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LABORATORY STUDIES OF PNEUMATIC TRANSPORT OF GRAIN WITH THE USE OF
AIR STREAM AMPLIFIER KW

Summary

The main goal of the research was to design antil lauprototype of device used for pneumatic tramspehich will in-
crease the difference of pressure in the pipeling will increase velocity of the airflow during tt@nsport of materials
over different distances. During design procesthefdevice using graphics software assumes thagytbtem of separation
of grain and air should be eliminated. The devicapplicable in systems that need additional aiphifer, without the cy-
clone-filter system. The results confirmed thath@ rearmost point of the pipeline dynamic pressues lower than the
pressure at the nearer measuring points. In addjtamalysis of the transported grain did not shasvdeformation. During
the test of the device only a slight increase entdmperature of the transported material was noted
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BADANIA LABORATORYJNE PNEUMATYCZNEGO TRANSPORTU ZIA RNA
Z WYKORZYSTANIEM WZMACNIACZA STRUMIENIA POWIETRZAK W

Streszczenie

Celem wykonanych badayto zaprojektowanie i wykonanie prototypu qdzenia do transportu pneumatycznego, ktore
pozwoli na zwikszenie rénicy cisnies w rurociggu oraz umgliwi wzrost pedkasci strumienia powietrza podczas transpor-
tu materialéw na rénych odlegtéciach. Podczas projektowania ydzenia z wykorzystaniem programoéw graficznych za-
tozono, ze naley wyeliminowd system separacji ziarna i powietrza. Wazenie znajduje zastosowanie w uktadach potrze-
bujgcych dodatkowego wzmocnienie strumienia powiebyea,zbdniej koniecznéci uzycia filtrocyklonéw. Wyniki bada
potwierdzity,ze w najodleglejszym miejscu rurggu cknienie dynamiczne bytozsize od ginienia panujgcego w punktach
pomiarowych potgonych bliej. Ponadto analiza stanu transportowanego ziarieawykazata jego deformaciji, a zauwa

no jedynie niewielki wzrost temperatury materiddtdry byt transportowany.
Stowa kluczowetransport pneumatyczny, ziarno, strumijgwietrza

1. Introduction

Pneumatic transport is widely used in the indugbry
transfer of bulk materials over specific distancBsiring
pneumatic transport of materials the differencemssure
at the ends of the arrangement for transport id.udainly
used transport systems consist of source whichrgtse
air, material supply devices, conveying line andtem
which receives the transported material (Fig. 16]4
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Fig. 1. Scheme of pneumatic conveying system [2]
Rys. 1. Schemat pneumatycznego systemu transpgot{®je

Dawid ROMEK, Dariusz ULBRICH, Konrad WLODARCZYK, Jarostaw SELECH,
Jakub KOWALCZYK, Jakub ADAMKIEWICZ

96

2. Construction of the device

The prototype of the device was designed baseth®n
electric motor with a rotor (10) of vacuum cleandrich was
placed in the sleeve (12). These elements aredfdbe de-
vices. Machine was built and designed as two cBe5)
connected to a cylindrical sleeve (14), so it agdiffuser.
The purpose of the nozzle is to provide an adedioateof air
and increase dynamic pressure, which is direciee to the
increased velocity. A sleeve with cone is inside ¢ase. The
sleeve (12) is used as the engine installatione@b8) shapes
the air stream which is generated by the engine.otiter part
of the casing comprises a beam (4) shaped in thg section,
which results in better aerodynamic flow aroundhimmiddle
part of the beam a bearing support is placed. Amdibaring
is mounted on the rotor. The bearings are connédstedshaft
(2). On the shaft regulated cone (6) with openiadsstalled.
Openings must be smaller than the diameter of poated
grain, and are designed to increase the amoumttaie air.
This combination of external and internal elemdstgon-
nected by screws (11). A channel is the resultllofomed
elements. This channel was created because the gjraiild
move through the entire cross-section of the tasiedel. The
channel has selected dimensions to maximize tlaeitelof
the stream and pressure differences, so thus swrdse
maximum expense of mass flow. The model of theflaiv
amplifier with description of the elements is showrFig. 2
and in Fig. 3 the prototype of the device is presin
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Fig. 2. The model of air flow amplifier [1]: 1 — Q2 — shaft,
3 — bearing, 4 — the upper support of bearing, &uter cone,
6 — inner cone, 7 — bearing, 8 —bearing supperts@pport fixing,
10 — engine, 11 — screw fixing, 12 — inner sle&@e;- inner cone,
14 — outer sleeve, 15 — outer cone

Rys. 2. Projekt modelu wzmacniacza strumienia paaigl]:
1 — naketka, 2- walek, 3 — kysko, 4 — podpora gérnazgska,
5 — staek zewglrzny, 6 — steek wewatrzny, 7 — téysko, 8 — pod-
pora fatyska, 9 — mocowanie podpory, 10 — silnik, Ziby mocu-
jace, 12 — tuleja wewgirzna, 13 — stiek wewatrzny, 14 — tuleja
zewntrzna, 15 — stéek zewetrzny

Additionally it has been designed and construciee-
cial rack (Fig. 2).

Fig. 3. The prototype of air amplifier [1]
Rys. 3. Prototyp wzmachiacza strumienia powietia [

The device has a switch and voltage regulator CGir8-
duced by AVT. Due to use of this system the presspeed
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and motion of the particles in selected areas efédhgine
speed can be tested. To pressure measurementsttied)
and Prantl tube were used [6]. To verify the cdness of the
calculated air velocity Testo 440 device was used.

3. Scheme of measurement

Points of airflow test was presented in Fig. 4nBoNo.
0, 1, 2, and KN show the most sensitive and thet imos
portant places in the conceptual model. Point Navad
placed at the end of the measurement section withgth
of 2 meters. Other research was carried out aneesuring
points at the height of 0,5 m, 0,8 m and 1 m (B)g0 point
is located at the beginning of the model. In tlogpit took
place the study of pressure and gravity feed. Rohtis a
characteristic in the study of pressure and vefost of
air stream.

'

05m

0
Fig. 4. Measurement diagram used during the tedtite [1]

Rys. 4. Schemat pomiarowy wykorzystany podczasitzada
urzgdzenia [1]

4. Results of research

At the start of the study measure of the air strealoc-
ity by the U-tube was performed. To calculate tinev@loc-
ity equation (1) was used:

w= [2Pe,
PO
where:
pq — dynamic pressure [Pa],
p — air density [kgm™].

1)

All measurements according to the setting of aomot
controller (lowest setting was 0.5, whereas thegdsg 1)
were performed. The measuring points are distribute-
pending on the length of the pipe. Point markedNas 2
(2 meters) is the highest value, while 0 is thenpoif the
beginning of the gravity fall, the KN is the outliedm the
device. The measurement results are shown in Tabdin
Fig. 5.

It can be seen that in the farthest point of theelme
the velocity of the airflow was the lowest, andls point
KN it was the highest. In order to validate thedgtumeas-
urements by direct method were examined. This et
performed using the unit Tesla Model 440. Alsoah de
observed that the results of measurements usingdirect
and direct method are different. The results atphiat of
the KN are reliable because the airflow complepeiwered
measuring gauge.
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Tab. 1. The results of measurements of the air flgimg
the direct and indirect method for the 0.5 engamege [1]
Tab. 1. Wyniki pomiaréw strumienia powietrza metbdzpo-
srednig i pasrednig dla 0,5 zakresu regulacii silnika [1]

the results are presented in Tab. 2. The resuiténeld in this
test confirm theory that the velocity is too low fbe demand
for transportation. The particles were sucked opliyto a cer-
tain distance and were levitated.

o

Method > Melasuremengpo'm KN Tab. 2. Measurements at point 0 m through a 2- mpape
m-st m-st mst m-sl for barley and wheat [1]
Indirect 8.09 9.04 10.70 14.01 Tab. 2. Pomiary w punkcie 0 m przezg@ metrow dla
Direct 9.00 9.50 9.80 13.60| Jjeczmienia i pszenicy[1]
Incertitude limits| 0.91 0.46 0.90 0.41
Point 2
30 Grain type
= Controller settings Barley Wheat
E% 9 | g [gmint| g [ g [gmin?
=P 0,5 0 | 50 0 0| 50 0
2 -2 0,75 0 50 0 0 50 0
g1 1 1 2 48 2 4 46 4
z 0
3

—_—

1

KN

o

~

=
in

25

15

Setting of the controller [-]

3

Fig. 5. The dependence of flow speed of the aircmdrol-
ler setting at certain points of measurement [1]

Rys. 5. Zalgtnasé predkasci strumienia powietrza od na-
stawy regulatora w oksgonych punktach pomiaru [1]

5. Examination of stream amplifier using grains

Tests on the grains of barley and wheat, deperatintpe
distance from the suction device and its speed penfermed.
Research in the distance 0 m on the sample of &0ggain
(wheat and barley) were performed. It was checkbdther
the prototype device can suck the corn with a Zemleing
pipe, 30 mm in diameter. The measurements lastes) &6d

In tests performed in point 0,5 the grain was sddk 2
ways. The first was a 2- meter long pipe, and seeond
case the pipe was 1 meter long. Both pipes hadaater
of 30 mm. The results of obtained measurementstaran
in Table. 3 and Fig. 6.

The next step of the experiment was to test tlie ef
ciency of the device for a height of 0,8 m for thipe of
1 m and 2 min length. In this case, the experimext per-
formed only with grains of wheat. The results arespnted
in Tab. 4. For comparison of the data obtainedrduthe
research, graph of the amount of suction and efiy for
the length of tube 1 and 2 was prepared (Fig. 7).

The aim of the last part of the experiment wagett
random sample of 5 grains that have been identifreter a
microscope. Grains, shown in Fig. 8 were not damage
transportation can be accepted as safe for thepoared
material.

Tab. 3. The measurements at the point of 1 m throlg pipe of 1 and 2 meters in length for wheatrgr [1]
Tab. 3. Pomiary w punkcie 1 m przezer@r i 2-metrow dla pszenicy [1]

Grain type Wheat
Measuring point
1 2
Controller settings Test sample Remain| Efficiency | Test sample Remain| Efficiency
g g gmin? g g gmin'?
0,5 16 34 16 0 0 0
0,75 50 g/56 s 0 56 14 36 14
1 50 0/18 s 0 167 20 30 20
90
80
70
Eo
% 50 —o—1 Barley
§ 40 1 Wheat
d ., T
£ 30 / 2 Banley
M a0 2 Wheat
1] —
J
U}
0.5 0,75 1

Controler settings [-]

Fig. 6. The dependence of the performance of thealter settings for barley and wheat at a meaguneight of 0,5 m [1]
Rys. 6. Zalénasé¢ wydajnaci od nastawy regulatora dlgagzmienia i pszenicy na wysgkbpomiarowej 0,5 m [1]
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Tab. 4. The measurements at the point of 0,8 nugjirahe pipe of 1 and 2 m for wheat [1]
Tab. 4. Pomiary w punkcie 0,8 m przezerlir i 2-metrow dla pszenicy [1]

Grain type Wheat
Measuring point
Controller settings L - — 2 —
Test sample] Remaipn Efficiency Testsample Remain ciEffcy
g g gmin? g g gmint
0,5 4 46 4 0 0 0
0,75 28 22 28 10 40 10
1 50/28s 0 107 12 38 12
180
160
140 .
= —e—0m - pipe 1
g 120 05 el
L1 - pape
=100 0.5 p-p
d ,5m - pipe 2
2 - pip
= 0.81m - pipe 1
= 60 D )
J8m - pipe 2
= 40 .PP
20 —o— lm - pipe 1
o % —e— Im - pipe 2
0.5 0,75 1

Controller settings

Fig. 7. The dependence of the performance of theralter settings for wheat at different height$ [1
Rys. 7. Zalénasé wydajndgci od nastawy regulatora dla pszenicy namgch wysokéciach [1]

the stream. Studies of deformation of grains camfthe
idea that the pneumatic transport does not defbemmate-
rial. During the experiment observed temperaturgrafns
rises. it was caused by the engine running.

6. Conclusion

Designed and built model fully met the assumptitbrad
were given at the first step of the conceptual estagd the
results were satisfactory. In the future, testsuthdve ex-
tended to the measurement of the wet beans. Theedean
replace Cyclone Filter systems and other air devised in
the transport of bulk materials.

| |

B b)
Fig. 8. Random seed: a) before transportation fipaline
using a prototype, b) after transportation pro¢tks
Rys. 8. Losowo wybrane nasiona: a) przed transporte 7. References
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