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Abstract

The process of papermaking involves water removal on the paper machine wire,
in the press section and in the dryer section. In the dryer section, liquid water in
the wet web is removed mainly by evaporation. In conventional machine this is
achieved by passing the web over a number of steam heated dryer rolls.

A drying process of paper on a heated cylinder roll calculated based on a
1-dimensional model which concerns unsteady heat and mass transfer in the
direction of paper thickness. In this study, Prediction of moisture contents average
paper sheet temperature and volume fraction along a series of cylinder.
Independently, developed models is compared using the same reference data. The

model is implemented in CFD code, FLUENT, using user-define-function (UDFs).
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Nomenclature

Cp specific heat at constant pressure J/kg-K
Dy counter diffusion c-oefficient between /s
water vapor and air
d, a diameter of the pore that contains water m
in fiber
) interval of the pore that contains water in fiber m
AH, latent heat of vaporization J/kg
AH, heat of sorption J/kg
M molecular weight kg / kgmol
Y mass fraction
Psat saturated vapor pressure of water Pa
P, partial pressure of water vapor Pa
R universal gas constant J /kmol-K
z thickness of paper m
u z-direction velocity m/s
o surface tension of water Nim
o the evaporating condensation coefficient
Y4 apparent curvature radius of evaporating surface m
&o fiber outside volume / a whole volume of paper
Evi volume of water in the fiber / volume of water
Ewo volume of free water / volume outside fiber
K permeability m?
k thermal conductivity Wim-K
FRF felt reduction factor
FSP fiber saturation point
Mc Moisture content kg ! kgs
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Table 1. Drying simulation model inputs [4]

MachineConditions Single-Tier Two-Tier
Single—tier - Cylinders 175 87 °C -~
~ Cylinders 6710 108 °C --
- Cylinders 11730 118 °C -=
- Rolls 1729 8 °C -
Machine Speed 1400 m/min
Double-tier| - Cylinders 176 -- 110 °C
- Cylinders 7715 -- 118 °C
- Cylinders 16728 - 122 °C
- Cylinders 29748 -- 132 °C
Machine Speed 600 m/min
Paper wrap -- 2169 °
Felt wrap - 1934 °
Length
- Phase 1 3.88m 0.188m
- Phase 2 0.71m 3.309m
- Phase 3 3.18m 0.188m
- Phase 4 0.71m 1.794m
PaperCharacteristics Single-Tier Two-Tier
Product Newsprint Linerboard
Basis weight 49g/m?2 180g/m?2
Initial moisture content 55% 55%
Final moisture content 7.3% (8%) 6.6% (7%)
Initial sheet temperature 45 °C 45 °C
Thickness 0.125mm 0.27mm
Web permeability 4.0#10-14m2 8.0¢10-16m2
Surface void fraction 0.20 0.22
Pocket Condition
Air temperature | 75 °C 85 °C

-135-




Table 2. Physical properties for the paper

parameterunit unit value
Cpf 1340
C,. Jkg- K 4190
Cre 1010
Physical
properties k, 0.6
k, W/m-K 0.75
kg "0.025
S, m’/m’ 28000
l mm 5
Wat oratio
ater evaporation d, um 20
parameters
M, kg/kgmol 18
) 1

Figure 1. Single-tier dryer section configuration
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Figure 2. Double-tier dryer section configuration
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Figure 3. Volume fraction of wet paper
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Figure 4. Cylinder surface , web temperature and moisture content during of

newsprint a single-tier dryer section.
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Figure 5. Cylinder surface , web temperature and moisture content during

drying of linerboard in a double-tier dryer section.
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Figure 6. Development of volume

single-tier dryer section and double-tire
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Figure 7. Internal Temperature & moisture content distribution within paper

during single-tier drying
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