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Optimal Design of High Temperature Vacuum Furnace
Using Thermal Analysis Database
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Abstract

Optimization study has been carried out to design an energy efficient, high temperature vacuum furnace
which satisfies users' design requirements. First of all, the transient temperature distribution and the uniform
temperature zone results have been compared with the steady state results to validate the feasibility of using
steady state solution when constructing the thermal analysis DB. In order to check the accuracy, the
interpolated results using thermal analysis DB have been compared with the computational and the

_ experimental results. In this study, total heat flux is selected as the objective function, and the geometry
parameters of vacuum furnace including the thickness of insulator, the heat zone sizes and the interval
between heater and insulator are the design variables. The Uniform temperature zone sizes and the wall
temperature are imposed as the design constraints. With negligible computational cost a high temperature
vacuum furnace which has 40~60% reduction in total heat flux is designed using thermal analysis DB.
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Fig.3 Transient héating up process (1350-20007C)
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Fig. 4 Comparison to temperature distribution
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Table-1 Comparison of temperature distributions
between transient heating up and steady-
state

Items | Transient heating up
Temperature(C): 2000
Ambient Gas: Ar

Steady-stae

Input Temperature Variation('C): 5

(mm) Number of Heater : 4

Heat Zone Height & Width: 160
Heat Zone Depth : 205

Uniform Temp. Zone Uniform Temp. Zone

Height - 146.3 Height 145
Output .
Width 146.3 Width 145
(mm) .
Depth 175 Depth 172

Converged Time : 60hour | Converged Time : Shour

Insulstor
l Thickness

Fig. 5 Simplified furnace configuration for analysis
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Table 2 Comparison between experimental and CFD-

ACE analysis results
Heat flux | Experimental | CFD-ACE |  Conductivity
T(mo#;{rga W) (T) Analysis ('C) (W/mK)
1500 1000 999 . 0.40
2800 1300 1303 0.58
3300 | 1400 1405 0.67
3900 1500 1501 0.80
Fig. 6 Apparatus vacuum furnace experiment 4600 1600 1603 097
6422 2000 1997 1.30
6903 2100 2105 » 1.39
229 3¢ GIME blackbody 2 T3 gray 7728 2200 2206 1.57
body model & A}&33ch AT AA F
7}73’ volume o] Zx3}A ==, 3= heater 7} 270 20 20 20
EAsHe U7 SAA st chamber Abol 9] F3bo) e 2% 2135
o, g2 ghus ddo|t). F volume oA A 14350 2500 2499 365
st 4 AAHL A3 d27] g FES
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o] 2A5A BTk 0] volume o= Ar 71 &<l HHA} Table 3 Schema of thermal analysis database
g ¥ 27 21 300K 4 99 &Y 058 ¥
FAon, FFEE 028 HojFYn ;?:Z]'?l s DB Range
dA7t EAste FHe ddAle dEA A= Number of Heaters 2.4
Q aetgtolE HEQ WML 098 181, 9 . User Temp. at Center Points (C) 2000-2500
AN BEF Y (opaque)olB2 FFEL -18 Yol F Interface Ambient Gas Ar
A Temperature Variation (T) 3,5, 10
33 CioiRfo] AFMES A F Insulator Thickness (mm) 80-100
A ATte] A grs l:xi—o] 7] %s“ H“E‘ /\E].@ A3} Design | Gap between Heater and Insulator (mm) 15-60
o iAo oig vlast Basich =9 & Vaiabies Heater Height (mm) 100-200
NS YalMs dAde) 1 2 JFL A= Heater Width (mm) 100-200
gAY EA=E(Conductivity)®= &3 glojof & | HeaterDepth(mm) | 200-300
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& 212 AT dEAA gRoenzg Ay Uniform Temp. Zone Height (mm)
2 E8l9 Fatodol gk ol & s 1129 1300C Uniform Temp. Zone Width (mm)
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Table 4 Validation of thermal analysis database

Analysis using Thermal

FD-ACE i
Items ¢ CE Analysis Analysis Database

Temp.(*C): 20600, Ambient Gas: Ar
Temp. Variation (T): 5
Number of Heater: 4
Insulator Thickness: 80
(mm) Gap between Heater and Insulator: 45,60
Heat Zone Height & Width : 160 Heat Zone Depth: 205

Design

Data

Heat Flux (KW) 9.8 Heat Flux (KW) 9.4
Uniform| Height | 145 | Uniform | Height | 151.9
Temp. | Width | 145 | Temp. | Width | 1519
(mm) | 7one | Depth [ 172 | Zome | Depth | 1994
Wall Temp(C) | 522 | Wall Temp(T) | 507.6

Output

-
234
2320
2300
28
2260,
2220
2200-
2160
2180
e

219

(b) Optimized configuration under chamber size
constraint,

(c¢) Optimized configuration under without chamber
size constraint

Fig. 9 Temperature contour plots of vacuum furnace
(2000C at Center points)
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Table § Energy efficiency the optmuzed for vacuum
fumace

Basemodel Vacuum | Optimized for Vacuum

Items .
Furnace Furnace
Temperature(C): 2000
) Ambient Gas: Ar
Temperature Variation(C): 5
Number of Heater: 4
Input Insulator- Thickness | 80 | Insulator Thickness| 99.9
Gap between Heater Gap between Heater,
(mm) and Insulator 45,60 and Insulator 15,42
Height | 160 Height | 1792
Heat Heat
Width | 160 "| _Width
Zone Zone
Depth | 205 Depth | 200
Heat Flux(KW)| 9.4 Heat Flux(KW) | 548
Uniform |_Height |151.9| Uniform | Height | 176
Outpu )
Temp. | width [151.9| Temp. | width | 176
t
Zone | Depth [199.4] Z°" | Depth | 194
(mm)
Wall Temp. (C) [507.6{ Wall Temp. (C) | 490

Reduced of Heat Flux : 40.7%

00 2 d -G - ol A e

AR R b

Table 6 Optimized designs using thermal analysis
database and CFD-ACE

CFD-ACE
Temperature(C): 2000

Items | Thermal Analysis DB

Ambient Gas: Ar
Temperature Variation(C): 5
Number of Heater: 4
Input

Insulator Thickness(mmy): 99.9
Gap between Heater and Insulator(mmy): 15,42
Heat Zone Height & Width(mm): 179.2
Heat Zone Depth(mm): 200
Heat Flux(KW) | 5.572

Uniform| Height | 179.2

Heat Flux(KW) 5.48

Uniform| Height | 176

Output| Temp. | Width | 179.2 | Temp. | width | 176

@m) | %" | peptn | 1917 | Z™ | Depth | 194

Wall Temp. (C)| 483.7

Wall Temp. (C) | 490

Converged Time : 40sec | Converged Time : 30hour

Table 7 Optimized results with different chamber sizes

Fixed Unfixed
o Base
Items Chamber Chamber
Model . .
Size Size
Temperature(C): 2000
Ambient Gas: Ar
Temperature Variation(C): 5
Number of Heater: 4
Insulator Thickness (mm) 80 99.9 84.0
Gap between Heater and
45,60 15,42 11.3,46.6
Insulator (mm)
Height(mm) 160 1792 145.8
Heat .
Width(mm) 160 179.2 145.8
Zone -
Depth(mm) 205 200 172.1
Heat Flux (KW) 9.400 5.572 3.452
Uniform | Height(mm) | 1519 179.2 145.8
Temp. | Width(mm) | 151.9 179.2 145.8
Zone | Depth(mm) | 1994 191.7 172.0
Wall Temp. (C) 507.6 483.7 451.0
Reduced of Heat Flux 40.7% 63.3%
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