
Transcritical CO2 Cycle 
Technology

Joo Seok Baek, Eckhard Groll and 
Patrick Lawless

Purdue University



Outlines
● Introduction and objective
● Design and construction of a work producing 

expansion device
● Experiments with the expansion device
● Suggestion of how  to use the expansion 

device
● Conclusions
● Future work



1. Introduction and objective
● Why CO2 as an alternative refrigerant?
h Zero ozone depletion potential and negligible global 

warming potential
hNon-toxic and non-flammable
h Transcritical CO2 cycle

● Advantage
h Strong consideration of reduced weight and volume in 

package system

● Disadvantage
h Poor system performance of transcritical CO2 cycle



1. Introduction and objective (cont.)
● Objective
h To design, construct 

and test an expansion 
device with output 
work (ED-WOW)

● Why ED-WOW?
h Extraction of work

iReduction of work input

h Lower enthalpy at the 
inlet of the evaporator
i Increase of evaporator 

capacity
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2. Design and construction of a work 
producing expansion device
● Design of the ED-WOW
hDesired operating conditions

iHigh-side pressure: 10.3 MPa
(1500 psig)

iHigh-side temperature: 49 °C 
(120 °F)

i Low-side pressure: 3.4 MPa
(500 psig)

h Type of the ED-WOW
iPiston-cylinder assembly 

device
iControlled by solenoid valves.

i 2 intake and 1 exhaust valves
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2. Design and construction… (cont.)
● Based on a flat two-piston 

device with horizontally 
opposing cylinders
h Using commercially available 

crank, crankshaft, connecting 
rod and pistons

h Modification of crankshaft.
i Out-of-phase firing order to 

reduce need for mechanical 
inertia (flywheel)



2. Design and construction… (cont.)
● Design of cylinder head
h To attach solenoid valves to 

the expansion device

● Assembly of the ED-WOW

Fabricated cylinder head



2. Design and construction… (cont.)
● Enclosure
hHigh operating pressure 

(1500 psig)
h Prevent CO2 from leaking 

out of the system
h Two domed caps with 

flanges



2. Design and construction… (cont.)
● Measurement of work output through the ED-

WOW
hHydraulic pump connected to the ED-WOW
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3. Experiments with the ED-WOW
● System test
h Incorporation of the 

ED-WOW into a 
prototype transcritical 
CO2 cycle

h Test conditions
i Indoor temp. = 20°C
iOutdoor temp. = 35°C
iCO2 mass flow rate

i Case 1: 9.7 g/s
i Case 2: 11.6 g/s
i Case 3: 13.5 g/s
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3. Experiments… (cont.)
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3. Experiments… (cont.)
Results of experiments with ED-WOW

COP improvements
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4. Suggestion of how to use the 
expansion device
● CO2 cycle with two-

stage compression 
including intercooling
hDifferent pressure ratios 

across the compressors 
should be considered for 
the maximum system 
performance during 
warm weather season
i

hUsing the ED-WOW to 
run the 2nd-stage 
compressor

Two-compressor system (Intercooler cycle)
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4. Suggestion… (cont.)
● Without using ED-

WOW
hWith same p-ratios

iCOP = 3.774
iP-ratio = 1.69

hWith different p-ratios
iCOP = 3.941
iP1-ratio = 2.32
iP2-ratio = 1.23

hMaximum COP occurs 
at considerably large 
p1-ratio compared to 
p2-ratio

COP of Intercooler cycle with different 
pressure ratios across the compressors.
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4. Suggestion… (cont.)
● Significant system improvements with ED-WOW

h Tinlet of 1st-compressor = 20°C, Tair = 35°C, and phigh = 10 MPa

Note: (1) COP of Basic cycle with one compressor 
and expansion valve

(2) Isentropic efficiency of 50%
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5. Conclusions
● A work producing expansion device has been 

designed and constructed
h Piston-cylinder assembly device

● Experiments have been conducted with the ED-
WOW in a transcritical CO2 cycle
h Improvements of system performance: 6.7~9.9%

● Suggestion for the use of the ED-WOW to run the 
2nd-stage compressor in a two-stage compression 
CO2 cycle
h Significant improvement of system efficiency up to 29% 

based on thermodynamic analysis



6. Future work
● Design optimization of ED-WOW
h Improvement of piston ring reducing the leakage of CO2

h Increase of the rotational speed of the ED-WOW to 
reduce torque loading

h A hermetically sealed expansion device should be 
constructed
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