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Effect of Bubble Discharge on Transformer QOil Streamer Discharge
LIU Boyang* , CAI Xinjing
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Based on fluid dynamics, a simulation model of
transformer oil containing bubbles streamer discharge under
the action of impulse voltage is established. The variation
laws of electric field intensity and space charge density of
transformer oil containing bubbles are studied by changing the
position, size and number of bubbles. The simulation results
show that when the breakdown voltage reaches a certain
value, an electric field gradient is formed inside the bubble
due to the accumulation of gas inside the bubble, resulting in
an internal discharge phenomenon. The closer the bubble is
to the high-voltage electrode the faster it is broken down, and
the discharge proceeds in a relatively shorter time. The larger
the size of the bubble, the slower the transformer oil streamer
discharge. And the more the number of bubbles , the more
intense the electric field during the streamer discharge, the
longer the discharge lasts, and the greater the damage caused
to the transformer.
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Tab.1 Transformer oil transport and reaction

parameters table
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Tab.2 Table of bubble transport and reaction

parameters
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Fig.1 Needle-plate electrode diagram of transformer

oil containing bubbles
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Fig.3 Electric field distribution in the development

stage of streamer
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Fig.4 Space charge density distribution in the

development stage of streamer
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Fig.5 Line graph of electric field of transformer oil

without air bubbles
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Fig. 6 Electric field diagrams of streamer discharge

with different positions of bubbles

MG VLS 1 Z 8] B W R o B FE 3 5 ) 4
R AR T A P B e 7 IO B RE R R L
AR BEFE T 54 4k Dy i RE L 1, JE JnT L e A% 5
LYo X LE L T IR RE &, il Pk T B AR
W IERLAYES T, O [ e AR 7 0] 12 4% . I H, 18
IR , 7 A s (] L AT, [ B 23 [ F it 2%

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



XU, 25+ I A X 2 s s T A A P A 2

96 LIU Boyang, et al: Effect of Bubble Discharge on Transformer Oil Streamer Discharge
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Fig.7 Electric field diagrams of streamer discharge
for bubble diameter of 0. 03 mm

B8 &amAKiERHRIERERFE
Fig.8 Electric field diagrams of streamer discharge

containing four bubbles
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Fig.9 Line graph of electric field of transformer oil
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Fig. 11 Space charge density distribution of transformer

oil containing bubbles
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Transformer oil has good insulation properties,
which can effectively isolate the coils and equipment
inside the transformer and prevent electrical breakdown
and short circuit, to ensure the normal operation of
power transformer. Impurity bubbles in transformer oil
can damage the insulating properties of the oil, leading
to an increased risk of electrical breakdown and short
circuit. Deterioration in insulation performance can
make transformers unable to function properly and may
even lead to equipment failures and accidents. So,it is
of great scientific value and practical significance to
study the effect of bubble discharge on transformer oil
streamer discharge.

Based on fluid dynamics, a simulation model of
transformer oil streamer discharge containing bubbles
under the action of impulse voltage is established. A
discharge  needle-plate  electrode  configuration
containing bubbles is established, as shown in Fig.1.
The simulated oil gap spacing is 2 mm and the actual
breakdown distance is 1 mm. In order to calculate the
model results more accurately, the meshing method is
adopted. The more the number of segmentation cells,
the closer the simulation results are to the actual
situation. In order to reduce the amount of
computation, different meshing methods are adopted
for different positions of the model. A finer mesh is
used for the part that the electric field changes
drastically, while a larger mesh is used for the part

that is farther away from the pin point electrode.

Fig.1 Needle-plate electrode diagram of transformer

oil containing bubbles

The variation laws of electric field intensity and
space charge density of transformer oil containing
bubbles are studied by changing the position, size
and number of bubbles. The simulation results show
that when the breakdown voltage reaches a certain
value, an electric field gradient is formed inside the
bubble due to the accumulation of gas inside the
bubble,
phenomenon. The closer the bubble is to the high-

resulting in an internal  discharge
voltage electrode the faster it is broken down, and
the discharge proceeds in a relatively shorter time.
The larger the size of the bubble, the slower the
transformer oil streamer discharge. And the more the
number of bubbles, the more intense the electric
field during the streamer discharge, the longer the

discharge lasts, and the greater the damage caused to

the transformer.
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