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Abstract : Conveying of granular solids in slurry form 

through pipeline systems is widely applied in industries due to 

its several inherent advantages, such as, continuous delivery, 

flexible routing, ease in automation and long-distance 

transport capability, etc. The present need of energy and water 

resources conservation, industrial requirement of transporting 

a large quantity of solids mass and improved understanding of 

the flow mechanism of low concentration solids slurry have 

given an impetus to the emergence of higher solids 

concentration slurry transport systems which adds a new 

dimension to the slurry transport arena. The present study 

aims to generate an extensive experimental dataset from the 

pilot plant test facility for better understanding the flow 

pattern in such pipelines. Pressure drop and solids 

concentration profiles are the most significant technical 

indicators need to be considered in designing the pipeline 

slurry transportation system. Therefore, a test loop system is 

employed to investigate the pressure drop and solids 

concentration profiles of iron slurry with different mix 

proportions which had 105 mm diameter pipe to facilitate 

investigation of the changes in the flow characteristics of 

commercial slurries and to correlate the efflux concentration 

and flow velocity with the various design parameters.   
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INTRODUCTION  

As a viable alternative means of a large-scale solids transport 

through pipelines, a slurry pipeline system is commonly used 

across the world for conveying of several materials such as 

coal, fly ash, lime stone, zinc tailings, rock phosphate, 

gilsonite, copper concentrate, iron ore etc. In such systems, 

water is usually being used as a carrier fluid. Due to huge 

power consumption, the method is drawing attention in recent 

years. Iron ores through the slurry pipelines are currently 

transported from mines to the processing plants and coming 

up in large numbers not only in India but also across the 

world. The high concentration slurry pipeline system has 

emerged out as a preferred option of solid materials 

transportation since it deems to be an economical and 

environment friendly. Further, the present enhanced 

consciousness towards the imbalance in the eco-system and 

related stringent government policies are also forcing the 

industries to adopt environment friendly transportation 

systems. Studies carried out on solids material transport 

systems have shown that the slurry conveying at higher 

concentration reduces the skewness in solids concentration 

profile (Kaushal et al., 2005), hence, it necessitates a 

relatively lower transport velocity as compared to that in low 

solids concentration transport systems. This way, higher 

concentration slurry conveying system require less quantity of 

carrier fluid with likely reduction of pipeline wear, which in 

turn, will eventually increase the life of pipelines.  

 

In order to optimize the performance of slurry pipeline, an 

experimental database is essential to design an optimal slurry  

 

 

pipeline system. It is, thus, desirable to have the concentration 

of commercial slurries high, to an extent possible, so as to 

make the system economical. Published data (Thomas, 1978; 

Soo, 1987; Slatter and Wasp, 2002) have shown that fine 

particles slurries at solids concentration above 50% by weight 

behave like pseudo-homogeneous suspensions. Thus, the 

pipeline can be operated at significantly lower velocities since 

the critical deposition velocity for such slurries are observed 

to be very low. Increased solids concentration beyond 50% by 

weight makes it possible to convey the slurry through pipeline 

in laminar regime since the slurry exhibits non-settling 

behaviour. Bunn & Chambers (1993) found that such 

slurries display non-Newtonian characteristics at higher solids 

concentration. Gopaliya and Kaushal (2016) performed the 

sand-water slurry flows through horizontal pipeline and 

highlighted the effect of grain sizes on various slurry flow 

parameters.  

Recently, Kumar et al. (2016) performed numerical simulation 

of horizontal slurry flow (water-glass beads) of coarse 

particles suspensions in a Newtonian carrier fluid. Glass-

beads-water slurry having 440μm mean diameter particles is 

analyzed through 54.9 mm diameter pipe at efflux 

concentrations up to 50% flowing with different slurry 

velocities up to 5 m/s. A significant number of literatures on 

low concentration slurry transport systems have reasonably 

explained the transport flow characteristics of solids but the 

phenomenon is not yet fully understood for conveying of 

higher concentration slurry owing to complex interactions 

among the constituent phases. Therefore, the present study 

delves deep into the transport mechanism of higher 

concentration slurries by conducting experiment 

investigations. In order to address these concerns, 

experimental analysis of 12µm iron-ore slurry flows through 

105 mm horizontal pipe having efflux concentration and 

mixture velocity ranges of 2.63 to 31% (by volume) and 1.35 

m/s to 5.11 m/s respectively have been performed during 

present study. 

 

2. MEASURED MATERIAL AND BENCH SCALE 

PROPERTIES 

The physical properties of iron ore are given in Table 1. The 

measured specific gravity and median particle size d50 of iron 

ore are 4.35 and 12µm respectively. 

Table 1  

Physical properties of iron ore 

(a) Specific gravity of iron ore = 4.35 

(b) Settling characteristics of the iron ore suspension 

(Initial concentration Cw = 30% by weight) 
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Final static settled concentration (Cw)ss = 83.09% by weight or 

(Cv)ss = 53.04% by volume.  

 

2.1. RHEOLOGICAL TESTING OF SLURRY 

Slurry rheology is the most important key parameter in the 

design of slurry pipeline transportation system for the flow of 

Newtonian and non-Newtonian fluids. The rheological 

property so obtained was used as input parameter to determine 

the pressure drop for the estimation of pumping power. The 

rheological experiments were conducted using RheolabQC 

(Anton Paar GmbH, Austria). In this study a RheolabQC with 

measuring cup CC27 and a sensor system ST22-4V-40 having 

4-bladed vane geometry was used. The diameter and length of 

the vane rotor was 22 mm and 40 mm respectively. 

 

 

2.2. EFFECT OF SOLID CONCENTRATION ON 

SLURRY RHEOLOGY 

The rheological data in terms of shear stress (τ) and shear rate 

(γ), in slurry concentration range for iron ore of 18.69–56.57% 

(by vol.) has been collected. It is seen that the variation of the 

shear stress with shear rate at all follow straight line behaviour. 

The data of rheological characteristics analyzed by adopting 

the Bingham-plastic model. The rheological characteristics of 

slurries are strongly affected by the solid concentration in Fig. 

1(a-c). With the solid concentration increases, it would 

become progressively more strongly non-Newtonian fluids, 

signifying a remarkable shear-thinning characteristic over the 

entire shear rate range. The variation of apparent viscosity 

versus shear rate with concentration is presented in Fig. 1(d-f). 

It is observed that the apparent viscosity increased with the 

increase of solid concentrations and decreased with the 

increase of shear rate. 

 

 

 
(a)                                          (b) 

 
(c) 

    

 
(d)                                           (e) 

 
(f) 

 

Fig.1 Rheological Characteristics of iron ore slurry at different 

solid concentration 

 

3. EXPERIMENTAL FACILITY 

Pilot plant test loops are suitable for studying the effect of 

flow rates, mixture velocity and concentration on flow 

behaviour, pressure drops and solid concentration profiles is 

laid horizontally in the Fluid Mechanics Laboratory at I.I.T. 

Delhi. Each test rig consists of 50 and 105 mm diameter pipes 

approximately 60 m long (see Fig. 2). The mixing tank, 

measuring tank, slurry pumps, two pipe loops of different 

diameters and by pass line are the major components of pilot 

plant test loop. The slurry is prepared in a hopper shaped 

mixing tank. It is made from 4 mm thick mild steel sheets 

with height of 2 m. On other hand, this tank is also provided 

with a mixer arrangement by an electric motor mixes the 

water and the solid particles mechanically. The slurry is 

pumped from this tank into the 105 mm diameter pipe loop by 

a centrifugal slurry pump (WILFLEY Model, Ni-hard coupled 

with 50 HP motor) and flow in the 50 mm diameter pipe loop 

obtained by means of a rubber lined slurry pump (M/s. 

International Combustion Ltd.). Both the pumps are having 

sufficient capacity to cover the entire range of head and 

discharge needed at all concentrations in both different 

diameter pipe loops. The flow rate of the slurry in the two 

pipe loops is maintained over a wide range by AUDCO valves 

(plug types) provided near the delivery of the pump in each 

loop. A diverter is also provided at the main exit of the pipe 

loop which facilitates the diversion of the flow to the 

concerned measuring tank. The shape of measuring tank is 

hopper type with height of 1.5 m and total volume capacity 

(1.25 m
3
). The magnetic flow meter provided in the vertical 

section of the pipeline. To ensure the accurate flow rate of 

slurry, further, a calibrated electro-magnetic flow meter was 

also installed in the horizontal section of the pipeline for 

regular monitoring of flow. The slurry volumetric flow rates 

and velocities were measured using electro-magnetic flow 

meters. For the visualization of slurry flow to estimate the 

deposition velocity, a transparent (perspex pipes small length) 

observation chambers in straight reach of the pipelines were 

installed in both pipe loops. It gives the idea about deposition 

velocity to avoid the chocking of the slurry pipeline system.  
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The minimum slurry flow velocity is usually kept more than 

the deposition velocity. Many pressure taps along with 

separation chambers have been installed at different positions 

in the straight reach and pipe bends of pilot plant loop. 

Separation chambers were provided at each pressure tab so 

that slurry does not enter in manometric tubes or interface 

separation of the slurry and the manometric fluid (water) as 

intermediate fluid. 

 
 

Fig.2 Schematic diagram of pilot plant test loop 

 

The pressure drop between any two pressure taps was 

measured in either of the pipe loops by using differential 

pressure transducers (with capacity of 100 KPa) and flow rate 

was controlled in each pipe of pipe loops by plug valves fitted 

in the individual loops. To ensure the fully developed flow, 

the pressure taps are provided more than 50D where D is the 

pipe inner diameter, the gets flow fully developed. To 

determine the local solid concentration distribution through 

the pipe cross-section, a sampling tube for drawing out 

samples is provided in each loop. Concentration distribution 

in the straight pipe and along the bend tangent length has been 

measured using a sampling tube having a 4 mm x 6 mm 

rectangular slot 2 mm above the end to collect representative 

samples in the pipe line. Samples are collected from different 

heights from bottom of the pipe in the vertical plane of the 

cross-section to a sieve analysis to measure the concentration 

profile at each elevation under near isokinetic conditions. 

During the collection of samples, it is ensured that the flow of 

the slurry through the sampling tube outlet is nonstop and 

uniform. At the end of the pipe loop a sampling point is also 

provided in the vertical portions to collect an average efflux 

sample. The accuracy of the sampling tube is checked by 

integrating the measured concentration profile to obtain 

overall concentration and comparing it with the measured 

efflux concentration. During the collection of concentration 

samples at various locations, it was ensured that the flow of 

the slurry through the sampling tube outlet is continuous and 

uniform. The specific gravity of the slurry flowing through 

pipeline is determined by collecting samples through a sample 

point provided in the vertical section.  

 

4. RESULT AND DISCUSSION 

In the present work, an effort has been made to generate the 

data for pressure drop and concentration distribution in 105 

mm internal diameter of pipelines for the flow of iron ore 

commercial slurries at higher concentrations. During the pilot 

plant loop test facilities the settling of the slurry was not 

observed even at the minimum value of the flow velocity at 

any efflux concentration of slurry tested. 

 

4.1. PRESSURE DROP 

Pressure drop for iron ore slurry of 12µm particles are 

presented in Fig. 3 at seven different efflux concentrations 

namely 0, 4.91, 7.83, 11.8, 16.6, 23.48 and 31% by volume.  It 

is observed that the pressure drop at any given flow velocity 

increases with increase in concentration. This trend is seen for 

all concentrations at all velocities. The rate of increase in 

pressure drop with concentration is comparatively small at 

low velocities but it increases quickly at higher velocities, 

pressure drop is more at higher velocities, due to greater 

surface area causing extra frictional losses in suspension.  

 

 

4.2. CONCENTRATION PROFILES AND 

DISTRIBUTION 

 

To calculate the energy dissipation in the pipe, knowledge of 

the concentration and size distribution of solids is also 

essential. Evidently the local chord concentration can show a 

clearer picture of the distribution of solid particles and their 

movement in the vertical axis of the pipe cross-section. The 

distribution of solids across the cross-section depends on 

various factors, such as flow velocity, the vertical depth of the 

pipe, the particle size, its density and solids concentration etc. 

Solid concentration distribution was measured using a 

traversing mechanism and isokinetic sampling probe at six 

levels in the vertical plane. Measured vertical Solid 

concentration distributions are shown in Fig. 4 (a-f) at 

different flow velocities. Fig. 4 (a-f) shows concentration 

distributions in the vertical plane for iron ore slurry of 12 µm, 

by C(y')/Cvf where C(y') is the volumetric concentration at y' = 

y/D, y being distance from the pipe centre and D the pipe 

diameter and Cvf, is used average efflux concentration in each 

experiment. It is observed that the degree of asymmetry in the 

solids concentration distributions for same concentration of 

slurry increases with decreasing velocity. From these figures, 

the skewness keeps reducing with increase in concentration. It 

is also observed that for a given velocity, increasing 

concentration reduces the asymmetry in the vertical solid 

concentration distributions because of enhanced interference 

effect between solid particles. The effect of this interference is 

so strong that the asymmetry even at lower velocities is very 

much reduced at higher concentrations.  
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Fig.3 Measured pressure drop variation with flow velocity at 

different solids concentration 

 

 

 
(a) Cvf = 2.63%     (b) Cvf = 4.91%                               (c) Cvf 

= 7.83% 

 

                        

         

 (d) Cvf = 11.8%   (e) Cvf = 16.6%                               (f) Cvf = 

23.48% 

 

Fig. 4 Measured solid concentration distributions in a 

horizontal pipe 

 

 

5.  CONCLUSIONS 

 

Bench scale, rheological properties and pilot plant loop testing 

were determined experimentally. Pilot plant loop test 

involving conveying of iron ore slurries through straight 

horizontal pipeline at various solid concentrations revealed 

that the pressure drop increases with the increase in slurry 

concentration for a given flow velocity. It is also found that 

for all efflux concentrations, the extent of asymmetry in the 

concentration profile increases with decrease in the flow 

velocity. This is expected as a reduction in flow velocity there 

will be a decrease in turbulent energy which is responsible for 

keeping the solids in suspension. Asymmetry in the 

concentration profile at any given flow velocity tends to 

decrease with increasing slurry concentration because of 

enhanced interference effect between particle- particle. The 

cause of this interference is so strong that the asymmetry even 

at lower velocities is very much reduced at higher 

concentrations. 
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