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Heat Transfer and Pressure Drop Characteristics of Cross-Flow

Plastic Air Heater for a Cooling Tower
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Abstract In this study, experiments were performed on air heater samples with three different shapes (chevron,

wave and dimple type) to reduce theplumes from cooling towers. The tests were conducted for a range of
frontal air velocities of 1~3 m/s and water flow rate 0.19~0.33 kg/s. The results showed that the heat transfer
rate increased with increasing air velocity or water flow rate. The air-side pressure drop also increased with

increasing air velocity. At the same frontal air velocity, the highest heat transfer rate was obtained for the

chevron sample (1.5~1.7 times compared to that of the plate sample), followed by the dimple, wave

and plate

samples. The heat transfer rate per unit power consumption was also 15% larger than that of the dimple

sample. On the other hand, there was no noticeable difference between the other samples.
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[Fig. 1] Schematic drawing and diagram of the cooling
tower equipped with an air heater
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[Fig. 2] Schematic drawing of fin-tube type and plate type
air heater
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[Fig. 3] Geometry and specifications of the heat transfer plates considered in this study (unit: mm)
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[Fig. 4] Pictures of air heater samples



[Table 1] Heat transfer area (A) and cross-sectional flow
area (Ac) and hydraulic diameter(Dy) of the

samples
Model Plain Wave Chevron Dimple
A(mz) 14.4 12.24 15.84 14.4
A(m?) 0.18 0.18 0.18 0.18
Du(m) 0.029 0.035 0.027 0.029
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[Fig. 5] Schematic drawing of experimental

nozzle
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[Fig. 6] Schematic drawing of water supply nozzle

[Table 2] Experimental uncertainties

Measurement Uncertainty

Temperature +0.1 C

Water flow rate + 0.1 % of full scale

Differential pressure + 1.0 Pa
Reynolds number (air) +23 %
Reynolds number (water) + 08 %
Overall heat transfer coefficient + 16.6 %
Friction factor + 195 %
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[Fig. 7] Experimental apparatus for optimal nozzle height
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[Fig. 8] Flow distribution data with different nozzle height
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[Fig. 9] Effect of water flow rate and frontal air velocity on heat transfer rate of samples

. T
2800 —=— plate 9
—O— wave

24001 _u_ chevron

| v dimple
2000 o
1600 7 1
1200 /. ]

800+ B

Q w]

400 4

0 T T T T T
0.5 1.0 1.5 2.0 25 3.0 3.5

V [m/s]
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[Fig. 11] Comparison of flow pattern between samples (Lee et al. [10])

30 T T T T T
—a— plate
—O—wave
<z —A— c!1evron
X 5] v dimple ]
E
]
T zﬁl/././. -
0 T T T T T
0.5 1.0 1.5 2.0 2.5 3.0 3.5

V [m/s]

[Fig. 12] Overall heat transfer coefficient of samples
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