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Fig. 1. Schematic of the apparatus for high pressure

helium gas insulation experiment.
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Fig. 2. Adjusting mechanism for the distance between

the two parallel plane electrodes.
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Fig. 3. (color online) Distribution of the electric field
intensity between the two parallel plane electrodes un-
der 0.25 mm distance and 1000 V.
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Fig. 4. The electric field intensity along radial direc-

tion in the gas gap between the two parallel plane elec-
trodes under 0.25 mm distance and 1000 V.
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Fig. 6. Up-p curves under different distance d (0.25,
0.35, and 0.5 mm).
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Fig. 7. The theoretical and measured Uy,-(pd) curves
under different distance d (0.25, 0.35, and 0.5 mm).
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Fig. 8. Total data under three distances and their lin-

ear fitting curve.
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Fig. 9. The comparison of calculated values by Eq.
(8) and the experimental values: (a) linear coordinate;

(b) semilog coordinate.

R4 (3) 3, FRE A/ In(1/y) = 0.5 2K T fi
(pd)min = 5.4 Pa-m, BIFRIIE (8) 3% W i) e/ il 2
HL T HH IR 2% 1 5 LA I 70 — B T AL (8) I
o 2 LR B ME Upomin = 63 'V, KK/ T H A
K Upmin = 150—200 V HISZIE 456 1517 1%
BOE S Bt S B 5 SR B I A A B
RS, WIR T ARSI H T (6) it H A
[ 55— SR [F) %5 pd AR SCH s 2 H AR L
BN, T LA A TR Rt 42 DR M A SR P PR AR AR T
PR R THIRLRE AN, B0 WORR ) B /N 55

11.5Pd

U = 105Pd)" ®)

3.4 BEESSHERMEZIROEMESR

PEAR B pd (TG F 1, % pd KR, (7) R A
S TSR 85— T DA MR, %A K T A
H (9) REGT R

Ub = Kpd7 (9)

Horh K S0 R A B i 2= T H i 261
R By = Uy /dARN (9) ATFEERE, W15
Ey

K= ?, (10)
Hrp By A R T B Eg . (10) AR R
RETOEHBEANRE K S5HEy®E,, Tkp
AR, XML EE R (7) PR R0, &
SCIA B d il A B 3 — PR T KR R K

RS R, BT IRF R E W NP

B8 AN BRI InE s, W (11) R

W = eE\, (11)

Hreyuiisr, ENEMmE, AN E B
i —— L 5007l 8 AT o FIORL TR T N K
S, B (12) 2

1
HASRE TSN
p = NkT, (13)

b kNP IR 2w E, T N4, ¥ (12) A
(13) U (11) 2, 751 T i T 3 Rk R
ekTE
op
AR ERAH B REMT B TREEW KT
ST HER W, B, A e R A s,

W =

(14)

105101-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 10 (2015) 105101

E = E,, W
Eb O'Wi

D T (15)

XTEE (10) A1 (15) AT 47 (16) 2. BT e, kBN
WAL, DR AR R R 2R K R ERA
LR o, FESRE W, AR T

oW;

K= . 1
ekT (16)

3.5 WG5S

T LRA M SAEA FAEE T W 7 i .
A LA tHAEAH R B2 SO IR B R 46 A, &S
ik 77 IR TR, R RE A 1/5, X
TR T2V I L AR, LA Stk pe ) 2
KAEAZFE I E T2 % 28 bR
F1 FEMEASKGFFHRESL (T = 1520 °C, p = 0.1 MPa)

Table 1. The comparison of the breakdown voltage of
air and of helium (7' = 15-20 °C, p = 0.1 MPa).

Up/V
d/mm
ol AR
0.25 1592 268
0.35 1700 370
0.50 2005 364

R TR S SMAE R AT
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AT R, ST ) S0 A FE A AR
&, RS IRIRAL 1 —FhiE A R

#2 WEERGHHUERAUTHF R

Table 2. The breakdown voltage of atmospheric air

and of helium under some different pressures.

WARAIFE  2£50.1 MPa  %<.3.0 MPa &S 7.0 MPa

d/mm Uy /V Uy/V Uy /V
0.25 1592 1496 2660
0.35 1700 1927 3641
0.50 2005 2503 5202

4 %
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2) S E KT 0.1 MPa ] Uy-(pd) i 28 4 1Ll A
B WAL AXNU, = 302.7 + 1.453pd.
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Up = 11.5pd/ In(0.5pd).
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MR, T 7 MPa 20T 5 % L HAE K22 3 MPa
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Abstract

To obtain the base data for insulation design of the electrical equipment used in the high temperature gas cooled
reactor nuclear power plant, an experimental apparatus for testing helium insulation property under high pressure is
designed. The apparatus is composed of a pressure vessel, a heating system, an electrical penetration assembly, a vacuum
pump, a pressure gauge, a safety pressure valve, a release valve, and a helium bottle. The highest pressure that the
vessel can hold is 10 MPa, and in this experiment the safety pressure valve is set to be 8 MPa. The temperature inside
the vessel can be heated to 200 °C by a heating system. The resolution of the pressure gauge is 1 kPa, and the highest
pressure that the gauge can measure is 9.999 MPa. The purity of the helium used in this experiment is 99.999%. The
breakdown voltage of helium gas between two parallel plane electrodes is measured by the apparatus under the conditions
of 15-20 °C and 0.1-7 MPa. The electrodes are made of copper, and their diameters are both 100 mm. The distances
between the parallel electrodes are 0.25 mm, 0.35 mm and 0.5 mm respectively. The error of the distance is less than
0.01 mm. The DC voltage between the electrodes is supplied by GPI-735A, a withstand voltage and insulation tester
produced by GW Instek corporation. The voltage increases slowly from 0 to 6000 V (highest), until the current more
than 0.1 mA is detected. The highest voltage recorded is the breakdown voltage. With other researchers’ experimental
data under low pressure, the Paschen equation for helium gas is obtained. It is found that the calculated breakdown
voltage for this equation is larger than the experimental result in this paper under high pressure. And the deviation
becomes larger as the product of the pressure and the distance increases. Firstly, it is because the ionization coefficient
in the equation is influenced by the gas pressure. Secondly, because of larger areas of electrodes, worse surface roughness
and less electrode distance, under the same product of the pressure and the distance, the breakdown voltages in this
paper are less than the ones in other researches, which are the base of the calculated values. The Paschen equation is
modified to accord with the values under high pressure. Under high pressure, the Paschen curve is almost a straight line.
A linear equation is presented for calculating the breakdown voltages of helium gas under 0.1-7 MPa. And an equation
is presented to calculate the slope of the line. The slope is influenced by the collision cross section, the ionization energy
and the temperature of the helium. The experimental data also show that the breakdown voltage of helium is far lower
than that of air under the same condition. As the pressure increases, the breakdown voltage of helium increases. The
value of helium under 3 MPa is equal to the one of air under atmosphere, and the value of helium under 7 MPa is about
twice as high as that of helium under 3 MPa. So, it is possible to replace some experiments or tests under high pressure

helium by the same operations under atmospheric air.

Keywords: helium, Paschen law, breakdown voltage, high pressure
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