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A AR ) SRR P R S N s R A DG PERE, )
HRSG 1 B -AE AR 9 AR ) i REdR [ DfE CFD 4
RN H T AR VA B 25 H AR, (BRI R
HEM VL TR — PR, ) AR KBl 45 S 5 10 45 A it
A7 ER A — 6 iIF 5 N B3R IR 56 0E 1 5 V2K AIE
B CFD Bifilss B uErfitt, Terashima 2SR TG40 EE
YE R 7R BR R AW AL V5 P 2 S H R 2], B 5k
(IANE T, ASREM S N 2% A AR . Bi 251
AR INEL A WEE 5 WA o A i ocBert, il
J55 32 0 ) 2 B G S S B P ] S, AR T v
e Z HAKER T A RN A B, PN R IT6G
15 BIkL 7 UG B R (particle image velocimetry, PIV)
G2 8l AR (laser doppler velocimetry, LDV)
S I BN T Bt CFD B4 25 JE AT 30 UE A
¥, g5 BRI 45 R S U SRy A e, SR
Rzl 5 22 JE L PIV 88 LDV BB H 1% 34 i
WARIIRA AW . I T HERIF 90T Ve 55 AN &
AV R AR IR R N AR P s B, REF R
7t CFD sl FErh w5 e Rl (RS ) R
AL B R AT U7 5, EDWSGIE CFD A4
SR HER M E RN AT S . AR SR T AR O e R
TR AR T B R S L ) Bl AR S A T
] 121 Brookshier 520V HLHE J5 e/ H 3% W T A
W CHEJEURE 0.04%- HIHT 40%. NaCl 0.5%) feBHERfif
0L 20 0 55 R 46% (1 4% 0L 1) 0L B ) 2 ke .
Amanullah 252 P 35 5l v 501 D B 22 Gt 9 22 i
R J N i v DR P9 A AR AR R 5 RS TR R A TR A S A% T )
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L, WS T WP T A B T SRR I = 520 . Low
22205 Y ISRV (0.15%) YE TSR (2.23%)
BRI A, T 5 s Ykl i BR A P R R S F 5 T IR AR
PEFE N 28 FR 7 1024 1 B« Cao 2RI Carreau 15
TIBGAIF T BT AE (2.7~300.1) s7 30 [l P 2 e v
PEh 1.32% % B3Ry PR MBI T 47 M. Sajjadi 2604
KT Power law FEARURERL T 3¢ RS (0.3%) WARHEE
Bl 7 A I FE AR AR AR, B UE T CFD BHilyl fbis e
(2.25%) St R uEnn .

T g i R AR TR g AR R P AR R IE S ¥ R v
VAN I W SAK (R AT WAL I S B4 7 AT e, SR T
fifi e A SR AN, S0 Mk 2 55 2R 32 22
YRR A BT S S AR A ER B0 E o AR50 58
P 2 B T A AT S S AR AL B A3 AT, [ S
o el E T N 17 S 7 N W = A A B SR el [ 2 <
3.2%~ 6% [ SE RGBT, P 95% Sk R iRk
AR G I AT IR A R BRI sl /b, LR 2 Fh
DA R I BRI B B IS () A A B R ALY, B I

REBOR AR SR BB 5 TR
A TAT A

1 #MR57%

1.1 REHR 58
1.1 iXEe#H

AR IG5 PERE St B E b K5 7K A B R A K 5
IV, SKEN 76.4%. (WL ARSI E KACK T8
DERC R KA 95% M5 e s AR5 BT F 1 265 D e
(Xantham Gum-Keltrol T, XGKT) M %, ki ~F
980 H, #PEN 836 kg/m®. i &AM R, 20 Bk L vEHf
PR I3 RO AR A i PR e T L ok, BT
T4 500 r/min (1) FEBEHERESR T BEFE 30 min, FHEAIA
JaB AN 500 mL AEIRHER, 153w W EEH R
XGKT & . KCLR AR Cora) H U8 A
PIERREYE, LiCl ¥R (or#ral) FER SR AR5
FOPAN =il
1.1.2 REMNE

101-3AB B LG A ORI R IR A8 A
FRAT]D 5 SX2-12-10 BYFHA F B CREETT IR
PEBRAF) ; Haake Viscotester 550 B jgih gl it (4
[El Haake A 7)) ; DCY-0506 R fE Al ( FyEoRg21E
SR ZSE R 2y ) 5 Sartrious BS223 S YL 140K
S (f#[H Sartrious 24 7)) ;3 PinAAcle900T Ji 746
SeEE T (3EE PerkinElmer RHE AR -

1.2 REAZXEEEE
1.2.1 REFH*

HIRM GRS, R EREATRAKYE APHA brifEilk
AT E « 95% Fr 7K 2835 e S b 2 J IR AR Tl B A ] 94
i XGKT % (XGKT solution) AR RF % ] Haake
Viscotester 550 Y e i 24T &, K H DCY-0506
TR YL R U R B AR I (25+0.1) CYuREIY, BYDIE
M (0~180) s ibdy, WL NIRRT AW IED

S ECH 19 312 85 D) 2 Y0 T YRR S i A S 501 A
AL o 23 AR I 7R B AR TR 25 7K 28 95% 15 e Fl 15 g/L
KCI-XGKT BT #5340 180 r/min FIIESHHIR &7
RS, BFRE S min BOKFE, REHURE DAL 2 Rtk
LiCl %5 B A (7] A8 A R RO AR ABL P o B 0300 52 TV M
IR KIG IR TR e ik, SR SR B IR I+
ARFIEY (HI/T166-2004) 1 [ HHEFE St Pilsb #EV2RT (it
VSIKALFR] VSR R B6 T7VE) (CI/T221-2005)H 40 56 25 5&
() s TH ) K S P IR G i v
1.2.2 XBEE

R E MRS (B SRA RS RITEH T
MY, RNEBRAARS N 560 cm, HAE 38 cm, i
2 A, MEEAR 12 cm, NN 17 cm, H2X
KRS0 L.

MR b
!

LIGAR!

Bl REXEEETTH

Fig.1 Schematic diagram of mixing experimental apparatus
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1) V50 SATBIES A8 ATV 3 A ik 2 i 75 o
13, 16+ 19 g/L XGKT i H¥# (XGKT solution) 15 95%
KRG PRI T AL T o

2) 15U8 KAV AR TE R S A
FUARE I A BH B 0 8 RV e AR R P 11 55 ) B K
TR, HEmRIRER Nagm kT K. #Cy
VA 2 PR R 2, F KCL U OB Ky i e
7, B 141 15, 16 g/L () XGKT BV, %1455
1 1033.4, 1033.2. 1033.6 kg/m’. %31 KC1 7 XGKT #%f
IR 2 P 15 95% 2 7K 2875 U 1) 26 JE 0T o 2 P A gl 35
WSO S, ARABE R, HFEAIE L
B EEA E RIS UE 2 AR A AR DU AT TR
I EFAEN . AEIER (25 0.1 ) CEE R, I i
HIRIEN 14, 15, 16 g/L ¥ KCl ] XGKT ZE W
(KCI-XGKT solution) A F 7Kk 95%y45 e I AR 4514 o

3) V58 MARIEHOR A EREREG . BEPEim e i m
PR LA, NIRRT v R
Jii 25t . Buswell S500HA k) PRI R B 1 BF U PE I TS
NGEERE 1 he BRI REARE RIS R 10% 4411
VU RAEVH AL RAFIRH U R AL/ (200440) r/min 5
BN ARG IR T, KRRy T SUE G
LiCl [F P& B2 50 mg/Lo
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1.3 StAE
13,1 RUAAMRIE ShABLIE T

H T ARUEREEY 5 R R AR R A S s A, KA
U5 1l N DR R, AR L S R il A S B AL, ]
WMARE A R EE T LA 3 2K ORIERIS LA
TEAR I EL i, @RIEFIAIE SRS H R, ORI
WA R, WA S EE. . B
S o DRI S AR ALt ZE SR AT 55 i A J LA AR ABL . S Bl A
AUFNED 3 AL o A 4l AR AL Ji B 5 A5 750 3 ol 2 5 o £
VA AE RN v A e, R T AT L RO R B S ] g
AR, AE A2 LA LI AT B T, B v v DU R s v A ofe
DU [FII A 2 A, R 2 Frast oA 9 7 v SR v 1 4 o)
FAHSE . AR 5 SR g AN R R Ak AR L ROR 1
SRS 2 PPRARBEBE L RO 1, B 1, BRI 2 Bk
AT FEE 5 P () LU AR A 5, 2 it A (1) 3 i 45 R A IR )
BRI B RS, T IE 22 P20 AU R
AU I SRR A 2 — 3, ARSI .
ARG o SR D R AR M 2R AT R A A
5, A3 M EE R L T A v U R D A ol R A ADLRE
SRIGHFST 2 Phomt s BEIRARDRE RS o 3 i 006 BEASL 3G DA
Ja, FRHTAERIMEATR, SRIGUE 3 B S E0)
Gt E At e 8.
1.3.2 WMAEAE

T SEB T XGKT 32 AT 575 Ve AR AL i, %)
ANFIREE ) XGKT 38 ¥ 1 A v e i i A2 il 26 1k
ATHUE FERT SR o U R 7 AT S0 VE, AR =] 4 A7
JEUCHE, p 2R DTS v R AL ROk R I
XN
S S, 2 f&)r

ol S /A - - (D
> -7

R =

ST ST

1 Sp RIR BT F SpoR S 25~V 7 fl s S, R
BRZE-TT Ry R BME fx) R IR A .

2 FER5SH

2.1 SREAECERIBEES
21,1 T RBANNEIEE E AT

FH L 2 %0, 2 Pt AT 2l i BY 173 6 14 48 o i 9k
JIN, BYYIINY: S B B D) R (R S i g0, R R
PEAEZ R AR, JEH 16 g/L XGKT %K 5 95% 5 7K
RV AR REE B AR AF IR ARABUE: o U 129K B XGKT
TR A H T AT 8 IR AT VB A R P8 £ 8 23
HATAT M . AR A I R A 2 A LS XGKT %
IR B H1 /T ARSI S, AN AR IR A Bl 11

AFVABLHAE U] o
2.1.2 7 RBAMIE R AT A AT

WK 3 frow, KRB, 0 KCl G XGKT 3 1E
S Bg U N R O, IX AT BE A T S R R IR
B NI ) R il T 2 e B OB 1 i R
JFAEF T iR B e R A B Bt SR ik T b A7
Fe 3 TGS 20 (R A8 R P8 AN T sk s 9 e S 18 31 (e

RO AR B AR s AR . W KCL )5, 15 g/L
XGKT 5 95% & KRG RV ARk 00 H FE4F 1

FHAATE -
14 . 135
o 9S%TEKAG p=1034 kgm*
12 Sludge with 95% moisture content 30
“I a o 13gL"XGKT solution p=997 kg:m™ T
L[]
10 o 16 g-L" XGKT solution p=996 kg:m™ 1 s
c;% ° 19 g'L! XGKT solution p=996.7 kg-mz Y %
< a4 =
o8k 7% aaasasBeT L eeeed20 7
g ° A °8g8 2 88 e g
S A, a880 g0ge 83 D — &
50.6- nnggiag DuuDﬂDnu—]S‘r
it aaesansan B
2|, 6388, cooan =
o4l 2a=8%g, {102
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02 (—Dnnzﬁeeeeee 5
L s 4
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Fig.2 Rheological characteristics of XGKT solution and sludge

14 - s g .
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L4 Sludge with 95% moisture content
121 . 14 gL KCI-XGKT solution p=10334kgm? 130
1ola ® o 15gL' KCI-XGKT solution p=1 033.2 kg:m* 25
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& o AnaAAA §
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Fig.3 Rheological characteristics of XGKT solution with KCI and
sludge

AN E MR KCI-XGKT #-5 95% % /KE 508
WARTEREMAHURE S, ¥ 2 PhURARMIAR th 2 v &
O T 1. 3R 1 WA RIKE KC-XGKT T,
15 g/L KCI-XGKT %55 /K2 95%y5 e it i AL v fig
AR, MBI PIE R (0~180) s JEH N AR LI, 2
T4 2Rl AN BT D) 1 g B B 17 3 3 [ gt 2 F) o S AR
5350 R*=0.9953 (B 1 E D « R*=0.8935 (BYYIN T ,
PRI v OARBAYE, DO AR AR BURT 5, 15g/L
KCI-XGKT W RA 95% & K5I A AR ARAZ PERE,
FCHE AR N 7508 & WA i PR e . R, AESK
B U Bl Aok A 5 Wi = AP R AAE B 1 2 U PR 3R AN 1
WA P A B IE, BT DO BRAIE R E R 20 A 1Y)
A RN PGS I, T ST AR AR A 1 7R BRI

% 1 TEHRE KC-XGKT gk 5i5 i Mz astax s
Table 1 Rheological curve correlation of sludge and KCI-XGKT

solution with different concentration

KCI-XGKT R
solution/(g-L") FHEE HhZE Viscosity curve N JJ Hh£E Stress curve
14 0.926 2 0.1549
15 0.9953 0.893 5
16 0.9519 0.567 2
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2.1.3 T RBANNG IR R R AT

Bl 4 b EoKE k) 95%IKi5 e AT 15 g/L KCI-XGKT ¥
T N ERRR B BE TR A I T AR A e M B B A
180 t/min I, HCFE 14 2 FifiAdk rhzR ks ik 15 i 26
FARAS IR LS, BB AU ARy, HkE
FRAE R B, JEE 40min S5 TP K
50 mg/L. o, 2 BhiifAh R BRI IR EEAEHT 10 min 4
HSURITE A 36 mg/L A2 A, IX AT gt T4 KRR i
TR GRARRE B4 22 R VAR BT 3. 1369 15 ¢/L KCI-XGKT
WIBRANEA 95% S /K5 RARBIN AL VERE, ¥
TARIZ B PSR AR U], i EL 9 A S B i s S
IR EEARE o

- W
(= (=
T T

.
.
o
.
°

IR
=

Tracer concentration/(mg-L")

© 95% 15 KA
Sludge with 95% moisture content

N
1
S

T

p=1034 kg'm?

1ok o 15 g-L'' KCI-XGKT solution
p=1033.2 kg'm?

0

10 20 30 40 30 60
WA [ Mixing time/min
B 4 KCI-XGKT &35 75 JumA o 7 32 ) AR R 7] 240 oL
Fig.4 Variation of tracer concentration with time in KCI-XGKT
solution and sludge

2.2 WMRASEERMES
T ER T F0 A 15 g/L KCI-XGKT Wi N
95% 5 7K H&35 e A AFABLVE T E 93 75 e DR 48 Ak 3 A o Je
N 2% I sh R E H AT rTAT . AR, 2 MR sl
HoEm B BEN ERE T EIATIR .. BT A K%
YR ERREYE (B, S I 45 T A R R A
SRR MIERS AT, X Y 53 0R w756 KCI-XGKT %
W E S BB, n=4, ny=3 0k 2 AFE
AHARAN . BT Xy Y IR IEZS 23 A Ay Z2 R 1,
H min{n;,n,}<30, 0N H XM ¢ K5 K X 75 e
KCI-XGKT & ER S A0 S5 R AT S0 U, 7EAH
) (R0 2 A T o) i o SR 2 et SHe i e A R 2
SR BB R B AE— AN T B2 S LN o 2 MREA TS 22
KAMHAARFE T, Tt AR y:
T:%~t(nl+n2—2) (2)

Sy |—+—
nl n2

X S, o0 2 MEARBER NG I T 2.

M (2 PTG, WA 2 MEARIIE %
SN, AERN, PG 2 ANFEARTEE AL B3 2%
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IG5 a0, 2 PRl R S 5 . S 52k
AFABL, - I ES I s A2 /I REASTUN ¢ Aor g 245K, mr i ad ek
S PRSI 30— 20 3 AT R o L v LUK PR 286 5 DA AR 3
ARZELRUN ¢ KGR o DA BN AR S
BN ¢ ARG A o (ERFMEACT 0=0.05 [1I4cAF

T, t,=-0.1113. £=0.162 2 ¥{7E+2.570 6 Ju PN, Bil
2 PR AR R . 2 R R H e T W S S, BR
JE4 15 g/L KCI-XGKT %5 95% % /K75 e My s 1t
S8 (B %D LREFEMEZES . NEERg M1
UERH T HAS TR Rk, B 15 g/L KCI-XGKT i
h95% 5 KT e AL W LA il AT

3 & it

1) AR SRR AR L) B 55 A AR e Bty 20 o 1 7 U
R DUDRN Bl v A AE U MBS EUERH T 15 g/L KCI-XGKT %
WAEA 95% 7K Z 5 YA UK rT ATk, SR 5l i it
R G 7R BRI IR B A T AT IR, R T — R
RIS AT T

2) WIFTRBL 16 g/L XGKT %5 95% & KK i5 e
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TUARREYE, SR AL A ARG 280 e v iR 110 2% A
ANTHBRES R B S, AN 2 R AR IS B (AR AL ) o

3) N KCL G, BYYIERAE (0~180) s Yo [ P I,
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kg 2E 5 R?=0.9953 (5 1%6%) . R>=0.893 5
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AR AR T B o

4 BETFNEREMEEED>IERMH, 15gL
KCI-XGKT AN EA 95% S /K951 AL iR A8 1k
e TR ERITARIE S IARALAEN], 17 LI R R A
5. K, 15 g/L KCI-XGKT %8 AT LAE A4 Y8 1935 W]
ARG, AR AN AT V5 U IR AT A i 2 1) T RAG I 9
PRl

5) MG ZHE . RVAS PR i 2,
FTLUUAR R I F0 2% B 2 21 2 I 1 sg e, i HLs Je 5 v
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TFTAE, I3 SR A LA AT CFD 36 UF i 7% o ik
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Analysis on xanthan gum solution to simulate flow performance of
digestion sludge

Cao Xiugin, Yuan Haiguang, Zhao Zhendong, Ding Hao
(Key Laboratory of Urban Storm Water System and Water Environment, Ministry of Education, Beijing University of Civil Engineering and
Architecture, Beijing 100044, China)

Abstract: Anaerobic digestion is a kind of sludge stabilization technology widely used at home and abroad. As an opaque
non-Newtonian fluid, it is difficult to obtain the sludge flow characteristics in the digester exactly. Hence, it is necessary to
find a sort of transparent fluid to replace it. To ensure the reliability of flow characteristics obtained from transparent analog
fluid, it is indispensable to verify the flow similarity with main physical property of the fluid. The feasibility of xanthan gum
transparent solution as a similarity solution of digestion sludge was analyzed according to the rheological property and density,
respectively, based on the similarity criteria of fluid flow. Under the premise of satisfying the geometric similarity, the
Reynolds criterion and the Froude criterion should be met simultaneously, that is, the Reynolds number and the Froude number
of 2 kinds of fluids should be equal. The rheological parameter and density of 95% water content digestion sludge and xanthan
gum solution at different concentrations were measured by rotating viscometer and gravimetric method severally. The
rheological curve of 2 kinds of fluids was tested for a goodness-of-fit, and curve regression effect was characterized by the
determination coefficient R* on the principle of regression analysis. First, the xanthan gum solution of 13, 16, and 19 g/L was
prepared. It was found that the rheological curves of the 16 g/L xanthan gum solution were similar to those of digestion sludge,
and both of them were pseudo plastic non-Newtonian fluid, indicating that this xanthan gum solution could replace the sludge
as a similarity solution. But, the xanthan gum solution’s density was smaller than that of the target fluid in this recipe, which
did not conform to the fluid flow similarity criteria. So, for adjusting the density disparity, xanthan gum solution of 14, 15, and
16 g/L was made by using KCl solution as the solvent instead of aqueous solution. Because of the fact that the salt screens the
electrostatic repulsions of the trisaccharide side chains, the adoption of a helical backbone conformation is allowed, which in
turn promotes the increased association of the ordered xanthan molecules in solution. With the addition of KCl, the rheological
curves of 15 g/L xanthan gum solution were in reasonable agreement with those of digestion sludge, which were also typical
pseudo-plastic non-Newtonian fluid. The determination coefficients of rheological curve of 2 kinds of fluids were R*=0.995 3
(viscosity curve) and R’=0.893 5 (shear stress curve), separately, showing the highest similarity. Tracing test of mixing
performance displayed that tracer concentrations at the outlet in these 2 kinds of fluids had the same tendency with the change
of time. The result of Welch’s #-test demonstrated that there was no significant difference in the rheological parameter and
density of the 2 kinds of fluids at the significant level of 0.05. Given above logical analysis, it should be pointed out that
xanthan gum transparent solution used as a similarity solution of digestion sludge is acceptable, which can be used as a basis
method for the flow visualization in the anaerobic digester. Generally, future work should focus on applying transparent
similarity solution to validate computational fluid dynamics simulation from the perspective of reducing energy consumption
and improving biogas yield.

Keywords: sludges; fluids; digestion; xanthan gum solution; similarity solution; tracer experiment; Welch’s #-test
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