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摘   要

本次會議在澳洲的雪梨(Sydney)的Convention Center舉行。研討會的口頭報告論文共有66個場次，每一場次平均發表6 ~ 10篇文章，全部發表論文超過500篇，並有最先進的儀器設備展出。研究領域涵蓋：Particle and bulk powder characterization, Particle Design, New Technologies and Industrial Applications, Powder Handling and Multi-Phase Flow, Solid-Fluid Separation Processes.

本人的口頭報告論文被安排於(7/22/2002)下午2:30至4:00的場次。論文題目：流動式顆粒床流動型態及壁面壓力之研究。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，波的傳遞，熱傳與質傳。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的緊湊，由於每一位論文宣讀者共有十五分鐘(包括十二分鐘的口頭報告與三分鐘的討論)，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粒粉體研究的最近發展及資訊，受益匪淺。與會人員來自33國家，宛如置身於國際村。

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: Powder Technology 的主編Professor J. Seville, Advanced Powder Technology的主編Professor K. Higashitani等)。不僅交換專業領域的知識，而且吸收各地風土人情與政治經濟之資訊。同時，也品嚐道地精美的澳洲餐點及美酒。總而言之，此次會議成功地結合學術與藝術。

參加國際研討會不僅可以獲得相關研究最新發展的資訊，而且可以認識與會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，例如：全額補助。藉此提高國人的研究水準，進而培育未來發展國家科技的人力資源。
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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
本次會議在澳洲的雪梨(Sydney)的Convention Center舉行。位於澳洲東海岸新南威爾斯州的雪梨，坐擁全球最佳港口之一的海域，雪梨雖然不是澳洲的首都卻是澳洲最古老、最大的城市，更是陸空交通與各大城市往來的主要門戶。一到雪梨，獨樹一格的雪梨歌劇院、閃亮的雪梨大橋即在港口展臂迎接。優美的沙灘、海岸、各式各樣水上活動在此熱鬧登場。並有無尾熊、袋鼠活躍的野生動物園、新奇有趣的水族館。更不乏冒險刺激的主題樂園、五花八門的購物空間、高水準的藝術活動和美食享受。還有芬多精無限流洩的皇家植物園、展現奇幻之美的藍山等。使得雪梨成為集美景、世界級娛樂、文化、休閒於一身的魅力之城。加上二千年奧運盛會在此舉辦之後，這個美麗的港灣都市更向前大步跨越，躍登為本世紀最受矚目的都會之一。

研討會的口頭報告論文共有66個場次，每一場次平均發表6 ~ 10篇文章，全部發表論文超過500篇，並有最先進的儀器設備展出。研究領域涵蓋：

1. Particle and bulk powder characterization
   ．Particle characterization
   ．On - line and in - line measurement

   ．Particle Mechanics and tribology

   ．Particle - particle interactions

   ．Bulk powder mechanics

   ．Slurry rheology

   ．Soft solids characterisation

2. Particle Design, New Technologies and Industrial Applications

   ．Crystallisation and precipitation

   ．Flocculation

   ．Agglomeration and granulation

   ．Comminution, attrition and erosion

   ．Aerosol processes (including spray drying)

   ．Nanoparticle technology and nanostructured materials

   ．New products and technologies

   ．Particle design for the life sciences

   ．Particle coating

   ．Control of Particulate Processes

3. Powder Handling and Multi-Phase Flow

   ．Fluidisation and CFB’s

   ．CFD and DEM modeling of fluid - particle systems

   ．Bulk solids (hoppers, feeding, weighing)

   ．Multi - phase flows (conveying, standpipes, non - mechanical valves)

   ．Fluid - particle reaction

   ．Dynamics of granular flows (mixing, segregation, flow)

   ．Dust Explosions

4.  Solid-Fluid Separation Processes

   ．Membrane Separation

   ．Solid / Liquid Filtration

   ．Centrifugal separation

   ．Flotation

   ．Gravity Settling, Clarification and Thickening

   ．Solid / Liquid Separation Industry

   ．Solid / Liquid Separation in Mineral Processing Industry

   ．Air and Gas Cleaning

   ．Pre and post - treatment

   ．Combination of Fluid Separation and other operations

   ．Simulation (CFD and DEM) of solid - fluid separation

本人的口頭報告論文被安排於(7/22/2002)下午2:30至4:00的場次。論文題目：流動式顆粒床流動型態及壁面壓力之研究。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，波的傳遞，熱傳與質傳。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的緊湊，由於每一位論文宣讀者共有十五分鐘(包括十二分鐘的口頭報告與三分鐘的討論)，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粒粉體研究的最近發展及資訊，受益匪淺。與會人員來自33國家，宛如置身於國際村。

(3) 心得
    此次會議(WCPT4)是由雪梨大學、昆士蘭大學大學以及新堡大學共同主辦。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。

    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: Powder Technology 的主編Professor J. Seville, Advanced Powder Technology的主編Professor K. Higashitani等)。不僅交換專業領域的知識，而且吸收各地風土人情與政治經濟之資訊。同時，也品嚐道地精美的澳洲餐點及美酒。晚宴進行中，有來自東京農業技術大學的Professor M. Horio的幽默演講。以及來自澳洲Monash大學的Professor M. Rhodes與他的博士班學生精彩的歌舞表演。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新發展的資訊，而且可以認識與會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，例如：全額補助。藉此提高國人的研究水準，進而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. 第四屆世界顆粉粒體技術研討會議議程及論文摘要。

2. 第四屆世界顆粉粒體技術研討會議(CD)論文集。
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Abstract

     The flow patterns and stresses on the wall in a two-dimensional flat-bottomed hopper with centric and eccentric discharge were experimentally investigated.  The flow pattern histories of granular solids in the hopper were recorded using a digital camcorder.  A new pressure gauge for simultaneously measuring the normal and shear stresses of granular solids was used.  During filling the granular material, the variations in stresses acting on the side walls with time were observed.  The dynamic wall stresses were obtained during the centric and eccentric discharge.  In addition, using Mohr’s stress circle, an analysis of the stress state at the hopper wall was determined.  The normal and shear stress fluctuation ranges predicted by Mohr’s stress circle were close to the experimental results.  The effect of the discharging slot position upon the wall stress was also demonstrated.  Employing the results obtained by stress measurements and image processing, the pressure pulsation phenomena in a hopper may be understood further.

Keyword: Hopper, Pressure Gauge, and Pressure Pulsation.

Introduction

Granular materials (or bulk solids) are usually stored in hoppers or bunkers.  The granular material flow in a hopper is complex.  Behringer and Baxter (1994) described that the flow may belong to either the slow case or the fast case depending on the parameters and the position within the hopper.  For instance, the material at the outlet of the hopper is likely to be in the rapid flow regime.  Other material higher up in the hopper is moving slowly and elsewhere within the hopper, the granular material may be stagnant.  Finally, the free surface at the top may show a steady avalanching behaviour.

ACI Committee 313 reported that silo failures have alerted design engineers to the danger of designing silos for only static pressure due to stored material at rest.  Ristow and Herrmann (1995) described that a silo might one day suddenly succumb under a “siloquake” after many years of uninterrupted service.  The reason for these catastrophic events is that the forces that the flowing granular material exerts against the wall of the container can fluctuate by many orders of magnitude.

Although, in the past, many theoretical, numerical and experimental methods have been conducted to explore the stress and flow behaviour of bulk solids in storage silos, less attention has been paid to wall stress measurements in the silo during withdrawal.  For instance, Bucklin et al. (1990) experimentally investigated bin-wall failure caused by eccentric discharge of free-flowing grain.  Tejchman and Gudehus (1993) experimentally and numerically studied silo-music and silo-quake phenomena.

Some pressure gauges for granular solids are designed so that the stresses in the bulk material are applied to a thin metal diaphragm.  Consequently, the magnitude of the applied stresses is determined by recording the deflections in the diaphragm.  These pressure gauges have a disadvantage in that they only measure the normal stress (or pressure) acting on the active face of the pressure gage.  In this research work, a pressure gauge for measuring the normal and shear stresses of granular solids acting on a sensing plate was used.  The striking feature of this pressure gauge is that measurements are made of both shear and normal stress.  The flow pattern histories of granular solids in the hopper were recorded using a digital camcorder.  Employing the results obtained using stress measurements and image processing, the pressure pulsation phenomenon in a hopper may be understood further.

Experimental Apparatus and Procedures 

Two-Dimensional Flat-Bottom Hopper

A two-dimensional and flat-bottom hopper was set up to observe the flow patterns of 6 mm plastic spheres with density of 964 kg/m3 and to measure the wall stress during centric and eccentric discharge.  This hopper consisted of a bed of particulate material sandwiched between two transparent panels with side walls forming a vertical channel.  The granular flow was induced and controlled by a moving belt underneath the discharge slot.
Granules were fed into the vertical channel from a hopper at the top.  This hopper had a rectangular discharge slot with the same cross-sectional dimensions as the vertical channel.  The height of the hopper was 1240 mm, the hopper width was 403 mm and the hopper depth was 122 mm.  The position of the discharge slot could be adjusted.  Each of the side walls had five circular holes, reserved for installing pressure gauges.

Experimental Procedures and Measuring Systems

The pressure gauges, which could measure normal wall pressures and tangential wall shear stresses simultaneously, were calibrated before installation on the side walls.  For each pressure gauge, a linear relationship between the stress and the output voltage was obtained.  The effective area of the sensing plate of this pressure gauge is 23 cm2.  Table 1 lists the test conditions for the three experiments.  The layout of the pressure gauges and detailed dimensions of the flat-bottomed hopper for the three tests are shown in Fig. 1.  The pressure gauges installed on the left side wall are marked L1 to L3.  The pressure gauges installed on the right side wall are marked R1 to R3.  In addition, four circular dummy disks were used to block the possible pressure gauge holes on the left-side and right-side walls.

Before pouring the granular material into the hopper, the initial voltage for each pressure gauge mounted on the side walls was recorded.  In order to record the flow development of the black colored granules, a layer of green colored PE spheres and a layer of black colored PE spheres were stacked alternately from the bottom to the top during filling the granular material (see Frame 1 in Fig, 3).  During the hopper discharge, the flow rate of the granular material was controlled by a moving belt.  The dynamic normal and tangential stresses acting on each pressure gauge were measured.  The mass flow rate measurements were made by continuously collecting the discharged granules in a tared bucket.  An electronic balance was used to weigh the full buckets.  A mass flow rate of 0.1 kg/s was used in this study.
Results and Discussion

Filling the Granular Material

During filling the granular material, the variations in the normal and shear stresses of the granular bed, acting on pressure gauges L1, L2 and L3, with time of filling are shown in Fig. 2(a)-(b).  The over-all granular material filling time was 125 seconds.  At the beginning of filling, the granules (PE spheres) collided with the flat-bottom of the hopper and rebounded energetically and randomly.  Consequently, before bringing the free surface of granular bed into direct contact with the sensing plate of each pressure gauge, the normal and shear stresses measured by each pressure gauge fluctuated about zero.  Afterwards, the normal and shear stresses measured by each pressure gauge increased with increasing time.  At the end of filling, the average static normal and shear wall stresses, where pressure gauge L1 was installed, obtained by taking the middle values of fluctuation were 1.125 and 0.35 kPa, respectively (see Fig.2). Method of filling influences wall stresses in the hopper.

Flow Patterns

Figure 3(a)-(c) show the flow history of the black color granules in the hopper under Test 1, 2 and 3, respectively.  Each figure has six frames.  Frame 1 shows the initial status of the granular bed.  The times for frames 2 to 5 were 90, 180, 270 and 360 seconds, respectively.  In addition, the times for frame 6 for 3(a), 3(b) and 3(c) were 524, 470 and 487 seconds, respectively.  The boundary of the free surface in each frame of Figure 3(a)-(c) is depicted by a dotted line.  In Fig 3(a), the centric discharge in a flat-bottomed hopper is more likely to be funnel flow.  Above the point of effective transition, solids movement is as in mass-flow (see Frame 2 in Fig. 3(a)).  Below this point, the stagnant material between the live channel and the walls of the container acts as buffer, dampening out the pressures that might otherwise be transmitted to the walls.  After bringing the free surface of granular bed into direct contact with the stagnant material, the boundary of the stagnant zone was diminished due to erosion of granules (see Frame 5 to Frame 6 in Fig. 3(a)).  In Figs. 3(b) & 3(c), at the beginning of outflow, the flowing core was formed above the discharging slot (see Frame 2 in Figs. 3(b)-(c)).  The piston–like flowing core forms a vertical column.  The width of the column coincides with that of the discharging slot.  The granules at the discharging slot were likely in a rapid flow regime.  The free surface at the top of granular bed demonstrated an avalanche behaviour.

Dynamic Response of Stresses on the Wall

Figure 4(a) demonstrates the dynamic response of normal and shear stresses measured by pressure gauge L1 under Test 1.  In general, for each pressure gauge, the dynamic response of normal stress and the dynamic response of shear stress have same trend.  In addition, the shear stress value is always smaller than the normal stress value.  The analytical upper and lower limits of the normal and shear stress fluctuations obtained from Mohr’s stress circles are marked down using four horizontal gray-colored lines in Fig. 4(a).  The normal and shear stress fluctuation ranges predicted by Mohr’s stress circle were close to the experimental results (see Fig. 4(a)).

The record of stresses measured by pressure gage L1 in Fig. 4(a) shows a stress peak at the beginning of material withdrawal.  Then, normal and shear stresses decrease and remain steady.  In Fig. 4(a), the normal wall stress measured by pressure gauge L1 fluctuates above the average static normal wall stress (1.125 kPa) between 0 and 200 seconds.  The height of granular bed between the free surface and the centerline of pressure gauge L1 decreases from 107cm to 64.5cm (about 60% of 107 cm) within 200 seconds (see Frame 1 to Frame 3 in Fig. 3(a)).  Between 200 and 380 seconds, the normal wall stress measured by pressure gauge L1 fluctuates about the average static normal wall stress.  At the same time, the height of granular bed between the free surface and the centerline of pressure gauge L1 decreases from 64.5cm to 21 cm (about 20% of 107 cm) during this period (see Frame 3 to Frame 5 in Fig. 3(a)).  Finally, between 380 and 524 seconds, the normal wall stress measured by pressure gauge L1 fluctuates under the average static normal wall stress (see Fig. 4(a)).

Figure 4(b) demonstrates the dynamic response of normal stress measured by pressure gauge L1 under Test 1, 2 and 3.  In each figure, the dark-gray, black and light-gray lines represent the dynamic response of normal stress under Test 1, 2 and 3, respectively.  In Fig. 4(b), at the beginning of flow under Test 2, which the discharging slot is on the left-side, the normal stress measured by pressure gauge L1 is significantly less than the value of normal static stress.  For example in Fig. 4(b), at the time 8.3 seconds from beginning of the outflow the normal stress measured by pressure gauge L1 reduces from 1.2 kPa to 0.635 kPa.  Then, the normal stress measured by pressure gauge L1 fluctuate (within values lower than normal static stress) rapidly during the remaining discharge time.  

The record of stresses in Fig. 4(b) shows that, in general, for pressure gauge L1, the normal stress fluctuation under Test 2 (left discharging slot) is larger than the normal stress amplitudes under Test 3 (right discharging slot).  We can explain that large stress amplitudes for Test 2 are due to the existence of flowing core and quasi-stagnant zone.  The boundary between them is a shear plane where periodical shear failures take place.  Consequently, for Test 2 (left discharging slot), the shear failure causes stress pulse on the left wall, while the same pulse of normal stress is absorbed by the quasi-stagnant zone near the right wall.  However, for Test 3 (right discharging slot), the shear failure causes stress pulse on the right wall, while the same pulse of normal stress is absorbed by the quasi-stagnant zone near the left wall.  Because two shear planes between flowing core and left as well as right quasi-stagnant zones appear, the normal stress value and normal stress amplitude for Test 1 (centrical exit) are largest among three tests during mostly material withdrawal 

Conclusions

The flow patterns and stresses on the wall in the moving granular bed with centric and eccentric discharges were measured.  During filling granular material, normal and shear stresses increased linearly with the time of filling till the moment when the weight of additionally filled granules was fully transmitted to the walls by the wall friction.  Five different flow regions were observed in a moving granular bed with centric and eccentric discharges.  The dynamic response of the normal and shear stresses acting on the side walls were observed.  The normal and shear stress fluctuation ranges predicted by Mohr’s stress circle were close to the experimental results.  The effect of the discharging slot position upon the wall stress was demonstrated.  For Test 2 (left discharging slot), for stresses in the flowing core, characteristic pulsations were measured on the left wall.  Smooth record of stresses on the right wall is due to a damping effect of quasi-stagnant zone.  By contrast, both the normal stress value and normal stress amplitude for Test 1 (center discharging slot) are largest among three tests during mostly material withdrawal.  A mechanism of the stress pulsations has to be studied in a steady state flow when the flow patterns are fully developed.  For this purpose, a circulating system of granules should be installed on the existing experimental apparatus in the near future.
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Table 1: Test Conditions

                                                                              

                    Test 1            Test 2           Test 3   


Position of the        Center            Left             Right

Discharging slot
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Fig. 1: The layout of the pressure gauges and detailed dimensions of the bin for three tests.  (A) Test 1; (B) Test 2; (C) Test 3.
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Fig 2 a-b  The variation in normal and shear stresses with time during filling the granular material.  (a) Normal stress; (b) shear stress.
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Fig. 3a-c  The flow history of the colored granules.  (a) For Test 1; (b) for Test 2; (c) for Test 3.
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Fig. 4(a)-(b)  (a) The variation in dynamic normal and shear stresses with time for pressure gauge L1; (b) the variation in dynamic normal stresses measured by pressure gauge L1 with time for Tests 1, 2 and 3.
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