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Abstract. The information preservation (IP) method and the direct simulation Monte Carlo (DSMC) method are used to 
simulate the gas flows between the write/read head and the platter of the disk drive (the slider bearing problem). The 
results of both methods are in good agreement with numerical solution of the Reynolds equation in the cases studied. 
However, the DSMC method owing to the problem of large sample size demand and the difficulty in regulating boundary 
conditions at the inlet and outlet was able to simulate only short bearings, while IP simulates the bearing of authentic 
length ~1000 mµ  and can provide more detailed flow information. 

INTRODUCTION  

The study of ultra thin gas film bearings has become of great interest in recent years. In a modern Winchester-
type disk drive, the write/read head floats approximately 50 nm above the surface of the spinning platter [1,2]. The 
head and platter together with the gas layer in between form a slider air bearing. The prediction of the vertical force 
on the head (as obtained from the pressure distribution in the gas) is a crucial design premise.  

Traditionally, Reynolds equation has been used to model slider bearings [3]. Fukui and Kaneko showed that the 
solution of the linearized Boltzmann equation for the thin film bearing problem can be decomposed into the 
solutions of the plane Couette and the Poiseuille flows and derived the generalized Reynolds equation [4]. 

Because the characteristic length scale of thin-film bearings, i.e. the height between the head and platter h , is 
comparable with the mean free path of molecules, the Knudsen number ( hKn /λ= ) is no longer small enough to be 
neglected. Molecular-based numerical schemes, such as the direct simulation Monte Carlo (DSMC) method [5], are 
physically appropriate for this kind of gas flows where non-continuum, rarefied gas effects become important. 
Alexander et al. have simulated the short thin-film bearings using the DSMC method [6]. However, because of the 
statistical scatter inherent in the DSMC method and the difficulty in regulating boundary conditions at the inlet and 
outlet the DSMC simulation was done only for short head problem.  

Meanwhile the information preservation (IP) method [7,8] emerged as an alternative numerical technique to 
analyze subsonic, micro-scale gas flows. It has been successfully used to simulate some gas flows in micro-electro-
mechanical-systems (MEMS) [9-15]. Shen et al. [9] by employing the measures of the conservation scheme of the mass 
conservation and the super-relaxation method calculated the gas flows in long micro-channels with results in good 
agreement with the experimental data [16,17]. 

In this paper, we present the results obtained by the IP method of simulation of the slider bearing problem and 
compare them with the DSMC calculations and the solutions of Reynolds equation. Firstly, the Reynolds equation 
for the slider problem and the IP method are briefly reviewed. Then we present and compare the results of the three 
methods. Finally some concluding remarks are given. 

REYNOLDS EQUATION  

The basic geometry of the two-dimensional gas flow scheme in the gas film bearing problem is outlined in Fig. 1. 
The upper boundary is a stationary, slightly inclined surface, and the lower boundary moves to the right with 
velocityU . The gas and the surfaces are assumed to be at a constant, ambient temperature 0T . Since the incline is 
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slight, typically less than 1o, the pressure p is taken to be constant in the vertical direction. At the left ( 0=x ) and 
right ( Lx = ) boundaries the pressure in the gas is fixed at ambient pressure 0p . 

From standard lubrication theory [3] in the continuum regime the pressure in the gas may be computed from the 
Reynolds equation 
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where µ is the viscosity of the gas, and )(xh is the vertical spacing between the walls. Its nondimensional form is 
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where LxX /= , 0/ ppP =  , 0/ hhH = , )(0 Lxhh == is the minimum spacing between the walls, and the bearing 

number is defined as )/(6 2
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whereσ is the accommodation coefficient of the walls and hKn /λ= is the local Knudsen number. Fukui and 
Kaneko showed that the solution of the linearized Boltzmann equation for the thin film bearing problem can be 
decomposed into the solutions of the plane Couette and the Poiseuille flows and derived the generalized Reynolds 
equation [4] 
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The function )(KnQ p is nondimensional flow rate for Poiseuille flow; a database of tabulated values for )(KnQ p is 
given in Ref. [19]. For 1=σ , Robert gives the fitting formula [4] 
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where the parameters 318889.1=A and 387361.0=B are selected so as to give a best fit to the data in Ref. [19]. The 
data presented in [19] and expressed by formula (5) are drawn in Fig2, from which it is seen the above expression 
for )(KnQ p  is in good agreement with the data of Ref. [19], and it can be used to obtain the numerical results of the 
generalized Reynolds equation (4) for arbitrary Knudsen number when 1=σ . 
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FIGURE 1.  Schematic diagram of the slider bearing      FIGURE 2.  Relation of the nondimensional flow rate for Poiseuille 

flow versus Knudsen number for the case 1=σ  

x=0

p0,uout,T0
x

y
h

p0,uin,T0

x=L

T0

T0 U

y=0

y=h(x=0)

h0

181



THE IP METHOD  

Because the statistical fluctuation in the DSMC method becomes insurmountably large at the low Mach numbers 
that are characteristic of MEMS, where the low macroscopic speed causes a large noise to useful information ratio, 
and a very large sampling size is demanded, the information preservation (IP) method is proposed to reduce the 
statistical fluctuation [7,8]. The IP method was successfully applied to a number of problems [9-15]. Implementation of 
the IP method has been described in detail in these references and will be omitted here with only some experiences 
in this particular problem elucidated. 

The rectangular area (from 0=x to Lx = , and from 0=y to )0( == xhy ) is divided into uniform rectangular 
cells. Some of them are incised by upper surface into two parts, only the one under the upper surface is within the 
computational domain. The cells of this part are called incomplete cells. The smallest volume of the incomplete cells 
is much less than that of the standard complete cell. A measure is undertaken that each incomplete cell is combined 
with its lower adjacent complete cell to avoid extreme small number of simulated molecules in a cell. 

Meanwhile, a smoothing procedure is used to eliminate the no-physical oscillation. Here, a simple weighted 
average method is used. 

4/)()0.1( 1,,11,,11,1
'
, ++−− +++×−+= jijijijijiji cc ρρρρρρ                (6) 

where, the superscript “ ' ” denotes the value after smoothing, and 1c is the weighting factor. The value of 1c  denotes 
the proportion the newly attained value occupies in the value after smoothing. If 1c trends to 1, there is not any 
smoothing measure undertaken. The second term on the right hand side of equation (6) shows the effect of the value 
of adjacent cells. Because the temperature variation in the flows is neglected, as long as the density is smoothed, the 
pressure is also smoothed. The concrete value of 1c used in simulation will be specified separately. 

The ambient pressure is used as the pressure boundary condition, it can be used to calculate the acceleration of 
the gas in the boundary cells. The mass flux traversing the cross-sections at the central line of the boundary cells is 
used as the mass flux at the boundary, and is used to calculate the density increment of the gas in the boundary cells. 

The super-relaxation scheme, such as suggested in Ref. [9], is also employed here to accelerate the convergence 
of the process 
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The concrete value ofω used in simulation will be specified separately in each case later. 

RESULTS  

A series of slider bearing were studied. For all runs the ratio 0/)0( hxh = of the entrance to exit heights is 2, and 
the exit height is 500 =h nm. The ambient pressure 0p is the atmospheric pressure, and the ambient temperature is 

2730 =T K. The viscosity of the gas is 51008.2 −×=µ Ns/m2. The lower platter speed is 25=U m/s. For the DSMC 
code and the IP calculation, the hard sphere (HS) molecular model is used to simulate the interaction between the 
molecules. For the first three cases, the solution of the Reynolds equation (4) is used as the initial pressure 
distribution of both IP and DSMC calculation, and the initial velocity is zero. 

The Reynolds equation (4) is solved numerically only for the case of 1=σ , when the Poiseuille flow rate given 
by equation (5) can be used. The Reynolds equation is integrated by using the targeting method to obtain the 
pressure distribution of the slider bearings. 

First we consider a system of length 5=L µm. The accommodation coefficient of the walls is 1=σ . The pressure 
distribution obtained by the IP and DSMC methods and the solution of the Reynolds equation (4) together with the 
results of the DSMC method given by Alexander et al. are presented in Fig. 3. All data are in good agreement with 
each other. Fig.4 shows the velocity component in the x-direction along the vertical line at different X (X=0.2, 0.4, 
0.6, 0.8, 0.9) positions obtained by the IP method and the DSMC method. They agree well with each other. From Fig. 
4 it is seen that, the velocity profiles at X=0.2 and X=0.4 are concave and the velocity profile at X=0.9 is convex, 
because the pressure gradient at X=0.2 and X=0.4 is negative, and that at X=0.9 is positive. And because of 
microscopic flow structure, the velocity profiles of Couette flows are no longer linear, they become convex near the 
upper surface and concave near the lower platter. The velocity profiles obtained from the overlying of Couette and 
Poiseuille flows at the two other places are not purely concave or convex. The time step of the IP method is about 

182



τ012.0 (τ is the collision time). The weighting factor 1c in smoothing code is 9996.0 and the maximum super-

relaxation factorω in equation (7) is 15. Both the IP and DSMC method begin sampling after 4102× time steps. The 
sample size of the IP method is about 5102× and that of the DSMC method is about 6102× . 
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FIGURE 3.  The pressure distribution of the slider bearing for 5=L µm and 1=σ  
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 FIGURE 4.  The x-direction velocity profiles at different X positions for 5=L µm and 1=σ  

 
Then slider bearing with 25=L µm is considered. The pressure distribution obtained by the IP method compared 

with the solution of the Reynolds equation (4) is shown in Fig.5. They agree well with each other. The time step of 
the IP method is about τ06.0 . The weighting factor 1c in smoothing code is 99992.0 and the super-relaxation 

factorω of 5 is used. After 410 time steps, sampling begins. The sample size of the IP method is about 510 . 
As an example having direct application interest, we consider a slider bearing with 1000=L µm, which is the 

typical authentic length of the head of the hard disk drives. The pressure distribution given by the IP method is also 
in good agreement with the solution of the Reynolds equation (4) (shown in Fig.6). The time step of the IP method is 
about τ06.0 . The weighting factor 1c in smoothing code is 999996.0 and the maximum super-relaxation factorω in 

equation (7) is 5. After 4102× time steps, sampling begins. The sample size of the IP method is about 5103× .  
Finally we consider a system of length 5=L µm. However, The accommodation coefficient of the walls 

is 7.0=σ . The pressure distribution of the system is shown in Fig.7. And the present results of the IP method and 
the DSMC method are in agreement with the data given by Alexander et al. for the solution of the Reynolds equation 
(4). 
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FIGURE 5.  The pressure distribution of the slider bearing    FIGURE 6.  The pressure distribution of the slider bearing 

for 25=L µm and 1=σ                                                          for 1000=L µm and 1=σ  
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FIGURE 7.  The pressure distribution of the slider bearing for 5=L µm and 7.0=σ  

CONCLUSION  

The IP method can be used to simulate the ultra-thin gas film bearing problem including the case of authentic 
length and [0]wall with incomplete accommodation. The results obtained by the IP method are in good agreement 
with the calculation of the DSMC method and the solution of the Reynolds equation (4). The latter can be 
considered as a verification of the IP method by a touchstone of the merit of strict kinetic theory in simulating 2D 
microscale flows. 

The number of the simulated molecules in a cell must not be too small, say, more than 10 molecules in a cell. 
The smoothing procedure with appropriate weighting factor (usually >0.99) can be used to eliminate the no-physical 
oscillation at the same time not to distort the pressure distribution, and the super-relaxation scheme can be employed 
to accelerate the convergence of the process. 

ACKNOWLEDGMENTS 

The authors appreciate support from NNSFC under Grant 90205024. 

184



REFERENCES 

1. Deckert, K. L., “Computer-aided design of slider bearings in magnetic disk files”, IBM. J. Res. Devel. 35, 660 (1990). 
2. Tagawa, N., “State of the art for flying head slider mechanisms in magnetic recording disk storage”, Wear 168, 43 (1993). 
3. Gross, W. A., Match, L. A., Castelli, V., Eshel, A., Vohr, J. H., and Wildmann, M., Fluid Film Lubrication (Wiley, New 

York, 1980). 
4. Fukui, S., and Kaneko, R., “Analysis of ultrathin gas film lubrication based on linearized Boltzmann equation: First report 

derivation of a generalized lubrication equation including thermal creep flow”, J. Tribology 110, 253 (1988). 
5. Bird, G. A., Molecular Gas Dynamics and the Direct Simulation of Gas Flows, (Clarendon Press, Oxford, 1994). 
6. Alexander, F. J., Garcia, A. L., and Alder, B. J., “ Direct simulation Monte Carlo for thin-film bearings”, Phys. Fluids 6 (12), 

3854 (1994). 
7. Fan, J., and Shen, C., “Statistical simulation of low-speed unidirectional flows in transition regime” in Rarefied Gas 

Dynamics, edited by R. Brun et al, Cepadues Editions, Vol. 2, 245 (1999). 
8. Fan, J., and Shen, C., “Statistical simulation of low-speed rarefied gas”, J. Comp. Phys. 167, 393 (2001). 
9. Shen, C., Fan, J., and Xie, C., “Statistical simulation of rarefied gas flows in micro-channels”, J. Comp. Phys. 189, 512 

(2003). 
10. Cai, C. P., Boyd, I. D., Fan, J., and Candler G. V., “Direct simulation methods for low-speed microchannel flows”,J. 

Thermophysics and Heat Transfe 14, 368 (2000). 
11. Fan, J., Boyd, I. D., Cai, C. P., Hennighausen, K., and Candler G. V., “ Computation of rarefied gas flows around a NACA 

0012 airfoil”, AIAA J. 39, 618 (2001). 
12. Sun, Q., Boyd, I. D., and Candler, G. V., “Numerical simulation of gas flow over micro-scale airfoils”, AIAA 2001-3071 

(2001).  
13. Sun, Q.H., and Boyd, I.D., “A Direct Simulation for Subsonic Microscale Gas Flows”, J. Comp. Phys. 179, 400 (2002). 
14. Xie, C., Fan, J., and Shen, C., “ Rarefied Gas Flows in Micro-Channels”, in Rarefied Gas Dynamics, ed. By Ketsdever and 

Muntz, 800 (2003). 
15. Shen, C., Rarefied Gas Dynamics (in Chinese), National Defense Industry Press, Beijing (2003), English translation, Springe 

Verlag, to appear. 
16. Pong, K. C., Ho, C. M., Liu, J. Q., and Tai, Y. C., “Non-linear pressure distribution in uniform micro-channels”, ASME-

FED 197, 51 (1994). 
17. Shih, J. C., Ho, C. M., Liu, J. Q., and Tai, Y. C., “Monatomic and polyatomic gas flow through uniform microchannels”, 

ASME-DSC 59, 197 (1996). 
18. Burgdorfer, A., “The influence of the molecular mean-free path on the performance of hydrodynamic gas lubricated 

bearings”, Trans. ASME 81, 94 (1959). 
19. Fukui, S., and Kaneko, R., “A database for interpolation of Poiseuille flow rates for high Knudsen number lubrication 

problem”, J. Tribology 112, 78 (1990). 

185


	Welcome Screen
	Previous Proceedings
	Title Page
	Copyright
	Dedication
	Preface
	Local Organizing Committee, Acknowledgment of Support and Sponsorship, Session Chairmen and Paper Reviewers
	International Advisory Committee and Symposia Locations
	Contents
	GENERAL INVITED LECTURES
	From Nice 1958 to Bari 2004: 46 Years of RGD Symposia (Evening Lecture)
	Convergence to Equilibrium: Entropy Production and Hypocoercivity (Harold Grad Lecture)
	Molecular Alignment in Gaseous Expansions and Anisotropy of Intermolecular Forces (Lloyd Thomas Lecture)
	Historical Account and Branching to Rarefied Gas Dynamics of Atomic and Molecular Beams: A Continuing and Fascinating Odyssey Commemorated by Nobel Prizes Awarded to 23 Laureates in Physics and Chemis

	CHAPTER 1: BOLTZMANN AND RELATED EQUATIONS
	On the Quantum Boltzmann Equation (abstract only)
	Kinetic Modelling of a Heterogeneous Dispersed Medium
	Nonlinear Acoustics to Second Order in Knudsen Number without Unphysical Instabilities
	The Discrete Boltzmann Equation: The Regular Plane Model with Four Velocities
	Stability Analysis of a Multigroup Model for the Boltzmann Transport Equations of Carriers and Phonons
	A Reactive BGK-Type Model: Influence of Elastic Collisions and Chemical Interactions
	A Semi-Continuous Boltzmann Equation for Particles with General Dispersion Relations
	A Method of Joint Solution of the Boltzmann and Navier-Stokes Equations
	Generalized Hydrodynamic Equations and the Problem of Boundary Conditions
	Coupling Direct Boltzmann and Continuum Flow Solvers
	Macroscopic Equations for High-Speed Rarefied Monatomic Gas Flows Past Cold Bodies
	Continuous Inverse Kinetic Theory for Incompressible Fluids
	Exact Forms of Representation of Boltzmann Collision Integral as a Divergence of the Flow in Velocity Space
	On One-Dimensional Discrete Velocity Models of the Boltzmann Equation for Mixtures
	On the Application of the Moment Equations to the Thermally Induced Flows
	Theory of Stochastic Transitions in Area Preserving Maps

	CHAPTER 2: INTERNAL FLOWS AND VACUUM SYSTEMS
	Information Preservation (IP) Method in Simulation of Internal Rarefied Gas Flows in MEMS
	Flows of a Binary Mixture of Rarefied Gases between Two Parallel Plates
	Effect of Surface Grooves on the Rarefied Gas Flow between Two Parallel Walls
	Knudsen Compressor Performance at Low Pressures
	Vacuum Pump without a Moving Part Driven by Thermal Edge Flow
	Characterization and Optimization of a Radiantly Driven Multi-Stage Knudsen Compressor
	Statistical Simulation of Thin-Film Bearings
	A New Procedure for Designing Blade Arrangements of a Turbomolecular Pump
	Investigation of Peculiarities of Small Reynolds Number Flows
	Translational Non-equilibrium of a Gas by Flow in Vacuum through the Constant Cross-Section Channel
	Numerical Simulation of Particle Flow Conductance in a Duct under Free-Molecular Conditions
	Condensation of Methanol Vapor onto Its Liquid Film on a Solid Wall behind a Reflected Shock Wave
	Turbulent Thermal Convection over Rough Surfaces
	Numerical Simulations of Blood Flow inside a Mechanical Heart Valve
	Thermodynamic-Model Independence in Numerical Schemes for the Solution of Navier-Stokes Equations
	Application of Nonlinear Dynamics Methods to Rarefied Gas Flows in Channels
	Performance Characteristics of a Disk-Type Drag Pump in the Molecular Transition Region
	Monte Carlo Simulation of Thermal Conduct of Dissociating Nitrogen Gas between Flat Plates

	CHAPTER 3: KINETIC AND TRANSPORT THEORY
	Self-Similar Solutions of the Boltzmann Equation with Elastic and Inelastic Interactions (abstract only)
	On Stationary Solutions to the Linear Boltzmann Equation with Inelastic Granular Collisions
	Instability of the Plane Couette Flow by the Ghost Effect of Infinitesimal Curvature
	On the Rayleigh-Bénard Problem in Rarefied Gases
	Non-equilibrium Effects in Reacting Gas Flows
	Kinetic Theory of Soft Matter: The Penetrable-Sphere Model
	Quasi Equilibrium Knudsen Boundary Layers
	Nonuniform Relaxation Problem for Mixtures and Effects of the Anomalous Heat Transfer
	Transition Regime of Gas-Phase Heat Transfer in Powder Beds
	Light-Induced Heat and Mass Transfer of Rarefied Gas in a Flat Channel
	Radiative Heat Transfer Computations as a Free Molecular Flow Modeling Tool
	The Limiting Behavior of the Broadwell Model: Flow in a Thin Channel

	CHAPTER 4: RAREFIED JETS AND PLUMES
	Unbound Neutral Atmosphere in the Solar System
	Comparison between Navier-Stokes and DSMC Simulations of the Rarefied Gas Flow from Model Cometary Nuclei
	Numerical Simulation of Collision-Induced Dissociation of Large Molecular Ions in Mass-Selective Detector with Atmospheric Pressure Chemical Ionization
	The Free-Jet Expansion of Supercritical CO2 from a Capillary Source
	Experimental Analyses of Flow Field Structures around Clustered Linear Aerospike Nozzles
	DSMC and Navier-Stokes Study of Backflow for Nozzle Plumes Expanding into Vacuum
	Anomalous Inflow into Rarefied Plasma Expansion
	Experimental and Numerical Study of Nozzle Plume Impingement on Spacecraft Surfaces
	Modeling of Vapor Expansion under Pulsed Laser Ablation: Time-of-Flight Data Analysis
	Laser-Induced Plasma in a Water Bubble
	Acceleration Phenomenon of Helium Arc Jet through a Magnetic Nozzle
	Modeling of Argon Condensation in Free-Jet Expansions with the DSMC Method
	Numerical Study of Free Transitional Jets with FCT Limited Scheme
	Three Dimensional Simulation on Deformation of Jet Boundary in an Underexpanded Axisymmetric Jet
	Numerical Simulations of Gas Cloud Expansion in Rarefied Environment
	Particle Rotation Effects in Rarefied Two-Phase Plume Flows
	Time-Resolved Analysis of High-Power-Laser Produced Plasma Expansion in Vacuum
	Stationary Population Inversion in an Expanding Argon Plasma Jet by Helium Puffing
	Solid Rocket Motor Backflow Analysis for CONTOUR Mishap Investigation
	Experimental and Numerical Modeling of Rarefied Gas Flows through Orifices and Short Tubes
	Back Flux for Pulsed Laser Evaporation into Vacuum
	Studies on Impingement Effects of Low Density Jets on Surfaces—Determination of Shear Stress and Normal Pressure

	CHAPTER 5: MONTE CARLO METHODS AND NUMERICAL SOLUTIONS
	Monte Carlo Methods and Numerical Solutions
	A Numerical Study of Taylor-Couette Problem for a Rarefied Gas: Effect of Rotation of the Outer Cylinder
	DSMC Convergence Behavior for Fourier Flow
	Numerical Study of Essentially Unsteady Evaporation
	Evaporation and Condensation Flows of a Vapor-Gas Mixture from or onto the Condensed Phase with an Internal Structure
	Molecular Dynamics Study on the Evaporation Part of the Kinetic Boundary Condition at the Interface between Water and Water Vapor
	A Kinetic Model for Vapor-Liquid Flows
	Half-Space Problem of Weak Evaporation and Condensation of a Binary Mixture of Vapors
	Applicability of the Homogeneous Nucleation Theory to the Condensation in Free Gas Expansions
	Direct Simulation of Ultrafast Detonations in Mixtures
	DSMC Study of Shock-Detachment Process in Hypersonic Chemically Reacting Flow
	Three-Dimensional Rayleigh-Bénard Convection of a Rarefied Gas: DSMC and Navier-Stokes Calculations
	On the Stability of Higher-Order Continuum (HOC) Equations for Hybrid HOC/DSMC Solvers
	The DS2V/3V Program Suite for DSMC Calculations
	DSMC Simulations of Hypersonic Flows and Comparison with Experiments
	Nonlinear Acoustics in Diatomic Gases Using Direct Simulation Monte Carlo
	Development of a General Parallel Three-Dimensional Direct Simulation Monte Carlo Code
	Analysis of Repeated Collisions in the DSMC Method
	Comparison between Time Relaxed Monte Carlo Method and Majorant Frequency Scheme Methods for the Space Homogeneous Boltzmann Equation
	Plane Couette Flow Computations by TRMC and MFS Methods
	Object-Oriented Software Design of Real Gas Effects for the DSMC Method
	Analysis of Numerical Errors in the DSMC Method
	Influence of Boundary Conditions and Chemical Reactions on the Rayleigh-Bénard Convection of a Rarefied Gas Mixture
	A Fast Iterative Synthetic Method for Discrete Velocity Calculations
	On the Accuracy of DSMC Modeling of Rarefied Flows with Real Gas Effects
	Dynamics of Fluid Dynamics Fluctuations by Particle Simulations
	DSMC Simulations of Fourier and Couette Flow: Chapman-Enskog Behavior and Departures Therefrom
	Lattice Boltzmann Method for Phase-Separating Liquid-Vapor Systems
	DSMC Implementation of the Schamberg Model: Comparison with the Maxwell Model
	Unsteady Outflow of the Vapour into Vacuum from the Flat Surface
	Flows of a Vapor due to Phase Change Processes at the Condensed Phases with Temperature Fields as Their Internal Structures
	Hypersonic Flow over a Wedge with a Particle Flux Method
	DSMC Simulation of Non-Uniform Flow Effects behind a Conical Nozzle
	Discrete Velocity Numerical Approach to Strong Evaporation of Graphite
	Simulation of Plane Poiseuille Flow of a Rarefied Gas with an Extended Lattice Boltzmann Method

	CHAPTER 6: DIRECT NUMERICAL SOLUTION OF THE BOLTZMANN EQUATION
	Direct Numerical Solution of the Boltzmann Equation
	DSMC Calculation of Vortex Shedding behind a Flat Plate with a New Intermolecular Collision Scheme
	A Fast Simulation Method with Arbitrary Viscosity Law

	CHAPTER 7: MICROFLOWS
	Comparison between Navier-Stokes and DSMC Calculations for Low Reynolds Number Slip Flow Past a Confined Microsphere
	The Impact of Accommodation Coefficient on Concentric Couette Flow
	Diffusiophoresis of a Spherical Volatile Particle
	Flow of a Rarefied Gas between Parallel and Almost Parallel Plates
	Geometric and Constitutive Dependence of Maxwell/s Velocity Slip Boundary Condition
	A Wall-Function Approach to Incorporating Knudsen-Layer Effects in Gas Micro Flow Simulations
	Carbon Deposition on Blade Surfaces of Laser Microactuator for Optical MEMS
	A Critical Review of the Drag Force on a Sphere in the Transition Flow Regime
	Direct Numerical Simulation of a Forced Micro Couette Flow Using DSMC
	Gaseous Flows in Microchannels
	Application of the DSMC and NS Techniques to the Modeling of a Dense, Low Reynold/s Number MEMS Device
	Hybrid Molecular Dynamics—Monte Carlo Simulations for the Properties of a Dense and Dilute Hard-Sphere Gas in a Microchannel
	Effect of Surface Forces on the Gas Flow in Nanosize Capillaries
	Flow of Gas Mixtures through Micro Channel

	CHAPTER 8: GRANULAR GASES
	Some Aspects of the Boltzmann Equation for a Granular Gas
	DSMC Evaluation of the Navier-Stokes Shear Viscosity of a Granular Fluid
	Impurities in Inelastic Maxwell Models
	Heat Flux in a Vibrated Granular Gas: The Diffusive Heat Conductivity Coefficient
	Green-Kubo Representation of the Viscosity of Granular Gases
	Motion of Nanoparticles in Rarefied Gas Flows
	Rarefied Flow through a Packed Bed of Spheres
	Stochastic Simulation of Thermoemission from Surfaces of Dusty Grains
	Stochastic Simulation of Fluctuation Stage of Phase Transfer on Solid Surface during Thin Film Formation
	A BGK Model for a Mixture of Chemically Reacting Gases

	CHAPTER 9: MOLECULAR BEAMS
	Stereospecific Control by Molecular Orientation
	Simulation of the Parameters of Seeded Molecular Beam
	Crossed Beam Studies of Prototype Insertion Reactions: C(1D)øH2 and N(2D)øH2
	Time Resolved Observation of Multiple Electronic Configurations in the Electronic Relaxation of Isolated Molecules by Photoelectron Imaging
	Development of High Energy Molecular Beam Source Using Small Shock Tube
	Structural Determinations and Dynamics on Floppy Molecular Systems
	Deposition from Supersonic Beams (SuMBE): A Kinetic Approach for Controlling Thin Film Properties

	CHAPTER 10: GAS PHASE MOLECULAR COLLISION DYNAMICS
	Multiscale Modeling of Molecular Collision Dynamics
	Modeling of OH Product Distributions Using QCT-MD and BL Models in a Bow Shock
	Deviations from the Mass Action Law in Non-equilibrium Gas Flows
	Electron-Molecule Collision Cross-Sections for Air Kinetics
	A Comparison of Semiclassical IVR and Exact Quantum Collinear Atom Diatom Transition Probabilities for Mixed Reactive and Non-Reactive Regimes
	Dynamics of Collision-Induced Dissociation of Two Molecules with Ionic Bond

	CHAPTER 11: GAS-SURFACE INTERACTION
	Progress in Gas-Surface Interaction Study
	Atomic Oxygen Recombination and Chemical Energy Accommodation on Alumina at High Temperature
	Out-of-Plane Scattering Distribution of Nitrogen Molecular Beam on Graphite (0001) Surface
	Multiscale Analysis for Gas-Surface Interaction of Hyperthermal SiH4 and Si(100) Surface
	Investigation of Transient Forces Produced by Gases Expelled from Rapidly Heated Surfaces
	Anisotropic Scattering Kernel and Temperature Jump at the Wall
	Scattering Kernel of Polyatomic Gases
	A Silicon Crystal Microbalance for Normal Momentum Transfer Study in a Gas-Surface System
	Analytic Solutions for the Probability of Atomic Surface Recombination as a Function of Surface Parameters
	Behavior of the Reflected Molecules of a Diatomic Gas at a Solid Surface
	Fractal and Statistical Models of Rough Surface Interacting with Rarefied Gas Flow
	Some Approaches for Study of Momentum and Energy Transfer in a Gas/Solids System

	CHAPTER 12: STATE-TO-STATE KINETICS
	H2 State to State Kinetics in Nozzle Expansion
	Behavior of Ro-Vibrationally Excited H2 Molecules and H Atoms in a Plasma Expansion
	Modeling Dissociation-Vibration Coupling with the Macroscopic Chemistry Method
	Experimental Study of Rotational Nonequilibrium in Low Density N2 Jets Using REMPI
	Quantum Molecular Dynamics Simulation of Dissociative Adsorption of H2 /Pt(111)
	A Combined MD Simulation and Experimental Investigation of the O2 Formation on b-quartz at High Temperature
	A Statistical Model for Vibration-Chemical Reaction Interaction in Gas Mixtures
	State-to-State Reaction Rate Coefficients, Distributions, and Gas Dynamics behind Strong Shock Waves
	Vibration-Electronic Kinetics and Radiation in a Non-equilibrium CO Flow behind a Shock Wave
	State-to-State Kinetics and Transport Properties of a Reactive Air Flow near a Re-Entering Body Surface
	Vibrational Populations of the Adlayer in Exoergic Processes at Solid Surfaces
	Kinetic Foundation of Nonextensive Gas Dynamics
	Consideration of the Vibrationally Linked Molecular Dissociation Model Based on the Kinetic Theory
	Vibrational Relaxation/Excitation Collision Model of Diatomic Molecules for Rarefied Gas Flows
	Transport Coefficients of a Single Reactive Gas

	CHAPTER 13: RAREFIED PLASMAS
	Monte Carlo Simulation of Charged Species Kinetics in Non-Equilibrium Gases
	Three-Dimensional Particle Modeling of Plasmas in a Reactor with Multipolar Magnetic Field
	Low Frequency Dynamical Behavior of the Plasma at the Exit Plan of a Hall Effect Thruster
	Geometrical Scaling of Hall Thruster Particle Model
	Modeling of Arc Jet Plasma Flow in Transitional Regime by Navier Stokes and State-to-State Coupling
	Strong Shock-Wave Interaction with an Expanding Plasma Flow: Influence on the CN Molecule Internal Modes
	Monte Carlo Simulation of Isotope Separation Phenomena by DC Discharge as Rarefied Gas Dynamics
	PIC/MC Modeling of Dusty Plasmas
	Measurement of Radial and Axial Neutral Gas Temperature in a Semi-conductor Plasma Reactor
	Hydrogen Plasmas for Negative Ion Production
	Capacitively Coupled Radio Frequency Discharge Plasmas in Hydrogen: Particle Modeling and Negative Ion Kinetics
	Non-equilibrium Vibrational Kinetics in Radiofrequency H2 Plasmas: A Comparison between Theoretical and Experimental Results
	Grid-Free Plasma Simulations Based on Hierarchical Treecode Field Solvers
	Transport of a-ray Generated Ion Clusters in Rarefied Flows
	Modeling of the Arc-Jet Plasma Flow in the SR5 Nozzle Using a Thermochemical Non-equilibrium and a State-to-State Approach
	Numerical Modeling of Hall Thruster

	CHAPTER 14: NON-EQUILIBRIUM PLASMA KINETICS (HYPERSONICS AND SCRAMJETS)
	Weakly Ionized Plasmas in Hypersonics: Fundamental Kinetics and Flight Applications
	DSMC Simulations in Support of the STS-107 Accident Investigation
	Testing Continuum and Non-Continuum Descriptions in High Speed Flows
	Hypersonic Rarefied Flow Simulation Using 2D Unstructured DSMC with Free Stream Condition
	Hypersonic Transversal Flow of Rarefied Gas Mixture Past Infinite Band
	Continuum Approach to Hypersonic Aerodynamics and Heat Transfer Prediction at Low Reynolds Numbers
	Solution of the Boltzmann Equation for Electrons in Laser-Heated Metals
	Evaluating Anisotropy and Thermodynamic Non-equilibrium in Hypersonic Transitional Regime
	Shock Wave Structure for Argon, Helium, and Nitrogen
	Direct Monte Carlo Simulation of the Transverse Supersonic Rarefied Gas Flow Past a Cylinder
	MHD of Aircraft Re-Entry: Limits and Perspectives
	Viscous Effects on Cooled Pitot Tubes in Hypersonic Low Reynolds Number Flows
	Dual-Mode Scramjet Operation at a Mach 5 Flight Enthalpy in a Clean Air Test Facility
	Relativistic Kinetic Theory of Magnetoplasmas
	Canonical Lie-Transform Method in Hamiltonian Gyrokinetics: A New Approach
	Plasma Expansion in Presence of Electric and Magnetic Fields
	Transport Properties of Equilibrium Argon Plasma in a Magnetic Field

	CHAPTER 15: EXPERIMENTAL PROCEDURES IN RGD
	Experimental Aspects of Code Validation in Hypersonic Flows
	Application of PSP to Surface Pressure Measurement in High Knudsen Number Flows
	Planar Laser-Induced Iodine Fluorescence Measurements in Rarefied Hypersonic Flow
	Laser Interferometric Measurement of Shear Stress in Low-Density Flows
	The Experimental Facilities at Laboratoire d/Aérothermique
	ICP Plasma Jet for Target Interaction Studies of O-atoms in O2 and CO2 Supersonic Flows
	An Analysis and Predicting the Efficiency of Atomic Oxygen Recombination and Chemical Energy Accommodation on Heated Silica Surfaces


	Author Index
	Help
	Search
	Exit

	copyright: 


