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US Airways Flight 1549
January 15th, 2009 Flight 1549 took off 
from LaGuardia Airport, struck a flock of 
geese, and lost engine power.

Pilots Chesley Sullenberger and Jeffrey 
Skiles ditched in the Hudson River. All 155 
people aboard were rescued.

"Miracle on the Hudson“ was described as 
"the most successful ditching in aviation 
history“

NTSB Animation Flight 1549 Hudson River 
Landing US Airways
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There's no better place to begin than US Airways Flight 1549This is the textbook perfect definition of ditching On January 15th, 2009 an Airbus A320 took off from LaGuardia Airport, struck a flock of geese, and lost all engine power. Unable to reach any airport, pilots Chesley Sullenberger and Jeffrey Skiles glided the plane to a ditching in the Hudson River. In twenty minutes, all 155 people aboard were rescued by nearby boats, and there were few serious injuries. This came to be known as the "Miracle on the Hudson", and was described by The National Transportation Safety Board as "the most successful ditching in aviation history". Their findings were that the ditching was unavoidable, and no nearby airport could be reached for a landing. Captain Sullenberger opened the front passenger door, which had an inflatable ramp, and the cockpit door. Four over wing window exits were used to escape onto the wingRear door - opened by mistake, could not be resealed Water intruded mainly through a hole in the fuselage and through cargo doors High praise for Flight 1549 could cause you to believe that surviving a ditching is unusual, but in reality, NTSB data shows that average survival rate is an encouraging 90 percent.

https://youtu.be/pWpSAfF6elI?t=251


14 CFR 25.801

(d) It must be shown that, under reasonably probable water conditions, the 
flotation time and trim of the airplane will allow the occupants to leave the 
airplane and enter the liferafts required by §25.1415. If compliance with this 
provision is shown by buoyancy and trim computations, appropriate allowances 
must be made for probable structural damage and leakage. If the airplane has fuel 
tanks (with fuel jettisoning provisions) that can reasonably be expected to 
withstand a ditching without leakage, the jettisonable volume of fuel may be 
considered as buoyancy volume.
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Since the 1960's, the FAA has included approval for water ditchings in the aircraft certification process through 14 CFR 25.801 Compliance with part (d) of this regulation is our goal, to demonstrate that the flotation time and trim of the airplane is sufficient to allow occupants to leave the airplane and enter life rafts. Of course, nobody would let me borrow a G650 to ditch in the Savannah River, so we'll be demonstrating this compliance with a computer simulation.



Problem Definition

How much time passes until the exits are underwater or the angle is too steep for 
escape?

Prerequisites:
• Airplane position and angle relative to the water
• Location of any openings that can allow water in
• A method of determining change in position and angle as water floods the 

aircraft

12/12/2019 Predicting Aircraft Buoyancy 4

Presenter
Presentation Notes
Based on the regulation, our problem becomes "How much time passes until the exits are underwater or the angle is too steep for escape?"We can compare this result to results from emergency egress testing done on land, expecting that egress during a water ditching should require more time. So what do we need to know to answer that question?∙ Assuming the airplane floats, we need to know how well the airplane floats. If it doesn't float at all, we're going to be starting in a pretty bad place.∙ We need to know what angle it floats at. Too steep an angle will make exiting the aircraft extremely difficult.∙ We'll need to know where the water is getting in. The size and depth of each opening determines the flow rate of water into the aircraft.These two are relatively easy, if we know the mass properties of the aircraft, we can find them.It takes a dynamic simulation to track how water flooding into the aircraft will change its position and angle over time.



Buoyancy Basics
Buoyant force - upward force 
exerted by a fluid opposing the 
weight of an immersed object
• As pressure increases with depth, 

so does the buoyant force

As an aircraft fills with water, its 
weight increases.

When the weight exceeds the 
buoyant force, it sinks.
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I'm not going to go deep into the mathematics of why things float, but I would like to briefly introduce two governing concepts that affect flotation time and trim of the aircraft in the water. First, buoyant force is the upward force exerted by a fluid opposing the weight of an immersed object. Pressure increases with depth, and so the deeper an object is immersed, the higher the buoyant force will be. An object floats as long as the buoyant force is equal to its weight. As an aircraft floods, the weight of the aircraft and the included water can exceed the buoyant force, causing it to sink.



Buoyancy Basics
Center of gravity (CG) - the point in a 
body at which the whole mass may 
be considered as concentrated

Center of buoyancy (CB) - center of 
gravity of the displaced water

Hydrostatic stability - the tendency 
of a floating vessel to return to its at-
rest attitude
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To understand stability, we first need to discuss center of gravity and center of buoyancy Center of gravity is the point in a body at which the whole mass may be considered as concentrated. This is the location where the force of gravity can be thought to act. Center of buoyancy is specifically the center of gravity of the displaced waterThis is the location where the buoyant force is applied. And finally, hydrostatic stability is the tendency of a floating vessel to return to its at-rest attitude once tilted one way or another. Determining hydrostatic stability requires knowing the relative positions of the center of gravity and the center of buoyancy. The system is in equilibrium when its center of gravity and center of buoyancy are vertically aligned.  When a ship rolls in the water, the center of buoyancy moves. In stable conditions (left), this creates a corrective moment that encourages the ship to right itself. In unstable conditions (right), this creates a destructive moment that rolls the ship further in that direction. Buoyant force determines how long an object will float. Hydrostatic stability determines an object's orientation in the water.



Method Comparison
Excel spreadsheet solver
• Simple geometry
• Simple hull penetrations
• Idealized physics
• Inconsistent results

Simcenter Amesim
• CAD import
• Complex penetrations
• Complex physics simulation
• Repeatable results
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Cool, so what have we been doing? Gulfstream's previous buoyancy analysis method was adequate but had some drawbacks. We have a complex Excel based solution that only accepts simplified geometry, or in this case a cylindrical approximation of the fuselage. It isn't adaptable to more complicated shapes. Compartments flood through simple hull penetrations, that aren't easily redefined.It uses simplified physics that assumes equilibrium at each time step considered, without considering the inertia effects of an aircraft in motion. It also only considers pitching motion. And the Excel solver doesn't always converge, or may converge on a different answer for the same set of inputs.  This new method uses Simcenter Amesim, a comprehensive suite of simulation and analysis tools from Siemens. Amesim supports direct import of CAD models, so we can use actual aircraft geometry in our analysis. We can accurately model exterior geometry for water displacement and interior geometry for water intrusion. Adding penetrations is easy, and we have precise control over the location and size of each orifice. Implementing new models and new penetrations even allows us to analyze hypothetical test cases. Amesim supports a full 6 degree of freedom physics model, not just pitch, and accounts for momentum. It also has support for some really great visualizations, showing the aircraft in the water, water intrusion into each section, and even fluid flow from section-to-section. Amesim chooses automatically from various different solvers to suit the data. This makes the results robust and repeatable.



Simcenter Amesim
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In Amesim we break the aircraft into pieces. Fluid flow between the compartments and the outside of the aircraft is controlled with exterior penetrations and tank-to-tank orifices. Siemens worked with us to repurpose their fuel system library to solve the buoyancy problem, adapting a solution that analyzes fuel transfer from tank-to-tank and even sloshing effects. For aircraft buoyancy, Amesim considers each entire section as a "tank", and instead of analyzing fuel inside each section, it uses the same logic to find the water displaced by that section. Buoyant force and center of buoyancy for each section is calculated and applied to the model to find how the aircraft moves. Water intrusion into each tank from exterior penetrations, and water transfer from section-to-section changes the weight and center of gravity of the aircraft in real time.



Simcenter Amesim – Demo
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Exterior View

Interior View

Example Only

Results

Presenter
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Describe penetrations, flooding, air escape, etc. as the simulation progresses with time. Don't forget to show the force balance plots



Next Steps
• Refine model

• Validate simulation

• Determine specific desired outputs

• Get method approved by the 
Aircraft Certification Office (ACO)

• Document the process of adapting 
the simulation for other aircraft

12/12/2019 Predicting Aircraft Buoyancy 10

Presenter
Presentation Notes
Amesim is a great tool, what's next for the simulation? We've got a good model, but if there's value added we can also refine our CAD models to include interior items that may displace water, or adjust leak paths to be more specific. I will be developing a model with simple geometry to validate the simulation. This is going to be a sample problem from a textbook that we can use to confirm the simulation's results, either mathematically or experimentally. This simulation I demonstrated collects some data, but we can output specific results, such as the time at which certain points on the aircraft become submerged, or the time at which the pitch angle passes a threshold. There's not really a limit to what we can collect. When we have a mature simulation, we can discuss with the ACO specifically what data they would like to see for certification. This demo can be used for any airplane, but there's a little work involved in importing new CAD models, redefining aircraft mass properties, and redefining hull penetrations. I'd like to collect those items and create a user's guide for adapting the simulation to new aircraft. Thank you for listening, are there any questions?



Questions?
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