R EmiB Modern Food Science and Technology 2020, Vol.36, No.9

|EIMERIEE AR BERMUN TR

BE, BETR, THE, 8, WEE, &9
(1. W) B T K FAMRTAZFIE, W EE 644000)
(2. W) BB T KFERIBANIIAB AN EELEEET, WIEE 644000)
THEE: AHFE| R AL BT T W IR AL TR, AT K £ L B ) B 018808 8 £ ik, B —a 20 W 5 & B A
A BARITE E S, BRAARA F (CFD ) #-4F Fluent, VAKX B G AR %, 18T profile ALK BEiAZ & K i o T 0T L BERE,
18 S ANTARAL, BB AR, 2 AR ST AARA, RAAERETH ok, SRR T R A B INECT d 4 M 3R IRSLEY
BIRE AR, B BTATARR: R0 AR IR R AL LTS S IE, AR R A AL RS M RIBERKIRE S 1.74%,
SRR KIZE K 8.42%, /1T 10%89i% 2 AASCE , R0 T W 5 IRBLAY st AL R BAE Ut BA R BAR L, W B A RS RGRA% %
A ABEE, FORTIR AR 5 P B ZIAAT IR, fEIRE KA EEARRT IR AR 5 B AT R B K BEM B B AR
BB IR BRI B A T, %U%’»@%P‘] H AR RIRGRIDERAE, A6 5 W 5 R RS R A5, 498 oh T —FRIg A
R B B KA RIRAR TR
%ﬁﬁ:k@i@;&ﬁ%ﬁ;ﬁ&%;ﬂﬁ%
YERES: 1673-9078(2020)09-148-155 DOI: 10.13982/j.mfst.1673-9078.2020.9.0251

Numerical Simulation and Distribution of Ambient Temperature and

Humidity Field in Qu Fang

HUANG Hai-fei*, TIAN Jian-ping', WANG Kai-zhu', FU Lei', YANG Hai-li{, HUANG Dan’

(1.College of Mechanical Engineering, Sichuan University of Science & Engineering, Yibin 644000, China)
(2.Liquor Marking Biological Technology and Application of Key Laboratory of Sichuan Province, Sichuan University of
Science & Engineering, Yibin 644000, China)

Abstract: The purpose of this study was to obtain the law of the changes in the environmental parameters of Daqu during fermentation, to
analyze the difference in temperature and humidity of Daqu during different periods of fermentation, and the difference in temperature and
humidity of all Daqu in the same fermentation room during the same period. Applying fluid mechanics (CFD) software Fluent, taking
fermentation room as the research object, the real-time fermentation temperature of Daqu during the fermentation process was imported through
the profile, and the porous media model and component transport model were used to establish a three-dimensional turbulent model inside the
chamber. Then the non-steady-state calculation method was used to simulate the temperature and humidity distribution characteristics of the
internal environment of the fermentation room at different fermentation stages. At last, the temperature and humidity changes at the
corresponding detection points were detected and verified. The research results showed that the maximum error between the simulation results
and the measured results was 7.74% for temperature and 8.42% for relative humidity, both of which were within the allowable error range of less
than 10%, which proved that the convective heat transfer and mass transfer in curved room environment were accurate enough. The heat and
humidity transfer in the fermentation is coupled, the relative humidity is relatively low in the middle layer with higher temperature, and the
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relative humidity is higher in the lower layer with lower temperature. At the same time, the temperature and humidity data of other undetected
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areas in the fermentation room were obtained by analyzing the temperature and humidity distribution laws and differences of the fermentation

room environment at different fermentation stages. It provides a model reference for subsequent fermentation room risk control strategies, and

provides a theoretical basis for further optimization study of the temperature and humidity sensor position.
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Table 1 Solid material properties

2 AR FE plkgm®) A /I KkegK)']  FHREEMVI-(msK)']  AREKK[T (s K)']
Wy 1050 215 1.2
BE 150 2010 0.04
EF 2500 837 0.71 4.54
11 500 2400 0.18 1.42
ILRE 1500 1050 0.81 3.66
<2 FEELREELEE (C)
Table 2 Simulation data of upper delay temperature
BAE
R . = = ) £ > +
& 19.39 18.22 18.42 1791 17.86 17.79 17.42
TE 19.64 19.07 18.55 18.32 18.19 18.12 17.75
%<3 PEMREEIEE (°C)
Table 3 Simulation data of mid-life temperature
BT
& — = = ) A >N +
LrE 34.92 3548 35.34 35.72 34.25 32.64 32.53
TE 35.65 35.82 36.03 36.34 35.09 32.57 32.86
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Table 4 Simulation data of relative humidity in upper delay period

BAL
E
— = = ) A > *
tE 88.26 90.44 92.67 91.28 92.18 87.57 92.56
+ B 86.37 88.3 90.63 89.62 87.49 91.78 89.42
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Table 5 Simulation data of relative humidity in mid-life

BT
E
— = = juc) E Y X
EE 94.49 98.68 93.34 94.03 96.24 95.61 97.38
+ B 89.16 90.71 92.29 93.58 91.83 92.68 94.21

* -1 AS
6 BEIRIULERIGIUE
190 -
a = Il
- LA
18
[}
& 17+
uiz}
16 +
3
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0123456 78910111213141516171819
REERSTE] / h
100 -
b - R
o5k - HEH
xX
!
sy
=
=
70 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0123456 78910111213141516171819
REERSTE] / h
18- -~
c = A
- Uit
o
i
uiz}
15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0123456 78910111213141516171819
REERSTE] / h
100 -
d - R
o5k - HEH
xX
N
iy
=
=
1
70 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0123456 78910111213141516171819

RIS 1E] / h
B 1 _EEHRAIE SRIMERSEL

Fig.11 Comparison of the experimental value with the

E: ar EE 45 EBERBASEMMETL; b LE4
5 B AR IR R IMME S AR BMEAT L o P T SR E R

simulated value in the upper slow

SEMEsT L, d B T 5 EARRTR BRI A S AL RMERT L.

36

a = R
35| - D
O 34
=
E 33
328
31 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
1 2 3456 7 8 9101112 131415
RIS IE] / h
100 s
b [ = A
99 o MM
981
97+
S 964
X 951
E% 95
94t
96
2t
91 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 1 2 3456 7 8 910 1112 131415
RIS IE] / h
c
o
=
L
30 = A
o~ B
29 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 1 2 3456 7 8 9101112 131415
RIS IE] / h
100 e
d ool = PR
o B

WE /%

91

1
8 9 10 1

1 1

1 1 J
112 13 14 15
RIS IE] / h

& 12 hEARAL{E SRPERTEE

Fig.12 Comparison of the experimental value with the

simulated value in the mid-life

E: oar LR 45 EIRERBASAENE R, b EE4

FMEAT B

d: BB T 5 EIRE R E S A MERT L,

5 IR AR ST, ¢ FE T T AR KR E SR

153



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

N T IAERSE R, R T R R AR
RS, BUEEEAAEEMHEZE 758, ©
245 Ak 1 h TR E S ERME R . hg
B A BRI 25 S S AR SR (0] e A3 il an B 1
K 12 fs.

FIE 11\ TN, 76 0~7 h i, H T pl R P AR50t
. M EMEIREREZE B, 8~12h I, HT4h
FEASEIR FERRAS, it D5 AR L B T 5 40 St
PSR, 12~18 h, WRFELRLE FFF. ZBYEL, AT
BRI EHES, 76 2 RIS AR .
5 PR A SR RME PR HR 2 2.29%, #%
KIFHRERN 6.17%; HFHEE TERRZEN 1.14%,
BAHXTIRZE 4.32% . FHARELE 8~10 h HIIHA W
7, e TR Gk N ) 5 2] g Wil e
MBI, 2 75 R HoAth SR
WO B R R .

EHEL 12 TR, BT AT, SRE 1 Bl B,
WAE P EEIA IR AR, 7E40 3 h AR,
JERFEshA R, 5 PR A AL XS
MRPETEIRE] 98% I KAH JG 2518 P& 2 93%, Rl T A
Ptk N R BEHA 5 B A R e RE RS, 2
RCR TR s IR E SERE PR ZE A
3.39%, f KHHIXTREE 7.74%; FHRHGE I FE 02
92.18%, KM IRE 8.42%.

EHE 11 K& 12 aTRLE H, KERIRES T 55 iR
VB AR U S R A A BN —3, s b
S R P BRSBTS A E U A R S
P, I 22 1) 3 B R PRI E TS Y i A S AR IR A B
R, HeAh, RO S TR 2 AL A
FEARRE

7 g

ASCHENL T R il S LI, 256 LA
5 ik, FIF] Fluent BUDUT 7T T Kl A S
RE i D5 PR R 3y A I UL 5 5 SEIR IGIETS
H BT &g

(1 KRR B8 b HEs, 2 8 B ki
ARG AL 1R BE [ ASCAAOT l D A PR S EE 37 S A
R A1 24 e S b7 R DXL e i e D3 A
FENTHREE IR FE AR ARG, A BRI b B PR ARR
T LR .

(20 T PR e S e X sl P e, AV
HERUN, i TR R RS, R
WKy E8%, TR T EEMRHE R e TR A
o

154

(3) W HUE A SRS &%, &
XL, EEEE R SRR & B
RIEIARI T A R S RBERKREN
7.74%, MINRERKIRZEN 8.42%, HI/MT 10%[H)
RESVIVERE, T T IR A S A T
A RMERE . RN AN R A B Bl 55 AR I
FEN AR L ZE S, R E B s AR SR S A Y
S, @I AT BT SRA s A A ARSI X S5 )
D BLTAE 4 G/ IO 1 s U 7 B N 2 m AT K S DA L)
PAHI FE SR A IR R fill o

A LK

(1] BRHGF, G-, A5 20 45 R B0 i o v A b et 7
LS RIS o B ARIE,2017,5(36):30-35
QIU Zeng-ping, WANG Ya-ping, LI Bo-yi, et al. Effect of
temperature on the structure of bacteria in high temperature
daqu liquid fermentation process [J]. China Brewing, 2017,
5(36): 30-35

[2] FAN Yi, HUANG Xiao-ning, CHEN Jingyu,Han, et al.
Formation of a mixed-species biofilm is a survival strategy
for unculturable lactic acid bacteria and saccharomyces
cerevisiae in Daqu, a Chinese traditional fermentation starter
[J]. Frontiers in Microbiology, 2020, 11: 138

(3] A BSW 5E, S i ON 3 r F AE 7 T P A R E i g
[7].+F EARIE,2011,30(4):24-27
YANG Guo-hua, QIU Shu-yi, HUANG Yong-guang. Study
on microorganism of maotai-scented liquor production [J].
China Brewing, 2011, 30(4): 24-27

[4]  SREZ, s Dy IR R R 2 R SR B 5 el
IHL 5 R F,2016,35(22):95-97
HANG Ao-yun, GAO Yu-xiang. Design and implementation
of intelligent monitoring system for temperature and
humidity of qufang [J]. Microcomputer & Applications, 2016,
35(22): 95-97

(5] BV A 0. 81 il 55 R 6 K x4 i ST R2 i R F 7 1),
A A S RHE,2013,29(1):127-129
HANG Ya-dong, YANG Meng. Culture experiment of shelf
qu and its influence on wine quality [J]. Modem Food
Science and Technology, 2013, 29(1): 127-129

[6] TKERZE B A, R EE, S A K it I A 7 TR ]
55 T,2018,25(2):62-65
ZHANG Chong-jun, SUI Ming, WU Xia, et al. Discussion
on the production technology of luzhou-flavor daqu liquor [J].
Food and Food Industry, 2018, 25(2): 62-65

[71 LIU Ya-jiao, HUANG Guang-qin, LU Jun, et al. A novel 2-D



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

[10]

[11]

[12]

[13]

[14]

ring-tubes model and numerical investigation of heat and
moisture transfer around helix ground heat exchanger [J].
Geothermics, 2020, 85: 101789
ZHAO Hai-tao, JIANG Kai-di, YANG Rui, et al
Experimental and theoretical analysis on coupled effect of
hydration, temperature and humidity in early-age
cement-based materials [J]. International Journal of Heat and
Mass Transfer, 2020, 146: 118784

8555 Y, 58 BRI, o A R 55 A BRI i i AR S5 A UL 2 )
HIE A I]. R ML TFE2A4R,2012,28(3E ) 1):74-80

GUO Jia-ming, LYU En-li, LU Hua-zhong, et al. Numerical
simulation of the influence of refrigerated carriage structure
on the flow field [J]. Journal of Agricultural Engineering,
2012, 28(suppl. 1): 74-80

WANG Yi, WU Song-heng, YANG Yang, et al. Evaporation
and movement of fine droplets in non-uniform temperature
and humidity field [J]. Building and Environment,2019, 150:
75-87

8 FE i, BB NG, AR, S5 SR ) )RR R I 0 i S A
EARAAT R[] AR TAE,2019,35(2):61-68

ZHAO Guo-giang, JIA He-ming, ZHANG Sen, et al
Temperature and humidity field analysis and sensor optimal
layout in micro plant factory [J]. Forest Engineering, 2019,
35(2): 61-68

FBFE I, 77 S8 0T, ¥ R, A i O ke B 3 40 A7 Y
BUE AL BRI IAE[J]. R ML TRE24R,2015,16(31):57-64
GUO Jia-ming, FANG Si-zhen, ZENG Zhi-xiong, et al.
Numerical simulation and experimental verification of
humidity field distribution in pipe humidifier [J]. Journal of
Agricultural Engineering, 2015, 16(31): 57-64

Wl RALBRE Z AL BUEE R SRR 20 TR R B
FU[D].Fd B AR AE K ,2016

YANG Jiao. Fractal theory of permeability and flow
characteristics of large porosity porous media [D]. Nanchang:
East China Jiaotong University, 2016

Behnam Rajabzadeh, Mohammad Hojaji, Arash Karimipour.
Numerical simulation of forced convection in a bi-disperse
porous medium

channel by creating new porous

micro-channels inside the porous macro-blocks [J].
International Journal of Numerical Methods for Heat & Fluid
Flow, 2019, 29(11): 4142-4166

LS, TR S IR, 55 2 FLA BUS @ P RE BT FE 0t e
]85 #,2019,9(2),9-16

GONG Jian-nan, WANG Qi-li, YANG Na-na, et al. Research

(18]

[19]

[20]

[21]

[22]

progress of porous media permeability [J]. Progress in
Seepage Mechanics, 2019, 9(2), 9-16

113 ANSYS CFD [ MRS THE A S22 250 B S M.
JEHCAH U L i hiAE,2019

HU Kun. Foundation and Application of Computational Fluid
Dynamics in Introduction Guide to ANSYS CFD [M].
Beijing: China Machine Press, 2019

13 ANSYS  Fluent S8 45 7 fif [M]. It 50 HLAK T2 H i
#2019

HU Kun. Detailed Explanation of Fluent ANSYS [M].
Beijing: Mechanical Engineering Press, 2019

S. Mauro, R. Lanzafame, S. Brusca, et al. Unsteady
computational fluid dynamics analysis of the hydrodynamic
instabilities in a reversible Francis turbine used in a storage
plant [J]. Heliyon, 2019, 5(9): 02441

(gL BP BRUEE A LT LabVIEW B RE M B3 4% 2
R[] B Tk,2018,39(5):234-238

HOU Shan-shan, HUANG Dan-ping, ZHANG Xin-hao, et al.
Research and development of labview-based intelligent
qufang measurement and control system [J]. Food Industry,
2008, 39(5): 234-238

ATRIL3, FEAR I, /N R 58 308 R R B V4 i B T
IR K RA)] Sk TREF4,2017,10(38):97-103
HE Kai-giang, ZHUANG Chun-long, YANG Xiao-feng, et al.
Influence of relative humidity of air supply on temperature
and humidity field in reefer container [J]. Journal of
Ordnance Equipment Engineering, 2017, 10(38): 97-103
XS It I A, 2 O AV 22 T ) X A S iR S
CFD AU [J]. R\ TFE54,2015,31(9):209-214

DENG Shu-hui, SHI Zheng-xiang, LI Bao-ming. CFD
simulation of temperature and humidity field in low roof
transverse ventilation cowshed [J]. Journal of Agricultural
Engineering, 2015, 31(9): 209-214

Seo I H, Lee I B, Moon O K, et al. Modelling of internal
environmental conditions in a full-scale commercial pig
house containing animals [J]. Biosystems Engineering, 2012,
111(1): 91-106

RIZL e, B, 28, 5 RS AT A O 75 A R BUIR AL IR
] ARA S AR T 4,2019,47(5):4-12

LIU Hong-guang, LUO Bin, SHEN Shi-jie, et al. Overview
of research and development status of straw building
materials  [J].

Equipment, 2019, 47(5): 4-12

Forestry Machinery and Woodworking

(%58 40 7D

155



