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Abstract— Annular cavity filling and curing in an epoxy RIM process is simulated numerically for the various
operating conditions. For the analysis of the filling step, the flow field is divided into two subdomains: the main flow
region where the materials have one dimensional flow, and the front region where the materials have two dimensional
flow. The effect of the operating conditions on the temperature and conversion rate inside the mold is analyzed
numerically by the upwind differencing scheme.

When the temperature of the material to be injected becomes higher, the reaction rate increases rapidly and brings
about the corresponding temperature increase in the mold. The excessive high temperature may cause the polymeriz-
ed epoxy to be thermally degraded. Thus the temperature increase of the inlet material has to be limited.

The temperature increase at the mold wall shows the similar effect. The temperatures at the mold wall and of the
inlet material are the important factors of the process. A relation between the fill time and the maximum inlet pressure
is also deduced.
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Table 1. The base condition for computer simulation.
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Parameter Value, Equation Unit
Mold Length (L) 0.18 m
Gap Width (H) 0.0048 m
Outside Radius (R,) 0.025 m
Inside Radious (R,) 0.0202 m
Feed Temperature (T,) 70 °C
Circulation Fluid Temperature (T,,) 125 °C
Fill Time (ty) 12 sec
Density (p) 1090 Kg/m3
Heat of Reaction (-H,) 129,000 J/equiv.
Heat Capacity (C,) -524 + 6.29T + 0.00068T2 J/Kg. °K
Heat Transfer Coefficient of 1243.36 + 2.09(T - T)? J/m?.sec. °K

Reaction Material (hy)
Heat Transfer Coefficient
of Circulation Fluid (h,)
Thermal Conductivity of
Reaction Material (K)
Thermal Conductivity of
Mold Material (K))
Initial Concentration of
Reaction Material(C 4)

5020.8 J/m2.sec. °K
0.16736 + 1.255 x 10-8 J/m.sec. °K

(T-273)3

41.84 J/m.sec. °K

4682 equiv./m3
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NOMENCLATURE

A, A, : dimensionless reaction rate constant

Ay, Ayy  : dimensionless reaction rate constant at
TM

A* A* : reaction rate constant, m**/equiv.'®
sec, m3/equiv. sec

C A : concentration of reaction material,
equiv./m3

Cio : initial concentration of reaction mate-
rial, equiv./m?

C,.Cn,C - Sﬁat capacity at constant pressure, J/Kg

D : mold wall thickness, m

H : gap width, m

H, : heat of reaction, J/equiv

h, h, : heat transfer coefficient, J/m?-sec:°K.

K, K,, K* : thermal conductivity of reacting ma-
terial, J/m, sec. °K

K . thermal conductivity of mold material,
J/m-sec-°K

L : mold length, m.

P, P* : pressure, N/m?

Q, Q* . Volumetric flow rate, m3/Sec

R, : inside radius of annular, m

R, : outside radius of annular, m

Re : Reynold number, pU, H/n

r, r* . radial direction, m

T, T* . temperature of reacting material, °K

T, : initial temperature, °K

T, : temperature of circulation fluid, °K

Ty, : mean temperature, (T, + T,)/2, °K

T, : mean temperature of reacting material,
°K

T, . temperature during curing process, °K

t, t* . time, sec

t* : time during curing process, sec

t* : time in front region, sec

t, . filling time, sec

u.,ur : radial velocity, m/sec

Ut : axial velocity, m/sec
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U, : mean velocity, m/sec REFERENCES
X . fractional conversion
z, z* : axial direction, m 1. Manzion, L.T. and Osinski, J.S.: Polym. Eng. Sci,
z; . front position, m 23, 576 (1983).

2. Osinski, J.S.: Polym. Eng. Sci, 23, 756 (1983).
Greek Letters 3. Broyer, E. and Macosko, C.W.: AICKE J., 22, 268

(1976).

e . thermal diffusivity, m?/sec 4. Broyer, E., Macosko, C.W., Critchfield, F.E. and
B18:8:8.8s . dimensionless constant Lawler, L.F.: Polym. Eng. Sci.,, 18, 82 (1978).
& :dimensionless constant 5. Castro, J.M.: Ph. D. Thesis, University of Min-
£ : vorticity, sec”! nesota (1980).
7, ne, n* i viscosity, pasec 6. Bhattacharji, S. and Savic, P.: Proc. Heat Transfer
p . density, Kg/m? Fluid Mech., 248 (1965).
¢ : stream function, sec™!
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