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Project background:
Often the strong currents encountered in the ocean are jets, i.e. their longitudinal scale far exceeds the transverse

one. From numerous seamen accounts and insurer records it has been known for long time that rogue waves events
are particularly frequent on certain jet currents, e.g. on notorious in this respect Agulhas current. Despite the
progress of engineering, unpredicted and assumed to be unpredictable extreme waves in the ocean remain a serious
danger for ships and offshore structures. For example, in recent years there was a number of accidents with large
ships resulting in pollution of large sea and coastal areas, substantial ship damage and loss of life. With energy
production and oil/gas extraction moving offshore (wind farms, wave-energy devices, oil rigs, etc) the installations
have to be able to withstand waves not only to preserve human lives, but to avoid ecological disasters, to maintain
the continuity of the energy supply and just to remain economically viable. The UK, as an island trading nation,
increasingly depends on ever expanding shipping and offshore activities. Loss of life, disruption (even temporary)
of supply lines or of offshore energy production have become totally (morally and economically) unacceptable. In
the UK context the most recent accident where interplay of waves and a strong jet current (possibly) played a role
occurred on 2 January 2015: a cargo ship ”Cemfjord” capsized in the Pentland Firth off the north-east coast of
Scotland with the loss of her eight crew members without a distress call. The full theoretical explanation of the
mechanisms of prevalence of major accidents in the areas of strong jet currents is still lacking, which is due to our
overall poor understanding of wave nonlinear evolution on currents. The established way of theoretical treatment
of waves on currents is fundamentally flawed. It is implicitly assumed that the nonlinear interactions remain the
same as in the absence of currents and just adjust adiabatically, which, as simple estimates show, is usually not
true. Hence a new paradigm for waves on currents is needed. To address this gap a new systematic asymptotic
theory of waves dynamics on jet currents is being developed, the first key results have been published in [1,2].

The key role in the new picture of wave dynamics on jet currents is played by trapped modes, which always exist
on jet currents whatever the parameters. The trapped modes themselves (rather than comprising them harmonic
components) participate in the nonlinear interactions. The properties of resonant interactions differ qualitatively
from those between the waves in the absence of a jet current. In particular, three-wave interactions are always
allowed in deep water, which has hugely important implications in the rogue wave context.

From the perspective of rogue wave occurrence we have identified several new mechanisms which have no
analogues in the absence of transversely localized currents. Here we mention just three effects.

Rogue waves are intrinsically random, by the definition they emerge out of nowhere; the consensus is that
rogue wave events cannot be deterministically predicted. However in the new picture thanks to the allowed triad
resonances the rogue waves on currents generate small amplitude infra-gravity which propagate much faster and
can be (in principle) detected and serve as precursors of freak wave. This makes the deterministic forecasting of
rogue waves on jets currents possible, at least in principle.

In the absence of currents localized envelope groups of water waves are intrinsically transversely unstable and
therefore short-lived. On jet currents robust long-lived fully localized envelope solitary waves ( called lumps) we
recently found (as solutions of fully nonlinear Euler equations) [2]. Such long-lived lumps one the one hand are
quite nontrivial feature of great independent interest from mathematical perspective, on the other hand, in the
rogue wave context their long-lived character dramatically increases chances of encountering such a lump.

One of the strongest mechanisms of wave current-interaction is ”blockage” which was intensely studied for waves
on transversely uniform currents. However for such currents the blockage is possible for relatively short waves since
even the strongest oceanic currents are weak compared to the typical group velocities of dominant wind waves and
swell. For trapped waves on jet currents the blockage is allowed for much wider range of scales.

While these effects, as well as other aspects of wave dynamics on jet currents, are continued to be pursued
theoretically, there are aspects which are close to impossible to resolve theoretically. In the community of potential
users there is also a deep rooted suspicion of theoretical predictions, especially if they radically depart from the
received wisdom. This slows down the transfer of knowledge to a halt. Hence it is highly desirable to model the new
phenomena in laboratory. There have been no attempts to model wave dynamics on jet currents in a laboratory



facility. The main reason it has not been done so far is that it is very difficult indeed to create a strong relatively
longitudinally uniform jet-like current in a tank. The main aim of this feasibility project is to find the best way to
create jet currents in laboratory flume suitable for studies of specific wave-current interaction mechanisms.

Project objectives:
1) To examine feasibility of various possible options to create strong jet currents in laboratory flume and to find

the most suitable for studies of wave-current interaction.
2) To develop measurement system suitable for characterisation of both currents and waves.

Key project outcomes:
1. We have overcome the challenge of creating a strong jet current in a laboratory flume. A range of jet currents

varying in strength (up to 20 cm/s) has been produced. We’ve also found a way to control the parameters of
the jets. The created currents are sufficiently localised in transverse direction (there is a an order of magnitude
difference in current velocities at the walls) and, crucially, are only mildly nonuniform in the longitudinal direction,
which allows us to study formation and evolution of trapped surface waves.

2. Accurate measurements of the current profiles used to be an unresolved problem in laboratory experiments.
This difficulty has been overcome by bespoken PIV system which provides an accurate and efficient way of monitoring
the current profiles.

3. We’ve found a way to generate water waves trapped on the jet with desirable characteristics. The localisation
of the trapped wave on the jet is so good, that the wave does not feel the outer wall of the tank, which a posteriori
justifies the adopted approach. Thus, we’ve shown that evolution of trapped modes can be studied in a narrow
tank. The developed bespoke optical measurement system enables us to measure surface elevation slopes with very
high accuracy. It shows that the wave amplitude at the outer wall vanish.

4. It has been demonstrated that the localisation of the trapped waves propagating against the jet current
increases with the distance from the wavemaker. Wave steepness also increases with the distance up to a point,
then the waves rapidly disappear. Thus we have been the first to observed blockage of trapped modes. At the point
of blockage the steepness might increase up to its critical value, which results in breaking.

5. Thus, we’ve demonstrated the feasibility of studies of specific wave-current interaction mechanisms in a rela-
tively narrow wave tank. The results already obtained provide a basis for a paper (in preparation) and an EPSRC
proposal.

Project description:
Experimental setup - formation of a laminar jet.
An experimental challenge was to organize a smooth water current in the opposite directed to the wave propagation
and with transversal velocity gradient. We considered a few experimental setup configurations and chose one shown
in Fig.1 below. It is based on an existent flume in the School of Environmental Science, University of Hull. The
flume is of 0.3 meter width and has an overall length about 8 meters. It was filled with tap water to the depth 10
cm. The recirculating water enters the flume from left as shown in Fig.1. Flow is driven by a digitally controlled

Figure 1: Experimental Flume

pump. The surface waves are generated at opposite side of the flume by a flat paddle driven by a motor with
a crank mechanism. This is the powerful, but not a sufficiently flexible wavemaker. In special cases, such as
generation of wave trains or waves propagating at an angle to the flume axis, we use the wavemaker controlled by



an electromagnetic shaker with the digital arbitrary waveform generator. To organize a structured laminar flow
with a low level of turbulent pulsations and the transversal velocity gradient we built a stack of vertical plates
shown in Fig.1.

Measurements of flow and waves.
Velocity profiles, v(x, z) (where x− is transversal and z− longitudinal coordinates in the flume), were measured
using a home made PIV system consisting a CW-laser creating a laser sheet across the flume width parallel to the
water surface at the depth 20 mm. A digital camera acquired images at frequency 100 Hz. The recorded sets of
images were processed using the Dantec PIV software.

Figure 2: Velocity profiles

Wave amplitudes were measured by used different methods. In one we used a pulsed PIV laser light sheet
perpendicular to the water surface and the central axis of the flume. A small amount of fluorescent Rhodamine dye
was added to water. Fluorescent images of the vertical flow cross section were registered by the camera synchronized
with the laser pulses at sampling frequency 30 Hz. In the following post processing the boundary of water was
detected from the each image forming a line of surface elevation as a function of transversal coordinate and time
η(x, t). Since the wave amplitudes were not large, this method was not sensitive enough, although it provides some
useful information about transversal wave profiles. A much more sensitive method we employed used a set of fixed
laser pointers (7 items) and measurements beam reflection angles from water surface.

Figure 3: Wave amplitudes transversal profiles for no-flow and jet conditions

Spatial distribution of jet flow and waves.
The typical profiles of flow velocity are shown in Fig.2. These profiles were measured at distances 1.4, 2 and 3

meters from the flow separator with averaging time 10 seconds. Red lines correspond to the longitudinal and blue
transversal components of velocity. As one can see the profile geometry, width to height ratio, does not change
significantly with distance though the velocity maximum drops about 2 times over 1.5 meter. Despite observed
decay of the jet flow we observed significant impact on wave propagation in a counter flow direction. A visual
demonstration of waves suppressed by the opposite jet is presented in Fig. 3 where left picture shows the wave pro-



file at the flume side where the jet is strong and right part of figure shows almost flat water profile. More can be seen
in Fig. 4 where red dots show almost flat profile for the case of no flow and green line demonstrates both deep sup-
pression of the wave at the region were flow velocity is small and increased in the area where the jet is at maximum.

Figure 4: Velocity profiles at 1.5, 2 and 3 meters from the separator.

Potential for initiating or developing future multidisciplinary collaborations:
There is a potential for a detailed experimental modelling of random waves trapped by a jet current. There

are grounds to expect wave elevation statistics to differ qualitatively from wave statistics in still water. In the long
term such problems have to be examined jointly with naval architects, national agencies setting standards for ship
design and insurance companies. In the short term these issues have to be thoroughly investigated. At present we
showed just feasibility of such a study. To carry it out we plan to seek funding from EPSRC.
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