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IN their recent article, Galperin and Kantha1 present a tur-
bulence model that has been successfully applied to the pre-

diction of atmospheric boundary-layer flows and propose that
the model is suitable for the prediction of rotating flows in tur-
bomachinery. The model proposed by Galperin and Kantha is
an algebraic Reynolds stress model derived from the quasie-
quilibrium form of the exact Reynolds stress transport equa-
tions. Because the model is derived from the Reynolds stress
transport equations, the direct effect of rotation on the
Reynolds stresses is accounted for without approximation.
This is one of the major strengths of the proposed turbulence
model.

However, rotation does not only affect the Reynolds
stresses directly through the mechanism included in the
Reynolds stress transport equations. It also directly affects the
dissipation rate of turbulent kinetic energy and therefore af-
fects the turbulence time and length scales. The decay of ho-
mogeneous turbulence in solid-body rotation has been defini-
tively studied in the experimental work reported by Wigeland
and Nagib.2 Their results indicate that rotation acts to de-
crease the dissipation rate of turbulent kinetic energy in homo-
geneous turbulence. The large-eddy simulations of Bardina et
al.3 confirm the findings of Wigeland and Nagib.

The effects of rotation on homogeneous turbulence indicate
that the dissipation equation (or corresponding length scale

equation of Galperin and Kantha) must include a term ac-
counting for rotation. Bardina et al. present a correction term
that accounts for rotation in the dissipation equation. Their
correction term indicates that rotation has a significant effect
on the dissipation rate when the ratio of the turbulence time
scale to the period of rotation is significantly greater than 1.
Stubley and Riopelle4 show that for flows in the atmospheric
boundary layer, the period of the Earth's rotation is suffi-
ciently long so that rotation has no significant effect on the
dissipation rate. However, in high-speed turbomachinery it is
possible that the ratio of the turbulence time scale to the
period of rotation can become large enough that the dissipa-
tion rate is significantly affected by the rotation.

The lack of a universal theory or model for turbulence re-
quires that care be taken when applying a turbulence model
developed for atmospheric flows to turbomachinery flows.
Until the effect of rotation on the dissipation of turbulent ki-
netic energy and its prognostic equation is quantified for tur-
bomachinery flows, the model presented by Galperin and
Kantha should be used with caution when predicting turbo-
machinery flows.
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