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Development of Air—jet Washer for the Agaricus Bisporus

H. M, Park K H. Cho

Abstract

S. G. Hong S. H. Lee

This study was conducted to develop an agaricus bisporus washing machine which uses compressed air to remove foreign
materials attached on the surface of agaricus bisporus. A prototype of the washing machine was constructed, and

performance of removing foreign materials was tested.
Research results are as follows:

1. Several transferring methods including PE roller rotation, brush roller rotation, PE screw rotation, vibration plate, and
belt conveyor were evaluated. Roller, screw, and vibration methods caused damages on the surface of the products,

but belt conveyor method caused the least damages.

2. For air jet, a stationary nozzle type and a rotational type were evaluated. The best air jet nozzle was the jet-type nozzle,
and the rotational type was more effective than stationary type nozzle.

3. With the conveyer belt, box type moving method and the rotational air jet nozzle, the washing machine showed the
best performance when higher than 5.4x105 Pa of air jet pressure and lower than 0.047 m/s of moving speed was
used. Working performance of the system was 650 kg/h, and the damaging rate was 1.2 %.

Keywords : Air-jet washer, Agaricus bisporus, Mushroo
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Fig. 1 PE roller based conveyer.

Table 1 Specification of the PE roller based conveyer

Item Specification
Size 2,000(L)x600(W)*x900(H) mm
Material Polyethylene
Roller Diameter 75 mm
Length 500 mm
Motor 220 V, 180 W
Type Inductance
Controller
Speed range 0~0.25 m/s

Brush roller

Controller
Fig. 2 Brush roller based conveyer.

Table 2 Specification of the brush roller based conveyer

Item Specification
Size 850(L)*x900(W)*800(H) mm
Type Brush roller
Material Nylon
Roller Diameter 80 mm
Length 800 mm
Hair Length 20 mm
Motor 220 V, 180 W
Type Inductance
Controller
Speed range 0~0.35 m/s
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Fig. 3 PE screw roller based conveyer.

Table 3 Specification of PE screw roller based conveyer

Item Specification
Size 900(L)*300(W)x750(H) mm
Material Polyethylene
Diameter O.D. =80 mm, I. D. = 40 mm
Roller
Pitch 80 mm
Length 800 mm
Motor 220 V, 180 W
Type Inductance
Controller P
Speed range| 0~0.35 m/s
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Fig. 4 Vibration board based conveyer.
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Table 4 Specification of vibration board based conveyer

Item Specification
Size 500(L)*600(W)»500(H) mm
Vibration plate 500(L)x600(W)x500(H) mm
Vibration Motor 1.5 VA/146 Hz
Type Inductance
Controller
Range 0~146 Hz
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Fig. 5 Box conveying assembly.

Table 5 Specification of box conveying assembly

Item Specification
Size 2,000(L)>700(W)>800(H) mm
Belt Net type
Conveyer
Mesh size S(L)x5(W) mm
Type PE box
Box Mesh size 8(L)y<8(W) mm
Size 430(L)x320(W)x70(H) mm
Motor 220V, 180W
Type Inductance
Controller
Speed range 0~0.25 m/s
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Fig. 6 Fixed nozzle based injection assembly.

Table 6 Specification of fixed nozzle based injection assembly

Item Specification

Solid Orifice 5 mm, 3 ea

Nozzle Type | Flat Throat 0.33 mm, 4 ea

Jet Orifice 1 mm (10 piece), 2 ea
Plunger type, 7.5 kW

Compressor
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Fig. 7 Rotation nozzle based injection assembly.
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Table 7 Specification of rotation nozzle based injection assembly

Item Specification

Nozzle type Jet

Orifice 1.0 mm (10 piece)

Rotation diameter 440 mm
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Fig. 8 L value change of the agaricus bisporus with storage days
after transferring with PE roller based conveyer.
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Table 8 Damage rate of agaricus bisporus by visual inspection
according to the rotational speed of PE roller

Speed of revolution (mVs) 0.048 0.058 0.070

Damage rate (%) 6.8 9.7 10.9
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Fig. 9 L value change of the agaricus bisporus with storage days
after transferring with brush roller based conveyer.

Table 9 Damage rate of agaricus bisporusby visual inspection
according to the rotational speed of brush roller

Rotational speed (m/s) 0.050 0.063
Damage rate (%) 10.6 13.3
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Fig. 10 L value change of the agaricus bisporus with storage days
after transferring with PE screw roller based conveyer.

Table 10 Damage rate of agaricus bisporus by visual inspection
according to the rotational speed of PE screw roller
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Fig. 12 L value change of the agaricus bisporus with storage days
after transferring with different box conveying speeds.

Table 12 Damage rate of agaricus bisporus by visual inspection
according to the box conveying speeds

Rotational speed (m/s) 0.047 0.061 Box conveying speed (m/s) 0.047 0.059 0.071
Damage rate (%) 5.5 6.4 Damage rate (%) 0 0 0
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Fig. 11 L value change of the agaricus bisporus with storage days

after transferring with vibration board.

Table 11 Damage rate of agaricus bisporus by visual inspection
according to the frequency of vibration plate

Frequency (Hz) 73 102 131

Damage rate (%) 32 4.1 5.3
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Table 13 Removal rate of foreign material according to the type
of fixed nozzle

Nozzle Type Solid Flat Jet
Removal rate (%) 6.8 9.9 12.4
Damage rate (%) 0 0 0
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Table 14 Removal rate of foreign material with rotational nozzle

Injection Conveying Removal rate | Damage rate
pressure (Pa) speed (m/s) (%) (%)
4.9x10° 0.059 257 1.25
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Fig. 13 Prototype of Air-jet Washer for Agaricus Bisporus.
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Table 15 Specification of the Prototype Air-Jet Washer

Ttem Specification
Size (mm) 2,000(L)*x700(W)=<800(H)
Belt Net type
Conveyer -
Mesh size 8(L)x8(W) mm
Type PE Box
Box Size 430(L)x320(W)x70(H) mm
Mesh size 8(L)x8(W) mm
Type Rotational
Nozzle - - -
Orifice Diameter 1.0 mm(10 pieces)
Pressure valve Dial
Conveying Speed 0~0.25 m/s
Power source Motor (220 V, 180 W)
Controller Inductance type
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Table 16 Removal rate of foreign material according to air
injection pressures and conveying speeds

Conveying speed (m/s)
0.035 | 0.047 | 0.059 | 0.071

Item

39 2140 | 23.12 | 21.48 | 18.08
44 25.33 | 24.04 | 22.11 | 18.42
49 32.83 | 31.09 | 26.25 | 23.77
5.4 35.78 | 34.08 | 31.07 | 27.97
5.9 36.69 | 35.84 | 32.95 | 29.42

Injection pressure
(105 Pa)

Table 17 Statistical analysis of foreign material removal rate ac-
cording to air injection pressures and conveying speeds

Item DF SS MS F Pr>F

Injection pressure 4 12068.27|517.07| 96.23 | <0.0001

Conveying speed 3 58491 [194.97| 36.29 | <0.0001

Injection pressurex

. 12 60.62 | 5.05 | 0.94
Conveying speed

0.5142

Error 72 | 32239 | 5.37

Corrected total 79 13036.20
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Table 18 Statistical test of foreign material removal rate according
to air injection pressures

Injection pressure LSD
3.9 4.4 4. . .

(10° Pa) o | 349 (5%)

average 21.02a{22.47a|28.48b|32.22c 33.73¢c| 1.64

Table 19 Statistical test of foreign material removal rate according
to conveying speeds

Conveying speed LSD
0.035 | 0.04 X .

(ms) 7 | 0.059 | 0.071 (5%)

average 3041 a|29.63 a|26.77 b|2353 c| 147

Table 20 Statistical test of damage rate according to conveying
speeds and injection pressures

Item Damage rate (%)
Conveying speed (mv/s) | 0.035 0.047 0.059 0.071
39 1.25 0.00 125 1.25
Injection 4.4 2.50 1.25 1.25 2.50
pressure 49 1.25 1.25 0.00 1.25
(105 Pa) 5.4 125 | 125 | 125 | 250
59 2.50 2.50 1.25 375
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