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Abstract: The flow field uniformity of drying chamber has an important influence on the drying quality of
green Sichuan pepper and energy efficiency. Based on Realizable k-¢ Turbulence Model and uniform plate
Porous Jump boundary condition, a 3D model of green Sichuan pepper stack drying chamber was construc-
ted, and the mesh independence and reliability of the 3D model were verified. The angle, position and
length of the deflector were taken as the test factors. The levels of BBD (Box-Behnken design) test factors
were determined by the single factor test. The significance of the influence of test factors was obtained by
analysis of variance. The optimal parameters of the deflector were obtained by regression analysis. With
the original drying chamber as the control, the flow field uniformity of the drying chamber with deflector
was quantitatively evaluated through no-load and load tests. The results showed that the established 3D
model of the drying chamber had high reliability. The average relative errors of the velocity non-uniformity
coefficients based on the simulated air speed and the measured air speed on the monitoring section under
no-load and load were 3. 65% and 2. 09% , respectively. The influence of deflector parameters on the veloc-
ity non-uniformity coefficients in the drying chamber was: angle (particularly significant) >length (signifi-
cant) >>position (significant). The optimal parameters of the deflector were the angle of 86.01°, position
of 924.75 mm, and length of 855. 51 mm. The deflector helped the upper drying area of the drying cham-
ber to form two sub-regions, which was beneficial to improve the flow field uniformity in the drying area.
Compared with the original drying chamber, the velocity non-uniformity coefficients of the optimized dr-
ying chamber under no-load and load decreased by 39.2% and 20.1%, respectively. The flow field uni-
formity of the drying chamber was greatly improved.

Key words: stack drying; flow field uniformity; deflector; BBD test; optimization; green Sichuan pepper
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SIRBEERME. i, x=1 000 mm P [ 05 B 5] REEHIE S 0. 3887, FRIN{E 5 BLHLE Z 4] A9 4H
XFRZ R 0.98%. 43 HIER = 4 600 mm, 1 000 mm, 1 400 mm 3 A~ 1 L 59 K 9817 07 253 56 % k.
PEACHE 53 25 2, 3 4> T % W 10 e DR A 00 R 52 56 (1 504 DL 8. 3 41 T XU S 4DL {1 7R 5 3 A X 152
ZEMEIE AR 6. 03%0,6.43%0.9. 08%. AALAE B ki, 3 A T80 45 UL D0 i XU ASE UL 1 7 S5 4 1 %5 4l
UL 9. 3 A 1T XU AR DL {1 0 ST 0 A 0T 152 25 1 7 24 437 R 9. 98 %6 ,8. 7026 ,6. 83 %0, Rtk , i 4l FL A4S

5t s RS PR AR, W] RS AR I 2 1k
®8 HMUMBEHESKBERTR(ZH)

— AFR/ R/ (moe s ') AHXTER O BER/ RE/(me s MXTER S OAFR/ K/ (m e s ') FHXER
mm  BAUE O SEWE 2%/% mm BERUE O SSUME %/Y% 0 mm BEEME SHNME 2/%
1 600 1.03 1.12 804 1000  0.47  0.43 9.30 1400  0.14  0.16  12.50
2 1. 24 1.28  3.13 0.53  0.57 7.01 0.18  0.20  10.00
3 1.04 0.6 8.33 0.50  0.47 6.38 0.16  0.14  14.29
4 3.8 3.63 4.68 1.51 1. 62 6.79 0.43  0.47 8.51
5 4.3 4.41 2.49 1.79 1.71 4. 68 0.30  0.33 9. 09
6 3.78  3.58  5.59 1. 57 1.44  9.03 0.51 0.48 6. 25
7 0.59  0.54 9. 26 0.80  0.86 6.98 0.68  0.61  11.48
8 0.32  0.34  5.88 0.71 0.74  4.05 0.77  0.74 4.05
9 0.62  0.58  6.90 0.86  0.83 3.61 0.76  0.72 5.56
6.03 6.43 9.08
CF 418D CE¥IED CE¥IED
k9 RUBEFESRBERTR (M)
. BER/ O RE/(m s ') HXER S ABR/ O RGE/(mes ') AXTR BER/ R/ (mes ') HHXTR
mm  BEHME SME /% mm BEBUME O SOUME 2%/% mm BEEME SSWE %/Y%
1 600 0.15 0.13 15.38 1000  0.11 0.10  10.00 1400  0.64  0.59  8.47
2 0.35  0.31  12.90 0.17  0.18 5.56 0.28  0.31 9. 68
3 0.23  0.24 4.17 0.13  0.11  18.18 0.56  0.53 5. 66
4 1. 92 2.04 5. 88 1.58 1. 67 5.39 0.64  0.67  4.48
5 2. 81 2. 85 4.75 2.34  2.41 2. 90 0.90  0.99 9.09
6 1.95 1. 87 4.28 1.67 1.74 4.02 0.65  0.62  4.84
7 0.07  0.08 12.50 0.10  0.11 9.09 0.27  0.28  3.57
8 0.15  0.17  11.76 0.41 0.45 8.89 0.47  0.50 6.00
9 0.09  0.11  18.18 0.12  0.14  14.29 0.28  0.31 9. 68
9.98 8.70 6. 83
CF¥ 1) CF 35148 CGF¥ 1)

WA T AR e S50, Mt s = 4ERIRL i IR A 5 vk SR i 45 B0 AL BE 55 i

HERK, IFHH

[F S8R HE B COR 223 SR A7 e, WK 12 Fros. Wil 4k 4k 4t B 0 5 46 Bt 5 8% 18 & B 600 mm.
800 mm, 1 000 mm, 1 200 mm, 1 400 mm £ XL & XUHE . M5 20 25 /K ST L A R BE AN I 5 B E0(GR 10D,
F- 24t R AN I 5T 22 Kb W v B Y AR A 2, ANl 13 TR
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v/(mes™)
10 v/(mes™)
9.526 32 10
5 9.05263 9.526 32
8.578 95 9.052 63
8.105 26 8.57895
L 763158 8.10526
7.157 89 7.63158
6.684 21 7.157 89
6.210 53 6.684 21
5.736 84 6.210 53
5.263 16 5.736 84
4789 47 5.263 16
431579 4.789 47
384211 431579
3.368 42 3.84211
2.894 74 3.368 42
242105 289474
1.947 37 242105
1.473 68 1.94737
1 1.473 68
1
z=1 000 mm
a. SR E(TH)
v/(mes™
( ) v/(mes™)
9 526 32 10
9.052 63 9.52632
8.57895 2.052.63
8.105 26 sois
7631 58 8.10526
7157 89 7.63158
668421 7.157 89
621053 6.684 21
5.736 84 6.21053
5263 16 5.736 84
178947 5263 16
431579 gisa
3842 11 431579
336842 384211
289474 336842
242105 2.894 74
1947 37 242105
1 47368 1.94737
1.473 68
1
z=1 000 mm
b. FARES(23D)
v/(m's 1)
v/(mes™)
9 525 32 10
9.052 63 9.526 32
8.57895 9.05263
8.105 26 8.578 95
7.631 58 8.105 26
715789 7.63158
6.68421 7.15789
6.21053 6.68421
5736 84 621053
5263 16 5.736 84
4.789 47 5263 16
431579 478947
3.84211 431579
3.36842 384211
2.894 74 336842
242105 2.894 74
1.947 37 2.42105
1 473 68 1.947 37
1.473 68
1
=650 mm z=1 000 mm

c. fRALBEE (fnk)

v/(m-s“) .
v/(mes™)

9 575 32 10

9.052 63 9.526 32
8.57895 9.052 63
8.10526 8.578 95
7.63158 8.10526
7.157 89 7.631 58
6.68421 715789
6.210 53 6.684 21
5.736 84 6.210 53
526316 5.736 84
4.789 47 526316
431579 4.789 47
384211 431579
3.368 42 3.84211
2.89474 3.368 42
242105 2.89474
1.947 37 242105
l 473 68 1.947 37

1

=650 mm z=1 000 mm
d. RiAE5E(NE)

B 12 LB FR A S = B
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R 10 HMERBHYEEER

T/ MR 5] R
mm PEALHE B (75 3D Pt B Cm#o JE AR Bt By (25 80 JE AR ML B Cin 280
600 0.493 7 0.607 9 0.894 1 0.983 7
800 0.468 1 0.628 7 0.790 9 0.949 9
1 000 0. 388 7 0.603 6 0.719 9 0.760 6
1 200 0.403 6 0.591 2 0.652 6 0.625 5
1 400 0.384 5 0.483 1 0.521 2 0.518 5
B 12 AT, AR HE 5 i 3 52 31 S i Al i AR L2 —— LB (SH)
I R ERSETKMER 2 A F KL AR ] e MR
X3 3 149 50 M 1 4 L L B IR 3 24 ) v RIaRE (N0
HEABTREAT. e 10 IEE 18 10, SRR GIAT O8]
e LB (i f I B PR £ 395 B ]
RN 39. 220, HACHES g0 4 i i K —_—
By R 5] RBEAR 20. 1%, BLp sy sy B 04F
P B B K AR 02|
3 & R T
1) 3£F Realizable k-e i i A5 5 A0 4] Kb 22 1L z/mm
R T B A 1 T s = R, X 7 A B A 13 BEEERHSRY

BT S 34 5 v B e AR RT A A 2R 8 s M D G TR R RO XU R S T XU ) B RN H A R
BT BAH X R 25 4 3k 3. 65 26T 2. 09 %.

2) F AR S EONBE B P R B 5] R B 52 AR B IMR R O AR A S AR K R L AR A
B DEEAH S 280N BAr, RUARRESECH SRR M B 86.01°, WAL E 924. 75 mm. Fii
K JE 855. 51 mm.

3) FU ARG FERAL T X & 2 A F X R, AR TR T R S S R . 5 R S L B A
Lo, PRAbHt By (25 380 3 EE AR 5] REUREAR 39. 200, HRAbHt by O 3 B AR5 RELREAR 20. 120, LB I
Y ¥ SRS B B K4

S % 3k

(1] Z=E, kL, 2P K. . JET ANSYS Workbench il ADAMS 94 3h 2 A6 BUR T HLOT B0 e S804k (1], Pirg
R CHARBIA AR - 2021, 43(12): 57-66.

(1] Mk, ¥, @ik, % ZREEETSBMAEERME-HOEBE TR LZ [T]. afiii57F &, 2019, 4019
149-155.

(2] Mk, #t. 22, 8. ERT LS UG BCRIES (1], Pim RS (A RBHERD . 2020, 42(3): 61-68.

[3] ARk, FrBIL, ¥k, % HFAMIT S MK TRk T T 204k [T]. Al TR 2, 2021, 37(8):
279-287.

(4] ZEEE, #4200, R, % AFEBR T B RY Fluent 8505 2000 (1], BRI HAB %, 2020,
49(3): 425-432.

[5] BABU A K, KUMARESAN G, ANTONY AROUL RAJ V, et al. CFD Studies on Different Configurations of Drying
Chamber for Thin-Layer Drying of Leaves [J]. Energy Sources, Part A: Recovery, Utilization, and Environmental

Effects, 2020, 42(18): 2227-2239.



200 THRFFHOGARBF R http://xbbjb. swu. edu. cn % 45 %

[6] BRI, TH5252, EWlA. 5T BRI SR £ 5 P a0 ik KURE 5 350 it B f 20 [, Al TR % 4% . 2021, 37(19): 18-26.

(7] 4R=E, Kz, B, F. =LEFWNERGENG [T]. WHRIFRE:, 2021, 49(12): 185-189.

(8] Wmaly, RepAe, X%, 4. AFEHE X E TR E T2 MO CFD B4k [J]. 4ol TR 4=, 2014, 30(14)
315-321.

(90 SRAEF. SRR U AR T4 A% A% IR ME 5 40 KR S50 S B A i A58 [D]. A th EEF =R R K%, 2016.

[10] 2B R, EMHL, AN, % 2R MW T RIS 20 585800 ] &k TR, 2021, 37(18): 40-47.

(110 AR, Hafh, AR, % [EFmhE TR SR ERAEM Sk (1] & TE®IR, 2013,
29(3): 69-76, 295.

(127 X, 460, FHR, 5. LR G s L g ioie [1]. Pt 2021, 38(1): 47-54.

[13] WANG P, LIU G H, AO S M, et al. Numerical Investigation of Airflow and Heat Transfer Characteristics and Optimal
Design of the American Ginseng Drying Room [J]. Applied Thermal Engineering, 2021, 183: 115885.

[14] SONG M, KIM K, YOON H K. Numerical Study of the Enhancement of Flow Uniformity in a Tray Dryer Chamber [J].
New & Renewable Energy, 2016, 12(3): 68-73.

[15] LUO W J, LINCY, WU N F, et al. Performance Enhancement of a Sludge Continuous Feed Heat Pump Drying Sys-
tem by Air Deflectors and Auxiliary Cooling Subsystems [J]. Energies, 2020, 13(24): 51-66.

[16] DANIELA SO V A, BOGDAN BED E L E A N. Performance Assessment of a Laboratory Drying Kiln Designed with
and without Baffles [J]. Pro Ligno, 2012, 8(2): 89-99.

[17] k&8 HFRAGEMERAS TR RGERITS THREHE (D] KiE. KEBFERY, 2010,

[18] SHAMSUDDEEN M M, CHA D A, KIM S C, et al. Effects of Decompression Condition and Temperature on Drying
Rate in a Hybrid Heat Pump Decompression Type Dryer Used for Seafood Drying [J]. Drying Technology, 2021,
39(15): 2130-2144

[19] ikt , R¥, B, T HBRAESFOARM TEZE RN =405 08 AR [J]. Kdubkl K#2#4t, 2013, 41(12);
135-140.

[20] E4R3C, R WHTR, & MEM R XS EUL 0 5iett [T]. Al MUBAER . 2020, 51(S1): 464-475.

[21] EMus. W TRt LAE M T E AL (D], /RIE . M/REHE TR, 2019.

[22] BRATH. BRI THEA 0K N IR W EUE 0 B 5258 040 [D]. KK BIBIL/A—RK B K%, 2019.

(23] & FBE. A% b A8 5075 P T 18 4 ML D7 WU S R B E BT 58 (DD, HRHR . Wb TR K2, 2020.

[24] &5, WA, PhRH, 4. 3EF CFD F ik LAk KA m 4l 2w s (1], RIE LA, 2015(1): 23-28.

[25] Zifk, skl ALUR. %%, BT FLUENT R85 7E KT B A e M0y &40 B L)), & dh 5P, 2018, 34(10): 133-138.

REHRE A4



