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TRANSLATOR'S PREFACE

This is a translation of a report that summarizes the experimental work
done in Germany up to about the year 1945 in the field of muzzle flash
suppression. The experiments used real gun systems and employed a large
number of different chemical additives as potential suppressants. Negative,
as well as positive, results were reported. A brief discussion on the
suppression of rocket afterburning and smoke attenuation was also presented.

The translation was undertaken with the goals ;f:

1. Providing the English reading scientific community with a document of

.some interest in the field of muzzle flash suppression; and

2. Allowing the author to become somewhat more familiar with the German
technical language. Because of the latter goal I chose to be more literal
than free with the translation, wherever possible.

Details for the most part are lacking and only general results or
conclusions are cited in the original German text. Indeed there are four

different references made; but, only one citation is presented in the standard
7 format in common use today. The reference to Cranz is taken to be: Innere

Ballistik by Dr. C. Cranz, Vol. 2, Section 23.2, 1926 (Julius Springer,
Berlin). That of Lochte-Holtgreven is: "Die Temperatur des Muendungsfeuers

N' bei der Pak 40," Report 10/43 from the Ballistisches Institut der Technischen

* Akademie der Luftwaffe, Berlin - Gatow dated 10 March 1943. The reference to

Gallwitz was not found.

The symbols used in the text are defined as follows.

= parenthetical remarks of the original text.

= English words added as supplementary text, comment or

explanation.

TN: = Translator's Note.

The units mentioned in the text are not SI. The following conversions

-can be used:

1 calorie = 4.184 joules, and

1 atmosphere = 0.101325 MPa.

* This translation was begun in late 1984 as an after-hours exercise while

the author was working at the Ballistic Research Laboratory, Aberdeen Proving
Ground, MD. Like many such tasks it soon developed a life of its own. It was
finished during the initial part of an exchange assignment at the Ernst Mach

Institut, Abteilung fuer Ballistik, Weil-Lam-Rhein, Federal Republic of

Germany.

G. Klingenberg (Ernst Mach Institut) and H. Mach (Institut Saint-Louis,
France) generously gave of their time to read an earlier version of the
translation. There is no doubt that their suggestions improved the accuracy
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of the translation. However, I am solely responsible for any residual errors

that may exist.

With the following text I believe that the first mentioned goal has been

*. achieved and I can speak with some authority that the second goal has also

been met.

J.M. Heimerl
Weil am Rhein
March 1985
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I. ORIGIN AND TYPES OF MUZZLE FLASH

Very often with the shot from a firearm, fire appears at the muzzle. One
can clearly distinguish two types:

a. Muzzle flash (Von Cranz labels it as "secondary muzzle flash").

b. Fire out of the muzzle.

This division results from the different origin and intensity of the light
* emission accompanying the shot and so brings about a different treatment with

regard to attenuation.

Upon the firing of a shot the chemical processes in the combustion
chamber and in the muzzle or gun barrel of the weapon are briefly and
approximately outlined by the following: through the ignition of the shot

powder there follows a change into gases which are mainly composed of C02, CO,
H2, water vapor and N2 . Depending on the different powder or gun types small
quantities of NO, CH4 , heavy hydrocarbons, HCN and similar hydrogen-,
nitrogen-, oxygen-, and carbon-compounds are then on hand as a result of

cooling. Because of the high temperature of about 2000-3000K, these gas
mixture components are already partially dissociated into free atoms 0 and H
as well as into radicals, e.g., OH. During this process the mineral additives
and impurities of the powder components, for example VgO, CaO, Na2 0 and the

oxides of iron, contribute to the gas mixture in very small portions.

Depending on the type of weapon, the ratio of caliber to gun barrel length,
the energy content and construction of the powder type employed, its [the
powder's] dimensioning and burning velocity as well as the gas pressure in the
apparatus, the course of the chemical conversion in the gases may be directed
so that for best use it [the chemical conversion] is completed before the exit

of the projectile. [Sic.] With the expulsion of the powder gases, they now
incur a pressure drop and are mixed with the outside air, with which a

temperature drop is associated. In this instant one observes close to the

muzzle a more or less intense visible emission that one has interpreted as the
"after glow" [TN: primary muzzle flash] of the powder gases. It appears as a

- dark red glow (generally spherical with several short, claw type offshoots),
that is soon, depending on the size of the apparatus, no longer visible at a

small distance from the muzzle. [TN: Klingenberg has stated that the
expansion fan is in fact a cone not a sphere and that the offshoots are due to
the initial release of the exhaust gases into the low pressure of the
precursor flow. The glow appeared spherical because the optical imaging

resolution was not high enough.] In Germany this glow is denoted as "fire
from the muzzle" [TN: primary muzzle flash]. Primary muzzle flash has little

significance since it is hardly detected during daylight by the human eye
without aid, and can only be detected in darkness. It will be quite generally

overlooked by the enemy and many times it is not analyzable in his optical
measuring apparatus.

With many weapons however this primary muzzle flash is masked by a second
light emission. Because of the influx of oxygen from the air to the powder
gases coming from the muzzle and through the mixing with the air, a
combustible gas mixture is formed which ignites at some distance from the
muzzle because of some heating. There occurs a type of explosive burning of

the combustible portions contained in the gases associated with light
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emission, that is denoted as [secondary] muzzle flash. Depending upon the
size of the weapon, the light emission is more or less strong and bright,
substantially larger in area and more irregular in shape than is the case with
primary muzzle flash. Temporally the muzzle flash does not appear immediately
after the shot, but there first elapses a small time till mixing and ignition
has taken place. The muzzle flash can be easily made out by day and produces,
owing to the named properties, one of the unpleasant side effects of the shot.
One supposes that the ignition temperature is attained through the adiabatic
compression of the gas mixture impacting on the atmospheric air. The
intensity of each [secondary) "muzzle flash" masks the primary flash.

Whereas the primary flash is unavoidable and stays within tolerable
limits, it consequently has found little interest for scientific
investigations; as a result of the by far greater significance of the muzzle
flash, a large sequence of tests have been done toward the explaining and
influencing of this luminous phenomenon.

II. FACTORS THAT CAUSE MUZZLE FLASH IN GUNS

The following elements are important in the behavior of muzzle flash.

A. Factors that are Found in the Construction of Weapons

Besides the design of a weapon, i.e., the size of the caliber, the
barrel length, the projectile weight and the muzzle pressure, the condition of
the weapon should be mentioned. While the former exerts a "constant" effect
on the muzzle flash, the effects of the barrel condition, i.e., wear of the
grooves, erosion at the transition cone from combustion chamber to gun barrel,
which involves: the extent of free flight of the projectile in the barrel,

-. the type and material of the munition, and the projectile guidance, are
strongly dependent on the lifetime of the barrels and therefore are not always
of equal value for the appearance of muzzle flash. Even at equal gas pressure
and equal performance worn gun tubes show muzzle flash more frequently than
new barrels. Understandably enough barrels that are warm from shooting have--."an increased tendency toward muzzle flash, just as the level of V0 [the
projectile velocity] of an apparatus as well as the level of its gas pressure,
particularly the muzzle gas pressure, increase the tendency. Generally it has
been found that the tendency towards muzzle flash increases with the launch
velocity of the projectile and decreases with performance.

Also significant is the type of munition, whether used as a cartridge or
%[- -loose.

B. Factors that are Caused by the Gun Powder

07

Naturally, of greater importance is the chemical composition of the
propelling charge, which determines the energy content, the type and quantity
of powder gases and its temperature. Powders with low caloric content and
rich in nitrogen components can successfully influence muzzle flash.
Furthermore the size of the weight of the powder load as well as the

arrangement itself (thus the loading construction) are to be mentioned. Also
the kind of powder types is important for muzzle flash. Thus the propellant
charges made from pure nitrocellulose powder in the larger artillery pieces

K: 8104.-



tend more strongly to this light emission [muzzle flash] than the
corresponding type containing nitroglycerine. It has often been observed that
such powders shoot with and without muzzle flash apparently at random.

C. Factors that are Due to Atmospheric Conditions During Firing

In the first place the weather is to be mentioned. In the case of
abnormally high atmospheric moisture, or fog, the muzzle flash occurs
substantially more readily than in the case of dry weather. Also there was no
success to detect a law governing the atmospheric influences (atmospheric

-! - humidity, atmospheric pressure, air temperature, etc.) from the occurrence or
non-occurrence of the muzzle flash. Further the temperature of the powder is
important; since powders stored in a warm place tend toward muzzle flash more
strongly than those stored at correspondingly normal temperatures.

With these three larger groups one does not yet appear to have totally
grasped all factors for the influence of muzzle flash. Namely the
observations have been made in the case of artillery pieces that for the
larger series of guns muzzle flash occurs again and again in irregular

sequence and strength. The existing observations concerning the occurrence or
disappearance of muzzle flash does not yet suffice for the statement of a

. "law," since the number of exceptions would be very large.

It is sufficiently well known, that the muzzle flash is a very
undesirable side effect of gun firing, which through its intensity not only
blinds but also reveals the gunner or the crew of a weapon. Of course muzzle
flash +s not of such importance for handguns and small caliber weapons as for
the large caliber artillery pieces because of the size of the flash.

Consequently the efforts to reduce or better to prevent entirely muzzle flash
for these devices are of greater importance for engineering and tactics. The
results and conclusions of the several investigations which were carried out

in Germany in the past years for different large caliber weapons are reported

here.

III. INFLUENCING GUN MUZZLE FLASH

Of the above named three groups of factors, that affect muzzle flash in
the case of an artillery piece, the element of weather generally is not
controlled and so it can not be excluded [from the experiments]. Indeed it is
a considerable challenge for a weapon to always be ready for a charge in any
kind of weather.

The technical specifications for an artillery piece have thus far always
%_ been fixed according to the aspects of ballistic performance above all, then

for the most part upon constructive changes, etc., arrangements for the
decrease or prevention of muzzle flash were taken a little into consideration

or entirely neglected. The tendency, to obtain the highest ballistic
performance from a weapon, stands in opposition to the avoidance of muzzle
flash.

Devices have been developed for gun barrels (cone-type barrel-pieces at
the muzzle - a kind of small "cornet") that were to have blocked or delayed
the mixing of the powder gases with the air so far as is possible, and in this

9
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way prevent the formation of muzzle flash. [TN: Such conical devices cause a
pre-expansion and reduce the shock strength resulting in a lower probability

of muzzle flash.] The result was a reduced muzzle flash whose light was
somewhat diminished. These contrivances have only been proved in the case of
small caliber weapons, e.g., 2 cm, 3.7 cm, and 5 cm anti-aircraft machine guns
and anti-tank guns. In the case of the larger artillery pieces these
mechanical muzzle flash reduction devices could not be applied because of the
higher muzzle presoures. [TN: Sic. The large amount of weight at the end of
a long barrel would produce a very large moment arm.]

Entirely unsuitable is the proposal, to inject dry ice through an
appropriate attachment into the powder gases at the muzzle immediately after

the exit of the projectile from the barrel, in order to lower the temperature
of the gases and moreover to stop the explosive burning through chemical
passivity [TN: That is, the temperature is lowered by dilution with a cold
inert gas). The great technical expense to uniformly dispense against the

"* muzzle pressure in the powder gases large quantities of dry ice or other

chemicals by means of an appropriate apparatus within several milliseconds,
would be justified -assuming success- only for a few valuable special

apparatuses. For standard artillery such devices could by no means come into
consideration because of logistic difficulties.

Thus of the known group of factors that influence muzzle flash, only the
* one concerning the propelling charge still remains. Up to now it has the best

successes to report and also it alone in recent years has been pursued further
and improved.

The most elementary influence on the muzzle flash by the powder can
follow from an appropriate shaping of the powder grains, which indeed

determines their own consumption. One must endeavor to complete the burning
quickly before the projectile has left the barrel. In this way the powder
gases exiting the muzzle already have a substantially lower temperature.

Unfortunately this mode of action is not always feasible, because different
ballistic demands of a cannon would not be able to be met regarding the
projectile velocity and the gas pressure. Of the two useful dimensions for
the powder grains naturally the more lively is always put in.

The most reliable and expedient method to influence muzzle flash is

through the chemical composition of the powder. In this case one has the
following possibilities:

a. the lowering of the energy content of a powder,

b. the insertion of muzzle flash suppression additives,

c. the insertion of powder components that produce inert gas products,

specifically nitrogen, and,

d. the raising of the methane content in the powder gas, since methane-
air-mixtures are especially hard to ignite.

As far as the interior ballistic performance of a cannon permit, all four ways
have been tried.
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The loweriag of the energy content of the propelling charge for cannons
from the 950 calorie-nitroglycerine based powder common some 30 years ago to
the 700 calorie-diglycoldinitrate based powder common since 1937/38 brings, in
addition to other improvements, an observable lowering of the temperature of
the powder gases at the muzzle. Even though large fractions of the
combustible substances exist in the powder-gas-air mixture, the temperature
necessary for an ignition is less and less attainable, so that the explosive
type burning is absent. In many cases this is attained through addition of
appropriate muzzle flash suppressing substances with some good degree of
safety. These "cold" powders need a charge weight extending up to 10% higher,
so that it was difficult to get the charge into the chamber of older guns.
For modern [TN: 19481 devices, especially in light of new developments, these
requirements were met. For howitzers, mortars and similar weapons a change of
propelling charge of that kind was not possible since the ballistic demands of
such a gun type could not be met with a 700 calorie powder. For these weapons
one could only tamp the muzzle flash suppressor closer, when the
nitroguanidine powder, developed in the years 1938-40, was introduced. By
reason of the favorable property of this powder type, the energy content of
the propelling charge for howitzers and mortars could be lowered from 1250 to
925 calories. Since such a nitroguanidine powder is rich in nitrogen, the

* risk that the powder-gas-air mixture would ignite as muzzle flash after the
shot was substantially lessened. The nitrogen content, calculated from the
composition of the powder, for the most common howitzer powder are:

Flake-Powder Calories %N2

Nitroglycerine 1250 15
Diglycoldinitrate 1020 13.3

Nitroguanidine 925 25.3

,' Through the use of the nitroguanidine powder, first a reduction of the
muzzle flash [without the use of additives] was reached in the case of

howitzers and mortars; of course a small amount of muzzle flash suppression
additives (0.25 up to 1.5% depending on the caliber and loading) would have to

* be added to the powder, in order to lower the light intensity with some
measure of certainty. (Diglycol powder with the same energy content would
necessitate a substantially larger amount of muzzle flash suppression
additive.)

The result with nitroguanidine powder was more effective in the case of
cannons with small to average caliber, where indeed the energy content of the
propelling charge can be reduced to about 700 calories. Modern guns, (e.g.,
the larger anti-aircraft, anti-tank and armored car weapons) have been

equipped with that kind of nitroguanidine, that is weapons that have a rapid
0"~ fire as well as a high projectile velocity. In the case of guns with very

large caliber of course no muzzle flash suppression was attained from these
methods. Thus for modern powder types the muzzle flash is nearly suppressed,

- even if the powder gas composition at the muzzle still exhibits predominantly
combustible parts. On the basis of gas analysis from powder gas probes of a
10 cm cannon, of course carried out with howitzer powder for the case of less

*than full performance, the decomposition equations show the ratio of the still
* o.. unburned part (CO+H2+CHh) to the burned or uncombustible parts (C02+H2 0+N2 ) in

the chamber and at the muzzle:
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POWDER ENERGY CHAMBER MUZZLE

Nitroglycerine 1250 cal 0.65 0.62

, Nitroguanidine 925 cal 1.15 1.07

* -. Thus it is less the predominance of uncombustible or previously burned parts
in the powdergas that prevents the explosive type combustion after the shot;
but rather it is the temperature that is limited through these types of
combustion products.

By the introduction of the 700 calorie powder, position a of the above
mentioned four possibilities, to suppress the muzzle flash by means of
chemical [TN:read instead: thermodynamical] effects, has been fairly
exhausted. A further decrease of the energy content of the propelling charge
would not be suitable since usually the ballistic difficulties and the
increased smoke formation outweigh the benefits. The nitroguanidine powder is

an example of the above mentioned position c. Very likely still other
substances with large nitrogen content favorable for a muzzle flash suppressor

can possibly be employed.
0

In the case of the above mentioned types of propelling charges, according
to prevailing practices, always a more or less small part of muzzle flash

suppression additives -see position b- is used up, which additives completely
suppress the appearance of the light emission. They will be able to be [added
in] considerably smaller [amounts] than those in the case of the normal powder
types with over 800 calories. The knowledge of the effect of these certain

chemicals is already very old, but no one could state anything about the
causes and the chemistry. Already in the time of the first world war (1914-

1918) extensive test firing with very odd chemical compositions have been
systematically and randomly carried out. The results, found purely
empirically, taught that by far the most successful suppression of muzzle

flash is obtained from one small series of potassium salts. It is possible,
- but hardly expected that the other chemicals that were ineffective [in the old
*j tests] in cannons with 950 or 820 calorie-powder or in howitzers with 1250
. calorie-powder would be more successful in the case of cold or nitroguanidine
*powder propelling charges. The potassium salts show a different suppression

strength as a function of the energy content of the powder, which [strength]
0is the best in the case of the types mentioned first of all [below]. Ranked

according to their effectiveness is the series of potassium salts:

K2 SO4  potassium sulfate
KNO3  potassium nitrate

KHC4 H4 06  potassium bitartrate
KCI potassium chloride (in Germany also frequently known as

"Dueneberger's Salt")

K2SO4 and KNO3 have proved to be the most successful of these
substances. It could be established that in mixing them with the cold powder
the suppressing of the muzzle flash takes place fairly regularly in most gun

* types and thereby is more or less sufficient. The content of K2 SO4 or KN03
must be developed by gun firings separately for each gun caliber and for each
propelling charge type. Generally for the cold powder the portion for cannons

* - amounts to 0.5 to 3% -exceptions: for the larger calibers to 5%, and for
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howitzer powder 0.25 to 1.5%. The salt is included either in with the powder
at the time of manufacture, or else, as in the last year of the second world
war, inserted in cartridge bags or in the form of disks of powder -with a
content of 50 to 60% salt in powder- as a flash hider wad added in front of
the propelling charge. A difference in the effect on the suppressing in these
different arrangements could hardly be determined. For muzzle flash that is
difficult to reduce, a dose over 5% K2SO4 is not advisable, since with
employment of excessively large amounts the undesirable attendant glow of
light changes into the form of an intolerable smoke. (See below for details.)
The case for KNO3 in the guns is hardly less than the K2SO4 in its effect; it
has been used with cold powders in cannon propelling charges in amounts up to
4%. The oxygen content of the salt which brings about a slight elevation in
the energy content of the powder is disadvantageous. Thus, while one saves a
small quantity of calorie-lowering substances through the incorporation of
K2SO4 in the propelling charge, this is not the case with the using of KNO3.

The KHC4 H406 had proved to be good as a muzzle flash suppressant
additive. In Germany potassium bitartrate simply did not find the wide spread
use as the other two potassium salts, at first because of difficulties in the
raw materials situation and then this substance reacts somewhat acidically so
that the chemical stability can be detrimentally affected in the case of
larger portions in the powder. The suppressing of the muzzle flash by means
of KHC4 H4 06 is not quite as good and not always so gratifying as in the case
of the sulfate or the nitrate; also the noticeably increased appearance of
smoke is undesirable.

In Germany KCI [had) been common in the years up to 1918 but then became
displaced by the other known potassium salts.

Because of the raw materials situation in Germany other alkali salts, as
for example phosphates, have not been sufficiently tested enough. Potassium
metaphosphate (KP03 ), which is calculated as the most potassium rich salt, has
frequently been tested. Thereby one established that the muzzle flash
suppressing action is very slight. Attempts with potassium [substituted]
humic acid have not brought any clear results.

The possibility according to the above mentioned position d, to evolve
relatively more hydrocarbons, for example methane, through special additives
in the gun powder during combustion and thereby to suppress the muzzle flash,
has not reached any importance. As attempts with carbon-rich substances,
e.g., aluminum carbide (A14C3), showed, a reduction of the light emission did
not occur during shooting. Thus it appears not to be the case, as one could
assume in analogy to similar processes, that the hard-to-ignite methane-air
mixtures also exert a substantive influence on the process in and in front of
the gun tube. Simply the methane balance in the powder gas can be distorted
by the added amounts of methane, through which a lowering of the combustion
temperature is caused.

Up till now, one has made many statements about the nature and method how
these chemicals join in inhibiting the formation of a muzzle flash. One has
to consider as open whether they always prove completely correct since,
indeed, as has already been brought out above, the muzzle flash depends on
many factors and up to now there is no known "law" concerning the origin or
non-origin of this light emission. In most cases the investigations were

* 13



carried out for one gun system, then the arguments for the explanation of the
muzzle flash no longer need to be correct for other weapons.

According to modern [TN:1948] views, the combustion of the powder in the
gun tube or the explosive type conversion of the gas after mixing with the air
at a certain distance in front of the muzzle proceeds in a chain reaction.
These chain branching reactions are very energetic, so that they can be
associated with light emission. With the presence of certain substances -in
this case the alkali salts- a premature interruption of the conversion through
chain-breaking reactions can take place. The reactlon energy is removed
through triple impacts by participating reactants [TN: three-body reactions]
or through the influence of walls, thus solid substances [TN:particles].

The former possibility would be the more realizable at a high pressure.
Through this perhaps one could explain the known phenomenon, that weapons that
are fully loaded, hence of greater performance, shoot free of muzzle flash;
but on the contrary, in the case of partial loading -in order to solve other
artillery problems- [weapons] again shoot with muzzle flash because of the
reduced gas pressure or, in other words, because of the smaller burning
velocity of the powder.

The second named possibility, to mitigate the course of the chain
reactions through wall reactions, could occur in the case of muzzle flash
suppression by means of alkali salts, in which the latter alone through its
presence as a solid substance so strongly breaks the reaction sequence of the
the powder gas-air-mixture combustion, that the resulting temperature is not
sufficient for a luminous emission. Lochte-Holtgreven could determine with

AN the aid of spectroscopically ascertained temperature measurements of the
muzzle flash, for example, [that] a lowering of the temperature in front of
the muzzle is produced through the presence of K2SO4 in the powder.

Investigations in Russia concerning muzzle flash lead to similar
conclusions. Thus, next to the breaking of the reaction chain, the
recombination of OH radicals in the powder-gas-air mixture should also bring
about a break-down of the reaction [chain].

Even if the appearance or disappearance of the muzzle flash should have
been correctly interpreted through these explanations, there still remains to

* clear up the question, why according to existing observations only the
potassium [TN: read instead "alkali"] salts cause a suppressing of the muzzle
flash in the preponderance of the measurements. For the clarification of this
problem the greater series of tests have been accomplished in Germany in the
Dueneberg factory in cooperation with the office of Army weapons; these tests
are performed according to different working hypotheses. Generally only such
substances were selected that could have been tried first by reason of their
chemically neutral behavior in the powder-gel -without therefore abandoning
the chemical stability of the nitric acid ester- and then also had to have at
one's disposal an adequate measure of reasonably priced raw materials for the
larger charges. But one could very soon depart from the former above
mentioned principal, since one added the chemicals in the cartridge bag as a

* flash-hider wad to the propelling charge. Also rarer substances had been
tested, which as "academic" experiments were to have contributed to the proof
of the working hypothesis. The ballistic attraction of these powder probes or

14
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propelling charges took place partly in the 10 cm-howitzer or 10 cm-cannon,
also partly in the 8.8 cm anti-aircraft 18.

In most cases the firing by day brought about a decision whether the
substance affected a suppression, in the critical cases of course a night

firing would be carried out.

In the first series of experiments salts had been tested, in which cases
the potassium cation first of all had been replaced by its neighbors in the

periodic system: lithium, sodium, rubidium, cesium, calcium, and barium. It
was shown that the alkali metals lithium, rubidium, and cesium caused a

reduction of the muzzle flash, which did not achieve by far [the level of
reduction] of the above mentioned potassium salts. Among these salts very

little difference could be observed; it appears as if a slightly stronger

reduction in the muzzle flash follows increasing atomic weight according to
* -the periodic system. Of the sodium salts the best proved to be the

bicarbonate (NaHCO3) and the oxalate (Na2 C2 04 ). The latter has also found use
with known limitations as muzzle flash suppression additive for standard
propelling charges especially in the case of the navy. Generally it could be

determined that the type of anion of the alkali salt for muzzle flash

[suppression] does not have the same importance as the cation. (Of course
differences are clearly able to be established.) One also has tested the pure
alkali metals sodium and potassium themselves -they were placed in the

cartridge under petroleum in appropriate glass vessels of powdered charge- and
thereby one determined, that only the potassium caused a suppression of the
muzzle flash. [TN: Chemically this is difficult to understand. It has been
suggested by Mach that insufficient amounts of sodium had been vaporized
relative to the potassium.]

In a second series of tests substances were sought that were
distinguished by a larger heat of dissociation. One presumed that an
influence of the muzzle flash is attained directly through this property which

is very important in the case of the potassium salts, because the heat loss

owing to the thermal decomposition produces a cooling down of the powder gas-

air-mixture below the ignition point. In portions from one to three per cent
the following have been tested in large guns:

Potassium-silicone-fluoride K2 SiF 6

Potassium phosphate K3P04

Calcium phosphate Ca(P0 4 )2

Barium phosphate Ba3 (P04 )2

Borax Na2 B4 07  1H 20

Apatit Ca5 (PO4 )3 (ClF)

Calcium fluoride CaF 2

Titanium oxide TiO 2.

Hardly anything was observed of a reduction of the muzzle flash, only those

chemicals that contain potassium produced a reduction of the light emission

during shooting.
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In a broader series of experiments soaps had been investigated for muzzle
flash reduction, which soaps were often named as successful additives in the

literature or in patent documents. Of course these chemical compounds could

be utilized only in a limited way, since they operate on the basis of their
alkalinity, decomposing into the powder components and in addition, they make
the setting of the powder gel almost impossible owing to their lubricating
action. Of course this difficulty could have been avoided in this way: one

could include these additives of the propelling charge as flash-reducer wads
in paper cups or the like. In percentages from 0.5 to 1.5% the following had
been tested:

Potassium Palemate KC16 H3 102

Calcium Octadeceneoate Ca(Cl8 H3 302 )2

Sodium Octadeceneoate Na(C 18 H3 30 2)

Butyl Octadecanoate C4 H9 (C 8 H35 02 )

Stearatic acid CH3 (CH2 )16 C00H

Oleic acid CH3 (CH2 )7 CH:CH(OH2 )7 COOH

0 Palmitic acid CH3 (CH2 )1 4 . COOH

The results of these attempts to probe the shots were not satisfactory. A
reduction was not observed, again only the potassium containing substances
showed a little more positive results. Of course they did not reach that
level [of suppression] of the organic alkali salts.

In the fourth series of experiments the working hypothesis, analogous to
the methods in the case of some chemical synthesis, was followed: burnings of

gas mixtures through catalysts to control their course, generally in mixtures

of metal and metal oxide (ratio 1:1). Thus one also hoped to control the
burnable powder-gas-air mixture in front of the gun muzzle by means of the
presence of such compounds so that the otherwise explosive type transition

outside of the gun tube would terminate without light emission; therefore, in
-* the case of relatively lower temperature would perhaps terminate inside of the

gun tube. There were ballistically tested in concentrations of I and 2% in
the powder loading:

Iron/iron-oxide Fe/Fe203

Molybdenum/molybdenum-oxide Mo/MoO3
Copper/copper-oxide Cu/CuO
Magnesium/magnesium-oxide Mg/MgO.

All shots exhibited obvious muzzle flash. There were now such mixes or

substances tested, which are known as catalyst-poisons in the chemical
reaction kinetics. One hoped to directly prevent the start of the transition

through material of that kind. In similar manner as above there were

investigated:

Arsenic/arsenic-trioxide As/As2 03

Arsenic/arsenic sulfide As/AsS
Potassium cyanide KCN.
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Only the last substance of these three tests showed some reduction of the
muzzle flash. But it did not bring any proof for the working hypothesis,
since the suppression can also be explained by means of the known property of
the potassium salt. In one other series of experiments, substances were
tested that in the case of the combustion motors inhibited early ignition of
the gas mixture (motor "knock"). The metal-organic compounds:

Tetraethyl lead Pb(C 2H5 )4 ,
Iron carbonyl Fe(CO) 5 , and
Nickel carbonyl Ni(CO)5

were ballistically tested. Results were negative. Finally in a series of
experiments, substances were investigated for muzzle flash suppression that
are known as good absorbers for gases, with similar negative results. They
ought to have brought about a kind of unfavorable distribution of the
combustible parts owing to their porosity in the powder-gas-air mixture, so
that an explosive type transition can not set in or is reduced. Tested were:

Asbestos powder,
Cupric acid in gel form,

gTonsil, and
Active charcoal.

With these tests, the experiments to find an explanation concerning the
mode of operation of the potassium salt or concerning other methods of attack
on muzzle flash suppression were given up. The firings have not brought any
unequivocal result whatsoever. The point of view illustrated at the beginning,
concerning muzzle flash suppression by means of the chain breaking reaction in
the solid phase, was not completely confirmed through the results of the just
named series of experiments, since indeed it appears to occur only for alkali
salts with high atomic weight of the cation. Noteworthy is the observation
that metallic potassium itself also influenced the muzzle flash. One has to
explain this through the wall reaction in which one assumes, that during the
combustion in the cannon a transition has taken place to a potassium salt,
e.g., potassium carbonate or potassium oxide. Still for each case a specific
property of the potassium, rubidium and cesium has to be of greater importance
for the muzzle flash suppression. One has already supposed seeing this in the
electronic structure of the atoms.

It is noteworthy that in the case of the use of the alkali salts in the
reduced muzzle flash, a strong flame coloration is not detected but rather
only a quite weak one or not at all; and, in the case of the spectroscopic
investigation the spectral lines are not detected in the proportion as one
should have expected. So it appears, that the salt has already undergone a
change in the gun tube in the case of powder combustion, and that free atoms
or ions no longer arrive at the zone of the muzzle flash. [TN: Klingenberg
has suggested that the limited optical resolution of the spectroscopes
available and the high continuum radiation probably caused this
interpretation.] Perhaps association to the metal atom with a kind of strong
binding follows in the case of the chain branching reaction, that a distortion

d of the electron cloud occurs, through which it has lost its ready ability to
emit light as a free atom. [Sic.] Following the latest reflections of
Hinshelwood (Proc. Roy. Soc., Vol. A188, p. 9, Dec 1946) the muzzle flash
reduction by means of alkali salt is due to the fact that the combining of
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hydrogen and oxygen in the combustion zone is reduced to about 100-fold and
more of the rate of combustion. One presumes to have found a reaction
mechanism therein that a recombination over to the alkali hydride takes place
owing to the presence of the salt additives and thereby an interception of the
hydrogen atom takes place that is important for the reaction decline.

Now how far other metals also catalytically influence the transition of
the powder gas at the gun muzzle, might not have been adequately enough
investigated through the above mentioned series of experiments with the
metal/metal-oxide mixtures or with the catalyst-series.

IV. THE MUZZLE FLASH FROM ROCKETS

With the switch of the propelling charges from black powder to the
smokeless POL-powder [TN: powder without solvent intermediate), in the years
1937-1938, the problem of after-burning suppression for the rockets was not of
great importance. One was already very satisfied that the otherwise usual
smoke trail would be significantly diminished through the use of modern types
of powders because of their substantially smaller particle content. In the
course of the many-sided development of the rocket powder a suppression of the
after-burning would also be desired from tactical considerations. This task
is more difficult to solve than the suppression of muzzle flash in the case of
guns, since indeed the nozzles of rockets are very short in contrast to gun
tubes or gun barrels. Because of the significantly longer burntime of the
rocket propelling charge these light emissions are of greatej duration. For
these reasons it appears questionable whether a satisfactory suppression of
the flash for the rockets can be attained.

That this effect can still be attained in the case of rockets must thus
be addressed from a theoretical stand point. In contrast to the guns the
pressure in the combustion chamber of the rockets is considerably less (2000
to 3000 atm vs. 100 to 250 atm). The powder gases streaming out of the nozzle
do not produce so strong an adiabatic compression in the outside air as is
observed at the gun tube muzzle. If one chooses the inner pressure of the
rocket to be very low and then provides for a uniform expansion through a
suitable form of nozzle, whereby a cooling down of the powder gas is also
accomplished in addition to a lowering of the pressure, then the tendency
towards muzzle flash is smaller. Purely for construction reasons one could

- not always employ this possibility of flash reduction in practice; that is
through choice of suitable nozzle and of low inner pressure.

So far as was known, experiments for the attenuating of the afterburning
have been carried out only considering a chemical influence of the propelling
charge. A lowering of the caloric content is not applicable for these goals
in the case of the rockets, otherwise the ballistic requirements are not able
to be met. In Germany one has more precisely tested only a suppressant
containing the potassium salt additives tried with guns and has found that a
content of I to 3% potassium nitrate suffices for a few standard propelling
charges. Greater amounts would have disagreeably intensified the smoke trail
of the rockets.

Still the finding by Lochte-Holtgreven during his spectroscopic
V., temperature measurements in the luminous exhaust of rockets should be
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mentioned. This is analogous to the finding in the gun experiments in which
potassium salt additives cause a displacement of the [maximum] temperature in

the direction of the combustion chamber.

Rockets without afterburning are realizable in which previously
vaporizable substances are utilized as propellant. Their functioning depends
upon this: these chemicals, after they have been brought to a fixed
temperature through a type of ignition, give off gases in sufficient
quantity. This condition is maintained by means of the decomposition heating
that occurs. The process follows without the appearance of afterburning. The
practical significance of such afterburning-free rockets has still not been
acknowledged. In an overview of rocket-powder development of past decades it
is to be noted that the luminous appearances at the nozzle are undesirable to
be sure, but they have not by far assumed such importance as the muzzle flash
associated with shooting from guns. Many other more pressing problems stood
in the foreground, so that one was satisfied even with only an attenuation of

the afterburning.

V. SMOKE AND MUZZLE FLASH SUPPRESSION

As previously mentioned above, in the case of all successful experiments
to suppress muzzle flash in guns or rockets there appears one other
undesirable accompanying phenomenon in the form of smoke. For a weapon the
stronger the muzzle flash is, and thereby requiring a large portion of
additives for muzzle flash reduction, then the more smoke is produced.

Gallwitz previously spoke of this observation as a type of law of nature.
Moreover, following Gallwitz there could be no compro 7se. For instance, if
the required percentage of muzzle flash suppression adoitive is somewhat
reduced then there by no means appears a small muzzle flash with little smoke,
but rather there appears either muzzle flash at full strength or smoke. There
is no other choice. Earlier the smoke at the gun muzzle was at first taken as
the lesser evil in the bargain; in the last years of the war however it became
more and more urgent to more strongly abate this accompanying phenomenon of

the shot, too.

This task could be attained but only by an essential change in the
chemical composition of the propelling charge. Among the powder-smoke at the
gun muzzle one has to understand a colloidal system of the smallest solid and
liquid particles in air. The small particles are: first, the mineral

constituents in the powder, as well as those constituents that remain in the
considerable base and auxiliary materials that are present as carbon, only
still unburnt; and, further those droplets of water vapor that condensed in
front of the gun during the expansion of the powder gases and during the

thorough mixing with the air. Finally there belongs in addition the different
chemical compounds through the condensation that follows the cooling, e.g.,
ammoniumcarbonate or ammoniumcarbonamine. The color, quantity and density of

the smoke is naturally dependent on the type of projectile as well as the
amount and composition of the propelling charge. Generally the powder-smoke
appears in front of the gun muzzle as a bright to dark-gray cloud that is
distorted within a short time. Its density and residence is very dependent on

ethe weather during which it is shot. The smoke occurs especially strong in
the case of the propelling charge with the 700 calorie powder type, which
tindeed undergoes an incomplete condensation partly in the smoke, e.g.,
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ammoniumcarbonate, and traces of hydrocyanic acid, are suspended with or in
the water vapor droplets. The smoke from gun powder of this type frequently
appears bright gray and at first is very thick so that the view through it is
almost impossible. It then lies to some extent as a heavy fog for 10 to 30
seconds in front of the gun muzzle. In damp weather this characteristic
especially makes itself disagreeably noticeable. Machine weapons and guns

-I with rapid series shots are many times strongly hindered in their operation by
means of this powder smoke, since under certain conditions the gun crew could
no longer make out the enemy.

For these reasons it was unconditionally necessary to strive for an
abatement of the quantity and density of smoke in the vicinity of the shot.
The fastest and simplest way appeared to be a change in the composition of the
propelling charge. Deliberations showed correctly that most probably such
components are chosen on the ground of theoretically accepted conversion of a
powder into gases, which components could form little carbon, water and
ammonia. In this sense there were found as appropriate:

N=CH2
Methylene urea O=C

* NH2

NHCN
Dicyanogendiamine HN=C

NH2

which were used in the powder composition in proportions from 15 to 20%. Such
powder was fired particularly in motor car guns, armor and attack guns with
high fire and shot performance. Even during unfavorable weather the smoke
from this type was very bright, thin, transparent and easily dissolved.
Naturally such powder compositions once more showed very slight muzzle
flash. The usual practical method, to obtain a suppressant by means of
potassium sulfate, had success to be sure, but again it brought a slight
increase in smoke. Thus one looked for other muzzle flash suppressant
additives and found thereby that oxalic acid (H2C204 ) and its alkali salts,

.4 especially potassium acid oxalate (KHC2 04) and sodium oxalate (Na2C204)
brought good results. The first two substances, owing to their chemical

"behavior (acid reaction with pH ca. 2-4), could be added to the propellant
* charges only in the shape of a flash reducing wad which had to be particularly

dust proof. Also, wads with nitroguanidine stood the test exceptionally
well. In Germany in the last years one turned more and more to use potassium
tetraoxalate and nitroguanidine for new developments as a muzzle flash
reducer, as long as reasonably priced raw materials could somehow be produced.

.' ,

20

0%



DISTRIBUTION LIST

No. Of No. Of
Copies Organization Copies Organization

12 Administrator 1 Director
Defense Technical Info Center US Army Air Mobility Research
ATTN: DTIC-DDA and Development Laboratory
Cameron Station Ames Research Center
Alexandria, VA 22304-6145 Moffett Field, CA 94035

SHO DA 4 Commander
DAMA-ART-M US Army Research Office
Washington, DC 20310 ATTN: R. Ghirardelli

D. Mann
1.Commander R. Singleton

US Army Materiel Command R. Shaw
ATTN: AMCDRA-ST P.O. Box 12211
5001 Eisenhower Avenue Research Triangle Park, NC
Alexandria, VA 22333-0001 27709-2211

S

1.Commander 1 Commander
Armament R&D Center US Army Communications -
US Army AMCCOM Electronics Command
ATTN: SMCAR-TSS ATTN: AMSEL-ED
Dover, NJ 07801 Fort Monmouth, NJ 07703

1 Commander 1 Commander
Armament R&D Center ERADCOM Technical Library
US Army AMCCOM ATTN: DELSD-L, Reports Section
ATTN: SMCAR-TDC Fort Monmouth, NJ 07703-5301
Dover, NJ 07801

2 Commander
1 Director Armament R&D Center

Benet Weapons Laboratory US Army AMCCOM
Armament R&D Center ATTN: SMCAR-LCA-G,

- US Army AMCCOM D.S. Downs
ATTN: SMCAR-LCB-TL J.A. Lannon
Watervliet, NY 12189 Dover, NJ 07801

1 Commander 1 Commander
US Army Armament, Munitions Armament R&D Center

and Chemical Command US Army AMCCOM
ATTN: SMCAR-ESP-L ATTN: SMCAR-LC-G,
Rock Island, IL 61299 L. Harris

Dover, NJ 07801
1 Commander

US Army Aviation Research and 1 Commander
Development Command Armament R&D Center

ATTN: AMSAV-E US Army AMCCOM
4300 Goodfellow Blvd. ATTN: SMCAR-SCA-T,
St. Louis, MO 63120 L. Stiefel

Dover, NJ 07801

21

*" i-



DISTRIBUTION LIST

No. Of No. Of
Copies Organization Copies Organization

1 Commander, U.S. Army Missile Commander
Command, Research, Development: " •Naval Air Systems Command

& Engineering Center, ATTN: ATTN: J. Ramnarace,
AMSMI-RD, AIR-54111C

Redstone Arsenal, AL 35898 Washington, DC 20360

I Director, U.S. Army Missile &

Space Intelligence Center 2 Commander

ATTN. ATAM-VnTL Naval Ordnance Station

Redstone Arsenal, AL 35898-5500 ATTN: C. Irish
P.L. Stang, Code 515

2 Commander Indian Head, MD 20640
US Army Missile Command

ATTN: AMSMI-RK, D.J. Ifshin 1 Commander
W. Wharton Naval Surface Weapons Center

Redstone Arsenal, AL 35898 ATTN: J.L. East, Jr., G-23

. Dahlgren, VA 22448
I Commander

US Army Missile Command 2 Commander
ATTN: AMSMI-RKA, A.R. Maykut Naval Surface Weapons Center

Redstone Arsenal, AL 35898-5249 ATTN: R. Bernecker, R-13
G.B. Wilmot, R-16

1 Commander Silver Spring, MD 20910

US Army Tank Automotive
Command 1 Commander

ATTN: AMSTA-TSL Naval Weapons Center
Warren, MI 48090 ATTN: R.L. Derr, Code 389

1 Director China Lake, CA 93555

US Army TRADOC Systems 2 Commander
Analysis Activity Naval Weapons Center

ATTN: ATAA-SL ATTN: Code 3891, T. Boggs

White Sands Missile Range, K.J. Graham

NM 88002 China Lake, CA 93555

1 Commandant 5 Commander
US Army Infantry School Naval Research Laboratory
ATTN: ATSH-CD-CSO-OR ATTN: L. Harvey

Fort Benning, GA 31905 J. McDonald

C d E. Oran
* I Commander J. Shnur

US Army Development and R.J. Doyle, Code 6110
Employment Agency Washington, DC 20375

ATTN: MODE-TED-SAB

Fort Lewis, WA 98433 1 Commanding Officer

Naval Underwater Systems
1 Office of Naval Research Center Weapons Dept.

Department of the Navy ATTN: R.S. Lazar/Code 36301

" ATTN: R.S. Miller, Code 432 Newport, RI 02P40

W. 800 N. Quincy Street
Arlington, VA 22217

22

S. -



DISTRIBUTION LIST

No. Of No. Of
Copies Organization Copies Organization

1 Superintendent 1 Applied Combustion
Naval Postgraduate School Technology, Inc.

Dept. of Aeronautics ATTN: A.M. Varney
ATTN: D.W. Netzer P.O. Box 17885
Monterey, CA 93940 Orlando, FL 32860

4 AFRPL/DY, Stop 24 2 Applied Mechanics Reviews
ATTN: R. Corley The American Society of

R. Geisler Mechanical Engineers

J. Levine ATTN: R.E. White
D. Weaver A.B. Wenzel

Edwards AFB, CA 93523-5000 345 E. 47th Street

New York, NY 10017
1 AFRPL/MKPB, Stop 24

ATTN: B. Goshgarian 1 Atlantic Research Corp.

* Edwards AFB, CA 93523-5000 ATTN: M.K. King

5390 Cherokee Avenue
2 AF)SR Alexandria, VA 22314

ATTN: L.H. Caveny
J.M. Tishkoff 1 Atlantic Research Corp.

Bolling Air Force Base ATTN: R.H.W. Waesche
Washington, DC 20332 7511 Wellington Road

Gainesville, VA 22065
1 flAFWL/SUL

Kirtland AFB, NM 87117 1 AVCO Everett Rsch. Lab. Div.

ATTN: D. Stickler
I 1 Air Force Armament Laboratory 2385 Revere Beach Parkway

ATTN: AFATL/DLODL Everett, MA 02149

Eglin AFB, FL 32542-5000

1 Battelle Memorial Institute
1 NASA Tactical Technology Center

Langley Research Center ATTN: J. Huggins

Langley Station 505 King Avenue
ATTN: G.B. Northam/MS 168 Columbus, OH 43201

Hampton, VA 23365

1 Cohen Professional Services
4 National Bureau of Standards ATTN: N.S. Cohen

ATTN: J. Hastie 141 Channing Street
M. Jacox Redlands, CA 92373

T. Kashiwagi
H. Semerjian 2 Exxon Research & Eng. Co.

US Department of Commerce Government Research Lab
Washington, DC 20234 ATTN: A. Dean

M. Chou
1 Aerojet Solid Propulsion Co. P.O. Box 48

ATr;: P. Micheli Linden, NJ 07036
. Sacramento, CA 95813

23



DISTRIBUTION LIST

No. Of No. Of

Copies Organization Copies Organization

1 Ford Aerospace and 1 Honeywell, Inc.

Communications Corp. Government and Aerospace
DIVAD Division Products
Div. Hq., Irvine ATTN: D.E. Broden/
ATTN: D. Williams MS MN50-2000

Main Street & Ford Road 600 2nd Street NE
Newport Beach, CA 92663 Hopkins, MN 55343

1 General Applied Science 1 IBM Corporation

Laboratories, Inc. ATTN: A.C. Tam
ATTN: J.I. Erdos Research Division

425 Merrick Avenue 5600 Cottle Road
Westbury, NY 11590 San Jose, CA 95193

1 General Electric Armament 1 lIT Research Institute
& Electrical Systems ATTN: R.F. Remaly

- ATTN: M.J. Bulman 10 West 35th Street
* Lakeside Avenue Chicago, IL 60616

Burlington, VT 05401

2 Director
1 General Electric Company Lawrence Livermore

ATTN: A. Wait National Laboratory

2352 Jade Lane ATTN: C. Westbrook

Schenectady, NY 12309 M. Costantino

P.O. Box 808
1 General Electric Ordnance Livermore, CA 94550

Systems
* ATTN: J. Mandzy 1 Lockheed Missiles & Space Co.

100 Plastics Avenue ATTN: George Lo
Pittsfield, MA 01203 3251 Hanover Street

Dept. 52-35/B204/2
1 General Motors Rsch Labs Palo Alto, CA 94304

Physics Department

ATTN: R. Teets 1 Los Alamos National Lab
Warren, MI 48090 ATTN: B. Nichols

T7, MS-B284

--"2 Hercules, Inc. P.O. Box 1663
*. Allegany Ballistics Lab. Los Alamos, NM 87545

ATTN: R.R. Miller
E.A. Yount 1 Olin Corporation

P.O. Box 210 Smokeless Powder Operations

Cumberland, MD 21501 ATTN: V. McDonald
P.O. Box 222

1 Hercules, Inc. St. Marks, FL 32355

Bacchus Works
ATTN: K.P. McCarty 1 Paul Gough Associates, Inc.
P.O. Box 98 ATTN: P.S. Gough

Magna, UT 84044 1048 South Street

Portsmouth, NH 03801

24

,- A - 2.
"'." ' - -.'"- " -". .." -' "-- " " -' •• -" - .-. ",. . ... . . . . . . . . . . . ...-.. J.--*-'' .' " " ''.,.''% ,.'''.. -2 'J '' -,"".'°" .



DISTRIBUTION LIST

No. Of No. Of

Copies Organization Copies Organization

2 Princeton Combustion 1 Teledyne McCormack-Selph
Research Laboratories, Inc. ATTN: C. Leveritt

ATTN: M. Suminerfield 3601 Union Road
N.A. Messina HQllister, CA 95023

475 US Highway One

Monmouth Junction, NJ 08852 1 Textron, Inc.
Bell Aerospace Co. Division

I Hughes Aircraft Company ATTN: T.M. Ferger

ATTN: T.E. Ward P.O. Box 1
8433 Fallbrook Avenue Buffalo, NY 14240

Canoga Park, CA 91303

1 Thiokol Corporation
1 Rockwell International Corp. Elkton Division

Rocketdyne Division ATTN: W.N. Brundige

ATTN: J.E. Flanagan/HB02 P.O. Box 241

* 6633 Canoga Avenue Elkton, MD 21921
Canoga Park, CA 91304

1 Thiokol Corporation
4 Sandia National Laboratories Huntsville Division

Combustion Sciences Dept. ATTN: R. Glick
ATTN: R. Cattolica Huntsville, AL 35807

S. Johnston

P. Mattern 3 Thiokol Corporation
D. Stephenson Wasatch Division

Livermore, CA 94550 ATTN: S.J. Bennett

P.O. Box 524
Science Applications, Inc. Brigham City, UT 84302

* ATTN: R.B. Edelman
23146 Cumorah Crest 1 United Technologies
Woodland Hills, CA 91364 ATTN: A.C. Eckbreth

East Hartford, CT 06108
1 Science Applications, Inc.

ATTN: H.S. Pergament 3 United Technologies Corp.

1100 State Road, Bldg. N Chemical Systems Division
Princeton, NJ 08540 ATTN: R.S. Brown

T.D. Myers (2 copies)
3 SRI International P.O. Box 50015

ATTN: G. Smith San Jose, CA 95150-0015
D. Crosley

D. Golden 2 United Technologies Corp.
333 Ravenswood Avenue ATTN: R.S. Brown

Menlo Park, CA 94025 R.O. McLaren

P.O. Box 358

1 i Stevens Institute of Tech. Sunnyale CA 94086
Davidson Laboratory
ATTm: R. McAlevy, III 1 Universal Propulsion Company

Hoboken, NJ 07030 ATTN: H.J. McSpadden

Black Canyon Stage 1
Box 1140
Phoenix, AZ 850 2q

25

A~ ~ - a,, -7A. -



DISTRIBUTION LIST

No. Of No. Of
" - Copies Organization Copies Organization

1"Veritay Technology, Inc. I Case Western Reserve Univ.
ATTN: E.B. Fisher Div. of Aerospace Sciences

. 4845 Millersport Highway ATTN: J. Tien
P.O. Box 305 Cleveland, OH 44135

East Amherst, NY 14051-0305

1 Cornell University
1 Brigham Young University Department of Chemistry

Dept. of Chemical Engineering ATTN: E. Grant
ATTN: M.W. Beckstead Baker Laboratory
Provo, UT 84601 Ithaca, NY 14853

1 California Institute of Tech. 1 Univ. of Dayton Rsch Inst.
- Jet Propulsion Laboratory ATTN: D. Campbell

ATTN: MS 125/159 AFRPL/PAP Stop 24
4800 Oak Grove Drive Edwards AFB, CA 93523

* Pasadena, CA 91103
1 University of Florida

I California Institute of Dept. of Chemistry

Technology ATTN: J. Winefordner
ATTN: F.E.C. Culick/ Gainesville, FL 32611

MC 301-46
204 Karman Lab. 3 Georgia Institute of

Pasadena, CA 91125 Technology

School of Aerospace
1 University of California, Engineering

Berkeley ATTN: E. Price
Mechanical Engineering Dept. W.C. Strahle
ATTN: J. Daily B.T. Zinn
Berkeley, CA 94720 Atlanta, GA 30332

1 University of California 1 University of Illinois

Los Alamos Scientific Lab. Dept. of Mech. Eng.
ATTN: T.D. Butler ATTN: H. Krier

41. P.O. Box 1663, Mail Stop B216 144MEB, 1206 W. Green St.
Los Alamos, NM 87545 Urbana, IL 61801

2 University of California, 1 Johns Hopkins University/APL
Santa Barbara Chemical Propulsion

.. Quantum Institute Information Agency
ATTN: K. Schofield ATTN: T.W. Christian

M. Steinberg Johns Hopkins Road

Santa Barbara, CA 93106 Laurel, MD 20707

1 University of Southern 1 University of Michigan
California Gas Dynamics Lab

* Dept. of Chemistry Aerospace Engineering Bldg.
ATTN: S. Benson ATTN: G.M. Faeth

Los Angeles, CA 90007 Ann Harbor, MI 48109-2140

26

":,1-'""'- .< .: -:. --. - --. .- ,.: "-. -.--.-,-'<-*..-b ''"'' ,- -.'."-. .. '"--- -". -.- "-.-" .' ". -" -.. - ".'."-



DISTRIBUTION LIST

No. Of No. Of
Copies Organization Copies organization

1 University of Minnesota 1 Stanford University
Dept. of Mechanical Dept. of Mechanical

Engineering Engineering
ATTN: E. Fletcher ATTN: R. Hanson
Minneapolis, MN 55455 Stanford, CA 94305

Pennsylvania State University 1 University of Texas

Applied Research Laboratory Dept. of Chemistry

ATTN: K.K. Kuo ATTN: W. Gardiner

H. Palmer Austin, IX 78712
M. Micci

University Park, PA 16802 1 University of Utah

Dept. of Chemical Engineering
1 Polytechnic Institute of NY ATTN: G. Flandro

Graduate Center Salt Lake City, UT 84112

ATTN: S. Lederman
Route 110 1 Virginia Polytechnic
Farmingdale, NY 11735 Institute and

State University
2 Princeton University ATTN: J.A. Schetz

Forrestal Campus Library Blacksburg, VA 24061
ATTN: K. Brezinsky

I. Glassman Aberdeen Proving Ground
P.O. Box 710
Princeton, NJ 08540 Dir, USAMSAA

ATTN: AMXSY-D
1 Princeton University AMXSY-MP, H. Cohen

MAE Dept. Cdr, USATECOM

ATTN: F.A. Williams ATTN: AMSTE-TO-F
Princeton, NJ 08544 Cdr, CRDC, AMCCOH

ATTN: SMCCR-RSP-A
1 Purdue University SMCCR-MU

School of Aeronautics SMCCR-SPS-IL

and Astronautics
ATTN: J.R. Osborn

Grissom Hall 10 Central Intelligence Agency
West Lafayette, IN 47906 Office of Central Reference

Dissemination Branch
2 Purdue University Room GE-47 HQS

School of Mechanical Washington, D.C. 20502
Engineering

ATTN: N.M. Laurendeau
S.N.B. Murthy

TSPC Chaffee Hall
West Lafayette, IN 47906

1 Rensselaer Polytechnic Inst.
Dept. of Chemical Engineering
ATTN: A. Fontijn
Troy, NY 12181

27



USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the

reports it publishes. Your comments/answers to the items/questions below will
aid us in our efforts.

1. BRL Report Number Date of Report

2. Date Report Received

3. Does this report satisfy a need? (Comment on purpose, related project, orTI other area of interest for which the report will be used.)

4. How specifically, is the report being used? (Information source, design

data, procedure, source of ideas, etc.)

5. Has the information in this report led to any quantitative savings as far
as man-hours or dollars saved, operating costs avoided or efficiencies achieved,

* etc? If so, please elaborate.

6. General Comments. What do you think should be changed to improve future
reports? (Indicate changes to organization, technical content, format, etc.)

Name

CURRENT Organization

ADDRESS• ."".'.Address

City, State, Zip

7. If indicating a Change of Address or Address Correction, please provide the
New or Correct Address in Block 6 above and the Old or Incorrect address below.

Name

OLD Organization
ADDRESS

Address

City, State, Zip

(Remove this sheet along the perforation, fold as indicated, staple or tape
closed, and mail.)



% ,

FOLD HERE

Director NO POSTAGE
U.S. Army Ballistic Research Laboratory NECESSARY

ATTN: SLCBR-DD-T IF MAILED

Aberdeen Proving Ground, MD 21005-5066 IN THE
UNITED STATES

PENAL BUSEs 8 BUSINESS REPLY MAIL _

FIRST CLASS PERMIT NO 12062 WASHINGTON,OC

POSTAGE WILL BE PAID BY DEPARTMENT OF THE ARMY

Director

U.S. Army Ballistic Research Laboratory

ATTN: SLCBR-DD-T
Aberdeen Proving Ground, MD 21005-9989

-FOLD HERE

4'.

.

6:


