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Abstract— Pneumatic conveying of solid materials is used in 

many process industries where solid particles are carried 

forward in pipes by the gas and air. For foundry sand air is 

consider as working media with sufficient high pressure and 

low velocity for dense phase pneumatic conveying system. 

Aim of paper is for lowest erosion rate in bend and pipe with 

sufficient pressure to lift up the particles. Material flow rate 

through a pipeline is primarily dependent upon the pressure 

drop available across the pipeline. A basic requirement of any 

feeding device, therefore, is that the pressure loss across the 

device should be as low as possible in low pressure systems, 

and as small a proportion of the total as possible in high 

pressure systems. Accurate prediction of pressure drop across 

the conveying system is essential in determining the optimum 

operating parameters for a smooth conveying operation. 
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I. INTRODUCTION 

In dry materials handling, the product being conveyed and the 

application are used to determine the best type of conveying 

system. Highly abrasive products and those subject to 

degradation move best through a high-pressure, low-velocity 

conveying system. On long distance, high-rate applications, a 

high-pressure, low-velocity system can offer energy savings. 

Smooth dense phase pneumatic conveying system is such a 

system. Unlike dilute phase systems, there is not an airlock 

feeder for introduction into the line.  

Conveying velocity, particle concentration, particle 

size, particle shape and bend geometry. In these works, the 

importance of penetration rate in predicting the failure of 

pneumatic conveying bends was realized, but the location of 

the penetration around the bend was not investigated. 

Research into bend failure on a pneumatic conveyor 

undertaken by Burnett has mentioned that the puncture 

locations of the bends might vary with different bend 

geometry. 

A. Dense Phase Pneumatic Conveying 

Dense Phase Pneumatic Conveying is suitable for 

transporting difficult, abrasive or friable materials and pushes 

material along a pipe in a plug form at relatively low 

velocities. Low velocities means minimal wear on pipes and 

bends, promoting minimum maintenance and extended 

service. Efficient use of compressed air also gives minimal 

power consumption and operating costs. 

This systems use a pressure vessel or transmitter. 

While airlocks are normally limited to a pressure differential 

of only 15 psig, dense phase transmitters have no pressure 

limitation. With their High-pressure capability, dense phase 

systems allow for higher rates and lower velocities in the 

same line size. Slugs of product can be “pushed” through 

while dilute phase suspends all products in the airstream. 

Dense phase could be your best choice particularly if you are 

dealing with abrasive products or products that degrade. 

II. MODE OF OPERATION 

 
Fig. 1: Dense phase conveying system layout.[4] 

A. Fill 

 Vessel at atmospheric pressure. 

 Inlet valve opens to allow product to fill vessel. 

 Displaced air is vented down the convey-line. 

 Inlet valve is closed when desired weight or level of 

product is reached. 

B. Bypass Valve Operation 

The bypass valve is used to allow displaced air to vent from 

the top of the transmitter, through the bypass line, and down 

the convey line. This eliminates the need for an additional 

piping connection for a vent line and valve. By using the 

convey line for venting, dusty air will be discharged to an 

existing dust collector. 

1) Pressurization / Start Convey 

 Air is rapidly introduced into the vessel through the fast-

fill manifold. 

 Transmitter starts to pressurize and product is fluidized 

above the porous media. 

 Product and air mix enters the dip tube and begins down 

the convey line. 

 The transmitter’s pressure rises to the desired optimum 

operating pressure. 

 The speed and efficiency of pressurization eliminates 

the need for a costly, high maintenance discharge valve. 

C. Bypass Valve Operation 

The bypass valve remains closed to allow the transmitter to 

quickly come up to optimum operating pressure. 
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1) Convey 

 Air introduction is switched to standard flow manifold 

 Product and air mix are discharged from the transmitter 

at the optimum operating pressure. 

D. Bypass Valve Operation 

The bypass valve accurately controls the product-to-air ratio 

as product is discharged from the transmitter. When the 

convey pressure is reached, the bypass valve bleeds clean air 

from the top of the vessel into the convey line. This brings the 

product-to-air ratio to the proper proportion for the selected 

convey pressure. This requires only a simple regulator setting 

on the bypass valve for field adjustment. The valve setting is 

initially determined based on product conveying 

characteristics and system configuration (i.e., line size, 

number of elbows, distance, etc.). 

1) Depressurization / Purge Convey Line 

 As transmitter empties, the pressure starts to decay. 

 Transmitter pressure decays to near clean line condition 

and air flow is turned off. 

 Fast-fill air flow can be used to purge the convey line if 

necessary. 

 Vessel reaches atmospheric condition and is ready to 

start the next fill cycle. 

E. Bypass Valve Operation 

The bypass valve remains closed as pressure decays below 

the normal operating pressure. Remaining air in the vessel is 

vented down the convey line eliminating the need for a vent 

line, vent valve and discharge valve. Valve controls are reset 

to allow for the next fill cycle.[1] 

III. PRESSURE DROP DETERMINATION 

A. Pressure Drop 

The pressure drop in the system is dependent on a host of 

parameters such as particle and pipe diameters, particle and 

fluid properties, pipe roughness and orientation, etc. A range 

of fluid flow rates is studied. Reasonable agreement is 

obtained between the predicted pressure drop and the 

experimental data of Marcus et al. Sensitivity of the 

computed results to particle properties. 

Pressure drop in pneumatic conveying has received 

attention from numerous researchers, who have presented a 

host of experimental data [7] as well as correlations related to 

pressure drop. Several studies on dense & dilute conveying 

have adopted CFD to predict pressure drop in pipes and 

channels. For this paper we are using some numerical method 

to find out pressure drop. It has been shown that increasing 

wall friction [8] increases the pressure drop, which is due to 

the higher energy loss by the particles in striking the wall. 

Also, increasing momentum exchange between the fluid and 

the particles leads to a higher pressure drop. Most of these 

simulation studies have assumed spherical particles. 

Even though many researchers have pointed out that 

the pressure drop in pneumatic conveying is dependent on 

particle properties, but this topic has received very little 

attention. 

B. Pressure Drop & Determination 

During the post processing of simulation data, it was possible 

to determine the pressure drop across the considered bend. 

The pressure drops across the bend, mainly in between the 

locations of two pressure transducers, were calculated with 

the help of the numerical or simulation results and compared 

with the experimental observations.  

It is clear that the simulation results are in 

considerably good agreement with the experimental 

observation, with ±15% deviation in general. This is a quite 

interesting result. The assumption of mono-sized particles is 

also not compatible with the real situation. Even with these 

assumptions, the pressure drop calculations were within 

acceptable range with basic model formulation available in 

the computerize cad software package. 

IV. LITERATURE REVIEW 

A. P. Chapellea and Others  

Paper presents an Eulerian-based numerical model of particle 

degradation in dilute-phase pneumatic conveying systems 

including bends of different angles. The model shows 

reasonable agreement with detailed measurements from a 

pilot-sized pneumatic conveying system and a much larger 

scale pneumatic conveyor. The potential of the model to 

predict degradation in a large-scale conveying system from 

an industrial plant is demonstrated. The importance of the 

effect of the bend angle on the damage imparted to the 

particles is discussed. Future work is aimed at improving the 

degradation model by including the effects of multiple 

impacts of the particles in a bend and the influence of the 

number of impacts on the particle degradation 

propensity.[11] 

B. Liang Cai, Cai Jiaying and Others 

Studying on Conveying characteristics and flow stability for 

design and control of a conveying system at high pressure for 

the coal and biomass. The influences of operating parameters 

and material properties on conveying characteristics were 

investigated in an experimental test facility with a conveying 

pressure up to 4MPa for coal and Biomass. Results indicated 

that the mass flow rate of biomass decreased, while the mass 

flow rate of pulverized coal increased at first and then 

decreased with the increase in fluidization velocity. Solid 

loading ratios for powders decreased with the increase in 

fluidization velocity. Conveying phase diagrams and pressure 

drops through different test sections of pulverized coal and 

biomass at high pressure were obtained and analyzed for 

dense phase pneumatic conveying system. [12] 

C. T. Denga, I. Hutchingsc and others 

By consideration of different bend radius, the effect of 

particle concentration on weight loss of mild steel bends has 

been investigated in an industrial scale test rig. Experimental 

results show that there was a significant reduction of the 

specific erosion rate for high particle concentrations. This 

reduction was considered to be as a result of the shielding 

effect during the particle impacts. Theoretical study of scaling 

on the shielding effect, and comparisons with some existing 

models, are presented. It is found that the reduction in specific 

erosion rate (relative to particle concentration) has a stronger 

relationship in conveying pipelines than has been found in the 

erosion tester. [13] 

D. Tong Deng Michael S.A. and others 

Materials below a certain size would support a fluid-like 

dense phase mode of flow, whereas to support a low-velocity 
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slug flow the key was to have a very narrow size distribution. 

Materials that satisfied neither of these criteria would not 

support flow at gas velocities below the saltation value. 

Throughput changes in the transition from lean to dense 

phase, are demonstrated, which have major implications for 

pipeline sizing. A quantitative criterion for deciding on the 

likely conveyability of a material, based on size distribution 

alone, is proposed. Dense phase pneumatic conveying is in 

favor for many industrial applications due energy saving and 

less particle degradation. No all solid particulates can be 

conveyed in dense phase, which particle size and size 

distribution have strong influences. 

If the material satisfies neither of these criteria, it is 

likely to block the line at air velocities below lean phase 

conditions, so conveying will be lean phase only. [14] 

E. D. Geldart And S. J. Ling (May 1990) 

Two sizes of fine coal have been transported at room 

temperature at pressures up to 82.7 bar through horizontal 

lines 6.25, 9.19 and 12.5 mm in diameter and up to 105 m 

long using nitrogen, hydrogen, and carbon dioxide. Pressure 

differentials were established between two pressure vessels 

and solids and gas flow rates were measured. Solids fluxes up 

to 2000 kg/(m2-s) were achieved at superficial gas velocities 

between 0.8 and 10 m/s in dense phase conveying. Separate 

pressure drop measurements were made over the acceleration 

zone and across bends, and correlations are presented for the 

contributions made to the total pressure drop by bends, 

acceleration and solids friction.[15] 

F. Artur J. Jaworski and Tomasz Dyakowski B 

It presents an investigation of the flow instabilities referred to 

as slugs and plugs, associated with the pneumatic transport of 

granular material, in both horizontal and vertical channels. 

The gas–solids flows in the dense pneumatic conveying 

exhibit many features related to their three-dimensional and 

unsteady nature. The dominant characteristic in this type of 

flows is the appearance of discrete flow instabilities 

commonly known as ‘slugs’ and ‘plugs’. These are 

investigated by two techniques: a high-speed video camera 

and a twin-plane electrical capacitance tomography (ECT), 

and the results obtained are discussed. Data extracted from 

tomographic measurements can be processed. It is 

demonstrated that the ECT is able to image the dynamics of 

macro-structures (slugs and plugs) consistent with high-speed 

photographic techniques. [16] 

G. G.E. Klinzing and others 

The flow patterns that are seen for the gas and solid systems 

are different than those for a single phase operation. This 

difference is the cause of many problems with loss in down 

time and damage to equipment. Many developments have 

occurred over the past several years with the newer computer-

based applications opening tremendous potential for the 

practitioner. Artificial intelligence can eliminate many of the 

common pitfalls in operations and designs. Some exciting 

newer measurement concepts permit nonintrusive 

applications to be applied to pneumatic conveying.[17] 

H. R. Macchini A. and others 

Particle concentration is a principal factor that affects erosion 

rate of solid surfaces under particle impact, such as pipe 

bends in pneumatic conveyors; it is well known that a 

reduction in the specific erosion rate occurs under high 

particle concentrations, a phenomenon referred to as the 

‘‘shielding effect’’. The cause of shielding is believed to be 

increased likelihood of inter-particulate collisions, the high 

collision probability between incoming and rebounding 

particles reducing the frequency and the severity of particle 

impacts on the target surface. In this study, the effects of 

particle concentration on erosion of a mild steel bend surface 

have been investigated in detail using three different 

particulate materials on an industrial scale pneumatic 

conveying test rig. 

Experimental results confirm the shielding effect 

due to high particle concentration and show that the particle 

density has a far more significant influence than the particle 

size, on the magnitude of the shielding effect. A new method 

of correcting for change in erosiveness of the particles in 

repeated handling, to take this factor out of the data, has been 

established, and appears to be successful. Moreover, a novel 

empirical model of the shielding effects has been used, in 

term of erosion resistance which appears to decrease linearly 

when the particle concentration decreases. With the model it 

is possible to find the specific erosion rate when the particle 

concentration tends to zero, and conversely predict how the 

specific erosion rate changes at finite values of particle 

concentration; this is critical to enable component life to be 

predicted from erosion tester results. [18] 

I. E. Muschelknautz and Others 

The principal experimental section gives detailed 

observations of forces and velocities involved in the impact 

of granular solids on rotating metal disks. Friction 

coefficients are deduced for a number of particle and surface 

materials used in conveying practice. Finally, a wide range of 

published and unpublished measurements on the horizontal 

conveying of wheat, mine tailings, quartz, Carborundum and 

glass-spheres is examined in the light of the foregoing. 

Friction factor and particle/gas velocity ratio are expressed in 

terms of Froude numbers based on gas and particle terminal 

velocities respectively. In general, two regimes can be 

distinguished; at large gas velocities, wall friction 

predominated and friction factor is fairly constant; at low gas 

velocities, gravity effects predominate and friction factor 

rises steeply. [19] 

J. Guangbin Duana and Others 

Compressed air was used as transmission power and fly ash 

as the transport medium. Results showed that the geometric 

parameters of taper pipe including taper angle and diameter 

ratio had a dominant effect on the pressure drop of the gas 

solid flow. In three-dimensional numerical simulation was 

performed to show the trend of the pressure field intuitively 

in the transporting process. And the simulation results of 

pressure drop were validated by the experimental data. The 

specific changes of pressure drop in the pipeline cannot be 

measured by experiments because of the limitations of test 

equipment. Pressure and differential pressure sensors were 

used to measure pressure of the setting points along pipeline 

and pressure drop of test segments. During the measurement 

the delivery pressure is kept constant at about 0.3MPa and the 

solids loading ratio is kept at 30.[20] 
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V. CONCLUSION 

 Developed models were evaluated for their scale-up 

accuracy & stability by using them to predict the total 

pipeline pressure drop. 

 Results of superficial gas velocity and solid loading 

ratio had been reported to characterize effects of 

material properties and operational parameters on 

conveying behaviors. 

 Dense flow regimes are indicated by the decrease of 

pressure drop with increase of Reynolds no. 

 Effects of total conveying differential pressure and 

supplemental air on conveying results were investigated 

respectively. 

 Distinct differences in conveying characteristics of 

different materials were observed in study but having.  

 Velocity of conveying media should not be less than 

terminal setting velocity of bigger size particles in 

material. 

 Although no experimental measurement was made on 

solid particle concentrations, a good quantitative 

agreement of the simulation results could be detected 

with the published results by other research. 
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