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Abstract

The objective of this research was to study the effects of controlled parameters on the performance of
drying cocoa beans with a heat pump dryer. The drying rate, the coefficient of heat pump performance,
the specific moisture extraction rate, and color quality were analyzed to indicate the drying performance of
cocoa beans. The controlled parameters included temperatures of 40, 50, and 60 °C and velocities of
1.5, 3.5, and 5.5 m/s using a small heat pump dryer. A closed air system with 60% of the air passing across the
evaporator was used in all tests. One kilogram of fermented cocoa beans was used as the raw material. It had
an initial moisture content of 142.42+0.52% (dry basis) and it was dried until the final moisture content of
6.09+0.56% (dry basis). The results showed that at the same temperature, the drying rate and the coefficient

of heat pump performance increased as the velocity increased, but the specific moisture extraction rate
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decreased. In the case of constant velocity and then increasing the temperature, the drying rate and

the coefficient of heat pump performance increased but the specific moisture extraction rate decreased. For

*

the color quality, when the temperature and velocity increased, it was found that the brightness value (L ) and
yellowness value ©) decreased, but the redness value @) increased. Finally, the condition of 40 °C and
1.5 m/s should be used because it gave the highest specific moisture extraction rate and the quality of dried

cocoa beans met the needs of professional groups.
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Figure 1 Small heat pump dryer for testing: (a) Pre-renovated heat pump dryer
(adapted from Chunkaew, 2021); (b) Renovated heat pump dryer.
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Figure 2 Fermented cocoa beans (1,000 g) prepared for testing.
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RH (Air relative humidity measurement location) T, (Air temperature before entering the condenser)
T, (Air temperature before entering the dryer) T, (Air drying chamber outlet temperature)
T, (Air evaporator outlet temperature) T, (Air temperature before entering the evaporator)
Ts (Air temperature before entering the blower)

Figure 4 Temperature and relative humidity measurement locations

in the heat pump dryer.
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Figure 5 Effects of temperature (40, 50, and 60 °C) and air velocity on the change of
drying rate over drying time
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Figure 6 Drying rate test results at temperatures of 40, 50, and 60 °C with air velocities of

1.5, 3.5, and 5.5 m/s
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Figure 7 Specific moisture extraction rate test results at temperatures of 40, 50, and 60 °C

with air velocities of 1.5, 3.5, and 5.5 m/s
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Figure 8 Effects of temperature (40, 50, and 60 °C) and air velocities on the change of

heat pump performance coefficient over drying time.
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Table 1 Comparison of the effects of temperature and velocity on the color quality of

cocoa beans

Temperature Average color value
Velocity ( m/s)

Qo) e - K
15 47.51+1.70° 14.35+1.30° 25.87+1.86"
40 3.5 46.82+2.09° 15.11+1.97°¢ 25.55+1.45"
55 44.01+0.66" 15.59+0.89°¢ 25.15+1.96"
1.5 41.44+0.73° 15.68+1.12°%¢ 20.72+1.26
50 3.5 40.28+0.42° 16.63+1.14°° 20.52+1.31°
5.5 39.68+0.58" 17.03+2.09%¢ 20.18+1.94°
15 39.05+0.34" 17.16+1.42%¢ 20.07+1.34°
60 3.5 37.31+0.47° 18.10+2.04%" 19.00+1.63°¢
55 37.28+0.43° 18.38+0.89 18.14+1.15*°
Before drying - 59.81+4.38" 7.57+2.11° 17.13+2.33°

Note that different characters in the same column are significantly different at the 95% confidence level

40 °C/ 3.5 ms* 40 °C/ 5.5 ms'?

50°C/3.5ms! 50 °C/ 5.5 ms*

60°C/1.5ms! 60 °C/ 3.5 ms* 60 °C/ 5.5 ms*

Figure 10 Comparison of cocoa bean color at temperatures of 40, 50, and 60 °C

with air velocities of 1.5, 3.5, and 5.5 m/s.
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