be critical as  in some of the proposed tech- 
niques.     The main benefit is derived from the continuous record of parti 
cle velocity and the capability for measuring acceleration.    The camera, 
however,   is rather large and expensive. 
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M :   CAMERA MAGNIFICATION 

Vf :   FILM   VELOCITY 

FIG.  30.     Idealized Picture Obtained With Streak 
Camera Technique. 

Synchrobailietic Technique 

The streak camera Is used in a different manner in the synchrobal- 
listic technique.    Here  the camera is rotated 90 degrees so that the film 
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or the speed of the image sweep to exactly counter tlv- movement of the 
particle image,  it is possible to stop the image at one spot on the film. 
Knowing the sweep speed and the optics of the camera system,  the velocity 
of the particles traveling at that particular speed (critical velocity) 
caui be determined.    If the particles cure traveling faster or slower than 
the critical speed, a streak will result whose length is proportional to 
the difference between the critical speed and the particle speed.    This 
then, breaks down to a variation of the single screak technique and it 
becomes necessary to know the light duration and streak lengths to calcu- 
late the velocity difference, and in turn, the true velocity.    Carlson at 
Aeronutronic used this technique with some success to measure  the veloc- 
ity of particles traveling at high velocity.    A description of this tech- 
nique and the results can be found in Ref. 2. 

The primary benefit of the synchroballistic technique lies in the 
increased effective exposure times which reduces the lighting problems. 
However, unless the light intensity is maintained at a high level,   the 
range of particle velocities which can be picked up by streaking becomes 
limited.    In addition,  it appears that in those cases where streaks result, 
it would be most difficult to determine  if they represent particles travel- 
ing faster or slower than the critical velocity.    As with a number of the 
other techniques,   it is not possible to determine accelerations with the 
synchroballistic approach. 

39 









N/WWEPS REPORT 8505 

used to encapsulate the krypton gas Incorporated a plate similar to the 
one used with the flush technique, but without the exhaust port. Using 
hand valves, a vacuum gage, and the usual Scotch tape on both sides of 
the plate, the gas gap was evacuated, after which argon gas was bled 
into the gap. This procedure was repeated; after evacuating the gap a 
third time, krypton was bled into the gap. The inlet line was then 
sealed. 

The air gap was constructed from a l/U-inch thick plexiglass plate- 
Although the use of plexiglass was a matter of availability, the thick- 
ness of the air gap was dictated by empirical results. The 1/4-inch air 
gap was used since it Billowed enough distance for the light intensity 
produced in the rare gas to decrease below the sensitivity of the film, 
and also resulted in a total light pulse of the required duration of 
about 3 microseconds. 

The basic operation of the light pulse subsystem can be stated as 
follows: A shock wave produced by the detonated explosive enters the 
rare gas, which in turn is excited to a high energy level, and emits an 
intense light. As the wave enters the air gap, the intensity of the 
light drops off radically since air required a much higher energy level 
to emit an Intense light. However, as the shock wave (which has an 
average velocity of 20,000 ft/sec) impacts the plexiglass, the air at 
the interface is raised to an extremely high energy level and re-emits 
an intense light upon returning to its ground state. Figure 33 graph- 
ically shows the operation of the light pulse subsystem. 
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FIG. 33. Dual Streak Light Pulse Pattern. 

Explosive Subsystem 

The explosive subsystem is composed of two l/2 x l/2-lnch tetryl 
pellets, an electric detonator, and a wood block used for positioning 
the explosives and detonator (Fig. 2). The wood block was used since 
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mounted.    The lens system Is bolted to the front cover of the light bomb 
which is separated by a rubber 0-ring buffer.    This buffer helps to 
impede the stress wave from being transmitted to the lens housing. 

LENS  2 
METAL SPACER 

ALUMINUM  HOUSING 
LENS 

RUBBER 0-RING 5 PLACES 

FIG.  34.    Llglit Condensing Lens System. 
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