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A Glass Melting by Use of a High Frequency Induction Skull Melting Method with
Submerged Heating Elements and Its Heat Conduction Analysis

Tomio Takasu, Kensuke Sassa and Shigeo Asal

Synopsis :

overcome the problems of long heating period and localized overheat in a charge.

A new method of melting and holding of a material with low thermal and electrical conductivities is proposed to

In this method, a water cooled

induction coil is directly used as a crucible, and the elements heated by a high frequency magnetic field are submerged

into the charge. Experiments have been conducted on glass under various operating conditions, i.e. the coil current, the

frequency and the radius of the heating elements. A mathematical model is developed to calculate the process variables
such as the heat generation rates in the coil and the heating elements, and the temperature distribution in the charge.
The calculated process variables are compared with the observed ones. The considerably good agreement between the

theoretical and experimental results indicates the validity of the model.

The heat generation rate in the heating

elements is determined by the ratio of the radius of the heating element to the electromagnetic penetration depth and

has the maximum value at the ratio of 1.8.
Key words :
modelling.
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Fig. 1. Schematic view of the experimental appara-

tus.
Table 1. Experimental conditions.
Height 150mm
Coil Inner diameter 100mm
Outer diameter 104mm
Turn number 5
Material Stainless steel (SUS316L)
. Height 100mm
Heating elements -
Diameter 10mm 19.5mm
Number 19 5
Type \ Thyristor Vacuum-tube
Generator Frequency 2kHz 600kHz
Max. power | 30kW 15kW

Table 2. Composition (wt%) of a glass employed.

Si0,
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Li,0|Fe, 05| ZrO, [MoO,|Nd,0, | other
30120 (1515|1455

14

kHzTH 5, #1912, #RfEW0.8kg® 5 DX 3EnE L,
FOM%, MR E S LOIRAOBETEM O & 512, HH,
WeRRIAE 2 BN L, BRI Ikg R BUFR L 72, 2D 5
A DEAGIRTE (HIR L TH 7 2 ORI ER N &b
L, d3EEBIIbIz> THRALRKFRT, 4.5X10°Pa-s
DIEZRTIME L b o TEAIBE EFR LT v 29)3877K
TH3, ARTREKACEELLETES 7 2 3@EL, 20
BELTTIRREE LTHAELTCS D EREL T,
REBAROBBEZ (1R TRXRINLOT, BEE—-ED
bETZEOEP SARLIORE T2 L AR ZNFNTI. 5mm,
10mmé % 5, ‘

V= ﬂathhN

24 VERIZEBROL N ERICERSOSBKILZHNT T
Koo 65 2kHzOB AR EE (4 V 2 & —RFEIRS)
OWHERT #HCT, (2) NTa A vERPHELL,

T=T X (INL/Np)ewrerenerrnnmmmnnnsmnianeeinetiiiiiineiens (2)

—J, 600kHzDHA T, BE (HEERXERS) OH
ZEECHIIA N ABAREE X T, B ERE2FE LI
T b b CHBRMIERED )7 L — N EE0.67 (LI - T
0=0.6E, L E U 3) L EIIHIROEFRSEN ([ =wCe)
o ERVEH IR, 2 A VERIZ(3)RNEL S,

I=wCX0.6EsX(N,/N,) X 5

72150, (3) R D I3 KA DOEHNFE T, 2 2T I20.55

& L7z,

PR ICKBEX (0.25mme) 2 fhE L TiEE EA#
B EFBRKETOFNORESMERD 2, 3624w
DHHAVKORE L HHIKRO AL E O DEEZLED» L 24 v
P& UREMBORBGMELFTE LI, 22 T2 vORE
HER, 2 A NVEREPRAT v P LRSI EKZIIAL
NBGHUKIBED R 7 v P Bb» CHE T E 5, EF
IRRED ERILIRE OB & 0 JIBF L 7o, B E T
AEERIIIZIE2h T H - 12

3. BN

3.1 RIEEIAMNORBEE

AREBRTHCIIY 2 ZADIERMIREB I 5 EX(REE o ld
/NS L (1400K 2 34 T 24S/m), B Ek600kHziZ 354 5 &
HRBEIL S 6, (=V 2/ (16:0) ) 120.13mT H 6, 2D D,
AREBRTHCIZ 2V ERPREBES LT 20— F (=
2 (reo/ &) ) 0.3 /NS, I ADERKFE L 2R
BUZNES G ETREEINE, I ITRT T AORBREPEHRL,
REKL 24 VORBOALEEET 5,

— % & LO AR 2 ) — i DB O I A D F B
WEIR(4)RTHEINB,



Q: ZnaLHzoz/(Zé‘O‘) . 1/,(‘1,) ........................... (4)5)

22T, a=v2a/s, y(a)=[ber(a)ber(a)+ beia))
—beiy(a){ber,(a)—bei(a)}]/{ber,*(a) + beiy*(a)} T,
ber(a) t beia)id v RDKelvinBi#k# &£ T, 3, (4)K
FOYRa<1DE SR Y=2""2aT,a>1 DL 521
Y=1E213 59, LI2H > T ERERVERIZEES
ZHEE L T ks AP IUE L Lo BARER Y7
Y DREBONFEFEKT,
HRBARER FECRBBIZEILHLCETE L, NADOR

BURDRBGEEEIZ (1) R E () RPHCT(5)RE X 5,
=V 2 VaH?/(8:200) } » {g (@) /@) wooeeeeeee (5)
(5) RN BB DM E Hyo b 24 VETRIDENIZIZ(6)
ROBEYH 5,
Huo= 2 nlyeeeeeeeemeeeeenennis e, (6)

PRI Ly IR E 2 A VOIEA RS T 6 FRE2A 1D
eS0T, ZOMEIZ 2 TIRED T4 1HIZFCT
T 5, 24 vORBEEX, BHHZEES (2kHzIC
W T1.5mm, 600kHz!Z¥ > T0.085mm) (ZHER L T =2
ANVAEHSRESCELT, (4)XTy=1, (6)RXT
y=1tL2REHCBE(T)RE L5,

Qeo= 2 mreoLcon®V mu/cco * I2/F e (7)
2 A NVFHIREZ & B IRBGERIE Quald, RERT O R BUE L

Qnt IANTDRBGEE QuDHANZHEL L (8)K L 4k 5,

3:2 RMBRIFAOFEFIARESH
Fig. 2 (27”7 & 5 i ERRRTES e 5 Z D[RO P RR
AT A RS 1 RICDIREET I VIZL Y, EWIKTE

REFEBIR 2 A 10 RIGE S 2 7 v BREC & B4 5 A DRI & 2 DIEZBVIERT

heating element
molten glass
layer5

powder glass

Fig. 2. Schematic view of a layered cylinder model.
The glass is molten in the right-hand side,
while remains as powder in the left-hand
side.
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Table 3. Solutions of radial distribution of temperature in the melting furnace.

Definition | case 1 case 2 case 3 case 4

of cases rm=0 0< ¥mn=7n, Yhe=¥m=7w Yo rn< Yo
Conditions | ¢g»<AT/(R,+ R,+R,) AT/ (Ri+ B+ R)S g AT/ (R +R) | AT/(R+R)<gn=AT/R, gnZAT/R,

Vm - raoV1+(R+Ro—AT/q,)/R, rwexp2rk,(Ri—AT/qn)} reoexpl —27k AT/ qn}
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layer4 g{fe+ R+ R} + Teo a{fi+t Ri+ R} + Too

Temp. in | 0=r=wn 0=7r=7u 0= r=7ng

IayerS Qh{f5+k4*(R1+Rz)}—k4*AT+ Tm Qh{ﬁa+k2*(R1+R2)}7kZ*AT+Tm Qh(f5+R3)7kl*AT+ Tm
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Fig. 3. Radial distribution of dimensionless mag-
netic intensity y (= H/(V2nI)).
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Table 4. Balance sheet of heat generation rates in
the melting furnace.

Qeo(kW) | QualkW) | Qu(kW) | Qn/ Qua X100 (%)
f(kHz) | N obs. cal. | obs. cal. | obs. cal. obs. cal.
2 5/ 48 45| 58 57 ] 1.0 12 17 21
19| 54 45 | 55 48 | 0.1 0.3 2 6
600 5/ 07 06|16 15| 09 09 56 60
191 0.7 06 | 28 24 | 21 18 75 75
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Fig. 7. Temperature distribution in the radial direc-
tion under the steady state condition.
(a) the case of 600kHz and 19 heating elements
(b) the case of 600kHz and 5 heating elements
(c) the case of 2kHz and 19 heating elements
(d) the case of 2kHz and 5 heating elements
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