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Abstract — 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 in input variables. The model developed in this work is based on actual
plant operation data where the steam pressure applied to the cylinder behaves as the major variable. It is found that heat
transfer coefficients from the condensate to the canvas could be represented as empirical relations based on heat con-
ductivities and operation data. The effectiveness of the cylinder model is demonstrated by the measured moisture con-
tents and web temperature. Stability of the drying process is analyzed based on the transfer functions derived from the
cylinder model.
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Table 1 Heat transfer coefficients of configuration A
Description Thick Thermal conductivity Heat transfer coeficient Specific heat capacity Density
P [mm] [Kcal/m/h/°C] [Kcal/m?/sec/°C] [Kcal/kg C] [kg/m’]
H,(web~air)
Hy
Canvas 25 0.045 0.326 0.8x10°
H;=0.0678
Web 0.1 0.32 1.3x10°
H,=0.3380
Cylinder2 25/2 37.2 0.113 7.8x10°
H;=0.8267
Cylinderl 25/2 37.2 0.113 7.8x10°
H,
Condensate 3 1.012 1x10°
H,
Table 2 Heat transfer coefficients of configuration C
Description Thick Thermal conductivity Heat transfer coefficient Specific heat capacity Density
P [mm] [Kcal/m/h/°C] [Kcal/m%/sec/°C] [Kcal/kg/°C] [kg/m’]
Hy
Cylinder2 252 37.2 0.113 7.8x10°
H;=0.8267
Cylinder1 25/2 37.2 0.113 7.8x10°
H,
Condensate 3 1.012 1x10°
H,
Table 3 Heat transfer coefficients of configuration D
Descrintion Thick Thermal conductivity Heat transfer coefficient Specific heat capacity Density
p [mm] [Kcal/m/h/°C] [Kcal/m?/sec/°C] [Kcal/kg/°C] [kg/m’]
H;
Web 0.1 0.32 0.3x10°
H;=0.0678
Canvas 25 0.045 0.326 0.8x10°
Hg=0.2711
vacuum 25 372 0.113 7.8x10°
Hy/2
1 ) 555
H, - —— o) )o
- +—
H;72 H, dr, 1
—_— = -(H;-(Ts-T;)-H,-(T,-T 5
o G T pc (TS T Hy (1) 1) )
H, = 0.0000742x V™ 3)
He= 5 @ 2y
1,1 2.1
H; H, H, H; dT, |
o~ (Hy (1= T)—Hy(T,-Ty) ©)
2
—=2.D,-C,
3. A= ARire| RHE
Az ATl ohixg] Age S5 AW, A2 W A Wl 1 (Tt (TeTy) o
- = = _ T W3 U= I3)=Hy U= 1y
2% o] o] o] Atk o5 7 AN ouIA] A The dt L, o
5 22

3} Zoh(Fig, 1~-43%).

Korean Chem. Eng. Res., Vol. 45, No. 1, February, 2007



20 ol -
3) A2
dr, 1
d m (032 1.366 02+T6)
—10.32-1.366x0.2+—
1000 100
*[(Hy-(T5-Ty)-Hs-(Ty~Ts))-m,,-AH,,] ¥
AHEV = Ah\’a}’)—‘rAhS (9)
_ 0354 0.456
Ah,,, = 505.3747(1-T,)"* +269.6581(1-T,) (10)
T, T,
"T, 373.95 (n
AhS:fR(l ‘P) 0.10085 - T, . 12 (12)
?
T4 0.354 T4 0.465
= A 1= + d1=
AH,, [505.3747 (1 373.95) 269.6581 (1 373.95)
+0.011124-(1 1) T, "% T4-(T4+273.15)} (13)
4) A2~
s __ 1 H.-(T,~Ts)—H,-(T~T 14
dtm(su 5)—Hg (Ts—T,)) (14)
5) AU 37)9 AEFAT A H 3} HEFsA] o= F9(Fig. 3)
dT, 1
? = L '(Hs‘(Tz*Tz)*H9'(T3*T4)) (15)
2
?“.Dz.c2
6) X1F =: (Fig. 4)
dT, 1
F:IT.(_I% (T;-Ts)) (16)
2 2

o) Setsh o) B F719ke the st o] Aee] Ll

PR PPl g ekl 5 ok,
Po =Pou(T) - R(Ty, M) a7
o714 EER)yE vt 22 B 0% FAE 5 SlThs].
o=1- 7(47 58T +0.10085- T, - T, ™) (18)
ol ZHE The} e HFAo] ojAict,
P,,,=10197. 0T, (19)

S 0] 30% viTlollA] Abelereel S o) s} F
2 A m], = o] 30% o3 Aol dAR cp=
Bone-dry7} A 7bollA] AAsIthar Bl x| Ho] S5

2 VRE o el Wsiske el s i ot
ok, s A Wz O A2 48 4 9ok

IR i =4

(Ms(y+Ay)—Ms(y))Bw-L-Ay =—g-L-Ay- At

3lskast Hl45H HI1S 20074 2%

447]0

. 010:]?_
Ms(y+Ay) = Ms(y) — 2-At (21)
Bw
dMs g m,,
-_ g __My 22
dt Bw m (22)
31 Stefan 2 (4) O ZHE]
ev _ ﬁ'Ptotln(Ptola17Pv )N B /P _P ) (23)
A R, T \P,,~P J R T " '™
o
p=—L755 24
ParCyr e
rhev _ o —- Pmr ln(Ptot_Pva) ~a-C- ln( Prutal_P\'a
A pﬂ~ca-Le ) R\"T Plolfp\'po Platalipvpo
(25
5,104 = 1690
-10197-10 "
C =17.03x 10 ‘kg water °C/Ws (26)
5124 — 1690
P,,, = 10197-10 T,+230 27)
= LRI2237360 o 4186. log e e 28)
100 tot— Lvpo
dT
= %- »- 1000 29)
ool A i REAS 2710w A% 3 A(Fig. 1), B(Fig.

2), C(Fig. 3), Z1&]31 D(Fig. 42 Z3sto] A% A9 Bels
T
)

a0, o2 el AR WE 7} A¢] &% WEHE Uokna
2719 §32 AxFHE,

A A5 HS) HE FE U] 4 AR0) 5 W5 Y AT 5
gl s AREe] 55710 1e EH LEg Yehiis 4
& 37 PHS B9l QL 5 Agch o RE] 2 UL F95]

D %}_3} FETFY 2RE B

$5%, A9E 244, el 1o HAghE 92 5 ek ol A
Ads) 4] WIS A & APelA  AolZ Fot B
Aol o] AR LR e LEE AR 19 e
2 S glek. el e Ade) e, SRAY, S5, AUy
A9 & o143l A, B, C, DY AxFOo R o]FoW AxY
A mARsIgCh,

EE WFEL Fig. 59 2ol 208 2 4 ek, fred wAl
g Bl AYSAR] T Laplace Mgk ot A9g+5
ek % glor} AYake A AeEz B vk 5 gl

Input Output
Steam WCondemate/Cylmder
e
Ventiliation bxemtemperature}—v Math ical
—~——>| Web temperature
I:Basxs weight model
e
Speed
i o]

Fig. S. Input and output variables in drying process.
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Table 4 The combination of drying configurations
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Description Pre-dryer After-dryer Pre-dryer After-dryer Pre-dryer After-dryer
Rati Cylinder A+C A+C A A A+C A+C
io
Web A A A+B+D+B A+B A+B A+B
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Fig. 6. Drying section of cylinder contacting with web (cylinder no.13).

Fig. 7. Drying section of the cylinder contacting with web (cylinder
no.47).
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Fig. 10. The drying cylinder contacting with web (cylinder no.13).
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Fig. 11. The drying cylinder contacting with web (cylinder no.47).
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: Evaporation area [m?]

: Basis weight [kg/m?]

: Heat capacity of air [kcal/kg °C]

: Heat capacity of condensate [kcal/kg °C]
: Heat capacity of cylinder [kcal/kg °C]

: Heat capacity of canvas [kcal/kg °C]

: Density of condensate [kg/m?]

: Density of cylinder [kg/m?]

: Density of canvas [kg/m®]

: Evaporation rate [kg/m?]

: Heat transfer coefficient between condensate interface and

cylinder [kcal/m’sec °C]

: Heat transfer coefficient between condensate and cylinder

interface [kcal/m?sec °C]

: Heat transfer coefficient between cylinder and cylinder interface

[kcal/m?sec °C]

: Heat transfer coefficient between cylinder and web interface

[kcal/m?sec °C]

: Heat transfer coefficient between web and canvas interface

[kcal/m?sec °C]

: Heat transfer coefficient between canvas and air [kcal/m’sec °C]
: Heat transfer coefficient between web and air [kecal/m’sec °C]
: Heat transfer coefficient between cylinder and air [keal/m?sec °C]
: Thickness of condensate [m]

: Thickness of cylinder [m]

: Thickness of canvas [m]

: Lewis number

: Basis weight [kg/m?]
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m,, : Evaporation rate [kg/m’sec]
Ms  : Moisture content [kg/kg] G 0:0007.2148" +0.003139S° +0.010028" +0.00092078
r :Radius of cylinder [m] * S° +41.04S” +38.728° +3.249S’ +0.04766S
R, : Gas constant of water vapor [461.5 J/Kgwater/K]
P,, : Vapor pressure [bar] 0.0023528% +0.10255* +0.3308S° + 0.04319S* + 0.001492S
P, : Total pressure [bar] G, = —0.00001009
P, : Partial vapor pressure at the surface of web [bar] S°+41.048" +38.728" +3.249S +0.04766S"
T, : Temperature of condensate [°C] .
. . o 0.00024468* +0.01064S’ +0.03352S8° +0.001726S
T, : Temperature of the 1* cylinder interface [°C] G, = < - Z > 5
- g . S®+41.04S +38.72S" +3.249S° + 0.04766S
T; : Temperature of the 2" cylinder interface [°C]
T, : Temperature of pulp [*C] G 00029218 +0.11995" +0.1131S' +0.009495° +0.00013928
Ts  : Temperature of web [°C] . S® +41.048° +38.728" +3.2498’ +0.047668S’
Ts  : Temperature of web interface [°C]
T, : Temperature of vacuum cylinder [°C] G. - —0.001795S8% —0.0008719S —0.00005971
', : Temperature of wet bulb [°C] BS0 +41.048° +38.72S* +3.2498’ +0.04766S
Ts  : Temperature of steam [°C]
V  : Operation speed [m/min] G _ ~0-0001637S’ ~0.0066395" ~0.0031925 ~0.0002182
W : Width of web [m] » S°+41.04S° +38.72S* +3.2498" +0.04766S’
~ o G.. = —0.01689S* —0.6853S* —0.33758” — 0.02643S — 0.0002677
—2l0] 2Rk & S°+41.04S° +38.725" +3.2495" + 0.047665"
o : Heat transfer coefficient between web and air [kcal/m?sec]
AH,, : Heat of evaporation [kcal/kg] G. = ~0.5506S° +22.36S8* —11.98° —1.3048* - 0.04255-0.0002833
43 =

Ah; : Heat of absorption [kcal/kg]

Ah,,,, : Latent heat [kcal/kg]

p, : Density of air [kg/m’] G = —0.057258* —2.328° —1.0468” — 0.049255 - 0.0003571
% S® +41.048° +38.728* +3.2495" + 0.047668*

S*+41.04S° +38.728" +3.2498 + 0.04766S

~0.08199S° ~3.365S" —3.1758° — 0.2664S” —0.003908S

G, =
o S°+41.048° +38.728" +3.249S° + 0.04766S

29.118° +28.09S" +2.382S° +0.036387 +1.678S
S +41.04S° +38.725 +3.249S° +0.047665

i

0.08793S* +0.08375S° + 0.006 148>
7S° 4+ 41.04S° +38.725 +3.2498% +0.047668*
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S® +41.04S° +38.728* +3.249S5" +0.04766S"

~0.00003407S” —0.0002506S" —0.0002351S +0.00001317S
_ +0.00009664—0.000007774

S5 4+41.04S° +38.728" +3.249S +0.047665" +0.000008362S
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