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Abstract. It is proposed to install on the wetted surface of the poorly streamlined body: on
one a profiled recess, and on the second step. The first device changes the pressure distribu-
tion on the surface of the selected object. In the middle recess, a vortex motion is created, in
the middle of which the pressure is lowered, which makes it possible to reduce the thickness
of the boundary layer. The main purpose of the second device is to reduce the suction effect of
water during acceleration of the object. Thus, the resistance force decreases, which means that
it is much easier and faster to pick up speed and maintain it for a long time. After studying two
methods of reducing resistance, it is proposed to evaluate the effectiveness and the prospect
of using the above methods simultaneously with the air lubrication method. The Air Lubri-
cation technology is based on blowing air bubbles out under the hull of the vessel. The air
bubble distribution across the hull surface reduces the resistance creating a sublayer between
the body of the object and water. These studies were conducted in the Flow Vision software
package to obtain visualization and calculations, which confirm that the use of the proposed
methods makes it possible to reduce the resistance of the body when it is moved in a liquid.
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AHoranisi. Brumue Teuii — ckiiagHa npodieMa riipoArHaMiKi, 0arato acheKTiB SKOi Iie
He TOBHICTIO BuBYeHI. TypOyneHTHHMI cTaH Tedil MPU3BOIUTH J0 BEJIHWKHUX CHI TEpTs,
THM CaMHM A0 30UIbIICHHS BUKOPUCTAHOI eHeprii. ToMy HOCTiIKEHHS METOIIB BILIUBY
Ha XapakTep Tedil € BaXIMBUM y TaKHUX raiy3siX, sk KopadieOyayBaHHs, JJIsi €KOHOMIl
BUKOPHCTaHHSI €HEPreTHYHNX pecypciB. OO’€KTOM JOCIHIJKEHHS € IOBEPXHS IIOTaHO
00TigHOTO TiNa. Y poOOTI AOCTiIKEHI MUTAHHS PO CTYHiHb €(PEKTUBHOCTI OIHOYACHOTO
BUKOPHCTaHHSI JICKIJIBKOX CIIOCOOIB aKTHBHOTO BILTUBY Ha OTPAHUYHHH IIap CIIPSIMOBAHUX
Ha 3HWKEHHSI OMOpY TLN IMiJ 9ac iX pyXy B piJuHI. 3a BUKOPUCTAHHS METO/Y HOBITPSIHOTO
MacTujia OTPUMAaHUil e(EeKT HOCAraeTbCs 3a PAaxXyHOK 3MCHIICHHS OINOpYy TepTs Tiei
YaCTUHH MTOBEPXHI KOPITYCY, sIKa TTOKPUBAETHCS MOBITPSHUM MpoiiapkoM. [Jist 3MeHIIeHHS
MTOBHOTO OMOPY MOXYTh OyTH BHKOPHCTaHI BHIMKH 32 YMOBH IPaBHJILHOTO BUOOPY MicIs
po3TamryBaHHS i iX mapaMeTpiB (GopMmu. YCTaHOBKA CXONWHKH Ha ITHHINEBIH TOBEPXHI
00’eKTa MopyIIy€e IUIaBHICTh 00BOJIIB, CIPHUSIOUM BUXOPOYTBOPEHHIO, Y pa3i 30UIbIICHHS
IIBUJIKOCTI X0y IO BOJIi IHTEHCHBHICTH BUXOPOYTBOPEHHS 3pOCTA€E, THM CaMHM 3MIHIOIOYH
xapakrep Tedil pizuHA. TBepAOTINBHI MOZEI i3 BCTAHOBICHUMH 3aC00aMU CTBOPIOBAIIUCS
B CAD cucremi Solid Works. Po3paxynku npoBoauiucs B mporpamHomMy koMmiuiekci Flow
Vision y 1Ba eTanu. Y nepuioMy eTari J0CIipKyBajaocs IIOraHo 00TIYHE TJIO 31 CXOMHKOIO
i BUiMKOI0. Ha npyroMy erarti TOCiIKyBaInCs Ti XK Tija 3 TOJA4eI0 MaCTHIIA i 31 CXOIMHKHU
i 3 BUIMKH.

Kuio4oBi cjioBa: BUIMKH, IPUKOPAOHHUH TII1ap, OMip, TUCK, TIOTAaHO OOTIYHE TiJIO.
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Formulation of the problem. One of the promising
methods of reducing the vessels resistance is the creation
of air lubrication on the bottom surface of their hulls.
This method makes it possible to reduce the friction
resistance significantly, as well as the wave resistance
can be reduced by reducing the pressure gradient in the
stream along the vessel’s hull. Stern profiled recess are
also one of the methods of active influence on the bound-
ary layer. With the right choice of dimensions and their
location, they will affect the thickness of the boundary
layer, as well as contribute to the redistribution of pres-
sure on the surface of the ship’s hull.

Analysis of recent researches and publications.
An analysis of existing publications on the main trends in
the development of methods for impact on the boundary
layer showed that, in an effort to reduce fuel costs, more
and more research is being carried out that aims to reduce
the resistance of the ship to the liquid. It is possible to
perfect the shape of a ship only to a certain point, which
is already close and can not be surpassed. The fact is that
even the perfectly streamlined body during movement
causes the formation of waves and feels the resistance to
water friction on its lining. Today, active research is be-
ing carried out and the fluids are used which allow to im-
prove the stability of the vessel on the go, to damp rolling
and pitching, to lower the wetted surface of the hull, and,
consequently, resistance to the vessel movement, which is
demonstrated in studies [1; 2]. In paper [3] received a pos-
itive answer to the question of the possibility of creating
effective artificial caverns on the bottom of planing ves-
sels, the speed of which corresponds to Froude numbers
exceeding 4, as well as obtaining experimental data on the
hydrodynamic characteristics of planing vessels with arti-
ficial cavities at the bottom, estimated speed of the lying in
the range from 3.5 to 5.5. The experiments to generate air
layers on the lower surface of a flat plate in the large water

tunnel were conducted, which is demonstrated in studies
[4]. After that, resistance and self-propulsion tests for a
66K DWT bulk carrier were carried out in the towing tank
of SSMB to estimate the expected net power savings. The
subject of paper [5] is the steady hydrodynamic modeling
of semi-planing air-cavity hulls. Parametric calculations
are presented for a stepped hull with pressurized and
open cavities, illustrating the influence of the step height
and Froude number. The system of air-lubricating the
body of the vessel was interested in the Marine Institute’s
Irish Science and Technology Center, Japanese company
Mitsubishi Heavy Industries, scientists from the Dutch
shipbuilding group Damen Shipyards, which shows the
constant development in this direction in studies [6; 7; 8].

The purpose of the paper. The purpose of this arti-
cle is to study the efficiency of the recess in comparison
with the method additions lubricants, as well as the ef-
fectiveness of their simultaneous use.

Methods, object and subject of research. The sub-
ject of the study is a poorly streamlined body, namely
a parallelepiped, on the bottom surface of which a step
and a recess was established for the study of the effec-
tiveness of methods for reducing body resistance, which
is the object of research. The main method of research is
to carry out calculations in the CFD package at the first
stage under conditions without supply of lubricant to the
bottom surface of the body, and the second with the sup-
ply of lubricant.

The presentation of the main material. To reduce
the friction resistance, promising methods are consid-
ered, which influence the boundary layer, since the
resistance to friction is the largest fraction of the full
resistance of medium and large moderate high-speed ve-
hicles. One such method is the creation of air lubrication
(Fig. 1). The idea is to blow the air through special chan-
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nels to the surface of the body to create a thin air cover-
ing of 1-2 cm of thickness, covering the bottom, which
reduces the resistance, because the air has 850 times less
density than water [9; 10].

For the most part, the complex supply of air is used
for water tidal hulls (Fig. 1a); for gliding vessels, the air
is fed by one wave (Fig. 1b). More complex systems of
air lubrication can be used for complex forms of cases
(semi-submersible vessels and others). Below there is a

(@)

smi.nuos.mk.ua | editor@smi.nuos.mk.ua

N°1 (11) 2019
CYOQHOBY1YBAHHA

simplified scheme of the case using this method and an
underwater photograph of air lubrication under this hull
(Fig. 2).

With the Flow Vision software system, the flow of
a smooth, poorly streamlined body was initially mod-
elled, which is the primary model with which subsequent
results are compared. The next stage was the study of
the primary model with the first step, installed on its bot-
tom surface, and then the recess. It should be noted that
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Fig. 1. Types of air lubrication on the bottom surface of the vessel [11]
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Fig. 2. A simplified scheme of a hull and underwater photograph under this hull [9]

Fig. 3. Visualization of the formation of air oil in a step

Fig. 4. Visualization of the formation of air lubrication in a step from a profiled recess
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A smooth A body with a step Abody with arecess | Abody with astep | Abody with a recess
Speed, [m/s] without a lubrication, | without a lubrication, | with a lubrication, | with a lubrication,
Body, [(xH] [<H] [<H] [xH] [xH]
6 18,691 19,511 17,193 17,585 15,347
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Fig. 5. Visualization of the pressure distribution after the step
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Fig. 6. Visualization of the pressure distribution after the recess

at this stage, the recess showed a better result for a step
by 5%. After the results were obtained, the formation of
lubrication was simulated in the case of its feeding in a
step established on the surface of a poorly streamlined
body (Fig. 3).

Further, the formation of lubrication was simulated
in the case of feed from a profiled ¢ (Fig. 4).

Based on the calculations, Table 1 was constructed,
in which the effect of the step and recess with and with-
out lubrication is shown.

On the received pictures of the pressure distribu-
tion visualization, it is observed that on the part where
the lubrication was formed in a step and the profile re-
cess and the pressure drops, and the speed is reduced
(Fig. 5-6).

Discussion. In the framework of this work, the
study of the effectiveness and prospect of simultane-
ous use of several methods of active influence on the
boundary layer has been performed in order to improve

the effectiveness of reducing the total body resistance.
According to the results, it is confirmed that due to the
supply of lubricant, the pattern of pressure distribution
and distribution of viscous stresses along the surface
of a poorly streamlined body. Calculations have shown
that as a result of the simultaneous installation of pro-
filed recess and brushes created from it, the resistance
decreased by 15%.

CONCLUSION. In this paper, a combination of
several methods for controlling the boundary layer is
considered in order to reduce the resistance to the sur-
face of the selected body. According to the task, projects
were created in the Flow Vision software system and the
calculation of the surface of the poorly streamlined body
was performed. A large number of variations were made
on the use and combination of selected methods on the
surface of a poorly streamlined body. In the future, the
effectiveness of using the combination of methods on the
bottom surface of the vessel is planned to study.
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