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Abstract: The article gives analysis of covering of rotated cylindrical surface by
viscous rapid-curing polyurethane composition freely pouring from the jet. The found value
of flow rate field on surface of rotated cylinder will allow to determine flow rate of
composition through the jet of mixing head and obtain the coating of predetermined height.

Nomenclature

G, G-, G. — mass forces vector and its co- L — viscosity coefficient;

ordinate components; p — density of liquid,

g — intensity of gravity; o — peripheral velocity of roll rotation;
h— hplg_ht of coating layer; - '
p — liquid pressure; E=—-1;

. . R

R — cylinder radius;

r, 0 — co-ordinate axes; _ pgcos @

t — time; a=- b

v, v, — velocity vector and its component

on 0-coordinate; Abbreviations

vy, — linear velocity of roll rotation; DETDA - diethyl toluene diamine;

¢ — incidence angle of composition jet; MDI — methylene diphenylene diisocyanate.

Rolls with polyurethane elastomeric coverings are widely applied in paper, printing,
steel, wood and textile industries. Process of coating of polyurethane composition on roll’s
surface is one of the main processes in production technology of rolls.

It is necessary to consider flow of viscous liquid on the surface of cylinder under the
gravity force to calculate volumetric flow rate through the jet.

Equation of motion of viscous incompressible liquid with mass forces taking into
account in vector form [1] is:

D V) =G - Larad p + A, )
ot p P
Equation of indissolubility:

divv = 0. 2
Stationary flow of layer of viscous liquid on cylindrical surface under influence of

gravity field [Z‘; = 0] was considered in [2]. As a result of the problem-solving relations

on determining field rate of flow on cylindrical surface and flow rate of composition through
the jet was obtained:
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_ar2E (1 hY 2+
v(€) = aR 6[24—2@ (1+RJ 1+§].

These relations were received for constant values of viscosity and density. But the real
polyurethane system on the base of prepolymer Laprol-5003 + MDI and hardener DETDA is
rapid-curing, and viscosity highly changes in time. We had carried out experimental research
of curing rheokinetics of these systems. Processing of experimental data has allowed us to
get relations of viscosity and density from time in form:

w(?) = 1,27¢""" Pa-s,
p(f)=1074+23,6¢ kg/m’.

We consider stable motion of layer of viscous liquid on cylindrical surface under the
influence of gravity field. In this case solution v = v-(r, t) depends on only » and equation
(1) of flow of viscous rapid-curing liquid in case of cylindrical co-ordinate system takes a
form:

ave u(t)[a ve 1 %_Le
p(1) r P2
3
Vg Lo
r Gr p or’
where G_= gcoso
Initial condition:
vy =0,1=0. O]
Boundary conditions:
v=0,7=R %)
— condition of adhering of viscous liquid on the surface of cylinder,
Xo Yo _o y—Rah (6)
o r

— condition at the free surface.
The system (3) — (6) was solved numerically by running method [3] for

0<t<10sec, 36<r<36+4,1 mm.

As a result of solution the next field rate of flow was obtained:
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Fig. 1 Field rate of flow
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Analyses of this field rate of flow shows that flowing on cylinder surface practically
stops at curing time ¢ = 10 sec.

In the real process of polyurethane coating roll rotates with some peripheral speed ®
(fig. 2). In this case the boundary condition for the problem of flow of viscous liquid layer
on the cylindrical surface under the influence of gravity field and shearing flow on account
of peripheral speed of roll rotation on the cylinder surface is

Vi=-V;, F=R 7

— condition of adhering of viscous liquid on the surface of cylinder.

Fig.2 Co-ordinate system

After solving system (3) with initial (4) and boundary conditions (6) and (7) by running
method for
0<r<l10sec, 36<r<36+4,1 mm, v ,=162 mm/sec

we have obtained the next field rate of rapid-curing liquid flow:
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Fig. 3 Field rate of flow

The found value of flow rate field on surface of rotated cylinder allows to determine
flow rate of composition through the jet of mixing head for obtaining the coating of
predetermined height.
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Hecrannonapnoe Teuenne BA3KOH ObICTPOOTBEpAEBAIOLIEH KUIKOCTH
110 NOBEPXHOCTH BPALIAIOLIEIr0Csl HH/IHHAPA B 110J1¢ TPABHTALMH

A.B. MemyeBl, , A.C. Kinnkos'

Kadgheopa “Honumeproe mawunocmpoenue”, TI'TY (1),
Texnuueckuti auyet (2)

KiarwueBble cjioBa U (l)p‘c'Bl:I! BaJIOK; BA3KOCTb, IIOJIC CKOpOCTefI; CKOPOCTb TCUCHUA,
TMUIIMHAPUYICCKas MMOBEPXHOCTBD.

AnHoTanusi: PaccmarpuBaeTcsi mporiecc MOKPBITUS HAIHHIPHYECKON BpaIaromencs
ITOBEPXHOCTH BSI3KOH OBICTPOOTBEPKIAIOLIEHCS MOIMYPETAHOBOM KOMITO3HMLIKEH, cBOOOTHO
Tekymed u3 cormia. HalineHHoe 3HaueHHe MOJIsI CKOPOCTEW MOTOKA MO MOBEPXHOCTH Bpa-
LIAIOLIErocs IUIMHIPA MO3BOJISET ONPENeTIUTh PACX0] KOMIIO3UIIMU Yepe3 COIUIO CMECH-
TEIBHON TOJIOBKH VISl TIOJYYEHHS CII0S TIOKPBITHS 3aJaHHOHN TOJIIIMHBL.

Unstationires Flieen der ziihen schnellverhértenden Fliissigkeit durch
die Oberfliche des drehenden Zylinders im Gravitationsfeld

Zusammenfassung: Es wird den ProzeB der Beschichtung eines drehenden
Zylinderoberfldche mit der zdhen Polyurethankomposition, die frei aus einer Diise flieft,
betrachtet. Die gewonnene Bedeutung des Geschwindigkeitsfeldes des Stromes durch die
Oberflédche eines drehenden Zylinders gestattet den Kompositionsverbrauch durch eine Diise
des Mischkopfes fiir die Gewinnung der Beschichtung der angegebenen Dichte zu
bestimmen.

Ecoulement non stationnaire du liquide visqueux a durcissement rapide
sur la surface du cylindre tournant dans le champs de gravitation

Résumé: On examine le processus du revétement de la surface cylindrique tournante
par la composition visqueuse a durcissement rapide qui écoule de la tuyére. La grandeur
trouvée du champ des viteses de 1’écoulement sur la surface du cylindre tournant permet de
définir le débit de la composition a partir de la tuyére de la téte a mélanger pour avoir une
couche du revétement de I’épaisseur donnée.
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