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Learning Objectives

» Introduction to a CO2 compressor using a novel driving mechanism
> Introduction to the integrated simulation model

ASHRAE is a Registered Provider with The American Institute of Architects Continuing
Education Systems. Credit earned on completion of this program will be reported to
ASHRAE Records for AIA members. Certificates of Completion for non-AIA members

are available on request.

This program is registered with the AIA/ASHRAE for continuing professional
education. As such, it does not include content that may be deemed or construed to
be an approval or endorsement by the AIA of any material of construction or any
method or manner of handling, using, distributing, or dealing in any material or
product. Questions related to specific materials, methods, and services will be
addressed at the conclusion of this presentation.
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Outline

> [Introduction]

» Modeling Effort

Kinematics model

In-cylinder process model

Gas pulsation in discharge pipes

Overall energy balance model

» Numerical Methodology
» Simulation Results

> Future Work
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Introduction

 High efficiency mechanism to convert
shaft rotary motion into piston
reciprocating motion.

e Patents
35+ patents issued since the first patent in 2000
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Introduction

> Features
e Oil free

 Less frictional power loss

« Variable capacity control
(constant clearance volume above the piston top!)
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Kinematics Model
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Kinematics Model
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Kinematics Model
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In-cylinder Process Model

Governing equations

- Continuity equation: dm, _ dm,,,  dm; _dmg,  dm
dt  dt  dt dt dt

—~> Kinematic equation: dv, _ 1 dV, V, dm
dt m, dt m? dt

- Energy equation: 0Q AW _d(my,) , My, AW, AWy dMy
dt  dt dt dt dt dt dt

|eakage model: isentropic, compressible fluid
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Gas Pulsation in Discharge Pipes

- Anechoic assumption

- Elson and Soedel’s method (1974)

oscillated acoustic

Impedance pressure gas density in the pipeline
\Z P 56 ) /
= = S
u pul

\

gas velocity  speed of sound
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Overall Energy Balance Model
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Overall Energy Balance Model
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Overall Energy Balance Model

» Heat transfer categories:

Convection along the horizontal plate

Convection along the vertical plate

Convection along the horizontal pipe

Convection along the vertical pipe

Heat conduction between cylinder plate and case shell

(neglected here)

1/27/2016
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Overall Energy Balance Model

Real pipe arrangement
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Numerical Methodology
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Numerical Methodology
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Simulation Results
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Simulation Results

» Effect of discharge pressure
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Simulation Results

» Effect of discharge pressure
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Simulation Results

> Effect of stroke-to-bore ratio
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Simulation Results

» Effect of stroke-to-bore ratio
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Future Work

» Dynamics model (frictional power loss)

» Performance testing of the prototype compressor
» Discharge pipe gas pulsation measurement

» Validation of the simulation model

> Parametric studies
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Questions?

Bin Yang
yang62@purdue.edu
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