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Abstract: To reveal the mechanism in the amplification of internal circulation anaerobic reactor, research was conducted to focus on the simulation of the
flow model and reaction process. Through the experiment of the residence time distribution in the main reaction zone, it can be confirmed that the flow in
the main reaction zone can be simulated with a three-parameter model, which is connected with a plug flow type and a full mixed model combining with
two parallel series. In the experimental range, plug flow zone occupies the volume fraction of about 36% , and two full mixed zone occupies the volume
fraction rates are 53% and 11%. According to anaerobic reactor kinetics equations, application portfolio model has simulated the real state of the reactor
and does comparation with the experimental values. The maximal error of CH, volume flow from the reactor outlet can be 9.67% , in an allowable range; At
the same time it also simulates the influence of the matrix initial COD’s concentration and temperature changes on the state of the reactor outlet. Compared
with other models, the combined model is simple in calculations, and also has high accuracy to meet the needs of the reactor design.

Keywords: anaerobic reactor; flow model; reaction process simulation
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Fig.1  Schematic diagram of process flow
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Fig.2 Schematic diagram of technological process in confirmatory experiment
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Fig.3 Schematic diagram of the reactor combination of flow model
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Table 1  Different gas flow distribution of electrical conductivity with time changing relationship

Fi]/min LIRS v SR/ Pt I BEES v SR/ i i)/ Hy e/ SRR/
(mS+m™") (mL-h™") /min (mS-m™") (mL-h™") min (mS-m™") (mL-h7")

0 0 0 0 0 90.0 0 0 182.3
2 0 0 1.7 0 89.6 1.1 0 182.0
4 0 0 34 0 89.2 2.2 0 182.4
6 0 0 5.1 0 90.0 33 0 182.7
8 0 0 6.8 0.42 90.2 4.4 3.49 181.7
10 0.34 0 7.2 5.59 90.1 55 5.38 181.9
10.2 5.01 0 7.6 5.89 89.8 6.6 6.15 181.6
10.4 6.44 0 8.0 5.74 90.0 7.7 5.82 182.4
10.6 6.73 0 8.4 5.61 89.9 8.8 5.47 182.6
10.8 6.77 0 8.8 5.50 90.2 9.9 5.16 182.1
11.0 6.67 0 9.2 5.27 90.0 11.0 491 182.3
12.5 6.09 0 10.0 5.01 89.8 12.1 4.63 182.7
14.0 5.45 0 10.8 4.71 89.9 13.2 4.38 181.8
15.5 4.84 0 11.6 4.52 90.0 14.3 4.19 181.7
17.0 4.27 0 12.4 4.32 90.5 15.4 3.97 181.6
18.5 3.78 0 13.2 4.05 89.8 16.5 3.78 182.5
20.0 3.33 0 14.0 3.78 89.6 17.6 3.54 182.3
21.5 2.91 0 14.8 3.67 90.3 18.7 3.32 182.2
23.0 2.57 0 15.6 3.45 90.4 19.8 3.14 181.9
24.5 2.25 0 16.4 3.37 89.8 20.9 2.98 181.8
26.0 1.98 0 17.2 3.04 90.7 22.0 2.79 182.2
27.5 1.73 0 18.8 2.71 90.0 26.0 2.21 181.9
29.0 1.52 0 20.4 2.40 89.8 30.0 1.71 182.0
32.0 1.14 0 22.0 2.18 90.1 34.0 1.32 182.3
35.0 0.88 0 23.6 1.91 90.7 38.0 1.03 182.2
38.0 0.65 0 25.2 1.68 90.0 42.0 0.78 181.9
41.0 0.49 0 26.8 1.52 90.3 46.0 0.59 182.4
44.0 0.34 0 28.4 1.33 89.9 50.0 0.45 181.8
47.0 0.23 0 30.0 1.15 90.3 54.0 0.33 182.0
50.0 0.15 0 33.5 0.92 90.4 58.0 0.24 182.3
53.0 0.08 0 37.0 0.72 89.9 62.0 0.17 182.6
56.0 0.03 0 40.5 0.52 90.4 66.0 0.12 181.9
59.0 0.01 0 44.0 0.40 90.0 70.0 0.05 182.2
62.0 0 0 47.5 0.31 89.8 74.0 0 181.9

51.0 0.24 89.5

54.5 0.16 89.3

58.0 0.12 90.4

61.5 0.08 90.4

65.0 0.05 90.3

63.5 0.03 89.7

72.0 0 90.3
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Table 2 Residence time distribution density function E(¢) changing with time

iﬂi E(1)/ S50 1H E(1)/iHEHE Z'E E(t)/550 g E(t)/ M Z‘E E(t) /5% E() /i
0 0 0 0 0 0 0 0 0
2 0 0 1.7 0 0 1.1 0 0
4 0 0 3.4 0 0 2.2 0 0
6 0 0 5.1 0 0 3.3 0 0
8 0 0 6.8 4.92x1073 0 4.4 28.97x1073 0
10 3.92x1073 0 7.2 65.45%1073 0 5.5 44.66x1073 0
10.2 57.78x1073 0 7.6 68.96x1073 66.02x1073 6.6 51.06x1073 51.32x1073
10.4 74.27%x1073 0 8.0 67.20x1073 64.26x1073 7.7 48.32x1073 48.49x1073
10.6 77.61x1073 0 8.4 65.68x1073 62.54x1073 8.8 45.41x107° 45.81x1073
10.8 78.07x1073 78.33x1073 8.8 64.39x1073 60.88x1073 9.9 42.84x1073 43.28x1073
11.0 76.92x1073 77.09%x1073 9.2 61.70x1073 59.26x1073 11.0 40.76x107° 40.89%x1073
12.5 70.23x1073 68.38x1073 10.0 58.66x1073 56.14x1073 12.1 38.44x1073 38.64x1073
14.0 62.85%x107° 60.68x1073 10.8 55.14x1073 53.20x1073 13.2 36.36x1073 36.51x107°
15.5 55.82x1073 53.87x1073 11.6 52.92x1073 50.41x1073 14.3 34.78%x1073 34.50x1073
17.0 49.24x1073 47.83x1073 12.4 50.58x1073 47.78x1073 15.4 32.96x1073 32.60x1073
18.5 43.59x1073 42.49x1073 13.2 47.42x1073 45.28%107° 16.5 31.38x1073 30.80x1073
20.0 38.40x1073 37.75%1073 14.0 44.26x1073 42.91x1073 17.6 29.39x1073 29.11x1073
21.5 33.56x1073 33.56x1073 14.8 42.97x1073 40.67x107° 18.7 27.56x1073 27.51x1073
23.0 29.64x107 29.83x1073 15.6 40.39x1073 38.56x1073 19.8 26.07x1073 25.99x107
24.5 25.95%x1073 26.53x1073 16.4 39.45%1073 36.55x1073 20.9 24.74x1073 24.56x1073
26.0 22.83x1073 23.60x1073 17.2 35.59%x1073 34.65x1073 22.0 23.16x1073 23.21x1073
27.5 19.95x1073 21.00x1073 18.8 31.73x1073 31.15x1073 26.0 18.35%1073 18.90x1073
29.0 17.53x1073 18.70x1073 20.4 28.10x1073 28.01x1073 30.0 14.20x1073 15.39x1073
32.0 13.15%x1073 14.83x1073 22.0 25.52x1073 25.19x1073 34.0 10.96x1073 12.54x1073
35.0 10.15x1073 11.77x1073 23.6 22.36x1073 22.67x1073 38.0 8.55x107? 10.22x1073
38.0 7.50x1073 9.35x1073 25.2 19.67x1073 20.40%x1073 42.0 6.48x1073 8.33x107?
41.0 5.65x1073 7.43%107 26.8 17.80x1073 18.36x1073 46.0 4.90x1073 6.79%x1073
44.0 3.92x1073 5.92x1073 28.4 15.57x1073 16.53x1073 50.0 3.74x1073 5.54x107?
47.0 2.65%x1073 4.71x1073 30.0 13.46x1073 14.89x1073 54.0 2.74x1073 4.52x1073
50.0 1.73x1073 3.76x1073 335 10.77x1073 11.86x1073 58.0 1.99x1073 3.68x107?
53.0 0.923%1073 2.99x1073 37.0 8.43x1073 9.45x1073 62.0 1.41x107 3.01x107?
56.0 0.346x1073 2.39x1073 40.5 6.09x1073 7.55%x1073 66.0 0.99x1073 2.45%x107?
59.0 0.115x1073 1.91x107? 44.0 4.68x1073 6.03x1073 70.0 0.42x1073 2.01x1073
62.0 0 1.53x1073 47.5 3.63x1073 4.83x107 74.0 0 1.63x107?
51.0 2.81x1073 3.87x107°
54.5 1.87x1073 3.11x107?
58.0 1.40x1073 2.49x1073
61.5 0.94x1073 2.01x1073
65.0 0.59x1073 1.61x107
68.5 0.35x1073 1.31x107?
72.0 0 1.05%x107
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Tablj, 3 : D:ferent gas flow when the flow model parameters calculated ﬁ;I%:IEE( I) ﬁ;&%&?ﬁ:ﬁ , )IT&J‘Z: IEJ EH—ZIJ ' BTJ‘ E/‘J CA {E , ,f_ﬁ
B A , ATiTE, FTHER B () BTSE0, SL050F % 2 . i
- 3 R B SR R, S B 7
90.0 0.38 0.40 0.22 0.43 TERRIIRIE , PFR ABUIN 5 HR £, AT, B
182.1 0.33 0.66 0.01 0.63 ARG X R N A T A R A R
S =f, =15

0 t < 10.8
E(t) = { (12)

0.022exp[= 0.1(¢ = 10.8) ] + 0.05633exp [ - 0.07222(z — 10.8) ] ¢ = 10.8

0 t < 7.6
E(t) = { (13)

0.02327exp [ - 0.05411(¢ = 7.6) ] + 0.04275exp[- 0.075(: = 7.6) ] ¢ =17.6

0 1 < 6.6
E() = { (14)
0.03037exp [ - 0.04821 (¢ — 6.6) ] + 0.02095exp [ - 0.05663(¢t — 6.6) ] = 6.6

3.2 WAEERRRE R H AL U 28 N R AT R ] 4 iR gl A ARl b AR AR
3.2.1 WA R A R B £ R 3t £2 45 A o 2 L K (SRR A LA, 1,23 LA R B IRA R N w8
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Fig.4 Schematic diagram of reactor process model
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0.36,£,=0.53,£,=0.11,1,=0.53. Ji , BIFE— 7 I 8] B8 SR It i BE AR AR | G, # A
U X LT 53560 SRR SRR v, =15 Loh™' IR T=
v 544 35 °C, R PIh COD Cg, = 3.3840.3.5326.,3.8729
R4 .
I, = V.. 244+ 286 0.46 g L7, AT SE B0 TS 80 25 iR .
B4 SR XAV, OB < A TS TR AR _p, = QOUII53C, (15)
5 L, bR IO X 75 DT o 4 % 4% 0.35 41 3.3286 + s
M. Vi + Vip+ Vg =3.25L, V,, =1.17L, V,,, = 1.7225L, 29'36206)(})(_ 27403.28) c
Vs =0.3575L, Vit Vs = 1.75L, V=V, /(V,+ V) = RT
T, = (16)

0.8057L, Vys = 0.94431L, 3.3286 + C.



124 i RAR A NIRFR R SUSOSL A L Sl R K B iy iod A AL 3795

32831.40

o= 17
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P CON RN R IR E (g - L), —r WKW
COD JHFEHM A (g-min " L"), r cy, A B8 L

(gemin™ L") ,rpcojv:’fu%ﬁi’iiﬁiﬁ$(g ~min"-L7"),
BT BN i SRR B A o B, 32 RN X
FTED B.C AT IR 4 FTR. LA IR 0] 4R vk
JE Cy=3.3840 g+ L' My il S50 4 Je db PRUN SR 5
iR,

F4 FTOREEXHOL B.CHARRSEE

Table 4 The B, C two state data at main and secondary reaction zone outlet

1 B i C
Cs/ (gL — —

B Cop/(g-L7") Coe/ (g L") Fey,/ (g min D) Feo,/ (gmin D) V,/(mL-h™")
3.384 3.3113 3.282 2.13%x1073 2.40x107* 210.09
3.5326 3.4584 3.4285 2.18x1073 2.45%x107* 214.72
3.8729 3.7953 3.764 2.27x1073 2.56x107* 224.39

F5 WIESRERSHEE—RK
Table 5 A view on states of B and C point in confirmatory experiment
B A C
if[E]/h B = 11925 2L
Cop/ Csc/ SRINCN AN v CH, N Yon, COJA?}{%}& Yeo,
(g-L7h) (g'L™h) (mL-h™")
4 3.2603 3.1982 254.87 76.67% 3.65%
8 2.9793 2.8638 242.19 79.61% 3.41%
SEHME 3.0698 3.0310 248.03 78.14% 3.53%

CH ARt veyy, 54 193.81 mL-h™", CH, JFi i
Tidit Foyy 508 2.045%107 g-min™' . [7]38, A1 3455 CO,
R R 3 8.75 mL-h™' 2.54x107
g-min~' BRZEHE (SLI(E TR ) /S8 fH x 100% T
BOATHALH B R BTIREE Cy iRk ZE R K, N 7.86%.

P 2 HR B T D0, . AS (R 20 s st 1 C R
AR o KF B AR & 0, , JE
JE R AT 8 R IZ B0 UE SE B0 s () AN S K | R GE P A e —
FERY N, , R As s 0 g i v A pH B A i 8.
P BT TR IS4 | R AR BN R MR BB, C A
AL CH R R i KR 258 9.67% , CO, IR R
HIRKIRZE N 8.53% , AT UL 7 9 241 A M AL RE 48

J WL N i SE PR R T
322 WHEARERNBHHEDITE BIEL LK
N AR ML T R ER COD | I B AR AL R AR
IO RS Y R

1) WG COD A5 A X 5 g 5 A R 2 5 114 A5
A5

BAESEOR R BB & vy, =15 L-h™' IR
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Table 6  The relationship between the reactor outlet B, C two state changes with the concentration of substrate

B C
CSO/
(g_L—l ) Csp/ FCH4/ FCOZ/ ”gu/ Cse/ FCH4/ FCOZ/ UgC/
(gL (g-min™") (g-min™") (mL-h™") (g-L7") (g-min~") (g-min~") (mL-h™")

3.0 2.9317 1.31x1073 1.48x107* 129.36 2.9043 2.01x1073 2.26x107* 198.21
3.2 3.1294 1.35x1073 1.52x107* 133.70 3.1010 2.07x1073 2.34x107* 204.79
3.4 3.3272 1.39x1073 1.56x107* 137.08 3.2979 2.13x1073 2.40x107* 210.54
3.6 3.5250 1.43x1073 1.61x107* 141.12 3.4948 2.20x1073 2.47x107* 216.88
3.8 3.7230 1.47x1073 1.65x107* 144.84 3.6920 2.25x1073 2.54x107 222.46
4.0 3.9212 1.50x1073 1.69x107* 148.40 3.8894 2.31x1073 2.59x107* 227.94
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Table 7  The relationship between the reactor outlet B, C two state changes with the temperature of matrix

B A C A
7K Cep/ F(IH4/ FC()Z/ Vyp/ Cye/ FCH4/ F(:oz/ v/
(g-L7") (g-min™") (g-min™") (mL-h™") (g'L7™H) (g-min™") (grmin™") (mL-h™")
304.15 3.3272 1.21x1073 1.32x107* 117.38 3.2979 1.85x1073 2.03x107* 180.27
306.15 3.3272 1.29x1073 1.44x107* 126.91 3.2979 1.99x1073 2.21x107* 194.92
308.15 3.3272 1.39x1073 1.56x107* 137.08 3.2979 2.13x107? 2.40x107* 210.54
310.15 3.3272 1.46x1073 1.70x107* 144.86 3.2979 2.23x107° 2.61x107* 221.68
312.15 3.3272 1.59x1073 1.84x107* 159.49 3.2979 2.45%107° 2.83x107* 244.96

4 2518 ( Conclusions)
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