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ABSTRACT

The thesis is aimed at studying the temperature distribution from using LPG fuel for
heating metal sheets in a continuous oven for the characteristics of a variety of thermal equipment
for high-, medium- and low-temperature drying processes. This purpose is to define the heat
transfer in drying the metal sheets. Mathematical modes, which represent various modes of heat
transfer as conduction, convection and radiation, had been proposed. Different thermal
parameters, specific heat, thermal conductivity and thermal parameters involving with drying
sheet metal are determined. Mathematical modes show the performance of drying oven to
determine the characteristics of heat transfer and how to control LPG fuel for operation in the
drying oven. The mathematical modes also provide the quality of LPG combustion in forming
heat transfer in conduction, convection and radiation for development of heat transfer procedures
to be used in equipment design and operation by using the quadratic regression method. By using
a computer program on technique equation, the optimal period cycle time is computed and its

value is then validated with real temperature of a cycle time obtained from curing metal sheets.
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Fig. 2. Model solving procedure.
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q,=h4.(T,-T,)

= 1 9 1 3 =S [ 1 9 dl.tg’ 9 9 o
VINNEHE) ﬂWﬂ’NﬂJiﬂuﬂ'ltlmﬂﬁﬂllﬂllﬂﬂﬂ'lﬂ“UﬂWﬂ’J'llJ‘i’f)uﬂ“])’“LNTLETHLL'HQ TaoA v

b4 K4 b4 4
1890 gamglvessunugauuazmanudeuudsusamsszmevasnuiulugua

q(:r = qs +q!
g, =WC, (T, ~T,)/ At+ A, L/ At

i ° ' Y a o
m‘mﬁ 4.1 HTNTINTUIUATIANNIDUIINYGUNH AN

T, (" ) 150 140 130 Wi 110
T,.0°6 ) 30 30 30 30 30
At(s) 91.4 104.8 122.88 152.3 208.85

g, (W )| sos5047 | 7155.53 | 5547.91 | 4028.59 | 2611.36

CI:(W ) 0.049 0.043 0.037 0.030 0.022

Qa(W ) 8950.52 7155.58 5547 .95 4028.62 2611.38

a Y

M3 4.2 HAMIHIUIUAINIIWDUNGUUYTAAY

Y

T,¢0) 4,07) 4, ) 4.07)
110 2611.38 78214.81 13939.2
120 4028.62 8§7018.97 15681.6
130 5547.95 95869.47 17424

140 7155.58 104056.1 19166.4
150 - 8950.52 112133.7 20908.8

A13197 4.3 Nﬁﬂ']ﬁﬁ'luﬂm“r‘i'lfi'lt’lﬁﬂuﬂ']‘iﬂ‘uuﬁﬁ

7oc |Rep < 5x10° Nu, |3 Tm,i°CiTm,s°C q Bi < 0.1 [t(s),(min)
J/m? AU

150 |[1849.5 25.13 |324.46/30 100 38935.31 |0.05 91.4,(1.5)

140 (1942.75 25.75 |328.46(30 100 36130.59 |0.05 104.8,(1.75)

130 |2045.87 26.43 |332.88/30 100 33288.01 10.06 122.88,(2)

120 [2133.69 26.99 |335.72{30 100 30214.92 10.06 152.3,(2.53)

110 [2186.78 27.64 1339.47(30 100 27157.92 10.06 208.85,(3.5)
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Setting Temperature 120C
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ﬂﬁ 4.3 mmﬁuwuﬁsaunauﬂsammmuemwmJm‘:mammsammama“ﬁmmau
(T =130 *C) ﬂﬂ’)‘]llLi'NJ?Nﬂﬂm’JlU’t’Ji(vc) 1.7 m/min °lu*3'ﬁ¢mmmﬂm 0.8,1 uag

2 mm AINAIAL



24

Setting temperature 140 C
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Setting Temperature 110 C

—a— comvection( C )110 ——0.81TH 110 —x—1TH 110 —o—ZTH110|

140 -
120 A
100 A
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20 A

Temperature(C)
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Time(min)
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51U 4.6 anwduRussounalSououAuguugiinisasmimseuuiansluniou
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Temperature(C)

Setting Temperature 130 C

—s— convection( C )130 —— 0.8TH 130 —x—1TH 130 —— 2TH130
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Setting temperature 150 C

—a— convection( C )150 —a—0.8TH 150 —x—1TH 150 ——2 TH150|
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Temperature(C)
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a ~ W w T i o . o
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A ~ = o 3 '
Wﬂﬂ’l'ﬁ‘ﬂﬂﬁ@ﬂﬁ"ll]l\iﬂuhl‘ﬂﬂ'l'j’]\‘lﬂ 3.14 94 3.18 Tﬂﬂﬂ‘lﬂuﬂclﬁﬂ?'mHu'ﬁl@:ﬂaﬁglmu
o g A o 1 a a a 3 ’
AUAMMEININ Aunsuaiios guuginwlumevungunginmsasaimsouuianiolum

{ = 4 ) W 1 0w
U (T,) NAMTIVBIABUNLDS(v) 1.7 m/min TuIa9NAIMWMUI 0.8 1 1AL 2 mm MUY

q



Plate 0.8mm conveyor 1.7m/min

—s— 0.8TH 150 —— 0.8TH 140 —— 0.8TH 130 ——0.8TH 120 ——0.81TH 110

150

100

50

Temperature(C)

Time(min)

{ v W o ¥ a 9 L
U0 4.11 AnudURUTIEHIegUNgi 110-150 °C LAZIAIVBINISOUUES NAIWHLN

=] ] 4 d { .
(MANUAUYUIA 0.8mm NIAIINISIVDI Conveyor ASN 1.7 m/min

Plate 1mm Conveyor speed 1.7 m/min

—8— 1TH 150 —— 1TH 140 ——1TH 130 —— 1TH 120 —e— 1TH 110

Temperature(C

Time(mIn)

1 o o 1 o =
g‘ljﬁ 4.12 mmanwuﬁssmnqmwgn 110-150 °C LLﬂZL'JﬂWﬂJENﬂﬁE]‘ULL‘I}iJﬂ NANUHU

o I i g {
MANUAUYUIA T mm NAUITIVD Conveyor A4 1.7 m/min

Plate 2mm Conveyor speed 1.7m/min

—a— 2 TH150 ——2 TH140 —e— 2TH130 —o—2 TH120 —e—2TH110

140 -
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100 -
80 -
60 -
40 -
20 4

Temperature(C)

Time(min)

= v @ d J a |
U 4.13 anwduiusszndgumad 110-150 °C uaznaweamseuuia Ainnumn

@

o 1 A =] =
HANUHUAUUIA 2 mm NANULTIVI Conveyor AN 1.7 m/min
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Plate 0.8mm Conveyor speed 2m/min

—a— 0.8TH 150 —A— 0.8TH 140 —e— 0.8TH 130 —&— 0.8TH 120 —8— 0.81TH 110

150 -

100 -

(o3}
o
L

Temperature(C)

Time(min)

! v @ " a !
U7 4.14 anuduiussznieguugd 110-150 °C wagnawessauuia NAUNIA

o , a o i
IAAUAUYUIR 0.8mm NAITULTIVD Conveyor ﬂﬂﬁ 2 m/min

Plate 1 mm Conveyor speed 2m/s

—8— 1TH 150 —A— 1TH 140 —— 1TH 130 —— 1TH 120 —0—-1TH11ﬂ

Temperature(C)

Time(min)

i v w " =3 a
3UN 4.15 Anwduiussznegungil 110-150 °C HazNAIWEINITELURY inaumu

o 1 ! d {
HANUAHUYUIA Imm ﬁﬂ’J'liJli?“UEN Conveyor ﬂﬂ‘ﬁ 2 m/min
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Plate 2mm Conveyor speed2m/s

—=—2 TH150 ——2 TH140 —+—2TH130 —— 2 TH120 —e— 2TH110

140 -
& 120 1
¥ 100 -
3 80
g 60
g 40-
S 20
0 T T T T T T T T T T T T T T T T T T T T T T T 1

Time(min)

/ v w d 1 a ~
31 4.16 AnuduRUTszIgungd 110-150 °C wazawBIMIULRY NAWKIN

o 1 { < { 5
(MANUANYNIA 2mm NAIINTIVOS Conveyor AN 2 m/min

A — =) w o A
H'ﬂﬂ']'iﬂﬂﬂﬂﬂﬂ']lfl\‘l@uul‘ﬂﬂ'li'mﬂ 3.13 99 3.18 Naﬁw'ﬁNﬁﬂ’lS‘l’lﬂﬁ@\‘](ﬂ’]NN@uqﬁUiuzﬂ

o ’ a ~ a ol o A
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Plate 0.8mm, Setting Temperature 110 C

—=— 0.81TH 110,2mYmin —A— 0.81TH 110,1.7nvmin
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Plate 0.8mm, Setting Tem perature 130 C
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Plate 0.8m m ,Setting Tem perature 150C
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Plate 1mm, Setting Temperature 120 C
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Plate 1 mm, Setting Temperature 130 C
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Plate 1 mm.Setting Temperature 140 C
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Plate 2 mm, Setting Temperature 110 C
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Plate 0.8mm,Setting Tem perature 150C
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4

1 ~ 1 o - 4
mﬂﬂumﬁ%zLﬁu’nqmwQ:Jmm&muTamrﬂuﬂwummﬁuﬂ%mm PYITIHITOUUINIUDY
" ~ [ a’; o 4 y
urin TangRvzudannmsaums  duiusawseagdaumsingiszasnuazidon lumsaiuny

9 o ;
1deati
T=f1,(t, Tc ) (4.2)
4
[oulymsniun

t=11/Vc :TH=0.8,1,2 mm (4.3)

4.2 FEmsadegduuudiaes

vy = i -9 Y Y o aa .
ﬂ']'iﬁﬁ'NgﬂLL‘U‘UﬁIJﬂ']'iﬂlfﬂ3J'I$ﬁlJﬂ‘UﬂlFﬂJ‘uﬂﬂulﬂfﬂ'lﬂﬂ'ﬁ(ﬂﬂﬁﬂﬂllﬂu'n'ﬁﬂﬁlﬁ Quadratic

regression ¥IuA3NAUMIANNANILT InefigUuuuaunsAail (auo 2f3ny. 2541 : 4-16)

_ 2 2+ e 2 £ 2‘+ 2. 2 (4 4)
y= CI+CZXI+C3xl 7l C4X.2+ CsX, T C XX, Cp X Xy Cqg XX, TGy X, X, .

) > W v ) =
'i]—]ﬂutl«lﬂ-lﬂ—]ﬂlﬂusﬁ’auﬂﬂq 9 m@%ﬁliﬁmlﬂﬁnn‘]ﬁﬁ‘]ﬂ’l ¢, AN c,

o d
4.2.1 msmaumﬂﬂqﬂsmaﬂ (Objective function)
[ ar i 1 ar  ar

il']ﬂﬂﬁﬂ—]ﬁcﬂﬂﬂ'ﬂﬂm'l’h}]’ﬁ']ll'lﬁﬂﬂaﬂllﬂﬂﬂ'ﬁllﬂﬁﬁuWﬂﬂﬂna“gﬂ‘ﬂu‘ﬂj‘]uﬁﬁwu'ﬁﬂ'mﬁllﬂ’lﬁ
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. d%, o 9 o a r=| 9/ o o a o’ 1 1w
7 min ‘Uuul‘ﬂ"ﬂflﬁﬂ15ﬂ1u’3ml5’]%$wﬂ1'§m1!ﬂﬂﬂ”llf]u”ﬂﬂ1ﬂ1u?mﬁ’]ﬂ'ﬂﬂﬁﬂwu'ﬁﬁlu‘ﬁ'}ﬁ t Ny
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o (OIS T 4 ~ =)

M319N 4.5 doyaninmanaaeandeninnmanuduiuivesraiiiguugiveslanzurud

ANUNUY 0.80IndoYagUN 4.1,4.3, 4.5

{ g
AN57 Conveyor | t ,min

1.7m/min 1 4 8
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T:47C ) 130 | 34 93 122
150 |35 122 137




o A a . . g/ v w  dw
ANUUMTNINITNS Quadratic regression Tagms a3 19auMIANUTURUTAY

T= ¢ te,tte, () +e, Ty +oi Ty Vtegt Ty +e,(0) Ty +egl(Ty, ) +e,(0(T,)’

unuAZIATUNITMIAT ¢, D4 ¢

PR
1 ¥} I
1 1 1
I 4 4
1 4 4
1 4 4°
1 8 &
i & &°
I B B

Y, ) = T
uAaUMIMIAT ¢, D3¢, Idnaansasil

¢, =232.1071
c,=-2.55

¢, =-0.0375

110
130
150
110
130

150
110
130
150

110° 110 110 12100 12100 ¢
130 130 130 16900 16900 ¢,
150 150 150 22500 22500 ,
110° 440 1760 48400 193600 c,
130° 520 2080 67600 270400 ¢
150° 600 2400 90000 360000 ¢
110° 880 7040 96800 774400 c,
130° 1040 8320 135200 1081600 o4
150° 1200 9600 180000 1440000 ¢,

c, = -89.1027 ¢, =6.3705

¢, = 0.0063 ¢, =0.8875

¢, =0.0001 ¢, =- 0.0002

° v od o Y o v o Lar
Wwaansnaa ldunuasluaumsi @.5) ldaumsingusasadail

T= ¢ e,tre, (1) +e, Ty +oy Ty Yregt Ty +¢,(0) Ty +egt(Ty, Y e, (0 (T,)"

¥

=
U

40

(4.5)

38
34
35
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93
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122

137

T = 232.1071-89.1027t+6.3705t *-2.55Tv+0.0063Tv'+0.8875 tTv-0.0375t" T, +0.0001 t(T, )’-

0.0002 (1*(T,)’

(4.6)
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{ { o w w | a 1
M1 4.6 Yeyannmsnaassiidemhuimanuduiuivestafigumgives lanzuny

finnunun 0.891ndeyagU 4.6, 4.8, 4.10

ﬁmmﬁq Conveyor | t ,min

2m/min 1 4 8
110 | 34 65 102

T, (%€ ) 130 | 34 85 122
150 |35 117 135

€

o & a . . kY v o do a
AUHUNITAIMIATMNMS Quadratic regression TaumMsaT19auMIANNANHUTAL

T= ¢ te,trey(t) +c, Ty +e( Ty, V4ot Ty +e () Ty +egt(Ty, Y+ (O (T,) 4.7)

UNUAMAZLATUNTHIAT ¢, D9 ¢,

] 1 1% 110 110° 110 110 12100 12100 ¢, [ 34
1 1 17 130 1307 130 130 16900 16900 ¢, 34
1 1 17 150 150 150 150 22500 22500 ¢, 35
1 4 4 110 110> 440 1760 48400 193600 ¢ 65
1 4 4 130 130° 520 2080 67600 270400 ¢, |7 |8
1 4 4% 150 150 600 2400 90000 360000 o, 117
1 § 8§ 110 110° 880 7040 96800 774400 c, 102
1 8 8° 130 130° 1040 8320 135200 1081600 cq 122
1 g8 8 150 150" 1200 9600 180000 1440000J ¢, J 135

[

9 1 =) Y [V 4 ;:qy
LATUNTHIA ¢, Dd ¢, IAHAANSAIL]

¢, = -52.9702 c, = 121.2545 ¢, =-16.4092
c,= 1.719 ¢, =-0.0093 ¢, =-2.3321
¢, =0.3131 ¢, = 0.0121 ¢, =-0.0015
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v ] ¥
Wnadns i ldumunaluaumsi @.s) Tdaumsiaglszaaddail
T= ¢ e,troy(O7+c, Ty +oi( Ty Vtegt Ty +e,(0) Ty, +egt(Ty )+, (0(T,)’
T = -52.9702+121.2545t-16.4092t +1.719Tv-0.0093Tv’-2.3321 tTv+0.3131t’ T, +0.0121 (T,

)’-0.0015 (1)°(T,)’ (4.8)

422 feulumsnrugy
t=11/Vc

TH=0.8mm

o v o aa ] v o
ﬂ’]ﬂﬂ’]iﬂ?u?mﬁ]ﬁ']ﬂﬂiﬂﬂ?ﬁﬂﬂ"l'i'ﬂ')']iJﬂ'NWUﬁ‘iJﬂﬂqmﬂﬂmuW'J‘UfNTﬂ'}’Tz“WHﬁNWUﬁ

¥
o

@ 1= =1 °
ﬂ']JQﬂJHQNﬂ'IUiHﬁENLm5L3ﬁ1ﬂ15ﬁ]ﬁt£ﬁﬁﬂ§ﬂﬂ’)1ﬂﬁ'J‘UEN Conveyor ﬁﬁﬁ'llﬂiﬂu'lﬁlfﬂ'ﬁﬂ\?ﬁ

8@ enmzreanuisaimunzay aeluuneae 'l



Uni 5
v o @
PITHITUNIANUTUWUTAINSI Conveyor HAZRMUTHNUDY

upulane

5.1 auM9

nAanufaneinamnieduihmsdisanssuaumsmeuniuuuderiouie
3 o A EY) ' = 1 Y A 9 & <I 3/ ﬂ
Aummsinertosszndgungivessu lansnunaiudu lanesouay lavauiu

v w o A o W o’d‘i} 1 @ o . .
E‘].lll‘ll'ﬂﬂ'ﬂllﬁllwuﬁ !.5Uﬂﬁlﬁﬂ'ﬁﬂ'}l']ﬂﬁﬂWUﬁﬂﬂ'ﬂﬁﬂTﬁm'ﬁ’]U?Wﬂuﬁﬂﬂ?i?mf!ﬂigﬁ\?ﬂ (Ob_]f:ctlve

function)

T= (1,1, ) : (5.1)
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pszUIUMIMBUITIedwAeiledeliten luiniuguAngunginugumelumo

Mzgnimualasdeonuuuadraumdmamnsoduuiiufonlumsaiugu (Condition function)

£l

100 <Tc <150 (5.2)
Ve <11/t
TH=0.8,1,2 mm

3 ° @ w o o
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uuuaeiiieslnuldi5 Function of Two Varisables (Hugthiuuaunmsiiifledduaaiiduns
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Tumad§oasmundunlsamduilsnduvesiunlsdassdeia degi 4.6, 4.8,
v ¥ '
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& T, duius fu T uag ¢ lugdvesaumsaensan widwisaldaumsunuidy
TAa(curve) upaziduld wazannsommnailuaumsateananlddridoyaiios 3 gy
k4
duTAaiy

dwsudulde i T1=A+Bt+C (1)’

T2 =A,+B,t+C, (1)’
T3 =A+B,t+C,(1)’

Vv ]
duneune llmnsiszgnimualugdaumsnieasian lumewves T, Tavlddoya 3 9a

asnaums g
A=c+c,T, +e,(T,) (5.3)
B =ctc, T, +c( T, )’ (5.4)
O=g e, T 4eiT, ) (5.5)

AT AB 1AL C 110ANMI(5.3),5.4) uaz(s.5) unuluaumsna lee 14
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9 113.5 114 114.5 I1s 120

9.5 113 112 111 110 109

10 112.5 110 107.5 105 102.5
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12 67.2 64.8 62.4 60 57.6
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Continuous Oven Drying of a Sheet Metal
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Abstract

This paper presents the calculation for drying wet metal sheet and find the time for the required temperature of sheet
metal with the condition of the constant conveyor and the constant volume and the same metal. The test stated in this
paper is performed with the real factory condition and the results compare with the calculated. They can be used to

illustrate thermal characteristics of the drying and the heat controlling to save the energy.
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7oK | P x107 | v10° | k10° Pr
kg/m’ Ns/m?*| m*/s |w/m—k
300 | 1.161 184.600 15.890 26.300 | 0.707
343 | 1.018 | 204.896 20.216 29.482 | 0.701
348 | 1.002 | 207.256 20.719 29.852 | 0.700
350 | 0.995 | 208200 20.920 30.000 | 0.700
353 | 0988 | 209.514 21.608 30228 | 0.699
358 | 0975 | 211.704 22.755 30.608 | 0.698
363 | 0963 | 213.894 23.902 30.988 | 0.697
400 | 0.871 230.100 32.390 33.800 0.69
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