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Effect of turbulence generator diameter ratio on fluid
viscosity in shear chamber
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tute of Wenzhou Pump & Value, Lanzhou University of Technology, Wenzhou, Zhejiang 325105, China; 3.College of Environmental
and Chemical Engineering, Chongqing Three Gorges University, Chongqing 404000, China)

Abstract; To find out influences of turbulence generator diameter ratio on pulp viscosity in a shear
chamber, a new design method was proposed for the turbulence generator. Five turbulence generators
with different diameter ratios, namely 0.5, 0.6, 0.7, 0.8 and 0.9 were designed. Then the viscosity
distribution in the shear chamber with these generators was analyzed in terms of the mean and standard
deviation of the viscosity based on CFD numerical simulations when the sanitary pulp with 12.5% con-
sistency was used as pumped medium. It turned out that the whole value of fluid viscosity in the shear
chamber decreased gradually as the diameter ratio raised from 0.5 to 0.9, and the viscosity distribution

in the chamber was the most uniform when the diameter ratio was 0.7. In different axial cross-sections
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in the chamber, it was found that with increasing diameter ratio a phenomenon where the fluid with

high viscosity was separated from the fluid with low viscosity that occurred at the inlet to the chamber,

and the fluid viscosity at the outlet to the chamber decreased gradually. In the same section, the fluid

viscosity varied regularly in the radius direction, and there was a minimum viscosity at the tip of the

turbulence generator. As the diameter ratio was increased, the minimum viscosity was lower gradually,

and its position moved along the increasing radius direction.

Key words: turbulence generator;medium consistency pulp ; diameter ratio ; heschel —bulkley fluid model ;

viscosity
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Fig.1 Geometric dimensions of turbulence generator
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Fig.5 Mesh of fluid domain of turbulence generator
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Fig.12 Radial distribution of viscosity on four radial lines at three axial positions in shear chamber for five diameter ratios

T Z=30 150 mm % i) 8 1f P, 26 B AR s A
T R AR /N2 A2 A B A, 2k ) 38 7 A7 78
(B, FFB W AR B KOy M B . L1 A e i
AMELR, XTI BT E(EZY Ry 50 Pa - s, S BEAR LA 3
KW AR 3G K5 1) 8% 3, 3 106 B it ] 6 6
JER /MBI B 512 A CAE Z=T70 mm B ] 17
PO, L1 AR 2R O PRl Bt A LG AT K, L2, L3, LA

bRV A A B, (R [R] — AR Ak, B B
FRLE IR I8/ ), X 2 W Bl A U3 O, AR IX
SR Wi~ A R ) K A TR AE BT YA DA
B ]2 A DX Y B X A L A 728 A B Ol R,
FEIT B A 1 A B Al 1 AR L A AR R R A A
FERZMAROR , ELRfAR BC 3 R Ik /0, it 30 28 4
1P S 0F I AR P i U P PSR DR B it O A 2 e




NER,F FRRERBUENHYERREBFENZ

MR AL IR, R 2 280t ol S
L, 45 B4 200k R A 14 9 D) e AR A

5 &

1) $RH AR RE SO, IEBE T i it A AL e A S
OSSR ] b B BRUCC. R A H 1 Y i 7
YD) A N R R AR B R ZEAR B 0.7 I, T
UIENSE - S il o S Eal]

2) fEARLLHT 0.5 YK 0.9 it B, 3y ) &
A oy B AR R BE o A AN ST BLGR, e B G LA
A R I A A e S BN AR o EAT AL
BRI A LR f A9 BT DI PR RE.

3) HRTE PR B BE AR T ) AR A
HAE AL A A g TR S A7 6 o AR /ML, A2 EE 3
Ry R, HAEZ W/, HL 43 K07 1 2
B X i A AR A B B LR Bt T 2%

52 3Lk ( References)

[ 1] ZRmEs. 28480 i N I 2 2%z 3 e 4RI AR i i &
AERWFFEL D] BUM TR, 2015.

[2] mHER, 240, B mn ke b G KF mG

BERE 1], RN TR 24, 2017, 35(11) .
947-953.
YE Daoxing, LI Hong, LAl Xide. Experiment on cen-
tripetal motion of air bubble in turbulence generator.[ J].
Journal of drainage and irrigation machinery enginee-
ring, 2017, 35(11); 947-953.(in Chinese)

[ 3] 22, BT, Wl A vl TR U A R P P B B A

LT AT R A2 4l (A AR BRhL) , 2016,37(2)
147-154.
LI Hong, XUE Zhikuan, YE Daoxing. Numerical simula-
tion of rtheological properties of medium consistency pulp
[J].Journal of Jiangsu University ( natural science edi-
tion) ,2016,37(2) :147-154.(in Chinese)

[ 4] WRER, 2L ETE, 5 h kg s T a5
WHFE [T ] MU LR 24, 2016,52(22) - 178-185.
YE Daoxing, LI Hong, XUE Zhikuan, et al. Experi-
mental study on operation performance of medium con-
sistency pump [ J]. Journal of mechanical engineering,
2016, 52(22) ; 178-185.(in Chinese)

[5] MR, BEE, L0 IR T IR A 4RI A M 4 4

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

S BT Sl s [ 1] #Be 8 ) #2018, 33
(7) :44-48.

YE Daoxing, LAI Xide, LI Hong. Design and test of
venting hole parameters of pulp pump impeller based on
orthogonal test [ J]. Journal of engineering for thermal
energy and power, 2018,33(7) :44-48.(in Chinese)
PR R ARIR A PO IR i I R AR AR A R B
[J]. PAE4RE,2016,37(16) ;14-20.

LI Zhi, LI Jun,XU Jun, et al.The structure design on tur-
bulence generator of medium consistency pumps [ J].
China pulp & paper industry,2016,37(16) :14-20.(in
Chinese)

ik, tREAE, SR, 55 PR B e o
i A Az s i BETE S AR RE M LT ] R AR AR,
2017, 38(24) :60-63.

LI Ruirui, XU Guohua, FAN Leijia, et al. The design
of helical blade
generator for medium consistency pumps[ J ].China pulp
& paper industry, 2017, 38(24) :60—63.(in Chinese)
KUMAR P S, AMIRLAL S. Peristaltic transport of Her-

schel—Bulkley fluids in tubes of variable cross section

and performance test turbulence

induced by dilating peristaltic waves: application to sli-
ding hiatus hernial J]. International journal of dynamics
and control, 2019, 7.407-418.

HUGO B D V, YANG J Q. On the energy equality for
solutions to Newtonian and non-Newtonian fluids [ J].
Nonlinear analysis, 2019, 185,:388-402.

LI Wenguang. Effects of viscosity on turbine mode per-
formance and flow of a low specific speed centrifugal
pump[ J]. Applied mathematical modelling, 2016, 40
(2):904-926.

W AL i U A A e PN TR U 2l B b ik 4R R R BT
FELD . BRI VLR, 2015,

YE D X, LAl X D, LI H. PIV measurement and study
on turbulence generator flow field of medium consistency
pump [ J]. IOP conference series: earth and environ-
mental science,2018,163(1) :1-10.

ROUHOLLAH T, AHMAD N S. The effect of viscosity
on performance of a low specific speed centrifugal pump
[ J]. International journal of rotating machinery, 2016
(8):1-9.

(TG £ Em)

s



