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a b s t r a c t

Hydrodynamic instabilities play an important role in the design of those systems operated at high tem-
perature and pressure. The creation and propagation of Kelvin–Helmholtz (KH) instabilities has been
experimentally investigated here for the first time in condensable fluids i.e. steam and water. Generally,
in case of these condensable fluids the instabilities are so much short lived that it’s very difficult to record
them. Here the instabilities occurred in the close vicinity of the steam–water interface, were attributed
mainly to the temperature fluctuations of micro scale or less. Supersonic steam was injected inside the
subcooled water at inlet pressure varying from 1.5 bar to 3.0 bar by using a specially designed supersonic
nozzle, whereas temperature of water inside the vessel was raised from 30 �C to 60 �C at an increment of
50 each. Kelvin–Helmholtz instabilities in the form of minor as well as amplified transient temperature
fluctuations were recorded using a specially designed apparatus that uses LM35 sensors and data acqui-
sition system. This system is capable to record temperatures at a rate of one millisecond and was also
capable to record the temperatures anywhere inside the vessel. It was also found out that the instabilities
created at the interface propagated towards the axis of the geometry as well as these instabilities were
strongly affected by change in tank water temperature and inlet pressure.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Injection of steam jet into subcooled water tank has been the
subject of study for the last two decades because of its numerous
applications in nuclear and process industry. When steam and
water come into direct contact with each other, an interface occurs
between the two phases. The phenomenon of steam water interac-
tion becomes very complicated due to the existence of this steam
water interface in such flows. The behavior of steam–water inter-
face is difficult to be captured theoretically, experimentally and/
or computationally because of its unstable nature. In addition to
having unstable nature, occurrence of a transport of heat, mass
and momentum across this interface makes the process more
complicated.

The study of steam water interface is important because the
unstable nature of the interface may result into the formation of

hydrodynamic instabilities and the condensation of steam across
the interface on macro scale may lead to condensation induced
water hammer inside the piping system of a nuclear power plant.
The hydrodynamic instability at steam water interface along with
water hammering due to condensation may cause a severe impact
on the safe operation of nuclear power plant, especially under acci-
dental conditions. Therefore, a detailed study is required to fully
understand the behavior of steam–water interface.

The hydrodynamic instabilities in Direct Contact Condensation
(DCC) are generally short lived and damped by the surrounding
water. As a result the pressure and temperature shocks transform
into hydrodynamic fluctuations of micro scale. The interface, at
which these instabilities emerge and propagate, is considered a
zero thickness surface as discussed by Shah et al. [1]. The fluctua-
tions that occur at the interface and its vicinity are so much higher
in amplitude, short lived and complicated that these are almost
impossible to be modeled, simulated and difficult to observe
experimentally. Therefore, till the date, the theoretical, computa-
tional and or experimental efforts to investigate the hydrodynamic
instabilities formation and propagation particularly within con-
densable fluids are scarce. However, the interfacial instabilities of
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