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Design and experimental study on drying performance

of a belt-type gas jet impingement dryer

Liu Xinhan' Ju Haoyu' Zhang Weipeng’ Geng Yahui' Miao Huan' Hou Liyuan'

(1. College of Bioscience and Engineering, Hebei University of Economics and Business, Shijiazhuang, Hebei 050061, China;
2. School of Computer and Artificial Intelligence, Beijing Technology and Business University, Beijing 100048, China)

Abstract: [Objective] To address the issues of uneven product quality, limited loading capacity, and the inability to achieve continuous
drying in existing gas jet impingement dryers, a novel belt-type gas jet impingement dryer is designed to enhance the practicality and drying
performance of the equipment. [ Methods] The belt-type gas jet impingement dryer mainly consists of an airflow distribution chamber, a
drying chamber, a centrifugal fan, a temperature control system, and a transmission system. The conveyor belt speed, airflow temperature,
and air velocity can be adjusted according to the different materials. Simulations are conducted using Fluent software for airflow distribution
chambers with different nozzle diameters and with the addition of flow-equalizing plates of varying grid sizes. Drying performance
experiments are carried out using potato slices as the material, and the results are compared with those of conventional hot air drying
equipment. [Results] A nozzle diameter of 20 mm achieves superior performance in airflow distribution. After incorporating a flow-
equalizing plate into the airflow distribution chamber, the plate with an 8 mm X680 mm grid size yields the best results, reducing the
velocity non-uniformity coefficient from 34.74% to 8.54% and the maximum velocity deviation ratio from 36.08% to 15.45%. Compared
with a hot air dryer, the belt-type gas jet impingement dryer shortens the drying time by 42.51%, increases the drying rate by 254%, and

significantly improves the drying efficiency. [ Conclusion] The belt-type gas jet impingement dryer can significantly improve drying
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uniformity and efficiency.
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Structure of the belt-type gas jet impingement dryer
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Figure 7 Velocity contour plot with varying nozzle sizes
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Table I Monitoring results with varying nozzle sizes
Wt B AR/ T AR K I AR -2/ R R/ RN, HEAHS PN}
mm FHU% (m-s™) (m-s™ ") (m+s™ ") RH/% IR 2 L2 1%
16 362.57 1.50 6.76 8.76 3.96 37.87 41.50
20 362.42 1.82 6.49 9.49 5.07 34.74 36.08
24 364.64 1.78 4.45 7.68 2.56 54.35 72.50
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Figure 9 Velocity contour plot after adding a wind-equalizing plate
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Table 2 Monitoring results after setting uniform wind plates of different sizes

2 AN T AR5 -3 e KA/ ToNEIE, EEARBS) R

mm 2% (m-s ") (m-s™") (m-s™") 2% i 22 1/%
20X 680 365.38 0.68 5.78 6.91 491 14.82 27.28
12X680 366.22 0.56 5.89 6.78 5.07 12.67 19.64
82X 680 367.15 0.64 6.01 7.23 5.64 8.54 15.45
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Figure 10 Drying characteristic curves of potato slices under two drying methods
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