.&;DJ_\E_ %iﬁl*ﬂ%%‘—;ﬁ E 165 F 20202428

Eco-Environmental Chinese Journal of Vol. 16, No.2 Feb. 2022
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

XEEZH: EFEYMRESRIEWL
DOI 10.12030/j.cjee.202110024  hE[4r2K% X705  SCHRARIRGS A

FEOCHE, R, BA R, SF AR T 3 T DR AU A A R e A R 2 A B U S B 4 U 3 s e [T, A8 TR 24, 2022, 16(2): 584-
593. [QIN Wenlei, LIU Jibao, ZHU Jinxing, et al. Alteration of rheological properties of food waste during dry anaerobic digestion and influence
on reactor fluid field[J]. Chinese Journal of Environmental Engineering, 2022, 16(2): 584-593.]

2 Jat b a1 SRR TH A IS R AR A8 A e EL X
J . 4 H 52 )

BB, A EE D AR REM Y AT, TES, Rt

Lo [ BR 22 B A A IR AT ol PRBEAR AN 5 V5 e 4 ] [ R R B A SCER E, L AT 1000855 2. H [ BL2EBE K
27, JEET 100049; 3. [E R4 g A IR EEHF T P o0, K5 el S g as, JEE 1000855 4. JLEUHEE TR AR AH
FRAF], dbat 1013185 5. RIETAESHE RS MRS .o, KiE 116014

B OE RHRRAA LA RS e T AR A R B N R DL B O BT SR &, dd e
s e Sk O HoA ML R, 2E A 5T A [ HLAL B T P DR 0T A i e v 1) 3 AR e v A A B R e ke b o 285
REW AL R ot AR R B I SC O R, R IR S 48 A B T L
P e SR A9 B g o T R O AL R ) 2 S U BRI A T TS . VS UG R PR ALY B 22 53 o WRHAY JE AR
B 5 TS, VS HAT — @ IR SE S R o CED B A5 R K], A R AR 2EAT, SR Al N I 3 1 7 72
b, BEDCHRERAL, HIEX R S5YPRE TS Bt o0& o i IR0 B SRR BE R IEAR OGO & o M, BEX A Al A L2
JICAR DAL R At B SN A8 0 B4 AN TR 9 T IO T A S SR, LS BRI G PR BERE Z (R Pl AR SE
URT AL T PR A S 8 i i TR 2 %

KR mEEG TRRAWM AULA G wARRE; W

A o B A AL 4y o e A R L R R AT DR AR AR AT DA A T e UM, 7 A 1 T T T
SR HE BT HVEAHLERN . AR TR R ETH A, T 2R A0 b 31 A AL [ % 1 [ (Total
solid, TS) Jii i 43 ¥ s, — M T35 15%~40%, HHEAWEW ™ /D, PARB TR . B Hg
AAREE P AP Wk B AR R DR AR A R 1B AT S RE A E B, Rl AR R K g i AR
WHRA IR WK B 15 A ok B A B e B GIDRG BE Ry T gl M 25 B W RHAE IR AR A R
H S o) TE SO g HROE G B X, AR T A DL S A Y A BT, JF 23 52 e DR AR A 7R v Y
1 oA Tk i 5 e A LB 1) R e B A ASOR  IRL R D R AR e S HE A R AN O SR IR
Ak b EEN OS5, R R ik is 1T i E R R 50, MIRYAHYAEI %507 #fF5¢
TG PR A B i A R S T R S TE e K PERB XTI O R o SRR, V5 UK
MR, LA A rp Y P S SR PR AR (Volatile solids, VS) 2R M . LIU 258 §F 5% T ik
Tl B H,O, 104 BT 15 Y8 PR AR A A A8 A PE R B2 o SRR, TR B R AT RIS U8 B AN R
e s e, JF A AT B R A v, SR B T4 VS KBRS AP G A, DL SRS
Wi EEA: 2021-10-08; EF AHA: 2021-12-28
EEWB: FEELAWKITIHE (2018YFD1100603 )

T—1EE: HXHE (1996—) , B, WiL#5EA, qwli217@outlook.com; BREIE{EE : XH 5 (1988—), B, i, BIHAFS

51, jbliu@rcees.ac.cn


mailto:qwl1217@outlook.com
mailto:jbliu@rcees.ac.cn

%2 TS AR T AR T A R A VAR A B O BB A U S B 3 ) 585

RGRY, AYLEURE FYIREHAE, A RGEIRG WA AR kA, Wit T
R ZHT A Bt , (B2 TR G W 7E DR A A o A rh g U A8 e P A8 AR ik = 563 o k4,
BB 43 2 AU IR 48 S g i (A1 Kompogas) S T RM2CHE I . [R5 2, Bl 15 T RETH AL )
AT, AR AR AR, BEOC R B OV AR AN [FE AT ] S R R Xk VRS R B e,
HH AN [) 2 53 0 A DR A3 Ak ek 5 v A 208 AR e it 2 R R G g R ko 4 v DR ST A Ak - Ak I
N gRiEAT B CH L,

PR AR H A B b A TR A 350 £ 2 2 2 Ry i i S s i, 38 3 11550 AR 3% (Computational fluid
dynamics, CFD) #4815 W &% 4 3 5 43 A XPIR A i B A B T RN Ak 1 0 ah 2010, ol 55 5 A 0 i |y 52
95 F1 CFD S48 7 72 %50 75 U8 IR 4800 AL TR & 3508 S BB AE AT SE g AT 40l , WRSEA5 R, SFXF &Kk 3R
95% 15 e W S AR FE % 34 180 rmin™' . WU BUBFSE ! SR G5 08 T R N g JE AR, Ik 2 A0
G E G HZXR G RO, X O AT 5t A RAE T 2% B H TR AL
S0 g B R A 3 AR v TR SR EE A R L Bk = AR A SR S R O S U A (R 4 4y
PyBHE IR S0 At 72 v %) 3t 37 v AR B IR 5

AWEIE R LR S S k), Gk R 2, AR B IR B BT o A, SRS IRl L
ZH B R R AR Ak o AR 9 T AR R AR A R B e R B B S W) LA R R B 7 AR
225, MRS A HLLL B RG2S B AR AR R e, DL AS TR 4 pk Rk i R S DR BE Y DG B
PEo A, DL CFD SRS Rb 2 S 0 #4% Uik 7 B 0 L 28 R AR A8 A 0 e AR b 72, DAL AL AS [R] 20 53
PURHE DR AT At R g RS ms S DAk 3R ST A Sy 2% i is AT SR AL e SO

1 MR5F%
1.1 SEIEER

B Ve B A Jb T 5 K b BRI HIRIR A 1 KMREMSRRESH
T 1k e (3742 C 12 63 kA Sy 18 d) (3 Ak 3 Table 1 Mass fraction of substrates and
° inoculum sludge %o
e, 2933500 rmin’' B0 10 min 5, HE FE
PR} TS VS EH=100 Bz &9

1508, WURER m & [ 5 Je 1 8 I B IR e

B A, TR R ap, TUL 3 ;e R s
Bk, AKSRR, BB oR P o ee e el
WA, 4°C BRAFRIN. Digsksbpbio g, ST 13 S48 42 s

3 1 NG R A S A A 45 DR I HE A R i ERR. SWRRRNERIFETTS,
mEk 1R,
12 IWEERFE

R AR T P S 16 SR B H o s G 3 (BMIP) 2% B #i L Bioprocess Control 23 ] il 1 i) 4= H 2l B b
WA ZR G0 AMPTS AL, S W #% 4 600 mL BEIGH, A8 FUR 400 mL. ) 52 AR R I A 428075 U1é I
RN EYIIG , SEENY SARIRE, I BORMNTE 5 208 N, IHESS N RS, RIEIR R EREE . %8
Je ) B IR AR R K B 88 ((37+1) C) R IR A TH b . P2 E TR A 43t 3 mol- L' Y NaOH i i 2+
B CO, FEMR SR, FINASIRL IS A it 2 It b H BeR R,

FEFIE IS OV R RN (BE T VS) b 20 SEKHT T Wk S8 B R B S 1 RIS P AR R Y TS
Jra g, DAHERR TS o0 BO0 W Rb i AR R e (R . ATEBIF 9 36 W48 BT s S ik AL B 4 (2 08)
1) JOT 1t 3 BB AR R 309%~70% (3 T T-5), i & 11 BT Y 3 it 53 80K 109%~30%,  Jg I 5t 12t 53 500 10%~
30%", LhE A o S5 bn T LA 22 W8 5 a4 BV IR 0 5, 35 ) S B A o 3 35 rh B 48 S
H LW T 5 GE T T3 20 3118 2 509%(Car50%), 60%(Car60%) F1 70%(Car70%), i 1841 (Control)
BRSO ECR 37.7% . REFAL S BB R E 3 AP AT SRR



586 ok L B ¥ W Fl6 &

1.3 D7k

158 M A5 TR TS, VS Bt 0 BCR FHEE kM e o IR R 1975 T A i 48 8.000 rmin™
B0 10 min J5 B WO I (0.45 um; Savillex) Ji, 00 E S i bETR AR . 1A i S0 R i v 2R
F 5 A9 0 5 4331 2R ] Dubious 43 Y606 B 1A FME IE 1% Lowry LU, EARRE & b i 20 | A R
J5F R 43 M R 2% SOk (190 R 4RI b o 5 o 9 75 8 RE RS B SR T ConTec-Viscometers % 7745 1%
(Spindle L3C # %% ¥, Fungilab, PHPEA) W, REAFE M FETE 250 rmin ' B P ISP 30s, Z
Je FEAE 2 min P 8T U1 N 0 r-min!' FF 2= 250 rmin ' 0 2 BE SORS BEAS AL . BE ARG BT N 5 B 4]
% F Herschel-Bulkley L& (=0 1D,

T=70+K-y" @)

K: o NBYIN Ty, Pay 1o MIEIRN /I, Pa; K WBARERE, Pas’; y AEUIHR, s n Wi
T84, TR,
1.4 CFD &l 753%

R TR AR M DR AR A A AR Rk B I A R AE 25 5 R HL A ok AR X I R A8 N T s e,
X B S B 2R AT A PR R N g, TF R TR I A I I o DR B A A A s 3 R IR AR
Pkl A B AN RS Sk SR YR 20, B R T AR B, AR ST AN (R AR IR
AL R P A T AR SR AR A, I DA I A B I A R 5 AS TR 2145 0 R AR 12 SE B R kDR AR T AR R
wP A AR . R BN T R AR BB AR K 6 m, R 2.8 m. A AR 22 m, B
H20m’, EPERRHLG S RIFRRELO ES, BRI E I X TR -, & 450 mm BE & 4
A — A2t AHARAE N (] e 1 90°, A 4 AN, M = Al 12 At Bt el R T AL
PRI, MR AT, R A — 2 I ) R T 4 A RIEAT, TS 2 A 450,

J2 07 7% JUA] 45 48 B I 4 Sl 43 A&l 1 i s o
CFD 5 #l - 5 & ANSYS Fluent 2020 R2 %% 1,
HARTFE R . 1) SR, BRSO R
READ ALy SST k-0 B850 2) bkl %
VL 25 H ) AR A R SR DR SR I AR G R R S PR A
b, ARSI AR Bl i UDF SO Y, %8

ML TR BRI 5 3) BRA PR 40 U kA i i
Rk, FRASTIIRET . @ WY e e R e i A Bl1 FTRESHRRE ML/ AR ML S
WRRETR; BRSTHER, e R I8 sh A% Fig. 1 Geometry and mesh of the pilot-scale dry
J7 AT eSS 5 &) LR - T e R O AR 4 anacrobic digester

(38 2 10 R H interface 7 N HFATHE A, HARAREM AR PR, SEh O, TigE, PR E h#Hs
BET , BPAH I YR, RS RNR GBS S) A R RABRSSRM, Bt
PR IE BN 5 rmin ', K R 1000 45,
2 HRE5VR
2.1 AEBHEARYIHREELTREPHRET R = REEMS

AN B Rk IR AT A il 2 R RS B AR A B N & 2 it . B R T T, Bl B U1 R 1)
FhiEr, YR B RS FEER TR, R UTYR A R 28 B AR AR i AR ™l ] 2(a)~&] 2(d) AT 0, Bl
FEREHACR BT, AFEA LS W0 RE B RS BE B B3R T ks, I RE & TR A0 1k 1y ok
11, YR AR i s 5, Wsh AR SR [EA R, car50% Ml car70% 1155 56 4w RS B2 T
BEACt, FES5 10 RZJ5 R B S AR TR B e /IMA 5 IR 2 DR 4800 1k 0 247 RS B A8 b fa SOR PR &b o



TS AR T AR T A R A VAR A B O BB A U S B 3 )

587

TTT5 % HEZH R car60%0 (19 52 98 ARG BE R [efa S4 IAee , (E50 5 R Z ek BEA A W T R, HLX R T [
HaH— AR RIS 35 Ko X5 A AR 7= O R AT DL — 2 (3R 2), BT car509% il car70%
S 2H 7 R VA X SR, A AL car609% SE IR 2H 7T i I LU ACRE I o LA SR SR TR AL
Rtk 5 PR AT AL ™ IR A B G AR, WRDRS IR A R 7)™ Y g R A 42 g

3000 -

2500 +

J&/(MPa - s)

3£ 1000 |

*

500 +

0

3000 -

2500

HiZ/(MPa - 5)

500

3500

3000 -

2500 1

HiZ/(MPa - 5)

1000 1

500

2000 +

1500

—a— Control-day0
—e— Control-day5
—a— Control-day10
—v— Control-day20
—e— Control-day35

2000 L

1500 ¢

1000 +

10 20 30 40 50 60
LIS
(a) XHRAL

—a— Car60%-day0
—e— Car60%-day5
—a— Car60%-day10
—vy— Car60%-day20
—o— Car60%-day35

2000

1500

10 20 30 40 50 60
9 TS
(¢) Car60%2H

—a— Control-day5
—e— Car50%-day5
—a— Car60%-day5
—v— Car70%-day5

0 20 30 40 50 60
U
(e) PRATH A5 K

KiZ/(MPa - 5)

HiZ/(MPa <s)

HiZ/(MPa - 5)

3000

2500

2000 -

1500

1000

500 -

0

2500 1

2000 +

1500

1000 +

500 |

30001

2500

2000

1500 +

1000 -

500 -

—=— Car50%-day0
—eo— Car50%-day5
—a— Car50%-day10
—v— Car50%-day20
—eo— Car50%-day35

10 20 30 40 50 60
HYP) /s
(b) Car50%2

—a— Car70%-day0
—e— Car70%-day5
—a— Car70%-day10
—v— Car70%-day20
—e— Car70%-day35

10 20 30 40 50 60
By D)5
(d) Car70%4

—a— Control-day10
—o— Car50%-day10
—a— Car60%-day10
—v— Car70%-day10

1.0 2.0 3.0 4b Sb 66
UDHES
(£) PRATILE 10K

B2 AEANARYREEHXITIZPORETL
Fig. 2 Change of viscosity of substrates with different organic compositions during anaerobic digestion
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Abstract The organic composition of food waste is a significant factor affecting its dry anaerobic digestion
performance. This study selected real food waste as the research object, and changed its organic composition by
adding steamed bread to investigate its rheological properties and methane production characteristics under
different organic compositions during dry anaerobic digestion. The results indicated that the methane yields of
different substrates had certain negative correlation with its viscosity, suggesting that the improvement of
fluidity was beneficial to the increase of methane production efficiency. The difference in the rheological
properties of food waste could mainly be attributed to the different contents of TS, VS and the release of
dissolved organic matters. The yield stress of different substrates had a certain linear correlation with its TS and
VS contents. The CFD simulation results demonstrated that the fluid field in the reactor became better and the
dead zone proportion decreased with the-progress of anaerobic digestion. Moreover, the dead zone proportion
was positively correlated with the TS content, yield stress and apparent viscosity of substrates. Therefore, based
on the rheological characteristics of substrates with different organic compositions and the corresponding fluid
field in the reactor, it was necessary to selecta suitable stirring strategy to achieve a balance between stirring
efficiency and energy consumption. The results of this study can provide a reference for the optimization of the
operation of dry anaerobic digestion reactor.

Keywords food waste; dry anaerobic digestion; organic composition; rheological properties; fluid field

simulation
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