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FUNDAMENTALS OF COATING SYSTEMS

SLIDE MATERIAL

FOR

PROJECT F003

March 18 - 19, 1996
Institute of Paper Science and Technology
Atlanta, Georgia
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Project F003 Status Report

Date: Spring 1996

Project Title: Fundamentals of Coating Systems
Principal Investigator: C. Aidun

Budget (FY 95-96): $46,000

Project No.: 3674

M.S. students: 2
Ph.D. students: 3

OBJECTIVES:

(1) To investigate the cause and drigin of coat weight nonuniformities reported in high-
speed blade coating of paper and board,

(2) to explore novel coating systems for application of a more uniform coat weight
profile at higher machine speeds.

26
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Project F003 Status Report
Upstream Contact
Section Line
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blade

coated éurface

First

‘ Excess
Channel

Coating Liquid

Outlet
Channel

Second
air Channel

Schematic of the Modified Vortex Free Coater



Status Report

94

Project F003

[euueyo Jojeordde - ¢ -

!

fwremsus - §
908BJINS 9AJ) - 8 |
Q0BJINS 99J ~ 4]
%9 des -9 ]
o -5

ope[q - 11

qom - %]
W[uE - 1

[ 2an3ig



Project FOO3 o Status Report
Table 1: Fluid Parameters

Y density 1200 kg/m®

i, zero shear rate viscosity 1.0 kg/(m-s)

K. infinite shear rate viscosity ~ 0.05 kg/(m-s)

Y surface tension 0.05 kg/s’

c Carreau exponent 0.65

K time constant 001s

User web velocity varies from 15-30 m/s

Uiiet centerline velocity on inlet varies from 2-S m/s

Qe ' inlet flowrate

varies from 4-7 I/s/m




Project FOO3 96 Status Report
Table 2: Geometry Parameters
L inlet length 0.0025 m
| . gap length SOE-6 m
L. applicator channel exit 0.5 mm
L blade thickness 1.25 mm
| P blade length (modeled) 60.104 mm -
Loe web length (modeled) 59.551 mm
<plade angle of blade 45°
G coating thickness O(10 pm)
W, vertical distance from webto O(100 pm)
free surface at C-C
Table 3: Dimensionless Quantities
Re Reynolds Number Re pU..Li
il

Ca Capillary Number Ca = W,

Y
W Weber Number

e e um We 1 Y

"~ ReCa pUZ,L,
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Table 5: Case Study - Effect of Web Speed Variation

€002 309014

“Case U.. U Qe q C Re Ca We
m/sb m?s 1/l ﬁm lfsy‘m p.xtn _ , 1/ReCa
C6V15 15 3.6 6 0.409921 27.42438 45 300 1/13500
C6V20 20 3.6 6 0.552128 27.66575 60 400 1/24000
C6V25 25 3.6 6 0.695813 27.873 75 500 1/37500
C6V30 30 3.6 6 0.841083 28.0655 90 600 1/54000
C7V15 15 4.2 7 0.410793 27.48275 45 300 1/13500
C7V20 20 4.2 7 0.553462 27.7325 60 400 - 1/24000
C7V25 25 4.2 7 0.698024 27.9615 75 500 1/37500
C7V30 30 4.2 7 0.844202 28.1695 90 600 1/54000

86

podoy smeig



Project FOO3 99 Status Report
Table 6: Conversion to Dimensional Units

dimensionless  scale web speed multiply by dimensional

quantity units

p pU2=pUZ,, 15 mfs 0.270 E+6 Pa

P pU2=pU2,, 20 m/s 0.480 E+6 Pa

P pUZ=pU%,,  25mis 0.750 E+6 Pa

P pUz2 = pU2,, 30 m/s 1.080 E+6 Pa

q UL =U,L,,  15ms 37.5 Vs/m

q UL, =U, L« 20 m/s 50.0 Vs/m

q UL =U, Lo 25 m/s 62.5 Vs/m

q UL, =U, L. 30 m/s 75.0 Vs/m

u U,=0U,, 15 m/s 15 m/s

u U,=U,, 20 m/s 20 m/s

U U,=U,, 25 m/s 25 m/s

u’ U,=U, 30 m/s 30 m/s

X, L =L all 0.0025 m
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Figure 4
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Coating Thickness vs Inlet Flowrate
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AIR/SHEET INTERACTIONS

SLIDE MATERIAL

FOR

PROJECT F006

March 18 - 19, 1996
Institute of Paper Science and Technology
Atlanta, Georgia
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Approach Flow System Project

- Xiaodong Wang, Assistant Professor
Institute of Paper Science and Technology
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m — Stick Mass

I, = mr? — Moment of Inertia
(about point O)

r = /al - Radius of Gyration

g — Acceleration of Gravity
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Computer Modeling

* Analogy to electrical circuits;
e Nonlinear dynamical behavior;
e Simulation softwares.
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Q, I,

Q, v Q, I, Y. I,

Qs I,

Q1+Q2+Q3+Q4=0 Il+Iz+I3+I4:O

pH, + DHs+ DH; = O DV, + DVs+ DV3 = 0
DV2+ DV4— DVS = O
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Start

System Parameters Input

Main Menu

Component #1

Component #2
Component #3
Component #4

System Design and Analysis

Modification
End




Pressure Pulsation Attenuator

* Basis weight variations;

* Frequency range and attenuation gap;

* Computational tools to optimize the
attenuator design.

Acoustic fluid

Diaphragm

P+dpP

___.____>

Pressure pulsation attenuator mathematical model.

P+dp’
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Mixing Before Fan Pump

e Turbulence effects;
* Relative pipe length;
e Computational model.
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Air-Sheet Interaction Project

Xiaodong Wang, Assistant Professor
Institute of Paper Science and Technology
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Objectives and Approaches

e Stabilize the sheet in open draws;
e Characterize the parameters;
* Develop flutter suppression devices.
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* * —— with no added mass effects

L *_* __ with added mass effects
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10. Typical shapes of an unstable web in a wind

Arch shape divergence
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Two-sided suppression device
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Displacement, m
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"..", up ave. disp. without damping
“—* up ave. disp. with damping

"_* down ave. disp. with damping
" " down ave. disp. without damping




Displacement, m
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Future Planning

« Experimental confirmation;

* Mill implementation.
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