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Analysis on Uniformity of Flow Field for
the New Post—-mixed Abrasive Water Jet Nozzle
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Abstract: Aiming at the problem of flow field non—uniformity of the post—mixed abrasive nozzle at present,the
FLUENT simulation software is used to calculate the internal flow field of a new type of post—mixed abrasive water jet
nozzle. The influence of conical baffle on the uniformity of flow field is analyzed by comparing the internal flow fields
with and without conical baffle. By analyzing the spray effect of tapered baffle nozzles with different parameters, the
influence rule of different parameter structure of the new—type post—mixed abrasive water jet nozzles on the uniformity
of internal flow field is obtained, so as to improve the mixing uniformity of water and abrasive in the post—-mixed abra—
sive water jet nozzles. The results show that air pressure reduces and fluid collection is eliminated in mixing chamber
when increasing the diameter of the shrinking outlet on precondition of assuring high outlet velocity. On this basis, the

abrasive volume fraction of outlet is nearly 15% with the minimum fluctuation, the abrasive mixing uniformity is great—
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ly improved when a cone baffle structure of quadric B—spline curve is added inside the nozzle and abrasive inlet leans

toward axis of the nozzle at the angle of 45°. The effects of multi—parameters on the uniformity of the abrasive were an—

alyzed by orthogonal test to obtain the optimal structural parameters.
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BERLK SRS 20 22 80 4F-ARITH & L K 1)
—BHTRUR L, A AN [ ST A R
ST TR A OB I PR SR 3. R K S
SRR A, (E A2 i R G e AR O, 3 2
FEARL—E e FK SR TR FE BRI AR, DR 5
BRUEW , EEK SR oA — 2 Ko i B LR fiE
B3R R KSR P DIFIRCR S TR B 5 Ak
HHEE, BRSNS TR AR O R i e 1 2
BIGS e Y T ROk SR RS L o RS R (A E
AR RIRSCR RO, AR FE AR R AT R
OS] 5 05 | e iRy RERE ), )2 AR (BR
G5 ORISR, HAEBRGETT AR A ), A2
A PRUE M ENEFBRPE , B BRI A ™ A
R RRASFIINISTE, i R AR B A 2= 25 R g 2R i
Qe — MR ROAR O Qe BRIETT 1. BRI
AT LA HBIBORE , T DAEER . SR s S SO v
LTRSS TP R R ke

JR IR A BERK ST BAT ORI SRR it AR
I DAV | WNESS G el M T VA o B /e
B DI HN A R W B R A I TR . X S
TRA WP TE R 2 « Tazibt S5 M B I775
25 T TR TR R KR O R B UR s o A ) —
JBOASETNY; Junkar 25 FH 278 A BROC(FEA) 087 T )5 1R
5 WT W 45 g 1 B PR ) anfr e 7 0 J3E XS AR i
d I R, H FEA SHUEE RS SCR e SR B
207 M N A X A X = LIS 1 58 55 1ok
FEHEAT T AR S GE FITERFST, 70T 1 AR K E
FRSRIE, FRF T RIAR IR L AR ) b i) A 1 R A
FP AR 55 B R0 5 5k OG5 Fluent Xif
2 BB TN R AT TR E, R R
TRAEHIE] . RENSSC BB RL R B A R 1 RO B 42
B RPR IR RS e T T R IR & BRI
BEASER, 9T T K ISR BEA RO R i
AE 2 (9 S MR A X1 ] 55 A 0 Fluent P X
BHBER DIBERPAT 24 3 FhER s
ARG EA T = AR, S ERMA R B =

FUER T 3 b i 2 23 5 R I SR A 1 ek AR B A AU )
BT T — BT BRSO K N TS A 2 AH T
BERHE LB A, R PRI A
A BERSRON PR S PRI R MR DG AR I TEAR R A
W AT CFD X —Rho i TR A B K A it s
WSS AL AN ER AT =B, XHE R A
PRSI SR 0, IR 28 S50
Ut fe i — M P iR LS5 4.

1 BEEIRBIE ST R HI T2

1.1 MRS IREEY

PR BETT Y S5 TR A W 2544, H T 588/ )N, i K
TEER S B RHE A 5 M DT B 3z BH 7K
e KOS BRI AE TN, HRE IR G RHORAYY
A7, PRI WEHE S Fak /N TR A PR AR B A
R, B SRR A G5 AH LA RRC#. Bl
LB — R A I Py AR . IRV 5 PN A Sk
A HESS PSR, RIEEINR H 1 AR IF b it —
FETFRE, HA5 A 1 s,

A1 #HAGERAEEER

Fig.1 Physical model of the new post—mixed nozzle
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Tab.1 Geometric parameters of the nozzle
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Fig.2 Schematic of the new post—mixed nozzle
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Tab.2 Validation of grid independence
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Tab.3 Simulation parameters of the nozzle’s exit section

el 41 B2 ds/mm i A% dg/mm
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Contours of Volume fraction(water )(Time=1.2501e-03 ) Aug 30,2015
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Contours of Volume fraction(water )( Time=9.2668e—04 ) Aug 30,2015
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Contours of Volume fraction(water )( Time=4.4461e-04 ) Aug 30,2015
ANSYS Fluent 14.5(3d, dp, pbns, eulerlan, ske , translent )
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Fig.4 Contours of the abrasive volume fraction

of exit model with different shrinkage diameter
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Contours of Volume fraction(water )( Time=4.4461e-04) Aug 30,2015
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Fig.5 Contours of air pressure of exit model

with different shrinkage diameter
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Tab.4 The maximum air pressure and exit average

velocity near the water column with different exit model
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Tab.5 Structural parameters of the cone baffle structure
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Fig.6 Contours and fluctuation plot of the abrasive

volume fraction with and without baffle model

222 HEA4EHRLEN
[ 9 0 AR 25 i R 0T L K TR &

3.86e+06
3.58e+06
3.30e+06
3.02e+06
2.74e+06
2.46e+06
2.17e+06
1.89¢+06
1.61e+06
1.33e+06
1.05e+06
7.71e+05
4.91e+05
2.10e+05
~7.06e+04
-3.51e+05
—6.32e+05
-9.13e+05
-1.19e+06
~1.47e+06
-1.75e+06

- -
-

Y

X

Contou

1s of Static Pressure(mixture ) ( pascal ) (Time=2.5938e-01)
ANSYS Fluent 14.5(3d, dp. pbns. eulerlan, ske , translent)

Aug 31,2015

4.57e+06
4.29¢+06
4.01e+06
3.74e+06
3.46e+06
3.19e+06
2.91e+06
2.63e+06
2.36e+06
2.08e+06
1.81e+06
1.53e+06
1.25e+06
9.78e+05
7.02e+05
4.26e+05
1.50e+05
-1.26e+05
-4.02e+05
—6.78e+05
-9.54e+05

(a)f5HY 5

Yo
Sl

¥

s

Contours of Static Pressure(mixture )(pascal )(Time=2.6047e-01)

Aug 31,2015

ANSYS Fluent 14.5(3d,dp. pbns, eulerlan , ske ,translent )

(b)fiA 6

A7 KRB AHREHENZ R

Fig.7 Pressure contours of the internal mixture

with different baffle models
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Fig.8 Fluctuation plot of volume fraction at

abrasive outlet with different baffle models
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Tab.6 Statistics of the abrasive volume fraction at the exit

B RMEBUMC RREELEC EMEESH%
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Tab.7 The distance between the maximum diameters

of cone baffle and the front of nozzle
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Fig.11 Schematic diagram of the conical baffle support structure
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Tab.9 Factors and levels affecting the

§ 0.5 difference in export volume fraction
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§ or ds/mm Lo/mm L 0/(°)
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® 05
= 2 4 14 45

. 3 5 18 60

R 0 1 2 3
R0 25 /mm
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Fig.14 Fluctuation plot of outlet abrasive volume

fraction with or without supported structure
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Tab.10 L9 (3?) Orthogonal test table

of nozzle structure parameters

e ABOEA  BWE  CEHAD  XMHEAES
ds/mm Ly/mm FARE 0/(°) 1%
K5 1 A3 B3 c2 15.3
X5 2 Al B2 c3 26.1
X5 3 A3 Bl C3 17.8
X5 4 Al B3 c2 18.5
X5 5 A2 B3 C3 19.3
X5 6 A3 B2 Cl 7.7
X5 7 A2 B2 Cl 21.7
X5 8 A2 Bl c2 18.1
X5 9 Al Bl Cl 28.2

AR S AR Es 2R, g0 b B B A

N %R AsBsCy, BV T AR R 5 mm | (5 HE 4 4 A9 R
Bk 18 mm, BEELA LA RN 45°. t FHR/IMATR S
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LGB A SN 11 k.
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Tab.11 Variance analysis table
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A HAR
204.309 2 102.154 359.137 0.003
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B R
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Fig.15 Visual analysis diagram of orthogonal test
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