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Abstract: The purpose of this study was to present a strategy for designing and simulating an
anaerobic digester for the digestion of raw municipal sewage sludge, based on the flow patterns within
the digester, and to investigate the sediment deposition conditions in this anaerobic digester. For this
purpose, the simulations were performed based on a step-by-step strategy. First, the inlet gas velocity
to the digester was determined, then in the next steps, the draft tube and the conical hanging baffle
were added to the digester design, respectively, and simulations were performed with them and
determined their characteristics. Simulations were performed for a pilot-scale cylindrical digester. A
transparent cylindrical digester was built based on the computational fluid dynamics (CFD)
simulations results. Sludge analysis was performed, and determine the sludge sedimentation velocity
using the image processing process, so the sludge particle size and each percentage of them based on
the total solids (TS) of sludge was performed. According to the results, only in a small area of the
floor attached to the digester wall, the velocity of the fluid is less than the sedimentation velocity of
the largest particles in the sludge (4.71 x 10° m / s) so there was a sedimentation possibility of a
small amount of these particles in this area, which confirmed the success of digester design based on
step-by-step simulation and flow patterns for mixing in a gas-lift anaerobic digester and showed a
step-by-step simulation strategy is suitable and can be used to simulate gas-lift anaerobic digesters
successfully.

Keywords: Raw Sludge Analysis, Hanging Baffle, Image Processing, Computational Fluid Dynamics
(CFD), Draft Tube
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Figure 1- Image processing steps to determine the sludge
sedimentation velocity; (a): the initial image of the cylinder
containing the sludge, (b) and (c): binary images; (d): image for the
search algorithm

(1))

(‘5&&55;: ‘SALC) V¥ )LQ-) Al e)Lo.& HY 0499 ‘O')'l' () G (o Al A

Sohsl s o Glage Slitine B o0y (o gy

W9 oo i 5 U
Yij = 0iuj + 0ju,. A akayl)

(A gabal, 5l i cgiloands gl 2l pln
03ls gl slacudgames (185 Jlai o L (V) sakal,
I sahis ;o slp () gakaly g YU 0 Y] sl oo
@ ool Cewds (1 1) Glawe 05 o0 2bj, T oles g
ooliiwl s pu s (Semlne Sl (699,9 SO lgie
.(Dapelo et al., 2015) 545 oo

Achkari-Begdouri & Goodrich (1992)
axyo YO sles o o Glp (K5elss, Sluogas

WU & ) liise 5 g Slosls &) 1) oo
Chen, 2008; Wu, 2010; Wu, 2014; Dapelo et al.,

e wos 4l S3elsh, Slooyad cul 51 2015
S59lss, Sleogas glp 0 OYle o colall
Alos,S ool calize IS Slasl> b oy

RESEN[H]

Sl pomse 9 o2 610 ¢ Aiged

o B2l bk ] s sl 2l ige
o o Abadar ol o ol Ay () Slsel
zro A Colo copn; Glaazsg> &S Sl Al )50
Bsm sslspe slopsle oo 4 el o Do &
483 V0 5l ey ool 4l () (siged 3500 Sy
Ggay g ool o il oals a8 5 o 5ley
sanlie el ¥ 5l am oo el YU gossay ¢y
Gailginl G50 Gl (G005 g ooy b
Aol YU mole gebans U g o gl 0,bcSs 4 o gladiods
ey o ol Mo sbaliapas
5 Ol b Co s lage (RalS) el s
Od ($Ysb g oot wl b (03 5B Wy
Sy 3l GOl S iy oo 3o Sy Wil e
Dged 28,5 O a0 o uel YU goasay 5l L3 L
plol Sipd (w0l dlSy, SBlad ailgiwl jo
Gl ah Ken 5 el SLlS ol b s S



W G)ler o el a5 a4 o (65l and 1)) K00 9 (ot (ol

(Hpgls ooke)

Sasl a0 yoie aSl amd e dgute |y Sy (59N
5 5 Vesikar & Al-Dahhan (2016) .05 oo Jlow
S0 Jl e BBy 5 Ol 65N (o)
axts 2alo3T alie 1o VLI ilsr o m2le
oIl e (6399 S S il Bl aS a3 S
09,0 1, slalad fals )o (Jg 99d o Jlow o
5y Chenetal. (2019) .o lw (5,50 ol
ied b sbpdle 9,0 Jlw Sopu Glare L3,
9> 5l G G385 Wy xSl 4y (Soleys
slals 5 sla)lislo (Souzmn Sl (6399 55 S
5355 SISy 5 alee il 085 By sl s S
Ded pole LSle gjlwaigy @ pladl Sien

saaldl sl wdle 4y (635,5 55 el pl
2 LB Gy Sleogas (s g (sluand W
A bl asl e o /00 aw ol

()

@ (<)

oy & (6999 3B gm s
L lad slalginl pols S 5l eolazwl b (g 5lwass
Golwdnds 0l bl e cole FO glas )l o Ve jlad
@ (5395 S Ly Yoz b pdle (59,0 (S 5Nl
pll (4l o yie oV g o /oY ofo B oo/oY) ol
3 Grasibo |5k ) pola 4y 5157 05,5 salg) ol
3l s yke sl YO galold b g oas o]y pole 4 YU
Sl copm Gloyguls cuils olatel pols &S
ools Ll (V) S 40 (694,5 35 calizes slocs o
oliel sls lis ce (sl ygiilS cwyp londs
O i e [0 4 oYl 63950 55 sy
Ol sleasss o o5l slalad fals 5 Siee 555l
P9 o0d mala 3 (Fiee Dad Al 4 mie o) -

()

Al oy o) St g 1) o[+ Y s o 1) /2B gy 1) o[+ ¥ ey () (ol 4y (60959 B lize e gl p sy slayeiils - IS
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Figure 7- Simulated, built, and loaded digester; (a): design and characteristics of the simulated digester, (b): built transparent digester, (c): loaded
digester by municipal wastewater sludge
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Figure 8- Sludge particles displacement (sedimentation) process (cm) over time (min) (blue curve) and sludge particles sedimentation
velocityx10° (m/s) (red curve)
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Figure 9- Wastewater sludge velocity contour (logarithmic color) for inlet gas velocity of 0.05 m/s
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