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Parmelee, C.W., Ceramic Glazes, Massachusets, CBIl Publishing Company Inc., 1975.
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Abstract

Project Code : RDG/0017/2542
Project Title : improvement of firing process of ceramic ware in a dragon kiln
investigator : Pumyos Vallikul, Departmet of Mechanical Engineering,

King Mongkut's Institute of Technology North Bangkok.
Email Address : pyy@kmitnb.ac.th
Project Period : 1 year
Objectives : To study the fundamental thermal process related to the firing of ceramic wares in a
“dragon kiln” and to explore possibilities for the reduction of ware damage.
Research Methedology: Data on quantity of ceramic wares damaged, firing load and temperature
distribution within the dragon kiln is collected. The relaticnship between the firing rate and the
product damaged is analyzed. Methods for improving the firing process are then determined.
Results: Dragen kiln, a typical type of ceramic furnace in Ratchaburi province, is a large kiln of 285
cubicmeters in volume. It has been developed and its size enlarged from the conventional ceramic
kiln used in Thailand. One firing cycle lasts 72 hours, and the quality of the fired products are
classified as the first grade, the second grade (minor repair is needed) and the totally damaged
products. The last two classes are considered as the damaged products in our study. Most of the
damaged products are found at the front part of the kiln and are about 30% at that location. The kiln
is fired with wood: 2,243 kg of which is brunt during the preheating process and 5,682 kg during the
stroking process along the length of the kiln. The average heating value of the wood is 18,014 kd/kg.
The maximum firing temperature is 1,274 °C. The rate of change of temperature with time atong the
kiln is found to fluctuate wildly especially in the front chamber of the kiln. The temperature along
other parts of the kiln however increases steadily and reaches a maximum, before declining, at the
end of stoking.
Conclusion : Analyses of the experimental data shows that the front region where the majority of
products damage occurs corresponds to the region where the magnitude and frequency of
fluctuation of the rate of change of temperature is highest. The fluctuation can be damped hy
installing a heat storage box next to the firing box. Numerica! simulation of the damping effect on
temperature changes resulting from the installation of a pseudo one-dimensional heat storage box is
demonstrated in the appendix of this report. This result points to the potential of using a heat
storage device (such as bricks) to reduce the product damage.
Future research: Detailed calculation and design of an actual heat storage box for damping the hot

gas temperature fluctuation and combustion analysis within the kiln will be advanced.
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v - s -l“ - r w
Faaf 3 dins 1 Uu Sant2tu ldna Tty Pty
N1 150 44 55 50 299
Lnia 2 40 16 5 28 89
UARRN 10 4 0 5 19
JU 200 64 80 83 407
% LR 25.0 31.3 83 39.8 26.5
v e ' o -~ = .~ = \ Y - "
waafi 4  lee6tln Sty adent2ily A Wnate  laliéEn T 59
[Sar il 12 15 107 7 80 50 16 267
e 2 7 5 15 0 10 5 1 43
TEREIN 0 0 6 0 2 0 1 9
T3 19 20 128 7 72 55 18 319
% L& 36.8 25.0 16.4 0.0 16.7 9.1 1.1 16.3
v - ' - o = . - ~ - v v " | I 1
weefls 1897 Du sy e Tu dans28u Sons1 0o lhnaw  WiEn dahlunag 5w
T 16 16 96 12 80 35 2 257
N7 2 4 ¢ 8 0 3 5 0 20
UEN¥N 0 0 0 0 0 0 0 0
323 20 18 104 12 83 40 2 277
% =1 20.0 0.0 7.7 0.0 36 12.5 0.0 7.2
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vasf 1 lWheadEn n Tnas  WiEn T
\nIat 36 35 16 36 123
tnTa 2 30 2 1 1 34
uaNwn 2 0 -0 .0 2
720 68 7 17 37 159
% 18 474 5.4 5.9 2.7 226
vosfiz Wnaadn  lw aznin 189 1 ety
inIa 67 63 20 12 33 195
\NIq 2 16 0 0 18 & 40
UANAN 0 0 0 0 3 3
Eety 83 63 20 .30 42 238
% \Te 19.3 0.0 0.0 60.0 21.4 18.1
wosfi 3 1dnsadin e laEn feni W fapth  danndy T
insat 171 72 71 10 96 29 10 459
nIe 2 29 0 2 1 12 3 20 87
wAnWN 4] 0 0 0 2 0 2 4
3 200 72 73 11 110 32 32 530
% 1§y 14.5 0.0 2.7 9.1 12.7 9.4 68.8 13.4
] o - - = o v
vaafi 4 danv4 Ty Ta7ily donszty Lhaw  ULhEn U
\nTa 18 18 120 67 44 : 267
inTa 2 2 8 24 5 0 39
uanin 0 0 4 0 0 4
73U 20 . 26 148 72 44 310
% LFY 10.0 30.8 188 69 0.0 13.9
Faefi 5 fanvatlu lase Ty dens2ty Wnens e T TN
inIat 20 23 100 90 23 4 260
NI 2 0 9 10 4 0 o 23
LanN#N 0 0 4 4 0 0 8
T 20 32 114 98 23 4 291

%Auan¥n 0.0 28.1 12.3 8.2 0.0 0.0 10.7
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Sasft 1 fons 4ty lnens lEn n Tieety 9w et
tNIag 13 31 75 24 0 25 168
\nTn 2 34 9 12 0 5 2 62
UAN®N 2 0 5 0 0 0 7
730 49 40 92 24 5 27 237
% \H 73.5 22.5 18.5 0.0 100.0 7.4 29.1
¥aaR2 g2y lde1du ldeeDu smsidy UWnes  WiEn aznin T
et 33 50 1 30 75 150 25 364
\nsa 2 45 B 4 10 & 153 Q 86
LEART 0 o} 0 0 0 5 o 5
TET 78 56 5 40 81 170 25 455
% 1Fu 57.7 10.7 80.0 25.0 7.4 11.8 0.0 20.0
Weun 3 l8a1%lu sons1fy  esnd T
inIan 95 78 50 223
iR 2 6 10 8 24
LANWAT 8 2 0 10
74 109 80 58 257
% \TB 12.8 13.3 13.8 13.2
P . o o~ - - v v = v
voafi4  lde6du donv2Tu Jens1 Ty nae  Lldn azni T
1n7a1 32 263 25 42 22 50 - 434
1R 2 2 44 5 6 0 0 57
uanwn o} 3 0 0 0 0 3
77 34 310 30 48 22 50 494
%ALANAN 5.9 15.2 16.7 125 0.0 0.0 12.1
¥eoR 5 ldaeihu dant2iiu Wnaw  swth emnd T
iny@t 13 102 80 5 31 231
e 2 3 11 3 3 0 20
LANWN 0 0 2 0 0 2
521 16 113 85 B 31 253
% \RU 18.8 9.7 5.9 37.5 0.0 8.7
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Mwh 24 vauiualsiiines

= v a
a11INn 7 auaznsifiBainiifinelranien

9@ 1Y dmtinazay NN ANTauEsaN
wfn)  (Alandn) (Alaniy) (lagasiaflaniu) (filazadafilaniy)

7.30 20 20.00 360,289.80 360,289.80
8,10 g 29.00 162,130.41 522,420.21
8.30 9 38.00 162,130.41 684,550.62
8.40 18 56.00 324,260.82 1,008,811.44
8.50 5 61.00 90,072.45 1,098,883.89
9.13 15 76.00 270,217.35 1,369,101.24
9.15 16 92.00 288,231.84 1,657,333.08
9.30 12 104.00 216,173.88 1,873,506.96
9.35 12 116.00 216,173.88 2,082,680.84
9.50 17 133.00 306,246.33 . 2,395,927.17
10.00 13 146.00 234,188.37 2,630,115.54
10.15 14 160.00 252,202.86 2,882,318.40
10.30 21 181.00 378,304.29 3,260,622.69
10,40 18 199.00 324,260.82 3,584,883.51
11.00 30 229.00 540,434,70 4,125,318.21
11.11 18 247.00 324,260.82 4,449 579.03
11.20 21 268.00 378,304.29 4,827,883.32
11.30 30 298.00 540,434.70 5,368,318.02
11.40 16 314.00 288,231.84 5,656,549.86
11.50 28 342.00 504,405.72 6.160,955.58

12.00 16 358.00 288,231.84 6,449,187.42
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LI80 e dwinazay AIUTE AuTauasa
(uwnn)  (Alan) (Alansu) (Plavadeflanii) (Alagadafilaniy)

12,10 19 377.00 342,275.31 6,791,462.73

12.20 22 399.00 396,318.78 7,187,781.51

12.30 - 28 427.00 504,405.72 7,692,187.23

12.40 31 458.00 558,449.19 8,250,636.42

12.50 20 478.00 360,289.80 8,610,926.22

13.00 25 503.00 450,362.25 9,061,288.47

13.10 20 523.00 360,289.80 9,421,578.27

13.20 19 542.00 342,275.31 9,763,853.58

13,30 25 567.00 450,362.25 10,214,215.83
13.40 35 602,00 630,507.15 10,844,722.98
13.50 30 632.00 540,434.70 11,385,157.68
14.00 35 667.00 630,507.15 12,015,664.83
14.10 35 702.00 630,5607.15 12,646,171.98
14.20 38 740.00 684,550.62 13,330,722.60
14,30 32 772.00 576,463.68 13,907,186.28
14.40 35 807.00 630,507.15 14,537,683.43
14.50 30 837.00 540,434.70 15,078,128.13
15.00 35 872.00 630,507.15 15,708,635.28
15.10 48 920.00 864,695.52 16,573,330.80
15.20 41 961.00 738,594.09 17,311,924.89
15.30 49 1,010.00 882,710.01 18,194,634.90
15.40 52 1,062.00 936,753.48 19,131,388.38
15.50 49 1,111.00 882,710.01 20,014,098.39
16.00 53 1,164.00 954 767.97 20,968,866.36
16.10 55 1,219.00 990,796.95 21,959,663.31
16.20 57 1,276.00 1,026,825.93 22,986,489.24
16.30 60 1,336.00 1,080,869.40 24,067,358.64
16.40 56 1,392.00 1,008,811.44 25,076,170.08
16,50 58 1,450.00 1,044,840.42 26,121,010.50
17.00 56 1,506.00 1,008,811.44 27,129,821.94
17.15 66 1,572.00 1,188,956.34 28,318,778.28
17.30 56 1,628.00 1,008,811.44 29,327 ,589.72
17.45 51 1,678.00 918,738.99 30,246,328.71
17.50 58 1,737.00 1,044,840.42 31,291,169.13
17.55 65 1,802.00 1,170,941.85 32,462,110.98
18.00 75 1,877.00 1,351,086.75 33,813,197.73
18.10 66 1,243.00 1,188,856.34 35,002,154.07
18.25 68 - 2,011.00 1,224,985.32 36,227,139.39
18.30 86 2,097.00 1,5649,246.14 37,776,385.63
18.40 75 2,172.00 1,351,086.75 39,127 ,472.28
18.50 71 2,243.00 1,279,028.79 40,406,501.07
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N I () UM (KG) thwinazan (KG)  anufau (KY)  aradauasan (KJ)

(o R e R e e e O O % B

[ T N TR s B N T % T N T s O e S T Y S S
[=> T &) W - /. T . T o B <+ B« « B T = R 5 ) R S 7 S S B =

19.00
19.05
19.10
19.20
19.30
19.40
19.55
20.15
20.30
20.55
21.05
21.25
21.40
22.10
22.30
22.55
23.10
23.30
24.05

0.35

0.55

1.20

1.40

2.05

0
X
19
10
26.2
30
20.5
33.5
50
38
54
54
58.5
66
61
70
85
85
69
85
85
67
71.5
72.5
67
85

0.00
0.00
19.00
29.00
55.20
856.20
105.70
139.20
189.20
227,20
281.20
335.20
393.70
459.70
520.70
580.70
675.70
760.70
829.70
914.70
989.70
1,066.70
1,138.20
1,210.70
1,277.70
1,362.70

0.00
0.00
342,275.31
180,144.90
471,979.64
540,434.70
369,297.05
603,485.42
900,724.50
684,550.62
972,782.46
972,782.46
1,053,847.67
1,188,956,34
1,098,883.89
1,261,014.30
1,531,231.65
1,631,231.65
1,242,999.81
1,531,231.65
1,631,231.65
1,206,970.83
1,288,036.04
1,306,050.53
1,206,970.83
1,531,231.65

0.00
0.00

342,275.31

522,420.21

994,399.85
1,5634,834.55
1,904,131.59
2,507,617.01
3,408,341.51
4,082,892.13
5,065,674.59
6,038,457.05
7,092,304.71
8,281,261.05
9,380,144.94
10,641,159.24
12,172,390.89
13,703,622.54
14,946,622.35
16,477,854.00
18,009,085.65
19,216,056.48
20,504,092.52
21,810,143.04
23,017,113.87
24,548,345.52
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A 1387 () $min (KG) dndnasay (KG) anuiou (KJ)  anudaussay (KJ)

27 2.35
28 3.00
29 - 3.30
30 3.55
31 4.10
32 4.35
33 4.53
34 517
35 5.33
36 5.48
37 6.25
38 6.40
39 6.58
40 7.22
41 7.44
42 7.55
43 8.10
44 8.20
45 8.35
46 8.50
47 9.00
48 -

49 -

86
64.5
79.5
63.3

85
598.5
69.5

85

76
70.5

95

64
62.5

95

77

60
52.5
37.5

59

58

60

1,447.70
1,512.20
1,591.70
1,655.00
1,750.00
1,809.50
1,879.00
1,974.00
2,050.00
2,120.50
2,215.50
£ 2,279.50
2,342.00
2,437.00
2,514.00
2,574.00
2,626.50
2,664.00
2,723.00
2,781.00
2,841.00
2,841.00
2,841.00

1,531,231.65
1,161,934.61

1,432,151.96 .

1,140,317.22
1,711,376.55
1,071,862.16
1,252,007.06
1,711,376.55
1,369,101.24
1,270,021.55
1,711,376.55
1,152,827.36
1,125,905.63
1,711,376.55
1,387,115.73
1,080,869.40
845,760.73

675,643.38 °

1,062,854.91

1,044,840.42

1,080,869.40
0.00
0.00

26,079,577.17
27,241,511.78
28,673,663.73
29,813,980.95
31,525,357.50
32,597,219.66
33,849,226.71
35,560,603.26
36,929,704.50
38,199,726.05
39,911,102.60
41,064,029.96
42,189,935.58
43,901,312.13
45,288,427.86
46,369,297.26
47,315,057.99
47,990,601.36
49,053,456.27
50,098,296.69
51,179,166.09
51,179,166.09
51,179,166.09
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nndagama@nwiWldioien @nil 8 awd 27) wuhlbuudazanldiulaivrianud
a4 A v & 3 =3 Qs 'l-l = Rr =

anwmuﬂumumme'l,m%mwammﬁmamﬁwﬁmlmm;Jﬂmemummeau
dannuiuaINTean  (Thermal Storage) SaTINTIASLaANNTouLaINTa et lnisas
ey P- t:{' d' =2 1 L = LY ; = d'
USimrsaa it wSasnvrdneiaa 1y Namﬁﬂﬂimmm{lﬁmﬁﬁatwaaqu"l.wn
nzlvanian 2,243 fAlanty wandnlWliioendreastszanm 2,841 Alandy sanuld

& = - a
DawdiUTanm 7,925 Alaniy

HAMTIAE WAL LuLa

goanpiiinsznslweniadlaoiuiindygnmnnefluduilasiiown  (Thermocouple

= s o P A B v r.l .di L -

type K) T@uuanwmzﬂmm«;;meamLmumtzl.ﬂuﬂmmgmmmaﬁﬁﬂatwa'lnﬂuqmv&qu
v A& o -~ as [y w SR S

ledgaliudaniwd 28 gampifinaznolwenldnndygnavesmefladuidaiiuina

'luaqﬂnsrﬁﬁué’n_;mﬂm (data logger) V89 YOGOKAWA 3% DS600 uaz DA100 Fanng

: w = a4 - - & [
29 Llﬂ:LL‘ﬂaﬂﬁmmﬂmaaﬂuﬂlﬂuqmﬂqw ‘HOLﬂiﬂﬁqﬁﬂimmuﬁtyEg'lmuﬂ’llﬂiﬂuuﬂﬂ

LT Y]
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Abstract

"Dragon” kilns have been used to fire ceramic wares
in Ratchaburi Province that vend in and out country. After
firing process found the damaged ceramic wares per Kin
about 20 %. At lHe front of the kiln found the damaged
cetamic wares about 30 %. To understand the kiln, study

the kiln component, time and activity of kiln operation cycle,

quantity of damaged ceramic wares, fuel consumption and
temperature distribution along the kiln. Analyses of the
experimental data shows that the front region where the
majority of products damage occurs corresponds to the
region where the magnitude and frequency of fluctuation of
the rate of change of temperature is highest. The fluctuation
can be damped by installing a heat storage box next to the
firing box. Numerical simulation of the damping effect on
temperature changes resulting from the installation of a
pseuda ope-dimensional heat storage box is demonstrated.
This result points to the petential of using a heat storage

device (such as bricks) to reduce the product damage
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