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Development of a Garlic Peeling System Using
High-Pressure Water Jets (1)

— Peeling tests with high-pressure plunger pumps and flat-spray nozzles —
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ABSTRACT

This research was conducted to test the feasibility of utilizing high-pressure water jets of over 1.0 MPa as a means of
breaking and peeling garlic bulbs. High-pressure plunger pumps and flat-spray nozzles of varying orifice diameters and spray
angles were utilized to supply water jets into a prototype peeling chamber made of transparent acrylic plates. Water jets were
discharged from a total of six nozzles installed in such a way that three parallel nozzles face the other three.

The cross-sectional area of the peeling chamber and the installation angle of the nozzles had critical effects on peeling
performance. Small cross-sectional area was required so that total impact force of water jets on garlic could be increased. The
optimum installation angles were around 4, 8, and 16° for the nozzles having 15, 40, and 65° spray angles, respectively. Best
performance with 61.4% of completely-peeled garlics was obtained at a pressure of 1.94 MPa and a flow rate of 9.07 #min for
each nozzle.

The peeling efficiency of the system was generally unsatisfactory due to the limited flow rate of the plunger pumps utilized.
For better performance, it is recommended to increase flow rate while reducing operating pressure by utilizing other type of
pumps.

Keywords : Garlic, Peeling, Peeler, Chamber, Water Jet, Plunger pump.
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Fig. 1 Side view of garlic peeling chamber.
(1) garlic supply port. (2) plates to adjust chamber
width. (3) plates to install nozzles. (4) garlic
discharge port.
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D : Distance between adjacent nozzles,
L : Length of peeling chamber
W : Width of peeling chamber(W=2.5D + 10 mm)

Fig. 2 Notations for the cross-sectional area of. the
peeling chamber.
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Fig. 3 Schematics of nozzle installation(«: spray
angle, ¢: inclination angle).
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Fig. 4 Prototype peeling chamber made of trans-
parent acrylic plates.
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Table 1 Specifications of flat-spray nozzles utilized
for peeling tests

Spray angle () Orifice diameter (@, mm)

15° 0.91, 1.19, 1.60, 1.80
40° 1.09, 1.35, 1.60, 1.80
65° 1.27, 1.60, 1.80
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Fig. 5 Relationship between flow rate Q(¢/min),
pressure P(MPa), and impact force F(N).
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Table 2 Performance of garlic peeling according to
spray angle and length of chamber

Nozzle Spray angle [Length of chamber (mm)
diameter (mm) ) 80 110 | 140
15 O O A
1.60 40 O A X
65 O X X
(O : Excellent, A :Good, X :Poor

Table 3 Performance of garlic peeling according to
spray angle and width of chamber

Nozzle diameter Spray Width of chamber (mm)
(mm) angle ) | 60 | 70 | 80
15 O A X
1.60 40 O ol o
65 O X X
(O : Excellent, A :Good, X :Poor
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Table 4 Summary of test conditions and peeling performances(L=80 mm, W=60 mm)

Spray condition | Orifice diameter (mm) | Pressure (MPa) | Flow rate per nozzle (£/min) Proportion of garlic cloves (%)
cp” up? or’
5.78 3.70 20.7 459 333
0.91 6.81 3.93 28.7 38.0 333
7.71 4.18 38.5 245 37.1
2.99 5.18 41.2 31.1 27.7
a=15° 1.19 391 5.97 41.6 32.8 25.5
o= 4.84 6.38 41.7 15.0 433
1.11 5.33 10.6 55.8 33.6
1.60 2.07 7.32 32.1 35.8 32.1
3.00 7.68 50.4 17.3 323
1.80 1.94 9.07 61.4 19.7 18.9
5.88 5.18 443 27.0 28.7
1.09 6.78 5.58 443 20.0 35.7
7.74 6.00 43.6 27.1 29.3
2.97 6.18 239 54.1 22.0
a=40’ 1.35 3.92 7.05 423 45.0 12.6
9=8° 4.84 7.88 44.2 23.0 32.6
1.05 4.98 1.9 91.4 6.7
1.60 2.00 6.90 36.7 55.5 7.8
2.95 8.38 54.2 383 7.5
1.80 2.03 7.35 55.8 292 15.0
4.82 7.40 13.7 70.9 15.4
1.27 5.85 8.10 12.9 62.9 241
2=65° 6.74 7.65 15.4 274 573
. 1.08 5.45 0.0 95.8 42
6-16 1.60 1.97 7.48 2.7 85.6 11.7
2.96 7.40 20.0 62.4 17.6
1.80 1.98 6.98 25.0 56.3 18.8

D cp: Proportion of completely-peeled garlic cloves.
? UP : Proportion of unpeeled garlic cloves.
3 OT : Proportion of others including partially-peeled, bruised, and broken garlic cloves.

Fsd 2L vwaRrk Y 694 B uiel o]  Table 5 The levels of significance(p-value) of F-
zAg oguA TA(O)H A3 GHZAP)A A testls to determine t:e;l effectts due to spray
. , , ow rate

2A(2)0] ZVRFE BAWAY Ao Pal] e e

Garli Spray angle | Pressure | Flow rate per
w&ol BHigo] stk AxZbo] 65° % TP & arhe ) (MPa) |nozzle (£/min)
A= t}E & Aly7 e uha]-g
dfols Hhe F diztel weFe] Vs Al S(CP) - Completely 0.0015%* | 0.0784 | 0.0368*
o] oF 25%2 HAaA woreh waEbd, Akuigake]  peeled (CP)
57 S 1_ 7 = - Unpeeled (UP) 0.0043** 0.1895 0.0385*
HIEZE A = A= B BEAZE Brle AE
o EO%;} W;T e A . o .. Others (OT) 0.0696 0.4438 | 0.0086**
& AEe AR (solid stream) PAb=Z S ARSI * indicates significant at @=0.05.
Ro| R} A Ao g FodTh ** indicates highly significant at 2=0.01.
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Fig. 6 Effect of spray angie ( «) and pressure (P) on

the proportion of peeled garlic cloves (L=80
mm, W=60 mm, ®=1.80 mm). Refer to Table
4 for the explanation of CP, UP, and OT.

3) ok=2| xHEYO| WH o niXl= A&

2% 7€ L=80 mm, W=60 mm, §=4°, P=2.94 MPag]
ZZ7A ¢=15", 0=1.60 mmQ =ZL AH§ste] T
g nksg 33 A% FSlEte weg A9 vehd A
oltt. 33] = Ft WM E(UP)S ZAag why,
718k} WSO F7hetsith o &(CP)2 de
2E 23] EF g 42%004 45%2 7 FUHElg L
H, 33 B3 Folle 34%2 sk ol& 23] ulby
NAE AT el Zvkso] 33A] uhuEHA
FHE AU s Fo] Ze(0T)e] HF o EFEA7]
w&olch

weba] thre] W E A0 R wiX|she 9ol
AFYPF-o] AERHE z7)d dud 4% 7hvise]
BAEE A FAZIA B MY el A= ook
3, o2l ¢4Ee 27 AFUET} Yolof & Ao
t}.

H

100

80

60

Proportion (%)

cp uP

LI:JOnce B Twice IThreetimesl

Fig. 7 Effect of the number of peeling operations on
the proportion of peeled garlic cloves (L=80
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P=294 MPa). Refer to Table 4 for the
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J. of Biosystems Engr. Vol. 29. No. 3, pp. 217 ~224 (2004)

e A7 drkee FAE PN 5 9l 298
FAET71E AEE) A% A7l dRos +IyHY
on, =5& 59 1 MPa olde] Jigto 2 AfFe]
=& A vhe S e W B e Akt
Atk A FUA PIZ ABHE FAE B wES
AHEStRon, £ oAl doz Wy JHE Azt
At wEo] TN AAzd R FEdHe] vhee v
A& mAe FFE BHsIAT: AAE so6id o
&5 2k

(1) 78kl +871 BAlse v Ao guHe
vhzo] A7)9} o|FHE 1t s A 3
Aol w3jel felstitk =&Y HAAEE =2
Z} 15, 40, 65° o) tiate] z}z} 4, 8, 16° W7} 2 &
Aoz ZAH AT

(2 FAE BA=EY 28H2E 730 ARTFH
Hez W o 7oA Sy go] Skt
FAY vhed B¢ Ly 770l 1.80 mmz I
2 7%l 1.94 MPa9] ¢t3l =27 9.07 /ming} F
Fol| A Al go] 61.4%2 7 53T

(3) FAZ BAxZEe 229s F70] 119 mm ol&}
A Aol At vl go] wfe wgrom, hHS
Eold vheo] Huds A HdHEe T dAE0]
FxetA Eskth 22, 2E9a T 1.80 mm<!
Agolls Ax ol A3 AR e, Fxel ¥
= durte §20 o] = JH=E Yehgth

@ 4 YL v FAHES EE S W T
o o] W RE &Aoo wiet A% A2E
o2 SRMHES Fole o] rhesith AFLITY
AEAHE 2700 duld 23% Avkse &

mE Ok
Horle o

o

EE A

Al F7H7IA B B9 dellA dAsejor & Rolnk
) & ATANE aYaRF FHA HLE AN
at7] wEel fFe] Al s L& wole He
SAZE AR, AR A gle] w]-gof WA= P
S 24 F AU WSS o7 AME 2Wx

o HEZRO= AWHRFS FIE ML, =2
o 9 AES F7HIIIE Aol 948F Aos wdd
o}

o Ed

1. Cho, Y. J. and C. J. Kim. 1993. Analysis of

223



4] opedln) Ala" e (1)

performance of an air-type garlic peeler for its
optimum design. Jounal of the Korean Society for
Agricultural Machinery. 18(4):351-357.(In Korean)
CEREE. 1992 vk wulrl AgANAER. FAME
4A11992-0005744.
CWyg7) 1998 vhs PAAAZY PR AGAL 5
E93 A 1213055
Wy, R, B 2003 4 vk A2

g FHF FH7ISNEAY QTR p. 247

224

>-}'~o

LA 0]

X ol

Bk 1994, vhs gyr]. AE8REE. s
211994-0025906.
AAH. 1993, vhs AF 297] AEAREE. S0
s 411993-0019126.
T F5EAL AT A 1999, vhEadAE. FoldA
A} 835.
Y. 1989. miE wu7]. ALAJMFE. FUWS
1989-0006070.



