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The Design of Power Plants

• Various Components

• Geometrically and Aerodynamically 
Complex

• Difficulties in Conventional CFD 
Methods

• Need for a Numerically Simple and 
Fast Model to Couple with CAD

CADCAD

FNMFNM SPHSPH



Myung S. Jhon (mj3a@andrew.cmu.edu, 412-268-2233), Department of Chemical Engineering, Carnegie Mellon University 5

Circulating Fluidized Bed (CFB)

Hybridized CFD Method

Multiphase Flow

Turbulence

Chemical Reaction

Multiphase Flow

Turbulence

Chemical Reaction
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• Simplest Method

• Sparse Network Nodes

• Fast Simulation Speed

• Transient

• Gridless

• Easily Parallelizable

• Easy to Hybridize 

FNMFNM SPHSPH

Couple through Pseudo-particles
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• The single path flowrate adjustment method 
was invented by Hardy Cross (1936).

• The network solution technique was originally 
used in the calculation of pipe flows. 

• Steady-state or transient fluid flows in complex 
geometries

• Simplest mathematical structure and smallest 
computational effort
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• Hybridization with available CFD codes (e.g.,
SPH)

• Automated design process

• Extension beyond simple pipe networks

• Use of experimental data

• Use in virtual reality demonstrations
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• Construction of a graphical network using three key 
elements [nodes(Ni), branches(Bi), and loops(Li)]

• Unknown variables
-Flow distribution in the branches
-Pressures at the nodes

N3

N1

N2

N4

B1

B2

B3

B4
B5

B6

B7

L1 L2
Fixed 
Grade Node

L3

Fixed 
Grade Node
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Linear equations for mass conservation 
Nonlinear constitutive equations for pressure

Globally Linearized Loop Equations
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CAD Designs Length Scale
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Pressure Drop
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• Breakthrough Nature

– Lagrangian, Mesh-less, and Transient

• Easy Implementations

– Parallelization

– Complex geometry

– Fluid-structure interaction

– Turbulent & reactive fluid
• Particle/Field Hybridization

– SPH    Pressure Implicit Vorticity Model on other CFD codes
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J.H. Jeong, M.S. Jhon, J.S. Halow, and J. VanOsdol, 
“Smoothed Particle Hydrodynamics: Applications to 
Heat Conduction,” Computer Physics Communications 
153(1), 71, 2003.

Applications of SPH

Solid MechanicsSolid Mechanics

Compression of a Hyperelastic Material 
S. Li and W. K. Liu, “Meshfree and Particle Methods 
and Their Applications”, App. Mech. Rev. 55, 1, 2002.

Evolution of a Rotating Protostar
L. B. Lucy, “A Numerical Approach to Testing of 
the Fission Hypothesis,” Astron. J. 82, 1013, 1977.

AstrophysicsAstrophysics

Virtual Reality DemonstrationVirtual Reality Demonstration

Heat ConductionHeat Conduction

Current Poster Presentation
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Particle Dynamics
Ordinary differential equation (ODE)

Field Equations

Particle and Field Descriptions

Modeling of Multiscale Systems

Hybrid?

Partial differential equation (PDE)

SPH CFD

• Nanotechnology
• Particle/fluid coupling
• Chemical reaction
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Implementation of boundary conditions:
Ghost particle method

Pseudo-particle Structured grid

System
boundary

Interaction
boundary

Interaction domain

Ghost particle
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t=0.002 t=0.004 t=0.006

t=0.008 t=0.010 t=0.012

Irregular System Geometry with Dirichlet Boundary Condition
Illustration of the mesh-less nature of SPH

T
Dt
DT 2∇=

0tatTTT 10 =≠=

J.H. Jeong, M.S. Jhon, J.S. Halow, and J. VanOsdol, “Smoothed Particle Hydrodynamics: 
Applications to Heat Conduction,” Computer Physics Communications, 153(1), 71, 2003.
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• Mass & Momenta Balances
• Artificial Equation of State
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Test Example:
2D Vortex Spin-down Flow
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t = 2.0 t = 4.0

t = 6.0 t = 8.0 t = 10.0
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7 Equations            7 Unknowns
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• Vorticity( ) Transport Equation
• Poisson Equation for Vector Potential (or 

Stream Function), A
• Pressure is obtained from the calculated 

vorticity and stream function.
• The illustration below is based on the 

Eulerian view.

ω
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Vorticity (ω) Stream Function (ψ)

kω ˆω= kA ˆψ=
Vorticity Stream Function   

Pseudo-Particles (Eulerian)Pseudo-Particles  VelocityVelocity
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Particle Methods

• Lagrangian

• ODEs

Particle Methods

• Lagrangian

• ODEs

Continuum Methods

• Eulerian

• PDEs

Continuum Methods

• Eulerian

• PDEs

Velocity

Particle view Field view

mapping

Pressure

An accurate estimate of pressure is a prerequisite for hybrid SPH code development.
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PIVM or FNMPIVM or FNM

Generate the pseudo-particles.Generate the pseudo-particles.

Flow Chart

Compute the number density of the particles.
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PIVM: Pressure Implicit 
Vorticity Method
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2D Test Example

• FLUENT and PIVM results complement one another with nearly identical convergence times.
• When a velocity boundary condition is imposed, PIVM may be superior.
•
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FNM???

How about SPH/FNM hybridization?
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Hybridization

Velocity Calculation:
From SPH (Local Flow Feature 
inside Each Component)

Pressure Calculation:
From FNM (Global Feature of 
the System)
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3D Pressure profile via FNM
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• The development of a CFD code that links geometrical CAD 
software to an FNM/SPH for the general design process is 
discussed.

• A generalized FNM method suitable for hybridizing CFD 
codes is constructed.

• The capabilities of FNM is illustrated by two case studies; hot 
gas filtration & circulating fluidized bed test facilities at NETL.

• SPH fundamentals (including the weakly compressible flow 
and novel vorticity formulation) have been examined.

• The essence of SPH formulation is illustrated via test 
examples.

• FNM & SPH coupling codes suitable for virtual reality 
demonstrations are currently under construction.


