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The process of designing an aircraft is an iterative and multifaceted discipline that bridges the gap between 

theoretical aerodynamics and structural reality. Within the framework established by Dr. Jan Roskam, one of the 

most critical phases is the Preliminary Configuration Design and Integration of the Propulsion System. This

stage serves as the pivot point where initial sizing calculations—typically derived from mission requirements such

as range, payload, and cruise speed—are transformed into a tangible three-dimensional layout. This article

provides an in-depth technical analysis of these processes, focusing on the synthesis of the fuselage, the strategic

placement of propulsion units, and the integration of essential flight systems.

The Fundamental Framework of Preliminary Configuration

Preliminary configuration design is the stage where the designer defines the 'shape' of the aircraft. It is not merely 

an aesthetic exercise but a rigorous engineering task that must satisfy aerodynamic efficiency, structural integrity, 

and operational utility. According to the principles laid out in Airplane Design Part II, this phase involves the

creation of a detailed three-view drawing that accounts for every major component of the airframe.

The Objectives of Configuration Design

•  Volume Allocation: Ensuring sufficient internal volume for the crew, passengers, cargo, fuel, and avionics.

•  Center of Gravity (CG) Management: Strategically placing components to ensure the CG remains within 

controllable limits throughout all flight phases and loading conditions.

•  Aerodynamic Optimization: Shaping the fuselage and wing-body joins to minimize parasitic drag and 

interference drag.

•  Operational Accessibility: Designing for ease of maintenance, ground handling, and passenger ingress/egress.

Fuselage Design: Sizing for Payload and Crew

The fuselage is the primary structural body of the aircraft, housing the payload and providing the attachment points 

for the wings and tail. In the preliminary phase, the fuselage cross-section and length are determined by the 

internal requirements rather than external aerodynamics alone.

1. Cockpit and Crew Station Layout

Designers must adhere to strict visibility requirements (often governed by FAA/EASA Part 25 regulations). The

layout involves defining the 'eye point' of the pilot and ensuring that the glareshield and window frames do not

obstruct critical fields of view during approach and landing. Furthermore, the cockpit must accommodate the

necessary flight deck instrumentation and human factors engineering (ergonomics).

2. Passenger Cabin and Cargo Compartments

For commercial aircraft, the fuselage diameter is typically dictated by the seating arrangement (e.g., 2+3, 3+3) and 

aisle width. The Roskam Methodemphasizes the use of 'cabin volume coefficients' to estimate the required space

based on the class of service. Cargo hold placement is equally vital, as it must be positioned to balance the aircraft

when empty or fully loaded.



Propulsion System Integration: The Core of Part II

The integration of the propulsion system is arguably the most complex aspect of preliminary design. It is not simply

a matter of 'bolting on' an engine; it involves complex trade-offs between drag, weight, thrust lapse, and structural

complexity.

Engine Selection and Sizing

Before integration, the designer must select a powerplant that meets the thrust requirements calculated in the initial

sizing phase. Factors include:

•  Bypass Ratio (BPR): High-bypass turbofans for fuel efficiency in subsonic transports; low-bypass or turbojets 

for supersonic performance.

•  Specific Fuel Consumption (SFC): A critical metric for determining the total fuel weight and mission range.

•  Thrust-to-Weight Ratio: Impacting the aircraft's climb performance and takeoff distance.

Propulsion Placement Strategies

There are three primary locations for engine mounting, each with distinct engineering implications:



Placement Location Advantages Disadvantages

Under-wing (Pylon Mounted) Provides wing bending relief, easy 
maintenance access, allows for larger 
engine diameters.

Requires long landing gear for ground 
clearance, creates significant yawing 
moments in Engine-Out scenarios.

Rear Fuselage (Side Mounted) Leaves the wing aerodynamically 
'clean,' reduces cabin noise, 
minimizes asymmetric thrust issues.

Heavy structural reinforcement 
required in the tail, limits the CG 
range, potential for 'deep stall' 
interference.

Integrated (In-wing or Buried) Minimal parasitic drag, lower radar 
cross-section (stealth).

Extremely complex maintenance, 
difficult ducting (S-ducts), potential for 
high thermal stress on structures.

Technical Analysis of Inlet and Nozzle Integration

The performance of a jet engine is heavily dependent on the quality of the air entering the compressor. Integration 

design must focus on Inlet Pressure Recovery and minimizing Inlet Distortion.

Inlet Design Considerations

For subsonic aircraft, pitot-type inlets are standard. However, for supersonic configurations, the designer must 

incorporate external or internal compression ramps to slow the incoming air to subsonic speeds before it reaches 

the engine face. The capture areaof the inlet must be sized to provide sufficient mass flow at takeoff while

avoiding excessive spill drag at cruise.

Exhaust and Nozzle Integration

The nozzle must be integrated into the airframe to minimize 'base drag.' In multi-engine rear-mounted

configurations, the spacing between nozzles is critical to avoid unfavorable aerodynamic interference. For military

applications, infrared (IR) suppression and vectoring nozzles add further layers of design complexity.

Weight and Balance: The CG Envelope

A recurring theme in Airplane Designis the management of the Center of Gravity. Every component placed during

the preliminary configuration phase—from the battery in the nose to the APU in the tail—affects the aircraft's

stability.

Mathematical Modeling of CG

The longitudinal CG position ($X_{cg}$) is calculated using the summation of moments:

X_{cg} = (:2�W_i * X_i) / :2�W_i

Where $W_i$ is the weight of each component and $X_i$ is the distance from a reference datum (usually the 

nose). The designer must ensure the CG remains within the Forward Limit (dictated by nose-wheel rotation and 

pitch authority) and the Aft Limit (dictated by longitudinal stability and stall recovery).

The CG Travel Diagram

Engineers create 'Potato Diagrams' or CG envelopes to visualize how the CG moves as fuel is burned and

passengers move. If the propulsion system is too heavy or placed too far aft, the aircraft may require a larger

horizontal stabilizer to compensate for the pitching moments, which in turn increases weight and drag—a classic



example of the 'design spiral.'

Landing Gear Integration and Configuration

The landing gear must support the aircraft's weight on the ground, provide steering, and absorb landing shocks.

During preliminary design, the 'Type' and 'Placement' of the gear are finalized.

Configuration Types

1.  Tricycle Gear: The modern standard, providing excellent visibility and ground stability.

2.  Tail-dragger: Common in bush planes and light aircraft for reduced weight and propeller clearance.

3.  Bicycle/Quadricycle: Used in specialized military aircraft (e.g., U-2, B-52) where thin wings prevent traditional 

mounting.

Tip-over and Clearance Criteria

The gear must be placed such that the aircraft does not tip back on its tail when empty (the 15-degree rule) and

maintains sufficient ground clearance for the engines and wingtips during a maximum-effort crosswind landing or

rotation.

Comparative Analysis: Configuration Trade-offs

Choosing the right configuration requires weighing competing requirements. The following table evaluates common

design choices encountered in the preliminary phase.



Feature High-Wing Configuration Low-Wing Configuration

Ground Clearance Superior; ideal for engines and cargo 
loading.

Limited; requires longer, heavier 
landing gear.

Lateral Stability Inherently stable (dihedral effect); may 
need anhedral.

Inherently less stable; usually requires 
dihedral.

Structural Weight Heavier fuselage frames to support 
wing loads.

Lighter; wing spar can carry through 
the fuselage.

Emergency Egress Difficult; high exit points for 
passengers.

Easier; passengers can exit onto the 
wing.

Maintenance Difficult to access engines without 
high stands.

Easy access to engines and fuel 
systems.

Procedural Workflow for Preliminary Design

To produce a viable preliminary configuration, technical writers and engineers follow a structured sequence of

operations:

Step 1: The Initial 3-View Sketch

Starting with the results from Part I (Class I Sizing), the designer creates a rough 3-view. This sketch establishes

the basic proportions: wing span, fuselage length, and tail volume.

Step 2: Component Layout

Internal components are 'packaged' into the airframe. This includes the seating arrangement, the pressure

bulkhead locations, and the fuel tank boundaries (usually within the wing box).

Step 3: Propulsion Integration

The nacelles are shaped and positioned. Interference effects with the wing (especially for under-wing mounts) are

analyzed using Computational Fluid Dynamics (CFD) or empirical data from Roskam’s tables.

Step 4: Weight and Balance Iteration

A Class II weight estimate is performed. If the CG is outside the limits, components (often the wing or engines) are

shifted until the balance is achieved.

Step 5: Finalization of the Configuration

The design is documented in a high-fidelity 3-view drawing, which serves as the basis for the detailed structural

and aerodynamic analysis performed in Parts III through VIII of the Roskam series.

Case Study: Challenges in Modern Integration

A classic example of the challenges in preliminary integration is the Boeing 737 MAX. To accommodate larger,

more efficient high-bypass engines (the LEAP-1B) on an airframe designed for smaller engines, engineers had to

move the engines further forward and higher. This shift altered the aircraft's aerodynamic pitching moments at high

angles of attack, necessitating the implementation of the MCAS system. This highlights how a 'preliminary'

configuration choice can have profound implications for flight control laws and certification years later.



Summary and Technical Implications

The preliminary configuration design and integration of the propulsion system represent the transition from abstract

requirements to physical reality. It is a stage characterized by the constant balancing of conflicting needs: the

aerodynamicist wants a slim fuselage, the marketing team wants a wide cabin, and the propulsion engineer wants

massive inlets. Success in this phase, as taught by Dr. Jan Roskam, requires a deep understanding of how these

subsystems interact.

By rigorously applying the principles of weight and balance, volume allocation, and propulsion ducting, designers

can create an aircraft that is not only aerodynamically efficient but also commercially viable and safe. As we move

toward newer frontiers—such as electric propulsion (eVTOL) and blended-wing bodies—the fundamental logic of

preliminary integration remains the same: the airframe must be a cohesive, integrated system where every

component serves the mission while maintaining the delicate balance of flight physics.
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