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Abstract- The enhancement effect of a shroud or duct surrounding a propeller or multi-bladed fan is well known and has 
long been a mainstay of aircraft propulsion. Computational Fluid Dynamics modelling using FLUENT and an laminar, 
incompressible flow has suggested that moderate enhancements could be achieved by extending the duct in a non-uniform 
manner,(more colloquially referred to as a “lip wing”). Not only does the wing generate a minor resultant force with a 
component in the direction of the thrust, it also improves the fan thrust. Though this effect is heavily dependent on the 
geometry of the wing and the angle the lip wing makes with the axis of the rotor, thrust can improve by almost 12% 
compared to a similar actuator disc without a lip wing and shroud.  
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I. INTRODUCTION 
 
The ducted fan has long been a mainstay in air 
breathing propulsion, finding utility in all manner of 
engine systems, from modern turbofan jet engines to 
hover craft, airships, and even the personal aircraft of 
the Martin Aircraft Company’s jetpack. The ducted 
fan’s popularity is due to the wide range of 
advantages; by shrouding the rotor, the duct 
drastically reduces tip losses at high Revolutions Per 
Minute (RPMs), improving the efficiency of the 
thrust delivered. In some cases, a ducted fan can be as 
much as 94% more efficient than a similar un-ducted 
fan.1,2 
 
Several other considerations make the ducted fan 
attractive from many design points of view. By using 
a non-uniform cross sectional area, it is possible to 
further impart velocity improvements in a manner 
similar to that of a sub-sonic nozzle, and the duct can 
serve as the basis for the structural components 
necessary for limited thrust vectoring. In addition, 
creating a protective shroud around the fan provides 
some safety advantages, both by providing peripheral 
protection against anything being pulled into the rotor 
via suction and by providing a barrier against blade 
failure while the engine is in operation.3,4 
 
While some work has been done considering 
extending the shroud around a rotor in the direction 
of the outgoing air flow to achieve an effect similar to 
that of a nozzle, less work has been done on 
extending the  shroud forward of the fan. By doing 
this in a non-uniform, asymmetric manner, it is 
possible to form a winglet or lip-wing. The suction 
effect of the rotor produces a lower pressure field 
over the lip wing which generates lift.5 
However, the effect of the pressure field on the wing  
by itself is a minor consideration. There is nothing 
particularly novel or unique about this property, 

though the potential for further optimization and 
application is of interest for certain next generation 
aircrafts in the conceptual design phase. Recent rough 
experiments by Aliptra Aircraft however have 
suggested that such a lip wing may, through some as 
yet unexplained phenomenon, greatly enhance the 
thrust delivered by a rotor beyond that of the shroud 
alone.6 
 
Use of the Computational Fluid Dynamics software 
FLUENT 14.5 allows for this fan enhancing  effect to 
be modelled in a more controlled environment than 
these earlier experiments, and for a more detailed 
analysis of the results, by modelling the flow field 
around the geometry using a steady state actuator disk 
in place of a propeller.  
 
II. DETAILS EXPERIMENTAL 
 
2.1. Geometry and Boundary Conditions 
The basics of the modelling exercise was to  
create a virtual CFD wind tunnel. In order to have a 
frame of reference for validation, the CAD models 
made for this analysis (made in Dassault’s CATIA) 
were of an appropriate size based on the original 
work done at Aliptra. The actuator disk that serves as 
a stand in for the propeller was sized to 20cm, the 
shroud being 22cm. A traditionally shrouded rotor 
would likely have much lower clearance between the 
blades and the shroud wall, however, the wider gap is 
more in keeping with the original experimental work 
done by Aliptra. 6 
 
As a baseline for comparison, the first FLUNT 
analysis is that of an actuator disk in isolation inside a 
cylindrical fluid domain. To determine the effect of 
the actuator disk in isolation, cross flow in the 
domain is kept to a minimal level necessary to 
maintain numerical stability, on the order of 5 cPA of 
inlet pressure and no forced velocity at either the 
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pressure inlet or outlet. As for the rest of the 
boundary conditions, the circumference of the 
cylinder is set as a nonporous wall, while the actuator 
disk (the highlighted green circle in figure 1) was 
defined as an interior face fan boundary condition. 
 

 
Figure 1-Actuator Disk in Fluid Domain 

 
In order to minimize boundary interference between 
the inlets and the disk and allow flow properties to 
fully develop, both pre and post fan, the fluid domain 
is quite lengthy in relation to the width of the fan, 
with the length to diameter (L/D) ratio in the 
longitudinal direction being 50, and in the direction 
perpendicular to the axis of the cylinder the Width to 
Diameter (W/D) ratio is 5.  
 

 
Figure 2-Lipwing and Ducting in Fluid Domain 

 
To compare against this baseline result, the shroud 
and lip are added. For this preliminary model, four  
different lip wing designs were tested. In all  cases 
the lip extends outward 15 cm in length, with the 
angles of the lip relative to the axis of the disc 
ranging from 0o to 60 o in 20 o increments. Figure 3 
shows an example case with the lip wing at a 20o 
angle.  

 
Figure 3-Example of Geometry 

 
2.2. Meshing 
Meshing was achieved with an unstructured 
tetrahedral mesh. Mesh independence for the actuator 
disk alone was achieved relatively quickly at  
approximately 250,000 elements. In the case of the 
disk and wing combination. mesh independence 
required approximately 960,000 elements due to the 
increased complexity in the geometry. Average 
element quality was 0.86. 
 
2.3. Solution Methodology 
For purposes of simplification, the flow was treated 
as incompressible and laminar. While the flow does 
include the effects of gravity in the direction of the 
bottom of the lip and shroud, temperature was not 
considered. The momentum and continuity equations 
were solved using second order discretization via a 
SIMPLE solver schema.  
 
III. RESULTS AND DISCUSSION 
 
After allowing the residuals of all models to 
converge, it was determined using FLUENT’s force 
calculator that the baseline thrust of the actuator disk 
was 1.57 N. For the purposes of comparison, the 
thrust of the other models will be compared in a non-
dimensional coefficient of thrust, with the baseline 
assumed to be unity, based on equation 1.  

T
T = 1, when		T = 	T  

Equation 1 
 
The resultant forces for the different angles are 
summarized in the following graph. Like the baseline 
value, all were calculated using FLUENT’s force 
calculator.  The effect of the lip wing on the fan is 
very dependent on the angle of the lip to the fan’s 
axis. At only 0o the effect on the fan is legible, and 
could possibly be attributed to numerical vagaries. 
When the lip angle is 40 o the coefficient of thrust 
rises to 1.12, a 12% increase in the thrust compared to 
the base line.  
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Figure 4-Thrust Coefficient Vs Lip Wing Angle 

 
Delving deeper into the cause of this variation in 
force requires looking into the fundamental thrust 
equation  

퐹 = 푚̇ 푣 − 푚̇ 푣 + (푝 − 푝 )퐴  
Equation 2 
 
As there is no source of mass from fuel injection, and 
an actuator disc at least as modelled in this case has 
no thickness so the exit and inlet pressure are the 
same, the above equation simplifies down to  

F = ṁ∆v 
Equation 2a 
 
Thus the increase in thrust can only be due to either 
an increase in the velocity flowing through the fan 
(which as there is no inlet flow in the fluid domain is 
identical to the outlet velocity) or an increase in the 
mass flow rate. Treating both quantities in the same 
manner as thrust, that is, by reducing them to non-
dimensional coefficients relative to their baseline 
values. The baseline mass flow rate and change in 
velocity were 0.173kg/s and 9.09 m/s respectively.  
Looking at the outlet velocity first, summarized in the 
graph below, the variation in results is very minimal, 
ranging from less than 1% to slightly over 4%, which 
would not account alone for the changes in the 
coefficient of thrust.  

 
Figure 5-Coefficient of Outlet Velocity Vs Lip Wing Angle 

Thus the cause is mostly due to increases in the mass 
flow rate through the actuator disk, and indeed when 
these results are plotted, it covers the sum of the two 
coefficients is equal to the coefficient of thrust. 
  

 
Figure 6-Coefficient of Mass Flow Vs Lip Wing Angle 

 
Care should be taken with respect to these results. 
Although they agree with the experimental work done 
by Alipetra   that the lip wing should improve thrust 
in comparison to a ducted propeller or even a 
propeller alone, they do not present the same degree 
of improvement, so clearly further investigation is 
warranted. Despite the achievement of mesh 
independence, fan boundary conditions are rather 
unstable and limited the degree of convergence that 
could be attained.7 
 
CONCLUSIONS 
 
Protruding non-uniform shrouds of rotors and 
propellers were modelled using CFD methods, which 
lead to the following conclusions 
1. The lip wing increases the effective thrust of an 

actuator disk model of a propeller by providing 
an increase in mass flux and a smaller increase in 
∆v 

2. The result on the thrust are highly dependent on 
the geometry of the lip wing, in this case well the 
angle of the lip with respect to the fan. The 
improvement in thrust varies from less than 1% 
to almost 12% when the lip angle is 40o  

3. Experimental results displayed a much greater 
improvement in thrust performance, suggesting a 
more detailed model may be necessary to capture 
and analyze all branches of this effect.  
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