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 This study investigates the aerodynamic characteristics and longitudinal 
static stability of a novel unmanned blended wing body aircraft featuring 
a canard and twin tail boom configuration. Conducting aerodynamic 
analysis at relatively low Reynolds numbers is essential for small 
unmanned aerial vehicles to determine optimal elevator deflection 
angles during the preliminary design phase. The study employs a vortex 
lattice method (VLM), a low-fidelity approach known for its 
computational efficiency and reliability, within the VSPAero suite. 
Study cases include wing-body configuration only, combination with 
canard, combinations with canard and tails and combination with all 
components with various canard and tail deflection angles. The results 
show that this wing-body, canard, and twin tail configuration can exhibit 
a favourable lift-to-drag ratios of 15.0 at trim lift coefficient 0.5 with +5-
degree canard elevator deflection and -5-degree horizontal tail elevator 
deflection. This strikes a good balance between performance efficiency 
and flight stability crucial for sustained flights. In terms of longitudinal 
stability, the aircraft demonstrates inherent stability at around 25 percent 
static margin, primarily due to the strategic placement and sizing of the 
centre of gravity, canard and twin tail surfaces. 
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Introduction 

The blended wing body aircraft configuration, characterized by its seamless integration of wing and 
fuselage, offers several advantages over conventional aircraft design, including enhanced aerodynamic 
efficiency and increased internal volume (Liu & Whidborne, 2021; Wang et al., 2022). However, the 
integration of a canard and twin tail boom configuration introduces unique challenges and opportunities, 
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particularly when operating at relatively low Reynolds numbers with respect to normal manned aircraft, 
which are characteristic of unmanned aerial vehicles (Wauters & Degroote, 2018; Giacomini & Westerberg, 
2025). This study therefore focuses on understanding ideal aerodynamic interactions and longitudinal static 
stability characteristics of such a novel aircraft configuration under specific flight conditions (Boschetti et 
al., 2004). The inherent complexities arise from the interplay between the blended wing body's lift-
generating fuselage, the additional control surfaces provided by the canards, and the stabilizing influence 
of the twin tail booms (Odendaal et al., 2024). The quantification of aerodynamic variables and stability 
coefficients is paramount for predicting aircraft performance and ensuring safe flight operations, especially 
for unmanned aircraft (Loya et al., 2018). BWB in tail-less form often longitudinally less stable than a 
conventional type and almost impossible to be controlled manually in flight due to its unstable dynamic 
behaviour. Adding canards only helps in providing additional control but only worsens longitudinal 
stability. Adding horizontal tail is the solution to ensuring good longitudinal static stability while 
minimizing additional drag only if the setup is optimised. Hypothetically, optimising control surface trim 
angle shall ensure both stability and aerodynamic efficiency if done right. Practically the process is either 
expensive, i.e. via wind tunnel experiment, or time consuming, i.e. via computational fluid dynamic 
simulation. 

To address these challenges, low-fidelity computational methods, such as the Vortex Lattice Method, 
are particularly attractive due to their computational efficiency, enabling rapid design iterations during the 
conceptual and preliminary design phases (Hasan et al., 2023; Joshi et al., 2025; Islam et al., 2025). 
Specifically, this research employs the Vortex Lattice Method for its capability to efficiently compute 
aerodynamic coefficients and stability derivatives, providing a robust framework for initial design 
assessments (Salem et al., 2024). A discussion on benchmarking unconventional configurations with 
conventional aircraft: the box-wing study case (Zhang et al., 2020). This approach enables systematic 
evaluation of key design parameters, such as canard-wing-tail positioning, without incurring the 
computational expense of higher-fidelity methods like Computational Fluid Dynamics (Marqués, 2017; 
Yang et al., 2018). Moreover, unconventional aircraft configurations, such as the blended wing body with 
canards, often present unique challenges in stability and trim, despite their potential for extraordinary 
performance characteristics (Goetzendorf‐Grabowski, 2023). This necessitates a fundamental, ideal and 
simplified investigation into their static stability margins, particularly concerning the longitudinal axis, to 
ensure predictable flight behavior and controllability. 

 

Fig. 1. Baseline-II BWB UAV prototype. 

This paper investigates the aerodynamic characteristics and longitudinal static stability of a blended 
wing body aircraft, namely Baseline-II BWB-UAV (as shown in Fig. 1) augmented with a canard and twin 
tail boom at relatively low average Reynolds numbers of 1,000,000 utilizing the Vortex Lattice Method. 
This methodology is well-suited for the preliminary design phases, as it provides a balance between 
computational cost and accuracy for predicting lift, drag, and moment coefficients, as well as crucial 
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stability derivatives (Salem et al., 2021b). Furthermore, the Vortex Lattice Method can be employed to 
predict induced drag and stability aerodynamic derivatives, while the lift line theory can be used to estimate 
the aerodynamic properties of the wings and the static stability and trimming requirements from control 
surfaces (Salem et al., 2024; Singh et al., 2022). This approach enables the rapid evaluation of various 
design iterations and the identification of optimal configurations that satisfy aerodynamic performance and 
stability criteria (Salem et al., 2023). For information, Baseline-II BWB UAV was originally designed with 
tailless configuration but with canard as control effector. However, short take-off and manually stable 
(without electronic stability augmentation) control requirements cause the canard to change its role to 
providing additional lift for STOL and twin tail boom control surfaces were introduced to provide natural 
longitudinal stability. Specifically, this research aims to determine the impact of integrating a canard and 
twin tail boom on the overall longitudinal static stability and aerodynamic efficiency of a blended wing 
body. 

 

Literature Review 

VLM is particularly well-suited for preliminary design phases due to its computational efficiency, allowing 
for rapid assessment of various planform configurations inherent to BWB geometries (Joshi & Thomas, 
2023). This efficiency is crucial for multidisciplinary design optimization processes where numerous design 
parameters must be evaluated iteratively. Furthermore, the integration of VLM with optimization 
algorithms, such as BOBYQA, significantly accelerates the exploration of design spaces, facilitating 
quicker iterations and improvements in conceptual and preliminary wing design (Islam et al., 2025). The 
adaptability of VLM in conceptual design also stems from its ability to model complex aerodynamic 
interactions, providing valuable insights into the fundamental flow physics influencing BWB performance 
characteristics (Kumar et al., 2025; Sarojini et al., 2024). VLM's inherently low computational cost also 
makes it an ideal candidate for integration into physics-infused machine learning frameworks, where it can 
serve as a low-fidelity physics model to enhance the generalization capabilities of data-driven approaches, 
especially when high-fidelity datasets are sparse (Oddiraju et al., 2023).  

VLM computations on BWB aircraft have consistently demonstrated their effectiveness in predicting 
key aerodynamic parameters, such as lift coefficients and pitching moments, which are critical for stability 
and control assessments during the early design stage. This is particularly valuable for unconventional 
configurations like BWBs, where extensive experimental data may not be readily available, thus relying on 
efficient computational tools for initial performance estimations (Sung et al., 2025). Moreover, VLM can 
effectively model the complex aerodynamic interactions between different aircraft components, offering 
insights into how design modifications, such as the incorporation of winglets, influence overall lift and drag 
characteristics (Ishrak et al., 2024). However, it is important to acknowledge that while VLM provides a 
robust framework for preliminary analysis, it typically underestimates complex flow phenomena such as 
vortex-induced drag and flow separation, which become more pronounced in the high angle-of-attack 
regimes relevant to BWB aircraft (Joshi & Thomas, 2023). This limitation necessitates the development of 
hybrid approaches that integrate VLM with higher-fidelity tools or experimental data to achieve a more 
comprehensive understanding of BWB aerodynamics, especially for scenarios involving complex vortex 
dynamics or flow separation (Aubeelack et al., 2023; Bohari et al., 2017). Despite these limitations, the 
general aerodynamic trends and correlations between performance and design variables obtained from 
VLM solvers remain highly valuable for the conceptual design phase of innovative airframe concepts, given 
their low computational cost and flexibility for parametric analyses (Salem et al., 2021a).  
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While BWB aircraft traditionally eschew empennage for reduced wetted area and drag, the integration 
of canard or tail surfaces introduces complexities in aerodynamic interaction that VLM can model to assess 
their impact on stability and control (Luo et al., 2024). Specifically, VLM can quantify changes in lift 
distribution, pitching moments, and static margins arising from the aerodynamic interference between these 
control surfaces and the blended wing-body fuselage (Liou et al., 2019). For instance, VLM can investigate 
how the vortex shedding from a canard surface impinges on the main wing, altering its effective angle of 
attack and potentially influencing lift generation or flow separation characteristics (Larkin & Coates, 2017). 
This capability is crucial for understanding the trade-offs between enhanced control authority and potential 
drag penalties introduced by such additional surfaces, especially in unconventional BWB configurations 
where traditional stability mechanisms are altered.  

Previous studies have investigated the impact of horizontal tail, canards, and winglets on BWB designs, 
demonstrating how CFD can predict the resulting lift coefficient variations and aerodynamic characteristics 
(Saad et al., 2019). The method's ability to swiftly evaluate diverse configurations of elevons as longitudinal 
control effector makes it an indispensable tool for designers seeking to optimize stability and 
maneuverability in BWB aircraft but with time cost much longer than wind tunnel’s experiment 
(Goetzendorf‐Grabowski, 2023; Wang et al., 2022). Alternatively, the judicious placement and sizing of 
these surfaces, informed by semi-empirical computation via multi-disciplinary optimisation (MDO), can 
effectively mitigate adverse stability characteristics inherent in tailless BWB designs without significantly 
compromising their aerodynamic efficiency (Rostami et al., 2023). However, it is crucial to recognize that 
the simplified aerodynamic assumptions in MDO’s semi-empirical method may not fully capture the 
intricate flow interactions introduced by these additional lifting surfaces, particularly at high angles of 
attack or in scenarios involving complex unsteady aerodynamics (Sepulveda et al., 2019). On the other 
hand, VLM often serves as an initial screening tool, with promising designs then subjected to higher-fidelity 
computational fluid dynamics analyses to validate and refine the aerodynamic predictions, particularly for 
highly integrated and interacting components (Ruh et al., 2023). Despite these limitations, VLM remains 
an invaluable tool for preliminary design, offering a rapid and efficient means to assess the aerodynamic 
impact of various control surface configurations on BWB aircraft and becomes an enabler for multi-
disciplinary optimisation (MDO) process involving balance between aerodynamic efficiency, stability, 
controllability and flight performance (Natale et al., 2020; Raza et al., 2024; Stephens et al., 1999). 

VLM computation validation often involves comparing its predictions against experimental data from 
wind tunnel tests or higher-fidelity computational fluid dynamics simulations (Sgueglia, 2019). This 
process is essential for verifying the accuracy of VLM-derived aerodynamic coefficients and ensuring the 
model reliably predicts aircraft performance across various flight regimes (Cipolla et al., 2016). For 
instance, comparisons between VLM results and experimental data have shown good agreement for lift and 
pitching moment coefficients at small angles of attack, particularly for configurations without significant 
flow separation. Nevertheless, VLM's predictive capabilities for stability derivatives and control surface 
effectiveness have been corroborated against wind tunnel data, demonstrating its utility for preliminary 
design evaluations of aircraft configurations, including unconventional layouts (Nae, 2010). For example, 
studies on PrandtlPlane aircraft have leveraged VLM to successfully predict aerodynamic behavior, with 
these predictions subsequently validated through wind tunnel tests, confirming VLM's adequacy for 
preliminary design phases (Cipolla et al., 2018). The method's ability to model complex geometries, 
including multiple lifting surfaces and their interactions, allows for comprehensive validation against 
diverse experimental set-ups (Denieul, 2016). These comparative analyses often reveal the method's 
strengths in capturing linear aerodynamic characteristics but also highlight its inherent limitations when 
confronted with non-linear flow phenomena or conditions where viscous effects become prominent (Botero 
et al., 2022). 
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Methodology 

VSPAero utilizes an advanced vortex lattice method that discretizes the lifting surfaces into a network of 
horseshoe vortices, enabling the computation of aerodynamic forces and moments through the application 
of the Kutta-Joukowski theorem and boundary conditions at collocation points (Joshi et al., 2025). 
However, VLM’s inherent assumptions, primarily relying on potential flow theory, limit its applicability in 
accurately predicting non-linear aerodynamic phenomena and viscous effects. The governing equations for 
VLM typically involve solving a system of linear equations derived from satisfying the impermeability 
boundary condition at control points on each panel. This system determines the strengths of the individual 
vortex elements, which are then used to calculate the pressure distribution and subsequently the total 
aerodynamic forces and moments acting on the aircraft. Please take note that results in this paper serve to 
find preliminary optimal setup for canard and tail elevators where a balance between aerodynamic 
efficiency (namely lift-to-drag ratio, 𝐿𝐿/𝐷𝐷) and longitudinal static stability must be met. In other words, one 
needs to find the highest possible (𝐿𝐿/𝐷𝐷)𝑚𝑚𝑚𝑚𝑚𝑚 at trim lift coefficient that ensures positive longitudinal static 
stability at comfortably good static margin. 

Fig. 2 shows the flowchart of this research where the work begins with specifying geometric parameters 
of the BWB aircraft components, namely the blended wing-body, canard, horizontal tail and twin vertical 
tail in terms of span, chords, plan area, airfoils position, and other geometric parameters. These parameters 
are used to create geometric three-dimensional model of the aircraft in the chosen vehicle sketch pad suite. 
Not only must each span section be specified with chord, airfoil specification, quarter-chord sweep angle 
and leading-edge longitudinal position among others, tessellation number of each section must also be 
considered to ensure geometrical shape accuracy. A low tessellation number in x-direction will make the 
leading edge of aerofoil looked jagged and not rounded while a high tessellation number will ensure the 
aerofoil shape is close to the actual curve. Furthermore, tessellation number in both longitudinal (x) and 
spanwise (y) determines the total number of panels and nodes that OpenVSP Degen (Degeneration) 
command will generate when all of aircraft components have been merged into a single object. In this case, 
the BWB aircraft is designed with 6 wing-body sections per half span where there are 130 subsections in 
total (Tessellation y = 101). Longitudinally, each airfoil section is further divided into 100 subsections 
(Tessellation x = 101), therefore making the total number of panels (mesh) on the BWB model 13,000 not 
counting canards, horizontal tail and vertical tails. This is perfectly in line with the suggested minimum 
number of panels for accurate aerodynamic prediction of all-wing, tailless BWB aircraft, which is around 
7,000 – 10,000 depending on complexity of design (Botero et al., 2022; Nae, 2010). 

 

Fig. 2. Research workflow. 
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The modelling process is shown in Fig. 3. The 3D surface mesh panels for each aircraft components 
are degenerated into flat plate representation of it. This degenerated model is then used by VSPAero to 
execute VLM computation and present its simulation results for further analyses. One added feature of 
VLM computation within VSPAero suite is the ability to predict stall lift and angle of attack. 3D wing stall 
in Vortex Lattice Method (VLM) computation is determined using nonlinear VLM that couples linear VLM 
with 2.5D viscous data from airfoil polars. This method accounts for 3D effects by extending 2D airfoil 
stall characteristics to finite wings, capturing stall behavior up to and beyond the stall point. Stall is 
identified by analyzing the resulting force and moment coefficients, with a drop in the lift coefficient and 
increase in the drag coefficient, and by monitoring the separation of flow from the wing. This feature also 
allows for estimation of parasite drag using empirical methods. 

 

Fig. 3. VLM computation process within VSPAero suite. 

Table 1 shows important parameters of computation and cases in this research. As mentioned before 
there are 13,000 mesh panels on this 2.86 m wingspan BWB aircraft with body length of 1.2 m and mean 
chord of 0.59 m giving planform BWB area or reference area of 1.084 m2. Reference area for aircraft design 
refers of the wing planform area. In this case, since the body is also the main lifting component, wing-body 
planform area is considered as reference area. Adding canard and tail, in practice, does not change the 
reference area, in fact one must maintain it for aerodynamic and stability analysis consistency. This allows 
for clear observation of the impact of canard and tail to the wing-body which constitutes the original 
configuration of the aircraft. Overall length of this aircraft is slightly more than 2.25 m including horizontal 
tail. Reference centre of gravity is at 0.80 m behind the tip of the nose or right at the forward section of the 
proper wing connected to the delta, highly swept body. Operating speed of this small BWB UAV is around 
34 m/s or approximately at Mach 0.1 at sea level altitude with air density of 1.225 kg/m3 ISA. Operating 
range of angle of attack (𝛼𝛼) is between 0° to +20° and there are nine (9) cases of simulation or computation. 
It begins with BWB only case before adding canard on the next case, then horizontal tail and then twin 
vertical tails – all in clean configuration without control surface deflection. After these cases, the 
computation is extended to five (5) more control surface deflections namely 𝛿𝛿ℎ = −5° and 𝛿𝛿ℎ = −10° for 
horizontal tail elevator cases, 𝛿𝛿𝑐𝑐 = +30° and 𝛿𝛿𝑐𝑐 = +60° for canard elevator cases and one case where 𝛿𝛿𝑐𝑐 =
+5° and 𝛿𝛿ℎ = −5°. The BWB+C case results will be compared with wind tunnel results published in 
Wisnoe et al. (2017) where the study was limited to the same blended wing-body design with canard 
configuration only. In conclusion, the study conducted here extends aerodynamic prediction, but only via 
quick VLM computation, from bare wing-body setup to the impact of canard and horizontal tail separately, 
impact of all components combined, and impact of all components combined with selected control surface 
deflections cases. 
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Table 1. Parameters of computation and cases 

Parameter Value Remarks 

Algorithm Vortex Lattice Method VSPAero 
Tessellation 131 x 101 Y x X 
Panels 13,000 Surface panels on BWB 
Ref. Area, S 1.084 m2 BWB planform only 
Ref. chord, c 0.592 m BWB planform only 
Ref. Span, b 2.860 m Including wing tip 
Ref. CG 0.800 m From nose 
AoA range 0.0 – 20.0° Operating range 

Mach 0.10 34 m/s at sea level 
Reynold No., Re 1,000,000 Approximated Re 
Stall model 2D Clmax = 1.50 (NACA2412) Based on BWB airfoil 
Control Grouping Canard elevator & horizontal tail elevator Longitudinal stability 
Computed cases 1. BWB only 

2. BWB + canard 
3. BWB + canard + hor. tail 
4. bwb + canard + hor. tail + ver. tails 
5. BWB+canard+hor. tail (-5°) + ver. tail 
6. BWB+canard+hor. tail (-10°) + ver. tail 
7. BWB+canard(+30°)+hor. tail + ver. Tail 
8. BWB+canard(+30°)+hor. tail + ver. Tail 
9. BWB+canard(+5°)+hor. tail(-5°) + ver. Tail 

BWB 
BWB+C 
BWB+C+H 
BWB+C+H+V 
BWB+C+H(-5)+V 
BWB+C+H(-10)+V 
BWB+C(+30)+H+V 
BWB+C(+60)+H+V 
BWB+C(+5)+H(-5)+V 

 
Results and Discussion 

Fig. 4 shows plots of lift coefficients versus angle of attack, drag coefficient, lift-to-drag ratio and pitch 
moment coefficient for the blended wing-body plus canard case (BWB+C). The figure shows comparisons 
between VLM computation and wind tunnel experiment results published by Wisnoe et al. (2017) at the 
same flow regime. The reason behind choosing BWB+C case is that the wind tunnel model tested before 
consists of both BWB and canard. Readers may find that the results for lift, drag and moment coefficients 
here are larger than the published plots because of adjustment in the reference area. The published reference 
area uses all lifting component planform areas, both wing-body and canard, whereas this paper only uses 
wing-body planform area as reference. Since the latter is smaller in magnitude then the value of these 
coefficients must be larger for the same amount of force and moments. Secondly, the adjustment must also 
be made to the mean chord since the former takes canard area into account while the latter do not, hence, 
the reference mean chord for the VLM’s cases is smaller than the wind tunnels. Fig. 4 shows that VLM 
computation trends agree with wind tunnel results but only up to +10 degrees angle of attack which is well 
within its linear lift region which is between 0° ≤ 𝛼𝛼 ≤ 10° or 𝐶𝐶𝐿𝐿 ≤ 0.8. Above this angle of attack, the 
VLM simulation is unable to simulate the same flow separation trends on the wing as in Wisnoe et al. 
(2017). Even within linear lift regime, the VLM plots really show their ideal magnitudes – having 5.0% 
larger lift coefficient, 10.0% smaller drag coefficient and 20% higher lift-to-drag ratio than the wind tunnel 
plots. Similar trends are observed for the pitch moment plots within linear lift range but differ tremendously 
after 𝛼𝛼 = 10° due to VLM’s inability to model separation of flow and turbulent at wing-body trailing edge 
region unlike CFD method. So far, the VLM computations are fairly acceptable within linear lift region but 
require higher fidelity computational method for cases outside it. 
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Fig. 4. Comparison between VLM and wind tunnel experiment (Wisnoe et al., 2017) for BWB+C case. 

Fig. 5 shows an example of pressure contour and airflow visualizations for the first four cases (BWB, 
BWB+C, BWB+C+H, and BWB+C+H+V) to observe differences between single BWB and addition of 
control surface components beginning with canard, horizontal tail and twin vertical tails at zero angle of 
attack to understand the interaction between these components and its impact to overall BWB aircraft 
aerodynamic performance and longitudinal stability. Qualitatively, subtle differences in the pressure 
contour are observed,  especially over the wing when the canard is added to the front section of the body. 
Quantitatively, the highest and lowest pressure coefficient limits for all cases shown at zero angle of attack 
are similar between 𝐶𝐶𝑝𝑝,𝑚𝑚𝑚𝑚𝑚𝑚 ≅ −0.3 to 𝐶𝐶𝑝𝑝,𝑚𝑚𝑚𝑚𝑚𝑚 ≅ +3.0. The canard expands the low-pressure area (𝐶𝐶𝑝𝑝 ≤
−0.2) to a portion of wing roots approximately 10% more than wing-body setup only. This difference 
become obvious when horizontal tail and twin vertical tails are added where lower pressure spots are 
observed on the wing root much clearer and larger up to 50% of total wing-body area than the previous two 
cases indicating accelerated airflow on top of it due to interactions of wing-body with canards, horizontal 
tail and vertical tails. There is only slight difference on the delta body though, however, airflow 
visualization indicates that downwash from the canard does affect the BWB outer body and inner wing 
sections. Airflow from canard and BWB does not affect the horizontal tail and the twin vertical tail due to 
their height and orientation, respectively. 

Linear  
lift  
region 

Linear  
lift  
region 

Linear  
lift  
region 

Linear  
lift  
region 
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Fig. 5. Pressure contour and flow visualization for four clean configuration cases. 

Fig. 6 shows lift coefficient 𝐶𝐶𝐿𝐿 versus angle of attack 𝛼𝛼 plots of all nine cases. For BWB only case, the 
lift coefficient at zero angle of attack starts at around 𝐶𝐶𝐿𝐿 ≅ 0.10 increases almost linearly with a slope of 
approximately d𝐶𝐶𝐿𝐿 d𝛼𝛼⁄ ≅ 0.07/° and tops up at maximum lift coefficient 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ≈ 1.20 at operational limit 
angle of attack 𝛼𝛼 = 20°. Adding canard increases the slope slightly to d𝐶𝐶𝐿𝐿 d𝛼𝛼⁄ ≅ 0.073/° with maximum 
lift at 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ≈ 1.26 at the same angle of attack limit. With canard and horizontal tail in picture, the slope 
increases more to d𝐶𝐶𝐿𝐿 d𝛼𝛼⁄ ≅ 0.08/° and 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ≈ 1.40. The effect of horizontal tail is more prominent 
than canard due to the former is larger than the latter. Adding twin vertical tails does nothing in terms of 
lift coefficient. The remaining five cases involving canard elevator and horizontal tail’s elevator deflection 
𝛿𝛿 (downward is positive) all have similar slope of between d𝐶𝐶𝐿𝐿 d𝛼𝛼⁄ ≅ (0.073 − 0.08)/° and maximum lift 
at 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ≈ 1.20 − 1.40. deflecting control surfaces does nothing significant to the whole BWB aircraft. 

Drag polar plots are shown in Fig. 7 where most cases are packed together between parasite drag 
coefficients of 𝐶𝐶𝐷𝐷0 ≅ 0.01 − 0.02 and increase parabolically as lift coefficient increase while keeping the 
difference between cases within 𝐶𝐶𝐷𝐷 ≅ 0.01. Exceptions are observed for cases BWB+C(+30)+H+V and 
BWB+C(+60)+H+V. These two cases, while having parasite drag just slightly higher at 𝐶𝐶𝐷𝐷0 ≅ 0.022 −
0.025, its increase in drag is more prominent, climbing quickly parabolically separating themselves from 
the rest as lift coefficient increases. These two cases are when the canard’s elevator is deflected at relatively 
large angle (+30 to +60 degrees) thus disturb the flow on wing-body behind it and increases drag. 

 

 



103 Rizal E. M. Nasir & Zamri Omar / Journal of Mechanical Engineering (2026) Vol. 23, No. 3 

https://doi.org/10.24191/jmeche.v23i3.11599
 
 ©Rizal E. M. Nasir & Zamri Omar, 2026 

 

Fig. 6. CL-α plots of BWB cases (note: C – canard, H – hor. Tail, V – ver. Tail). 

 

 

Fig. 7. CL-CD plots of BWB cases (note: C – canard, H – hor. Tail, V – ver. Tail). 
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The lift-angle of attack and drag polar plots in Figs. 6 and 7 bring us to Fig. 8 where lift coefficients 
are plotted against lift-to-drag ratios 𝐿𝐿/𝐷𝐷 for all cases. These are plotted quite unusually where 𝐿𝐿/𝐷𝐷s is 
normally plotted in y-axis rather than x but here they are plotted in opposite axis (x-axis) for consistency 
with the rest of the graphs (where 𝐶𝐶𝐿𝐿is in y-axis). From the figure, the 𝐿𝐿/𝐷𝐷 plots follow the usual trends – 
climb steep at low lift, maximizes at optimal lift and descent shallow at higher lift coefficients. The ultimate 
maximum lift-to-drag ratio 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 ≈ 20.0 for, of course, the BWB only case. Adding canard adds drag 
more than lift does thus it drops 9.0% to 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 ≈ 18.2. Add horizontal tail, it drops 11.0% more to just 
𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 ≈ 16.0 or just merely 80% of wing-body only 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 . The horizontal tail sits on the twin vertical 
tail so no one can deny its existence thus reduce the ratio to 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 ≈ 15.3 or just 76.5% of the highest 
𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚. Small but negative horizontal tail elevator deflections do not affect the lift-to-drag ratio by much, 
and it still lingers around 15.0 or 75.0% of wing-body only setup. On the contrary, deflecting the small 
canard to large deflection angles spoils the purpose of having BWB in the first place – the ratio drops 
tremendously to just 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 ≈ 12.0 meaning 40.0% drop compared with wing-boy only configuration. A 
little canard’s elevator deflection with a little horizontal tail’s elevator deflection at 5.0 degree each in 
opposite direction for optimal flight trimming purposes (final case) maintains its ratio to around 15.0. 

 

Fig. 8. L/D plots of BWB cases (note: C – canard, H – hor. Tail, V – ver. Tail). 

Fig. 9 shows lift versus pitch moment coefficient plots that defines its longitudinal static stability. For 
all cases, the negative slopes ranging from d𝐶𝐶𝑀𝑀 d𝐶𝐶𝐿𝐿⁄ ≅ −0.4 𝑡𝑡𝑡𝑡 − 0.2 are the first sign of longitudinally 
stable flight where their static margin is between 𝐾𝐾𝑛𝑛 ≅ 20% − 40% of its mean chord. However, not 
necessarily all of them are good. For the first four cases where there are no elevator deflections, the pitch 
moment coefficient at zero lift 𝐶𝐶𝑀𝑀,0 is negative or near zero, indicating poor trim lift coefficient 𝐶𝐶𝐿𝐿,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 and 
angle of attack 𝛼𝛼𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 not suitable for flight. For information, trim condition is established when the pitch 
moment coefficient is zero (equilibrium, longitudinally) thus trim lift or trim angle of attack here reflect the 
equilibrium flight condition where the aircraft is static (but fly at constant velocity). With horizontal tail’s 
elevator deflection of 𝛿𝛿ℎ = −5°, trim lift is at 𝐶𝐶𝐿𝐿,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≅ 0.3 – good but not trim at its 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚. Deflecting 
more to 𝛿𝛿ℎ = −10° trims its lift to 𝐶𝐶𝐿𝐿,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ≅ 0.9 – high lift but not efficient too. Deflecting canard’s 
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elevator to high angles 𝛿𝛿𝑐𝑐 = +30°, +60°, which is common in short take-off and landing setup in high-
performance fighter aircraft such as JAS-37 Viggen, trims its lift to around 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ≅ 0.4 ± 0.02 and closer 
to their 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚s but the maximum ratios for both are already low at around 12.0. By deflecting 𝛿𝛿𝑐𝑐 = +5° 
and 𝛿𝛿ℎ = −5°, the trim lift is at 𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ≅ 0.5 right at its 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 ≅ 15.0 thus this strikes the best balance 
between aerodynamic efficiency (hence, performance) and longitudinal static stability (and controllability 
too). In addition, this configuration gives static margin of 25% mean chord which is quite decently 
conservative (safe) in term of flight stability.  

 

 

Fig. 9. CL-CM plots of BWB cases (note: C – canard, H – hor. Tail, V – ver. Tail). 

In overall, one can have high maximum lift-to-drag ratio 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 to 20.0 with clean (no elevator, canard 
deflections) setup but practically unable to fly in equilibrium thus failed to adhere to one of the conditions 
for longitudinal static stability while setting 𝛿𝛿𝑐𝑐 = +5° and 𝛿𝛿ℎ = −5°on canard and elevator, respectively, 
ensures equilibrium flight at maximum lift-to-drag ratio of 𝐿𝐿/𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 = 15.0 with comfortably “light” 
handling (controllability) due to relatively low 20% static margin. Having horizontal stabilizer as addition 
to wing-body-canard setup provides wide trim lift capability where elevator deflection 𝛿𝛿ℎ = 0° → −10° 
corresponds to trim lift 𝐶𝐶𝐿𝐿,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 0.0 → 0.8 covering the whole linear lift region and limiting the control 
from entering unpredicted separation and stall regions outside of it. 

 

Conclusion 

Achieving a balance between aerodynamic performance and longitudinal static stability is paramount in 
guaranteeing effective and safe flight. Ideally, a blended wing-body aircraft shall be tailless in configuration 
since, in this case, has high lift-to-drag ratio. Practically, although there are advanced stability augmentation 
systems, a longitudinally stable aircraft is more reliable and safer. Having large positive elevator deflection 
on canard combined with BWB does give better trim lift but its drag penalty reduces lift-to-drag ratio so 
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much it defeats the purpose of having blended wing-body. A little negative elevator deflection on the 
horizontal tail, on the other hand, serves better in providing wide range of trim lifts with insignificant 
reduction of lifts thus ensuring respectable lift-to-drag ratio around 15.0. Last but not least, small positive 
deflection of canard and small negative deflection of horizontal tail elevators (five degrees each) puts the 
trim lift coefficient right at the right spot where the lift-to-drag ratio is maximum. The right setup has been 
found for the BWB aircraft studied here and further studies in the near future will include the high-fidelity 
computational fluid dynamics simulations. 
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