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ABSTRACT 
 
This work is part of a research project conceived at the Federal University 
of Rio Grande. The project aims to create and develop mechanical devices 
that use the Coanda effect to enhance their overall efficiency. The focus 
herein is analyzing the physical phenomenon occurring in a conceptual 
water-jet propulsor. In the proposed concept, a water-jet propulsor has its 
impeller replaced by injectors that produce the so-called Coanda effect, 
increasing thereby the mass flow rate. In order to simulate the flow through 
the propulsor, a numerical model was developed. In this model the time-
averaged conservation equations of mass and momentum were solved 
numerically by the finite volume method, more precisely with the 
commercial package ANSYS FLUENT (version 14.0). For the closure of 
the constitutive equations, the k-ω URANS turbulence model was 
employed. The simulation was performed for a transient state with a 
timestep of ∆t = 1×10-3 s and a total physical time of t = 6.0 s. Static 
pressure fields, streamlines and speed profiles are used to analyze the 
equipment performance and the phenomenon occurrence. The results show 
that the Coanda Effect is able to generate thrust in a waterjet propulsion 
device without impeller. The study suggests that the employment of this 
principle has promising applicability in marine propulsion and deserves 
attention on future works. 
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NOMENCLATURE 
 
Ab nozzle narrowing angle, º  
CT non-dimensional thrust loading coefficient 
cte constant  
D diameter of a hypothetical actuator disk, m 
g gravity acceleration, m/s²  
Δh fluid column difference height, m  
K turbulent kinetic energy, kg.m²/s²  
L chord length, m  
P static pressure, Pa 
Pk  limiting function 
Rc curvature radius of the Coanda surface, m 
Re Reynolds number  
t time, s 
T thrust force, N 
va advance velocity of a vessel, m/s 
u velocity unity at the x-axis, m/s  
v velocity unity at the y-axis, m/s  
ܸ flow velocity relative at control volume, m/s  
x,y,z cartesian coordinates 

Greek symbols 
 
α1,	β,	β1,	β2,	,݇ߪ	ߪω,	ߪω2 SST ݇-ω model parameters  
ω turbulent kinetic energy dissipation rate, 

kg.m²/s²  
݆߬݅ shear stress tensor, N/m²  
 shear stress tension in an infinitesimal ݓ߬

element, N  
ηi ideal axial efficiency of an actuator disk 
ηo 	 efficiency	of	an	ideal	waterjet	system	
  fluid density, kg/m³ ߩ
  dynamic viscosity, kg/m.s ߤ
  turbulent dynamic viscosity, kg/m.s ݐߤ
߭ kinematic viscosity, m²/s  
߭t turbulent kinematic viscosity, m²/s 
 
INTRODUCTION 
 

Modern marine propulsion systems rely on 
several types of mechanisms that transform 
mechanical energy into kinetic energy to move a 
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vessel. It can be found propulsive systems based on 
propellers, sails, waterjets and so on. Each of these 
systems has specific characteristics inherent to the 
mechanics of its components. Consequently, each 
system also has specific applicability, depending on 
the task that the vessel has been assigned to perform. 

In general, waterjet propulsion systems are used 
in situations where high speeds are desired for a 
marine vehicle. These systems can provide great 
maneuverability and have lower mechanical losses 
than the conventional propellers (Eslamdoost, 2014). 
Waterjet systems hold high conversion rates of 
mechanical energy into thrust for marine vehicles. 
However, the energy consumption can still be 
considerably high due to mechanical transmission 
losses or the cavitation of the impeller blades. 

In the present work, a waterjet propulsor based 
on the Coanda effect is proposed. To accomplish that, 
a numerical analysis was performed in order to 
increase the understanding of the physics behind of 
the flow behavior inside the device. 

The employment of this device on marine 
propulsion, brings some phenomenological 
differences in comparison with the conventional jet 
propulsion devices. Thus, the main objective of this 
study is to improve the knowledge about the 
phenomenology of the flow in device for the future 
development of propulsive systems based on Coanda 
effect. Besides contributing to the theoretical 
foundation around the Coanda Effect it is by itself a 
scientific achievement for the fluid mechanics and 
numerical modeling fields. 
 
RELEVANT TOPICS ABOUT PROPULSION 
SYSTEMS 

 
In general, conventional propellers are 

successful elements as thrust providers in most of 
ships applications nowadays. However, for some 
smaller-scale applications, alternative propulsion 
systems are chosen, because the overall efficiency of 
the screw propeller decreases as its diameter 
decreases. Following the equation presented in Woud 
and Stapersma (2013), the ideal axial efficiency of an 
actuator disk is given by: 

 

  
2

1 1
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T
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C
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 

 

(1) 

 
where CT is the non-dimensional thrust loading 
coefficient of the actuator disk. This coefficient, in its 
turn, is defined by: 
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T
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where T is the thrust generated by the disk, ρ is the 
density of the water, va is the advance velocity and D 
is the diameter of the actuator. From Eq. (1) and (2), 
it is possible to notice that the efficiency of the 
actuator disk is inversely proportional to the load 
coefficient, and this is inversely proportional to the 
disk diameter. Thus, the use of propeller in smaller 
propulsive systems becomes significantly less 
efficient. 

Comparatively waterjet propulsion systems, 
used ordinarily in small marine vehicles such as jet-
skis and speedboats, are widely used in vehicles that 
demand higher speed (Borrett, Rae, 2008). One of the 
advantages of this type of system is the high energy 
conversion efficiency of the impeller. The thrust 
power generated by the impeller is function of the 
velocities, inlet and outlet areas. These areas are 
designed according to the aspiration and ejection 
effect they must cause in the openings of the hull, as 
indicated in the literature (Carlton, 2012). Figure 1 
illustrates the typical arrangement of a waterjet 
propulsor. 

Although the working principle of a waterjet 
propulsor is very much the same as a conventional 
propeller, its integration to the hull is different, 
making it hard to use the same concepts for studying 
both propulsion types. The net thrust of the propeller 
can be obtained by measuring the force transmitted 
through its shaft. On the other hand, as there is not 
just a single contact point between the waterjet unit 
and the hull, this cannot be easily accomplished in 
waterjet propulsion. Instead, another force of simpler 
measurement is defined to express the magnitude of 
 

 
Figure 1. Waterjet propulsor arrangement. (Adapted from Eslamdoost et al., 2016) 
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the thrust. The new thrust is called gross thrust and is 
obtained by the measurement of the momentum flux 
change through the waterjet control volume. 

The efficiency of a waterjet propulsion unit is 
defined by: 
 

 
 

2 2 1
0 2 2

2 10.5

v v v

v v g h


  
     

 (3)

 
where vs, v2 and v1 are respectively the vessel 
velocity, the outlet velocity and inlet velocity in the 
control volume, and Δh is the height difference 
between the inlet and outlet nozzles. As can be seen 
in Eq. (3), the efficiency of a water jet propulsion 
system can be related to the inlet and outlet velocities 
of the propulsive unit. This characteristic implies that 
the efficiency of these systems resides fundamentally 
in the geometry of the device, since the speed gain is 
given by the area difference between the intake and 
ejection nozzles. 
 
MARINE PROPULSOR BY COANDA EFFECT 
(PMEC) 
 

Flow amplification devices using Coanda effect 
have become popular thanks to advances in the field 
of computational fluid dynamics. In several studies 
presented in the literature, there are ingenious 
proposals in which the physical phenomenon is used 
to improve the efficiency of flow machines 
(Djojodihardjo et al., 2011), aerodynamic profiles 
(Trancossi et al., 2016b; Lim et al., 2011), and also 
the positioning systems for underwater vehicles 
(Mazumdar et al., 2015). 

The propulsive unit model presented in this 
work is a subsequent part of the research developed 
by Lemos (2016) and Lemos et al. (2017). The 
project aims to study the application of mass flow 
amplification generated by the Coanda effect to 
enhance overall efficiency in fluid systems. The 
present study proposes to use the Coanda effect in a 

waterjet propulsion unit in which the impeller 
components are replaced by water injectors. The 
small openings inserted into the inner surfaces of the 
device inject fluid at high speed tangentially on 
hydrodynamic surfaces. This generates an intense 
pressure gradient that creates propulsive force on the 
device. This gradient is generated only due to the 
phenomenon known as Coanda effect (Trancossi et 
al., 2016a). 

The device proposal is herein called Marine 
Propulsor by Coanda Effect (PMCE, which is the 
acronym initials that comes from the Portuguese 
name:  Propulsor Marítimo por Efeito Coanda). The 
device is geometrically similar to conventional 
waterjet units and holds similar dimensional 
construction parameters. Figure 2 shows the 
geometry adopted for the PMEC model addressed in 
this work. Note that in Fig. 2, the dimensions are 
reduced, so that the scale of the figure could provide 
a good visualization of the region of interest for the 
study. The illustration shows a two-dimensional 
cross-sectional area of the device integrated to the 
hull of a hypothetical vessel, similarly to the model 
shown in Fig. 1. The geometry shown is divided into 
3 regions of analysis. Four control lines are also 
placed along the intake duct to facilitate the 
presentation of the results. 

The PMEC unit differs from the traditional 
waterjet as regards the way it turns the mechanical 
energy of the pump into thrust force for the vessel. 
The Coanda effect, which basically translates to the 
adherence phenomenon of a fluid to a solid interface, 
creates lift forces in the internal region of the device 
similarly to what occurs on aeronautical profiles. The 
highlight of this propulsion model is that the lift 
forces generated by the pressure fields are purposely 
oriented to increase the thrust force. 
 
MATHEMATICAL MODEL 
 

The mathematical modeling in accordance with 
the simplifying hypotheses considered in the physical 
 

 

 
 

Figure 2. Computational domain of the PMCE-proposed. 
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model was based on an incompressible, turbulent, 
transient, two-dimensional domain and constant 
thermophysical properties. In order to solve the 
problem, the time-averaged conservation equations of 
mass and momentum (RANS - Reynolds Averaged 
Navier-Stokes) are used, together with the SST k-ω 
turbulence model, to closure the equations system. 

The time-averaged conservation equations are 
listed in the works published by Wilcox (2008). The 
conservation equation of mass is given by: 

 

0
u v

x y

 
 

 
 (4)

 
The time-averaged conservation equation of 

momentum in x and y directions are given 
respectively by: 
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where: ρ is the density of the fluid [kg/m³], x 
represents the cartesian spatial coordinate in the 
direction of the x-axis [m], u is the velocity 
component in the direction of the x-axis [m/s], y 
represents the spatial Cartesian coordinate in the y-
axis direction, [m], v is the velocity component in the 

y-direction [m/s], and P is pressure [N/m²]. The 
turbulent viscosity is given by: 
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To obtain the turbulent viscosity (μt), the k-ω 

model solves two transport differential equations for 
the kinetic energy of the turbulence (k) and the 
specific dissipation rate (ω), which are given 
respectively by: 

 

 
 

3
2j

k k t
i T i j

u kk k k
P

t x L x x
  

    
     

     
 (8)

 
 

 
 

 

2

2
12

j
k t

i T i j

i i

u
P

t x x x

k
F

x x





     


 


     
             

 
 

 

(9)

 
where: k is the turbulent kinetic energy, Pk is a 
limiting function that prevents the generation of 
turbulence in stagnant regions, and ω is the specific 
dissipation rate. For the closure of the equations, 
Menter (1994) proposes the use of semi-empirical 
coefficients in the calculations of specific dissipation 
rates and turbulent kinetic energy. 

 

 
Figure 3. Geometry proposed and detail of the Coanda surface inside the propulsor model. 

 
The suggest values for the coefficients, which 

were obtained by test approximations in physical 
models, are listed in Tab. 1. 
 
Table 1. Coefficients values from the SST model. 

  1  1  k    2  2  2  2  

0.09 5/9 3/40 0.85 0.5 0.44 0.08 1 0.856

 

PROBLEM DESCRIPTION 
 
In the investigation of the flow through the 

PMEC unit proposed in this work, a numerical 
approach is taken to obtain the fields of pressures and 
speeds along the device. Therefore, the Finite 
Volume Method implemented in ANSYS FLUENT 
(version 14.0) software is used to perform the present 
simulations. 

For the numerical approach, a two-dimensional 
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computational domain was designed to recreate the 
geometry of a PMEC unit. The geometry of the 
ejection nozzle can be seen in detail in Fig. 3. The 
curvature radius of the Coanda surface adjacent to the 
water injectors (Rc), is 150 mm, while the nozzle 
narrowing angle, (Ab) is 10°. The overall length of 
the analysis region 2 is approximately 1200 mm. 

The two injectors installed just before the 
Coanda surface are the only sources of energy 
inputted into the domain. The injector nozzles have 5 
mm each and impel water at an initial velocity of 70 
m/s tangentially on the curved surfaces.  

Figure 3 also illustrates how it is the 
arrangement of these elements in the domain. The 
domain discretization process produced a mesh of 
200,000 volumes, which received refinement 
treatment in the regions close to curved surfaces and 
injection nozzles. The boundary condition imposed 
on all edges of the domain was of pressure output, 
except on the injectors, where the boundary condition 
is of prescribed velocity. 

The ANSYS 14.0 package performs the spatial 
and numerical discretization of conservation 
equations using the finite volume method (ANSYS, 
2007). The SIMPLEC coupling algorithm and second 
order upwind discretized interpolation functions are 
employed. The viscosity model adopted is the SST k-
ω. The numerical models are decided according to 
recommendations for problems involving Coanda 
flows and high complexity surfaces, presented by Seo 
et al. (2017), Trancossi et al. (2016a), Mazudar et al. 
(2015) and Versteeg and Malalasekera (2007). Given 
that the study case is a turbulent flow with intense 
pressure gradients, a time-dependent model with a 
timestep of 1.0×10-3 s and total time of 6.0 s is 
adopted. 

The workstation used for the simulation runs 
hold the following configuration: processor Intel 
Core i7-4960X, operational system Windows Vista 
64-bit, CPU with 12 cores of 3.60 GHz, GPU with 32 
GB of RAM and a graphic card GTX-720. The total 
simulation time was around 80 hours. 
 
RESULTS AND DISCUSSION 
 

At the end of the simulations, the flow behavior 
inside the propulsion unit was analyzed, and 
phenomenology evaluation could be performed. The 
simulation achieved consistent results, with good 
convergence rate and results physically compatible 
with similar studies about waterjet devices. 

Figure 4 shows the streamlines and the 
magnitude of the velocity fields through the 
propulsion device PMEC. The streamlines reveal that 
the injectors are able to reproduce the Coanda effect 
in the internal region of the device. This finding is 
confirmed by observing that a considerable amount 
of water is suctioned by the inlet located in the 
analysis region 1. 

This event indicates that the pressure gradient 

on the Coanda surfaces is high enough to induce the 
surrounding water to pass through the propulsion 
system, similar to what an impeller does in a 
conventional water-jet unit. 

 

 
Figure 4. Streamlines and velocity magnitude 

contours of the flow through the PMEC. 
 
Figure 5 shows in detail the behavior of the flow 

in region 2 of the device. The streamlines reveal that 
the jets from the injectors, move large amount of 
water, a phenomenon associated with the Coanda 
effect. Water is injected at 70 m/s and rapidly lose 
energy due to the viscous forces, such a way that the 
average speed at the injector nozzle outlet is 
significantly lower than that injected. 

 

 
Figure 5. Streamlines and velocity magnitude 

contours in region 2. 
 
The energy loss of the flow is represented by the 

change of coloration in the streamlines, ranging from 
red (high speed) to blue (low speed). Figures 5 and 6 
indicate further that part of the water mass located in 
region 3 is induced to move due to the viscous effects 
of the jet ejected by the outlet nozzle, forming a 
recirculation zone. 

Figure 6 shows the field of static pressures in 
region 2. This figure shows that the flow direction 
change caused by the Coanda effect generates a low-
pressure zone (blue color), responsible for suctioning 
water at the device inlet. The region near the Coanda  
surfaces are the one to present the lowest values of 
pressure. The pressure field reaches average values of 
-8.5 kPa between the two surfaces. In the ejection 
region, the red coloration indicates positive pressures  
values, that reach up to 10kPa. 

In order for the color scale to distinguish the 
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regions of interest more clearly in Fig. 6, the range 
between -20 kPa and +20 kPa was set up. Hence, the 
discolorations observed in some points are pressure 
values outside this range. 

Figure 7 shows velocity profiles in different 
positions as the flow displaces towards to the outlet 
of the PMEC unit. The profiles show that the water 
mass suctioned speed up as approaches the Coanda 

surfaces by integrating the speed profiles, a mass 
flow rate of 2488 kg/s.m in the control line 1 and 
timestep 6 s was found. This value is significant 
when compared to the total mass flow rate of 3306 
kg/s.m that is ejected by the PMEC unit. Remarkably, 
over 75% of the mass flow ejected is due to the 
Coanda effect. 

 

 
Figure 6. Static pressure contours on the interior of the PMEC. 

 

 
Figure 7. Flow velocities profiles at each control line through the propulsion device. 

 

CONCLUSIONS 
 

This study proposed a conceptual marine 
propulsor, similar to conventional waterjets, but that 
uses Coanda effect in replacement to the impeller. 
The results revealed that most part of the mass flow 
rate ejected by the PMEC unit goes through it due to 
the inner pressure fields produced by the Coanda 
effect. 

This spontaneous physical phenomenon proved 
to be capable of providing an ejection mass flow of 4 

times higher the mass flow injected by the nozzles 
without extra energy consumption. Moreover, one 
possible advantage of the proposed concept would be 
the reduction of cavitation risk since this problem is 
inherent in conventional waterjet units due to the 
presence impeller. 

Summing up, the Coanda effect application in 
propulsion devices was demonstrated to be an actual 
possibility that deserves further investigation on 
phenomenology and feasibility. 
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