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Development of Hydraulic Jet Dredge- 1 *
— Water tank experiment for the excavating performance
of water-jet nozzle on the sand —
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In order to find the excavating performance of water-jet nozzle on the sand, the authors were
carried out the excavating experiment with the model nozzles which were semi circular sectioned
nozzles and rectanglar nozzle in water tank.

The results were as follows.

1) Excavating maximum depth and width on the sand by the water jet were straightly increased
in proportion to the velocity of water jet and the section area of nozzle, and that, by the nozzle
distance from the excavating point on the sand, the depth was decreased, while the width was
increased straightly.

2) Rectangular nozzle which the thick of hole is 1mm, was a little bit better than the circular
nozzle of the same sectioned area on the excavating performance.

3) Empirical equations between the velocity of water jet, the distance of nozzle, and the
maximum excavating depth and width by angle of nozzle were expressed as linear, they were as
follows on the 45° angle of the rectangular nozzle(1x12mm);

D=90,0093V,—0,23H+5,7
W=0.0147 Vo+1, 06 H+10, 2

where, D is the maximum excavating depth(cm), W is the maximum excavation width(¢m), V,
is the velocity of water jet(cm/s); 926< V, <1504, H is the distance(cm) from nozzle tip to water-
jetted point on the surface of sand.
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Fig. 1.

Fig. 2.
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Schematic diagram of the experimental equipment for water flow control.

@ pannel for measuring device,

@ connection cock for pressure measurement(manometer side),

@ connection cock for pressure measurement(reversed manometer side)

@ ventry pipe, ® flow meter, ® pressure guage, ) water supply pump, water tank,
@ manometer (mm Hg), @ reversed manometer (mm H,0).

@
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Apparatus for the nozzle connection in the water tank with glass.
@ water tank, @ acryl plate, @ pipe for water supply, @ sand, ® nozzle.
Nozzle is fitted in the groove of the acry! plate which was attached on the inside of glass of the water

tank. —957—
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SECTIONAL VIEW

FRONT VIEW

Fig. 3. Shape of nozzle by size.
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Fig. 4. Accumulation curve of the sand grain.

uidgol A 43gk wbE Z N-1, N-2, N-3 9
heido] N-3oh Ael & 1x12mmal WA

Z N-45 2¥eZ2 slo] 22 Y 2% 44E

=2 .
X &5 453 choll 130LX40Wa71e) 5T 5

% otz dske Aatslod, frejgz WSl Ay o}
adate] Zol 4A ALY 4 UA slicH(Fig. 4).
Bz

AYE male Jlekzsle £ Rl 24 Bl
m OAEE dubehe] TRl Tkl 23 shod
SEAEE A 3 ARESIgier], YEAlFel AbE
H A= Stand sieves2A] A1g ZEAAL A|Zql
Fine Sives KPA-308a, 8” Diametere|™, Crank
EE) VeltX A& 7|ol ofsf ¥-As19]

wERE A A 2~4.76mmrt 0.1%,
0.42~2mm7} 26,2%, 0.074~0, 42mm7} 73.3%,
silt7h 0.20%01=, ®ifg iR Fig. 59+ 2o,

Fig. 5. Coordinate of the excavated shape under
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Relationship between the velocity of water-jet

and the water flow by the size of nozzle. N-1,
N-2 and N-3 in the figure denote the semi
sectioned cirular nozzle which are each 8.4, 7.0
and 5.6mm in diameter, and N-4 denotes the
rectangular nozzel which is 1xX12mm in size.
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7. Relationship between the veloclty of water-jet
and the maximum excavated depth by the size
of nozzle when the distance from the nozzle tip
to the water-jetted point on the sand surface
is O0¢cm, Numbers in the figure denote the angle
of nozzel and symbols denote the same size of
nozzle as Fig. 6.
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Fig. 9. Relationship between the velocity of water-jet
and the maximum excavated depth by the
distance of N-4 in the 45° angle of water-jet.
Symbols in the figure denote the same as
Fig. 6.
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10. Relationship between the velocity of water-jet
and the maximum excavated width by the size
of nozzle when the distance from the nozzle tip
to the water jetted point on the sand surface is
0 mm. Numbers in the figure denote the angle
of nozzle and symbols denote the same as
fig. 6.

#tolo] 30~18%el H3taict,

Fig.8, 9, 1001 vjehd wlof Fho] megfmol <3k
sefede] HolFAab 7ol Hakdxo zvlol vlEsl
of AMHeg Zrlela gloog wFo FHH, X
Al e Zof Anjdle mEERE Vel e &
clzak Zolo| 2AZS EEESslel s-Aslshd of
S} 7ol vfehd 4 9lch,

D=, X VA By ereverrsemmmmemreniin, (1)

® (D a,, b, %/‘\"\o: Table 11‘}' 7EP—O—D:L 31]/(‘_/{4
o AbaA4-(r)E 0.96~1. 0002 EE=R FEAe

o
PR

2) "EEcEC| EHIE

4
g, 222 0omd Wel wFel TR, FA
=¥ ol Z4HE-E Fig 1o, 425 900 ulf <]
w29 £FY, =39 Ad A FAZE F

N

£.

1261, HAZE 4579 wlie] Az =5 N-49 =
Z712l% HolZ4E-S Fig. 1300 2b4 el

BiRel old melmel Ad 4 (Fig. 11)2

VSRR 2lo) wiElEle] AAA oy Folsla gl



MHR HAES Bl BE WR-1

Table 1. Value of coefficient, 2 and b of the empirical equation which is expressed in D=4, X V,+ &, on the

maximum excavated depth by size of nozzle
D : maximum excavated depth(cm) Vo

velocity of water-jet (¢m/sec)

Angle  Height N-1 N-2 N-3 N-4
6° H(cm) @ b @ b @ b @ b

90 0 0. 0147 8.83 0,0121 8.77 0. 0098 8. 40 0, 0140 3.49
3 0, 0152 7.33 0. 0129 6. 86 0. 0098 7.56 0.0139 3.07

6 0, 0157 5,90 0,0137 5. 06 0. 0100 6. 60 0,0138 2.89

9 0,0163 4,42 0, 0143 3.56 0.0103 5,49 0. 0136 2,72

12 0. 0168 3.00 0, 0151 1,87 0, 0107 4,26 0.0135 2. 56

67.5 0 0.0144 8.93 0, 0133 8.22 0, 0105 7.26 0,0136 3.20
3 0, 0145 7.13 0. 0133 6,48 0.0102 6,41 0.0130 3.25

6 0. 0149 5, 66 0. 0130 4,16 0. 0099 4,59 0,0120 3.26

12 0.0153 2,78 0. 0130 2,83 0. 0091 4,43 0. 0108 3.82

45 0 0, 0127 7.22 0. 0120 5.98 0, 0070 7.82 0, 0085 6.75
3 0. 0125 6. 52 0,0118 4,95 0, 0071 6. 83 0. 0092 5.25

6 0,0125 5.72 0, 0115 4,24 0. 0073 5.87 0, 0091 4,72

9 0.0121 512 0. 0109 3.83 0, 0075 4,40 0.0101 2,00

12 0.0120 4.18 0. 0103 3.57 0, 0075 4, 40 0. 0101 2,00

22.5 0 0, 0101 5,69 0, 0101 3.86 0, 0071 4, 66 0, 0083 3.46
3 0.0103 5.10 0, 0099 3.73 0, 0077 3.29 0.0083 3.24

6 0. 0104 4,78 0,0093 4,07 0, 0078 2,43 0, 0087 2,55

12 0, 0101 4,62 0. 0091 3.70 0, 0076 1. 46 0, 0087 2,13

N-1, N-2 and N-3 denote the semi circular nozzle which are 8.4mm, 7.0mm and 5.6mm in diameter,

and N-4 is the rectangular nozzle(l X 12mm).

The velocity limits of water-jet nozzle is 401 <V, <1705 in N-1, 579< V, <1664 in N-2, 903 < ¥, <2033

in N-3 and 926 < V, <1505 in N-4.
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Fig. 11. Relationship between the velocity of water-
jet and the maximum excavated width by
the distance of nozzle when the angle of
nozzle is 90°. Symbols in the figure denote
the same as Fig. 7.
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Relationship between velocity of water-jet
and the maximum excavated width by the
distance of N -4 in the angle of water-jet
is 45°. Symbols in the figure denote the
same as Fig. 7.
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Table 2. Value of coefficient ¢ and 5 of the empirical equation which is expressed in W =a, X V;+ b on the

maximum excavated width by size of nozzle

W : maximum excavated width (cm) Vo : velocity of water-jet (cm/sec)
Angle  Height N-1 N-2 N-3 N-4
6° H{cm)} @ by a b, @ by @ by

90 0 0.0146 11. 04 0,0142 5.27 0. 0089 4,74 0. 0072 9,23
3 0.0165 10,52 0. 0146 6. 80 0. 0089 8,63 0.0159 2.16

6 0,0188 9,67 0,0164 7.42 0,0108 11,21 0.0141 8.23

9 0, 0214 8. 67 0. 0186 9,09 0.0119 12.61 0.0172 7.36

12 0. 0241 7.67 0. 0216 9,32 0. 0141 12,12 0.0184 7.50

67.5 0 0,0163 7.30 0. 0160 7.95 0. 0083 6.03 0,0127 1,27
3 0,0183 7.55 0. 0170 8,52 0. 0095 9,05 0. 0162 1,60

6 0. 0204 7.78 0.0186 8.90 0.0108 11,52 0. 0185 3.36

9 0. 0224 8. 40 0.184 12,33 0. 0146 10, 89 0. 0200 4,96

12 0, 0244 8.94 0, 0197 14. 34 0, 0153 13. 82 0, 0179 11,02

45 0 0.0177 10, 98 0,0164 14,91 0. 0117 12,05 0.0128 12,92
3 0, 0170 13.92 0.0175 15,55 0.0130 13.49 0.0167 10.95

6 0,0184 14,52 0.0188 16, 34 0. 0165 12,37 0,0148 15,79

9 0. 0207 17.32 0.0220 15,31 0.0190 13.43 0.0157 18,77

12 0, 0241 17.28 0.0249 15.53 0.0172 21,20 0.0136 24,43

22.5 0 0. 0357 16,37 0. 0342 12.99 0.0221 18,03 0. 0220 18.63
3 0, 0363 16, 74 0. 0342 14.03 0. 0228 17,72 0, 0250 16. 41

6 0. 0370 17.19 0. 0337 15.79 0. 0230 18.20 0, 0292 13.67

9 0.0378 17.68 0. 0333 17,22 0, 0232 18.49 0, 0311 12,81

12 0. 0386 17.95 0. 0332 18.18 0. 0236 18,87 0.0338 11,07

N-1, N-2 and N-3 denote the semi circular nozzle which are 8.4mm, 7.0mm and 5.6mm in diameter,
and N-4 is the rectangular nozzle(l X 12mm).
The velocity limits of water-jet nozzle is 401 < V.,<1705 in N-1, 579 < Vn<1664 in N-2, 903 < V0<2033

in N-3 and 926 < V, <1505 in N-4.
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Table 3. Value of coefficient ¢, d,, 4 and ¢, d;, %, in the empirical equations which are expressed in

D=cxVo+d xXH+k and W =X Vo+d, X H+ k on the maximum excavated depth and width by
the size of nozzle,

D . maximum excavated depth (¢cm) W : maximum excavated width (cm)
Vo : velocity of water-jet (cm/sec) H : distance of nozzle (¢m)
926< Vo <1504, 0< H <12
nozzle type angle(®) G d, k G d, k

N-1 90,0 0.0170 -0.25 5.99 0,0174 0.63 8.27
67.5 0,0153 -0.43 7.82 0, 0205 0.91 2.70
450 0. 0127 -0, 35 7.60 0, 0195 1.26 7.03
22,5 0. 0096 -0.08 6,41 0, 0359 0,48 16.18
N-2 90.0 0. 0135 -0, 28 6,97 0.0145 1.11 3.97
67.5 0. 0130 -0.48 8.48 0, 0176 0.91 5.32
45,0 0.0109 -0, 37 7.29 0, 0187 0,93 11.46
22,5 0. 0094 -0.11 4,54 0, 0336 0. 36 13.76
N-3 90,0 0. 0099 -0.23 8.16 0, 0129 1.20 0. 33
67.5 0. 0097 -0. 36 8,02 0. 0126 1.38 0.83
45,0 0. 0082 -0.22 6.31 0. 0159 1.31 6.13
22,5 0. 0088 -0.20 2,56 0. 0229 0.23 16, 97
N-4 90,0 0.0138 -0, 13 3.72 0.0156 0.93 -0.42

67.5 0.0124 -0.23 0. 0170 1. 36 -3.69
45,0 0. 0093 -0, 23 5.74 0.0147 1.06 10, 23
22,5 0, 0085 -0.07 3.21 0. 0282 0, 60 10, 93

N-1, N-2 and N-3 denote the semi circular nozzle which are 8.4mm, 7.0mm and 5.6mm in diameter,
and N-4 is the rectangular nozzle(l X 12mm)

2717k A9} wigabl dehdn olet, webd SUE BAAE 45, wZe A2l 2omd W EAEEs}

Z7ABlolA AL Zo] HRIMEAES Blm B4 1060cm/sol®] 2 FAz ol 15 2cm, Hel T4+
sled 7t e Zo] WSHEEL 926~1504cm /sl 2 220 27 9em7}) B, AR} 12300m/so)wH A
ZH A R 3, 250 TR, BAEEE o) Fabdol= 16, 8cm, Aol FAMES 30, 4em7t
—Er feol x2e] AelE He4R 0}04 FAH7l 0] 9} e,
AhZol o sled i@ﬁm}ﬁr sto] 4318k oo kZo] Az zee] ¢JA EZol tha Aolr) 9l
f+ 7ol febd 4 9lHt, ol A vlmslrle oo, LZo| mEEhEEsL 3
=X Vot d X H A+l weverereresrsinenianns (3) 2‘; F4 ZlolE ot AA vjehA|ut Fabde ¥
W= X Vot dy X H A by woeereereessensennenns (4) Aglof 4 Ards] A fehdet, o]lw k=59 Aol

5 vlad Aelzh UUAIGE HTh F Ye K
(1989) 2] EBgol A AHE-¢ =all= P 9rE gl
el Aoz w9 FoF §l7do| 0, 18mmo]x, ¥
Aglofl At AR mellE Aol g EAlelA A
ez FoF 7o) 0, 3mmi, Bl 1A 2

® (3, (4>9] Ci, Cz di, dz, ki, ko ne
Table 3 & 49} Zon =AdAeo| HRRRE(?®)E
0,94~1, 00024 EEE= HEM|cH
ZJK(1989)4 F2AY Ax} oedd, Ay
1X11, 2mm (244 0, 1120m?), =& 3

M fo

@ e 27} aA @gr] wiro® A7E),
A7 0. 18mm, FAZEE 457, k29 78] 2cm¥
HAlEE 1060cm/solA Hell FAze] 16cem, 2
FAME 21emo|Q T, HAREE 1230cm/sollA A = i
Ak 7o) 18cm, A F4HE 22emel
2 Asle] Azlel Tabled, 59 Alﬁlxlo{] o5l FAHR FAHEE o) Bdled A mefsel 4
Az g w2 1x12mm (5HE 0, 12em?), Asta glve HFE oj¥E EHoz Wy A
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Aol 2A70)9 Tl A AgAle
B, $AREE 4504 ALY L Z(Z 1mm) 9
AR EA AR el whe A
D=0,0093V,—0.23H+5,7
W=0,0147V,+1, 06 H+10, 2
ok, D& 2430l (om),
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1504,
W Ad T4 (em),
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