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OVEN ENTRANCE 

PASSBACK ROLL 



Heat up time of 
tows entering the 
oven 



CONDUCTION 

CONVECTION AND RADIATION 

CONVECTION AND RADIATION 

EXOTHERMIC 
ENERGY  

(0 below 200 C) 

Convection [3]:  

Radiation [4]:  

ℎ𝑐 =
𝑘

𝑑
8.1 + 0.019

𝑉𝑑

𝜈

.83

 

ℎ𝑟,𝑇0→𝑇1 =  𝜎𝜖𝐹 
 𝑇1

4 − 𝑇4 𝑑𝑇
𝑇1
𝑇0

 𝑇1 − 𝑇 𝑑𝑇
𝑇1
𝑇𝑜

=
2𝜎𝜖𝐹

𝑇1 − 𝑇0
2

4𝑇1
5 + 𝑇0

5

5
− 𝑇1
4𝑇0  

z 
L 
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Where: 

And: 

tan 𝜇𝑛𝐿 =  
ℎ𝑐 + ℎ𝑟
𝜇𝑛𝑘𝑡𝑜𝑤

 

𝑇 𝑧, 𝑡 − 𝑇1
𝑇0 − 𝑇1

= 2 
sin𝜇𝑛𝐿

𝜇𝑛𝐿 + sin 𝜇𝑛𝐿 cos 𝜇𝑛𝐿

∞

𝑛=1

𝑒−𝛼𝑡𝑜𝑤𝜇𝑛
2𝑡 cos 𝜇𝑛𝑧 

And: 𝛼𝑡𝑜𝑤 =
𝑘𝑡𝑜𝑤
𝜌𝑡𝑜𝑤𝑐𝑝,𝑡𝑜𝑤

 

1

𝑘𝑡𝑜𝑤
=
𝜃𝑓𝑖𝑏𝑒𝑟

𝑘𝑓𝑖𝑏𝑒𝑟
+
1 − 𝜃𝑓𝑖𝑏𝑒𝑟

𝑘𝑎𝑖𝑟
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240 C Oven 

V = 2.5 m/s 
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Exothermic tow 
temperature rise 
above the oven 
setpoint 
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Solution 
equation: 

Where: 𝑢 =
𝜂𝜌𝑡𝑜𝑤∆𝐻

𝜏𝑅𝑒𝑠𝑖𝑑𝑒𝑛𝑐𝑒
 

And: 

. 

𝜂 =
𝑃𝑒𝑎𝑘 𝐿𝑜𝑐𝑎𝑙 𝐸𝑥𝑜𝑡ℎ𝑒𝑟𝑚

𝑀𝑒𝑎𝑛 𝐸𝑥𝑜𝑡ℎ𝑒𝑟𝑚
=
4

3
  

𝑇 𝑧 − 𝑇1 =
𝑢 𝐿2

2𝑘𝑡𝑜𝑤
1 −
𝑧

𝐿

2

+
2𝑘𝑡𝑜𝑤
ℎ𝑐𝐿
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Oven velocity 12K 50K 80K 500K

2.5 m/s Max Rise C 10 15 20 53

5.0 m/s Max Rise C 6 9 12 32

Tow Delta (z = 0 to z = L) 0.1 0.3 0.6 3.6

60 Minutes 

Residence 

Time

Oven velocity 12K 50K 80K 500K

2.5 m/s Max Rise C 5 8 10 26

5.0 m/s Max Rise C 3 4 6 16

Tow Delta (z = 0 to z = L) 0.1 0.2 0.3 1.8

120 Minutes 

Residence 

Time
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Tow cooling 
between oven and 
passback rolls 

Heat transfer to 
passback rolls and 
roll temperatures 
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OVEN 
EXIT 

PASSBACK 
ROLL 

ℎ𝑐 =
𝑘

𝑑
0.14 𝑅𝑎

1
3 ; 𝑇𝑜𝑝 𝑠𝑖𝑑𝑒 

ℎ𝑐 =
𝑘

𝑑
0.27 𝑅𝑎

1
4 ; 𝐵𝑜𝑡𝑡𝑜𝑚 𝑠𝑖𝑑𝑒 

𝑅𝑎 =
𝑇𝑡𝑜𝑤 − 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡
𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡 + 273

𝑔𝑑3

𝛼𝜈
 

Instead there is natural 
convection 
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ℎ𝑡𝑜𝑤→𝑟𝑜𝑙𝑙𝐴𝑟𝑜𝑙𝑙 𝑇𝑡𝑜𝑤 − 𝑇𝑟𝑜𝑙𝑙  
(ℎ𝑐+ ℎ𝑟)𝐴𝑟𝑜𝑙𝑙

′ (𝑇𝑟𝑜𝑙𝑙 − 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡) 

ℎ𝑐

=
𝑘

𝑑𝑟𝑜𝑙𝑙
 0.39𝑅𝑎

1
4 

+ 0.04
𝑉𝑟𝑜𝑙𝑙𝑑𝑟𝑜𝑙𝑙
𝜈

0.8

  

2
𝐾𝐴

𝐿
𝐽𝑜𝑢𝑟𝑛𝑎𝑙

𝑇𝑟𝑜𝑙𝑙 − 𝑇𝑎𝑚𝑏𝑖𝑒𝑛𝑡  
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240 C Oven 
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240 C Oven 
3 m Towband 
273 mm Roll 
1 m Endseal Length 
1 m From Endseal to Roll 
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240 C Oven 
3 m Towband 
273 mm Roll 
1 m Endseal Length 
1 m From Endseal to Roll 
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240 C Oven 
3 m Towband 
273 mm Roll 
1 m Endseal Length 
1 m From Endseal to Roll 
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240 C Oven 
3 m Towband 
273 mm Roll 
1 m Endseal Length 
1 m From Endseal to Roll 
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240 C Oven 
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240 C Oven;    3 m Towband;   273 mm Roll 
1 m Endseal Length;    1 m From Endseal to Roll 

Passive roll Active roll

cooling cooling

Tow K Z (micron) (50 C)

12K 346 142 128

50K 519 149 134

80K 693 157 143

500K 1731 189 179

Tow temperature re-entering oven (deg C)

at Linespeed  of 10 m/s

Passive roll Active roll

cooling cooling

Tow K Z (micron) (50 C)

12K 346 1.0 4.8

50K 519 1.3 6.9

80K 693 1.5 8.3

500K 1731 2.1 12

Heat transfer from tows to roll (kW)

at Linespeed  of 10 m/s

Passive roll Active roll

cooling cooling

Tow K Z (micron) (50 C)

12K 346 15 17

50K 519 21 25

80K 693 26 30

500K 1731 40 48

Heat loss from towband per passback (kW)

at Linespeed  of 10 m/s
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PAN emissivity [2]: 

31 

𝜃𝑓𝑖𝑏𝑒𝑟 = 0.6 Filament volume fraction in the tow [1]: 

PAN filament thermal conductivity [1]: 

PAN specific heat [7]: 

PAN density [7]: 

𝑘𝑓𝑖𝑏𝑒𝑟 = 0.090   
𝑊

𝑚 𝐶
 

𝜖 = 0.85 

𝑐𝑝 = 1280 
𝐽

𝑘𝑔 𝐶
 

PAN oxidation, overall heat of reaction [1,9]: 

𝜌𝑓𝑖𝑏𝑒𝑟 = 1170  
𝑘𝑔

𝑚3
 

Heat transfer coefficient, tow to roll [8]: ℎ𝑡𝑜𝑤→𝑟𝑜𝑙𝑙 = 100 
𝑊

𝑚2 𝐶
 

Various air properties from [4] or Wikipedia 

∆𝐻 = 1.96 
𝑀𝐽

𝑘𝑔
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