Drainage Simulation in Fourdrinier Paper Machine
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Fig. 1. Example of SFR calculation.
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4. Mass balance over the wire
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(1) Consistency evaluation
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DL(i-1).s = DL(i~1).1 X DL(i-1).c/ 1000 " Pre-inlet solid
DL(i-1).w = DL(i-1).1 - DL().s " Pre-inlet water
DL(i-1).d = DL(i-1).g + DLG-D. " Pre-inlet drained fluid
DL(i).s = DL(i-1).s - DL(i-1).d X DL(0).c X (1- sret) / 1000 " Inlet solid
DL(i).1 = DL(Gi-1).1 - DLG-1).d " Inlet fluid
DL(i).c = DL(i).s / DL().1 X 1000 " Inlet consistency
where
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s = solid flow rate, (Ton/s)/m
w = water flow rate, (m'/s)/m
d = drainage flow rate, (m'/s)/m
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Fig. 3. Mass balance over the wire.

(2) Basis weight evaluation
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Fig. 4. Main program of drainage simulation. 5. The drainage simulation
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(2) Computation of drainage due to hydrofoil action
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Fig. 5. Subroutine program of drainage
simulation for calculation of the induced
drainage on hydrofoil/table roll section.
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6. Results and discussion
Simulation W43 Ao HHE Table 13 229 forming board, multi hydrofoil,
forming shoe, flat suction box, couch roll 522 ©]FojA it}

Table 1. General information for a fourdrinier paper machine

Wire speed m/s 5.98
Dry basis weight g/m 152
Flow rate at slice (m'/s)/m 0.1105
Headbox consistency % 0.916
Stock temperature [ 30
Wire resistance 1/m 111876805.680
. Water viscosity N - s/m’=kg/(m - s) 0.000795 A
Water density kg/m’ 99557
Fiber retention % 83

Specific filtration resistance(SFR)E Z} A3 = oA A A HFo] wel A8 A
2 otef} Zew, T4 head box AEE ©] &% SFRE IF X wat ofee} gt

SFR = Slop * BW + Intercept [m/kg] (11)
where : BW = Basis Weight, kg/m’
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Fig. 7. Correlation between specific filtration resistance
and deposited basis weight for 0.15 bar vacuum.
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8. Correlation between specific filtration resistance

and deposited basis weight for 0.25 bar vacuum.
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Fig. 9. Correlation between specific filtration resistance
and deposited basis weight for 0.35 bar vacuum.
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Table 2. The equation and coefficient for specific filtration resistance

{ Vacuum Pressure Linear Equation

' Pa(=N/m") Stop Intercept
15000 5.91E+09 1.64E+09
25000 1.04E+10 1.78E+09
35000 1.12E+10 2.09E+09
45000 1.53E+10 2.18E+09
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Fig. 11. Comparison between the calculated and
measured consistency profiles on the wire.
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Fig. 12. Results on the Wire for simulation.

7. Conclusions

A, head boxst FA 7tsd HIFTEF A FEVLR Mo, dA

g5 fAdAe 4R A8 v
Adtd Az wle A 2HRE AU
t}.  Actual forming length(Z % =
14%)9 $iXe €92 #44(Multi
hydrofoil #4) o]™, A% wired F #
ol(slice - couch) 17.126m % 4.19m
AN A o] FA L oW wire AT
Bael 245%uoA Aol HHYHI
ART EF Ao dFL mA F
e AFYHo] HA2E forming shoe
(&9 x = #70, A8l = 8.079m)=Et}h
ghokot

Yo F%7F 1.7% o4 g49
X #57%-E ¥ hydrofoil 59 Ad 2
blade ©4 9] 7]%o] ¢t o, #70
g5AAA AFgsd g g4 A
gl ol dFate E83 olf
of B3 HARE AL & YATh

AZY MDDAE Al€3}9 fourdrinier paper machine?] &< simulation2 ¥4 A=
A =3

B8 FA% s FAE A3E AUS T A7 o}

#et 2ot



e N

8.

9.

(1) MDDAE ©o]£3% Specific filtration resistance(SFR)= ZF AFE9] dojA H¥d
Bl gt AYBJAE RAh

(2) Head box¢t &4 7’ AFET fA9 sxHee &
3ot

(3) Forming length(¥ %= = 14%) HA& Fotsld tiAed + e 7hsAd & Fo93A0h

(4) Multi hydrofoil& 89 FxE7} 1.7% olddlM e @580l n st

(5) Simulation datag ©l-&3te] Aol FFg vX e 54 AXNARZHS Fd= ¢
FA A8 2d 9 HEo2 S AFS AAE + e ARE A& F U

6) AFEHAE ¥%oy MDDANA F712 A& + e A5 HF Ie=g 25
A F-d8 2 BRA ALEA T wstE AYSHA simulationo] 7Hs 3kt

o

9] &4 simulation®] 7}

References

. Taylor, G. 1, Pulp Paper Mag. Can. 59(C): 172(1956).
. Wrist, P. E., Pulp Paper Mag. Can. 55(6): 115(1954).

Taylor, G. L., Pulp Paper Mag. Can. 57(3): 267(1956).

Bergstrom, J., Svensk Papperstid. 60(1): 1(1957).

Ingmanson, W. L., Tappi 35(10): 439(1952).

PIERS, E.C., SPRINGER, AM. and KUMAR, V., “drainage simulation for Water
Drainage in Fourdrinier Paper Machines”, Tappi 71(4):133-139(1988).

ZANUTTINI, M.A,, "Using the Drainage Time to Evaluate Mechanical Pulps”. Tappi
71(2):115-116(1988).

WALSTRDM, B. and O’'BLENES. G.. "The Drainage of Pulps at Paper-Making Rates
and Consistencies Using a New Drainage Tester”, Pulp Paper Mag. Can. 63(8).T405
(Aug. 1962).

INGMANSON, W.L. and WHITNEY R.P, "The Filtration Resistance of Pulp Slurries”,
Tappi 37(11):523-533 (1954).

10. INGMANSON, W.L.. ANDREWS, B.D. and JOHNSON, R.C., "Internal Pressure

Distributions in Compressible Mats Under Fluid Stress”, Tappi 42(10):840-849 (1959).

11. SPRINGER. AM. CHANDARASEKARAN, S. and WAGNER, TH, "Single Procedure

for Measuring Drainage, Retention, and Response to Vacuum of Pulp Slurries”, Tappi
67(2):124-126 (1984).

12. PIERS, E.C., SPRINGER, AM. and KUMAR, V., "drainage simulation for Water '

Drainage in Fourdrinier Paper Machines”, Tappi 71(4):133-139(1988).

13. PIERS, E.C., SPRINGER, A M. and KUMAR, V., "A New Technique for Specific

Filtration Resistance Measurement”, Tappi, 72(7): 149-154(1989).

14. SPRINGER, A., PENNIMAN, J.G., Jr. and PIRES, E.C., "Innovative Procedure for

Automatic Measurement of Specific Filtration Resistance and Electrostatic Charge”,
Tappi 77(8):121-127 (1994).

15. Meyer, H. and Brown, G. R., Tappi 56(6): 144(1973).



Nomenclature

Q = flow rate, m'/s

AP = pressure across the fiber mat, Pa
g = fluid viscosity, N+ s/m' = kg/(m * s)
A = cross section of the fiber mat, m'

Ry

total drainage resistance, m’
(R, = Rm + Rw, Rm = matdl d#AA&, Ry = wire filter?) o FHA)

a=(apur/oU)
a = foil blade angle,

o = white water specific mass, kg/mt
U = machine speed, m/s

NL = nip length, m

L = machine width, m

R = table roll radius, m

S = maximum vacuum, Pa

(dv/dt) = drainage flow rate, m*/s
W = mass of the fiber web, kg

SFR = specific filtration resistance, m/kg

At = time interval to filtrate the volume 4V, s
A4V =filtrate volume, m’

C = fiber concentration in the slurry. kg/m’

V = accumulated volume, m'

BW = basis weight of the fiber mat, kg/m’



