$2)7 =

CEF  MASH 9 AxfotSoMe] HEBE2H

_—
T W Mo R T H T KW ook T W
o 7 ~I Lﬂﬂ/_l v I E -~ ﬂu ]_ﬁl\” OWL
e A R e i I R g I oo
&R .qa o o) - W oo x o w3 ofo
_%ﬂ o%uaﬂ%%xﬂ o O m B ﬂ}d%%m_a
oj T s _ - ~ —_ 0
et PoXTRATT TR _ okl aow,m\ﬂt
PP GH3 = T o WE T W LN = = D EUELHA%
sk [ o oXom T e . Br o aliovas NOR
ETEw .#&dd%%aio%ﬂoanumam_m N )
sy Tol TT®ygarrleass® B wldply
® @ TIH ﬂﬂcimﬂﬂﬂﬂ_ﬂ&rda: ._iﬂﬁmﬂ | K Wiﬂ}ﬂ N
ﬁﬁﬂﬂum%%pzrﬁ%wiﬂﬂomﬂfﬂr X T o
@nwA%#%wAamémﬁﬂwﬁ = Mg H g
B W ! v
dopddawmcsTas e P A G 7 F s
T T T TN R
S TRHABET T HFT 0P & YT
sFA e __kpres e w5 & B .unhoa‘ﬁ
T T LW G o T A kAR STRC IR
I AT e A= A . B
o} & R kA gl NS
A BB o ok o R N B ay < ag N o B w AT w
) TR RF W OFE K PR AR
(il TS W T oW W T ook MW W T W T oop o 3k o
o
T
~ ool dp g R R R o F e T ok T 2% 5T
.ﬁo LA Kl ~ = 5o
e iuﬂwa%aTixaoDC,_tmmﬂaLovgoou‘_t.o#z_.oq_modo
= = 2 X fo:p = [ e S K
% xm_mjﬂﬁoﬁﬂmﬂyﬂﬁuﬂu%%o7@% 5 o
- | — == —~ —_— wo
id SR S SRR RN = a A T B
) e TR LT T T e LT LT Y
i do B H o HooF W ol g Wy S W E BoF
i ¥ : T I I " N B YO i e
o AEJ%&& .0 9% K -0 Y .x__.yﬁ(laio
H = T o M T 3 N m T o m o T oo ol
|r=._ E._ ,._Maloﬂ,_m = llr%‘mﬂ oLduE s7pf
g oy WOl N e R R i
— o] oy N T B — ok RO o o o o T
-G S JUVICE - R I g4 XX
5 ErprsAETaTaeasTiasdts
L e W FE T MOT e Ty T gy
— M T J'u\otiﬂ_oz?‘lxﬂniuﬂﬁﬂodr\hﬂﬂ%L
T TAT s o T AEE RS B
N rl - ﬂwl = = OT E._ O«H 1w v R WT_ ;nw. o I
T oo - e g o Fooo oy H T o B o
o P N o A F g Mg O s@muxﬂ%
; ! ho % r
. ~ o m o do K 0
pE ok @ o lw%,lﬁﬂogﬂo@%ﬂﬂ
%%14@%m@fa1ﬂmﬁ%ﬂ WY o B o ok F
m o w3 A 3 OF oy . R E K= 9
FreHTRERT N BT DD AN P
NHEESH T LT AR BFT TSN P

°ol&

H 4 7]

=]

=2

@ %o

22

L.

T

<4 A
(regenerator) & E#3lm o|lgdH F7)

b=

A=

s

1

e ERD

od A 2]t

9]
666,/ KRB RE F 3248 B8, 1992 F

[é

k!



%ﬁwrﬂﬂﬁ M%urﬂ% o T kTR e T TR F b
W R W oMo T B RN P £y oo
3 = ok 7o ™ 4 ar & A 41rLomﬂ.aaQ.ML_‘_WzT%U+
T - - I A~ = e Sk g
n o " gk W N oF N X © = T H T 4 T kT
Fo®m g Hxg®d® ¥ OwxE o gm¥ g4k T W
sTawd ToSar oz o TEY L Edc m¥eslew
Sl R . TN Nsw 4 IR T
o - —~ X . _ T o T k - o
- — ok o T K oo T w of Fog o bé%)A.%L..zﬁﬁma‘olnm%fr.
y N By 11/... ]ﬁ . = o N - = KC _— N o— dl
oy oF R T g wEwE g AR, e
T L . R T egswasss Ml gxd T s LT
PR EE NPT m e s s dwpe TR A Dh P
No — — v TOo —
Tg %P8 dgep®laegu®ss Fay prToF ww
Ay O N o= B o & N9 o & ) B mo W do wr RO = g —
7]dﬂlllio~wﬂ \.q_llL‘;o ~o T WO -— % @ l.&'ﬂ&ut —= N 3N
- o 5 T o ®o e o5 3 = T [ N T o5
™ o e N o= T P A A = ® — o
Lo e M e T g 0 LSBT ol 9N w0
ol oln 4 Moo o ™ = o S/ wT @ 7 T B (Y el N %o o g
| TR IETR o TP el AT Ty EwERAH WA
o & Tl o o M ow o = - o - T wo B o go
. ' O.T olr EEIEINTIGN ME oo ) - T o \@Jﬂ’dl.wa 4 a‘mo o} of °
Pl AT L FTRF Y TS FoFRFTRT TR DR o FT M W T W
Bl BRT I EW LT FE T ETETDT ST L. R R T A
8 xR T T o T T T B ] ) odpue B oRoo o N B T ok N
o
x
LS 3 W R o
ro _ X oF R R o
N |o.h_ <o . M o
- Al Mor.u.n]d'otz
_— o o
T R by gd _ YN e %ww.
o 2 ° W oT R oo
| Lxlru — ._Ao]r
LI - mETTR "
— O 5 B
= % z Xom T op W N
o ] ol Ho ok, oo B s %o
o % o ® FTE R o o
lo ..Nl.__.i - E ajo ~ . foan =
3 oo < 4 i N T A«
_ = i e R
= < B idruﬂ_)wﬂh ~
O R S
[TTTT] - ol g P D E
it o .
o — M Mw?kom‘momo,eﬂ
Ve Vs ol ° iy S o
- ujp zo ™ By N
—_— nu — I B
g DEERRRNC S
=) KON = g
< Q .leOMﬂ
L RN B A

A&

]

gl

(reboil) =]

=
o

2 a7 Zolch

of HAelq &§5el

Hel 1A A (F 2 COzel Al

slzsh yHz wie &84
o weigiei} o2

(o]
a2

o AF A
wel gelo] o2,

z

=

KBRS 324 £ 8, 19924 667

AFellA ool 4ulzt 7}

44

T

7] % (blister), = (stone), % (cord) 5-9

Z

=,

2,
shul sgbslsE g,



ofy

&

b) T4 2
a8 2 ez §%5 9 L2y g
71 AR obA] FE] ol Fasiv) 2 A

43 fAlea
288 dERe

4 oleh,
852l

[¢)
.
2 SF5iqkd

2

L

o

TAAES

7} o}F Achal dlof
A7} A AT, e of

=
s ®Eiv)7)

gl

A
T

ERECED
o =), 29| u el

J o

A

N

| ohi=e,
324w

3) B

—é—g] 3|

oy

668/ KBMWBEE F£324% H8%, 19924

A Gzl Ao} melof
olof gt
}

ol
S

2

g8

el

o Fel4

L= -

o, nfn

& ap

o) £41%
shaiet,

oof e},
7t olelul ol g
@k A, fel

—

_‘
30
>

)

RS

2
£

2 ko

N, U
=

#
&

R

of

(S

A e
o,

2AHS ofebdt §E o
AEAFORH Folxle] sallae] 79E
ohab d ol of gt oA =
ct. Sewele] Bz

RosselandAFel t} 4 9
o2, o] B4 g ulst
o Hedak F3 A Al (o]
= w97 e chelw A
of Aol )7k oA Ha o]l
F(Bi) 7k M2 zolof g}, e} A=
BdofA o]gA dleiwd e oh4] chddn

o] ZFo]ok 3l

ptd

o 3],

—

Rl
=2

0

-

o) galed A7k 24

DERSER L

oMo e e

4

A=

= A
=2

A FHZAMY 2RER AT £



o}, olooix E|H mddo Az FAHol o], olglolz B3 o e S da4

Ui Ejsfof & AL ol = FelE A £ ARtz gk

szl H b o Az, RAjRY] #F oxd A AAe]l A oA gorz,

7R3 5 &, &5 ZA7|4%, = (batch) Lol ol grxxAg o iy

o] maluky Fo] glrh L, 9484, 2% Ad9As 5& sAdd £+ ql
o] A lF3dl F 7zl mAle] w2 f5 W o},

Aol gl ZAqldl, oleldz AHA odLF e 2EEAN FAYFEEZA

g we #aA 7FE FEdaa g a2 o] A g sleof ghoh,

o] H#F38 glo] gk E&FE e 7E ot wixe] 2AEAE st UL

Aze F2 iy ghetubZel ofit e Zgug sfuketodof ghof

Hajo] ofdte] T o we A Flart f oWzt Ao wE FAWERE FAHEY

2|2 o] Hof Fojzh v|Eh 4EHoRH T Qlofok gt

A o] g xlct, Nemec 5192 olefgt 2 oggH WY Fxeof 2xFLE A

Holl tiste] o] = A nAL JPIAn Z A5k ubglo] 7w ook ghr,

Suzuki 5972 AA LR FFule]H A zME o2 Alel YA (first princi-

o} A#Alnzl Alxstdet, HubH o g Hol ples)o g]7+& diele HF o ol Fo] A o

AA el FA= oz AAH< dghFo] uhs Folxlz] e HBARZ LA HAE EH

2 AR g offAtatele} shAlet, 2 /‘}L’ra] Wag Wol 1 qiEHe] A (YHELE AT F

20 BE 7hEAel dev 53 A7 o W EAA] g FE Folw FHLE Aux 4

THEL b F2 AEelth uletEr) Bekg 5)E AEAH oz Alag
o7)2 g A kA (homogeneous nuclea- sl AlE7b w3 e o We 2 od

tion) ) 7}, ®]FA @bl (inhomogeneous nuclea- A7 AE 3 2

&+ &
tion)ql7h, ofuwl Wi FFoERdH Fgd 0 LM AT
R
=]

Ml A o FET =7} 2

AA .
O % (stone) & freje] AA3 2+ A Fog, SHalsl Heixl vl A4 4=

Woll ufpZ A7} 5 Aelalr), ol W3 g atod 2 glEdl, &3 Y0l He
Fo AA6l G A4S Fgel T WU W Figob) FE Ho SalFel wel o
b 2ojxa ok, B3 FFold Fel £xs
0Zicord)& ol wjFo) A7 Rel7}? Lgfelmel Fols A3 Aofste 7Eol
oHAINA A & Fuie Wro| @i LA fr ol o}, »Q-GH:?_OJ AEE A dAde
= He B A Ao A wro] ohE FAEA B

W BE A Fololol
Eajol ol ol o & Foialst? 4 fol 9o 5§ Essenhigh®el 44

9 galzol da AAH Ay %4 ol Fob Song®e] 41 77k AAlel 7
F3 ofe7hA] ol 2 <t FolshAl 7} oo}

ELI . ,LN A o

e,

AAHL ArE H7|7F offch KWH”}X]«?

olefz e} £ FE(YS = Az o 3. M8, x| ¥ JIELEH
A", ML 2 A" E (tracer) &

o] &3k AFAIL &4, #lde Ju=tE o] & frele AYEAde daelHdE =71 gl
3 d4gte] AE7E, ZE(pot) TE o] & Ayt WAE, 8 2R, #pel Fe] =
g AdAA SAztetnt E4FA Fol Ue 2 ¢Este w4, fFEAdRAZ ole dl

KEBHBEE F 328 F8H, 19924669



= 3

debd], aejn A" aRXEH Alge] o HAA dAe, Ao AxFH FolA
ool #dstAvt Ardsle wAlel ek, AA FgEd Wy, dAd=, w|AdaEe BAE
Zrdo A Fadt Azl Azt £ obA] )b ebgl o] BA XA | Ao] Hadleh, o
AogA, o FAHE SRR thEIr|AA of sbd FHo el Hed AsE A4
A7rsted oAz Hak o wlAAd Axdwe st FAstedof ghoh, o] ok Fulol thi
THRZ & 4 ok dAdde 2ee A 9 A4 Fokr AZEL Y 558 HAo &
B atol] ofzl=dl, Fxbo] Ago| A EA A2 stz Hsted F A =ojop &
ghot, O g2 HollA] ol AME FE Fofolr

A AlgE Agste dE gz wdoy, % gtdd, Zlele] FA=A Rz o e A
Felel FA FAr ZA ¥ A A A
Aol 53 Feastmz HEygeo HAapA4

S chofopyt ek, O
E2r Yo dxigke F

pos
Bk RAZ GReade Agetel o4
T

o3

ol
—\—"l_“—‘

b ol7b wrom], P w3l AP HIx g
sfod A3 Qle}, P Fx o} felel A&l 4]
A& dxge] wded EE=o felE
7hzh w2 wo] A wholl 2 AR A
ol wig ofFHch ® felof ]fzbellr Ho}
g AAzAY AL BES AR
v 3E FAHAAE el Fad FAel
gH o F2E giuled AddHoz

= AAdelHE FotlaE ‘=

mmﬁmmﬁ;wuﬁ#m

heat transfer) 7} A} %
R Az E of e t'o“ﬂ%% H)
4 Gaeld FE9

q F
N

ok
>

ot 1% _
2 o rlo )

B -
ol

2

ol
o

X
2 o
= o
oﬁigg}m_l}n:

Prowfe foopoboox me
N
g o
fr -
°
roi
= oo
ofo
N
ofr
ol
ol
1
2 o5 o
)
of
.
48 e
2 0 ou 2 W oo

i3
i
ol
)
o
puv
o2
o
ol
2
[
4 s

)

o
>,
O%
B3
o

o
L

o4
23
v
olo

%2% FHAZ ANFeE T

670/ KRB BEE F 3

324 FEBHE, 1992 F

o

27 AAF A e, ol 2 of

WA oehn Az e g Aol

o e

A A E o] glolA] ge o3HE 2 E3 a9
dAle] oEI e Fokolw, whabriAR

BagA, 34 A SE

Aol (&=,

| AAlgHet ozl £AAEE
shod Foji7] Sstel Aol
¢l (interdisplicinary) s %7} 273 o},

r__,dmln

ooz Felol Mz YA dH T
ASe skl mekeh wlglh f2% ohel,
of2i7bx) e Ane B (A B, Az
o Flol QoA chokd 3R FAl7l R
w, olel@t Wold ATeaEe B4 o)
7 AAsan sk o) Fol 97 dwe

29 Aokg Wt © YxE AT uie
obx) ghch,
anes

(1) A4, 1986, relo Hdzt A, o
Ah A

(2) Moult, A., 1982, “Two and Three Dimen-
sional Mathematical Models of Glass Tank

Furnaces,” Glass Technology, Vol.23, No.2,



axg

A%

o

pp.106~112.

(3) Noble,J.]J., Clomburg, L.A., Sarofim A.F.
and Hottel, H.C,, 1972. “Mathematical and
Experimental Modeling of the Circulation
Patterns in Glass Melts,” J.Heat Transfer,
pp.149~154.

(4) Leyens, V.G. and Moreau, R., 1978, “Math-
ematische and Messtechnische Untersu-
chung Verschiedener Glaswannen,” Glast
echnische Berichte, Vol. 51, pp.43~47.

(5) Chen, T, -S. and Goodson, R.E, 1972,
“Computation of Three-Dimensional Tem-
perature and Convective Flow Profiles for
an Electric Glass Furnace,” Glass Technol-
ogy, Vol.13, pp.161~167.

(6) Curran, R.L., 1971, “Use of Mathematical
Modeling in Determining the Effects of
Electrode Configuration on Convection Cur-
rents in an Electric Glass Melter,” IEEE
Trans. on Industry and General Applica-
tions, Vol.IGA07, pp.116~129.

(7) Mase, H. and Oda, K., 1980, “Matematical
Model of Glass Tank Furnace with Batch
Melting Process,” J.Non-Crystalline Solids,
Vol 38 and 39, pp. 807~812.

(8) Wright, S. and Rawson, H., 1973, “Calcula-
tion of Natural Convection in a Rectangular
Cell Containing Glass with Specified Tem-
peratures on the Boundaries,” Glass Tech-
nology, Vol.14, pp.42~49,

(9) Ungan, A. and Viskanta, R., 1987, “Three-
Dimensional Numerical Modeling of Circu-
lation and Heat Transfer in a Glass Melting
Tank, Part 1. Mathematical Formulation,”
Glass Technische Berichte, Vol.60, pp. 71
~78.

(10) $el3, AsF, 1988, “Frel&aize 4
28] vl A A AlEeeld, " A
F4 Hai BS 1587~1119.C(cH ¢} %)),

(11) Ungan, A. and Viskanta, R. 1986,

“Three-Dimensional Numerical Simulation
of Circulation and Heat Transfer in an
Electrically Boosted Glass Melting Tank,”
IEEE Trans. on Industry Applicantions, Vol.
1A-22, pp.922~933.

(12) Ungan, A. and Viskanta, R., 1986, “Effect
of Air Bubbling on Circulation and Heat
Transfer in a Glass Melting Tank,” J. of the
American Ceramic Society, Vol.69, pp. 382
~391.

(13) Siegel, R. and Howell, J.R., 1981, Ther-
mal Radiation Heat Transfer, 2nd edi,,
McGraw-Hill, New York.

(14) Nemec, L., 1980, “The Behavior of Bub-
bles in Glass Melts. Part 1. Bubble Size
Controlled by Diffusion,” Glass Technology,
Vol.21, pp.134~138.

(15) Nemec, L., 1980, “The Behavior of Bub-
bles in Glass Melts. Part 2. Bubble Size
Controlled by Diffusion and Chemical Reac-
tion,” Glass Technology, Vol.21, pp.139
~ 144,

(16) Nemec, L. and Miihlbauer, M., 1981,
“Verhalten von Gasblasen in der Glassch-
melze bei Konstanter Temperature,” Glaste-
chische Berichte, Vol.54, pp.99~108.

(17) Suzuki, J., Kato, K. and Mishima, M,
1980, “Studies on Refining and Homogeniz-

by the
Numerical Model,” J. Non-Crystalline
Solids, Vol.38 and 39, pp.861~866.

(18) Clark-Monks, C., 1977, “The Cost of
Regenerator Efficiency,” Glass Technology,
Vol.18, pp.66~71.

(19) Abbott, K.M., 1980, “Modelling and Opti-

Glass

ing Process Two-Dimensional

mal Switching of Regenerators,”
Technology, Vol.21, pp.284~289.

(20) Gilbert, S.V. and Lippert, J.W., 1986,
Model Used to Evaluate
Regenerator Systems,” Glass Industry, pp.20

“Computer

REBWMBBEIE F 2% F£8;, 19924 7671



N

~23.

(21) Carling, J.C., 1982, “A Reappraisal of the
Mathematical Modelling of Flow and Heat
Transfer in Glass Tank Forehearths,” Glass
Technology, Vol.23, pp.201 ~222.

(22) Weir, G.J. and White, S.P., 1982, “A
Two-Dimensional Mathematical Model of a
Forehearth,” Glass Technology, Vol.23, pp.
113~119.

(23) McSheehy, C.J., Carling, J.C. and Raw-
son, H., 1981, “A Two-Dimensional Mdoel to
Determine the Temperature and Velocity
Distributions in a Forehearth,” Glass Tech-
nology, Vol.22, pp.34~37.

(24) Flom, Z.G. and Grossman, LN., 1985,
“Selecting the Optimum Glass-Gob Temper-
ature in the Production of Glassware on
Automatic Glass-Molding Machines,” Stek-
lo i Keramika, No. 10, pp. 12~13.

(25) Essenhigh, R.H., 1986, “Using Furnace
Analysis to Establish Potential Fuel Sav-
ings,” Glass Industry, pp.26~28.

(26) Song, T.H. and Viskanta, R., 1988, “Pre-
diction of the Thermal Performance of an
Industrial Natural Gas-Fired Furnace,”
Wiarme Gas International, Vol. 37, pp. 22
~30.

(27) McMahon, H.O., 1951, “Thermal Radia-
tion Characteristics of Some Glasses,” J. of
the American Ceramic Society, Vol.40, pp.91
~96.

(28) Beattie, J.R. and Coen, E., 1960, “Spectral
Emission of Radiation by Glass,” British J.
of Applied Physics, Vol. 11, pp. 151~157.

(29) McGraw, D.A,, 1961, “Transfer of Heat
in Glass during Forming,” J. of the Amer-
ican Ceramic Society, Vol.44, pp.353~363.

(30) Mishchenko, N.A., 1977, “Heat Processes
in Press-Molding of Glassware,” Steklo i

Keramika, No.10, pp.18~20.

(31) Gardon, R., 1958, “Calculation of Tem-
perature Distributions in Glass Plates Un-
dergoing Heat-Treatment,” J. of the Amer-
ican Ceramic Society, Vol.41, pp.200~208.

(32) Bonacina, C., Strada, M. and Gottardi,
V., 1982, “Finite Element Analysis of the
Temperature Fields in Glass Moulds,” Glass
Technology, Vol.23, pp.172~176.

(33) Pleskach, V.M., Volchok, I.P., Larionov,
V.V., Mamedov, B.Sh., Lisovskii, A.V. and
Mironenko, N.A., 1982, “Cooling Glass
Molds with Running Water,” Steklo i Ker-
amika, No.3, pp.20~21.

(34) Capurso, T., Petropoulos, J., Meunier, H.
and Henriette, J., 1979, “Heat Transfer
through Glass and Mould during the Glass
Formong Process. Part 1-Heat Transfer at
the Glass-Mould Interface during Periodic
Formong Processes,” Glass International,
pp. 48~59.

(35) Giegerich, W., 1951, “Heat Problems in
the Design of Glassworking Molds,” The
Glass Industry, pp.71~92.

(36) Howse, T.K.G., Kant,R. and Rawson, H.,
1971, “The Determination of Glass-Mould
Heat Fluxes from Mould Temperature
Measurements,” Glass Technology, Vol.12,
pp.84~93.

(37) van Laethem, R., Leger, L., Boffe, M. and
Plumat, E., 1961, “Temperature Measure-
ment of Glass by Radiation Analysis,” J. of
the American Ceramic Society, Vol.44, pp.
321~332.

(38) Uhlmann, D.R. and Kreidl, N.J. (Edi.},
1986, Glass : Science and Technology, Vol.3,
Viscosity and Relaxation, Academic Press,
New York.l&d

672/ KERBHBEEF 32 F W, 1992 F



