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Rayleigh-Taylor instability

David A. Siqueiros  
“accidental painting” technique 

expansion of universe
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RT in Hele-Shaw

b

30µm < b < 2500µm  

Experimental setup: 
Hele-Shaw cell ⇢o < ⇢i
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RT in Hele-Shaw

b

30µm < b < 2500µm  

Experimental setup: 
Hele-Shaw cell

Rayleigh-Taylor instability from top view

⇢o < ⇢i
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Governing equations

Navier-Stokes

Transport
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Schemes

• used interFoam solver 

• MULES method  

• space descritization   

• convection term in momentum equation uses Gaussian 
quadrature integration with upwind interpolation.   

• the divergence in conservation of mass uses Van Leer  

• time-marching  

• Euler, first-order implicit  
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Simulation

• OpenFOAM  interFoam solver using volume of fluid method 

• boundary conditions: three solid walls and “atmosphere” on 
one side 

• initial conditions: 
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water

air

oil



Results
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RT instability dynamics
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Changing grid shape
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Changing grid resolution
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t = 364s
<latexit sha1_base64="KwJZ7oX3bv2LIKwHTkCMJNbyRRE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBvUiBL14jGAekCxhdjJJhsw+mOkV45Iv8eJBEa9+ijf/xkmyB00saCiquunu8mMpNDrOt5VbWV1b38hvFra2d3aL9t5+Q0eJYrzOIhmplk81lyLkdRQoeStWnAa+5E1/dDP1mw9caRGF9ziOuRfQQSj6glE0UtcuIrkiZ+eVDvJHTPWka5ecsjMDWSZuRkqQoda1vzq9iCUBD5FJqnXbdWL0UqpQMMknhU6ieUzZiA5429CQBlx76ezwCTk2So/0I2UqRDJTf0+kNNB6HPimM6A41IveVPzPayfYv/RSEcYJ8pDNF/UTSTAi0xRITyjOUI4NoUwJcythQ6ooQ5NVwYTgLr68TBqnZdcpu3eVUvU6iyMPh3AEJ+DCBVThFmpQBwYJPMMrvFlP1ov1bn3MW3NWNnMAf2B9/gCGzJJb</latexit><latexit sha1_base64="KwJZ7oX3bv2LIKwHTkCMJNbyRRE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBvUiBL14jGAekCxhdjJJhsw+mOkV45Iv8eJBEa9+ijf/xkmyB00saCiquunu8mMpNDrOt5VbWV1b38hvFra2d3aL9t5+Q0eJYrzOIhmplk81lyLkdRQoeStWnAa+5E1/dDP1mw9caRGF9ziOuRfQQSj6glE0UtcuIrkiZ+eVDvJHTPWka5ecsjMDWSZuRkqQoda1vzq9iCUBD5FJqnXbdWL0UqpQMMknhU6ieUzZiA5429CQBlx76ezwCTk2So/0I2UqRDJTf0+kNNB6HPimM6A41IveVPzPayfYv/RSEcYJ8pDNF/UTSTAi0xRITyjOUI4NoUwJcythQ6ooQ5NVwYTgLr68TBqnZdcpu3eVUvU6iyMPh3AEJ+DCBVThFmpQBwYJPMMrvFlP1ov1bn3MW3NWNnMAf2B9/gCGzJJb</latexit><latexit sha1_base64="KwJZ7oX3bv2LIKwHTkCMJNbyRRE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBvUiBL14jGAekCxhdjJJhsw+mOkV45Iv8eJBEa9+ijf/xkmyB00saCiquunu8mMpNDrOt5VbWV1b38hvFra2d3aL9t5+Q0eJYrzOIhmplk81lyLkdRQoeStWnAa+5E1/dDP1mw9caRGF9ziOuRfQQSj6glE0UtcuIrkiZ+eVDvJHTPWka5ecsjMDWSZuRkqQoda1vzq9iCUBD5FJqnXbdWL0UqpQMMknhU6ieUzZiA5429CQBlx76ezwCTk2So/0I2UqRDJTf0+kNNB6HPimM6A41IveVPzPayfYv/RSEcYJ8pDNF/UTSTAi0xRITyjOUI4NoUwJcythQ6ooQ5NVwYTgLr68TBqnZdcpu3eVUvU6iyMPh3AEJ+DCBVThFmpQBwYJPMMrvFlP1ov1bn3MW3NWNnMAf2B9/gCGzJJb</latexit><latexit sha1_base64="KwJZ7oX3bv2LIKwHTkCMJNbyRRE=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBvUiBL14jGAekCxhdjJJhsw+mOkV45Iv8eJBEa9+ijf/xkmyB00saCiquunu8mMpNDrOt5VbWV1b38hvFra2d3aL9t5+Q0eJYrzOIhmplk81lyLkdRQoeStWnAa+5E1/dDP1mw9caRGF9ziOuRfQQSj6glE0UtcuIrkiZ+eVDvJHTPWka5ecsjMDWSZuRkqQoda1vzq9iCUBD5FJqnXbdWL0UqpQMMknhU6ieUzZiA5429CQBlx76ezwCTk2So/0I2UqRDJTf0+kNNB6HPimM6A41IveVPzPayfYv/RSEcYJ8pDNF/UTSTAi0xRITyjOUI4NoUwJcythQ6ooQ5NVwYTgLr68TBqnZdcpu3eVUvU6iyMPh3AEJ+DCBVThFmpQBwYJPMMrvFlP1ov1bn3MW3NWNnMAf2B9/gCGzJJb</latexit>

t = 2778s
<latexit sha1_base64="YB1n0jAVZ3s569VTilNIXnvBvQQ=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtBSC5C0IvHCOYByRJmJ73JkNkHM73BsORPvHhQxKt/4s2/cZLsQRMLGoqqbrq7/EQKjY7zbW1sbm3v7Bb2ivsHh0fH9slpS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x3dxvT0BpEUePOE3AC9kwEoHgDI3Ut22kN7RSrdZ6CE+Y6VnfLjllZwG6TtyclEiORt/+6g1inoYQIZdM667rJOhlTKHgEmbFXqohYXzMhtA1NGIhaC9bXD6jl0YZ0CBWpiKkC/X3RMZCraehbzpDhiO96s3F/7xuikHNy0SUpAgRXy4KUkkxpvMY6EAo4CinhjCuhLmV8hFTjKMJq2hCcFdfXietStl1yu7Ddal+m8dRIOfkglwRl1RJndyTBmkSTibkmbySNyuzXqx362PZumHlM2fkD6zPHwjOkqA=</latexit><latexit sha1_base64="YB1n0jAVZ3s569VTilNIXnvBvQQ=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtBSC5C0IvHCOYByRJmJ73JkNkHM73BsORPvHhQxKt/4s2/cZLsQRMLGoqqbrq7/EQKjY7zbW1sbm3v7Bb2ivsHh0fH9slpS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x3dxvT0BpEUePOE3AC9kwEoHgDI3Ut22kN7RSrdZ6CE+Y6VnfLjllZwG6TtyclEiORt/+6g1inoYQIZdM667rJOhlTKHgEmbFXqohYXzMhtA1NGIhaC9bXD6jl0YZ0CBWpiKkC/X3RMZCraehbzpDhiO96s3F/7xuikHNy0SUpAgRXy4KUkkxpvMY6EAo4CinhjCuhLmV8hFTjKMJq2hCcFdfXietStl1yu7Ddal+m8dRIOfkglwRl1RJndyTBmkSTibkmbySNyuzXqx362PZumHlM2fkD6zPHwjOkqA=</latexit><latexit sha1_base64="YB1n0jAVZ3s569VTilNIXnvBvQQ=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtBSC5C0IvHCOYByRJmJ73JkNkHM73BsORPvHhQxKt/4s2/cZLsQRMLGoqqbrq7/EQKjY7zbW1sbm3v7Bb2ivsHh0fH9slpS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x3dxvT0BpEUePOE3AC9kwEoHgDI3Ut22kN7RSrdZ6CE+Y6VnfLjllZwG6TtyclEiORt/+6g1inoYQIZdM667rJOhlTKHgEmbFXqohYXzMhtA1NGIhaC9bXD6jl0YZ0CBWpiKkC/X3RMZCraehbzpDhiO96s3F/7xuikHNy0SUpAgRXy4KUkkxpvMY6EAo4CinhjCuhLmV8hFTjKMJq2hCcFdfXietStl1yu7Ddal+m8dRIOfkglwRl1RJndyTBmkSTibkmbySNyuzXqx362PZumHlM2fkD6zPHwjOkqA=</latexit><latexit sha1_base64="YB1n0jAVZ3s569VTilNIXnvBvQQ=">AAAB+XicbVDLSgNBEJz1GeNr1aOXwSB4CrtBSC5C0IvHCOYByRJmJ73JkNkHM73BsORPvHhQxKt/4s2/cZLsQRMLGoqqbrq7/EQKjY7zbW1sbm3v7Bb2ivsHh0fH9slpS8ep4tDksYxVx2capIigiQIldBIFLPQltP3x3dxvT0BpEUePOE3AC9kwEoHgDI3Ut22kN7RSrdZ6CE+Y6VnfLjllZwG6TtyclEiORt/+6g1inoYQIZdM667rJOhlTKHgEmbFXqohYXzMhtA1NGIhaC9bXD6jl0YZ0CBWpiKkC/X3RMZCraehbzpDhiO96s3F/7xuikHNy0SUpAgRXy4KUkkxpvMY6EAo4CinhjCuhLmV8hFTjKMJq2hCcFdfXietStl1yu7Ddal+m8dRIOfkglwRl1RJndyTBmkSTibkmbySNyuzXqx362PZumHlM2fkD6zPHwjOkqA=</latexit>

t = 32s
<latexit sha1_base64="dHqUO1nQFRUlKGMWFPRy7BZevFc=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EUIevEYwTwgWcPsZJIMmZ1dZnrVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7glgKg6777Swtr6yurec28ptb2zu7hb39uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xGw9cGxGpOxzF3A9pX4meYBStdI/kkpyW28ifMDXjTqHoltwpyCLxMlKEDNVO4avdjVgScoVMUmNanhujn1KNgkk+zrcTw2PKhrTPW5YqGnLjp9Orx+TYKl3Si7QthWSq/p5IaWjMKAxsZ0hxYOa9ifif10qwd+GnQsUJcsVmi3qJJBiRSQSkKzRnKEeWUKaFvZWwAdWUoQ0qb0Pw5l9eJPVyyXNL3u1ZsXKVxZGDQziCE/DgHCpwA1WoAQMNz/AKb86j8+K8Ox+z1iUnmzmAP3A+fwCSEJHo</latexit><latexit sha1_base64="dHqUO1nQFRUlKGMWFPRy7BZevFc=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EUIevEYwTwgWcPsZJIMmZ1dZnrVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7glgKg6777Swtr6yurec28ptb2zu7hb39uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xGw9cGxGpOxzF3A9pX4meYBStdI/kkpyW28ifMDXjTqHoltwpyCLxMlKEDNVO4avdjVgScoVMUmNanhujn1KNgkk+zrcTw2PKhrTPW5YqGnLjp9Orx+TYKl3Si7QthWSq/p5IaWjMKAxsZ0hxYOa9ifif10qwd+GnQsUJcsVmi3qJJBiRSQSkKzRnKEeWUKaFvZWwAdWUoQ0qb0Pw5l9eJPVyyXNL3u1ZsXKVxZGDQziCE/DgHCpwA1WoAQMNz/AKb86j8+K8Ox+z1iUnmzmAP3A+fwCSEJHo</latexit><latexit sha1_base64="dHqUO1nQFRUlKGMWFPRy7BZevFc=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EUIevEYwTwgWcPsZJIMmZ1dZnrVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7glgKg6777Swtr6yurec28ptb2zu7hb39uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xGw9cGxGpOxzF3A9pX4meYBStdI/kkpyW28ifMDXjTqHoltwpyCLxMlKEDNVO4avdjVgScoVMUmNanhujn1KNgkk+zrcTw2PKhrTPW5YqGnLjp9Orx+TYKl3Si7QthWSq/p5IaWjMKAxsZ0hxYOa9ifif10qwd+GnQsUJcsVmi3qJJBiRSQSkKzRnKEeWUKaFvZWwAdWUoQ0qb0Pw5l9eJPVyyXNL3u1ZsXKVxZGDQziCE/DgHCpwA1WoAQMNz/AKb86j8+K8Ox+z1iUnmzmAP3A+fwCSEJHo</latexit><latexit sha1_base64="dHqUO1nQFRUlKGMWFPRy7BZevFc=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EUIevEYwTwgWcPsZJIMmZ1dZnrVsOQ/vHhQxKv/4s2/cZLsQRMLGoqqbrq7glgKg6777Swtr6yurec28ptb2zu7hb39uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geD3xGw9cGxGpOxzF3A9pX4meYBStdI/kkpyW28ifMDXjTqHoltwpyCLxMlKEDNVO4avdjVgScoVMUmNanhujn1KNgkk+zrcTw2PKhrTPW5YqGnLjp9Orx+TYKl3Si7QthWSq/p5IaWjMKAxsZ0hxYOa9ifif10qwd+GnQsUJcsVmi3qJJBiRSQSkKzRnKEeWUKaFvZWwAdWUoQ0qb0Pw5l9eJPVyyXNL3u1ZsXKVxZGDQziCE/DgHCpwA1WoAQMNz/AKb86j8+K8Ox+z1iUnmzmAP3A+fwCSEJHo</latexit>



Comparing schemes

• For time-marching, tried:  

• transient, first-order implicit Euler  

• transient, second-order implicit Euler  

• transient, second-order implicit Crank-Nicolson  

• pure (1)  

• off-centered (0.9 CN; 0.1 Euler) 
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Modeling the physics
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Conclusions

• OpenFOAM is a powerful tool for fluids simulations and 
analysis, allowing a lot of user-modification and flexibility 
(albeit still requires some “coding”) 

• simulation depicts Rayleigh-Taylor dynamics in a confined 
geometry and effects of scale 

• first-order backward Euler is most stable scheme  

• Future work:  

• change boundary conditions and compare simulation 
results to experimental data
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