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Abstract. A numerical model marine propeller at oblique flow, as based on unsteady lifting
surface to applied Vortex Lattice Method (VLM) are discussed. The propeller’s blades vorti-
ces and free trailing vortex sheet was replaced on vortex loops. Because the propeller’s blades
an oblique flow moves unsteady, then result thrust, torque and lateral force are varying in
angle of rotation of the propeller. Lateral force has same direction as the lateral velocity com-
ponent. In order to calculate, estimate degree of influence on thrust, torque and lateral force
propeller at oblique flow. According to the proposed mathematical model (MM), has been
studied numerically acting oblique flow at various angles flow. There is a noticeable increase
propeller thrust coefficient and lateral force coefficient with increasing bevel angle, however,
the change propeller torque coefficient is insignificant. The results calculation hydrodynamic
forces for different angels flow at every instantaneous time are compared with works others
authors. A mathematical model of a propeller operating in oblique flow, based on an unsteady
lifting surface, allows one to estimate the magnitude of the variables per revolution of forces
acting both on the propeller blade and on the screw as a whole. This MM can be used as a tool
to study the hydrody-namics of propellers operating in oblique flow.

Keywords: marine propeller; oblique flow; unsteady lifting surface; Vortex Lattice Method,
vortex loops; hydrodynamic forces.

Awnoramnisi. HaBenena maremaruuna monenb (MM) rpeGHOTO rBHHTa B KOCOMY TOTOLI, siKa
no0Oy/ioBaHa Ha OCHOBI HECTAI[IOHAPHOI Teopil HeCy4ol MOBEpXHI 3 BUKOPUCTAHHSIM METOLY
JIMCKPETHUX BUXOpIB. BuxpoBa cucrema rpeOHOr0 rBHHTa BKIIIOYAE MPHUEAHAHI, 3aMKHYTI
BUXPOBI KOHTYPH, SIKI MOJENIOIOTH JIOMAaTi 1 PO3MOAUISAIOTECS JUCKPETHO IO TBHHTOBHX
MTOBEPXHSIX 3 KPOKOM, III0 BPAXOBYE PEKHUM IOMIPHOTO HABAHTa)KCHHS, TUICCHICTH JIOMATI
1 TOMEpPEeYHy KOMIIOHEHTY IIBHAKOCTI. [lejieHa BUIBHMX BHUXOPIB 3aMIIIAETHCS 3aMKHYTHMU
BUXPOBHUMH KOHTYpaMmH (paMKaMH), B KOKGH MOMEHT 4acy, 110 CXOISTh YCIiJ, 33 TBUHTOM.
[Ipr BU3HAYEHHI B KOXXHOMY KyTOBOMY IOJIOXKCHHI JIOTIaTi IUPKYIAIIA HECTalliOHApHUX
MIPUETHAHNX BUXPOBHUX PAMOK 1 BUTPHUX BUXOPiB, BUKOHYBAJIUCSA TPAaHIYHI YMOBH Ha TIOBEPXHi
JIOTIaTi, JOTPUMYBAJIHCS, 3aMKHYTICTh BUXPOBHX CHCTeM 1 rimore3a Yarumurina-)KyKoBCEKOTO
B TOYKAX CXOIy BUXpOBHUX 3aBic. CrcTeMa miHiiHUX anrebpaiuanx piBHsSHb (CJIAP), cknagena
Ha OCHOBi, YMOBH HETIPOHHKHOCTI ITOBEPXHi JIomari rpeOHOrO TBMHTA, JO3BONMIA 3HANTH
IUPKYIALI IPHETHAHIX BUXOPIB B 3JICKHOCTI BiJ] Ky TOBOTO MOJIOYKSHHS JIOTIaTi 200 Ha KOKHOMY
9acoBOMY KpOIIli. 3a qonomororo nodynosanoi (MM) Oyio mpoBeieHo YrcenbHe BUBYCHHS il
KOCOTO TTOTOKY Ha poO0Ty TpeOHOTO TBUHTA TSI Pi3HUX KYTiB Tedil. ['iapoanHaMivdHi CHH, IO
IIIOTH HA TPEOHMI TBHHT B KOCOMY ITOTOIT, BU3HAYAIHCS Y (hopMmi, 6e3p03MipHUX KOS(DIIliEHTIB,
a came, Koe(iIieHTIB: Y0Py, MOMEHTY 1 IOTIEPeYHOI CHITH. 3a TOMTOMOT0r0 TToOynoBaHoi (MM)
OyJI0 TIPOBEAEHO YHCENIbHE BUBYEHHS JIiI KOCOTO IOTOKY Ha poOOTy rpeGHOro IBHHTA MpH
PI3HHUX KyTax HaTiKaHH:], SKi MOXKYTh BHHUKAaTH B YMOBaX €KCIUTyaTallil cyneH, oONiaJHaHUX
asinogamu. Ilomani pe3ynbraté po3paxyHKIB TiIPOJMHAMIYHMX CHJI Ha T'BHHTI, Yy Qopmi
6e3po3MipHIX KOe(ili€HTIB JUIsl Pi3HUX KYTOBHX ITOJIOXKEHb JIOTATi 32 000pOT 3 ypaxXyBaHHIM
CKOCa TIOTOKY, @ TAKOXK ITOPIBHSAHHS iX 3 pe3y/abTaTaMu poOiT iHIINX aBTOPIB.

KoaiouoBi cioBa: rpeGHMII T'BUHT; KOCHI IOTIK; HECTal[lOHApHA HeCcyda IOBEPXHS; METO
MUCKPETHUX BUXOPiB; BUXPOBI paMKH; T1APOIMHAMIYHI CHITH.
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Annoranust. [Ipusenena maremaruueckast Mmojens (MM) rpeOHOTO BUHTa B KOCOM TIOTOKE, TOCTPOSHHAsT Ha OCHOBE
HECTALMOHAPHOM TEOpUH HeCylllel IOBEPXHOCTHU C UCIOIb30BAHUEM METOa IMCKPETHBIX BUXpeil. Buxpesas cucre-
Ma TpeOHOr0 BUHTA BKJIFOYACT NPUCOCTHHEHHBIC, 3aMKHYTBIC BUXPEBbIC KOHTYPBI, KOTOPbIE MOACIUPYIOT JIONACTH
U pacIpeieNsItoTCs AUCKPETHO 10 BUHTOBBIM ITOBEPXHOCTSIM C IIArOM, YYUTBHIBAIOIIUM PEXXUM YMEPEHHOH HAarpy3KH,
TEJIECHOCTB JIONACTH M IIONEPEYHYI0 KOMIIOHEHTY CKOpPOCTH. [lesieHa cBOOOIHBIX BUXpel 3aMeNIaeTcsl 3aAMKHY THIMH
BUXPEBBIMU KOHTYpaMH (paMKaMu), B KaXIbIi MOMEHT BPEMEHH, CXO[ILIMMH B ciel, 3a BUHTOM. [Ipu onpenese-
HUHM B KaXX/IOM YIJIOBOM IOJIOKCHUH JIOTIACTH IMPKYJISIIUI HECTAIIMOHAPHBIX TPUCOEANHEHHBIX BUXPEBBIX PAMOK
1 CBOOOIHBIX BUXpEH, BBINOJHSINCH IPAHUYHbIC YCIOBHS HA [TOBEPXHOCTH JIONACTH, COOMIONAINCH, 3aMKHYTOCTD
BHXPEBBIX CHUCTEM U rumore3a Yamiprnaa-)KykoBCKOTO B TOUKaX CXO/a BUXPEBBIX reneH. Cucrema JTMHEHHbIX ai-
reOpanyeckux ypasHenuit (CJIAY), cocraBieHHass Ha OCHOBE, YCJIOBHUSI HEIPOHUIIAEMOCTH MOBEPXHOCTH JIOMIACTH
rpeOHOr0 BUHTA, TI03BOJIMIIA HAUTH LUPKYJSLUH IPUCOSIMHCHHBIX BUXPEH B 3aBUCHMOCTH OT YIJIOBOTO HOJIOKEHUS
JIONIACTH WM Ha KaXJOM BPEMEHHOM miare. [ MIpoanHaMHYeCKHe CHIIbl, JeHCTBYIONIME Ha TPeOHON BUHT B KOCOM
TIOTOKE, OTIPEeISUTUCH B opme, Oe3pa3MepHBIX Kod(pUIIMEHTOB: yropa, MOMEHTA U rorepedHoi cuiibl. C TOMOIIBIO
noctpoeHHoi (MM) ObITO MPOBEICHO YHCICHHOE M3YYEHHE NEHCTBHA KOCOTO IMOTOKAa Ha paboTy IrpeOHOTo BHHTA
IPU pa3iIMYHBIX YIJIaX HATEKaHHs, KOTOPbIE MOTYT BO3HHMKAaTh B YCIOBHSAX JKCIUTyaTallMd CyIOB, 00OPYIOBAHHBIX
aszunonamu. [lpencraBiieHbl pe3ylbTaThl pacieToB I'MAPOJANHAMUYECKUX CHJI Ha BUHTE, B (hopMe Oe3pa3MepHbIX KO-
5 HUUNEHTOB A1 pa3IMYHBIX YIJIOBBIX ITOJIOKEHHUH JIOIACTH 32 000POT € y4ETOM CKOCa [IOTOKA, a TAKKe CPaBHCHUE
UX C pe3yabTaTtaM paboT IPYrux aBTOPOB.

KiroueBrbie ciioBa: rpe6H0171 BHUHT, KOCOM IOTOK, HECTAlMOHApHAad HECyllasd MOBEPXHOCThb, MCTOA JUCKPCTHBIX BUX-
peﬁ, BUXPEBLIC paAMKHU, THAPOANHAMUYCCKNUC CUJIBI.
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Problem setting. In real conditions the operation of
the screw propellers (SP) is possible in the nonuniform
field of speed and in the oblique flow. It is typical for the
ships which are equipped by the azipods. During study
of (SP) operation in such conditions, it is appropriate to
use the nonstationary theory of the lifting surface for the
studying of these screws hydrodynamics. The airflow of
the screw propeller blades by the steady oblique flow
will be nonstationary and as the resultant support and
the hydrodynamic moment are changing in accordance
with the blade turning angle 0 , counted from the vertical
position. The transverse force is appeared in this case,
directed in the same direction like the side component of
speed. The mathematical model of the screw propeller
which operates in the oblique flow has been built on the
base of the nonstationary theory of the lifting surface in
the limits of the ideal liquid with the use of the method
of the discrete vortexes. At the assessment of the effi-
ciency of the screw propellers operation in the case of
the oblique inleakage, the limitation of the experimen-
tal researches, including the use of CFD — sets shows
the necessity of the use of the theoretical methods. The
theoretical research of the screw propeller hydrodynamic
forces on the base of the nonstationary theory of the lift-
ing surface during operation in the oblique flow is of the
scientific interest and it is actual.

Analysis of the latest researches and publications.
The following works [9, 4, 13] should be noted among
the works of such direction because the serious analysis
of the marine screws nonstationary characteristics with
use of the lifting surface in the oblique flow model (with-
out the flow curvature). In works [14] the nonstationary
nonlinear theory of the lifting surface has been used for
the studying of the cavitating screw propellers hydrody-
namics in the straight flow. As it was noted in [7], the the-
ory of the main lift rotor in the oblique flow, introduced
in the works [9], to use for the studying of the screw
propellers in full volume is not possible. The active use
of the sets CFD for the projecting of the screw propellers
is observed in the last years.The analysis of the screw
propeller hydrodynamic characteristics which operates
in an oblique flow, with use of the medium OpenFOAM,
has been given in work [15].

The theoretical research of the hydrodynamic forces
on the screw propeller on the base of the nonstation-

ary theory of the lifting surface during operation in the
oblique flow is of the scientific interest. It is actual.

Object, subject, methods. In this article, the object
of the research is the ship, equipped by the azipods or
by the steering columns and also by the floating drilling
platforms .

The subject of the research is the screw propeller
which can operate in the oblique flow on the ship. It gives
the change of the hydrodynamic forces: the support and
the moment, and also the appearance of the transverse
force, acting on the screw. These moments are neces-
sary to take into account for the ship safety during her
manoeuvering or the positioning of the floating drilling
platforms.

The methods of research. The knowledge of the
ship theory, the propulsive quality of ship, the wing the-
ory and the vortex theory, the methods of the discrete
vortexes and the methods of the nonstationary theory
of the lifting surface are used. It allows to simulate effi-
ciently the screw propeller operation in the oblique flow.

THE ARTICLE AIM — is to built the mathemati-
cal model of the screw propeller, which operates in the
oblique flow on the base of the nonstationary theory of
the lifting surface with use of the Discrete Vortex Models
(DVM) in the regime of the moderate load and the simu-
lation of the blade solid by the system of the resources-
outflows. On the base of the mathematical model, the
effect of the flow on the hydrodynamic forces (HF), is
valued at the different angles of the bevel.

Basic material. The airflow of the screw propeller
(SP) blades by the uniform oblique flow will be nonsta-
tionary, and as result, the resultant support and the hydro-
dynamic moment are changing in accordance with the
blade turning angle 0 , which is counted from the vertical
position. At the same time, the transverse force, directed
into the same direction as the side component of speed
will appeared.

The mathematical model (MM) of the screw propel-
ler, operating in the oblique flow, has been built on the
base of the nonstationary theory of the lifting surface, in
the limits of the ideal liquid. In MM the materials of this
author earliest works [4—7] have been used. The vortex
scheme of the screw in the regime of the moderate load,
the transverse component of speed and the blade solid
have been take into account.
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The vortex system of the screw propeller includes
the jointed, closed vortex circuit, which model the blades
and spread discretely on the screw surfaces with inter-
val which is equal to P(r) = 2nrtan, where » — is the
radial coordinate on the blade vortex surface; B, — the
angle of the inductive advance. In the trace will income
the closed vortex circuit(frames) with the angle of the
spiral line rise B ]“ in each moment of time, which is in
accordance with the blade turning into the angle A6, and
it is the difference between nonstationary and quasi-sta-
tionary model.

We introduce, as in [7], the right Cartesian coordinate
system Oxyz, and the connected with the blade system of
coordinate Ox y z , which rotates with the angle speed Q.
The axis Ox and Ox, and the beginning of the coordinate
of these systems are the same, and we direct them on the
axis of SP towards the leaked-in flow ¥/, under angle of
bevel o (Fig. 1). The number of Z blade — the blade
screwisn (n=0,1,2,...,Z-1).

As it was noted in [7], at the oblique inleakage into
the screw depending on the angle position of the blade e@ﬂ,
the angle of the inductive advance will be changed p *,
and the blade section angle of attack. We will have the
following formula taking into account the leaked-in flow
angle of bevel o, speed transverse component T/Asinacx
and the blade angle position 0 :

0 V cosa +w
A CK xl

cos 6

-V sina
1 A CK 1

where the received axial w_ and circular velocity w, , in
the screw disk, will be calculated to the first approxima-
tion in accordance with the theory of the lifting line, [3];
V,= % — the relative speed of the flow, leaked-in
on the screw under angle of bevel.

As we know, during the numerical solving of the
nonstationary tasks, the continuous process of changing
during the time of the boundary conditions and the hy-

drodynamic forces on the lifting surfaces will be changed

Fig. 1. Screw propeller coordinates systems at the oblique in-
leakage
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by the gradation process. In this case, we think that, the
jump changing of the boundary conditions and the forces
on the blade of SP in some moments of time, that in ac-
cordance with the different angle positions of the blade
0,=0,0,..,0, @ =01,2,..,15). The specified
above boundary conditions and the forces are the con-
tinuous in the intervals between these angle positions
A®. For the definition of the circulation of the nonstation-
ary added frames in each blade angle position and free
vortex it is necessary to execute the boundary conditions
on the blade surface, to have the closure of the vortex
systems and Chaplugin—Joukowski hypothesis in the
points of the vortex cover escape. The vortex system of
SP in the proposed mathematical model has been built
as the following: the discrete added vortex circuit, which
simulate the blade of SP and the flame of the free con-
vergent vortex, changed as in [4, 9] by the closed vortex
circuit (frames). During the turning of the blade on the
angle AB (AB = Q- At, Q — is the angle speed of SP), that
it is in accordance with the discrete step by time A¢, and
the angle positions are the following and sequentially:
0,=A0,0,=2A0, ..,0 = tsA0 in the trace behind
the screw the vortex circuit will be formed, received by
the longitudinal and transverse vortex, induced by the
boundary conditions change during some time (Fig. 2).
The blade n is changing by the vortex lattice, com-
pounded from the radial added and free vortex, creeping
along the chord and forming the vortex frame in whole,
(Fig. 2). These added vortex frames are placed in the lim-
its of the cells, received by the division of the blade in ac-
cordance with the span (radius) on the panel — p, and in
accordance with the chord — the division into compart-
ments — ¢, [7]. In accordance with the supposition of

Fig. 2. The added blade vortex free frame in the trace behind
the screw propeller
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the linear theory, the boundary condition of the imperme-
ability has been used on the close screw surface — the
support surface, i.e. the variable step along the radius, in
our case, from the blade surface. The control points, as
the joints points, are places on the support surface with
the variable step (in accordance with the rule «Cos»), as
in accordance with the hob and in accordance with the
blade chord [12].

In the specified below formulas the linear dimen-
sions are relative to the screw radius R, the speed — to
QR, and the circulation — to QR?, where Q — is the
angle speed of the screw rotation.

The radial coordinates of the control (index is — j)
and joint points (index is — pq) in accordance with the
blade hob:

7=t = Larr-La-z)
I"j = R —2 }"b 2 I’b COSQ[)

w = i—on2 M-,
oM+l

p
, 1
s _lpa _

_ 1 _
g ? —E(l+rb)—5(1—rb)cosa

p’
2p-1

o, = T, p=012,...M, 1
P om+ny @

where 7, — a relative radius of the screw propeller hob;
M — a quantity of the panels in accordance with the
blade span.

The coordinates of the control (index is — /) and joint
points (index is — pg) in accordance with the screw pro-
peller blade chord:

_ o o _4
Sji‘SL_Ebjk(rj)COSBjk’ Bjk‘ﬁn’

k=012,...,N -1,
- 1— CQk+1)-1)
Spg =51 =5 pg Upg)1=00sB pg)s Bpg =———m
q=0L2,...N,
bi i o)
P - _hratj.qa’ :
where b i pq T pg) = A a relative breadth

of the screw propeller blade;

S, — arelative coordinate of the incoming edge;

N — a quantity of the frames (compartments) in accor-
dance with the chord.

Cartesian coordinates of the control and joint points,
in accordance with the [7], but take into account the
scheme of the moderate load screw, are the following:

?cj :ffjejtan[i]; )7j :Fj cosej; Ej :Fj sinej.

The coordinates of the lattice joints on the blade of

SP:

Xpq = pg® pg BI5 Y pg =T pg 05 (8,70 pg);

Zpg =g sin (3,, 7epq)’ 2)
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V,cosa. +w L
4 ok ~xl — it is in case

where tanf; = —— —*
r—wel—VAsmotCKcosen

of the oblique inleakage, are calculated in accordance
with the scheme of the moderated load screw, and the

axial w_, and circular velocity w, received speed in the

01°
screw disk, are calculated at the first approximation in

accordance with the theory of the lifting line, [3];

V,= % — the relative speed of the leaked — in

flow on the screw under the bevel angle;

2n .
3, =n—, n=012,.,Z-1 — the angular displace-

ment of n-th blade.

The coordinates of the closed vortex cords joints
will be on the free cover of SP. They are calculated in
accordance with Eulerian equation of motion.

We consider that the vortex added frames and they
are in the trace, have been built from the rectilinear vor-
tex segments, which connect four joint points on the
blade and on the free cover. The inductive speed of this
vortex are calculated by Biot-Savart law, in accordance
with [9].1t was recorded, taking into account the accept-
ed coordinate system. They are in accordance with the
following expressions:

ﬂ = i
X,jipqg  4n
_ 1
“Y.jipg " an
n — i
Z,jipq  4n

(AfQA?P - A?QAT/P)I ,

(AEQMP - MQAEP)I . 3)

where
A =¥ pi1,g " Ypg> N0 TV pil,g " pg

A9 =Zpil,q pg

J % NPTV Vpg ApTEiEpg

=1

Axp =

R HJ]
§ ac—b2 \Na-2b+¢c e )
a:&émyém%, b=AFpAFp +AF AT p + A A p,
c=A¥%+A}%)+A212,.

Then the singular components of speed, induced by
the vortex frame in the control points, on the blade will
be the following expressions:

ﬁ)(?, jipg TUX, jig TUX, ji,g+1TEX, jip TUX, jip+1°
By jipg =0y, jig ~y, i1 *0y jip 0y, jp+1e ()

T jipg =2, jig 7, jig+1 YU, jip U7 jip 1o
The full speed (in the dimensionless form) for each
control point P, can be written in accordance with (12),

like the sum of the inductive speeds from the blade vor-
tex frames, the free vortex frames, convergent into the
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flow W_I_T, received by the speed from the sources ijf ,

the full relative speed of the external flow 17,,' :

7 _jpblade i F 7S ;1 . _
le. —sz‘ +Wﬁ +le- +Vji,j—0,1,...,M—1,

i=0,,...,N-1. ®)

The speed, induced in the control point P, by the
system of the added blade vortex in accordance with
[12] can be written by the equation

ZAM-1_ N-1

Zblade _ T = —® -
Wi = on o o Eo Y pativa SP g (©)

-®
where o, m
singular circulation I' = 1, which includes two added vor-

— the speed from the vortex circuit of the

texes between joints qu and Qpﬂ’q and two free vortexes,
convergent from these joints along the chord.

The normal speed, induced by p th free vortex frame
on ts-th interval in accordance with time in the control

point Pj,.:
s M-I
= F —ts @ 1ts
Win= 2 X Upin i, (7
ts=1p=0
where gjs — the singular normal speed (it is calculated

in accordance with the equations (3, 4)), received by the
convergent, on the zs-th interval in accordance with time
by p-th free vortex frame in the control point, in accor-
dance with its circulation F;Sﬁ.

We project the full speed (5) of the normal to the
support surface in the control points and we receive the
system of the linear algebra equations (SLAE), received
on the base of the screw propeller blade impenetrability

condition, the solution of this allows to find the circula-

0
tion of the added vortexes ' * in accordance with the an-
14

gular position of the blade 0, or on each time interval ts:

Z-1M—-1N-1
2,z [[17)(? S =% qu}nl x "
n=0p=0g=0 > >

_OF

_®B _-®F
“y. ,jipq]"f y* ["Z,jipq

0
. J —
”Z,jipq]"f Z} rd

@B
* [“Y  Jipg

= 0, = _
:[VRj(¢j—BIH)+VRja;—EC—anjJ _

S M -1
_ Tz z Zj@Fl—ts (8)

ts=1p=0 pjin- pji®
where
np=cosPy/Ar; nry :—(D]cosB]cosej—sinB[sian)/A];

ny, :—(chosﬁlsinﬁj+si11[31c036j)/A1;
12

- 2 2)77. - 2

Ag —(1+cos B[DIJ ; Dy —dokl/dr,

Ay = ftanﬁ(;” ; the normal direction cosines to the support
surface are written in accordance with [3] and [6];
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V gcosacg + W,y

— the angle of the

Bj“ = arctan| —— —
r=wyy =V sinog cos 0
blade section inductive advance, which has turned into
angle 0 , at the resultant velocity of the leaked-in flow,
taking into account the transverse speed component
T/Asin(xCK:

VRJ‘ :\/(VA COS Ol +Wx1)2 +(F —wg =V 4 sinagg coseﬂ)zé
AR
X,Y,Z, jipq
vortex frames of the singular circulation (the index
is — F), which cover the outgoing blade edge and they
are included in accordance with [10], in the right part of
SLAE (8).
The finding of the normal component of the received
speed W, from the sources — the outflows and the de-

.. 0
rivative rk
0

— the inductive speeds from the free

of the distribution function, the ordinates

of the profile section medium line in accordance with the
coordinate E =2& /b, has been described in [5].

The solution of SLAE (8) in each time interval (in
accordance with angle of the blade turning 0 ), gives the

. . 0 )
circulations of the added vortexes T',%, which allow to

find the intensity of these vortexes ygg , and to find the
inductive speeds in the points of the blade by use of (6),
to find the inductive speeds from the free vortex frames
(7) and calculate the forces, acting into the screw propel-
ler.

During the finding of the nonstationary forces and
the moment on the screw propeller, we use Kosh-La-
grang integral in the dimensionless form [1]:

_ or
Ap = 2(’YW0TH _E) .

The use of it to the blade lifting surface, we will re-
ceive the expression which allows to find the hydrody-
namic load on the element of the surface, covered by the
added vortex frame:

0
1

AT
prq
A0 | ©)

Ap=p@)=poo =1 | T Wy —

Then the nonstationary hydrodynamic forces (F', F',
F) and the moment M, acting into the screw propeller,
are introduced by the following equations[13]:
Fo@)=T@) = [(p(t) = poy)In,dS,
S
@) = [(p(0) = P )y, c08(Q1) =1 sin(€))dS,

S _ . (10)
FZ @)= I(p(t) P )(”z cos(Q) — ny sin(Q%))dS,
S

M ()=00) = [(p(t)— P11,z =1 y)dS,
S

116



N°2 (10) 2018

where n=(n, n, n_) — the normal to the blade support
surface .

The coefficient of the stop k7 and the moment X))

0
of the screw propeller blade, turning in each moment of

time into the angle 0 , during the operation in the oblique

flow:
(1)

. _ 0"
254

9 on2DS )

(11)

pn
In this work, the coefficient of the tangential force
K% on the blade surface element (in the plane of the
screw disk) at the turning into the angle 0 , has been cal-
culated on the formula:
FZN(0)

KZ =
7 B
2 H4

(12)

pn
where p — the density of liquid; n — the frequency of
the screw propeller rotating; D — the diameter of SP.
The equation (12) allows to calculate the tangential force

F}' on the blade at different angular positions.
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During operation of SP in the oblique flow, the trans-
verse component of speed T/Asin(xm, leads to the appear-
ance of the side stabilizing force of the same direction.

In accordance with the built theoretical model, the
preliminary calculations of the dimensionless hydrody-
namic characteristics of SP have been executed such as
the coefficients of the following terms: a stop — K, a
moment — K, and a tangential force — K, (of the series
74-85:7Z=4;4,/4,=0,85; 7, = 0,20; ¢ /D = 0,055) de-
pending on the blade quantity — Z, the disk relation 4,/
A, PID(r) at the specified value P/D = 1,3 for7= 0,7, the
relative conditional thickness — e /D on the axis of SP,
at the flow oblique angles o, = 15° and 30°. At the use of
the quasistationary model, to receive the same distribu-
tions of the specified above coefficients, (Fig. 3, 4) , is
not possible.

At first, K, and K 0 of SP in the oblique flow have
been calculated, at the advance J = 0,30, for the com-

parison of them with diagram values [8], see table 1.

K1,Kz, Ko
0,20
. =
. K730 R
i — ‘..‘ “.' ——a—
0,15 —&rt '\4..\.._" = s
T o ':-_1;‘.’
AP Y. [Kz30 _r"""-»
3 P
Kz1s \“'-«._’_‘ r',w'—""
R tHemeper L4
0,05
i S K:Q30 _ge-gmvo-
Ko 1s * =¥
° 60 120 180 240 300 360 )

Fig. 3. The results of the following coefficients: the stop — K, the moment — K pand the tangential force — K7 per one blade

turn in the oblique flow: a = 15° and 30°.

KrKoKz

0,7

- KT30

0,6

>

IKT15

0,5

gl

0,4

03

K715

0,2 &=
K030

0,1

Ko1s

>

>
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Fig. 4. The results of the following coefficients: the stop — K, the moment — K 0 and the transverse force — K, per one turn of

the screw propeller in the oblique flow: o, = 15° and 30°.
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Table 1. The comparison of K, and K o I'B of SP in the oblique
flow with the diagram values

N°2 (10) 2018
CYOQHOBY1YBAHHA

Table 2. The comparison of K, calculation with the values,
received by use of [2] and [7]

Hydrodynamic characteristics K, K,

0,529 0,1098
0,528 0,0987

Calculation

Diagram values, [§]

Then K7 and K 3 of SP blade have been calculated
at different angular positions 0 and the flow bevel angles
a, = 15° and 30°, Fig. 3. In accordance with the cal-
culation results of the tangential force K %, coefficients,
the screw transversal stabilizing force coefficients have
been calculated. For the comparison of the calculation
results , the formula in accordance the material [5], has
been used, which has been received the dimensionless
form in [7]:

Kan 2,14KQHIB[1—(J/JQH Jsin -

where K, =Y, /pn*D* — the coefficient of the transversal

(13)

stabilizing force; K, . — the coefficient of the moment

111B
at the operation of SQP at the mooring regime; J 0 the
advance of the zero moment.

The values K % , which are showed at the Fig. 3, 4,
allow to calculate the mean values per one screw turn
transversal force coefficient K, (a = 15° and 30°)
and compare them with the values, which have been
calculated in accordance with the formula (13), see the
Table 2.

In this work in accordance with the proposed MM,
the coefficient of the stop change ¢, and the coefficient
of the moment ¢, of SP in the oblique flow have been
calculated . The comparison of them with the results,
which have been received in accordance with the infor-
mation [2] and [7], see the Table 3, taking into account
that g, = K */K; q, = KQ*/KQ. The mean values of SP
turn values of the coefficients: the stop K * and the mo-
ment K Q* in the oblique flow at o = 15° and 30°, have
been calculated in accordance with the results, see the
Fig. 3. The values K and K, in the oblique flow (the
calculation ) have been used from the Table 1. The com-
parison results are in the Table 3.

Discussion of the received results. It is clear that the
accessing of the results which are better for SP operation
in the real conditions , leads to the serious complication
of the mathematical model ,or to the necessity of the
modern tools of the calculative hydrodynamics use —
CFD sets, which are based on the numerical solution of
Navier-Stokes equation by RANS method. CFD sets is
the expensive license commercial product, which we
must have . In this article, the use of the tool in the form
of the mathematical model, MM, of the screw propeller
in the oblique flow, has allowed to receive the acceptable

o, degrees

Ko 15 30
calculation 0,01276 | 0,0351
calculation in accordance with [7] 0,01321 | 0,02635
by use of [2] 0,0155 0,0276

Table 3. The coefficients g, and 4y calculation comparison re-
sults

a, degrees

15 30
4, calculation 1,0340 1,0927
q,» calculation by use of [7] 1,0317 1,0765
q,» by use of [2] 1,0315 1,0750
9 calculation 1,0564 1,102
9y by use of [7] 1,0498 1,0765
g, by use of [2] 1,0255 1,0825

results of the hydrodynamic forces on the engine calcu-
lation. The proposed tool, has the limited possibilities
comparing with the modern CFD sets, but the calculation

time in accordance with this model is more less.

CONCLUSIONS. The mathematical model of SP,
operating in the oblique flow, on the base of the non-
stationary theory of the lifting surface. MM takes into
account the real geometry of the blade section profile, its
thickness and the change of the interval in accordance
with SP blade radius. MM can be compared with the
quasistationary model [7], for more exact assessment of
the variables of the forces per one turn which influence
on the blade of the screw and on the screw in whole. The
programme complex is realized on the programming lan-
guage C# with use of the object-oriented way in the area
of the development Visual Studio 2005. The comparing
of the results of SP calculation at the loading coefficient
C,= 13,9 with use of the theory of the nonstationary sur-
face, has showed the acceptable matching with the ex-
perimental characteristics from the information [8], like
the transversal stabilizing force and in the calculation of
SP coefficients of the stop and the moment change calcu-
lation. The proposed MM can be used like the method of
the research at the first approximation of the screw pro-
pellers hydrodynamics which operate in the oblique flow.

The further improvement of SP model can be direct-
ed into taking into account the influence of the gondola

streamline coat of azipod, that it is in real conditions.
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