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Abstract

The liquid film behavior between two rotating rollers has been analyzed for many
years. Their contributions were, however, lImited almost within the areas of
polymer laminar flow in there. When the shp contact of two rotating rollers 1s used
as a role of vehicle to distribute the liquid discharged on to each roller after splitting
from the nip, there was few available relationship to control the roller speed and to
design system.

On this work 1t was possible to get out a certain relationship between the
discharged film thickness ratio and the roller surface seeds without any help of
pressure limit at the splitting point.

The hydrodynamic analyzation of Newtonian liquid behavior around the point was
well proved on some manipulative experiment. The thickness ratio increases along
with the roll surface speed ratio increases. And the discharged volume flow rate
ratio on each roller surface varies with square of the speed ratio. Both of these

relationship have a decision factor also made up by the speed ratio.
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Fig. 1. Regions of the nip.
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Cannon Instrument Co.A|) 4F o]t}

Table 1. Viscosities of Newtonian Liquid

Certified Viscosity Standard No Viscosity(at 200C)(poise)
Cannon S 200 5.639
Cannon S 2000 85.940
Cannon S 3000 354.800
Cannon S 30000 710.900
2-2 A AA
2-2. A@AA

o] 7FA] 438 AA|7F AGE 7 Ao ax B P9 HAEE vuH AHEgsA SAHE
F e AY7)FEN Fig. 29 Zo] A4 A& AZsle 4P

Ri, Ry E5 SK 3-steel24] E WL super finishingdt roughness guage® F0.5u9]
BE-E ZIe 2 dgon R19 steel €% 182cc, R29 steel & %F 1760ccE A =44
A Rpel 13 F3io g WASE A3 steelAA7F 53] 2A HEES o=z HE 3
232 E 728 €27 gl

Ri9 ¥rA &L 50mm, 425 mme + F& AYSA I, Ry nip clearance 0.1mm ©]
el A 3n/2 <B (n BHE 22484 10*mm 7}A 61%—6;} AMog B 4 9= ux
200cm ¢} plate roller= o]A13}<it}.

R: : Roller 1 Rz : Roller 2

M, : Moter 1 M; : Moter 2

P.C : Photoelectric sensor unit 5.C : Screw shaft
L : Carbon arc lamp Ly, L2, L3, La, © Lens
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MS : Microscope,

MM; MM; : Nip micrometers MM; : Exit distance micrometer
P : Prism, V . View finder

C : Camera, vi, v2 : Speed controlled
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Fig. 2. Experimental eguipment.
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5 37 fsle dv|E & ZAHIL olF YL AT HARA BAH celld] 23 2F
MEE 297 o224 25 HAst A#HY. webX splitting pointe] =32 FEH
(a*,0%)8 V3 922 dJUI film FAE ERAY & A== 4.

3-3. 489y
2-3. A3%H

Nip clearanceE 5SuclA] 100u7lA] WIIAIZIA Ry, Re B vi, o8& €ASA st hy/he
2 qxo] 9XE <l A= WHHH nip clearance ¥ Ry, R:E YA A dFa r=vy /
voa 1914 30712 WHEIAIA hi/h, 2 ax HAE & A= ¥ & F 74 49
S At o] A9 ABEE BF AMEslY HxEoe BAE BES A

ztzte) A AALY A= Fig. 29 29| center pointol splitting point7} $] X3t &
MM:E °ol&3ld 42 x#F htollA & 1) 2& #AE 2=

ht = H + \V 2R1£C (1)

H : Nip clearance

oebd BRI AARIGIA ht ; y2 ol HMZREH y&e 22 & AL HE MM 2
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Fig. 3. Splitting point in microphotograph.
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Fig. 4. Comparison of ¢ with empirical results obtained with x50 microscope as varying Nip

center clearance(H) at constant v; and vs.
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Fig. 5. Same results as Fig. 4. expression in the ratio of ai—a’/a +oe

Table 2. Comparison h;/h, with Experiment as Fig. 6

r f hy/hy" hy (W° hy(n)° hy /"
0 3.000 0.000

1 1.000 1.000 48 H2 0.923
3 0.600 1.800 50 30 1.667
5 0.500 2.500 62 24 2.533
6 0.474 2.844 9.0 20 2.800
9 0.429 3.861 64 16 4.000
12 0.405 4.360 72 14 5,143
15 0.391 0.865 60 10 6.000
18 0.382 6.876 53 3 7.250
21 0.375 78.875 50 6 8.333
24 0.370 3.880 36 4 9.000
27 0.366 0.882 18 2 9.000
30 0.363 10.890 18 2 9.000

a f = 3":;31 b by Ea. 6) o 2393 2
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Fig. 6. Comparison Eq.(5) with empirical results obtained as varying the velocity ratio, r at

constant clearance (50y) and mounted sample thickness (100u).
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Fig. 7. Comparison of Eq.(5) with empirical results obtained as varying the velocity ratio,

r at constant clearance (304) and mounted sample thickness (100u).
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Fig. 8. Schematic Diagram of the Splitting region.
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Fig. 10. Schematic plot of velocity distributions Vg(cx) between (3° and (i
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Fig. 11. Comparison of Eq. (18) with empirical results obtained as varying velocity ratio.
4. 4 E

1 F7he B Adetes 9F &8

S 2 of
sgel A 7t geldel FEFvE

- 139 -



Qs s3l ) A23d A25 2005

o 2o},

2. Splitting region (8 > B > Budl uld FHdH Moz gAFHIA] AAE A
A 4 Jor Azt of Fopd tidt A& VISAIEA 7 Y& AR o3

3. Non-Newtonian Aol W3} % laminar region® F+®¥&3 Moz 73 vy %
v, ZEFEH o8 7 F & Ao d4sty oA A, coating, milling, &7

5 % AK, RRFURE Fol 2ol B A2de Fgo] AN VE

Fi1ved

1) R. R. Myers, R. D. Hoffman ; Trans. of the scoiety of Rheol. V, pp. 317~328 (1961).
2) R. E. Gaskell ; J. of Applied Mechanics, sept. pp. 334~336 (1950).
3) J. T. Bergen, G. W. Scott, Jr ; J. of Applied Mechanics, March, pp. 101~106 (1951).
4) W. W. Alston, Jr & K. N. Astill ; J. of Applied Polymer Scien., 17, pp. 3157~
3174 (1973).
5) R. Tackerman - Krozer, G. Schenkle, and G. Ehrmann ; Rheol. Acta 14, pp. 1066~
1076 (1975).
6) C. Kiparissides, J. Vlachopoulos ; Poly. Eng. & Scien. 16, 10, pp. 712~719 (1976).
7) C. Kiparissides, J. Vlachopoulos ; Poly, Eng, & Scien., 18, 3, pp. 210~214 (1978).
8) Z. Tadmor, C. Gogos "Principle of Polymer Processing” willy (1979).
9) D. J. Coyle, ph. D. Thesis, University of Minnosota (1994).
10) Savage, M. D. AlchE J. 30, pp. 999~1002 (1984).
11) E. Pitts, J. Greiller ; J. Fluied Mech, 11, pp. 33~50 (1961).
12) D. J. Coyle, C. W. Scriven, J. Fluid Mech, 216, pp. 437~458 (1990).
13) L. H. Sjodahi ; American Ink Marker, March, pp. 31~57 (1951).
14) M. Pasquali, L. E. Scriven, J. Non-Newton. Flield Mech 108, pp. 368 ~409 (2002).
15) A. G. Lee, E. S. G. Shaqgfeh, and B. Khomami, J. Non-Newton, Fluied Mech,
108, pp. 327~362. (2002).
16) M. D. Smith, Y. L. Joo, and R. C. Armstrong, R.A. Brown, J. Non-Newton.

- 140 -



% 3d 28 Alolel ¢4 Splitting Pointe] #3 A7

Fiuid, 109. pp. 13~50 (2003).
17) W. H. Banks, E. C. Mill ; Proc. Roy. Soc. A, 221, pp. 414~419 (1954).
18) C. C. Mill, C. R. South ; J. Fuied Mech, 28, part 3, pp. 523~529 (1967).
19) J. C. Hintermeier, R. E. white ; Tappi., 48, 11, pp. 617~625 (1965).
20) W. S. Ho, F. A. Holland ; Tappi, 61, 2, pp. 53~56 (1978).
21) N. V. Deshpapd ; Tappi Conference, Vol. 14~16, Nov, pp. 179~185 (1977).
22) O. Reynolds ; Phil , Trans., Part 1. 177, pp. 157~234 (1886).

- 141 -



