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ABSTRACT  
Developments of computational power lead to new options 
for flow field analyses of steerable thrusters. The step from 
wetted flow RANS to simulations with a cavitation model 
activated is made. In this way the viscous effects are taken 
into account, so that vortical structures can be modelled 
properly. 
The complex flow phenomena of cavitating thrusters need to 
be validated against experimental data to evaluate the 
accuracy. Model scale cavitation tunnel data has been used 
for validation. It has been recognized that the impact of 
gravity effects is only correct when Froude scaling is applied. 
Often the priority is put on higher Reynolds numbers, and 
therefore the Froude scaling cannot be maintained in the 
experiments.   
The flow simulations have been made at full scale, so that 
both Reynolds and Froude numbers are correct. Initial 
calculations have been made with uniform inflow, and in 
second phase the hull geometry has been taken into account 
to model thruster-hull interaction and proper inflow to the 
thruster. Results of the full scale simulations have been 
presented and the impact of the presence of the free surface 
relatively close to the thruster unit is discussed. 
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1  INTRODUCTION 
 
Use of numerical simulations in design of propellers and 
thrusters is continuously growing. Due to the increase of 
computing power the various tools all grow in their maturity. 
In this development a number of phases can be identified. 
First the codes are used in an academic/research 
environment, then the first activities as analysis tool in a 
commercial environment are seen. In a following phase the 
tools go from analysis to design tools, which is often a 
transfer from R&D to Engineering. In the propeller design 
engineering the use of VLM and BEM methods for 

calculation of pressure distributions is widely spread (see e.g. 
Kerwin and Lee (1978)). Simulations to calculate the 
cavitation patterns in a wake field are common as well 
(Kinnas and Fine (1989)). These numerical methods, which 
do not take the viscous effects into account, give results 
within acceptable time with sufficient accuracy. Therefore 
they can be used in the propeller design process.  

Due to the continuous development of computing power, 
new possibilities have come within reach on simulation side. 
In figure 1 the development of the numerical simulations 
methods in time is shown. From the simplest methods (VLM 
& BEM) in wetted flow, two different development paths 
have been followed: (1) the VLM/BEM methods have been 
extended with cavitation models to simulate the transient 
behavior of propellers with cavitation and (2) a transition to 
the viscous CFD has been made. In the Reynolds-Averaged 
Navier-Stokes (RANS) approach the viscous effects are 
taken into account. Due to the significant increase in 
computing time, initially only quasi-steady wetted flow 
simulations were possible, as discussed by Berchiche and 
Janson (2005) and Da-Qing (2006) among others. Over the 
years the RANS simulations have been further extended in 
complexity. Handling of more complex geometries like 
complete steerable thrusters, which cannot be modeled by a 

Figure 1: Development of numerical simulation methods over 
time 



single blade with periodic boundaries followed, see Bulten 
(2006a). A fully transient moving mesh thruster simulation 
to get the dynamic blade load fluctuations modeled properly 
has been used by Bulten (2008). Nowadays fully transient 
moving mesh runs of propellers and thrusters, which are 
necessary for example in case of steerable thrusters operating 
at oblique inflow, can be made within acceptable commercial 
time frames as shown by Bulten and Suijkerbuik (2013). 

For the simulations of cavitating flows the developments of 
lifting surface and BEM methods benefit from increased 
computer power as well. Due to a significant reduction in 
computing time, the analysis tools can be used in design 
cycles or in automated optimization loops. Although these 
methods do not take the viscous effects into account, still 
quite good predictions of the occurring flow phenomena can 
be made. When the methods are coupled to the available 
experience of the designer, the interpretation process of the 
results can be more enhanced. Typical examples are the 
knowledge about the actual wake field and the impact of the 
non-uniform flow on the load fluctuations of the propeller 
blades during a revolution. Over the years the tools have 
become valuable tools in the design process of propellers. 
Now the point has been reached where two numerical 
simulations methods are available in industry (VLM/BEM: 
non-viscous with cavitation or RANS: viscous without 
cavitation), which both have a limitation. The next challenge 
is to find a proper simulation methodology, which can take 
both the viscosity and the cavitation into account. Such a 
method needs to give sufficiently accurate results, whilst 
having computing times which are within commercially 
acceptable timeframes of a maximum of a couple of weeks. 

At the authors company the journey has been started to 
implement and validate the cavitation model within the 
available RANS software some years ago, see Oprea and 
Bulten (2011).  

In the process of implementation of cavitation modeling in 
the numerical simulation, dedicated model scale experiments 
of a steerable thruster have been carried out to get a set of 
high quality reference data for the thruster unit, operating at 
different conditions. These conditions have been simulated 
with the Star-CCM+ RANS code, both on model scale and 
actual full scale.  

In the next section the motivation for viscous simulations 
with cavitation model will be discussed. In section 3 the 
formulation of the cavitation model, as implemented in Star-
CCM+, will be discussed shortly. Results from the numerical 
simulations will be shown in section 4 for the thruster in 
uniform flow and in section 5 for the condition in behind 
ship.   

 

2  MOTIVATION FOR VISCOUS CAVITATION 
SIMULATION METHODS 

 
Although the VLM/BEM methods are widely used in the 
design process of propellers (see e.g. Baltazar (2012), 
Baltazar (2013), Moulijn (2015)), it has been noted that for 
some applications the simplification of invicid flow has a 
larger impact on the outcome than desired. In those cases the 
use of a RANS method seems to be justified, despite the 
required computing time. An example of the complex design 
challenges is the design of a propeller for a steerable thruster. 
Due to the presence of the thruster housing and the strut in 
the vicinity of the propeller and the possibility to operate the 
thruster under different steering angles, the inflow to the 
propeller is subjected to various disturbances. For these units, 
the viscous flow effects will play a more prominent role 
compared to the (conventional) shaft line driven propellers. 
An example of the occurring flow phenomena is shown in 
Figure 2. 

Another example is the flow simulation of a tunnel thruster. 
Recent research has learned that the inflow to the tunnel 
thruster can become quite non-uniform, depending on the 
hull shape and the detailed geometry at the tunnel entrance. 
In case unexpected flow separation occurs at the tunnel 
entrance, large load fluctuations are found on the tunnel 
thruster blades during a revolution. These fluctuations can be 
orders of magnitude larger compared to the fluctuations 
related to the flow disturbance of the strut. One can image 
that the large load fluctuations will have a significant impact 
on the occurrence of cavitation in the tunnel.  

These kind of tunnel thruster analyses do show quite some 
similarities with numerical simulations on waterjet 
propulsion systems, which are characterized as well by their 
extremely non-uniform inflow, as analyzed by Bulten (2006).  

Figure 2: Example of complex flow phenomena near the lower 
strut of a steerable thruster 



Based on the wide variety of propulsion products, it seems 
justified to put the effort in proper method development for 
RANS simulations with cavitation. 

 

3  FORMULATION OF VISCOUS CAVITATION 
SIMULATION METHOD 

 
3.1 CAVITATION MODEL 
The cavitation method presented in this paper is using 
StarCCM+ 7.0.4 implementation of Sauer’s model (Sauer 
(2000), StarCCM+ manual). This model is based on a 
homogeneous approach, where the interfaces between the 
phases have a zero-dimensional implementation on subcell 
level. Temperature effects may be included as well, though 
isothermal flow conditions are considered only in this paper. 
The continuum phases of Sauer’s cavitation model are 
treated as a homogeneous mixture within a Volume of Fluid 
approach. The main coupling of the various phase fractions 
comes through the mass transfer term in the vapor volume 
fraction transport equation: 

 

          (1) 

 

where , , u are the density,  the volume fraction, and the 
flow velocity, respectively.  The subscript v denotes the 
vapor phase, whereas the subscript l will be used for the 
liquid carrier phase. 

The source term, , reflects the interface transfer between 
the water and vapor phases and is modelled by a Rayleigh-
Plesset closure. Although the Rayleigh-Plesset equation 
describes the dynamic evolution of a bubble that is exposed 
to body and surface forces as an isolated object it does not 
predict clusters or large-scale vapor structures as such. 
Nonetheless, relatively good results can be achieved. In this 
paper a simplified version of the general Rayleigh-Plesset 
equation is used. Apart from the dominant inertia term, the 
viscous and surface tension contributions are typically small 
and therefore ignored (see e.g. Franc and Michel (2004)). 
This reduced equation is known as the Rayleigh equation and 
is expressed as: 

 

            (2) 

 

where R is the spherical bubble radius, p the static pressure 
and pv the saturation vapor pressure of the liquid phase. 

In order to embed equation (2) in a VoF Eulerian framework 
a seed-based principle is incorporated. Each control volume 
contains a fixed number of bubbles during the simulation 

time. So the bubble distribution is kept constant. Also the 
bubble radius cannot shrink below its initial radius R0, and it 
can therefore be regarded as a non-condensable gas fraction. 
Bubble sizes smaller than R0 are not allowed, even though 
the local pressure condition may become far above the 
saturation vapor pressure of the carrier liquid. The total 
volume of the vapor can now be expressed as 

 

        (3) 

 

where  Vg and Vl are the total volume of the gas and liquid 
phases, respectively. The number density of seeds is defined 
as n0. Combining equations (2) and (3), the mass-transfer 
rate of equation (1) can be transformed into   

 

       (4) 

 

The phase change process is considered uniform throughout 
this article. Unlike other studies (see e.g. Ji et al. (2012)), no 
differentiation is made between the processes of vaporization 
and condensation.  In the cavitation model the saturation 
pressure is set to 1700-2370 Pa, whereas for other required 
model parameters default  StarCCM+ values are used (seed 
density = 1012 m-3 and seed diameter = 10 m). 

 
3.2  Numerical approach 
In this article the equations of mean flow motion are 
calculated using standard flow solving techniques: Either a 
quasi-steady flow solver is activated, or a standard 
segregated implicit unsteady flow solver is selected. The 
numerical schemes are based on SIMPLE algorithms (solves 
pressure and velocity separately). The equations of turbulent 
motion are solved using the standard high Reynolds number 
k-  realizable turbulence model of Shih et al. (1994). 
Previous cavitation studies by Oprea (2013) showed that this 
model is able to provide reasonable accurate results. Default 
settings of the k-  realizable model remain unaltered, i.e. no 
changes on model coefficients are made. Further to reduce 
the amount of near-wall grid cells a standard near-wall 
modelling approach, using standard wall functions, was 
selected. For the k-  realizable model a mixed order of 
discretization schemes was chosen: a second order scheme 
was selected for the spatial discretization, while a first order 
scheme was activated to solve the solution in time. 

Volume of Fluid (VoF) approach is chosen to model the 
interface between the different phases. Transport of volume 
fractions is numerically solved, using a 2nd order 
discretization scheme. Within each control volume (grid cell) 
no pressure, velocity and temperature variations are present 
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among the phases. Different flow characteristics of the 
phases are introduced by its physical properties. 
In case simulations are made which include the free surface 
effects, actually two VoF-fractions are being calculated. In 
this way both the water-air and the water-vapor 
concentrations are taken into account. 
 
3.3  Mesh settings 
Unstructured hexahedral cells are used to build the 
computational grid. The computational domain is divided 
into two regions: a non-rotating main block, and a rotating 
domain where the propeller and inner region of the thruster 
nozzle are placed. Grid refinements are applied to important 
feature curves of the 3D CAD model, all boundary layers, 
and the rotating region of the propeller.  Further, to avoid 
large volume changes in grid size – that potentially triggers 
cavitation instabilities – extra volume refinements are placed 
outside the rotating domain, particularly downstream (see 
figures 3 and 4).  
For solid walls geometric progressing prism layers are used. 
The thickness of the near wall  prism layer is  set  to 0.5mm 
and  1mm  for  the  model  and  full  scale,  respectively.  The  

corresponding total thicknesses of the prism layers are set to 
25mm and 50mm. The quality of the near-wall grid 
refinement was evaluated by checking the y+ values for all 
simulations. Most y+ values are nicely located in the 
logarithmic region of the boundary layer, as can be seen in 
figure 5. Higher Reynolds numbers will enlarge the 
logarithmic region, and therefore the simulations that show 
some high y+ values are considered, at least, marginally well 
resolved. 
 

3.4  Numerical solution approach 
To minimize lead-times of the cavitation calculations the 
simulations settings incorporate several developing stages: 
First the wetted flow condition is calculated using a quasi-
steady approach, where a moving frame of reference is used 
to take into account the propeller motion. This single-phase 
solution is then further developed in transient mode. The 
developing stage of the wetted flow condition takes about 2-
5 propeller revolutions, where the numerical time step per 
iteration corresponds to about 1-2 degrees of the rotating 
domain. For each time step 5-10 sub-iterations are taken to 
ensure sufficient convergence over time. The total number of 
revolutions depends on the complete geometry to be 
evaluated.  
Simulations where the overall geometry contains (part of) the 
hull, require – due to a proper boundary layer development 

Figure 6: Convergence evaluation of total vapor fraction for
transient cavitating calculation 

Figure 3: Mesh of single thruster unit with local refinements 

Figure 4: Mesh of thruster in behind ship condition 

Figure 5: Wall y+ values on the thruster blades and housing 



near the ship hull – a longer wash time of about the entire 
streamwise computational domain. 
For these cases developing times of 30 revolutions, or more, 
are not unusual. The overall convergence of the wetted flow 
simulations is finally qualified “good”, if apart from a 
sufficient converge rate per time step, the propeller torque, 
propeller and unit thrusts, reach an asymptotic equilibrium 
such that their mean values fluctuate less than 1%. Once this 
state is reached the simulation setup is changed to the VoF-
mode, usually without activating the cavitation model yet. 
Within this no-cavitating VoF-mode the simulations run 
usually for a short while. It basically serves only for a 
smoother transition between the single-and multi-phase flow 
solver simulations. Finally VoF-cavitation mode is activated. 
It will then run for about 2-4 additional propeller revolutions. 
The numerical time step per iteration corresponds to a 
rotation of about 0.1  of the spinning domain. The number of 
sub-iterations per time step is usually increased to about 10-
15. But this may vary somewhat among different cases, i.e. 
discrete time step and number of sub-iterations should be 
adapted to the characteristic time scales of the cavitation 
phenomena to be examined.  
The simulations conducted in cavitation mode are considered 
to be converged as, apart from the abovementioned criteria 
for wetted flow conditions, the volume fractions of the 
phases behave periodically. 

4  THRUSTER IN UNIFORM FLOW 
 
The development of the methodology can be split into several 
steps. In the first phase the simulations of a single thruster 
unit operating in uniform inflow have been considered. In 
order to validate the simulations, a dedicated test campaign 
has been carried out to get proper validation material of a 
steerable thruster. In the next step, flow simulations at the 
actual full scale have been carried out. Besides the known 
Reynolds scaling effects, also the impact of the gravity on the 
cavity development has been found as an import difference. 
 
4.1 Validation on model scale 
For the validation of the numerical simulations with 
cavitation model, a dedicated set of model scale experiments 
has been executed. A steerable thruster with a 25 cm 
propeller has been tested in the cavitation tunnel at Marintek 
in Norway. The thruster has been tested at different propeller 
thrust coefficients and a large range of pressure coefficients. 
The tunnel pressure has been varied from atmospheric, which 
is equivalent to very large draught, to low pressure levels 
which represented a water surface just above the nozzle. In 
order to get insight in the flow phenomena when the thruster 
is operating at oblique inflow, also tests have been carried out 
at ±20  steering angle.  
Various conditions have been calculated with CFD. Figure 
13 shows the comparison of the photos from the experiments 
and the calculated cavity shapes for one typical condition 
( n=2.35, RPM=1200 min-1, 0 deg. steering angle). It is 
acknowledged that this fairly simple method of visual 
observations is not the most accurate method to evaluate the 
agreement between the experiments and the numerical 
simulations. Nevertheless the cavities are present at more or 
less the same locations and the behavior during a revolution 
seems to be captured well. 
It has to be noted that the quality of the comparison is 
depending on the agreement of the operating condition as 
well. In the cavitation tunnel experiments the thruster 
operating condition is based on the propeller thrust 
coefficient, which is measured during the tests. Based on this 
propeller thrust a fair estimate of the tunnel velocities is 
made. For the CFD simulations, the tunnel velocity is one of 
the most important input parameters to start a cavitating 
simulation. The resulting propeller thrust can only be derived 
from the converged solution afterwards.  
Another point of discussion is the proper setting of the local 
ambient tunnel pressure. In the cavitation tests the pressure 
is set at a certain level, which can be for example the shaft 
height. Because the propeller revolutions have been set to a 
relative high value in order to maximize the Reynolds 
number, no Froude scaling has been applied. Consequently, 
the effect of the gravity is not taken into account properly. 

Figure  7:  Convergence evaluation of propeller thrust in 
transient cavitating simulation 



This will have an impact on the overall cavitation 
development, compared to the actual full scale behavior. In 
the following section the step will be made towards actual 
full scale thruster simulations. 
4.2 Results of full scale simulations 
In order to make numerical flow simulations which are 
closest to reality, is makes sense to run the simulations at 
actual full scale. From numerical point of view this requires 
some modifications to the mesh settings to get a proper mesh 
distribution in the boundary layer. In addition the propeller 
RPM will change, which has an impact on the selection of 
the time steps for the wetted and cavitating simulations.  

For wetted flow thruster performance calculations is has 
already been shown by Bulten and Suijkerbuik (2013) that 
there are significant Reynolds scaling effects on the 
performance of the units.  

Given the full scale dimensions of the thruster units, in the 
range of 1 to 4 meter diameter, proper implementation of the 
gravity is of importance. Once this has been implemented 
properly in the CFD simulations the impact on the dynamics 
of the cavities can be reviewed. In case gravity effects are 
excluded in the simulations, a fairly stable cavity will be 
present during the majority of the revolution and only when 
the blade passes the strut an increased loading and large 
cavity will be observed. On the other hand, when the gravity 
effects are included in the simulations the hydrodynamic 
pressure will increase when the blade rotates from the top to 
the bottom position. This will reduce the amount of 
cavitation, even if the flow around the propeller remains 
more or less the same. These phenomena can be observed in 
figure 8, where the comparison of simulations with and 
without the effect of gravity is shown. In the right column of 
figure 13 another set of full scale results is shown for the 
four-bladed propeller design.  

 

5  THRUSTER IN BEHIND SHIP CONDITION 
 
The simulations which have been discussed in section 4 are 
based on uniform inflow to the unit. In actual situations 
where the thruster is often mounted at the stern of the vessel, 
the inflow will be non-uniform. A proper inflow to the 
thruster can be obtained with the integral approach, where the 
hull geometry and the thruster unit are modelled together. In 
this way the velocity distribution due to the hull wake field 
will be in line with real condition. Besides the variations in 
the axial components, also the tangential and radial 
components of the wake field will vary over the propeller 
section. These fluctuations in the inflow, will result in 
fluctuations in the blade loading and therefore to variations 
in the cavities. 
 

5.1 Domain size and boundary conditions 
For the first series of calculations of a steerable thruster in 
behind ship condition, the upstream domain has been limited 
up to the mid-ship section, in order to reduce the overall cell 
count and the calculation times. The development of the 
boundary layer along the first part of the vessel has been 
implemented in the simulations with a standard flat plate 
boundary layer velocity profile at the inlet boundary 
condition (see e.g. Schlichting (2000)). To enhance a normal 
boundary layer development diverging inflow conditions 
were avoided, i.e. size of hull section is basically extended 

Figure 8: Effect of hydro-static pressure column on cavitation 
development. Top: constant hydro-static pressure (fixed to 
propeller shaft center pressure value), bottom: varying hydro-
static pressure. 



until ship-baseline and computational domain are nicely 
aligned for about 5m distance at the inflow boundary 
Figure 9 shows the used numerical domain for the 
simulation, where the aft part of the vessel can be recognized. 
Due to the fact that the simulations have been made for a 
twin-thruster vessel, a symmetry boundary condition could 
be applied at the ship centerline. In this way only one thruster 
unit has been calculated. Most twin-screw vessels with shaft 
line driven propellers have a true symmetrical set-up with 
propellers either rotating inward or outward over the top. 
Pushing, ducted steerable thrusters are often delivered as 
identical units with the same gear sets and E-motors; hence 
the propellers will have the same rotation direction. The 
sensitivity of the rotation direction of the propellers, either 
inward or outward, has been investigated, based on two 
calculations of the port and starboard side of the vessel. It has 
been concluded that the impact of the rotation direction is 
limited on the cavitation behavior.  
 
5.2 Implementation of gravity 
The implementation of the gravity effects may seem quite 
straight forward, but the presence of the free water surface 
near the thruster creates a complexity. Due to the large 
difference in density between seawater and air, a significant 
difference is found in the distribution of the hydro-static 
pressure in the water and the pressure in the air above the 
water. This can be recognized in figure 10, where the 
absolute pressure distribution is plotted. The hydro-static 
pressure distribution in the water can be recognized clearly 
by the variation in pressure. The variation in the pressure in 
the air above the water is negligible and cannot be seen in 
this figure. 
In case the presence of the air would be neglected, then the 
pressure at about 10 meter above the free surface would 
become close to the vapor pressure. In that case the cavitation 
model would be activated and all water in the region of 10 
meter and more above the free surface would start to cavitate. 
In order to solve this issue, either the domain has to be limited 
to maximum 10 meters above the free surface or the more 

complex multi-phase solution of water-air-vapor has to be 
used. 
Though this multi-phase option might be more computer 
intensive, it is the preferred approach. In case the water-vapor 
approach with limited domain is used, small pressure 
disturbances can trigger the start of cavities, which will lead 
to instable and/or wrong simulations. 

 

5.3 Results 
It is obvious that the amount of data obtained from transient 
cavitating simulations is huge. In this paper only a limited 
part of the results will be shown however. Figure 11 shows 
an example of the outcome of the RANS simulation with 
cavitation model of a steerable thruster in behind ship 
condition. The inlet velocity profile has been set to 11.3 
knots, representing its free sailing ship speed. In this picture 
the acceleration of the water flow through the thruster unit 
can be observed. The free surface aft of the vessel can be 
recognized clearly. 

Figure 10: Absolute pressure distribution in water and air due 
to gravity and density effects 

Figure 11: Velocity distribution of the thruster-hull 
configuration 

Figure 9: Numerical domain of thruster in behind ship 
configuration based on half aft-ship approach 



Figure 12 shows the developed cavity on the propeller blades 
for the thruster in behind condition in free sailing condition. 
Although the draught of this thruster is relatively limited, still 
only  a  small  cavity  is  observed  in  the  top  section.  The  
presence of the cavity in this region is twofold; (1) the load 
on the propeller blade is highest in this section due to the 
obstruction of the strut and (2) the contribution of the 
hydrodynamic pressure is lowest in this section. From a 
propeller design point of view this amount of cavitation is 
well accepted. 

 
6  CONCLUSIONS AND FUTURE WORK 
 
Simulations of complex geometries with RANS and 
cavitation model are feasible within commercial calculation 
times. The accuracy of the results is sufficiently, based on the 
comparison of the model scale cavitation simulations, which 
are in line with the cavitation tunnel tests.  
Full scale simulations offer an opportunity to take the effects 
of gravity properly into account. This is a benefit compared 
to most model tests, where the Froude scaling is often not 
adopted in favor of higher Reynolds numbers. 
In order to get the accurate actual inflow to the thrusters, it is 
recommended to take (a part of) the hull into account in the 
numerical domain. For simulations in with both the hull 
geometry and the gravity are to be considered, it is 
recommended to implement the free surface as well. This 
means that a three-phase (water-vapor-air) solution is solved. 
Further development of the numerical flow simulations with 
RANS and cavitation should lead to a better understanding 

of the occurring loads on the propulsion units and indications 
of risks of cavitation erosion.     
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DISCUSSION 
Question from Douwe Rijpkema (Marin):  
What do you mean by the wetted cavitation analysis? 
Authors’ Closure 

Basically analyzing the existence and possible harmfulness 
of (very) low pressure zones in single phase flow 
simulations. Such method has limited predictability 
compared to ‘real’ RANS VOF-cavitation calculations, or 
experiments. However, for quick industrial engineering 
purposes it is sometimes, due to time constraints, the only 
available alternative.  
 
Question from Dimitry Ponkrator (Lloyd’s Register):  
Was the computational domain in model scale identical to the 
cavitation tunnel of Marintek?  
Authors’ Closure 

Yes, the dimensions of the computational domain are 
matching the experimental set up of Marintek. However, the 
numerical boundary conditions are somewhat different: slip 
conditions for the cavitation tunnel walls, a velocity inlet, and 
a pressure outlet were used, respectively. 
  



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Comparison of the cavity pattern development between model and full scale setup. Left: Model scale observations, 
Center: Model scale simulations, Right: Full scale simulations. From top to bottom: angular position:-5 , 0 , +5 , and +10  

 
 
 
 


