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Abstract - This study describes to analyze the pressure drop characteristics for the air-particle flow
in pneumatic coal powder conveying system and to proper design of the orifice located in the system
to enhance combustion efficiency in furnace of the coal-fired power plant. Usually the system consists
of the straight type pipe, the curved type pipe and the elbow, which cause increase of the pressure drop.
In this study, the pressure drop arised in the system with straight and curved type pipes is analyzed
with interactions of motion of air flow and particles. It is realized that total pressure drop increases with
increasing of the pipe length and the angle of curved type pipe due to friction loss of air and particles
in the system. The program for analysis of the pressure drop and optimum design of the orifice size
for air flow control in the system is developed. The result is also compared with the existing system.

Key words : pressure drop, air-particle flow, particle motion, coal pneumatic conveying system,
orifice design
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Fig. 1. Flow pattern for particles transport.
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Fig. 2. Transport mechanism of particles in a
pipe.
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Table 1. Properties for the pressure drop
analysis of the air—particle flow in
pipe lines.

& sEuEgae] Axsh 4

Item Property

Pipe | - Surface Roughness(e)=0.000046 m
Line | - Pipe Diameter(D)=0.54 m

- Absolute Viscosity(z)=2.09x10Ns/m”
- Temperature= 82C

- Density(p)=0.998kg/m"

- Flow Velocity (V,)=25 m/s

=

[l

=8

Table 3. Input data for the pressure drop
analysis in the system.

- Mixture Ratio(m)=0.667
- Density(pe)=2,200kg/m’
Coal | - Diameter(D.)=0.000074m(74m)
Particle | - Velocity(V.)=15m/s
- Settling Velocity (umg)=1.19m/s

- Particle Friction Factor(As)=0.0085

Table 2. Input data for the pressure drop an—
alysis in coal piping system.

Pipe | Straight Pipe Curved Pipe
No. | Length (m) Number | Angle (°) R/r
1 50 1 45 4
2 90 2 60, 45 3,4
3 80 3 30,40, 75 | 3,4, 5
4 150 4 80, 55, 45, 30 |6, 4, 3, 2

Note: R/r=Ratio of Radius of Curvature(R) to Pipe
Radius(r)
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Table 4. Analysis results of the pressure drop as a function of pipe type for the air-particle flow
in the system.
Pressure Drop for Pressure Drop for
Air Flow Particles Motion
) AP,
Pipe No. (Pa) a
AP, AP, AP, AP, AP, AP, a
(Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
1 365.04 336.77 2827 113.86 105.06 8.80 478.90 1.31
2 673.67 606.20 67.47 210.14 189.12 21.02 883.80 1.31
3 627.08 538.84 88.24 195.59 168.10 27.49 822.67 1.31
4 114626 1,010.32 135.94 357.54 31518 42.36 1,503.80 1.31
Note

. APa: pressure drop for air flow

. APp: pressure drop for particles motion

3. APs: pressure drop for the straight pipe

. APt total pressure drop for the air-particle flow
.« relative pressure drop(=APt/APa)

1
2
3
4. APc: pressure drop for the curved pipe
5
6.

Table 5. Analysis of the developed program for orifice design in the system.

Pipe Results by Previous Program (CE) Measured Mass Flow Resultspz)y l?eveloped
Mill gram
Line
No. No. Orifice LD. Orifice Coal Flow Air Flow | Total Flow | Orifice LD. Orifice No
(cm) No. (kg/h) (kg/h) (kg/h) (cm) ’
Al 42.86 2 8,170 14,012 22,182 44.13 2
A A2 44.77 2 7,790 13,813 21,603 46.64 2
A3 - - 7,900 16,425 24,325 - -
A4 45.09 2 9,950 14,737 24,687 45.04 2
B1 4413 2 7510 13,712 21,222 43.33 2
B B2 43.18 1 6,740 14,127 20,867 45.02 2
B3 - - 7,030 13,774 20,804 - -
B4 45.40 2 8,680 13,383 22,563 45.11 2
Cl 43.82 1 9,000 14,596 23,596 45.10 1
C C2 51.44 1 8,450 14,184 22,634 52.87 1
C3 - - 9,750 14,579 24,329 - -
C4 45.40 1 6,180 13,866 20,046 46.41 1
Note:

1. CE: Previous Program for orifice analysis of Combustion Engineering Com.
2. LD.: Inside Diameter
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