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Abstract—The local heat transfer coefficient was obtained from the experiment using the heat flux meter of
infinitesimal heat transfer area in the mechanically agitated thin film apparatus with rigidly fixed blades. The
experimental variables were axial mass flow rate, rotational speed of a shaft, number of blades and viscosity of
liquid.

It was shown that the heat transfer coefficient was dependent on the product of the number of blade and the
rotational speed of a shaft by (, 5th power. This dependence was same as that predicted by penetration
model. However, the results did not coincide with the penetration model due to the different degree of turbulence
in liquid film, which was affected by the changes in axial mass flow rate, number of blades, clearance and
viscosity.

As a result, the heat transfer coefficient could be described as the penetration model in combination with
correction factor including the above effects. The dimensionless correlation equation within the experimental
range was represented by

Nu=0. 12 (Rer'Pr) 0.8, Ref°' 144 (% ) -0.12¢4 B—D.ﬂl
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Table 1. Physical properties of test liquids.
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Density Viscosity Thermal conductivity Specific heat Prandtl
(kg/m*) (Pa-s) (W/m-C) (J/kg-C) number
water (25TC) 997 0.89x10°? 0.607 4175.6 6.2
57% glycerol (25C) 1143 7.4 x10°° 0. 393 3243 61.1
77% glycerol 25T) 1197. 4 34x10°° 0. 328 2866 297.1
86% glycerol (27.5C) 1227 79%10°% 0.310 2720 693. 2
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Table 2. Experimental range of variables.

Variables Range

Mass flow rate(kg/m:s) 0.027~0. 183
Rotational speed (RPM) 350~1500
Number of blades (—) 2, 3, 6
Clearance {mm) 0.6, 1.0, 1.5
Viscosity (cP) 0.89~79
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Fig.10. Experimental values of local heat
transfer coefficient against values cal-

culated by correlation equation(11).
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NOMENCLATURE
A . heat transfer area (mz)
B : number of blades ( - )
C, : specific heat of liquid (J/kg-°C)
h . local heat transfer coefficient (W/m2.°C)

HWAHAK KONGHAK Vel. 25, No. 1, February 1987




18 o] &7} .

h, height of a bow wave (m)

I ampere (A)

k thermal conductivity of liquid
(W/m-°C)

k, thermal conductivity of bakelite
(W/m.°C)

N rotational speed of a shaft (rpm)

Nu Nusselt number, h-R/k ( -)

Pr Prandtl number, C, -u/k ( -)

Q . heat transfer rate to liquid (W)

Q,,,, - total heat loss rate in heat flux meter
w)

Q,.ss - heat loss rate to radial direction in
heat flux meter (W)

Q,oss, z- heat loss rate to axial direction in heat
flux meter (W)

R inside radius of agitated thin film
apparatus (m)

Rer tangential Reynolds number, R?2. »-B.
efe (-)

Ref axial Reynolds number, 4"/ (-)

T temperature (°C)

T, liquid bulk temperature (°C)

T, temperature at heat transfer wall
co

te contact time defined by 60/B-N (S)

A" voltage (V)

X distance between thermocouple Ts and
Tg (m)

Greek Letters

r axial mass flow rate per unit perimeter
(kg/m-s)

) clearance (m)

o density of liquid (Kg/ma)

u viscosity of liquid (Pa- s)

w angular velocity of shaft, ZS’SN (rad/s)
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