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ABSTRACT: The direct numerical simulation method was
applied to an industrial scale entrained flow coal gasification
radiant syngas cooler (RSC) to simulate three-dimensional
multiphase flow field and temperature field. The realizable k-&
turbulence model was employed for calculating gas flow field
while discrete random walk model was applied to trace of the
particles, and the interaction between gas-particles was
considered by two-way turbulence coupling model. The
radiative properties of syngas mixture were calculated by
weighted-sum-of-gray-gases (WSGG) model. The Ranz-
Marshall correlation for Nusselt number was used to account
for convection heat transfer between gas phase and particles.
The discrete ordinates model (DOM) was used for modeling of
the radiative heat transfer, and the effect of ash/slag particles on
radiative heat transfer was considered. The results show that a
torch shape inlet jet is formed in RSC, and its length decreases
with the diameter of central channel. The recirculation zones
appear around inlet jet, top and bottom of RSC. Overall
temperature decreases with the heat transfer surface of fins. But
the risk probability of slagging will increase with the heat
transfer surface of fins. The model was validated by
comparison with the industrial plant measurement data.
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Fig. 1 Radiant syngas cooler
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Fig. 2 Calculation domain of the RSC
composed of hexahedral mesh
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