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Analysis of Temperature Control for Fire-Polishing

student: Zhong-Han Yao Advisors:Dr. Shane Y Hong

Department of Mechanical Engineering
National Chiao Tung University

ABSTRACT

Scratchitti on the glasses of pubic utilities has become a common but serious
problem in the United States, Europe, and Australia. In order to improve this problem,
a new concept of the fire polishing method, using that characteristics of glass change
with temperature, controls the temperature profile of the glass to “heal” the scratches
due to surface tension and its own flow-ability, which achieves the goal of removing
scratches. The thesis stresses on the point of building the structure of models of FEM
method, and designs the experiment to assist the analysis, coming out the

optimization of control of the fire polishing method.
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Fig 1 : The conceptual design of the Scratchitti Buster as mounted on glass panel
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=~ N E¥ kg R 4 1w 3-(Temperature Distribution Simulation under

Fire Polish Process)

2.1 FHCA e 38 % Sidy it {e K¢ (Physical System Description

and Strategy for Thermal Modeling)

Fig 23000 $2 & S AR bk 41 L WM — B 200 9 [ AU B B R LB e A
LBIE B o kA sz-ll?ﬁﬂv}?v%fv}? - ddliss kA B Ry & ’;J——}";J—J% T
Feifia o TP B LG L e T E BB éiia,klfmﬂ,} 'Qﬁiﬂ I

-

+
T~ m °

1= rectangular heat source
Zdepth (x direction)

j; .-’D/: rpo’rnnglﬂnr heat

- source width

g
Z~Width of heat
Ié sources travel

y/

X

W

Fig 2 : Schematic of problem setup
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Fig 3 : Actual view of heat flux propagation around the flame nozzle
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Fig 4 : Applied heat flux view of simulation works
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Fig 5 : Actual view while heat flux effects on the surface of glass
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2.2 Wt e H 7] (Mathematical Model for Simulation)

B it 17 e mﬁﬁzﬁﬁzt‘ Bt i R B Tl S 2 AR5 I e e oA
230 A BT - AR

or  oT 2T 82T o°T B
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FRANAA R E R T RS EwW F R 2 LF A BT
I :;;féﬁ,” B St R R R KA 2 AR S W

o°T  o°7T 82T oT oT
J;W[k(axz +6y ) £C, (u _+VE WE)—Q}WidQ—O (04)
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3‘§ PiEiEIgp o
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TO(x,y,2) =[N(x, Y, 2)KT} (15)
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X  ox o
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2.3 R of i gk 2 (Setting of Boundary Conditions)
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2.4 8w kg (Finite Element Software Review) :

Hog Pt eny LA A4t 0 ABAQUS - ANSYS ~ NASTRAN -
I-DEAS... % -

ABAQUS % - 2% 43 A~ Z 4758 L L e i ABAQUS/Standard(@
Ff 4) ~ ABAQUS/EXplicit(&g 3 # 4 ) ABAQUS/CAE TR TR G
B~ B0 RE LY IV RS R 7 L B AR 2L R I G
ABAQUS/CAE i ABAQUS ~ ¥1Histz L& HRE > 247 BH® 3 £
*E R VSR A2 R R A4 Wcm.gr‘ Lo J A L
WA ZEAPIF B 2 EREHIE BRI FIZ T ERET IR
T2 3 BELEFREBTRFEL DL o

ANSYS Z 2% 415 T2 % &~ 47408 (General-purpose finite element
software) » 4] * 5 *T~ % ;2 (Finite element method » FEM) % > >t CAE
(Computer-Aided Engineering > & %o B4 1 424 47 ) #0848 - BB B &2
IER SRS -WES LN REA S ES A RBAATRBA
TP ERA o REFLITE -

LS-DYNA # & ¢ J.O.Hallquist 1% 2 »* 1976 + & % & Lawrence Livermore
National Lab.F¥ 3 ¢* £ 88 » S W77 2 & A 3038 Bipd X 078 | Fpran)i 4
& F7 e @ {4 J. O. Hallquist # 2 = = 7 Livermore Software Technology Corp.
(LSTC) » i fr# v B > LS-DYNA s+ # it B 52 B &5 # ¥ & ciinf
pa— oA > @ 27 Explicit Method (&8t 4% ;2 )£2 Implicit Method(*£ £
Ff3iE)d EAFEHE > Bl LM (B2 s 2t ) 2
#7712 (Contact) % B* 4T3 < LS-DYNA $#% A~ el fe~ 2 FHE > 48
SRR RO kiR A m—? ElE o ¥ ORI 2 R g e AR At
APEATE ~EREEE Y ARG A& e T o

ANSYS e explicit 24 14 %ﬁﬁfﬁg;"i/x\ » %1996 & &2 LSTC & iF > g #
ANSYS s 18 ed® > 3 * LS-DYNA explicit 1%~ > 4& 1F ANSYS/LS-DYNA # &-»
@ e implicit 384 A3k * ANSYS B3 & & °
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MSC.Nastran % — #83 T % A 474850 » # it ¢ 35 0 P4 445 2L
A AT o Ry SRR A AT~ BB 4T %%%uﬁﬁ‘&IWQﬁoﬂ%ﬁwi@ﬁ
BolE A 452 2 2 F el R T oA A 2% 45 - MSC.Nastran 2 -4z ~ 3] B
Wemeffoit 4 B 223k ¢ AP 2 F 0l TERVRE D T ERTI TR -
MSC.Nastran 14 H B erfe ;N B8 /22 B L * § % 0 5 3 W FAA 5
Wet— 3o ® * UB R F et A E AT

PRI EEERY T € &% Flehi e a0 23050 kA & 40T Table 8
R
Table 8 : Finite Element Software function comparison sheet
oo Ry ABAQUS | ANSYS |[NASTRAN| I-DEAS
F T G Good Excellent Good Excellent
S S, Excellent | Excellent | Excellent | Excellent
2E L7 Good Excellent Good Good
Ll A Average, I{i/Average Poor Average
T 1 S Poor Good Poor Good
P e Excellent Good Good Poor
Total 17 20 15 15
Poor : 1> Average: 2> Good:3 - Excellent: 4

FA LR SFE R BB 0 5 U A RE B
BA B P ANSYS (FL Y a1 LaeH o A AT e S 5 ik g
BRILaugAeY 0 2 T A ES CER AT RT (- kT p
AR R LR R AR AT L ek T LR TR
e R LA BERSEF LRI O RER A TR P S A
WA T oA AR R iR T €7 EHAGOPN RS A4 5= ;ﬁF\)@i
PAET R AR m@m%@,miﬁuq 3% e
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3.1 51 % (Introduction)
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3.2 7 33 ol b (Glass:Property)
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Fig 7 ©-Glass Properties vs.- Temperature
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d BT AR B - R AT T R BT B R R
AN SR F A g A EMR G A RS GRS T e
FHAER LR e T AR - RRY RAT TR R F RPN 7 55 A
o TRFRE LA L RRD LTS PRN AL G W
RAORE 0 TUEBHEER NS LE e

dRET LR - BARY R IHA TR ERS A IREFER
FeiGR B A (cdfe~ab') L a7 a ATi~TgR P AP > @ R AEF FEA
B fenE S (cdfe~ab) B E ST L AT~TyRpAp e (¥ 1 F 4 0 2 BAE
SUBEILER L TR ) BERP P R ERET AT~TR R #
FIf T RE-FIPL DB ERAHREFOE T v ML LAEER
TR CRERAHRBETOSEL) 223 F

3.3 HIZNEE B %1 2 (Glass Property vs. Temperature)

o A B R 2R 0 Pl PR R R R R A ] 4
o & B H R A 4T

331 # & (Density)
KA FE WY M svem s R ED T 4T
D=ﬂ(ﬁamm% (22)
14

%4%1«&@2;OB%WZMW%Mf%liﬁwﬁﬁDaﬁﬁjﬁ?ET

;IJ ’4} ;\‘ #E‘ f‘;f- Eﬁﬁ(fﬁ%\’ IS

e W
f“f:l = ——— ;
W A CRARpU- [ pURTE]

(23)

Kbz F P oplEagny L(Apparent)hE £ L w IR Rt E F 2R
kT LER S 0P BARG A
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D = (24)

WEBIZBABOT LRR AU TR ThoT
D=D'+0(l-D’) (25)

Table 2 : Glass Density of Different Temperature

ERETC |0 1 2 3 |4 |5 6 |7 |8 |9
0 0.99984 (990 ({994 (996 |997 [996 |994 (990 |985 |978
10 0.99970 (961 950 (938 |925 [910 |894 |878 |860 (841
20 0.99821 |799 |777 |754 |730 |705 |679 |652 |624 |595
30 0.99565 |534 |503 |471 |438 |404 |369 |333 |297 |260
057 A2 %R 00012g/cm® s A Bdedk o FAMERPE AR F A TE
"o

Z.SAJ\"A

3

=

5 2.9 \\

z S
0 2.3 ™

0 800 {600 2400
TEMPERATURE, °F

Fig 8 : Glass Density vs. Temperature
7L %k Jm[12] : The handbook of glass manufacture

3.3.2 1 # (Heat Capacity)

AMAP AL AR E G S G 25C 2 L F 29000 - kg - KA 2o
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AT 2 YRR o 5 ETELEACMHE A FlF 0 T U R
d Sharp£ Ginther [13]#7 € & e & 4= F Fflficdp & o At AT 323 E 02 4
aT +c

"~ (0.00146T +1)

Cni OCHtC2 FenT ot £ v as cob MY RIS A2 2l §* FRH L
0~1300°C -

Table 3 : Coefficients a and cq of Different Glasses

Oxidants a Co
SiO, 0.000458 | 0.1657
Na,O 0.000829 | 0.2229
CaO 0.000410 | 0.1709
MgO 0.000514 | 0.2142

Al,O3 0.000453 | 0.1765

K20 0.000335 | 0.2019
Na;©O 0.000829 { 0.2229
SOz 0.00083~ |-0.189
PhO 0.000013 {-0.049

Mgt e d rFzangfrd = rER VAR EFTL 2L

FrriNFFarcpe

Table 4 : Composition of Float Glass

Composition of Float Glass (wt.%)| %
SiO; 70-74% 73
Na,O 12-16% 14
CaO 5-10%
MgO 1-5%
Al,0O4 0-3% 2
K>,O minor
Na,O minor
Fe(as FeO and Fe,O3) | minor

7L % Jm[14] - Science and Technology

18



SPECIFIC HEAT
CAL-GM - °¢”

ool Ll Lol b b by b by bty
-273 &) 400 800 1200 1600 2000
TEMPERATURE —°C

Fig 9 : Glass Special Heat vs. Temperature
7 kR [12] * The handbookrof glass manufacture

333 # @ E A (Thermal Conductiveity)

BGELFEA £ 4p K- # Fourier’s first law THEZAHERA G BT H -
L - B8P RARTERFRN TR EF - H1 - BRMILF XD wih

%ﬁ‘ DRI A A 7‘; :
dA
Q= —KA(&) -

Qi#km(* H = F el £ flux perunittime) » A: £ 5 & i
(cross-sectional) » TH_E A& (temperature) » f 554 7 FnsER B © 0 Kang § 8
= Zcal-omt-CtoSTa 2 dl(cgs) kT A T Wemt - KT E (S )k T (3
B0 AW - mt - K'=2388x10%cal - cm™® - Ct - SY) te 5 @ E oG

PR BT o B R T EREA S
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xdT
d—— 2
aT {dx}_KdT

2 — 28
dt dx dx? (28)

T g f G A B 3 T dic(thermal diffusivity) ® £ =K/ 0 Cp> p & % & (density)
» §# % (heat capacity) » # * 7 g % % FD(F € ® ¥ % d mass diffusivity) » #
EFE GULR AAD 0O R R R AE 0 A ) fE AU R AEd Carslaw? Jaeger[1]4% & 7
PR

’-gb@%-" Z_ﬁﬂg ik$)§3,rd]§ﬁ"]?4 ’ @¢ﬁh& é’-aaafé-/)i ﬁ‘*ﬁ&’ﬁ'“/ E’i?
J‘XB’*;}:

K = C,oA

3 (29)

@ 7 B B F R ¢ g & (velocity of acoustic waves insolid) » A % 7 p d

B S e i‘é{~+ (free path for phonons) » 3 4 7 p d B /EhiT* ¢ 54 BiBAE 5
EE T

QTR s 2 U Sl A% - ch e TR N 1‘3“51‘*;‘*‘,@_'?”?7
G T 0 AT E ik RE LR B ARt A ks ST R R 8
anharmonIC|ty EERANDLF R €2 UL bll % 2 ZREF Do

WIR R RPN 0 I A P RS R A @RS S B TR
"G ERT  - fAE AA b aiE e LTk enfp b B i Kt
a1 ¢ S A2V BT G

K, =16n°0T?® (30)
N5 37 & 5 (refractive index) > o 2_¢ % % % #(Stenfan’s constant) » a 4_% 3%
% fz ¥ #c(spectral absorption coefficient) » & 191 & chEKEFT o5 = & 11t o %
WAMA B RF PP T o BP RS 4iJ Sumit £ A 2 49 1140
Qo Aot g @ KgeKo] 3 820 400°C 130 > BT iz g BT > a8 & AZiE 400
Cor ixPeagF B R23 » Kpde ¥ st st BME’ B4 o £ 1100C > B R

Ty enfs 30 0.175cal - cm™ - T STy @ gt pE K E 2% 0.0022 cal - em™ - T
ste
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Fig 10 : Glass thermél{iéondpctivjty;vs. Temperature
7o kR[12] - The handbook“'qf"glass manufacture

3.4 il § 5 & (Estimate of Heat Flux )
P f MPENCE R B o ENBERRT AL SRR oA SR D

VEUEYT T % URUEG IRA Kt o

341 = >¥'Es 47 (Complete Combustion Analysis)

- AP RBEI N INFFALMEF G REEFRTR2WE A4S
Z A F s F Ve G ark s (VB N e s

C3Hg+50,—~>3C0O,+4H,0+ AH (31)
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weif e 24 Table 5 17 1)

Table 5 : Combustion Heat of Carbon monoxide and Propane at 25°C (298 °K)

—AH, (kI/mol)| —AH, (ki/g)

- % iz Carbon monoxide, CO 283 10.10
*zPropane, C3Hs, 2044 46.45
% F 4% : Drysdale, Dougal., 1985, “An Introduction to Fire Dynamics”, A

Wieley-Interscience Publication, John Wiley and Sons
/AH :298°K » 2044000 KJ per k-mole of fuel

d AT RS RS T ARG RS F MRS e Tk

LS e AT

1\3
\F‘lﬂ

o

4

C3H8m/” P vg & 20 mm 2}% i :E'_;J_ K'T%\ ‘H‘f@i~ /J_ ﬂ )‘L gﬁ’:/” B 7@; -
2025 ml/min = 2025 cm®/min- gt 5 4R T fe B % 0 J @ gk iE 2 2R E
W EFEgEGD .

¢ _ y \/(pf _pexp)pstd m3

(pf ~ Pstd )pexp S

e EBmAES *?"’?52 Py >>p 0 AL RT L

— V “d - pstd (33)
pexp

T
AR HAT R TR BTEERE TR T ER 2 ], A SN
std
GENE 'R

. . P
td
Vexp =Vsa- >

(34)

exp

fl‘ » m = V expx pexp (35)

%&E’ ¥ 1\1‘*
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M =V expX Pexp =V - Pag

y Pex
P X Pexp :Vstd'\/pstd " Pexp :VStd'pstd —
exp

(36)
std
PR CF Ry T UEI R R E
CsHsgi1 p, =2.005 kg/m® = 2.005x10°° kg/cm®
P,, = 1.003 kg/cm®
P, =1.503 kg/cm?
PeXP 3 H -6 3
M=V Pgq = 2025 cm™/min x 2.005x10™ kg/cm® x 1.224
std
= 4.97x10° kg/min = 8.294x10” kg/s
= 8.294x10°/44 kmole /s = 1.883x10° kmole/s
Q=mxAH = 1.883x10° kmole/s x 2044000 ki/kmole = 3847.855 Jis
d PP E TR e S ARREER TR R A AR B g
,;\,.gﬁfgﬁ,_l?]ﬂ,b,_,’ﬁg,l. }B‘@-ﬁﬁgFgﬂflm“ﬁo

Table 6 : Heat Transfer Rate at Different Flow Rate of Propane

B 01 02 03 04
P E TeiE B mm 20 17.5 15 10
]:5 "’%? >t Vexp cm /m|n 2478.6

211752 | 1774.8 | 1101.6
i B Q s 3847.855| 3287.3 | 2755.25 | 1710.6
342 #* = >

7' 45 (Incomplete Combustion Analysis)

EEE AR SRR RS M SR AR Lt
RS E F ARG RRAEL kS
Gl % 10350 Fp

I

Ny
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Cs3Hg + 7/20, -3C0O+4H,0 (37)
COCO, 4 = #u1b fiy

Table 7 : Standard formation heat of Carbon monoxide and Carbon dioxide

Compound Formula AH?*%¢ (kJ/mol)
Carbon monoxide (6{0) -110.523
Carbon dioxide CO, -393.513

RNTE ST S

Cs3Hg + 7/20, -3C0O+4H,0 (38)
CO + 1/2 0,—C05 (39)
(17) + 3 X (18) = CsHg +-5Q5 —3C0,+4H;0 (40)

AH ;) = AH 15 4 3AH 44,

AH 4, =2044 - 3x283 = 1195 kJ/mol = 1195000 kJ/kmol

P
M=V Py | —> = 2025cm’min x 2.005x10° kg/cm® x 1.224

std

—1.883x10° kmole/s

Q=mxAH = 1.883x10° kmole/s x 1195000 kJ/kmole = 2249.6 Js

TR A S R B

o

d G EVOE B R R R
PR Fh - HPE N BBRKY € Pk

Table 8 : Heat Transfer Rate at Different Flow Rate of Propane

2
2
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it 01 02 03 07

PR E ek iomm 20 17.5 15 10
52 %R Vep cm¥min| 24786 | 211752 | 17748 1101.6
2R Q Js 22496 | 1921.88 | 16108 999.82
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LS SRR S S

4.1 NG Pe Sk S B B35 21 F B e & 4 (Introduction)
d 3% FEAEdliEE s LRSSl T A R R
Zen® ¥ #rrusl v vy (Taguchi Methods) k& 7§ 2% o

4.2 F %3k (Experiment Set Up)

‘_Mh}
a4
-3;%
-k

\_.
|+
>
ETI
n

BERA s AL Ew vl r SRR DRBEED %Y

TR TN PEE ST P S SR e
. ,

e R AR RPN Pyl g 4
A Az i e S DS R

R R e fe s R B S S AL BT O LT
Fen®k 7o 25l o~ v v 2 (TaguchimMethods) ki » ¥ 271 @ %av £4F

Mo F g €475 = o BB ES 2 4o Table 9 777 ¢

Table 9 : Apply Taguchi Method

B B A M CiHgnm® | b | Ound
SmE | (mm/s) [(cm)| 3% #ic | C3HgO, | 343 #c
No.01| 1.536 | 2 20 1:3 38.4
No.02| 1.536 | 3 14.6 1:33 30.4
No.03| 1.536 | 4 9 1:35 20
No.04| 2.048 | 3 20 1:35 45
No.05 2.048 | 4 14.6 1:3 27.6
No.06| 2.048 | 2 9 1:33 18.6
No.07| 2.56 4 20 1:33 42.3
No.08 2.56 2 14.6 1:35 32.3
No.09| 2.56 3 9 1:3 17
%4 FOF[15] ~ [16] ~ [17] ~ [18] : v ¢ R &R i
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Flo PoEFEZZHIE TR EE - PEBROTETRE I VRS
FIenSE%k > B2 §ita ZF kS 0 2240 Table 10 #157 ¢
Table 10 : Judgment Methods
i o i
PRGN BB L G AR T ERFIAER
SN P E S S S AT 3 3 i PR BRI R B R TR
EE Y O b TRl S £ A N | SR P B S ]
AdFe|pBie LF 5§42 BLEF e S )k
P InEHe § Lisde ks dﬁw&m %é~¢% S et
X oo BplF PGB J-u—b}Ea})J-\. uﬁ’"‘bk’ R @é_i’llilﬂkﬁy}\
THE R o a8 5mmx30mmx110mm o d S AFE IR G LS PR o

IR TR S K S SR S i A e e T A k. SR A
AR ERAGEL B AR RS B e § F T e
L

Fl gt b F R LR VAR RS 0 A KBRS RS - IR
TAEEAGEREE LT RE TR PRI L L BB AT B N T
R MlgPek e RPARBIgA G o R iE 1 REFRF L AT o
4.3 & 15.% % (Analysis Result)

SRR kB ARN B(L > VLR DR Bk % % 4o Table 11 #1F o

Table 11 : Analysis Result

R %%- N0.01 [N0.02 |[N0.03 |N0.04 |N0.05 |N0.06 [N0.07 [N0.08 [No0.09
FlR O O X O X X O O X
Fe5 4 s (mm) (756 |5.305 |x 6.19 |x X 409 |3.63 |x
2 FERa(E) |1 0 X 2 X X 0 4 X
A2 F e B2 R |X £ X X 5 4 X

O%TF?'JF” /#u/‘
XFTEBEDH O FP RS HH
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MRS SR S IR R ARR ~ SRR~ LT (R LA
)~ A2 e w B REmS o

1. é*Jff%'iﬂ"‘,éf AR
Gt g e 8/18 3 o A A s FIF B %% No.03 ~ No.05 ~
N0.06~N0.09 337 5 % 232 § i+ 4 7 F S 2 3 47 b Under
treated «fF2;5 o

2. B E
¥ 7 Well Polished or Over treated = f# ki € &2 4 » F|J* ¥ 3%
F % #%. N0.01 ~ N0.02 ~ No.04 ~ N0.07 ~ N0.08 7 ‘& - I * #54& = £ p
PBFZFY B RORG AL AT R TSR BFTRA > 28
- R T LELFE o

4o Table 11 #75¢ » # ¥ N0:082>> No.07>No0.02 > No0.04>No.01 -

3. AT ER(A2HR)=
BEHAR)A 2R FIL R 3 A4 AL Yok H I8 A 4 2 Ps ki
ARGE LR R 2 o PeRm AT R) DT 7 %W No.03
No.05 ~ N0.06 ~ N0.09 /.2 £ R s R F 43 o $okiEA7E2 4 frpF & 4
$ F B 3% 5 No.OL~ No.OAV'N0.08 » At Zr ¢ v A f il S i 5
SR IPEE S A

4o Table 11 #t5% » ¥ ¥ N0.01>N0.04>No0.08 > p* *t » F Zk Sh¥h 2
N0.02 ~ No.O7 Pz > & R A 4 -
4. A2 Fie
L% Well Polished or Over treated =352} » F] % ¥ 3 figf{iinT™
1E€F FiEA2 c RERIFL Z AL L 5 (IET75% )~ ¢ (75%~
25%) ~ > (25%~5%) ~ &> (5% 2 )

4o Table 11 #75¢ » # ¥ N0.04>N0.08>No0.07 >No0.02>No.01 -
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4.4 1#% (Discuss)

dNREHRDIBRET IR 2 '«'ﬁ"‘,f A BRI R IS R R i iﬂ"ﬁf EUREI
RO o vt Rk B

No.01+ No.02+ N0.03 : No0.04+ No.05+ No.06 : No.07+ No.08+ No.09

¥R R 1.5>25>2 (mm/s)

B R BRI  p E) 07 Ek RE A R
B 720 0.6~102 7 ~ %3410 & *«ELJ 06 2FHERGEEE > LT L
AT T Sl Rt BEGRET - S T AL SN o R

No0.01+ No.04+ No.07 : No.02+ No.05+ No0.08 : No0.03+ No.06+ No.09

v 2 E 3 20> 14.6>9 (I/min)

PAEE R E 5 9 (Umin)eh= e gd 7 3% & 3R Under treated £ » - #-9
(I/min) 7 ,%jll'_? dex 2022 14,6 e0@ =8 17.4(1/min) &k ig 79 B o 1 REEHE

No0.01+ No.06+ N0.08 : No0.02+ Ne:04+.No.09 : No.03+ No.05+ No.07

¥R R 2>3>4 (cm)

HIFEHL L 4 (Cm)ihz g Pl B ey g B oAp T o pLEAR R 27 Under
treated 258 % o AT 4Cm) R lf 4 A2 87 3¢ = 2.5 (cm) kg7
R O

No0.01+ No.05+ N0.09 : No.02+ N0.06+ No.07 : No.03+ No.04+ No.08

¥ F 1 1:35>1:33>1:3(CsHg: Oy)

FICsHg t Oxernt b 5 11 3 A Ae & B3Ry “f AR AP L 352

1:33 5 % F s Fl5 573 e orig = gl “]:‘T'S{o WE B EREF T HR Lk
CsHg : Ogerit ) 5 1: 3 FJ% Frher 1:34 KBITF 5% o
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4.5 W eie g % 4~ 47 (Refinement of Experiment)

W B S 4 #icde Table 12 #7o% -

Table 12 : Apply Taguchi Method

driE T PHEE CoHehEN (FHRT (O E
AW (mmis) ((cm) - ik (CaHgiO, 37
No.01 1536 | 2 20 1:33 | 423
No.02| 1536 25| 174 | 1:34 | 375
No.03 1536 | 3 146 | 1:35 | 323
No.04| 2.048 | 2.5 20 1:35 | 45

No.05 2.048 | 3 174 | 1:33 | 363
No.06 2.048 | 2 146 | 1:34 | 313
No.07 256 | 3 20 1:34 | 436
No.08 256 | 2 174 | 1:35 | 386
No.09 256 | 25 14.6 1:33 30.4

EAFA2 ST HAGER HF B2 EFERE T ENFT RS R AT
4o Table 13 #7577 :

Table 13 " Analysis Result

B ¥ %5.[N0.01 |[N0.02 |N0.03 |N0.04 |No.05 |[No.06 |No.07 |No.08 [No.09

drgy 0 o o o o o o Jo Jo

Fg sk s (mm) (7.88  [7.08 [5.57 [5.663 |3.93 |3.76 |3.98 |4.26 |2.09

HERE(iE) |1 0 0 2 0 0 2 0 4

A5 o B o | o o d d -

He

w av i 3] Well Polished -m™ > S is B d enid % &g

e gl haek

é'J-‘f’%iﬁ'%%ifﬁﬁﬁﬁ JROFS YRR AR R RER BRI R L
URE R SN SRR IECE 3 P E R SRR R I
g~mmg_, eu PR ABEAY S AR [ AR LW A

|
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AglAehs ks Rk {HF -

2 N yj;;é;, ﬁﬁ:l»—‘

4c Table 13 #7157 » ¥ #
No0.09 > No0.06 > No0.05>No0.07 > No0.08 > No0.03 > No0.04 > No0.02 > No.01

3~ AT ER
=X 35@&5&]%" No0.09 % /4 #rpF & 4 11 ek > H A2 2 No.01~ No.04 -
No.07 mﬁiéﬂ v Aok A4 o

R L e R (Y S

F %M EN0.04 N7 A2 - F 2 A F AR > T FHRELERLA P
IR o GBI INOOL A - F 2 A E AR P HiESE x -
PRI o PSS N009 A A miiE T P £ A P KBS R

- B I o bt b7 B % %55N0.012N0.043N0.07 2. CgHgi & # 5 20 (I/min)-

4 Table 13 #7157 » ¥ F
No0.09 > No0.04=No.07 > No.0%

S R % %5 No.02 ~ No.03'~ No.05 ~ N0.06 ~ N0.08 I % > f 2 72
AL RFEL - FRFEAP RO EF TS

4~ e FA2

#L% Well Polished or Over treated <525 » F]1 5 F 5 figf{HinT 1 §
FREAL cREMRIFL T AL L S (1 T5% )P (75%~25%) 5 (25%
~5%) ~ &> (5% )

4c Table 13 #7157 » ¥ #
No0.08 > N0.07 >No0.01>No0.06 > No0.05>No0.04 >No0.02 > No0.03 > No.09

22 &3 (Discuss and Result)

ok R0 01+02+03 - 04+05+06 - 07+08+09
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S
bL ﬁ'{}rl‘“ —E_

LR

R
12>25>3(cm)

¥ LR

P gt i)

LR

12>1.5>2.5 (mm/s)

: 01+04+07 : 02+05+08 - 03+06+09

17.4>14.6>20 (I/min)

01+06+08 : 02+04+09 : 03+05+07

: 01+05+09 : 02+06+07 : 03+04+08

1:35>1:34>1:33(CsHg : Oy)

R it S %o RS EHE R 2mm/s~ g 17.4 mm/s~ FE4E 2 cm »
MR E ot b A 1035 RiFLER BRI HEE o

%L g CaHger i £ 5 20 (Imin) e sk h%h & & 2 BLA 35 0 4o
WEEBRIBRDER Z S o  MAFHRESRAT RO BB T

A A o
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T~ oladek T ) r 4 rUE A2 OEUR B A 3-(Temperature

Distribution Simulation by FEM Method under Fire Polish Process)

5.1 i /i (Introduction) :

Ly £ AT FH o BT E R A T IR S R A -

-

()7 =& euEfz
@Qﬁ%ﬁ“7ﬁ§WW§ a5

(2) i A4 F W2 BRI F 3 FF o bl AF R R AR
Bt~ FURSE R ’«’L#—'ﬁ;é_;‘f ORI E s AR R~ VNG s R R FIRBLS
A RER S pLREPEIT RERNEE

&k
H# =

g?rm,h}

REETIE ‘%"ﬁ)ﬁ t r’v’%\fr%,ii_v f’ﬁ?.ﬁﬁ.’ri‘ﬁ?&:ﬁ Sl T i £
APEREERA G2 FIRU AR B G R AT B

s ]
mf—‘%lis °

ks Nt Bl ERe T SRR R > e B o B A I R B o
o PRt GBHRT AL sk g R L il 0 i
f’fF\ 7@}4 ’47\’}’_? ’ ’J‘jﬁifgilj/n_)iféu\ ]’r[:m o

F1* 5 El;u—g FEAREIIBRLEIAER S ot - ko T U E A RE
RIBLIG 46 122 NIRRT AP A 3T T AR B 3R A ¥ eIl AE AL X
Hig sl 1adisFads .

5.2 H-#2 4% 5 (Simulation Flow Chart)

FOUE A iR R Y AR SBT3

#3570 4o Fig 11 45 57
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F

R AR T

R S

ERESRE
aEnE

A R E o

F

& R

Fig 11 : Finite:Element Simulation Flow Chart

521 #3413 T (Model Set Up)

ANSYS*® >t @@ Y £~ 5 A4 5 5 110mm x 30 mm x 5mm>
B AR e* 2030 c ~FamEHE % B3 @R 4 hsolid
90 L BF * N ITEALTNE B AT PV HERLEREERAS T oY R
AT R B R R BERET o BRI 4 2 52475 ~ % 131521 & gL
42555 4oFig 129757
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Heating Surface

110 mm

A

éﬁ D modal

= o=
F

l\:_ IlI r... . ..-:_.:_:__;.:}'
Fig 12 : ANSYS simulation
-

522 %% H#4 1 £% (ANSYS Physical Property Set Up)

AW R APPSR S e LT A RA R - AR
PRCEIIEE-Ni T SER GNETE AN Y AN L BE SCLRR R = - E LA
“lico b Sl doTable 14#75) o #a » AA KRBV E RS F FET S
BRI RS hR R LA RBER IR A DEER S B A e
R S Tt L R Rk MR ED P H 0 i iz iR
W Aok %2 F 42 R FW 0 Fig3 - Fig4 - Fig5 -

-
-\1_1 }
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Table 14 : Glass Physical and Mechanical Property

i BB
By 37 & inflection; inflexion 1.52
F 5t reflection 4%(single plane)
LA specific heat 0.2 Kcal/kg"C (0°C~507C)
it g soften temperature 720°C~730C

#1183 % # heat conduction coefficient

0.65 kcal/mh’C

%% % B expansion coefficient

8.5x10°%/°C (20°C~350°C)

H R hardness 3% 6.5 mohs

woE density 2.5 glem®

mf Bk 38 & compression strength 6000~12000kg/cm?
B A tensile strength 500kg/cm?(average)
# < f#  Young's modulus 730,000kg/cm?

- Poisson’s ratio 0.22

5.2.3

g
AL hg R F RSN GEFRERYFER 5 B E

F R

FTH KR SR ERD

R 1% 2 2% % (Boundary-and-Initial' Conduction)

B F R o doTable 15577 o k395 et i B L o

Table 15 : Simulation Boundary and Initial Conduction

P B
T FR Tk Convection Heat transfer coefficient| 25 W/m?C
B REAE Ambient Temperature 20°C
o BhA= he R R Initial Temperature 20°C

74 %R [19] : Heat Transfer
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5.2.4 § §%3X 2 (Thermo Load)

5.3 FORA5R K T8 R A 9 % % (Heat Flux Distribution and

Simulation Result)

3R HEARDL GBS R R RERDRE TS G R U R
Fhc A N0 dopt R R S e LR SRR Y g
RRBERERA G S OB G RAT FERHERA 0 &
B4 Al d T E A

i

¥

|
-\E\;‘\ ;4‘:\ <° \\\Xr

ifm%@ﬁﬁﬁﬁjﬁ*gﬁm’i&g%@ﬁ% RS lmm/s bR
BEEEL # Y N Fl ST ,f,/%&égéﬁ,jg,f“f A by - B
RisE R Y - g 2RI 1 FoBREREEG FREF Gi
HE- f/;!f*—%a;—am“‘— f@; %Péf%fv’véwsﬁﬁwﬁﬁ* R LN Z frenpiE - B BB
IFZ B f#l{-ti f/&"%aéc*““: BEfaih; MR o
dopt - ko RFEE Eﬁﬁ“mi‘gﬁ o WE A, S KR AR B2 @ik o

#h

]

531 # A 51 mn/s g4 & (Ideal Homogeneous Heat Source
V=1 mm/s)

PREEER G EERE T AL ko B VBRRY N0 A6
ARG L (Gefhg ) AR FIREF AL PRAGKR TR ERE S

B E R AN F MACE R M end o St Rl £353 A i 4oFig 1397
& #10mmx30mm® - T B4 7 AANSYS® i R A G d w2305 A G o

SE - BRBER Y S (=1.05x106%2 )
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Heat Source
Moving Direction

= 1 —

1=1050000 W/m2

Fig 13 : Heat Flux Distribution of Ideal Homogeneous Heat Source

T - R4cFig3-8- & A

g et B RFIE R
FREAEY et 3 T RERFERET MR TRAE SN
EET RS RARR G - R T AT BEATRY 0 B AT HIRY 2 ¢ X
S e B BB e F R R R BRIE R KRR OB (R -

H45 4% % 4oFig 14 ~ Fig 15 ~ Fig 16771 -
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499 —

710

815

551

288

Fig 14 : Temperature Distribution > At 10s and 90s
BRwbe i P o d R BEABRGNPT E e G N BHF A PR
FoA ek > AR S S > LF e e RN S % 0 4 T}'“U v

AR T R B AR R A )

BOHRPE T & 42 L ia e M 11040 12 2 F 5 (54 Frerpb B 1004) 0 S5 & 2 b H0
EF VI FigLAE B RAB TR PR GEI0F 2804 (8 g B A FR A
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g BRS e Al 2ot (BX) BB T ARRL o S AL L
%k o d BIP FHRABEF TLHTRAREEARSDRLS CEREFARL
EREM Y & fi [ 90 B R R R T R R AR BRI RRI R
&mﬁ:ﬁvﬁzﬁk L f}f:éz “Rcfes s RIRMBE R AT R RS T

Lté’pij“ﬁ'i/p » PR R A G i,u/;J CBARRRET CERA W ﬁ'i-v‘iﬂf‘»"’ pLek s
z,aiJ@%fwm%év;%ﬂT VEFRR AR IEH M BOTRE S AR &
TP JPAFRLR o

Surface Temperature vs. Time

1400 at points across length
> =1 P2 P3 P4 P1=(16,15,5)
o 1200 [ P2=(36,15,5)
& & P3=(56,15,5)
@ 1000 | P4=(76,15,5)
£ P5=(96,15,5)
= 800 |

600 |

400 |

200 |

0 1
0 40 80 120 160 200 240 280

Time (s}
Fig 15 : Surface Temperature vs. Time at points across length
(y=15mm z=5mm) xmm ( ¥ Z_y & z > 3P BEIP|IEE R A2 40 BLaNEESE )

d N HREEFX T FERVELF A BREARBEAET DT R

E 1 OpE B At B s z%o"f’ - 2 (8mm) Fl i X IR B PR RE

CEREROER G ERAH MRS BRN BB ERTAET < 0 5 2 F

I b'ur*,a BB IREEAD e 0 € @ (T B2 I SREARAR b o BURIE 1 o d 5
Bafgbiranp B, ¢ EFZETERY REE T 5 cagd o

¥
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Temperature vs. Time

1400 at points of different depth from surface
o
— P1
o 1200 P1=(55,15,0)
% P2={55,15,-1.6)
o 1000 [ P3=(55,15,-3.4)
o P2
E P4={55,15-5)
~ 800

600 [

400

200

U I I 1 1 l

0 40 80 120 160 200
Time (s}

Fig 16 : Temperature vs. Time at points.of Different Depth from surface
(x=55y=156mm) zmm-«{( HE_x &ysz 3w } 2 FZR X 45 )

Bl ¥ A7 i 50 B A Itk 6 & BT L OBERAGRIT 0 B R AP
%Ff\l’l‘—,ﬂ'*’ﬁﬁ'w‘é}ﬁm/#)irﬁ ”"ﬂb%‘ilﬁ@‘i ﬁr400Cmm,i°

532 i B :1lmm/stickif %4 £ (Simulated Actual Heat Source
V=1 mm/s)

F oy o VIERAIIAEE e AS plu R Nd R d R E
FHBAE W FiE o L4 v ERVBALS B AoFigl7e 7 LA A g
Tin BABE AT § AR B Iy R L I R L E A o BT E) 2 & ehAj Rk o
R E% o RAREERTE L B THAGERY TS 50mm x 30mm

boFig 17 5 & B T HAd £ 4 ) (1:8.8><104%2) G LA AR o
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0.5 1 2 8 8.5 & 2 1 0.5
Heat Sou rce 0.5 1 2 8 8.5 8 2 1 0.5
0.475 0.95 1.9 8 8.5 8 19 0.95 0.475
H H H 0.475 0.95 1.9 8 8.5 8 1.9 0.95 0.475
MOVIng D"ecuon 0.45 0.9 1.3 8 8.5 8 1.8 0.9 045
045 09 18 |8 8.5 8 18 09 045
Q425 085 17 |8 8.5 g 17 |085 0425
04 08 16 |8 8.5 8] 16 08 04
(.375 075 15 |8 8.0 g 15 |05 0.375
0.7 14 |8 8.5 8] 14 0.7
065 13 |8 8.5 & 1.3 065
1.2 8 8.5 8 iz
1.1 |8 8.0 8] 1.1
8 8.5 8
2 8.5 g
1=88000 W/m2

Fig 17 : Heat Flux Distribution of Simulated Actual Heat Source

RN

,

LFigL7 » R A &% Bl E 47 Ailths 62 6450 G WL o o
RS E Y IR Msr%ﬁ episl= AN B Lt v RS 4R S
wlma AEoAS R @éii}#'@‘i{ z‘fé}fﬂmﬁféﬁmﬁ%mxg%aa :

CFIRALY o UBARE § ﬁﬁﬂéﬂ%ﬁm :?’?4 o g7k 5T P AERE A A
B LG A WS L G LR B %m,g,a BB AEST PR NS i
R o T

7

e

2
‘G

HOORIRA R ] e b sk SR S 4t oG Gl £ < 381,216
Js» #imiE Elmm/s s se#pF 110s > Fig 181 fo™ & w4 77 4 £t 5 104/ 2 %
90F) enE F A v B o

H-$.% % 4rFig 18 ~ Fig 19 ~ Fig 20#77% -
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345

Fig 18 : Temperature Distribution » At 10s and 90s

BB o 45 VE e PE R LL0F) M 2 0 Sk fo 4 Frenpr P 1904) 0 57 & 11 b HC
BEE VD Figl8hE F AR E R FRGEION L0418 huf B A K i o
DR PHERAFER TLIRRFRARIORE CREARAPATFILED ViGR
Eh B E O BRI R S SR ERRN ML o BERT &R BRE

NGB EEr S FRRC{ frE > SRAHTRR 47T &
#

b P T P
LLL%;@_-Q“?{;@—%;\ZT ) @F&E‘eg?;i;},zg@%?;iggiﬁ“o

T F‘\'F
f\-mh
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<y
Sy
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Surface Temperature vs. Time
at points across width

1400
1200 |
1000 |
5
® goo |
©
1}
3 600 1 P1=(55,28.5)
2 P2=(55,15,5)
400 P3=(55,2,5)
200 |
0 1 1 1 L L L L
0 40 80 120 160 200 240 280
Time(s)

Fig 19 : Surface Temperature vs. Time at points across width
(x=55mm z=5mm) ymm (B2 x &2 7z » ;2 y > » + 7 fp e )

HRRREORRA T o A BRE Ay EARS (4o BT )0 B d 20X D)
SRR ORI R AP RGERY Ef R 0 Fp R R @w 2 REFYER
B FEENRROET AL > PR AR AR BN 2 4)3 PRI R A
AR BBRRKTEFILAF R PERBEALY PLAES S LA
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Temperature vs. Time

1400 at points of different depth from surface
5
51200 P1
3
51000 | P2
o
E
L4h]
= 800 |
600 |
P1=(55,15,0)
400 P2=(55,15,-1.6)
P3=(55,15,-3.4)
200 P4=(55,15,-5)
0
0 40 80 120 160 200
Time(s)

Fig 20 : Temperature vs. Time at points.of Different Depth from surface
(x=55y=16mm) zmm ( B Ex&Hy ' z= %t 3 FFREX £ 45 )

e B R AR SR B AT B

U P B BERER B 0 f R AR A6 3T 200°C AR £ o 2T R F R
R R R ’%") # o AR RO

irﬁ§g 50 RAEREE 5
T TEREEL PP TR P AERY ‘s‘xlﬂmé‘"‘ Fbo g TR DR
io?%»—‘\g%}j’\& /F\/E—IE)F’?F]JLIJ??/\MT ;\, fg_fso

%% g & BEF] G OBELEVRIT R R P

533 i A 5 1.bmm/stcHtF % #id ¥ (Simulated Actual Heat Source
V=15 mm/s)

FORAK AL 2 FFig 17 0 X T F 42 L oo vl £ % 0] 381.216 Jfs 0 At
ik 15 mm/s o seg i pE R 110s 0 Fig 210 e A B R T A B R THE %615
HE R AL B o iR % 4oFig 21 ~ Fig 22 ~ Fig 23#751
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229

Fig 21 : Temperature Distribution » At 7s and 60s

B o 42 Vs APE R TA§) 0 2 R B (s 4 franpE [ 226 4 > S5 & 1t
WSS > 7 0 Fig2l cnE g B R > PGB T )8 60 ) 1 i B A
Al D BYP T g AR RERET R FRASBEER Imm/s 3 L5 mm/s
WRT o BB ERF T 176 -
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Surface Temperature vs. Time
at points across width

1200
%1000 )
E | P1=(55,28,5)
o P2 P2=(55,15,5)
2 800 | P3=(55,2,5)
@
|_

600 |

400

200 |

0
0 40 80 120 160 200 240 280

Time(s)
Fig 22 : Surface Temperature vs. Time at points across width
(x=55mm z=5mm) ymm (HZ_x& 72> %y > vt % pedp)

B B G 1 mmis g ARt F g A T g epgl o g o+ A epe

ME TRy P g WOV IE IR AR R R B R AV R PR IR Y
AgLERY cyER A Sy EE)DLN 0 HRE100C 2+ 0 e Vit =
e 5
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Temperature vs. Time

1200 at points of different depth from surface
% 1000 P1=(55,15,0)
3 P2=(55,15,-1.6)
E P3=(55,15,-3.4)
% 800 P4=(55,15,-5)
|_

600

400

200

0 1 L L L 1
0 40 80 120 160 200
Time(s)

Fig 23 : Temperature vs.~Time at points of. Different Depth from surface
(x=55y=16mm) zmm( AEx 2y z et 2 FFRXFH %5 )

BlP BT FRETRARAS TR XA A & BT L IERERIT  ERKP
B RS R ATER R % L5 W G 300(::1% Lo2d A S /s
SRR R B R LS IR ehig R 8T IR R R e B d

5.3.4 i B L2mm/st#tF % #:i £ (Simulated Actual Heat Source
V=2 mm/s)
%0 BRSOl Y FigLT o AR 4t R g £ 4 ) 381.216

s> #ikiE B Imm/s se 4 pF @ 110s> Fig24 o™ A W& T4 % 5§58
% 45 fen% 8 A 15 B o WL % 4o Fig 24 ~ Fig 25 - Fig 26 #17 -
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310

Fig 24 : Temperature Distribution » At 5s and 45s

PP o 35 VG pE OS54, 10 2 F B 1 4 FrenpE B 245%) > SR E L
#EE VD FIQUANE ERBE R P SESFHEASH SR R A TR e
dRY TR R AL ET R R AB R RLMMSE 2 mm/sehfi T 0
BOE R U 1268C o R Fldok L5 mm/s#rit o
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Temperature(C)

fgrs ’

Surface Temperature vs. Time
at points across width

P1

P2

P1=(55,28,5)
P2=(55,15,5)
P3=(55,2,5)

40

80

120

160

200 240

Time(s)

Fig 25 : Surface Temperature vs. Time at points across width
(x=55mm z=5mm) ymm (B2 x &2 7z » ;2 y > » + 7 fp e )

B R S Imm/s 22 1.5 mmis cEhiprs > v g L BT g e
AEE & o F AP T g fEg i 500°C X -0 af 0L G eI Aok b B AR
e B OTIEHAN R E LAY oy BBy Eho] Ly

13 100°C > p EL g A g
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Temperature vs. Time

1000 at points of different depth from surface
. P
£ 9001 P1=(55,15,0)
S 800 | P2=(55,15,-1.6)
(]
s 700 | P3=(55,15,-3.4)
£ P2 P4=(55,15,-5)
= 600 ..
500
400
300
200
100
0 = L L L L Il
0 40 80 120 160 200

Time(s)

Fig 26 : Temperature vs.~Time at points of. Different Depth from surface
(x=b5y=156mm) zmm( AEx By z w2 FEFREZH L5 )

Fig26 7 R ¥ >R AT ?é o o BLF] S BEHIAVRIT R (%
PREVCHEBEROFR G X EA LA BRE 3 BT400CE L - 2# R 5 1on/s
M 1Lb mm/s g RAp Y R BT LR A g R BT g R GO 4 i
;@%‘L o

535 ® A& i1 mm/sk%#i £ (Spot Heat Source V=1 mm/s)

1:%4’ TEJ_’L%/}E‘IWJ'%HM o T R I AR R R R A BT A
fhap o F]R 3K FT Fig 2740 R T mém&w & 2 e B %

1
Bl odeBlrt TARKI e MEE SR, DAY BFRASLBRELIL G

(1:5><105VVm2 Yo BB NI S TS AE R L o
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Heat Source
Moving Direction

-

= ra e | | —
Y

,_
I [S1 11 IS
= D[ | | =

Fig 27 :

1=500000 W/m?2

Heat Flux Distribution of Spot Heat Source
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Fig 28 : Temperature Distribution » At 10s and 90s

BB R e E Ve R LI04) 1 2 F B4 FranpE B 1904) 57 6 1 #
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iy o d WHRREEFx e R RAVE EF LA BERREHRET
e A4 T R R TR o FE L D AURS AR RE N R
BB IR R A BRI B BEORR R RAVLIET % 0 A 2 Bl ] B
ST IRFEHA e 0 € 1 ¥ B (g2 B EEARAR I > BURIE(S o RB T F 4
Fringl e g R EZ SR RY MEE T ESAER c AR BRI R EFRT
ety B vt g B 0 300 B s 0 22 F R AE R 200°0C T o F 5 BRAUR D
SHTE G s BR AR EXF I TARRBESLE RF A BTG
g s BATRARGE o FRERBVIRS - BE

Surface Temperature vs. Time
at points across width

1400

o P1=(55,16,5)
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Fig 29 : Surface Temperature vs. Time at points across width
(x=55mm z=5mm) ymm (H 2 x¥ z> %y > vt 7 PEER)
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Temperature vs. Time

1400 at points of different depth from surface
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Fig 30 : Temperature vs.~Time at points of. Different Depth from surface
(x=55y=15mm) zmm (FExZy > 2> v * FFEEX# 45 )
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~ 3338 & £ R (Experiment Set Up)

6.1 51 % (Introduction)
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6.2 B R R E®E (Temperature Measurement) :
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Flet B - F SR hi L % % (Thermocouple) -

6.3 F7 B EE 2R SEE (Thermocouple Principle and Set Up)
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Fig 31 : Thermocouple Model
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Fig 32 ~ Fig 33 #171 °

Thermocouple

Heating Region

Glass Sample

hermocouple inside the Glass

Fig 32 : Illustration of |
4

-
-

P —— T e |

Fig 33 : The Photo of Thermocouple installed inside the Glass from the Top View
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Fig 34 : Illustration of Experiment Set Up

2% (Result)

Temperature vs. Time
at points of different depth from surface

P1

P1=(55,15,-1.6)
P2=(55,15,-3.4)
P3=(55,15,-5)

Fig35:
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7.1 ¥d 29 2% # (Simulation and Experiment Result)

e RRSEERT > S P %% % A Yo Fig 6-1 ~ Fig 6-2 ~ Fig 6-3 #7
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£
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300
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Time(s)

Fig 35 : Comparison of Results from Simulation and Experiment at P1
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Temperature v.s Time

200 at point of different depth from surface
55
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=
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Fig 36 : Comparison of Results from Simulation and Experiment at P2
Temperature v.s. Time
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Fig 37 : Comparison of Results from Simulation and Experiment at P3
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Temperature vs.Time
1400 at points of different depth from surface
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Fig 38 : Temperature vs. Time at points.of Different Depth from surface
(x=55y=16mm) zmm ( B Ex&Hy ' z= %t 3 FFREX £ 45 )
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