Modeling and Simulation 54K, 2022, 11(1), 161-171 Hans )0
Published Online January 2022 in Hans. http://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2022.111014

KEEMA TRV RS

wEE, RE. R & A R
RS SR TR B, L

Woks H . 20214F12 170 FHEM: 20224F1H13H; KA H: 20224F1H20H

G2

X EZR R HRRT EFRMRRAREE, A0 LR RAL T TR H R E TR %, &
WSEW A FEAT T BRI K TR R R RAIBT I . A SCRAN TR & X &K EA35%E
ARMERET T LK, FAFluentRAELTETZANROERER, BT HEERSKERUN
HHET . SRRY: FMEEN SRR A BEREORER . N T4 ERNEH, BdHTR
ETRRERA155RFET R, EM & KELSN35%MEEEI20%. 7 T — M EIHBETHRER,
NGB RN T R AN R &R R GSE

eI 40!
WET, Fluent, HiEMT, ZHANK

Study on the Drying Efficiency of
Hay Bales

Jiaxing Yang®, Renzhi Wu#, Lei Qin, Fan Zhou

School of Mechanical Engineering, Tongji University, Shanghai

Received: Dec. 17"’, 2021; accepted: Jan. 13th, 2022; published: Jan. 20th, 2022

Abstract

Aiming at the problem of the loss of nutrients in the slow natural air drying of the forage, this pa-
per proposes a new type of forage drying equipment that uses the bale as a unit to dry the forage.
Through experiments and simulations, the research on the factors affecting the drying efficiency
of the forage bale is carried out. In this paper, an artificial test rig is used to experiment with a bale
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with an initial moisture content of about 35%. A model of the bale based on porous media is es-
tablished using Fluent software to study the influence factors of the change in the moisture con-
tent of the forage bale. The results show that the moisture content of the bale with time basically
follows an exponential law to decrease. For a given bale, the moisture content of the bale will be
reduced from 35% to 20% through the continuous drying of the new pasture drying equipment
for about 15 minutes. A mathematical drying model of straw bales is proposed to provide refer-
ence for the subsequent drying research and equipment development of forage bales.
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HEN 21 DK, B JE R SCRCON RIS N, & R HF R E SRA AR 2t — P ias, WEYD
THPAE AT A (1 B AN IN[1]. PUERDS SR I RFEIE K AT 8 MO IR I SCRF, e 2
Rt m Ol AR E R A RSB R o MO ICE R A R BOA PRI AT TR, W18 CE RV 45
Ko BeEilis 35%~100%, AMLUntt, Zig 0 H RN TR RSN KB A B H N HE . R RS
TR [2]0 OV P AMICR g T BRI T Ve 26 T A S S R L, DA e s R R e s v o B s
TR LB P e R B e B 2%, I HLARR RO TR BEAT L8] A O T 3L 5 & A R
W TEIE AT T4 o AEEAT RHURAL 27 10757 30, B AR AL AT DABE & FH L AL RE I B
XRCEAR AT T JFEB 8. ASCIEF IEL SR A Fluent 7 3058 R8T B A% 2 U SLEE T HLAEE A 2L
TRV ETE BK s FEXT R T 2R K SE R R AT TR T

2. WETFHRELLHIFEE

MO TR AR ASE AR TR N LT A B AL 2 Tk [4] o WA T 455 1 A 5 M T
TR BT ORIETIRE . MU R BOK 5 iR TRk RIREE T, MR paE T
PR AR B RE T4 [ A AN LA Ak A 66 F ) B B TR RO G TR0 2, @ H L
SR I 8 — R AEOGR J5 EAT (5] B P9 A0 R IR TR B 30 T AR 2 Tt . IR
PRE TS THRFEE . AP S e I TR . S HGER TR . KIFAETRER . MR AT
IR 2E[6].

2.1 G HERTHSANEE

EAT, BN LT A0 i % 32 B A AU T L. 93QH R AR F T HL4L. 93QH R 5]
FHEHLLE . 93QH-1000 BYPAIM ()M E T AL, YR BRI . MBI SN E R IR . RS g T
VA= 2 BRI 5, B R, WACTRE. ol DUB AR K 20 BE T 5 14%~18% [7].
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Figure 1. HYG-B alfalfa drying equipment
1. HYG-B R B FE M TIL&(8]

2.2. MBERTHRREEHNRE

Gnfer A P AR BEAT TR XS RENLBALZE S, E A T B . SR 2RI (9] 45 A AURE I T
FEVE R IRITIN T2, BT 90 1 B8 Sl & B 15 T 228 BB B [10] 58 t 72 & 78 FE Al b Al n U e &
(] B TR R S T 5, AT Fluent 5 BLBPE, 2350 b R EE T80 20 BT 1t KT 7 4
7 ARG IA TR TT AT 7055, A0 T A A R 2 P R E R D e DU o B 2R IR AR (111 ¥ 4 1 o
AANHE TR G, BT T &R0 R 300 B 7 T A R i S AL . R [1 2] F K FH g
5 K PHARE TR, BFIT 1A SRR R FHRE TR AL h R A BOR A M S IR S 5 TR i 5 K 115
REPE ] 5% 2R o

ARSI T SRR TR B % R B RS T 2 TR R B — A=A AL,
#osl), W] LARERS Rt MO B AT T AT 2 fror.

1 2 3

ugﬁ \\\ ) ) |
¢ T @ o)

o

& =
I

TRl 2——TERE: 3—— AR 4 R
5—— MG 6——JUEZE R TR 8

Figure 2. New type of forage drying equipment structure
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Figure 3. Comparison of two kinds of bale drying equipment
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IS SE R BRI T8 55 2 REEIER 8 ARy B RAREEEL N, DI R m R AR, K
SE LA I BEAL A R AR M AT E A AL . Fluent $24E TR 2w AR, HAEE HWA
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o FXEET
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Table 1. Experimental parameters
F* 1 XRBY

BN SRR o KUK B PR " RS9
kg/m3 kg B E KR mé/h © I e

175 21 30% 270 20~25 23% 70~80
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Figure 4. Pasture bale drying experiment
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Figure 5. Bale drying experiment results
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Figure 6. Pasture bale drying model grid
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Figure 7. Bale drying efficiency of different unit volume hot air area
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Figure 8. Bale drying efficiency at different temperatures
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Figure 9. Bale drying efficiency at different temperatures

B 9. FRIBEEMTREYER

4.3 WETFBRLWSHASH

AR St A B R 1 A5 E R A /N AR S () S0 AN O BUHE R AT, SR A B R AR LA R R R
EHE BT SRR ISCIAN (7 AT LA B, SR )35 7 < I (542 (0 A B R A AR A o (ELSK
I REAE B ARIIRIAG 5 /K 30% I B FHEAT I, T L —JF 4 S8 i 2R A i 50 R RIS Atk —
TFOR AR & KRR, X S TR MRS ZEOR, B A B R, R IR AT
EKEM TR, KBRS, FRERA N R, TR TN MR ZEEOR, R R
TR AR RE R, K7 R B AR g AR, BT AR R R . XU RR R, A
BRRAR, RS (KK > BEE A S A s T AR AR AR . L AR T A U £ R S kT A
ERATIBEOR, ZAREA B OR, R ALEARE B 2 THER ST, AR L, TR
AR

S ST AR AR ) T R AR R BT TSR R R, ISR S KR TR TR 1], SR s LA K
FEGHEENE L. HE TR 2 TR O AR, (HRA SR TR B A A LA .
AT DATRURAE R T RHUB AR A (75 5T AR 2 R 2 B B A1 Skt ARSI o 7 20 A7
X B TR BRI R LR SR L2
4.4, WEERHTHHFRE

AR SR 3 F B 23 W I SRR AT SO A 0718, o e e B /KRR 18] t (2R R P i &
BRI % TR A E OIS AR R R L MR R, Bk B TR A AL

M, = A+Bexp(-t*C) 4)
A=22.8337-1.73406Q - 0.03011T +0.2711q

B =12.87548-115.48674Q+ 0.02495T —1.32431q
C =0.75163+1.0753102 - 0.00972T +0.37004q

DOI: 10.12677/mo0s.2022.111014 170 e RSE TR


https://doi.org/10.12677/mos.2022.111014

(ZE S

s My ——t I 2 AR 5 7K

t —— S TSR A ¢

Q —— AR I 5

T — RS

q—— R .

AP 2 B KIS T I A] ¢ AR B0 o, XM SIS R B AR RF — 2.

5. &

AR T He TR GRG0 AN AR SR . Sl TR SEIR &, X4k

R 7K R BRI TR AR A F) 1R REAT 1 S o AR U BER B 12 HT Fluent BR0FGEL 1 40 B4 i1 017 FLASE
B, B S R SRR A AL AR XTI A PRI E « ARGEFEREAT T o X USRI AN (7 S 45
IR AR 15 7K 5 AR ) 2 [ SR FE MR A, T B SR AR R T AR O, T 5% ] B S 4
T o AT FSE AT AR X R SR T B AR 0 T DA o~ Rt B (E AR TH I FE B A PR i 6t B4l 5 A2k
PEIENA1G 2 L Z A R A, 2R mT DAt — 20 D il T v 26 DL A AR L B AR

SE

(1]
(2]
(3]
(4]
(5]

(6]

(7]
(8]
(9]

[10]
[11]

[12]

[13]

[14]

[15]
[16]
[17]
(18]
[19]
[20]

PURRER. FRIE S 2 fE R T 2 2RI [I]. RE TR ], 2001, 22(5): 30-34.

R, RN, PNE, BRVE. TEORG SRR ] EkEE, 2010, 27(8): 143-150.
YR, B ETRRE RS LT, E R, 2002(1): 35-36.

TRELL, XEE. BCERTEIN TINE]. FREEARBR, 2009(2): 45.

PRELEL, B4, 289 BAE TIREORIEREL[CY/ P AL TR %2 2011 HFSARELIRTCE. [HRHE ],
2011: 1753-1756.

TR, PIEM, L8, JUik, XM, B3 A SRR R ARG KT [3]. TR,
2017, 48(8): 1-25.

Bt B, FLas. R AEER TR & Bk S5ilEe [J]. RAUER, 2011, 42(4): 81-86.
XUBE, BRI R[], EolkiE |, 2005(11): 60-61.

i le, BN, TR, BERE, T, 5 TTIEERRIEIA TR L Z D] T ERL R TR, 2019,
21(8): 82-89. https://doi.org/10.13304/j.nykjdb.2018.0566

BIERE. FET TRIZ MR T B B S ALID]: [ 2608 0] MPRsRr: 9580 Tk %, 2018.

ZRURYE. E A6 T T AN & T T 2 S HMRALID]: [ 220018 3], KR BT )\ —1&k B K2, 2021.
https://doi.org/10.27122/d.cnki.ghlnu.2021.000243

ERIMER, M. B AR KR A TR I A AU [9]. R 7L, 2017, 39(2): 158-161.
https://doi.org/10.13427/j.cnki.njyi.2017.02.033

#REF. TGS-2 B E 5 K MH e AR Tt B M a0 7L 5000 [D]: [l 24018 3], FERIdERE: PSR iR R
2% 2021, https://doi.org/10.27229/d.cnki.gnmnu.2021.000467

ZEFE. HET 2 YRS AT IR BH BE R R TR A R IE I 91 5 45 WAL [D): [ 208 30]. WA sE AR S ol
K2, 2021. https://doi.org/10.27229/d.cnki.gnmnu.2021.000506

TA. ZAARE R LR R A FD]: [MLEA0830]. Bl $iL Tl K%, 2016.

X, R, BBV, SN TERMEREIS SNHIM]. b5t Bl H AR, 2006.

FHRE. S0 AN B AR AL PL S BUE AU D]: [k 22 Anie 3], K RIEE TR, 2011.
AL, RS AR T PR T SARAK[D]: [ 2EArig ], R EPOREE, 2015.

MO, BUEAREIM]. 3R, PE22: TH A8 K5 AL, 2001.

B, WA, ERM T2 AN FENR MO B AT R R 07 55 20 BT[], BRI, 2018, 39(23): 8-12.
https://doi.org/10.13302/j.cnki.fi.2018.23.002

DOI: 10.12677/mo0s.2022.111014 171 jé

m

5 H


https://doi.org/10.12677/mos.2022.111014
https://doi.org/10.13304/j.nykjdb.2018.0566
https://doi.org/10.27122/d.cnki.ghlnu.2021.000243
https://doi.org/10.13427/j.cnki.njyi.2017.02.033
https://doi.org/10.27229/d.cnki.gnmnu.2021.000467
https://doi.org/10.27229/d.cnki.gnmnu.2021.000506
https://doi.org/10.13302/j.cnki.fi.2018.23.002

	牧草草捆的干燥效率研究
	摘  要
	关键词
	Study on the Drying Efficiency of Hay Bales
	Abstract
	Keywords
	1. 引言
	2. 牧草干燥设备结构和原理
	2.1. 传统牧草烘干机结构和原理
	2.2. 新型草捆干燥设备结构和原理

	3. 牧草草捆的多孔介质化建模
	3.1. 数值模拟方法
	3.1.1. 控制方程
	3.1.2. 湍流模型
	3.1.3. 多孔介质模型

	3.2. 草捆干燥模型

	4. 牧草草捆干燥过程和仿真
	4.1. 牧草草捆干燥实验研究
	4.2. 牧草草捆干燥仿真研究
	4.2.1. 中文作者信息不同单位体积热风面积的草捆干燥效率
	4.2.2. 不同温度的草捆干燥效率
	4.2.3. 不同热风速度的草捆干燥效率

	4.3. 牧草干燥实验与仿真分析
	4.4. 牧草草捆的干燥数学模型

	5. 结论
	参考文献

