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A set of basic hydrodynamic parameters of the water jet propulsor is proposed. An analytical
method for determining the optimal values of design parameters, at which the maximum
efficiency of the propulsor is achieved, is given, as well as a method for calculating parameters
other than hydrodynamically optimal, which expands the developer s possibilities for optimizing
the dimensions and mass of the propulsor. The key hydrodynamic parameters for water jet
propulsor design are highlighted. The relationship between the hydrodynamic parameters
of the water jet propulsor is shown. The meaning of the main hydrodynamic parameters
is explained. The physical meaning of optimal values of hydrodynamic parameters is shown.
The presented method of determining the limiting values of parameters at the design point
is based on experimental studies, which makes it possible to establish the boundary of the area
of existence of parameters of such propulsors. This method, together with the determination
of optimal parameters by the value of the coefficient of efficiency and the same coefficient
at suboptimal parameters, completes the problem of selecting the water jet propulsion’s design
parameters. The method allows solving such important problems as creating a propulsor that
develops maximum pressure at a given circular velocity, or a propulsor with minimum diameter
but maximum static efficiency, etc. The methodology is based on the method of determining optimal
and limiting design parameters using the Bernoulli equation. Definitions of basic hydrodynamic
characteristics are given. The method of calculation by the method is shown on the example
of the simplest case of the mover with one fan, when the diameters of the inlet and outlet channels
are the same. The result of the calculations is illustrated graphically. The method of comparing
design and experimental data of propulsors having different hydrodynamic schemes with equal
and different design parameters allows for the revelation of the peculiarities of their characteristics
and to apply in each specific case one or another scheme of the propulsor fan. The proposed
method allows for the development of a propulsor for a watercraft under the given requirements
for it, as well as to select a ready-made propulsor from the existing catalogs for a specific task
of a watercraft. The features of calculating propulsors in the form of tubular axial fans with
propellers in a ring are considered more efficient than propellers, allowing a gain in dimensions
of a swimming vehicle. Besides, it is safer and more reliable in operation than a propeller.

Key words: Propeller, efficiency factor, parameter, limit values, design point, pressure,
diameter, Bernoulli equation, fan, hydrodynamic scheme, ring, dimensions, reliability, efficiency.

Centokos 0., Xaonin JIiy. Ocobnueocmi po3paxyHKy 0CHOSHUX NAPAMEMPIE 6000MENHO20
pyutin

IIpononyemucsi KOMNIAEKC OCHOBHUX 2IOPOOUHAMIUHUX NAPAMEMPIE 8000OMEMHO20 PYWlis.
Hagedeno ananimuunuii Memoo 6U3HaueHHs ONMUMATbHUX 3HAYEHb PO3PAXYHKOGUX Napame-
mpie, 3a AKUX 00CAAEMbCA MAKCUMALbHULL KOeDiyicHm KOpUcHoi Oii’ pyutis, a makoxic memoo
PO3PAXYHKY Napamempis, 6iOMIiHHUX 610 2IOpOOUHAMINHO ONMUMATLHUX, ULO POSULUPIOE MONCIU-
60cmi pospobHuKa wo0o onmumizayii 2abapumis i macu pywis. Budireno kawouosi 2iopoouna-
MIYHI napamempu 051 NPOeKmMy8anHs 600omemnoco pywis. Ilokazano 36 ’a30x midc 2iopoouna-
MIYHUMU napamempamu 6000Memno2o pywis. Po3’acneno snauents ocHOBHUX 2I0POOUHAMIYHUX
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napamempie. Ilokazano Qizuunull ceHc ONMUMATLHUX 3HAYEHb 2i0POOUHAMIYHUX napamempis.
Ipeocmasnenuii Memoo U3HAYEHHS SPAHUYHUX 3HAYEHb NAPAMEmPI8 Y PO3PAXYHKOGIU mouyi
IPYHMYEMbCA HA  eKCNEPUMEHMANbHUX OO0CTIONCEHHAX, WO O0a€ 3M02y 6CMAHOGUINU MECY
oonacmi icHysanHs napamempie maxkux pyuwiie. Lleii memoo pazom i3 @U3HAYEHHIM ONMUMATb-
HUX napamempis 3a 8eIUYUHON KoeiyieHma KopucHoi Oii, a makodtc ybo2o i Koegiyienma
30 HEONMUMATLHUX NAPAMEMPIE 3A6ePULYE 3A80AHHS BUOODY PO3PAXYHKOBUX NAPAMEMPIE 6000~
MemHoeo pywis. Memoo dae 3mo2y po36 ’sa3yeamu maxi GaxiCAUGI 3a60anH S, AK CIGOPEHHSA PYULIA,
WO pO38UBAE MAKCUMALLHULL MUCK 3a YI€L KPY20BOT WEUOKOCMI, ab0 pyulis 3 MIHIMATbHUM Old-
Mempom, ane 3 MaKCUMATbHUM CHAMUYHUM KoeiyieHmom KopucHoi 0ii mowjo. B ocnogy memo-
0071021 NOKAA0EHO MemOoO GUIHAUEHHS ONMUMALLHUX | SDAHUYHUX PO3PAXYHKOBUX NApamMempis
3 BUKOpUCMAHHAM pieHAnHA Bepnynni. Jlano eu3nauenHa oCHOGHUX 2i0POOUHAMIYHUX XapaKme-
pucmux. Memoouky po3paxyuxy 3a Memooom NoKa3ano Ha NPUKIadi HAUNPOCMIUL020 GUNAOKY
PYUList 3 00HUM 8EHMUTIAMOPOM, KOIU diamMempu 6XIOH020 i BUXIOHO20 KAHALIE 00HAK0GI. Pe3yib-
mam po3paxyHKie npoiLocmposano epagiuno. Memoo 3icmaenienus po3paxynkosux i ekcnepu-
MEHMANbHUX OAHUX PYULITB, WO MAOMb 30 PIHUX | PI3HUX PO3PAXYHKOBUX NAPAMEMPI6 Pi3Hi 2i0-
POOUHAMIYHI cXeMu, 0a€ 3MO2Y GUABUMU 0COONUBOCMI IXHIX XAPAKMEPUCTNUK I 3ACMOCO8y8amu
6 KOJICHOMY KOHKPEMHOMY GUNAOKY MY YU iHWLY cXeMy 8eHmuUiAmopa pyulia. 3anpononoganuil
Memoo 0ae 3mo2y po3pobasmu pyutiu ik NIAAIbHO20 3ac00y nid 3a0aHi 6UMO2U 00 HbO2O,
a makodxc nioibpamu 20mosuti pyuliti 3 HAsIBHUX KAMALo2ie ni0 KOHKpemHe 3a60aHHs NAd6db-
H020 3aco0y. Pozenanymo ocobnusocmi pospaxyuky pywtiie y eueisaoi mpyouacmux 0Cb08uUx 6€H-
MUIAMOPIE i3 nponeiepamu 8 Kiivyi, AKi € epeKmMUSHIUUMU, HINC 2PeOHI 28UHMU, WO 0AE 3MO2Y
ompumamu suepaul y 2abapumax nid8aIbHO20 3aco0y, 00 mo2o e 6e3neuHiuull i HAOIHIULL
y npoyeci ekcnayamayii, Hide epeOHULl 28UHM.

Knwwuoei cnosa: Pywiii, koepiyicum rkopucnoi 0ii, napamemp, 2paHuyni 3HA4eHHs, pPO3-
PAXYHKOBA MOYKA, MUCK, diamemp, pieHanHsA Bepuynni, eenmunamop, 2iopoouHamiuna cxema,
Kinbye, cabapumu, HAOIUHICMb, eheKmuUHiCmb.

Introduction. Water jet propulsion for river and marine types of watercraft is widely
used worldwide [1]. This propulsion system is used [2] in the form of high-power multi-
shaft units on giant high-speed ferries or on the smallest high-speed vehicles like jet
skis, but in both cases, the speed parameter is an advantage. Waterjets have high friction
costs as the water moves through the propulsor, but this disadvantage is compensated
for by the increased efficiency of the impeller. As a result, in terms of its propulsive
characteristics, the water jet is practically equal to the propeller, and at high navigation
speeds, it has an advantage [3]. Another advantage of the waterjet is the amazing
softness of the transmission operation and almost complete absence of vibration [4],
which is not unimportant for recreational watercraft. Waterjet propulsors in the market
occupy no more than 10 % of the total market volume of propulsion devices [5]. The
hydrodynamic calculation of the propulsion system plays a significant role in the design
of a swimming vehicle [6]. Axial fans in the form of propellers in a ring are usually
used as water jet propulsors. Axial fans work by drawing water into the fan and moving
it in a parallel direction along the axis of the blades. The simplicity of their design
and efficiency make them a popular means of creating propulsion for watercraft. Axial
fans consist of one or more rows of blades (impellers) attached to a central hub (hub).
An intermediate guide apparatus may be placed between the rows of blades. An inlet
guide apparatus may be located in front of the first impeller. Behind the last impeller,
there may be a straightening device. The intermediate, inlet guide and straightening
apparatuses are designed to change the direction of the water. There are three basic types
of axial fan design: propeller fans, tubular axial fans, and vane axial fans. Propeller
fans, such as propellers, are simple low-pressure axial fans that move large volumes of
water at low pressure. Tubular axial fans (channel propulsors) are propeller fans that
are enclosed in a cylindrical housing (channel) better to direct the water flow (water
cannons). Bladed axial fans are equipped with guide vanes at the fan outlet to improve
efficiency and control the direction of water flow, and are designed for high pressure.
The water-jet propulsor is more efficient than the propeller fan [7], which allows for
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a gain in its dimensions. Besides, it is safer and more reliable since the impellers are
shielded from damage by a solid pipe. Increased efficiency of the propeller also allows
such fans to be fitted with protective grilles at the front and rear of the propeller, which
also contributes to increased reliability and safety in the operation of the propeller. The
fan’s operation principle is based on creating a pressure difference between its inlet and
outlet. The fan blades rotate at speed, creating a low pressure at the inlet and a high
pressure at the outlet. This pressure difference creates the movement of the water flow
through the fan and generates thrust for the propulsion of the watercraft.

Formulation of the problem. The axis of the complex of the main hydrodynamic
parameters is not defined for the water jet propulsion system and the relationship
between them is not shown. A practical calculation method for determining the optimal
values of the design parameters is not provided and their physical meaning is not
shown, including those at which the maximum efficiency of the thruster is achieved.
The key hydrodynamic parameters are not identified for the design stage of the waterjet
propulsion system.

The aim of the study. To provide an analytical method for determining the optimal
values of design parameters that achieve the maximum efficiency of the thruster and a
method for calculating parameters other than hydrodynamically optimal, which expands
the developer’s ability to optimize the dimensions and weight of the thruster. To highlight
the key hydrodynamic parameters for the design of a water jet propulsion system. Show
the relationship between the hydrodynamic parameters of a water jet propulsion system.
Explain the meaning of the main hydrodynamic parameters. Show the physical meaning
of the optimal values of hydrodynamic parameters.

Analysis of recent research and publications. In article [2] a general analysis of
the efficiency of water jet propulsion on watercraft without reference to hydrodynamic
parameters is given. In [3] the efficiency of water jet propulsion is investigated by modeling
without analytical methods. In [4], only noise from water jet propulsion is investigated
without investigating other parameters. In [5], the world’s water jet propulsion research
methods are analyzed without disclosing the peculiarities of the analytical method. In
[7], the hydrodynamic calculation of only an open propeller is given.

Presentation of the main research material. Usually, the hydrodynamic calculation
[8] of axial fans consists of the following main steps:

— selection of the design scheme [9] and determination of the design parameters
of the fan, including diameter and speed, based on the given values of pressure,
performance and pressure losses in the elements that make up the propulsor;

— calculation of flow, flow kinematics, velocity triangles in front of the blade crowns
and behind them along the radius. Determination of the geometry of the blade crowns
(profiling) allows to realize a given flow at the design point at the lowest pressure loss,
i.e. with the highest efficiency;

— calculation of hydrodynamic characteristics of the fan in the operating range of its
capacity;

— calculation of hydrodynamic characteristics of the fan at its regulation.

One of the most important metrics on which the developers of swimming vehicles are
oriented is their hydrodynamic characteristics. The main parameters of hydrodynamics
are such indicators as: water flow, thrust, performance, static and dynamic pressure,
energy consumption, and power. In general, the characteristic of a water fan is the
dependence of the total pressure, power on the shaft and coefficient of efficiency on the
water flow rate at a constant speed of rotation of the impeller of known size and known
water density and hydrodynamic scheme, i.e. the totality of the geometric configuration
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of the flow part and impeller. Hydrodynamic characteristics of the propulsor are
necessary both at the stage of design and at the stage of its testing. Hydrodynamic
characteristics are distinguished between absolute (pressure, performance, power, etc.)
and relative in dimensionless parameters, when, for example, instead of pressure, the
pressure coefficient is used, instead of performance, the performance coefficient, and
instead of power, the power coefficient.

Due to the variety of requirements that designers have for watercraft, it is often
necessary to develop a hydrodynamic scheme to ensure that the fan is manufactured to
best suit its layout and application.

The relationship between the hydrodynamic parameters can be seen if the expression
for the thrust F of the fan propulsor using the equation of quantity of motion is presented
in this form:

F = J‘pvaut (vout - V)dS, (1)
N

where w_ - speed at the mover outlet, m/s;
v — speed of the swimming vehicle, m/s;
p — water density, kg/m?;
S — channel area, m?.

It is more convenient to consider the value of these parameters in Fig. 1 for the
simplest case of a propulsor with one fan, when the diameter of the inlet channel and the
outlet channel are the same and the pressure outside the outlet channel is equal to the
pressure in front of the inlet channel.
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Fig. 1. Channel fan in section: p — pressure outside the mover,; D — channel diameter,

D’ d D
D, — fan diameter (D, < D), d — sleeve diameter, S ZTE—, u=—, §, ="
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An expression for the thrust F of the fan propulsor through the parameters in the
outlet channel cross-section using Bernoulli’s equation:

2
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Expression (2) makes it possible to determine the real thrust of the propulsor in the
process of its testing. For practical application, this formula can be further simplified by

vout

neglecting the small value of the ratio, the change in velocity v along the cross-

v
section § and the shift in density p in the propulsion path. In this case, the equation
for thrust F' to reveal the regularities of influence of the main parameters on it will be
written in the following form:

2

4

where Q — water flow rate, m%/s;
u — relative diameter of the impeller bushing;
C,, — is the axial component of water flow velocity at the propulsor inlet, m/s.

Flow velocity, defined as the volume of water moved per unit time, is a fundamental
performance indicator for axial flow fans. The required flow rate depends on the specific
application of the swimming apparatus.

In practice, in calculations, the thrust is specified not for one mode of operation of
the watercraft, but for several, for cruising speed and maximum speed.

For fans, a distinction is made between static and dynamic pressure. Static pressure is
related to the force of the head of water generated by the fan. Static pressure determines
the back pressure the fan may encounter when pumping water through itself. This
parameter is measured in pascals (Pa). The optimum static pressure value is selected
based on the specific design of the watercraft and depends on the fan design and impeller
speed. The higher the value, the better the fan performs under high drag conditions.

Dynamic pressure is the most critical parameter, as it affects the ability of the fan
to overcome the resistance created by various obstacles when pumping water through
itself. The higher the dynamic pressure value, the more resistance it can overcome and
the more water it can move. It is measured in pascals (Pa).

Losses in the p_fan duct are due to friction, leakage, and turbulence. Inefficiencies
caused by water resistance, turbulence or improper blade design can increase energy
consumption. Friction losses usually occur on guard grids, blade surfaces and other
moving parts. They can be minimized by high workmanship and the use of low-friction
materials. Water leakage around fan blades and housing can reduce effective flow and
increase energy consumption. Improper installation of fan blades and the presence of a
protective grille at the inlet of the propulsion channel can lead to turbulent water flow
within the channel, which increases channel resistance and reduces propulsion efficiency.

The flow rate is the volume of water that passes through the fan per unit of time.
The unit of measurement is cubic meter per second (m?/s). The water flow rate depends
on several factors such as fan blade speed, shape and number of blades, inlet and outlet
pressure, and water temperature. At a given water flow rate O, the fan should develop

_ PV

such a total pressure p that provides the water head with kinetic energy E, = >

overcoming the channel resistance at the channel inlet Ap, and outlet Ap_ , as well as
overcoming possible pressure losses Ap, —associated with the placement of auxiliary
elements of the channel structure: rudders, grids, deflectors, nozzles, etc., as well as
overcoming possible pressure losses Ap, ~associated with the placement of auxiliary
elements of the channel structure: rudders, grids, deflectors, nozzles, etc. In addition,
changes in water density due to temperature fluctuations insignificantly affect the fan

F=

(1-u)pC,, (v, =) =pO(V,,, = V), 3
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performance. Increasing the rotational speed or blade pitch may increase the flow rate,
but these changes also affect other parameters such as power and efficiency. Considering
these variables during the design phase is important to ensure consistent performance
under different operating conditions.

Considering the optimal balance between pressure rise and flow velocity in the
design is critical [10]. If the fan generates too little pressure, it will have difficulty
moving water through the system, reducing efficiency. On the other hand, over-
pressurization can lead to unnecessary energy consumption and noise. Choosing the
correct blade design, fan speed, and operating conditions will ensure that the increase in
pressure is sufficient to overcome the resistance in moving water through itself without
compromising efficiency, while maintaining the desired flow rate.

The channel resistance in the general case is represented as follows:

pv:%—i—Apin_’_Apaut*_Apms’ (4)
at that the channel resistance coefficients are a set:
C=1C,,C,p Cour Cin) > (5)
E . Ap in_. Ap out . Ap ins
Where CZ = pcljli > Cin = pCj‘ > Cout =Tiznt’ Cins =Tli
2 2 2 2

Water flow exit area from the fan taking into account the relative diameter of the
impeller sleeve:

D2
Sy =4 (=), 6)

Ratio of average velocities (areas) of water flow exit from the propulsor nozzle and

from the fan:
S C , 1
n,=—-—= —n = E— 7
’ Saut vout CZ ( )

and therefore the channel resistance in the general case

1 C? V2
P, :(QW +FJ%:(1+CW né)%, (8)

N

Where Csum = Cin + Cam‘ + Cim'

When calculating fans for swimming vehicles, considering their typical design, the
influence of the compressibility of the water flow can be neglected.

The dynamic flow pressure on the fan associated with the motion of the watercraft
is taken into account by means of the coefficient of utilization of this pressure o, where
a < 1, the value of which depends mainly on the layout and type of water intake, the

in

and on the location of the propulsor in the channel. When the watercraft
2 2

. . pv .
moves at velocity v, the dynamic pressure —oor its part

velocity ratio

also participates in

. . C
overcoming the channel resistance, as does the total fan pressure p . When —* 21, the
coefficient a is in the range o = 0,85...0,95. v
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Taking into account the pressure utilization factor o, the required fan pressure p_ is
as follows:
1 \pC:, apv’
=g, +— |2 ———. 9
pv [Csum nSZJ 2 2 ( )

The power requirements for axial flow fan design are key to the design process.
Power consumption has a direct impact on both operating costs and the overall efficiency
of the watercraft. Understanding the power requirements of an axial fan involves a clear
understanding of the forces acting during its operation. The power required by an axial
fan is directly proportional to flow rate and pressure rise and inversely proportional to
efficiency. Higher flow rates and pressure rise increase the power requirements, while
higher efficiency reduces the power required. Power N consumed by the fan:

N= (10)
n
where 1 — fan efficiency.
Traction F through velocity v_ :
F=pO®W, —V). (11)

Knowledge of the density of water is an essential factor in engineering design. It is
used in various areas of engineering where the effects associated with the movement
of liquids and gases need to be considered. Understanding water density is particularly
important in the design and operation of watercraft. Water density varies at different
depths, affecting swimming vehicles’ water resistance. The density of water at various
depths depends on several factors, including pressure, temperature, salinity, and
degree of purity. According to the above formulas, the hydrodynamic parameters of
the watercraft are directly related to the water density p. The thrust characteristic in
calculations can be used in absolute values (H) or as dimensionless relative values, such

as specific thrust (kg of thrust per one kg of water) or thrust factor F.
Traction coefficient 7 through the speed of the watercraft:

o
v nD? '
ERa

Flow velocity at the fan outlet v through the draft factor:

Vout =X[1+ 1+£J (13)
2 \j ng

Substituting v from (13)into (8), the total fan pressure through the thrust coefficient:

2 2 =\’
pv — pvoul 1+Cxum nS 1+ 1+2_F —al. (14)
2 4 ng

Through the traction coefficient, the performance formula is as follows:

Q:f:”s {1+ 1+EJ. (15)

pv ng

F= (12)
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Efficiency is one of the most critical parameters in axial flow fan design because
it directly affects energy consumption and operating costs. Efficiency indicates
how efficiently the fan converts input power into practical work in moving water.
The overall efficiency of an axial flow fan is affected by several factors, which are
categorized into either the mechanical efficiency group or the hydrodynamic efficiency
group. Mechanical efficiency refers to the efficiency of the mechanical components
of the fan, such as the motor and bearings. Hydrodynamic efficiency refers to how
efficiently the fan blades convert rotational energy into water flow. The design of the
blade is crucial here, with factors such as angle of attack and blade shape playing an
important role.

The energy consumption of a fan is directly related to the efficiency of its operation.
It may depend on various factors, including: blade design, material of manufacture,
technical parameters of the fan, and others. The optimal combination of energy
consumption and fan performance is one of the main challenges in watercraft design.
Energy consumption is affected by three factors:

— blade shape and size. The design of the fan blades, including their pitch, curvature
and length, has a significant effect on the power required. Larger blades or blades with
steeper angles require more power to move the same volume of water;

— motor characteristics. The type of motor selected also plays a role. High efficiency
motors can reduce power consumption, while underpowered motors may not achieve
the required performance.

The generalized external propulsor efficiency 1 is designed to account for losses in
the channel and the extent to which the kinetic energy of motion is utilized. Its physical
meaning is the extent to which n _reflects the ratio of the useful power associated with
the motion of the watercraft to the hydraulic power of the flow through the propulsor:

/1+E—1
i

nouts = 2 —\ 2 : (16)
M 1+ 1+ E -
4 ng
The power through 1 is expressed as follows:
F
N=—"U_ (17)
nnouts

The method of determining the parameters of the propeller when only the fan diameter
is known does not allow to judge the minimum possible power required to drive the fan.
In contrast to the propeller, the built-in fan-driver has a maximum n_ due to pressure
losses associated with its location in the channel. This leads to the necessity to find the
optimal parameters of the realizing fan corresponding to the minimum possible power
of its drive.

As can be seen from the above formulas, the propulsion fan is calculated for
one optimal speed for some considerations. If the speed changes, if the resistance
coefficient of the channel or the rotation speed of the propulsion fan changes, the
thrust force, power consumption and other parameters will change. Naturally, these
changes must be taken into account when selecting or fabricating the right fan. From

the equation om,,,,/0F for a given n s the optimum diameter D, of the propulsion fan
can be found:

outs
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Fo=2-—2% |1+ I-—% |n,. 18
" J 1+f;mn§[ \/ 1+cwn§J"5 (1)

4F 1)

Dor = a a
mp(l—u?)nV*| 1+ [1- 1-
p( ) ’ ( \/ 1+€sum n; J\/ 1+C_!xum

The optimum water flow rate v
given v and ng

ot opt corresponding to the optimum diameter DOPt

Vit o :v[l—i- /1—%} (20)

The physical meaning of the optimal value of D, ata given ng is as follows.
Decreasing D at a given thrust leads to the necessity of increasing the water flow velocity
behind the fan. In this case, due to the increase in losses, the required p  increases
and Q decreases, since the increase in the water flow velocity behind the fan is less
than the decrease in the area of the flow path. When D increases, the opposite is true.
The minimum of the product p O corresponds to D, which increases with decreasmg
n,. This leads to decreasing flow velocities, decreasmg pressure losses and increasing
max1mum N, Fig. 2 shows the graph of F| (C) dependence at different 7 with lines of

v . v
equal values of | - ) corresponding to Fopt, where ( ot j =1,85.
v v
opt opt

10 T T T T T T T T T
2_
n
9t 5 1.85 U
----- Vout! Vg 1.8 " .
% \ 2 .
8 1.75 ; ~ 2.2
\ X ;
7r 1.7 < < 20 1
% 3
61 18 = Tt 1.8
R e z -
E" : 1.5 N A 16
- ~\ ~ %]
X X
14 < . ~uL e
4 \. G i }
\\ 7 S 1.2
3 \ - A 2. = 4
\/‘ \ NG - == B Ty i
2 '7 o ) . . \.\_\- = 0.8 g
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Fig. 2. Effect of losses and area ratio on the optimum diameter of the propulsor
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The physical meaning of the optimal value of n  and its variation is as follows. Given
F and v, an increase in n, results in the need to reduce the velocity v, , but to a lesser
extent. At the same time Q increases and the pressure p decreases due to the reduction
of the kinetic energy of the water flow. When n, decreases, the opposite is true. The
minimum of the product p O corresponds to the optimum n,. However, the same change
of the product p O with the change of n  at small values of the loss factor C occurs in the
region of large values of ny, and at large values of € — in the region of small values of .

In the case when a ready-made axial fan is selected for a swimming vehicle, it is
necessary to take into account also the following:

— when analyzing the hydrodynamic characteristics of axial ventilators it is
necessary to take into account the case when the engine (gasoline or electric) is located
in front of the impeller, and the wheel hub extends beyond the propulsion housing in
the axial direction (Fig. 1), the dynamic pressure is calculated by the flow exit velocity,
determined by the area of the blades (total area calculated by the wheel diameter, except
for the area occupied by the wheel hub);

— in foreign catalogs, the dynamic pressure of axial fans is determined by the total
area, i.e. the area covered by the wheel. The difference in static pressures, established
by these methods, begins to noticeably affect the relative diameter of the hub U > 0.4
(the ratio of the diameter of the hub to the diameter of the fan). If this is not taken into
account, the selected fan may not give the expected performance in a given design.

When selecting a fan from catalogs, attention should be paid to the following:

— whether the power specified in the characteristics is the fan power or the power
consumed by the fan motor;

— whether the fan motor has a power reserve for starting loads, grille fouling and
high-water temperatures.

The design of a fan propulsor is usually completed by a testing [11] and verification
phase. Once the propulsor is designed, it is critical to test and verify the flow rate to
ensure that it meets the intended specifications. Computational Fluid Dynamics (CFD)
modeling [7, 12] is commonly used to predict water flow characteristics, but physical
testing in controlled environments remains the gold standard for performance verification.

Conclusions:

1. Thus, the hydrodynamic performance of axial flow fans plays a key role in the
propulsion of watercraft.

2. Calculation of the hydrodynamic characteristics of the axial fan it is advisable
to carry out in the following order: selection of the structural scheme of the fan, flow
kinematics, calculation of the aerodynamic characteristics of the fan in the operating
range of variation of its performance, calculation of the aerodynamic characteristics of
fans in their regulation.

3. For an axial fan should distinguish between static and dynamic pressure.

4. Consideration of the optimal relationship between pressure rise and flow velocity
in the design of an axial fan is critical.

5. Power requirements for axial fan design are key in the design process.

6. Knowledge of water density is an important factor in axial fan design.

7. Efficiency is one of the most important parameters in designing an axial flow fan
as it directly affects energy consumption and operating costs.

8. Propeller sizing method, when only the diameter of the fan is known, does not
allow to judge the minimum possible power required to drive the fan.

9. Water flow testing and verification is critical to ensure that the axial flow fan
meets the specified characteristics.
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10. The optimum combination of all these components will ensure high performance
and meet the designers’ expectations for water jet propulsion quality.
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