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Fig. 1 Structure of disc centrifuge
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Fig. 3 Relationship between non-dimensional velocity and y/x
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Fig. 4 Relationship between boundary layer thickness and x!/?



F4M A 7

R LR v B 7 A2 8 AR b R R AR 153

6 4 &

EHE T TT i — I BN T S T A B
A BT S SE N R T 8 02 R G S OB 1Y
T A LA S JLAT 23 B 9 AT Gl Jes P 2 SR gk AR e M Bk
377 i CEHD) 3 A 1) e B0 o R T R e 2
Lie X FKJGBR /N A2 0 B PR R, A SCis £
SRR M LSRN T B RO HLAR R R R I 4
NRZIT R AZYE B T RGR 2 4 Lie X
FRAZ BOCAT 1 AN A o K5 1A~ AN 722 ik P 21 340 3¢
JE B E MR R A . Al LA R R R
5 TR T3 R RN gk kT AU R 2l g 2 o
fifk TR L LA Y03 38 23 A M 30 B2 DR B 1 A2 AR L
. EEEEA . (D RO LR A 18] B ik
G IR R A AE AL AR TR R E 6 5 M AR
FERC " JLPIRIE G 25 (2) il i o
T YRRV R W R T S R LU 2 B & Y DA R
0. BV B A B S I B s R TRz B R A 4
RIS o A SCT5 1 ] Bk — A0 4 ) 3 4% 28 B0 AL
A I A URL Y 22 AR 3 T s A

£ % 3k (References) :

(1] R&H. 5 BIREEE[M] LT . AP T L BIR
#£,2008. (YUAN Hui-xin. Separation Process and
Equipment [ M ]. Beijing: Chemical Industry Press,
2008. (in Chinese))

[2] &K R BEXSBENEIAALHARL[D] 2L
X %, 2009. (ZHANG Zong. A Type Separate the
Machine Turns the Drum Inside Flow the Field of Re-
search [DJ. Lanzhou University of Technology,2009.
(in Chinese))

[3] Bednarski S. Constructional details of packed settling
tanks and their effect on separation efficiency[]J].
Chemical Abstracts,1995,1:35-38.

[4] Zink A,Piesche M, Trautmann P,et al. Numerical and
experimental investigations of a disc stack centrifuge
used as an oil mist separator for automotive applica-
tions[ A]. SAE World Congress[ C]. 2004.

[5] Chlup P H,Bernard D, Stewart G G. Disc stack cen-
trifuge operating parameters and their impact on yeast
physiologylJ]. Journal of the Institute of Brewing.,
2008,114(1) :45-61.

(6] REE.ZHZ.F £ AFHS BHAFRS LM
B 5 B & o] Rk 453k, 2011,27
(8):163-168. (ZHAO Zhi-guo, SHI Bo-qiang, LI

Yan. Separation efficiency analysis and numerical si-

[7]

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[16]

mulation of lubricant separator inner flow field [J].
Transactions of the Chinese Society of Agricultural
Engineering,2011,27(8) :163-168. (in Chinese))
Zhao Z G. The influence of structural changes on the
interior flow field’s characteristics of disc separator
[J]. Procedia Engineering»2011,15:5051-5055.
R EA IR AT VR, BE A X B S AR B 09 HE
AL A T3, 2014,33(6):1403-1407. (YUAN
Hui-xin, HOU Xin-rui, FU Shuang-cheng. Numerical
simulation of the flow in a disc centrifuge[J]. Chemi-
cal Industry and Engineering Progress,2014,33(6) :
1403-1407. (in Chinese))

Wang Y M, Forssberg Eric,Li J X, et al. Continuous
ultra-fine classification in a disc-stack nozzle centri-
fuge—Effects of G-forces and disc geometry[ J]. Chi
na Particuology»2003,1(2) :70-75.

I3 A.H K EXSELACRAKGL
A1) 9k 5 5 %, 2013,23(2):22-25. (WANG
Hong-qi. LI Bang, LAl Dong. The simulation analysis
of disc separator centripetal pump[J]. Journal of
Filtration & Separation,2013,23(2) :22-25. (in Chi-
nese))

Nail H L #5725 % FHRRAAM]. F ..
T HEFHF B AAE,2013. (Nail H L Dif ferential
Equations and Problems of Mathematical Physics
[M]. LU Qi, translated. Beijing: Higher Education
Press,2013. (in Chinese))

Bluman G W, Anco S C. # 4% 7 #2 ¢4 st 4Rtk 5 4% o 7
ELM. B#/ T, %, J A5 B RAE, 2009, (Bluman
G W, Anco S C. Symmetry and Integral Method of
Dif ferential Equations| M]. YAN Zhen-ya, transla-
ted. Beijing: Science Press,2009. (in Chinese))

KF SRR AR RLF b SRR 2K &S A
wR A s B[] B FIR (B W), 2019,
35(2).:275-282. (ZHANG Yu-heng. YUAN Hui-xin,
FU Shuang-cheng. et al. Flow field and separation
performance of disc centrifuge for oil dewatering[ J].
Acta Petrolei Sinica ( Petroleum Processing Sec-
tion) ,2019,35(2) :275-282. (in Chinese))

Klemp J B, Acrivos A. A moving-wall boundary layer
with reverse flow[J]. Jowrnal of Fluid Mechanics.,
1976,76(2) :363-381.

Velan M S, Lakshmanan M. Lie symmetries and in-
variant solutions of the shallow-water equation[]].
International Journal of Non-Linear Mechanics, 1996,
31(3):339-344.

RIEE.ARREHRRARXNB S, BN THRKS N EF
[J]. /5 # R ,1965,6(6):277-280. (ZHANG Qian-
sheng. Hydrodynamics of fluid in disc centrifuge [J].



454 it &5 4 % % # %39%

Chemical world,1965,6(6) :277-280. (in Chinese)) with heat absorption/generation and suction/blo-

[17] Hamad M A A. Ferdows M. Similarity solution of wing: A Lie group analysis[J]. Communications in
boundary layer stagnation-point flow towards a heat- Nonlinear Science and Numerical Simulation,2012,
ed porous stretching sheet saturated with a nanofluid 17(1) :132-140.

The symmetries and invariant solutions for laminar

boundary layer of disc centrifuge

ZHENG Ming-liang
(School of Electrical and Mechanical Engineering, Taihu University of Wuxi, Wuxi 214064, China)

Abstract:In order to use the boundary layer theory to design the disc profile of a disc centrifuge firstly,
the solid-liquid two-phase interface flow in the shallow layer of the disc centrifuge is considered,in this
paper,and the two-dimensional laminar boundary layer equations of oblique narrow flow in disc gap are
obtained from the basic N-S equations of hydrodynamics. Secondly, by using the Lie group analytical
method, the admissible infinitesimal symmetries and invariant solutions of the partial differential
equations are derived. More importantly, their analytical expressions and properties are discussed in
detail. It is found that the thickness of the laminar boundary layer is closely related to the structure of
the disc and the physical properties of the fluid,such as the disc size,disc spacing,the rotating speed and
the viscosity coefficient. The content of this paper provides an effective way for the accurate analytical
solution of boundary layers considering the boundary and initial conditions, and also provides a

verification for various numerical algorithms of boundary layer separation control models.

Key words: disc centrifuge;laminar boundary layer;symmetries;Invariant solution;thickness
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