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INSTITUTE OF PAPER SCIENCE AND TECHNOLOGY
PURPOSE AND MISSION STATEMENT

The Institute of Paper Science and Technology is a unique organization whose charitable, educational, and
scientific purpose evolves from the singular relationship between the Institute and the pulp and paper industry
which has existed since 1929. The purpose of the Institute is fulfilled through three missions, which are:

¢ to provide high quality students with a multidisciplinary graduate educational experience which is of the
highest standard of excellence recognized by the national academic community and which enables them to
perform to their maximum potential in a society with a technological base; and

¢ to sustain an international position of leadership in dynamic scientific research which is participated in by
both students and faculty and which is focused on areas of significance to the pulp and paper industry; and

* to contribute to the economic and technical well-being of the nation through innovative educational,
informational, and technical services.

ACCREDITATION

The Institute of Paper Science and Technology is accredited by the Commission on Colleges of the Southern
Association of Colleges and Schools to award the Master of Science and Doctor of Philosophy degrees.

NOTICE AND DISCLAIMER

The Institute of Paper Science and Technology (IPST) has provided a high standard of professional service
and has put forth its best efforts within the time and funds available for this project. The information and
conclusions are advisory and are intended only for internal use by any company who may receive this report.
Each company must decide for itself the best approach to solving any problems it may have and how, or
whether, this reported information should be considered in its approach.

IPST does not recommend particular products, procedures, materials, or service. These are included only in
the interest of completeness within a laboratory context and budgetary constraint. Actual products, procedures,
materials, and services used may differ and are peculiar to the operations of each company.

In no event shall IPST or its employees and agents have any obligation or liability for damages including, but
not limited to, consequential damages arising out of or in connection with any company’s use of or inability to
use the reported information. IPST provides no warranty or guaranty of results.

The Institute of Paper Science and Technology assures equal opportunity to all qualified persons without
regard to race, color, religion, sex, national origin, age, handicap, marital status, or Vietnam era veterans status
in the admission to, participation in, treatment of, or employment in the programs and activities which the
Institute operates.
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OBJECTIVE

To develop an understanding and a database for commercialization of advanced water removal systems,
based on high intensity drying principles. This new technology will reduce capital costs, increase machine
productivity, reduce the amount of energy used, and improve properties.

GOAL

To commercialize the impulse drying process by 1998.




SUMMARY

Over the past year we have focused on mechanical design issues as well as process issues.
Key accomplishments for the reporting period include:

°Union Camp, Beloit and the Institute have agreed, "in principle", to jointly
commercialize impulse drying for board grades.

°Experiments on Beloits' batch-pilot extended-nip shoe press confirmed the
conditions under which multi-ply/recycle containing linerboard could be
successfully impulse dried and printed. Sheet sticking problems were resolved by
insuring the smoothness of the surface of the press roll.

°A numerical model of a proposed controlled-crown impulse drying press roll was
initiated in order to explore design parameters that optimize energy utilization and
to predict stress within the impulse drying press roll.

°A high speed test stand, to document the long term durability of impulse drying
press roll coatings, has been designed. The hydraulics and controls of the Institutes'
impulse drying simulator have been improved to allow better control of press pulse
shape.




SUMMARY (CONTINUED)

°Student work is being completed, to determine the interdependency of the
"thermal mass" of the heated press roll surface and press impulse on impulse
drying performance.

° Student work to measure heat and mass transfer to a sheet during steam box
operation has begun with the design and construction of an apparatus that can
operate at speeds of 2500 feet per minute.

°Student work to ihvestigate ways of opening the operating window of impulse
drying have begun with the design of an apparatus to determine the effect of nip
opening pressure on flash evaporation and sheet delamination.




DISCUSSION OF KEY RESULTS

Commercialization Of Impulse Drying For Board Grades

Agreement is being finalized.

A proposal to DOE is in preparation.

Batch-Pilot Extended-Nip Shoe Press Experiments At the Beloit Corporation

Sheet Sticking:: Previously observed high temperature sheet sticking was due to
excessive press roll surface roughness.

Press Roll Surface Strength: The IPST "C" roll coating was susceptible to chipping
under shear, while the Beloit "A" roll did not chip.

Critical Impulse Drying Temperature . Critical impulse drying temperature was

confirmed to depend on the hydrodynamic specific surface of the heated layer of
the sheet and was higher for the "low thermal mass" IPST "C" press roll than for
the "higher thermal mass" Beloit "A" press roll. Felt choice influenced critical
temperature.




DISCUSSION OF KEY RESULTS

Batch-Pilot Extended-Nip Shoe Press Experiments At the Beloit Corporation

Press Dryness: Press dryness decreased when the hydrodynamic specific surface
of the sheet increased. Impulse dried dryness was generally higher than that
achieved by double-felted pressing. The Beloit "A" roll yielded higher press
dryness than the IPST "C" roll, even though it was generally operated at lower
temperature.

STFI Compression Strength : The Geometric mean STFI compression strength of
impulse dried sheets were consistently higher than that obtained by double-felted
pressing. No substantial strength difference was observed comparing sheets
impulse dried with the Beloit "A" roll to those dried using the IPST "C" press roll.

Sheet Surface Roughness: Impulse dried samples were smoother than single-felted
pressed samples, which were smoother than double-felted pressed samples.

Printability: Selected samples were printed on a commercial flexographic printing
press and evaluated for print quality. Double felted pressed sheets tended to have
the worst mottle, while the mottle exhibited by impulse dried sheets was equal to or
less than that exhibited by single felted pressed sheets.




DISCUSSION OF KEY RESULTS

A Numerical Model Of A Proposed Controlled-Crown Impulse Drying Press Roll

The long term durability of press roll surfaces requires study. Hence, an analytical
modeling effort was initiated that will eventually lead to the prediction of stress
and temperature as a function of position and time in the various layers of a
commercial impulse drying press roll.

As a first step, a closed form model of lubrication and heat transfer at the boundary
between the internal hydrostatic shoe and the inside of the roll shell was
undertaken. The objective of the analysis was to predict pressure and temperature
distributions at this interface. Once accomplished, these distributions will act as
boundary conditions to a finite element model of the varied layer press roll. An
additional objective of the lubrication and heat transfer models was to provide
design assistance to Beloit.




DISCUSSION OF KEY RESULTS

Design Of A High Speed Press Roll Durability Test Stand

Through an EPRI grant IPST has designed a modification to the existing pilot
impulse dryer to allow it to function as a press roll durability test stand. The design
calls for removing the second nip and installing the induction heater on the first nip
in place of the infrared heater. With some additional drive changes, this will allow
test stand to operate at speeds of 2500 fpm.

DOE will fund the construction, instrumentation and operation of the durability test
stand. Three test coatings will be tested at the same time.The coated roll will be
heated, by induction, to 250°C, will be driven at 2500 fpm and will be loaded
against a wet felt acting as a heat sink. The roll surface will be continuously
monitored by infrared thermography to detect the onset of surface flaws in the
coating and surface strain will be measured using three dimensional speckle
interferometry. Experimental surface strains will be compared to the predictions of
the finite element model. '
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DISCUSSION OF KEY RESULTS
erdependen f "Thermal Mass" And Press Impulse

Laboratory experiments were conducted to determine the interdependency of the
"thermal mass" of the heated press roll surface and press impulse on impulse
drying performance. Process conditions were chosen that were similar to the
conditions used for the Beloit batch-pilot extended-nip shoe press experiments,
providing laboratory confirmation of the results. The IPST "C" surface coating and
an alternate coating IPST "A" were used as well as a mild steel surface for contrast,
all platens having surface thermocouples mounted to record surface energy
transfer. Each surface coating was tested at a constant dwell time of 40 ms and
pressures of 6000, 7500, and 9000 pli using extra sheets of furnishes

FD5 (100% OCC @ 450 ml CSF) and FD6 (740 virgin Kraft top ply with 50/50
blend of virgin Kraft and OCC bottom ply), left over from the pilot trials.

"Thermal mass" values for each coating type

Temperature IPST "A" IPST "C" Mild Steel
(=C)
100 3260 1973 7211
200 3619 2050 7729
300 3949 2084 8178
400 4633 2091 8624
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DISCUSSION OF KEY RESULTS

Interdependency Of "Thermal Mass" And Press Impulse

Critical impulse drying temperatures were substantially higher for FD6 sheets having hydodynamic specific
surface of 1.3 m2/g than for FDS5 sheets having hydodynamic specific surface of 10.5 m2/g. Use of platens
with lower "Thermal Mass" resulted in higher critical temperatures. For the FD6 sheets, increased press
loading increases critical temperature until a maximum is reached at about 8000 pli.
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DISCUSSION OF KEY RESULTS
terdependen f "Thermal Mass" And Press Impulse

Limited outgoing solids data suggests that even though the IPST "C" roll operated at higher temperature than
the IPST "A" surface, outgoing solids were higher for the IPST "A' case than the IPST "C" case. For the
IPST "A" surface, outgoing solids was highest at the highest press load of 9000 pli, while the IPST "C"
surface yielded maximum outgoing solids at about 8000 pli.

70
|| ® s-FD6
® A-FD6
e A C-FD6
g
)
wn
bo 65
5o
=
&
s ——m™ ™—m™——m——m—————1—rrrr——rrrr—
4000 5000 6000 7000 8000 9000 10000

Pli

Outgoing Solids As A Function Of Pli




€l

DISCUSSION OF KEY RESULTS
Interdependen f "Thermal Mass" And Press Impulse

The IPST "C" roll surface is relatively independent of press load, while the IPST "S" roll surface is highly
dependent on press load. Unfortunately, we do not have sufficient energy data for the IPST "A" surface to
show its press load dependency. It is interesting to note the similar sheet impulse dried at the same impulse
but with different press roll surfaces delaminated at different amounts of energy transfer. This suggests that
we examine differences in the permeability of the heated layer of sheets to explain this dissimilarity. At the
time of this writing, we have initiated these measurements.
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DISCUSSION OF KEY RESULTS

Interdependency Of "Thermal Mass" And Press Impulse

The ratio of water removed to energy transferred during impulse drying is plotted, as a function of press
load, in the figure below. The data confirms, that the IPST "C" roll surface results in more water removal for
a given abount of energy transfer to the sheet.
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DISCUSSION OF KEY RESULTS

Heat And Mass Transfer To A Sheet During Steam Box Operation

Impulse drying performance is maximized when the sheet has been preheated as close to 100°C as possible.
To ensure optimum performance of impulse drying, as well as conventional pressing, steam boxes may be
used to preheat paper webs. Published heat and mass transfer correlations, allowing the accurate sizing of
steam boxes, is scarce. There are disagreements as to the relative benefits of various commercial designs and
operating conditions. There is no data to predict steam box performance as a function of sheet
structure/permeability.

Two student projects have been initiated to develop instrumentation to measure temperature and moisture
profiles, through sheets traversing under pilot steam boxes at commercial speeds. The apparatus to accelerate
and decelerate an instrumented paper web under an instrumented pilot steam box has been constructed as
shown below. Sted
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DISCUSSION OF KEY RESULTS
Effect Of Ni ening Pressure On Flash Evaporation And Sheet Delamination

We believe that sheet delamination occurs when sub-cooled water (at high pressure and at temperature above
the ambient boiling point), in the sheet flashes to vapor when the nip opens to ambient pressure. To
rigorously test this hypothesis, a student project has been initiated to impulse dry sheets at "ambient"
pressures well above atmospheric pressure. A schematic of the experimental apparatus is shown below.
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GOALS FOR FY: 1994-1995

The Institute will coxhplete the formation of the agreement to commercialize impulse drying. Once formed,
and funded by DOE, the Institutes dues' funded impulse drying work will concentrate aspects which will

expand the usefulness of impulse drying technology to grades outside the scope of the commercialization
agreement.

Work planned for FY'94-95 will focus on m 1 r objectives

Complete the numerical model of a proposed controlled-crown impulse drying
press roll to explore design parameters that optimize energy utilization and to

predict stress and temperature within the impulse drying press roll during typical
operation.

Construct and use the high speed test stand to document the long term durability of
impulse drying press roll coatings.

Complete student work to determine the interdependency of the "thermal mass" of
the heated press roll surface and press impulse on impulse drying performance.

Complete student work to measure heat and mass transfer to a sheet during steam
box operation.

Complete student work to investigate ways of opening the operating window of
impulse drying.
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OBJECTIVES

1. Investigate the Cause and Origin of Problems
with High-Speed Blade Coaters

2. Design a Superior Coating Application System
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ORGANIZATION OF
PRESENTATION

 Studies of Coat-Weight Nonuniformities
(Wet Streaks)

* A Superior Short-Dwell Blade Coater

« Computational Fluid Dynamic Analysis of
Coating and Other Papermaking Processes




COATING DEFECT MECHANISMS
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mﬁﬁwmna ANALYSIS OF AN AIR/LIQUID
INTERFACE
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STABILITY ANALYSIS OF AN AIR/LIQUID
INTERFACE

The stability analysis of an air/liquid interface assuming
Newtonian liquid shows:

(1) Increasing the shear viscosity of the liquid enhances
interfacial instability and consequently air entrainment

(2) The phase speed of the waves at the interface agree
with experimental observations

27
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Short-Term Research Plans

Dynamic Contact Line

A fundamental study of the interaction of the coating fluid
coming into contact with a moving surface at velocities of up
to 2000 m/min. The extensional stress levels experienced by
the coating fluid in the neighborhood of the dynamic contact
line.

Air Entrainment

Mechanism of air entrainment at high-speed

Effects of air entrainment on surface properties

How would the rheological characteristics of the fluid
influence air entrainment into the system from the contact
line.

Rheological Characterization

Identify the key rheological characteristics of coating colors
which can explain the problem with runnability of certain
formulations.

Devise a model or theory that can provide a prediction of the
rheological data to coater performance.

Establish a consistent rheological constitutive model for use
in computational analysis and optimization.

29
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Up Lin Lgap * Uw Mx Ho P n &%m‘,{s

2UpLin/3 surfitens | viscosity | viscosity density

Run m/s m m I/s/m m/s kg/s2 kg/ms) | kg/(m s) kg/m3

C1 3.0 0.0025 50 10°6 5.00 20.0 0.05 0.05 1.00 0.01 1200 0.65 <- 8

C2 30.0 S

c3 40.0 S

cnl 5.0 0.0025 50106 8.33 20.0 0.05 0.05 1.00 0.01 1200 0.65 S

C12 8.0 13.33 S

C13 120 20.0 S

C14 16.0 26.67 A

C15 200 3333 <-- A

A, Attached Flow
S, Separated Flow

INPUT PARAMETERS FOR THE SIMULATION OF NON-NEWTONIAN FLOW (Carreau Model)

TABLE 1.
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Up Lin Lgap q q Uy Hx Ho K Y n E‘%‘L’m
pumped surfitens | viscosity | viscosity density
Run m/s m m I/s/m s/m m/s kg/s2 | kg/ms) | kg/(ms) kg/m3
NB51 | 5.0 0.0025 50106 0.0 6.25 30.0 0.05 0.05 1.00 0.01 1200 0.65 S
NB52 | 5.0 2.5 8.75 S
NBS53 | 5.0 5.0 11.25 S
NB54 | 10.0 0.0 12.50_ S
NB55 | 10.0 5.0 17.50 <-- A
NB61 | 5.0 0.0025 50 10-6 50 11.25 40.0 0.05 0.05 1.00 0.01 1200 065 |S
NB62 | 10.0 50 17.50 A
NB63 | 15.0 5.0 23.75 A

A, Attached Flow
S, Separated Flow

INPUT PARAMETERS FOR THE SIMULATION OF NON-NEWTONIAN FLOW (Carreau Model)

TABLE 2.




STREAMLINE
ONTOUR PLOT

2027E-01
.8930E-01
1963E+00
2244E+00
2924E+00
3604E£+00
4295E+00
4965E+00
5645E+00
.6326E+00

32

SO N U H W=

PRESSURE

CONTOUR PLOT

o

2y C2CD

(o]
1-s

o330

OO




e ——— )
C

STREAMLINE
ONTOUR PLOT

— -.1402E+01
-.1185E+01
-.9669E+00
-.74S1E+00
-.5313E+00

, -.3135E+00
9572E-01

PRESSURE
CONTOUR PLOT

-.5570E+01
-.5686E+00
4433E+01
9435E+01
1444E+0¢2
1944E+02
2444E+02
2944E+02
3444E£+02
3%944E+02

SO~ W

33




STREAMLINE
CONTOUR PLOT

AERERRREN
-
~
m
+
o
o

2} 3]

PERSSURE
CONTOUR PLOT

-.1420E+01

1
e
3
4
S
6
7
8
S

1

[an)

34




LONG-TERM OBJECTIVES

Develop a new high-speed coating system to provide
acceptable coat-weight uniformities in both
macroscopic and microscopic scales at machine
speeds up to 2400 m/min with a broad spectrum of
coating formulations.

Assist in the development of an improved short-dwell coater
to allow a wide operating window in terms of coating
formulations.

Develop on-line instrumentation for rheological
characterization and control of coating colors.
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Progress Report
to the |
Research Advisory Committee

on Project 3730

Air/Sheet Interactions
by

Cyrus K. Aidun
Associate Professor

Institute of Paper Science and Technology
A privately funded non-profit graduate university
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GOALS

(1) to investigate and optimize the paper and
board formation process, and

(2) to develop new ideas and innovative
methods to improve the design of the
current forming technology
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SHORT-TERM
OBJECTIVES ARE TO:

investigate the effect of various parameters
on cross- stream and secondary flow in the
forming section and effects on fiber
orientation and mass formation, and

optimize the influx of the flow into the
headbox to reduce cross-stream flow and
eliminate nonuniformities in fiber orientation
and mass formation
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LONG-TERM
OBJECTIVES ARE TO:

- analyze the jet/wire interactions and effects
on formation

* investigate the drainage characteristics
on the wire and effects on fine particle
distribution

 explore new and improved design concepts




SCHEMATIC OF THE TEST SECTION
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(a) Bond #4 Paper
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(c) Corrugating Medium (unbleached paperboard)
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(a) Bond #4 paper
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(c) Corrugating Medium (unbleached paperboard)
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CONTROL POINT POSITIONS AND MATERIAL
COORDINATE
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FUTURE GOALS and TASKS:

1. Wind Tunnel Experiments

- Measurement of the onset of sheet flutter and its frequency as a function of air
velocity and tension.

FUTURE GOALS and TASKS (cont'd)

2. Analyses:

a. Continue the implementation of a thin shell finite element code (steady state, 3-
dimensional, linear, isotropic material behavior) with sheet under tension on
bottom and top edges and subject to gravity.

b. Modification of part (a) to consider non-linear and non-isotropic material
behavior.

FUTURE GOALS and TASKS (cont'd)
2. Analyses (cont'd)
c. Analysis of the effects of time-dependent boundary conditions.

d. Fluid dynamics analysis and computation of lift and drag on surface with
varying angles. .

e. Coupling of the solid-fluid effects. The excitation force is replaced by a lift and
drag induced force.

3. Optimization

50




elocity Streamlines for Re=7
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FUNDAMENTALS OF WATER REMOVAL PROCESSES
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Project 3480

Fundamentals of Water
Removal

Jeffrey D. Lindsay
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Inertial Effects in Fibrous Media

m Nonlinear relationship between
pressure drop and flow rate at high fluid
velocity

m Important for drainage on the wire,
through drying, possible displacement
dewatering

m Usually not a factor in wet pressing
m Important for filter products
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Air

mounts to
pneumatic press
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mass flow for eddy current
meter | . ~ detection
N drilled_
bronze Q .
—Fixed eddy current
plate N sensor for thickness
S measurement
ample
zecombly L — o-ring
lower head
— (stationary)
Exhaust to
atmosphere

flow apparatus for measurements in ceramic paper.
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3.5-mil plastic
with
0.67-inch hole

Bronze wire with silicon
These two layers .~ sealant around outer edge
are bonded together
by silicon sealant. ~ Paper machine forming

fabric (fine plastic mesh)
with silicon sealant

around outer edge

0.4-mil plastic with
0.67-inch hole

Ceramic paper sample

Bottom assembly is
a mirror image of the
top assembly

Sample assembly for air flow measurements.
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Effective fiber diameter as a function of shot content and fiber diameter.
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t as a function of shot content and fiber diameter.
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A Fundamental Question:

How much of the pore space in paper
is open to flow?
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Relative Flow Porosity

m Definition:
—Fraction of the total pore space that
is open to flow
m Example:

—A value of 0.5 means half of the
pores are closed to flow
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Pores Closed to Flow

m Dead-end extrafiber pores

m Micropores in the cell wall

m Lumens (not all)

m Stagnant zones behind fibers
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Porosity Definitions

Term

Definition

Total porosity, €

Volume fraction of pore
space, or 1 - volume
fraction of solid matrix

Effective flow porosity, €eff

Volume fraction of pore
space open to flow

Relative flow porosity, e

Ratio of pore space open to
flow to total pore space:
Erel = Eeff/€

Extrafiber porosity, ¢,

Volume fraction of pore
space between swollen
fibers, or 1 - volume
fraction of swollen fibers
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Extrafiber Pore Space

m Pore space between swollen fibers

m Excludes lumens, associated water,
micropores in cell wall

m Simplest assumption: relative porosity
equals extrafiber porosity / total
porosity.
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Estimates of Extrafiber Pore Space

m Water retention values

m Specific volume from Kozeny-Carman
approach (permeability data)

m Solute exclusion methods
m Other techniques
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Fiber normal to

Direction of flow the plane of flow

Fiber in the
plane of flow

Unit cell of a fibrous medium used in the analysis of Kyan et al.



- The Geometric Model of Kyan, et al.

Ceff = Nez('l -8) (O5/7t)

( TC Y1/2

\05(1 '8))

Ne= ""25
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Relative porosity
o (
D

0.2 ///
0.0 Jee] —

0 02 04 06 0.8 1
Total porosity

Predicted relative porosity based on the approach of Kyan et al.
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0.6

AN

0.65 cc/g
X 1.0 cc/g
Y //

//
I el B g VL
. 0.5 0.6 0.7 0.8 0.9
Porosity

\

Relative porosity
o
A

Relative porosity results based on a combination of Kyan’s model and extrafiber
porosity analysis. Unhydrated fiber corresponds to o = 0.65 cc/g.




Water Retention Approach

ps (1"8\
Pri€,




Darcy’s Law

~KAP
“un L

V



Kozeny-Carman Approach
1 (1-00C)3
5.55S, o’c’

K =




Use of Specific Volume Data

€ 1- 0C _ 1-0ps(1-€)

- L= g = g €

m 0. = specific volume, cc/g fiber
m c = fiber concentration, g/cc
m p = density of pure solid, g/cc
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'Experimental Approach

m In-plane dye injection
m Measure growth rate of dye zone
m Measure volume of dye injected

m Measure sheet thickness and basis
weight to get total porosity

m Compare volume of dyed zone to
volume of dye injected.
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Rubber disk |

. —
Injection line

Modified lateral flow apparatus for dye injection tests.

— foad cell

Image of
paper and
dye zone

paper disk

Compressed air

flud
meniscus




‘ Metallic Mounted plate to accept load
. mirror from Carver press

Transparent
~ plastic cube

Optical path
—> to camera or VCR

7ZCompressed paper

disk with lateral flow
< 19cm > of dyed fluid

Z8

Plastic pressing block with mirror for optical access to a compressed sheet.
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Problems to Consider

m Dispersion of the dye
m Z-direction gradients
m Dye-specific artifacts
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Never-Dried Bleached Softwood Kraft

Total Relative

orosity porosity
0.814 0.471
0.817 0.454
0.815 0.446
0.817 0.465
0.812 0.458
AVG: 0.459
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Ceramic Papers

m Relative porosity measured at 90% or
above
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Results for Dry Blotter Paper

Series | Series Il Series il

£ Dry €rel | € Dry el | € Dry grel |
0.771 0.936 0.778 0.583 |]0.649 0.699
0.773 0.836 0.777 0.712 |0.647 0.854
0.769 0.974 0.782 0.747 | 0.656 0.891
0771 | 1.004 | 0.777 | 0668 |0.648 | 0.801
0.772 0.933 | 0.778 0.803 | 0.649 0.962
0.768 0.810
AVG: 0.916 AVG 0.703 AVG 0.841
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1-
oa=1.0
0.8 cc/g | T
= .
S 0.6 ] z
o —
o !
[} ) /
Z 0.4 AR
® \
g / o= 1.44
cc/g
0.2 //
([t A —r

05 06 07 08 009
Porosity

Predicted relative porosity results based on 90% of extrafiber pore space being
open to flow.
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Flow direction ———>

Diffusion

Diffusion

Tube wall /

Distortion of a flat dye-water boundary moving in a flow with a parabolic velocity
profile. Some of the dye advances faster than the average flow velocity.
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Dye zone diameter, cm

Relative porosity versus dye diameter in bleached kraft handsheets.

0.8 J<x
2 ] \
g06: \
o
° 3
2 0.4
8 ]
® .|
o
0.2
(o8 SS— . e ——— pramepp——
6 8 10 12 14

Total porosity

(= 0.8
e Je 0.79

dy (.82 :
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Dye zone diameter, cm

1 1 SN\
; \\\Qﬁ Total porosity
0.8 - .‘%'na.. l\\
> | A a—_ O 0726
.a \ \\\\\\\\?\3
g 0.6 .
S N —@— 0.711
o ]
£ 0.4-
L:., : —-—=— 0.703
|
0.2
: ¥ 0.708
6 8 10 12 14

Relative porosity results in saturated blotter paper as a function of dye zone
diameter injected into the sheet.
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1- S— .
:\\ \\ D=1.0x1o'6c;T|

/

LN

o
o 061 - |
\g 1o = 1.0x107 cm® \
O 0.4- \\

\\
4.4 4.6 4.8 5 52 54 5.6

Distance from injection point, cm

Predicted dispersion of a dye boundary after 5 cm travel in a capillary tube.
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Radial geometry of fibrous mat with dye injection flow.
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0.8+

Concentration

o 1 2 3 4 5

Distance from injection port, cm

Computed breakthrough curves for P = 10.
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S 0.4
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Distance from injection port, cm

Computed breakthrough curves for P = 100.
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Concentration
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N O 0 =
//
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Distance from injection port, cm

o
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Computed breakthrough curves for P = 1000.
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Conclusions

m Dead-end pores are relatively
insignificant to the extrafiber pore

space.
m Kyan’s geometrical model significantly

underestimates the open pore space in
paper and similar fibrous structures.

m The relative porosity in paper is
roughly 90% of the extrafiber porosity.
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Applications to Consider

m Application of coatings

m Imbibition of fluids (including printing)
m Displacement dewatering in paper

m Displacement washing of pulp mats
m Flow through filters




CONTROLLED CROWN PRESS

LUBRICATION AND HEAT TRANSFER

SLIDE MATERIAL

FOR

PROJECT 3470

March 22, 1994
Institute of Paper Science and Technology
Atlanta, Georgia
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MODELING OF FLUID FLOW AND HEAT TRANSFER IN A CROWN
COMPENSATED IMPULSE DRYING PRESS ROLL |

I: The Lubrication Problem

101
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Ceramic-coated
Roll Shell

Stationary Support
Hydrostatic Element

"~ Paper

4/ Felt




Stationary
Center Shaft

Rotating Ro}y
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Integral
Shoe & Piston
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ASSUMPTIONS (AND HOW TO REMOVE THEM!)

APPROXIMATE THE CONVERGENT CURVILINEAR REGION
BETWEEN THE BOTTOM OF THE SHOE AND THE INSIDE
OF THE ROLL BY A PLANAR-WALLED CHANNEL.

USE CONFORMAL MAPPING TO FIRST MAP THE ACTUAL
CHANNEL ONTO A CURVILINEAR CHANNEL WHOSE WALLS
LIE ON CONCENTRIC CIRCLES-THEN ANOTHER CONFOR-
MAL MAP TO SEND THIS REGION ONTO A PARALLEL WALL
CHANNEL.

USE A STANDARD LUBRICATION THEORY ASSUMPTION
TO WRITE DOWN GENERAL EXPRESSIONS FOR THE VE-
LOCITY FIELDS WHICH MODIFY COUETTE-POUISEUILLE
FLOW.

FOR THE APPROXIMATE PLANAR-WALLED CHANNEL IN-
TRODUCE POLAR COORDINATES AND STUDY THE HAMEL
FLOW IN A (TRUNCATED) CONVERGENT WALL CHANNEL.
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xm Lp

-Lp -4,
T\CC is discontinuous at e, .ﬁw\_\. =>>

U (X, Y) is discontinuous at e, ..v\m\_\_.
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(O,R+dg)

x2+(y-R)?=R?

B1(@+¥)

(0,0)
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.. & rotate
d, .__
S, ) P,
R e dwj*’wm- .
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(mr (e + )73 + (R+ do)) /3] — [mr (e +¥) + /1 +m& (e + V)]
1+ [(me(e +¥)as + (R + do))/zs] [melp + ¥) + /1 + mk (o +¥)]

tan .QN =

—mndy + /g + (1 + mB) (R? — &)
1+mj

I3 =

do

nmbmqwn A%v MHSA& + ﬁwv AQ‘N "%HI %wv

Iz = Ry/2(1 = cos(¢ + ¥))

Lr =lgcosfr

dr(z) = do —ztanfr, 0 <z < Lz
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x2+(y=-(R+d,))*=R?

x24+(y-R)*=R?
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(0,R+d,)

$ (O,R)

Pq (0,d,)

Ve

P, (0,0)
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tan Bz ~ Awlmv sin(¢ — AS. (B, =01 —63)

lc = Ry/2(1 = cos(¢— 9))

hh = Nh COoS Qh

AND

de(z) =do—ztanf,, 0<z < L,
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Lubricant flow

I = Ry2(1~cos(p-))

k=R
dp(X) = dg+x tanBe ‘ Vaa dg(x} = dg—x tanBy;
\ 4 X<0 Q X>0 ¥

Ly = lzcosBg —>s5

ﬁ\\ = @m&ﬂﬁmr,ﬁmxm"“m,mgﬁ‘.@.t,bv
do = do(F,pen,Pexit: 8, R, 0, R, p, p)
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wne9) = () <)+ (L SY)

e s \%E w(o, )y = Cr@BRE) 1 @)

124 w

_ . _ 6y L W)y _me (1 _ 1
pr(z) — Pr tan fn T A&%ev &ov p A&Nﬁavlglwi

Set x=Lg, Pg=pelle), APa=PL-P
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(lubgcantflow)

y= : shoe

—

y=d, .,  roll

125




pCr(z)d%(z) 1
124

) de(z)
e = b\o uc(z,y)dy =

2m
pe(z) = =Cc(z) = —6u A mev * &.Msv

et -re= | (- )+ 5 (@ 2]

set x= Pb\.wha.\ Whmrhvx APz = mb*....m&
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*
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=g (- ) - (-2
ﬁwﬂalglnwbﬁ.\m. S Qw«‘ & p &Nw &m |
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pressure: Pgh

e man e W

single capillary

h F * \ of radius R

] miean velocity: =o.

. [} n : — *
mean velocity: Wpec volume flow rate: Q.

volume flow rate: &.3

section of
- recess with

<\ equivalent

I

Lr l\.\.\\Ll\\\
- pressure: mn\

Flow toward an enlargement: The right-hand channel.

Dr = psh + BnmnAQn - .Qﬁwnv

L 4

@c= S.mvxnv , @...nn.u S‘hrxxnb
&o“ &.snn‘
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) me\? 100
DR = Dsh + 7 Yy

oo Su [ (1.1 _T3_<_1__i
Puatin br = tan ﬂ’R d‘k dO p d‘l;?,2 d’é

-t
R~ SAr + an fr : 6‘R(psh — PDatm)
6
AR = Godr
R do + dx
5 ddz’
R — d% _ %2
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TANGENTIAL AND NORMAL FORCES

ON THE SHOE AND ROLL

[ ne) e e = 0= 2 (T2

Le @\ ~ = ne=Sple (s e
\o (pe(z) -p)dz = Zanﬁmsun A&o+%v
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dz
Jy =dr ()
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r_ e [1 1) 2ws | [do
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,Né \ Oy By DY) y=dc(z)
%Qh. QhAHv 5
= d - 2y) +
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1

&o pvn_mﬁ &o tan g
T + Jo = 6usln Au.lv \Al..v
h ] &ﬁ. Qh

R _ 2us do —dg do
Jon = tan fr T A&o + &wv " A&.wz

A Mﬁ&w&av @x?av

© agrees _roluF Batehelor 1§ mW = TP&SA

&oQ\w -
,Nr .To Agv (PR — Patm)

( . : 2u do — dp Agv
| T tan ¢ T Aao +dz " dz i
dodr
A &o " &h Aﬁh Ew:‘:v
dod?
\ Tanls=0 = &K.@nl?av
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THE EQUILIBRIUM EQUATIONS
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F = NR cosb; + N5 cos @ + JX sin b + J 5 sin 0y

NE sin 6}, + JR cos by = —J cos 05 + N sin 6

Qa\ANﬂ S, DPsh |~ann:.m. &, m. N.M. U, p; Qo.A\\v =0
. QN&AMJ S, Psh = Datm, mw. &“ .NM. M.w. Ky P; &o..%v =0

P = ANﬂ S, Psh — Patm) mu ﬁv N.«N. wv t,bv
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FILM THICKNESS (mm)
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LUBRICATION FLOW RATE (Liter/min.m)
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CHANNEL THICKNESS (mm)
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FLUID RESSURE (KPa)
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