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Measurement of impact pressure of high-speed water jets in water
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Abstract

This research is to measure the impact pressure of high-speed liquid jet ejected in water and air at the
stand-off distance from an orifice of 0.7 mm. In this study, the high-speed water jets are generated by the
projectile impact driven method. The high-speed projectile is supplied by the horizontal single stage
powder gun. The maximum jet velocity of 2,290 m/s can be generated by this facility. In this study, the
maximum averaged velocity of jet ejected in air and water is estimated to be 1,669 m/s and 374.24 m/s,
respectively. The impact pressure of high-speed water jet at the stand-off distance 1.5, 2.0, 3.0 and 4.0
cm from the nozzle orifice is measure by Polyvinylidene Fluoride (PVDF) film. The impact motion of the
jet was visualized by a high-speed video camera and shadowgraph optical arrangement. From the

shadowgraph images, the mechanism of the jet impact was revealed. Two peaks of impact pressure
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signal detected by PVDF are 17.33 GPa and 18.92 GPa corresponding to the impact of jet and water

vapor bubble which can be obviously observed in the shadowgraph images. From the pressure history of

jet ejected in air and water, the shorter stand-off distances are, the higher pressures are obtained. The

maximum impact pressure of jet ejected in air and water are 25.105 GPa at stand-off distance 1.5 cm

and 1.890 GPa at stand-off distance 2 cm, respectively.

Keywords: High-speed water jet, Impact pressure, Impact driven method, PVDF , Shadowgraph

1. UNUI

L%&ILLiﬂ&uﬂﬁiﬁﬁﬁﬁﬂﬂ;dﬂ’mm%igd (High-
speed jet) HunanNIsANENMIUENE i usEnINg
Haduuneaissduszninimaeaouiiluonmea
@Tmmnm’%agalmm:ﬁﬂumﬂ ANNIANB
danaaldfinisiiuidszyndldluniadu
Aeanswwlunans e 1w nsdalasdve s
anuazaalasiing nMIaaLTaINaIANLE
g9 (udn [1-5] nnsEnswu AR
gommsnﬁ@i’a@lﬁﬁmwwmﬁam'}mvﬁmsaw
uage@ LLazﬁammmﬁ'}mma:mm”a@;"l,@T
ae9ll s dnInw uanmnftéwﬁaﬁwﬁ’umwm%a
GR fantroaddunsn nddanTinsdin
lasnnnisuanaailuios azoasuaasinTuuas
miwauﬂgmﬂﬁﬁﬁuﬁ’ummﬂamgu éﬁoluﬂﬁ]@ﬁuﬂ’a
lddnsdnsmaihdivsanuiigandsegndls
gamwnasnldayny 13w nIdalassainldnzia
wiamunzlanziadiuivsnnuiigs fia9an
L%a'jﬂﬁwé’amuguﬁmwasl,umiﬁﬁvl,ﬂﬂi:ﬂqﬂﬁ’l%
wld 1ul 1996, Hitoshi Soyama [6] L&
ﬁ'm'ﬁﬁnmqmé’ﬂwmw BIANY Imw'ﬁm‘hﬁd
nilufianues 70 MPa lauldndasaronn
ANUNFINUINARANIIANBAN (Shadowgraph
technique) Fawuinfanasaniasay G]E‘iwjasl,u
SNW MU cavitation WaNINNHLTIANBINNT
NIUNNVBIIWIANULTIFIL URITEG Wadnm
ANMULTERIBVBIRITEUAZYIINITIAA NG
nyzunnlasld Polyvinylidene Fluoride (PVDF)
Film ﬁgﬂi’ﬁﬁ’aﬁ@]@hm Gﬁawudﬂéwaﬁﬁ@aaﬂm

mﬂé”ﬂwmzﬁaﬁmmumaﬂﬁsflﬁmm@uamq@

U

a =

@iy 275 MPa é’ﬁwmgatwmwa@iamiﬁ@
\nzlans [7-10] LL@imuﬁé’]’Ué‘anﬁinﬁﬁvﬂaﬁlﬁu
msdnssmdanusidiiesandeadnialunis
NaméwﬂﬂUl’ﬁﬁmﬁaﬁumwué’umumﬂmaaéﬁ
vjamwm%agaluﬁﬁia{fﬂﬂﬁﬁwmsﬁﬂm WaS
aTUN8LNITALIN

@T@ﬁ?uaﬂues%’ﬁf:ﬁaﬁi’mqﬂs:mﬂumﬁ@m’m
@Tuni::t,mnmaaéwjammﬁaga’[uﬁw LazriINg
Wisuifisuiuanuswnszunnluainiafiszes
fd9gnndmenife saunumIanzanms
dunwa18NRa4381aA11u139§9 (High-speed
video camera) 3ANNLLNARANITANUATNUL U
Shadowgraph

2. N1INARDY

2.1 qmmsﬁmﬂmﬁwﬁmmmﬁago

Iunﬂiﬁnmﬁmiw'ﬁmﬁwjammﬁaga g
mafaRtas3anin Impact driven method
[4,5,8] é’agﬂﬁ 1 I@]ﬁmﬂﬁﬂﬁﬁ]:ﬁmizqumﬂm%a
g9 (High-speed  projectile) wn'ldnszunnny
maammﬁumgagluﬁaﬁ@ﬁaﬂmﬂm%aga
WRINNIB BRI FITEADINNNINTIRAT
ANUTIES Lo ﬁluﬂﬁﬁﬂmﬁni:qumwm%a §I9e
andaanan mnmmaaaﬁﬁfﬂﬂ'j'} Horizontal
Single Stage Powder Gun (HSSPG) d93Ufl 2 3
fsulszneudAan 5 @u Ae 1.7aldasnaw
(Launcher) 2.viag4n3zguin (Launch tube) 3.1ia
T2UIYANA (Pressure relief section) 4.
fuivznaunIne (Nozzle assembly) 5.%89

Nnagay (Test chamber)



#
“ME-NETT 2L
s
290,
X ~— The 2Lth Conference of
"2, the Mechanical Engineering Network of Thailand

AN

Test
Chamber

Test Chamber|
Projectile
Shock I

o i Wave o
uy . ’ i / t

Liquid Jet

Pressure Relief
Section

3UN 1 nsTudWaENNINIZULNN (Impact

driven method)

31N 2 gaEiANIANIIF (HSSPG)

‘lums‘nﬂaaoﬁ’lﬁﬁ";ﬁﬂgﬂmomamqm 30° Tn
mswa@léwjdﬂmm%aga lagdaunia
v ] 6 al'
WWudgudna1InuITeuna D= 8.1 mm
mmwadgﬁ'sﬁ@ d = 0.7 mm UazANNYIVBIF

$#728a  1=3mm LLﬁﬂOluEﬂ“?B

fe—— 24 mm ——|

8 mm

24 mm

LA

15 mm

=3 mm

3UN 3 #2180 UNINAR 9

AME 08

2.2 N13IAAMAUABNTEUNNVDIA NG
%8931 AINAKAN High-speed water jet
& . A A A Ao
vIuuuy Dynamic pressure TaLATaINaNIAULLL
. \ o o =2 = 2 I
Static pressure liau1303a le nsAN A3 9¥n
o A a X o
N1Y0aNUUULAYRIIILATaIN 0T ulanld
Polyvinylidene Fluoride (PVDF) Film w38 1w
P a A ) . . [ { A
laB-invEn#lan (Piezoelectric film) A33U71 4 &9
WANNIIYIN9IUTAY PVDF @8 tlatiani13lnian
$#38 Nn1IN@VOd PVDF a:vinl#cna
wsaafanlnin (Voltage) lasusaafaw Wi
laazshundsuiisuduanuaunszunn (Impact
pressure)
dl = L= Q- £ v J
Lﬂsaoumﬂmmﬂu"l,ﬂgnaammmm:aﬁwu
lavld PVDF film GaasnpludiSeulans asg
1 5 lagaTasiaanuaunzunniunazdyznay 'l
'Y . Aa o A I '
momuinnaanulans da O aziduurnsns
AU 2 mm. Wailasnun1snszwnnaed PVDF Ny
dalans saufl @ 2z1ilu PVDF film fianumuwn
é Y Q v = a
28 um a5 lddamosygrotnuseadalaglay

) A@ A ' aa o
RIAUN ADLLNUDLARARUT 3 mm. ITUIBRDI

A ﬁ’mﬁﬁﬁ%‘uLLsoé’unssznmnﬁ’wg'a

Eﬂ‘ﬁ 4 Polyvinylidene Fluoride (PVDF) Film

a 1 [~
2.3 maRan13EgnINANSIE
L{la9nWgANTINVBY High-speed water jet
A a J :’ & ¢d a J ]
mAeanluindudsingnisoifitiadnesng
s lasldianiu ps lisunsonaadule
@T’mmLﬂﬁim%amnnﬁaddwgﬂﬁa"lﬂ AIThh



ME=-NETT 2L
)

The 2uth Conference of
", the Mechanical Engineering Network of Thailand

= ] v o aa = X
nsdnsIslEndesiflondnuiiags (High-
speed video camera) Photron SA5 lag¥inn13a4
ANNsIeInTane Awedu 30,000 fps wa
ANNSITALABS (Shutter speed) 1/1,000,000 s
' ) PN ' A a '
Tunumaian1seneAwiizanIn Shadowgraph
technique laguAfarLiauad(Light source) 14
Xenon 3500/4300 K T99:a8uRIDaNNUIHIY
Lauﬁ‘k},u (Convex lens) Wa¢ Pinhole LL®33
AsenunIzanialas (Parabolic mirror) @4
ARNINToIuFI LA VU UKW Test  chamber
AENUATEANAILAIBNUIWNDTINLES Lihadan
& A Ao, o & Y
Auflunrmaseslisnnadaldnszanvuia 150

mm TR ULRITINIW 2 L% @T@gﬂﬁ 6

Electric Contacts

Test Chamber : PMMA \ @
Piezoelectric

Water jet PVDF film

Impact
Pressure

Housing

Rubber

gﬂ‘ﬁ 5 §uU5rNauLATaIN eI ANNARNTELNN

2.4 35015089

a o

‘Lumi*ﬂ@aaaf:m@lqﬂi:m&ﬁai‘@mmﬁu
ﬂisznmaoéwﬁoﬁﬂﬁﬁ@lummﬂLLazlu‘L{'] lagas
ﬁ'm'ﬁ‘s"@]mméfuni:t,mnmaaﬁwﬁaﬁﬂummﬂﬁ
3282 1.5, 2, 3, 4, 5 LAz 6 cm. LA¥iNMTIAANN
@Tumumnﬂuaaéiwjmfﬂuﬁﬁﬁsw: 1.5,2, 3 WA
4 cm. Li‘iaﬁwjaﬁﬁmwm%agamumn AIU
L3893 ARNNAWNIWNN PVDF 221967 udavin
TiAausaafenlnin uazazdsdyur oy
pasdalaslay ToussindowlWdnfle azvinan
wnudnlugunsh 1 fazldenanuaunszunnlag

AME 08

gun13f 1 wuldannisseufisudineszdoa
lananiusalu [16]
P = 17,975 (V) — 2614.4 )

e P =emudn (psi)
V = usaiadenlnih (Voltage)

Light

source

Convex lens g t——L

il

Parabolic Mirror

Pressure relief section

Test chamber

Parabolic Mirror

Camera

gﬂﬁ 6 NMIAAAITTUVTNOMNINNLNATA

Shadowgraph

3. HaN1SANBN

3.1 wqﬁnﬁué’wﬁmfﬂmfﬂ

gﬂﬁ' 7 LLamgﬂmw"uaaéﬂﬁdﬁfﬂm{ﬂm
l¥ndasdrpidlonnuiiigeiimnnuinaiianis
fNUATWLUL Shadowgrahp l@LR8AAIW 8 AN
UFAILALAY ﬁuﬁﬁ@nm:qunmmnﬁwﬁmn
muluiade srwsazwseanindinanuiigs
(Froausdazanm 1,669 mis 7 t=33 ps
a1me) 39 liiAa shock wave A1 Uluﬁfwﬁagﬂﬁ

7(a) udtasanndawiandanioluindeinla

q U

AN 2IAWIAAFNAIDE19TI0 L39L58931910

=

hydrodynamic drag $161 g9



(f) t=4033 ps

(e) t=1633 us

(g) t=4700 ps (h) t=4733 ps

gﬂ‘n 7 unsan slmwa‘iwg'aﬁﬂuﬁﬂﬂ gl Hnaianisan EJJ’]’]Wﬂ’J’]&IL%’JgN

a &

(31N Drag=%CDpV2A G1p vewnfeniu

1,000 ihaasa1ne) luameianuauluiidien

gandluamaiies 2.9 kPa (naxaudasinaf

q

= ) ¥R A W
AMNEAN 30 cm) ANaRluinI Il HBENING e
< o 1 A o A a A o

ANuTaInWINaadIasliaTouAsUALNS
31N hydrodynamic drag 1a Elm’lwl,%’agoqﬂm 2981
L YA ; d oa
vgﬂumﬁmﬂi:mm 374 m/s N t=67 ps TINAN
° ' = A A
dNiANLTIARLV8Y shock wave 91NFUN
7(b) NAAUTzuH 1,500 - 1,600 m/s Aaidw
Mach number JAW¥IAL 1.04 (ANNSUFeln
AL 1,500 mis) 39¥inlEWsuaz shock
wave LUNABaNINNNY

NNIUN 7(b-d) aziAunisiiia water vapor
bubble L#8931ANITLANAILTURZBRI NI
nmmﬂu‘lamaoﬁwﬁqmLLa:Lﬁ@mwmué’aaﬂ’m

= A a ' o 1
30177 T99AANT shear force TEWINIANILAE
inneluiaimasey lugrausnd shear force g9
L8931 AI1NLI22 aaﬁwjaﬁga'ﬁ’mﬁﬂﬁl,ﬁﬂ

expansion pressure U84azaadaNIaIaN lud e

9T q
1A

AILFAIIUN 7 (b-d) usLiadwsiiannuiiianas

9

aganaievinlinelu pressure bubble diein
aaassnninanuaudiuwsasihaelukainasey

FavhlfiAannsyueavas bubble é’ou,am‘lugﬂﬁ 7
(e-h)

ﬁnnsﬂ“n 7(e) wmwlaammmvmmmm
mmm’;mtmnu 1663 ps WAIINN LU
WaommmuiwmmLm:%aaﬁnnuunazml%
Lﬁuunmaaﬁ’wg'oﬁaﬁﬂﬁ 7(f) Wevasanmeaaas
@‘iﬁqﬂi}:ﬁ’llﬁ'tﬁ@] rebound shock wave Lﬁada’m
msqué’waaﬂmmmﬂazﬁﬂﬁﬁ@mmé’uﬁ
gelwiufiviulansluneasennia dnngmsslil
sunnetugldlasdsingnisnivas cavitation
91NN 3L BINNAWEBN LN TLAR aNT
289 rebound shock wave AA21UL32 1,503 m/s
Aatdw Mach number Uszunms 1 é’atmmlu;ﬂ'ﬁ'

7(g-h)

EBGps ¥1.DC SOSps trglLul:
3 152.8v

zeop's
NS ;]

sﬂ‘n 8 LLsoLﬂaau"lWW'mn PVDF film Luannm

W‘\‘i%’lﬂizLL‘ﬂﬂ‘YﬁZﬂZ X= 2 cm



'ME=-NETT 24
)

The 2uth Conference of
", the Mechanical Engineering Network of Thalland

3.2 AAAWBNIEUNN (Impact pressure)
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