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Development of Washing System for Mountain Herb (I)
-Transport capacity by air bubble-
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Abstract

The system for washing mountain herb is needed to produce juice for drinking. The objective of this research
was to develop the water tank stirred by air bubble and to analyze the system by theoretical and experi-
mental methods. The system built can wash and convey the herb material by the air bubbles from the injec-
tion holes on the pipe and the liquid moved by the air bubbles. The relationship between air flow and liquid
flow stirred by air bubbles was calculated and flow patterns for the air-liquid flow in a water tank were
defined. The difference between calculated and measured flow rate of each air-liquid flow was within 5%
with air pipe of 4 mm diameter hole and 13% with air pipe of 8 mm diameter hole. The air bubble injected
through the hole was raised up and built cone shape and ended by spreading on the surface of the liquid.
The optimal distance between two pipes of 8 mm and 4 mm system was average value of flow lengths of
each air-liquid flow. The one pipe system shows constant transport capacity when the distance of pipe from
the starting wall was the half of the flow length.
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1. Pipe for air injection
2. Inlet of high pressure air
3. Starting point for washing
4. End point for washing

Fig. 1. Overall view of washing bath.
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Fig. 2. Configuration of liquid jet induced by rising col-
umn of air bubble (Hussain and Narang, 1984).
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Fig. 3. Liquid jet stirred by air bubble in the water bath.
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Table 1. Air flow rate (cm’/s)

Diameter (mm)
Pressure(kPa)
4 8-4
15.7 4900 2300 4000 3700
14.7 3400 1800 3400 2780
13.7 3000 1650 2340 1830
12.7 2200 1400 1490 1140
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Table 2. Comparisons of calculated and measured air-
liquid flow rates (cm¥s)

Diameter (mm)
Pressure (kPa) 8 4
Calculated Measured Calculated Measured
15.7 13375 10331 8564 8443
14.7 10724 9476 7479 7909
13.7 9967 8764 7136 7196
12.7 8354 6413 6536 5094
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Fig. 4. Models of air-liguid flow patterns in washing bath
according to the location of air pipes at bath bottom. (a)
Location I: middle of the washing bath, (b) Location II:
starting point near wall.
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Table 3. Flow shape of air-liquid mixture and air flow rate
from air-pipes

Set of air-pipes 8 mm-4 mm 8mm 4mm 2mm

Airflowrate 500 3700 4900 2300 1900
(cm/sec)

Air-liquid

flow rate 11816 11276 13375 8564 7624
(cm’/sec)

Length of flow

oo 27 219 246 183 169
Cone angle 60 58 66 46 41
(deg)

Heightofflow 55 157 160 136 131
(cm)
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Table 4. Transport performance according to the air-pipe size and location

Hole diameter on pipe Pipe location from wall

Material transported (%) within the speed range

(mm) (mm) 0.30 m/s and higher 029 m/s-0.16m/s 0.15m/s-0.10m/s  0.09 m/s and lower
2 75 52 20 16 12
2 100 16 20 20 44
4 100 18 40 27 15
8 100 80 16 0 4
8 125 26 36 14 24
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