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Study of grain spreading and cooling process based on non

equilibrium thermal simulation
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Abstract: [Objective] To improve the automation level of Othe temperature control of grain cooling. [Methods] Using SST k- w
turbulence model and non-equilibrium thermal model to conduct theoretical analysis. Fluent was used for simulation and combined with
process validation to explore the temperature distribution law during the process of grain spreading and cooling, and to optimize the
spreading and cooling process via Univariate analysis and multivariate orthogonal analysis. Based on the degree how the discharge
temperature meets the process requirements, and analyzed the impact of the thickness of the grain layer, the speed of the plate chain
movement, and the impact of the exhaust air volume on the air flow distribution, temperature field distribution, and the temperature changes
during the entire grain movement process. [ Results] After analysis, it was found that the thickness of the material layer has significant
impact on the discharge temperature, the speed of the plate chain movement and the exhaust air volume have secondary impacts. The
relationship equations between the discharge temperature and the grain residue processing capacity, and exhaust air volume were
determined, which were convenient for predicting the discharge temperature in case of process changes. [ Conclusion] Through process
verification, the non-equilibrium thermal simulation method is accurate and effective in simulating the spreading and cooling process. The
optimal process conditions for this spreading and cooling machine are about 20 c¢m in thickness of grain, 0.15 m/s in plate chain movement
and 5 000 m*/h exhaust air volume.
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Figure 1

spreading and drying equipment
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Figure 2 Simulation model of spreading & cooling machine
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Figure 3 Simulation model and grid of spreading and

drying machine
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Figure 4 Speed distribution of the center surface of the

spreading and drying machine
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Figure 6 Exit temperature from experiments
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Figure 9 Comparison of average grain temperature at

different plate chain speeds

(2) FEORE L2 JEE B 114 52 i)« XS () AR R 22 5 (1S,
20,25) om, 76 [RVRE 47 HE R, JR B B HOROE 3 TR
FERAG . F A 1O TT A, M RRORE TR O 15~20 em B, R
TR B AF A 2R MRS TR i > 20 om M, JiE 505 2R
T R

(3) LIMUE AL M O 246 R, HHORHE BE 5 40 1
PR 6F IO G FR DL e 2, oG Rt gk aniEl 11 i . i &1 11 AT
AL BT RS 25 em X R 9 TR i 22 5 A, Hofh S
B 2E BN UL R R G — o R R A I R R
33 WMEBEESHREMXR

FE AL B — 5 AT HE XU T i T 3 R )

305
o
£
B 2 300+
r & —a—S]
% g
FE & 95+ —o—S2
E —»— Cn
M —— Up
2901 —— Lw
1 1 1 ]
0 15 30, 45 60
R[]
Time/s
(b) HHEFTHEREE0.150 m/s
3011
v 2991
E
= L
1= % 297
= £ 205t
= 2031
201 1 1 1
15 20 25
M) 5L
Grain layer thickness/cm
B 10 RFVHER 637G B L
Figure 10 Temperature after air drying for different

material layer thicknesses

R2 ARESEEN M HEE

Table 2 Temperature corresponding to different processing

capacities
FEElem  EEHEE/(mes ') AR/ (mPh ) /K
20 1.000 84.96 291.00
15 1.780 113.42 293.00
20 1.500 127.44 294.00
20 1.780 151.23 295.36
20 2.000 169.92 295.72
25 1.780 189.04 301.50
20 3.000 254.88 300.91

Ko R IAE 120750, S HE KR <4 500 m’/h B, Byt
BORAAE, O e T2k . b, 75 2 a0 A HE XU 1

5000 m¥h AT
3.4 EXFEIEIT

GG A R R A AT, LU S AT kR R S A

105



106

ARESS5E6E4H/E FOOD EQUIPMENT & INTELLIGENT MANUFACTURING

304 .
300 y=—0.020 6x7+1.345 4x+;280.51 )
< L
E 300
= 2 2981
E g
Z £.296F .
& £ ®
H & 2941
Z 20t
2901
288 ! | ! | J
5 10 15 20 25 30
HRAEAL PR
Grain hourly throughput/(m® « h™)
A1l hARESAEFHXABE
Figure 11 Relationship curve between discharge

temperature and processing capacity

®3 AREHREX K HBHEE

Table 3 Temperature corresponding to different exhaust

volume
HEXE/(m*+h ") HERGHE S/ (mes ") /K
3500 2.48 298.53
4000 2.83 298.14
4500 3.18 297.90
5000 3.54 295.36
2991
¥ 203t
—
8 2
IE ¢
= 2297+
* =
H e
5 296+ )
y=—4.236x"+22.716x+268.13
[ )
295 w w w
2.2

2.7 32
HE RS AT 107 Py XL
Outlet velocity derived from exhaust volume/(m® + h™)
H12 #FBRESHRZTHXLZBL
Figure 12 Relationship curve between storage temperature

and exhaust air volume

RLOMEBUEE IR bR, AN R R |2 XAEH L R A
Lo (3%) 1E 3T 40 A 4% R 28 S0 i i 38 38 A0 5 0 1 32 3k
5 IO WL 4 g T RS

2 S AT, 4% IR 3R ) 32 UK R J2 JRE > M AT
FE> WA . 2 R B T H AR b (295+£2) K, iRl il
295 K iy 41 & el *E%fﬁiﬁtsﬁ B S T LA
K F K F S 25 20 om, A0CBE AT 3 EE 0.150 m/s, KU £
#5000 m*/h.

4 Hiw
b oA BT T2 M R B 6 S 1 )
1,32 JH A BT A L7 v 5 T AL PR R 2 3R

BEE 276 83 | 2024 5 10 A | RRS5HUR

F4 EXRBEERKFER

Table 4 Orthogonal experimental factor levels

KF AREE/em BWREEATHEEE/(m-s™ ) CKE/(m’-h )
1 15 0.150 4500
2 20 0.178 4750
3 25 0.200 5000
x5 EXRBEHTRER
Table 5 Design of orthogonal experiment and results
jE s A B C et I )3 /K
1 1 1 1 298.85
2 1 2 2 296.04
3 1 3 3 296.35
4 2 1 2 295.77
5 2 2 3 295.36
6 2 3 1 296.79
7 3 1 3 297.53
8 3 2 1 298.89
9 3 3 2 300.67
k, 296.08 296.38 297.18 297.29
k, 295.97 296.76 297.49 296.79
ks 299.03 297.94 296.41 297.00
R 2.95 1.17 0.76 0.29

£ 43 A5 8 0, AR HOR [ ARCRE AT 0k R k) R J#
DI R R Y R R . A5 IR R U] R o £

A T3, S iy R 0L Y vk T A R 2 0 M et &E’J
TR 3 A O TOU0 MR ORI . RRORE B R B 15~20 om,
M 47 1 0.150~0.178 m/s, HE XA 5 000 m*/h 5 4k
BERMSAA LLBR, EAE HEE 20 om, 3 B
0.150 m/s, K& 5 000 m¥h, 1 F A AR T 2 b fr
TEZ2 A KRS e Bt T 20 0 L AR T B8 DA R AR A 11 B

ﬁFJﬁIﬁ] Jr ST 5 107 K R R IS R R KRR T A
Oy A, HE— 2D AT AT RN 5 2 AR RS KR
& ik

(]9 R, R, 6 K 4, 45 1 T R A T 2% ) B 2% P Iml i

6 IR 25 R 90 m 835 0 0 9% (9], BRI BB, 2020(7):
17-21.
PAN D J, CHENG W, PAN T Q, et al. The design and
application research of the equipment system for pressure
distilling materials and steam recycling for Baijiu making[J].
Liquor-Making Science & Technology, 2020(7): 17-21.

[2] KB T, oA S, WA T, A I A 7 I 3l 2R A 1 B ST
[J]. BRI R, 2021(6): 84-88.

ZHENG C N, ZHANG S Y, HUANG Z G, et al. Development



F&M | Vol.40, No.10

of automatic grain cooling equipment for Baijiu production[J].
Liquor-Making Science & Technology, 2021(6): 84-88.

[3] At A, XU, A5 . A BRE i 2 AL v W R SR 1Y i
SIRFPEREZE [I]. MLAR 1T 5 i, 2018(S2): 14-17, 21.
MEI X, WANG W, LIU H Y, et al. Research on the motion
characteristics of material particles in high angle spiral
conveyors[J]. Machinery Design & Manufacture, 2018(S2): 14-
17,21.

[4] )8 4 15 . 1% 58 0 A 7= LA FE 5 RE 16 13 45 (0], BRI, 2017,
44(4): 21-23.
ZHOU J H. Discussion on mechanized and intelligent
equipment for traditional Baijiu production[J]. Liquor Making,
2017, 44(4): 21-23.

[51 AR M 3, P K WY, R, 46 . o Mt ) LR 6 & 28 P I 2 ™ o
2SI 2 [T]. RO AR, 2019(12): 32-35.
DENG W Y, XU Y M, CHENG W, et al. The influence of the
spreading area on the production difference of maotai flavor
Baijiu pits[J]. Liquor-Making Science & Technology, 2019(12):
32-35.

[6] R & 7 . M8 i 26 3 R I S WL (D). B U1 AR A
T.R2#,2021: 41-53.
ZHENG C N. Design of spiral conveyance type distiller's grains
stall and cooling machine[D]. Yibin: Sichuan University of
Science and Engineering, 2021: 41-53.

[7] B . 6T CFD {5 EC AN G B 2l et bL X 2 55 0 15343 #r
[]. BHE B, 2023(5): 45-51.
HUANG H Q. Calculation and analysis of the wind chamber
structure of the automatic fermented grain cooling machine
based on CFD simulation[J]. Popular Science, 2023(5): 45-51.

[81 BB W . AR A [ 3h B B 3% 4% B9 BT & [3]. ¥ 0 B2, 2021(1):
46-48.
CHEN Q M. Research and development of automatic spreading
and drying equipment for grain residue[J]. Straits Science, 2021
(1): 46-48.

[9] RAESC, BREs, ¥ 9622, A5 HUAR AL R T 4 1] 1 s ol 722 4 4 A
L[], Bl AR, 2017(10): 92-95.
WU S W, LIN P, XIAO M L, et al. Standardized cooling in
mechanized manufacturing workshops of Baijiu[J]. Liquor-

Making Science & Technology, 2017(10): 92-95.

[10] T, 7 B oi, F /RN, &8 . M AC HE 1 48 il 2 3 O 1k & 0y 11

¥ BE - EFEFHEARMNRERRTIZMAL

[J]. & & 5 HUA, 2024, 40(1): 101-114.

YU Y, WEI M Q, WANG E J, et al. Optimization and
simulation analysis of temperature field of wolfberry drying
box[J]. Food & Machinery, 2024, 40(1): 101-114.

[11] 5k RAR, o MR, AP, 45 o & 0 [ 35 B 00 1 3 3

ZENRAL BRI [I]. B R, 2015(9): 94-97, 101.
ZHANG L D, MENG S D, TIAN J P, et al. Automatic steamer
distillation apparatus for Nongxiang Baijiu (liquor) by solid-
state fermentation[J]. Liquor-Making Science & Technology,
2015(9): 94-97, 101.

[12] FRANCOIS A, IBOS L, FEUILLET V, et al. In situ
measurement method for the quantification of the thermal
transmittance of a non-homogeneous wall or a thermal bridge
using an inverse technique and active infrared thermography
[7]. Energy & Buildings, 2021, 233: 233-242.

[13] 5K 53 . K b o 0P 70 XU Hi 18 0 30 R 1 52 428 OCR BF 52
[D]. P4%: P2 @ SR K%, 2021: 10-22.

ZHANG Y. Study on the flow characteristics and controlled
effect of large specific gravity gas in fume cabinet[D]. Xi'an:
Xi'an University of Architecture and Technology, 2021: 10-22.

[14] NICHOLSON G P, CLARK R P, CALCINA-GOFF M.
Computational fluid dynamics as a method for assessing fume
cupboard performance[J].
2020, 44(3): 203-217.

[15] WA, A [, F e . 3T ANSYS/CFX ¥ i SUB AT 33
Lo =HEG o3 e (], B dh S HLI, 2023, 39(6): 99-104.

TIAN D, GUO S G, WANG L Y. Design and 3D flow field

Occupational Hygiene Society,

analysis based on ANSYS/CFX stepwise acceleration twin
screw[J]. Food & Machinery, 2023, 39(6): 99-104.

[16] #& W1, = iz, X8 2% . 2 L0 5T A AF AP i 45 3 T 5 45
W[, AGES) I T, 2019, 34(7): 1-8.
LU L, XIN CY, LIU Z X. A review of local non equilibrium
thermal models in porous media[J]. Thermal Power
Engineering, 2019, 34(7): 1-8.

[17] 2% 2% . Ja Al B 7 i 2% 1 T 5T 22 AL A o 1 7 g 40 0 o
BAHPEPERT ST (D], I AP R K2, 2021: 36-52.
LI X. Study on coupled heat transfer characteristics of a flat
plate heat exchanger filled with porous media under local non
thermal  equilibrium Wuhan:

conditions[D]. Huazhong

University of Science and Technology, 2021: 36-52.

107



