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Abstract

The fan-shaped nozzle is the core component of the vehicle during operation, and its performance
directly affects the cleaning efficiency of the cleaning and sweeping vehicle. This article aims to
optimize the impact force and water flow rate. Based on Fluent numerical analysis software, a
three-dimensional mathematical model of the sector nozzle is established, and the influence law of
V-shaped grooving angle, V-grooving offset, outlet length-diameter ratio and inlet pressure is stu-
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died, and the orthogonal experimental method is used to carry out a multi-objective optimization
design for the V-shaped grooving angle, V-shaped grooving offset, outlet section length-diameter ra-
tio and inlet pressure of a certain model of sector-shaped nozzle of a series of washing and sweeping
truck hydraulic systems produced by a special vehicle. The comprehensive and balanced approach
is used to solve the problem of contradictory optimization goals. Through Fluent simulation anal-
ysis, it is suggested that the half-angle of the V-shaped groove should be selected at 45°, the
V-shaped groove offset should be 0 mm, the length-diameter ratio of the outlet section should be 4,
and the inlet pressure should be 7.5 MPa.
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I E RE AR IR = K RGNKS), AR KIS RGUR ST, THBRIEJIRKS), JRNK AR, FTL
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[y THLAE K ST ALET 1Rl AR TED, A4 S AP AL 3N B4 Fluent PIA% 12> R D) BETY Fluent HEAT M4
53, B el T ARG T AN R, O T Ja T G ) St e S R e 477 FLARCAL, R s TR
W EAT 22 AR AR R 23, 3438 LART PRURAY E AT 28 BRIK R A IR R, 8 AN JN L, 8 SCH
NIEFIH . 1F Fluent o, SEFFET RS B, 4T ERRMER A, ERERSH BN — M
HERIRES ), 4% 2 J7 I E 7708 9.81 m/s. BHT-WEME A AT AL & KA1 <, SR VOF BEALH T
SKARST JZ -
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FERATAME ] R 3 B 2R 5K 2 AR TH 5K /1 280N 0.072 N/m, AE4 Rikiiirh, weEeRimak /iR, HEatk
THIN. 776

TEI A, BN SCAE N, IRAFHRER 7.5 MPa, BTN 1 B4 5 58 %%,
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Figure 1. 3D model of a fan-shaped nozzle
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Figure 2. Influencing factors of sector nozzles

E 2. BEEeSmESR

DOI: 10.12677/m0s.2023.125439 4837 R ()


https://doi.org/10.12677/mos.2023.125439

farey
=¥

AP 3, = R AN TR FE S, VORI M X AN LR FE R ALK . BV RY)
P A, MRS AU, 3K T R i AR, EER, BRI A O = T EURA
REMIBIR . K 3(a)TH AR R, BRI ERHLRINIT, SHAShREIRR M E . R 3(o)TH AR, SR
SORTERST, SHmshReti R tbBoh, HEERABAED, AEEH TElk.
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Figure 3. Different V-shaped grooving angles, fan nozzle internal and external velocity clouds
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Figure 4. Speed distribution on the axis of the sector nozzle at differ-
ent V-shaped grooving angles
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Figure 5. Different V-grooving offset sector nozzle internal and external velocity clouds
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Figure 6. Velocity distribution on the axis of different V-shaped

grooving offsets of sector nozzles

B 6. TE V YIRS 8RR EHE % DEE SR B

DOI: 10.12677/mos.2023.125439

4839

RS


https://doi.org/10.12677/mos.2023.125439

farey
=¥

4.3. IRRH OB KR BRI RN

MR Y AR EEAE 2~4 I, B BUFRISHRIERE, DL, AFh REFBIEIAR S A, el
BKARLE, il TRARE N 20 30 4 1 =Pl B TE B T R
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Figure 7. Inside and outside velocity clouds of sector nozzles with different outlet section length-to-diameter ratios

E 7. AEHOBRKELEBERBIERMNIEE = E

w8, =PRI S E AL, (RSN, VORI R S, AR SR
TH PSS PRI FE RN o T 1] 7 (a) TR R S IR B ORI EE N 126.509 my/s, BT EEH X =—0.09 m I, BHE
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4125290 /s, BT EE X =—-0.09 m I, AN 94.065 mv/s, FEMLTEHEIA, SRR T 24.9%.

——nl=2
150 ——n2=3
——n3=4
100 1
B
2]
) 50
0_
-0.10 -0.05 0.00 0.05

M A il 2 ) e 38 i A ) B (m)

Figure 8. Speed distribution on the axis of sector-shaped nozzles with
length-to-diameter ratios of different outlet sections
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Figure 9. Different inlet pressure fan nozzle internal and external velocity clouds
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Figure 10. Speed distribution on the axis of different inlet
pressure fan nozzles
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vV MU MR, B Fom V IBUIRE ML BN, C FRon i BRI D R N H S 71038
P 4 ADRIER, ST BB T IX 4 AN R ER 3 L 3 KT

Table 1. Test factors and levels

# 1. R ERRAF

KT V) £ V I G B OB AR H AR
1 30° 0 mm 2 6.5 Pa
2 45° 0.1 mm 3 7.5 Pa
3 60° 0.2 mm 4 8.5Pa

6 P B H A 0 A ARG I R BEAT 16, a6 i A B I6 Y B N A 5 70 15 e Skt A T A 1R 0L
S RIG R DY R 3R =K IR G, AR IE A I v it i 44

Table 2. Number of experimental groups

2 2. SCURAR

y5
FFs
1(A) 2(B) 3(0) 4 (D)
1 1(30%) 1(0 mm) 1(2) 1 (6.5 MPa)
2 1(30%) 2 (0.1 mm) 2(3) 2 (7.5 MPa)
3 1(30%) 3 (0.2 mm) 3 (4) 3 (8.5 MPa)
4 2 (45°%) 1(0 mm) 2(3) 3 (8.5 MPa)
5 2 (45 2 (0.1 mm) 3 (4) 1 (6.5 MPa)
6 2 (45°) 3 (0.2 mm) 1(2) 2 (7.5 MPa)
7 3(60°) 1 (0 mm) 3 (4) 2 (7.5 MPa)
8 3(60°) 2 (0.1 mm) 1(2) 3 (8.5 MPa)
9 3(60°) 3 (0.2 mm) 2(3) 1 (6.5 MPa)

X IR S DU AR RS, R SR W EINE R SR 6 PR A B -

1) ZRE VL. Ik R B A R H brde e — ML B AR, 8 RADINBCT Eiadt 1T e
o T AR E R R P EEEAR, Fik, SRR NS HARpr SAELE, &5
i A AT EAT 2R AL SR 5

2) LRGP . IR R B RIS AL H AR AT AR, JEIENS AL B RS R PSS Rt
LAV BT AT R UL B bR M B R AR R, HAUE R TCVA TS, Bltt, SRATZR & #ridont
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Table 3. Calculation results

=3 HEESR

) W I 37 £/ (L/miin) SRR AT B _E T /(N
1 19 26
2 15 30
3 13 25
4 35 73
5 18 36
6 16 33
7 35 71
8 32 68
9 16 25

X ER UL, S ALK TR BT R R/ e & R IR R RS BE R BN 3R vV D)
Mmfe s B>V RV A> NJEJ) D> Wil D BKAA CoERE VIR AN DS
BIXGANTSE N, BE VUGS B I mgkN, WEHE AR R R e ] 2 AT, AL By D =
AR 2RI AR HA IR AL B R4k 2247 04T .
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R A A > B O BAKAR L Co #TH 0B85 VIR UL MAN DR IR i g in, B v % D04 fw s
ST, I AR IR R R IR R 2 AT

5 PR ZRA R0 e T8 B2 52 B K BN R VTR VI RS RS 2 B > WiMs DB AR C > ANHET)
D>V JEVIRE: M A SRR TEER _E A ROEME T B E V IR UM M R in, 4 v IR Ui
BN 0.3 mm N, BAERKEZOEERE, 75 mm, B 0 EBKAR LTk A4E 3~4 208, NOE
JIAIEHEN 7.5 MPas
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WIS A, FIH NX BAOE AT R RN SEOHE Y R G 5 WG EAT =48, FIF Fluent
BRI ZEIE e R G0 10 B T W AT A0 0 B0 AT, B IR AT 2 B AR A BT, RSE T
FRS  TE BT A 5 A SR AR A LR R A2, B2 T — B R G0 RN ) S5 S HU AL
M BTt 5. SR IR HIR SR & T, A BILL N W TR R RN, VORI A
PMEEL 457, VRV RS E 0 mm, HOKAER N 4, NOESA 7.5 MPa.
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