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Abstract: [ Objective | In order to optimize the drying process of the heat pump grain dryer and realize the
automatic control of the drying process of the heat pump grain dryer, an information collection and automatic
control system of air source heat pump grain dryers was developed.|[ Method | A 4—stage combined air source

heat pump was used as the heat source, the air supply temperature was adjusted by changing the on—off combi-
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nation of the heat pump unit. The SHXG-120 circulating grain dryer produced by Jiangsu Tianyu was used as
the body, which is composed of a tempering section, a drying section, a cooling section and a grain discharge
section from top to bottom.The system consists of a data acquisition module, a control module and an alarm sys-
tem.The collection card collects the data of hot air temperature and humidity , ambient temperature and humidi-
ty and grain temperature , and transmits the data to the IPC~610 industrial computer through the PCI bus.The
host computer was developed with LabVIEW software technology , and the Siemens S7-200 series programma-
ble logic controller (PLC)was used as the slave computer to build the hardware circuit of the system and design
the software, in order to realize the real-time data collection and controlling. [ Result | The tests showed that
when the ambient temperature was 16.6 “C, the target hot air temperature was 55 °C, the system was in a stable
operation, and the temperature was controlled within 53.9 °C to 57.2 °C, which met the control requirements of
GB/T 16714 to control the temperature within +2.5 °C, the moisture content of grain was reduced from 22.9% to
14.9%.1n the early drying stage, since the moisture content in the grain was high, and the dehydration rate was
fast.In the later stage of drying, the free moisture in the grain decreased and the dehydration rate decreased.The
average dehydration rate during the entire drying process was 0.69% per hour, which was in line with the law of
grain drying. [ Conclusion | The system could display and store test data such as temperature , humidity, mois-
ture value, voltage, and current, and realized the four processes of air source heat pump grain dryer, namely
feeding, circulation, drying and grain discharge. After drying, the moisture of the grain was relatively uniform,
the quality was favorable, and the expected drying effect was achieved. Compared with coal—fired hot blast
stoves, it can significantly save the cost.As a result, the development of the system provides a theoretical basis
for the formulation of control strategies under different ambient temperatures.

Keywords: air source heat pump ; grain dryer;data collection ; automatic control
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Fig.1 Structure diagram of heat pump dryer system
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Tab.1 Test initial conditions

2% Parameter KU Numerical value
TV IR K 53 5/% Initial water content of grain 22.9
TA W) IR IR /°C Tnitial temperature of grain 16.2
22 S ARHRIE /% Humidity of the air 61.2
FREE IR EE/°C The ambient temperature 16.6
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Tab.2 Field test data

I 1] /h FXGRLEE/C F K% ML/ C KK %1% AR C
Time Hot air temperature Moisture content Grain temperature Precipitation rate  Exhaust gas temperature
0 54.1 22.9 16.2 — 21.3
1 56.9 21.7 20.1 1.2 223
2 55.7 20.6 232 1.1 232
3 53.9 19.8 25.1 0.8 234
4 54.8 19.2 26.8 0.6 23.8
5 57.1 18.7 28.2 0.5 23.3
6 54.1 18.0 29.6 0.7 229
7 572 17.4 30.1 0.6 229
8 55.7 16.9 304 0.5 22.9
9 54.1 16.4 30.6 0.5 22.6
10 56.2 15.8 31.2 0.6 22.8
11 55.1 15.3 30.9 0.5 232
12 56.4 14.9 31.0 0.4 235
3 &

(DB T2 TR B TRV R B S 1M R 50, (e TR R b, W BRBE IR A XUELEE AR
FRE SR AR HEA T B R S AR A R AE AP EL B b o 7k AR BT, BEAE A S O
&,

(2) AR 498 S I ARG ) Kbl , it ot 1 sh PR, R GE T LA T HR ML S IR ML BEA T 15 ], 56 B2 U
PR TR JEER TR AR 4 T2 d e

(3)THRJE BRIy 2], bt BB A T MR R IR FE HL 472 JEE , BT e A0 A% O 0.8 ST/ BE T
B IR TR AS g 378 T o AR KU LE , BB RO A o 2 R GE NI FEA IR P45 Tl 3
N UG R A W ALl 2 o SR S (S BB el

£ 22 ik References :

(1] SRR, Tt WL, A AR R4S TRITFE () ] & B, 2016,41(11) : 88-92.

WU Q R, WANG G M, ZENG E, et al. Advances on heat pump combined drying of agricultural products[J].Food science
and technology,2016,41(11) :88-92.

(2] P, THGelee , T BRE, 45 OB PID 7E Sk A XU T2 ) SR GE RO SE L . PU R IS 274 (A AR B4R L 2016,
41(4):109-114.

LIU B, YIN X F,DING Z Y, et al.On fuzzy PID to control system of rapeseed hot air drying[J ].Journal of southwest China
normal university (natural science edition) ,2016,41(4):109-114.

(3] 85, E%, 00T, A T A E RS R HOR SRR E TR R GETE L) ] h AL 741, 2015,36(2) : 107-110.
ZHAO Y,WANG S J,LIU D N, et al.Research on continuous flow grain drying system based on the adaptive inverse control
technology[ J ].Journal of Chinese agricultural mechanization,2015,36(2):107-110.

(4] =08, P, Brai BE , 45 . T 07 2O R LA T 48 3 B i B s i [ ] &0 S5 P, 2019,35(10) : 122-125.
ZHENG T,BAI X L, CHEN Y N, et al.Effect of drying treatment methods on the drying rate and quality characteristics of
big fruit hawthorn[J ].Food and machinery, 2019, 35(10):122-125.

(5] %, w i, JR A, 45 TR TR B 2028 i St S s A RE T 52 M [ ] R Al R 24 (A SRR 1D , 2018,
44(6) :678-682.

YE F,GAO S W,GONG Z M, et al.Effect of two drying methods on Yihong tea quality and its antioxidant capacity[J].Jour-
nal of Hunan agricultural university (natural sciences) ,2018,44(6) : 678-682.

[6] FALHE, #2300 . AR B3R 1] T AR5 [J ] VTP R K 22447, 2007,29(1) : 158-163.



5513 FRAEA S TIRPGOR B TERALS EoR RS A S RGBT - 211 -

WANG C Y, YANG W B.A study on the technique of reversible hot air drying for Tremella fuciformis[J].Acta agriculturae
universitatis Jiangxiensis, 2007, 29(1):158-163.

(7] 484 R, X DR , 45 R TR R SR (U R PR LA S 70 Hr [0 ] RN T2, 2020, 45(1) - 71-72.
WANG D H,GAO S C,LIU G H, et al. Comparison and analysis of the heat source of substituting coal for the grain drying
system[]].Crain processing,2020,45(1) :71-72.

(8] KA, Ty JHEAR A5 IR TR BB S S b [ ] Al TR 2741, 2014,30(9) : 220-228.
LICY,MA X Z,FANG Z D, et al.Thermal energy structure of grain hot air drying and analytical method [ J].Transactions of
the Chinese society of agricultural engineering,2014,30(9) :220-228.

[9] DOROTA N,PIOTR P L.Infrared drying of apple slices[ J ].Innovative food science and emerging technologies ,2004,5(3)
353-360.

[10] ZHANG P F,ZHOU L Y, BI J F, et al. Drying kinetics and quality attributes of peach cylinders as affected by osmotic pre-
treatments and infrared radiation drying[ J ].International journal of food engineering,2017,13(5):12-21.

C1L] PR, 2 PR Al IR T AR R e B RIS [ ] V8 27410, 2018,39(4) : 42-48.

BAI X S, LI B G.Study on drying characteristics and mathematical model for heat pump drying of mushroom [ J].Journal of
refrigeration, 2018, 39(4):42-48.

L12] BPHPE, 208, 2556, 2 AR TR RGBT S L) ] A ML, 2016, 47(S1) : 359-365.

ZHAO D D,PENG Y,LI M, et al.Design and application of wolfberry heat pump drying system [J ].Transactions of the Chi-
nese society for agricultural machinery, 2016 ,47(S1) :359-365.

(13 ] WS, 95 RS L 5Kk, 55 BB T IR Rl T 22804k L) ] A0l T #2441, 2017, 33(13) : 296-302.

JIC Y,JIANG S J,ZHANG B, et al.Heat pump drying properties of chili and optimization of technical parameters[J ]. Trans-
actions of the Chinese society of agricultural engineering,2017,33(13):296-302.

[14] skt ZE08 R, ORNIL 45 JBUKBERAR-BUNAL & TR [) ] A0l TR, 2008, 24(12) :226-229.

ZHANG X K,LI H D, XU G, et al.Combined heat-pump and hot-air drying of dehydrated vegetables[J].Transactions of the
Chinese society of agricultural engineering,2008,24(12) :226-229.

15 ] /N, 20k, SR I, 2 AR 2D AP FR AL 5 4R Y T R AE AR S i ot [ ] ARl T #2441k, 2013(23) : 217-226.
XIE X L, LI X, ZHANG C H, et al. Combined mid-infrared and hot air drying reduces energy-consumption and improves
quality of jerky[ J ].Transactions of the Chinese society of agricultural engineering,2013(23):217-226.

[16] R ML, 3, 55 A AR - BSIRS TR T2 [) ] A s ARl R "#2% 41, 2019,40(1) : 125-132.

CHENG H,JI C Y,ZHANG B, et al.Optimization of drying process for Lentinus edodes by combing heat pump with vacuum
[J].Journal of south China agricultural university,2019,40(1) :125-132.

17 ] 215, A, sk IR , 2 VIR 29 IRV TR TR RGEPEREIRER ) ] RL T AR 2741, 2018,34(4) :278-284.
LI'W Z,SHENG W,ZHANG Z T, et al.Experiment on performance of corn drying system with combination of heat pipe and
multi-stage series heat pump equipment [ J]. Transactions of the Chinese society of agricultural engineering, 2018, 34 (4)
278-284.

(18] FRAEEE, AR KI, SRARME , 25 . ARE-AAI B A PRI N R 5[0, il Tl RHE , 2014, 35(12) :230-235.

XU J G,XU G,ZHANG S W, et al. Heat pump and hot air combined drying of carrot slices [ J].Science and technology of
food industry,2014,35(12) :230-235.

[19] AYCA A,GULUM S, SERPIL S.Effects of microwave-infrared combination drying on quality of eggplants[J].Food and bio-

process technology,2015,8(6):1198-1210.



