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An increased rigor in the fundamental mechanisms of how air flow generates lift teaches toward a new type of ground effect aircraft referred to as ground effect flight transit (GEFT). While GEFT have lower underbody cavities similar to hovercraft, the pressure field is generated by oncoming air flow with the result of improved energy efficiency in both lift generation and drag reduction as based on computational fluid dynamics studies. The result is a new intermodal transportation with the prospect of higher speeds and efficiency than trucks and trains. The technology will utilize existing railway and highway infrastructure. The prospect includes a significant expansion of capabilities for electric vehicles with advantageous environmental impact and reduced reliance on petroleum-based fuels.
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INTRODUCTION
For over half a century, known flaws in explanations of how air flow generates aerodynamic lift have evolved into different “schools of thought;” all of which are flawed. A summary of this dilemma was provided in the Scientific American article “No One Can Explain Why Planes Stay in the Air” (Regis, 2020). A reliance on these explanation leads to inaccurate insights which stifles innovation in lieu of incremental modifications to decades-old designs. This perspective is based on a new insight applied to ground effect flight which leads to novel paths of evolution and innovation within transportation (Suppes and Suppes, 2024a). The state of the art for ground-effect flight prioritizes research on how wings interact with ground effect forces for improved efficiency (Lee and Lin, 2022). The gaps in the state of the art provide an opportunity for novelty and innovation within the field of ground effect lifting bodies.
A primary result of this work is a new ground-effect flight transit vehicle (GEFT) which reduces drag and may substantially eliminate rolling losses on vehicles capable of navigating highways, railways, and waterways at high efficiency in seamless intermodal transit. High speeds are enabled due to aerodynamic lift and navigation. Transport on current infrastructure is enabled by low aspect ratios. This perspective summarizes the GEFT design features and identifies the environmental and social advantages of this new path of technological evolution.
SCHOOLS OF THOUGHT VERSUS SCIENCE
Example schools of thought on flight include the Coanda Effect, Turning Air Theory, Momentum Theory of Lift, and Bernoulli’s Theory of Lift (Hurt, 1965; The Free Encyclopedia, 2023; Liu, 2021). Each of these schools of thought are correlations between changes in pressure and indicated changes in other properties, such as air’s velocity. They are generally empirical correlations that allow the user to believe they understand how air flow generates aerodynamic lift.
The authors’ perspective on the potential of GEFT is based on three phenomena of basic physics as presented by the computational fluid dynamic (CFD) pressure contours of Figures 1, 2 and expanded on in related research (Suppes et al., 2025a; Suppes and Suppes, 2024b; Suppes et al., 2025b). The airfoils are flat plates with rounded leading edges. The upper airfoil has a vertically symmetric taper while the lower airfoil has a taper extending from the upper surface to a trailing edge on the lower surface. The pressure contours are explained by Three Principles of basic physics:
	1. Impacting air creates higher pressures which are illustrated by the higher pressures (i.e., stagnation points) at leading and trailing edges; the air flow creates pressure when impacting surfaces, regions of high pressure (e.g., leading stagnation point), and air flow at different velocity vectors (e.g., trailing stagnation point).
	2. Diverging air creates lower pressures, which is the case for the four (a) or three (b) blue areas.
	3. Air expands from higher to lower pressure at the speed of sound which is why a change in the airfoil’s trailing taper impacts the pressure throughout the airfoil.

[image: Two side-by-side flow simulations are shown, depicting pressure distribution around flat plates. Image a) labeled L/D = 0 shows pressure contours around a symmetric taper, while image b) L/D = 17 displays the impact of an asymmetric tail spread-out over the entire surface. A color scale below ranges from blue (-500 m²/s²) to red (500 m²/s²).]FIGURE 1 | Illustrative example of how a change in shape at the trailing edge impacts the 2D pressure contour throughout an object traveling at 40 m/s due to pressure propagation at the speed of sound. (a) is a vertically symmetric flat plate, while (b) is a flat plate with an assymetric tail. Pressure is computed as kinematic pressure, the pressure divided by air’s density. Red is higher pressure and blue is lower pressure; both pressures are relative to the surroundings. Air flows from left to right at an average speed of 40 m/s.[image: Diagram illustrating the design and aerodynamics of a GEFT. Part (a) shows a side view with a ducted fan and mechanisms for reducing drag. Part (b) presents an aerodynamic analysis, showing pressure distribution and airflow, indicating how lift is generated. Part (c) features design elements like a front deflector, side fences, and a trailing flap, enhancing aerodynamics and stability.]FIGURE 2 | The ground-effect flight transit (GEFT) platform design. (a) lifting body with ducted fan. (b) Pressure contour of the GEFT lifting body with the scale in kinematic pressure. (c) Illustrative example of GEFT undercarriage highlighting wheel, fence, and trailing flap placements.The “Three Principles” are consistent in: a) molecular mechanics, b) continuum mechanics, and c) accurate extrapolation; substantiating the perspective that they are an airfoil science (Suppes et al., 2025b). Changes in pressures propagate at the speed of sound, significantly faster than the travel speed of the vehicle. As the lift is generated through the application of pressures on the airfoil, features which create or reduce pressures at the trailing end of the airfoil still impact lift throughout the entire airfoil.
INSITE LEADING TO GEFT INNOVATIONS
GEFT (see Figure 2) vehicles are the result of three innovations resulting from the insight of the Three Principles:
	1. An upper surface ducted fan creates areas of lower and higher pressure to enhance lift and reduce drag respectively; this supplements surface shape as per Principles 1 and 2.
	2. The ducted-fan-enhanced air flow along the trailing taper leads to a more-robust trailing edge stagnation point per Principle 1, and the higher pressures of that trailing-edge stagnation point extend under the underbody per Principle 3; fences on the sides of the lower cavity reduce lateral dissipation of the higher pressures.
	3. When the higher pressures reach a lower surface edge on a front deflector, the pressure deflects oncoming air’s velocity vectors upward, leading to increased divergence of air along the front surface, transforming pressure drag into induced thrust on the front surface as per Principle 2.

The pressure contours of Figures 1, 2 were generated using computational fluid dynamics (CFD) and imaged in Paraview. The computational fluid dynamics were performed with SimFlow software’s incompressible SimpleFOAM solver with RANS k-ω SST turbulence modelling. The boundary conditions are set from free stream air flow of 40 m/s and in Figure 2 the ground is modelled as a moving wall boundary.
A ducted fan impacts the lift and drag of the vehicle surfaces to which it is attached; and likewise, surrounding vehicle surfaces impact the efficiency of a ducted fan (Abdolahipour, 2023; Abdolahipour, 2024). When accounting for reduced drag, a result of an effective placement of a ducted fan is beneficial drag reduction which can leverage thrust several fold (Suppes et al., 2025a). Especially when boundary layer separation occurs with onset of turbulence behind the vehicle, the ducted fan is able to preserve laminar flow with respective reduction in drag and lost work.
The extent of leverage depends on the engine power and the surface morphology. The optimal surface morphology is a function of power setting. A conclusion of these preliminary studies on this topic was that lift-to-drag ratio (L/D) efficiencies exceeding 20 were beyond any reduced thrust and lost work (Suppes and Suppes, 2023). A lost work analysis of air surrounding the vehicle was the best metric to identify if optimal conditions were achieved. Furthermore, in tunnels the vehicle’s upper surface, upper fences, and the upper surface of the tunnel serve as a lift and thrust generating duct to the fan and should be optimized in this capacity.
For transit over railway tracks, the tracks augment blocking the lateral dispersion of desirable lift pressures under the vehicle. The smooth and uniform upper surface of the tracks enable the use of low clearances (e.g., 1 cm) between the fence and the track. Routine operation at low ground clearances (3–3.5 cm) by sportscar racecars provide decades of experience toward advanced vehicles designed to operate at low ground clearances (Suppes and Suppes, 2025a; Hassaan et al., 2023; Iftekhar, 2024; Roslan et al., 2023; Ma et al., 2024; Porcar Galán, 2020).
THE VALUE OF AERODYNAMIC LIFT ON GROUND VEHICLES
The majority of the current research into utilizing ground effect focuses on the interaction of wings at moderate height, 1–5 m from the ground, and implementations for improving airplane take-off and landing or flight over water (Qu et al., 2015a; Qu et al., 2015b; Wang et al., 2023; Halloran and O'Meara, 1999). This research has identified that horizontal stabilizers have improved effectiveness in ground effect, including delta designs, and that the aerodynamic center moves rearward in ground effect, with an emphasis on data between 10- and 30-degrees angle of attack (Taleghani and Ghajar, 2024; Taleghani et al., 2020). Flight over water has a research focus on wing shape design for stability at greater clearance from the water, which has less inherent stability improvements and reduced overall improved efficiency from the higher clearance distance (Lee, 2018; Lee and Lee, 2012; Hu et al., 2022; Lee and Lee, 2013). Additional research for ground effect applications includes boundary layer choking and trailing shockwave development, particularly within tunnels for Hyperloop technologies (Deviparameswari et al., 2021; Veerasamy et al., 2021; Huang et al., 2020). Consistent advantages of ground effect studies highlight the improved lift and decreased drag.
Effective use of ground effect in these situations provides marginal improvements in efficiency due to the inherent higher clearance between the ground and lifting body rather than GEFT designs. This prevents rapid and efficient implementation of technologies that utilized ground effect augmentation of lift forces. It is the perspective of the authors that a focus on ground effect flight through use of cavities in conjunction with surfaces that safely support low clearances provides a more effective route to utilize the knowledge and technologies related to ground effect. The use of cavity pressure developed by oncoming air’s dynamic pressure allows for control mechanisms beyond horizontal stabilizers such as a mid-chord flap within the cavity which allows for the redistribution of pressure forward or aft to enhance stability as well as actuated fences which may alleviate pressure asymmetrically within the cavity without adding drag to the vehicle’s profile.
Multiple characteristics result from the GEFT design for transit over railways and highways:
	1. The design enables high lift on low aspect ratio lifting body designs which allows ground-effect flight over roadways and railways.
	2. Without removing wheels, yet replacing about 95% of wheel suspension with aerodynamic suspension reduces rolling losses which are often as significant as aerodynamic losses (National Research Council, 2018). Ground transport lacks low rolling loss alternatives. Alternatives like hovercraft have low rolling losses, but lack efficiency; the result of GEFT is significantly reduced energy consumption versus alternatives.
	3. Substantial elimination of rolling losses enables displacing steel railcar wheels with tires; this enables quieter operation and routine railway-highway multimodality.
	4. By overcoming rolling losses, single-vehicle operation is viable on railway tracks with new approaches to scheduling which can provide nonstop service to neighborhood stations as a new standard for both commuter and intercity service (Suppes and Suppes, 2025b).
	5. Suspension that is primarily aerodynamic with wheels purposed as guides enables high speeds; with the perspective that the speed will eventually be faster than highspeed trains or maglev.
	6. Aerodynamic navigation enables tighter corners and existing track infrastructure to be negotiated at higher speeds without expensive modification; by example, GEFT’s stress on tracks would be about 400 kg versus 400 tons for a high-speed train as chassis weight will be reduced and vehicles will travel independently. An aircraft basis in design allows for navigation and turning to be operated through control surfaces rather than rail traction, allowing for a vast reduction of weight supported by wheels.

The Figure 2 GEFT is projected to have less than half the cruising energy consumption of today’s semi-trucks and have an effective upper surface for solar panels (Suppes et al., 2025a). These features enable electric trucks and substantial solar augmentation of batteries at locations of high solar irradiance.
ALTERNATIVE GROUND EFFECT VEHICLES
Most commercial activity in today’s ground-effect flight sector are wing in ground (“WIG”) aircraft (Blain, 2024). WIG aircraft are not able to operate on railways and highways; therefore, WIG are not able to provide the extensive multimodal connectivity possible with GEFT. WIG aircraft end up as less efficient. Also, WIG aircraft tend to have efficiencies about 25% greater than passenger aircraft in the same weight category versus GEFT which are capable of more than 100% increase in efficiency. The differences in efficiency of WIG versus GEFT are fundamental where the WIG tail sections and abundance of wing surfaces with surfaces pitches greater than 4% which leads to lower L/D efficiencies in ground effect regimes.
Ground effect machines (“GEM”) is another classification of ground-effect vehicles that include hovercraft and a GEM by Smith (Anonymous, 1974). Smith’s design is consistent with other findings that identify the efficiency of GEM to correlate with the ratio of ground clearance to vehicle length. The trailing taper of the Figure 2 GEFT design in combination with the ducted fan are able to overcome boundary-layer separation to decrease the length to improve efficiency. The results are reduced vehicle costs, more useful higher-ceiling cabin space, and reduced loss of cavity lift pressures when expanding from the trailing edge to the leading edge.
A critical analysis of the thought process behind the GEFT design versus the Smith GEM identifies the underlying simple explanations of aerodynamic lift that the mind uses in innovation processes (Suppes et al., 2025a; Suppes and Suppes, 2024c).
Taleghani and Torabi have identified recent developmental pathways in aerodynamics. GEFT technology uses advances in computational aerodynamics software and methods to branch design, optimization, and analysis into an additional emerging technology targeting the use of existing railway and highway infrastructure at higher efficiency and speeds (Shams Taleghani and Torabi, 2025). In view of the large sums of money spent on experimental approaches to concepts like Hyperloop, GEFT identifies the importance of computational aerodynamics to both expedite and reduce the costs of research and development. Future advances and research in GEFT technology will benefit from the incorporation of machine learning to further refine and apply the applied principles for application.
GEOPOLITICAL RAMIFICATIONS
China has emerged as a world leader in both highspeed trains and large infrastructure projects. For countries with older railway infrastructure, like the United States and Switzerland, the prospect of upgrading to highspeed rail is expensive and humiliating from the perspective that the final result would likely lag behind China which has become efficient at building the infrastructure and expanding the capabilities of highspeed trains.
GEFT technology has the potential to surpass highspeed rail capabilities using existing infrastructure. Non-stop service and higher speeds can cut transit times and costs in half versus highspeed train and commuter alternatives.
Intercity nonstop service between neighborhood stations is able to overcome the first-mile, last-mile, and security money value of time costs of air transit. As a result, GEFT rail service would be faster than most airliner services or proposed air taxi services.
From a carbon footprint perspective, the replacement of aviation and diesel truck fuels with green alternatives is a formidable challenge. GEFT technology provides an exception. GEFT can provide a fast track to zero-carbon footprint society and substantial reductions in petroleum fuel consumption.
The devaluation of highspeed train technology, massive infrastructure expansion, and petroleum fuel with the simultaneous low-cost upgrades of existing railway and highway infrastructure has significant geopolitical ramifications. Those ramifications advance causes towards ending wars and global warming.
DISCUSSION
GEFT technology is disruptive at multiple levels, ranging from how aerospace engineers were taught to think about how airplanes achieve flight to major economic sectors such as petroleum fuel, air transit, and automobiles. The above perspective on capabilities challenges the standards of what has been thought of as possible.
A worldwide research interest is Hyperloop, which proposes speeds in excess of 600 mph. GEFT is compatible with transit in low-pressure tunnels at high efficiency where substantial elimination of the dissipation of lift pressures is possible in upward, downward, and lateral directions. At low pressures, engineered tailwinds in tunnels are able to increase speed and efficiency. Of even higher impact is the ability to operate low-pressure tunnel corridors with open entrances and exits providing seamless connectivity to existing rail and highway infrastructure.
Open entrances and exits to lower-pressure tunnel corridors are possible with loops which use air’s dynamic pressure to pump air from tunnel exit sections to adjacent tunnel entrance sections (Suppes and Suppes, 2025c). The aerodynamics establish engineered tailwinds where static pressure is transformed to dynamic pressure resulting in both decreased tunnel pressure and tunnel tailwinds. The technology may be used to gain advantage on existing tunnel infrastructure starting with tunnel sections only a few miles long. This technology allows the incremental evolution of transit infrastructure to include transit in lower-pressure tunnels without the delays, costs, and inefficiencies of isolated tunnel systems (Shams Taleghani and Torabi, 2025).
Since GEFT can operate with up to 100% aerodynamic lift, it is possible to expand current infrastructure to be more in harmony with nature. For example, GEFT can achieve ground effect flight over rivers and bays, eliminating the need for bridges. Furthermore, lacking the heavy bogies of railcars, light-weight vehicles can operate on elevated tracks for a lower environmental footprint. Passenger-specific weights would be much less than railcars, even less than aircraft, due to low stresses on wheel suspension which would have significant weight loads only at low speeds acceleration and deceleration and do not need to be retractable.
CONCLUDING PERSPECTIVE
Today, vast amounts of money are proposed for projects such as manned missions to Mars, a $20 trillion hyperloop corridor between the United States and England, and $20 billion dollar highspeed rail in the United States (Ohanian, 2025; Jones, 2016; O'Hare, 2024). For less than 1% of the cost of the least expensive of these projects, GEFT technology can be demonstrated and placed on a fast track towards world-wide implementation. The same technology would improve quality of life and place society on a fast track to zero carbon emissions due to displaced fossil fuels.
It is suggested that the primary barrier is not technology, but rather, that old paradigms trump science for today’s engineers.
FUTURE RESEARCH
The GEFT design jointly optimizes the ducted fan and vehicle’s surfaces toward high L/D efficiency where an upper-surface ducted fan creates a beneficial pressure contour over the entire vehicle. Toward the creation of optimal pressure contours, vehicle surfaces in front of the fan function as nacelle surfaces and surfaces aft the fan replace nozzle functions to create higher pressures. A next step is the computationally intensive optimization of additional ducted fans to reduce the lateral dissipation of pressures that occurs with 3D systems.
Applications and designs will evolve both in capabilities with several potential entry points for initial applications using existing infrastructure. An additional next step is physical prototype R&D for one or more application on highways and railways. Safety and navigation features will evolve with the prototypes; today’s vehicular safety standards are the results of decades of evolution. Work performed with modern sophisticated CFD capabilities can expedite the development of both safety and navigation features.
This work represents an advance over past CFD digital prototype R&D due to a foundation in proposed “fundamentally-correct” explanations of how air flow creates pressure contours, lift, and pressure drag. The future of this and other R&D includes increasing the reliability of both digital prototypes and digital twins with physical prototypes and extrapolating designs toward innovation.
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BY GENERATING LIFT IN ADDITION TO REDUCING DRAG, GEFT SUBSTANTIALLY
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