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LABORATORY SIMULATION OF HYDROTHERMAL PLUMES
EVOLUTION IN THE STRATIFIED BACKGROUND

QU Ling, GUO Shuang-Xi, LU Yuan-Zheng, CEN Xian-Rong, ZHOU Sheng-Qi

(State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology Chinese Academy of Sciences,
Guangzhou 510301, China)

Abstract In the mid-ocean ridge, there are usually a large number of submarine chimneys, riching in a variety of
minerals hydrothermal plume, to provide heat and minerals for the ocean. In order to study the dynamic characteristics of
these hydrothermal plumes and their interaction with the surrounding seawater, we report the results of an experimental
study of the plume generated from a small heat source under a stable stratified environment in the laboratory. To carry out
the experiment, a small heating resistance supply heat flux to the fluid continuously. Particle image velocimetry is used for
the velocity field measurement, while thermal probes measure the temperatures at local positions. The instantaneous
velocity fields support credible information to identify the characters of plume and the interaction with the stratified
environment. The stratification prevents vertical rising and lateral extension of plume. In the existence of plume, the
surrounding flow shows oscillating feature, which has a comparable frequency (0.10—0.35rad/s) with the background
buoyancy frequency (0.20—0.30rad/s). Based on the results of entrainment coefficient «, it is found that the intension of
mixing between plume and pure water, and recognize that the intense mixing is vigorous around the heat source and the
plume’s head. The mixing between the plume and the pure water mainly takes places below the neutral buoyancy layer.
The mixing strength is characerized by the entrainment coefficient a. a varies from —0.30 to 0.13, and decreases with the
increasing height. In order to study the budget of turbulent kinetic energy, the turbulent dissipation rate € of the plume is
calculated. It is found that the the plume stem has the largest dissipation rate in the vertical direction. It presents Gaussian
distribution with peak at the central area in the horizontal direction.

Key words hydrothermal plumes; velocity field; oscillation of temperature; dissipation rate; entrainment rate
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