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Numerical Simulation and Field Synergy Analysis of Flue Gas Condensation
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Abstract; Flue gas condensation and heat exchange is one of the key methods for industrial flue gas
waste heat recovery process. A staggered tube bundle condensation and heat exchange model was estab-
lished, and numerical simulations were conducted to investigate the effects of inlet velocity, inlet temper-
ature and inlet water vapor volume fraction on the flue gas condensation and heat exchange performance.
Furthermore, the field synergy principle was applied to deeply analyze the heat exchange process and re-
veal the coupling characteristics among the velocity field, temperature field and condensate distribution.
The results show that as the flue gas inlet velocity increases from 1 to 4 m/s, the staggered tube bundle
heat transfer coefficient and heat flux density increase by 66.4% and 95.8% , respectively. As the inlet
temperature rises from 383 to 413 K, the staggered tube bundle heat transfer coefficient and heat flux
density increase by 73.7% and 101% , respectively. When the inlet water vapor volume fraction increa-

ses from 17% to 32% , the heat transfer coefficient and heat flux density increase by 90. 8% and
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66. 6% , respectively. The front-row tube surfaces exhibit the best heat transfer performance, with the

windward side showing the strongest heat exchange effect; its maximum local heat transfer coefficient on

the windward side is up to 3.71 times that of the leeward side. Meanwhile, the multiphysics field synergy

analysis reveals strong coupling characteristics in each physical field. During the condensation process, the

heat exchange intensity on the windward side remains relatively stable, with the highest intensity occurring

at t of 1 to 2 seconds. Additionally, synergy angle analysis shows that under varying inlet conditions, the

synergy angle on the windward side is smaller than that on the leeward side and decreases by 2.7°, 1. 78°

and 2.3° with increasing inlet velocity, temperature, and water vapor volume fraction, respectively.

Key words: staggered tube bundle, flue gas properties, condensation and heat exchange, field synergy a-

nalysis
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