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Abstract

T-junction confluence is widely encountered in natural-gas pipeline networks, nuclear energy equip-
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ment, and chemical and refrigeration systems, where the mixing process and flow instabilities di-
rectly determine downstream pressure losses, the amplitudes of temperature/velocity fluctuations,
and the structural safety margin. Compared with the commonly used intersecting configuration, an
inserted T-junction, where the branch pipe penetrates into the main pipe, induces local blockage
and a wake region, which can readily trigger vortex shedding and even a von Karman vortex street.
These phenomena can markedly alter mixing and pulsation characteristics, yet the underlying mech-
anisms and engineering implications still require a systematic synthesis. Building on a comprehen-
sive review of experimental and CFD studies, this paper classifies T-junction confluence into two cat-
egories: intersecting and inserted types and provides a comparative assessment focusing on inlet-
condition sensitivity, geometric modification strategies, and representative jet regimes governed by
the momentum ratio (Mr). Existing studies consistently indicate that Mr controls jet morphology and
dominates mixing performance; inlet pulsation and swirl can amplify temperature and velocity fluc-
tuations; and geometric modifications may improve cross-sectional uniformity but are often accom-
panied by changes in pressure loss and may reshape instability characteristics. For inserted config-
urations in particular, periodic thermal disturbances driven by wake vortex shedding are widely re-
garded as a key source of thermal-fatigue risk, and the problem becomes even more complex when
multiphase entrainment, interphase diffusion, and mass-transfer coupling are present. Future work
should prioritize high-fidelity simulations and the development of verifiable benchmark databases,
establish a unified set of evaluation metrics, and advance engineering-oriented risk assessment and
structural optimization through coupled analyses of flow, heat transfer, and structural response.
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Figure 1. Article structuring flowchart
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Figure 2. Schematic diagram of conventional (a) and inserted (b) T-junction pipes
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Figure 3. Schematic diagram of three different flow states in T-junction
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Figure 4. T-junction flow pattern-risk schematic diagram
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