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INVESTIGATION OF THE VARIABILITY
OF LOCAL ICE STRENGTH BY EXPOSURE
TO THE SPECTRUM OF INFRARED
RADIATION OF VARIOUS LENGTHS

O6’cxmom docnixcenms € 63aemo0is cCnekmpy iHdpauepsonozo GuUNpPoMiniosais 3 wodom. Poboma 6yra cnpsi-
MOBANA HA BUSNAUEHIS UIET 63AEMO0IT 0Lt MONCAUBOCTE 6E3NEUN020 NPOXOONCEHI MAPUPYMY CYOAMU IH0O00B0Z0
KAACY camocmiino abo 6 ckiadi Kapasany 6 nepiod 3umosoi Hagizayii, 8 3amep3auux aKeamopiix HeapKmuuHux
MOpi6 1 piuok, nianosano i 6e3 sampumox. /s supiwenis ybo2o 3a60anis 6 x00i 00CIONCCHHI BUKOPUCTIOBY-
ganucs Koepiyienmu nodibnocmi, pieHi po3paxo6anuM, i GUSHAUALUCS MEMNePaAmypHi tHmepeaiu, 6i0nosioni
obpanum duckpemuum inmepeaiam mosuunu 1vody. O6podra danux 1a6opamopnux eunpodyeans 3600UIACs 00
CMAMUCTMUYHOZ0 ANANI3Y, MEMOTO K020 € GUSHAUEHIS CMAMUCTRUYHUX XAPAKMEPUCTIUK 00CHLONCYBANUX BCTUUUIL.
A maxodc 6cmanosaenis Kopersuyitinux 36 a3xi6 mis 00CAL0NCYBANUMU BEUUUHAMU | OUIHKOIO 3HAUEH MIYHOCNI
00y Mmanoi sabesneuenocmi. Lle nog’s3ano 3 Memoio 6CMAH0BACHIS PEZPECUBHUX 3ANCHCHOCTRETL, U0 NOB A3YI0MD
Mednci MiyHocmi 1bo0y i 11020 MeMnepamypy, COAOHICMy, d MAKoNC wiiviicmy. [l supiwenns anaioziunoi sadaui
DISHUMU HAYKOBUMU 2PYNAMU NPOBOOUNUCS HamypHi D0CaiONcens i sunpobysanis kpuzoiamom </lixcons (Pocis)
3 pisanis 100y CMpymenem memMnepamypio-axmugosanoi 600u ado 1a3epuum UNPOMIHIOBANHIM NOMYNICHICTIO
6id 30 do 200 kBm, sixe nepedacmvpcs no ONMUKO-B0JOKOHHOMY Kabeio.

Y nopiensani 3 posensymumu cnocobamu, SKi Mamo HeOoNKU 8 HACIYNHOMY:

— MOOILHICMD NPUCMPOis;

— 8aza npucmpois;

— besnepebitine sabe3neuenis UNPOMIHIOBAUa 00CUMb BEUKOI0 NOMYNICHICTNIO NPOMALZOM HEGUSHAUECHOZ0 UACY;

— OMPUMAHHS KUNASAHOL 600U, AKA YMEOPIOEMBCS NPU JIA3CPHOMY PI3aiii 1600y, U0, 8 C0I0 UeP2y, NPU HUSDKUX
308HIWHIX MEMNEPAMYPAx NOGIMmps 3abes3neuye weuoke 3powenis MiCus po3pisy, axke cmae nabazamo miyniue;

— nopizani 1asepom WMamxy ivody 6 mexcax xanaiy o6yoymo wmu nio cyono. Ilpu nasenocmi marux eaubun
Ue Modce 3YnUNUMU PYx cyona abo cmeopumu 3azpo3y NOUKOONceHHs KOPNYcy cyoua. 3ae0sxu pesyivmamam
Q0CIONCEND € MONCIUBUM CMEOPEHIHS eKCNePUMEHMALLHOL CAMOXION0T A8MOMAMUI0BAHOT YCMANOBKU 0L PYUHY-
ganis 100y 3amMeP3adux aKeamopiil i Ha nioXiOHUX Kanaiax 0o nopmy, aka 00360J15€:

— Ha nepwomy emani pobomu pas3’ mazuamu iio;

— na opyzomy — 1020 pisamu,

— Ha MPemvoMy emani — nepemeopiosamu 1ozo é 600y.

Kmouosi cnosa: sumosa nasizayis, ingppauepeoie UNPOMINIOBAHISL, CNEKMY NO2IUNANNHS Tb00Y, NPOXIOHICMb
cyodis, nasepue pisanis 1vooy.
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ice movement. Therefore, it is relevant to conduct re-
search aimed at ensuring independent navigation of vessels

1. Introduction

The ice situation in the eastern part of the Black
and Azov Seas (Ukraine) lasts from three to five months
a year. The experience of independent navigation of ships
and ice pilotage of ship caravans at that time showed
a very high percentage of damage to ship hulls as a result
of ice movements and ice compression [1]. Due to such
circumstances, navigation safety is not guaranteed, and ice
navigation becomes risky. The results of studies on the
possible use of various technical means for piloting and
facilitating the navigation of ships in ice conditions are
presented in many published scientific papers, for example,
in [2—4]. But experiments conducted by the authors of
these works do not take into account shallow depths and

and as part of ship caravans in the Azov Sea and in the
coastal eastern regions of the Black Sea. Thus, the object
of research is the effect of infrared radiation of different
wavelengths on ice. And the aim of the first stage of the
work is studying the temperature distribution in the ice
section when it is irradiated with infrared radiation with
different wavelengths.

2. Methods of research

In the laboratory, mercury laboratory thermometers
with a scale of 0.2 °C were installed in the interior of the
frozen ice. When ice was irradiated with infrared radiation
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with a different wavelength coming from a manufactured
adjustable infrared device, the temperature was recorded
on each thermometer depending on the exposure time and
the temperature of the source of the infrared emitter.

3. Research results and discussion

The readings of the above thermometers are entered
in Tables 1-10.

As a result of the analysis of the obtained data, changes
were found in the optical and mechanical properties of
ice, worsening its strength characteristics, both on the
surface and inside (Fig. 1). It was also found that the
speed of ice melting when exposed to infrared radiation is
insufficient for the passage of a vessel in ice with a given
speed. Therefore, in addition to the effects of infrared
radiation, softening the ice, it is necessary to investigate
the installation of its mechanical grinding and melting.
Taking into account the fact that the resistance of ice to
a slice has the smallest parameter (Table 1), it is most
advisable to study a mechanical device operating on a slice,
determining the optimal speed of rotation and cutting of
ice. Since this parameter is functionally related to the
speed of the vessel in ice (2—3 knots). In the considered
option, the method and a special manipulator device are
studied in a laboratory, which will work in tandem with
the vessel for its safe passage in the places of formation
of hummock, solid and drifting ice with a thickness of
0.4—0.5 m. When the ice thickness is exceeded more than
10-15 see, a remotely controlled manipulator device is
lowered onto the ice and moving along a given route
carries out thermal destruction of the internal part of the
ice by infrared radiation (A=4 pm). At the same time, it
crushes it with a special rotating and cutting ice device
with cutters, reducing ice loads on the ship’s hull and
ensuring a safe possible speed of the ship (2—3 knots)
along the laid route. Rapid melting of crushed ice at low
ambient temperatures and an increase in the time it is in
the unfrozen state is ensured by an additional infrared
emitter with A=3 pm, located behind a special rotating
device. Also, this emitter prevents an increase in ice hard-
ness upon repeated freezing of crushed ice.

Since the resistance of the ice to the slice is approxi-
mately 2 times less than the rupture and 4 times less
than the crushing [5] (Table 1), it is most advisable to
consider and investigate the device working on the slice
and determine the optimal speed for cutting ice. This pa-
rameter is functionally related to the speed of the vessel,
the relief of the true thickness of the ice, and the relief
of the temperature field of the ice cover [6].

Table 1

Some properties of ice

Resistance property Value, MN/m? Note

Crush 2.5 Polycrystalline ice
Tensile 1.11 Polycrystalline ice
Cut 0.57 Polycrystalline ice

At the first stage of the experiment, studies were carried
out on the interaction of the infrared radiation spectrum
on ice. According to the Wien formula [7], a tempera-
ture range was determined and an adjustable installation

of radiant energy was made. Such a setting has a black
factor close to unity. This means that most of the ther-
mal energy is converted into a stream of electromagnetic
waves [8]. The flow of electromagnetic radiation from
a distance of 200 m was directed onto the ice plane, the
wavelength changed and with the help of mercury labora-
tory thermometers the temperature was recorded in four
places evenly separated from each other by thermometers.

The results are shown in Tables 2—-10, and the tem-
perature distribution in the ice section upon irradiation
with infrared rays is shown in Fig. 1.

Table 2

Initial values (distance between thermometers — 4x30 mm; immersion
depth of laboratory mercury thermometers — 100 mm; distance from
the emitter to ice — 200 mm; ambient temperature — 22 °C;
ice sizes — 200x200x300 mm; time — 12:30)

No. of thermometer T1 T2 T3 T4
Temperature, °C -4 -5.2 -5.7 -3
Tahle 3

The initial temperature in the inner section of the ice (time — 13:25)

No. of thermometer T1 T2 T3 T4
Temperature, °C -1.5 -2.0 -2.0 -2.0
Table 4

The steady temperature of ice in the laboratory (turn-on time — 13:30;
temperature measurement time — 13:48; current — 2.2 A; voltage — 100 V;
emitter temperature — 350 °C)

No. of thermometer T1 T2 T3 T4

Temperature at 13:30, °C -14 -0.5 -1.8 -1.8

Temperature at 13:48, °C -1.3 -0.5 -1.7 -16
Tahle 5

The temperature of the ice in the laboratory after turning on the infrared
emitter at the values: time — 14:05; current — 2.3 A; voltage — 105 V;
radiation temperature — 350-400 °C

No. of thermometer T1 T2 T3 T4

Temperature — 350 °C -0.5 -1 -1.5 -1.5

Temperature — 400 °C -0.2 -1.2 -0.9 -1.3
Table 6

The temperature of the ice in the laboratory after turning on the infrared
emitter at the values: time — 14:15; current — 2.4 A; voltage — 110 V;
radiation temperature —450 °C

No. of thermometer T1 T2 T3 T4
Temperature, °C -0.2 -1.2 -1.2 -1.4
Table 7

The temperature of the ice in the laboratory after turning on the infrared
emitter at the values: time — 14:18; current — 2.3 A; voltage — 105 V;
radiation temperature — 400 °C

No. of thermometer T1 T2 T3 T4

-0.2 -1.2 -1.2 -1.4

Temperature, °C
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Tahle 8

The temperature of the ice in the laboratory after turning on the infrared
emitter at the values: time — 14:22; current — 1.7 A; voltage — 88 V;
radiation temperature — 350 °C

No. of thermometer T1 T2 T3 T4
Temperature, °C -0.4 -1.2 -1.2 -1.4
Tahle 9

The temperature of the ice in the laboratory after turning on the infrared
emitter at the values: time — 14:26; current — 2.6 A; voltage — 78 V;,
radiation temperature — 300 °C

No. of thermometer T1 T2 T3 T4
Temperature, °C -0.4 -1.1 -0.4 -1.4
Table 10

The temperature of the ice in the laboratory after turning on the infrared
emitter at the values: time — 14:30; current — 0.95 A; voltage — 60 V;
radiation temperature — 200 °C

No. of thermometer T1 T2 T3 T4
Temperature, °C -0.3 -1.2 -0.3 -1.3
7L Infraredemitter
temperature 400°C
21 Infraredemitter
74 temperature 350°C
30/ 60 /90 120 150
g 1 t : + :
41 L,mm
-21 Steady ice
34 temperature
4T Initial ice
54 temperature
64

Fig. 1. A graph of the temperature distribution in the ice section
when irradiated with infrared radiation (L - the distance between
the thermometers, T — the temperature on the thermometers)

Modern remote systems give only averaged readings
using sequential comparisons of image signals using a va-
riety of standards [9]. Given the fact that the skipper in
order to decide on the use of this device needs to know
the thickness of the ice, it becomes possible to conduct
full-scale studies of the device to determine the thickness
of the ice [10].

4. Conclusions

In the course of the study, it was determined that the
transparency of ice clearly varies depending on the change
in the wavelength of electromagnetic radiation, which pen-
etrates deep into the ice and is effectively absorbed by it,
increasing the temperature inside the ice. Clean air does
not absorb infrared rays, and water absorbs all radiant
energy in a very thin layer and its temperature is higher
than the temperature of ice. A shorter wavelength with

greater heating is opaque to ice and radiation energy is
released on the ice surface. The peak of transparency in
ice is in the region of 4—6 pum. In this range, the inside
of the ice softens. The softened inner part of the ice will
reduce the load on the electric drive, and the choppers
of the grinder, eliminating freezing and speeding up the
passage of the vessel along the laid path.

The research results will be useful when conducting
full-scale tests during the ice navigation period to de-
termine preliminary data on the ice parameters of the
navigation area and to calculate the true thickness of
the ice relief and the relief of the temperature field of
the ice cover [11].
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