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Hydrodynamics Characteristics of High Speed Multi-Phase Flow
in AWJ Nozzles
(2nd Report, Measurement of Exit Phase-Velocities
and Velocity Change in Nozzles)

Ken-ichi HARASHIMA, Makio IWABUCH],
Ken-ichi OKUI and Kunio SHIMADA

The experimental results on the abrasive water jet (AW]) arc described in this paper. AW] is
the high-speed water jet containing solid particles and is used for cutting of various industrial
materials. In order to obtain the velocities of solid, gas and liquid phases at the mixing nozzle exit,
the momentum of jet was measured. Phase velocity distribution in the axial direction of jet was also
estimated based on the measured pressurc distribution in the AW] nozzle with the aid of the
continuous and the momentum equations. The result shows that the decrease of the liquid-phase
velocity in the mixing nozzle is small in the case of the gas-liquid two -phase flow, and the velocity
of liquid phase is remarkably reduced on the contrary in the gas-liquid-solid three-phase flow. In the
latter case, the total momentum of jet is reduced comparing with two-phase flow. It is also found that
the mean velocity of solid particles at the mixing nozzle exit is about 309 of the velocity of liquid
phase.

Key Words : Jet, Multi-phase Flow, Nozzle, Pressure Distribution, Velocity Distribution, Momen-
tum Theory, Abrasive Water Jet, Cutting, Shock Wave
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Table I  Length of Tested Mixing Nozzles
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(@ (@ ) () ()

mixing nozzle E F

nominal length L mm

purpose of measurement

(a) pressure distribution (b) reaction force of jet

Table 2 Measured Momentum at Mixing Nozzle Exit
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Fig.3 Momentum at Mixing Nozzle Exit
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Fig.4 Velocity at Mixing Nozzle Exit

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

FAVY T =5 =Yy P/ AVHAOEBEEERORE (582 #) 1917

UGe WDWT D 2 KK E BN T ug, R, S HITH(3)
PRHCC w, NMEBND. TIT, IXTUT ) R
ODERIE Qe T RKKET TOME Qg tiCE L.
ERIVKDTFBEEBLIOCRHEO I X7 ) AV
OFEELZK4IRT. BHEOFVAKOHOEE T Y +—
Ho— ) RJVEHOKEFEENLHE YD LT
V. IRFRIZOWTHE, XS A b OEFROIR
ALz a2V — L UEE (M5 258, E
T BEUE~ v NENB S, BAER S AT
BEERNEHEBL VWA EDb0ND. —F, SO
HAOEER, BRKTH 250m/s THY, [PFHEMETOF
ELUTTHD.

TOLII, BHRIIEHELY bREREELRLE
FIFLTAANLERTS. S5, TXUUT
J ANTOEBERL BV, TOES TORERK
BINENZ L EEZSDLEDRE, IXV T ANVHND
FAVEAKER (AE) BSRBICaFh T/ AVEEEICIE
Earmny, WRREORETRATHWD LHES
nos.

4-3 BERKK=MF TOEBBRIERR [ 6 b7k

(TYPEH without abrasive u,=636m/s)
Fig.5 Schlieren Photograph of Jet

20
2 181 TYPEH
_ 16 L o 0s=0
r A (Os=833%X107"m%/s
© 14 ’> == Pin=Wei un

1 - e r I l

0 100 200 300 400 500 600 700 800
water jet velocity #» (m/s)

Fig.6 Momentum at Mixing Nozzle Exit
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Fig.7 Velocity at Mixing Nozzle Exit
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Fig.8 Estimated Gas-Phase Velocity
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Fig.11 Momentum by Different Mixing Nozzle Length
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