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Abstract  

A key component of an aircraft power plant 
system is the thrust reverser. The thrust 
reverser considered in this paper uses the 
natural blockage concept, with only the fan 
duct flow being reversed. This paper focuses 
on the study of the aerodynamic performance 
of the cascade within a cold stream thrust 
reverser. Aerodynamic simulations are 
carried out using realistic operating 
conditions, for idealized cascade models 
representing three design options. The aim of 
this work is to investigate whether the 
aerodynamic performance of the thrust 
reverser cascade has been improved while 
minimizing weight of the cascade. 

The numerical simulations show that 
despite a reduction in total reverse thrust for 
the weight reduced designs, the supersonic 
flow regime, which existed in the original 
design, was eliminated after changing vane 
configurations made with the 5% and 10% 
weight reductions. The aerodynamic 
performance around the cascade and in the 
fan duct within the thrust reverser has been 
improved. The total reverse thrust is not 
significantly affected with the modified 
cascade. 

1  Introduction  
In modern aircraft the thrust reverser is built 
in to the engine nacelle.  A thrust reverser uses 
the power of a jet engine as a deceleration 
force by reversing the direction of airflow, 
which generates forward thrust. Fig. 1 shows a 
section through jet engine with a typical cold 

stream thrust reverser. Some of the thrust 
reversers employ a cascade to enhance the 
turning of the flow [1]. Thrust reversers 
significantly affect nacelle design increasing 
weight and resulting in higher manufacturing 
and operational costs. A key component of an 
aircraft power-plant system is the thrust 
reverser. Any reduction in the weight of 
aircraft components will reduce fuel 
consumption resulting in lower operational 
costs [2]. 

A thrust reverser offers a number of 
operational advantages.  Some of the 
advantages of having a thrust reverser are as 
follows [3]: 

Shortening of landing runs ♦ 

♦ 

♦ 

♦ 

less wear and tear of aircraft brakes  
safer landing in adverse weather 
conditions  
additional safety and control margins 
during aborted take-offs 

There are broadly two types of thrust 
reversers [4]: 

(a) using both core flow and fan flow; 
(b) using fan flow only.  

The thrust reverser considered in this 
paper uses the natural blockage concept and 
reverse fan flow only.  The schematic sketch 
of the thrust reverser is presented in Fig. 2 for 
the deployed configuration. 

The high pressure and velocity within 
the nacelle system during reverse thrust can 
lead to supersonic and turbulent flow regimes 
within the structure. These factors can lead to 
issues with the strength and durability of 
nacelle components such as the cascade. The 

1 



H. Yao, J. Butterfield, S. Raghunathan, R. Cooper and E. Bennard 

2 

Here ρ, ),( vuu =
r , E, and p are the density, 

velocity, total energy per unit mass, and 
pressure of the fluid, respectively. τ is the 
viscous stress tensor, and q is the heat flux. 
Total energy E is related to the total enthalpy 
H by 

aim of this work is to minimize weight while 
maintaining or improving aerodynamic 
performance. To illustrate how component 
design can be improved, it is important to 
investigate whether the aerodynamic 
performance on components of the nacelle 
system has been improved.  

In this paper, a cascade has been assessed 
using computational fluid dynamics (CFD) 
methods. Three designs of a thrust reverser 
cascade are put into practice with a view to 
reducing weight [5] (see Fig. 3). The 
Aerodynamic performances around the 
cascade and in the fan duct within the thrust 
reverser have been studied. The numerical 
results show that the flow fields in the fan duct 
and around the cascade have been improved, 
although total reverse thrust is reduced by 
2.5% and 2.2% for both of the reduced weight 
designs. The total reverse thrust is not 
significantly affected with the modified 
cascade. 

ρ/pHE −=  (2) 

 
and 
 

2/2uhH r
+=  (3) 

 
The Reynolds-Averaged approach with 

the RNG (renormalization group) k-ε model 
has been used to model the effect of 
turbulence.  The RNG k-ε model is derived 
from the instantaneous Navier-Stokes 
equations, using a mathematical technique 
called “renormalization group” methods. The 
analytical derivation results in a model with 
constants different from those in the standard 
k-ε model, and additional terms and functions 
in the transport equations for k and ε.  

2  Methodology  
Time-dependent viscous compressible flows 
through a thrust reverser computational model 
(see Figure.2) have been simulated using the 
commercial CFD flow solver, FLUENT. The 
governing integral equations are solved by 
FLUENT with the finite volume approach.  
The system of equations is cast integral, 
Cartesian form for an arbitrary control volume 
V with differential surface area A as follows: 

3  Validation 
The CFD predictions presented in this paper 
for the baseline model (see Fig. 2) was 
validated against wind tunnel test data 
collected at Flow Science Ltd, Manchester, 
UK, by Bombardier Aerospace Shorts during 
1998 on a 40% scale model of the nature 
block thrust reverser [6]. 

 

0][ =⋅−+
∂
∂

∫∫ dAGFdVW
t V

 (1) 
To validate the computational solution 

further, the unstructured non-uniform grid was 
increased from 30,000 cells to 90,000 cells for 
the baseline model. Specifically, 2-D grids are 
generated with clustering of nodes near wall 
regions (see Fig. 4). The pressure-far-field, the 
pressure-inlet and the pressure-outlet 
boundary conditions were defined for an ISA 
Sea Level atmosphere (i.e. 15o C) and Mach 
number (M) of 0.2. 

 
where the vectors W, F, and G are defined as 
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It is found that there is no significant 
difference between the solutions of those two  
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grid systems showing that they are grid 
independent [6].  

4  Results and Discussion 
The aerodynamic performances of three 
designs for the cascade of the thrust reverser 
have been investigated. Design 1 is the 
original cascade [6] (see Fig. 3 (a)). Two 
modifications (i.e. Design 2 and Design 3) 
were made to the vane configuration to 
determine if cascade weight could be reduced.  
Both of these changes involved making the 
vanes in predicted high pressure areas, larger 
and heavier and making the vanes in predicted 
low pressure areas smaller and lighter. The net 
effect was a reduction of 5% in weight for 
Design 2 (see Fig. 3 (b)), and a reduction of 
10% for Design 3 (see Fig. 3 (c)) [5]. The 
computational conditions used for predicting 
aerodynamic performances of those three 
designs are the same as described in Section 3. 

Fig. 5(a) shows the static pressure 
distribution in the fan duct and around the 
cascade for Design 1.   The higher pressures 
occur to the right of the cascade section where 
the flow is physically blocked and re-directed 
through the cascade.  Fig. 5(b) and (c) show 
the static pressure distributions obtained for 
Design 2 and Design 3 for the same 
operational conditions.  The increase in area 
through the cascade, brought about by 
changing the vane configuration and 
introducing ‘slots’ through Vane 11, results in 
lower exit pressure peak around Vanes 10 and 
11.  As evidence Fig. 6 presents the pressure 
distributions around Vane 11 for three 
designs. Fig. 6 shows that the pressure peak 
around Vane 11 for both Design 2 and 3 has 
been reduced. It means that the pressure 
distributions around it have been improved. 
The static pressure distributions shown in Fig. 
5 have transferred and used in the structural 
analysis by finite element approach (FEA) [5].  

The total reverse thrust produced by the 
thrust reverser for those three cascade 
configurations have been compared in Fig. 7. 
In Fig. 7, it is found that 5% and 10% cascade 
weight reductions achieved by changing vane 

configurations, resulted in reductions in total 
reverse thrust of 2.5% and 2.2% respectively. 

Although reverse thrust is reduced by 
2.5% and 2.2% for both of the reduced weight 
designs, the flow in the fan duct and around 
the cascade is subsonic flow. Fig. 8 shows the 
velocity vectors through a thrust reverser for 
the three cascade designs. It indicates 
similarity in the flow features around the 
cascade and in the fan duct. The directions of 
velocity while the flow passes through the 
cascade are nearly the same. However, in Fig. 
8(a), it can be found that the supersonic flow 
is reached on the diverter fairing within the 
fan duct. There is no supersonic flow in the 
fan duct for both of the reduced weight cases 
(see Fig. 8 (b) and (c)). It means that the flow 
fields in the fan duct there are no shock waves 
on the diverter fairing for both weight 
reduction cases.  

Also Fig. 9(a) shows the velocity 
contours colored by Mach number in the fan 
duct for cascade Design 1, with the thrust 
reverser engaged. Mach numbers above 1 are 
in red colored area and this plot shows that 
supersonic flow is reached on the diverter 
fairing during reverse thrust.  The velocity 
contours for Design 2 and Design 3 are shown 
in Fig. 9(b) and (c).  The same range of Mach 
number has been used for the three plots 
shown in Fig 9.  The maximum Mach number 
in the fan duct is less than 1, in both of the 
reduced weight cases (i.e. Design 2 and 3) the 
flow in the fan duct is subsonic. Subsonic flow 
through the fan duct means that there is a 
reduced risk of the nacelle structure being 
subjected to the shock waves associated with 
the supersonic conditions predicted for Design 
1. 

Despite a reduction in total reverse thrust 
for the weight reduced designs, the supersonic 
flow regime, which existed in the original 
design, was eliminated after changing vane 
configurations made with the 5% and 10% 
weight reductions. Numerical simulations 
indicate that the total reverse thrust is not 
significantly affected with the modified 
cascade. 
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Fig. 2 Geometry of the thrust reverser 
computational fluid dynamics model 

Fig. 1 A section through a typical cold stream 
thrust reverser 
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(a) Design 1, Original 

 
  

 

Fig. 3 Thrust reverser cascade for three design 
options 

 

 
 

 

 

 
(b) Design 2: 5% weight reduction 

 
 

 

 
 
Fig. 4 Two-dimensional grid used to simulate 

flows through the thrust reverser 
 
 
 
  
 (c) Design 3, 10% weight reduction 
  
  

Fig. 5 Static pressure distributions through the 
thrust reverser for three cascade designs 
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Design 1 Design 2 Design 3

 
Fig. 6 Pressure distributions around Vane 11 for three cascade configurations 

  
 

 

 
 

Fig. 7 Comparison of maximum total reverse thrust for three cascade configurations 
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Fig. 8 Velocity vectors colored by Mach 
number through the thrust reverser for three 

design options 
 

 

 
 

(a) Design 1, Original 
 
 

 
 
 

(b) Design 2, 5% weight reduction 
 
 

 
 
 

(c) Design 3, 10% weight reduction 

 
Fig. 9 velocity contours colored by Mach 

number through the thrust reverser for three 
cascade designs 
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