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Abstract 

The paper presents an experimental study of fluidization 

phenomena in a multiphase rectangular bed whose working 

principle is based on air-sand interaction phenomenon. 

A properly prototype has been drawing and realized to 

analyze the fluidization phenomena. Experimental tests were 

carried out, by a properly test rig, to measure pressure and 

velocity distribution of air in the bed prototype and different 

measurement points in the prototype were taken into account. 

Tanks to the glass windows the visualization of air bubbling 

behavior in the sand was made possible. 

A first study about the temperature influence has been made. 

The influence of pieces of different sizes and in different 

positions on the fluidization and bubbling phenomena has 

been investigated; in particular to obtain information about the 

best piece position using the system like a sand reclamation 

bed. 

 

Keywords: fluidisation, minimum fluidisation velocity, fluid 

bed, air-sand interaction, bubbling. 

 

INTRODUCTION 

In recent years, foundry processes have made significant 

progress in order to cope with the development of new 

products for air and ground transport, where systems have 

become faster and larger. As such systems employ large 

structural elements manufactured to tight tolerances, it has 

become important to be able to remove foundry sand from big 

castings. In such cases, it is very difficult to use conventional 

shakeout techniques, which require that vibration and noise 

insulation be provided to safeguard the work environment. 

An alternative system for sand reclamation is the fluidised bed 

with hot air and sand that enables castings to be cleaned 

without stress and damage [1-2]. 

This paper describes an experimental bed prototype. 

Experimental tests, usually made to evaluate only the flow 

rate and the pressure drop in a pneumatic component [3-4] 

were performed to investigate fluidisation phenomena. The 

main parameters in terms of air flow-rate and pressure were 

identified (fluidization curves). The influence of an obstacle, 

with different dimensions and in different positions inside the 

bed, on the fluidization curves has been investigated. 

Fluidization curves were measured, and the fluidisation flow-

rate was compared with theoretical values calculated from 

formulas given in the literature [5 13]. 

Bubble visualisation is in good agreement with the 

phenomenon described by other authors [14]. 

 

THE FLUIDISATION PHENOMENA AND THE 

FLUIDISED BED  

Fluidisation is defined as the operation whereby fine solids are 

transformed into a fluid-like state through contact with a gas 

or liquid. [13] 

In a fluidised bed, the gravitational pull on fluidised particles 

is offset by the upward fluid drag of the gas. This keeps the 

particles in a semisuspended condition. A fluidized bed 

displays the following characteristics, which are similar to 

those of a liquid: 

a) The static pressure at any height is approximately equal 

to the weight of the bed solids per unit of cross-

sectional area above that level. 

b) An object denser than the bulk density of the bed will 

sink, while one lighter will float.  

c)  The solids from the bed may be drained like a liquid 

through an orifice at the bottom or on the side of the 

container. The solids’ flow-stream is similar to a water 

jet from a vessel. 

d) The bed surface remains horizontal, regardless of how 

the bed is tilted. In addition, the bed assumes the shape 

of the vessel. 

e) Particles are well mixed, and the bed maintains a nearly 

uniform temperature throughout its body when heated. 

The working principle of a fluidised bed can be better 

understood by referring to Figure 1, where gas is shown 

moving up through a bed of granular solid particles resting 

on the porous bottom of a column. As the gas velocity (and 

hence the flow) through the solid particles increases, a 

series of changes in the motion of the particles may occur. 

For example, at very low velocity the particles remain 

stationary on the floor, but at a sufficiently high velocity 

they are transported out the vessel.  
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Figure 1. Working principles of fluid bed 

 

With changes in gas velocity, the solids move from one state 

or fluidisation regime to another. These regimes, arranged in 

order of increasing velocity, are: 

- Packed or fixed bed 

- Bubbling bed (slugging or boiling bed) 

- Turbulent bed  

- Fast bed (used in circulating bed) 

- Transport bed (pneumatic or entrained bed). 

The void fraction or voidage of the bed is an important 

parameter characterising the bed’s behaviour. Specifically, 

voidage is defined as the ratio of the volume of the solid 

particles to the corresponding volume of the solid particle and 

gas mixture. 

For very low air flow-rates, the solid particles are immovable 

and the air flows through the interstice between the particles. 

As the particles do not move relative to each other, the bed is 

fixed and voidage does not change (packed bed). 

If the air flow-rate through the fixed bed is increased, the 

pressure drop due to fluid drag continues to rise until the 

superficial gas velocity reaches a critical value known as the 

“minimum fluidisation velocity”. In this condition, the bed 

behaves as a pseudo-liquid. 

At the velocity where the fluid drag is equal to a particle’s 

weight less its buoyancy, the fixed bed transforms into an 

“incipient fluidised bed”. In this state, the body of solids 

behaves like a liquid. 

A further increase in air-flow can cause the excess air to flow 

in the form of bubbles; the air-solid suspension around the 

“bubbles” and elsewhere in the bed is called the “emulsion 
phase”. The characteristic void fraction increases, while the 

bubbles’ dimensions increase as they rises toward to the free 

bed surface, where they break (bubbling bed). 

Bubbles are gas voids with little or no solids. Due to the 

buoyancy force, bubbles rise through the emulsion phase, by-

passing the particles. The bubbles’ size increases with particle 

diameter, excess gas velocity and with their distance above 

the bed’s air distributor. 

As the bubbles rise in the bed, gas enters from the bottom and 

leaves from the top of the bubble. This occurs because, at any 

given height, the static pressure inside the bubble is constant, 

while that outside in the emulsion phase decreases linearly 

from the bottom to the top of the bubbling bed. For this 

reason, the pressure at the bottom of the bubble is lower than 

that in its neighbourhood, and the pressure at the top of the 

bubble is greater than that around it. 

When the velocity of a gas through a bubbling fluidised bed is 

increased above the minimum bubbling velocity, the bed starts 

expanding. A continued increase in the velocity may 

eventually show a change in the pattern of bed expansion, 

indicating a transition into a new regime called a turbulent 

bed. 

The transition from bubbling to the turbulent bed regime may 

be due to an increase in the bubble fraction, an expansion of 

the emulsion phase and/or thinning of the emulsion walls 

separating the bubbles. In the turbulent bed regime, the bubble 

phase loses its identity due to rapid coalescence and breakup 

of bubbles. This results in a violently active and highly 

expanded bed with a change in pattern of bed expansion, 

throwing particles into the freeboard above the bed. The bed 

will have a surface, but it is considerably diffused. Such beds 

are referred to as “turbulent beds”. 

The circulating fluidised bed (fast bed) uses much finer 

particles than those used by bubbling beds, and the 

fluidisation velocity is also much higher. In fact, the system is 

characterised by violent coalescing of bubbles and operates in 

the turbulent regime. 

The “transport bed” involves a large-scale emigration of 

particles out of the vessel. The buoyancy force and fluid drag 

oppose the effect of gravity; the particle accelerates until it 

reaches an equilibrium velocity called “terminal velocity”. 

The behaviour of a multi-phase, gas-solid type bed is 

influenced by several important parameters: 

- Gas distribution system (porous or nozzle system, 

number and size of nozzles) 

- Density and mean diameter of the solid particles 

- Gas density, viscosity, temperature and velocity  

The multi-phase system like gas-solid type will be used to 

realize a sand reclamation bed, to remove the sand near a 

casting piece using the air-sand interaction phenomenon. 

 

THE BED PROTOTYPE AND THE EXPERIMENTAL 

TEST BENCH 

A fluidised bed was designed and built to investigate the 

fluidisation phenomena. The prototype consists of: 

- A rectangular chamber (riser, bed or container) 

measuring 800 mm x 470 mm x 370 mm  

- A cover 
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- An air distribution system positioned on the lower part 

of the chamber, consisting of 760 nozzles with a 

diameter of 0.8 mm 

- A metal crate to contain the piece (dimensions 720 mm 

x 270 mm x 320 mm). 

A frontal view of the prototype is shown in Figure 2. Four 

glass windows provide a view of the air-sand interaction 

phenomena during experimental tests. 

 

Figure 2. Frontal view of the fluidized bed 

 

Nozzles are supplied via two flexible pipes positioned at 

opposing points on the bottom of the rectangular chamber. 

The nozzles are branched off the air distribution pipes in a 

downward-facing position to prevent blockage. Figure 3 

shows a view of the nozzles from below. 

The bed’ chamber has been filled with foundry sand, 

specifically A.F.A. type 55 silica sand with a mean particle 

diameter of 0.3 mm. 

The prototype has been realized thinking that will be used, in 

future applications, to study the effect of foundry sand 

removing from a casting piece. 

 

 

Figure 3. Air distribution nozzles 

 

Figure 4. Scheme of the experimental test bench 

 

Figure 4 shows a schematic view of the experimental test 

bench, whose most important components are:  

(1) a cut-off valve, 

(2)  a filter, 

(3) a pressure reducer, 

(4) a flowmeter for measuring inlet air flow; 

(5) a manometer for measuring pressure upstream of the 

flow meter, 

(6) an air heater, 

(7) a manometer for measuring the inlet air pressure, 

(8) the bed prototype, 

(9) a differential water manometer for measuring pressure 

inside the bed, 

(10) one or more thermocouples for measuring the sand 

temperature. 

Two orthogonal slides positioned between the rectangular 

chamber and the cover are used to position the pressure or 

temperature measurement instruments, making it possible to 

have different measurement points in the fluidised bed. 

Experimental tests were carried out to measure the fluidisation 

curves in term of pressure vs. air flow-rate for different sand 

levels H = 10 - 15 - 20 cm (see Figure 1). Lower sand levels 

did not produce interesting results, while the maximum level 

was dictated by bed dimensions. 

Pressure was measured by means of manometer (9) as shown 

in Figure 4 (see also Figure 1). Different measurement points 

were taken into account by varying manometer height and 

longitudinal/transverse location in the chamber. 

Other tests were performed to determine the influence of the 

presence/absence of an obstacle on fluidisation phenomena. 

Specifically, these tests used 10 mm thick rectangular castings 

with different dimensions (600 mm x 200 mm; 300 mm x 150 

mm; 150 mm x 150 mm); the experimental tests were carried 

out positioning the obstacle in different positions inside the 

bed prototype.  
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EXPERIMENTAL RESULTS AND DISCUSSION 

The fluidisation curves obtained in the experimental tests 

confirm the behaviour shown by other authors. When flow-

rate is varied, pressure increases until the minimum 

fluidisation velocity is reached. A further increase in flow-rate 

(and velocity) results in the maximum constant pressure level. 

Figure 5 is a top view of the chamber, showing the metal crate 

and the two orthogonal slides used for pressure system 

positioning. The bubbling phenomenon can be observed.  

A detail of the bubbles is shown in Figure 6. 

Fluidisation curves for pressure versus flow-rate were plotted 

for different distances h from the bottom of the chamber (h = 

1, 6, 11, 16, 18 cm) and a sand level H = 20 cm, using the 

centre of the riser as a measurement point. Results are shown 

in Figure 7.  

Pressure drops sharply as distance h is increased.  For h = H, 

in fact, the pressure is equal to the atmospheric pressure. The 

fluidisation effect is significant at lower values of h, for which 

a minimum fluidisation flow-rate of to 800 dm3/min (ANR) is 

required. 

 

Figure 5. Top view of the fluidized bed 

 

 

Figure 6. Bubbles 

Other tests were conducted to determine the influence of sand 

level on the fluidisation phenomena. Pressure could not be 

measured reliably at H = 5 cm, as it was too unstable. 

Consequently, measurements were performed at sand levels of 

H = 10 cm and over. Figure 8 shows fluidisation curves for 

three different sand levels (H = 10, 15, 20 cm); in all cases, 

pressure was measured at 1 cm from the bottom of the 

chamber. 

Similar fluidisation curves were obtained at other 

measurement points inside the metal crate. It was concluded 

that the maximum pressure reached inside the bed depends on 

operating conditions, but the variation in minimum flow-rate 

fluidisation is small (800-850 dm3/min (ANR)). 
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Figure 7. Fluidisation curves varying h (sand level H= 20 cm) 
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Figure 8. Fluidisation curves for different sand level H 

 

Marginal bubbling phenomenon can be observed near the 

edge of the bed, while significant bubbling occurs in the main 

internal zone (bubble dimensions are a function of flow-rate). 

In view of the working principle of fluid beds, and the liquid-

like behaviour in particular, the piezometric curves were 

measured.  

Figure 9 shows the results in terms of pressure vs. distance h 

from the bottom of the chamber. The curves refer to three 

sand levels (H = 10, 15, 20 cm). Two flow-rates (Q1=760 

dm3/min (ANR); Q2 = 850 dm3/min (ANR)) were used for 

each level H. 
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As can be seen, characteristics are linear; the behaviour of the 

air-sand mixture, in fact, is similar to that of a liquid. 

0

0,5

1

1,5

2

2,5

3

0 5 10 15 20

Distance h [cm]

P
re

s
s
u

re
 [

k
P

a
]

H=20 cm; Q1

H=20 cm; Q2

H=15 cm; Q1

H=15 cm; Q2

H=10 cm; Q1

H=10 cm; Q2

 

Figure 9. Pressure vs. distance h (different sand levels H and 

flow-rate Q1=760 dm3/min (ANR) and Q2=850 dm3/min 

(ANR)) 

 

Insulating the bed prototype and using the air heater (6 of 

figure 4), to supply the bed with hot air (from 20°C and 

60°C), experimental test with different room temperatures 

have been made. Figure 10 shows the results in terms of 

fluidization curves, in particular a temperature increasing 

causes a minimum fluidization flow-rate reduction, while the 

maximum pressure doesn’t change.  
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Figure 10. Fluidisation curves varying the temperature  

(sand level H= 20 cm) 

 

THEORETICAL AND EXPERIMENTAL COMPARISON 

Studies of fluidisation phenomena began with Ergun [3], who 

obtained an empirical formula for calculating pressure drop in 

a fixed bed when a gas stream passes through solid particles. 

Several authors [9-10] have used the Ergun equation as the 

basis for proposing other methods for evaluating gas pressure 

drop and minimum fluidisation velocity or flow-rate. 

The minimum fluidisation velocity is reached when the 

airflow forces are equal to the total mass force of the sand; in 

this condition, the system is balanced and it is possible to 

consider the equilibrium equation along the vertical direction.  

In this investigation, two different literature formulations were 

used to calculate the gas mass flow-rate per unit of bed cross 

section Gmf, and theoretical results were compared with the 

experimental data Gexp.  

The first formulation, developed by Levenspiel, makes it 

possible to calculate Gmf1: 
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The second formulation, developed by Delebarre [9-10], 

makes it possible to calculate Gmf2 : 
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The first and the second Ergun coefficients (a and b) are 

respectively: 
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The most important difference between formulations (1) and 

(2) is that equation (2) takes the height of the fluidised bed 

into account. 

As the bed cross-section is known, the following mass flow-

rate was calculated.  

Gmf1 = 0.0182 kg/s 

Gmf2 = 0.0181 kg/s 

In our case, a maximum fluidisation volume flow-rate of 850 

dm3/min was measured, which corresponds to a mass flow-

rate Gexp = 0.0180 kg/s. 

It is possible to conclude that the two analytical formulations 

and the experimental results are in good agreement. 

 

OBSTACLE’ INFLUENCE 

The influence of the obstacle on fluidisation curves was 

investigated. Figures 11, 12 and 13 show pressure levels 

curves on the surface of the three piece considered in this 

paper (thickness 10 mm, dimensions: 600 x 200 mm, 300 x 

150 mm; 150 x 150 mm) positioned in the centre of the 

chamber with sand level H = 20 cm and flow-rate Q2.   
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For the entire experimental test the obstacle has been 

positioned on the middle sand level (10 cm from the bottom of 

the bed). 

The pressure is higher around the piece than at the centre. 

Figure 14 could help to explain the obstacle effect on the 

bubbling, where an up photo of the bed in fluidization 

conditions is shown and the obstacle dimensions have been 

indicated. 

 

Figure 11. Pressure level curve (10kPa) on the surface of the 

piece 

(H= 20 cm, Q2 = 850 dm3/min (ANR), piece dimensions 

 600 x 200 x 10 mm) 

 

 

 

Figure 12. Pressure level curve (10kPa) on the surface of the 

piece 

(H= 20 cm, Q2 = 850 dm3/min (ANR), piece dimensions  

300 x 150 x 10 mm) 

 

 

Figure 13. Pressure level curve (10kPa) on the surface of the 

piece 

(H= 20 cm, Q2 = 850 dm3/min (ANR), piece dimensions  

150 x 150 x 10 mm) 

 

 

Figure 14. Fluidisation phenomena around the piece 

(H= 20 cm, Q2 = 850 dm3/min (ANR), piece dimensions  

300 x 150  x 10 mm) 

 

The presence of the piece is an obstacle for air-flow, causing 

lower pressure field (like constant pressure) at the surface 

centre, where a “dead zone” is formed. On the perimeter of 

the piece, an edge effect was seen to occur with a pressure 

increasing, and between the piece and the metal crate there is 

an important “bubbling zone”. 

For the largest piece, in fact, the passage area between the 

piece and the crate is constant and large bubbles form with 

sand fluidisation. 

In any fluidization conditions and for all piece dimensions 

similar behaviour has been observed.  

dead zone 

piece contour 

bubbling zone 

bubbling zone 
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Some experimental test was performed with the obstacle 

positioned at the side of the bed, near the crate observing a 

pressure reduction in the dead zone. 

Finally it is possible to conclude that the piece/obstacle 

dimensions influence the fluidisation and the bubbling 

phenomena, then thinking to use the system like sand 

reclamation bed will be important to determine the best 

position for the piece for an efficient sand reclamation  

For a casting application of the bed, however, sand 

reclamation should be possible on all parts of the casting and 

low pressures would thus probably mean poor or inefficient 

sand removal. 

 

CONCLUSIONS 

This paper presented an experimental bed prototype built to 

investigate fluidisation phenomena. Experimental tests were 

carried out with a test rig properly made and the main 

parameters in terms of air flow-rate and pressure were 

identified and measured obtaining the fluidization curves. 

Experimental minimum fluidisation airflow and the values 

obtained using analytical formulations developed by other 

authors were compared, and were found to be in good 

agreement. 

Additional experimental tests were carried out to evaluate the 

temperature’s influence on the fluidisation curves. 

The visualisation of the air-sand interaction phenomena has 

been possible tanks to the bed glass windows. 

The influence of pieces of different sizes and in different 

positions on the fluidization and bubbling phenomena has 

been investigated, obteining important information about the 

bubbling zone and dead zone. 

Finally this study can be considered a preliminary study for 

casting applications of a fluidised bed, where it is necessary to 

remove the foundry sand from castings without stress and 

damage, and not to have poor or inefficient sand removal near 

the piece, that will be possible in case of very small pressure 

(dead zone). 

 

NOMENCLATURE 

G mf  Theoretical gas mass flow-rate per unit of bed cross-

section,  kg/sm2 

G exp  Experimental gas mass flow-rate per unit of bed 

cross-section,   kg/sm2 

a First coefficient of Ergun’s equation, kg/sm3 

b Second coefficient of Ergun’s equation, m-1 

g Gravitational acceleration, 9.81 m/s2 

 Gas density, 1.275 kg/m3 

p Solid apparent density, 2650 kg/m3 

  Gas viscosity, 1.7510-5 Pas 

dp  Particle specific surface mean diameter, 2.12 10-4 m 

mf
  Bed voidage at minimum fluidisation, equal to 0.44 

Hmf Bed height at minimum fluidisation, 0.22 m 

H0 Atmospheric pressure in gas height at bed surface 

conditions, 8100 m 
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