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Development of a Garlic Peeling System Using

High-Pressure Water Jets (II)
- QGarlic peeling by cylindrical chamber with drilled nozzles -
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ABSTRACT

A new type of garlic peeling chamber has been developed which separates and peels garlic cloves using high-pressure water
jets. The cylindrically-shaped chamber was fabricated with stainless steel plate and has a number of drilled holes, which function
as solid-stream spray nozzles, on its interior wall. The chamber was divided into upper and lower section so that water can be
applied at different pressures from each section. Three chambers of similar design were tested to evaluate their performances
according to various pressure levels.

The strongest correlation was observed between the pressure difference(lower-upper) and the proportion of unseparated and
completely-peeled garlic cloves. Hanji-type garlic required higher pressure difference to separate cloves from garlic bulbs than
nanji-type garlic. On the other hand, protective leaves(skin) from the cloves were peeled more easily in case of hanji-type garlic.
As a result of three consecutive peeling operations, the proportion of completely-peeled garlic cloves changed in the order of
80.1, 82.6, 84.1% in case of hanji-type, and 19.6, 29.1, 40.2% in case of nanji-type garlic.

Keywords : Garlic, Peeling, Cylindrical chamber, Water jet, Drilled nozzles.
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Fig. 1 Photograph of an experimental peeling cham-
ber.
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Fig. 2 Cutaway view of the experimental peeling
chamber.



9 Auvje] YHE FHEE B2 3 €9 mEelA &
AT, S 67 S T 8 el

2 ATolAE & 1ol4] i vhek ol Mz e
Aoz AAw 30 AFY W) A E v Al A}
$HT & =RolAE o] 3719] Uy AHE A7 A,

B, C= Aslolh

Table 1 Specification of three peeling chambers uti-
lized in the research

. . Number of nozzle
Dimension (mm)
Chamber layers
Height | Inside dia. | Upper | Lower
A 190 100 3 7
B 190 126 3 7
C 190 126 3 6
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Table 2 Specifications of the equipment utilized
in the research

Equipment Specifications
Maker/model : LG - OTIS / KMI-30HU1
pm 11,760
Pump motor Power :22 kW
Voltage : 380 V, 3 ¢
Current : 44 A

Maker/model : LG Pump / MT37111GAB
Power requlrement 30 kW

Discharge : 0.8 m ’/min

Total head: 104 m

Maker/model : Myung Sung / MS-P102
Range :0~14.7 MPa
Output :4~20 mA

Maker/model : COM ENG. / G-2-A-O
Flow rate : 35~500 LPM

Pressure : 0.98 MPa max.

Output  :4~20 mA

Turbine pump

Pressure
transducer

Turbine
flow meter
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Fig. 3 Experimental setup of the garlic peeling system.
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Table 3 Average moisture content of garlic uti-
lized in the research(%, w.b.)

Variety Flesh of garlic Protective leaf
Hanji-type 65.8 (0.36)* 22.2 (1.03)
Nanji-type 64.0 (1.53) 25.4 (0.73)

* : Numbers in parentheses represent standard deviation.
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Table 4 Pressure setup for upper-lower section
of each peeling chamber to test the ef-
fect due to multiple peeling operations

(kPa)
. Number of peeling operations
Chamber Variety
1 2 3
A Hanji-type | 294-588 | 294-490 | 294-392
Nanji-type | 490-980 | 490-882 | 490-784
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Table 5 The levels of significance(p-value) of F-tests to determine the effect due to pressure
settings(Chamber A)
Variety Hanyji-type Nanji-type

Garlic Pressure | Upper (U) | Lower (L) L-U U L LU
Unseparated (US) 0.026* 0.284 0.001%** 0.262 0.087 0.001**
Unpeeled (UP) 0.907 0.500 0.121 0.375 0.157 0.002%*
Partially peeled (PP) 0.591 0.729 0.186 0.355 0.079 0.192
Completely peeled (CP) 0.022* 0.259 <0.001** 0.332 0.032* 0.043*
Bruised or broken (BR) 0.424 0.041* 0.124 0.812 0.502 0.578
* Indicates significant at @=0.05.
** Indicates highly significant at @=0.01.
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ing to the pressure difference between
lower and upper section of chamber A.
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Table 6 Result of peeling tests according to cham-
ber type and pressure setting(Haniji-type

garlic)
Pressure(kPa) | Proportion of garlic cloves (%)
Chamber
Upper-Lower| US | UP | PP | CP | BR
294-588 11.7] 19.6 | 10.6 | 559 | 2.2
294-784 1.1 11.1 | 63]656| 5.8
A 294-980 79| 74| 53672122

490-784 132 11.8 | 12.7] 55.7 | 6.6
490-980 64| 94| 35|63.7|17.0
686-980 |20.0| 13.2 105|532 | 3.2
294-784 |245| 13.8| 74| 516 | 2.7
B 490-784 (272|150 | 52|514 | 12
686-980 197139 | 75|532 | 58
294-588 102|113 | 40| 740 | 0.6
294-784 43| 87| 3.8|62.0]212
490-784 238 76| 43|605| 38
686-980 149|116 | 74633 | 28

1 Only the cases of CP> 50% are listed.
¥ Refer to Table 5 for the explanation of US, UP, PP, CP,
and BR.

Table 7 Result of peeling tests according to cham-
ber type and pressure setting(Nanji-type

garlic)
Pressure(kPa) | Proportion of garlic cloves (%)
Chamber
Upper-Lower | US | UP | PP | CP | BR
294-980 1.2 80.6 | 74 | 10.1 | 0.8
A 490-980 221743 |56 | 160 | 19
294-980 112740 | 33 | 11.6| 0.0
490-784 133|676 | 2.1 | 162 | 0.8
B 490-980 130 68.1 | 55 (122 | 1.2

686-784 11.5(71.9 | 36 | 11.9 | 1.2
686-980 79| 709 | 48 | 154 | 09
882-980 8875727 (119 09
294-980 401683 |35 |216| 2.6
490-784 80| 750 | 58 112 0.0
C 490-980 451656 | 89 |205| 04
686-980 1811642 | 33 | 140 | 04
882-980 |352|51.7|22|109| 0.0
T Only the cases of CP> 10% are listed.
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Fig. 5 Effect of submersion on the constitution of
peeled garlic cloves(Chamber C).
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