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The Experts and Academics Confirm:
Pipeline Boosters are Unnecessary

Pneumatic Conveying
in the 21st Century

by James S Mason

Solidls Handling Unit
Thames Polytechnic / England

SUMMARY

Pipeline boosters were widely used in earlier pneurnatic conveying system designs as
a means of fluidizing and accelerating material velocity. This additional fluidization using
large volumes of air indiscriminately along the pipeline is unnecessary in a correctly
designed system in which the batch volume is correctly sized with the pipeline diame-
ter. :

In the case of incorrectly designed systems using large baich volumes and small
pipelines, boosters have been used, but the effect is to lose control of the material
velocity, causing:

» High pipewear
» Material degradation
* Very large air volumes
e Large hdpper baghouses
and a generaliy ingfficiently designed ioneumatic conveying system.

1

Third—party endorsement of this statement is provided in the attached two (2} papers
which have been marked at the appropriate passages. .
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PHEURATIC CORVETLNG IKTO THE 21st CENTURY

J.S5: Hasem ,
Pulk Solidse Bandling Unic,
Thames Polytcchnic,
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Abstract

This paper predicts that the present variety of researcﬂ programmes
centred on modelling gas-solid flovws will lead to the widespread use
of - computer-aided design progranmes for both guspension and
nDn—SuspenSiDn flows by the 2ist Century--mTheaBpplication of these
programues will point the way Lo the gensible limits of poeuvmatic
conveyer applications. The papel’ then considers both Tecent
developwpents {n system design apnd 1w industrial applications of
. pneumatlc conveying £ .provide a Dbase xnovledge of current
rechnology from vhich to predict future possibilities for the
pneumatic conveylng industrTy. Some s{ndication of possible trends 1s
demonstrated by reference to newv product developments.' The paper
concludes with an outline of Intelligent RQOWledge Based. Computer
Systems and suggestg that in the lef ‘Century Expert Systems“uill
have beeln " developed O ansver, quickly and econorically. the
questiau"what {s the best ELoTage, transport and con;rol system for
a particulal pulk solids handling plant?’” T A

1. INTRODUCTION

.

The infinite variety of physical proPerties of the twWe phases in gas—solid
filovs precludﬁs a Tigorous description of these compleXx phenomeha by a set

of mathepatical models which cam be used for general‘pneunatic conveying

system'design. RoweveT, the ue of models developed vith the atd of
empirical dzta and careful cholce of simplifying decisions has improved
the understanding'of the dynamics of gas—solid flows: This process of
establishing podels and assessing thelr validity rhrough careful
tal work £o© further tefine the wodels has been 3 characreristic
feature of the work of many researchers during the last thizty years oF
so. The {mproved ipsight 1nte che nechanisd of actual TVO phase flovs
which has betn acquiréd has facilitated the wse of dimensionless gToups
selected TO represent the physical behaviout exhibited by the flous. Once
reliable dimensionless groups have been jdentified then these c2i te used
for scaling—up during the design process- 1ic is reliable sodels and
seale—up, procedures vhich =are the Theart of 'computer—aided design
progranmes- 1cr is trug that skill in vriting good and efflcient softwvarte
is important Lo show both the range of desipgn options available to solve 2

probler and to provide suttable_graphics facilities, put good models aTve

essential. ac the present time = nunber of computer—aided design
prOgTanmES are available for satlsfactory design of some suspension flov
sysrLems- By~ the 71st Century the majority of such systems will be
designed bY computerl This will require considcrable extension of the
data bases ©D product characteriscics for the wide Tange of bulk

particulate solids-

The position for the many forms of non-suspension or dense phase flows is
far more problematical. Regearch aover the next decade will be necded LD
prOVide oore data about the factoTs influencinglthesc conveying nodes. . Lt
{s reasonable T° expect L[hat the CAD of systems foT low veloclty fiovs
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having high collds concentration will be avallable in the 2lst Century {for
defferent ETOYPS of preducts- ic is suggested that wodels will have been
established to describe the flovw pehaviouT of groups of particles and much
data will hdve been gathered to provide adequate data bases for design.

n of CAD programmes that will i{dentify. the

, .
1c will be the applicatio
re either over

voundaries foT the economit pneumatic conveying of produc
long distances OT ‘ar very high product flowrates.

wig paper is to outline what the author believes will be

The purpose of t
the significant developments in ppeumatic conveying technology into the

21st Century- This position 1s reached through 8 consideration of current
developments 1D pysten design, nev applications and product developments

and Intelligent Fnowledge pased Systems.
2. HODERN DEVELOPI{ENTS IR SYSTEY DESIGH s .

puring the last decade there have beeg & number of advances which
collectively have produced “technigues &N poneumatic conveying system
h lead to reliable plant Operation- The; improvenentls in
some ot all of the folloving

o Y]

current system design are 2 result of

developments: :7 I EEEEE . .

an {ncreased understanding of Thow and wvhich characteristics
‘. oof bulk particulate solids influence the mode of gas—,folid
flows, Ref. 7.1. That is, inicial characterisation tests can.

{indicate the suitability ot othervise of 2 product foT suspension

or pon—suspensiorn flovs; A

2.1

2.2 ‘s realisatiocn that the conveying capablility of. a preduct
* ‘can be Gescribed koowing the relationship betveen the product
. mass flovrate and the gas mass flovrate for 3 particular pipeline
. configuration. Ssuch =2 plot yields the product's conveying
characteristics from which the optimum system desigp parameCers
. can be established Ref. 7.2 Alternatively, information 18
available from these relationships toO assess the potential of an

existing systen for belng dprated;

2.3 a .capability t° _scale—up rest dara to reliable design
- darta feor £y11-scale pi2nt. nis position has been Teached
~ through 2 series of research {nvestigarions aimed atl obtaining
correlations for the number of bends, bend geodelry, vertical
pipe~runs and so o0 in terms of equivalent horizental length

o and conveying air inlet velocity, Ref.7-33 o
2.4 a knowledge of the yelationship perveen feeder TYPE and feedeT
design -on “the operational conditions. For example, with
continuous feed systewrs using rotary valves it is mo¥ possible
to predict the influence of the cransition sectiom geowebtTY
and size, at the {nterface betveen the rotary valve and the

pipeline, on the perfornance of the overall conveYing system,
Ref. T-4- \ith batch systens 2 wajor break-cthrough 15 the
ability to mateh the feeding czpabiliry of =z blow-zank with
rhe conveying capacity of 2 pipeline- This is achieved

by relating 2 plow—tank's feeding cha;actertstics, when using
two air-supplies E© control the solids feedrate, with 2
pipeline‘s product conveylng characteristics, Ref. 71.5.
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T 2.5 an improved wunderstanding " of the influence of wariables .

such as = velocity, product concentration, product
- ¢haracterlstics, mnature and geometry of the Aimpact surface,
and angle of particle Ilmpact on both eroslve wear of plant.
components such as bends and valves, and en particle attrition,
Ref. 7.6 - ‘

Thus,” nowadays there 1s no need for pipelines to become blocked, for
bends to -wvear out prematurely, for excessive product degradation’ to
occcur, or for the designed product conveying rate not to be achieved. The
technology 1Ls available now for a pneunatic counveying system Lo be
optimised to give maximum .product throughput for minimum  energy
consumption. :

This position of pneumatic conveying techoology ., is creating an
increased confidence iIn a vider {ndustry that these pipelipe transport
systems -can perform reliably and efficiently which is leading to
increased applications as imdustries expand and diversify. .

9. APPLICATIONS RESULTING FROH EXTENDING TODAY'S TECHNOLOGY

-3.1 Vacuum pneumatic couveying systems for unloading free floving

products svch as grain, alumina and petroleum coke frem the
helds of ships have been in use for many years, but despite -thelr
flexibility din operation, compact size and cleanliness they have
been.s compared unfavourably with pechanical systems on
acecount of the Thigh evergy consugption, limitations ,in
respect of maxinmum unloading rate and the small range of products
vhich they can handle. This situvation has changed and will
continue to change 2§ a Tesult of technical developments.
These developments, Ref. 7.7, have centred mainly on :-

(1) significant changes in the approach TtTo suction nozzle
design;
(11} improﬁed - techniques of encouraging 'non-free-floving

material to flow to the pick-up point;

{411} an increased understanding of ‘the <Lmportance of pick-up
‘ velocity 1in rTelztion To maximising prodact  throughput
znd minimising erosive vear;
(iv) - development of sensing devices for attachmeanr to the
suction nozzle to provide automatic control of the nozzle
- position and so ensure that the nozzle [Is continually
immersed in product during main sinking;

(v) improved designs 1o fllrer/separator systems;

(vi) the vse of a two—plpe system to one filrer so thot if ode_
pipe is reooved Iroo the product conveylng continues in the
second pipe — a control system has been ‘deslgned to

“ {ncrease the efficiency of maln sinking operations,
however, this can be utilised alse for increasing the speed
of the clean—up &sLage. :
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Present—day maxisum throughputs for one péeumatic ship-unloader is
abour # 600 tomnes/hour, but it evident that the technical
developments referred to here will lead to the 1000 tonnes/hour
gingle unloader by the 21st Century-

Further developments  will involve wore applicatlions of
compulers and programmzble loglc controllers to iwmprove the
overall efficiency of ship-unloading, in fact, there is no
resson why the entire operation ehould not be completely

automated.

This positien will be reached through research intc areas
such as surface topography measurement of bulk solid materials in
ship's holds, surface stockplles or very .large silos, Ref- 7.8.
This werk relies on 4{pstrumentation lovolving 2 laser, beam
deflector, micraprocessor and TV -camera measuring continuously
the bulk solid surface profile. The information produced cam
be ~used to establish an optimal strategy for, say, mailn sinking
operations during ship~unloading- Ir will also be useful for
determining the contents of large Dbulk solid siles and

stockpiles.

Research inte the conversion of coal to a useful
transportation fuel for application to & B&F turbine suitable
for road vehicles has been pioneered by General Hotors, Ref.
7.9. Ceperal Motors realised that povdered coal contains moTe
than 80X of its original energy afrer béizg.-~processed, compared

Cgith 55% for liquid fuels derived from coal. This fact, coupled

vith the abundance of c¢oal iIn the United States, notivated

. Gepnerz1 Hoters imto {nvestigating the powdered coal curbine

as an alternative o the iprernal combustion engine. General
Hotors installed a ‘coal-povdered gas rurbine engine in TCwO

‘production cars. The engines produced & povel output similar

to & small V-8 engine and , the fuel economy Was sivilar,
however, the turbine engine welighed copsiderably less. They used
an onboard computer to control the combustion process.

The coal; which was fiper than powdered sugaT, Was srored in =
rank in the engine compartment Irom vhere the «coal vas

‘pneumatically conveyed to the combustion chamber. Development

work is coantinuing in areas such as injection of the coal
ipto the engine - another aspect of pneunatic conveying-

1f such & vehicle, eogine 1= developed the -market for
storage, distribution and sales outlets for rthe new fuel will be
phenomenal. In the United Ringdom alone the micronised cosal
needs for road vehicles vould be around ten pilliocu tonnes perv
anNUD . There would also be a need to handle the resulting
ash. Thus, the future for pneumatic’ conveying in  this one
area alcne is quite breath-taking 2% pneusatic conveylng
installations will be needed at all existing perrol stations and
ar the numerous cleaning and coal-preparation plants wvhich will -
be needed. in fact, 4t 1s easy to envisage underground
pipeline systeoms discributing the coal im puch the .same V¥ay
as petrol 1is distributed today. =~ This prospect for the 21st
Century wmeans that poneumatic conveylng wil]l become as familiar ©o
people as the domestic vacuum clezner znd thls is when Pheunatic

Conveying will have coome of .age-
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In .1977 at the International Fovder and . Bulk Solids
Handling and Processing. Conference iIn Chicago Ref. 7.10,
Professor Soo presented 'a paper vhich examined the feasibilicy
¢f transporting coal economically over hundreds of miles. He
propesed twe pilet plents - one having & 3.5 mile pipeline and’
conveylng 200 tonnes/hour of 50 wm cozl - the second was to - be
used to evaluate the economics of 307 mile pneumatic conveying

applications based on 1000 tonnes/hour of 6 mm coal. These
prepesals have' not been developed further. However, there are
applications in Australia, South 4friea, India and other

countries wvhere products are conveyed cver distances of atround 2
kn and longer distances ‘are being corsidered. For example, the.
Central Electricity Cenerating Board in the United Kingdow are
considering the transport of 400 rtonnes/hour of pulverised fly ash

over 10 km.

Ic seens that econonics, environmental and politicsal

factors will determine <the future of very long distance

* pneunmatic conveying applicacrions and not the technical

NEW

probleums. However, technical developments will wundoubredly
make the economlc considerations more attractive.

PRODUCT DEVELOPHERTS

4.

. Pneunatic ccnvéying - systens for‘ very lew vefééity %lovs - it

is well known that there are several proprietory conveying
systems vhich transport sclid particles at ' lov velocity,
say 2 to 5 wm/s, by conditioning the waterial into either
plugs or a highly aerated state, and waintaining the
conditioned state throughour the .conveying line. Also, 4t is

realised that, in many cases, air boosters and similar devices

"are Just not necessary, for the non—suspension slug flow

behaviour is a function of «the narure of the bulk solid,
the alr pressure and 'volume provided, the pipeline configuration
and the feeding mechanlsm ar the start of conveying.

_Recent research, Ref. 7.11, has 1dentified two types of low

veloclity flow, namely, “shearing-type flow” and “full plug

‘£low”. . These flovws have been modelled znd the models are the

basis of reliable computer software for rapid production of good
designs. Such systems ‘are capable of conveying products like
granulated sugar. at velocities of around 1 m/s and so particle
degradation 1s avoided.

Computer Control Systers for Pneuvmatice Conveying Plant -
reliable instrumentation has been available for some Cime to
weasure, say, the speed of a rotary valve, the speed of a
blover, the output from load cells fixed to a receiving hopper,
the pressure differential across an orifice plate, the pressure
and tempeYature of the conveylng air, the system and conveying
ilne pressure drops, and rthe electrical pover absorbed’ by a

" blover potor. The information frow this type of instrumentation

can be fed to a computer control scheme to control a pneutatic

conveying - plantc. If the computer has stored data on the

conveying performance characteristics of the preduct 4in the
pipeline, the computer can be instructed to arrange for a product
flowrare of, say 10 tonnes/hour. If the flow reduces to
9.9 tonnes/hour then the computer wi{ll decide.vuhether to Increase
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A the rotary valve speed and to make other consequent adjustments -
j. - or to, say, reduce the blower speed. Thus, -a. pipeline can be
( cont:olled to transport product at a closely specificd rate.

5. IHTELLICENT FHOWLEDGE BASED STSTEMS

Ll

5.1 Introduction. Whenever people in an organisation consult with an

F

] expert, )

E for example, in planning, preduction, financisl wmansgement,
3 marketing, engineering design, - risk analysis, conmplex

scheduling, or sclentific analysis — thie 4s an application for amn
Eerr: System.

An Expert System is an Intelligent ¥nowledge Based System, this
requires poverfuol information processing systems to enable
more effective transfer of human intelligence and knowledge .
to the cowmputer znd to computer systems that are eagsier to e
build and use — thar iz a machine vhich can make decisions more

+ effectively and relisbly - thanm a buman - hence Artificlal

_ Incelligence. :

Information Technology is - accepted as being associared ’

. with new techoology - this dmplies fast sccess to knovledge

and information. Also, it is wvell known that’ the rapid advances

. * . in microelectronics are providing ‘greater processing pover . to

! enable vast amounts of data to ‘be orgauised quickly to provide
solutions to questions vhich epable decisions to be made.

L.

Thus, Information " Techuolegy is the ‘acquisition,
. production, transformation, storage and transmission of data by
; ] electronic means 4in forms which facilirate the idnteraction
[ : - +7 .+ - . perveen men and betveen -men and wachines. The ‘key words
relate to storage of DATA, relationships betveen PEOPLE and

"HACHINES, S}stems AP”LICATIOBS and the IMPLICATIONS.

It seems inevitable that fast access to informariom for
purposes, of process and system controel im Bulk Seclids
Handling Plant is the developing technology of today, bur- what .
does the future hold for Bulk Solids HRandling Systems and R
Preumatic Conveying in particular? It would give -the industry O
and ourselves Increased status to be recegnised as part of the ) -
"new technolegy”™ boom. A goal such as " this ceuld be
realised through the development of Inrelligent ¥novwledge-Based
Systems for the Safe, Economic and Reliable Design of BSH
. Systeps. That is, & computer-based facility which provides
) an epplied arcificial intelligence capablility. For
exacple, a key decision to be made by a user company is “what
is the wost appropriate Bulk Solid conveying, storage and control
system for my application?”

To provide a rellable and quick ansver to ([his question
needs & conslderation of :-
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(®)

(e}

. -
a) . The cransport syste® alternatives, for example =

.mechanLcal conveying = en—masst

(1}
bell
screv
vibratory
(11) pipeline conveylng 7 slurry
capsule
pneunstic
high or lo¥ pressure,
bareh ©oF conCinuous,
vacuum ©T positive pressure,
suspeasion flow or non suspension’
£low, apd €O oo
. ‘Then, ENERGY consi%grations of these; s :

RELIABILITY aspects
b fallures etc)s
£ NVIROKMENTAL problems (dust emiesions®
EXPLOSIOR hazards apd solutlions;
_ EROSIVE wEAR of planti
PEGRADATION of the product;

_ The EXPERT SYSTEH must be able to provide qui

comparyative assessment of the culrability of
transport systews
justifiéation.

-grorage System Alternatiﬁes,
Rpeliable flovi preduct characteriStics under
txtent of product segregation in hoppeTl;
Forces and pressures generated - gafe structu
(1 Data base for a wide range of products
. product properties;
pulk solid charactcristics;
conveying cha:acteriscics-
.ciDh for Pneumatic Conveyiog Systems ~
decisions oo pipeline diameter;
_ stepping pipelines and the conseguence
‘;ompressor/bloUer rarings and 50 OB~

(11)

{cal Handling Systems

caD feor Hechan

(514)

(iv) CAE for Storage Applications @
" finlte elemenl approach;

flow analysis;

structural analysis;
- production of dravings-

The colliaborative jnput of regearchers and in
to the production of such an IKBES will be 7
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(pipeline plockage,

with recomnendacions packed—up b7

wirh attention tO =

etc);

Ckl}' a H
the wmany alterndtive

e

various condiclons;

ral design.

and applications :

to provide
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7.9 stretter R.J-,

&1) interrogation of progracs
(11) creation of user—friendly {pteractive sofrware

(i{3) programs which link the various elements.

These are soume different approaches to bullding EXPERTﬁ,SYSTEHS.

.

6. COHCLUSIbN

At 8 Tecent weeting om industrial Computerl Syscems it was forecast Cthat
by 1990 Vestern countries will spend over 10% of thelr gross
pational products oR sofrvare development end maintenance. In Europe,
the Information Technology industry is already comparable to the
automobile and steel industries in terms of wealth created.

In Europe a 1.5 pilllon - dellar .. project for Regearch and
Information Techuology has Dbeed created to develop
the necessary gofrvare engineering tools and ~methods -~ Poeumstic
Conveying lu the 21st Century will be jnvolved in these nevw ;cchnologlcal
developaencs in order to remaln competitive with other transport systems
and new  markebs for poewmatic conveylng will emerge through the
operation and availability of EXPERT SYSTEMS.

Developaent in
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