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SUMMARY

Nascap-2k is a spacecraft charging and plasma interactions code designed to be used by
spacecraft designers, aerospace and materials engineers, and space plasma environments experts
to study the effects of both the natural and spacecraft-generated plasma environment on
spacecraft systems. Survival in the plasma environment is a concern for virtually all Earth
orbiting satellites, be they in low Earth orbit (LEO), geostationary orbit (GEO), polar orbit, or
others, and for interplanetary and planetary missions as well. Increased power requirements have
pushed spacecraft subsystem design parameters, such as solar array voltage and power, to higher
values than ever before, while demand for resources, especially in the commercial
telecommunications industry, has resulted in the need for longer mission lifetimes. Additionally,
electric propulsion critical to the success of many exploration as well as commercial missions,
produces a high-energy, high-density plasma, the effects of which can result in serious erosion
and contamination problems for spacecraft surface coatings and for sensitive instruments. As a
result, design strategies for mitigation of deleterious plasma effects require rethinking to meet
these changing requirements and more severe environments.

Nascap-2k was developed as part of a program sponsored jointly by the Air Force Research
Laboratory and by the NASA Space Environments and Effects (SEE) Program at Marshall Space
Flight Center.

This manual is designed to be used in several different ways: as a help reference to interface
menus, field variables, and actions; as a guide to performing specific tasks such as defining the
type of problem to be solved or the particular environment to use; as a guide to start-to-finish
performance of typical problems such as charging in a tenuous plasma; and as general
documentation of the physics and engineering models implemented in Nascap-2k. Nascap-2k
Scientific Documentation describes the physical and numerical models used in the surface
charging, potential solution and particle tracking portions of the code.

This document is comprised of the following general parts:

Part I, Overview, is a general overview of Nascap-2k containing information on its capabilities
and approach, the various modules that comprise the tool and the high-level architecture that
joins them, the units used, computational and file size limitations, and installation requirements
and procedure.

Part I1, Using Nascap-2k, provides the details of how to use the code. This part is further divided
into several sections that address opening a project, the menus, the tabs, and the output files.

= Section 5 describes the basic approach to using Nascap-2k.

= Section 6 describes how to get started by creating a new project or opening an existing
project.

= Section 7 describes the various menu items available, including view and material
definition.

= Section 8 describes the options for specifying the type of problem.
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= Sections 9 and 10 describe the requirements to be aware of when creating an object
(detail on object creation is in the Object Toolkit User s Manual) and how to grid the
space surrounding an object.

= Sections 11 through 15 describe the various physical and computational parameters used
by Nascap-2k. These sections also discuss the physics models used in the computations.

= Section 16 describes the process of generating and executing the script that directs the
desired calculations.

= Section 17 describes how to view results either numerically, as a time-dependent plot, or
as a three-dimensional graphical representation of surface and volume values.

Part III contains four start-to-finish examples that illustrate the use of Nascap-2k’s computational
capabilities: charging in a geostationary orbit, current collection in low-Earth orbit, calculation of
wake effects, and calculation involving a time-dependent plasma environment.

These three primary parts are followed by a glossary of terms, some common “gotchas” and
Frequently Asked Questions (FAQs), and a set of appendices containing information for the
advanced user and the just plain curious.

2
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I OVERVIEW

1  Need for Nascap-2k

Designers of spacecraft for government, commercial, and research purposes require advanced
modeling capabilities to guide the design of satellites that can survive and operate properly in the
natural environment. In the past, computer modeling of flight experiments (such as SCATHA
(Spacecraft Charging at High Altitude),* the SPEAR (Space Power Experiment Aboard

Rockets) 23 series, and CHAWS (Charging Hazards and Wake Studies)*) demonstrated excellent
ability to predict both steady-state and dynamic interactions between high-voltage spacecraft and
the ambient plasma. This ability was also extended to inherently dynamic problems involving
three-dimensional space charge sheath formation, current flow in the quasi-neutral presheath,
breakdown phenomena, plasma kinetics, ionization processes, and the effect of unsteady
processes on spacecraft charging.

Nascap-2k builds on these capabilities, giving the spacecraft designer much-improved modeling
capabilities by taking advantage of a greater understanding of the pertinent phenomena,
employing more advanced algorithms, and implementing a state-of-the-art user interface,
including three-dimensional post-processing graphics.

Nascap-2k was developed a as part of a program sponsored jointly by the Air Force Research
Laboratory (now at Kirtland Air Force Base) and by NASA’s Space Environments and Effects
(SEE) Program (at Marshall Space Flight Center).

2  What is Nascap-2k?

Nascap-2k 1s an interactive toolkit for studying plasma interactions with realistic spacecraft
models in three dimensions. Nascap-2k is designed for use by spacecraft design engineers,
spacecraft charging researchers, and aerospace engineering students. Nascap-2k also enables
plasma-interactions specialists to perform realistic analyses with direct application to engineering
problems.

The Nascap-2k interface employs an index-tab metaphor; several of these tabs are shown in
Figure 1. The graphical user interface is designed to help less experienced users easily solve
moderately complex plasma-interactions problems.

The core capabilities of Nascap-2k are as follows:

= Define spacecraft surfaces and geometry and the structure of the computational space
surrounding the spacecraft.

= Solve for time-dependent potentials on spacecraft surfaces.

= Solve the electrostatic potential around the object, with flexible boundary conditions on the
object and with space-charge computed either fully by particles, fully analytically, or in a
hybrid manner.

= QGenerate, track, and otherwise process particles of various species, represented as
macroparticles in the computational space.

= View surface potentials, space potentials, particle trajectories, and time-dependent potentials
and currents.
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Figure 1. Selected Views of the Nascap-2k User Interface

Nascap-2k Scientific Documentation describes the physics and numeric models used in the
surface charging, potential solution and particle tracking portions of the code.

Figure 2 shows an overview of the Nascap-2k structure. There are three main programs:
Nascap-2k, Object Toolkit, and GridTool. Object Toolkit and GridTool can be invoked either as
separate programs or from the main Nascap-2k user interface.
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Figure 2. Nascap-2k Structure

Object Toolkit is a three-dimensional object generator tailor-made for spacecraft modeling. It is
used to create finite-element representations of spacecraft surfaces for Nascap-2k (and other
environmental interactions computer codes, such as EPIC (Electric Propulsion Interactions
Code)).” It also has materials editing capability and can import finite element representations of
objects in several standard text file formats. In this way, the spacecraft geometry can be
realistically represented, and existing finite-element models of spacecraft constructed for other
purposes can be adapted for use in Nascap-2k. Object Toolkit output (in eXtensible Markup
Language (XML)) contains the recipe for re-creating/reassembling the object, object definition
by nodes and elements, and material definitions. Object Toolkit is described in Section 9, and
more fully in the Object Toolkit User s Manual®.

The computational space around the spacecraft is constructed interactively using the GridTool
module. Arbitrarily nested subdivision allows resolution of important object features while
including a large amount of space around the spacecraft. GridTool is described in Section 10.

The main Nascap-2k user interface uses an index-tab metaphor, and contains tabs for problem
selection, initial conditions, parameter specification, script writing, time-dependent results
analysis, and two- and three-dimensional displays of surface potentials and fields.

The kind of problem is specified on the Problem tab. The choices made on this tab tailor the rest
of the interface’s appearance. The various choices regarding initial conditions, environment, and
computational parameters are available on subsequent tabs. Advanced parameters that are useful
only to a limited number of users are found on dialog boxes that are accessed by clicking
“Advanced” buttons on the various tabs.

5

Approved for public release; distribution is unlimited.



The Nascap-2k computational engines are accessed through the Script tab. The five
computational modules are Charge Surfaces, Embed Object in Grid, Potentials in Space,
Create Particles, and Track Particles. The script can be run either within the Java user inteface
or from the standalone executable N2kScriptRunner. (See Appendix E.)

Nascap-2k calculates surface charging in tenuous plasma environments, such as geosynchronous
Earth orbit (GEO) and interplanetary (Solar Wind) environments, using the Boundary Element
Method’ (BEM). The Boundary Element Method facilitates calculation of surface electric fields
(which limit the emission of photoelectrons and secondary electrons) without the need to grid up
the space surrounding the spacecraft. It also enables Nascap-2k to anticipate electric field
changes due to surface charging, resulting in a smoother and more stable charging simulation.

Nascap-2k uses a high-order, finite-element representation for the electrostatic potential that
ensures electric fields are strictly continuous throughout space. The electrostatic potential solver
uses a finite element/conjugate gradient technique to solve for the potentials and fields on the
spacecraft surface and throughout the surrounding space. Space charge density models presently
include Laplacian, Linear, Non-linear, Frozen Ions, Consistent with Ion Density, Full PIC
(Particle in Cell), and Hybrid PIC (appropriate to the several microsecond timescale response to
a negative pulse). The input file defining the initial conditions and computational parameters for
the potential solver is generated through the user interface.

8

Particle tracking is used to study sheath currents, to study detector response, or to generate space
charge evolution for dynamic calculations. Nascap-2k generates macroparticles (each of which
represents a collection of particles) at either a sheath boundary, the problem boundary, at user-
specified locations, or throughout all space. Particles are tracked for a specified amount of time,
with the timestep automatically subdivided at each step of each particle to maintain accuracy.
The current to each surface element of the spacecraft is recorded for further processing. The
input files defining the initial conditions and computational parameters for both particle creation
and tracking are generated through the user interface.

The Results tab of the Nascap-2k user interface is used to obtain numerical values and time
histories of potentials and surface currents. The Results 3D tab is used to generate graphical
output illustrating such quantities as surface potentials, space potentials, particle positions, and
particle trajectories. Contour levels and other plotting attributes are modified through the user
interface.

The computational modules of Nascap-2k use a database manager. The database manager is a
library of routines capable of making large arrays of information contained in disk files
accessible to computational modules. It features a programmer-friendly language for defining
data types and for retrieving and storing data, and an API accessible through C++, Fortran, or
Java. This strategy enables Nascap-2k to be operable on, and portable among, modern high-
power workstations, which have proven to be more cost effective than supercomputers for this
type of code development and analysis.

The user interface is written in Java, the science modules are written in C++ and Fortran, and the
utility routines are written in C. All information is stored in the multi-file database or as XML.
The modules communicate using XML files, keyword text input files, direct subroutine calls
(Dynamic Link Library (DLL) import/export), Java Native Interface (JNI) subroutine calls, and
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