W52k W7 moR E T Ok R Rk Vol. 52 No.7
2020471 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Jul. 2020

DOI:10.11918/201909045
KRBRNBEEFETHREENRTSEHRESE

R R AR R KR F OB F I
C LI HUB T BB, S 610065; 2.5 WAREE Sttt RBIGEIF, 1A 610209)

M OE. O IRGARARIBAEEE TR AN I EEN IR, Rt — R EE - ELEENREN D BRRIEE,
FHFRIEE NEEFHRMERE %45, FH COMSOL Multiphysics 5 B 1 & F, 2 3 F 4K th 3R % fm 44 50 1 b 28 1 55 30,
GREFECHEER G HARB G2 RGN EERE A EEMEEI NG P EE A ERN A BENLE, TAK
HKEEWER Zar. (EF CCOMIEHEEEBTFERARANHELE, RARTHE(P,) THEAXRE(Q,) AHIKE(Q,)
SR ERKE(L) ¥ EmaE(W) HELBELT XA P .0, 5 0, WEABRIMA 2 FHEET T HRAR NS B
WA LBERKN.Y P, 0,5 Q, 25 E H 900~1 000 W.650 mL - min~' 16 L« min~" B | % 4K KB 4 T A #E
BWEBETERER, L LEE WA NS T A 24 E 0.50 mm 5 0.25 mm W, E A THEHXELFRTH L.

KERE: 2 EREE REBAEE TR, EAEEBETRARBA ERERaER

FESES . TG66 SCERARAERD: A MEHES: 0367-6234(2020)07-0082-07

Design and simulation experiment of an atmospheric inductively
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Abstract: To improve the stability of the atmospheric inductively coupled plasma (ICP) torch, a demountable ICP
torch whose dielectric tubes were located by a special part was designed, and its heat transfer and flow
characteristics were studied. Through the simulation by COMSOL Multiphysics, it is found that the annular heating
and fluid backflow are the main reasons for thermal damage and etching damage of the torch. Therefore, the service
life of the torch can be effectively improved by using ceramics as the material of the central and middle dielectric
tubes and adjusting the position of the induction coil. In addition, the jet morphology was monitored by a CCD
camera. It is found that the overall length (L) and the half-width ( W) of the jet linearly changes with the radio
frequency power (P ), the working gas flow ((,) and the cooling gas flow ( Q;). However, when the P_, (), and
(Q, are too big or small, the fluctuation of the jet increases, the ICP jet will become unstable. The results show that
when P, Q, and Q, are set to 900—1 000 W, 650 mL - min"" and 16 L + min™' respectively, the demountable torch
can generate stable ICP jet. The fluctuation of L and W can be controlled within 0.5 mm and 0.25 mm respectively,

w

which is suitable for the processing of fused quartz and other optical surfaces.
Keywords: demountable torch; inductively coupled plasma (ICP) ; service life; jet morphology of plasma; heat

transfer and flow characteristics
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Fig.1 Atmospheric inductively coupled plasma generator
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Fig.2  Structure of demountable torch ( the right side is a
sectional view)
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