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Research on High-quality Storage of Paddy based on Multi-Physical Field Analysis
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(Department of Thermal Engineering, Shandong Jianzhu University, Jinan, Shandong 250101, China)

Abstract: Based on the mathematical model of internal air flow, heat and humidity coupled transfer in
paddy grain piles, while combined with the dynamic model of paddy yellowing, the paper adopted the
method of numerical simulation to compare and study the variation of temperature, moisture content and
paddy yellowing in the stored grain inside the shallow round warehouse under the conditions of annual
natural storage and staged natural storage. On the basis of temperature and humidity, this paper further
considered the yellowing effect on the quality of long-term storage of paddy. The results showed that, at the
end of storage for 365 days, the average temperature of staged natural storage with ventilation was about
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18 °C lower than that of natural storage throughout the year, the average moisture was about 0.5% lower,

and the average yellowing value was about 0.8 lower. Low temperature air flowling into the high

temperature granary could not only reduce the temperature, but also reduce the grain moisture and alleviate

the process of paddy yellowing, so the phased natural storage was more conducive to the long-term quality

storage of paddy. The rice near the warehouse wall was easily affected by the external ambient temperature,

and the coating could be applied on the outside of the warehouse wall to reduce the influence of solar radiation.

Key words: natural storage; ventilation; temperature; moisture; yellowing
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Fig.3 Simulation results after 365 days of natural storage

32 IRZEMERSH

A3 B B H ARG T .00 —7E 2020 4F 10 A 1
HZ 12 A 8 Hit471 A1 69 d BI5H— I BL [ SRk 4t
s 76 2020 4F 12 A 9 H = 11 Hib41 k3 3d 05
TR BGE A, 8RR e IR,
KAEHHREEZ A 5 °C, FHFXHREL N 75%;
7 2020 4F 12 H 12 H % 2021 4F 9 A 30 H #kf71H
11293 d BYSE =B Br A SRR, A BB IR B
Koy, BEAMSHT
321 Kk

4 R T e 55— B SR8 69 d B 11
BYHE KL, K4 (a) HiRERE, B0

AN A 29.7 °C, WA RAEN V)i
FEIRE TR 1.9 °Cs KPR AR,
O BE R e T AL -G BE R AR s R T
FiI02  DX Sl )t ARG TR A AR A, A
JE I A& Z, SNRREEIR AR, 25 IEHAR /D,
ARG 2 AR R, A
1T B S AR Bt 5 S SR B R BE S, BT LA HGR
FOR G SR AT I TR IR 1 4 () k= A,
KA MR- 2K 5315 14%, 45 TR A M i 2
WKy, CREMNT AR E KA B b, Bt
-G BE ST (9 RS 45 K s T r -G BE R 3, 20 #r
JE PR N FRAF AR BRI, A A SRR IRt

- 1REEIC . BRI Y% . HpE
m 32[ 32r m 32
B 30m 30 148 301
281 281 281 11.85
26[ 25 20 26
54 24 146 24+ 11.8
%L 20 870 af '
800 £ 144 E91 11.75
wler 1s 2081 2er 117
=3t m%%_ 14.21@%%: .
18 r 10 g i 14 g N 11.65
or L
ar >4 138 4 1.6
af o O oF 11.55
_2 1 Il 1 —2 C 1 1 —2 C 1 1 1
-10 0 10 m -10 0 10 m -10 0 10 m
HAx/m HAx/m HAx/m
() RERHE ) K=K ) BERE
(a) Temperature cloud map (b) Water cloud map (c) Yellowness cloud map

B4 F—MEREAMEBERMOEMUER (69d)
Fig.4 Simulation results at the end of the first stage of natural storage (69 d)




ﬁ$mmmﬁmf
SHEMT (p mamiiE

£ 30% 2022 F FE6H

S, AWK H L, R TR 5 1)
e AT AN 5 6 BEWON 1) N 2l PRl i 6 B
PEWR R TG RE IR B, S B IR A R
KFEEM, K EBRER, FrLAICm 6 RE
Bk m T, & 4 (c) W& a R, P
JE{HZ 11.58, IR e ZAE3E 1 0.08, Ji
PRI (R B BEAE AR MR HE IR B A BT b, MR Rl
R T T A2 5 o A0 B A 30 e 2 1) B v T
ek, R a2 K BHER S R2 i, 06 R B
TR R T AL, g ) B o S0 A A 2 B (T
322 HHrE

5 M5 B BoE X 3 d S5 Y454 P
=, B 5 (a) HiEERE, RENHBREL N
5 °C, MARIMHRELN 1.3 °C, JHEZEENXE
FH A FLAR R B3 R, 30 XU SR ) I B

I, T 0 R TE B 30 A 20 05 P8 AU R P T
KI5 (b) ARG, FEAMHELEHE R A FRR
2 = A i 7 ST € T A e S
DX IRAK A3 AR, PR Ay 3 RS SR R v AR
PRSP R, TR EL A AR, BT DA AR
WU bR HER R JE K Ay T, e B2, Rk
WAy JE W s S IR LT, AR 2y
HE— 2R, B AR T I R A 1 PR ST A
B, BT RAH L2 ARHE B K AT 8R A T R ACIRES
72h 5, FRHEREERT- 47K 55 13.45%, 4¢3 X
HIFEA 0.55%, K5 (c) WEERE, 55—/
Borf L, B AEAB AR, 00T R R A A
AR AN R, B EHAN S RS I
TR R, BEAA KA AR — AL K
bR, A ] P R AR AR B

L 1REE/C L TBHEIK 5% L
m 32+ 32F 32r
s LR T
il i o s
ERC E=E 12 g3r 1175
le- 20 le— 9.51 1 Qm—
14+ 14 14+ 11.7
12+ 12t 10 12
10r 15 10r 11.5 108 11.65
er 6 9 6 !
ar alr 14.4 ar Ws1 11.6
oL 10 5t 8  2r
or . 0 134 0r 11.55
_'2 C 1 1 1 _2 C 1 1 _'2 C 1 1
-10 0 10 m -10 0 10 m -10 0 10 m
H#%x/m H#%x/m HZx/m
(a) RERE (b) KAr =B () BERE
(a) Temperature cloud map (b) Water cloud map (c) Yellowness cloud map

5 FEMBRERERMOELLER (72d)
Fig.5 Simulation results at the end of the second stage of ventilation (72 d)

323 =Kk

Kl 6 S5 =B B H AR 293 d 25 R Y 4%
PEsE, K6 (a) HRESE, KRGS
A DI B T i TR HE N IR L LA R B Sy
HZ, MR HERE R, SR BERN, 3%
R b 2 X S g 52 A0 5 30 B8 KA B Y 52
i, XFHE 6 (a) 5K 3 (a) IBERKEAH, T
Bl— H SR G% I 365 d Jm, BARELT PG
R, WorB B A SRR T —, A 4b
TR R, A ORI SRR T R
[ S RS 5 W DO s A s 1B ]
RUR 43 B B3 1 2R At A R R A D 2 2 i

K16 (b) hkorm B, ZeMim il <K

TR i AR, RO ME N RS A B
B, KHE L2 MK BEA I TR, ORI
WK TR, BERTARHEAYSE- 27K 5 R 13.54%, 4R
=B 55 B BoK A LIRSS 0.09%,  HE
SR AT AE 2 A K 43 2 o KT 6 (b)
5B 3 (b) KarmEER, T 508 B H IR
Jik 365 d s} [SF- 597K 43 e T3 —1fIK 24 0.5%, W] Al
0 3@ KB B B R A A R 2 A i

K16 (c) N5 =B H AR 293 d 45 A}
MK, CREMHEREA B 120 D E, 28
R 5, KRG RT3 8 B (E 24y 11.59, A2
PSS AT S R i = e N Y2 07 = T (A B
HER IR IR, A TS B B AR RAR /N s B RE U




@%mmmﬁmf

P P PaY N
55304 20224 F 617 enc o recmosooy o cren s o0 CHEMDR
] RE/C » TBHEIK % 1 HE
m32 ¢t m 32+ m 32t
301 30 30} /\ 301
%g i 28 %g i 14.5 %g i 11.8
2 26 3L s 13.6 1w Al 11.8
20r 24 20 I 20t
E1gt E1gf ETgf 11.75
B8 2 &ler wp ||ORIST 11.7
[ 20 L I :
‘VIE}(Z) 18 ‘111@%(2) 13 111@%(2) 11.6
8| 8l 8l 65
of 16 6r 135 125 §f 116
[ 14 I ) I
_§ [ 12 _§ P 28R 12 é i 11.55
-10 0 10 m -10 0 10 -10 0 10
HA&x/m HA&x/m H#%2x/m
(a) BRE=E o) K3 =E ) BESHE
(a) Temperature cloud map (b) Water cloud map (c) Yellowness cloud map

6 F=MEAREBAERMNEBIER (365d)
Fig.6 Simulation results at the end of the third stage of nat ural storage (365 d)

PO M R R I, XA EEA A RN . AT 5 T A, K

ek ¥ 6 (c) 5E 3 (c) wERE, KB wRIRRBARE, ZmEeiets, a8 T
T —44F A ARGEIATRAS , ARG NEE L.

{EHE N2y 1.0, A BRNBOME s W A0 A
Jek 365 d 45U, g 0G0 BE I HAR TR AT A A2
B 88 50 5 &0 S P a2 P9 552 il B 5, SO
AR AE A I, {EURRA PR SRR A 3 (R
X 0.08, AL i £ BESMIU AL TR 2R 2

33 IR—EIR-ZEEXESR

331 HYHEg

& 7 A AE H AR S S B B SR i e 1Y T
DUAEA IS s i 25 W 3R 284k K 7 (a) KB,
TCIE R, R 0 W S R S A SRR AR

K
Al

WK ST, FEACEREMBIAR AT IR, W s 50, FLATE QRERIINY 1. 2 A 3 Wil
401 15471 ____ﬁﬁ‘ié _____ ﬁﬁg 1320 — wemigl — — Wi
36 1520 s s 13.0F ———- wyis2 Wl 7 P
320 150 iy T 128} — - - w3
28 | 1481 W5 e 1261
£ 24 X146t wlse - ™ 124} - W ARS
#20 — - B4 @144 - g 122
e N ¥ ﬁf? R14.2 12.0-
L ., —_— 6 + —~
- M2 - - S T
3' owWE——wwe  Or T—— 0 et
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

& XU i) /d
(a) TH—45- Wl J5R B AR 4k

(a) Temperature variation at each
monitoring point in working condition 1

— HidilAR

367 — W2 150
32 == WA 145+
8L 14.0
20 S35t
21301
12 125}
sl WAL
4 120}
0 115

50 100 150 200 250 300 350 400
Fif i /d
(d) T8 — 4 W) 5 9R BE AR Ak
(d) Temperature variation at each monitoring
point in working condition 2

X A/d
(b) THL—4% s ok 3k

(b) Moisture variation at each monitoring
point in working condition 1

8 XA /d
() TH—45 Wl s 3 B Ak

(c) Variation of yellowness at each monitoring

point in working condition 1

0

(e) Moisture variation at each monitoring

2o Wewls 1 el 56
11.9F ----Ex2 Hlly)
A3 - ]
11.8F - - wawi&a
M117 ........ el g55
— e w7y
- 2 Wl 7 et T
o B3 e Wl 58 Pl
S WA — WO 11.5 =< =
""""" B3 114
50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
3R 1/ P i/d

(e) THL 485 Wl p sk 43384k
point in working condition 2

7 BEMNSRSHTL

Fig.7 Parameter changes at each monitoring point

(O T & Mol s B AR fk

(f) Variation of yellowness at each monitoring

point in working condition 2




[EXEED

iRl
4] (1]

£ 30% 2022 F FE6H

YL b ST A 855 BE BRI 11 7 .8 0 O W A R B
TR S PR 308 160 ) ) S VL — L Tt
ORI RE B4 5 AN R s S, OF H Rk RE
K32 KRR A2, P 345 i Pt 38
O REAG L BRI AR HE T LA 06 R Y I B L
L EREMIR B S, AMRR e HRRK, K
SR BEARMERZ A B HE N, &7 (d) KRB, A
3 RURS 3 XU AR M PN 25 ) T R, 5 =
W B [ SR A AT, S 3T R T 174 A0 oL TR AP AL
AR T A S R L T, R P S Y T PR A
A R HE PR B

K7 (b) A4 E SR 25 s DU s /K 4378
b, B BLIHR /3 Wail o5 i AR AR AN AR K, R
I A (0 2 AR K 43, (BB T v Ak MR
MAMEKE—HE AR, R T
1%, il 122 EEOK T, AR TR 1L 2t
Ji o 7 () RAAF FARAHEY A5 Wil sk 43254k
R, TR A A 1, 4. 7 BOK ST,
BT ARME RS W 2, 3. 5. 6. 8. 9Kk
B, ERAE 45 Woill 5 A K A 28 Ak, 45 Wi
P e o Ll 7 o &7 el S R e T S B Y
FEG 1, WLER B HE G WA 5 K A R
Meash, aprR e M m, [ B1E
s, WEKSEREIKT. B 7 (c) mlA,
JCH KU, WA 5. 6 0 B (E THE R AR K,
it 1, WEIAE 1. 20 3. 4 b EEEBA A

- TH—
351 —I{ﬂ_ S

TIEE
Y e
DORROWRLWEA R
O=NWAUAIRODO =N

[FRREE BT, AR RS 1Lt K 7(f)
A SRR 43 B B B SR 9 T 0T B (b
A E) A A8 A 26, W s, 5. 6 Kb B R4 K R
At 015, FEEUEH, WA 1, 2. 4 WEH
AR, (E0E AR 0.4, 45 W B
HASAL BN T 24 [ AR T00, MHILZ T,
G Be B SR AR T RS AT 1 2 A R
332 ZWEBLGEA T

&l 8 Sy 4 4F H AR5 4 W B SR Y 22
YIS ZE ST, B 8 (a) AT —5TH
FEARE AT HHE ) -2 R B X E TG KSR AR
FRHERF IR 2 E T, RREIEY 5 °C;
AR, TR B TR, FRIEZ 23 °C, fif
TG, 32 AN AIRBE IR RS YA 8 s
T TR BB M T2 15 Chidy, b T4
R . 181 8 (b) P34k XTIt , Joil WAk
PR, RHER TSR AR FEAR N, HEAR Yy
TE 14.0%; A iE XS, HHEK 08 TR, FEIEZ
0.55%, R = BB [ SRAtUDIN] , R AR RRE/ )N
IREERE K, FFE 13.5%, {5l RIEREA % 2t
ik, &8 (c) T EEXTLL, Jol WA,
VYRR — EAERG N, AEFEAS AT, B0 0.9;
3B AR, AR AN LA, BT
11.59, J5 PR 4B B 1 SRt T 000 1 2 T AR
FER B AZ IR, b0, 24 3 R4

R T, PR — A LT, BOREEI .
__%%: 1261 -—%%:
124}
X122t
ﬁum
K118}

T 116}
114}

38 Xt E]/d
(2) “FHRRBEXT LY

(a) Comparison of mean temperature

. Sy

% 50 100 150 200 250 300 350 400 >0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
T8 R ) /d A Al/d

(b) SFEIRIINT

(b) Comparison of mean moisture

(o) “FIIBBEXT LK

(c) Comparison of average yellowness

B8 IR—5IR-EBLEREIL
Fig.8 Comparison of simulation results between operating condition 1 and operating condition 2

N
oy

it

SCEEE X AT o AT ORI R ES L 2

HY R 2AF A SRR 23 B BE A SR AR i A
AEERLL, 13RI LT 45




ﬁ%ﬁﬂﬁﬁmf
% 305 2022 & % 6 HA SCIENGE AND TECHNOLOGY OF GEREALS,OILS AND FOODS

iR

JCl KA E ARG LT, RS A AR 1) °F-
PITRLE 32 B A R AR B B 1 5 WP I A P 2 e - 5
SR, fERES R ERIR RS 34 °C H
BRI K ARSI, AR AR 2B AR T BT 7K
SRR SR I BT A2
EETHE R, —H 52 LT, s Rt
WA E 12.4, HF—5 Uk A e TR DX SR i R 23 i
Gy, AT

A KSR O B A SRS LT, SR —B
BLH SR 69 d BT REA IR 28.2 °C, #
JEME R 1157, FHKIrR 14%; 5 R Bod i
i 3 d i, AT TR 2Z U K 2 S RS2
Mz 5.9 °C, WA N 1157, FRIKFER
13.45%; S = KB H AR #8293 d B, RE 6 RE
BF 3T )RR 7 32 R BRAR ST sg ), RS S BRI &
FRLHE I REAS (YR R . SR E, AT
TR 22 G AN KRB AN [ B PR FH 9 52 0 T 5
% 16.3 °C, WE{HIEAYERAE 11.59, bR E
RN, SPER A TR, hy 13.54%, X L A4FE
FI SR8 5 40 B B SRR AU S, R A%
B Bt [ SR i 980SR A ) 42 A it

25 1, BB A SRAE N T YR B AR
SREEMARZY 18 °C, PR/ IKZ) 0.5%, -3k
JEMRZ 0.8, IR A S A R AR 6 BB T AR
T, AT AREARAR BK Sy, B ARRE AT v AR 1Y ik
T, 4rB B E SRR A A TR A 10 2 A i
G REE T MRG0 5) 52 A0 RS TR s i, A]
AT E A BE AU T2, BRI BH 8 5 5
3G R AR T R AR

S

[ Fzmml, RFH BE, & RS RE AR R

TEREEHUGE K R[], o B4, 2019, 34(12):
71-77.
WANG Y C, WU Z D, WEI L, et a. Regulatory mechanism of
heat and moisture content in grain storage ecosystem and the
application of in-bin aeration for bulk grain[J]. Journa of the
Chinese Cereals and Oils Association, 2019, 34(12): 71-77.

[21 HKok%, fLURR, T4, % BEEEMRIIRG. | T
Ak, 2017, 38(11): 283-286.

SONG Y L, KONG C C, WANG R L, et a. Research status of
paddy yellowing[J]. The food industry, 2017, 38(11): 283-286.

[3] ARIASA, ABALONE R, GASTON A. Mathematical modelling
of momentum, heat and mass transfer in grains stored in silos.
part I: Model application[J]. Latin American Applied Research,
2013, 43(4): 377-384.

[4 HAMMAMIA F, BEN MABROUK S, MAMIA A. Modelling
and simulation of heat exchange and moisture content in a cereal
storage silo[J]. Mathematical and Computer Modelling of Dynamical
Systems, 2016, 22(3): 1-14.

[5] T, RFFE KA, S RN E AR R R I K

XA Alk TAR#HR, 2015, 31(1): 281-287.
YIN J WU Z D, ZHANG Z J, et d. Regppearance and comparative
analysis of temperature fields in grain stacks of different silog[J].
Transactions of the Chinese Society of Agricultural Engineering,
2015, 31(1): 281-287.

[6] H5E5E, BREER, XISCE, 5. BT COMSOL M#sCitf

AORHETRLEE AR SR [ ). TR Tl K= 2 4 (AR 1),
2020, 41(6): 101-105.
GEM M, CHEN G X, LIU WL, et a. Simulation of temperature
field of static storage paddy stack based on COMSOL[J]. Journal
of henan university of technology (natural science edition),
2020, 41(6): 101-105.

(71 A5, ®\AB, F =2, 5. WORIE A @R ILBosEfE B8 i
FRFFEL]. MR, 2019, 27(4): 50-56.

REN F, HUANG Y W, WANG R L, et a. Study on the yellowing
of high quality japonica paddy before entering the warehouse
ater harvesting[J]. Grain, il and food technology, 2019, 27(4): 50-56.

[8] CARRERARM, MARTINEZ GGM, NAVARRETEB JL,etal.
Transient numerical study of the effect of ambient temperature
on 2-D cereal grain storage in cylindrical silogJ]. Journa of
Stored Products Research, 2011, 47(2): 106-122.

[9] YANG K, WANG Y, MAO'Y, et a. Heat and moisture transfer
in a rectangular cavity partialy filled with hygroscopic porous
media[J]. Heat Transfer Engineering, 2020, 41(9-10): 814-824.

[10] WiERE, FL, &7 W, . FEA ARG Z RE B
AEEHFFET. PR, 2019, 34(6): 109-113
QlY K,WANGY C, LU ZF, et d. Multi-scale coupled heat and
moisture transfer in natural grain storage[J]. Journa of the
Chinese Cereals and Oils Association, 2019, 34(6): 109-113.

[11] TFimpk, aribesr, ARE, 55 FTEUEHII A FEA-RE R
GBI R AR FT[ . PRI 2=4, 2020, 35(1): 113-120.
WANG Y C, YU X J, SHI T Y, et a. Optimum humidity of
numerical prediction to cooling effect and water retention of
large warehouse during cross ventilation[J]. Journal of the Chinese
Cereals and Oils Association, 2020, 35(1): 113-120.

[12] SOPONRONNARIT S, SRISUBATI N, YOOVIDHVA T. Effect
of temperature and relative humidity on yellowing rate of paddy[J].
Journal of Stored Products Research, 1998, 34(4): 323-330.

[13] WHITE N D G SINHA R N, MUIR W E. Intergranular carbon
dioxide as an indicator of biological activity associated with the
spoilage of stored wheet[J]. Canadian Society for Bioengineering,
1982, 24(1): 35-42. &

ik AR AE TR AAFIER (http/lyspk.ijournal.cn ),
=S N N SN DR 5 /L o = %

189



