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W OE HAETFEREN., RAEEENMRBEEMNEAKKEZLERE (UASB) RE#H
PLEh 6. S TGO BT AR, MR, BBRBREBRIIH, EEHED
BAEHMBFNEEE. SR EAM Monod B, BV TUASE R BEEHA, #
MR BEHTTHT. B REFEIN, BARARFS. . FARBQ.EXLEREAEE
Bt WHAERAMEEEAE W . ABSHRANER X BT UASB R R aEKE,
HAKRY . MHAZEREFFAS. NESBEN Q, #HTITHRR ., FHREELHS 40k
M 7.46%, IRAEMWES R 7.02%H0 9.66%.

XEE FHARSREERMNMSE, SE. B, B30, B EEE, sER, SHRG
it

70 4L, Lettinga F RN ARER B RBERK M (Upflow Anaerobic Sludge Blan-
ket Reactor fT#R UASB W), H T4 HEEREAIIE KE SRR EEY Sk RN
BHTOKEEBBMNALE, LRFAFRE 15~30kg COD/m’® + d, COD R #ik
75%~85% . BB TIRIFMS S, UASB R c@ b LA =058, 90
HAEEBESMAERPIBEYER, SRS EER EH) FBEK, HEAEST
WA, B, BKEFTRERN S E, SRS ERS RSN, BEREEREAR, £
BERGFAX, BRRNZTEMREHPAEEREAFSEROEE, AXEH=H
SEGURCEBAKEY, REHREREIL, BARMB R, BRAMA O
{5 B I5 JR 8 R B MU AR ARG COD &) 4P K, A ERIL, il BN R, BRESE
FImesh; X Gr- Pl g e ER1E, MmO AT EMRErE, AHSFRT
BRI ARERT, XM ER B BGPTSR,

1 R
1.1 EREFWEIEHZE

LCWHRWEWNE R, EEES 12cm, & 177cm; FEE R 22cm, & 32cm; =
AT B AR-3. 0L, Hop M 30,50, MU T ER A HAEEED; COD. SS 3 E % Uik
(3); HBEWEBFEHSQL-2 BEASENEITHE.

1.2 UASB [ FIg%RI4F1E

UASB BRI AR 0] 43 0 =50 (1) REBEEMBEEK & G5 HE 70~120g/1.);
(2) HHMHBRER £ (BREE 10~30g/L); (3) FBA=ZMHLEEK p.

AXF 19954 5 H 10 HWeH,

© HERFERMEMHARFATIKSHESL http://journals. im. ac. cn



4 B BEX: ARREASREENBIHIZHER 441

HTBEIMHEAER, RRTRANE
FEEARSBERME, FREBEERE
Wi, =HTEEVRERA B, T
HARFX, ATHRBRAESER. =45
BENIEEREMRK, BEE-MAIEXE

7 VSR AT B R
1.3 RApEVWEY

BR K LS G b

Go=6 QS —8) =¢:Q;+ 7 o)

G £~ M KARABET R (LR —1
FHERD . KR Q, ¥FTHREREHH
RoHEBRESEFRXALEHFZHGT hy
9 I B

Qur = 1. 0G, 1—9#% ~ 0.886G,  (2) S

B 1 UASB R4

RV B Qu LR EFRABK Qn W& Fig/ 1 UASB reactor

FREESEREK Qn = Q. BB ETRIE
ﬁ&miﬁi leQ - Q1 + Qz:

Qur = Qp = 0. 3720, (S, — S (3)
BRI EH . R LR
F FHH A 2 BFOR .
Gy / f G UASB & Ri 2% i sh 40
o RIT~ aw, o MY AEELRES T, &
e Sled ol L2 rprEan sesenn.
Sl s REd s |77 s |9 zaessamamnse.w
' o] ' TR S B S K
Q. So R WA /D 4 At iE
M2 RuENHED IR R BT K AT R B IR
Fig. 2 Flow model of UASB reactor BOREER C) P4 .
v, dd—(i" =@ C+Qu Cr— @+ QG )
u L QG @+ Q) Co = @+ Q)+ C (5)
050 40 9 T A A TR (1 ~ 5) 8L,
1.4 HHAHME

UASB R et sh i il 2 " E R M P RAMER LITERER . Bk ALl
E.\FPRAEKE LW ES IR, ESRERE, 3T BB REHEX
BRI RER, SCRRABE TEBRKY R EESWE UASB RS Wa 47, B
TV, JTE. FHY. BRRE.

1.5 BHM&Et
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1.1.5 BRSHRIE

FY B R B8 T 6 3k HE e SN 4% o 8 53 A0 B 2SR 48 .V, = 8. 50L,V, = 18. 0L, 3 . M S,
= 9.200g/L,& = 2.50L/h,V, = 3.00L,{ = 0.420L/g COD{1atm,35.0C),y, =
60. 0% h, + By = 1. 29m, R B Q..
1.5.2 ¥t

BEFMOA 5QLHEL.

Q =k - Q (6>

TR G) W B L v, vpc,, 372,

alco = Xisepfea = Xos (Quy + Q) /Viy = B1,Qp/ve = 82,Q:/ Vi = B3, (Qus + Q) /V
= B AR DAy, + @Y/ V= 5.Q,/V,= By,

HR@,. D 5 AETFT D HFRI,

(D+ BX, + 84X, =4, 4

— 83X+ (D4 BOX, = 8. (83

(D + (B + BID + (Bifs — BeBOIX, = Bafls + BuBs (9

CDF 4 (B + B D + (B — BAIIX, = BB + BB (107
HER(8),(9) B AEH K.

rie = A{— (B + By £ T8 — B2 + 4ERI} /2 (11)

aﬂ@]ﬁﬂ%#?"—‘ = rst[ = OvXZ =0
) z_"OO$X1‘:l;X2= lar: << 0
B3,

Xp=1~— g—;—m‘g’—exptrl P — 7)) ﬁ—’mexptrz (t—1,)) (12
1 1

AL Y R b Q B/ ZHAE3E,Q, = 0. 0778L/h, H I, £, = 0. 0311, A5 3t

HEQE, RAQ2) Xt B UASB B R 83 WL 30 50 4 /e, AL RAE o /c, LB CLFR 1),
WEENZBRERZERA .

# 1 UASB FEH T #2 BRITHES MWKES LB
Table 1 Fiuid Flow tracer distribution of Table 2 The substrate concentration of
UASB reactor experimental and model
t/h Exp. Cale. t/h Exp. Cale. QA +h L S/ LY Spfge L
1 0.008  0.002 11 0.605  0.585
2 0.033  0.02% 12 0.636  0.523 100 1950 L-o77
3 0,084  0.100 13 0672 0.658 2.00 1.477 1. 421
4 0.167  0.178 14 0.702 0,890 3. 00 1. 852 1. 938
5 0.254  0.253 15 0.730 0,715
6 0.332 0.322 16 0.758  0.745 4. 00 & 596 235l
7 0,403 0.382 17 0.784  0.76% 5. 00 1. 152 3.161
8 0.463  0.443 18 0.809  0.791 6. 00 4. 356 3. 705
] 0.518 . 495 19 0.832  0.810 -
10 0.565  0.542 20 0.854 0,828 S, =8.000g + 1.7
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2 BMAEBRSHMEIW

2.1 HEE@E
Bl E UASB JZ i 28 o7 B JRBE A 4 5 Monod 8,
S — 8.

M= o K Fr§—% a3

.= kS, (14>
HEREKAEFEHFTRAERTHRKR T & -
S — 8,

&5, -+ beé‘f (Q: + Q)8 —V, « S8, ptna E-Ii&,—“—s a as)

Sy — 38,

QS + @y + Qu)Se — (@ + €p)Sr — Vi o+ 58t m =0 (16>

Q_{b = Qa.f = (. 372@2(5., - Sa) (17)

Q, = 0.0311Q (18}

Qz = Q - Q] {19)

Higkk®kE, figdgst, FRERKMEFEEBEMSERESFRAENL. &
FEMaERMIESBEYER, BRRAL, &0 RN MEERE, EEMnur-
ARMSERERMRLD, LAY, RESAGFERLARRERE. AHALTHE, BETRK
MBREFEEMAE.

£ Q= 2.50L/h,S, = 9.200g/L M &M T WG

V, - 85, = 8.5 X 74.8 = 635.8¢ (20)
S8, = 19.0 X 23.6 = 448. d¢g (21)
EN, }ifﬁﬁﬁjj}%ﬁﬂﬂé"ﬁi

2.2 S¥EH

B HEOD~CHREEABFERETEAY, FREQ=1,2,3,4,5L/h K
LR EHEER:S, =S..5, =S, + ;B4 Q=6.00L/hbf, REEK, & L1k
=) R

OBJ = i}(s,«—s,)z (22)
Y5 BAR R B, R B I O g Ks &, HEFT T 0B H
= 0.03442h™', ks = 1.343g/L, &, = 0.1176

ﬂ%Fﬁ Frax ksl (3R 38 S, 7t H. R 2 TLUES,  HHEEMKREIRER /.
2.3 REELHW

AW S, BWMERNER LS, Qe Kok by FERI BRI 2. 07 (S,.Q.
e Koy FERBAS T HE HE S, MRS N 3. AEK 3 AR So.Q. ma X
S, BwmEX.,

£3 AWEHE
Tahle 3 Sensilivity analysis
Parameters (increasing 2%) S. Q Himax K, ko #
Variation of S/ % 2.99 1. 80 —1.75 .93 0.72 0. 00
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3 GAKEA

3.1 HEREERE
311 KBREMSF EHEARBRQQ=3.00L/hHWAST. 8 M ERTE—K S, BH— 1
HAFFEF] S, i = 1,,130(8,” FEFIRAM A 17. 250g/L, B/ E % 3. 450g/1., W, 1
3>aﬁzg¢,mﬂ%$7k§ﬁmﬁ SRR Q.BREMANFY S.C,Q0,i = 1,.4,130,

[

i8 p—
©16f A
-l \
w 14
~
g 12
8 10H
g shn
Z 6 \\ ' A M
=0 ! W v
2 ] Il ] Il | ] J
o 20 40 50 80 100 120 140

t/h
B3 #KS, F3

Fig. 3 Influent series S,
31.2 BEEY  BFEEBUMUASB ENSBAEE, S ESREREFEESTR
B, “REMARVFE AFRAUSEDITHELATER, RHLERAERERRUSNE

BIdHASBRG.
v D Q8.+ QuS, — (@ S, — v+ S+ 5+ s Ei{—g% (23
B = QS @ QS = @+ QS = vy 8 e S 24
0 S = Qo v Skt QS — @+ QuS,, 25>
v B QS 4 Qs+ QISu — (@ + QRIS 26
G =G, + Gy (277, Q= 0.0311Q (28)
L=Q0—@Q (29), Gy = Luy » 88, % i %ﬁ% (300
Gr=1{V, S5, + phoa, %%(31), Qp = Qi = 17;—-}!?—;71—’65 - (32)

v RTEMEBEBIEGRITOERR, IR PR 10,
3.1.3 HRRE: RAREFFTHITHSE.
Howe = 0.03442h7", Ks=1. 343g_/L, £, = (. 1176, {=0.42L/gCOD,¢ = 1.0
BLEMIE M6 = 00,5, = 2.458, S;=1.938, S,=0.9408, S, = 0.9408,
G =0,
BOFE S KR 0. 1h, RAIS B 309 M AT BH(23) ~ (26). 18 EM S, 1 G i T =,
= 1. 0h, 8.5, ¥ 5 F3 1h, B0 R 45 th Ak 3 BE 17 500 .
FE = 2y 131G 0 = 1,2, 130,8, FRFI PR3 6. 17% 45 R3S 8. 14%,Q,
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FESUF R 2 17. 3% 47 HEIR 2% 18. 8%,
3.2 ¥Eit
3201 pon Ks b L BBAEU R EEE MBI Xt Ks 8, Lo FH TS A
W ATH TSR B R, A RS,
Frex = 0.03442h7 ", Ks = 1. 343g/L .4, = 0. 1176, = 0. 42g/gCOD,¢ = 1.0,
H4&HEit ¥R

X = fo/0. 03442 €33), X, = Ks/1. 343 (34)
X, = 4,/0.1176 (35), X, =§70.42 (36
Xs = ¢/1.0 (37)

3.2.2 HAFREMTE BEFEIAEDSET0 M GO, R E RN, %R
IR |

130
OBJ = DWW, (Se? — SF+0)2 — Wo(Q) — G2} (38)

1

Wi W, B RE 2404 (LW, = 1,W,=0;(2OW, =0,W, = 1: (DWW, = 1/5¢,
W, = 1/Q A5t Rink 4
x4 fHHATHER

Table 4 Resuolts of parameter estimalion and forcasts

Parameter and results Wi=0, Wy;=0 Wi=1, Wy=1 Wi=1/8% W,=1/Q%
Jean/ B 0.04458 0.03123 0. 04470
K/g L1 2. 404 1.227 2,836
) kx 0. 09769 0. 1064 0. 08788
EAL e gt 0. 4311 0. 5055 0. 5178
& 0. 3568 1. 0246 0. 2561
Se SD/% 5. 41 6.16 5. 40
S0/ % 7.08 824 7.02
Q, SD/% 7. 41 7.40 7. 45
S0/ % 9.73 10. 2 9. 86§

ME 4T, HITHBRRAS. M Q, REEFHEERT, HHERRLA 4, 5,

ir
-
- 2.8 e Exp.data
2.6 vare Cal. data
M2 .

0 20 40 60 30 100 120 140
t/h ’

B4 Wk EA
Fig. 4 Effluent series
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4 e Exp. data
- +1o+ Cal. data
2 L i | | | n j
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Bs E=HEFF
Fig. 5 DBiogas series
33 & i

PSR T B R 25wl it UASE R RS ah 4 o 5 @RI 47, BEARIRIEAS I, XAk #
REREN; METHWEHE, NE, ERBTHRAELESMHA, TUER,: £
PR SR RN A AR UASB BT . B TRESBBLHEA, BRFAXHE,
IR QBN RMAN,; BAERAERTHER UASB RN H¥8k, RER; &
TRERERA, BAHEES, BWEWE, SHHHSHAEERR, BFEIDSRKETHS
FOEYRAE - @B XM SEERTE, R UASEB R &M LHREFHL.

F 5 W OB
Q—EXHB/M-h ! SS-—FHREE/RL ! [— S FE/M g !
e TR B R R K—fEmE#H/e-L! t——Af [ /h
h—H B /m p——HBARE Q— BHBEREER/ -k !
GC—HS R/ b ! S—— WK R ER R (1L COD i) D-—#HHEF
r—— & @ afE/h — BERERRE/ p— HEREREE/h
Q— FWMME/L b V&L
T & B
h— 5 E K max—— £ K M— BREIRER
p— =HAEX —BBE e—— W7k (Z)
fb— R 2 BT RK o-— il 7k n— R G M
g— K
$ X X W
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Dynamic Model of UASB Reactor

Yang Yujie
(Chemical Department of Henar Normal University, Xinziang 453002)

Abstract By means of rectangular pulse response experiment with a iodine tracer.a de-
scription of the fluid flow distribution in UASRB reactor used for treatment of lime straw
black liquor was derived. Tt appeared that the sludge bed and sludge blanket could be de-
scribed as perfectly mixed regions, which were interconnected by main stream , back-mix-
ing stream and by-pass stream. the fluid flow in the region of three-phase separation
could be described as plug flow. The model is simple, suitable for describing the fluid
flow pattern in the reactor, and had good flexibility and fitability. Using the fluid flow
model and monod equation of reaction kinetics, kinetic model of UASB reactor was es-

tablished and the parameters were estimated. By means of sensitivity analysis, it was
found that the flow rate @, the initial substrate concentration S, and . had big influ-
ence on the effluent substrate concentration §;. Based on kinetic model, dynamic model
of UASB reactor was established and the parameters were estimated. Under the condi-
tion of flow rate @=23. 00L/h, series of effluent substrate concentration S, and flow rate
of biogas @, corresponding to influent substrate concentration S, were calculated. The
mean error of series S, was 5. 40%4 and standard diviation of S, was 7.02%. The mean

error and standard diviation of series @, were 7. 46% and 9. 66% respectively.

Key words UASB reactar, sludge, black liquor, fluid flow distribution kinetic model

dynamic model, sensitivity analysis., parameter estimation

© PEMZRBEDHRAATIRSRIEST http://journals. im. ac. cr



