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Abstract: Classifiers are used in minerals processing for extracting the valuable minerals. Effectiveness of classifier depends 
on how effectively the classification of particles is been done based on the cut size. The main factor is teeter bed formation 
which has high impact on classification of particles depending on their size and density. Heavy particles move to underflow 
and the lighter particles move towards the overflow. The separation of lighter and heavy particle takes place at teeter bed. In 
this study, teeter bed is the primary focus area to understand the cut size particle behavior and enhance the effectiveness of 
the teeter bed in classification process. Experimental work is carried out using single column cylindrical classifier built in 
transparent material to study the particle behavior in teeter bed. Known quantity of sand slurry with different particle sizes is 
prepared and the classification results are tabulated and analyzed. From the analysis it is clear that stability of teeter bed is a 
key factor in achieving high efficiency in classification process. The various factors hampering the stability of teeter bed are 
induced due to agitation leading to variation of slurry concentration per cycle during the process and slurry pumping rate and 
pulsation in pumping. 
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I. INTRODUCTION 
 
Classifier works on the principle of gravity 
separation. It is used to provide effective separation 
of particles, particularly when the solids 
concentration in the slurry is high. Here, the 
separation primarily occur based on differences in 
physical properties such as density, size & shape. 
There are two types in classifier; free settling and 
hindered settling. 
 
In free settling the particles move along with water 
which forms heterogeneous slurry. This mixture is 
introduced into the classifier compartment. The 
particles settle down, after some time and the water is 
removed to obtain the particles, these equipment’s are 
ineffective in sorting and separations of different size 
of particles. These are generally used to eliminate 
impurities that are lighter than water from the slurry. 
 
Hindered settling which utilizes difference in settling 
velocities of different size particles to sort them. This 
is done by introducing a counter current of water 
against the particles falling down. This enables a 
particular size of particles to balance forming a teeter 
bed. While particles lower than the particles 
balancing exit along with water through the top, the 
particles that are heavier settle down. Thus, 
classification is achieved. It is an undoubtedly better 
way to sort, separate particles based on density and 
size. 
 
Many researchers have carried out study on classifier 
design and operation. Brauce H Kim has worked on 
the modeling of hindered settling column separations, 

characterized the particle motion in laminar, turbulent 
and transition state using Stokes equation for laminar 
flow velocity and Newton’s equation for transition 
flow and turbulent flow. R Shankar Subramanian 
worked on the teeter bed height, pressure and 
superficial velocity and minimum fluidization 
velocity where the particle behaves as fluid in the 
teeter bed. Intermezzo I calculated the settling 
velocity for irregular shape particle using the shape 
factor relating to spherical particles and focused on 
hindered settling velocity. R G Batson designed the 
limestone teeter bed reactor for potable water 
stabilization where study is concentrated on incipient 
fluidization and hindered settling velocity. F FPeng et 
al, fluid dynamic modeling of fine particle separation 
in hindered settling velocity and effects of feed 
system, fluidizing water flow rate, solid feed rate and 
effects of inlet solids concentration. 
 
Flow variation due to pump pulsation is one of the 
deciding parameter for a teeter bed formation. Small 
pulsation in the flow, varies the inlet feed velocity 
and results in variation in the thrust acting on the 
upward flow of teeter water. During pulsation, when 
this thrust becomes high teeter bed is disturbed and 
lighter particles travel to underflow which is 
undesirable. Secondly the slurry mixing, the agitation 
of slurry in another deciding parameter for teeter bed 
formation. Proper agitation cycle to be achieved to 
distribute the solids in the liquid uniformly and which 
should be fed to the classifier inlet at uniform rate. 
 
Velocity of the slurry in the pipe connecting to 
classifier inlet should be greater than settling velocity 
of the solids to maintain the slurry density uniformly. 
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If the slurry density is not maintained uniformly due 
to uneven distribution there will be variation in the 
required upward thrust to be provided by the teeter 
water to maintain the teeter bed and thus leads to 
solids imbalance and failure of teeter bed 
 
II. THEORETICAL CALCULATION 
 
A single column classifier is designed to conduct the 
study on teeter bed behavior and teeter water flow, 
below are the parameters on which the single column 
classifier is constructed and results are analyzed. 

 

 

 

 
Laminar flow occurs over the particle for 
Re<1Transition flow occurs over the particle for 
1<Re<1000.Turbulent flow occurs over the particle 
for Re>1000.Applying stokes law for laminar flow 
regime 

 
Drag coefficient CD =0.445 
Both Laminar and turbulent flow regimes are 
connected by transition flow regime. In this regime 
the drag coefficient is varying with relative velocity 

of the particle. The CD value is calculated by 
mathematical approximation ( Turton&Levenspiel, 
1986) 

 
Reynolds number of particle is calculated by 
dimensionless Archimedes number.Hartman et al. 
proposed the empirical correlation to find the settling 
velocity of the particle with independent of flow 
regime. 

 

 
2.2. Hindered settling velocity of the particle 
In Hindered settling the particle interactions are 
considered to calculate the settling velocity of the 
particle [2]. 

 
Table 1: Values for the Richarsonm 

 
For 0.4 (max) concentration in teeter bed m = 3.41 
Particle hindered settling velocity = 0.00769 m/sec 
=7.36 mm/sec 
For 0.1 (min) concentration in teeter bed m = 3.4145 
The hindered settling velocity of the particle is = 
0.0294 m/sec = 29.43mm/sec 
 
2.3.Teeter water flow rate 
Teeter water flow rate required for free settling for a 
given single column classifier (diameter = 61.5mm) = 
125.26 ml/sec =7.51 l/min.Teeter water flow rate 
according to hindered settling velocity with void 
fraction of 0.6 in teeter bed=21.9 ml/sec =1.31 
l/min.For 0.9 void fraction in teeter bed the required 
teeter water flow rate to achieve hindered settling 
velocity for minimum = 87.42 ml/sec = 5.25l/min. 
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Fig 2: Single column classifier test equipment 

 
III. EXPERIMENTAL RESULTS 
 
Based on the above duty parameters and teeter water 
flow rate calculations the experimental study is been 
conducted and several iterations were carried out, 
below are the results of the experiment. 
 

Table 2: Experiment 1 Results 

 
Table 3: Experiment 2 Results 

 
Table 4:Experiment 3 Results 

 
Table 5:Experiment 4 Results 

 
Table 6:Partition Coefficient Calculation 

 
 

 
Fig 3: Experiment 1 results graph 

 
 

 
Fig 4: Experiment 2 results graph 

 

 
Fig 5: Experiment 3 results graph 

 

 
Fig 6: Experiment 4 results graph 
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Fig 7: Partition Coefficient graph 

 
IV. EFFECTS OF GEOMETRICAL 

PARAMETERS 

 
Fig 8: Single Column Classifier Line Diagram 

 
4.1.Teeter water pipe position 
For given D/H2, from the experiments it is found that 
ratio, α = H1/H2 ≥0.15 gives the optimum results of 
classification and teeter bed formation. If the ratio is 
maintained below 0.15 teeter bed is uncertain and 
classification is very poor due to swirling motion of 
the water flowing upwards in case of improper 
distribution of water coming out of the holes, which 
will affect the formation of the bed. 
 
4.2.Baffle plate position 
In this variant it is found ratio, β = H3/H1 ≈ 0.078 If 
H3 is still further reduced, as classifier column and 
slurry flow rate is low as compared to the water flow 
rate, the particles report to the overflow even before 
entering the classifier column and higher value of H3 
increase the slurry impact force (lumps of slurry) on 
the upward water steam thus lighter particles report to 
underflow. 
 
V. RESULTS AND DISCUSSION 
 
Experiments are conducted on built single column 
classifier using sand slurry with particles size < 500 
microns. Teeter water is been pumped through the 
holes drilled in the teeter water pipe and constant 
slurry flow rate is being maintained. To achieve the 
teeter bed formation and to analyze the behavior of 
teeter water, flow rate is set for both conditions 

hindered settling and free settling. Initially the teeter 
water flow rate was set to hindered settling, due to 
low concentration of slurry at the pump outlet, it is 
found that instead of particles are not in hindered 
condition due to high void fraction, particles were 
settling towards the underflow by free settling and 
thus the teeter bed formation was only observed at 
initial stage of experiment. Therefore the teeter water 
flow rate was set for free settling and teeter bed was 
analyzed. From observation it was found that cut size 
particles are in continuous circulation in teeter zone 
and lighter particles were moving towards the over 
flow. In the results it is observed that some of the 
lighter particles are found in the underflow, this is 
due to below reasons: 
 
i) Improper slurry spread over the baffle plate, 
ii) Slurry fall as lumps and due to this the lighter 
particles were carried out to the underflow. 
 
From the experiments it clear that slurry uniformity 
and uniform slurry and teeter water flow has a huge 
impact on the teeter bed formation in turn which 
affect the classifier performance. Though proper 
agitation process is followed it observed that on 50% 
of total solid in slurry container is pumped which is 
another parameter that caused the particles to attain 
free settling than hindered settling. Cut size obtained 
from experiment shown in above table is range of 355 
- 500 microns. The results obtained from calculation 
and experimental results approximately are in good 
agreement. As per free settling theoretical calculation 
of teeter water flow rate with 90% porosity for 500 
micron particle size is 7.5 lpm.  
Slurry flow rate is 1.6 lpm. 
From the experiments geometrical parameters 
influencing the teeter bed and classifier performance 
are studied and if found that values of α and β should 
be given range as mentioned above for optimum 
performance of single column classifier. 
 
VI. NOMENCLATURE 
 
V = volume of particle, m3 
ρs = density of solid particle, kg/m3 
ρf = density of fluid, kg/m3 
A = cross section area of particle, m2 
d = diameter of particle, m 
g = acceleration due to gravity, m/sec2 
v = settling velocity, m/sec 
vHS = hindered settling velocity, m/sec 
Rep = particle Reynolds number 
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