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Development of Heat-treatment Furnace with Maximum Uniform Zone
using Gas-phase Condensing Heat Exchange

Hyun Seon Hong', Man Seek Kong, Hwan Kook Kang*

Plant Engineering Center, Institute for Advanced Engineering, Yongin, 449-863, Korea
*Dongeun ATS Co, Bucheon, 420-120, Korea

Abstract A horizontal tube furnace with a wide uniform-temperature zone was developed using isothermal
characteristics of a heat pipe. The heat pipe heating system consists of a concentric annular shaped stainless-
steel container, sodium as a working fluid and a screen mesh wick structure. The performance test of the heat
pipe revealed that temperature changes along seven consecutive positions of the heat pipe outer wall were less
thari + 0.1°C, thereby ensuring the high isothermal property. The isothermal property of the heat pipe-adapted
tube: furnace was investigated and compared to a conventional non-heat pipe type tube furnace. The tempera-
ture distribution measurement showed that the uniform temperature zone, in which temperature change is less
than + 1°C, of the heat pipe employed tube furnace system was about three times longer compared to the con-
ventional tube furnace system.

(Received May 13, 2009; Accepted May 21, 2009)

Key words: Heat pipe, Isothermal furnace, Uniform-temperature, Wick, Sodium

1.M B2 Aet. AL subzone B4 FUFEA S& A
she B9els 2533 Zadle A oH
22 e g 9eA] A9l FA4% AFeE SRAS wdeE I s U] ks &

LCD, PDP, W= fiber 9] o7} Z718la o AHIE ARSE 8 glu, maprd AlEe 97t 2

o, o]2fgt 4=2.9] ZVIet tE] AF ARTANA
oS- A9 25 278k ot Fiberd] 3¢ 1
= Aol A ZZJo] o]Fo|RA)7] wiEol] Hof = 3°C
9 LEHRNE 7R 7|29 Brto = 7Y% A
E& AS 4 glon nlEIAZE LCD, PDPY A
$o1e A Al FHEE e 2 AARE §
3lo] o3 AFe) o] A7) k. &3 XY
AZE 29 7% AF DAl dlolHe eF/Lt
Bafo g Qlat] AlFE ] 50~80%2] loss7t
59 5 7] wiEol Aol L=HAL Aloj=
oS- Ze38la, Ao AFYFE 7 Y exvx
Aol B3t F8A4L AR U= AFolrt. Pt
9 VMRS 2EHAE H4skst7] 98l uniform
zonz2 913+ sub-zoneS FAItH 2ETHIE =]

*E-mail : hshong@iae.re.kr

%l 1% 713 2 FA% A Askel &
210] 531 gick,

S|Evjo| Z(heat pipey= DHE7] WS 2HE
A7} AgHoz V- sl Bge Tl 8]
Fajolof] & Hdale A=, A5aAe] FE
o 2jsl] F& ol FAIFCEA FHHQU EXE V)
7ol vj3) w$- & ARG A EIIH1-3]. =,
V5o Wzhte] 2k LAl : tjake] g8 A
Fohe B2 XY T8 wid s|Eve|ze 4]
£ H7|d 358 dudy), vheA] W], 23t
Aol Wzh 5 200°C ¥vre] A2 Hiw=A) 32t}
G FAL-02 o]0 Yr}. A S|EIC|Z
2A87] W] ZE-RA7F FsPdeiolla st
o)F7] wiFel Fel 2Jsle] Fido] Yol

1o
T

=
=



714385 Aushg o83t aY B8 rpd= Nl 163

o\

HhE = S 38 Ulse $ENE ANis)
HAAMe] & GHDE oF= 1/ BEE U
Rl 3ESolZ A&t Aol T3S SES
olxzo] Azt A5 AA7IFoE Felel|w jitt. o]
H3F sl HAoA Y] T4 o8P 520
719HES o2 4= glor, o]l YT E o] 83t
80-150°C ¢llo]3 ZdollA +0.1°C w|vke] 1A% 5
24& o= CVD 33§ wo)= ZHo|ER /]
Hzjo] 2853 Qlch

B apellre dr)e s|Evjelze] T2 54
o]83t 1Y S22E sl 3T FE
3|Evjo|x A& rldg = fjollM 20 F ALE
= 7]goly dEgolx EAN 7ME9E uniform
zone Ul9] LEAXE + 1°CE A8k 4]
S48 GAE FA &% HAE Fol7] $ist
FIHER] 71EET o] Ba gi7] wiwel ko] At
2 7] 7ol o5k WA tEuAgela ] F
sle] A7kl 23t RE H7ksl= a3 5o &
7F &3Pl Je AoE Feksla Qlok. olegt 7t
g2t 993 G2anE Qdt nEEe] AFE A
2Hg- FHE slsle 2l 30 A A58
3} ], wied] 5 Aelols A8o] 7ksst
A o] T 322 Fofe] AUnxe] uidh 2k
a9} ol VAL A28 7)ol FaAde] Ul
a1 = A3l vl AlF38] ApdE]ojol & A
o7 AE

S B AT FHE gl 600°C o] FE
g 71d=d A83] HEire 2o FHEA
A7 QA= olskes frAslok gl Mt &
A AAFEY Ao] a7H) o]dt AHEAAZ
UEF, ZHF, 8l 5 ¢Zd S50 951 9o
H[5-8], Wb & Al olH$ AsHAE
ol83l 3y Fxo JEFo|Z HE Y T
71h2Eg el 93 aal7)ed] Y 8718
ek 5] A4, BAlE FE2E 58 AAlsl
88 7o o]FWY I|Evo)|E ATt A
zZte 33 3|Evjo]Zoll Ar)H 7[EgR] 2 Ao
A5 ARl FRES Agsla s SAlY F
HE9] A5 W 52 5448 delstaAl Asdds
S3)319ut. IEt Uedt 4t el Fale) Hu
25 oz AR 219 Ae 2 4554 4

4

o o

m o

(a)

Oter tube

inner tube

Liquid

Vapaor

Fig. 1. Schematic of the annular heat pipe tube (a) and
cross-sectional view (b).
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Fig. 2. Dimension of heat pipe tube furnace and
boundary conditions for the computational analysis.

Table 1. Specifications of the heat pipe tube furnace and boundary conditions for the computational analysis.

Component Specification
Inner tube ¢ 101.6 mm x L300 mm
Container Outer tube ¢ 139.8 mm X L300 mm
Material STS 316L
. Structure 50 mesh, 2 layer
Wick -
Material STS 316L
Working fluid Sodium
Material Al,0, - SiO, - Fe,O
Insulator aera Mt Bl
Length 100 mm
. Wall Uniform temperature (1073K)
Boundary conditions - ;
Inside Air/1atm
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Fig. 3. Schematic diagram of the tube furnace with heat pipe tube liner and position of thermocouples.
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Fig. 4. Heat pipe tube liner (a) and the conventional
STS tube(b) for a tube furnace.

£ e e ARgE e $igt
Hwloz Aul HH(non heat-pipe tube)s A|Zs}
o S229] 54 BluAlgs AAlsisd. gt FE
2 Alo]l= F AL 3| Egjo] el FUsHA A=kt
AUt Fig. 4= olg¥d S|Evjo|xr} A 8H FH
of Ut FHo| BEHS BT v}

3.1 et RE=Zo| JIHAIYH 3 S254

B Apdade oY SeridRe] 52 EAS
HsE7) QfsiA TUS 2719 Ot HFHEES A
3L, LT /18R shllM 718 2 55
Ae AEEL). Fig. 55 Ok HH 29 400°C,



800 |- f
!f
L
;
‘a €00 | {__
é ;
e 4or ]
g ~
A A
200 400 °C
600 °C
800 °C

10000 20005 3:00:110 4:0015 50020
Time(sec)

Fig. 5. Temperature variation with time of the
conventional tube furnace along working temperature.
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Fig. 6. Temperature distributions of the conventional
tube liner at 600°C.
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Fig. 7. The simulation results for the temperature
distribution of the heat pipe tube furnace : (a) radial and
(b) longitudinal.
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Fig. 8. Temperature distributions of the heat pipe type
tube furnace at 600°C.
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