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Pneumatic Conveying 
Sugar Industry Focus 

Darren S. Frost 
Schenck Process UK 

dfrost@schenckprocess.co.uk 
+44 (0)7584 500328 

 

Knowing which way the wind blows… 

http://www.schenckprocess.com/en
mailto:dfrost@schenckprocess.co.uk
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What is Pneumatic Conveying? 

A process by which solids, of almost any type are transferred along a pipeline… 

Transfer of material is achieved by creating a pressure differential along a 
pipeline and moving a bulk material along with the gas as the gas moves 
towards the area of lower pressure.  

 Using a gas flow as the conveying medium (usually air)  

 Compressed air injected into one end of, and/or along the pipeline 
 Vacuum inducer 

Motive force can be created by:- 
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Brief History of Pneumatic Conveying 

1800 
• Pneumatic capsule transportation invented by William Murdoch, Scotland 

1856 
• Cyclone separator invented by Knickerbocker Co. for grain cleaning, USA  

1860 
• Positive displacement blower invented by Philander and Francis Roots, USA 

1930 
• Pneumatic conveying installed across Europe and USA handling grain & cement 

1950 
• Flour mills modernised worldwide – pneumatic conveying replaces mechanical 

1956 
• Pulse Jet dust filter collector invented by MikroPul, USA 

1970 
• Dense phase conveying innovation becomes  popular - lower velocity & power 

50 AD  
• Greek mathematician & engineer - Hero (Heron) of Alexandria - Pneumatica    

1700 
• Daniel Bernoulli (fluid dynamics) & Giovanni Venturi (Venturi effect) 



©
  
C

ly
d

e
 P

ro
c
e

s
s
 2

0
1

1
 

 
V

e
rs

io
n

 A
 1

.0
 

 
S

li
d

e
 N

o
 4

 

Transfer of Solids 

In contrast to fluids which are transferred almost exclusively through pipelines 
with pumps or blowers a greater variety of equipment is employed for 
transporting dry bulk solids and powders to and from storage and between 
process equipment.  

Most commonly, solids are carried or moved by some kind of conveying 
medium. 

 Mechanical 

 Hydraulic 

 Pneumatic 

In this presentation we will look at the use of a pressurised gas flow to 
transport solids  

Pneumatic 
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Pneumatic Conveying of Solids 

This form of conveying is used to transport the following material groups… 

 Granular 

Bulk densities of 30 to > 2,000 kg/m³ (2 to > 32,000 lbs/cu.ft) 

 Powder 

 Flaky 

 Pellet 
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Material Characteristics 
 

 Abrasiveness 
 Bulk density 
 Fluidity (angle of repose) 
 Friability 
 Explosion risk 
 Moisture  (Hygroscopy) 
 Oil / Fat content 
 Particle (size & distribution) 
 Temperature 
 Toxicity 

When sizing a pneumatic conveying system, it is important to determine the 
characteristics of the material that is to be transported, including:- 
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Pneumatic Conveying System Groups 

Systems can be either blow or suck material from one point to another, or be a 
combination of the two. 

• Positive pressure 
• Negative pressure (vacuum) 
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Pressure Guide 

1 atm = 

101 kPa 

1 bar 

14.7 psia 

29.9 “Hg 

Sea Level 
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Pneumatic Conveying - Operating Modes 

The two most distinct categories of pneumatic conveying are:- 

To dense phase convey a material, the material should ideally be fluidisable or 
permeable.  

 Low pressure - dilute (lean) phase 
 High pressure - dense phase 

All bulk solids can be conveyed in a dilute phase system. 

Dilute (Lean) phase conveying concept is the most commonly used method of 
transporting materials pneumatically across all industries. 
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Operating Modes 

Dilute (Lean) phase conveying is the process of 
blowing or sucking air-suspended materials from 
one location to another by maintaining a sufficient 
airstream velocity.  

Dense phase conveying relies on a pulse of air to 
force a slug of material from one location to 
another.  

• high velocity (15 - 30 m/s = 3000 - 6000 fpm) 

• low pressure (< 1 barg = < 15 psig) 

• low solids to air ratio (< 15:1) 

• low velocity (2 - 10 m/s = 400 - 2000 fpm) 

• high pressure (> 1 barg = > 15 psig) 

• high solids to air ratio (> 15:1) 

 

Continuous process, characterised by:-  

Essentially a batch process, characterised by:-  
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Solid Loading Ratio (air:solids) = kg conveyed solids / kg conveying air 

Solids Loading Ratio 

Dilute (Lean) Dense Solid Dense 
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Material Flow - Phases   

Dilute (Suspension Flow) 
Velocity = 15-30 m/s 

Dense (Moving Bed) 
Velocity = 10-20 m/s 

Dense (Plug Flow) 
Velocity = 2-10 m/s 
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Material 
Entrainment 

Air Mover 

Receiver 

• Cyclone 

• Filter separator 

• Silo 

• Drop-out device 

Air : Material 
Separation 

Compressor 

• Roots blower < 1 barg 

• Screw compressor > 1 barg 

Material Feeder  (Continuous) 

• Rotary 

• Venturi 

• Screw 

Positive Pressure Conveying - Block Diagram  

Air 
Mover 

Material Feeder  (Discontinuous) 

• Blow tank & sealing valve(s)   

Plant Compressed Air 

• Venturi (Eductors) 

Material 

Material 

Air Air 
+ - 
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Dilute Phase - Continuous  
Low pressure: up to 1 barg (14.5 psig) 

Using continuous feeder then average convey rate = instantaneous convey rate 

 Not suitable for friable materials 

 Lower capital cost than dense phase 

 Relatively high conveying velocities 
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Dense Phase - Continuous  
Low pressure:  up to 1 barg (15 psig) 
High pressure: 1 to 2.5 barg (≤ 36 psig) 

P1 P2 

 Suitable for abrasive, friable 
and some plastics materials 
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Dense Phase - Discontinuous  
High pressure: 1 to 5 barg (14.5 to 73 psig) 
 

 Suitable for 
abrasive & friable 
materials 

 Lower operational 
costs compared 
with dilute phase 

 Higher conveying 
capacities 

 Greater distances 

Average convey rate = approximately half instantaneous convey rate (single vessel) 
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Material 
Entrainment 

 Air 
Mover 

Compressor 

• Centrifugal Fan 

• Roots Blower 

Receiver 

• Cyclone 

• Filter Separator 

Negative Pressure Conveying - Block Diagram 

 

Air : Material 
Separation 

Plant Compressed Air 

• Venturi Unit 

Material Pick-Up 

• Suction Point (open) 

• Rotary Feeder (controlled feed) 

• Screw Feeder (controlled feed) 

 Air Air 
- + 

Air 

Material 

Material 
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Dilute Phase – Continuous or Discontinuos 
High pressure: up to 0.6 bar (18”Hg) vacuum 

Short distance = high pressure drop = higher solids loading ratio 

 Unsuitable for friable 
materials 

 Useful for conveying 
from open storage 

 Higher conveying 
velocities 

 Distance limited to 
around 50 metres 
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Dilute Phase - Continuous  
Low pressure: up to 0.15 bar (3”Hg) vacuum 

Referred to as suspension flow because the particles are carried in a gas stream 

 Suitable for wide range 
of materials 

 Ideal for temperature 
sensitive materials 

 Lower capital cost than 
positive pressure dilute 
phase 

 Higher conveying 
velocities 

 

High pressure: up to 0.6 bar (18”Hg) vacuum 
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Vacuum Conveying with Filter Receiver 
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Disadvantages of Pneumatic Conveying 

 Creating the required air pressure at sufficient volume to achieve the 
conveying mode is a more costly method of providing a motive force 

For applications requiring the same transfer rate over the same conveying distance 
then a pneumatic conveying system will require more power than a mechanical 
conveying system. 

 A pneumatic conveying system requires a larger dust aspiration/collection 
system than a mechanical conveying system.  

This is because the pneumatic system has to separate the conveyed material from 

the conveying air at the system’s end point.  

 Some materials have characteristics that make them difficult to convey in a 
pneumatic system 
Examples are materials that are extremely sticky, such as very high fat cocoa 
powders, these tend to build a coating on the material contact surfaces. In a 
pneumatic conveying system, such build up often leads to total pipeline blockage. 

Compared to Mechanical Conveying 



©
  
C

ly
d

e
 P

ro
c
e

s
s
 2

0
1

1
 

 
V

e
rs

io
n

 A
 1

.0
 

 
S

li
d

e
 N

o
 2

2
 

Advantages of Pneumatic Conveying 

A well designed pneumatic conveying system is often the preferred and a 
more practical & economical method of transporting materials from one point 
to another, than when compared with alternative mechanical systems (belt 
conveyors, drag chain conveyors, screw conveyors, vibrating conveyors etc.) 

1. Relatively economical to install 
2. Extremely simple and economical to maintain   
3. Totally enclosed so clean & more environmentally acceptable 
4. More hygienic 
5. Satisfy highest ATEX/NFPA dust zone requirements 
6. Can operate entirely without moving parts in contact with the material 
7. Extremely flexible in terms of re routing and expansion 
8. Safer to operate and maintain 
9. Quieter (air mover can be located remotely) 

This is because of the following key points:- 

Compared to Mechanical Conveying 
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Pneumatic Conveying 
in 

Sugar Refineries & Factories 
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Applications – Sugar factories & refineries 

                                                                                       Type/Mode 
Application 

Negative 
pressure 

Positive 
pressure 

Dilute 
phase 

Dense 
phase 

Conditioning silos to packing silos to packing ● ● 

Conditioning silos to grinding to packing ● ● ● ○ 

Conditioning silos to bulk out loading silo ● ● 

Bulk bags/Silos to Speciality Packing (Sticks/Sachets) ○ ● ○ ● 

Dust collection systems - filter residue returns ● ● ● ○ 
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Hullet Refineries Durban 1980’s 

Paper given by R.E. Gelling at 
The South African Sugar 
Technologists' Association 
gathering in 1992. 

http://www.sasta.co.za/wp-content/uploads/Proceedings/1990s/1992_Gelling_Dense Phase Pneumatic.pdf
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Hullet Refineries 
Fine sugar before & after dense phase conveying 

Dense Phase Pneumatic Handlling of Sugar & Coal 

R.E. Gelling - Hulett Refineries Limited, Durban. 1992 
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Hullet Refineries Durban – Fine Sugar 

Dense Phase Pneumatic Handlling of Sugar & Coal 

R.E. Gelling - Hulett Refineries Limited, Durban. 1992 
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Test Plant Trials – Granulated Sugar 
Granulated sugar before & after dense phase conveying 
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Success Story - Imperial Sugar 2010 
Port Wentworth & Gramercy Refineries, USA 
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Dense Phase Conveying 
Twin vessels allow high capacity near continuous conveying 
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Dense Phase Conveying 
Filter Residue 

Dense phase conveying vessels 
are an efficient method of 
discharging multiple hopper 
filter bag houses enabling return 
of filter residue dusts back into 
the process plant 
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Thank you 
 

Darren S. Frost 
Schenck Process UK 

dfrost@schenckprocess.co.uk 
+44 (0)7584 500328 
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