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Small-scale instabilities in rotating and stratified fluids

Professor Manikandan Mathur
Department of Aerospace Engineering

Indian Institute of Technology Madras, Chennai, India.

Internal waves play a significant role in promoting vertical mixing in the ocean,
and hence contributing to the global circulation and energy budget. In this
joint research, we study the evolution of small-amplitude and short-wavelength
instabilities in internal waves using a local stability method and Direct Numerical
Simulations. The investigation is motivated by the dynamics of inertial-gravity
waves in the ocean, which are well-described within a Cartesian geometry for
processes that do not extend over vast latitudinal or longitudinal ranges. The
plots of growth rates were made in the perturbation space for the base flow
inertia-gravity wave parameters (ω/N, ω/f and A), where ω is the frequency of the
base wave, N is the buoyancy frequency, f is the Coriolis parameter and A is the
non-dimensional amplitude. Figure 1 shows the growth rates for ω/N = 0.25, A = 1
and ω/f = 1.5, 2.1, 5. Clear instability bands are observed on the perturbation
parameter space. For a given base inertial-gravity wave, the dominant instability
has also been identified for the perturbations for which the growth rate is max-
imum. These results are being prepared for a research article in the Journal of
Fluid Mechanics. Direct numerical Simulations of turbulence and mixing induced
by short-wavelength instabilities in inertia-gravity waves have been discussed and
planned to be performed in 2024.

FIG. 1: Growth rate (σ) non dimensionalized by ω, as a function of perturbation wave vector
orientations φ0 (deg.) and θ0 (deg.) for ω/f = 1.5, 2.1, 5 (column-wise) and A = 1, with

ω/N = 0.025.

Local stability analysis was also conducted in the limit of internal waves with
rotation and no stratification, namely inertial waves. At sufficiently small am-
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plitude, three-dimensional parametric subharmonic instability (PSI) is the only
instability mechanism. As the amplitude is increased, theoretical PSI estimates
become less relevant in describing the instability characteristics, and the dominant
instability transitions to two-dimensional shear-aligned instability, which is shown
to be driven by third-order resonance. The dominant instability characteristics are
shown in figure 2. The results of this work have been accepted for publication in
the Journal of Fluid Mechanics. The discussions with Dr. Yohei Onuki through
the RIAM joint research program have been acknowledged in the paper.

FIG. 2: Dominant instability diagram for an inertial wave. (a) Maximum growth rate σ∗ as a
function of Φ and A, and the corresponding (b) θ∗0 and (c) φ∗

0 at which the maximum growth rate
occurs. (d) Angle between the inertial wave vector and the most unstable perturbation wave

vector, |Φ− φ∗
0|, as a function of Φ and A.
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Professor Manikandan Mathur had a successful visit to RIAM, Kyushu University
from 23rd September to 5th October, 2023, and held several collaborative research
discussions with Dr. Yohei Onuki and colleagues. The visit started with participa-
tion in The Oceanographic Society of Japan, Fall Meeting (9/24-28, 2023) 2023 Fall
Meeting of the Oceanographic Society of Japan was held at Kyoto University. Re-
search discussions were focused on short-wavelength instabilities in inertia-gravity
waves, and a clear roadmap for theoretical calculations has been developed. Pro-
fessor Manikandan Mathur gave a talk on “Instabilities in internal gravity waves”
and also held discussions with several researchers at RIAM. Dr. Shinichiro Kida,
RIAM, Kyushu University was hosted for an online seminar on “River-Ocean Inter-
action of the Ganges-Brahmaputra-Meghna Delta” at the Geophysical Flows Lab,
IIT Madras. Some photos from Manikandan Mathur’s visit to RIAM are included
below.

FIG. 3: (a) Professor Manikandan Mathuir with Prof Yohei Onuki at an experimental waves facility
in RIAM, Kyushu University. (b) Brainstorming sessions on the interaction between internal waves

and Kuroshio current.

FIG. 4: (a) Discussions at RIAM, Kyushu University (b) Professor Manikandan Mathur presenting
a seminar at RIAM, Kyushu University.
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