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(Ceramics)

(Kiln)

(Gas Kiln)
(Qil Kiln) (Wood Kiln) (Electric Kiln)



8. (Loading) (Un-Loading)

10. ,
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(Insulating Brick)

(Terra-cotta)

(Firing chamber)



(Reduction)

3.1.2

brick)

(Light ol

(Firing chamber)

(Top part)
(Middle part)

(Bottom part)

(Fire Wall)
2

10

(Oxidation)

(Heavy oil)

(Lining)

(Insulating



3) (Floor)
(Checker work)

4) (Chimneys)

5) (Baffle wall)

6) (Burner)
(Blower)t

High  Pressure

Nozzle

7) (Roof)

8) (Door)

(Kiln car)

(Peep hole) 1
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9) (Kiln car)
(Tunnel Kiln)
(Car top)
(Sand seal)
10)
11) (Thermometer)
12) (Fire hole)
3 cone
13) (Kiln Furniture)

I (Silicon Carbide)

3.13
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(Pressure gage )

10
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351

352

34

(con. = As x hc x (Ts - T3)

Qeonv
As (2
h
\m2-K/
T8 (C)
Ta (C)

Qad = A x hr X(Ts - T3)

Qrad

As (12)
he

TS (°’C)
Ta (C)
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353

4

(C02 (2 (D) 02)
(C0)

Qfg,i ~ mfg,i x * £ (")) fg(i ~ ref)fngJx At
(39)
Qfg.i

354 ?

St~ ioxepi x o~ TjijH) (37)
E3 i
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mi \(kg)
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Ti o (0
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3.6

(C3H8) (40

1 (c3Hg) 40 %
(can 1) 60%

36.1

0.6C3H8 + 0.4CHI0 + 5.61 {02 + 3.16N2) ->
3.4C02 + 4,440 +21 o5 6MN2+5.6(M - 10

(39)
362
02}
56-2.2X
merr 10 39)
5628650X )
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3.7.1 (linear regression)

10 X, y, 121,23

g(x) = a0 + axx (3-9)
al 1

10 n I 9(x)
J, d(Xj)

E

e - 2 fdi)] (3*10)
Yy

g(x) =a,+a x

\
©
=
=
A —
<
<

Y

10



( -10)
= 7 Wi - 9
(3-9) X=X

(3-10)

(3-11)

= £1[yi -(<30+aixi)]2

(3-12)

(least-squares)

@7 to

to

Z

fl

= [
ai 2Zzly
Xi - ai z
/
S |
> 1 o« |:1y
Z xiMi

25

3 1)

(3'12)

a0 a,

(minimization)

(313 )

(3-13 )

(3-14 )

(3-14 )

(3-15)
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(3-15) a0 a,
& 6)
( ( o =Y \
£ Yy £ X f Z XiYi - 3-16
0 o miztor =Ty (3-16 )
(0 N .
£ xi . X
w =1
( Voo
] xiyi tox
al 1 y <=1 Vi=l y (3-16 )
(I\ V A
x f £
Vi =1 y <i=l
a0 a, (3-9)
3.7.2 ?
10
(nonlinear) (polynomial
function)
1) (power equation)
y = axb (3-17)
y = logy
f ok i
y =aXxi
N\ fATL = b
- X !og:
-3 Kﬁ_ﬂﬁﬂ =leg a
() ()

1
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) ' , (exponential model)
j = a-eeb* (3-18)
Y
/1 anutu = b
-~ ’a}@ﬁ@ = log a
() (7) aNNTUEY
12 1
J) (saturation-growth-rate
equation)
y =a°+ X _ (3-19)
y =A%y

> X
(n) ANN1TERTINTHNNGIABNAT

13

ALY

9909 = 1/a

—

X

(1) ANNITTAUEY
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313 (polynomial regression)

14 ,

xity 1=1.2,3

of) =&+ ex tCt  t...+3mexm (3-20)

a0a1a2....am
(3-11)-(3-13)
+1 (3-21)
a0ava2..am
Yy —
; dix)f |
g(>/ | \
b I ® y,
° a(x,)
Y, Y
Y, s
w ! ok
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£1%]
£1*1 tl4
£14 74
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E*? BV
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Sy & XY
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XiYi
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d 2T arT_ _ ope dT (3_22)

dx 2 dy 2 k dt

D (m vy =10,0 <y <0.84)
) (r(0.23y,t) = r2(t),0.23 <y < 0.84)

3 T{X-y't = 0,0 < <0.23
) oy 9 e y )

H (T(x 0.1) = i\(t) 0 < x < 0.62)
5 1o 0.23, 1) = 121),0.23 < x < 0.62

g STV D g0 < 0.29)
0y y=084

383
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) (%
2) t
)
T, (t)
0 0.23 o
\ or
0z
N L(t)
0.84
5 \ oT
y

e =
Oy

517 21 1BumsALANYeIgMA R IURTIA UMAILLLUS

d 2T 42T B a7 (3_23)

pc
dy 2 dz2 dt

n o (Mm zt) =1,0<z < 0.23)

f

Tty Loy - Q0« z < 0.23
y=0.62 y

9 (ry, 0,1) = i\(t) , 0 <y < 0.62)
4) = 0,0 <y < 0,23

5 (r(y, 0.23, 1) = 12(1),0.23 < y < 0.62)
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L T,(t)
2 |
d 2Tt dat 0 (3_24)

?+?:pcdt

1) (T(x, Ort) = rx(t),O < X < 0.62
2 (HULALONE = 0,0« x <0.23)

7=0.23

3 (T(x, 0.23, 1) = r2t),0.23 < x < 0.62)
A (T(0, z, 1) = rx(t),0.00 <z < 0.23)

5) (_<9T(X, Z, t) 0’0 < 7 < 023’

dx x=0.23

T+20$30072



3.9 (Finite Difference Method)

control-volume discretization

391 Discretization
23 2
(x-Clirection) N
directionH 1P
H 1
sy ot
w wig//é/f’%r :
/4/4/}4_1_
23 2
2 XY
o [k 3T a7

-+

pcd~t:: sx J dy|y,

one-way coordinate
(Initial temperature)
t t + At (
Tp, Tp, Ttf, r°, T8 (
t+ At ITp, Tp, T, T, T¢

36

(3:2)
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23
tt+ At
5( fteA dT ft+ f Qv
\hj \I pCa—t—dtdxdy :*NrS(\f\V(é_iX IkOd_XJdXdydt
T+ WIS ¢
& dydxdt
(3-25)
T )
rr f 4tA C = pcAxAy (TP - ) (3-26)
fk sp
dx dx.
A B W
I omooax f gy trOvY
firAt 1 [, 3T
: &y' e {fao
(3-27)
2 1 IT;
2 24 !
stepwise 24( ) A —
dx
piecewise-linear
24( )

dx



38

—
R ot |
L

D e e - -

'l

() Stepwise profile () Piecewise-linear profile
24 2

> (3-28)  piecewise-linear
X

Tp)  k [Tp — Tm)
{Sx) y

(3-28)

dt

25

25 (X
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k
dy  dy)
ftAt [ rs.d (1 dT
W yyk%\/j dydxdt
AU A aT \ 57  dt
vodyd ooy dy,
£ +AtAX *SWs - Tp) _ k (Tp - Tn) 4,
{Sy)s lay)
(3-29)
(3-26) (3-27) (3-29) (3-25)
+ . . :
pcAxAyd) - Tp) = £ A Ay TReE - To) o ufp = To)"
{Sx). {Sx)w
A X fks{Ts - Tp) _ kn(T - Tn) dt
{Sy)s (Sy)n 1
(3-30)
Tp, Te, Twr N1 Ts
t t+ At
t+At
| tpdr = [fTpl+ 0 - £)T°] At (3-31)
f 0 1
Tp, Te, TwlTn, Ts (3-30)
PEAXAY i - W) _K(Tp - T oy
At (Tp - Tp) = f Ay v {SX)e (SX)W y
AXA T k,wi 1] +
(0y)s {Sy)

fk e(TE - Tp) K(Tp -
V (Sx)e (a-K ]
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Ax k(T2 1)
(Ey)< (Sy)r
(3-32)
(-32) 1 71p, Te, Tw, Tn,
Ts t+ At

TP = ac fTp +(1- 1)t +& 1, + (-

fT, -MI - t)1s + ar TN+ (L -

akE =

a - Ny

a - k- ' Ny
(Ey)s

aN: k L
(Ey)n

. = " AxAy
At

ap =D+ jf-awt fo-aE £ 1 AN 1 -
f discretization
(explicit scheme)  =0.5

(Crank-Nicolson ~ scheme) f= 1
(implicit scheme)

(3-34)

(3-34)

(3-34)

(3-34)

(3-343)

(3-34 )

f =0



discretization 2
unsteady state problem) f =1 (3-33)

SPTp = aEAE + a ~ + aNAN + asTS + b

ke . Ay
T ex)e
K - Ay
a = (Sx)w
ks - AX
as ~
(Ey)s
*1 - AX
aN =
(*y)n
5 — pcAxAy
At

b = o

0,
ap = @p * aw + af + aN + as

3.9.2 Discretization

41

(Two-dimension
(3-34)

(3-35)

(3-36 )

(3-36 )

(3-36 )

(3-36 )

(3-36 )

(3-36 )

(3-36 )

(3-37)



discretization

3pTp = aETE + awTM + b

- K, - Ay
™ - 8§&f%

ap = ap + aw + akE + aN + as
b = CAX
(3-40) ke
e kw
X
ke kw
(ke )
(k) P E

ke kp, kE

= K kp Z

e (ge)

42

(3-38)

(3-39 )

(3-42)

(339 )

(3-39 )

(3-39)

(3-40)

0.5

18
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(43 (-39 (e

e (ge)

o - 343
gz~ -

(-41) (-#4)

V. KP y

ke = ~ KpKe - (3-45)

(3-49)

Mo kw krl ks 27
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Kp + Ke (3-46)
2 . KPKW (345 )
KP + K,

2 - KpKn )

KP + Kn (346)
2 . KpK3 345 )
Kp + K3

UFumsAuAN

31U¥ 27 BumsAauANaasiywInistneinANFauuLL 2 A

3.9.3 Discretization 2

kelkwlkn ks

K = = (3'47)
- (347 )
K= KN (3-47 )

(3-47 )



, Ke, Kw, Kn, Ks

(1 - 0.0616938432 X eQ0UGTRET) (349

|| P
3.10 (Enthalpy)

Enthalpy [kd/kg]
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Enthalpy [kJ/kg]
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2
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Enthalpy [kJ/kg]
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-11900} .
-12300} i
-12700}- B
-13100- .
——hy,0=-13465.3 + 1.8001-T + 0.000338351 T2
-13500 s X L 1 N 1 N 1 L
0 200 400 600 800 100G
Temperature(°C)

1 v
917 31 nagnamgiinuieuniatiaedleun

Enthalpy [kJ/kg]
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T

-1000

T

?

-1500

T
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2000 ——Ngapg=-2434.16 + 2.01029 T +0.00133946-T ]

T
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Enthalpy [kj/kg]

1500 r

T

1000

5001

-500+-

-1000

T

-1500

T

2000} N gpyo=-2247.54 + 2.01768:T + 0.0012864T> 1
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