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Note: Exg is Exergy, kl; Ay is Anergy, kJ; 1 is initial state of air; 1" is
initial state of grain; 2 is final state of air; 2’ is final state of grain; 7 is
initial temperature of grain, K; S;. S, respectively for initial state and final
state points of entropy /(kJ-K™).

H1 TREREHA
Fig.1 Tephigram of drying chamber
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Table 1 Coefficient value of 4, B, n in different grain
% Name A B n
4+ Paddy 1.9187X107 51.161 2.4451
/NFE Wheat 1.2300% 107 64.346 2.5558
F2K Corn 8.6540%X 107 49.810 1.8634

% Sorghum 0.8532%107 113.725 2.4757

K& Soybean 50.8600 10 43.016 1.3628
K% Barley 2.2900% 107 195.267 2.0123
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Note: ¢ is air relative humidity, %;// is dry basis equilibrium moisture content of grain, %; P, is exchange line of steam vapor partial pressure.

B2 RATHRZERERNFRESHKE
Fig.2 Relations between hot air drying system of grain and drying medium state parameter
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Note: &+t d~ ¢, respectively for enthalpy, temperature, moisture content and
relative humidity of air; Subscript 0 is initial state and the environment
state; Subscripts land 2 are state point of air inlet and outlet; 2 ~ is state
points of air temperature rise heat loss; 1 and 2 is inlet and outlet status of
dryer; t;and M is  grain temperature and equilibrium moisture content; /o
and e,=0 is zero exergy baseline; 3 is state of dry grain; 4 is state of wet
graint; 5 is dewpoin.

B3 FRAEBRESBIMNERELM
Fig.3 Relations between state parameter and energy structure
during drying process
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Note: 1. Online detector of grain moisture; 2. Conveyer; 3. Dryer; 4.
Induced draft fan; 5 Controller

B 4 SHP-3.5 FIRXBAEA
Fig.4 5HP-3.5 Drying test dryer
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Table 2 Main test instrument

v

(V& NS M Vi
easurement .
Name and Type Precision
range
KGEAL Anemometer 0.4~30.0 m's™ 0.1 ms”!
MR P
-20~60C. o
Temperature and humidity 0.1C. 0.1%
. 0~100%
instrument
8925 M it
~ +0.
Type 8925 sound level meter 40130 dB(A) 0.2dB
QY-200 AR A MR TH
Portable-type QY-200 tilting 0~2 000 Pa 14
micro-manometer
BSA124S B HLF R
Type BSA124S electronic balance 120¢ 0-1mg
CXR-ZX- 1 10-40 TR /K43 77
LA T
I 10%~40% £0.5%

Type CXR-ZX- I 10-40 online
detector of grain moisture

SHP-3.5 AL TRtk 1232, +
BREAA 7w, BCESIRMIALS 4-72-Nod.5A, 5
KR 5 790~10 485 m*/h, 4>Jk 2 657~1 833 Pa.
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73S0\ Air humidity ratio/(g-kg™)

e Mo~My AR R LRI L My~ M R 5 2R TRk
Mo~M, AR THE R s fo~f, RRBHRHS S L fi~f
AR RBRR TR fi~f R HORS R T e T
Note: M,~M, is process curve of paddy cooling and dehumidifying; M,~
M., is process curve of paddy isothermy and dehumidifying; M.~M. is
process curve of paddy warming and dehumidifying; f,~f; is process curve
of airflow humidifying and increasing enthalpy; f,~f. is process curve of
airflow humidifying and isenthalpic; f,~f. is change process curve of
exhaust condition; e is zero point of exergy.

Bs5 #RETRAZKRESHA
Fig.5 State parameter of grain drying system
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Table 3 Testing data of hot-air drying for SHP-3.5 type grain dryer

TR Rk L temperature/C THEE U sk AR
Drymg Gram SEX HS g B Drymgr1 Relative humldlty of Evapotranspiration /kg Gas co'nsumptlf)ln
time/h moisture/%  [nletair Exhaust  Environment Grain rate/(%e'h™) exhaust air/% per unit/(kg'kg™)
0~0.5 27.06 70.0 28.3 249 27.5 3.20 89.6 78.8 113.0

>0.5~1.0 25.47 73.0 30.0 239 30.6 3.19 88.4 85.9 103.7

>1.0~1.5 24.07 78.0 31.0 21.7 30.4 2.80 873 76.2 116.8

>1.5~2.0 22.85 75.0 33.4 21.4 28.2 2.44 86.9 67.3 1323

>2.0~2.5 21.65 73.4 335 20.7 315 2.39 86 66.8 1333

>2.5~3.0 20.48 71.5 34.0 21.1 32.4 2.35 84.7 66.2 134.6

>3.0~3.5 19.62 76.3 342 20.3 31.4 1.73 82.4 49.3 180.7

>3.5~4.0 19.05 71.8 33.8 19.2 31.7 1.14 81.5 329 271.0

>4.0~4.5 18.62 77.5 33.7 19.6 30.5 0.85 79.6 247 360.9

>4.5~5.0 18.20 76.3 325 19.3 31.0 0.84 79.4 24.6 361.3

>5.0~5.5 17.79 71.8 33.0 18.9 32.0 0.84 76.9 24.6 362.6

>5.5~6.0 17.51 76.5 335 18.6 32.7 0.55 73.5 16.3 545.1

>6.0~6.5 17.23 78.3 34.6 18.3 34.0 0.55 71.7 16.3 545.1

>6.5~7.0 16.96 71.3 343 18.1 33.0 0.55 70.2 16.3 546.4

W BEVIMTEESIKE 27.06%; TEEHLHVIARES BUE 3 100, kgs SEPRIERER 9 556.645, kg/ho
Note: Initial dry basis moisture content of grain was 27.06%; Initial weight of grain in dryer was 3 100, kg; Actual air supply volume was 9 556.645, kg/h.
4 SHP-3.5 BFEATIRIARSHE—EE
Table 4 Caloric value structure of SHP-3.5 type grain dryer

. s e o e o 5 " Tl = PR

- AR AR WRRER 0 s THEEHGK T

P goge DOMBIRIEION RGARER CRRCEIER g TREREUC UL DT s
. Exergy carried by Heat Objective exergy Heat loss from . .
Drying Heat supply/ . . . Heat loss from . efficiency of  Exergy efficiency of
time/h J(kIhh natural mec}lum/ consu mption lp er consu mption 1p °r exhaust gas/% drying drying chamber drying chamber /%
/(kJkg™) unit/(kJ-kg™) unit/(kJ'kg™) chamber/% 19
0

0~0.5 401597.8 9.9 2 548.9 343.0 6.2 -3.9 97.73 86.14
>0.5~1.0 437216.2 8.9 2 546.3 395.0 6.9 -4.8 97.83 84.70
>1.0~1.5 5013294 6.7 3287.6 361.6 10.8 134 75.77 68.27
>1.5~2.0 477287.0 6.4 3546.1 228.7 17.4 12.4 70.25 65.99
>2.0~2.5 469272.8 5.7 3511.6 2133 22.8 6.3 70.94 66.88
>2.5~3.0 4487922 6.1 3390.6 179.9 25.4 1.1 73.47 69.77
>3.0~3.5 498 658.0 53 5058.5 159.3 23.0 27.7 49.25 47.74
>3.5~4.0 4683824 4.8 7126.1 86.7 26.4 38.6 34.96 34.54
>4.0~4.5 515576.8 4.4 10 446.5 64.9 252 50.9 23.85 23.70
>4.5~5.0 507 562.6 4.7 10296.4 58.5 24.7 51.1 24.19 24.06
>5.0~5.5 471053.8 39 9589.5 57.8 25.0 49.1 25.98 25.82
>5.5~6.0 515576.8 3.6 15 780.6 349 24.4 59.9 15.79 15.75
>6.0~6.5 5342764 33 16 352.7 33.4 24.8 59.9 15.23 15.20
>6.5~7.0 473725.0 3.1 14 533.4 27.1 30.6 522 17.14 17.11

o 480 021.9 5.5 5200 160.3 21.0 29.5 49.46 46.12

Average
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Thermal energy structure of grain hot air drying and analytical
method

Li Changyou, Ma Xingzao, Fang Zhuangdong, Zhang Ye
(College of Engineering South China Agricultural University, Guangzhou 510642, China)

Abstract: The impact to grain drying involves a number of factors, such as environmental factors, grain physical
properties, and flow characteristics, as well as the processing technology and equipment geometry. The change of
environmental conditions and physical property characteristics, and differences in processing technology, which
makes the system energy loss, was a major difference in the quantity and quality. To essentially illustrate these
differences, to improve the comparability of dryer performance test results, and to form objective and fair
evaluation standards, the researchers investigated state parameters of grain drying systems and energy transfer by
taking moisture migration as a certain amount of energy transfer. Based on the exergy analysis and
thermodynamics, the thermal structure of grain drying and its transformation and transfer were analyzed. Using
the induced air, the experiment was studied under the conditions of temperature was 26 to 35 °C, relative
humidity was 40% to 55% of ambient air, and the initial temperature and dry basis moisture content of paddy was
36°C and 38.6%, respectively. The results showed that the paddy temperature reduced 11°C and the average
drying rate was 1.2%/h in drying 2 hours. The paddy temperature picked up to 29°C when the dry basis moisture
content of paddy reduced to 17%. Another experiment was investigated on a 3100kg circulating paddy dryer with
hot air, which the air volume was 9556.645 kg/h and the ratio of drying and tempering is 1:3.2. The results
showed that the unit gas consumption increased 3.8 times from 113.0 kg/kg to 546.4 kg/kg, the unit heat
consumption increased 5.4 times from 2548.9 kl/kg to 16352.7 kJ/kg, and the exhaust gas heat loss of drying
chamber increased 3.9 times from 6.2% to 30.6%, when the dry basis moisture content of paddy decreased from
27.06% to 16.96%. The main reason that the average exhaust gas heat loss was higher, the average heat rate and
exergy efficiency of drying chamber was lower, was the poor performance of the energy matching in drying
process. The change of energy efficiency in dryer chamber was from -3.9% to 59.9%, which indicated that the
energy consumption of grain drying not only had subjective exergy, but also contained objective exergy. This
paper pointed out that the evaluation of drying process and dryer energy utilization efficiency could not just stay
on the subjective thermal efficiency, and must consider the effect of objective energy. The result provided the
reference for reasonably evaluating energy matching of drying system and dryer energy utilization efficiency, and
forming a fair evaluation standard.

Key words: grain; drying; thermal energy; exergy; analytical method
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