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Effect of Different Vacuum Pressure

on the Expanding Velocity of the Smoke Cloud
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Abstract: Based on the pyrotechnic and powder smoke cloud, the effect of vacuum pressure on the expanding velocity

during the smoke cloud forming was studied experimentally with the method of the expansive velocity obtained by testing the

increases of the cloud edge size. Results show that the expanding velocity increases with the increases of vacuum from 0. 10

MPa to 0.04 MPa, and the velocity increases about 0.03 times when the pressure decreases 0.02 MPa.
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1 Introduction

The smoke shield performance is straight affected by
the extinction performance of smoke particles and the mass
concentration of the smoke cloud, higher available mass
concentration of smoke cloud make the smoke shield per-
formance good when the extinction performance of smoke

materials is constant''’.

According as the area size of the
protected targets infrared radiant point and the performance
of the coming raid infrared guidance head or detector, the
smoke cloud must have enough effective shield area and

time. Applying smoke in outer space

, the problem is
whether the smoke particles, dispersed in the rarefied air
can form the suspended cloud, that possesses enough availa-
ble mass concentration, shield area and shield time. For a
definite quantity smoke agent in a definite time the above
properties of smoke cloud is straight affected by the smoke
cloud expanding characteristics. So, the smoke cloud ex-
panding characteristics have attracted many people’s atten-

On this

basis, this paper presents the effect of vacuum pressure on

tion” " but the study in vacuum is still lack'”.

the expanding characteristics of the pyrotechnic and powder
smoke cloud, expecting to establish technology basis for the

smoke applying in outer space.

2 Experimental
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2.1 Preparation of samples

Pyrotechnic sample; the experimental agent is based
on the excogitated pyrotechnic anti-IR smoke agent'® |
modulating the agent oxygen equilibrium appropriately to
combust successfully at different vacuum pressures. The
basic compositions of the smoke agent are KC10,, Mg pow-
der and PTFE, etc. Charging 1 gram of anti-IR smoke a-
gent, transition agent and amorce to a ten-millimeter-diame-
ter columned die, being pressed 5 seconds lastly by 25-ton-
pressure oil pressure machinery under the 0.3 MPa pressure
of the meter reading, then discharging the columned agent,
and charging it to a combustion vessel and mooring a elec-
tric igniter on top. In this way the sample is prepared.

Powder sample; choosing squama graphite as the
powder smoke interferential materials'®’ with about 8. 7
pm median diameter. Charging an electric igniter and
propellant to a combustion vessel orderly, then placing 1
gram of graphite on top, then the sample is prepared.
2.2 Experimental set-up and method

The experimental set-up is made up of the vacuum
simulation system and image collection system. The vacu-
um simulation system is the same as the reference[ 10 ].
Image collection system is composed of SIJ-High-speed
camera and computer. To note the expanding circum-
stances of the smoke cloud, that was necessary to place a
gauge side by the vacuum jar. The gauge precision is mil-
limeter; the gauge graduation is in the direction of the
camera lens, the sketch of experimental set-up vides

Fig. 1.
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Fig. 1

Sketch of experimental set-up
I—connection pole, 2—vacuum jar, 3—image collection system,

4—vacuum pump, 5—vacuum meter, 6—sample and igniter, 7— gauge

The electric ignition mode was adopted in experiment.
Placing the samples at the bottom of the vacuum jar re-
spectively, connecting the electric igniter to the connec-
tion pole, covering and vacuumizing the vacuum jar, then
the experiments were performed.

The radial size increases of the smoke cloud in a unit
time, is namely, the expanding velocity of smoke cloud.
To analyze the collected image when experiments fin-
ished, according to the gauge graduation of the cloud
edge and the time interval of two sequential images of the
smoke cloud, the expanding velocity of smoke cloud is
solved by the following Equation (1) :

Al + AL,

level
_ Aluprign + Al 1
" 2+ Al (1)

Where u denotes the expanding velocity of smoke
cloud. Al and Al

increases of the cloud edge in two sequential images of

denote the upright and level size

upright level

the smoke cloud, respectively. At represents the time
interval of two sequential images of the smoke cloud.

3 Experimental results and discussion

3.1 Expanding characteristics of pyrotechnic smoke cloud

Igniting the pyrotechnic samples in different vacuum

pressures; turning on the image collection system to note
the expanding process of smoke cloud, simultaneously.
The combustion time of all samples lasted about 6.7 s in
each vacuum pressure, and the spending time of smoke
clouds expanding to the wall of the vacuum jar are pres-

ented in Table 1.

Table 1 The spending time of pyrotechnic smoke clouds

expanding to the wall under different vacuum pressure

p/MPa 0.1 0.08 0.06 0.04

t/s 6.7 6.5 6.3 5.8

Results in Table 1 show that the expanding velocity at
the pressure of 0. 04 MPa is better than that at other pres-
sures, and the spending time is 5.8 s. The 1 s, 2 s, 3 s,
4 s, 5 s images of the smoke cloud were analyzed, respec-
tively, the upright and level cloud edge size change in aver-
age two sequential images was observed, and the size in-
creases of several different positions were obtained through

the comparison of the gauge graduation, then Al and

Al

lover 10 different vacuum degrees were deduced from the

upright

average of size increases, which listed in Table 2.

From the analysis of average data in Table 2, it shows
that the size increases in upright is a little bigger than that
in level. The reason is that the smoke cloud volume in up-
right increased by the pneumatic acceleration effect caused
by the combustion event of smoke agent . Using the data
in Table 2, the expanding velocity of the smoke cloud dur-
ing the combustion event have been calculated according to
Equation (1), which given in Table 3, Fig.2.

Fig. 2 shows that the expanding velocity of pyrotech-
nic smoke cloud is increasing with the decreases of the
pressure, and the increase amplitude of the average is
equal approximately, the expanding velocity increases
0.03 times when the pressure decreases 0. 02 MPa;

moreover , the expanding velocity of pyrotechnic smoke

Table 2  Size increases of pyrotechnic smoke cloud edge at each interval under different vacuum pressure

Alupnghl/cnl Al /cm
t/s
0.1 MPa 0.08 MPa 0.06 MPa 0.04 MPa 0.1 MPa 0.08 MPa 0.06 MPa 0.04 MPa
1 ~2 6.76 6.92 7.03 7.25 6.23 6.32 6.66 6.67
2~3 6.42 6.11 6.77 6.76 6.50 6.98 6.82 7.31
3~4 5.87 6.23 6.89 7.51 6.69 6.91 6.74 6.40
4~5 6.57 6. 66 6.72 6.41 5.88 6.42 6.53 7.32
average 6.405 6.48 6.853 6.983 6.325 6.658 6.688 6.925
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Table 3 Expanding velocity of pyrotechnic smoke cloud

at each interval under different vacuum pressure

y w/ cm -+ s
/s
i 0.1 MPa 0.08 MPa 0.06 MPa 0.04 MPa
1~2 6.495 6.62 6.845 6.96
2~3 6.46 6.545 6.795 7.035
3~4 6.28 6.57 6.815 6.955
4~5 6.225 6.54 6.625 6.865
average 6.361 6.569 6.77 6.953
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Fig.2 Relation between expanding velocity of pyrotechnic

smoke cloud () and times (¢) under different vacuum pressure

cloud is decreasing with the process of time in a same
vacuum pressure. In the vacuum jar the gas density was
continually changing. With the increases of the vacuum
pressure, the decreasing gas density make the gas resist-
ance to the expanding smoke cloud reduced''"’, and the
expanding velocity increases. The decreasing curve of
0.08 MPa in Fig. 2 is more flat, which resulted from the
measure error. In vacuum pressure 0. 08 MPa, the smoke
cloud figure is irregular induced by the incidental unsta-
ble combustion of the sample, so the error exists in the
collected data due to the uncertainty of the measure
standard. On the other hand, with the process of time,
the smoke agent is combusting continuously, the gas in
combustion production offsets the decreasing of gas densi-
ty which deduced by the increases of the vacuum pres-
sure, which make the gas resistance increase, and the
expanding velocity decrease. The needed explanatory is
that although the smoke particles number is increasing dur-
ing the smoke agent combusting, the smoke particles con-
centration is indefinitely increase due to the increase of the
cloud volume, and the cloud expanding velocity is mostly
directed by the producing smoke velocity of the smoke agent
when the environment conditions is constant, so, the effect

of the variety of the particles concentration on pyrotechnic

smoke cloud expanding velocity is ignored in present study.
3.2 Expanding characteristics of powder smoke cloud

Igniting the powder samples in different vacuum
pressures, turning on the image collection system simulta-
neously. On the action of high pressure gas produced by
propellant combustion, the graphite smoke cloud was
formed quickly and expanded to around, and the spend-
ing time of smoke clouds expanding to the wall of the vac-
uum jar are presented in Table 4. It shows that the ex-
panding velocity at 0. 04 MPa is comparable to other pres-

sures, and the spending time is 2.9 s.

Table 4 The spending time of powder smoke clouds

expanding to the wall under different vacuum pressure

p/MPa 0.1 0.08 0.06 0.04

t/s 3.3 3.2 3.1 2.9

The relationship between expanding velocity of power
smoke cloud and time at 0.04, 0.06, 0.08, 0.1 MPa
vacuum pressure are shown in Table 5 and Fig. 3. From
data in Table 5 and curves in Fig. 3, it shows that the ex-
panding velocity of smoke cloud is increasing with the de-
creases of the pressure during the expanding process, and
the expanding velocity increases about 0. 03 times when
the pressure decreases 0.02 MPa, which agreed with the
expanding characteristics of pyrotechnic smoke cloud, the
reasons are also the decreasing gas resistance to smoke
cloud due to the decreasing of the gas density. Comparing
Fig.2 to Fig. 3, we can find that the powder smoke cloud
expanding velocity is faster than the pyrotechnic. That is
because the forming velocity of pyrotechnic cloud is slo-
wer, and that of the powder cloud is more quickly. It also
shows that the expanding velocity of powder smoke cloud
is decreasing with the process of time in a same vacuum
pressure, and the decrease amplitude is higher than the
pyrotechnic at same conditions, the reason is that the ex-
panding energy is dying out during the powder cloud ex-
panding, which made the expanding velocity reduced;
however, the combustion event is continuous during the
pyrotechnic cloud expanding process, in despite of the
expanding velocity decreased by the increasing gas pro-
duction resistance, the reducing amplitude of expanding

velocity is still not much more, due to the expanding en-
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ergy provided by the combustion event continuously.

Table 5 Expanding velocity of powder smoke cloud at

each interval under different vacuum pressure

-1

y w/ cm -+ s
t/s
0.1 MPa 0.08 MPa 0.06 MPa 0.04 MPa
0.5~1.0 13.563 13.873 14.324 14.753
1.0~1.5 12.879 13.453 13.825 14.416
1.5~2.0 12.475 12.671 13.085 13.804
2.0~2.5 11.978 12.488 12.832 13.167
average 12.724 13.121 13.516 14.035
14.8 4
'\ —=01MPa
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Fig.3 Relation between expanding velocity of powder smoke

cloud (u) and times (¢) under different vacuum pressure

4 Conclusions

Through the expanding velocity testing of the pyro-
technic and powder smoke cloud, it is found expanding
velocity of smoke cloud during the formation is increasing
with the increases of the vacuum pressure, and the veloc-

ity increases about 0. 03 times when pressure decreases

/.

0.02 MPa in the allowable range of experiment condition.
The expanding velocity increasing is because that the me-
dium resistance to smoke cloud decreases gradually with

the increases of the vacuum degrees of the medium.
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