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Falling film evaporation is one of the most efficient heat transfer methods in heat exchangers and evaporators. Its
performance strongly depends on liquid film hydrodynamics and surface distribution. This study investigated the effect
of three circumferential fin geometries on hydrodynamic characteristics and thermal performance of a falling film over
a horizontal tube using CFD. Simulations were at Re=217 with VOF two-phase model and constant wall temperature.
Liquid volume fraction, film thickness, velocity and temperature fields, and local heat transfer coefficient were
extracted at various angles and cross-sections along the tube.

Results showed fin geometry plays a decisive role in redistribution, wettability, and thermal resistance. Model F1 gave
the best balance between hydrodynamics and heat transfer. Despite 15.4% higher average film thickness than the
smooth tube, it enhanced the heat transfer coefficient by 16.4%. Model F2 showed a 14.9% increase in heat transfer.
However, its less uniform distribution caused greater local fluctuations. Model F3, due to accumulation and 69% thicker
average film, caused a 74.8% reduction in heat transfer.

A key contribution of this study is the simultaneous assessment of the effects of fin geometry on film distribution and
thickness, surface wetting, and heat transfer, thereby elucidating the role of film uniformity in thermal performance.
The results demonstrate that increasing the finned surface area or even the average film thickness does not necessarily
enhance heat transfer. Instead, uniform film redistribution and the prevention of local liquid accumulation play a more
significant role in improving the heat transfer coefficient.
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Table 3 Boundary Conditions and Operating Parameters
Reynolds Temperature Water Volume ~Contact Angle
Number (K) Fraction (Degree)

Inlet Velocity (m/s)

0.6 217 333.15 1 12
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Fig. 3 Comparison of the Heat Transfer Coefficient Variation between
the Present Results and the Parken Correlation [33].
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Table 5 Comparison of the Average Heat Transfer Coefficient Obtained
from the Simulation with the Empirical Correlation of Parken et al.

h (W/m?K)
Re Difference (%)
Simulation Parken et al.
217 4169.0 3987.4 4.36
361 4317.3 4162.6 3.58
470 4376.4 4330.7 1.04
579 4662.2 4468.3 4.16
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Table 4 Coefficients of the Measured Film Thickness Correlation
L) c n D (mm) S (mm)
0°<B<90° 0.97540 -0.16670 19.05 10
90°<4<180° 0.84978 -0.16479 19.05 10
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Fig. 6 Water Volume Fraction Distribution for the Smooth and Finned Tube Models.
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Fig. 7 Film Thickness Variation with Circumferential Angle for the
Smooth and Finned Tube Models at Z* = 0.
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Fig. 8 Average Film Thickness Variation with Circumferential Angle for
the Smooth and Finned Tube Models.
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Fig. 10 Average Local Heat Transfer Coefficient Variation with
Circumferential Angle for the Smooth and Finned Tube Models.
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Fig. 9 Local Heat Transfer Coefficient Variation with Circumferential
Angle for the Smooth and Finned Tube Models at Z* = 0.
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Table 6 Comparison of the Average Film Thickness and Average Heat

Transfer Coefficient of Different Models Relative to the Smooth Tube.

Average Film Thickness Average Heat Heat Transfer
Thickness Change Transfer Coefficient
Model Coefficient Change
(mm) (%) (W/m*K) (%)
Smooth
Tube 0.308 — 4169 —
F1 0.364 +15.4 4988 +16.4
F2 0.620 +50.2 4896 +14.9
F3 0.992 +69 1052 -74.8
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Fig. 11 Flow Velocity Contours for the Smooth and Finned Tube Models
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Fig. 12 Temperature Contours for the Smooth and Finned Tube Models.
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