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Abstract. Aircraft landing speed is usually high. Efficient braking system is essential. The braking system is improved 
with the use of thrust reversers. The higher the landing speed the higher efficiency on the thrust reverser is required. In 
adverse conditions, like wet and icy runways, when deceleration of the aircraft with the wheel brakes becomes poor, 
thrust reverser utilization is a must. In order to acquaint with the thrust reverser technology and design, a literature 
review was carried out aiming at the cascade-type thrust reverser. A design methodology was defined that is adequate 
for a cascade module design. To account for the total needed thrust reverser drag (braking force), several cascade 
modules may be assembled, directing the outflow to different directions, avoiding re-ingestion and contact with the 
aircraft surfaces. 
Example of thrust reverser cascade calculation ant total braking force is presented. 
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1. Introdution 

 
The study of thrust reversers reported here is within the scope of design and grid generation for thrust reverser 

developed by ITA. This paper deals with the proposition of a procedure for the aerothermodynamic design of a module 
of a cascade thrust reverser. 

 
2. Literature review 
 

At the 50's, a research program was inaugurated at the NACA Lewis Laboratory to isolate the more promising 
concepts of thrust reversers and to investigate its performance characteristics, as presented by Povolny, Steffen and 
McArdle (1957). Dietrich (1975) released some articles showing experimental tests that evaluate the influences of 
several thrust reverser installations parameters. A research on airline industry was made about the advantages and 
disadvantages of the use of thrust reverser on commercial transport airplanes by Yetter (1995). Johns (2000) showed the 
solution of an engine inlet compatibility problem in C-17 by CFD analysis. Recently the NASA Innovative Thrust 
Reverser Program released a report of six innovative thrust reverser concepts for very high bypass ratio engines, used in 
subsonic transport aircrafts as presented by Asbury and Yetter (2000). Chuck (2001), Trapp and Oliveira (2003) made 
simulations of external flow on commercial aircraft. Butterfield et all. (2004) studied the improvement of thrust reverser 
design by using computational tools. 

 
3. Cascade thrust reverser 

 
Thrust reverser is a device installed in the aircrafts to provide reverse thrust to decelerate the aircraft during landing. 

The cowl-mounted cascade thrust reverser is a pre-exit device composed of an internal blocker and a cascade located on 
the cowl. The flow is deviated by the blocker to the cascade that guides it forward producing reverse thrust. 
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Figure 1. Cowl-mounted cascade thrust reverser 
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4. Thrust Reverser Design  
 
The thrust reversers design comprises three main stages: the choice of the type of thrust reverser, the geometry 

design and drive mechanism design. The geometry design involves the definition of the aerodynamic and geometric 
parameters and its evaluation using performance parameters. 

Up to 80% of the component total cost is associated with the design; thus, the development of tools capable of 
shorten this phase is of great importance. In this way, Finite Elements Analysis (FEA) and Computational Fluid 
Dynamics (CFD) have been successfully applied to thrust reverser design (Butterfield et al. 2004).

The thrust reverser design must attain the following requirements: 
 
When stowed, it must: 

- avoid extra drag and,  
- not affect engine performance.  

When deployed, it must: 
- not affect the engine operation limits, 
- avoid re-ingestion of the reverted jets, 
- avoid foreign object damage (FOD),  
- avoid impingement of the reverted jets on the fuselage,  
- avoid buoyancy on the nose, 
- avoid controllability problems, 
- allow the cutoff speed to be as low as possible 
- result in maximum reverse thrust. 
 

It is an iterative process involving the following steps: 
1. Establishment of the geometric configuration of the cascade thrust reverser; 
2. Establishment of the fan exit design conditions, using an engine deck for engine simulation; 
3. Loss estimation and design point cascade flow parameters calculation, to produce the module geometry; 
4. Engine performance prediction with integrated reverser modules; 
5. Reevaluation of the channel losses and cascade inlet angle based on axisymmetric flow calculations; 
6. Repetition of steps 2, 3 and 4 until the results in 4 agree with the initial guesses; 
7. Reevaluation of the cascade angles based on 3-D external flow calculations; 
8. Repetition of steps 2, 3, 4, 5 and 6 until the results in 6 agree with the design requirements; 

 
5. Performance Parameters 

 
The thrust reverser efficiency yη  is defined in Eq. 1 as the ratio of the reverse thrust  under static condition 

 and the engine forward thrust  at the same power conditions. According to Asbury and Yetter (2000), for a 
cascade thrust reverser its value is of the order of 0.3: 
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The area match parameterβ  is defined as function of the ratio of the thrust reverser effective area  to the fan 

nozzle effective area operating at forward thrust mode. 
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6. Geometric Configuration of the Cascade Thrust Reverser 

 
The channel geometry, when the thrust reverser is deployed, is dependent on the bypass channel and blocker 

geometries and on the axial placement of the cascades. It defines the cascade inlet aerodynamic characteristics. The 
azimuthal location, number and dimensions of the cascade sectors (modules) influence the area match and the thrust 
reverser performance on lateral wind conditions. A sketch of the modules located around the nacelle is shown in Fig. 2. 
 
7. Fan Exit Design Conditions 

 
A generic engine deck developed at ITA was used for the definition of the initial parameters at fan exit. Numerical 

values are obtained for: 
- Stagnation temperature at fan exit; 
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- Stagnation Pressure at fan exit; 
- Mass flow at fan exit. 

 

         
 

Figure 2. Example of modules placement around the nacelle and some modules 
 

8. Cascade Calculation  
 

For the sake of the thrust reverser performance prediction, preliminary geometry estimation for the standard cascade 
module is carried out, beginning with assumptions on the streamlines and cascade inlet flow angles, assuming 1-D and 
null incidence. The flow is considered compressible but the other properties are assumed constant.  

 
8.1. Cascade inlet parameters 

 
From Fig. 3 and additional dimensional data, the average inlet flow angle 1α  was evaluated. This angle may be 

estimated as starting guess from the geometry of the channel assuming streamlines distributed along the straight lines A 
and B shown in Fig. 3. Bidimensional CFD calculation will be used later to improve the initial guess. 

 

Line B 

1V

Line A 

 
 

Figure 3. Engine section containing the relevant parts of the channel formed by the deployment of the thrust reverser. 
 

The channel between fan exit and module inlet is considered as simple duct and the losses calculated using Idel'cik 
(1986) recommendations. As a result, numerical values are obtained for the cascade inlet: 

 
- Stagnation temperature = stagnation temperature at exit of fan 
- Stagnation pressure = stagnation pressure at exit of fan - calculated losses. 
- Mass flow = mass flow at the exit of the fan – leakage (to be evaluated later, taking into account the 

geometry of the exhaustion system). 
 

8.2. Module mass flow 
 
Figure 4 illustrates a module of thrust reverser, with the cascade blades assembled at an angle ψ  with the tangential 

direction. The evaluation of the engine installation on the aircraft will indicate the best distribution of the modules N
around it, as well as the expected orientation of the thrust reverser flow. The angles Nii ,...,1, =ψ  are then 
determined. 



 

 
 

Figure  4. Module skew 

ψ

 
The calculation of the mass flow, , in a standPm  0=ψ

 

ard mo le (in whichdu ) is made taking into account the angle 
 of all modules, see Fig. 5 and Fig. 6. 

                        
 

Figure 5. Module areas 

A blockage coefficient, , was defined base hown in Fig. 5. 
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Figure 6. Standard module ( 0=ψ ) 

dard module sizing is in Eq h
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8.3. Cascade parameters 

 
The cascade exit angle  is a key parameter to accomplish the design requirements. The cascade pressure loss is 

defi sing Eq. 5 wher  and  are inlet and outlet stagnation pressures and is outlet static pressure. Both are 
nd will be checked later. The velocities, temperatures and pressures are obtained form 
 continuity, energy, and isentropic relations.   
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Null incidence is initially fixed. T  deviationhe δ , difference between the blade exit angle 2α′  and 2α , is calculated 
using Carter’s correlation (Horlock, 1966) 
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ma mum thickness, with the optimum value for xi

where cm  is a function of outlet flow angle and θ s the camber angle. 
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Aerofoil sections ee low losses efore greatest exit fluid 

velocity and reverse thrust. However, Povolny (1957) suggests that the blades may also be manufactured from rolled 
plates, incurring in a loss of efficiency of about 5% in the re ersion. 

MCA airfoils of 3 arcs nstead. 

 
 

Figure  7. Blade section with indication of velocities, dimension and ang
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Figure  8. MC  3 arcs airfoil  

The losses are calculated by the Soderberg’s correlation orlock, 1966), for an accelerating cascade, where 

A
 
(H Y′  is a 

fun drction of the flow deflection and the Reynolds number at outlet, DRe , is calculated using the throat hy aulic 
diameter. 
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he calculated pressure loss is used to confirm the initial guess made for Eq. 5. 

8.4. Reverse Thrust 

he reverser total thrust in the direction of the engine axis is given by Eq. 8, where  is the standard module thrust: 
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eed of revision of the initial assumptions. An interactive process 

ma

9. Improvement to the cascade inlet boundary condition 

 standard module, formed by the blades placed transversally to the engine flow as shown in Fig. 6, is dimensioned. 

sim

he parameters initially 
ado

ed to improve the quality of the results obtained during the 
pre

10. Engine-Aircraft Integration 

his study must be carried out in order to confirm the adequacy of the thrust reverser integration to the engine and 
of 

eighborhood. 

11. Case study 

perating conditions ISA sea level 
 speed – 131581 N 

verser duct inlet – 324.1 K 

Analysis of these calculations may indicate the n
y be established so that a set of parameters may be made available to proceed with the studies using 2D and 3D 

models. 
 

 
A
The initial assumptions concerning cascade flow inlet angle may be improved using the results of axisymmetric 
ulation of the channel flow leaving the fan and entering the cascade. The standard module design is iterative, use 

being made of a deck specially adapted for engine performance simulation and calculations 2D. 
Although there is no flow axial symmetry, it will be admitted in order to better identify t
pted: inlet flow angle, losses in the duct preceding the cascade, deviation, incidence, etc. This approach would give 

qualitative information used for the identification of regions with undesirable flow properties (high velocities, raised 
losses, etc.) and adequacy of the cascades geometry. 

An interactive process would then be establish
liminary design phase. 
 

 
T

the engine to the aircraft. One would be looking for jet flows colliding with surfaces, re-ingestion of exhaust gases, 
ingestion of ground debris, in additional to the total reverse force in the direction of the engine axis. 

These verifications will be made through a 3-D simulation of the flow around of the nacelle and n
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Forward thrust at 85% of fan design
Flight Mach number – 0.0 
Stagnation temperature at re
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Figu dard m e geometry 

Number of modules – 12 
gles – 0 to 22 deg 

– 29.8 % 

11. Conclusion 

 procedure for cascade thrust reverser design is presented, comprising a one-dimensional cascade calculation, 
axi

12. Acknowledgements 

The authors thank EMBRAER -Empresa Brasileira de Aeronáutica S.A. and El Paso - Center for Reference in Gas 
Tu

. References 

sbury, S. C. and Yetter, J. A., 2000. “Static Performance of Six Innovative Thrust Reverser Concepts for Subsonic 

Bu Structural, Cost and Manufacturing Considerations During the 

Ch sional Geometries Including Thrust Reverser 

Co , Rogers, G. F. C., Saravanamuttoo, H. I. H., 2001. “Gas turbine theory”, Longman, UK, 4th edition. 
verser”. 

Ho  Londres. 

during C-17 low cost N/EAT nacelle thrust 

Po ation”. 

Tra ., 2003. “Aircraft Thrust Reverser Cascade Configuration Evaluation Through CFD”. AIAA-

Yet of airline industry responses to a 

 
. Responsibility notice 

he authors are the only responsible for the printed material included in this paper. 

Stagnation pressure at reverser duct inlet – 145.9 kPa 
Fraction of blocker leakage – 0.1 
 

 
 

re 9. Stan odul
 

Range of modules skew an
Range of modules exit angles – 40 to 52 deg 
Reverse thrust - 39187 N 
Thrust reverser efficiency 
 

 
A
simmetric calculations for the internal flow analysis and tri-dimensional simulations for the external flow analysis. 

As this procedure requires an iterative calculation, the experience on adopting the first guesses is of fundamental 
importance for quick answers. 

 

 

rbines - for the support to this research. 
 
6
 
A

Transport Applications - Summary of the NASA Langley Innovative Thrust Reverser Test Program”. NASA 
Langley Research Center. NASA/TM-2000-210300. 

tterfield, J et all., 2004. “Integration of Aerodynamic, 
Conceptual Design of a Thrust Reverser Cascade”. AIAA 2004-282 

uck, C. 2001. “Computational Procedures for Complex Tree-Dimen
Effluxes and APUs”. 37th AIAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit. 8-11. AIAA 2001-
3747. 

hen, H.
Dietrich, D. A., 1975. “Effect on fan flow characteristics of length and axial location of a cascade thrust re

NASA Center for Aerospace Information (CASI). NASA-TM-X-3247; E-8223, 19750601. 
rlock, J.H., 1966. “Axial flow turbines fluid Mechanics and thermodynamics”, Butterworths,

Idel'cik, I.E. , 1986. “Memento des pertes de charge”, Ed. Eyrolles, Paris. 
Johns, C. J., 2000. “Solution of an engine inlet compatibility problem 

reverser development”. AIAA-2000-5579. 2000 World Aviation Conference, San Diego, CA, Oct. 10-12. 
volny, J. H., Steffen, F. W. and McArdle, J. G., 1957. “Summary of scale-model thrust-reverser investig
NACA Report 1314. 
pp, L. And Oliveira, G
2003-723. 41st Aerospace Sciences Meeting and Exhibit, Reno, Nevada, Jan. 6-9. 
ter, J. A., 1995. “Why do airlines want and use thrust reversers? A compilation 
survey regarding the use of thrust reversers on commercial transport airplanes”. NASA-TM-109158; NAS 
1.15:109158 , 19950101. 

6
 
T



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


