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CHENG &M [ 7t €0, “AEERZN 0.013 m, HFE
HEREIE KB 32.5 m¥/h R, DLE RV T O , E
AN I RA/INFL S RS T R il 28 e RHE 60°,  EUE 1%/
LB fAEENE X, JEmikel S mnE g ML E
TR 2 50 E. CAO &Pt B, @i B IE L KU
AT T R R R AR SN LR R A R
30°, HIRSGLm BT A IRk, B AL
77 XS5 A A AR AR S5 X

Ber LA bR, LA FUEREE, SRR T A R GE
WIS X . LI O T R IS RAR T B3 N A, BRAR
RS 4 A AL I s B DR, AR A
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il LR 45.6%. FATAHIAN 0 L3, 7EIREHLA
I SRR FTARA ARG TT M), WLES D2 f e vl $2
166%. FEBEACEEN BT 48 X8 48 0 R 1Py D % 59
WG, RIS R A AR, IR Ak e XS X T
RN, S35 SO 8 B KR A 0.54 m/s. CAO %P
BFF F0-FIRARON RUVE 58 [R) 36 R 2, R ILAE HE X/ AL
WA SRR, IR e AR, 5
ANFURIE MR = T 27.5%. (HEEHEEE KRS+,
SRR HH UL P 5 R v R AT A O A

WAL, TSR RE ) AR 5T R T AR M E S RG2S
IRREALE WU A AR R . Mg R
EVsRHERE A EEEE ] (Firmicute) MR, wTH#N
RO AE R L, A R IR IR (A A 2 o it B
T FT T ol A oot 4 o o SR SE R Y SR S AL, R IR v A
M E 8 (Thermobacillus ) XT3 F&E IR HE AR £F 4 3= 7y
Rl =4, REANYEREZE, (RHERETE K. &
Juh R T T B0k v A T B R A T S HE A B I AN
TURRBEREE, AR AR TR R PR AR5
PR 12.72%. 8.95% F1 10.13%. 36 R AL K90 Tk
YRk A e HE R R SRR, Bt R B e S R
IR R ] (Firmicutes) FAXT RN, 6 2 HA R
BRI (Proteobacteria) FJNZLE ] (Actinobacteria)
R FHEOLR, A YRR A LT A R B
E, mER AR T 3 d, AR TTKCE I A O PR 4
15 56%, et T IRHE #GERE .

5tk EE, HE AR S5 751 (computational fluid
dynamics, CFD) ] {5 i e WA S At o, IR FE Ak
HSEHESE . HAET CFD HiR O IR 7P A BEE X R Gk
Pz, GUO 2SR AT CFD W 70 30 3% M R SE 4
ESTZ, R SHEE AT 20% K&, TEER
(NH,"N) % & F % 96.9%. HUANG %U'% 3 F CFD-
Bl 5 A% 16 77 FE TR UM AR AR SR HE G AT I AL, K
PURR G MR 7R RGO, 3 T 52 o it P55 A A< o
i, f# CO, HEMEARTF T 25%. FYTANIDIS 2517 7 37
T CFD-AAb R NiARABAL, BT B AR Ay IR
MR R G IERECR, B 90 R AR 45 L 5 m] o Aff b A
PUHE I 7 S5 f2 . HE 251" 3L CFD-Contois #% & J7
FREE T 7 HE ARG B 5 SR B 2 B) A A BB Y, A Fe R
PAZAF AT HE JE YR R 70 BB R a & R .
H CFD 7 3 IR0 il G B TG AT
S0, T XA U AR A EOWAR FL % R R
3 3 AT Ah SR S e R S 1 5L, AT A 1% X 38
WRE, REHEARSCE. A, BT RMNESERAES
S AN BAMLARE E T R E R S A
HAfog 2N T B e p, Wik, AR
LI CFD R IEA [A] 51 FE SRR S0 70 AT IR 52 KA o
FENCIEAE b, DAARSEANFEAT N kL, 8 TR A i R A R
FUAE N AT VR HE IR R AN A VDRV I 52 i
R i S HE AR XUE T TR AR B AR

1 MR5EE

1.1 PimiiiE
1.1.1 R+

AHIF 5 R FH IR B 65 2= 3 E ) b = T 7R
FARFEF CHEE 1~2cm) R T IbE A K.
VIR HL A= 36: FERT=2: 1, 43I MENE RIS R E
HALME R L 1,

®1 MRIREIRCME R

Table 1 Physical and chemical properties of the initial pile
S8 pEv . TIKFE -
Wikt BB e TRF
Material ot O /N ratio Yo Se pH value
carbon/% nitrogen/% content/%
43 38.704£0.05 2.91+£0.05 13.32 84.254+0.03 7.48+0.08
Cow manures
TORFEFT 39.63+£0.02 1.31£0.02 30.33  7.9240.06 6.52+0.05

Maize stover

R EYIEL Mixed pile 39.23+0.06 1.73+0.05 22.74  55.16+1.7 7.28+0.09

1.1.2 IR & BB R IR ARE T

ARG 7E AR AR A R & v B CBUFR B X
FERE, WI0& N B R BIR A 3 S HE R N
(B 1a), MK 50ecm. EA 60cm, A4 RN AN
FPREN A B, S 14 RN REREED, EAE
77 53 B R AR SRAE RS IR USCAR 1. I B 8% N Al ik
BRI XNE, XERERESMIFATRE (B 1),
KEHN 415 mm. BEEN 12mm, K& EZEEIF BN,
AHAR/NFLFLER 55 mm. FLAZ 2 mmo &FXF T E XU Abad X
S5, AHE AR FUAE B AN H XN LS B 1A R
G BGERCR, SRR 539 075 1. 1.25 cm.

a. TR IR AT S HE AL S S s 454

a. Structure of drum aerobic composting reactor

7

P

b B
b. Ventilation branch
LIESRFE T 2.8 8 o 3904 43290 R 1 538 WU IE 6./ IR ISR 1 7.
H— XML 8. FiR
1.Solid sampling port 2.Sealing cover 3.Mixed pile plate 4.Leachate collection

port 5.Ventilation duct 6.Gas collection port 7.The first perforated hole
8.Deflector

B 1 RE KRR B 4 M AR RE A RALE
Fig.1 Simplified diagram of aerobic composting reactor and
ventilation duct

1.1.3 IMFRIE S+ E
R T 2024 4 3 A—5 k7. AFREE 2 Hik
I, DLMESHRALHEA (T, FRREEET
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L12 BEREE R, BSFRBRCAX A (CK) . 43R
ARG EINE T RN, 8XAIZ N 8.5 L/min,
WL 1 2, EPEES 15 min, 1515 30 min. 78BN HE
REREG T, 225 F 0. 3. 7. 10, 14, 21. 28d R
i, HAEEH B9 AN 3 SNERE 2 K. KA
HA8AS, AL FEE /M E 55 3. 6 cm, BRIRFIAMT
BN 150 204 25 cm HFEJEHS 15, 20, 25 cm.
1.2 CFD IR SRINEEHE

12 Solidworks X V& & ) N ggHEAT 1: 1 A, JRTE
R IRALBR F G TR T S B A 1) A R, DL
BREAEN x A, BUEAN-0.36 ~024m, mENYH
"], HUEA-0.16 ~0.44 m, KFEH z J7, HUEA-0.25
~0.25 m. V&R BAR BRI R 2 AN X, Ak
X ALEXETE X . PRSI ICEM 2022R1 X4y, dE&5EH
WA B SR 3 KT 1) A 45 46 X A 3R 47 9 A A <7 1
Ko, J8XETE R ORI, HRESEE N 0.3 mm,
ARG E N 0.25 mm, MRS E N 0.2 mm. Y8
DX 45 ) B KRR, LIRS P BN 6 mm,  F 2 R 4
J95mm, ZNPIKEE A 4 mm. 3 FRIEE AL R F
Py G BEAT X B, R XRS5 O A R 6T 400 O A T
PR ZE 09 9.5% 3.2%. ERIHARADL R ] A j %
AW T I R A R N, HE G A 1.25 mis;
FEAHE, WKL 0, BEHL TN IO B REH .
R R NL2S N R G N 2 FLA R, BB ) RECH
68961535 m >, BB S RECH 298.06 m™ P A i
I XU T BEE B D R0 0.045, BIUR A ke TR
R, JEJJAGEFE LL Coupled 5Ly RE &, LL il KA
[0 A B S = 4 G AT

B DX A i R DX RN e R X ek, 26T (D
HEESRE. ShESHE R BEE TR RE 2R A
X () KBLIE R, XA ANSYS FLUENT # {4
BEATALRL, JfRdE A S XIS S, il
HER AL S AR

div(p-u-¢—1,-grad(p)) =S, QP

B ,
Cv_MJn_lgyx—m) &)

Ko NEE, kgm’s wNEERE, m/s; oFRNiEH
R, ATURERBRE. RES, LERT XY AR
SRR H RN IR . X FHREEMTTRE, oy I,
S, BAEREME. R24GHT 3NS5 5RE 7 ERXT
MR FR, BABUENE 2. n AFEAREE; X NE i
RUREEE, m/s; p NRWEEFME, m/s; Cv bR
Z5PEMERIE.
1.3 MR AE

D R FREET (BS TP101, b e
R ARAF, FED HATHE.

2) FIKE: BRSO (B
5 101-0A, JbRHXAAGER AR AR, FHED, 105TC
ZAF T 8 h, BREXHT S ERAT I

*2 EHFEDT XiFe L,HS,

Table 2 Values of general source ¢ I, and S in the control

equation
J5 72 Equation @ 1, S,
#4772 Continuity equation 1 0 0
g . 0
3l 77 7% Momentum equation u; H - %

N k
At /7 FE Energy equation T - St

P
¢H73 /5 72 Species equation C Dyp 0

W o Nxs ys T AEE SR, mesTh W NIRAESE REL kg (mes) Tl
pRIEJT, Pay xilNx. y. ZHEKE, mi THIEE, K CRESHREE
W- (mK) 7Y o, RTRARLLIE, T (kg KD T SpoRBIMERERON, W CoA
A5y sHIRIE, kgkg's DALY s BLREL mis's p NEE, kgm™.
Note: u; is the velocity component along x. y. z axis, ms '; u is the viscosity
coefficient, kg-(m's)™'; p is the pressure, Pa; x; is the length along x+ y. z axis,
m; T is the temperature, K; k is the thermal conductivity, W-(m~K)’l; cp is the
specific heat capacity, J-(kg-K)™'; S is the viscous dissipation term, W; C; is the
concentration of s, kg-kg’l; Dy is the diffusion coefficient of s, m2~s’];p is the
density, kg-m .

3) pH{EFHE S % (electric conductivity, EC):
WEERE R RBSTFK=1: 107RA, HO, BIKEG 1h,
FE 10 min, FHIELCGENE, 2 0fEH pH i (45 PHS-
3C, bilgRSRIEEL, TE)D M S (85 DDS-
307A, BMERSRLVERL, PED E.

4) NH,-N & &: RHPREAH 26, midgsns
JEOLEETE (A5 UV8100, 3 [E LabTech A ], % H)
M

5) ¥R KRS & (volatile solids content, VS):
WE KA SR s EE, S (5 SX-G07
102, REMPHLEEPERAT, PED £ 550 C
AN RIke 4 b, FRECHT R SR EAT IR

6) P k7 #4540 (seed germination index, GID):
BOR R 5 mL T #F IEARA R IR I, 35 5] 10 i
B, DLEEFKETAME, BT (251 C HHRME
HEER 48 h, MEMRK KM TRFFR, B 7RFE X,
mat (3) HijE:

FE R 2F 3 x A i AL B R~ AR A

100%
R S x 2 P TR R 00

(3
T WAEYIREIE S AT K FastDNA SPIN 57 &
(MP Biomedicals, Solon, USA) #&HHE R AR & 5 K 4H
DNA, F#47 PCR¥ 14, KM lllumina PE2520/300 ¥
ST 16SIDNA milEN T (L EEYERAGRE A
FRAHED . A PF5IN: LiF51 4 338F(5°ACTCC
TACGGGAGGCAGCAG) 1 F i 51 #1 806S(5’GGACTA
CHVGGGTWTCTAAT), M7 X N 16S V3-V4 [X Ik .
FIFH UPARSE #2F, K4 0.97 FIARALLEE FF 510 A dh ~F
A, AR OUT RJEX MG B T4 .
14 HIEAE
12 ] Fluent 2022R 1 AR XA ] /55 B 5 AR 1R AT 1240
L #rs K SPSS 22 B0t S ME R X 38 A0 Hs 3k AT
X TAGEG, DI H R EEE R HEARYRLE BGOR
P2 (B IEHEREARMIE) (NY/T3442-2019) H5
#E; KA Origin 2021 XfEALFRAR . AR VIEERE AT ISR
W S5IUARSH FHESEEYE T ELHAR LR

Xa1 =
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TR AR X 2
2 HERS5HH

2.1 SRMMESEREE

5 CHENG 261 e RS A, R CFD £
FUAS [R5 FE S RO VR A AR AT s . [ 2
Juid K AL G i TG T 0 AR A N v AS TR s B S AR I,
X=0m SiEE N =B K 2a vfLLEH, kR
X 3 A7 AR GG X, 32 PR Ayl KN L H T ) EH A
AR AR T R SR [F e, TR AL
EHNWE S, SO A XL T AR RS 1) RO,
53T 33k XL X3 0@ K5 X o BB 2b~2d FTRAE H,
IIBEA [7) i B 5 AR 388 55 DX 75 21 B 2 2, X2 il
TR XA R G TR O B X LR
HE R, UK SR E] S 2R EEYE T
RO, 2 AR FE G RO, X W] BLIA 45 T Bl
B F IR R BRI, RS TR B s B S I A SRk B
i, KRR G 2 R B RO R GT .

R Py 3
Velocity/(m's™) Velocity/(m's™)

3.50e-02 3.50e—02
3.15¢-02 3.15e—02
2.80e-02 2.80e—02
2.45¢—02 2.45¢-02
2.10e-02 2.10e—02
1.75¢—02 1.75¢-02
1.40e—02 1.40e—02
1.05e-02 1.05e-02
7.00e-03 7.00e—03
3.50e-03 3.50e-03

0 0

a. TSR
a. Without deflector

b. S HE0.75 cm
b. Deflector height 0.75 cm

R R
Velocity/(m's™) Velocity/(m's™)

3.50e-02 3.50e-02
3.15¢-02 3.15¢-02
2.80e—02 2.80e—02
2.45¢-02 2.45¢—02
2.10e-02 2.10e—02
1.75¢—02 1.75e—02
1.40e—02 1.40e—02
1.05e—-02 1.05e—02
7.00e—03 7.00e—03
3.50e-03 3.50e-03

0 0

c. FUMREEEL cm
c. Deflector height 1 cm

d. SUREEL25 cm
d. Deflector height 1.25 cm

B2 ARRFRREHLEALTRE X=0m LRk EZH
Fig.2 Airflow velocity contours of X=0 m with different deflector
heights

Kl 3 AAE SRR EE T Z=—0.2 m KisE 5 i o
B, & 3a g, PRk XISAEAEE XSS X, X 32
R BT E RO 1) KU Bl 2R T ) e A S B, ik
0.75 cm SR V] — EFE LS =R SRR BE, HFS
XA ERGEX (F3b), MK lem X 1.5cm &
TR 8 A 55 X 0] B s, Rl v T DX 3R
WEMM (E 3c~d), XFEERBT SRR SKAL T3
AT WY, ) RUE il 2 Tl R R SRAE SRR E R R,
TE R BE SR, RO [l 1) T H 00 B . AT TR
SHR, SFRREERN 075 1. 1.25em I, ST
SN 10.8, 34, 34.2%.

K E A8 5 R 0 (coefficient of air speed variation,

CASV) VMR oA EE ki —, N&E#E
T b 2 P E 2 e, AR R AN, RAR
IIATHONI S, SRR AT EE R X SR o A 1 S
AWFFEL Z=—0.225. 0. 0.225m, 3 Mk CASV #47
P (R 3. ARTESL T KA R R0 1.89(CE 5
W), 1.83(h=0.75 cm), 1.67(h=1cm), 1.64(h=1.25 cm).
ZERFEW, SESRRBAHL, SHREERN 075, 1.
1.25 om Bt XD _E 5 PRk A S5 AT 35 50 1 3515 21 BH
BEGE, SHRET 3.2%, 12.1%, 13.2%. Hit, S5
BR AT S T T B R B RS X, R T SRR
RIS, HAR A0 5V o8 ROR B 3 AR
FEXE TSGR SRR E T L om B, 35T
o (1 55 B o v P 3 D B AR . 25 BTl , BT 3R
FEN 1. 1.25 om AT 353 5 A S0 MR TR AR
RN, B B B A i FE A R, AR
FUEEU SRR S A 1 em.

R
Velocity/(m's™")

3.50e—02
3.15e-02
2.80e—02
2.45¢-02
2.10e-02
1.75¢—02
1.40e—-02
1.05e-02

L
Velocity/(m's™!

)
3.50e—02
3.15e—02
2.80e—02
2.45¢-02
2.10e-02
1.75¢—02
1.40e—-02
1.05e—02
7.00e—03
3.50e—03

7.00e—03
3.50e-03
0 0
a. JoFIRR b. FUHRFI£0.75 cm
a. Without deflector b. Deflector height 0.75 cm
st i

Velocity/(m-s™) Velocity/(m-s™)

3.50e—02 3.50e—02
3.15e-02 3.15¢e-02
2.80e—02 2.80e—02
2.45¢-02 2.45¢-02
2.10e-02 2.10e—02
1.75¢-02 1.75e-02
1.40e—-02 1.40e—02
1.05e-02 1.05e-02
7.00e—03 7.00e—03
3.50e—03 3.50e-03
0 0

c. UL cm
c. Deflector height 1 cm

d. SR 1 1.25 em
d. Deflector height 1.25 cm

B3 AEFAREHETHRATRE Z=-02 m LA = B
Fig.3 Airflow velocity contours of Z=-0.2 m with different heights
of deflectors

x3 TRESETREHERNFZHEONEER R
Table 3 Coefficient of variation of air speed at different heights of
drum composting reactor in each section

. REERRE
Surface Coefficient of air speed variation
TG No deflector  0.75 cm 1 cm 1.25 cm
7=-0.225m 0.97 0.76 0.65 0.62
Z=0 m 345 3.48 3.55 3.56
7=0.225m 1.25 1.26 0.79 0.75

2.2 SRR AR

TR BB AE TS SR I da TR
o A B ROGE FE ZEL L S R B T R Rk A, TR
1 Kk BIEAE, %N 65.37. 6325 °C, AFAMEKT
SHRAHEEERS T 2.1 Co AT ZH AR 4w ik 31
I 50°C RIS B 4ERE T 5 d, T ROR BB SR AR,
A PRAIR I E TR, BT 10d N, RZERNE 3.47 C.
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ST A2 DA 02 S0 AL 38 R S,

70

AAI:I & ifi Ambient temperature B T ] CK EETCICK
i s 70
f’; AA
o 5 - b
g £ 60fA A b
g 2 a
& £ 50 . B
il 5 A
= % 40 7
4u
- 30
024 6 810121416182022242628 37 10 14 21 28
5[] Time/d 5 7] Time/d
a. b. FkE

A
Carbon to nitrogen ratio

a. Temperature

b

& b
|

37

3 EETCK

1)
=]

=

«

B
1

A
Ammonia nitrogen/(g-kg™")

liii

0

S

b. Moistute content

ib EETCOCK

a
Hb a
7 10

T

0 10 14 21 28 0 3 14 21 28
i 1] Time/d I 18] Time/d
e. A AR

e. Carbon to nitrogen ratio

f. Ammonia nitrogen

B /= i %2
T T IR N IE R
~ 45 9.0
P COTCICK EOTCICK
5 A
o;: 40 R 8.5 A
= B
N A 2 B
stz 35| AA A o 80 AfF] b
¥ g ¢ PR T ap b
{Jg 3.0 I—D b E:E‘TS AA ab ab
= a[f] a b
8 a
£ 25 7.0
3
m
2.0 6.5
0 3 7 10 14 21 28 0 3 7 10 14 21 28
It 6] Time/d It 6] Time/d
cHBE d. pH{f
c. Electlrical conductivity d. pH value
100 EEITCOCK EITCOCK
120
A

YERNE [ 5
Volatile solids content/%
® o
(= =]

=
=

60

AA

Ll

b
a
0 3

=)
S

=
S

TR ZFHRH
Germination index/%
3

IS
S

A A
AB B B B

A
a 1B
b
Aa
0o 3 7

14 21 28
I [ Time/d
g PR I A 2

g. Volatile solids content

10 14 21 28
W} Time/d
h. Fh R R FE

h. Germination index

W AFEVNGFRERRCEAMN A ZE R EE (P<0.05, RFEKEFERERRAAIAFNNBAHZERREE (P<001), TRERLAIH, CKREXIA.
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Fig.4 Changes in physical and chemical indexes during aerobic fermentation
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Fig.5 Changes in bacterial diversity during aerobic fermentation
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Note: TO~ T28 represent the samples from the treatment group on days 0, 3,
7,10, 14, 21, and 28; CKO~ CK28 represent the samples from the control group
ondays 0, 3, 7, 10, 14, 21, and 28.
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Fig.6 Relative abundance of major bacterial communities at the
phylum and genus levels during the composting process
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Note: TO~ T28 represent the samples from the treatment group on days 0, 3, 7,
10, 14, 21, and 28; CK0~CK28 represent the samples from the control group on
days 0, 3, 7, 10, 14, 21, and 28.
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Fig.7 Redundancy analysis of physicochemical indicators and
microbial communities at the phylum and genus levels

EHIE 7b mIAN, REAMARARRE T 56.17%, PARARMERE T
29.30% [MBEALIRIR M AE R S R . b, IR
BT 94.3% M4 BFE LA, EEIbIRbR T LK. &
RXUS )& (Thermobifida) « *F AT H JE (Bacillus) 5
TR R IEARSG, VLA iR ol TR A RS
AN EfE . MM R B (Saccharomonospora)
RS B JE  ( Thermobifida) « AT # I8 (Bacillus)
Y pH H 2 IEAIE, Ui Thermobifida. Bacillus 1& FAE
B 26 A N AR, JUHAE SR B TR . BE R R B R

(Saccharomonospora) FRILHATHEE (Parapedobacter)
5 G &IEMXK, 5 VS, C/N. NH,'-N 2 6%, 3
Saccharomonospora~ Parapedobacter #15%f = T ] 1Ltk
e SO0 JE AU HE B A, SR R AR . BRI
WFPM AL SO Saccharomonospora. Parapedobacter
TR TR A5 AL s HE AR AR

3 i g
SRR AT BRI HE R XS R, $E R


http://www.tcsae.org

12 ¥

A RE XUBINE IR A SR LA RN G A PRV ) 5 247

AV TR R, (R ERE 2. BT
KFEE, FHEH Firmicutes AT =EEEHR- T, A2 13 1 2k
VS BT EE Ry T WL B, R L S 2B 0 B e ok HE
PRI EE R, BeAh, Bl A S8 2 Proteobacteria [P AH
SHEERERRTE, 4R T A R AR RS DY,
Actinobacteria B TAHXT £ EERG I, L r] (k) R aF4E 2 |
PLTHE . RIRESIIR D, SIFN, Bacteroidota
RN BB, I T HEAR A 97 5 IR0, K
WA e KA, THE M Bacillus 5 Thermobifida W J&
AR = BB s BRI Y A LA i ) T FE AN BRI,
FEC/N FRELLSHEAE R, PRI Pseudomonas
wBIE RN S EA R E, HAX R, ik
BRI RS A UL I R AR R, shah, B
Pseudomonas~ Saccharomonospora~ Parapedobacter ¥ &
M FFESRTE, ATk A AR R S S A S A E T, ik
SR NI BN T B OESE . EERRSE N T,
FEVS EREBEAK. R E R A F TR R 5
JRIITERG, 30 GUIE Ty, AT PR B K .

AWFFEHEET CFD Jjiksas 1A Bt K X Sk
BERSRAEZE AN L )8, 3G B SRR R R S TR
T 10% Fitr, Al OBiAsHENE . REHENE., SRkl
JIE 5 368 B B R AL SR LR 25 . {HL L R T A A B G
M) S5t I 400 2y B 3 AR B B R S It Al Lo S PR B .
BB AR, BB N 2~8 m/s, SRALIK
R, BIRGHR UL A 10~100 kPa, P JLEALE,
T P A8 A AT H RT3 B2 RN 7 1) Bl AR o T S IR o
FRW AR, ARIERRTE RS2, B REy)
6 B E AR BR B VR B, RORIE AR R 8
Y, DR AT St S [ A P R A R A L T S AR I
JEREAT NG . HeAh, AN[E) ST BEAT HERC IS BT 75 00 X 2
WG VR B I S AR A T AR o AR 7 v 328 FH B HE )
Bl RSE, R B &35, W ST i A HE R
W, PrekiE K E s R AR, RO I8 XG5 X
FEFETNBE 2 203, BT DATEPDR R A2 A8 A I S ASOs HE A
{1 T3 38 i 2 R 5 S — DR T

BRUGLLAL, 2424 FE A0 3R B SR = FUR S K 3 T
J RSN, R T X R A R R R B K
T X ) BRSSP B e S R R R AR AR A, DR
FUR R A, RN JE RSCR 1 R R
P IRIIE .
4 B B

1) 38 LS I T AR T S At R X g X
$9X. STFMBAHL, VRN 0.75 cmy 1 cm.
125 em I, AR50 B2 20 il 3R i 1 10.8%- 34.0%.
34.2%. FHREMAMERENE, AHTF PSRN 1 em.

2) 5ERRRAAHL, i R E Yok s iR R
FEfEm T 2.1 °C, HEAEL N MC F#1IK 5.5%, EC [#1K
% 2.5mS/ecm, C/N [&K 7.4%, pH F#(K= 7.35, NH,-N
BEA% 0.036 gkg ', VS FEIFFAER 2.4%, GLHEE T 20.9%.

3) FRAR TR R T S IR A Y R 8 Thermobifidas
Bacillus VA S 15 15 6§ #IHAN T )& Saccharomonospora-
Parapedobacter WIABX F= 1%, (R 3EA WL FE AR o

4) YN8 Thermobifida Bacillus SR 21EM, 5
C/N EffifiR, 4#JE Saccharomonospora. Parapedobacter
5 R SRR EUR IEAH O, S R I [ i 5 B B AU O, 3R
W IR T AR HLRERAE DT, 3 A JE AR

[& % XX W]

(11 Jsrd, S5, efE, % ARBRE A SR

I el 2 AR RO B TR S R 0], YL IR AR R
2024, 52(13): 260-266.
ZHOU Xinwei, LUZhiwei, JIN Meijuan, et al. Effects of
different carbon to nitrogen ratios of cattle manure on
greenhouse gas emissions and physicochemical properties
during substrate composting[J]. Jiangsu Agricultural Sciences,
2024, 52(13): 260-266. (in Chinese with English abstract)

21 EA¥F, BED, &, S AFEX7 R

A AR R PR VE R S R PR IR T R R[], PR
AR, 2023, 43(8): 189-201.
WANG Youling, QIU Huizhen, LI Mengchan, et al. Microbial
community succession and response to environmental factors
during composting under different ventilation conditions[J].
Acta Scientiae Circumstantiae, 2023, 43(8): 189-201. (in
Chinese with English abstract)

[3] Ah#E4). MARMECE M) =R . Jbat: REEE Tk
JiAL, 2009

[4] CHENG Q, MENG H, ZHOU H, et al. Airflow Field
Simulation Model Building and Application for Aerobic
Compost Using CFD[J]. International Journal of Agricultural
and Biological Engineering, 2021, 14(3): 245-254.

[S] CAO M, YANG R, CHOI C Y, et al. Effects of discharge
angle of jet from a slot orifice on cooling performance for a
perforated air ducting system in dairy cattle barn[J]. Computers
and Electronics in Agriculture, 2023, 210: 107890.

[6] LI X, WU F, TAO Y, et al. Numerical investigation of flow
deflectors for the improvement of condensing air flux through
the air-conditioning unit on high-speed trains[J]. Building and
Environment, 2022, 215: 108949.

[7] CHENG Q, LI H, RONG L, et al. Using CFD to assess the
influence of ceiling deflector design on airflow distribution in
hen house with tunnel ventilation[J]. Computers and
Electronics in Agriculture, 2018, 151: 165-174.

[8] YE Z, SAHA C K, LI B, et al. Effect of environmental
deflector and curtain on air exchange rate in slurry pit in a
model pig house[J]. Biosystems Engineering, 2009, 104(4): 522-
533.

[91 FATAHIAN H, MISHRA R, JACKSON F F, et al. Design
optimization of an innovative deflector with bleed jets to
enhance the performance of dual Savonius turbines using CFD-
Taguchi method[J]. Energy Conversion and Management, 2023,
296: 117655.

[10] Fezife, AR, ZEORW]. BE KA E XSG m) il X & =0 &S

VAN R CFD AR HL[T]. Rl TRE2EHR, 2019, 35(15):
192-199.
CHENG Qiongyi, MU Yu, LI Baoming. CFD simulation of
influence of air supply location on airflow and temperature in
stacked-cage hen house with tunnel ventilation[J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2019, 35(15): 192-199. (in
Chinese with English abstract)

[11] e, e, WE, 5. SMEBEPR TS e HE ML 80 Re K HE
RN RIS (MR [T]. SRBERLSE, 2017, 38(8): 3536-3543.
YANG Pingping, YIN Hua, PENG Hui, et al. Effects of
exogenous microorganism inoculation on efficiency and


https://doi.org/10.25165/j.ijabe.20211404.6087
https://doi.org/10.25165/j.ijabe.20211404.6087
https://doi.org/10.1016/j.compag.2023.107890
https://doi.org/10.1016/j.compag.2023.107890
https://doi.org/10.1016/j.buildenv.2022.108949
https://doi.org/10.1016/j.buildenv.2022.108949
https://doi.org/10.1016/j.compag.2018.05.029
https://doi.org/10.1016/j.compag.2018.05.029
https://doi.org/10.1016/j.biosystemseng.2009.09.015
https://doi.org/10.1016/j.enconman.2023.117655
https://doi.org/10.11975/j.issn.1002-6819.2019.15.024
https://doi.org/10.11975/j.issn.1002-6819.2019.15.024
https://doi.org/10.11975/j.issn.1002-6819.2019.15.024
https://doi.org/10.11975/j.issn.1002-6819.2019.15.024

248

Flk T2 (http://www.tcsae.org)

2025 4F

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

bacterial community structure of sludge composting[J].
Environmental Science, 2017, 38(8): 3536-3543. (in Chinese
with English abstract)

M, BRAS, TR, S AR TRV B AR b I HEAE T
FEAL R 5 RUE P IR S AL HI]. Ak TR 4k, 2023,
39(13): 191-201.

SHI Tong, CHEN lJie, QI Chuanren, et al. Effects of
agricultural and forestry wastes on humification and its
microbially  driven mechanisms in  kitchen  waste
composting[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2023,
39(13): 191-201. (in Chinese with English abstract)

JEAEt, AKS, BAR, S BRI SR HE L
SRR T RETE (RG], AL TR, 2011, 2708 T).1):
227-232.

XI Beidou, DANG Qiuling, WEI Zimin, et al. Effects of
microbial inoculants on actinomycetes communities diversity
during municipal solid waste composting[J]. Transactions of
the CSAE, 2011, 27(3 F1] .1): 227-232. (in Chinese with
English abstract)

WEAR, BB, FIEM, 55 RIEMAEY G2
B A HE IR G AR ATE AEL0]. U IR R 4 R A A, 2023,
44(1): 74-82.

FAN Yuben, ZHAN Enxin, LI Qingxiang, et al. Study on the
promotion of composting process of cow dung aerobic
composting by biochar-based microbial agents[J]. Journal of
Hebei University of Science and Technology, 2023, 44(1): 74-
82. (in Chinese with English abstract)

GUO S, YU W, ZHAO H, et al. Numerical simulation to
optimize passive aeration strategy for semi-aerobic landfill[J].
Waste Management, 2023, 171: 676-685.

HE X, HAN L, HUANG G. Analysis of regulative variables on
greenhouse gas emissions and spatial pore gas concentrations
with modeling during large-scale trough composting[J].
Journal of Cleaner Production, 2020, 277: 124066.
FYTANIDIS D K, VOUDRIAS E A. Numerical simulation of
landfill aeration using computational fluid dynamics[J]. Waste
Management, 2014, 34(4): 804-816.

HE X, HAN L, GE J, et al. Modelling for reactor-style aerobic
composting based on coupling theory of mass-heat-momentum
transport and Contois equation[J]. Bioresource Technology,
2018, 253: 165-174.

FRLLNE, FEak, dii, A5 VR STV I UK B SR 4%
R B B SRS R[], AL TSR, 2018, 34(24):
224-231.

CHENG Hongsheng, SUI Bin, MENG Haibo, et al. Design and
performance test of aerobic fermentation rotary reactor pilot
plant for biogas residue[J]. Transactions of the Chinese Society
of Agricultural Engineering (Transactions of the CSAE), 2018,
34(24): 224-231. (in Chinese with English abstract)

CHENG Q, SHEN Y, ZHAO S, et al. Study of the variation
law of the airflow resistance and related physical parameters of
the pile throughout compost process with cattle manure[J].
Waste Management, 2024, 174: 263-272.

FARE. THEGARS) S5 i -CFD #4453 5 R A [M]. b
e IEEREHRAL, 2004, 7-11.

FEBAL. B 208 9% G & 5 2= 10 AU CFD B 5 14k
[D]. dbxt: FEAM K, 2018.

CHENG Qiongyi. The CFD Simulation and improvements of
Ventilation in Stacked-cage Laying Hen Housing[D]. Beijing:
China Agricultural University, 2018. (in Chinese with English
abstract)

CHENG Q, FENG H, MENG H, et al. CFD study of the effect
of inlet position and flap on the airflow and temperature in a
laying hen house in summer[J]. Biosystems Engineering, 2021,
203: 109-123.

ZHANG Z, YANG H, LINGHU M, et al. Cattle manure
composting driven by a microbial agent: A coupled mechanism

[25]

[26]

(27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[33]

involving microbial community succession and organic matter
conversion[J]. Science of The Total Environment, 2024, 952:
175953.

GyARAE. A FEHENE h BRGNS R AE W 7T (D).
FA At B RUARLRE, 2017

YI Rongfei. Dynamics of Physicochemical Properts and
Enzyme Activities in the Manure Compost Process [D]. Nanjing:
Nanjing Agricultural University, 2017. (in Chinese with
English abstract)

ZHU L, ZHAO Y, CHEN S, et al. Alternating ventilation
accelerates the mineralization and humification of food waste
by optimizing the temperature-oxygen-moisture distribution in
the static composting reactor[J]. Bioresource Technology, 2024,
393: 130050.

MR, B, [ R, S5 A B B AR b IR A
HEAERIRZ, ma LRI ()] R IR RS, 2024, 44(5):
2554-2561.

HE Yingying, MIN Bailin, XIANG Yuankuan, et al. Effect of
electric field assistant on the food waste aerobic composting[J].
China Environmental Science, 2024, 44(5): 2554-2561. (in
Chinese with English abstract)

B, TGS, BUE, S5 AFNEEDR X 2 Ts R )
HE AT JES A BRI BEAL B S WD) Ak TRE A AR, 2025,
41(4): 250-260.

ZHAO Lu, WANG lJiani, YIN lJie, et al. Effects of biochar
from different sources on the maturity and humification during
diverse materials synergistic composting[J]. Transactions of
the Chinese Society of Agricultural Engineering (Transactions
of the CSAE), 2025, 41(4): 250-260. (in Chinese with English
abstract)

SUN S, GUO C, WANG J, et al. Effect of initial moisture
content, resulting from different ratios of vegetable waste to
maize straw, on compost was mediated by composting
temperatures and microbial communities at low temperatures[J].
Chemosphere, 2024, 357: 141808.

GENG X, YANG H, GAO W, et al. Greenhouse gas emission
characteristics during kitchen waste composting with biochar
and zeolite addition[J]. Bioresource Technology, 2024, 399:
130575.

SHEN B, ZHENG L, ZHENG X, et al. Insights from meta-
analysis on carbon to nitrogen ratios in aerobic composting of
agricultural residues[J]. Bioresource Technology, 2024, 413:
131416.

CAO Z, DENG F, WANG R, et al. Bioaugmentation on
humification during co-composting of corn straw and biogas
slurry[J]. Bioresource Technology, 2023, 374: 128756.

P, BRSN, Wa, SF TEAER RO SR R R
U S RSB, Ak TR AR, 2023, 39(13):
202-212.

LI Dan, CHEN Bao, CAO Yun, et al. Effects of manganese
dioxide on composting maturity, greenhouse gas and odor
emission of multi-organic solid waste micro-aerobic
composting[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2023,
39(13): 202-212. (in Chinese with English abstract)

X, hEER, PO, 55 AR B BRI A
JE FEAG I AR R A s AR R S M D], Aol TR 24, 2022,
38(19): 190-201.

LIU Juan, SHEN Yujun, LUO Wenbhai, et al. Effects of salt
content on the humification and microbial community
succession of food waste aerobic composting[J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2022, 38(19): 190-201. (in
Chinese with English abstract)

BOGHE, S, SKBH, S VR RN TR S R R s
T ATAT P[], AOHUR R, 2016, 47(5): 177-182.
HUANG Guangqun, HUANG lJing, ZHANG Yang, et al.
Feasibility analysis of rapid prediction of seed germination


https://doi.org/10.11975/j.issn.1002-6819.202304156
https://doi.org/10.11975/j.issn.1002-6819.202304156
https://doi.org/10.11975/j.issn.1002-6819.202304156
https://doi.org/10.7535/hbkd.2023yx01009
https://doi.org/10.7535/hbkd.2023yx01009
https://doi.org/10.7535/hbkd.2023yx01009
https://doi.org/10.1016/j.wasman.2023.10.015
https://doi.org/10.1016/j.jclepro.2020.124066
https://doi.org/10.1016/j.wasman.2014.01.008
https://doi.org/10.1016/j.wasman.2014.01.008
https://doi.org/10.1016/j.biortech.2018.01.040
https://doi.org/10.11975/j.issn.1002-6819.2018.24.027
https://doi.org/10.11975/j.issn.1002-6819.2018.24.027
https://doi.org/10.11975/j.issn.1002-6819.2018.24.027
https://doi.org/10.1016/j.wasman.2023.11.032
https://doi.org/10.1016/j.biosystemseng.2021.01.009
https://doi.org/10.1016/j.scitotenv.2024.175953
https://doi.org/10.1016/j.biortech.2023.130050
https://doi.org/10.3969/j.issn.1000-6923.2024.05.018
https://doi.org/10.3969/j.issn.1000-6923.2024.05.018
https://doi.org/10.1016/j.chemosphere.2024.141808
https://doi.org/10.1016/j.biortech.2024.130575
https://doi.org/10.1016/j.biortech.2024.131416
https://doi.org/10.1016/j.biortech.2023.128756
https://doi.org/10.11975/j.issn.1002-6819.202305027
https://doi.org/10.11975/j.issn.1002-6819.202305027
https://doi.org/10.11975/j.issn.1002-6819.202305027
https://doi.org/10.11975/j.issn.1002-6819.2022.19.021
https://doi.org/10.11975/j.issn.1002-6819.2022.19.021
https://doi.org/10.11975/j.issn.1002-6819.2022.19.021
https://doi.org/10.11975/j.issn.1002-6819.2022.19.021
http://www.tcsae.org

512 A RE XUBINE IR A SR LA RN G A PRV ) 5 249

index during digestate aerobic composting[J]. Transactions of YIN Ziming, YANG Yan, TANG Ruolan, et al. Effects of
the CSAM, 2016, 47(5): 177-182. (in Chinese with English maize stover on the harmlessness and maturity during the static
abstract) facultative composting of pig manure[J]. Transactions of the
[36] HMIH, MR, JLER, & BN A4- FEHE AR AN [H Chinese Society of Agricultural Engineering (Transactions of
BLEE BB )], b EREERS, 2019, 39(12): the CSAE), 2023, 39(7): 218-226. (in Chinese with English
5173-5181. abstract)
GE Mianshen, ZHOU Haibin, SHEN Yujun, et al. Effect of [39] GUO Y X, CHEN Q J, QIN Y, et al. Succession of the
additives on the succession of fungal community in different microbial communities and function prediction during short-
phases of cattle manure composting[J]. Chinese Environmental term peach sawdust-based composting[J]. Bioresource
Science, 2019, 39(12): 5173-5181. (in Chinese with English Technology, 2021, 332: 125079.
abstract) [40] B2 FT, Ryt BRI, 2 MAKE S REGHED
[37] &XBHFH, R, A-kidk, 5. XS Iar S e AR b an T LA SR R M E P RE T B RE D], Ak TR 2 4R
THE V& 45 /6 A T e 2 T[] 2B TRE 224, 2023, 39(3): 2024, 40 (12): 202-212.
1175-1187. DUAN Manli, XU Hongbo, QIN Zhenlun, et al. Effects of
ZHAO Yangyang, LIU Yinshuang, et al. The structure and magnetized water combined with nitrogen-preserving agents on
function analysis of bacterial community during aerobic nitrogen loss and microbial communities during composting[J].
composting of chicken manure[J]. Chinese Journal of Transactions of the Chinese Society of Agricultural
Biotechnology, 2023, 39(3): 1175-1187. (in Chinese with Engineering (Transactions of the CSAE), 2024, 40(12): 202-212.
English abstract) (in Chinese with English abstract)
[38] Fr4, Wi, A=, & RO ASHIEMAL TS  [41] BIGHE, R AR IR S RWLMI. 5 S R dbat:
AN ZAEERIFEMALT]. AL TREA AR, 2023, 39(7): 218-226. 3 oIl A, 2009

Effects of ventilation pipe deflectors on cattle manure composting
efficiency and microbial community dynamics

SHI Bo'** , CHENG Qiongyi*** , SHEN Yujun*** , ZHANG Dongli** , DING Jingtao** , ZHOU Haibin** ,
CHENG Hongsheng®® , WANG Yue*?

(1. College of Engineering, Heilongjiang Bayi Agricultural University, Daqging 163319, China; 2. Institute of Energy and Environmental
Protection, Academy of Agricultural Planning and Engineering, Ministry of Agriculture and Rural Affairs, Beijing 100125, China; 3. Key
Laboratory of Technology and Model for Recycling of Agricultural Resources, Ministry of Agriculture and Rural Affairs, Beijing 100125,

China )

Abstract: Ventilation is one of the most critical influencing factors in the homogeneous and efficient decomposition of organic
matter during composting. Among them, the supplied air velocity of the perforation holes can dominate the airflow velocity in
the pipe and the static pressure perpendicular to the pipe wall. Furthermore, the airflow direction from these perforation holes
can often deviate towards the central axis of the pipe, leading to a ventilation-deficient zone in the proximal inlet area. The
airflow direction can also be attributed to the relatively higher airflow velocity near the inlet. However, the insufficient
ventilation can cause the low efficiency of the composting. In this study, the deflectors (0.75, 1, and 1.25 cm in height) were
introduced behind the first perforated hole along the airflow direction. Computational Fluid Dynamics (CFD) analysis was
employed to optimize the deflector height. A systematic investigation was also made on the impacts on the manure composting
efficiency and microbial community dynamics. Results demonstrated that the optimal deflectors effectively mitigated the
ventilation-deficient zone near the inlet. The height of the deflectors also dominated the airflow uniformity. Specifically, the
deflector with a height of 0.75, 1, and 1.25 cm increased the average airflow velocity by 10.8%, 34%, and 34.2%, respectively,
compared with the without deflector. In addition, there was no significant increase in the airflow speed with 1 and 1.25 cm
deflectors. Finally, the height of the deflector was selected as 1cm, according to the cost and convenience. Two experiments
were conducted to take the deflector-installed (1 cm) ventilation pipe as the treatment group (T), and the pipe without deflectors
as the control group (CK). Compared with the CK, the T exhibited a 2.1°C temperature increase during the thermophilic phase.
While there was the decrease of 5.5%, 2.35%, 0.15 mS/cm, 1, 0.1, 35.76 mg/kg, 20.94% in the moisture content, the volatile
solids (VS), the electrical conductivity (EC), the carbon-nitrogen ratio (C/N), the pH value (pH), the ammonium nitrogen (NH, -
N), and the germination index (GI) at maturation period, respectively. High-throughput sequencing revealed that the deflector
significantly enhanced the diversity of the microbial community. The airflow increased near the inlet, indicating the increase in
the Chao 1 and Shannon index. At the level of the microbial phylum, especially during the thermophilic phase, the degradation
of the macromolecular organic substances (such as the quick-acting carbon source substances) was promoted to increase the
relative abundance of Firmicutes. The degradation of cellulose and lignin was promoted to increase the relative abundance of
Actinomycetes and Proteobacteria in the cooling and maturing phases. Redundancy analysis indicated the positive correlations
between Firmicutes and Temperature, as well as Actinobacteria/Proteobacteria/Bacteroidota and GI. While there was a negative
correlation with the VS, C/N, NH4+-N. At the level of microbial genus. Especially in the thermophilic phase, the carbon
consumption and heat release in organic matter were intensified to increase the relative abundance of Thermobifida and
Bacillus. Redundancy analysis indicated the positive correlations between Thermobifida/Bacillus and temperature, while the
negative with C/N ratio. Saccharomonospora/Parapedobacter showed a positive correlation with the GI, while a negative with
the VS. Therefore, the deflector can be expected to increase the airflow volume near the inlet, thus promoting the degradation
and maturity of the composting pile. This finding can provide the technical support to optimize the ventilation pipe during
manure composting.

Keywords: cattle manure; compost; deflector; ventilation pipe; microbial community
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