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Convective heat transfer optimization in a circular tube

based on local exergy destruction minimization
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5. Conclusions

The equilibrium equation of available potential is obtained, in
which the local exergy destruction rate is defined to express the
irreversibility loss of the convective heat transfer process.
Different from the surface-based heat transfer enhancement

method, the fluid-based method is put forward by considering
both thermal and flow resistances. The optimal mathematical
model is constructed by the two-region method to reflect the prin-
ciple of fluid-based heat transfer enhancement. By numerically
solving the governing equation deduced through functional varia-
tion for Lagrange function, the optimal velocity field is obtained.
The theoretical analysis is benefit to the high-efficiency and
low-resistance heat transfer enhancement technologies. Specific
conclusions are summarized as follows.

(1) Available potential represents the energy grade of the fluid,
and its equilibrium equation expresses the transport process
of available energy. By reducing the exergy destruction of
the fluid, the irreversibility of transport process can be
decreased.

(2) An optimization method of convective heat transfer is con-
structed by setting exergy destruction rate as optimization
objective in the core flow and fluid power consumption as
optimization objective in the boundary flow in a circular
tube, which supports the principle of fluid-based heat trans-
fer enhancement.
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