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Highlight Application 4 : Spray Combustion Modeling Research
involving Multi-component Surrogate Fuels and High-Fidelity Com-

putational Fluid Dynamics

Mesh characteristics , temperature profile RANS Simulation

LES Simulation- 5 million grid cells " LES Simulation

# PI
Chienpin Chen Tang Junyuan Chair Professor in UM-SJTU Joint Institute

Spray combustion research finds wide applications in internal combustion and
gas turbine engines. We are currently carrying out high fidelity Large Eddy Simula-
tion (LES), as well as unsteady Reynolds Averaged Navier-Stokes (RANS) simulation
of multi-component fuel spray, evaporation and combustion. For computational mod-
eling of the spray combustion processes, 4-component surrogate fuel (n-dodecane/iso-
cetane/trans-decalin/toluene) was used to emulate the Jet-A blend composed of hy-
drocarbon groups of linear paraffins, cyclo-paraffins and aromatics. Multi-component
combustion reaction mechanism of 231 species and 5591 reactions was used for chemi-
cal kinetics. To account for complex geometries associated with modern combustors in-
volving injectors and atomizers, both unstructured, structured and multi-level meshes
have are blended to create the optimal grid system of the combustor configuration.
For evaporating multi-component sprays, we have utilized discrete particle tracking
method embedded within the underlying Eulerian turbulent flow simulation. Open
source OpenFOAM and CONVERGE codes are used to carry out the multiphase calcu-
lations. In addition, open source CANTERA code is used for chemical kinetics in com-
bustion flows. The multiphase multi-scale combustion flow simulations involving real
world combustor geometries and large grid systems warrant the usage of HPC-SJTU,
and have the capability to reveal the detailed thermal-physical-chemical multi-physic

phenomena of spray combustion.
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Highlight Application 5 : How membrane active peptides partition
into bilayers and spontaneously assemble into functional mem-

brane proteins
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A Oriented CD (A) and in vitro partitioning experiments (B) provide thermodynamic
averages of the insertion propensity of a peptide (GL7RL7G). Unbiased MD simula-
tions reveal that the native state is an ensemble of surface bound (S) and transmem-
brane configurations (TM), and provide additional information on the atomic detail
structural ensemble, membrane insertion mechanism (C), kinetics (D), and thermody-
namics (E), which are in quantitative agreement with the experiments (PTM =70+10%)

% Team Members

Jakob Ulmschneider Professor, Institute of Natural Sciences
Song Ke Postdoc, Institute of Natural Sciences

We study Antimicrobial peptides (AMPs), which are a key component of the in-
nate immune defense of all forms of life. The mechanisms driving their antimicrobial
activity are only poorly understood. AMPs are known to preferentially bind to mi-
crobial membranes and form pores. However, how AMPs selectively target microbial

membranes and the relationship between pore-formation and antimicrobial activity re-
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mains largely undetermined. This is chiefly due to the lack of atomic detail structural
information detailing the mechanisms of membrane binding and channel formation,
as well as the pore architecture.

Previous attempts at determining the structures of AMP channels have been
thwarted by the transient nature of AMP channels. Here we demonstrate and exper-
imentally validate a new methodology, based on unbiased atomic detail equilibrium
molecular dynamics simulations, that allows direct ab initio assembly of functional
AMP pores. This approach accurately predicts the insertion mechanisms and native
state structures of membrane active peptides at atomic resolution, accurately repro-
ducing experimental ensemble averages and partitioning data synchrotron radiation
circular dichroism spectroscopy and in vitro translocon experiments [1-2]. The inser-
tion probability as a function of peptide length follows two-state Boltzmann statistics
and reveals atomic-resolution details about the partitioning process. Here we demon-
strate the further extension of this methodology to capture the spontaneous assembly

of peptides into functional channels in the bilayer.

References
1. Ulmschneider et. al., Nature Communications. 2014, 5:4863
2. Wang et al., Nature Communications 2016, 7: 13535.

The HPC center is essential to performing our research. The = supercom-
puter provides the computer power to perform our extensive calculations.
Support of the HPC center has been exemplary and productive. Future

upgrades to PI are envisaged and of extreme importance for the continua-

tion of our research.

Dr. Jakob Ulmschneider
Distinguished Research Fellow, &%+ A
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I The impressive work by Shanghai Jiao Tong University colleagues in port-

ing GTC-P onto TaihuLight is much appreciated. This should be an ex-
cellent example of the productivity of the international pilot NSF SAVI

Project.

Prof. Wllliam M. Tang

APS Fellow, Executive Committee. Princeton Institute for Computational

Science and Enginnering
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