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Abstract 

A streamlined Multidisciplinary Design Analysis and Optimization (MDAO) process is being 

developed to provide feedback on conceptual designs and early airspace modeling 

assessments of unconventional aircraft.  This MDAO process has been demonstrated using a 

Low-Boom Flight Demonstrator (LBFD) like configuration by performing a trade study of various 

flap sizes.  The results of these trades showed that shorter takeoff distances are achieved with 

increasing flap chord and flap deflections.  This trend is unlike conventional transport type 

aircraft which typically show increased required takeoff distances due to the increased drag 

during typical takeoff flap configurations.  The LBFD-like configuration trends are attributed to its 

high engine thrust which overcomes the higher drag associated with its takeoff flap 

configuration.   

Introduction 

The purpose of this work was to develop a streamlined process to assess performance of new 

unconventional aircraft concepts in order to provide feedback on the conceptual design, address 

possible vehicle handling quality concerns, as well as provide aerodynamic performance data to 

inform airspace modeling of these vehicles.  The aircraft chosen to demonstrate this capability 

was based on a Low-Boom Flight Demonstrator (LBFD) configuration.   

Approach 

The approach used was to integrate the OpenVSP parametric geometry tool, the VSPAERO 

aerodynamics performance tool, along with the aircraft synthesis and mission analysis tool, 

VASCOMP, into our Multidisciplinary Design Analysis and Optimization (MDAO) VIPER 

framework which in turn provided the vehicle performance datasets. From this, we were able to 

demonstrate a trade study of flap size and its impact on takeoff and landing performance of the 

LBFD-like configuration.   

Figure-1 VIPER LBFD Study process overview 

 

OpenVSP was utilized to generate parametric LBFD geometry with variations of the inboard and 

outboard flap chord, span, and deflections.  Subsonic aerodynamics data for the various flap 
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sizes and deflections was estimated using VSPAERO.  VASCOMP was used to assess takeoff 

and landing mission analysis performance.  Figure 1 above shows an overview of the process. 

Tool Descriptions 

OpenVSP 

The open source Vehicle Sketch Pad (OpenVSP) software [1-4] is a parametric vehicle 

geometry tool. It allows the user to create 3D parametric models of generic aircraft 

configurations defined by common engineering parameters. These parametric models can then 

be processed into formats suitable for various engineering analyses.  The predecessors to 

OpenVSP were developed internally by NASA in the early 1990s. On January 10, 2012, 

OpenVSP was released as an open source project under the NASA Open Source Agreement 

(NOSA) version 1.3. 

VSPAERO 

VSPAERO was developed by David Kinney, Ph.D. at NASA Ames Research Center and is a 

fast, linear, vortex lattice solver for assessing the aerodynamics of a given configuration.  

VSPAERO also allows for the integration of actuator disks to easily include aero-propulsive 

effects of engines and propellers [5]. VSPAERO efficiently solves for the strengths of the 

discrete vortices that are applied to each panel in the OpenVSP degenerate geometry file and 

generates estimates of the net aerodynamic forces and moments. The flow over a section of 

panels behind a propeller modifies the local freestream to account for increased speed and 

vorticity induced by the propeller. The actuator disks may be left inactive (empty) if the 

freestream/glide condition is to be analyzed. VSPAERO also has the ability to calculate the skin 

friction drag of each component in a model by applying a simple flat-plate drag model to each 

panel. 

VASCOMP 

The Vertical and/or Short Take-Off and Landing (V/STOL) Aircraft Sizing and Performance 

Computer Program (VASCOMP) is a vehicle synthesis and design/optimization code, originally 

developed by the Boeing Vertol Corporation [6] that has been modified and enhanced over the 

years by the Systems Analysis Office of NASA Ames Research Center.  The code uses 

engineering-based analysis methods across all technical disciplines to perform preliminary 

design and performance estimates of transport aircraft.  The focus of the code is on capturing 

the synergistic interactions of the various disciplines in the overall design and performance of 

conceptual vehicles. 

 

Description of the vehicle is represented by gross geometric parameters of the design, and not 

the exact Outer Mode Line (OML) definition of the configuration.  For example, the wing is 

defined by generalized parameters such as aspect ratio, taper ratio, quarter-chord sweep and 

thickness-to-chord ratio.  Similar parameters are used to define horizontal and vertical tail 

geometry.  Fuselage definition consists of overall length, mean diameter, and nose/tail cone 

fineness ratio. 

 

Early versions of VASCOMP used engineering methods driven by the gross geometric 

parameters to predict the vehicle aerodynamic characteristics.  The version used in this study 

has been modified to accept tables of lift and drag coefficients as function of Mach number, 

altitude, angle-of-attack and flap geometry/deflection.  For this activity, VSPAERO was used to 
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generate the low-speed aerodynamic tables used in the mission performance simulations. Zero-

lift drag coefficients were extracted from an existing 6DOF simulation of the LBFD and used 

during the climb and cruise portions of the flight. 

 

Using an engine deck for the LBFD, tables of corrected thrust and fuel flow were generated as 

functions of corrected turbine inlet temperature.  Both wet and dry operation of the engine was 

modeled, with the takeoff performance computed in non-afterburning mode, as defined by the 

airframe contractor. 

 

VASCOMP simulates full mission profile performance, including takeoff, climb, cruise, descent 

and landing. The takeoff model consists of flight in a vertical plane, with time integration of the 

equations of motion for two degrees-of-freedom.  For takeoff performance, all-engine takeoff, 

engine-out takeoff (not applicable for this study effort) and the accelerate-stop distance are 

computed. Flap deflection for the takeoff maneuver is specified by the user and the incremental 

lift and drag coefficients added to the clean configuration coefficients.   Maximum lift coefficient 

is then used to compute the takeoff stall speed as a function of the input flap deflection. 

Decision speed and rotation speed are computed as ratios of the stall speed.   Ground effects 

resulting in reduced induced drag are modelled using an engineering-based method as a 

function of height-to-span ratio for the low aspect ratio delta wing of the LBFD. 

VIPER Framework 

VIPER (Vehicle Integrated co-oPtimization EnviRonment) is a MDAO framework which enables 

engineers to build complicated system analysis models, for a given vehicle class, to assess the 

various subsystem interactions with input from discipline experts. VIPER also enables 

optimization and trade study assessments. A companion and predecessor framework to VIPER 

is the COBRA (Co-Optimization Bluntbody Re-entry and Ascent) [7] MDAO framework which 

was developed specifically for space vehicle systems.  Experiences from the development  and 

application of COBRA has enable an efficient  development of VIPER which focuses on aircraft 

vehicle systems.  The current version of VIPER utilizes a combination of the Phoenix Integration 

ModelCenter/CenterLink [8,9] and NASA’s OpenMDAO environments [10,11].   

 

Figure-2 VIPER LBFD Model Diagram 

OpenMDAO 
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Figure 2 above shows an overview diagram of the VIPER model used for this study.  OpenVSP 

(version 3.15.0) was utilized to generate the parametric geometry and the associated analysis 

mesh. VSPAERO (version 4.4.0) was utilized to assess the aerodynamics. Note that the 

framework also has other aerodynamic tool options which include Cart3D, Fun3D and Star-

CCM+ which are integrated into VIPER using the OpenMDAO analysis server and NAS Access 

plugin capability.  By using OpenMDAO, we are able to extend our computing capability to run 

some of our tools on NASA’s High-End-Computing (HEC) hardware which can significantly 

reduce the computing time and make higher fidelity assessment practical in the early stages of 

design.  Finally, VASCOMP is used to perform the mission analysis.   

Results 

Using the OpenVSP tool, the parametric geometry of the LBFD-like configuration was 

developed and the meshes for the various flap deflections were generated.  A sample of this is 

shown in Fig. 3 below. 

 

       b) Flaps deflected 

 

Figure-3 VSPAERO LBFD Mesh 

 

These meshes were then used in VSPAERO to generate aerodynamic tables for the range of 

flap chord-to-wing ratios, and selected flap deflections.  A combination of 102 VSPAERO 

simulations were run, including variation in Mach number, angles-of-attack, flap chord size, and 

flap deflections in order to generate the aerodynamics tables. An example of the solutions 

obtained from VSPAERO is shown below in Fig. 4. 

a) Flaps undeflected 
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Figure-4 VSPAERO sample solution 

 

From these aerodynamic tables, the takeoff performance was computed for the LBFD 

configuration.  Because the LBFD is a single engine design, only the takeoff distance to 35 feet 

and the accelerate-stop distances were computed.  As discussed above, the engine was 

operated in the non-afterburning (dry) mode.  The takeoff gross weight was set at 24,300 lbs, 

with a wing loading of 49 lbs/ft2 and a break-release thrust-to-weight ratio of slightly below 0.5.  

Decision speed-to-stall velocity and rotation speed-to-stall velocity ratios were 1.05 and 1.15, 

respectively.  Pitch rate during rotation was assumed to be 2.0 deg/sec.  Coefficients of rolling 

and braking were assumed to be 0.025 and 0.40, respectively.  Incremental gear drag of 208 

counts was used in the analysis, with the gear retraction initiated above the obstacle height.  

Maximum allowable normal load factor during the pull-up maneuver was limited to a value of 

1.25.  Takeoff is performed at sea level for a standard day. 

 

Figure 5 presents the maximum lift coefficient as a function of flap chord and flap deflection.  As 

the flap deflection is increased, the value of CLMAX increases for given flap geometry, and 

increasing the flap chord results in higher CLMAX values across the flap deflection range.  As 

CLMAX increased, the resulting stall speed is reduced, as shown in Fig. 6.  The lowest stall speed 

is obtained at the maximum value of both the flap chord and flap deflection. 

The corresponding takeoff distance to avoid a 35-foot obstacle is presented in Figure 7.  As the 

stall speed is increased, both the decision speed and the rotation speed are reduced.  This 

results in shorter takeoff distances with increased flap chord and flap deflection.  Because of the 

relatively high value of the takeoff thrust-to-weight ratio of the LBFD, the trend of lower takeoff 

distance with increased flap deflection is maintained, with higher drag associated with increased 

flap chord and flap deflection overcome by the high engine thrust.  For lower values of takeoff 
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thrust-to-weight ratios, typical of transport type aircraft, higher drag in the takeoff configuration 

may result in increased takeoff distances, producing a “bucket” in the takeoff distance versus 

flap deflection curve. 

Figure 5. Maximum lift Coefficient versus flap deflection 

Figure 6.  Stall speed versus flap chord and flap chord and flap deflection. 
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Figure 7.  Takeoff distance vs. flap chord and flap deflection 

Figure 8.  Accelerate-stop distance vs. flap chord and flap deflection 

 

Finally, the accelerate-stop distance is shown in Fig. 8 as a function of flap chord and flap 

deflection.  Again, increased flap chord and flap deflection result in higher CLMAX, lower stall 
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speed in the takeoff configuration, and hence shorter accelerate-stop distances.  For the range 

of flap chord-to-wing ratios and flap deflection, the accelerate-stop distance is greater than the 

all-engine takeoff distance. 

Conclusions 

A streamlined MDAO process to provide feedback into the conceptual design and inform 

airspace modeling of unconventional aircraft has been demonstrated.  This was achieved by 

performing a trade study of various flap sizes on a Low-Boom Flight Demonstrator (LBFD)-like 

configuration.   The results of this study showed a continuous decrease in takeoff distance with 

increased flap chord and flap deflections. This predicted trend is unlike typical transport aircraft 

which normally show an increase in takeoff distances due to the higher drag associated with 

increasing flap deflection producing a “bucket” in the takeoff distance versus flap deflection 

curve. The LBFD-like vehicle trend of shorter takeoff distance with increased flap deflection, is  

attributed to the high engine thrust-to-weight ratio which allows it to overcome the higher drag 

associated with increased flap chord and flap deflections. 
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