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An air vehicle model (AVM) was constructed in the Numerical Propulsion System 

Simulation (NPSS) modeling environment. The purpose of the model is to demonstrate a 

concept whereby a highly extensible simulation can be used to integrate many discrete 

subsystem tools into a single system model. The AVM uses minimal user inputs to calculate 

the size and weight of the components such as the wing, tail, fuselage, engine, etc. Engine 

performance is calculated using a complete NPSS engine that models all of the major engine 

components to accurately capture off-design performance. A sample engine and air vehicle 

were used to demonstrate the AVM’s ability to size an entire air vehicle, run the integrated 

vehicle and the engine through a mission profile, and converge upon a solution of air vehicle 

takeoff gross weight and design range. 

I. Introduction 

here is a need today for a software application that can not only size and price an air vehicle during the 

conceptual phase via trade studies but also be able to reanalyze the interactions of the various vehicle 

components at various fidelities throughout the vehicle’s life cycle. The application needs to be capable of 

integrating higher fidelity component codes into the system model in order to increase the accuracy of the simulation 

and analyze interaction changes due to individual component modifications. This application must also be able to 

readily add new component or analysis codes to the model with minimal effort. 

 The Numerical Propulsion System Simulation (NPSS) was selected as the tool to demonstrate this concept. Its 

ability to simulate complex systems and readily interface with external legacy and Commercial Off The Shelf 

(COTS) engineering software applications made it the best choice to fulfill the goals of this project. An additional 

benefit in using NPSS for this project is that most aircraft engine manufacturers are upgrading to NPSS as their 

primary engine modeling environment. Building the AVM in NPSS will allow them to use it to assist in the design 

and development of their engines to more easily meet air vehicle design requirements. It will also allow all users 

ready access to more detailed engine parameter data during the AVM mission segment. As shown in Fig. 1, we have 

created both an NPSS engine and an air vehicle model within the NPSS architecture. 

 The purpose of this paper is to demonstrate such an NPSS Integrated Air Vehicle Model (AVM) application. A 

sample air vehicle type and engine were used to demonstrate the AVM’s ability to size an entire air vehicle, run the 

integrated vehicle and the engine through a mission profile, and converge upon a solution of air vehicle takeoff gross 

weight and design range. The initial airframe chosen to demonstrate the AVM is a narrow body commercial 

transport. The initial integration capability selected was the airframe/engine interface using a high bypass non-mixed 

flow turbofan parametric model. 

Follow-up efforts to this paper will include interfacing legacy codes to demonstrate the ability to replace the 

basic algorithms of any of the components with other vehicle types and with higher fidelity applications. Another 
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follow-up effort will be to demonstrate methods of integrating additional codes into the model to increase the scope 

of the issues that can be addressed within the system. 

 

II. NPSS Background 

The Numerical Propulsion System Simulation (NPSS) is an advanced engineering simulation environment 

developed at NASA GRC with the assistance of several major aerospace companies, government agencies, and 

universities. It was initially created for use in designing and analyzing the performance, weight, and size of aircraft 

and spacecraft engines.
1-3

 It is also ideally suited for modeling general-purpose linked component simulations of 

other types of systems.
4-7

 The demands from these systems are very diverse and require a simulation tool that can 

model the complex interactions between the various components in the system. The demonstrated capabilities of 

NPSS in the Propulsion community such as extensible, flexible architecture, plug-n-play via dynamic linking and 

zooming to higher fidelity codes have significantly reduced the time and cost to modify or build new models to 

solve these new problems.
8-10

 We have demonstrated that the capabilities and attributes of NPSS can be applied to 

the air vehicle design problem and, more importantly, to the integrated Engine-Air Vehicle System. 

III. Model Description 

The AVM comprises four synthesis segments: engine synthesis, engine model assembly, air vehicle synthesis 

and integration, and a mission profile segment. Figure 2 illustrates this concept, and Fig. 3 is a schematic of the 

actual AVM components, their execution sequence, and how the engine model interacts with the engine synthesis 

and mission portions of the model. Engine synthesis is accomplished using a series of model components (blue 

blocks in Fig. 3) to calculate thrust, size and weight of various engine subsystems. Engine thrust is fed to a complex 

engine model assembly (red block in Fig. 3), which takes user input design parameters and generates the 

thermodynamic cycle that defines the design operating point. The engine is called upon later in the model by the 

mission component (green block in Fig. 3) for off-design performance information.  

Air vehicle synthesis is accomplished using a series of model elements (yellow blocks in Fig. 3) to represent 
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Figure 2. Integrated engine-air vehicle system. 
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Figure 1. Integrated engine-air vehicle system. 
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major air vehicle components such as the wing, horizontal tail, vertical tail, fuselage, etc. These components 

calculate the individual weights, dimensions, aerodynamic attributes, and areas. The air vehicle integration element 

assembles the individual air vehicle component values to calculate 

total vehicle weight, wetted area, and drag coefficient, among other 

parameters. 

A complex engine model resides inside of the AVM engine 

assembly (red block in Fig. 3). The engine can be executed in both 

design mode (from the thrust sizing component) and off-design mode 

(from the mission component). The representation and fidelity of the 

engine model can be changed at the user’s discretion.  

With the air vehicle integration complete and the engine design 

point defined, the air vehicle is run through a mission profile (green 

block in Fig. 3) to calculate fuel consumption for each mission 

segment. The engine assembly is executed during some of the mission 

segments to calculate fuel consumption (SFC) at thrust equals drag, or 

maximum thrust at a specific operating point. Fuel consumption for the 

remaining mission segments is estimated using either a series of 

equations or a user specified fuel fraction value. 

 The model executes the engine synthesis, air vehicle synthesis and 

integration, and mission profile in order, but the air vehicle sizing does 

not end there. If the user chooses to fix the mission design range the 

model will iterate on takeoff gross weight until the operating weight 

error is forced to zero. That is to say, the takeoff fuel weight matches 

the total mission fuel consumption. The user can also choose to fix the 

air vehicle takeoff gross weight and have the model solve for the 

range. More design parameters can easily be added to the AVM solver 

to iterate on more complex solutions. 

 The following sections further describe the individual model 

components. The AVM is not limited to the components shown in Fig. 

3. More components can be easily added to the model as needed. The 

model is also not limited to the algorithms used to calculate air vehicle 

and engine weights and dimensions. The AVM architecture is setup 

such that custom source code or external programs can be plugged into 

sockets located in the individual model components. 

A. Engine Synthesis 

Engine synthesis is performed using a set of model components (blue blocks in Fig. 3) that calculate engine 

thrust as well as dimensions and weights of the various engine subsystems. If the user already knows any of these 

values, he may input the values directly. Otherwise, default equations are used to calculate dimensions and weights. 

Model fidelity can be increased using the existing model architecture. Each of the model components has a socket or 

set of sockets in place that are designed to accept source code written in a subelement. If the user has their own code 

for making engine calculations, they can place the source code in a subelement that interfaces with the component 

socket. The sockets can also be used to interface the AVM with external programs that perform the desired 

calculations 

1. Thrust Sizing 

The thrust sizing component sets the engine design point sea level static thrust. The user may input thrust 

directly, or input the air vehicle thrust-to-weight ratio to calculate thrust from takeoff gross weight. Otherwise, the 

socket can be used to calculate design thrust. 

The thrust sizing component is also where the user sets the number of engines. This is used to calculate the 

design thrust for each engine. The design thrust from a reference engine and the AVM design thrust are used to 

calculate an engine scalar that is used throughout the AVM engine synthesis. This scalar is used to estimate the 

weights and dimensions of the various engine subsystems (described below) if the user chooses to use the default 

equations. 

If the engine assembly model (red block in Fig. 3) is able run in design mode, then the AVM thrust sizing 

component can be used to set the design thrust and execute the engine assembly. The thrust sizing component 

 
Figure 3. Schematic of air vehicle 

model components and engine assembly. 

 



 

American Institute of Aeronautics and Astronautics 
 

 

4 

always runs the engine in design mode, but all other engine runs (executed from the AVM mission component) are 

performed in off-design mode. 

2. Engine Sizing 

The engine sizing component calculates engine weight, length, maximum diameter, and fan diameter. If the user 

already knows these values they may be input directly. Otherwise, a set of default equations use engine thrust to 

scale a reference engine to calculate engine weight and dimensions, as long as the component sockets are not used. 

3. Engine Start System, Controls, Thrust Reverser, and Fuel System 

These subsystem components calculate the weight of each of the subsystems. If not set by the user, a default 

equation uses engine thrust to scale a reference subsystem to calculate the weights. 

B. Engine Model Assembly 

The engine assembly (red block in Fig. 3) is a powerful feature of the AVM because it takes advantage of the 

NPSS architecture to make the AVM an integrated engine-air vehicle system design tool. The engine assembly 

contains a representation of the aircraft engine the user wishes to utilize during various segments of the mission 

profile. Given a required thrust, altitude, and Mach number, the engine calculates fuel consumption during taxi, 

takeoff, cruise, reserve cruise, and loiter mission segments. This is accomplished by executing the engine assembly 

directly from the AVM mission component. The engine also calculates maximum available thrust during cruise and 

takeoff. 

The engine model can be represented many different ways – a fixed design, a configurable customer model, a 

scalable parametric model, a fully reconfigurable model, or simply a set of tables that lookup off-design 

performance. As long as it can accept altitude, Mach number, and thrust as off-design inputs and return SFC and 

max thrust as outputs, it can be used in the AVM. 

If the engine model is scalable, then it can be run in design mode and executed from the thrust size component to 

set the engine design point during the engine synthesis portion of the AVM. Depending on the engine model 

requirements, the user would set the necessary design parameters and the AVM would set the design thrust. The 

thrust size element would execute the engine in design mode and all of the scalable parameters (such as turbine and 

compressor maps) and adjustable parameters (air and fuel flow rates) would be determined so that the engine design 

point matches the required design thrust. All calls to the engine thereafter would execute the engine in off-design 

mode. 

As an example of an engine model that can be used in the AVM, Fig. 4 is a schematic of a high bypass, twin 

spool, non-mixed flow turbofan. The yellow blocks and solid black arrows represent the aircraft engine components 

and air flow paths; the blue arrows represent bleed flow paths; the grey blocks and dotted black arrows represent the 

high and low pressure shafts and their mechanical connections to the compressors and turbines; the green block and 

green arrow represents fuel flow; and the blue block represents the ambient conditions. Assuming this model is 

scalable during design mode, the compressor maps take user-specified design efficiencies and pressure ratios, and 

the turbine maps take user-specified design efficiencies, and the maps are scaled to match the desired design point. 

Other design input parameters include thrust, bypass ratio, turbine inlet temperature, shaft speeds, and ambient 

conditions. Engine air flow rate, fuel flow rate, turbine pressure ratios, and cycle state points are calculated during 

the design run to match the desired design criteria. Whenever the engine is run in off-design mode the turbine and 
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Figure 4. Sample NPSS engine model used in AVM. 
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compressor maps are used to calculate the cycle state points; air flow, fuel flow, and shaft speeds are varied by the 

engine solver to achieve the required off-design net thrust. 

For the engine shown in Fig. 4, constraints must be applied to the model solver to represent maximum allowable 

operating conditions (shaft speeds, turbine inlet temperature, etc.) just as an engine controller would limit operating 

conditions for the engine’s safety. Therefore, when the AVM mission component executes the engine assembly to 

find maximum thrust at takeoff or cruise, the engine increases fuel flow until one of the constraints is met. The 

resulting operating point is the maximum thrust for the current flight conditions. The maximum operating limits can 

be set to different values for different mission segments. 

Figure 5 shows a sample output for an NPSS engine. The plot shows net thrust as a function of low pressure 

shaft speed, with maximum thrust occurring at the low pressure shaft speed upper limit of 5000 RPM. A complex 

engine model can engine can also produce data on all aspects of an engine operating point, some of which are shown 

in Fig. 5. Other outputs include turbine and compressor efficiencies and air flow state points such as temperature, 

pressure, flow rate, and enthalpy. All of these engine parameters are available to the user from inside of the AVM. 

One can see the added benefit of being able to run a full engine model inside of an air vehicle model, because an 

integrated model allows the user to simultaneously test the interaction between airframe and engine designs while 

having access to all of the engine attributes. A scalable engine can provide a wealth of AVM flexibility because it 

allows the user to quickly run missions for different engine design points as long as the engine model is up to the 

task. However, even a simple engine model – such as one defined by a set of tables – can be beneficial for obtaining 

performance information during mission design and analysis. The engine model can mature as the airframe design 

matures throughout the air vehicle life cycle. 

C. Air Vehicle Synthesis and Integration 

Air vehicle synthesis is performed using a set of model components (yellow blocks in Fig. 3) that calculate 

dimensions, weights, and areas of the various airframe sections. If the user already knows any of these values, they 

may input the values directly. Otherwise, default equations are used make the calculations. The default equations 

used to estimate the various weights, areas, and dimensions for this model were generated from a database of 

existing commercial transport aircraft. With minimal updates the model can handle most any wing-body-tail 

configuration, including business, regional, and military jets, and tankers. Possible changes could be drag and 

weight module modifications and new mission profile definitions which would be constructed from the existing 

mission segment library. 

Model fidelity can be increased using the existing model architecture. Each of the model components has a 

socket or set of sockets in place that are designed to allow the user to override the default calculations. If the user 

has their own code for making airframe calculations, they can place the source code in a subelement that interfaces 

with the component socket. The sockets can also be used to interface the AVM with external programs that perform 

the desired calculations. 
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Figure 5. Sample NPSS engine output data. 
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1. Fuselage 

The fuselage component calculates fuselage weight and wetted area. If not set by the user, wetted area is 

calculated from fuselage depth, width, and length. Takeoff gross weight and area are used to calculate fuselage 

weight. Calculations for the horizontal and vertical tail arms require user input location factors. 

2. Wing 

The wing component calculates wing weight, dimensions, planform area, and wetted area. If not set by the user, 

planform area is calculated from the wing loading value and takeoff gross weight. Wing planform area is used along 

with takeoff gross weight, wing sweep, aspect ratio, thickness ratio, and taper ratio terms to calculate weight. The 

default calculations for wetted area and mean aerodynamic chord require the user to specify wing aspect ratio, 

sweep, thickness ratio, and taper ratio. 

3. Horizontal Tail 

The horizontal tail component calculates horizontal tail weight, dimensions, planform area, and wetted area. If 

not set by the user, weight, planform area, and wetted are calculated from the tail volume coefficient, wing planform 

area, wing mean aerodynamic chord, and fuselage horizontal tail arm. Weight is calculated using planform area and 

takeoff gross weight. 

4. Vertical Tail 

The vertical tail component calculates vertical tail weight, dimensions, planform area, and wetted area. If not set 

by the user, weight, planform area and wetted area are calculated from tail volume coefficient, wing planform area, 

wing span, and fuselage vertical tail arm. Weight is calculated using planform area and takeoff gross weight. 

5. Landing Gear 

The landing gear component calculates landing gear weight. If not set by the user, landing gear weight is 

calculated as a fraction of takeoff gross weight. 

6. Nacelle and Strut 

The nacelle and strut component calculates the nacelle and strut weight and wetted area. If not set by the user, 

weight is calculated a function of takeoff thrust, and area is calculated using the engine length and fan diameter 

(previously calculated in the engine sizing component) for either a mixed or separated flow engine configuration. 

7. Subsystems 

The subsystems component calculates the weight of many miscellaneous air vehicle subsystems. If not set by the 

user, the weight of each subsystem is calculated as a function of either takeoff gross weight, wing planform area, or 

number of passengers. Subsystems accounted for in this component are: auxiliary power unit, instruments, flight 

controls, hydraulics and pneumatics, electrical system, avionics, furnishings, and environmental control system.  

8. Air Vehicle Integration 

The integration component calculates total air vehicle weight, fuel weight at takeoff, and wetted area. The 

component also estimates air vehicle low speed and cruise speed polars, which are used to calculate drag during the 

mission profile. Several other weight groups such as structure, propulsion, operating empty weight, and 

manufacturer’s empty weight are calculated for informational purposes. 

D. Mission Profile 

The mission component runs the air vehicle through a typical commercial mission profile to calculate mission 

range or the fuel required to fly the design range. Figure 6 illustrates the mission profile used in the mission 

component: taxi, takeoff, climb, cruise, descent, reserve climb, reserve cruise, reserve descent, and reserve loiter. 

The engine assembly is executed during taxi, takeoff, cruise, reserve cruise, and loiter to calculate specific fuel 

consumption. The engine is also used to calculate maximum available thrust during cruise and takeoff. Other values 

calculated throughout the mission segments include lift coefficient, drag, distance, and elapsed time. 

Fuel consumption during cruise, reserve cruise, and reserve loiter is calculated using the specific fuel 

consumption value obtained from the engine. Figure 7 shows the flow of information for these mission segments. 

Altitude is fed to an atmosphere function that returns the ambient pressure delta and speed of sound; air vehicle 

weight, Mach number, and altitude are fed to a drag function that returns drag and the lift-to-drag ratio; and finally, 

the engine is executed with thrust set equal to drag to obtain specific fuel consumption. An additional step executes 

the engine to obtain maximum available thrust at the current flight conditions. Cruise altitude and Mach number are 

calculated in the mission component, and cruise distance is either a user input or calculated by the AVM solver. 

Reserve cruise altitude, Mach number, and distance are user inputs. Loiter Mach number is a calculated value, but 

altitude and time are user inputs. 
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E. Model Convergence Scheme 

In order to have the mission fuel consumption correspond with either the design range or the takeoff gross 

weight the model must iterate to a solution. The user can set a switch that fixes either takeoff gross weight or design 

range. If takeoff gross weight is fixed, then the model solver varies the mission range until the operating is matched. 

If the mission design range is fixed, then the model solver varies takeoff gross weight (which in turn varies takeoff 

fuel weight) until the user specified design range is matched. Figure 8 illustrates the solver scheme for when the 

model iterates takeoff gross weight to satisfy the design range criterion. 

Each time the solver performs an iteration the entire model is executed from the thrust sizing component to the 

mission component and the engine assembly is called as needed. This is done because if the solver is varying takeoff 

gross weight many of aspects of the air vehicle synthesis can be affected, particularly the sizing equations that use 

takeoff gross weight to make their calculations. Typically the AVM solver converges in just a few iterations. 

The NPSS solver is a powerful feature of the modeling environment. If the user wants to iterate on more than 

just takeoff gross weight or design range he can create additional solver independents and dependents. For example, 

the user could iterate on wing area to match an approach speed and/or iterate on engine design thrust to match and 
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Figure 6. Mission profile used in the mission component. 
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initial cruise altitude. The solver automatically handles the iteration details; therefore, multiple AVM balances can 

be added or removed with little effort required from the user.  

IV. Sample Air Vehicle Model  

We chose to model a narrow body commercial transport aircraft with an appropriately sized engine to 

demonstrate the AVM program. The narrow body design is convenient for our demonstration because it is a current 

interest in the aviation community. The following sections describe the example air vehicle and engine models and 

present some results from the model. 

A. Air Vehicle Model Definition 

The air vehicle chosen for this example is a generic narrow body commercial transport aircraft, and Table 1 lists 

the key air vehicle input values that define the design point. The design point is not meant to represent any particular 

production aircraft, but the values in Table 1 were chosen to be representative of a narrow body design. Although 

the user has the option of solving for either design range or takeoff gross weight, both of values require an initial 

guess. 

B. Engine Model Definition 

The engine model used in this example is the same as the one presented earlier in Fig. 4: a high bypass, twin 

spool, non-mixed turbofan. The model is scalable in that the user must specify the design thrust, shaft speeds, 

turbine inlet temperature, bypass ratio, compressor pressure ratios, and turbine and compressor efficiencies. When 

run in design mode, the engine matches all of the design input parameters and calculates the remaining cycle 

attributes such as turbine pressure ratios, fuel flow rate, and engine air flow rate. Turbine and compressor maps are 

scaled to match the design operating point. When run in off-design mode, fuel flow rate is varied to match the 

required engine net thrust and all of cycle state points are calculated. 

Table 2 lists the key engine design inputs for our example model. The engine design point is not meant to 

represent any particular engine already in production, but the values in Table 2 were chosen in the realm of an 

engine that might be used with our example narrow body commercial airliner. It should also be noted that the engine 

upper limits (constraints) for the low pressure shaft, high pressure shaft, and turbine inlet temperature (T4) are the 

same as the design point values. Therefore, when fuel flow rate is increased to solve for maximum thrust, none of 

these parameters are allowed to raise above their design values. 

Figure 9 shows plots of two performance curves generated by the example NPSS engine model. The first plot is 

maximum thrust as a function of altitude and Mach number. It turns out that the limiting engine parameter for all of 

the cases was the low pressure shaft speed of 5000 RPM. The second plot is specific fuel consumption as a function 

of net thrust and Mach number at an altitude of 36,000 ft. 
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            Table 1. Design inputs for example air vehicle. 

Name Value Units Description

Thrust 70000 lbf Total design sea level static thrust

Engines 2 -- Number of  engines

Takeof f  Gross Wt 150000 lbm Takeof f  gross weight.  Design requirement or initial guess

Wing Loading 127 lbf /ft2 Wing loading

Passengers 150 -- Number of  passengers

Payload 25000 lbm Payload weight

Fuselage

Width 12.5 f t Fuselage width

Depth 13 f t Fuselage depth

Length 120 f t Fuselage length

Wing

Sweep 25 deg Wing sweep

Aspect Ratio 8.146 -- Wing aspect ratio

Taper Ratio 0.341 -- Wing taper ratio

Thick. Ratio 0.1 -- Wing thickness ratio

Horizontal Tail

Area Ratio 0.797 -- Horizontal tail ratio of  exposed area to planform area

Vol. Coef . 1.205 -- Horizontal tail volume coef f icient

Thick./Chord 0.092 -- Horizontal tail thickness to chord ratio

Vertical Tail

Vol. Coef . 0.1071 -- Vertical tail volume coef f icient

Thick./Chord 0.108 -- Vertical tail thickness to chord ratio

 
    

           Table 2. Design inputs for example engine. 

Name Value Units Description

Thrust 35000 lbf Design sea level static thrust per engine

BPR 5 -- Bypass ratio

Fan PR 1.5 -- Fan pressure ratio

LPC PR 3 -- Low pressure compressor pressure ratio

HPC PR 10 -- High pressure compressor pressure ratio

LP Shaf t 5000 RPM Low pressure shaf t speed

HP Shaf t 10000 RPM High pressure shaf t speed

T4 2700 oR High pressure turbine inlet temperature

Alt 0 f t Altitude

MN 0 -- Mach number
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C. Mission Definition 

The mission profile used for this example is the same as that shown in Fig. 6 and is typical for commercial 

transport use. Table 3 lists the key input values that define the mission design point. The segments that require the 

most inputs are the climb, descent, and the reserve segments. The remaining mission attributes such as altitudes, 

Mach numbers, distances, and flight times are calculated by the AVM. Table 3 shows a design range of 3000 nmi. If 

the user chooses to hold this design range, then the model solver will vary takeoff gross weight until the 3000 nmi 

design range requirement is satisfied. However, if the user chooses to hold the takeoff gross weight at 150,000 lbm 

as shown in Table 1, then the model solver will vary the design range until the 150,000 lbm takeoff gross weight 

design requirement is satisfied. 

               Table 3. Design inputs for example mission. 

Name Value Units Description

Design Range 3000 nmi Total distance traveled not including the reserve 

segments. Design requirement or initial guess

Taxi Time 10 min Time spent during taxi

Taxi Thrust Factor 0.25 -- Taxi thrust expressed as a f raction of  design thrust

Takeof f  Time 1 min Time spent during takeof f

Takeof f Thrust Factor 0.95 -- Takeof f  thrust expressed as a f raction of  design thrust

Climb Distance 130 nmi Distance traveled during climb

Climb Fuel Fraction 0.02658 -- Fraction of  fuel burned during climb

Descent Distance 126 nmi Distance traveled during descent

Descent Fuel Fraction 0.00893 -- Fraction of  fuel burned during descent

Reserve Range 200 nmi Total distance traveled during reserve mission

Reserve Climb Distance 31 nmi Distance traveled during reserve climb

Reserve Climb Fuel Frac 0.01313 -- Fraction of  fuel burned during reserve climb

Reserve Cruise Altitude 20000 f t Reserve cruise altitude

Reserve Descent Distance 72 nmi Distance traveled during reserve descent

Reserve Descent Fuel Frac 0.007027 Fraction of  fuel burned during reserve descent

Reserve Loiter Time 30 min Time spent during reserve loiter

Reserve Loiter Altitude 0 f t Reserve loiter altitude
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Figure 9. Performance curves for example engine. 
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D. Sample Model Results 

The example model was run at two different design points: 150,000 lbm takeoff gross weight and 3000 nmi 

design range. As stated earlier, the AVM sizes the aircraft for either takeoff gross weight or design range, where one 

of the two parameters is fixed and the other falls out. It must be emphasized that the two example cases represent 

two different design points, not two mission profiles for the same aircraft. Appendix 1 shows the AVM results for a 

design takeoff gross weight fixed at 150,000 lbm. The resulting design range is 2606 nmi, which was determined by 

the solver as the distance required to meet the takeoff gross weight design criterion. 

Appendix 2 shows the AVM results for a design range of 3000 nmi. The resulting takeoff gross weight is 

157,332 lbm, which is the weight required to meet the design range of 3000 nmi. The takeoff gross weight increased 

by 7332 lbm in order to extend the design range by 394 nmi. Most of the added weight went towards fuel, but a 

larger wing and tail were required which also contributed to a higher takeoff gross weight. 

The impetus for running this example was to demonstrate the output data generated by the AVM, and not focus 

on the specific values presented in Apps. 1 and 2. The exact results for the two cases examined are of little 

consequence because the input values were generalized. However, this example does not diminish the AVM’s 

ability use an integrated engine model to synthesize an entire aircraft and mission. The amount of air vehicle, 

engine, and mission attributes taken into consideration by the AVM makes it apparent that more elaborate design 

schemes are possible. The user is not limited to just design range and takeoff gross weight. 

V. Higher Fidelity Components 

 The AVM was developed in NPSS largely due to NPSS’s ability to readily interface with external codes; 

therefore, the AVM architecture was designed to take advantage of this capability. NPSS model Elements (in this 

case: Wing, Fuselage, etc.) have sockets which allow for the end user to plug Subelements into them. The 

Subelements contain model specific code for calculating specific parameters that the Elements need to perform their 

calculations. These Subelements can be algorithms written in NPSS syntax or they can be interfaces to external 

codes. The external codes can be any application in virtually any language that calculates the needed parameters. 

This facility is primarily used in this model to allow for a higher variety of component algorithms and to interface 

higher fidelity codes with the model. 

The AVM user can apply this capability to increase the accuracy of the system model and determine what effects 

the improved answers have on the system as a whole. This can also be used to determine what interactions are 

affected due to two or more disconnected higher fidelity codes. This capability allows the AVM to be useful 

throughout the product life cycle. As the air vehicle is developed, produced, and later upgraded, the model can 

become an invaluable tool in reducing cost and development time by highlighting the effect that changes in a 

subsystem have on the rest of the vehicle. 

VI. Potential Model Growth 

The AVM developed for this paper provides a starting point for a system model that can grow into a much more 

detailed and powerful tool for air vehicle development. Future growth plans for the base model include:  

1) Carving out the default algorithms for the wing-body-tail commercial jets and placing them in a “vehicle 

type” library. Additional type libraries can be added as needed for other air vehicle types. Some potential 

type libraries are shown in Fig. 10. 

2) Carve out the mission profile and place it in a library. Additional mission profiles such as those for military 

aircraft, etc. can be added as needed. 

3) Carve out the current aircraft drag calculation and place it in a library. Add algorithms for individual 

components that get rolled up into total drag figures during the integration synthesis. 

4) Link the NPSS Integrated AVM to a commercially available optimizer as show in Fig. 11. 

5) Add additional disciplines such acoustics and emissions. 

VII. Conclusion 

 The ability to provide a system model that can integrate all the air vehicle subsystems into a single model while 

keeping the model flexible and extensible enough to allow for the myriad different vehicle design possibilities being 

proposed for both the near and far term air vehicle concepts is becoming a vital necessity in the aircraft industry. 

The model presented in this paper meets those needs. It allows the designer significant flexibility in matching up and 

interchanging subsystem concepts as well as providing important information on the interactions between the 

subsystems for both low and high fidelity component simulations. The model’s ability to develop libraries of 

alternative air vehicle types and mission profiles allows the model to be used for virtually any type of air vehicle. 
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The ability to interface with individual external codes or integration systems means the model can be used in 

conjunction with a multitude of tasks during design, development, test, and production.  

In conclusion, the AVM provides a powerful extensible system platform that can significantly reduce 

development costs, shorten time to flight, and be useful throughout the life cycle of the air vehicle. 

 

 

    
Figure 10. Potential vehicle type libraries. 
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Figure 11. Phoenix Model Center Integration Concept. 
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Appendix 1 

 
a) Air vehicle synthesis – 150,000 TOGW design point 

 

Design Criterion

Design Result

 
b) Mission synthesis – 150,000 TOGW design point 
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Appendix 2 

 
a) Air vehicle synthesis – 3000 nmi design range 

 

Design Result

Design Criterion

 
b) Mission synthesis – 3000 nmi design range 
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