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Abstract


The efficiency (productivity) and temperature’s points (thresholds) of pyrotechnic composition of 2,10.6 and 40% Ag have been studied. We present the results for the productivity of the pyrotechnic composition in dependence of the time duration the aerosols have spent in supercooled drop humidity. The parameters of the supercooled drops (sizes, concentration and humidity) were measured by special impact and replica technique. The temperature’s points were measured by the mechanism of the superficial nucleation of millimeter size drops on the aerosols of the pyrotechnic composition.


1.Methods and installations 


1.1 Thermostat cloud chamber (TCCH)

It consist of three mutually joined vessels: cloud chamber; damper and fog chamber
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The cloud chamber is a cylinder made by stainless steel. It is 90 cm high and 45 cm in diameter. Inside the chamber is covered by polythene folio. The cylinder is placed in a fridge “Gronland”. The fridge is closed by wall of multilayer organic glass. The temperature in the cloud chamber is measured by thermocouples made by copper- constant. There is writing microvoltmeter of the company Perkin-Elmer. 
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  Fig. 2  a, b

 Fig. 1 Scheme of Thermostat cloud chamber (TC Ch) 

Fig. 2 Aerosol complex for testing of ice-forming characteristics of the pyrotechnic compositions: aerosol cube (a1) TCC (thermostat cloud chamber) (a2); drop – freezing chamber (a3) net of supercooled water drops (b1); impacts of supercooled fog on glass plates (10 mm) 

The damper is a cylinder made by stainless steel. It is 44 cm., high and 35 cm. in diameter. The inside part of it is covered by cloth soaked in glycerin.

The fog chamber is a Thermoisolated vessel. It is 85-cm. high and 50 cm. in diameter. The front side is made by organic glass.

The aerosol sample was obtained after burning of (0,05-0.1) gr. of pyrotechnic composition in an aerosol box 250 cm3 in volume, and injecting (1-50)cm3 from it into cloud chamber.The obtained aerosol sample was injected in the supercoled fog

The formed crystals were counted by replica technique (after free falling of the crystals on the slides in the crystalcatcher. For that purpose before every test the slides were covered by a solution of Plexiglas and hardener. The impact of the ice-crystals was counted by optical microscope.

The water drops fog was obtained by steam-generator through filling the fog chamber with overheated steam. The warm fog whose temperature had been +10 to + 30(C was deposited and fell into the damper. Because of the temperature gradient in the damper the micron size drops were continuously overcooled while they were depositing. The parameters of the supercooled fog were measured by impactor through the impact method. The impactor has cylindrical enfusser and the following parameters: d=3.5mm; h=1.6mm with relative efficiency in the size interval 2.5-7 Mk, which is equal to 77%. The sizes and the number of impacts of the drops measured by optical microscope and photoregistrator The parameters of the are: size of 2 to 20 micron; d(max)=2 microns. The number of drops with sizes up to 12 micron was 65 per m3 and measured watery was 0.8 gr/m3.


1.2The drop- freezing chamber [1]

The freezing of millimeter-sized water droplets containing aerosol particles deposited onto their surfaces has been studied. In this case a total of 30 droplets,  each being of 0.2cm were placed over a net of glass fibbers inside the freezing chamber and then cooled at a rate of 0.1 to 0.3 degrees/min. The temperature of the drops was measured sys wet thermocouple the frozen drops were examined by the method of crystallization. For this purpose the net was placed between two polar sources of multichronometic light system. The system had was placed in structure center of the cooling space of the 250-cm3 camera Gronland. The front wall of the chamber is made by multilayer organic glass. There are holes on it through which the drops were placed inside hanget on glass fibries. At each pyrotechnic composition a total of 5 series of runs varying drop populations were made. T½ a temperature at which the first drop froze, was registered as well as the temperature of freezing of one half of the drop population- T50% (the temperature at which the ice-crystals were formed, which did not depend by the velocity of overcooling. 

 2. Experiments and results 

2.1 Thermostat cloud chamber (TCCH).

Two series of analyses had been carried out:

First series - The top of the cloud chamber was closed and the overheated steam was injected in cloud chamber (in space with time decreasing drop humidity). At temperature of –10(C we obtained the following parameters of the fog in the cloud chamber; d =of 2 to 12 microns with median diameter to 5 microns; N = 265 /cm3.and calculated drop humidity - 1.9 gr/m3. The productivity of the pyrotechnic compositions had 2%, 10.6% and 40% in the temperature interval of –1 to –20(C hat been tested. At the temperatures of –5(C; -10(C and –15(C 5 to 10 test were made (for each).

Second series - The overheated steam was injected in fog chamber. For about 15 minutes we maintained constant quantity of steam- tests with constant drop humidity. The parameters of the supercooled fog at point (5’) are d=2-20 microns with max. At d=2 microns; N=65/cm3.  and calculated drop humidity=0.8/m3.

Samples were taken in point (5) at the following time intervals: 1 min, 2min, 3; 4; 5; 10 and 15 minutes after the reagent had been injected in fog chamber

The results are shown at fig.3 and fig.4. It is clear that in the experiments with constant drop humidity there are differences in the kinetics of ice- crystal forming over aerosols with 40% and 10.6% contents of Ag. In the case of 10.6% during the first minute of taking a sample at certain overcooling (in this case –7(C) the productivity remains constant to the overcooling, and it increases in the time (See fig 3.b). In the case of 40% -Ag (See fig 3.a) during the first minute the productivity increases with the overcooling and remains 
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Fig. 3 a




Fig. 3 b

Fig. 3 The number of the ice crystals per gr. pyrotechnic composition (N) 


(a) With 40% Ag


(b) With 10.6 Ag 


In dependence of the time duration in the drop humidity (time) and the temperature of the supercooled fog (degree) 

constant in the time. At fig 4 are shown the results of the productivity in intermediate space: with constant humidity and with decreasing in the time humidity At sensitivity of the chamber of 107 crystals, the 40%composition shows high productivity at high temperatures. For example at cooling of 2(C the productivity is 1.3 1010 -3.9 1010 crystals. Comparing the results of the two experiments we can see that in space with constant humidity and overcooling more than 10(C the productivity of compositions with 40% and 10.6% increases by 50%.

Table 1

Crystal parameters of the pyrotechnic composition of AgJ in superficial nucliation on millimeter water drops at Tk=0(C and in dependence of the temperature of the drops at the moment of pollution

	AgJ/
	Ag
	2%
	Ag
	10Á
	
	
	Ag
	40%
	
	

	     /
	
	
	
	
	Tk=
	0(C
	Tk=
	+5(C
	Tk=
	+10(C

	/   T
	T
	S
	T
	S
	T
	S
	T
	S
	T
	S

	Tmax
	2.2
	0.8
	1.6
	0.2
	0.9
	0.5
	0.6
	0.2
	0.6
	0.2

	T50%
	3.2
	0.4
	3.7
	0.7
	2.3
	0.3
	2.3
	0.4
	1.9
	0.9


2.2 Drop-freezing chamber
Five series for each experiment had been hold. The results are shown in Tabl.1 it can be seen that the freezing parameters depend on the concentration of  Ag. With increasing of the Ag contents we decrease the overcooling for the production of crystals. So 40% contents of Ag gives the temperature interval of 0.6 and 0.9(C not depending on the temperature of drops the at the moment of pollution.
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Fig. 4

Fig. 4 The number of ice crystals per gr. pyrotechnic composition in dependence of the temperature in environment of continuously drop humidity  (a) and in environment of decreasing drop humidity (b)
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