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1. INTRODUCTION

After cousidering this paper tha reader may
ravise his ideaa of the suitability of pneumatic con—-
veying for a materials handling applicatiomn, since
part of this papar's objective f£s: to provide a summary
of aystem deaigm developments and how pneumatic com—
veying system application capability hag conaiderably
grown in recent years.

) However, to bagin with, it is assumed that the
fundamental choice of pneumatic conveying over mechan—
ical conveying has already been made and consideration
has been given to the obvious advantages this method
of handling provides, particularly thoss relating to
cleanliness and low capital cost.

As with most equipment, pneumatic conveying aya-
tem development is continuoud. Considerable recent
affort has been applied however to achieve a greater
. spread of handling capability since it is well known
that not all bulk materials may ba successafully pneu-
watically conveyed and since it appears that the .
detnands of the environmentalists to improve dust gen—
erating conditions musat be met, most manufacturers
have recognizéd the challenge.

Until very recently, thc chief criticism of pneu-
watic conveying concerned pipewear, particularly with
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Practical Aspects of Modern
Pneumatic Conveying Systems

Continuous development and improvements in pneumatic conveying technigues
have provided a greater performance capability in terms of material types and
conditions hoendled, power economy and wear resisting qualities. It is intented to
summarize these developments and to provide a guide of performance capability
measurements that the pratical engineer may like to consider before finalizing his
requirement specifications. .

abrasive materials, Limitation of reliable operation
with natural materials which do not maintain coonstanc
mechanical proparties have alao long since been a
prablem. Limitations with materials at high tempera-
ture and limitations with materials with high or vary-
ing moiasture, content have been difficult or ilmpossibla
ta overcome, The problems have been progressively
solved with a new generation of. equipment designs and
it is the intention of this paper to update the reader
apd to equip him with a basic knowledge or judgment
parameters that will assist his successful application
of pneumatic conveying systems. ~

iH

2, DEVELOPHMENTS IN APPLICATION CAPABILITY

Untfl recently it has been considered possible
only to pneumatically convey bulk materials that are
capable of becoming fluidizedj that 13, gseparating
each grain of material in a low pressure air stream to
render & fluld condition. The fluid condition is in
many cases maintained by regular injections of air at
various locations in the system, both within the ves=-
gel and the conveying pipeline. .

- Dry materiala that do not exhibit cohesive prop—
erties (& particle structure that interlocks the mate-
rial even when dry) are obvious candidates for convey-
ing in this way and early system designs were consid-
ered satisfactory if they achieved the cbjective of
conveying the material without regard to plpewear,
material degradation, material segregation, power coat
or recepticn hopper filter requirements, The effect
of this mathod on the material conveyed was either
tolerated and regarded as an additlonal coat effect of
the method of handling or was not tolerated and the
sater1s]l handling méthod abandoned. This approach to
pneuma;ic conveying is conaiderably prevalent in the
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United Scates today.

With informed analysis of equipment and system
designs available it is possible to eatablish in ad-
vanca of compitment the desired lavel of success re-
quired for all materials requiring pneumatic eonvay-
ing. Application success may be anticipated by care-
ful consideration of the following {mportant material
conditions as they relate to poeumatic conveying.

2.1 Lump (Grain) Size and Distribution

The word lump more effectivaly describes the
material particlea size that the hitherto grain speci-
fication since modarn system designs ara capable of
accepting large lumpa beyond 3/4 in. (19 wm) without
regard to the distribution of finer particles in the
material. The maximum acceptable lump size is & func-
tion of the conveying lina diameter; howaver, mater—
l1als containing up to 3 in. (74 wa) in size have been
succegsfully conveyed in coal handling systema for
example, where a random and continually changing
small particle size distribution is present as may be
expected with a natural, unprocessed bulk material.
Pneumatic conveying aystems that rely on fluidizing
the material during conveying canuot tolarate a large
lump size, particularly when found with large volumes
of fine material since the action of fluidizing negre-
gates the material to cause large lump nesting. and
frequent pipeline blocking. .

2.2 Moisture Contant A - ST
Molatura is present in almost all materials so
it is important to understand that a clesr reference
to "frea" moisture 1a made when referring to this con~
dition. Materilal contatning "{charent™ molsture is
not aignificant 1f that inherent moisture does not
affect the wmachanical properties of the matarial., It
sheuld not be assumed that materials contalning free
woisture cannot he paeumatically conoveyed. Referring
back to the coal handling exsmple:: It is not uncom-
mon for coal stockpiles to contain up to 20% frae
moisture by weight. Clearly, howvaver, molsture does
affect the mechanical properties of a material partic~
ularly its bulk density, angle of repose and flowabil-
ity, 80 system deaigns that are dependent on conatant
conditions in these respects would be unsuitable for
this application,

2.3 Temgerature‘CaEabilitz

Temperature changes in & material fed to a pney=
matic conveying system may be significant if the teme
perature change affects the mechanical properties in
4 systea dependent on maintaining constant wmechanical
Properties in the material as exampled abova,

Systems not vulnerable to mechanical property
variation should not be affected but of course will
be subject to & maximum temperature limitation imposed
by the equipment design, Pneumatic conveying is suc-
cessfully'applied to high temperature materials, an
example of which is coal ash from a botler plant whare
temperatures of up to 900°F (480°) way be accommo-
dated reliably. :

2.4 Cohesive Materials
Not all dry materials easily fall apart when
they are separated by a mechanical or pneumatic device.
They exhibit a tendency to eling together even with a
nil free moisture condition. This reluctance to aep-
arate can be a seriosus satback to the fluidizing sys-
tem which is dependent on intergrain separation.’ Wat
materials also may become cohesive and for that reason
thqr camnot ‘be fluidized, = -tV temee v w e et et
The cohesiveness of a material is not eanily

quantified and for the majority of appiications a sim-
ple test can be done to detarmine 1if a material is
¢ohesive or not., When squeezed together a cohesiva
material will form a solid luwp; non-cohesive mater-
1als will simply fall apart.

2.5 Adhesive Materisla

Adhesive materials are those materials that will
adhare to surfaces. These can be particularly diffi..
cult to handle and special contact part coatings and
pipework may be raquired.

Often materials which ara adhesiva will form s
build~up inside the pressure vessel or pipework which
wvill require periodic cleaning., Provided this s con~
sidered at the ocutset, an acceptable arrangement can
be designed which allows quick acceas to the area to
ba cleaned.

2.6 _Mechanical Properties
As with solid objects, bulk materisls have mech-

anical properties which ars important to their assess-
ment for successful pneumatic conveying. Additional
properties must also be found to asseas their behavior
inside the pipeline during conveying. Tha following
information should be estzblished befora application
consideration is taken too far:

a) Buik dénsity =~ waight of unit voluma of
material,

b) Angle of repose - the angls from the hori-
zontal at which the material will fall away from {tgelf,

c) Flowability - the free flowing charactar of
the material,

d) Static electrical build-up - Certain mater-
ials such as very fine PVC powder will aggomerate with -
static build-up and becoms difficult to convey. Thare
1s also & possibility of an explosion in the recaiving
hopper if aparking occurs: A low velocity pneumatic
conveying aystem will generats less static than a high
veloclty aystem, P - .

) e) Friability — the tendency of the matarial to
break up or degrade during conveying.

£} Dust explosian concentration figure - Certain
powders can explode at a particular concentration in
air. This flgure must obviously be avoided where pos-
sible or innert gas used for conveying.

2.7 Chemical Properties )
The chemical properties ara clearly of aigniff-

cant importance in establishing the contact material
for the aystem. In addition, regard should ba glven
to the materials tendency to either absorb moistura
(hygroscopic) or release moisture (effervescent).
Either of these conditions will considerably affect
the machanical properties and the conveying perform-
anca of the material in the pipeline. It is important
to note that since pneumstic conveyors have demonstra-
ted an ability to handle natural materials such as
coal which is often wet, the chemical composition
becomes significant if good equipment life is to ba
achieved. )
Understanding your material is an assential first
step in appreciating how it may behave in a pneumatic
conveying system. The affect of ite behavior will be
significantly different depending on the aystem type
chosdii aid these effects may or may not be acceptabls,
but the beginning of a controlled application sssess~




ment has taken place. The constant and fixed vari-

ables of your contribution to the partnership of mat-
erial and system have been completed.

3, SYSTEM DESIGN TYPES

It i{s evident from discussion with pneumatic
system usera that clarification of terminology is
vital if early classification of pneumatic coaveying
methods and good communication fa achieved. There
are countless pneumatic conveying system deaigns
avatlable and they do not all achieve the same pur-
pose, Classification of these designs is cutside the
cbjective of thia paper, but claasification of con-
cept and method 1is not, and an understanding of sys-
tem design concepts is vital to a successful marriage
of bulk materiazl and system design.

Design types are prepared to provide certalin
conditions for the material in the pipeline. the
conditions achieved may be harmful or harmless to the
material and the equipment. The correct design type
selection must ba made with complete regard to the
handling application requirements and an assumption
that all system designs achieve the same results is a
fundamental error.

It has been fashionable to categorize system
design types into broad groups known as lean or dense
phase pneumatic conveyors without understanding the
meaning of these terms, The definitions of thesa
groups are as follows:.

Lean Phage Prneumatic Conveying System .
A puneumatic conveying system in which the aiv/
materizl ratio by volume is greater than 100:1.

Hedium Phase Poneumatic Conyeying System
A paeumatic conveying system in which the air/
material ratio by volume is between 100:1 and 25:1.

Dense Phase Pneumatic Conveying System’
A pneumatic convaying syatem in which tha air/
naterial ratio by voluma is less than 25:1.

Yor example, a dense phase system will require less
than 25 cub. ft. of air or other conveying medium to
convey one cub ft. of material, compared with more
than 100 cub ft. of air for the sames application in
4 lean phase pneumatic conveying system.

This air/material ratio is clearly the ultimate
measure of performance efficiency in terms of power
consumption, since ths lower the ratio the lower the
energy expended to handle unit volumes of material.
Both air and materisl measures area expressed in the
same terma which {s loose materfal unpacked and free
air consumed to transfer the material volume. The
air/material ratic by volume is used to compare sys-
tem mathods and the air/material by weight is used to
conpare specific applications when subject material
bulk densities are known.

The ability of a system to achieve a low airl
matarial ratio is coomendable but not the only cri-
teria of performance as will be seen later, but to
begin with, it may be wore easily.understood 1if the

comnon systems desfign types avallable are related to
this measure.

LEAN PHASE CONCEPT
AlR MATERIAL RATIO < 100:1

Fig. 1 Lean Phase pneumatic conveying system concept
characterized by high air volumea at low pressure pro~
duce high material velocities,

MEOIUM PHASE CONCEPT
AIR MATERIAL RATIO <100z} it
. >28:1

1

FLUIDIZING.
VESSEL -

BLOWER OR
AlR COMPRESSOR

Fig., 2 Medium Phase pneumatic conveying aystes con—
cept characterized by high air volumes at m¢dium pres-
sures producing high material velocities.

DENSE PHASE CONCEPT .
AIR MATERIAL RATIO <28:f~-

NON FLUIDIZED
MATERIAL FLOW

AR
COMPRESSOR ,
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Fig. 3, Dense Phase pnsucatic conyeying. system concapt,..
characterized by lower air volumes at bigh rassures
producing low material velocities.




Practical design types do not of courae conven-
iently fall into the concept sketches showm and in
practice, varicus methcds of air introduction into or
behind the materials are employed to achieve the de-
signers performance intentions.

In assessing design types and underatanding how
thay achieve good performance criteria, detalled
aketchas of some well known methoda are showm for com—
parison.

The performance criteria of material velocity is
now also considered since thia component considerably
affects tha material in the pipeline and the pipelinas
itself,

Consistent with the cuants transfar requirements
for the material, it is important that low velocity is
employed to prevent material degradation and pipaline
bore arosion. Fluildized systems by virtues of thair
operating principle of auspending particles fn an air
flow rely on very high velocities to maintain move-
ment. The minimum veloclty that a aystem of this kind
can achieve in any application depends on the mass of
the largest grain of material it is conveying.

If the conveying velocity falls below the minimum
safe velocity, 'saltation' or drop out occcurs and mat-
ertal begins to deposit in the bottom of the pipework
eventually blocking the pipe. As an example the mini-
mum safe horizontal conveying velocity for dry sand
of 100 afs is 3600 fr. per min (18 o/sec).

This velocity commonly encountered in sand pneu-
satic conveying ayastems ia the cause of such high wear
rates for pipevork and equipment.

Velocity alone in thess examples is not the sole
cause of pipewear. There also exists considerable
intergranular activity in these systens which may
cause matarial degradaticn and fines increase.

MOVING DUNE EFFECT N iy
FI..UiOIZED (MEDIUM: PHASE) SYSTEM

"""’””’””””’.

Fig. & Inside pipeline of Lesn Phase System trana-
ferring sand at 3600 ft/min (18 m/sec).

DUNE EFFECT ELIMINATED
IN DENSE PHASE SYSTEM

oy
1
v,

Fig. 5 [Inside pipeline of Densa Phase gystea trans-
ferring sand at 500 fe/min (2.5 m/sec).

MEDIUM-PHASE SYSTEM

- IR

Fig. 6§ Yn the design type shown in Fig. 6 tha pressurs
vessel volums is not specifically matched to the dim-
mater of the pipeline, Large or small volumes of mat-
arial are propelled along the pipe in a fluidized or
semi-fluidized nature., Pipeline boosters inject air
at certain points to maintain momentum and material

air mixture, Heavyweight pipe and reinforced long
radius bends are a comon feature to resist mr

csused hy high material velocity.

DENSE-PHASE SYSTEM




Fig. 7 Iu the design type shown in Fig, 7 the prea-
sure vessel volums is specifically matched toc the dia-
meter of the pipeline. Fixed volumes of materisl ara
pushed along the pipeline in a noa-fluidized condition
at low velocity. Pipeline material is lightweight and
long radius bends are not required.  Pipeline and turn-
ing point wear is not a problem. Pipeline boostersare
not required.

4. SUMMARY oF pmi'omcn CALTIRIA

In assessing system deaign types the following
aspects of performance, briefly referred to in the
previcus section must be carafully conaidered, It ia
the system designers responsibility to justify their -
performance claims with supportive calculations, tast
data and documentation,

4.1 Veloetity

A high velocity in excess of 2000 f.p.m. (10 n!sec)
may be e¢xpected with & medium or lean phase aystem,may
not be a disadvantage with certain materials, particu-
larly those that do not have a high grain hardness or
are likely to guffer degradation. 1t {s & consider-
able disadvantage to systems required to handle abra-
sive materials,

For batching type dense or medium phase systems,
the conveying velocity can be from 100 to 8300 ft/min
(0.5 to 4 m/aec) dependent on material characteris-
tics. Granular materials such as sand travel at the
lowest speeds; larger granular material such as coal”
and fine light materials travel at the higher speeds,

For continuoue lean phase systeas the minimum
safe conveying velocity must be nsiutained, typical
examples of thesa ara;

Fina Dry Powders, 2500-3500. ft/min {12.6 ~ 17.7 u/sec)
Coarse Particles- 3500-000° ft/ain (17.7 - 20.2 m/sac)
Large particles Quaps) 4500-6000 fr/mtn (22. 7= 30.3 n/sec)
"Ta check the conditions in the conveying line the
following simple formuls may be. used: where Q= ¥ x' &
Q = Quanity of conveying l:l.r lt tha conveyin; preasutg

. cfmy ;
V= Ccrnveytn; velocity. :
A = Area of pipe in square feet. '

4.2 Adr Consumption )

An accurate calculation of ailr consumption is
necessary to achieve the efficiency measura air/mater-
ial ratio. For compressed air operated designs oper-
ating from & main compressed air aupply, sir consump—
tion may be obtained from: ‘

4. Air flow meaters installed at the supply to
the system running & test on the subject material in
* which case careful attention to pressura and tempera-
. tura conditions at the mater should be made in calcu-
. lating the actual flow.

b. Using a nomograph to eatimate tha flow to
the system. This 1s an approximate mathod since air
congumption fluctuations during the conveying cyclae
will not ba recorded.

The objact of careful weasurement is to obtain the
true free air consumed during the entire cperating
cycla. This should not ba confused with the rate of
coxpressed air to be supplied to the system. The

" rate of consumption f{s& a variable value during the
conveying cycle and may be a high value during a

- particular part of the cycle. Provisicn should ba
Sds, to.msat. this. requirenant, of. ayatem opsxatioa. ..

which may suggest tha use of an air reservoir sdjaceat
to the aystem to pravant supply air pressure drop into
the system at the momant of maximum demand. )

For fan or blower driven continuous systems air
volumes are clearly shown on the air generating equip~
ment, and power consumption readings to the prime mover
may also be directly related to aix supplied. This
method also applies to compressed air systems opsul:ing
from captive air compressors.

4.3 Air Material Ratio _

A definition of this criteria and its obvicus
importance has already been given, 80 an example from
a typical installation is worked through:
Application: Dry Sand 95 1b/ft.cub (1520 kg/m.cub)
Conveying Distances 100 ft. (30 m.) 4 in. (100 mm)
conveying plps. .
Dense Phase :

Alr Consumption: 120 s.c.f.m. (3.4 m. cub/min)
Transfer Rate: 15 tons/hr

Tranafer Pressure: 40 p.s,i, (2.8 kglm )

Adr Mat, Ratio: cub.ft.of air per hr x bulk density

1b per hr conveyed
=22.8 0l

Medium Phase
Air Consumption: 313 s.c.f.m. (10.96 n/cub/min)
Trangfer Rate: 10 tone/hr
Transfer Pressura: 20 p.s.i. (1.4 kglca )
Air/Hat, Ratio: 313 x 60 % 9% = §9.2 to 1
20000 )

4.4 Degradaticn

This criteria is often :lmponunl: but sadly often
overlooked in the most sensitive applications. The
phenomana of material grain ercsion and break up will
occur with any material and is expected to ba greater
when conveying velocity is highest, A full conveying
teat on the subject macaerial is the only definite wayp
to determine the extent of degradation, The conveying
test should be carried out oo & pipa system containing
pipe length and bends clogely resenbling the actual
requirements, Results cbtained should be set against
the aystem transfer capacity and actusl velocity used’
to ensure that all appropriate aspacts of the spplica-
tion have been imposed on the test, Saxples of tested
materials should be taken over a number of cyclea since
an empty test rig at the beginning of & teat will not
raveal results of practical value.

4.5 Reception Hopper Dust Suppression

Bigh velocity fluidized systems will generata
larger volumes of dust laden sir at reception {ter-
woinal) points than low velocity non-fluidizing systema
Capital cost considerations are important if high effi-
ciency and operating reliability is to be achieved In
suppressing large volumes of fina airborne dust parti-
cles which indeed may lead to a secondary handling sys—
te.‘

The sslection of the appropriste reception hoppar
filter arrangesment should ba made with regard to tha
material application requirememts, For example:

1) Is it permissable to allow fines to pass
inte the reception hopper or must thay be separated?

ii) Is the material grain fineness so great that
continuous clean reverse jet filters are required or
will a simple automatic clean,vent unit be acceptable?

111) Doas the process into vhich the material is
baing delivered raquire (1) and (ii) plus.continucus
gas evacuation?”




i¥) In a oultiple reception hopper arraﬁgement
vill the preceding considerations prevent th- uge of

a single common filter unit?

v) Is the filter media compatable with the
material fines it will be handling?

4.6 Handling Capaci .

From & practical tast in which results of mater=—
ial valocity are carefully taken capacity graphs may
be easily produced and an example of these 1ia showm.
Handling capacity and associated afr voluma conaump-
tion should be supported by calculaticns and noe - -
merely ss a atatement by the manufacturer. Cars and’
caution should be taken when interpreting test cir=-
cuit results to assess capacity for larger systems -
operating with the same material.

DISTANCE-METRES

I r
Fig. 8" Exampla of performance graph. The materfal ' '
tested producing this graph was cement clinkers from '
kily described as hard rounded various afzes up to' '}
in. (25 om) without much fine dust, e

4.7  Temperature : . : ’ . .
The system performance criteria relating to tem~
perature is based on the mechanical design aspects of
the equipment rather than its operating concept. Sen=
sitive areas of the equipment operating at high tem—
perature concern the pressura vessael closing valve-
since in compressed air operated equipment this is
the only moving part of the machine, in wvhich component
tolerances will be subject to significant thermal
expansion. A closing valve relying on 0.002 in.
{0.05zm) clesrance on & geat at smbient temperature .
will find a different condition prevailing at thag_'
clearance whan the temperature reaches 900°F (480°C)

4.8 Related Process or Bistribution Control Consider-
aticns

Tha pneumatic conveying syatem ravely works in
iaolation. It {g required to form & link hetween pro=
ceases or to undertake a distribution responsibility
in conjunction with material consusption demsnds.
Control eguipment simplicity is paramount to ensure
operator acceptance and acceptable capital cost. For
éxample, & multi-hopper distribution system that is
entirely automatic which uass only one lavel probe in
each reception hopper 1s more attractive than a simi-
lar system doing tha same Job but requiring two level
probes in the reception hopper.
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4.9 Uear Resistance, Maintenanca Requirementy and
 System Life o

Thie performance criteria is equally importane
to the pneumatic conveyor as with any other item of
plant or equipment. Of most obvious intereat: is the
pipework as diascussed previously. But how does the
engineer assess anticipated }1fe f{n the Pipework with-
out reference installations to guide him? Again, the
fmportance of understanding the system design and {rg
ability to control velocity. The systea manufacturer
has a clear responaibility to provide an estimate of
Pipe wear rate related to tonnage handled through the
system and ‘it should not be unreasonable for the manu-
fecturer to grant an undertaking in this respect,

S. APPLICATION CRITERIA

To provide a practical base froa which to con-
sider the foregoing information a typlcal application
specification is prepared. The specification package
18 designed to test the equipment supplier's knowledge
of his own product’s ability to meet your requiremants
and to provide him with a complete understanding of
the material for hia consideration. The prospective
suppliers answers should be supported with calcylae
tlons and adequate descriptive notes to fully explain
the systea operating concept and method.

Inquiry Specification

Positiva pressure pneumatic conveying system
required to transfer bulk abrasive cleaning media
known as "knockout 2", from process completion to
multiple storage in accordance with the following
faquirements: )

Material: o .
Enockout 2 Refined atesllcupper slgg;+ 3
Bulk dengity 126 1b/ie” (2016 kg/m’) = 5 ib/ft

(80 kg/a>”) .. , . |
Grain size: Band . R .
casr, o1 70X o - 2,5mm - . s c

Y . 200 ek = 2 om N
’ " 3. 108 belowl . o .

Bands 2 and 3 not to exceed 25X and 15% reapactively
‘after pneumatic convaeying,
Moisture contents: Isheren: = pil, free - nil.
Angle of reposge: 50
Flowability rate:

750 lb/ein 3. 50 1b/min through = 2 in, hole

(278 kg/min -140 kg/min through a 50 m hole)
Temperature: Batween ambient and 320°P (160%C)
Chemical propertfes: Innert when atored in nonferrous
or plastic containers. Subject to slow oxidation when
in contact with ferrous uxterials.

N | PP R PP,

e




Fig. 9 Sketch of application inquiry for knockout 2
distribution to storage. .

Applicaticn

Sea attached sketch. Haterisl'is continuously
discharged from final process screen to belt convayor
feeding pneuml;ic conveying system. Discharga rate
is 25 tong/hr - 5 tons/hr. The pneumatic conveyor
is required to cycla continuously aand automatically
as and when mataerial is supplied to six storage hope
pars as shown. It is required to maintain the level
of material in the upper 25% volume of the storage
silo irrespective of demand pattern at any silo.
Demand from any storage silo will not exceed a rate
of 5 tone/hr in a maximum 20-minute period collect-
ively and will not exceed a rata of 25 tons/hr ia a
20~hour period.

Compressed air may be available from plant ser-
vices. However, separate alr compressor facilities
should be shown as a separate item.

Information Required

1. Air consumption of system when operating con-

tinuously expressed as:

&) total free air consumed at atmosphera pressure
par minute;

b) peak demand rate, expressed as standard cub ft
por minute;

€} period and frequency of peak demand rate;

d) supply pressure at machina;

t) nmaximum conveying presaure in systeam.

2. AMr materjal ratio by weight. Show tolerance
and supporting calculations.

3. Material velocity in pipsline.
a) Indicate higheat and lowest velocity and location.

in system where highest velocity will accur;

b) Explain basis for velocity statement 1,a. refexr— .
ence Installation/calculation/experience/test. Show
calculations, . .

4. Storage Silo Dust Suppressiom Equipment.
a) Filtsar media type,

b) Media area,

5. Material Degradation., Stata degradarion
expected aftar conveying and basis for statement i.a.
reference installatiom/calculation/experience/teat.

6. Pipeline Wear. State waar ratas expected at
pipe bande and straight lengths and basis of state=

ment i.e. reference installation/caleculationfexper~ .
dence/test,

7. Handling capacity. Provide calculations
Supporting statemant of equipment to meat transfer
capacity requirements.

8,_ Other information required relates to:
&) MHethod of operation,

b) Equipment maintenance requirements,

¢} Hathod of system control to satisfy application
requirements,
d) Detailed deacription of aystem components,
e) Equipment contact materiasl,

£) Extent and scope of warraaty,
: Price and delivery, .

By~ Terme snd conditiongi—r-— <= -
The specification format shown ff not used in it
sntiraty would ba a useful check list of application

Vo, a

and equipment considerations, partfcularly for those
applications for which previous pneumatic conveying
experience is not available.

6. FPRACTICAL ASPECTS QF SYSTEM ADOPTION

Apart from conveying system design and material
type application considerations to which we have been
addresaing ourselves in attempting to achiave a good
partrership for aany bulk handling task, there are
other considerations anciliary to the main task of

.forming a good partnership which should be discussed,

Parhape cbvious to the exparienced but neverthaless
they aras worthy of summary to remind the initiated
and to encourage the inexperfenced, °

6.1 Full Conveying Tests for Material Saggien
If 1t is decided to conduct handling trials, a

study of the test facilities should be made before
comnitment iz wade, Tast rigs should provide meaning
ful information and should represent as close as pos-
sible your own pipe routing., A study of pravious
material tests conducted on the rig from the manufac-
turers atandard test reports will clearly shoew the
extent of the atudy on your material to ba expected.
Insdequate standard reporting on tests by the manu-
facturer will reveal the extent of their knowledge of
tha subject. C- "

It is important to easurem that tha test tig fs
frea from previcusly tasted materials and line cleam
ocut facilities ashould already have been fitted apd
used as a standard facility between tests.

Instrumentation on the test rig should finclude a
means of measuring as accurately as possibla the vol-
ure of alr consumed for each couveying cycle without
which it will not be posaible-to arrive at the impor-
tant efficiency criteria air/materfal ratio previously
wantioned. Cycle times should be accurately timed in
order to clock theoretical velocities and in carrying

size in the pipeline bearing i mind that-a total
cycle time for a volume of material to pass along o -

this out consideration should be-given té the batelr iy

pipeline does not represent the truw'period that a- *

rapresentativé particle spends traveling along the °
lim. . L T S et
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6.2 Haterial Feed and Introduction into Conveying
Systea :

Since it is well underatood thit bulk matariale
do not behave like fluids, it will be accepted that
marvely providing a large supply of material above the
atart of the convaying system will not necessarily
meat the requirements of the system design and the -+
uatarizl type being conveyed.: ‘ :

Unless the pneumatic couveying systém vessel for
positive pressure batching type designs is equipped
with a vessel closing valve, purpose desigued to close
and seal through the column of matarial fed from above,
then special consideration should be given to the
valve design and arrangement being provided to arrast
the flow of material before the vessel pressure seal-
ing valve is closed. This is an fimportant area of
system design and application engineering since most
equipmant faults occur at this point which normally
rapresents the only moving part of the pneumatic con-
vaying aystem.
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Fig. 10 This is an example of a purposa designed
valve for closing and sealing through moving or sta-~
tic columna of abrasive bulk materiala widely used in
preunatic conveying equipment.

The mechanicsl characteristics of the material .
to be conveyed and how they apply to the material in
the atatic stored condition will indicate the most
suitable mathod for feading into the pneunatic con=
veying system. Cohesiva or molst materials with low
flovability may require mechanical assistanca into
the system and propar attention to this ares shouid
ba glven. Correct application of vibrating or screw
conveyors {a equally importaat to the success of the.
overall handling scheme. . :

6.3 Pipe Routing, Reception Points and Pipalina |

Valve Locations, . . N ot

. Eaay access to pipework may not ba of peimary, .
importance with a very low velocity dense phase sys~y
tem whore pipelina life can be expected to ba consid=
erzble. Provision should however ba made to ensura .
easy access to pipeline distribution valves whera
routine ammual maintenance will be required.,

At the reception points good location planning of
dumping or terminal points with leval probes aund duyst
filtering connections will ba benaficial, Provide
good access around pipeline valves. Usa hopper top
mounted valves fn preferance to pipsline aupported .
valves wherever possible to provide easy access to.
the valve and to avoid valve support requirements.

T.. CONCLUSION .

. At a recent world symposium on pnaumatic convey—
ing, delagates and speakers alikae generally agreed
that pneumatic conveying continued to appear more of
an art than a scfence. Until it becomes poasible to
produce a 'foolproof' equation that represents the
total activity of materials inside a pneumatic con-
veyling systeam, the succeas rate for pneumatic convay-
ing system applications will continue to depend on
the accumulated exparience of wanufacturers and
intereated engineers. In these circumstances it
bacomes evident that a heavy rasponsibility lies with
the client engineer to fully investigate system per-
formance claims and ba fully aware of the limitations
his own material may inpose on certain equipoent, :

T The most™ important aspect of thess consideratfons”
concerns the performance criteria rvelating to: (1)
velocity of saterfal in the pipeline snd (11) air

. .
8

consumption as expressed by the air/materisl ratlo,

The foregoing has been prepared with the inten-
tion of making client enginears more aware of the mag-
erial and application circumstances that provide the
background condicions to forn a successful marri
batween bulk material and aystem design or more iapor-
tantly to avoid an embarrassing sssocistfen.
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