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Document objective 

This data storage report describes the experimental program and how tests should 
be performed. The data is described so that others can use them. 
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1. Objectives 
The aim of the experimental campaign was to generate internal solitary waves 
(ISWs) in a stratification in which the upper boundary varied from open water to dif-
ferent ice types; including, nilas ice, grease ice and level ice. Specific objectives were 
to obtain accurate measurements of (i) wave amplitude, (ii) wave-induced velocity 
field, and (iii) wave speed under the varying ice conditions. In addition, measure-
ments of ice thickness and wave-induced floe speed were made. The main questions 
to address were (Q1) what is the dissipation of ISW energy under different ice condi-
tions? and (Q2) what is the effect of ISW energy on the ice dynamics? 

2. Experimental Setup 
2.1. General description & methodology 
The experiments took place in a bespoke wave flume; 6m in length, 0.47m in width 
and 0.6m in depth. The flume was built within the Arctic Environmental Test Basin 
facility at HSVA. The flume was of plexiglass construction to allow visualisation from 
the side and illumination from below. The flume was filled with homogeneous salt wa-
ter of prescribed density ρ3 = 1045 kg/m^3 to a depth “h3 before V” (see “index.xlsx” 
for values). Less dense brine solution of density ρ1 = 1025 kg/m^3 was then slowly 
added to the top of the dense salt water layer via an array of floating sponges. Con-
sequently, an interface (pycnocline) between the two fluids formed in which the den-
sity, varied as a linear function of depth z. Once the flume was stratified it was left to 
diffuse overnight. The next morning, a gate G, was inserted at the upstream end of 
the tank, 0.6m from the upstream end wall (see fig 2.1). The gate was lowered to ap-
proximately 1cm above the bed of the flume. A fixed volume, V, of water of density 
ρ1 was then added behind the gate slowly through a sponge. Due to hydrostatic bal-
ance fluid of density ρ3 was then pushed under the gate into the main section of the 
flume. Once the volume, V, had been added, the total fluid depth H was measured 
using a preset tape on the plexiglass window of the flume. 

 

Figure 2.1. Schematic diagram (not to scale) of experimental configuration. 

 

Different ice types were then added, or made at the surface as follows: 

(i) Model level ice was made in HSVA’s Large Ice Model Basin (LIMB). HSVA’s cur-
rent model level ice is frozen from a 0.7% sodium chloride solution in the natural way, 
i.e.the water/ice surface is exposed to cooled air. The preparation of the ice sheet is 
started by a seeding procedure. For this purpose water is sprayed into the cold air of 
the ice tank. The droplets freeze in the air forming small ice crystals which settle on 



 

 

the water surface. By this method the growth of a fine-grained ice of primarily colum-
nar crystal structure is initiated. Tank water which has been pressure-saturated with 
air is uniformly discharged along the tank bottom during the entire freezing process. 
Immediately after discharging, the surplus air segregates from the water and forms 
tiny air bubbles. These air bubbles whose diameter range from 200−500 microns rise 
to the ice sheet, where they are embedded into the growing ice crystals. Due to the 
embedded air the model ice is more brittle than field ice. Another advantage of the air 
content in the ice is the possibility to adjust the ice density so that the density differ-
ence between ice and water is within the natural range. Finally the embedded air 
bubbles give the model ice a white appearance. Sections were cut and removed from 
the LIMB, and then kept in a cold storage unit on boards of wood until required. The 
floes of level ice, sitting on wood, were carefully lowered into the stratification and 
then the wood slid out from beneath them. 

(ii) Grease ice was made in buckets by crushing model level ice. The grease ice was 
then carefully added to the surface of the water column using a grate and hand 
shovel. The grate was placed in the top layer of the water column, care was taken 
not to disturb the pycnocline and the grease ice was slowly poured over the grate us-
ing the hand shovel. The grate was then removed from the water column. 

(iii) Nilas ice was made by reducing the temperature in the laboratory so that the sur-
face of the water column froze. Open water sections were maintained by placing 
styrofoam at the surface during the freezing process. The styrofoam lids were re-
moved just prior to an experiment commencing. 

 

Once the ice was in place and the water column stationary, micro-conductivity sen-
sors (mounted on a traverse above the flume just upstream of the ice) were used to 
obtain instantaneous measurements of the stratification. The water column was 
seeded with neutrally-buoyant, light-reflecting tracer particles of “Pliolite” of diameter 
150-300 microns. ISWs were generated by removal of the gate which was lifted 
quickly and smoothly in the vertical direction. A beach was located at the down-
stream end of the flume. Once an experiment was finished and the water column was 
stationary, the gate, was reinserted and a fixed volume of fluid of density ρ1 was 
again added behind the gate. The micro-conductivity sensors were used again to 
measure the form of the new stratification before a second (and sometimes third) 
wave were generated and measured. 

A light source (intense LED strip passed through a double slit), was placed beneath 
the transparent base of the tank. It generated a thin, vertical column of light which 
was arranged to illuminate a two dimensional slice of the flow field in the mid-plane of 
the flume. The light source illuminated the neutrally-buoyant, light-reflecting tracer 
particles. This allowed the ensuing ISW dynamics (amplitude, speed and wave-
induced velocity field) and the ice speed to be measured using visual techniques and 
PIV. Ice thickness was measured using calipers. The water column was seeded with 
tracer particles before the ice was added and later under the ice using a thin tube. 
 

2.2. Definition of the coordinate system 

Analysis was restricted to two dimensions (x, z) where x was chosen to denote the 
horizontal direction and z the vertical direction. The origin was taken to be at the bed 
of the flume directly below the generating gate G. x=0 corresponds to the location of 
the gate and z=0 to the bed of the flume (see fig 2.1). 



 

 

2.3. Relevant fixed parameters 
 

Target Stratification 

Total fluid depth, H = 0.4 m (for first run on a given day) and 0.42 m (for second run 
on a given day). 

Density in top layer ρ1 = 1025 kg/m^3 

Density in bottom layer ρ3=1045 kg/m^3 

 

 

 

 

Wave Generating Parameters 

1st wave generating volume, V = 30 litres. 

2nd wave generating volume, V = 60 litres. 

 

Ice Types 

Nilas, Grease, Level 

 

See “index.xlsx” for actual daily parameters. 

 

3. Instrumentation and data acquisition 
3.1. Instruments 
MSCTI high precision micro-conductivity sensors (Precision Measurement Engineer-
ing, https://www.pme.com/product-categories/laboratory) were used to measure the 
stratification.   

Three UNIQ UP-1830CL-12B 2/3” 1024 x 1024 Mono 12 bit digital cameras attached 
to R64-PCE-CL-D R64e PCI Express frame grabbers were used to record the fluid 
motion. The cameras were set up outside of the flume and viewed the flow field or-
thogonally from the side. The field of view (in meters) of the cameras can be found in 
the world-coords tab of “index.xlsx”. 

A GoPro camera of type HERO 4 was set up above the flume and viewed the surface 
of the water column from above. World coordinates were not set for this camera. 

Ice instruments – calipers were used to measure ice thickness. 

To measure the temperature and the salinity of the water in the reservoirs before and 
during the experiment a measurement device of Type WTW Multi 3310 IDS equipped 
with a conductivity cell of type “WTW TetraCon 925” was used.  

To measure ice core temperature a thermometer of type “Testo – Testo 720” was 
used. 



 

 

To measure the density of the water used for stratification a generic areometer was 
used. 

3.2   Definition of time origin and instrument synchronization 
Micro-conductivity readings were taken just prior to an experiment commencing. The 
micro-conductivity probes sampled at 10,000 Hz. 

Video capture took place throughout an experiment. The cameras were arranged so 
that they had overlapping fields of view and a light source was used such that the 
cameras can be synchronised in time.  

The Uniq cameras sampled at 30 frames a second. 

The GoPro camera sampled at 23 frames a second with the exception of day 
11/04/2018 when it was higher sampling at 119 frames a second.  

3.3   Measured parameters 

The micro-conductivity sensors were mounted on a traverse system with a potenti-
ometer. The measured data from the sensors can be found in the file “probe_data”. 
The data is recorded in files named “strat_main_date_run.lvm”. The first column is 
measured voltage and the second column is measured conductivity. Later columns 
are ghost readings. The data can be converted to height z (m) and density rho 
(kg/m^3) using the corresponding Matlab file “strat_main_date_run.m”. 

The Uniq cameras made a digital record of the fluid motion, the images show light 
intensity reflected by the neutrally buoyant tracer particles. The unprocessed files are 
saved as .dfm files. These files need the software package DigiFlow to be viewed 
and processed. To share data and aid interested parties the author has posted .avi 
conversions of the raw experimental movies. The coordinates/dimension of the im-
age can be set by consulting the “world-coords” tab in “index.xlsx”. The time code for 
a given movie can be found in the “DigiFlow” tab in “index.xlsx” where the time cut 
from an avi is recorded from a common time origin. In this way cameras can be 
synched in both space and time if need be. 

The room temperature of the AETB was recorded continuously during the campaign. 
The temperatures were logged in a .pwl-file and are also provided as .txt-file for easy 
access. Each file contains 10 channels; first channel is the date given in dd.mm.yyyy-
format, second channel is the time given in hh,mm,ss-format, the remaining channels 
give the temperature (in degree C) in the room at different locations as depicted in 
figure 3.1. 



 

 

 

Fig 3.1. Position of air temperature sensors within the AETB. 

Also the water temperature (in degree C) in the flume was recorded continuously dur-
ing the campaign. The temperatures were also logged in a .pwl-file and are also pro-
vided as .txt-file for easy access. Each file contains 10 channels; first channel is the 
date given in dd.mm.yyyy-format, second channel is the time given in hh,mm,ss-
format, the remaining channels give the temperature in the flume at different water 
depth according to the table below. A photo of the arrangement is given in fig 3.2. 

Channel name Height above base of flume [cm] 

Ch 1 55 (air) 

Ch 2 50 (air) 

Ch 3 42,5 (air, sometimes water) 

Ch 4 37,5 (water usually top layer) 

Ch 5 27,5 (water usually bottom layer) 

Ch 6 17,5 (water bottom layer) 

Ch 7 10 (water bottom layer) 

Ch 8 5 (water bottom layer) 

 



 

 

 

Fig 3.2. Water temperature measuring device. 

4. Experimental Programme 
The table below provides a summary of the experimental runs. “Date” is the date of 
the experiment, “Run” is the run number for a given day, “Ice type” provides a sum-
mary of the ice type (further details of the ice can be found in the “ice properties” tab 
of the file “index.xlsx”), “h3”, “h2”, “h1” are the stratification layer thicknesses as de-
tailed in fig 2.1. H is the total fluid depth and V is the wave generating volume of fluid 
added behind the gate. 

 

Date Run Ice type h3 h2 h1 H V

100418 1 Nilas smooth & thin - whole surface covered 0.322 0.035 0.043 0.399 31

2 Nilas thick & rough - whole surface covered 0.307 0.037 0.068 0.412 31

3 Grease - whole surface covered 0.276 0.057 0.090 0.424 31

120418 1 Grease – surface part ially covered 0.323 0.031 0.044 0.399 31

2 Grease – surface part ially covered 0.330 0.035 0.055 0.420 60

170418 1 Nilas – surface part ially covered but f ixed in x 0.321 0.035 0.044 0.400 31

2 Nilas – surface part ially covered but f ixed in x 0.332 0.030 0.057 0.420 60

180418 1 Level thin – surface part ially covered, free to move 0.316 0.038 0.047 0.401 30

2 Level thin – surface part ially covered, free to move 0.323 0.042 0.055 0.421 60

190418 1 Level thick -surface part ially covered, free to move 0.302 0.060 0.045 0.406 31

2 Level thick -surface part ially covered, free to move 0.314 0.059 0.053 0.426 61

3 Level thick and double length 0.313 0.056 0.083 0.452 60



 

 

5. Data post-processing 
No filtering has been performed. Post-processed data will be published in archived 
literature. 

6. Organization of data files 
The data files are organized into directories 01_Data, 02_Pictures, 03_Videos and an 
index file provides daily measurements and some post captured measurements as 
detailed below.  

01_Data contains the following sub directories: 

• HSVA_Temperature_Room  contains time series measurements of tempera-
ture in the laboratory as measured by fixed installed temperature sensors in 
the lab. The temperature in the lab can be linked to a given experiment by 
consulting the date and time code on an experimental movie. 

• HSVA_Temperature_Flume contains time series of measurements of tem-
perature within the flume (some measurements are in air, others are in wa-
ter). The temperature in the flume can be linked to a given experiment by 
consulting the date and time code on an experimental movie. 

• HSVA_Ice_Data contains subdirectories with dates where some ice proper-
ties are stored (text files). These are just for additional information. 

• Camera1_PIV through to Camera3_PIV contain subdirectories in which the 
raw experimental movies as captured by the UNIQ cameras for a given date 
and run can be found. The majority of files within these folders need the soft-
ware package DigiFlow to be viewed. Exported .avi’s have been saved in the 
relevant directory and naming convention followed so that all users can view 
the raw experimental images. 

• probedata contains the measurements from the micro-conductivity sensors 
as detailed above. 

 

02_Pictures contains: 

•  Photos taken by Users with their personal hand-held cameras. 

•  These folders may also contain video files taken by personal cameras. 

 

03_Videos contains: 

•  Videos captured by the GoPro camera (showing a plan view of the experi-
ment) 

•  These folders also contain video files taken by personal cameras. 

 

The file named “index.xlxs” contains further information that will allow users to syn-
chronise data and read daily commentary on the experiments. Index.xlxs has the fol-
lowing tabs 



 

 

• index – this details the stratification for a given day and any remarks on what 
was observed and the order in which things were set up. 

• GoPro – this summarises which GoPro files are the most appropriate to look 
at. 

• DigiFlow- This details the time cut off the experimental movies; it allows the 
cameras to be synched in time. 

• world_coords – this gives the dimension/cordinates of the field of view of a 
camera; it allows images to be synched in space. 

• Ice edge – this gives measurements of wave-induced ice floe speed. 

• amp_speed – this gives measurement of wave amplitude and wave speed. 

• ice properties – this gives details of daily ice properties. 

• summary – this summarises stratification measurements, wave measure-
ments and ice observations. 


