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Modeling of Drying Cylinders in Paper Plants
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The purpose of the present study is to identify the drying cylinder model in
paper plants and to analyze characteristics of process responses for changes n
input variables. The model developed in this work is based on actual plant
operation data and the steam pressure applied to the cylinder behaves as one the
main variables. It is found that heat transfer coefficients from the condensate to
the canvas could be represented as empirical relations based on heat
conductivities and operation date. The effectiveness of the cylinder model is
demonstrated by the measured moisture contents and web temperature. Using

transfer functions derived from the cylinder model stability of the drying process

is analyzed.
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2.2 g4 A=

Az Add9 mdge o]g8 ddY #A4= Table 1 ,Table 2 9 Table 34
HQl wpe} 2t} Table 1914 Fo{AA 4& H,, Hp, Hs, ¥ Hr2 &4 HoHE EY
2 2RAL G539 o] &t B AFdM FEF A2 AF FRALS osH

2o

10°
H { 685

+ /4186/2  [1]
L-10°  275+0.675-(V /60)*” +0.0486- L, -10° - (V' / 60)*¥ ]

H, : A-dY Ui¥~&55 Ad Alold] dA2 A% [kcal/m®secC]
L : &F+ 72 [m]
V @ &3 £%[m/min]
1

=— (2]

LT T
H,/2 H,

H, : €%5~43d AW Abo]9 dag A% [keal/m’secT]
H, : AR ~A-Y Ad Apel dAd2 Al [keal/m®sec C]
H, =0.0000742x V" (3]

H, : A8~%7] Ad Atole] AL A= [keal/m®sec Tl

1
= 14]
H 1 1 2 1

HS H7 H4 ;[—3
H, : A30~x3 Ad Alo]g A2 A< [kcal/m®secT]
H, : AF~AA AE abo]] 44 A% [keal/m’secT]
H, : A0 2A~F7) A Atold] 442 A% [keal/m®secT]
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dT, |
— =1 (H, (4, -T)~ Hy (I, - T,)) (61
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dar, 1
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th A=

drT, 1
Te 7 [(H,- & -T)-H,-(T,-T,))-m,
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TR
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(mh) AR : F71% AFAN AYH HFA &= 79 (Fig.3)

drT. 1
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a L 5o
2 2 2
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Table 1. Heat transfer coefficients of configuration A

) Thermal Heat transfer Specific heat
Thick Density
Description conductivity coefficient capacity 5
[mm] . [kg/m°]
[Kcal/m/hr/T1 | [Kcal/m®/sec/T]1| [Kcal/kg/T]
Hy (web~air)
He
Canvas 2.5 0.045 0.326 0.8x10°
Hs=0.0678
Web 0.1 0.32 1.3x10°
H,=0.3380
Cylinder2 |25/2 37.2 0.113 7.8%10°
H3=0.8267
Cylinderl |25/2 37.2 0.113 7.8x10°
H»
Condensate |3 1.012 1x10°
H,
Table2. Heat transfer coefficients of configuration C
Thermal Heat transfer Specific heat
Thick Density
Description conductivity coefficient capacity X
[mm] 9 [kg/m*]
[Kcal/m/hr/TC] | [Kcal/m*/sec/T]| [Kcal/kg/T]
Hoy
Cylinder2 |25/2 37.2 0.113 7.8%x10°
H3=0.8267
Cylinderl |25/2 37.2 0.113 7.8x10°
H:
Condensate | 3 1.012 1x10°
H
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Table 3. Heat transfer coefficients of configuration D

Thermal Heat transfer Specific heat
Thick Density
Description conductivity coefficient capacity
[mm] [kg/m’]
(Kcal/m/hr/C] | [Kcal/m®/sec/T] [Kcal/kg/C]
Hz7
Web 0.1 0.32 0.3x10°
H5=0.0678
Canvas 2.5  ]0.045 0.326 0.8%x10°
Hg=0.2711
vacuum |25 37.2 0.113 7.8x10°
Ha/2
Table 4. The combination of drying configurations
Fig.6 Fig.7 Fig.8 Fig.9 Fig.10 Fig.11
Description Pre— After— Pre— After— Pre— After—
dryer dryer dryer dryer dryer dryer
Cylinder A+C A+C A A A+C A+C
Web A A A+B+D+B A+B A+B A+B

-264-




[ ARy 7
s s - 7 s oA 1 Hs
A A A A A
£ 2 ¢ < Hs
\\\\\\\‘\ NS \\ N .\\.
AN N N N N SR G W
AN \ AY N \ N DN
NN NN \4\ R VNN
> > He
s / /.' ../ / S
| s s s L
y o '/-.~' ‘/ /," / “/ /'., '/ /‘ '/..
o ,." < - '.." ':" X Vy ‘-I 3
NN N NN N NN N
LN NN N T N NN
N N NN
N OON N NN N N N s
VANV AV AV AA e b
A
7777“—///7“, "
sl ) ‘
f ’ f
Figure. 1. Drying configuration A
B
Ta
Ta o R S RN T g B VA AR A A S A A A H 7

\ VAN A
AR A A A SV P

w\ PR AN S AR S I . H7

>

Ta

Figure. 2. Drying configuration B{free—run)

-265-



Figure. 3. Drying configuration C
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Figure. 4. Drying configuration D
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Input variables Output variables
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Figure. 5. Input and output variables in drying process
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Figure. 6. Drying section of the cylinder on contacting with web (cylinder no.13)
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temperature

Figure. 9. Drying section of cylinder contacting with web (cylinder no.47)

Figure. 10. The Drying cylinder contacting with web (cylinder no.13)

100 . . !
ss -
90 b e e S SO SO S -
85 L.,.m.,”wm,“.,..,w.,.,'w.,.,““.“u;.“ et e ]

- web temp
8oL === condensate
------- w cylinder inner surface
=== cylinder outer surface
free-run
65 l 1 l 1
0 0.2 0.4 0.6 0.8 1

ratio

ratio

-269-

95
90 N -
85+ ; . . o
g
3 80 g
s
@
a
E 7 — condensate o OPen-TUR - -
* | ===- cylinder inner surface
cylinder outer surface
7 === webtemp B
65 oo g .|
J"
2 ;
60 1 1 4
0.2 04 0.6 0.8 1



95 _ — =

90 L. =
85
® - condensate i ;
5 gol-| ==~ cylinder inner surface :
® cylinder outer surface : ;
g | |- web temp
5 75
70 L S R -'-""""é" frméa-.ru"_v,__ e o]
o"“ - B ..
65 r‘ . ..'"" V é
o : ) ;
# N S,
p H : 1
60 i 1 1
[} 0.2 [ X} 0.6 08 1

ratio

Figure. 11. The Drying cylinder contacting with web (cylinder no.47)
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Figure. 12. Step responses (steam:100C, speed:1000m/min, BW:50g/m?)
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Figure. 13. Stability of the drying process
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