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Abstract

Large-eddy simulation (LES) for trans/supercritical round jet flows was conducted, using a high-resolution numerical
method (LAD/compact difference scheme), in order to clarify unique characteristics of jet flows under supercritical
pressure conditions. The unsteady flow structures such as vortical structure show no peculiar features due to the
supercritical pressure conditions, resulting in very similar vortical structures to those of general (ideal) gas jet flows
in atmospheric pressure conditions. Comparison of mean properties with a measured and an earlier computational
data demonstrates the capability of the present method to fairly represent trans/supercritical jet flow behaviors. Some
unique characteristics of supercritical jet flows, which were suggested in our previous study with two-dimensional planar
jets, are clearly observed also in the three-dimensional round jet flows by means of LES. A series of our studies on
trans/supercritical jet flows establish that the unique characteristics of supercritical jet flows appears in the transcritical
injection cases as the slower increase of mean temperature in streamwise direction and the generation of smaller flow
scales compared with other injection conditions, and further their appearances are simply and effectively explained by

T-p diagrams.
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Figure 1: Thermodynamic property with comparison
between the SRK and the ideal gas equations of state.

3. Results and Discussions
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Figure 2: Instantaneous vortical structure using Q-
criterion and vorticity component w, at the initial
stage in Case A, where ©/D=[1.9:12.7].

Comparison with measured and other data
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Figure 3: Comparison of instantaneous vortical struc-
ture using Q-criterion and vorticity component w, be-
tween Cases A and B, where x/D=[0:14.6].
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Characteristics on mean flow fields
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Figure 4: Mean density profiles on the centerline,
compared with a measured data and an earlier LES

simulation.
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Figure 5: Comparison of HWHM (jet width) with a

measured data and an earlier LES simulation.
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4. Conclusions
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Figure 6: Mean profiles on the centerline with the

effect of injection temperature.
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P1

(a) Position where fluctuation data are taken. P2 is
placed at /D = 10 and y/D = 0.5. /D = [0 : 14.7].
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(c) Power spectrum of v at P2

Figure 9: Comparison of power spectrum using veloc-

ity fluctuations.

This document is provided by JAXA.





