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Abstract: [Objective] To investigate the effects of ventilation conditions and Daqu stacking methods in the fermentation room on the
humidity levels at various points within the room. [ Methods] A three-dimensional unsteady gas-solid coupling model of a small-scale
fermentation room is established. Then, the humidity field variation patterns in the room are analyzed using the height of the humidifying air
supply outlet (H), the interlayer spacing of fermentation racks (%), and the gap between fermentation piles (J) as variables. Additionally,
multi-objective optimization is performed based on response surface methodology (RSM) and the non-dominated sorting genetic algorithm
Il (NSGA-II). [Results] H, &, and ¢ all significantly affect the humidity field, with & exerting the highest influence weight. Parameter
optimization yields the Pareto optimal front: H/—492 mm, ~/—167 mm, and 6 =140 mm. Compared with the original model, the humidity
regulation rate is increased by 31.9%, and the humidity uniformity index is improved by 11.82% after optimization. [ Conclusion] The
collaborative optimization of the fermentation room layout parameters H, i, and & can effectively improve the regulation of the solid-state
fermentation environment, significantly enhancing both the humidity regulation rate and uniformity.
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Figure 1

Daqu rack placement model

169



170

% K Fl DEVELOPMENT & APPLICATION

B R T B A R R T A7 A AR A K A A ZE A A
20 R R W T 220 Oer B A 2 AT LR BT AL 7E AR
BERURS I Y A4 T S 35 48 TS AR . @ s e 2 R
f4 it 57 S AT

\_\450 mm

\

B2 W R

Figure 2 Fermentation room physical model
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Figure 17 Coefficient of variation curves of the influence

of different 0 on fermentation room humidity
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Table 4 Evaluation weights of the influence of various

factors on humidity field regulation rate

W R BRER REMEREU%  ATE/%
H 274.4 41.567 15.15 30.52
h 280.8 57.807 20.59 41.48
s 267.2 37.131 13.90 28.00
x5 BERFWEEGRETHIENITENE

Table 5 Evaluation weights of the influence of various

factors on humidity field regulation uniformity

W CPRE% bRifEZE RERERS%  E%
H 30.14 3.73 12.38 26.94
h 24.71 5.48 22.18 48.26
B 27.12 3.09 11.40 24.80
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Table 3 Influence factor evaluation
VLI DR I AT T 1% #6 pEERERERE
e H A 5 H h 5 Table 6 p, scale values and importance levels
1 323 226 223 3550 27.00  27.16 )z B
2 312 312 312 31.48 31.48 31.48 1 p; 5 p AR
3 265 249 248 30.00 2596  28.00 3 p, He p, R 1 T B2
4 243 250 254 28.18 2223 2594 5 p; L p, W]
5 229 367 299 2552 16.88  23.00 7 p AR
9 p ok B
3 3%, 5 T4k SPSSAU & 45 i 5 B A 2,4,6,8 R0 9 A s B2 11 v il (1
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Table 7 Comprehensive influence weight values of H, #,

and ¢ on fermentation room humidity field
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Table 9 Response surface experimental design and results

(S LA ATEAH /%
H 27.84

h 46.56

8 25.60

6 HET MR IR VI H ok o = P B LA

kil
6.1 FHEIEIt

BT il 55 B X A0 BE BEAT IR A3 BT, R B A I

W) A8 5 R E(CV) AT 2 5 Ml — i o A R A8
ZH(uCV):
1
14+cCv’

:—Ctrh:

uCV— X A% 35 {8 (1 CV—> o i} uCV—>0) B A &

uCvV=1R5EE¥-5] uCV=0 K 5E &N ~2], 81T i%
Jrk, AT AL TG RS ST

VL 55 P 4 0 0 A R X R ) S AR SR R (e V)
VER MR 55, 2 58 H b o = 20 it 1 189908 149 29 1 14
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T = P AR . 50 R K L3 8, e T R K
ZERIFE9,

uCVv = (14)

5= A B C uCV/% HEWD B [ /s
1 2 0 0 84.981 229.5
2 0 0 2 83.005 271.1
3 1 —1 —1 82.335 240.5
4 0 0 0 86.655 198.1
5 —2 0 0 84.412 226.6
6 0 0 0 86.698 197.9
7 1 1 1 82.795 264.1
8 0 0 0 86.556 199.1
9 —1 —1 —1 81.695 272.3

10 1 —1 1 84.112 253.8
11 —1 1 —1 83.395 2243
12 0 0 0 86.211 197.2
13 0 0 —2 81.112 248.9
14 0 0 0 86.988 198.3
15 —1 1 1 82.751 2375
16 —1 —1 1 85.222 254.2
17 1 1 —1 84.625 2249
18 0 2 0 83.842 227.9
19 0 —2 0 83.686 257.5
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Table 8 Factors and levels in response surface experiments

IK A H/mm B h/mm C §/mm

2 650 250 250

1 550 200 200
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Figure 19 Global optimization process

8 H s AL LA I L 5% 5 br

T it B R R b 5 e DR 2R AR 5w iz 1 H AR O Ak
56 ] PAAS H H=492 mm . h=167 mm 6 =140 mm 4 & &
Sy i 0, 8 W A1 0 &1 21 R 22 FTOR o

H &1 21 WL, W s AT 22 b i 1 R il e T

4251
400 ®

3751 .

3501 Y

325+ *w,

300+ ®e

275+ Soo,

250 [N
205} s
2000 *
175

A a]

i
Humidification time/s

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
72773747576 77 78 79 80 81 82 83 84 85 86 87 88

Coefficient of variation/%
B 20 Paretod] & s Ak AR E A
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Table 10 Comparison of initial, predictive, and validation

model target results
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Figure 21 Temporal distribution of the spatial humidity

field in optimized fermentation room
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Figure 22 Surface humidity distribution of optimized
fermentation piles
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Figure 23 Humidity regulation curve of fermentation room
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