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Numerical Simulation on Effect of Cavitation Characteristics with

Different Structural Sizes in Laval Nozzle
LIU Xue-dong, LIU Jia-yang, ZHU Xiao-lin, LIU Wen-ming
(School of Mechanical Engineering, Changzhou University, Changzhou 213016, China)

Abstract;: CFD method was used to simulate the cavitation of water in Laval nozzle with different structur-
al sizes. In certain operating parameters, the research used Cavitation Bubble Dynamics Model to simu-
late the cavitation flow with different inlet diameter, throat diameter, contraction length, expansion
length and expansion cone angle of Laval nozzle. In order to determine the optimal structure of the nozzle,
orthogonal test was made to find out the relationship between factors and levels. The results show that:
with throat diameter decrease, the intensity of cavitation is greater in cavitation area. The change of inlet
diameter and contraction length has little effect on cavitation. Expansion cone angle has an impact on the
cavitation intensity within a certain range. Increase in length of the expansion can affect cavitation area,
but has little effect on the cavitation intensity. Orthogonal test shows that the throat diameter has grea-
test impact on cavitation among several structural sizes.
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Fig. 1 Structural sizes of Laval nozzle
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Fig. 2 Average vapor volume fraction in axial direction of nozzles

with different throat diameter

Hi & 2 AT LU . 0 A el 8 O
ARSI I RN 0 T b T (R OB
EHTIK TE - U ] S G WA O HE T 0 = Al X I
W | TR ) SRR AR IR L T IR A 2R
PR AT R B 23 A i . PR ke 23 Ak R0 e o o
B, ZIRIRE R TRE, 25 80N % #i s 5 o

A Ao X L H A ] e 98 AR A A LT IR B
TARWLAL. FTRIEEE d BN E X RIS
g 8D | S S R WA NS B el o - R Y | P S
P AE A ] B9 A TR AR 25 0E T R AE d BN
WA T e B PR s A RO el 3 B AR P 19 S 4k
ROV R A, A 3 FraR . d O dmm BB A3

B/, BVUERT o M A A =S A A
1 HL 2 A5 ORI 5 Z Fif S 4 e — 2.

0.014
0012} —=—d=4mm
—e— d=5mm
0.010 —A—d=6mm
—wy— d=7mm
0.008 |
>
G 0.006
0.004 |
0.002
0000 1 L 1 I
5 10 15 20 25
X/ mm

B3 ARBBECHEES KRHEALZEATUESHE
Fig. 3 Cavitation number in axial direction of nozzles with different

throat diameter
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Table 1 Average cavitation number in cavitation area of nozzles with

different inlet diameter and contraction length

D;/mm L,/mm
10 15 20 25 15 20 25 30

C,X107% 4.47 4.63 4.69 4.69 4.71 4.69 4.62 4.60
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Fig. 4  Average vapor volume fraction in axial direction of nozzles

with different expansion cone angle
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Fig. 5 Average vapor volume fraction in axial direction of nozzles

with different expansion length
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pansion length
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Table 2 Structural factors and levels of Laval nozzle

A B C
N
d/mm L,/mm a9/ (*)
1 4 20 8
2 5 25 10
3 6 30 12
F3 EXHBWHERINR
Table 3 Analysis of orthogonal test results
R85 1 2 3 av
1 1 1 1 0. 397
2 1 2 2 0. 429
3 1 3 3 0. 468
4 2 1 2 0. 382
5 2 2 3 0.415
6 2 3 1 0. 357
7 3 1 3 0. 369
8 3 2 1 0.328
9 3 3 2 0. 351
K1 0. 431 0. 383 0. 361
K2 0. 385 0.391 0. 387
K3 0. 349 0.392 0.417
2= 0.082 0.009 0.056
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