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INSTITUTE OF PAPER SCIENCE AND TECHNOLOGY
PURPOSE AND MISSIONS

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, disability, 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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F002 Fundamentals of Web Heating

1998 Spring PAC Meeting

Timothy Patterson (PI)

Isaak Rudman, Zhigang Feng,
Andre Dowdell

ProJect Obi ectlve

To develop a quantitative understanding of
the processes occurring during web
preheating and during pressing of heated
webs.

Such an understanding will make possible the
optimum use of web preheating for both
production increases and product quality
improvements.
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Summary
® Work Completed

- Member Report 5 MTS Pressing
- Georgia TecMPST Infrared Heating

® Work in Progress
- Steambox Location Relative to Press

- Sheet Permeability

- Steam Jet Impingement Characterization/Optimization
® Work Planned

- 3rd Rocket Sled/MTs Experiment
- Steambox Guidelines

Member Report 5 -
MTS Heated Web Pressing

Literature on Laboratory Pressing

Various Sheet Heating Methods Used

Steaming Single Plate DoublePlate
Heating Heating

, PressorTopSide ,

I Steam I
II _III ql HotPlate HotPlate

_- _Sheet -_-- Sheet Sheet
_:._............... __ ___

........... _Felt =Felt Hot Plate

A FeltorBottomSide *
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Member Report 5 -
MTS Heated Web Pressing

Objective'
Determine

1. Does heating method affect the sheet moisture
profile? (Yes)

2. Does heating method affect pressing results? (Yes)

3. Is average sheet solids level a factor? (Yes)

4. Is pressing pulse a factor? (Yes)

5. Possible benefit multiple heating/pressing. (5pts)

6. Implications for commercial pressing.

Member Report 5 -
MTS Heated Web Pressing

1. Does heating method affect the sheet moisture
profile?

Yes - steam heating yields a sheet which is wetter
on the press side. Plate heating yields a
sheet which is drier on the press side.

The felt side of the sheet has the greatest
water removal.

IPST Confidential Information - Not for Public Disclosure

(For IPST Member Company's Internal Use Only)
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Member Report 5 -
MTS Heated Web Pressing

2. Does heating method affect pressing results?

3. Is average sheet solids level a factor?
Yes -

At low solids (25%)

- Too much steaming on the press side reduces
water removal despite increased temperature.

- CD STFI, Density, SEM generally increase with
temperature

- An increase in sheet properties does not indicate
a similar change in water removal.

Member Report 5 -
MTS Heated Web Pressing

2. Does heating method affect pressing results?

3. Is average sheet solids level a factor?
Yes -

At high solids (45%)

- Plate heating on the press side reduces water
removal despite increased temperature.

- Steam heating on the press side increases water
removal.

- Heating does not significantly enhance Sheet
properties.

IPST Confidential Information - Not for Public Disclosure

(For IPST Member Company's Internal Use Only)
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Member RePort 5 -
MTS Heated Web Pressing

4. Is pressing pulse a factor?
Yes -

- Higher solids requires a high impulse to obtain
water removal.

- There appears to be a minimum press impulse
required to obtain increased water removal
with a heated sheet.

Member Report 5 -
MTS Heated Web Pressing

5. Possible benefit multiple heating/pressing.

- Heating prior to each of three successive pressings
yielded 5 pts. greater dryness than no heating.

- Proper press pulse selection important to optimum
results.

IPST Confidential Information - Not for Public Disclosure

(For IPST Member Company's Internal Use Only)
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Member Report 5 -

MTS Heated Web Pressing

6. Implications for commercial pressing.

- Laboratory pressing results require interpretation.

- Steaming early in press section can yield sheet
property enhancement.

- Steaming late in press section will probably yield
limited or no sheet property improvement.

- If sheet heating has not yielded a water removal
increase an increase in pressing pulse is probably
required.

- Steamboxes - more is better.

IPST/Ga Tech Seed Grant

Objective' Produce a more even sheet
temperature profile using narrow band

infrared emitters. (--> Better water removal)

Rationale' The literature states that at shorter

wavelengths wet paper is partially
transmissive to infrared.

IPST Confidential Information - Not for Public Disclosure

(For IPST Member Company's Internal Use Only)
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IPST/Ga Tech Seed Grant

® High temperature black body emitter is not
significantly better than low temperature
black body emitter.

® Using a narrow band emitting coating on a
blackbody emitter does not result in a
narrow band infrared emission.

Steambox Location

Objective' Determine if position of steambox
relative to the closest downstream press effects
water removal. (Farther away can be better)

Rationale' Previous Rocket Sled experiments
- heat conducts into the sheet after exiting the

steambox.
- little convective loss from the sheet surface.

IPST Confidential Information - Not for Public Disclosure

(For IPST Member Company's Internal Use Only)
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Steambox Location

Steambox Position Steambox Position

Far Close

IIV_uumII'_uum II V_uumI

Steambox Location

Comparison of Steambox Position
Furnish: OCC, 400CSF, 42 lb/lO00 ft2 kinerboard

Machine speed: 1700 fpm
Steambox Length: 12 in. [Dwell (0.035 sec)]
Vacuum: 5 in Hg

3.50

3.00_ J-'_---Varlance

2.50 _ X

Increase in 2.00

Solids 1.50

1.00

0.50 ·

0.00

Far Position Close Postion
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Air/Water Permeability

Objective' Validate the use of wet sheet air
permeability as a valid measurement technique,

- using multiple levels of AP (Darcy's Law is valid)
- correlation with water permeability

Rationale: Previous work has shown a

relationship between wet sheet air permeability
(a non standard measurement) and steam
energy absorbed by the sheet.

Air Permeability
Superficial Velocity vs Differential Pressure

3.5 i! i

J Bendtsen /
3 i

E 25 -'_· j

·_ 2 Bendtsen '
o _ Y = 0.0141x - 0.1065-
'_ _ R2 = 0.9702>
3 1.5 /.
_: Gurley

1 _mBendtsen
¢3.
.,,l
113

0.5

i
0

0 50 100 150 200 250

Differential Pressure (mm H20)
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Steam Jet Impingement

Ultimate Objective' Determine steambox geometry/jet
configuration for maximum sheet heating.
(get the most steambox in the least space)

Intermediate Objective: Model the steambox jet
impingement, develop a plan for experimental
verification.

Rationale' The steambox is easier to modify than the
sheet. There is almost no current literature on steam jet
impingement of porous media.

Steam Jet Impingement

Color overhead

Static case, pressure field calculated from flow field.

Heat transfer can be found using flow field results.
Condensation and permeability not accounted for, but will be in
future results. The image file is too big for Power Point

Jets far from entrance/exit affect boundary layer, jets close to
entrance/exit do not affect boundary layer.

IPST Confidential Information - Not for Public Disclosure
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Steam Jet Impingement

Color overhead

Dynamic case, pressure field calculated from flow field.

Heat transfer can be found using flow field. Condensation and
permeability not accounted for, but will be in further results.

Highest pressures reached near exit, little affect near entrance.

Third Steambox Experiment

Objective'
- Verify the wet sheet permeability vs steam energy

absorbed relationship developed as a result of the
2nd Steambox Experiment. Use a wider range of
furnishes and basis weights.

- Perform related pressing study to determine
relative benefits of preheating.

IPST Confidential Information - Not for Public Disclosure
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f

Third Steambox Experiment

Rationale' Verification of the wet sheet air

permeability/steam energy absorbed
relationship will make possible the
determination of a sheet's preheating
potential without extensive testing.

Third Steambox Experiment

Furnish Types
- Softwood (southern pine), kraft, unbleached
- Softwood (Douglas Fir), kraft, unbleached
- OCC, unbleached
- Softwood kraft, bleached
- Hardwood kraft, bleached
- Mechanical

IPST Confidential Information - Not for Public Disclosure

(For IPST Member Company's Internal Use Only)
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Third Steambox Experiment
Part 1 Refining, Pressing, Permeability Study.

What is needed to get sheets of similar

permeability, and basis weight.

Part 2 Rocket Sled - Single Ply, All Furnishes
Basis Weight For Steam Penetration.

Is furnish a factor in the permeability/energy

absorbed relationship?

Part 3 Rocket Sled- Multi-ply, Two Furnishes.

What is the maximum basis weight & freeness
range for the permeability/energy absorbed

relationship?

Steam Heating Guidelines

The guidelines would address:

· Method for evaluating steam heating potential of a furnish,
relative to a standard steambox (energy absorbed,
temperature profile).

· Method for comparing a "standard steambox" to an actual
steambox.

· Steambox/Vacuum box placement relative to one another.

· Steambox placement relative to a press.

· Steambox placement within the forming/pressing section.

· Optimum steambox design- geometry and jet
configuration.

IPST Confidential Information - Not for Public Disclosure

(For IPST Member Company's Internal Use Only)
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RESEARCH 
LINEDXO

ADM
AP: 

Paper M
achine Productivity 

To enhance coating quality and productivity 
by reducing coating defects and 

increasing coating speed. 

PRO
JECT 

O
BJECTIVE: 

O
bjectives of this project are to 

1 l investigate the cause and origin of coat weight nonuniform
ities 

reported in 
high-speed blade coating of paper and board, 

2. explore novel coating system
s for application of a m

ore uniform
 coat weight 

profile at higher m
achine speeds, 

3. develop m
ethods for analysis of suspension dynam

ics and rheology of coating 
suspensions under high-shear regions in blade coating processes 
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Figure la. The drawing of the coater head with the air jet channel (10, 11, 12, and 9) on

the development coater.
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The
solution

procedure,
based

on
a

param
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continuation
approach,

is
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a
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plete
flow

flied
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w
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flee-slip
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free
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fluid
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N
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aphson
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procedure'

step
2:

restart
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solver
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solution
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step

1
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initial

condition,
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free-slip
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solve
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m
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o'!
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3,restart

the
solution

from
step

2,release
another

free
surface

and
solve

by
'"

using
segregated
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F1 - air inlet.
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Fl F6- external free surface.
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....................................................... ,

Figure 1-b. Outline of geometry and boundary of the computational domain
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Figure 2. Initial computational grid structure for the coating liquid and air jets.
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Figure 3. Velocity vector plot of the air and liquid coating jet.
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Figure 4. Stream lines of the air and liquid coating jet.
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.¢'x

Figure 5. Converged solution showing the deformation of the free surface and the air-

liquid interface. (note the irregular grid deformation due. to numerical problems near the
pinned contact point.)
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Solid models of transverse mixers with various jet injetion angles. (Gen- 
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RESEARCH LINE/ROADMAP

Paper Machine Productivity and Quality

PROJECT OBJECTIVE'

The objectives of this project are to'

(1) Better understanding of the paper and board forming processes,

(2) develop novel methods for analysis and control of paper forming, and

(3) develop more effective headbox design and paper forming

procedures

PROJECT SCOPE'

Based on the Headbox & Paper Forming questionnaires, the top three
issues of importance are:

i. CD nonuniformities (basis-weight, streaks, fiber orientation,
moisture, filler and fines distribution ...)

ii. Understand and improve formation (fiber dispersion in the
headbox and on the forming wire, ...)

iii. Enhance CD properties (stiffness), ring-crash, STFI, ...

the long-term issue of importance is'

iv. Design an optimized headbox and forming section
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DIGITAL IMAGES OF THE TURBULENT FLOW ON THE
FORMING TABLE
(taken at 1 ms apart)

·'-_:_.._:_._..'"'"'"'""-''_'":'__:''..... '."_-'..___'_":_:_i_::i:':":::':::"_""*'_"_-:'*'"::'"_':_...............i..-:%_:..'::-...'-"_':....'._________'':"':::_''"'. ':' ' '..'..i_:_!_i: _.:.....:-.............._ ..... .:'...... ..' .!_. -'.i?_:'ii!il::-'iii:..... ' ........... ....
g
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The machine direction is from fight to left and the photograph on the left is taken first. Notice the
patterns due to turbulence superirnposed on the mean streak patterns within the images. This
method uses patterned features in the images to estimate the surface velocity profile of the forming
jet. Each image represents a 4.7" x 6.3" region of the forming table.

LINE SEGMENTS DEMONSTRATING THE CROSS-
CORRELATION OF DIDGITAL IMAGES TO MEASURE

THE SURFACE JET VELOCITY PROFILE

The top two lines are line segments from the two digital images similar to those used in the
cross-correlation program. At the bottom, the two images are lined up according to their
respective grayscale values. The displacement of the bottom line is equal to the lag, or the
distance the line of fluid has moved within the 1 ms time interval between exposures.
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SUMMARY OF RESULTS

The details of the results are provided in an annual report for this project.
In this section, we simply summarize the results and their applications.

Immediately applicable results'

1. Methods to quantify and compare the results from high-speed
digital imaging and image analysis of various forming sections
have been developed. This method can be used as a diagnostics
tool for characterization of the forming section. Application to
four headboxes with different design features show that the
structure of the formingjet dependsstronglyon the flow
properties inside the headbox. For example, the forming jet from
heaboxes with the extended sheets from the tube block show a
completely different structure compared to the headboxes without
the sheets. It appears that the sheets reduce the size of the
turbulent eddies as well as the turbulent kinetic energy inside the
headbox.

2. A method based on one-dimensional cross-correlation of the
high-speed digital images of the forming layer has been developed
and tested for surface velocity measurement of the forming jet.
This method Provides more accurate measurement of the forming
jet velocity. The preliminary results show that there is
considerable streamwise velocity variation on the jet surface.
Current results show that the velocity profile does not have a
correlation with the streaks. Further refinement of the procedure
including the hardware and extension to on-line analysis of the
images and velocity measurements are planned for the next six
months.

3. The flow characteristics in a headbox with and without the sheets
have been examined and compared with accurate measurements
of the mean velocity as well as the turbulent fluctuations using an
LDV system. The results show that the role of the sheets is to
reduce the scale of turbulence, as well as, reduce the turbulent
kinetic energy.

Confidential Information - Not for Public Disclosure
(For IPST MemberCompany's InternalUse Only)
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