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Visualization and Numerical Simulation of Hydrodynamic Cavitation
in Multi-hole Orifice Plate
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Abstract; The multi-hole orifice plate is a simple hydrodynamic device which can be used for
intensification of liquid-liquid heterogeneous micromixing for preparing biodiesel or emulsified diesel.
A flow visualization experiment system with transparent hydrodynamic cavitation reactor was set up to
investigate the cavitation in the orifice plate and the outlet of the orifice plate. The effects of upstream
pressure and cavitation number on the change of hydrodynamic cavitation were investigated. As the
cavitation in orifice plates is transient, the numerical simulation was combined to give a more detailed
flow insight and predict the cavitation inception and development. SST and LES models were used to
simulate the cavitating flow in orifice plates. The experimental results showed that with the increase of
upstream pressure the cavitation incepted in the orifice plate, and the discharge coefficient increased at
first. In the next stage, cavitation extended to the outlet of the testing orifice plate with the decrease of
discharge coefficient which was caused by cavitation choking flow. Also from the experimental images, it
was concluded that some cavity bubbles merged into large-scale bubbles and existed in the downstream
region of the orifice plate which seemed to cause the choking flow. Compared the numerical simulation
results with the experimental results measured by high speed camera, it was found that SST model can
predict the average length of cavitation but it can hardly simulate the transient cavitating flow. LES model
can well predict the cloud cavitation and the re-entrant jet which is central to the process of cloud
cavitation shedding. The results also showed that with the development and collapse of cloud cavitation,
the length of cavity changed periodically. In addition, the detatils of the re-entrant jet were shown in LES
simulation.
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Fig. 1 Schematic of experiment apparatus
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Fig.2 Schematic of visualization region
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Tab.1 Main operating parameters
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Fig.5 Discharge coefficient and cavitation

number under different upstream pressures
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Fig.6  Comparison of experiment and numerical

simulation about shedding of cloud cavitation
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Tab.2 Visualized experiment and numerical simulation cavitation region

Fig.7 Re-entrant jet in near wall

B R A I, FBOF Wl A7 K e R I -

(1) K% £ iy

He 71t i, U k4

N I o e

L%

ANWER BEIFIT I 7 A s A, AR S A8 €L 1,12
A €, 0,712, i i R B E 25 WA A —
BT R RS B LR S N R, T LLg
B a A K AR DU R I B AR B, I R RS Al e S
A Z I8 Fe K A AL ROCR T .

(2) SST A 4LLRE T - 4 25 A 1, 5 36 P ¢
RAFE BT A A DX Hy FL AR L A 25 10 I 7% R i
IR e s DX i o

(3) LES b 155 $U0 fiie 5T g by 150 0 1k 1 2 Ak i 30
Rk BE S MR S 25 W 0 7% 1 O, 3X 2 ol T RE TR
Wl 5 B0 A = 1 A2 T B A Wi 7% o




%2 1 R AF . Z LUK T 2= A TT AR AR 5 R A 401

13

14

16

18

19

& % x Wt

Gogate P R. Cavitation; an auxiliary technique in wastewater treatment schemes [ J]. Advances in Environmental Research,2002,
6(3) :335 -358.
FEHE, IR KRB IR [T]. HR R, 2005,21(12) : 150 - 151.
Wang Huiming, Sun Sanxiang. Research advances of hydrodynamic cavitation [ J]. Gansu Science and Technology, 2005,21(12) .
150 —151. (in Chinese)
Saharan V K, Pandit A B, Satish Kumar P S, et al. Hydrodynamic cavitation as an advanced oxidation technique for the
degradation of Acid Red 88 dye [J]. Industrial & Engineering Chemistry Research, 2012,51(4): 1981 - 1989.
Pradhan A A, Gogate P R. Removal of p-nitrophenol using hydrodynamic cavitation and Fenton chemistry at pilotscale operation
[J]. Chemical Engineering Journal, 2010, 156(1): 77 - 82.
Maynes D, Holt G J, Blotter J. Cavitation inception and head loss due to liquid flow through perforated plates of varying thickness
[J]. ASME Journal of Fluids Engineering, 2013,135(3) ;031302 - 031302 - 11.
Patil P N, Gogate P R. Degradation of methyl parathion using hydrodynamic cavitation: effect of operating parameters and
intensification using additives [ J]. Separation and Purification Technology, 2012,95:172 - 179.
Fratino U, Pagano A, Malavasi S, et al. Pressure drop and recovery across sharp-edged multi-hole orifices[ C] // Proceedings of
the 2nd IAHR Europe Conference, 2012.
BRI, JrTEAL B ZFLHK I 25 A0 SR g IR IR W 98 S ACE AL (D], BudH . L ol k2% ,2012.
Yang Yonggang. Experiment stduy and numerical simulation of hydrodynamic cavitation reactor with multi-square-hole orifice plates
[D]. Hangzhou:Zhejiang University of Technology, 2012. (in Chinese)
Bk, FEE 5 BRI, 4. B AL 2 ALK 1 S A SRR T 2E BE T [ C /56 HE A E K J1 2% 5K R B R aw
SCHE, 2011, 406 —411.
Yang Yonggang, Dong Zhiyong, Chen Qiqi, et al. Preliminary study of hydrodynamic cavitation reactor with multi-square-hole
orifice plates [ C] //5th Progress of Hydraulics and Water Conservancy Information, 2011:406 —411. (in Chinese)
WA, TIETL, 2. ZALFLRK ) 2 0 E i B 0 R T ST [T]. B THLAK, 2010, 28(1) : 17 -22.
Yu Dongmei, Lu Xiaojiang, Li Jing. Research on resistance characteristics of multi-hole orifice plate in hydraulic cavitation [ J].
Light Industry Machinery, 2010, 28(1): 17 =22. (in Chinese)
Gogate P R,Pandit A B. Hydrodynamic cavitations reactors: a state of the art review [ J]. Divisions of Chemical Engineering,
2001,17(1) :1 -85.
R BRI, MY, SF L R I DA AT R AR BT T [T ] Al LR A 31 ,2014,45(1) 2321 - 327.
Yuan S H, Yin C B, Ye Y, et al. Studies on the throttling performance of non-circumferential throttling port[ J]. Transactions of
the Chinese Society for Agricultural Machinery,2014 ,45(1) . 321 —=327. (in Chinese)
B, LRI XN SE . W IR R R AR (D], R HUBA 4R ,2009,40( 1) ¢ 198 -202.
Ji Hong, Wang Dongsheng, Liu Xiaoping, et al. Flow control characteristic of the orifice in spool valve with notches [ J].
Transactions of the Chinese Society for Agricultural Machinery,2009,40(1) : 198 —202. (in Chinese)
TULAL, 5k RO, 4. ZALALBR TR B [J]. RERA%4M, 2014, 47(1) : 61 - 66.
Yu Hongshi, Zhang Tao, Zhao Shanshan, et al. Simulation of the flow field of multi-hole orifice flow meter [ J]. Journal of
Tianjin University, 2014, 47(1) . 61 =66. (in Chinese)
BEMG, R, KL, % BRSO R TR RE R I RO E S SRR T [T AR AR AR, 2009,30(6) ¢
1195 - 1201.
Li Yanmei, Xu Ying, Zhang Liwei, et al. Simulation and experiment investigation on effect of upstream pipe single elbow on the
performance characteristics of V-cone flowmeters [ J]. Chinese Journal of Scientific Instrument, 2009,30(6) : 1195 —=1201. (in
Chinese)
FRUIE , XIS PV, JET CFD A998 T 1) A B 42 B B BB A A [T ] AR E K K FL 2 g =% 4k ,2008 , 29(2) = 56 - 58.
Zheng Shujuan,Liu Kaian,Sun Xueli. Numerical simulation of the flow field inside the hydraulic poppet valve based on CFD [J].
Journal of North China Institute of Water Conservancy and Hydroelectric Power,2008,29(2) ;: 56 —58. (in Chinese)
Chen Y, Lu C, Wu L. Modelling and computation of unsteady turbulent cavitation flows[ J]. J Hydrodyn Ser B, 2006, 18:559 —
566.
Nouri N M, Mirsaeedi S M H, Moghimi M. Large eddy simulation of natural cavitating flows in venturi-type sections[ J]. J.
Mech. Eng. Sci., 2011,225.369 -381.
Goncalves E. Numerical study of unsteady turbulent cavitating flows[ J]. Eur. J. Mech. B Fluid, 2011,30:26 - 40.


http://dx.doi.org/10.6041/j.issn.1000-1298.2014.01.049
http://www.j-csam.org/jcsam/ch/reader/view_abstract.aspx?flag=1&file_no=090142&journal_id=jcsam

