International Journal of Fluid Dynamics Ji{43h /72, 2015, 3(3), 19-27 Hans X
Published Online September 2015 in Hans. http://www.hanspub.org/journal/ijfd
http://dx.doi.org/10.12677/ijfd.2015.33003

The Behavior of Fluid Dynamics during
Particles Coating in Impinging Stream

Wei Wei, Fengxia Liu, Xiaofei Xu, Xiaojuan Wang, Yin Wang, Zhiyi Li, Zhijun Liu

Design Institute of Fluid and Powder Engineering Research, Dalian University of Technology, Dalian Liaoning
Email: hjweiwei@dlut.edu.cn, liuzi@dlut.edu.cn

Received: Aug. 22", 2015; accepted: Sep. 8", 2015; published: Sep. 15", 2015

Copyright © 2015 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

This work establishes the motion model for the particles in the gas-solid impact flow, to study the
strengthening mechanism of the flow transfer in the impinging fluid. The particles’ residence time
and particles through length are simulated. Three conditions including the condition of single par-
ticle from single nozzle (SP), particles group from single nozzle (SPG) and particles group from
double nozzles (DPG) are chosen in this study. Also, the pressure and the temperature before ex-
pansion as well as the distance between two opposite nozzles exits are defined as the different ini-
tial conditions. The changing tendencies for the particles’ residence time and particle through
length of the particle are obtained. In addition, the Particle Image Velocimetry is used to describe
the characteristic of the supercritical gas-solid impact flow.
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Figure 1. Geometric model
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Figure 3. Change of host particle residence time with p
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Figure 4. Change of host particle through length with p
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Figure 5. Change of host particle residence time with T
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Figure 6. Change of host particle through length with 7
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Figure 7. Change of host particle residence time with L
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Figure 8. Change of host particle through length with L
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Figure 9. Host particle motion trajectories profile
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Figure 10. Flow chart of supercritical coating process
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B 1. REERERZS T4 ER B 53 Lk

EIPRA T Bl e R LA A 2o b AT, i1l P AT SRR, W H AR R BRK Bl il e
oy 3 B @O WEMEH DB MBI LTI @ KRB ZBRRLIS S (RS N R, T
B LR ZE AN, ) i b B, 1B RURE th TR J ol DR B Rl OREH R ORI R B, S i A N
BTG UE TR R RRLE S P K IEPE . 5 SPG WMBIRSHILL DPG IR AIIRA i i3 L
K, BORE A FELL SPG RANIRAS TS 27.3%, X 5H45 5 DPG 15 B Al i K 45 RAH & .

5. &t

AT, 15H LU 458

1) JSURL R 45 BRI ] 595 N BE 25 B I K 17 e 70 S B AR AL, T AN B2 R TR B2 PR sl o PG H 1
(1] L o JORSE P 457 B BF ] 5 93 N BE RS AG — 58 ARSI, TR )5 B T [ P 85 11 T B R B K B K, BN
SPE I P I LS 10 D) B 1 3 K T 98/

2) B XS B M S A B — UL (SP) RIS I I S UK B (SPG) LA S XU W W5 45 UKL (DPG) = Fhifi 1)
RS LERF 7RI, DPG MsIRA T LA KRR e R s ], 5 SP sk, BRI
SRR K T 55%~67%, 5 SPG RS LI K T 43%~54%.

3) i PIV MEAAS H, BEIG FAA S - [P A S i g X R A, DPG W3R T 1
BPELL SPG IR R, SR FEEE L SPG MR F IS 27.3%. [FE, E 7RG R R IE
k.

EHEUmHE

2K B 2R B #3410 H (10802020).

SEV#EL (References)

(1] 2R, 24, FEW, B5k (2007) Pk REAR. b5 Tl it db5.

[2] Xie, Y.T., Zheng, X.B., Huang, L.P., et al. (2012) Influence of hierarchical hybrid micro/nano-structured surface on
biological performance of titanium coating. Journal of Materials Science, 47, 1411-1417.
http://dx.doi.org/10.1007/s10853-011-5921-x

[3] R, Brdz, F (2001) BURFMEAR LN, 5 Tk, dbst.
[4] ZRYAHE, BRIE (2011) EEFE IR TORTIUR JE R ) 26 K S I Fet fe. B /C/EL, 2, 17-20.
[5] Rama, D., Shami, T.C. and Bhasker Rao, K.U. (2009) Microencapsulation technology and applications. Defence

Science Journal, 59, 82-95.



http://dx.doi.org/10.1007/s10853-011-5921-x

Bk &%

(6]
(7]
(8]
(9]
[10]

[14]

[15]
[16]

[17]

(18]
[19]

[20]
[21]
[22]
[23]
[24]

[25]

[26]

W, WHR (2012) MRS RIS, G807, 2, 1-5.

JASCH, T, R (2012) GUKIRTEAE R M TSR, B4 LW FHE 2, 427-429.

HR, BT, W (2011) WURZERRTE AW b o) S T Fodk g . s 5% 7, 10, 108-110.
WA, AT (2010) LR, BB E S T RIOGIKR . # G4 4 TSR FR, 21, 3939-3942.

Varona, S., Rojo, S.R., Martin, A., Cocero, M.J., Serra, A.T., Crespo, T. and Duarte, C.M.M. (2013) Antimicrobial ac-
tivity of lavandin essential oil formulations against three pathogenic food-borne bacteria. Industrial Crops and Prod-
ucts, 42, 243-250. http://dx.doi.org/10.1016/j.indcrop.2012.05.020

Elperin, I.T. (1961) Heat and mass transfer in opposing currents. Journal of Engineering Physics, 6, 62-68.

Tamir, A (1999) Impinging-stream reactor-fundamentals and application. Chemical Industry Press, Beijing.

Tamir, A. and Kitron, A. (1987) Applications of impinging streams in chemical engineering process: Review. Chemi-
cal Engineering Communications, 50, 241-330. http://dx.doi.org/10.1080/00986448708911828

Hosseinalipour, S.M. and Mujumdar, A.S. (1995) Superheated steam drying of a single particle in an impinging stream
dryer. Drying Technology, 13, 1279-1303. http://dx.doi.org/10.1080/07373939508917022

it (2005) fEdvift—R B PR B, Ao ol o, dbst.
PINED, BB =, FEAE, FSHEEE (2005) A - W TR IR O 5 B I (8] A B SRIG DN RE . AL L AR, 2,
158-161.

Koched, A., Pavageau, M. and Aloui, F. (2011) Experimental investigations of transfer phenomena in a confined plane
turbulent impinging water jet. Journal of Fluids Engineering, 133, 1-13. http://dx.doi.org/10.1115/1.4004090

P, PVEN, XiEE, THIE (2009) PIMTYE B TRAR FSHRRAIRHIE. 72 157%, 10, 2453-2459.

Chen, H.J., Moshfegh, B. and Cehlin, M. (2012) Numerical investigation of the flow behavior of an isothermal im-
pinging jet in a room. Building and Environment, 49, 154-166. http://dx.doi.org/10.1016/j.buildenv.2011.09.027

ZESL, TR, WIRHRE, A 2014) S PIARX BN S SR T, L EEREE IR, 11, 2210-2215.
&L RIS (2013) AN PR AR o U P 0N 8 sh AR I SEIR B 9. #pES) 77 T FE, 6, 611-615.

Tuerk, M. and Bolten, D. (2010) Formation of submicron poorly water-soluble drugs by rapid expansion of supercriti-
cal solution (RESS): Results for naproxen. Journal of Supercritical Fluids, 55, 778-785.
http://dx.doi.org/10.1016/j.supflu.2010.09.023

Hezave, A.Z. and Esmaeilzadeh, F. (2011) The effects of RESS parameters on the diclofenac particle size. Advanced
Powder Technology, 22, 587-595. http://dx.doi.org/10.1016/j.apt.2010.08.010

B, FEX, RE, NEZE, W (2012) @GR TR G S MR T Z. ZEEH#L 18, 1-4.

Hirunsit, P., Huang, Z., Srinophakun, T., Charoenchaitrakool, M. and Kawi, S. (2005) Particle formation of ibuprofen-
supercritical CO, system from rapid expansion of supercritical solutions (RESS): A mathematical model. Powder
Technology, 154, 83-94. http://dx.doi.org/10.1016/j.powtec.2005.03.020

WEBEAT (2011) I A1 T AL I SE IR B FU 5 BB, B8 S, KOEB TR, K&



http://dx.doi.org/10.1016/j.indcrop.2012.05.020
http://dx.doi.org/10.1080/00986448708911828
http://dx.doi.org/10.1080/07373939508917022
http://dx.doi.org/10.1115/1.4004090
http://dx.doi.org/10.1016/j.buildenv.2011.09.027
http://dx.doi.org/10.1016/j.supflu.2010.09.023
http://dx.doi.org/10.1016/j.apt.2010.08.010
http://dx.doi.org/10.1016/j.powtec.2005.03.020

	The Behavior of Fluid Dynamics during Particles Coating in Impinging Stream
	Abstract
	Keywords
	撞击流颗粒包覆过程的流体动力学行为
	摘  要
	关键词
	1. 引言
	2. 撞击过程动力学模型
	2.1. 模型假设与控制方程
	2.2. 物理模型
	2.3. 模型求解

	3. 模拟结果与讨论
	3.1. 颗粒的停留时间与渗入距离
	3.2. 颗粒的运动状态

	4. 流场测试
	4.1. 实验装置
	4.2. 速度分布

	5. 结论
	基金项目
	参考文献 (References)

