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Effect of Fan-shaped Nozzle Structure Optimization on Jet Impact Force
Based on Response Surface Analysis
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(1. School of Mechanical Engineering, Inner Mongolia University of Science and Technology, Baotou 014010, China;
2. Aifuci (Tianjin) Metallurgical Equipment Co. , Ltd. , Tianjin 301701, China)

[ Abstract] Fan nozzle is an important part of high pressure water descaling system, and its internal structure parameters directly
affect the performance of jet. The nozzle flow field was analyzed by using fluid simulation software FLUENT, and the nozzle exit
diameter, cone section contraction angle and exit contraction angle were selected as reference factors. The jet impact force was used as
evaluation index, and the nozzle structure parameters were optimized by response surface method. The results show that the velocity
distribution of the internal flow field is affected by the single factor of the diameter of the outlet section and the conical contraction
angle, but the flow rate of the nozzle is little affected. The pressure drop of nozzle is affected by the change of the diameter of outlet
section and the contraction angle of nozzle outlet, and the influence of the contraction angle of nozzle conical section on the pressure
drop is negligible. When the diameter of the outlet section is 3. 15 mm, the taper shrinking angle is 26. 17°, and the outlet shrinking
angle is 40. 93°, it is found that the nozzle striking force is increased from the original 94. 91 N to the optimized 143 N by establishing
the outflow field and applying the gas-liquid two-phase flow model simulation calculation. The research results provide theoretical
guidance for optimizing nozzle structure to enhance jet impact force.

[ Keywords] response surface optimization; fan nozzle; high pressure water descaling; central compound test

ELA - T WA b AR 5 R 2 RT3z H T i K BR % R 58, 2™ A
—JREA B mROK R B B R AEL A R SR IAT IR A AR IR 45 A S ok
HEE ATETEALILROET S M, R NRPERE R AT TS XN TR S AN
WK BT o T, B R AR R T R, MR MRTRART Y A S R DR S B XA R
MBS MR EDCE . A EKEE R bt SCHR(5-6 ] il 22 53 B A5 22 43 H7 55r
B 7 1 R O s UK N AR B ph i f TR T 45 R 00T S I RE R e SRR . 1R
Je F i i BRI 5 4 ST WA ] WS S A £ X 11 B e ik R O, R B

B HEHEA. 2024-03-28; &iTHE]: 2024-11-25
E€WMAB . W5l A RRHAIE4 (2020LH05025 )
F—1EE . X (1977—) 5005 b KN A BlEdR . D57 B B, E-mail : myshine@ imust. edu. cn,

¥ F5 M HE - www. stae. com. cn



B R

Science Technology and Engineering

1468

Wi sk, whih A v X3S B, T B0 AR R A
TE RIS U500 5, >R FH Wil B 11 7 VR AR Ak T T
P, T2 X A ] Y 0 B AR Y R T IS A R
&S 4TS 71 S E#EFT T %, Huang e
TR 1 g W T %) VR A ol 23 R il v 3k B8 3 A
WE TY TR AR AER SF . Wang 251 20 T 50
S RA S B0 RV PN A 0 i 1 R R R SR R
TLIE SRAEIRRSE T mEE (DR DR B DR R
DLW i 2 8500 W 1) 25 33 43 A S H ¥ 5k
s, RTRT i FE 7K B 6 158 I 245 44 2 5509 Bk 5
KREEPFINRIG BN TR BRI a8, 24
SHCLEE R X 37 () 5 AT e s b

Y, FE ST R TR M = 4EAR A 52 B FLUENT
B AR XS W P I 3 R AT o b, A5 B Y B
IIATEOL, 45 E S EALBTT o0 B P 25 4 S
BT PN 1 B A A S WS W I S A, TR Y
W s ROST AR gl L, A o &2 A i g et i
VTS HEe AR ) 07 18 43 A7 75 2] 8 56 45 44 S 5001
WG, /MY, I RAR SR (volume of
fluid, VOF) X WM S 7 #4705 B, Xl 45 =
AR ATIELAL PR RGP NANE S EA0 26
HAEF R XS RE A0 R, Sk W 5 A4 P Ak 4 1
IS S,

1 WiREEE S aiRE e (E

1.1 WEME L4544

i ) Bt 2 M L M 1 8K T A AR (LR AR [ER m fL
— B — 2 AR ) B 5 BRI mfL 3R A B
B BTy VIER U B, 1 RS
I EUIRE R U B B R TR S 540 | 1] 2 Ay XoF i M
e, g s B (1) T R K R A TR
FEIE A 1 B, ZEAE T W 40 B A K I B4R 0 0/N e
FIEH B, 20 11 e 4 B PRk U4 1 FH B 2441K8
W IR | 7E R B A R H 10 4 R 5 T BB B
Ji SR AR I PN 5 R S B AR A R T N
AT AT R S bERe , an &l 3 Fros, L, o B
HEFLIER 2R B, L, W HE T A B e 2R L
PEEUH Ui fa 0 =500 MO B H AR d =7 mm, 4
TEUHR i o = 30° 4 i i mi s RST
1.2 BEBRIHEAR

R SCR 0 IR 5 B AT 7 0 B VAR OG | S Al
M SRR R Y B B AR bR, WIS S AT o e
8 F i3 a=h

F
P ? _ 0.055Q JpcosB ()
H*tan £tan T

2 2

5 T B
2025,25(4)

OB
) R

]

\
T~ ADR
\U%w@ O

Bl R R R

Fig. 1 Fan nozzle structure schematic

K2 mimEscyy
Fig. 2 Nozzle diagram

a

751\%

L,

K3 WY R A A 24
Fig. 3 Nozzle local structure parameters
F.o= bk W = khok, 0 (2)
’ : > 60

b F OB TR ERYITE T, N/mm? 5 F
AT IT, NS W W H DT o 7, NG S AT
AL, mm® 5 Q AWM AU &, L/ming p A WEEE A
JEJ7  kg/em? ;B AW B2 5 W 4T o 0 L 2k U7 1m)
S, (°) s H AW T 11 S 1 28 4T T ) R
B mm ;@ S WE RN A, (°) 57 SRS DT 1]
WS, (°) sk, Jhy SR AL 5 3 e U AR K, 2y
SIHL0. 7 5 0. 753k, AREE R B B 1. 350 AT
H,m/s,

MR B, AR BRI v

o= [l (3)

K(3)Hog HEITINHSEE,H9.8 m/s*;p, FKIL
SERE BT 000 kg/m’ s AP SR s HE R  ke/m”

¥ Mk . www. stae. com. cn



2025,25(4)

XUSCY™ 28 T 7 10T A ) B FEE 8 s 25 R 00 A S 4T ol 1 32 i 1469

TEAZ R SHTR T, tha (1) (X (2) ]
W BT ) R W A Q R SR AP
Ak, AMETIREEEI, B i Q (AL L/min)
N R B g (L kg/s) |, TS B2 N T 73
Br s W s [ AP 5 5 i il e g B O U
bR

2 WRBHBETERERSH

2.1 EHIFRE

(1) 2Py, or ¥ [ Jo g5 /Ml A BT & 1Y)
AE = P A TCTF /N P - TE 95 /N AT
HIWARE,

ap , 9(pu) a(pv)  (pw) _ (4)

ot 0x dy 0z
K(4)Fp HITARE L ;u 0w 43510 XY . Z J7 0]
B,

(2) By FE, 17 TR S BT AR AR o A
AT SRRy AT A 1) By i T B[] 7 AR A 3 4
THMNFAE T ZIMOT L R4 Fh 1 Z

%/+(V-V)V=f—%Vp +%V2V (5)

P
K (5) Fp MRS,V N, p NIESf
F AR TEARZ AN 15 VR G % R T 50 A
SR,
2.2 MEERBIESTRAREZFHEE

SRy X} WIS AL 1 320 A T B (E AR AL Sty B I A
TG, % K LA R SF 350, HLmEmg
ASHRDU] , 4y 3L X DX A 5 AN BRR, TR L XA TG G
PEYE G 2R 3% 40 B P 36 AIE . K40 I A B LA D T
PR RIAE R 32 5, X A 2E O DX sk A i )2
FEHEST B — 2 A & B2 0. 02 mm, & 4 K
IR AK AR T K i B 44, BT R BT EE N 69 755,
WA BT 0. 64, KA 8 b i AR R 77 2
KA, W SR T A i BP0 IR oh, i A AR
FH Realizable k(i 3hHE) -e (FERCR) B AL iz A A
T G WAL [5R FL S 98 ) R, A RHRR AR AR I S K
FEFTIHAEATE DXk, K W A 11 &b i T iy 44 4 R
TIA B AT R E R 22 MPa; H H 3 Rt H i
HWIHFETEE N 0 MPa, Bl —AMFRiER SR, HA
TR SFy TC W RS 6 RE T, 7R 7 R AR
AR SIMPLE 3%, 5% 25 T s i PR 7 AR 4l 26 50 1%
B R B E N 1000 2,
2.3 ARBHESWTSITiE

X Bz AT AT AR A A B 7R 3T X 38 P ]
AT YR E ) R, WS P X7 - i R 1Y
AR S B, WTLAE ok H BRBE R 54 b
7K T A SIS J | 20 et W 88 (53 A 45 B i 1o 3 3

Bl 4 NI RIS K Fe il
Fig. 4 Internal flow field grid and boundary types

1‘0 l|5 2|0 2I5
X/mm
B/ (m-s™) I I I

20 40 60 80 100 120 140 160 180 200
(a) EE A

10 15 20 25
X/mm

FEH3/10¢ Pa T T T T T ]

357 9 11 13 15 17 19 21
(b) Eh=H

K5 XZ Vi o A
Fig.5 The XZ plane physical quantity distribution

hn, A A 29 16 m/s BEINE 40 m/s, TEHAEA
AR A 1T B A RS U Sl 0N Bk T B Ak K
T TR o I S R I B O A K S B A 2
200 m/s, IGISHEEHE Y TR 2. 18 x 107 Pa, Ji
HE N 1.26 ke/s, %S BT T A I H (R AR
T B KBNS i BRI AR
2.3.1 HeRABNANADRESH R

SRERGT B 2 R S RS e, X% R R AT
SR %7 46 T A AR R R R o 4
FALSE (] e T A BT, SR EG s
10 =50° HEIC i/ a =300, HIOBCE AR d RIK
PEF£3.03.2.3.8 4.0 mm, [AJEAL d =3. 5 mm
P05 B, B E AR Xl Sy ol B W00 67, R B
HHREAE, 25 R E 6 Fis

BB AR A R S A 1 B 5 T W A B
AR B 7 A 2 5 E A T B R 5 i 4
N, XEFIEAG OB AR, A OB B AR,
HETR S A0 Bk B AR, o R R AR5 P M

¥ Mk . www. stae. com. cn



Bt B R 5 T &
1470 Science Technology and Engineering 2025,25(4)
200 30 mm . FRRE VG B TR B I I E 5 o ek D ) A T
S dsamm / BOK G B W REAR, h B3R WA 07 ELATJ, X 7 5
sl AR AR HETR WA R AR R R
TR P AR SRR ) (H 23t 25 e PN I 3
A BE A O, 545 P9 i 0 B AR AL R B R AN ]
S 2.3.3 i E AR E Y
a PEHUHE TG A f o = 30°, T B B AR d =
sof 3.5 mm, HEIRUCHE A 6 LEHFE 40° 45 55°.60°, 5 )5
RST 6 =50° 4705 Hat 5, $2 U I 0 F AL T i
, i ZERNIE 8 TR
0 5 10 15 20 25 30 25F
X/mm
K6 W X A 20f
Fig. 6  Flow field velocity at nozzle X axis o
%15t
PRU/INIT 1 2 B e A 7 49, S i 2 75 ~
FRBEI™ . 7E X =15 ~20 mm Ab, AR 2 2100 2 o]
WML T 26.7 ~45.8 m/s, W] HIWEHE Py 3 7K =
T BEBUE S IR RGBS A T T W 05
B 5 B AL, .

2.3.2 4EMKZ AT NG RE K HE
HETE W B2 i B mE s A 1 B 5 0 B R
D7, PR HE ISR 1 23 5 MK FRAE Y ) ) T 3 AR
b, AW P ERAN L S AR B, AT B S
BrfEfR mAbE AR E , S EOR SR B v Y 5 )
BETH , i BB K, 0/ T X [l B Ay i, AN H T
PR 7K i BE B -, E T S e R v e L S
FOcifa 0 =50°, B AR d =3.5 mm, HEIRUK
g5 o IR IESE 20° 25 35° 40°, 5 EIGHEIE IR
o =300 T4 0, SR X Bl A, 45 R
K7 iR,
HETE Wi A 1) 728 Ak (ol 15 D0 i 248 BBt 4 ok 32
e 2E St WA T R T IR IR A fl |
2000 4ot HEFEMAEE B
T a— /

30

EY Qg o

100

P /(mes™)

50 F

X/mm

Bl7 W X AhC A i b B
Fig. 7 Flow field velocity at nozzle X axis

340 45 50 55 60 65
A
P8 H A 0 o U 52 )

Fig. 8 Effect of outlet contraction Angle on mass flow

M H A2 B I H 11 B HETE W 4 B
AR Z A AE Tz A [ S 5 PR B AR 3 Ak, 9 77K
TAE L DX IE A SR F R, T LAZAR 7 i A A
BRI, B W A A R/ AS 250 Y I i
JE M ATAT B R W H 2 R 3 L B3 45 25w AR
PR T R R, A 8 Al H AR Y
I/ E SR T T R R A, MR A R 50,
it i A8 33% , I IR R,

3 Wi R T 77 i A B s 45 A4

3.1 AENBRTEIRE

M J37 161 7 ¥ SR B vk S g e A A A
FER A — ZR A ) Zo = T R A R 22 R
LG RIS SO SN 2 % 3 M D VATTRES
REMSALLA Y — 3 LA AL 75 T 75 A8 i 1Y) PR IR 3
IR, FR T R T S A G T AR A
HAr eREOC 2 1 eR AL, KA H bR pR AR B 11 5T
FE AU, LA A R A G R, R e
TR e R

WM SE R SR L, L, d o0, BERE] Sk
KRN FIRA

180 d
a =2 x ?atan(L—) (6)

1

¥ Mk . www. stae. com. cn



2025,25(4) XIWSCT™ A5 o 2T 0 N7 TE 43 BT %) o T s 2 ) L AR XS 4 T < 5 1471
*2 SHELI
Table 2 Parameters design
0 B A2/ mm HEIE R4t 55/ mm R/ mm HOBWEES/ () AW/ () BRI R/ (kges™')  JERE/Pa
3.50 13.40 7.58 29.28 49. 54 1.30 21 862 100
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3.50 15. 80 7.58 24.98 49. 54 1.30 21 862 100
3.50 13. 40 6.72 29.28 55.02 0.90 21 934 200
3.50 13. 40 8.45 29.28 45.00 1. 68 21 769 700
3.22 11.45 6. 88 31.38 50. 09 1.26 21 871 000
3.78 11.45 6. 88 36.58 57.62 0.67 21 963 400
3.22 15.35 6. 88 23. 66 50. 09 1.26 21 870 900
3.78 15.35 6. 88 27.70 57.62 0.67 21 963 400
3.22 11.45 8.29 31.38 42. 41 1.82 21 729 400
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