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A Study on the Water—Jet Utilization to Enhance Safety of Aviation Operation

o
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ABSTRACT

As volume of fluids pass through small orifice, velocity becomes faster and pressure rises high. Water Jet uses
hydraulic high-pressure generated by reciprocating operations of single/multi-piston. Since water jet had been applied
to coal-mining at early 1903s, technological development of mechanics - material - computer - NC - robot have progressed.
As environment-friendly water jet and its crushing energy, according to hydraulic pressure and volume, is applicable
per materials, application fields becomes enlarging, and cutting- mining - cleaning - dirt-removing are utilized to indus-
tries of material cutting-construction -architecture-ship, etc. This paper surveyed and analyzed water jet princi-
ple-equipment - technology history -application field - merit - enterprise status-aviation operation application field etc.
Compared to advanced countries, as our R&D and manufacturing technology vulnerable, our policy need to promote
interests and investment, enlarging applicable aviation operation fields.
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(¥ 1) Merits of Water Jet Utilization
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o3t YEAl 7]& JARE lEF A Hgle =
o] 52 E=tHAY%4H, Constant dropping of water
wears away a stone)””, “TZAH(TAM O], ki)
S 7150] Qiet, o] F- Aol Aol sl Az
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7 Aeks 913t =21 A ARE- ARE W (Billie
Schwacha, North American Aviation, 1958)3}1=4,
Bl (PH15-7-MO) 22 1% g A 7hs3e =%
S4(>Mach 5) FAF AAAS WAYSH= HZ(100,000psi,
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American XB-70 Valkyrie)ol| 3145258 HHoneycomb
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Actsh= MEd EAl(Pulsing Waterjet, 2]t} 50,000psi,
340MPa) 7HeH(Philip Rice, Carbide)S Al<31a1[12],
9t U] PHHAL I oy wEHY AL
sl AFA Mgt detollA] 1960\ dthol] AH817F =4
EJ93ct, 1960400] FHIoll A= 58] S AL
3l Aa12]5 3 (Long Chain Polymers)& -8-3f5to] 14
A ek 110] EEC 19709 %] e e
W 7S f1sl fIEIA BOrifice) BAS Hlsh 4=
(ME, Corundum) ARE-S A|%E3FA G (1™ 3)1 2
%) 3HH w=qF Ze*(Norman Franz)= ©] 792 2,
319%(70,000psi, 480MPa)of|A] 2FEdk= 243 ¥H0.002”,
0.051mm)2] YEA =Ee eksigict, 1)1 Flow ¢
T4, Olsen, G, Hurlburt, L, Kapcsandy, 55 FJAF %
= AR SeAE7E e AR Y 57 73S A E
o=, eI AP S AlAZek (1]

A7) 2Rof|A] Hi= AulYJE|AI(AW], Abrasive Water

Jet) ZFaA(Ti, Al 2, 4] dafo] 7Hs=S 7idst

(3! 4) Water Jet Componet
(1. Water Input, 2. Jewel (Ruby/Diamond),
3. Garnet, 4. Mixing Tube, 5. Targeting Part,
6. Cutting Water Jet, 7. Cutting Material)
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11 E3](Mohamed Hashish, Jji, 1984)5 2RIt} o] A}
& AR EIA(AWSW], Abrasive Suspension Water
Jet)o] 2FE(R, M. Fairhurst, 1982/1986, #9)%|%lom 7]
SIEJA(CAVIJET, Cavitation Water Jet, 1974) - A}7]%
5 2IE) A (Self-resonating Pulsed Water Jets, 1984)
= 7f3HA. F. Conn, )=|%ict,
FhA 7 V0] QIEfA] 7] A1 E(High-pressure
pump, 1964), =231 H3Z(Ultra-high pressure pump, 1971),
2P QA AR (Ultra-high pressure water jet
cutting equipment, 1976~1985), ©]'5-4 AJZ%H](Porta-
ble washing machine/Hi-jet Gun, 1986), 5-27| A<} 23t
St 19k Ml U & AJA 7] A|(High-pressure washing and

deburring machine, 1998), A|H e ZIIQHL
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(Servo motor driven type ultrahigh-pressure pump,
1997), T27 1419 ARt 1) AlA 9l & A1A 714 (High-
pressure washing and deburring machine, 1998), €%l
o] A 7] (Water jet and laser machine, 2007) 5-2] 4]
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Momber(1998)[10}i= HEIAIA AMg8h= e o)
] AE (Plunger) oAl BHAYEH= AYUAI(Low Pressure
Jet, 270MPa), U5Z3x|A WAYSH= 193l (High
Pressure Jet, 400MPa), 1</ 2A45F Al Avk8<=/85
Al A7F &/ Al 5o & BRokelth A Lee
(2012)[9)= & wAlel| ofet AE uha] - =2} AAL Hef=
1)5<t 7H] 2)5-48ks 242 3)7]2(Cavitation)o]] 23k 7}
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(& 2) Water Jet Technology Research History

2GR LE Al71
MU 'jr:.r “BUGE 20| =2 £E=0H(Constant dropping of water wears away a stone)”, S A0 10130
SEMMOKEOZ) 52 715
RO CHEt “MAZ R[], “HI=50[ EHAP 1653/1738
(FHATOM MERZ0 2= AHM S2 1930
HIXIESIAKD] Wisconsin 2KH): HIX| HHE AKAY Ol S{EIZ 7|AH| 71 1933
EotAE| Mt Ji82ME 23 Carl Johnson, Durox International) 1956
LA HHE FZ 14690 MPa) AA| AR & 7120 Billie Schwacha, North American Aviation) 1958
=S QIE|E(Pulsing Waterjet, 340 MPa) ZH2(Philip Rice, Carbide) 1965
Y2IE5EA|(Long Chain Polymers) £l AL SN A H71(Norman Franz) 1960ALH
A L= LA ThME 215 BRI EHorifice) H&E ZS(EE, corundum) AFZ(S. J. Leach and G. L. Walker)
Z43 #(0.0027,0.05Tmm, 480MPa) YEIM .=& 112K (Norman Franz) 1970ACH
FlowHTA(FES SN HM= AR 8pXE|2 5 Als 8 B7H s g AR
BRI FAY & S HAEX|Z (International Symposia on Jet Cutting, Cranfield, Bedford, England-ICWJ(BHRG) 1972
AORIQIHIM 2{E{X(Abrasive Water Jet) 2H(Y=, Barton & Saunders)[1] 1980
A7 |8 Cavitation SHSEL! HEIE L5 LH(A.F. Conn, OI) 1984
SSZAL|EQ| ANLHIQIMM UEMS Aot HA(Y MOIZH Tunnel)” 1986
ORI AHM AEIFIABSWI) ZHE(R. M. Fairhurst, &) 1987
HEIHIHAL| 7F - A3} 0K K/EN 0188 HIBAIZ(JPDR) oAl SEH Y HAE ) 1988
TREQISEA: AIET9
(& 3) Water Jet Classification
5T EHM ALXRI = 20| BALE= ARE, 0|1 2S5 = Mach 3~4801] &34, Pump2 4,000bar0|
(Continuous waterjet)  =Z0H, H| WA AN M= 7+20] XE6HH 2HIo| 24E 718 ks
w4 S0 B S0 2t =AM A7 HLEHAL0|E S=017| fIot] 112 HOMHIE &4=5F S0 &6t
AOEH]| H{EZY e ES S, 015 A0HH| AEBI0|2t ofH, XK 7Fe E2] AEE= HEM BT 71&2| ofLtkz A0 W]
(Abrasive waterjet) 0] 0| HOFMIZ F 1145 =701 2| SF AU=XI0 2ol O T 28 HAlSTAME AEolH, YEH o= e,
25 M2t S nEE /HE WEH TS0 8
WSS A AIEF AL EEE= IHEC =M HER £EXE T SUS2 ARl0]| 2o S4YUS 0180= YHOZ,
(Pulsed waterjet) 2H2|E 24E AHAOZ Al

13.7Mpa0ilM 68.5Mpa &2 (o] &
7toiR = SAYS SV = WO E, SSA0| 2ot 7|27 EH0| SS61H K0 2
HHIERO 2 P TN I/ | IRl

FHHIEO|E! RIEA
(Cavitating waterjet)
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(® 4) Water Jet Principle/Characteristics

Abrasive
= Water-Jet Laser
Water-Jet
Water-Jet 1=
° = Water-Jet o, iy LEESfOH
B oy SATIMEN | sser-28 7171
= RHLSHE o
FIof-gUEH FIof-H
s EHE SES i ey IS = e PR PSS g
OM-VISEHY. REMz EH- S Al EHE-
£d FEMEZE0] A EH, S TS ASE
SR 7IE 80| mEHYE-FHAX 2= A
20Fe 34 HEH-HIES [SE
v Eg) HH-zEHH
|EESNESIER= S
=3 OfxI5l ©
J_ljc:)‘E XHTélO“ == ;I‘rogt,ﬂ'x|
HXSHOIHIA — OIHIK AQ HRAY OS] 217t
T HE 201 S0 2o Oﬂ[:ﬁ%:’HFAH-AV
s AESERSE) (ERAIYSEX): ;‘“9 =<
EAME  oOmigRe oo
EX'“:”E H |—|6 |""6
o= HRSH S KO
I T/ d
i
. S
FRP-1%- = SUSD,° A'M
" [ Ti-M2f-oH2A
i =IESV ESUR M- Stainless

F2|- X Concrete

J|EtHIZ
[EtBl=< = o= g

ATH(IR) 3mm - AXH(EH) 12mm AXHZEH) 12mm

=9 IEEe IE-5 E-EE
3,600mm/min  200mm/min  400mm/min
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2.4 SIE{H S H0F U Met
Aok e A 714 BAS o R Sete]
9l QFelef mh 21§ Fop= (3 5} g,
2§ Hob2 Adish: WS Bzme] (e,
TE B, Y WA, BY B2, A 5 dEs
ofo gl

2.5 FEX 7|E =20F, BT

ol YEAl 7]&2 &8 EokE= AAHCutting:
Abrasive water jet, Suspension waterjet), A%(Cleaning
Surface preparation), Z}4(Demolition), S<FA0|%
gl 71918 5ol 9lom, A8 o= 433FsHChemical
plant) 2 &-5-574(Petrochemical plant) 5o] 111, A&
ule] 2|FFAQ] BokR= A7) AFsAE 87 HIAE,
3-87olAe) AHE7IEe Sol Sick
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(¥ 5) Application Examples

Turbine blade contamination cleaning
Pressure : 3,000bar, 201/min
Cleaning method : 22Xt Spray gun AKE2| 4=5 2t

JSEFE IFHA Y

Pressure : 3,000bar, 34|/min~441/min

Cleaning method : Spray bars|&S 71X =& £At
AX[Q MES3t Y

23z Y= 0R &Y

Pressure : 3,000bar, 301/min

Cleaning method : OR4KIH XIS 0128t +E2H 2
NI RS

58 ERueAeists|X| M6 M1E



2.6 QIEF3 S| A |

ol FaRFoR 19 WX -wyF - 54V 9,
g Fopo| m2 AR o kE- 3dY 2l &
APFA(RIALS]) S - 522 2) - Abrasive 23 (FE Cut-
tingol] 231 - g A (FYU - A7) - Spray gun
(294} Manual 534]) o] 9lom, A ] 7Hef
TAEE (T 5k 2.

2.7 QIER 71 BB SE 0}

olfe HEAl 7ae B 2okl A8 5 U= 2ok
Ze A, B 3 B, ARS8 Zopt
At 28 o2 Fderle] e A, 5= vt
73 B A AA, A FH1E AA, BR A 2 5
o] 3lom (1 6-9)9F ¢t

(3! 6) Surface Preparation on a Booster Rocket

(32! 9) Marker Removing Equipment

JOURNAL OF THE KOREA ASSOCIATION OF DEFENSE INDUSTRY STUDIES Vol. 26, No. 1(2019) 59



I~
0l
o

2.8 212 QIEIS 815 U 312 32 S}
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(& 6) Water Jet Association in World

27 5%
| WaterJet Technology Association (WJTA)
www.wtja.org
o Water Jetting Association (WJA)
< www.waterjetting.org.uk
ol Water Jet Technology Society of Japan (WJTSJ)
= www.wdc-jp.com/wits]
DFIV (Deutschsprachiger Flissigkeitsstrahler
= Industrie Verband e.V.)
www.dfiv.de
U EWJI (European Water Jetting Institute)
WWW.ewji.org
Club Jet d'Eau
. www.clubjetdeau.com
e Systéme de Certification Compétence et
Conformité (S3C) www.s3c—ami.org
Schweizerischer Fachverband Fur
ARA Hydrodynamik am Bau (SFHB)
www.sfhb.ch
Ao Scandinavian Waterjet Association (SWA)
AQE
www.swa.se
Yz Stichting Industriéle Reiniging (SIR)
www.sir-safe.nl
Aol ALTAP (the union of AETAC and ASELIME)
- www altap.org
= Ausjet
2 L
www.ausjetinc.com.au
== Industry Cleaning Association of China (ICAC)
www.icac.org.cn
stz Korean Water Jet Association (KWA)

www .koreanwaterjet.org
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(& 7) Water Jet Companies in Korea

sl w12 5 ke iE e

B IE 0 0

HAR{EZY 0 0 0 0

7| E2HE 0 0 0 0

A= 0 0 0 0

HO[EJOIA 0 0 0

QUAAEHT 0 0 0

E|I|0|A 0 0 0

REIE 0 0 0 0

GFCZ2/ot 0 0 0 0

KE2IRI 0

el 0 0 0 0

HR7= 0 0

StoneAge 0 0 0

CHELZ 1A 0

HIMEREA 0 0

Ol ARE] 0

L-oflF0f0[M 0
nze
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HoA3E Aam 3 9 A YoM @uEl A
(YUNATECH, gHt dAF 2A))9] 2|8 #oke-5- vt
&=t}

Al
(
1), Al BA=390~1,200 psi (20~84 Bar) 92,2, ¢
AL Orifice Sl 114 #2h 3. ZAI= F71(1,000H)
2ol HOMH(Garnet) E =54 SS01| 128 A 44| S5C2 7 5=
ERE2AL T FHS YR "H 7K5(https:/ /www flowwaterjet.
cokr)

X?2) HO-Z0| 37| e ASAtOlE A
H-E5 NQolet 2t SXH-HE2AR-THA HIRESE SHdaiY- 24
HXKgst ofst-R|of5 AHE AN KIE SV

F3) 1.7 EHUOZ oSt AXY Ti-Al-Glass -SEAM- EHE AX-
RY[EH IS - 2| Bt - =X 50| 1R § 2E AHE 2 System
HE-HH IS, 2. S 2 OJM| AN et M 7Rsoi0] Ho &
0] DIM[GI(0.4~1.8mm) M= FH| YX]. 3. 7+5 BH THL6IH =X
2|(SlagX2]-Grinding-A1EIX 5) 2. 4. HH £ #24E Q0]
HA 2] A 2% SH(MEME A B 1) AQ HIE -Al
2HHOk 5, - 2| WX Al 2 BT 2EQ - MYFF - HH AR
HE. 6. 21 Al QA Rofl 5ttt 0H- 271 O] - Y8t AF(50~
70db)2 HR A| USTX|Z o4, 7. HIZE B (Press HHt Alt 2

O] 107/ =R A= - KTls- A2 HHO=Z - Tis- g DIzt AXf

(PCB, ZE= 5) 2R 7ts. 8. &M S YO RFHoiIAM

=

5918 2191 Al HHEH MR K5, 0,057 2 74 A
HEL22) M2 Jks: 22 Z0E 712 HE TAA 22

MO B2 AJUE 9] 2O 20| $8 5K 241 HAS 71 A 5
o i AIERHRP, 45 TESQ| AT HE 24 90| 22
AP, BRN(BH) 24 G10| TSR S2AEHEF- TN

>

A

=4)  www.waterjetsystem.cokr (Waterjet2 GAL 2 EF) 2 01E

F5)  HIZE0| HEI(p:A V1 =p2A V., T p=p(BY) +1/2pVA(5L))

+6) 13CEH7|IZZUCL, 1o 22|A0(with persistence a drop of
water hollows out the stone), 2t210{(length of time eats
away stones with soft water)0IM= LIEFE{(Oxford AFH)

=7) R SYTZ(FHE/ED) YLI0NERTRE) oM SLU(CIHISE, BRES,

www.hanjanews.com)

+8) ALY M R2|(principle of transmission of fluid-pres-
sure): RAGEI0IM T2 £9| HIAEH RAQ] O B 20 76T
0| M| RA|2| T2 £20i| = M (K7 |4

ZQ)  HI2%0| ™A (Bernoulli's equation): S2& (0[4) RX0fl Chot
0 R(streamline) H0IM 2= FE2| OH4X] H2 CIRILE (217

HH]_[.)

_I

210) 8EX(https://en.wikipedia.org/wiki/Water_jet_cutter)
F11) Y2 HEX SIAtSUGINO(ZE(71&2 tieE S8t Xiste| 22
M EE 8IS0 2 MEIBICH, www.sugino.com)S EAHEA

F12) 1.&5 8 (pure water jet). 2. 2 A & AHRIE ol S0 S
£ &/t ok U™V IIES(additive wa-
terjet). 3. 2 AL Al 2H HAUEE, 2|2 A0 SYUSHH S0 2
Afok= IOt 21MM 2B Xl(abrasive injection water jet). 4. A
i0Het 22 28t tiEUs 2 712 EAIGh= CIOFAH MAHKE E
M(abrasive suspension water jet). 5. & SA0A] DAL
S=YF0] 7| (cavitation)E F&A7 = 7% (Cavitation) HEA.
6. 5 YEN REAFEAZ| OIS fI5t 5 FRERH IV IURE
SHA7 = 7ISLEIE(air coated water jet)lt 22 5=
37| Al K&50] 81 AR E SHIA7 = SIIERIEB(water coat-
ed water jet). 7. B¢ 2AIR0| 7|8 ST 52 TN BASHE
HIA EBI(unsteady water jet) 8. 2E AEM(pulsed water
jet) 9.0] 2 =5 S4/HME AlA 3HoHH BX SH0| SEA7 =
SIME M (rotating water jet), =& WR0IM AZZ0| 2&7|1E T
=0 BR=0| SSA7|= LIIHYES (spiral water jet), =52 0|
& U = 2 HRIOR TISS A7 |HM BRSO SEAY = TS
HE{3l(oscillating water jet) SLE £F

F13) 2UEEX(http://www.waterjetsystem.co.kr/m31.php)
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