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Abstract

Drying is an energy-intensive process extensively utilized in food and agricultural industries for moisture
reduction of products. This research aimed to investigate techniques for enhancing hot air drying
performance through the application of a real-time adjustable air recirculation control system based on
Internet of Things technology. Experiments were conducted under drying temperature conditions of 50°C,
60°C and 70°C combined with air recirculation percentages of 0%, 25%, 50% and 75%, while maintaining
constant air velocity at 1.5 m/s. Pork tenderloin was used as the sample material for this study. The
criteria used for evaluating drying performance included drying rate and specific energy consumption. The
study results revealed that increasing drying temperature resulted in increased drying rate and specific
energy consumption. Conversely, increasing air recirculation percentage helped reduce specific energy
consumption while drying rate increased. Under drying temperature conditions of 70°C, increasin ¢ air
recirculation percentage from 0% to 75% resulted in a 61% reduction in specific energy consumption and
an 11% increase in drying rate. Furthermore, it was found that under conditions of 50°C drying temperature
and 75% air recirculation percentage, the lowest specific energy consumption of 17.11 kWh/kg was
achieved. This study confirms that integrating air recirculation percentage control systems with Internet of
Things technology can significantly enhance drying performance. This approach demonstrates potential for
industrial-scale applications, particularly in energy-saving drying systems and long-term sustainable

development.

Keywords: Waste heat recovery, Specific energy consumption, Energy, Air recirculation percentage
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Figure 1 Schematic diagram of hot air drying system with loT-controlled air recirculation
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Figure 2 Moisture ratio and critical point for adjusting air recirculation percentage
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Figure 3 Schematic of the loT-based air recirculation control system
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M= e (Eq. 2)
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Figure 4 Effect of drying temperature on moisture ratio and drying rate at 0% air recirculation
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Figure 6 Effect of drying temperature on moisture ratio and drying rate at 50% air recirculation
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Figure 7 Effect of drying temperature on moisture ratio and drying rate at 75% air recirculation
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Figure 8 Effect of air recirculation percentage on moisture ratio and drying rate at 50°C
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Figure 9 Effect of air recirculation percentage on moisture ratio and drying rate at 60°C
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Figure 11 Influence of drying temperature and air recirculation percentage on specific energy consumption
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Table 1 LAAINAANSNNTIATIERAIUAURUSTLUNINF

UsmeTen1sanneeliany Faandeyanuin Ujduius
seninvgungiiauuiauazn vy uiguonAfide s )

UYAIALYNINED

o

fge (p<0.023, F=5.72) duduusdunuin il
HpdAgy wazdlofasantiudulutuuingss awnsaadwaunsanneeliionanial SEC g (Eq. 7)

SEC=-27.8+0.076AR +1.457T-0.00362(AR x T) - 0.00803T* - 0.000151AR* (Eq. 7)
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Table 1 Analysis of variance results for the regression model of specific energy consumption

ltem Degrees of Freedom (df) F-value p-value
Regression Model 5 46.08 0.000*
Air Recirculation (AR) 1 0.57 0.455
Drying Temperature (T) 1 273 0.109
Interaction (ARXT) 1 5.72 0.023*
Quadratic Term of Temperature (T2) 1 1.20 0.282
Quadratic Term of Air Recirculation (AR2) 1 0.07 0.787
Residual 30

Total 35

Note : Statistical significance at p<0.05
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