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High Density, Low Velocity Pneumatic Conveying of the Fragile Materials

Nobuo HavaNo, Norio HARADA and Tomosada JYOTAKI

Abstract

From the aspect of factory hygiene and other reasons for sanitation, pneumatic conveying of
granular solids has been increasing recently. Generally, this transportation method works efficiently
in situations in which the velocity of the air and the concentration of solid materials in the duct is
high.

On the other hand, high velocity transportation causes the breakage of granules especially when
the materials conveyed are brittle. Reasons for the breakage of granules are thought to be due to
the collision between particles and the impaction of particles with the duct wall.

As the results of the breakage, usually, size reduction of granules occurs, this means the products
are of poor quality. In trying to solve these problems we made test equipment in which the gran-
ules are conveyed very slowly (average velocity ; 1,54 m/sec), slide together in the duct as clusters

(a train of slugs). Using the above equipment we have observed the velecity of each slug, the
quantity of the transported rate of the granules, and the flowing pattern of the slugs in the duct.
For the evaluation of the extent of breakage of the particles, the size distribution of the particles
before and after the experiments was compared. Some of the quantitative results are as follows ;

1. In this series of experiments, pressure head of the fan was maintained at 585 mmAgq and the

flow rate of air was 1.3~1.5 m3/min.

2. The pressure drop across the slugs in the duct was 483 mmAq for Nylon chips and 563 mmAgq

in the case of M. S. G..

3. After several conveyings, the extent of the shortening of M. S. G. was about 0.1 mm in

length (arithmetic mean diameter).
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1 Turboblower

Prgx =585 mmAq, Qmgy =8 miimin

|2 Manual vaive Orifice dia. = 40 mm#g

3 Solencid valve S.\, Oritice dia. =40 mm#

Coetficient of discharge =30

Oritice dia. =40 mmg

4, Solenoic valve S VA Coetficient of discharge =30

5 Push off pipe I.D. =50 mmg
© Push down pipe 1.D. = 38 mm#

(7 Hopper Capacity =60 | , setting air-tightly |
@ Feeder 1.D. = 75mm#, Acrylic polymer

9 Main transport pipe[ I.D. = 75mm#, Glass

40 Hopper Capacity =80 1

Push off pipe  Push the granules to the left-side into the mamn

pipe @ by compressed air lhrough(E?;

©ush down prpe: Push the ganules down to the maimn pipe by

compressed air through (&

Test equipment of “high density, low velocily pneumatic conveyer”

Fig, 1
BS,
At F e
10L

S.M. : Synchronous motor
C.C. :Clutch coil

S.V. :Solenoid valve
B.S, :Starting switch

: Reset switch

P.L. : Pilot lamp

[

Fig. 2 Sequential control circuit for the valve system
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Nylon chip M.S.G.

Density (9lcrr) 1.12 1.63

Bulk density (S/cmd)|  0.736 0.776
wal o () | 0191 | 0309
Coefficient of the 0.403 0.770

internal friction(-)

Angle of repose ( °) 26.7 45

e

T =2.45mm

Shape of particles

=1

=1
2.68mm | @ =049 mm

Table 1, Physical properties of the samples
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(a)

Rod-like flow

(b) Siug flow

Fig. 6 Tow types of “high density, low velocity”
transport
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Fig. 9 lllustration of the pressure variation in the pipe
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Table 2 Pressure drop across the slug

Max. pressure drop
Test number . 4Pmnx (MmMAQ)
- M.S5.G. Nylon chip

1 549.4 } 482.9

2 549.4 | 443.0

3 571.5 4829

4 562.7  500.6

5 553.8  491.8

6 580.4 474.1

7 575.9 482.9

8 549.4 |  482.9

9 575.9 . 465.2

10 | ,J 5,2732

Average | 563.2 483.4
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Table 3 Moving velocity of the slug

{ Moving velocity of
Test | _the slug V (m/sec)
pumper ; Nylon chip! M.S.G.
1 198 1.5
2 2.52 1.68
3 1.33 1.59
4 1.62 1.51
5 2.06 1.55
6 2.52 1.51
7 1.97 1.44
8 2.06 1.55
9 2.52 1.55
. 10 . _1__9] ........ | -
Average 2.055 ‘ 1.54

-f, BB X L, Fig. 10 773 X5
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Front face—\
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Fig. 10

Details of the moving slug

Table 4 Average length of the slug

Test
number

1

NeRE--REEN e WV I 7 )

N B N N RN b=t ek e et bk bk ek bk ek et
SH2E8BBYEBERRERBREETxIawRoo =0

Length of the slug (M.S.G.)
L (m)

At point

0.27
0.52
0.20
0.40
0.62
0.46
0.31
0.67
0.35
0.43
0.43
0.30
0.32
0.42
0.38
0.32
0.36
0.36
0.48
0.40
0.49
0.50
0.43
0.46
0.45

1 | At point III

L

0.33
0.18
0.26
0.36
0.35
0.35
0.37
0.41
0.60
0.35
0.51
0.56
0.46
0.25
0.18
0.23
0.28
0.23
0.30
0.27
0.36
0.53
0.40
0.43
0.40
0.33
0.46
0.33
0.47
0.42
0.70
0.48
0.40

10.35

0.379

Vol.26 No.2 (1976)
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Table 5 Average quantity of transport per unit

hour

} Nylon chip| M.S.G.

Average quantity ‘»
of transport i 735 333
(Kg/h) {
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<= Direction of transport

(a) Comparatively tonger slug (L=70cm , M.S.G.)

<= Direction ot transport

(b) A slug which has the lingering tail (M.S.G.)

<=3 Direction of transport

(c) A slug which has sharp rear edge (Nylon chips)

Fig. 11 State of the movement of slug in
the pipe
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