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Abstract

A Galilean-invariant thermal-flow coupled multiple-relaxation-time lattice Boltzmann model is developed for
complex flows involving mass injection/suction and the associated heat transport. First, based on the con-
tinuity and momentum equations with a mass source, a Galilean-invariant mass-source formulation is con-
structed in moment space within the MRT framework. Chapman-Enskog multiscale analysis demonstrates
that the proposed formulation correctly recovers the Navier-Stokes equations with mass source terms. In
the one-dimensional benchmark test, the numerical error decreases approximately as N_LB*(-2) under grid
refinement and scales approximately with q_0"2with respect to the source strength, confirming the second-
order spatial accuracy of the model. The formulation is then extended to thermally coupled mass-source
flows. Under the assumptions of a single-component fluid, constant properties, and low-Mach-number weak
compressibility, a conservative temperature equation with a heated mass source is derived from the conser-
vation laws of mass, momentum, and total energy. A corresponding MRT lattice Boltzmann model for the
temperature field is established and consistently coupled with the flow-field source formulation. To ensure
the correct recovery of the target temperature equation in the presence of body forces, spatially varying heat
sources, and background advection, two correction terms are introduced into the first-order moments of the
thermal source term, namely the temperature-force coupling term and the velocity-source coupling term. Nu-
merical results show that the proposed model effectively eliminates non-physical oscillations and anisotropic
error stripes induced by reference-frame translation. In moving mass-source tests, the global relative error
remains at or below the order of 10"(-6), corresponding to an approximately two-order-of-magnitude reduc-
tion compared with the uncorrected model. In high-wavenumber mass-source stability tests, the tolerable
amplitude of mass-source perturbations is more than three times that of the conventional SRT model. In the
global pressure-regulation test, the relative error of the average pressure remains below the order of 10"(-13).
For the two-dimensional manufactured solution with heated mass sources, the observed convergence orders
of u_x, u_y, and Tare approximately 2.08, 1.87, and 2.10, respectively, while the perturbation-based density



error gives an observed order of approximately 2.48. These results demonstrate the nearly second-order re-
covery capability of the proposed model for coupled mass-source, momentum-exchange, and heat-source
effects. The present work provides a unified, stable, and physically consistent lattice Boltzmann framework
for thermally coupled flows with mass and energy exchange, such as phase-change heat transfer, reactive
flows, injection/suction flows, and pressure-regulation problems.
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