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Structure preservation is an important attribute for the choice of a numerical method for 
solving/investigating fluid dynamics problems. One such method is discrete exterior calculus 
(DEC), which is a discrete version of the exterior calculus - an alternative to the vector calculus 
[1]. In DEC, k-forms, representing the integration of the physical quantity on k-dimensional 
primal/dual mesh objects, discretely express the physical fields. DEC satisfies the vector 
calculus identities discretely. In addition to preserving the mathematical identities, DEC 
conserves secondary quantities, such as kinetic energy and vorticity for an inviscid flow [2]. 
DEC is coordinate independent, and adaptable to domains comprising of curved surfaces. 
Another example is the preservation of boundedness of the phase field tracking function and 
mass conservation in two-phase immiscible flow DEC simulations. 
 
We present two distinct DEC formulations of the Navier-Stokes equations: one is the rotational 
form and the second is the primitive variable formulation.  We include the Coriolis force term 
for investigating flows on rotating surfaces, and phase-field based interface tracking methods 
for two-phase immiscible flows.  Furthermore, we have enhanced our DEC framework to allow 
hybrid DEC-FD and DEC-FFT discretizations which are useful for investigating convection in 
spherical shells and external flows over bluff bodies and airfoils, respectively. A distinguishing 
feature of our method is the use of an algebraic discretization of the interior product operator 
and a combinatorial discretization of the wedge product. The method is second order accurate 
for structured-triangular meshes, and first order accurate for general unstructured meshes. We 
numerically demonstrate conservation of inviscid invariants such as kinetic energy and 
enstrophy over an extended period of time [3]. We will present a variety of different physical 
examples such as the flow past a circular cylinder and airfoils, vortex dominated flows on 
surfaces with and without rotation, multiphase flows, and convection in spherical shells. 
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