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Abstract: In order to study the effects of momentum ratio on the resultant momentum angle of impinging
jets of the pintle injector, the resultant momentum angle of the impingement between an adherent liquid sheet
and a free liquid sheet was simulated based on three phases CLSVOF (Coupled Level Set and Volume of Fluid)
method, and compared with that of a free liquid sheet/ another free liquid sheet. The relationship between the re-
sultant momentum angle and the momentum ratio was investigated in detail by combining the experimental results
and the theoretical results in the presence or absence of wall. The causes of the differences between the two were
analyzed in depth, and the mechanism of the effects of wall boundary on the resultant momentum angle was re-
vealed. The results show that the resultant momentum angle calculated by the CLSVOF method is consistent with

the experimental ones. The maximum relative error between them is about 10%, and the relative errors at most op-

* FREHE: 2018-11-30; fEITHHEA: 2019-01-21.
BE&WE: HEAKPAEE (11502186).
BREE: T UL, WA, SFROUEONRIER KE & SIWIBHASE . E-mail: 1075832794@qq.com
SImtEX: £ Pl FmOUE, =GR, AR R A S s A R i g [T ], SRR 2019, 40(10) - 2288
2295. (WANG Kai, LEI Fan—pei, LI Peng—fei, et al. Effects of Wall Boundary on Resultant Momentum Angle of
Impinging Jets[J ]. Journal of Propulsion Technology, 2019, 40(10) :2288-2295.)



Ha0E: F1o

BE T 300 508 $8 o I 30 kA B S IR T 5 2289

erating conditions are less than 5%. The resultant momentum angle of the impingement between the adherent lig-
uid sheet and the free liquid sheet with wall boundary is remarkably larger than that of the free liquid sheet/ free
liquid sheet with no wall boundary. The maximum error between the resultant momentum angle with only one—
path adherent liquid and the common theoretical value predicted by using inlet momentum ratio is up to 20°.The
resultant momentum angle that both or neither of two path fluids is adherent is in good agreement with the theoreti-
cal predictions. The cause of the marked difference is the significantly different distribution of the high pressure
zones formed by the impact of the two. The existence of the wall makes the high pressure zone near the impact
point act asymmetrically on the two fluids. When there is a wall boundary, the wall is subjected to high pressure,
which forces also wall to exert a strong force on the adherent fluid because of action and reaction. As a result, the
interaction between wall and fluid leads to non—conservation of momentum in the direction perpendicular to the
wall. The prediction theory of inlet momentum ratio is no longer applicable.
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Fig. 1 Schematic diagram of pintle injector
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3.1

Table 1 Geometry parameters of different injectors

Sheet thickness h,=0.4mm h,=0.25mm
Veloc?;;i;lm o) 10 10 10 10 10 10 15 15 15 15 20 20 20
Ve]oi?j/i(ai] o) 5 7.5 10 15 20 25 20 25 30 35 25 35 45
Momentum ratio 0.16 0.35 0.63 1.41 2.50 3.91 1.11 1.74 2.50 3.40 0.98 1.91 3.16
Sheet thickness h,=0.25mm h,=0.25mm
Axial velocity/(m/s) 10 10 10 10 10 10 20
Radial velocity/(m/s) 5 7.5 10 15 20 25 45
Momentum ratio 0.25 0.56 1.00 2.25 4.00 6.25 0.10
Sheet thickness h,=0.65mm h,=0.4mm
Axial velocity/(m/s) 10 10 10 10 10 10
Radial velocity/(m/s) 5 7.5 10 15 20 25
Momentum ratio 0.15 0.35 0.62 1.38 2.46 3.85
Sheet thickness h,=0.65mm h,=0.25mm
Axial velocity/(m/s) 10 10 10 10 10 10
Radial velocity/(m/s) 5 7.5 10 15 20 25
Momentum ratio 0.10 0.22 0.38 0.87 1.54 2.40
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Fig.2 Sketch of computation zone
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Fig. 5 Flow field structure sketch and pressure distribution at impingement point
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