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Theoretical Analysis and Model Experiment on Melting Salts by Use
of a Direct Induction Skull Melting

Tomio TaKAsU, Kensuke SASSA and Shigeo ASAI

Synopsis :

A direct induction skull melting which was developed for melting materials with high electric conductivity
at liquid state and with low one at solid state is one of skull meltings by use of high frequency induction
heating. This process has the advantage of melting and holding the high melting temperature materials or
chemically active ones without contamination from a crucible. It also has higher energy efficiency than that
of the cold crucible which has the same advantage concerning melting without contamination from a crucible.
In this melting the skull existing between coil and melt plays roles of electrical, chemical and thermal in-
sulators so that control of the skull thickness is important. By conducting model experiments using NaCl,
KCl and CaF, as a charge, it has been found that the system stability depends on the convection which gov-
erns temperature distribution in the melt. By developing a one dimensional thermal transfer model in ra-
dial direction, the conditions for getting a stable skull have been studied and the relation between the
magnetic and cooling conditions needed for the stable operation has been derived.

Key words : skull melting ; induction heating; molten oxides and salts; direct induction skull melting;
electromagnetic processing of materials ; electromagnetic metallurgy ; Czochralski process; magnetohydro-
dynamics.
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Fig. 1. Schematic view of the experimental
apparatus.
Table 1. Experimental conditions and physical
properties of charges employed.
Coil Height 100 mm
Inner diameter 100 mm¢
Outer diameter 120 mm¢
Coil turn number 14
Power supply Nominal frequency 450 kHz
Charge NaCl Melting point 1073 K

Electric 335S/m(1103K)
conductivity 5.7%X1072S/m (1 063K)
Particle size 200~500 pm
KCl Melting point 1049 K

Electric
conductivity

223 S/m (1073 K)
9.8X1073S/m (1013 K)

200~500 um

Particle size

1691 K

600 S/m (1 723 K)
1.4X10719S/m (423 K)

10~50 um

CaF, | Melting point

Electric
conductivity

Particle size

? ]

b melt

Fig. 2.

Schematic view of flow pattern in melt.
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Fig. 3. Temperature distribution along the center
axis of melt.
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Photo. 1. View of the skull damaged by short
circuit.
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Fig. 4. Transitional variations of melt depth

under the several operating conditions.
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Fig. 5. Schematic view of the thermal transfer
model.
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Hz(,,)z cJo(kr) ...................................... (A-4)
(A-5)OBEHREMET Hr) 2KO5 L (10)X %15 5.
H,= H,oat r= g GEARFEM) «ooeerrmeemmennes (A-5)

(10X TH 2SN BEHAA £ (6 )UAMATH 2 LI
v, Jix g HAKGOHEFEL, (11)RTEKSIND.
Appendix I

BRI OBBEREIE (A-6)TRT LIy 2—0
REEE A PEAMCHETTH I LIIXDROON L.
Qe:fanﬂ’f'LmM Ay coreveersniennns (A—G)

20m



WL EINEL 2 VIR X B IERR O BEEREAT & F 7L KR 503

T, kiEMmEEREEET.
(D)% (A-6) AT B E (A-T)R %8B,
Q.= rap Hy o*Ln farJl(kr)Jl*(kf)d’" ..... (A-7)
© Jo(ka) Jo(ka)* J o
Ny VEBAKE LT, (A-8)ROMBEI YT 5.

[z nia2) nBadz =12/ (4>~ B9 x

[ B- i(A2)- Jo(Bz) — A+ Jo(Az)+ Ji(Bz)] -+--e - (A-8)?
(A-8)& r W ¥ v BB OBHRTH 5 (A-9)K % s,
BERTCHLE o THHY 2 &, (A-7)RIF(12) R THA 5.

Jn (k1) = Jo(y/wpaon - 7-exp(37i/4))

= ber,(ywuon -v) + i beiy(y/wuon 1)

Iu* (kr) = Jy (y/ wptom 7+ €xp (—37i/4))

= ber, (/wpon * 1) — i beiy(y/wpaon 1)

Appendix T

TANDBEBREILES 6 (=vV2/wou) H3a 4 VAE
WCHB L T/ s Wil (Bl¥% 400 kHz 084, 50
Tk 0=0.1mm TH%), I/ VEREEIRTED S
RBEBEMICEL L, RRirooldigs x & 45 &
(A-10):0e %2 5. :

J(2)=J, g exp (— £/8) +ooreeerrrreerennannnnnns (A-10)
(A-10):0% AE A ISR L, HE S 470 oEk
B(7TyR7- =) Lvwedae(A-1D)R%E
5.

NI:/: J(2)dr = §Jpg vovrrrrrrrennenennns (A-11)
TN TORBEREEIZ(A-10)L D (A-12) ¢ % 2.
_ [ PIEI e 8
Qeoit = fﬂZnasLm . dx = 27asLn i
...................................... (A-12)

(A-11):0% (A-12) IR AT 5 & (14)R25skw & h
. 2L, EREOVL AL Faf veaBEEL, i
TOBHOMS (IIE) &RMER L DR, (A-13)
e L.

Ho0 =42 NI cooeveeerremreieiiiiiciniiannnnn, (A-13)

a: BREOFE (m), a.: 34 VONEERE (m), q,:
TIANABPEEICH TS T VEEO (—), as:
A NVONEHE (m), B, : (ZHGEE 124 2 FE 55
HEDO (=), B,o: EREEE COREEE OEWE
(T), ber,, bei,: n RO V¥ v (—), C,: AHn
DARBARIUI A % G HI7K & BURETEL 0 84T 0 BRI 0

(=), Cp:Kkoltzh (J/(kg'K)), Cp,, : @k H Bk
(J/(kg'K)), g: EHIMEEE (m/s%), G: it & ERR
DO (=), he: KBIFE DGR (W/ (m2K)),

Ry, + R - SE IR ] 0 BRI RAL R B (W/ (m2-K)),

hy : KEIZE B T A4 V- KEDEBAZI (W/(m2-K)),

H,:z FN OGNS (A/m), H,,: AR EE CTO
WO S ORI (A/m), i BE¥M (~), I:34
VERDOENE (A), J: BREEOEME (A/m?),

Joo: T4 NEREEDOKB TOEMME (A/m?), J,:n
KOGV v VEE (=), Jp: ¢ FlOFHEER
HEOWRE (A/m?), k:{&Z#E% (rad/m), kp: KD
BARERE (W/ (mK)), k,: S80I O BRZEE (W/
(mK)), ko: A7V OBEEE (W/(m-K)), L:%E
EEE (m), L, : BRSSS (m), N: 24 VOB
RSBLDDOEBHE (=), Quu: I 4L ToORMENE
(W), Q:#&BEToFERMHEE (W), Q,: AR
D BRI L BIEBGHEE (W), Qg : SLIRHLEL o (521
HEE (W), Q,: BRI, S 2 VA~DOEHGEE (W),

Quop : IERER O LR 2 & O WEHESEE (W), Q,:
TANDSEHKNDIRBEE (W), To: 50270
B (K), T.: 34 Vo (K), T,: BEsAKORE
(K), T,:F+—YOR@REE (K), T,: KL E
LZz2AVomiE (K), T,: 5HAEE (K), T,: K
DimkE (K), w: WHAKDORERHE (m/s), a: BELZED
BRTHE (=v2 a/0,)(—), B: MO IERK
(1/K), 0:$HOBRIZEE S (m), 6, : kO BRI
EIZE (m), w:BRH%E (H/m), w: KoMK (ke/
(s*m)), 4y : AR DKEMARE (kg/(s°m)), 0: KD
B (kg/m®), p,: BEDOHE (kg/m®), o: 80 EBLL
R (S/m), o,: MEDOERKEZEE (S/m), 0,: 27
77 RNy Ew R (W (mK?)), o f#EE (1/s)
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