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ABSTRACT: The work aims to enhance the ignition reliability of new generation heavy lift rocket engines. A comparative
study was conducted on the gas flow field characteristics of the single gunpowder igniter straight tube structure and the double
gunpowder igniters Y-type three-way structure using ANSYS Fluent computational fluid dynamics simulations. Fluid simula-
tion was used on two optimized Y-type three-way structures to compare the effects of different optimization design on output
performance. The pressure and temperature of both structures decreased along the flow direction, while the velocity increased,
and more pronounced changes were observed downstream. The outlet pressure of the double gunpowder igniters Y-type
three-way structure reached 0.43 MPa, representing a 126.3% increase compared with the singleigniter straight tube structure
(0.19 MPa), while velocity and temperature differences remained below 5%. Additionally, when one igniter failed, the outlet
pressure of the Y-type three-way structure decreased by 15.8%, maintaining output performance comparable to the single gun-
powder igniter straight tube structure. When the fillet radius was added at the Y-junction, the outlet pressure increased by 14%.

And when the pipe diameter was reduced to 6 mm, and the pressure increased by 102.3%. In conclusion, the Y-type three-way

KR BE: 2025-01-10; EiTHHA: 2025-02-21

Received: 2025-01-10; Revised: 2025-02-21

Sl KsFF, MiE, TR, F.Y B @LEMADHFBRG LW AMKAKIT[T]. EE&EIRBETAE, 2025, 22(4): 82-91.

ZHANG Jingyu, LIU Yang, HE Kun, et al. Slmulatlon Analysis of Flow Field Characteristics and Optimization Design for Y-type Three-way
Structure[J]. Equipment Environmental Engineering, 2025, 22(4): 82-91.

*B{51E& ( Corresponding author )



B2k Ha

AT, G Y IR AR R O E A KAt - 83 -

structure has a redundant effect, and its optimized designs substantially enhance ignition performance. The research results can

provide data support for the ignition structure design of liquid rocket engines.

KEY WORDS: liquid rocket engine; flow field simulation; straight tube structure; Y-type three-way structure; structural opti-

mization
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Fig.1 Size diagram of single igniter straight tube structure
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Fig.15 Longitudinal section contour for fluid region of Y-type three-way structure with fillet optimization:
a) pressure; b) velocity; ¢) temperature
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Fig.17 Fluid pressure, velocity and temperature curves of Y-type three-way optimized structure:
a) round corner optimization; b) pipe diameter optimization
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