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PERFORMANCE CHARACTERISTICS OF VERTICAL PNEUMATIC CONVEYOR
WITH A FLUIDIZED BED AS MIXING ZONE

Summary. The conveying system consists of a 450 mm diameter and
2300 mm high cylindrical reservoir, air chamber for fluidization lo-
cated in the IlTower part of thereservoir vertical 50 mm diameter
transport pipe 9 m In height and a system for separating particles
from the air stream. Transportability of the vertical pneumatic
conveyor was investigated withstone dust of 23 jjm mean size.

Transport characteristics were investigated by changing the
height of material in the reservoir, by changing the distance be-
tween the nozzle and the beginning of the transport pipe, and by
c?anging the air flow through the porous bottom and through the noz-
zle.

In the range iIn which the mentioned parameters were changed the
transport caﬂacity changed from 0,05 kg/s to 0,7 kg/s and the con-
centration changed from 3 to 30.

1. Introduction

Systems of vertical pneumatic transport in which the mass-flow rate of
solids is detemined by a feeding devise (rotary feeder, screw feeder, etc.)
are used in various industrial branches. Recently, because they are chea-
per to manufacture and run, systems of vertical pneumatic transport which
don5t have a separate feeding device but in which the solids flow rate
depends on air flow and other constructive parameters, are investigated.

Even though there is a lot of research and results in the field of ver-
tical pneumatic transport [1, 2, 3], especially on the pressure drop re-
lations, the results are iIn adequate in defining the parameters for the de-
sign of such devices on an industrial basis. The available experimental
data and relations for vertical pneumatic conveyor with a fluidized bed
as mixing zone were used with caution since they were obtained on small
experimental apparatuses (transport pipe diameter D = 10 mm, maximum bed
height of 20 cm, maximum pipe length of 2,4 m), using differently desig-
ned systems (without the nozzle) and different materials.

In order to obtain design parameters for a vertical pneumatic conveyor
of 10 t/h capacity, 15 m pipe length using stone dust (particle mean size
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Figure 1. Schematic diagram of experimental apparatus
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* 0
23 m, ps = 2620 kg/nr, ph > 460 kg/mJ), an experimental model as shown
in figure 1 was built and tested.

2. Experimental instalatlon

2.1. Description

Cilindrical reservoir of volume 0,4 m3, figure 1, has an air chamberin
the lower part for fluidizing material through porous distributor and a
nozzle through which air is introduced for material conveying.Through the
upper part of the reservoir protrudes the vertical transport pipe (D =
=50 mm, H =9 m and the distance between the nozzle and the beginning
of the pipe can be regulated. Air is introduced to the reservoir by~ two
pipelines. One is used for fluidizing the material while the other intro-
duces air through the nozzle C 4 13 mm). The transport pipe is hydrauli-
eally smooth, which was determined by previous experiments with air only,
and its beginning is aerodynamically designed.

After leaving the pipe the material is being separated from air and
returned directly, or through a device for measuring mass flow of solids,
to the main reservoir which enables continuous work of the apparatus. Air
is further cleaned by a cyclone and a fabric filter. A fan was placed af-
ter the filter so that at the end of the pipe atmospheric pressure could
be maintained.

2.2. Measured parameters
The following parameters were measuredi

- air flow throug every pipeline separately,

- air pressures in the reservoir on six various heights,

- ailr pressures iIn the transport pipe in five places,

- air pressures in front of and after the nozzle,

- alr pressures in material - separating and air cleaning devices,
- solids flow through transport pipe (capacity).

For air flow measurements, venturi nozzles or capacitance flow meters
were used. Pressures were measured by U-tubes or by pressure transducers.

3. Experiment

The aim of the experiment was to establish relationship between solids
flow of a certain material and height of material in the reservoir Hbed>
distance between the nozzle and the beginning of the pipe x, air velocity
in the transport pipe v , and velocity with which material was fluidized
in the reservoir
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The measurements were done in a following way. First a certain bed
height of material was selected as well as the distance between the noz-
zle and the beginning of pipe. When starting the apparatus, the fan was
started first and then a small air flow is let through the nozzle to pre-
vent in-flow of material when being fluidised. Then air far fluidizing the
material was introduced to a selected value of vfl> Next the air flow
through the nozzle was increased until the solid flow war observed through
the visible portions of the transport pipe and the return pipe.By further
increasing the nozzle (transport) air flow a range of transport air velo-
cities could be obtained. The steady state of transport, because of  the
continuous work of the apparatus, could be obtained practically immedia-
tely. At each steady state all the parameters were noted. Solid flow was
measured by diverting the back flow of material in the return pipe to a
small reservoir whose weight was measured.

The next steady state was obtained by emptying the material from the
small reservoir into the main one and selecting the next transport air ve-

locity.

4. Experimental results

4_.1. Parameter range and overall system characteristics

Measurements were done with three bed heights 620 mm, 1200 mm and 1800
mm (corresponding active bed heights from the beginning of pipe to the
surface of the bed are 387 mm, 958 ram and 1558 mm). The nozzle was desig-
ned so that for nozzle pressure drop from 0,04 - 0,55 bar the mean air
velocities could be obtained from 4-20 nm/s. Fluidization air velocity was
from 0-12 cm/s. The distance between the nozzle and the pipe was 94140mm

Taking not into account previous measurements with air only and ma-
terial fluidizing measurements, 85 complete measurements were done in or-
der to obtain the characteristics of the vertical pneumatic conveyor.

Some basic overall characteristics of the system can be observed from
the results in fig. 2 in which the relationship between solid flow Gs and
mean transport air velocity v_ is shown. One can see that G in the be-
ginning increases significantly with the iIncrease in Vv then Gs stagnates
or even decreases, so that the optimum v” is around 14 m/s. It is also
seen that Gs increases as bed height increases, but the influence of the
distance between nozzle and pipe beginning is small. The minimum value
for Vg for the onset of solids flow is around 4 m/s and is independent of
other parameters. The maximum value of Gs obtained in this apparatus was
2,5 t/h with air velocity about 12 m/s, fluidization velocity 6 cws, noz-
zle pressure drop 0,3 bar and bed height of 1800 mm.

Prom an economical point of view, optimal work of the system is ob-
tained with maximum concentration (phase density) which occured with air
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Figure 2. Mass-flow of material versus the air velocity in pipe
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velocities 5-7 m/s depending on Hbed, as seen fig. 3. For a more reliable
work of the system and greater transport capacities air velocities should
be greater (= 10 n/s).

4_2_. Influence of bed height

Increase iIn bed height directly influences the increase in transport
capacity (if other parameters are constant) as seen in fig. 4. Also given
are the mean values of pres-
sure drops through correspon-
ding bed heights. In fig. 5
one can see the change in
transport capacity with bed
height for constant air ve-
locity, Vg =10 m/s. Increase
in capacity, <v ie nearly
linear.

4_.3. Influence of nozzle-pj-
oe distance

The extent of experimen-
tal work with only one mate-
rial, which belongs to a
group of materials which are

Figure 4. Relationship between raass-flow S
of material and gas velocity in pipe with difficult to handle, was not
height of bed as a parameter adequate to give reliable da-

ta on the influence of noz-
zle-pipe distance on the beha-
viour of this conveyor. In Tfig. 6
one can see that the maximum trans-
port concentrations were obtained
for the value of x about 5 cm when
Hbed was ~20 ?or larger bed
heights concentration is not great-
ly influenced as x increases to 8
cm and the starts to increase.

In the range of our measure-
ments the most favourable nozzle-
pipe distance, X, was around 6 an.
Greater distances, even if result-

Figure 5. Mass-flow of material ver- ing greater capacities, have led
sus height of bed to problems when starting the ap-
paratus because the material be-



Performance characteristics of.. 225

between the nozzle and pipe unabled the air from the nozzle to reach the
transport pipe, but instead formed channels in the material and left the
bed beside the pipe.
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Figure 6. Concentration versus the distance between the nozzle and the
beginning of the transport pipe

4_.4_. Influence of transport air velocity

Results presented in fig. 7 show that the transport capacity increases
with the iIncrease in air velocity, going, through a maximum for v/~S12 mfe
and then decreases. This relationship
is In an agreement with previous theo-
retical and experimental relations [4,
5]. But not all results show clearly
this behaviour. Reason for this Iis
partly because of the design of the
conveyor with nozzle which is not the
case in paper [4]. Still, one can con-
clude that the majority of measurements
show increase in GS with the increase

in vg up to a certain air velocity vgm
Hbed

X
e T m 10-12 m/s and that further changes
0-1800 128 16 were smaller whether G_ increases fur-
0-1800 123 63 = S
a-1800 123 573 ther or decreases which was mostly no-
e 12:33 ZD ticed for higher bed heights where the
-V, A influence of the nozzle is smaller.
Figure 7. Mass-flow of material
versus air velocity in pipe with 4.5 Influence of the fluidlzing
air velocity through bed as pa- - -
rameter air velocity
In already discussed fig. 7 one can
see a considerable influence of flui-
dizing air velocity, V. It is clearly seen that, for other parameters

'fl*
constant, transport capacity Gg increases with This is even better
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seen in fig. 8. For low fluidizing air velocities Gg increases rapidly
with the increaae in vfl up to about 4 cm/s after which the increase of
Gg is slower and for v~ > 6 cm/s it starts to decrease.

Figure 8. Mass-flow of material versus fluidizing velocity

Taking into account the specific material used iIn our experiments
which could not be fluidized by air in a classical way and which at the
same time had great ability to hold air, one has to judge very carefully
the influence of fluidizing air velocity. Increase in v~ leads to higher
pressure drops through the bed but also to intensified air-solids mixing
in the entrainment area of the nozzle.

4_.6. Pressure drop in the transport pipe

The range of investigations with only one material 1is not enough to
allow detailed analysis of the pressure drop in the vertical transport
pipe but gives enough data for this particular case.

In fig. 9 the results of pressure drop per unit length of transport
pipe are shown as a function of mean air velocity for approximately the
same transport capacity (Gg *=0,316 4 0,387 kg/s). For each of these va-
lues three values of pressure drops are calculated according to relations
found in literature, rel 1. [ij, rel. 2 [6], rel. 3 [2], and curves are
drawn through them. For this particular case design can be made,on the ba-
sis of obtained results, using relation 1 (curve in the middle in fig. 9)
which gives somewhat higher values of pressure drop then measured but is
simpler to use. *



Performance characteristics of.. 227

Figure 9. Pressure drop versus air velocity iIn the pipe

5. Coneluslon

Transport characteristics of the investigated pneumatic conveyor de-
pend on many parameters. Some parameters can be varied in a big range and
still have little influence on the behaviour of the desired transport ca-
pacity. But reliable and economical running of the conveyor as well as
technical requirements and manufacturing abilities significantly narrow
down the possible range of parameters. For a particular system and a gi-
ven material the optimal working condition of the system can be determi-
ned only experimentally.

Experimental investigations have given enough data for an analysis
which can lead to choice of basic dimensions and parameters of the system
on an industrial scale: working pressure, nozzle dimensions, bed height
in main reservoir, transport pipe diameter, distance between nozzle and
pipe as well as necessary air quantities (velocities) for  fluidization
and transport.

Prototype of the system built on the basis of these experiments has
shown better transport characteristics than expected (15% greater capaci-
ty than required).
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CHARAKTERYSTYKA PRACY PIONOWEGO TRANSPORTU PNEUMATYCZNEGO
Z WYKORZYSTANIEM SFIKIDYZCWANEJ WARSTWY

Streszczenie

Ukdad transportowy sktada sie: z cylindrycznego zbiornika o $rednicy
450 mm i wysokosci 2300 mm, komory powietrznej umieszczonej w dolnej cze-
Sci zbiornika oddzielonej dnem rozdzielczym, w ktérym umieszczono pionowg
rure o Srednicy 50 mm, rure transportowg o ddugosci 9 m oraz z ukkadu od-
dzielajacego czastki ze strumienia powietrza. Wydajnos¢ ukdadu transpor-
towego badano stosujgc pyt kamienny o Srednicy Sredniej 23 pm.

Charakterystyki transportowe uzyskano: zmniejszajac wysoko$¢ warstwy
materiatu w zbiorniku, zmieniajac odlegtos¢ pomiedzy dysza i poczatkiem
rury transportowej oraz zmieniajac natezenie przeptywu powietrza przez dno
rozdzielcze i1 dysze. W zakresie zmiennosci opisanych wyzej parametréw wy-

dajnos¢ transportu zmieniata sie w zakresie od 0,05 i 0,7 kg/s a stezenie
od 3*30.

L APAKTEPHCTHKA PABOTU BEPIHKAJIBHOrO . I IHEBMOTPAHCNOPTA
C HCHOJIb30BAHIIEHE 4Jiyna,H30BAHHOrO ..CIICA

Pe3b Me

TpaHcnopTuaa cacieua coctoht H3: muiHHApirtecKoro psaepzyapa AHaueapou
460 mu a BucoToit 2300 mm, BoaAymuoS Kauepu, uaxoAaneftca b hame # yactu pe-
aepsyapa, OTAejibHHofl pa3AejiUTejiBHUM ahom, b koiopom noueseHO BepTaKajitHyi)
Tpy¢éy AzaueipoM 50 mm, ipaKcnopiayD ipyCy AJiHHHofi 9 m a TaKjte cacieMy ot-
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Aexanxyio iiacTHUbi nh3 CTpyH BO3Ayxa. KUU ipaHcnopTHoOoit CHCieMH HccxeAOBaHo ,
npHMeHaa KaiieHHym ntuib C AHaueipoM 3epaa 23 ¢im . TpaHcnopiHue xapaKiepaciaKH
noxyneHH nyiéM H3ueneHKa bucotu cxoa naiepHalia b pe3epByape, pacioaHHH Mex-
Ay conjioM h Ha<iajiok TpaHcnopiHoa ipyOH a laaxe Meaaa pacxoA noToxa BO3Ayxa
aepea pa3AexHiexi>Hoe aho nh conxo. £ Aaana30He Bucme onHcaaHux HSMeHeHBft na-
paueipoB, Km ipaHcnopia MeHaxca b AnanaszoHe ot 0,05 - 0,07 nr/e a KomteH-

Tpanna ot 3 - 30.



