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Numerical Calculation and Analysis on Roll Coating Process of the Clearance between
Two Rollers

BAO Neng-sheng', LIU Xiao-shan', MA Wan', HUANG Xue-jia*
(1.Shantou University, Shantou 515063, China; 2.Shantou Polytechnic, Shantou 515063, China)

ABSTRACT: The work aims to systematically calculate the relationship between coating thickness and such influencing
factors as the clearance between two rollers, speed for coating rolls, and fluid consistency and flow index of adhesive.
Based on the analysis on the complicated flow mechanism, the 2D numerical simulation for the process of coating the
clearance between two rollers with adhesive characterized by non-Newtonian fluid through CFD software was carried out.
In the five-roller solvent-free coating project, the coating thickness finally increased notably with the increase in the
clearance between two rollers. The coating thickness would decrease with the increase in the speed at which the roller was
coated. With the continually increased fluid consistency of the adhesive, the thickness of the coating ultimately transmit-
ted to the substrate would decrease. The clearance between two rollers has the largest effect on the coating thickness, and
the fluid consistency and flow index of the adhesive also have a big impact on the coating thickness.

KEY WORDS: five-roller solvent-free coating; non-Newtonian fluid; the clearance between two rollers; the coating

process; numerical calculation; CFD
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Fig.4 Variation diagram of gas-liquid’s locus



- 10 - fil % TR

2016 4F 12 A

60 1
501

&
=}

30

R /um

20 +
10

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
I [8l/s

Bl s U2 5 W 2%

Fig.5 Detection line of coating thickness

3 H£REHH

SO RS 5 R T AR A WA T G U R
7R A A B AR ELAE L FESR A1 B 80 wm BT,
R SR TR T B AR S A T BRI 5T, I X R
B S5 R BEAT PRI AT, 4575 SRR P AR 22 )i 4
TEL A THL N ME 2t ot

R R/NR R b B AP IR, X TR
JZIR R N AT AT S A 2R S SO
CFD 45 R4k 72 F T AR e 0 2 IR B2 ] 1y
Pehgk, FEAMHRZEE- AR ML, )
JRIEE-PURIBIBOC RN | IR R - C R i 2k
MIRIRIEE-FhEBOCR M. 7ok, OhitlsZ

SO PR 255 7 ) — A s 28R L[R2 A AN [R] 5 0
P Z 6] 552 m N TS 0R2 R Z MG R o

3.1 ViR R

(RN LR 2 IR B2 IR 1A, O 1 RS PR
[BIBE 55 0 2 IR A S A8 o UM AR IE] B o A i, HLAt
N, FMRIRESRILER 1. xR 1 IR 4R AT
WA B, U 2 V5 e I AR 8] B A 28 AL AL IAD 6.

®1 CFD HE#EMNLEREWEEEK
Tab.1 The result of CFD numerical modeling and clear-
ance of two rollers

it SRS

) NN e T 325 =
ﬁAmm@%ﬁim%@@@WW% WME CFD 4%
% /um  /(m'min')  JE/(Pas)  FEEL /um

1 50 20 2.5 1.1 30.8075
2 60 20 2.5 1.1 36.9733
3 70 20 2.5 1.1 43.1548
4 80 20 2.5 1.1 49.3193
5 90 20 2.5 1.1 55.4737
6 100 20 2.5 1.1 61.7114

65
60}
550
50L
4sL
a0l
350

30}

1 1 1 1 1 i

40 50 60 70 80 90 100
BRI A B pum

K6 IRIZIEESMARMIBTAC R
Fig.6 The relations of coating thickness and clearance of two
rollers

L E 6 rhi 2 AR a3 LUE ), R ]
BRAE 50 ~ 100 pm B THTF, AREFHABRZ A 7R
A5 TR R R R S AR ] PR LT B B G
F, IR RIMLNEIT AN y=0.6173x-0.0647, H
BE T UL PR AR TR B i R /N B e U 2 S B, HLH
WA o FESCBRNG DL, 38 R 79 4R ) B AT DA 2K
132 PRAR R 2 R

BRI um

32 mEHESRINEH

HA TR ) CFD BRI R, 2%
b FUA AR B MR S iR O e, IR R IR
A P AN, LR 2 5 B Bt T R e T 1) 72
TP 7o 7 e i At ol b AL, FES TR )=
JEEJEE A oAk AR SR I R BN IS O R, TRJZ
R B 5 DA AR 2 O B TR ), O Sl )
BN, BB LS R AT 0.5 Pars,
TLBIHEECN 0.7 WTR)Z IR ER R —ME(E, BEJ5 fERE
6 U VAR 2 AR Sl 50 9 DA TR DR T o 3 )R
JE o AESERRA A, )R] DU i R R A O
PR RE K sl s 2 B AR IR 2R L

60

0.5Pa s

S8}

%2 /um
W W W
N oy (=)}

W
(=]
T

IS
o0

0.6 Ol.8 IIAO ll.2
T ah s EL
K7 2SR . WaiE R
Fig.7 The relations of coating thickness, fluid consistency and
flow index



E3THE E23 W

FLREMESE 4R VR A P R ) it O3 o A A R 5 0 11 -

3.3 IR&E

YRUIE A 3 A5 2 rh i AR B 0.9 B BT Y
47 CFD FUEBIZE R, A T HA iR
RN AR, 5o TR 2 IS B 0 HA P A, H
U 22 5 it T R A R i 7 A DL BT 8 DAIAL 8 ity
AR AT B0 AT, S A U J2 IR B A A PR O
ARG DL, U )2 5 Bt U R (%) 184 R s/ s
Bifi 2 SR (R BE TN, SRR A YAk
PIBEFE 0.5 ~ 1.0 Pass B, B EEAHXT AR, HiRJEE
FEAREAEIN . ARBCT SR A AR A X v J2 R B 1Y
AL 2 NI M T2 YRS LR WY E 3 1 o T e
T e R A% A VR P R A B AR Y T 2 R

535

4

53.0

525+
52.0
515+

W2 IR /um

20 m/min

51.0

50.5

0.5 1.0 1.5 2.0 2.5 3.0

50.0

WAEBREE/(Pa -« 5)
K8 IRIZEESREN R
Fig.8 The relations of coating thickness and roller speed

BRI Hr R, A IR JCI SRR A TR,
PR IAIBEIE R, A RGBT RIS R, &R
JE R I OR o B ORIRA R 8, RGN Y
B R 7R R DS, VR A JRE AR D o AR R R
PR BB, B A PR ) B 00 B/, e A
1B BN FEAT b AU 2RI/ o AR TR] B A8 DR/ N R
J2 ISR RSN fie R, SRR A P2 B 0 i 2 )5
JEEA BRI o 38 3 9 8] B R LR X 5 e el Bl
IR, SR BN AN TRERERE

4 H£5iF

SR A A R R i AR I B AR e
PEAT TRAE T, EESL T PR IR A A O LAY, JF:
i CFD BUABAEA, 138 T IR IR IZ R
Eal R N 7 Z (A B 5 28, Hrh A AT B L Rk |
VAT B S sh 18 8055, 158 1R 2 R0l e &
PR IA] B A 3G R M4 A, Bl R 9L A A B8 At
SR B SE RN 2R, H AR IR A R/

WIZIRRE R K o 7E TR SEPR, X AR
MU TR S A s H BA B EZNS%
A TR AR el N U SRR B T L S/ N ]
(VB 8 A R T ol 98 R A R
ARG AP, TR L XE LA &
SRR A ) AR R R e T A ) AR B R
fEEETE, HA ™ A i, do it iR A
i MR AR AL, O T ORRRAE AR, XAy
VEAAS ] I, LT i e ] ] B AE T LA B g Ak
MY VR R R 5 SR U R U S B B 1 i R (1Y
WE, EAETIEOL T, TR 255 B2 E I i
B4R, AR A] 15 BB 75 ) A B AR 4 50 B ik Sk
JZo

SE MR-

(1] 24l Jo¥ R U A 52 A AL A i S A SRORS B2 43

[7]. dbatERR 4B 2E 4R, 2007, 15(4): 46—49.
LI Chun. Analysis on Coating Weight and Precision of
Coating Rollers for Solventless Laminator[J]. Journal
of Beijing Institute of Graphic Communication, 2007,
15(4): 46—49.

[2] B RERMEZSEM RS S It

[D].AERT: JEATENRI“ZBE, 2010.
LYU Ling. Characteristics Research and Optimization
Design about Coating System of Solventless Lamina-
tor[D]. Beijing: Journal of Beijing Institute of Graphic
Communication, 2010.

B3] ZOtH. BHEMEETZS5TRXESTZNM2ER
WR[I]. ERRE AR, 2011(24): 18—19.

ZUO Guang-shen. Application Difference between
Solvent-free Composite Technology and Dry Complex
Process|[J]. Printing Technology, 2011(24): 18—19.

[4] AL F. O R S B A O D). B R,
2012(24): 33—34.

YU Ya-feng. Solvent-free Compound Cost Advantag-
es[J]. Printing Technology, 2012(24): 33—34.

[5] HAO Y, HABER S. Reverse Roll Coating Flow[J]].
International Journal for Numerical in Fluids, 1999,
30(6): 635—652.

[6] COYLE D J. The Fluid Dynamics of Reverse Roll
Coating[J]. AIChE Journal, 1990, 36(2): 161—174.

(7] sk, e EOE U A A P A Bz BOE i F 5
[7]. EBFRE4E, 2005, 24(6): 11—15.

ZHANG Ju-xian. Studies of Orange Peel Formation in
High-speed Film Coating[J]. World Pulp and Paper,
2005, 24(6): 11—15.

[8]  FEILHE. 5L HR U A ] B AT+ 5 L% i R e 5 )],
REE Tl K224, 2006, 25(5): 75—78.

YUAN Ru-wang. Study of Computer Control System



<12 -

(R

2016 4F 12 A

(1]

[12]

of Reverse Roll Coating Clearance[J]. Journal of Tian-
jin Polytechnic University, 2006, 25(5): 75—78.
sARsE. A Gis kT 2] EANEEL, 2009,
27(10): 42—45

ZHANG Zhong-shi. Solvent Free Lamination Applica-
tion and Products[J]. World Plastics, 2009, 27(10):
42—45.

SR . ToU R A A B E BN A B D). R
4%, 2011, 21(1): 35—37.

JIANG Nan-nan. Advantage and Application Analysis
of Solvent-free Compound[J]. Plastics Packaging, 2011,
21(1): 35—37.

TARAE. TGRS S0 B CFD B4R 58 45 1 H]
[M]. Jbat: WHRRAE I AR, 2004,

WANG Fu-jun. Computational Fluid Dynamics Analy-
sis: CFD Software Principles and Applications[M].
Beijing: Tsinghua University Press, 2004.

ZEOCH . LR A RS [0]. ERRIECAR, 2012(11):
38—43.

ZUO Guang-shen. Solvent-free Compound Q&A[J].
Printing Technology, 2012(11): 38—43.

ZEREE. AWM EARMI dbat: BTl H A,
2011.

LI Lu-hai. Composite Coating Technology[M]. Beijing:
Printing Industry Press, 2011.

XIFf. H£T CFD M B LA BHLR S EUERU[D]. &
Mo FMOR, 2008,

LIU Qi. The Flow Numerical Simulation in the Cen-

[15]

[16]

[17]

[18]

trifugal Pump Based on CFD[D]. Jilin: Jilin University,
2008.

REIRA, BRMERR, BRICOT. AR A e
BUERLPAT]. T ERLE, 1993, 23(7): 744—745.
TANG Yi-nong, CHEN Yao-song, CHEN Wen-fang.
Bubble Process Numerical Simulation under
Non-Newtonian Fluid[J]. Science China, 1993, 23(7):
744—745.

P47, LT Fluent FPF T X Ui it 18 HE K &%
K 3P RE BB AL RA[T]. &l TR 23R, 2014(20):
65—69.

TIAN lJi-yang. Numerical Simulation of Hydraulic
Performance on Bidirectional Flow Channel of Drip
Irrigation Emitter Using Fluent[J]. Transactions of the
Chinese Society of Agricultural Engineering, 2014(20):
65—69.

Wrokose. AR TEE MR AT R0 A R 5
R[], TR 43, 2014, 21(1): 39—42.
CHEN Yong-liang. Mechatronic Cross-coupling Mod-
eling and Design Method for Five-rollers Solventless
Coating System[J]. Chinese Journal of Engineering
Design, 2014, 21(1): 39—42.

R E . JCE R R AT ALt 50F5E (D). R
ferp R R, 2011,

KE Xing-chang. Design and Research on Solvent-free
Coating and Compound Machine[D]. Wuhan: Hua-
zhong University of Science and Technology, 2011.



