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ABLATION OF PTFE NOZZLE DRIVEN BY ARC PLASMA

J.C. Lee and Y.J. Kim

It has been the most progressive interruption technique tfo use the ablation gas from the surface of PTFE
nozzle driven by arc plasma during switching process in SFs gas circuit breakers. This advanced interruption
technique can reduce the required mechanical energy to compress and blow the gas for extinguishing the arc
plasma between the electrodes due to using the ablation effect instead. In order to consider the phenomena during
calculation of switching process, it is required to confirm the principles of ablation from PTFE nozzle as well as of
arc plasma during switching process. In this study, we have calculated the switching process considered the ablation
of PTFE nozzle driven by arc plasma using multidisciplinary simulation technique and compared the results with the
data without the ablation effect. More 50% difference of pressure rise inside expansion chamber has been found
from the results and it should be indispensable for this type of computational work to consider and include the
ablation effect of PTFE nozzle. Further study on turbulence and radiation will be followed.

Key Words: 7}22147](Gas Circuit Breaker), o} E€}=vlArc Plasma), PTFE(Polytetrafluoroethylene), d}% u+2|(Thermal
Puffer Type), 22K Ablation), Z#=3gl(Lorentz Force), T~&F(Chmic Heating)

LM E

495 7171oke] AYE Ar7)712 ERE de 1Y
£ AHAA F sl 7k2d7)(Gas Circuit Breaker, GCB)
o Fa AR F shiQ aFPAFAG FAANA B of
a ZeZuld) o FEHE 9, 5 2 BAYR Y 93
PTIFE xZ59 £2Wt2 EAE CFD(Computational Fluid
Dynamics)& ©]8-3te] #14{3}7] 13t 2|70 Hate oF
a7 #ck

o3 EHRNE EFF DFAFAE FPola LAY
B3l f7uES molslr] A% 483 H2WLe Ad
719 BA3 tEe] nEsEn YA, o - 2ughs}
£ SsiMe dids] duRa 2 84, A £471 A
PEo] Ha Aok w2 HZ9 HFE A5 £X7g9
o] Pdo] A HIel FF 77t B3] AP

1 R34, AZgdsta 7AFSR
* Corresponding Author E-mail: yjkim@skku.edu

lon, o] 4:X3 A|¥(Numerical Testing or Digital Testing)
o2 HHEY|e gol]

ola Ezutg FAHLE oF7] M E old dF
Bdzgo] gasin, fA5E 9 495 Hq] AAd WA
A& o]k 823 Fd(Physical Model)} A7]% BHANA
9] ofiA] PYPAE o] &3l E¥utx B d(Black-box Model)
2 Yroldo2) 2AAFAS HAQoNMY AAUF setst
A2g ofeltjole} el By Rde] tf Hsr, o]
& A3ME o}z Set=vie] H7]1H EAT o] Qs LA
e 4, 75 2 78 E4E EA4S AgsA AN
AE 1= F7]go] a7H

20000 2HEE ATFEEE EUi23-5] & AFeiM
£ 71& A&l vigte] 48] (F sul) S48 - A2
7} Fbsdted AAd s og Fz4g  Fotd(Thermal
Puffer) 49 9IS AIE F d= WS (G
024 §2tert fEds 2 A3AF vAE 9%E &
ofslarzt gtk o|2RE 94 dfdike guidm HE
eI k] G A% FEE Fol FHo] 7k
e A4 2 AF 3y 588 Y & AL B ohiet



312 M 5 2EHY F2ANAT L]
EEEE [
Table. 1 Definitions of variable, diffusion coefficient, and source term for governing equations
Equations ¢ T, Se
Continuity 1 0 0
Axial momentum w Bty 8p/0z+(J x B), + viscous terms
Radial momentum v L+ 8p/or+(J x B), + viscous terms
Enthalpy h k+kiic, dp!dt+ aB? - q+viscous dissipation
Turbulent kinetic k L+ @) oy pB, —¢€)
Turbulent dissipation € W+ o, pelk(C,B, —Cy,8)
Electrostatic potential Q o 0
PTFE concentration Cm D +Dy) 0
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Fig. 1 Schematic diagram of the thermal buffer type circuit breaker
under investigation
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Fig. 2 Calculated arc voltage and pressure-rise inside the expansion chamber during whole switching process
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Fig. 3 PTFE concentration with stream line(upper) and temperature distribution(down) between the contacts at specific periods

o AUBRR IFIE A% YAYE] ok A
2512 Slew, ool AL WY AllY o2 F
zolg W27l 259S BHsHT AMg

449 UFRUTIE TYAY 2UH EZ ke 2Y)o
w2} o}z U} YIS AR} oM Felsh Lhe,
AUEN] HEHE GRRUL T FUNE BE
594 B2l oladdlsl WM 43 Fa¢ 48
a7) Wgel AANQ A7 Wad FAlTh ohmAE
A1 Alololq 2AE o} Fehzutel B4 bl AE

E A2 F 3 B3 4 o2 EezniERy
2AE A Y B {1 54E A4 7 0le JER
o142 F Jrk A AA AFIY F23 AWAFA o F A
FH27t S 30kA olFole o]dA] FHE 4|
7h BRAA2RE FA Alel2e] {5 YA HH A
ol9] o}a Fetxntg YAAFIE F3iol7] Wi 34dE &
FEEA B& op2ALY o7t BAA BE ¢ + U
dutsiy stz BAske o2 Edzvle H{E
diedd #d dve ol7iA AdE upt gey, ol



A

(a) 1=174kA

{c) 1=51.7kA

{b) 71.3kA

[11| 5 ¥8%Y 315

g M A

(d) 0.1kA

Temperature

500 800

1100 1400 1700 2000

Fig. 4 Temperature distribution with stream line inside the expansion chamber at specific periods

e AE 9 AYdejeisle] ving T8 HH dRed
o) ge ¥ A&AA AFE FAHA LHI|Z ot

32 o3t ¥ PTFE 247~ =sxts)

AA 23 YR vlwate] HMAH d7e FH F shis
#7007 TYshs ola EehEnt FAE JMEEe A
3 HEY 4 9eng By e #3 oldg 5, 44
AER S iR 29089 WA goto] sFsdicks o]
ok I¥ 3ol AT Aol SASE ola Ly, PIFE &
Azt 3%, Jg3 fAe WslE AdnAe dAzdsld
it el 289 ARE PTFEFR(0-)s 48 &
A vehd Aols, s 7FAL(0~25kK)E EAIERA 9tk
2 3(a)= FC7l ANR-E mpae s Adez HY Alele
oladux] P AN ST S47k2rF JAAR £Y
e AL ¢ £ don, 28 3oy A A Af9de A
e Adez ofaduize del AujFez 7] BE
o PPAR fedo] GustA] 4L B & ok B 2
@ 3(c)E FC7/t MNREZ ZojAj= AR QIgAF7t AA
7] ANEAsEAl ANRS 241712 fEo) o) SEEAE A
& &4 4 9lom, 18 () FC7/t MNE Esis AFdx
2 NFHoZ =SHMPYOE e BE 8A7lA7 MNE
oA wAste] AN R H2 {27 B¥Fez f5 A
42 #4338 ¢ Itk =ZRdAN BFAL 4d5E F29
Ao otz o -F(vortex flow)} FEEde 771 J9-H

22 ol #F st AT F71H g HEFoF Frt
29 3(e)= FC7t MNE-E 25 WAL Algos xEu4
of siAso] FuFoz fFo] AL AR T4l
uel HA Aol it s 2HY o] A H
A 59 Wako] Asisle] HAH WPozo FFo| FYAH
A ot d e Iy 3HEe Adol o|FejAE F ws
AFGH ez W Agd f5o) FdsA FA Aol
9 Gnxg IR, FEF g wApH &8
2 4 gtk 3& 4279 vislo FCb 838 95 f&7
2ol 22 2 el 7o BRE £58 3
e, ol FEEd 2 AYS A3 F Ue xER
24 9 25 Zo] 59 Ao A YAPES a7Ht

33 HRY UL YRE SN

Qoo TaARRE ohasse] BT YAIEE 7]
AH [zl ohd Aol BEEARIA BATE of
200 AAE olga USRS Adska ek wekA
Ade) 94 2 Y23 A2 Shagee 97 Sof o
GH ARIWAN 9L 4 sle 2599 o} Fyap
2t} 29 4 (T AET 39 39 O WS F B3
¢ Hojsied WA e LEREY H4E Uehl 2ol
o HA 7T olF WA Aol AR kel 84
s 9 YANRE FEAHT BRI2Y §5E Yo
A ATIY 3a). YAARS 27 oK) w93



&, 316

TR

M 5 EHY
YEE ]

2 FslE duA 9 PTFEREE 7XA Heg 3349
#HE F71A T E 3(b). HAdAFHELE Ad Foi=
=EAE] fAEE F¢e ASHoR PR 4ol
WAL S7kHA Sedl B34 39 met 98 97ks
g 7129 Wrtze ER AEE AWt o8 e 4
3to] BFA ol REMNR(Flow guide) T F7HH
A& A Z9E Y oF d¥ARY 7 A Y
of met FA Aol ¢ @4 ZAd Heu), B
4ol oluch o ANA HA BFLAA A Alol2e #
THEY QRG] WA Hol ARGHAAY At
AF ofa Egzve] YZAIAC EU4SHA ek (2™ 3(0).
A7 F2olM9 25vtAe 227t WESE A &
Zate g A9 PPAAA FGrias} Yrkxe] Edtol
283 o702 F & Y dAde] TG AAEF F
et stAck £ @volA Add B3 342 Ads
A 27lde GREd At dFE AT, ey
F7lde SFR AP SAFE UehAd dve S g
T 4 AT FPAANAN B T FY Alelz
FAZ(Blowing force)e ZAANA HA Alole] G712 ¥
gred 248 F ok Wy Adsd e AdME
WA SR kR 2718 Fol1 ERE FIE T
AE ofoltole] =2 R £ Aok 2 A Wig 78
% Fgol €3t st

4 3 =

B =RdAE 84 23¢9 Ad7] ARdA ddriez
550} 7leMdel walE Jleia e A2 Al
gslwy Jlager)el ATEXES 1] Hste
CFD :=¢] PHOENICSE nwlgo g 2=y, F84 58 3
HE F UEE AAA AdE A A8 5 ARE =22
a2#% 9D, AAF oA ofa 2ol fESAS
FEsia deg 2 478 42 5 Uk

() RAF FEEAe B3 45 ofAoiA] gxt of
Yzt PTFE =ZRHPN FE5e §47129] #40) 7
o 71dE A He, 848 28dlR] g2 Bedle
30~40% A9 FEdgute] wAsHE A AU

AArE ojaAge dAR FUEL BT o 00V AER
on), WRYW RINE =R gF chaAgel
FATs NS B T U8 4 4 Yt B
# A ¥ AFYY 223 JAEFA oF ARYAIL
FAY kA olFolE HA Alolo] ol BekzokE Y7

2

~—

A7\E 72ol7] Wl H4W FREL Gt o2
) Aol7h wAEbl B Assck

() BFY29) 71258 R WY A)29 ERF SYEE,
$E 2 44 9E naTo A duuy AuRy 23
2B MSBECR, B 42 SIS FEEY
9 991 2 A=E GAsish

(@) BFLoN SR S5 WY Aolze BAEE 7
27 B3 Aole) Ghag WaskeY 28 4 sle
D2, AU $4E AANE BRYIN S
el 2718 Foln EFE FIY 4 AUt olelrielsy
£2 2 A48 Pae B 145 Ado] Gt

DEECREEEERTES TER PEREEERE S
AR Qe 2§ Toelxe) BAAYY) RFE 29
YR - AAA H18E BRe, AYAA BANA o2
Beznle 542 Bogo A H2e HANE £
¥ % e sl Busg:

(6) 2ot AL AFE AFAE Agdnee] 1ol =
Al FkEolok 31, o)F TN HH S FHEY, BAR
4, 183 §add 249 J1eoide] avdrh

P gl

[1] Schavemaker, P., 2002, “Digital Testing of High-Voltage SFs
Circuit Breakers,” Dissertation of Delft University of
Technology, p.1-14.

[2] Garzon, RD., 2002, High Voltage Circuit Breakers: Design
and Applications 2nd, Marcel Dekker, New York, p.18-25.

[3] Lee, J.C. et al, 2002, “Application of CFD-CAD Integration
Techniques for GCB Design,” Proc. 14th Gas Discharge
Conference, Vol.2, p.276-279.

[4] Lee, J.C. and Kim, Y.J., 2005, “Numerical Modeling of SFs
Thermal Plasma Generated During the Switching Process,”
Thin Solid Films, Vol 475, Issues 1-2, p.72-80.

[5] Lee, JC. and Kim, Y.J, 2005, “Calculation of the
Interruption Process of a Self-blast Circuit Breaker,” IEEE
Transactions on Magnetics, Vol.41, No.5, p.1592-1595.

[6] Liebermann, R.W. and Lowke, JIJ, 1976, “Radiation
Emission Coefficient for Sulphur HexaFluoride,” JQOSRT,
Vol.17, p.253-264.

{7] Frost, LS. and Liebermann, R.W., 1971, “Composition and



FRWHATL

317

Properties of SFs and Their Use in a Simplified Enthalpy
Flow Arc Model,” Proceedings of the IEEE, Vol.59, No.d,
p. 474-485.

[8] Zhang, JL. et al, 2002, “Computational Investigation of Arc
Behavior in an Auto-expansion Circuit Breaker Contaminated
by Ablated Nozzle Vapor,” IEEE Trans. Plasma Sci., Vol.30,
p.706-719.

[9] Fang, M.TC. et al.,, 1994, “Current Zero Behavior of an SFe
Gas-blast Arc. Part II: Turbulent Flow,” J. Phys. D., Appl
Phys., Vol.17, p.74-83.

(10] Ruchti, C.B. and Niemyer, L., 1986, “Ablation Controlled
Arcs,” IEEE Trans. on Plasma Science, Vol.PS-14, p.423-434.

[11] Chervy, B. et al., 1996, “Calculation of the Interruption
Capability of SFe-CFs and SFe-C2Fs Mixtures-Part I: Plasma
Properties,” I[EEE Trans. Plasma Sci., Vol.24, p.198-217.

lIﬂ 5 EHHEY

gxﬂ:lﬁlj




