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Abstract

The complex structure of elbow joints on fire trucks makes it difficult to accurately grasp the cha-
racteristics of jet flow. In this paper, theoretical calculation is used to verify the simulation model.
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Simulation methods are conducted to study the relationship between elbow angles, inlet flow, in-
let area ratio and the spray reaction in two directions, and the final correlation fitting formula is
obtained. The results of this paper show that the theoretical calculated values of the jet reaction in
both directions are in good agreement with the simulated values, which verifies the correctness of
the simulation model. In addition, it is also obtained that the bend angle of the pipe has an oppo-
site linear relationship with the jet reaction in both directions, while the inlet flow rate has a posi-
tive linear relationship with the jet reaction in both directions. The relationship between the area
ratio of outlet and inlet and the jet reaction in both directions is complex, showing a polynomial
negative correlation. This provides theoretical support for the subsequent design of similar elbow
joints.
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Figure 1. Model of bending pipe
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AEE w1 B, BUE y Tt AR 4y, WOE Vs x T A 45,
T Voo W DA A 1 (R 4, = 4y), #EH OE H4E D, = D, = 100 mm, #2542 R = 60 mm,
T 60=90", JiE 0=30L/s. BB RABERITHE AR R[]
Fo=qp(Vs—0)=114.59 N;
F,=q,p(0+ V) =114.59 N,
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Figure 2. 3D model of bending pipe
2. BEZHRT

R NG ECA TR SR 20 T A U o ELadE AT R il 2 8 5 RS 3058 RS 2 xR A% G
RIERFEAT THAE, Wl 3 Fios.
120
110 1
100

90

80 1

XIS A1/ (ND

704

60 1

50 T T T T T T 1
1 2 3 4 5 6 7 8

P fs ey (D

Figure 3. Grid independence verification
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Figure 4. Grid division model
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Figure 5. Main boundary conditions
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Figure 6. Velocity vector distribution
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Figure 7. Cloud map of pressure distribution

7. EhSmnE

2.2.3. Hip 5HETEL

F 1AM TKRERE Q=30 kg/s. FHEHOEZMED, =D, FHOHAN A, HOEHBA 4, H
AR a = A4, = 1) B 0=90" HEZ5 12 R = 60 mm I X655 38 BE T Sz 3w IS 7 (0 BR 18 { F0 47 FLAE
X LLAE .

Table 1. Comparison of theoretical and simulated recoil pressures

= 1. ORENRIEIEMEEXEE

KEERE 0 =30 kg/s

%
HipE EME HXTRE
F, 114.591 118.032 3.0%
F, 114.591 130.135 13.56%
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A4 R=60 mm. 48 0=30"~100°KF, JEI 07 B EAF RN ES A A 05 x. y IR JIHIE
%, RfENE 2,

WIE 8 Frn A x. y MW R 155 f 0 KRR, i FIEXTHE 6 R AT TG

HHIE 8 n %N x MW ) F /Ly MW ) F, 55 0 ¥R R, R x MR F5 0
RIELRMEAEDC, Ty MW R F, 55 0 BRI BRI

F,=0.86750 + 43.869;
F,=-2.14210 + 319.09.
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Table 2. The relationship between angle 6 and jet reaction

F2. TRHOEBHRINXR

B 0I0) F/N F/N
30 59.209 249.253
40 80.418 230.161
50 91.196 218.127
60 102.113 192.384
70 110.433 171.882
80 116.08 151.946
90 118.032 130.135
100 124.593 94.941
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Figure 8. Relation between x and y jet reaction and angle ¢
E 8. x. y AR NEERA 0 HIXFR
3.2. MERE
e 280 WM 0=90°, i HEEERS D =D, =100 mm (B HHE LA a =44, =1),
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Table 3. Relation between mass flow Q and jet reaction
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RERE 0/(kg/s) FJN F,/N
30 118.032 130.135
40 209.255 227.752
50 375.514 495.303
60 585.303 736.086
70 762.838 998.355
80 1000.660 1298.540
90 1236.149 1612.471
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Figure 9. Relation between x and y jet reaction and mass flow
rate Q
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Table 4. The relationship between the area ratio a and the ejection reaction

4. HFEOBERLL « SHHRDHXER

HREOTHARELL 6 = 454, FJN F,N
0.25 465.0330 1037.4500
0.5 231.2120 306.5770
0.75 154.7270 174.3780
1 118.0320 130.1350
1.25 96.3393 107.6080
1.5 90.5732 102.6840
1.75 87.0545 99.8354

W 10 Frosiy xe y B 05 Mt DAL o BOCRE, T HIEX P R BET T4
B 10 AT . x FIWEH ) FORL y B R F, 5354 0 Z IR RBEE A, ST S DUH O
B a=1R5% Ha>1, B, BERIIBEE o FERREANE, MM a<l, B, BURIBEE o K3
RBJHAR N WS I 705 s PRI EE @ 50 R T AR 2 00t AT, Bidkikslan .
F,=352.02a" — 1726.2a° + 3148.4a” — 2597.5a + 941.92;
F,=—-1945.1" + 11287a" — 25463a + 28009a” — 15190a + 3439.9.
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Figure 10. Relation between x and y injection reaction and inlet area ratio a
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