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1.Drying chamber 2.Touch screen 3.Infrared plate temperature sensor 4.Material
temperature sensor 5.Pressure sensor 6.Vacuum valve 7. Condenser 8.Vacuum
pump 9. Air solenoid valve 10.Drain solenoid valve
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Fig.1 Schematic diagram of infrared pulsed vacuum drying
equipment based on carbon fiber infrared heating
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Table 1 Main technical parameters
ZH Parameters Y Values
GO R (Ko T )
Boundary dimension (length, width and height) /mm 2700x1200x1500
T BEA7 T el R A e

~120)=0.
Range and accuracy of temperature/‘C (30~120)£0.5

AT B R A2 TV ) O JEE

Range and accuracy of relative vacuum/kPa 0~97)%2
K14 RS Tray dimension/ mm 560x430
KT Total power/kW 3
T4 % 458 Drying chamber volume/m® 1.5
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YT 4 ORI AR, JEET B RPEEME T
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AMRKFEZ) 60 cmx90 cm, JERE 2~3 mm, % JBA%; W
(220 V) JGdCR L AN RS, WK EESME S~
15 um, RATHIR el is 120 C. Hodr, FAH 2 cm
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TR IIE R 7 o
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b. Temperature field distribution
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a. Physical pictures
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1.Material layer 2.Electrode 3.Electrode junction 4.Carbon fiber conductive
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Fig.2 Photos of carbon crystal infrared plate
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Note: a, d are the end point, starting point of atmospheric pressure, respectively;
b, ¢ are the starting point, end point of vacuum, respectively; #, t, are the
atmospheric pressure holding time, and vacuum holding time, respectively.
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Fig.3 Schematic diagram of vacuum and atmospheric pressure
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1.Support frame 2.Carbon fiber infrared plate 3.Thermal insulating layer
4.Material tray
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a. Single infrared drying unit
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1.Materials 2.Carbon fiber infrared plate 3.Thermal insulating layer 4.Material
tray S.Infrared plate temperature sensor 6.“L”groove 7.Material temperature
sensor  8.“T” groove
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b. Sensor distribution
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Fig.4 Schematic diagram of single infrared drying unit and sensor
distribution
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Note: B, L are the width and height of drying chamber wall, respectively; b, / are
the width and height of two different stiffeners, respectively.
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Fig.5 Schematic diagram of box-type stiffeners
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Fig.6  Structural diagram of control system
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Fig.7 Structural diagram of control system
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Fig.8 Structural diagram of control system of touch screen
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Fig.9 Flow-process diagram of pulsed vacuum control system
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deviation at last time and temperature deviation sum. P_out is PID output.
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Fig.11 Flow-process diagram of pulsed vacuum control system
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Design and experiment of vacuum pulsed drying equipment based on
carbon fiber infrared heating plate
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Mechanization Development, China Agricultural University, Beijing 100083, China; 4. Shanghai Reli Technology Group Co., Ltd.,
Shanghai 200125, China; 5. Bee Research Institute of Chinese Academy of Agricultural Sciences, Beijing 100093, China)

Abstract: The carbon fiber infrared plate has been used in fruits and vegetables drying as an innovative heating source, which
has the advantages of higher heating rate, compact radiation distance, and simple structure. Apple is one of the most common
drying materials. Whereas, the traditional natural open sun drying of apple cubes takes almost two days. In addition, during
long drying time, products are very sensitive to microbial spoilage. Infrared radiation heating has several advantages such as
high efficiency, low energy consumption, and high quality of dried products, and has been widely used in food industry. Many
previous investigations indicate that vacuum pulsed drying can extensively enhance the drying rate and keep good quality of
the dried products, such as bright color, high content of the heat sensitivity nutrients. In this work, based on carbon fiber
infrared heating technology, a vacuum pulsed drying equipment was designed in order to combine the advantages of infrared
heating and vacuum pulsed drying technology. The equipment was composed of a drying chamber, vacuum system, single
drying unit and control system. For the convenience of analysis, the actual vacuum pulsed process was divided into four stages:
The vacuum phase, the vacuum holding stage, the breaking stage, and the normal pressure stage. The automatic control scheme
was realized based on MODBUS control protocol with the flow-process framework of the control system containing the touch
screen and single chip microcomputer system. Sequential control system was realized for the continuous conversion of drying
chamber from vacuum to atmospheric pressure. Combined with the feedback of the material internal temperature, drying
temperature can be controlled effectively by monitoring temperature of the carbon fiber plate. The 20 mmx20 mmx5 mm
apple cubes were dried to test this equipment. Result indicated that the equipment design and control system of the drying
equipment were reliable, which can realize the continuous pulsing from vacuum to atmospheric pressure. When the internal
temperature of the samples was kept at 31 C, its drying time took about just 380 min, which was decreased about 30%
compared with infrared hot air drying at the same drying temperature. Our results also showed that the most suitable power
density of carbon fiber infrared heating plate was 1.1 kW/m?” and the distance between heating surface and the upper surface of
material plate was only 3 cm. In addition, when the surface temperature of the carbon fiber infrared plate was 65 C, the
internal temperature of apple cubes was 31 C at the vacuum holding stage, and it would rise to 37 ‘C quickly at the normal
pressure stage. The energy supply of carbon fiber infrared heating plate was excessive at the late stage of drying, and the
surface temperature had a trend of fluctuating downward. The findings indicated that it was helpful to reduce the temperature
of infrared plate, especially in the late drying stages. Moreover, the color attributes of the products dried under vacuum pulsed
drying based on infrared heating were better that of the infrared hot air dried samples. The findings of the current work provide
theoretical basis and technology references for the design of vacuum pulsed drying equipment based on carbon fiber infrared
heating and its practical application in agricultural products’ drying.

Keywords: drying; infrared heating; carbon fibers; equipment design; apple cubes
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