Vestnik of Astrakhan State Technical University. Series: Fishing industry. 2025. N. 3
ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Technological processes, machines and apparatus for processing aquatic bioresources

Original article

UDK 639.2.081.1
https://doi.org/10.24143/2073-5529-2025-3-79-90
EDN KSZCLG

Experiments with a model of a boat and catamaran
in the experimental pool of KSTU to study the small fishing vessels thrust
to determine the towing trawl structures conditions

A. A. Nedostup™, E. I. Sergeev, A. O. Razhev, P. V. Nasenkov,
K. V. Konovalova, A. A. Voloshin, E. A. Anfilofyev, K. V. Afinogenov, K. A. Terentyeva

Kaliningrad State Technical University,
Kaliningrad, Russia, nedostup@kigtu.ru™

Abstract. Small-sized vessels are an integral part of the commercial fleet of the Russian Federation, they are engaged in
catching hydrobionts inhabiting the coastal zone, as well as in lakes and reservoirs, where it is possible to conduct trawl
fishing operations. At the moment there is a problem with the choice of fishing gear, because during the design they cannot
determine the exact and close to the real thrust of the vessel. When calculating the draught, methods suitable for medium-
sized, large-capacity vessels are used and the results for small vessels are only estimates. The most proven method to
determine the thrust is by experience, but this method is difficult from the point of view of economics, so the simpler option
is to conduct similar tests with a small version of the original fishing vessel and use computer technology to determine the
necessary data. Conducting experiments with a model of a fishing vessel is an economical solution, but requires high
knowledge in modeling the thrust characteristics of the vessel. The authors of the article have the necessary competence to
conduct such studies and can determine the real thrust of fishing vessels with an insignificant error. So, the authors
experimentally investigated the thrust of the boat model Syma Q1 Speedboat RTR 2.4G SYMA-QI and a catamaran
consisting of similar boats. This work takes into account the vessel — fishing gear relationship and determines the thrust
characteristics, which include directly the thrust of the fishing vessel and the various resistances of its elements (hull,
propeller, etc.), which affect the final value of thrust. In trawl fishing, hydrodynamic resistance of the trawl structure elements
arises, which must be compared with the thrust of the fishing vessel. According to the obtained experimental data the
dependencies for vessels were constructed, and also the developed computer program for the computer “Hydrodynamics of
the vessel” was used. Thanks to this program, the calculation and analysis of water pressure on the object is performed, and
also it becomes visually understandable in which parts of the pressure has a large force.
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AHHOTanusA. ManoMepHsId (IIOT SBISETCS HEOTHEMIIEMON YacThIO IPOMBICTIOBOTO (riota Poccuiickoit denepanum, oH
3aHUMAETCsl BBUIOBOM TMIPOOMOHTOB, OOUTAIOMIMX B MPHOPEKHOH 30HE, a Takke B 03epax M BOMOXPAHWIMIIAX, TIe
MO>KHO TIPOBOJIUTH OTIEPALHIO MO JIOBJIE TPAIOBON KOHCTpyKuued. Ha maHHEIT MOMEHT cymiecTByeT npodieMa ¢ BEIOO-
POM OpyIus JIOBa, T. K. IIPU HPOEKTUPOBAHHHU CIIOKHO ONPEIENIUTh TOYHYIO M OJIM3KYIO K peanbHOM Tary cynHa. Ilpu
pacdere TATH UCIIONb3YIOT METOJIbI, HOJXOUIIINE I CPEAHUX U KPYITHOTOHHAKHBIX CY/IOB, ITO3TOMY PE3YJbTaThl A
MaJIOMEpPHOT0 (JI0Ta MOTYHAIOTCS JIMIIb OLleHOUYHBIMU. CaMblil IPOBEPEHHBI METO ONpPEJIEICHHS TATH — OIBITHBIM ITy-
TEM, HO TaKOH METOJI HEMPOIYKTUBEH ¢ (PMHAHCOBOIT TOUKH 3pEHHS, O3TOMY 00JIee MPOCTOi BapHaHT MPOBEICHHS aHa-
JIOTHYHBIX HCIBITAaHUH — C CO3aHHONM YMEHBIICHHOH BepcHeil OpUTHHAIBHOTO PHIOOJIOBHOTO CY/IHA, A TAKKE HCIIOIb-
30BaHHE KOMITBIOTEPHBIX TEXHOJIOTHH UIS ONpEeResICHUs] HeoOXOOMMBIX JaHHBIX. IIpoBeseHNe ONBITOB ¢ MOJEIBIO
PHIOOJIOBHOTO Cy[HA SBIISIETCST O0Jiee IKOHOMUYHBIM PEIICHHEM, HO TpeOyeT BBICOKHMX IO3HAHMI B MOJACIHPOBAHUH
TATOBBIX XapaKTEPUCTUK cyaHa. ONBITHBIM IyTeM OBLIM NPOBEICHBI UCCIIEAOBAHMS TATH Mozeneil: karepa Syma Q1
Speedboat RTR 2.4G SYMA-Q! u karamapaHa, KOTOPbIIA COCTOHUT U3 ABYX TakuX KaTepoB. [laHHbBIC pabOThl YUUTHI-
BAIOT B3aHMOCBS3b «CYAHO — OPYIHE JIOBa» M ONPEACISIOT TATOBbIE XapaKTEPUCTHKH, K KOTOPBIM OTHOCSTCS HEMo-
CPEICTBEHHO CHJIA TATHM PBHIOOJIOBHOTO CyJHA M PA3JIMYHBIC COIPOTUBICHHS €ro 3JIEMEHTOB (KOpITyC, rpeOHON BUHT
U 1p.), KOTOpbIE BIMSIOT HA KOHEYHOE 3HaueHHe TArH. IIpu TpajoBOM JIOBE BO3HHMKAET T'MIPOINHAMUYECKOE COIIPO-
TUBJICHUE JJIEMEHTOB TPAJIOBOH KOHCTPYKIMH, KOTOPOE HEOOXOAMMO YMEThb COIOCTAaBILITH C TATOH PHIOOIOBHOTO
cynHa. ITo momy4eHHBIM SKCIICpUMEHTAIBHBIM JAHHBIM OBUIM TOCTPOEHBI 3aBUCHMOCTH IS CYIOB; TaKXKe IPH HC-
MOJTE30BaHUN Pa3paboTaHHON KOMITBIOTEPHOH mporpammsl it OBM «'mapoanHamuka CyfHay IOSBISIETCS BO3MOXK-
HOCTB BBITIOJIHUTH pacdeT M aHaIn3 JAaBJICHUS BOJABI Ha 0OBEKT, a TAKXKE ONPEIeNIUTh, Ha KAKNE YIaCTKU OKa3bIBACTCS
OoutblIee IaBIICHHUE.

KiroueBble ciioBa: xaramapaH, SKCHEPHUMEHT, OacceifH, Tdra, KaTtep, CONPOTHUBICHHE, IUIaBYYHH SKOpb, 3D-Mo-
JIeTMPOBAHUE

BaaropapHocTH: ncciieoBaHue BBINOJHEHO B PaMKax TOCYIapCTBEHHOro 3a/iaHus no teme «PaspaboTka GecripoBoa-
HOM CHCTEMBI KOHTPOJISI TApaMETPOB Tpalia C SIEMEHTAMH HCKYCCTBEHHOTO HHTEIUIeKTa "ABTOTpaI"Y.

Jins murupoBanusi: Hedocmyn A. A., Cepeees E. ., Pasces A. O., Hacenxos I1. B., Konosanosa K. B., Borowun A. A.,
Angpunoghves E. A., A¢punocenos K. B., Tepenmvesa K. A. DKCTIEpUMEHTHI ¢ MOJETIBIO KaTepa M KaTaMapaHa B OIBITO-
BoM Oaccetine KI'TY mis uccnenoBaHus TATH MaJOMEPHBIX PHIOOJIOBHBIX CYJIOB C IIEJIBIO OIIPE/ICIICHUS YCIOBHH OyK-
CHPOBKH TPAIOBBIX KOHCTPYKIHIA // BecTHUK ACTpaxaHCKOro rocyJapCTBEHHOIO TeXHHYeckoro ynusepcurera. Ce-
pust: PeiOHOE x03siicTBO. 2025. Ne 3. C. 79-90. https://doi.org/10.24143/2073-5529-2025-3-79-90. EDN KSZCLG.

Introduction Small commercial vessels are small vessels used for
The small-sized vessels are an integral part of the fishing and other commercial purposes.
country's fishing fleet, as they provide a significant pro- Fig. 1 shows a prospective design of the MRTR-30

portion of the food supply through the catch of coastal  fishing vessel intended for catching and cooling of catch
hydrobionts. In addition, such vessels are actively used  in coastal waters.
in lakes and reservoirs.

Fig. 1. Perspective design of the MRTR-30 fishing vessel for fishing in coastal waters
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The thrust developed by the engines of small com-
mercial fishing vessels depends on their type and power.
Typically, these vessels are equipped with diesel or gas-
oline engines that provide sufficient power to propel the
vessel and perform various operations such as towing
fishing gear, hauling catch, etc.

Calculation of propulsion of a small vessel is an im-
portant stage in the design and operation of such ves-
sels. Various methods including empirical formulas and
theoretical models are used to calculate propulsion.

Main stages of propulsion calculation:

— determination of: displacement; ship speed; shape
resistance coefficient; water density;

— water resistance calculation;

— propeller selection;

— engine power estimation;

— stability and controllability check.

At the moment, when calculating the draught, meth-
ods suitable for medium-sized, large-capacity vessels
are used, and the results for small-sized fleet are only
estimated.

For the development of coastal fishery it is neces-
sary to be able to determine the draught characteristics
of the fishing vessel. These characteristics first of all
include thrust force. The rest are various resistances of
the vessel structure (hull, propeller, etc.), which affect
the final value of thrust [1-4].

As trawl fishing is the main type of industrial pro-
duction of hydrobionts, it is necessary to carry out stud-

ies of hydrodynamic resistance of trawl structures. The
obtained experimental data and dependencies allow
comparing the aggregate resistances with the draught of
the fishing vessel. The small-sized fleet should have
such technical characteristics that there are no problems
with lack of thrust under fishing conditions.

For a more accurate determination of thrust, an ex-
perimental method is used, but it is very expensive.
Therefore, the authors of the paper propose a simpler
option of conducting similar tests with the created mod-
el of a fishing vessel and using computer technologies.
This approach allows to significantly reduce the cost of
experiments and improve the accuracy of calculations. It
is the financial component that plays a key role in the
process of any research. If there is an opportunity to
scientifically justify certain processes with the least ex-
penses of money and time, then, of course, this ap-
proach is rational. But at the same time, the error rate of
such research should be low.

Purpose and objectives

In order to obtain data on the study of fishing ves-
sel thrust and comparison of hydrodynamic resistance
of the trawl on the basis of FSBEI HE “Kaliningrad
State Technical University” in the wholesale basin
were conducted experiments with the model of the
boat Syma Q1 Speedboat RTR 2.4G SYMA-QI and
the model of a catamaran consisting of similar boats

(Fig. 2).
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Fig. 2. Experimental models of a boat () and a catamaran (b)

Table 1 includes the characteristics of these mod-
els, the table includes the main parameters determining
the operation of the electric motor of the boat and cat-
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amaran at nominal values of voltage U = 7.2 V and
current / =6 A.

SUOTIIPUOD SSINJONNS [MEI) SUIMO) Y} SUIULISIIP 0} ISIY) S[assAA Surysiy [[ews oyl Apnis 03 1S Jo [0od [eyuswadxa ayy ur

UBIBWIE)EO PUB J8OQ € JO [OPOW € [3IM SJusWLIddXy Y “Y BAIKIUAISL “ A "3 AoudSounyy “V g ASKJO[JUY “V "V UIYSO[OA A "3 BAO[BAOUO “A d AONUISEN () "V Adyzey “T 'J Ad819G “V "y dmsopaN



Henmoctym A. A., Ceprees E. 1., Paxes A. O., Hacenkos I1. B., Konosanosa K. B., Bonomun A. A., Audunodses E. A., Apunorenos K. B., TepentbeBa K. A. DxcriepuMeHTHI ¢ MOJIETIbIO KaTepa

¥ Katamapasa B onbslToBoM Oacceitne KI'TY s uccnenoBanus TATH MaJIOMEPHBIX PhIOOJIOBHBIX CYJIOB C IIETbIO OTPEICICHUS YCIOBHN OYKCHPOBKH TPAJOBBIX KOHCTPYKLHUIT

Becmuux Acmpaxanckozo zocyoapcmeennozo mexuuueckozo ynugepcumema. Cepusa: Peionoe xosaiicmeo. 2025. Ne 3
ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Texnonoeuyeckie npoyeccol, MAwUHbl U annapamvl Os nepepadomKu B0OHbIX OUOPECYPCOs8

Table 1
Specifications of the models of the boat and catamaran under test
Rated power

4 ) ° N
E'* g “5 E f E° ’s ] %e\" = mﬁ
2 ~ x 5= 59 e g g2 £z
2 £ = <5 g2 ExX Gz SE <2
s g S E3 ©73 2 2.5 SEZ £g
b Z 2 E = = <z T g =
= = 79 = £ S .= = N g
2 a & <= s = &

Boat 0.117 2 0.034
0.373 2 0.034 43.2 2342 54.2 480

Catamaran 0.350 3 00283

To take into account the vessel-fishing gear rela-
tionship, homemade floating anchors (FA) were at-
tached to the models. They simulated trawl fishing,

Characteristics of floating anchors used during the experiments

which, in turn, created additional load caused by ag-
gregate resistance. The characteristics of the FA are

listed in Table 2.

Table 2

Floating anchor Diameter Dfs, m Length Lfs, m Material
FA-1 0.085 0.090
FA-2 0.10 0.11
FA-3 0.13 0.14 Polyethylene terephthalate
FA-4 0.17 0.18
FA-5 0.285 0.265

It should be emphasized that experimental studies
should be conducted with a small version of the origi-
nal fishing vessel. In case the tests are conducted with
a physical model, the natural dimensions of which do
not exist, the obtained dependencies cannot be corre-
lated with any fishing vessel without significant errors.
Such errors can completely distort the actual value of
the thrust force. Such experiments may be of an evalu-
ative nature or may be used to design a new fishing
unit to obtain optimum performance for fishing.

Material and methodology

The experiments were carried out in three stages:

— models of a boat and a catamaran were tied to
moorings (Fig. 3) and their pull was determined using

a load cell;

— a tensor was used to measure the resistance of the
FA (floating anchors) (Fig. 4) by setting specific cart
speeds for towing through a control panel located at

the end of the room next to the wavemaker;

— by means of a stopwatch and a tape measure, the
speeds of the tested models were calculated when tow-
ing the FA (Fig. 5).

Fig. 3. Determination of the force of thrust on the moorings of the boat model under test
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Fig. 5. Experiments with a catamaran model to determine velocities with different floating anchors

Execution of the first stage allows to obtain the
thrust of the ship model at a speed equal to zero. This
is due to the fact that the ship does not travel any dis-
tance during mooring and therefore has no speed. This
thrust value is as close as possible to the available
thrust Pp at zero speed. It should be set as a boundary
value of the available thrust when plotting the graphs
discussed below.

At the next stage, we obtain the values of hydrody-
namic resistance of all floating anchors with a speed
range of 0.5-2 m/s. Using different sizes of FA allows
obtaining different values of hydrodynamic drag,
which affects the final value of thrust (disposable
thrust) of the boat and catamaran models. Such exper-
iments are required to obtain multiple plots of the de-
pendence of hydrodynamic drag of FA on their towing
speed. The graph of the dependence of the disposable
thrust on speed is superimposed on them, which we
obtain thanks to the final stage.

The last stage is performed as follows. We lower
the ship model on the water. Securely fix a measuring
tape (we used a geodetic tape measure) from the be-
ginning of the test model to the end of the pool. Two

&3

homemade buoys from bottles with a weight on the
end of the rope mark certain distances on the water,
but in such a way that the model does not touch them
during the stroke. Connect the FA, which should also
not touch the buoys during movement. Immerse the
floating anchor in the water, but do not release its pull
so that the anchor is not under the model and does not
touch the propeller. At the same time, let go of the luff,
turn the model on to maximum power and start the
stopwatch. Use the stopwatch to measure the distances
marked by the buoys. Knowing the path and time, we
find the speed of the test model with the towed floating
anchor. Do the same experiments with each FA.

It should be understood that the ship model pro-
duces non-uniform rectilinear motion. From the begin-
ning of the motion to the stop there is a change of
speed, i.e. acceleration. It is necessary to take this into
account and find the average speed in the section
where the ship is moving uniformly. For this purpose,
the software Sensor Logger was used, which was in-
stalled on a phone. The phone itself was fixed on the
test model (Fig. 6, 7).
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Fig. 6. Program Sensor Logger for measuring the acceleration of the catamaran

Logger Toggle All
INERTIAL SENSORS
1 Accelerometer « @

Linear Acceleration

Gravity « ©

A Gravity Vector

Gyroscope » ®

Rotation Rate

P

Orientation « ©

Device Orientation

®

NON-INERTIAL SENSORS

C‘ Magnetometer P ®

Magnetic Heading

7]

Logger Recordings Studies About
Fig. 7. Interface of the Sensor Logger program

Thus, the following values were obtained: with different FA.

— mooring thrust for the tested models; Experimental data on determining the pulling force
— resistances of FA with speeds of 0.5, 1.0, 1.5, 2.0 my/s; on the moorings of the boat and catamaran models
— average speeds of the model boat and catamaran  using different propellers are given in Table 3.
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Table 3
Experimental data on mooring thrust force
Model Diameter of propeller D, m Pulling force on the moorings Pp, N
0.034 12.0
Catamaran model
0.028 10.0
Boat model 0.034 6.0
Table 4 shows the experimental data for determin- ing the hydrodynamic resistance of FA.
Table 4

Experimental data on resistance of floating anchors

. Setpoint speed of the cart v, m/s
Floating 0.5 1.0 1.5 2.0
anchors
Aggregate resistance R,, N
FA-1 1.3 4.1 8.7 15.9
FA-2 1.8 6.6 13.2 22.5
FA-3 3.1 12.3 24.1 41.9
FA-4 43 14.7 32.0 -

Experimental data on the velocities of the tested  models with different FA are presented in Table 5.

Table 5
Velocities of model boat and catamaran with different floating anchors
Speed of the catamaran model v, m/s Speed of the model boat v, m/s
Floating X
Diameter of propeller
anchors
D=0,028 m D =0,034 m
FA-1 0.77 1.00 0.95
FA-2 0.71 0.90 0.84
FA-3 0.61 0.75 0.68
FA-4 0.55 0.67 0.59
FA-5 0.38 0.45 -
According to the experimental data in Table 4, the 4R,
approximating functions were carried out and the ag- k= D> Vv
gregate resistance coefficients of FA, having the di- fa
. 3 . 3
mension of kg/m”, were determined: The values of k are recorded in Table 6.
Table 6

Approximation error 6 and coefficient & for four tested floating anchors

Floating anchors Maximum approximation error 6, % Resistance coefficient of FA k, kg/m®
FA-1 14 780
FA-2 12 800
FA-3 10 720
FA-4 9 685

By means of computer programs and collected ex-  scale CR is used to obtain natural values of available
perimental data, graphs of dependencies are plotted thrust and aggregate resistance of the trawl system.
and scales are modeled for natural dimensions of the On the basis of Tables 3-6 we plot the curve of avail-
fishing vessel and gear. Scale modeling is performed  able thrust of the boat model P, = f{v) and the curves of
according to multiphysics similarity, where power aggregate resistance of FA R, = f(v) (Fig. 8, 9).
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Fig. 9. Curves of aggregate drag of FA R, = f(v) and available thrust of the tested boat model P, = f(v)

Based on the graph in Fig. 9, we can see that the
pull of the tested model is capable of towing trawl
models up to 6 N. It is worth noting that such tests
were previously conducted with the N-MWT-m2

1.65/6.0 m multi-depth trawl model and a towing
speed of 0.15 m/s was obtained [5].

Using the same principle, we plot the dependence
graphs for the catamaran model (Fig. 10).
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Fig. 10. Graph of the resistance of FA R, = f(v) and disposable thrust graphs Py = f(v), Pp; =f(v)
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Since the experiments were conducted using two
types of propellers, the available thrust is different:
P, — propeller with D =34 mm and P, —at D =28 mm.

Since two types of propellers were used, the availa-
ble thrust is different: P, — when using a propeller
D =34 mm and Pp; — when D =28 mm.

From Fig. 10, we obtain that the model of the tested
catamaran can produce trawl model thrust up to 7.2 and
9.6 N, respectively.

Correlation of the available draught and resistance
of floating anchors to the speed of movement on the
graphs helps to further determine the permissible and
optimal values of resistance, depending on the size of
the trawl, for a natural fishing vessel. Trawl dimensions
are selected depending on the fishing quota, on the
speed of movement of schools of fish being caught, on
the operating conditions and other factors.

Modern computer programs, such as “Ship Hydro-
dynamics”, allow virtual tests of vessels in various con-
ditions [6]. This program uses the finite element method
(FEM), to simulate fluid flows around the hull of the
vessel and calculate the forces acting on it.

The advantages of computer modeling are: time
and cost savings; high accuracy and safety.

Thus, the use of computer technologies to calculate
the thrust of small vessels is an effective and cost-
effective way to improve the accuracy of design work
and optimize designs.

For the program operation a three-dimensional
model of the vessel was created using the program
Blender (Fig. 2). The model accurately reflects the
geometric features of the hull, including outlines, bot-
tom shape and other important details.

Then the model is divided into small elements
(cells) forming a grid, which is used for numerical
solution of hydrodynamics equations:

— a modified continuity equation:

a—p+ V(pv)=opVv,
ot
where p — pressure exerted by the aqueous medium; ¢ —
study time; p — water density; v — flow velocity vector
relative to the hull of the ship model; a — coefficient of
artificial compressibility of the medium;

— equations of conservation of momentum:

apv.) 2,

—— 4V =uViv, — == 1
o TV(evy)=uviv,—— (1)

apv,) op

o Vo) =uvh, o5 @)

op

o(pv.) )
arv) g —uviy -2
+V(pv.v)=pViv, e

ot ®)

where v,, v, v, — the components of the velocity vector
v along the x, y, z directions, respectively; p — the dy-
namic viscosity of water.

The given Navier-Stokes equations describe the mo-
tion of a viscous incompressible fluid. Their solution
with the help of the program allows to determine the
distribution of velocities and pressures in the flow. By
visualizing the tested models and floating anchors on
the monitor screen, taking into account the pressures
exerted during the tests, it becomes clear at which sec-
tions the pressure has the highest value.

After the method of coordinate splitting on equa-
tions (1)-(3) we obtain a system of equations for veloci-
ty and pressure projections at each point of the compu-
tational grid and along each direction.

After transforming the system of equations into line-
ar equations with separation of nonlinear coefficients, we
obtain a tridiagonal system of linear algebraic equations
of the form

ax_ +bx +cx, =d.,

i7vi-1 i

where a;, b;, ¢; — are the coefficients of the tridiagonal
matrix; x; — are the unknowns; d; — is the right-hand
side of the system of equations, for the solution of
which the method of running is used
The algorithm of the method involves two steps.
Direct run — using recurrence relations, the run pa-
rameters P; and y; are determined:

c d—ay,_
Bi _ i ,Y — i l’Yl 1 ,
b—ap,,

= > Vi
bi - aiBi—l

when i = 2, 3, R 1 and initial B] =y / bl; Y1 = d] /bl,
where n — is the number of equations and unknowns.

Backward pass — using the recurrence relation the
unknowns are determined x;:

X = BixiH +7;,

wheni=n-1,n-2, ..., 1 and initial x, = vy,.

Having calculated the values of B; and y; on the
forward pass, we find all x; on the reverse pass.

The obtained data are processed and visualized. It is
possible to see the zones of increased pressure and stress.

The results of calculations in the computer program
“Ship Hydrodynamics” on the surface of the boat and the
results of indices of pressure fields on the surface of each
floating anchor are presented in Fig. 11, 12 respectively.

These figures carry information about the effect of
water pressure on an object immersed in water, and also
show in which areas the pressure exerts a greater force.
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Fig. 11. Computer modeling of boat Syma Q1 Speedboat RTR 2.4G SYMA-Q1

Fig. 12. Computer modeling of floating anchor: FA-1 (a); FA-2 (b); FA-3 (c); FA-4 (d); FA-5 (e)
The scientific significance of the conducted re- results of numerical experiments, based on comparison

search lies in the development and substantiation of  with the data obtained experimentally on natural ob-
the methodology of verification and validation of the jects (boat and catamaran) and their physical models.
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Conclusion

According to the conducted physical and mathemati-
cal experiments on studying the hydrodynamics of the
tested ship models, the following results were obtained:

It was found that even such a small vessel shows
quite approximate results. That makes it possible to
conduct similar tests with other models of vessels
changing engines, propellers, floating anchors. Com-

pared to other methods, this method is less costly both
in time and financial terms.

Numerical experiments with the created three-
dimensional models of a boat and a catamaran with
their exact sizes and shapes, using a special program
that visually shows the impact of water on the shape of
the object, under a given mode of operation.
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