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3- Pipeline
4- Dilute phase
5- Dense phase
6- Solid loading ratio (SLR)
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2- Broaching machine
3- Test-rig

4- Ball screw

5- Broach

6- Rake angle

7- Clearance angle
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1- Solid friction factor
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Fig. 1. a. Schematic view of broaching machine, 1. Chassis, 2. Broach, 3. Pipe fixer, 4. Spiral machinig shaft, 5.

Machining shaft guide, 6. Fixed support, 7 and 8. Rail, 9. Wagon, 10.Ball screw, 11. Gearbox, 12. Electromotor
b. A view of broaching machine
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6- Arching
7- Conical pressure breaker
8- Bend
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1- Positive pressure system

2- Blow tank

3- Solid discharge control valve (SDCV)
4- Orifice plate flow meter

5- Single point load cell
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2- D and D/2 tapping
3- Tapping
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Fig. 2. a. Schematic view of test rig
1. Air compressor, 2. Regulator, 3. Orifice plate flow
meter, 4. Blow tank, 5. Grain input, 6. Emergency air
discharge valve, 7. Bend, 8, 9, 10, 11 and 12. Pressure

transducer, 13. Solid discharge control valve, 14.
Receiving hopper, 15. Pipe

1- Acrylonitrile Butadiene Styrene (ABS)
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Table 1- Analysis of variance of mung bean mass flow
rate affected by treatments
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1- Data acquisition system

2- Graphical User Interface (GUI)
3- Bulk density at rest

4- Flowing bulk density



1398 595 Jluous 2 oylosds 9 ule (53,9l gloopmislo aspis 420

5 01274 OI38 sy sio 3 sl Jgbo g yaieo 019 Lt
b 0 (6 45 4 o JSis) sol cowsay aili  p,Soks 0/325
Karparvarfard, 1997; ) cush céllas 35 L3 cpiize gl b

(Mills et al., 2004

GBS 5 g el (slayl) Jelss 5l Sy il bl o

Obe gaualie gl )5 HIE pwyn 390 Jels Lo S
o2 23 )led Bes g $29y9 slop LS GBI L o b ol
ol (o (o Jusl ladg) Jsb (RIEIL 5 Gl e
Goe b 3 lon JLid )3 (o (23 Cp e S5k 4 b

04 | 0.35 & 0.45 a
o= 0.325 En c b 0274 = o4 0.38
w 0.35 % b w03 0.231 0.245 “ :
on =0 - 2h
=< 0.3 0.225 = a { = 03
s e 2 025 |p 174 -[- s 03 b
= 025 a = = '
E s E oo 0.206
E 02 0.143 2 =
é [=] o 0.2 C
= 0.15 =013 =t |o108
g 5 g o015 |
5 o1 2 0l 2 o1
oh 2n o
£ 0.05 £'0.05 S o005 ’_’—I
= 0 = 0 = 0
o6 9 0 035 0.55 0.9 1 2 3
Pipe length (m) Groove depth (mm) Air pressure (bar)

o 2 g o it -6 U8

oS g3l @l sl 2 e
Fig. 6. Effect of pipe length on
mung bean mass flow rate based
on Duncan results

o o 2 kb Bes b -0 JSW

OSb ogeil @i sl p e
Fig. 5. Effect of groove depth on
mung bean mass flow rate based on
Duncan results

o o e Jlid b -4 JSW

oS pgeil @l sl 2 e
Fig. 4. Effect of air pressure on
mung bean mass flow rate based on
Duncan results
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Fig. 8. Interactions between air pressure and pipe length on mung bean mass flow rate based on Duncan results
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Fig. 9. Interactions between groove depth and air pressure on mung bean mass flow rate based on Duncan results
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. 13. Interactions between groove depth and air pressure on friction factor based on Duncan results
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Introduction

Pneumatic conveying is a continuous and flexible material handling method which uses positive or negative
air pressure to convey materials in pipe. This conveying system is generally divided into two groups of dilute
and dense phase.

The purpose of this research was to create spiral grooves inside horizontal pipes which transfer granular
materials under dense phase. Also, the performance of these pipes was compared with control pipes. Finally,
friction factors obtained in this research were compared to the previous study.

Materials and Methods

To create spiral grooves inside the pipes, a broaching machine was designed and developed. Then, by
connecting the broached pipes to a pneumatic conveying test- rig of granular materials, the performance of these
pipes was compared with control pipes. The specifications of the broaching machine and test-rig were as follow.
Broaching machine: The machine included chassis, an electromotor with one hp power, a reduction gearbox, a
ball screw for converting rotational motion to linear motion, a spiral shaft, a guide with three bolls, broaches and
inverter. Cutting operations and creating grooves inside the pipes were done using broaches. These broaches had
two angles, attack angle of 15 degrees and a clearance angle of 10 degrees. The spiral angle of broaches was 30
degrees, the spiral pitch was 260 mm, the width of each groove was 1.5 mm, and a number of teeth were 20.
Test- rig: The main components of the test- rig were the air compressor, blow tank, conveying pipes, solid
discharge control valve (SDCV), receiving hopper, orifice plate flow meter, pressure transducers, and single
point load cell. The compressor was a piston- type, the air flow rate was 405 L min™ and maximum pressure was
12 bar. For a continuous flow of air and material mixture into conveying pipes, a blow tank was used. To transfer
material from blow tank to pipes, a 90-degree bend with a radius of 250 mm and an inner diameter of 40 mm
was used. The inner diameter of pips was 40 mm, the thickness was 5 mm and was selected from ABS. In order
to measure static pressure of air along the pipes, 10 holes of one mm diameter were drilled on the surroundings
of the pipes at intervals of one meter. Then, on each of these holes, a polyethylene bushing was placed. Pressure
transducers were threaded on the top of these bushings. A solid discharge control valve was placed at the end of
the flow line to control the flow of materials in a dense and continuous phase and to prevent material
acceleration. The materials were introduced into the receiving hopper after leaving the valve. To measure the
volume flow rate of air, an orifice plate with D and D/2 tapping was used. The pressure transducers were
Hogller. For measuring the mass of the materials entering the receiving hopper, a single point load cell (Zemic
L6G) was installed under the hopper. A data acquisition system based on ARM microcontroller was used to
record output signals from transducers.

The treatments were four levels of groove depth (0, 0.35, 0.55 and 0.9 mm), three levels of air pressure (1, 2
and 3 bar) and three levels of pipe length (3, 6 and 9 m). The transferred material was considered as mung bean.

Results and Discussion

The results of ANOVA showed that the main effects of groove depth, pipe length, and air pressure were
significant on the mass flow rate of transmitted mung bean and solid friction factor at 1% probability level. The
results indicated that the maximum mass flow rate and minimum friction factor were observed at a pipe length of
3 m, the groove depth of 0.90 mm and air pressure of 3 bar. Minimum mass flow rate and maximum friction
factor were observed at pipe length of 9 m, the groove depth of 0 mm (smooth pipe) and air pressure of 1 bar.

Conclusions

The results showed that the existence of spiral grooves within horizontal conveying pipes would increase the

mass flow rate of the mung bean and reduce the solid friction factor of the mung bean and inner wall of pipes.
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