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Abstract- A series of simulations have been performed to determine the aerodynamic characteristics of cascade fins with 
varying number of plates. The aspect ratio of the plates is taken to be 2. The free stream flow is laminar and studied at low 
subsonic speeds.  A cascade of three plates is considered. The numerical results are compared with experimental results for 
the same configurations and show good agreement. Comparisons of the results with the flat plate show that cascade produces 
more lift and also delay stall. The cascading effect is also found to delay the separation on the lower plates.  
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I. INTRODUCTION 
 
Grid fins, also known as lattice fins, are 
unconventional aerodynamic control surfaces first 
proposed by Belotzerkovsky et al. They are a type of 
flight control surfaces used on airborne stores in place 
of more conventional control surfaces such as planar 
fins. Unlike planar fins, grid fins are aligned 
perpendicular to the flow field to allow the air to pass 
through the lattice of grid cells. The truss structure 
formed by the lattice fins is inherently strong, which 
allows the lattice walls to be extremely thin, reducing 
the weight and cost. Lattice or grid fins are a 
relatively new aero mechanical technology to provide 
stability and control to airborne stores. The design of 
a grid fins makes it an effective aerodynamic control 
device which could be stowed, along with the body of 
a missile, without increasing the overall dimensions. 
The internal grid structure, which forms the webbing 
for a tail fin yields a high strength to weight ratio 
compared to a planar fin. Grid fins, because of their 
small chord, offer the advantage of low hinge 
moment and also of high control effectiveness. Due 
to low hinge moments, small and light actuators can 
be used in grid fin controlled projectiles. 
The attractiveness of a grid fin over a conventional 
planar fin is based on the fact that a grid fin does not 
stall in the conventional sense and does not 
demonstrate a sharp break in its loading properties 
even up to total flow angles of 45 to 50 degrees. 
Previous studies show that complex grid like inner fin 
arrangements generally provide increase in normal 
force over open geometries but with comparatively 
large axial force. The main drawback of lattice fin is 
high drag and therefore not so high aerodynamic 
efficiency (CL/CD). 
Experiments were conducted on various lattice fins 
designs at a speed of 40 m/s for varying angles of 
attacks. However the experimental results are 
restricted to aerodynamic characteristics. 
Thermodynamic properties of the flow, flow 

visualization and determination of separation points 
were not obtained due to experimental limitations. 

 
Fig 1. Grid fins stowed against the base of an SS-20 ballistic 

missile 
 

The aim of this paper is to firstly validate the efficacy 
of the computational code in correctly predicting the 
aerodynamic characteristics of the lattice fins. 
Comparison is made with existing experimental and 
analytical results. Secondly, to gain further insight 
into the physics of the flow, an evaluation of pressure 
and velocity is carried out for different fin 
geometries. 

 
Fig.2. Comparison of lattice tail control, flap control and ‘all 

moveable surface’ control 
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II. FINS GEOMETRY 
 
To study the cascading effect of fins, two geometries 
are considered: a flat plate and a cascade of three 
plates. The flat plate geometry with dimensions of 
0.2m x 0.1m x 0.002m (l×b×h) is shown in Fig 3(a). 
The cascade fin model consists of three plates placed 
horizontally bounded by two vertical end plates as 
shown in Fig. 3(b). The plates have a span of 0.2m 
and the chord 0.1m, thus the aspect ratio is 2, as in 
the case of the single flat plate. Thickness of the plate 
is taken to be 0.002m and gap to chord ratio is 0.5. 
The distance between the two plates is 0.05m. Thus, 
the overall length of the vertical plates is 0.106m. 
 

 
Fig.3 (a). Flat Plate 

 

 
Fig.3 (b). Cascade of Three Plates 

Fig.3 Schematic of geometries 
 
III. COMPUTATIONAL SETUP 
 
For this problem, Segregated Flow model has been 
chosen over the coupled flow model due to reduced 
requirement of computational memory in comparison 
to a coupled solver and its utility and ease in solving 
incompressible or mildly compressible flows. 
The Segregated Flow solver controls the solution 
update for the Segregated Flow model according to 
the SIMPLE algorithm in an uncoupled, manner. It 
controls two additional solvers: velocity and pressure. 
The linkage between the momentum and continuity 
equations is achieved with a predictor-corrector 
approach. 

Gambit is used to create the computational domain of 
1m*1m*1m cube for the flat plate as well as cascade 
as shown in Figures.  Characteristic inflow/outflow 
boundary conditions are specified at the far-field and 
an adiabatic no-slip boundary condition with solve-
to-wall option is specified for the plate. The boundary 
conditions are taken to be ambient conditions i.e. 
pressure of 101325 Pa and Temperature is taken as 
288.16K. The flow is studied at velocity of 40m/s i.e. 
Mach No. =0.112. The type of mesh used is 
hexahedral cells and the Cell count on Flat Plate is 
196405 and on the cascade of three plates is 575605. 
 
IV. RESULTS AND DISCUSSIONS 
 
A. Flat Plate 
i. Variation of aerodynamic coefficients 
with different angles of attack 
Fig. 4(a) and (b) shows the variations of coefficients 
of lift and drag for the flat plate at the different angles 
of attack. 

 
           
At 00 angle of attack, no lift is produced as the 
pressures on the lower and upper surface of the plate 
are invariant.  An increase in coefficient of lift is 
observed for increasing angle of attack. An almost 
linear trend is noticed up to around 140 after which a 
slight drop in lift coefficient is seen. Further increase 
in angle of attack yields almost constant value of CL. 
At high angles of attack, the flow on the upper 
surface of the plate and the stream pattern over the 
upper surface greatly differs from the optimum 
design conditions. The boundary layer on the upper 
surface of the plate separates with the formation of 
vortices. This separation of the plate is called stalling 
and is indicated by the point from where a dip in CL 
is observed. 
 
At 00 angle of attack, the coefficient of drag, CD, is 
the lowest possible value i.e. Cୈబ=0.019947. Prior to 
stall, an exponential increase in CD is observed. At the 
stalling angle an abrupt increase in CD is observed 
which continues thereafter. However, its nature is not 
the same as before stall. Comparison of the 
computational and experimental results shows very 
close agreement for drag. The lift coefficient shows 
slightly larger variation at lower angles of attack but 
correctly predicts the onset of stall. Aft of stall better 
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agreement in CL values of computational and 
experimental results is observed.  
 
ii. Pressure Contours at different angles of 

attack 
Fig. 5 shows the static pressure contours on the upper 
and lower surface of the plates at different angles of 
attack. For brevity, the contours corresponding to 
only six angles of attack are shown namely 00, 50, 
100, 150, 200, 250.  
As noted in the CL curve above, the pressure on the 
upper and lower surface of the plate at zero angle of 
attack is same since an equal area is to be covered by 
the flow and therefore, the velocity will also remain 
constant. As angle of attack increases the incoming 
flow has to cover a larger area to reach the trailing 
edge. This is achieved by an increase in velocity on 
the upper surface of the plate resulting in lower 
pressure as observed in the figure. At 50 angle of 
attack, pressure at the leading edge is low but a 
gradual recovery is observed as we move towards the 
trailing edge. 
The pressure distribution at 100 angle of attack shows 
local low pressure pockets but no uniform trend is 
observed. This is possibly due to the approaching 
stalling angle. However, this needs further 
investigation. At 150, the flow has already stalled and 
a high pressure region is seen at the mid span 
location. This continues at higher angles of attack but 
to a smaller extent. 
In the case of the lower surface of the plate, a steady 
increase in static pressure is observed at the leading 
edge which increases with increasing angle of attack. 
As we move in the flow direction, the pressure is 
observed to approach the ambient condition. The 
variation on the upper and lower surface of the plate 
gives rise to increased lift at higher angles of attack. 
 
B. Cascade of Three Plates 
i. Variation of aerodynamic coefficients with 

different angles of attack 
 
Fig. shows the variations of coefficients of lift and 
drag for a cascade of three plate at the different 
angles of attack. The comparison of experimental and 
computational results shows a better agreement with 
the maximum error upto 5%. 
As pressure on both the surfaces i.e. upper and lower 
surface, for all the three plates, is same at 00 angle of 
attack, no lift will be produced and hence lift 
coefficient will be zero.  With increase in angle of 
attack, lift coefficient also increases varying linearly 
with angle of attack and the stalling angle also gets 
delayed as compared to flat plate. As observed in fig 
6(a), the flow has not stalled even at 250 angle of 
attack. Moreover the value of maximum lift 
coefficient also increases in case of cascade of three 
plates as compared to flat plate results.  

 
Fig. 5 Static Pressure Contours at different angles of attack 

 
 
At 00 angle of attack, the incoming flow will 
experience some friction as it moves over the plates. 
As angle of attack increases drag will increase 
exponentially. The drag coefficient is also in 
agreement with drag polar equation given as  
Cୈ = Cୈబ + kCଶ 
 
ii. Pressure Contours at different angles of 

attack 
Fig. 7 shows the static pressure contours on the upper 
and lower surface of the plates at angles of attack of 
50,100, 150.200,250 for the cascade of three plates. The 
flow on the top plate is similar to that of the single 
flat plate discussed above. The pressures on the upper 
and lower surfaces of the middle and bottom plates, 
however, differ significantly and are observed to be 
much lower than that of the top plate. 
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At low angles of attack, small regions of separation 
are observed over the upper surface of all the three 
plates. However, the flow is still predominantly 
attached. At high angles of attack, the flow over the 
middle and bottom plate would have been similar to 
that of a single plate. However, a stark difference is 
observed in the case of the cascade fin. The lower 
pressure on the upper surface of the middle and 
bottom plates is subjected to high pressure on the 
lower surface of the plate immediately above it. In 
addition, as the plates are constrained by side walls, 
no flow in the normal direction is possible.  

 
Fig.7 Static Pressure Contours at different angles of attack 

 
As the flow gets energized between the top plate and 
middle plate it helps in delaying the stalling angle of 
attack on the middle plate and same case happens 
with the bottom plate. This is called cascading effect 
which results in increased lift of the fin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSIONS 
 
A numerical study has been conducted for a cascade 
of three plates and compared with experimental 
results and also with the flow over a flat plate. The 
conclusions of the study are as follows: 
1.  The computational results show very good 

agreement with experimental results. 
2. Stalling is delayed by incorporating a cascade of 

three plates. In the present study, no stall is 
observed even at 250. 

3. The flow over the top plate is similar to that of 
the single flat plate. However, the middle and 
bottom plate show lower pressures due to the 
cascading effect. 

4. Lift is significantly increased in the cascade 
model as compared with single flat plate.  
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