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Abstract: The steam jetting during the double-end fracture of high-energy pipelines was studied through nu-
merical simulations. The effects of stagnation pressure and pipe wall friction on the jet cone and impingement
forces were investigated, and the patterns of velocity, temperature, and pressure in the jet cone were summa-
rized. Additionally, by comparison of the impingement forces under various inlet conditions with the results cal-
culated based on the design criteria, the applicability of the design criteria beyond the applicable pressure range

was studied. The results show that, the pressure and temperature of the steam jet decrease rapidly within a cer-
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tain distance from the nozzle outlet, while the velocity rapidly increases, followed by fluctuations and changes.
As the distance from the nozzle outlet increases, the velocity and temperature in the jet cone gradually de-
crease, and the pressure is close to the atmospheric pressure. The initial spread angle of the jet cone, the influ-
ence zone of the jet cone, and the impingement force are positively correlated with the inlet pressure, and neg-
atively correlated with the roughness of the inner wall of the nozzle. The assumption of the initial jet cone angle
in the design criteria is not universal, and the actual initial jet cone angle exceeds 45° set by the standard model
at higher stagnation pressures. In the case where the whole jet impinges on the flat plate, according to the de-
sign criteria, the standard model can precisely predict the impingement force of the steam jet in the ideal pipe
without wall friction. However, under the design criteria, there will be some deviation to evaluate the impinge-

ment force on a real pipe jet with wall friction, and this deviation will increase with wall friction and pressure.
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WA AT TS py vhdi 77, I B TS R S IE b AR A R AT T Lo, ik 18 1 8
AR 1k 3 A T B g s A BT Y B R v s bl i B AR

Fj:CT(PO_Pamb>Ae’ (9)

Ho FOoR g i 71, Cp A R (T Py > P, WTREEEIFIZEIRI S, C, = 1.26) , P, AT T lie
WEES(CBIAES) P, NIREEIE S (P, = 101.3 kPa) , A, JNWE4E A5 i AL

F 1 AR D G5 RE TR BE R 8 8% BT 32 vhidi 03 K/IN, LB SN 285 S kg 13 43 7 B T RELRS
FEFA 76 F B 807 22 b i D1 R /Nggma B 1 iha bR g5 R il i 14,

F1 NIRRT Z B whidi 11 (0. N)

Tablel  Jet impingement forces on the disk under different conditions (unit; N)

6.90 MPa 13.80 MPa 20.00 MPa
predicted value 430.67 867.68 1 260.36
A = 0.000 0 mm 419.67 859.16 1251.19
A = 0.012 5 mm 368.63 751.59 1 091.79
A = 0.025 0 mm 358.03 726.69 1 055.70
A = 0.125 0 mm 323.54 652.03 948.35
— P=20MPa, 4=0.0000mm — P=13.80 MPa, 4=0.0000mm — P=6.90 MPa, 4= 0.000 0mm
--P=20MPa,4=0.0125mm -~ P=13.80MPa,4=0.0125mm -~ P=6.90MPa,4=0.0125 mm
””” P=20MPa, 4=0.0250 mm - P=13.80 MPa, 4 =0.0250 mm -~ P =6.90 MPa, 4 = 0.025 0 mm
- P=20MPa,4=0.1250mm --- P=13.80 MPa, 4 =0.1250 mm --- P=6.90 MPa, 4= 0.125 0 mm
1.8x10°F

1.2x10°F

P/Pa

6.0x10%F

B 13 [HALR MBI 5
Fig. 13 Radial total pressure distributions on the disk

MIEL 14 va] AR G R BE T RS BE ORI AN AR A B0 T, Wt ity O B A B R 7 BRI 4% Kk i
W T 384, 25 SR 1A B 5 ) oty g 55 BRAR G BE 50 T S vty 0 4 R O 2 R o A R, SR B A
158 R A, S AET BE TRDRELRE B2 0 ot 3 /N 52 W) B T 0 38 0 B . AR AR R 280 43 BE TR
REJSE BN, SR T EEAE R, S B N RO RE SR R A8 G K TG il g E A B AR FEE 1 i /).
I R B 5 45 2R S A T 2 s 8 2R LA, A BB 4 R /), ELBETETHLRE A A = 0.000 0 mm
I, AR TR AR O B A A R AHXHRZEBIAE 19 LA AL X T 25 BT R P b WA el 28007 9
ARSI TT i LR TR Rl R He R 28, S Tl I ot P Y T o PR 45 R O i3T5
5 ATIAT AR DR ST 5 i S U 4 4 T30 58 4 (5 4 T 52 3 Y S A

3 iRy
A S 3 S A T R R | X R W A R T PR A T 10 R A AT T R AR, A
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-y predicted value

| == 4=0.000 0 mm
- 4=0.012 5 mm
—- A4=0.0250 mm &
1200 F-v 4=0.1250 mm

4 F| = CT(PO - meb )Ac
| b
800

5 10 15 20
P,/MPa

14 IR SR BT 2 85 it 1
Fig. 14 Jet impingement forces on the disk under different conditions

THZESCRMRBLE S 18R T 2N R BR s A RE R IR RGHTIE T ARy A BE ThHURE B2 25 R
XA BB TR T DR g AR R TR 32 45 PR 2R X Bt bl R R 0, 53 S a2
X BT HEIEAT TR ERESB IR

1) FEAFTO0T , 78U il 11 5 — BERE RS I, R AL R e 3 5 s AR At SRl B, TR
T30 R T R TG b T {ELRE S 3 B A . BE R B R AN, s T PR R R it
JERRARSS T , R W SEs4 5 1), =3 ek TRa 28 A M Ah , W B AET BE T AEL i J3E 6] 37 37 1 7 32
M, 22 3 S0 FEE R IRL S8 90 B0 PO Ll I, e A S e s 7 B i i

2) WESEA I, B RN X g R A I T8 SR N2 MK R WA 7 A B A A AN B A 8 e A T8 2 K
SR LI E B9 454 BRIz 1, BES AEE 1006 Gl 0 Lo b,k BRSPS HICAR B RS 52
W FEL-55 A 151 g RIS A, B TR 32 22 A7 U0 5 R B g A T K I A B AL R 32 /) | 37 I
19 3 FIE S 52 0 91 PR AL S A TR 1 208 7 MPa B, 3 H0AR B 3k BRI BT 188 52 9 45°, TTiE A T
KT 7 MPa I, BHRY B EEX R T RS PTBOE Y 45°, HAEARSCHSE To0rh, A i 2800 dh 4 o i
Kik 48,

3) B LR oA 32 B 5 R BE ThREUAE J32 A4 52 e i 7™ 2 22 Al B A 10 TR ) A S8 T3 25
JIr 7R 32 B4 2kt S B R AT A TR A R TAAEL A FRE 8, 2ty U 2 3 N B A A (LA R
JUEA TR T AR Y R (bR e b 2 AT RE VR Bt 000 e o 3 ORI | R B R AN TR T AL M 2
PRI M SR TG A PRV PR TSI oA B T JBE 452 90 A5 T S U il 0 BT VA I, S5 e — e M 22 , EL BB BE TR DA
JEFIE T BB, A i 26 A B 2 B R B/ A ) U1 J5 SR HE IR 15 2% BB ACJBE #6245 2K AR 5200, L st 9 SR
i BE BB .

AHIFFER ZE IS B AR ST T84S, 7T LU AR BORE R TT 3 —E 2% | Rl al LUSE S8
B 3P i, i i i BE R SY | S A AR R 4 1P A ABAS B S I A —E A TERTE S R vh ok =%
JE A 1B 2 e T AR A AR PO AT R FRG 28 VU LA B il I s e, ELZE AR R 28 VR SRR
REAR G RNV VAR AL AN, 2525 JEAHAS X S SR MR St U 7l B2 3 B2 3 A 5 AR SO 45 RAF AR R 03 22
S, B TR R BES RO I XA Y 11 B R AR R 5/ | 25 v BRE RN I S S s o7 Ak W S5
DGR EE 2R R il R B X St B A8 A b B A . 53— 5 T, 0 T il SR, B AR 2 R O AR T AR
2 fih DX IR FRE S0 [T 26 7504 B S e o SRR T AT B Al b SRR BERE O R ShRERE N, A2 1) 437
T BT PO R TSI TR T 3 A 7 AR AR (B AR SO B B 7 B AR L K s ) R /ISR g B THIDREL
i B AR A MU REAS AR [R] | ELI330 00 26 75 T 2252 3 LA AL 3RAT i K B 0T X 2B 52 R IRl Tl — R BT 5E.
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