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“"Optimum” High-Side Pressure

o Heat rejection in super-critical region

o High-side pressure independent of ambient
temperature

e Optimum” high-side pressure where COP
maximum for given operating conditions
(ambient temperatures, compressor RPM)

ACTENATE REFRIGERANT

SYSTEMS SYMPOSIUM
JULY 911 « SCOTTSDALE, ARIZONA



Performance of System with
Isenthalpic Throttling Process

High-side pressure adjusted with expansion
valve setting
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System with Work-Extracting
Expansion Device (Expander)

Benefits: 1. Reduce net work-input to system
2. Increase cooling capacity

Performance improvement: 30% to 65% in COP

Objective: Control strategy for maintaining optimum
high-side pressure under all operating conditions
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Options for Adjusting High-Side
Pressure in Expander Cycle

Variable Expander Speed
(or Displacement Volume)
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Modeling Assumptions

Constant volumetric and isentropic
efficiency of compressor and expander

Constant UA value for heat exchangers

Perfect accumulator at evaporator outlet
=> saturated vapor at evaporator outlet

Energy balance, mass balance, and heat
transfer determine high-side and low-side
pressure
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Variable Expander Speed

o High-side pressure adjustable
e COP can be optimized
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Upstream Expansion Valve

Gas Cooler
]
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"‘ Compressor, "‘ -

Expander

e Only increases high-side pressure
o Effect on high-side pressure small

e COP cannot be optimized
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Downstream Expansion Valve

Gas Cooler

Compressor
Exp. Valve

o Only increases high-side pressure
o Effect on high-side pressure small

e COP cannot be optimized
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Parallel Expansion Valve

R o Only reduces high-side pressure
°X ’AA\ s « COP can be optimized
[}3 ompressor
—F e Maximum COP lower than with
variable expander speed
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Findings:
o CO, expander-cycle has “optimum” high-side
pressure

o Options for optimizing high-side pressure:
* Variable expander speed
- Additional expansion valve parallel to expander

o Option of choice: variable expander speed

Control Problem:

o How does “optimum” expander speed change
with operating conditions?
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Constant "Optimum” Expander Speed
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Optimum Expander Speed at Varying
Compressor Speed

o Optimum expander speed
changes with compressor RPM

COP

_ 1 e« Does not change proportional
23 Tamo = 45°C: Ve variable 4 with compressor speed
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Expander Speed [RPM]

COP close to optimum if expander speed
changed proportional to compressor speed
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Optimum Expander Speed at Varying
Compressor Speed and Temperatures
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Component Design and High-Side
Pressure Control for Expander Cycle

e COP close to maximum for constant ratio of
expander speed to compressor speed over
wide range of compressor RPM and ambient

temperatures  , Design optimized integrated
Gas Cooler compressor — expander with

‘ — \ common shaft
Compressor - Expander
[‘ ‘] c-° Minimize losses of expander
work-output
|_|:|_| o Additional high-side pressure

Evaporator control not necessary

2002 SAEAUTOMOTIVE o Possible penalty: Long pipe in engine
st compartment => heat transfer




Future Work

o Variable heat transfer coefficients

e INnclude realistic accumu

ator

o Realistic compressor anc

expander

performance (current work at CEEE)

* Valve losses

» Internal leakage

* Internal heat transfer

e Different compressor and

expander types

o Optimize compressor — expander coupling
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Conclusions 1

o High-side pressure can be optimized with
variable expander speed or expansion valve
parallel to expander

o Variable expander speed gives best performance

o Optimum expander speed independent of
ambient temperature at constant compressor
speed

o Optimum expander speed dependent on
compressor speed, but not proportional
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Conclusions 2

e COP near optimum for wide range of operating
conditions with suitable constant ratio of
expander speed to compressor speed

o Match optimum expander speed with compressor
speed by optimizing displacement volumes

o Design integrated compressor — expander device
« Minimize transformation losses of expander work
* Minimize space requirement
 Minimize weight
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