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摘   要

本次會議 (ICR2004) 在韓國漢城(Seoul)的COEX Convention Center舉行。研討會的口頭報告論文共有75個場次，每一場次平均發表3~6篇文章，並且有2場次的論文海報張貼（共有發表211篇文章），全部發表論文超過550篇。此外，大會邀請23位世界知名學者為大會的Keynote Speakers，以及安排研討會之短期課程。同時，大會安排廠商展出最先進的儀器設備展。
ICR2004研討會之主題涵蓋：Computational Rheology; Flow Instability; Foams, Emulsions & Surfactants; Foods & Biomaterials; Materials Processing; Microstructural Modeling; Nanorheology & Microfluidics; Non-Newtonian Fluid Mechanics; Polymer melt; Polymer Solutions; Rheometry & Experimental Methods; Solids & Composites; Suspensions & Colloids。本人的口頭報告論文被安排於(8/25/2004)上午10：50AM至11：50AM的場次。論文題目：The Numerical Simulation of Gas-Solid Flow in a Symmetric Louvered-Wall Moving Granular Filter Bed。會議中，部分的論文提出最新的數學模式，應用理論與數值分析的方法探討多相流體的流動行為。部分的論文提出最新的實驗方法，量測與探討顆粉粒體之特性以及非牛頓性流體的流動行為。部分的論文提出最新的電腦模式，分析與探討氣／固流體的流動行為。

每一位論文宣讀者共有二十分鐘(包含Q&A)，因此讓與會者能對於每一篇論文都有相當深入地了解與討論，而且使報告者得以回答較深入的問題。時間控制得宜加上熟練的主持會議技巧，整體而言，會議過程十分圓滿且順利。本人也經由此次會議獲得有關顆粉粒體研究的最近發展及資訊，受益匪淺。參加國際研討會不僅可以獲得相關研究最近發展的資訊，而且可以認識與結交相關領域的學者專家，彼此交換研究心得，獲益良多。
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一、所發表論文

(1) 目的
參加本次會議的目的為發表研究結果，與世界各國的學者交流，學習新的技術及知識。
(2) 過程
本次會議 (ICR2004) 在韓國漢城(Seoul)的COEX Convention Center舉行。會議地點位於漢城江南區，並且緊鄰COEX Mall（亞洲最大的地下商場）。
研討會的口頭報告論文共有75個場次，每一場次平均發表3~6篇文章，並且有2場次的論文海報張貼（共有發表211篇文章），全部發表論文超過550篇。此外，大會邀請23位世界知名學者為大會的Keynote Speakers，以及安排研討會之短期課程。同時，大會安排廠商展出最先進的儀器設備展。ICR2004研討會之主題涵蓋：

1. Computational Rheology
2. Flow Instability
3. Foams, Emulsions & Surfactants 
4. Foods & Biomaterials 
5. Materials Processing 
6. Microstructural Modeling 
7. Nanorheology & Microfluidics 
8. Non-Newtonian Fluid Mechanics 
9. Polymer Melt 
10. Polymer Solutions 
11. Rheometry & Experimental Methods 
12. Solids & Composites 
13. Suspensions & Colloids
    本人的口頭報告論文被安排於(8/25/2004)上午10：50AM至11：50AM的場次。論文題目：The Numerical Simulation of Gas-Solid Flow in a Symmetric Louvered-Wall Moving Granular Filter Bed。會議中，部分的論文提出最新的數學模式，應用理論與數值分析的方法探討多相流體的流動行為。部分的論文提出最新的實驗方法，量測與探討顆粉粒體之特性以及非牛頓性流體的流動行為。部分的論文提出最新的電腦模式，分析與探討氣／固流體的流動行為。
　　總之，此次會議的議程非常緊湊，由於每一位論文宣讀者共有二十分鐘(包含Q&A)，因此讓與會者能對於每一篇論文都有相當深入地了解與討論，而且使報告者得以回答較深入的問題。時間控制得宜加上熟練的主持會議技巧，整體而言，會議過程十分圓滿且順利。本人也經由此次會議獲得有關顆粉粒體研究的最近發展及資訊，受益匪淺。與會人員來自全球14個國家，宛如置身於國際村。
(3) 心得
此次會議(ICR2004)是由The Korean Society of Rheology主辦。研究領域涵蓋顆粒粉體之專業學術領域，參與這樣的會議宛如進入浩瀚的顆粒粉體之學術殿堂，應有盡有，受益良多。同時，大會在8/25/2004下午安排參觀古蹟及奧林匹克公園。
在大會的晚宴中，有機會與來自不同國度的知名學者專家認識(例如：密西根大學的Professor R. Larsou, Advanced Powder Technology的主編Professor K. Higashitani等)。不僅交換專業領知識，而且吸收各地風土人情與政治經濟之資訊。同時，品嚐道地精美的韓國餐點。總而言之，此次會議成功地結合學術與藝術。
(4) 建 議
參加國際研討會不僅可以獲得相關研究最近發展的資訊，而且可以認識與結交相關領域的學者專家，彼此交換研究心得，獲益良多。行政院相關單位應多協助學者，參與大型的國際研討會。藉此提高國人的研究水準，進行培育未來發展國家科技的人力資源。
(5) 攜回資料名稱及內容

1. The XIVth international Congress on Rheology研討會議議程、論文摘要及全文光碟。
The Numerical Simulation of Gas-Solid Flow in a Symmetric Louvered-Wall Moving Granular Filter Bed
Chuen-Shii Chou , Tsung-Ling Yang

 Department of Mechanical Engineering

National Pingtung University of Science and Technology

Pingtung, Taiwan 912, Republic of China
ABSTRACT
The purpose of this research is to study the effect of the inlet gas velocity and the angle of the louver on the flow behavior of granular material in a symmetric louvered-wall moving granular filter bed.  In this gas-solid flow field calculation, the methodology of Tsuji et al. was used.  The calculation procedures are as follows: (1) obtain the contact force, the velocity and the displacement of particles using DEM model developed by Cundall and Strack; (2) determine the drag force acting on the particle; (3) derive the updated path of each particle; (4) calculate the updated gas velocity field.  For a fixed value of louver angle, the area of bubble, which is in the upper stage of granular bed, becomes larger as inlet gas velocity increases.  For a fixed value of inlet gas velocity, the louver angle does not significantly affect the bubble area.
INTRODUCTION

The primary aim of hot gas cleaning is to create clean hot gas, whose thermal energy can be effectively utilized.  For instance, in the Integrated Gasification Combined Cycle (IGCC), gases obtained from coal must be expanded through a gas turbine, and gas cleanup performed without cooling the gases, so as to protect the downstream heat exchanger and gas turbine components from fouling and erosion [1].

Particles can be removed from a hot gas stream using cyclones, barrier filters, electrostatic precipitators, granular bed filters or scrubbers.    The most promising alternatives are granular bed filters and barrier filters.

In moving bed cross flow operations, the filter bed is a vertical layer of granular material held in place by retaining grids or a louvered wall.  The filter granule velocity fields between a pair of louvers constitute important information for designing the system.  The filter granule flow patterns and velocity fields in a moving granular bed with various louvered walls have been experimentally [2,3] and numerically examined [1,4].  The main results are that stagnant and quasi-stagnant zones can exist in the regions adjacent to the louvers.

The references cited above are only to experimental and theoretical investigations of the   velocity field in a louvered-wall moving granular filter bed.  Little attention has been paid to the effect of the inlet gas velocity on the flow behavior of granular material in a symmetric louvered-wall moving granular filter bed.  This study used the DEM model of Cundall and Strack [5] to determine the contact force between particle, the model of Prichett et al. [6] to calculate the force on the fluid by the particle, and the methodology of Tsuji et al. [7] to estimate the interaction between particles and gas.  Accordingly, the path of each spherical particle in the two-dimensional moving granular bed with a cross gas flow was then computed.
THEORETICAL FORMULATION
Translational and rotational motion of the particle are calculated by Eqs (1) and (2)
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In Eq. (1), i, m,
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 represent the ith direction in the coordinate, the particle mass, the ith component of particle’s position vector, the ith component of contact force between particles, the ith component of drag force and the ith component of gravity, respectively.  In Eq.(2), 
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represent the angular velocity, the net torque due to the contact force and the moment of inertia of the particle.  The particles’ contact force was depicted by using a spring, dash-pot and friction slider [5].  The drag force is given by [8]
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in which 
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are gas density, drag coefficient, the exposed frontal area of the particle to the direction of the incoming flow, slip velocity, the ith component of gas velocity and the ith component of particle velocity.
For an incompressible and invicid flow, the equation of continuity and the momentum equation are given by
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in which 
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 represent the void fraction, the pressure of the gas and the ith component of force on the fluid by the particle, respectively.  Following Prichett et al. [6], 
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in Eq. (6), the coefficient
[image: image15.wmf]b

 is determined using the Ergun equation [9].

NUMERICAL SIMULATION
The steps of numerical simulation are as follows: (i) determine the coordinates of each spherical particle; (ii) calculate the void fraction of the granular bed; (iii) obtain the velocity of the gas using Eq. (5) and the SIMPLE method [10]; (iv) verify the gas velocity gotten from step (iii) using Eq.. (4); (v) calculate the drag force using Eq. (3); (vi) obtain the contact force between particles; (vii) determine the updated coordinates of each spherical particle; (viii) repeat above steps.  Table 1 presents the test conditions for four tests.  Figure 1 (A)-(B) shows the detailed dimensions of the two-dimensional symmetric louvered-wall granular bed.

Table 1 Test Conditions 

	
	Test 1
	Test 2
	Test 3
	Test 4

	Louver Angle (o)
	30
	30
	50
	50

	Inlet Gas Velocity (m/s)
	15.6
	25.9
	15.6
	25.9


[image: image16.wmf]
Figure 1 (A)-(B) The detailed dimensions of the granular bed.  (A) Tests 1 & 2; (B) Tests 3 & 4.

The assumptions employed in this study are as follows: (1) The particle diameter, particle density and gas density are 10mm, 1086.72 kg/m3 and 1.2 kg/m3, respectively; (2) The size of the mesh is 
[image: image17.wmf]mm
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; (3) The gas inlet is at louvered-wall on the right-side, and the gas outlet is only at the bottom of the granular bed; (4) The maximum time step is 
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sec.; (5) After executing 100 steps of the solid-phase calculation, the calculation of gas-phase is then carried out once.
RESULT AND DISCUSSION
Figure 2(a)-(d) presents the flow status in a moving granular filter bed with a cross gas flow under Test 1 (at time 3.12 sec.), Test 2 (at time 0.85 sec.), Test 3 (at time 2.68 sec.) and Test 4 (at time 1.03 sec.), respectively.  In this study, the time step used in DEM to determine the particle motion was regulated by using the ratio of the maximum allowable displacement of the particle to the maximum particle velocity.  In Figure 2 (a)-(d), the number of the iteration elapsed in the DEM simulation is 30,000.

Figure 3(a)-(b) demonstrates the velocity vector of the gas in a moving granular filter bed with a cross gas flow under Test 2 (at time 0.85 sec.) and Test 4 (at time 1.03 sec.), respectively.  The gas velocity vector is tangent to the louver at gas inlet, and the spherical particles in the lower stage of the granular bed are pushed.  Then, the gas is then split into an upward stream, a horizontal stream and a downward stream at the extremity of the louver.  The upward stream penetrates the granular bed of upper stage, and produces a hollow area like a bubble.  For a fixed value of louver angle, this area substantially increases with increasing the inlet gas velocity.  In contrast, for a fixed value of inlet gas velocity, the bubble area in Test 4 (0.02 m2) does not greatly exceed that in Test 2 (0.015 m2).
SUMMARY
The effects of inlet gas velocity and louver angle on the flow pattern in the symmetric louvered-wall moving granular filter bed with a cross gas flow were numerical investigated.  The inlet gas velocity more affects the flow patterns than the louver angle does.  In order to understand the temperature field in moving granular bed, the theoretical work including the heat transfer mechanism must be undertaken in the future.
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