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Abstract: For defining the quality of fluidization there are three are three terms which are necessary to define. They are pressure
drop, fluctuation ratio and expansion ratio. In the present work, an attempt has been made to evaluate the effect of increasing
the initial bed height on the fluctuation ratio by measuring the pressure drop for different air flow rates. The finding states that
for increasing solid bed height the fluctuation ratio also increase. However, for higher flow rates (more than 30 LPM) it
increases more rapidly for increasing flow rates.
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L. INTRODUCTION

There are many ways to fluidize the solids using fluid during three phase fluidization. Fluidization may occur with con-current flow
of gas and liquid, counter current mode of fluidization in which gas and liquid flow opposite to each other. The third type of
fluidization in which gas fluidization of solids occur in a stationay pool of liquid.In stationary mode of fluidization few work have
been reported in recent years.

Reported works are of Kumar et al. (2015) for defining effect of particle size on gas fluidizetion of solids in stationary liquid and of
the same authors (Kumar et al., 2017) defining pressure distribution in the fluidized bed in stationary liquid. In the extension of
these works, present work has been undertaken to find out the effect of increasing solid bed height on the fluctuation ratio for
increasing flowrates by measuring expansionsion in the fluidized bed height.However, it has been established from the review of
work already done in the field that for increasing flow rates in two phase and three phase fluidized beds with contineous fluid
flowing state fluctuation ratio increases with increasing gas flow rate and expansion n the bed.

1. RELATED WORK
The term fluctuation ratio is used to describe the bed phenomenon qualitatively during fluidization. When gas velocity increases
further after the minimum fluidizing velocity the upper zone of the fluidized bed starts oscillating up and down. The quantification
of this oscillation is important to calaculate the height of the fluidizer. Basically, fluctuation ratio which can berepresented by
symbol r, is the ratio between the maximum and minimum bed heights of the top most layer of the fluidized bed (Leva, 1956).
So

hmax

r =
hmin

Several research work has been reported to quantify fluctuation ration in the fluidized beds. Kawabata et al. (1981) investigated the
effect of pressurisation on the fluctuation ratio. They found that courser sized particles are more sensitive in comparision to fner size
particles as well as fluctuation ratio is concerned.
Fluctuation ration in the conical type of fluidizing column has been calculated by Biswal et al. (1982). Singh and Roy (2006) carried
out the study to find the effect of the shape of particle size on the fluctuation ratio. Mohanty et al. (2008) related the fluctuation ratio
with the height of the fluidizing column.
Dora et al. (2016) studied the fluctuation ratio in three phase co-curret type fluidized beds. They found that fluctuation ratio
decreases wih increase in the solid bed heights.
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1. EXPERIMENTAL SET-UP AND PROCEDURE

Experimental set-up consists on fluidizing column of 90 mm internal diameter and of 1800 mm height. The bottom of the fluidizer
in connected with the calming section and at the top of the fluidizer there is disengagement section. Distributor section having air
sparger is fitted just below the calming section. The fluidizing section has three different parts of 450 mm, 600 mm and 60mm
height which are connected by flanges. Nine different pressure ports are given at different heights of the fluidizing column.
Complete experimental set-up and its procedure are standardized using measurement system analysis. Kumar et al., 2015 conducted
similar study for standardizing the experimental set-up and procedure during gas fluidization of solids in stationary liquid.

Different liquids (water, kerosene, turpentine) are filled into the column up-to different heights (40 cm, 50 cm, 60 cm). Then
different solids (coal, peanut, stone) are added into the column for different heights (10 cm, 20 cm, 30 cm). Peanut has been selected
to extend the studies in the field of fluidization of food particles as conducted by Kumar et al. (2011). The solids are initially
crushed and then sieved to segregate into 2 mm, 4 mm and 6 mm size. Now, air from the compressor is allowed to flow through the
fluidizer at different flow rates (0, 7.5, 15, 30 and 45 Ipm). The solids and liquid expanded and starts fluctuating inside the fluidizer.
The top layer of the solids within the liquid boundary is carefully observed and it’s oscillating heights have been measured from the
distributor plate.
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Fig. 1 Schemetic of the experimental setup
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V. RESULTS AND DISCUSSIONS
The description of parameters selected for the investigation and their rang has been presented in table 1.

Table 1Experimental Range of Parameters

Sr. Parameter Range Level

01 Flowrate, Q 0-45 Ipm 0, 7.5, 15, 30, 45 Ipm

02 Solid bed height, & 10-30 cm 10, 20, 30 cm

03 Liquid height, 40-60 cm 40, 50, 60 cm

04 Size of material, 3 2,4,6 mm

05 Solid 3 Coal, Peanut, Stone

06 Liquid 3 Water, Kerosene,
Turpentine
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Fig. 2 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - stone, liquid - turpentine, d,= 2 mm, hj= 0.4 m]
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Fig. 3 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - stone, liquid - kerosene, d,= 2 mm, hj= 0.4 m]
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Fig. 4 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - stone, liquid - water, d,= 2 mm, h,= 0.5 m]
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Fig. 5 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - peanut, liquid - turpentine, d,= 2 mm, hj= 0.4 m]
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Fig. 6 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - coal, liquid - kerosene, d,= 2 mm, hj= 0.5 m]
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Fig. 7 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - stone, liquid - turpentine, d,= 4 mm, h;= 0.4 m]
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Fig. 8 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - coal, liquid - turpentine, d,= 4 mm, h;= 0.6 m]
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Fig. 9 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - peanut, liquid - water, d,= 6 mm, h;= 0.5 m]
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Fig. 10 Variation of fluctuation ratio with air flow rate for different solid bed heights
[solid - stone, liquid - kerosene, d,= 6 mm, h;= 0.5 m]

Extensive experimentation has been performed for analyzing the effect of solid bed height on the fluctuation ratio. It is quite clear
from the analysis that for increasing solid bed height fluctuation ratio decreases. Further, fluctuation ratio is found maximum at a
lower flow rate and then decreases sharply for increasing flow rates. Padhi et al. (2016) also reportedsimilar findings that for
increasing solid bed height fluctuation ratio decrease. However they reported that for increasing flow rates fluctuation ratio also
increases. In the present investigation, conflicting results are reported. Although fluctuation ratio is decreasing with increasing flow
rates but maximum and minimum oscillating height of the expanded fluidized bed are found increasing with increasing flow rate.
However, the ratio between maximum to minimum expanded bed height is decreasing this also shows the fluctuation is decreasing.
The reason behind this finding is that the presence of liquid in stationary state.Abraham et al. (1992) reported that in three phase
batch type slurry column above the critical gas velocity i.e. minimum velocity to suspend the solids, the liquid starts recirculation
behaving within the column. During recirculation behavior liquid with gas moves up then after reaching certain height it starts
moving downward. Subsequently, entire liquid mass starts behaving in the same manner. Due to this liquid recirculation state and
momentum took from the liquid, solids also move upward then moves downward and form a continuous cyclic motion within the
fluidizing zone. This condition of recirculation is possible at higher flow rates only. However, excessive amount of flow rate breaks
this recirculation flow pattern and again fluctuation maystart increasing.

V. CONCLUSION
Present work has been undertaken to examine the effect of increasing solid bed height on the fluctuation ratio. In fluidizing bed
fluctuation of bed is most undesirable situation. In certain cases, solids move out from the fluidizer also. Further, fluctuation also
reduces the heat and mass transfer operations in the bed. For the selected range of experimentations, it is now possible to take
control on the fluctuation. It has also been suggested that for more fluctuating fluidized beds different liquids can be used to restrict
the fluctuation.
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