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Abstract 

Blended wing body (BWB), as per the name is a single body comprising both the wings and the body of the aircraft, unlike 

conventional aircraft where wings are attached to the fuselage and can be distinguished in the aircraft’s structure. The advantages 

of BWB include drag reduction, high lift to drag ratio of overall body, higher fuel efficiency, increased seating capacity and 

reduced hangar space at the airport. At present the concept of BWB is not likely to be manufactured due to the limiting 

constraints of structures, aero-structural integration, issues pertaining to pressurization of the cabin, as well as the large frontal 

area of the wing that would in turn increase the drag coefficient. To overcome the aeromechanical issues the flow simulation 

over the BWB is done. The 2-D geometry was developed and kept as close as possible to the real designs gathered from the 

literature review. The results of the flow simulation fulfil the conditions set forward in the theory. The contours of various 

parameters depict the accurate variation in the flow regime around the BWB body.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

BWB- Blended Wing Body is the configuration of aircraft in which the wing is not a separate body attached to the fuselage as in 

conventional aircrafts, which have “tube-wing” configuration, instead the fuselage and the wings are blended into a single body, 

thus the name “Blended Wing Body” 

BWB configuration has certain advantages of its own. First is the reduced drag coefficient or CD of BWB, as the overall body 

will provide high lift coefficient and drag will be minimal than in a conventional aircraft, where fuselage is a major source of 

drag. Second is the reduced surface area which not only reduces the drag, it will also reduce the space occupied at the airport, 

thus curtailing the problems like congestion etc. Third is the increment in seating capacity because of the aircraft design the seats 

and the payload would be evenly distributed in the aircraft. And last but not the least, an enhanced fuel efficiency due to 

considerable reduction in weight of the aircraft. 

Presently, BWB is facing some problems due to its design parameters. The possibility of the BWB successfully replacing the 

current configuration of aircrafts is minimal because of the difficulties encountered in the manufacturing of such design due to 

limiting constraints of the structure, reduced stability and control due to absence of tail surfaces, issues such as passenger safety, 

pressurization of cabin and limiting the magnitude of drag due to large frontal area in order to effectively accommodate the 

engine in the wing-body. 

II.  LITERATURE REVIEW 

Toshihiro Ikeda et al. [1], studied experimentally and numerically that BWB configuration has superior in flight performance due 

to a higher Lift-to-Drag (L/D) ratio, and could improve upon existing conventional aircraft, in the areas of noise emission, fuel 

consumption and Direct Operation Cost (DOC) on service. However, a BWB configuration needs to employ a new structural 

system for passenger safety procedures, such as passenger ingress/egress. The beneficial results of the BWB design were that the 

parasite drag was decreased and the span wise body as a whole can generate lift. 

Thomas A. Reist and David W. Zinggy et al. [2], studied numerically that elliptical lift distribution is attained on the wing, 

shocks are eliminated, and the large regions of highly separated flow on the baseline design are greatly reduced. These drag 

reductions are achieved while both trimming and stabilizing the baseline design.  

Luis Ayuso Moreno, Rodolfo Sant Palma and Luis Plágaro Pascual et al. [3], studying experimentally and numerically did a 

comparison of performance and operational issues with last generation of conventional very large aircraft. The results are greatly 
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encouraging and predict about 20 percent increase in transport productivity efficiency, without the burden of new or aggravated 

safety or operational problems.  

Kai Lehmkuehler, KC Wong and Dries Verstraete et al. [4], studied experimentally that design methodology using fast panel 

methods has been proven viable for an unusual configuration. The wind tunnel tests matched the predicted data well and the 

flight testing revealed good handling qualities in flight. Some problems during take-off and landing due to the limited aircraft 

stability and the presence of propulsion effects on the longitudinal stability remain. Improvement of the induced drag properties 

and the remaining stability issues. 

R. H. Liebeck et al. [5], studied 800-passenger BWB and conventional configuration airplanes were sized and compared for a 

7000-n mile design range. Results showed remarkable performance improvements of the BWB over the conventional baseline, 

including a 15% reduction in take-off weight and a 27% reduction in fuel burn per seat mile.  

Harijono Djojodihardjo and Alvin Kek Leong Wei et al. [6], studied and concluded  that aerodynamically, BWB is much better 

than conventional aircrafts as it has at least 20% more “lift to drag ratio” because of a single body creating uniform lift and no 

other surfaces attached to the body, thus reducing the skin friction drag considerably. 

Akash Sharma, Tejas Alva et al. [7], analysed numerically the flow over a 2-D Blended Wing Body surface for a given set of 

boundary conditions and the results obtained safely comply with the theoretical standards.  

While ending the literature review, we would like to mention that till now, BWB has been tested for the transonic conditions, 

say for M= 0.9 and the conclusions have been solely made on that basis. We have improvised by doing the flow simulation for 

supersonic conditions, say M=2 and made certain conclusions regarding the results obtained which stick to the theoretical 

standards. Also, the results obtained and mentioned in this journal have been compared with the results obtained in [7] and 

conclusions have been made accordingly. 

III. METHODOLOGY 

The geometry was made by creating an excel sheet having co-ordinates for the desired BWB model. The co-ordinate file was 

then imported to ANSYS Workbench 15.0, where the 2-D model was created using certain Design Modeller tools. The geometry 

was then imported to ANSYS Meshing, where the mapped face meshing technique was used. Also the mesh refinement was 

done because finer is the mesh, more accurate is the solution. The mesh file in Workbench was imported to FLUENT 15.0. The 

flow analysis over the BWB surface is done pertaining to particular boundary conditions. 

 
Fig. 1: BWB-XM 2-D Geometry in Workbench 

 

 
Fig. 2: Far Field around BWB-XM 2-D Geometry In Workbench 
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Fig. 3: Meshing On BWB-XM 2-D Geometry 

IV. RESULTS AND DISCUSSION 

The contour attained for static pressure shows the variation of magnitude of the static pressure across the shock wave which is 

detached from the BWB body. For M=2, supersonic boundary conditions we can make out that the pressure is increasing just 

behind the shockwave and the maximum value is obtained at the nose section of BWB. 

 
Fig. 4: Static Pressure Contour 

The contour of total pressure depicts that the value of the total pressure is maximum before the shock wave and then the value 

gets reduced. The variation is uniform in both the front and aft region of the shock wave except behind the BWB body, where the 

value is the least which indicates that the flow has separated. 

 
Fig. 5: Total Pressure Contour 

The contour of the density depicts that the density value is considerably low before the shock wave and it increases behind the 

shock wave. The maximum value is at the nose surface of BWB. The value subsequently reduces as we approach the rear of the 

BWB. The minimum value is obtained aft of the BWB, an indication of flow separation. 
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Fig. 6: Density Contour 

The static temperature value increases as we proceed towards the BWB, with the maximum value obtained at the nose of 

BWB with reduction in the value towards the end of BWB. At the trailing edge of the BWB, where flow gets separated, there is 

the minimal value at the boundary of BWB, and very high value behind BWB.  

 
Fig. 7: Static Temperature Contour  

From the contour of the velocity magnitude, it can be clearly seen that the value reduces as we move towards the BWB across 

the shockwave. The minimum value is obtained at the nose and the rear surface of BWB. There is an increase in the value 

adjoining the flow separation region in the opposite direction. 

 
Fig. 8: Velocity Magnitude Contour 

As per the contour obtained for Mach number, the Mach number decreases across the shock wave. The minimum value is 

obtained at the nose and the rear surface of BWB. There is an increment in the value in the vicinity of the flow separation region 

in the opposite direction with quite low value for a region behind the BWB body. 



Comparative Study And CFD Analysis of Blended Wing Body (BWB)  
(IJSTE/ Volume 1 / Issue 12 / 036) 

 

 All rights reserved by www.ijste.org 
 

232 

 
Fig. 9: Mach number Contour  

V. CONCLUSION 

After the successful flow simulation over the surface of modified 2-D BWB geometry (BWB-XM) all performance parameters 

were clearly identified with a frontal, strong and detached shock wave being obtained for the BWB surface. The results obtained 

comply with the theoretical standards so it can be assumed that the obtained results are correct. The comparison between both the 

BWB geometries is done. As we can observe that the second geometry (BWB-XM) has a reduced frontal area and a streamlined 

profile than compared to the first BWB geometry, which means that there will be a considerable decrease in profile drag thus an 

obvious reduction in CD- the drag coefficient for the entire aircraft, which will result in an improved L/D ratio and higher 

aerodynamic efficiency. 

 
Fig. 10: Comparison of BWB Geometries 

As it can be seen from the graph shown below, the value obtained of CD is reduced for the second BWB geometry, thus 

complying with the theoretical standards. Mathematically, there is a reduction of 5.95% in the magnitude of the drag coefficient 

of the BWB aircraft, which is a considerable decrement thus not only resulting in increment of L/D ratio but also significantly 

improving the aerodynamic efficiency of the aircraft.    

 
Fig. 11: Comparison of Drag Coefficient 
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