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Prediction of Nozzle Erosion Wear Based on Machine Learning Algorithm

LI Ruo-wen, LIU Shao-hu”, XU Ze-qing, WANG Suo-nan
( School of Mechanical Engineering, Yangtze University, Jingzhou 434023, China)

[ Abstract ]

difficult to ensure the stable operation of the oil nozzle. To address the serious erosion problem of the nozzle, numerical simulation was

After fracturing, the solid particles carried by the high speed liquid will cause serious erosion to the oil nozzle, and it is

employed to study the erosion wear of the nozzle, and the influence patterns of sand content, sand grain diameter, sand grain density,
pump displacement, and liquid viscosity on the erosion wear of the nozzle were analyzed. The research indicates that: when the sand
content and liquid viscosity increase, the maximum erosion rate exhibits linear growth; when the sand grain density and pump displace-
ment increase, the maximum erosion rate exhibits exponential growth; and when the sand grain diameter increases, the maximum ero-
sion rate shows exponential decrease. The orthogonal test method is used to judge the significance of each factor. The factors affecting
the erosion wear of the nozzle are as follows: sand content ratio > pump displacement > sand density > sand diameter > liquid vis-
cosity. Based on the results of numerical simulation, the machine learning method is used to compare and analyze SVR ( support vector
regression) , CNN( convolutional neural network ) , BP( back propagation) neural network and RFR ( random forest regression) algo-
rithm to predict the erosion wear results of oil nozzle respectively. By preferring the SVR algorithm and adopting the particle swarm op-
timization algorithm to optimize the prediction model, a better nozzle erosion prediction model is obtained.
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nozzle ; erosion wear; orthogonal test; model optimization: machine learning

AR AR P o R g R — R LY
o 1Bl R ¥4 =i B = W] R T = 1 S I
b e el AR 4 s g 0 8 A 3 U S B fR 7
T A BIVEHT . MH DX HR R85 10 HE v 3 R 5517
] (A DR T b 8 3 g e P45, LA ORAIE R I ] £
R I AT , B X e SR i 3% A [T 98 79 O X ok s o
F (1 ) B A v L 2 2D O ik

s HEA . 20240422 EITHHE . 2024-07-30

F J o oo S 5 T B 2
WS DR AT T 90° 2548 (1Y wh i B 451
RN /Y28, qnB0kL B A B E AR | UK BT
R 25 A 2 X S A e el B A A R R, B
A ORI AR AR SR BUE AR i B T R
DRI R A 0 e el B 5 )T A X M A
PIAHBEREAT 105 B0 A, A5 R T 0 e 3 e

ELTH. HEKARPAEES (52374002,51974036) 5 A B S5 4 A0 75 vh i 4R LB B3 I BRI ( T2021035)
E—1EE . 25 (2000—) , 2, DUK, IR R P 0 ss Az, WF5E 5 ) shih BB, R BAR SN, E-mail :3022123378@ qq. com,,
EEEE . XN 1984—) T DU, R ERT O A B2, WFR T I A 5T A A TAN 5 21T E . E-mail ; liushaoh@ 126. com,,

ML . www. stae. com. cn



2025,25(11)

S A BT A > B A il Y k454 PN 4527

B, B SCARAE TR I3 1 e P DO A 3
PEEMTTT 1K Ty H BT vy e U 30 A ) e ol A
P, Pouraria 55* I FAUGE AL 7 12, %8 25 3k i o
AR R T IR AWESE, 2B T A R AEE EAR X
LA R A SRR X EI AN S T
IR S I T K P B MR 8 98 28 B it o ik
)L, BT i 0 SR FAILAR 2 20 O vk, X LA
[vi) 8 FUI AGE Y A ST T R AT AL
BV

BN Ab27 B AT S £ AR b T X 854 Sos Tk
AR vl B S p S A BT D

BT 20 T 2 PR T VR A A o et it R ) B B2 40
R HIBEASTAU 7 125, T R & b Le R B AR (D RL %%
JEFNAEHE R X W A e bl T 5, IR F IE 2S5 7
T 0E A TR A SR U B i 25 1, X LA A
RIBEFT AL . IR T RUE B AR, 57 POS-SVR
(particle swarm optimization-support vector regression )
AL SR ik 6 o ol 3 Sy PR A8 T T S 1 o ol o2 4
RS

1 5 i e AR S B A B

L1 RERSHERIERFTE
TR B Sl ST i S AR Sl s R
DK RS A

(1) B sFE e
dp  d(pu)  d(pv)  I(pw) _
wt w tay toa 0 (D

K)o AR, s;0 HEE, ke/m’ ;u A« J5 A
L RYEREE E  m/s 50 Ry 7] B R i, m/ s
w N z 5T R m/ s

(2) BhasyE I

0 (p u ) (:)P aTxx aTvz asz
==L 4+V. U)=——""+—"+"7+—

ot * (pull) 0x * Ox * ay * 0z o,

or.. or. Ot

apv) + V- (pvlU) =—£+7” + 5+ —= +pf,

ot dy  Ox dy 0z !
0 ( pw ) aP asz or vz aTzz
9PY) v . U) =% 4 e T L T

ot * (puwl) oz * ox * dy * 0z p.

(2)
K(2) . P NER, Payr HFN SB35, Pa; U N
WARREE  Pa~s;f, f, . x.y.z 3 DI71a _ERYEAL
i /), m/s”

(3) BEESFIE TR
apT) | 9, o _ O ( T
o +em(pVT)"ax(K5;)+S (3)

X3P TR E, K« i #18 T RALG
S 9 R B VEAE S AL Y SARE ; v P 2
B om/s,

L2 imimtEE
T F AR SR 1 S R v A A v
BRI ] S, >R RNG ( re-normalization group )
k-& ( k MimshhEe, e MimimAEHCR ) AL, A
il 75 A
a(pk) d(pku;) _ 4@7[(M1 El)jﬂg]+
ot ox; ox; 1 o, ox;

G +G, +S, —-pe-Y,

m

J(pe) +3(P8ui) _ 0 ( &)Hi]Jr
at o, g, L\ T 5 Jon,

2
&

C Gk +Ss_02£p?

&
le ?
(4)
S(4) 1ok KB, s, T /sy Wi
s,x/jilgglﬂﬁﬂ:/ﬁ,mm,ﬂlﬁ{ﬁﬁ]%ﬁ@%ﬁ,mﬂﬂ/ﬁﬁ/ﬁ
T REG 6 N T AR BhRE; G, N TR 17 AR
e Y, WAl R4ash ey~ AL BT s ¢ N BIREFER
R,V s,
1.3 HHEEHEE

T R RARL A AR A3 B N BUE AR AL 2
S A2 7 ) F4) AR B Al 48, M 1T R DPM ( defomable
parts model ) A5 7Y X5f 71 W 114 w il 1 A7 05 Lo A, 7E
DPM A5 5 s BT ) 8l 2 A R

% =Fy(u-u,) +w+
(5) Hou, HEARAHEEE , m/s ;0 ], s 5 F) o B
IR ], Nyu ATARR B m/s;p TR B,
kg/m*;p FEIAREE ke/m’ ;g Jy IR F K
HABRYE 1N,

THIVES PN RE T 5 b hr e A i A Oy Al v Rl 25
TR R S R AL T A, T
HERR T AL FERE T L 7 ST oAy, ok s 4ot A5 A2
R T AMRE R

F, (5)

y

(1) YJin) o34 .
g, =0.988 —0.029a +6.43 x 10’ -
3.56 x 10 % (6)
(2) M rat
gy =0.993 —0.030 7a +4.75 x 10"’ —
2.61 x 10 (7)

Ao, WY E BB o WEE TR E BEa H
WhRL i A
1.4 HihHERFRE

SIS F it SR DPM AR A T4 (i
BEADL, wp R AR R 4 ol

Rcmmn _ zw‘ mpC( d‘;l)f( o ) v’z(v)

(8)

ML . www. stae. com. cn



R T NI N N -

4528 Science Technology and Engineering

2025,25(11)

2 (8) LR, o R EAANE HSF [1] PN B4 TR AR B0 b Xof Y1l
I R AT 14 o S B 4B A kg/ (i +5) 3, DR 1 F-
Kttt ke/s; C(d,) AR RLH BAR KA f (o)
HDRL A i F PR, (0) o TP RLE SR 5 4G
TR T[] %) op s £ B 5 o DD R A A XS 3R, m/s
b (v) R RS PR AE XT3 B eREI; A A DR AG HE h HE
B T () RE AT AT, m

2 SN E = X i B e R 4 4 A

2.1 ARTERESTRSHT

TSR A O HA N 45 mm, O EHAZ N 65
mm, A EEREHAN 9 mm, B K E N 230 mm, XF
R ) 52 = K LR 40k 3 AR 43, FE X i v ]
I B IR AT S Jon 2 A B TR] A3 0 T i 2
¥ JZEOh S, JLARTAR R L K A% K] 4 5 SR A 1
Fiw

R AT W AEAE b s 7 S B 50, TH 5P A 1T
BER 3.67 m/s, IR T 15 MPa, iy 93 5t 2%
Ptnge 1 fioR,

TEEAT RS TE A 20 BT B, LA M B4 e K ik
FESA 23 A XA TG DG o b S AR B0, A& FE 60 T
70 J7 .80 JiR tbE R . F IR E LR,
B AEFE 70 7B PIRS FEA T

ML 2 0] LU H i i di ™ 2 4340 S A 1 2 i
BB AL e K i 1,64 x 1077 kg/(m® -
$) 3% 55 SR e T A — B, R R
M B3 P B, 42 58 SR A /N, AR Uk K E.

PRI ELAR IS 55 30k W 4 B 14 RIE 43 OB 22, T
FEEER i

B -

P Y s MR B AR A (]
Fig. 1  Nozzle site photo and model grid diagram
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Table 1 Boundary condition
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Fig. 2 Nozzle erosion wear cloud and nozzle
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Fig. 3 Influence of sand ratio on nozzle erosion

under different pump displacement
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Fig. 4 Influence of particle diameter on nozzle

erosion under different pump displacement
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Fig. 5 Influence of sand density on nozzle erosion

under different pump displacement
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Fig. 6 Effect of pump displacement on nozzle erosion
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Fig. 7 Influence of liquid viscosity on nozzle

erosion under different pump displacement
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Table 2 Factor level table

KT LR YA FHER/ R, WAREERE/
lb/% #&/mm  (Lemin~') (grem™) (Pa-s)
1 1 0.154 250 0.3 0.018
2 3 0.254 300 1.3 0.028
3 5 0.354 350 2.3 0.038
4 7 0.454 400 3.3 0.048
5 9 0.554 450 4.3 0.058
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Table 3 Experimental scheme and results

N o BRI
s opan wH, DR R e
F5 P o R/ i 4 I
/% #%/mm (Lemin~!') (1077 kg-
(grem™3) (Pa-s) o
m esT)

1 1 0.054 250 0.3 0.058 3.07
2 1 0.154 350 3.3 0.048 5.78
3 1 0.254 450 1.3 0.038 6.00
4 1 0.354 300 4.3 0.028 1.82
5 1 0.454 400 2.3 0.018 4.05
6 3 0.054 450 3.3 0.028 18.90
7 3 0.154 300 1.3 0.018 5.72
8 3 0.254 400 4.3 0.058 22.40
9 3 0.354 250 2.3 0.048 2.51
10 3 0.454 350 0.3 0.038 17.70
11 5 0.054 400 1.3 0.048 11.80
12 5 0.154 250 4.3 0.038 9.29
13 5 0.254 350 2.3 0.028 16.10
14 5 0.354 450 0.3 0.018 10. 60
15 5 0.454 300 3.3 0.058 8.78
16 7 0.054 350 4.3 0.018 19.20
17 7 0.154 450 2.3 0.058 9.49
18 7 0.254 300 0.3 0.048 5.17
19 7 0.354 400 3.3 0.038 30. 80
20 7 0.454 250 1.3 0.028 3.55
21 9 0.054 300 2.3 0.038 9.23
22 9 0.154 400 0.3 0.028 22.50
23 9 0.254 250 3.3 0.018 9.65
24 9 0.354 350 1.3 0.058 23.20
25 9 0.454 450 4.3 0.048 56.00
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Table 4 Range analysis results

o oY WRE AR, VRIERE, WIRENE/

Lt/ % Z/mm  (L-min~') (grem™3) (Pa-s7!)
K, 20. 72 62.20 28.07 59. 04 49.22
K, 67.23 52.78 30.72 50.27 62. 87
K; 56.57 59.32 81.98 41.38 73.02
K, 68. 21 68.93 91.55 73.91 81.26
Ky 120.58 90. 08 100. 99 108. 71 66. 94
ky 4. 14 12. 44 5.61 11. 81 9.84
k, 13.45 10. 56 6. 144 10. 05 12.57
ks 11.31 11. 86 16. 40 8.28 14. 60
key 13. 64 13.79 18.31 14.78 16.25
ks 24.12 18.02 20.20 21.74 13.39
R 19.98 7.46 14.59 13.46 6.41
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Fig. 8 Trend chart of factor levels and indicators
x5 FHEDWER
Table 5 Anova result
b3/} Nl H ¥y F
W/ % 1.024 4 0.256  0.382
WKL A2/ mm 0.164 4 0.041 0.061
FHER/(Lomin ") 0.963 4 0.241 0.360
PRI/ (g-em™3)  0.557 4 0.139 0.207
TMAERE (Pa-s) 0.114 4 0.029  0.043
R 0.266 4 0.067 —

4 i R N A Y 52 5T

4.1 iR TR B 2 5T

%ﬁﬁjz:féj‘: T'EJ wEAHLIEH ( support vector regression,
SVR) & 28 % 4% ( convolutional neural network ,
CNN) .BP ( back propagation ) # 2 % & Fil Bifi 1 £ Ak
[71J5 ( random forest regression, RFR') % 37, i W v ikt
VR FIIASE A

K 3446 %5115 2 (mean absolute error, MAE) |
BT iR 2 (root mean square error, RMSE) g
FEC(RY) PP B Y T30 M RE, 2 B A Y B
AUUE00MAE RMSE I 0, 2670 A5 280 F0 44 g
BT R AR T 1, BRIl A AR R AT

oI AR AR SRR YRR R
RHE 5 PR RAE R 4 A SHL S R b 3240 i
SR B EUEARATH AT 1Y 100 3R ,70% 1E
IZREE ,30% 1E R IiEE

SRR SVR ,CNN BP #1228 [ 4 1l RFR #32%
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Fig. 9  Comparison of training set and test set results
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Table 6 Error evaluation of different algorithms

UERS MaAE

Sk MAE  RMSE R? MAE  RMSE R?

FIA)Eb A T ot 3 0 00 A5 750 ) 3000 2k R B A, {ELAE
Ffeit— e,
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SVR HIYFETT I F ¢, NEURER B & FIAZ REL y
EHZR W R BRI EES X 3 NS
BN Ty i Wi B, F R+ #F 537 (particle
swarm optimization , PSO) [ 4 Jmy F- {1 i 71, 7E %5 [H]
SR T, B e R PSO B B LW 4R 1k B Bl
MR T, o rp B4 RE 1 29 18 N B AL 5 )
i SR AR R B R T LR S, R
AT E] SVR 3 NS E0W e i, B AR FE 4an
K10 frs

FHVRE T REDLAL SVR X 71 15 e b 8 435 A5 50
Ak, Xt He A Ak i I A 20 1 T 4k R, 57 e
(6 efe o S4BT T ASE S 220 SR PSO-SVR B8k X6 il
I o ok 5 U AR Y 1 AT AL AR, B 70% 1B il 2k
£ ,30% 1 R IRAE , UL e AR 1) I 2k 45 AN ik
L1 S BRAE A TN L an i 11 fos

BT 5 AT 43 S iR A7 R 22 PRAL T H 3, A
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SREERY RPDL0.958 0 #2553 T 0. 995 3, L4 R
M 0.925 4 $EE %] T 0.962 9,
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Fig. 10 PSO-SVR flow chart

RT RABTRRIRETR

Table 7 Error evaluation before and after optimization

SVR 0.0294 0.0514 0.9580 0.0471 0.0641 0.9254
CNN 0.0206 0.0272 0.9877 0.0569 0.0693 0.9209
BP  0.0463 0.0649 0.9150 0.0766 0.1104 0.8575
RFR  0.0375 0.0541 0.9533 0.0741 0.1034 0.799 2

ik pIIESRAS M4

MAE RMSE  R? MAE  RMSE R?
EALET 0.0294 0.0514 0.9580 0.047 1 0.0641 0.9254
A5 0.0117 0.0157 0.9953 0.041 1 0.0518 0.9629
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