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Abstract Slurry pot erosion tester is a simple and inex-

pensive test rig which can provide a rapid ranking of the

erosion resistance for different materials. The fabrication of

modified slurry pot erosion tester has been reported here.

The present slurry pot erosion tester facilitates to handle

large cylindrical and flat samples. It also allows using

slurry with variety in its volume, and concentration and

particle size of sand. The much needed uniform distribution

of solid particles along the vertical section of the slurry is

controlled by the speed of the stirrer. In the present

investigation, the effect of stirrer speed on the distribution

of sand particles inside the slurry pot is studied for variety

of slurry. The optimum stirrer speed for uniform distribu-

tion of 300 l sand particles over the vertical cross section

in slurry of 10% concentration and 20 l volume comes out

to be 850 rpm. The erosion behaviour of mild steel was

also studied to ensure suitability of the device for deter-

mination of erosive wear.

Keywords Erosion test rig � Slurry pot tester �
Stirrer speed � Solid distribution

1 Introduction

In many industrial applications a surface is attacked by

fluid stream containing solid particles which causes the

erosive wear of the surface. It ultimately leads to repair or

replacement of the component. Erosion is the most sig-

nificant and continuing problem in many systems like

catalytic cracking of oil, coal hydrogenation, fluidised bed

system, transport lines for slurries, aeronautical, mining

and process industries and thermal and hydroelectric power

plants [1–4]. Use of better erosion resistant material can

mitigate the deleterious effect of erosion in such applica-

tions. However, the accurate prediction of erosion behav-

iour of material is very difficult as numerous parameters

govern the erosion phenomenon. All these parameters can

be broadly classified as (i) impinging variables, (ii) particle

variables and (iii) material variables [5]. The relative

importance of these parameters in the systems undergoing

erosive wear varies depending on the different flow con-

figurations and their physical characteristics. Generally

laboratory test method is popularly adopted [6] to evaluate

erosion resistance of material in which practical conditions

are simulated to generate meaningful and reproducible

data. In practice, generally erosive wear takes place at low

rates. Hence the simulation test period becomes lengthy. In

such circumstances, widely accelerated erosion conditions

may be imposed with precision to shorten the test period.

2 Literature Review on Methodology and Design

of Erosion Testers

The standardization of methodology and design of equip-

ment for erosion testing is difficult to achieve considering

the complexity of the problem. Clark [7] opined that no

ideal erosion test was likely to exist which would allow the

prediction of erosion rate and its distribution in any flow

regime under any material or slurry condition along with

optimization of hardware design criteria. Subsequently no
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universal correlation valid for all types of slurries could be

obtained to determine wear rate in a slurry pipe line [8].

However, at a lower level of expectations, many lab tests

can be used for performance ranking of the materials and

study of influencing factors. Various types of erosion test

rigs used so far for determination of erosion rate in different

conditions can be listed as linear gas gun [9], slurry pot

erosion tester [10, 11], contra rotating disc tester [12], slurry

jet erosion wear test rig [13], sliding bed erosion test fixture

[14], flow-through slurry wear tester [15] and sliding bed

wear test and closed hydraulic loop tester [16]. Those can be

further classified into four types [17] as sand or gas-blast rig

[2], re-circulating liquid slurry loop [18], centrifugal

accelerator and whirling arm rig [19, 20]. The most com-

monly used bench scale test rigs to evaluate the erosive

wear at an accelerated rate are slurry pot tester (a variant of

whirling arm rig) and jet impingement tester (JIT) (sand

blast type). Slurry pot tester can provide a rapid ranking of

the erosion resistance of different materials besides being

inexpensive and easy to operate [21]. However the inves-

tigation on the effect of particle size, impact velocity and

impact angle cannot be undertaken with slurry pot tester

[22]. JIT is generally applied to determine the variation of

the wear with impact angle at low solid concentration.

However, the impact angle and the impact velocity of all the

solid particles do not remain same during the test in JIT

[23–25]. The inadequate grasp and control of particle

impact conditions in the test rig ultimately leads to erro-

neous data on erosion behavior of material [26]. Efforts are

being taken for the continuous modification in the design of

existing test rigs to overcome the flaws/limitations observed

in them [27, 28]. Recently, the coriolis tester (a variant of

centrifugal accelerator), has been reported to be simple and

rapid with excellent control of experimental condition [29].

There, coriolis effect is used to closely simulate the action

of slurries moving inside centrifugal pump, cyclones etc.

[30]. However, the above discussed test rigs mostly operate

under laminar flow conditions. In order to study the erosion

due to turbulence, a compact, convenient and reliable

counter rotating double disc tester has been reported for first

level erosion characterization of engineering materials [31].

However, the slurry pot tester is reported to give com-

paratively more realistic results for many field applications

and hence it is preferred over other tester which can be

prohibitively expensive and time consuming [6, 8, 10]. In

the present work, a slurry pot tester is fabricated, keeping

in view all the problems faced earlier, to evaluate the

erosion resistance of variety of material for various erosion

parameters. The effect of stirrer speed on solid distribution

in variety of slurry is also studied. Experiment on erosion

of mild steel in sand-water mixture has been carried

out to ensure suitability of the device for determination of

erosive wear.

3 Experimental Program

3.1 Fabrication of Slurry Pot Tester

The modern slurry pot tester has undergone lot of modifi-

cation. Earlier Tsai et al. [10] had used cylindrical slurry

pot tester, of 2 l capacity, made of brass with a detachable

lid. They suggested using larger test chamber to rotate test

samples of larger diameter to ensure viscous layer effect.

Figure 1 shows schematic diagram of experimental set up

and details of modified slurry erosion pot tester. It consists

of a cylindrical tank of cast iron of 300 mm diameter and

450 mm height, to rotate larger samples and to handle large

slurry volume, if required (Fig. 1b). Earlier, the vortex

shedding interaction effect was observed between the two

cylindrical samples rotating at more than 1,600 rpm in the

slurry. This was thought to affect the weight loss of the

specimens. Therefore, many investigators attached a pro-

peller at the bottom of the shaft used for rotating the

specimens and pumped the mixture upwards for suspend-

ing the solids. But, the turbulence produced in the pot for

suspension of solids was a problem as it could result in

significant error in calculation of impact velocity. To

overcome this possibility, two discs were rotated in oppo-

site directions in a slurry pot [12]. Later, it was suggested

that a downward pumping propeller and pitched turbine

blade propeller give more uniform distribution of solids

[32, 33]. Hence in the present pot tester, a stirrer is fixed in

pump down mode to one end of shaft inserted from the

bottom. The other end is connected to a separate 0.75 KW

DC motor through belt pulley drive. The stirrer can be

rotated at any speed up to 1,400 rpm to ensure uniform

distribution of sand particles in the slurry of desired con-

centration. A non contact type tachometer, instead of

magnetic pick up used earlier, is attached to measure the

stirrer speed. Also, the cylindrical tank is lined from inside

with four full length baffle plates of 10 mm thickness. The

baffles oppose the undesired swirling of flow during stir-

ring but do not affect the desired longitudinal and radial

flow. Hence the vortical motion induced by the rotating

samples and the propeller is diminished and good mixing

of the slurry is ensured.

The tank is covered by a transparent acrylic sheet from

the top which allows to view the inside portion of the tank

during testing. Another 0.75 KW DC motor is directly

mounted on the top of the acrylic sheet. As shown in

Fig. 1a, the stainless steel shaft attached to the motor is

inserted from the acrylic lid to hold and rotate the wear

specimen inside the slurry at required speed as can be

measured by non contact type digital tachometer. The wear

samples can be in the form of either right circular cylinder

of 10 mm diameter or rectangular plate of 20 9 3 mm2

cross section with a T-Shaped head at the top. These
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samples, maximum four in number, can be fitted in the

matching groove on the sample holding disc. The holding

disc is then bolted to supporting disc attached to holding

shaft and the whole assembly is then fitted to the motor

shaft. The degree of freedom for wear specimen is designed

to be zero to avoid relative motion during test (Fig. 1c). All

the components of the holding fixture are made up of

stainless steel.
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It was thought that the quantification of the impact angle

in the pot tester was difficult due to complex relative flow

conditions between the slurry and the wear specimen dur-

ing the test [34]. However, the orientation angle of the

specimens was varied to study the effect of impact angle

[12]. The orientation angle was defined as the angle

between tangents to the plane surface and its velocity.

Special test fixture was designed for analyzing the effect of

impact angle in the slurry pot tester [35]. The flat wear

sample in the present pot tester can also be placed at dif-

ferent orientation angle as shown in Fig. 1d by selecting

the holding disc with grooves in the desired orientation

angle.

The acrylic lid along with the motor and the special

holding assembly can be lifted up through rope winch

system for loading and unloading of sample. The guiding

rods help easy placing of the lid on the tank. The lid can be

bolted to the tank flanges at the top. The tank is provided

with total five outlets at different height along the wall. The

outlet at the bottom (D) is solely for draining the tank

whenever the used slurry has to be replaced by new slurry.

The remaining four ports (T1, T2, T3, T4) are arranged at

75, 150, 225 and 300 mm from bottom and alternately at

left and right side of the drain port. These ports are used to

check the actual sand concentration at different height from

the bottom.

3.2 Optimization of Stirrer Speed

In slurry pot tester, the uniform distribution of solid erod-

ing particles in the slurry is important to obtain realistic

and reproducible data on erosion. The suspension charac-

teristics of the slurry are controlled by the speed of the

stirrer. The lower stirrer speed may not give uniform dis-

tribution of the solid sand particles in the slurry. On the

other hand, turbulent and vortex flow conditions may creep

in at higher stirrer speed. The minimum speed of the stirrer

at which the mixture appears to be uniformly distributed

(or the suspension speed [6]) can be decided by visual

observation. During the experiment for optimization of

stirrer speed, the mixture appeared to be uniformly dis-

tributed above 700 rpm of stirrer. However the sand con-

centration along the vertical cross section of the slurry may

not be equal everywhere at this speed. This, therefore,

necessitates determining the optimum stirrer speed which

gives fairly uniform overall distribution pattern of solids in

the slurry. Hence in the present investigation, the actual

concentration of the sand is measured by collecting the

samples through the various tank openings for different

slurry parameters as shown in Table 1. The relative con-

centration is calculated as the ratio of actual sand con-

centration in the collected sample to overall sand

concentration of the slurry at given condition.

3.3 Testing of Mild Steel for Erosion Resistance

Two right circular cylindrical samples of mild steel were

polished with #1000 emery paper for uniform surface

condition. The stirrer speed for the slurry is determined

from the observations of the optimization experiment

described above. All the test conditions are summarized in

Table 2. Samples were cleaned with tap water first and

acetone later and then dried in hot air blower before and

after each test. The specimens were clamped with circlips

at the top and then inserted in the matching holes of the

sample holding assembly. The tank was filled with the

slurry of desired composition and the transparent lid was

placed on the tank. The specimen holding assembly

attached to the lid from inside got immersed in the slurry.

The MS samples were thus held vertical with the top edge

at the height of 225 mm from the bottom.The motor

attached to it from the outside of the lid rotated the samples

in the direction opposite to stirrer at desired speed. The

mass loss of the specimen is measured in electronic balance

having least count of 0.01 mg after 2 h interval.

4 Result and Discussion

The present slurry pot erosion tester facilitates to handle

larger samples and variety of slurry and its volume. Also,

the orientation angle of the specimen and the speed of

the sample rotation can be conveniently adjusted to suit the

experimental requirements. The distribution pattern for

the given slurry can be checked at any time by measuring

the relative concentration at the vertical section of the

slurry. Accordingly stirrer speed can be adjusted.

Table 1 Parameters for optimisation of stirrer speed

Type and sp. gravity of sand Quartz 2.55

Overall sand concentration 5, 10, 20% (in 20 l water)

Avg. sand particle size 300 lm (150–450 lm), 525 lm

(450–600 lm), 750 lm

(600–900 lm)

Stirrer speed 750, 850, 950 rpm

Tap position from bottom T1: 75 mm, T2: 150 mm,

T3: 225 mm

Table 2 Parameters for erosion testing of mild steel

Specimen size 10 mm dia., 45 mm height

Avg. sand particle size 525 l

Stirrer speed 950 rpm

Sample rotation speed 120 rpm

Overall sand concentration 15%

Sp. gravity of sand 2.55
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4.1 Effect of Stirrer Speed

The distribution patterns of sand particles along the vertical

distances in the tank for different stirrer speed and overall

sand concentration are as shown in Fig. 2a, b and c. For

slurry of 5% concentration of 300 l sand particles (Fig. 2a),

the relative concentration is constant for all the stirrer speed

at 75 mm height. Above 75 mm height, it increases grad-

ually with the stirrer speed. However the relative concen-

tration at 225 mm height is lesser at all the stirrer speed as

compared to that at 75 and 150 mm height. Similar results

are obtained for 10% (Fig. 2b) and 20% (Fig. 2c) slurry

concentration. The relative concentration of 300 l sand

particles varies between 0.9 and 1.2 at the height of 75 and

150 mm for all the test speed of stirrer and different overall

sand concentration in the slurry. Thus the sand particles are

almost uniformly distributed in this region above stirrer

speed of 750 rpm. However, the relative concentration at

the height of 225 mm is lesser and varies over a wide range.

But, it increases with the increase in stirrer speed from the

lowest of 0.15 at 750 rpm for 20% overall sand concen-

tration (Fig. 2c) to the maximum of 0.9 at 950 rpm for 5%

overall sand concentration (Fig. 2a). This is obviously due

to greater energy required to push more number of sand

particles in upward direction. Thus the sand concentration

in this region mainly depends on the stirrer speed. In other

words the relative sand concentration falls with the height

but the increase in stirrer speed keeps the sand distribution

pattern in the pot more and more uniform.

4.2 Effect of Slurry Concentration

The effect of increase in slurry concentration on the dis-

tribution of flow is shown in Fig. 3. Though the number of

particles in the slurry increases with the concentration,

there is no proportional increase in the number of particles

present all over the vertical section of the slurry. Similar

observations have been reported in the literature [36]. This

has been attributed to the increased interaction between

solids and the decreased free space available for free

motion [37]. The increase in slurry concentration increases

the density of the mixture and hence requires greater

energy for the suspension of additional particles. If the

energy supplied is not enough then particles tries to settle

down. Hence the relative concentration in the lower region

of the slurry tank increases and that in the upper region

decreases with the increase in slurry concentration. This

trend is common for slurries of different particle size. Thus

Fig. 2 Variation of relative concentration of sand along the cylinder height at different stirrer speed for slurry of a 5%, b 10% and c 20% overall

sand concentration

Trans Indian Inst Met (August–October 2011) 64(4–5):493–500 497

123



it is clear that the distribution of the sand particles

becomes increasingly uneven with the increase in slurry

concentration.

4.3 Effect of Particle Size

Figure 4 shows the variation in relative solid concentration

due to change in particle size for various slurry concen-

trations and tap positions. In general, the relative concen-

tration of solid particles drops with the increase in size of

the particles. The relative concentration of bigger size

particles fluctuates widely in the given test zone. As such

the increase in particle size does not change density of

slurry of same concentration but it results in reduced

number of sand particles in the slurry. However, the effect

of liquid drag on the particles reduces with the increase in

particle size. Hence larger particles do not closely confirm

to the movement of the liquid than do small particles [38].

The reduction in the effect of liquid drag owing to increase

in particle size tends the bigger particles to settle down.

Hence the relative concentration in the lower region

increases and that in the upper region decreases. Therefore

the distribution of the sand particles becomes uneven. The

further increase in particle size results in settling of parti-

cles down to still lower region. The rise in stirrer speed in

this case causes the upward dispersion of sand particles

present in the lower region. But it does not result in sus-

pension of additional particles present in the bottom region

(i.e. below 75 mm) probably due to inadequate energy

supplied by the stirrer. The further rise in stirrer speed may

provide the necessary energy for the suspension of more

number of particles. However, the stirrer speed can only be

increased in constraint with the turbulence produced in the

tank.

The optimum stirrer speed which gives nearly uniform

distribution of 300 l sand particles in a slurry of 10%

overall concentration over the vertical cross section comes

out to be 850 rpm. The schematic representation of dis-

tribution pattern for the optimized process parameters is as

shown in Fig. 5. It is clear that the slurry density in the

uppermost region is comparatively lesser than that in the

lower region. This is obvious as the gravitational force

tends the sand particles to settle down. However the stirrer

speed is sufficient enough to float majority of sand particles

to the surface thus causing erosion of the samples.

4.4 Erosion Behaviour of Mild Steel

The trial erosion test of mild steel specimen was conducted

in the modified slurry pot tester at 120 rpm. As per the

results of the optimization experiment, as discussed above,

the stirrer speed for the given composition of the slurry was

set at 950 rpm. The variation in incremental and cumula-

tive weight loss due to erosion is plotted against the test

time as shown in Fig. 6. The plot indicates that incremental

weight loss of mild steel specimen initially increases with

time and then ultimately reaches a steady state value. This

can be attributed to the platelet mechanism of erosion [39].

In this mechanism, larger platelets formed at the beginning

of erosion on the relatively undeformed material are easily

Fig. 3 Variation of relative concentration of solid along the tank

height for different slurry concentrations (stirrer speed = 850 rpm,

particle size = 525 lm)

Fig. 4 Variation in relative concentration of solid due to change in

particle size for all slurry concentrations and tap positions at 850 rpm

Fig. 5 Schematic representation of sand distribution pattern in the

slurry pot at given process parameters
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removed on the impact of succeeding particles. This results

in a peak in the weight loss of the material due to erosion.

As the erosion process continues, the overlapping of craters

and platelets takes place. This makes the platelets less

vulnerable and results in lower and steady erosion rate.

Similar results have been reported in the literature [40, 41].

Thus the results of the modified slurry pot tester are con-

sistent and may provide more realistic results for the

ranking of the erosion resistant materials.

5 Conclusion

• The modified slurry pot erosion tester has the capacity to

handle large samples and variety of slurry. The

arrangement of adjustable specimen orientation angle

and stirrer speed facilitate for erosion testing of material

under different conditions. The precise control over the

suspension characteristics of the slurry ensures the

accurate and reproducible data of erosion behavior of

materials.

• From the experimental study it is observed that the rise in

stirrer speed improves the uniformity of the flow along the

vertical section. The increase in overall sand concentration

of the slurry requires more energy for suspension of

additional sand particles. Hence stirrer speed needs to be

increased to maintain the uniformity of the flow.

• The increase in the size of sand particles tends to

reduce the effect of liquid drag on the bigger particle.

Hence these particles do not closely confirm with the

flow of liquid medium. This also calls for increase in

stirrer speed to improve the distribution pattern of the

sand particles in the slurry.

• Thus the optimum stirrer speed is different for variety

of slurry and it mainly depends on the concentration

and size of sand particles in the given volume of the

slurry. The optimum stirrer speed was found to

850 rpm most uniform distribution of 300 l sand

particles over the vertical cross section of the slurry

of 10% concentration in 20 l volume.

• For slurries of higher overall concentration and sand

particle size, the uniform distribution of the sand

particles along vertical section of the pot tester can be

obtained at higher stirrer speed. However the excessive

increase in the stirrer speed will cause turbulence and

formation of vortices in the slurry pot. Hence stirrer

speed needs to be controlled in the constraint of

turbulent flow conditions to obtain more uniformity in

the distribution of sand particles.

• The results obtained from the erosion testing of mild

steel in the present slurry pot tester are found to be

consistent with the literature. This ensures realistic

results for the various erosion conditions in pipeline,

pump, water turbines etc.
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