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Structural Optimization Design of Packing Material for
Waste Gas Purification System of Pig House
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Abstract. The structure of packing material was designed for waste gas purification system of pig house,
and structural mechanical properties and purification space requirements were both considered in the
designing process. The packing material was regarded as a kind of periodic structure, and the topology of
the cell structure was optimized based on a multi-objective optimization method that combined the reverse
homogenization method and the parametric level set method. In the optimization design, the maximum
effective bulk modulus and the maximum effective permeability of the packing material were taken as the
optimization objectives, and the effective porosity was taken as the constraint. The maximum values of
effective bulk modulus and effective permeability coefficient were obtained by Hashin — Shtrikman
property boundary. Pareto optimization method was used to achieve the Pareto optimal solution satisfying
the multi-objective conditions. Three numerical examples achieved structural designs of the packing
material under different porosities, and the feasibility and correctness of the proposed design method was
verified by experiments. The experimental data showed that the pressure difference between front and rear
of the packing material was inversely proportional to the porosity of the packing structure and directly
proportional to the inlet wind speed. When the porosities of packing material were 80% , 85% and 90% ,
the average ammonia removal efficiencies were 66% , 62% and 58% , respectively. The research result
can provide a reference for the design of the packing structure for waste gas purification system, and the
proper packing material can be selected according to the actual requirement of wind resistance and
purification efficiency in different pig houses.
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Tab.1 Extreme values of effective volume modulus

and permeability
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80 0.016 4 0 0.0747 8.2124 x10°°
85 0.0208 0 0.0547 7.7080 x10°
90 0.0268 0 0.0363  7.2611x107°
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Tab.2 Results of optimization design of 3D

microstructures

L oEag D)

Sal. 485 25l M Gl
A4 RL S5 AL RE 5 %5 x5 Hid

B 25 4

V=80%
B=0.0383
k=0.0121

V=85%
B=0.0299
k=0.0151

V=90%
B=0.0232
k=0.0167

H1E 2 AT, AN [ Lt 25 o A TR ) A5 Ak 1A B
At AL BT 30 8 R DBk /), S 0S8 AR B AL B R
RMIHE R P AR 3 XoF SEORE R J3E A2 <UBHL T 9 75 oK
VEFE A 1 09 AL B R, IR X OB B8 R 4T Ak B3



332 &l #Hl

Moo= 2021 4

LS SRR PS e TR VR A 8 W RV E I
LA R R AR TR G L, T3 AN
{9 BT T 1) 400 463+ 2R AR T, DL ECAL B R 80%
90 % f14) LI 235 44 JIr A B4 10 A 5 9 R0 F 4 TR AR O
XS R AR 7 3 AR SR A P b, 280 i 30 9 1 A2
e #EATEARDEAE 9 B BOH 2 2 s, P,
BRIVl FLBE R 80% (90 % Iy HLJid 25 ¥4y B A7 [7] 41 $h &5
B B R A A R 2250 . i TA A
st TR R RE H AR AR ¥ 0.5, AR
38Xk A [a] 1 B8 ) 000 B 9 B AU, AR AT AT 5 1R RE G K
B4R

4 R
4.1 RXIEIgit

FIF 3D FTERHLEN 1 BE 5061 i 3 R [R]FL PR
R [PRERY $TE R SF R 300 mm x 300 mm X 300 mm, 4]
B2 iR AERE AN K% T AR A Be & 5 i 5 R R
e R E T ARG G s & E R
B3 FTR #0502 88 7 I 55 1k &K O TR A K
A, M UE XA R & SR AR & B
WiARmHEH &R AR WP Db kEs 4 ~
20 mA {555 BUG AL RS, X SEURL 45 F RTJ5 i R

12 3D §TEIUR S 5 I

Fig.2 Physical maps of 3D printing packing structure

K3 e R

[lustrative diagram of experimental platform

Fig. 3
BRI EAREE 2. fUEMHL 3.9 WAERE 4 ExEME
S TRVEmSk 6. FRIEAR 7. MRUEM 8. BURASH
VEHE AT I . A PLC i 3R 52 5 R 4 1L
RGN R R 25
4.2 RBERHH
S i R G 0 £ LR R £
KB 5 o 3 1 G JAUBL 35 LA
APR38R T3 3 R
15 S SR 3 IR 5 P B 9 28 75 51
SRR T A1 3 3 R ) 2 VP G OB 25 0 AU AR
RYOIER IS N 10 s, Sy I 4 B
3t 5 JKUBLE % 0 5 5 L6 10 ~ 40 Hiz,
A3 T 3 Hiz, 5090 e 50 0 52 U 9 P 22
10 min, JOE 27 (8 07 KUBLIPA . 3 L B
S 95 SR 5 U5 S8 ) 2% 10 06 R S

N HIELS A4S BURL S M i S e 7 22 5 BURL &5
LB A B HE , 5 i s XGE BE T, S AR e A
FRAHAT

K4 GRSy

Fig.4 Physical map of experimental platform

s J135/kPa

- g
141

E

53 Tl LI AR Y SO A JXUBEL S 1k iy £k

Fig.5 Wind resistance curves of three kinds of

porosity packing structures

i 1 PR AR G £ AT BURL S5 A BR 5K
R RYEAE 10 s KA T RBE 5 R 5 1 Kt



%73

EEB A BEHEEOHCR LIRS Z B IMUE BT 5% 333

M PLC BUR T th o YRR pH 5% T 2 B
W, W B OA H A R R TE 25. 96 ~
33.39 mg/m’ Z [ By , AN [ HURL S5 44 T bR 2080%
Bl 6 Bin o B3, B A O Y VR8P B
ELBREBCR A i RS I E R E . YU AS
T FLBR A3 3 K 80% 85% 1 90% I}, Fa 5 J5 14
R 20353 50 66% 162% F1 58% . AR K HfE AT
L B /)N 1 JEORL 25 9 T 38 31 A Bk i i g, fHL

5} 8] /min
Pl 6 3 AL A4 F SPORE 25 40 R 2280 A8 1 il 22
Fig. 6 Change curves of ammonia removal efficiency

of three kinds of porosity packing structures

Je BUBHAUBH AR
5 HRiE

JEF 36 ) ¥y )4 T 2 A S B K 4 O B4R
AT EA 2008 M0 =48 &4 6 RH a1
o775, B FZ T 10 SRR ZS R R AT AR R T
27 % T N B 34 546 T 2 i ALY PLSM
ARG G o BUES BIE I Z A A Dk v] A i
[ 1 A ek 1) 43 A A — 52 FLL B S5 R L 36 TR 3R A5 4
KW (RFURE &) 5 T AL M e (BB ) i
BAC I A, AT 35 2 B2 55 0 & I sk AR H
B IR IR TR S R R e AR S
TE A 38 3k JXURHL 3 58 0 B 22 3008 R 50 0 E TR [
FLBR R R OB EE A 3 11 B bR 5 S bR XUBHAE W) &, )
AR T AR R EUREFL B R XS BR AR 52, 435
DS >4 JEOR} 25 48 £L B % 2 80% .85% F1 90% Kt , F2
FE 5 IR E SR N 66% 62% Fl 58% . A
8T Ry B i A o R A A B v AR IR S SRR
PR REdR S

& % x #t

(1] B CRIF R B R 5 4 5 PM2.S [SC AP FE e [ )] BR8E T2 ,2018,36(5) :84 -88,99.
QIAN Yi, SONG Kaihui, ZHAO Rongmin. Research advances in relationship between ammonia pollution and PM2.5[ J].
Environmental Engineering,2018,36(5) :84 —88,99. (in Chinese)

[2] CAROLINE V H, DEMEYER P, EVELINE I P V. Mitigating emissions from pig and poultry housing facilities through air
scrubbers and biofilters: state-of-the-art and perspectives[ J]. Biosystems Engineering,2015,134(4) .74 - 93.

[3] ERT, B, FFERK, %, B0 TG RES PR T]. Tl £ 554 ,2007 (1) :43 - 45.
WANG Lihong,ZHAO Xutao, QI Guoqing, et al. Study on treatment of odorous waste gas by chemical-packing column[ J].
Industrial Safety and Environmental Protection,2007 (1) :43 —45. (in Chinese)

[4] ROLAND W M, JOHAN P M P, NICO W M O. Biotrickling filter for the treatment of exhaust air from a pig rearing building:
ammonia removal performance and its fluctuations[ J]. Biosystems Engineering, 2012,113(3) :242 - 252

[5] 3B, 2 MM, 208, % R A T4 FUEEGL R KR st R [ T]. HERL 22 7] ,2016,35(3 7)) 125 - 131.
GUO Xia, LI Boyang,MO Wenrui,et al. Advances of technologies of purifying poisonous and harmful gas with low concentration
[J]. Environmental Science Survey,2016,35( Supp. ) :125 —131. (in Chinese)

(6] RA7 R, TRAMEm , 0B, 55 IR SAE D b R BURH DR 5 s R [T ] IR B2 580K ,2015,38(7) :146 - 151, 181.
ZHU Rencheng,ZHANG Yali, XU Shumin, et al. Review in biological filters for the waste gas purification[ J]. Environmental
Science & Technology,2015,38(7) :146 —151,181. (in Chinese)

(7] FRmeZE B RAAAY SIS SHEOARIM]. dEat A2 Tl i ki, 2005.

[8] #5e , XHL,SMEE, 5. BT EMD — LSTM YR & 20 WK BE SO BF 5% [ J/OL ] 4k AL 27 41k , 2019, 50 (4 7] ) :353 -
360.
YANG Liang,LIU Chunhong, GUO Yuchen, et al. Prediction of ammonia concentration in fattening piggery based on EMD —
LSTM[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2019,50 ( Supp. ) :353 - 360. http: // www. j-
csam. org/jesam/ ch/reader/view_abstract. aspx? file_no =2019s054 &flag = 1&journal_id = jesam. DOI. 10. 6041/j. issn. 1000-
1298.2019. S0. 054. (in Chinese)

[9] ZHU R, LI S, BAO X, et al. Evaluation of new type of synthetic filler for the removal of NO_[J]. Asian Journal of Chemistry,
2015,27(1) :361 —364.

[10] MOHAMMAD JJ, AMIR H M, ALIREZA R, et al. Experimental optimization of a spray tower for ammonia removal[ J |.

Atmospheric Pollution Research,2018,9(4) :783 —790.
(1] EAE, &M EFE. EESMEYR ARG HRIT]. b E&E KA ,2019,55(1) :18 -21,28.
WANG Ailun, JIN Jinggang, WANG Kaiying. Research progress on microbial deodorization technologies in livestock farms[J].



334 P SN 1R = R4 20214

Chinese Journal of Animal Science,2019,55(1) ;18 =21,28. (in Chinese)

[12] SIGMUND O. Materials with prescribed constitutive parameters: an inverse homogenization problem[ J]. International Journal
of Solids and Structure,1994,31(17) :2313 —-2329.

[13] CHENG K T, OLHOFF N. An investigation concerning optimal design of solid elastic plates[ J]. International Journal of Solids
and Structures,1981,17(3) :305 - 323.

[14] EMILIO C NS, JUN S O F, KIKUCHI N. Optimal design of periodic piezocomposites[ J]. Computer Methods in Applied
Mechanics and Engineering,1998 ,159(1) .49 - 77

(15 XUATHH T  BRBRAR . R SR P R bR A0 S5 A BT A [T ] 2 & b1 B3 4R ,2001(2) : 124 - 127.
LIU Shutian, ZHENG Xinguang, CHENG Gengdong. Microstructure design optimization of materials with specific elastic
properties[ J]. Acta Materiae Compositae Sinica,2001(2) :124 - 127. (in Chinese)

[16] ERFR, K TL, I, 5. ZHIF LMK 2 B bR it [T]. 12242 ,2007(5) . 708 - 714.
WANG Fengwen,ZHANG Weihong, SUN Shiping, et al. Multi-objective design of the multi-phase microstructure for thermal
conductivity optimization[ J]. Chinese Journal of Theoretical and Applied Mechanics,2007(5) ;708 —714. (in Chinese)

[17] LUO Z, TONG L. A level set for shape and topology optimization of large-displacement compliant mechanisms [ J].
International Journal for Numerical Methods in Engineering,2008,76(6) :862 —892.

[18] BENDS@QE M P, KIKUCHI N. Generating optimal topologies in structural design using a homogenization method[ J]. Computer
Methods in Applied Mechanics & Engineering, 1988 ,71(2) 197 —224.

[19] HASSANI B, HINTON E. A review of homogenization and topology optimization III—topology optimization using optimality
criteria[ J]. Computers & Structures, 1998 ,69 (6) :739 —756.

[20] KANG H, LIN C Y, HOLLISTER S J. Topology optimization of three dimensional tissue engineering scaffold architectures for
prescribed bulk modulus and diffusivity[ J]. Structural & Multidisciplinary Optimization,2010,42(4) :633 - 644.

[21] PARETO V. LInsegnamento Dell’economia political J]. Giornale degli Economisti,1890(1) :533 - 536.

[22] SAVE M, PRAGER W. Mathematical programming[ M]. New York: Plenum Press,1985.

[23] KAISA M, MARKO M M. On cone characterizations of weak, proper and Pareto optimality in multiobjective optimization[ J].
Mathematical Methods of Operations Research, 2001,53(2) :233 - 245.

[24] HASHIN Z, SHTRIKMAN S. A variational approach to the theory of the elastic behaviour of multiphase materials [ J]. Journal
of the Mechanics & Physics of Solids,1963,11(2) :127 - 140.

[25] Mk, sk, B REA, S BERBE LKL AL FEREN Rt 5K [ J/0L]. LML A% ) ,2020,51(2) :332 -

340,349.

ZENG Zhixiong, DONG Bing, LU Enli,et al. Design and experiment of wireless multi-point and multi-source remote monitoring
system for pig house environment[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(2) :332 -
340,349. htp ; // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 2002036&flag = 1&journal _id = jcsam.
DOI:10.6041/j. issn. 1000-1298. 2020. 02. 036. (in Chinese)



