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Optimization and research on a fully closed heat
pump system for grain dryer

JING Shiliang, WANG Jiuyuan, Abdulaziz Nuhu Jibril, XIA Yu,LIU Ruiqiang, HUANG Jichao, CHEN Kunjie "

(College of Engineering, Nanjing Agricultural University , Nanjing 211800, China)

Abstract ; [ Objectives ] In order to further reduce the drying energy consumption,and solve the problem that the performance of open
and semi-open heat pumps is greatly affected by the environmental conditions and pollutes the environment,a fully closed heat pump
drying system with bypass was developed and the optimal bypass ratio was determined. [ Methods ] Through three-dimensional modeling
and simulation test,the influence of ambient temperature and bypass ratio on the performance of heat pump and drying process was
studied ,and the optimal bypass ratio was obtained under different ambient temperature conditions. Using the self-developed fully-closed
heat pump dryer with bypass and the semi-closed heat pump dryer respectively,the paddy drying test with different bypass ratios was
carried out under the conditions of drying temperature of 45 °C and ambient temperature of 10-25 °C to determine the paddy moisture
content , air volume , temperature and humidity,and system energy consumption,etc.,and the drying rate of paddy,the dehumidification
and energy consumption ratio( SMER ) and the coefficient of performance (COP ) of the heat pump were calculated, and the optimal
performance of the fully-closed heat pump system was verified and determined. The optimal bypass ratio and suitable ambient
temperature conditions of the fully closed heat pump system were verified and determined. [ Results]Simulation test results show that,
with the increase of the inlet air temperature ,the evaporator heat recovery gradually decreased ;with the increase of wind speed, the heat
recovery rate of the evaporator gradually increased ,the heat recovery rate was close to the peak when the wind speed was 7 m+s™",and
the heat recovery rate increased very little after further increasing the wind speed;the heat recovery gradually decreased with the
increase of the bypass ratio under the same return air condition. At a return air temperature of 27-30 °C ,and a bypass ratio of 0.3-0.5,
the maximum heat recovery was achieved. The production test showed that the COP of the heat pump was 4.36 when the bypass ratio
was 0.5 under the condition of ambient temperature of 1025 °C. Compared with the semi-closed heat pump, the COP and

dehumidification energy consumption ratio of the fully-closed heat pump with bypass were improved by 15.1% and 36.1% respectively,
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and the drying quality was higher. [ Conclusions ] Utilizing a closed heat pump dryer with bypass for paddy drying not only further
reduced drying energy consumption,but also had higher drying quality and was more suitable for drying paddy in the JAC region.

Keywords : air-source heat pump ;bypass technology ;simulation analysis ; paddy ; drying ; coefficient of performance( COP)
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Fig. 2 Structure diagram of the whole machine of fully closed grain dryer
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1. Evaporator; 2. Internal inlet valve; 3. Compressor; 4. Fresh air inlet valve;5. Condenser; 6. Expansion valve;
7. Dryer;8. Fan; 9. Dust removal system; 10. Cold air outlet valve; 11. Temperature sensor; 12. Wind speed sensor;

13. Exhaust air outlet valve ; 14. Control system.
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&1 £F CEL-1200 T#&415 TBLM-1 BBk L 2FSH
Table 1 Parameters of Gold CEL-1200 dryer and TBLM-1 pulse dust collector

Iji H £ FK Project name Z4 Parameters Iji H # % Project name ZH Parameters
FHEHLLF/mm Dryer size 2 0651 660x8 098 || i JETHIFL/m> Filter area 58.7
HXRETERL/C Hot air temperature range 30~60 T B AR E B Number of filter bags 52
BYRE R/ kg Grain handling capacity 10 000~ 12 000 JFE A/ (m® -h™!) Filter air volume 8 460~ 12 700
%55 3 K/ m® Rated air intake 8 000~ 10 000 KL3l F1/kW Turbine power 1.5

Fz2 YW285A1-100 EHHL 5HMIBESH
Table 2 YW285A1-100 compressor and heat exchanger parameters

Il H £ % Project name 24 Parameters Il H £ #% Project name S0 Parameters
FEARMLEL I Number of compressors 4 FEZEHL T Compressor media R22
F5E | i /kW Rated heat capacity 33.8 i ATHH /KW Input power 9.37
AL I T/ m? Condenser heat transfer area 281.07 ZE R AAET AL/ m? Evaporator heat transfer area 300.68
Y Bkl X FL/m? Condenser windward area 1.1 ZE KA X AL/ m? Evaporator windward area 1.8
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Fig. 3 Variation of evaporator outlet air temperature( A)and heat recovery after cooling

with moisture content of outlet air(B)under different air states
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and change in wet basis moisture content( B) of paddy at different bypass ratios
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Table 3 Analysis of energy consumption and quality of heat pump systems with different bypass ratios

253 LU Bypass ratio

FEFE Index

0 0.4 0.5 0.6 0.7 56425538 Full bypass
PIEMEAE R B Coefficient of performance of heat pump 3.94 4.25 4.36 4.17 3.89 4.32
7kﬂ}fl§,%$/kg~h_l ) Water removal rate 61.41 67.06 72.75 70.58 71.31 75.09
BRIZAERE L/ [ kg (kW+h) ™' ] Dehumidification energy ratio 1.58 1.83 2.12 1.79 1.69 2.17
JRNEE{E/ % Explosive waist added value 2 2 3 5 7 3
TR B/ % Unevenness of drying 0.53 0.49 0.55 0.66 0.81 0.52

A IRIEORE YRR T 15 CI, S5E B E N 0.4~0.5, PO MERE R AL, TR REAE R,
TR, MR TR, BEIREEARE T AR B P M s YIRBEIR AR T 15 C I, AT R
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Table 4 Comparison of test results between closed and semi-closed dryer systems

2 1 YGRIE First test 25 2 YEE Second test %5 3 YRS Third test

B Parameters FHEM O HM FHW HM FHW HM
Semi enclosed Confined  Semi enclosed Confined  Semi enclosed Confined

WA 7K # /% Initial moisture content 23.7 23.7 21.3 21.3 25.6 25.6
& IK# /% Final moisture content 15 15 15 15 15 15
X TR/ (kg-h™' ) Average drying rate 0.60 0.58 0.42 0.42 0.623 0.60
F4H}[E]/h - Drying time 14.5 15.0 13.0 13.0 17.0 17.5
AL BE B BL Coefficient of performance of heat pump 3.66 4.17 3.69 4.22 3.42 3.99
JEMEHE{E/ % Explosive waist added value 5 3 4 2 4 3
BRIRAERE L/ [ kg+ (kW +h) ™' ] Dehumidification energy ratio 1.56 1.85 1.31 1.66 1.55 1.94
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