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Block Italic Transliteration Block Italic Transliteration

A a A a A, a Pp P p R, r
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B B B e vV, v T 7 T m T, t
rr r e G, g Yy Y vy U, u
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How H u I, 1 Wow U w Sh, sh
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0 o 0 o 0, © H w 0 »  Yu, yu
N n 7 on P, p A n A = Ya, ya

¥ye 1niitially, after vowels, and alter w», b; e elsewhere.
When written as € in Russilan, transliterate as yé or é.
The use of diacritical marks 1s preferred, but such marks
may be omitted when expedlency dictatas.

GRAPHICS DISCLAIMER

All figures, graphics, tables, equations, etc.
merged into this translation were extracted
from the best quality copy availlable.
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS '

Russian English .
sin 3in
cos cos
tg tan
g cot
sec sec
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sh sinh
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th tanh
cth coth
sch sech
¢sch ¢sch
arc sin sin~
arc cos st .
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arc th tanh
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g log
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IGNITION OF MZTAL POWDERS IN
COMBUSTION PRODUCTS OF MODEL FUEL

A, K, Klyauzov, M. M. Arsh, F. P,
Madyakin, and G. A. Fllaretova

Kazan!

In recent years a significant number ¢f studles has been
dedicated to experimentally determining delay time 1In the ignition
and combustion of many metals and metal alloys. These quantities
are deternined as the properties of the metal itself, Jjust as the
conditions of the experiment., The determlination technique and }
the apparatus which 1s used play a slgnificant role. We conducted
studlies with a method consisting basically »f the followlng: the
studled metal powder was ejJected through tic Inner chanrel of a
burning model i'uel specimen into the [lame. A mixture of ammonium
perchiorate (APC) and polyisobutylene (PB) was used as the model
fuel. The charges were pressed Into the shape of a cylinder with
an inner channel of 8 mm and an outer dlameter of 22 mm. They
were packed to a relative density of 0.97. To assure that the
combustion front of the specimen would be para.lel the inner and
nuter surfaces were plated with an ash-free filter layer using
glue BF=2, The studied metal powders were dispersed 1n narrow
fractions. The studies were corducted on a stand, the basic
scheme of which is shown in Fig. 1. A specimen of the metal
powder weighing 0.005 g was placed 1r the hollow of a piston,
which was inserted in a cylinder and covered with a 1id. A

FTD-HT-23-1883-74




i

i

=

= [

|
s
-

shaft, 7 ~ smali

Figure 1,
Bosic scheme
of device:

1 - specimen,
2 = cylinder

114, 3 -
¢ylinder, & -
piston, 5 =
solenold, 6 -
solenoid

current am-

plifier, 6 - programmed time
relay, 9 -- oscillograph, 10 -
photoelectric celis, (A -
contact, B - dc source).

specimen, which waz ignited from
the upper end, wus placed on the
tube of the 1id. Within a certaln
time, when the combustion front ) ;
of the specimen reached the end

of the tube, a programmed time

relay engaged solenoid. Ths

solencld shaift pushed the plston

. the .top., Inertia forced the

metal parctlecles from the cylinder

tube ‘nto the flame.

At “he moment that the plston thrust agalnst the stop con-
tacts A were closed and a signal was transmitted to one loop of
The moment of ignition of the particles was

the osclllograph.

recorded by photoelectric ¢ells loca%ted at different distances
along the flame and connected to the wnscillograph loop. Thus,
the time from the moment that the particles began thelr flight

until the time of their ignition

T was determined by the cscil-

logram, The flight times of the particles along the cylinder
tube (Tl) were determined for each powier indivicually belore the

test was begun.

For thils purpose a lamp was placed such that ifs

narrow light beam passed over the end of the tube and fell upon

the photoelectric cell.

When the particles escaped from the tube

they coverad the light beam, and this was recorded on the osc¢il-
logram. At the moment that the particles began thelr flight

contacts A were also closed and a mark made on the osciilngram.

Times T, wWere determined from the oscillogram. Ignltion cdelay
times T, Wwere determined as the dilfference betwesn times 1 and Ty
Each polint represented the average value from ten parallel tests,.

The effect of the degree of dispersion of the particles and
of certain inorganic additlves on 1lgnition time of the metal was

determined for powders of Mg, Al, and the alloy AM. Studiles ccn-

ducted in the combustlon products of a model fuel with a 5%
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concentration of PB (a=2.00) showed that as the size of the

particle was increased quantity T, increased. F¢. the same degree

of dispersion the alloy AM had the least gnition delay time, Al =-

the greatest. The increase in T, as the degree of dispersion

decreases 1s explained not only by the fact that greater heat and

time must be spent in heating larger pnarticles to the ignition
temperature, but alsc by the fact that heat arriving per unit ]
volume from the oxidatlion of the metal itself decreases. To study
thz effect of the inorganic additives on ignition delay time of

the metal Mn02, Ba0O, and V205 were selected, since their effect

on the heat expanslion procsss of APC is known. The additives

were introduced into the model fuel and applied to the meta.
surface. The effect of the addltlve on ignition tlme was described
by the ratio of T, without the additive to T, with th~ additive
{(z). As the studles revealed (Figs. 2 and 3), introducing the
additive into the model fuel brought about very little change in

T, for Mg and decreased it when it was applled to the surface cf i
the metal particla. We observe the reverse dependence for alloy

AM. The additive MnO2 has the greatest effect on ignition delay

time for both Mg and the alloy AM, BaO - the least, It should be
mentioned that as the diameter cf the particie increases the effect i
of the additive and its nature have 1little influence own T,e This

is explained by the fact that as the diameter of the particle 3
increases its surface decreases, and the oxidation reactions ".nich

oceur on the surface have an insignificant effect on the ignition
process. In this case ignition of the particles dcpends basicnlly

on the combustion temperature of the rocdel feol (Tr).

The effect of additives Mno2 and F9203 on the combustibility
of Al was studied in combustion products of a modal fuel with
various values of a. When MnO2 was applied to the surface of the
particles igniticen time for all studied a of the fuel varied in=-
significantly (z=1}. When the MnO, and Fe203 additives are intro-
duced into the composition of the fuel quantit: z aepends on
value a of the fuel. This dependence has a complex form. When

axl the value of 2z is alsc close te 1. As o increases = grows,
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Figure 2 Change in relative ignition delay time
Zz as a funetion of partiele ' -e for alloy AWM,

Additives introduced into: 1 - Mnoz, 2 - V2C5,

3 - Ba0; additives applied to turfuce of par-
ticles: 1' - Mn02, 2! V205, 3' - Bal.

Figure 3. Effect of the nature and applicat®aon
method of additive on ignition delay time for

various values o ¢f the fuel: 1 = additive MnO2
applied to surface of Al particles, 2 - EvInO2 ’

additive introduced into compocition of fuel, 3 -

Fe203 additives introduced into composition of

fuel, 4 « 1 is a function of o of fuel.

and at @=3.43 1t 1s equal to 2.93 for Ie203 and 2.4 for Mro,. As
the concentration of PB increases in the fuel z cscreases and
reaches a minimal value at a=0,74. ¥..n a furthkc: decrease in a
guantity z begins to grow, and at a=0."8 z agaln becomes equal to
1. The effect of additives 1ntroduced into the ncdel fuel on 1,
of the metal is the result «f the effect of thoze additives on
the composition of the combustion prodiucts of the fuel and the

flame temperature with respect tc the height of the flame.,

The curve representing ignition delay time for Al as a
functior of a for the fuel (Fig. 3) has a rinimum point. The
least value of T, is reached at a<l, i.e., in combustion prcducts .
with anM™unfavorable" concentration of oxidlzing agents and at

FTD-Hy-23-1883-74 4




lower combustion temperatures. To explain this phenomenon con-
ditional studies were made and the composition of the combustion
products of model fuels was calculated,

Figure 4 shows the results of studying T, as a function of
the combustion product parameters of a model fuel. Here Tr and
the percent concentration of water vapors in the combustion
products of the fuel were used as the parameters. The studies
showed that when T was decreased from 3260 to 2950°K ignition
delay time decreases somewhat with a subseguent slow increase.

At the same values of T (in a range above 2300°K) T, in the com-
bustion products of a fuel with a>l (upper pert of curve) is
greater than T, in the combustion products of a fuel with a<l.
The concentration of water vapor in the combustion products as a
function Tr has the same form as for T, Consequently, delay time
is the function of change in primarily two combustion product
parameters of the fuel - Tr and the concentration of water vapor.
The effect of the percent concentration of water vapor in the
combustion products of the fuel on T, as well as the connection
between Tr and the concentration of water vapor in the combustion

up to a=0.956 T_ and the concentration of water vapor in the
combustion products increase, this leads to a decline in T,
A further increase inPB causes Tr to decrease, although the con-
centration of water vanor 1in the combustion products continues
to increase. A reduction in Tr should lea? to an increase in T,
although the continuing increase 1n the concentration of water
vapors causes it to decline, and when guantity o of the fuel
changes from 0.956 to 0.65 ignition delay time remains virtually

unchanged.

A further increase in PB causes a decrease in Tr and the
concentration of water vapor; the ignition delay time of Al begins
to grow. When T is below 2300°K the other combustion products

of the model fuel probably affect guantity T, of Al. Thls change
in guantity T of Al as a function of guantity o in the fuel is

FTD-HT-23-1883-74 5
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. observed for all studied dispersions of Al, but 1s most pronounced
when the parti:les have small diameters.
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Figure 4. Change in ignition delay time (1) and
percent conceiwration of water vapor (2) as func-
tions of combustion temper.. ..v of model fuel
(com?ustion temperature varled by changing a of
fuel).

Figure 5. Ignition delay time (1) ani combusticn
temperature of fuel (2) as a function of percent

concentration of water vapors in the combustion
products.
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