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Table 1 The burning time of PMMA under various voltages
. diameter of PMMA applied voltage burning time

experiment /mm iy /s

1 8 0 470

2 8 7 405

3 8 8.5 374

4 8 10.0 350

5 8 =5.5 558

6 8 -7.0 435

7 8 -8.5 407
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Fig.3 Electric field intensity distributions between electrodes
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Table 2 Burn rate of solid fuel at various voltages

applied voltage averaged burning rate normalized

Ne- / kv / mm-s™ burning rate
1 0 0.1063 1

2 7 0.1233 1.16

3 8.5 0.1335 1.256

4 10 0.1427 1.342

5 -5.5 0.0896 0.843

6 -7.0 0.1148 1.08

7 -8.5 0.1227 1.154
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Table 3

der various electric fields

Flame current and number of charged particles un-

applied flame current flame current number of charged
voltage/kV ~ /mA flux/A-m™ particles/m™?

7 (1.0-1.3)x1072 (4.9-6.4)x107° (1.71-2.15)x10"

8.5 (1.5-1.7)x107 (7.3-8.3)x107%  (1.71-2.15)x10"
10 (1.8-2.2)x107? (8.8-10.8)x107* (4.16-5.09)%10"°
=5.5 (0.5-0.6)x1072 (2.5-2.9)x107° (1.48-1.77)x10"
=7.0 (1.3-1.5)x107? (6.4-7.4)x107° (3.03-3.50)%10"
-8.5 (1.7-1.9)x107 (8.3-9.3)x107°  (3.93-4.40)x10"
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Table 4 Estimations of unit electric volume force under elec-
tric fields

applied voltage flame current electric volume force

/ kv / mA /N-m™
7 (1.0-1.3)x107? (1.0-1.3)x107"
8.5 (1.5-1.7)x107? (1.5-1.7)x107"
10 (1.8-2.2)x1072 (1.8-2.2)x107"
-5.5 (5.0-6.0)x107* -(5.0-6.0)x1072
-7.0 (1.3-1.5)x1072 -(1.3-1.5)x10"'
-8.5 (1.7-1.9)x1072 -(1.7-1.9)x10™"
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Effect of High Voltage Electric Fields on the Combustion Characteristics of PMMA

YANG Xiao-long', WEI Zhi-jun', ZHANG Ze-lin', ZHANG Jing-jia', WANG Jia-xing*
(1. School of Aerospace Engineering , Beijing Institute of Technology, Beijing 100081, China; 2. Shanghai Space Propulsion Technology Research Institute,
Shanghai 201109, China)

Abstract: Due to great demands on solid rocket motor and solid ramjet for thrust control, the experimental study on the effect of
high voltage electric fields on the combustion characteristics of solid fuel polymethyl methacrylate (PMMA) nwascarried out.
The effect of electric fields on the flame structure of PMMA, as well as its burn rate, temperature and flame flow-field was ana-
lyzed. The results show that the deformation of PMMA flame is significant under the negative electric fields. When larger electric
fields are imposed, their effects on the flame become more significant. The high-voltage electric fields can greatly change the
burn rate of PMMA. The burn rate of PMMA increases with the applied positive voltage amplitude by about 34.2%. Under the
negative electric fields, the burn rate of PMMA decreases firstly with the increase of the voltage amplitude, and then increases.
The burn rate can be decreased by about 15.7%, and it can also be increased by about 15.4%. The maximum temperature of
PMMA is decreased when it is subject to the electric fields. The PMMA flame flow increases with the amplitude increase of the
voltage. The interaction of buoyancy and electric volume force may be the factors that lead to the change of flame shape, temper-
ature and the thermal feedback of the flame to the solid phase.

Key words: thrust control; high voltage electric field;solid fuel;electronically controlled combustion;flame structure; polymethyl
methacrylate (PMMA)
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