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Session Learning Objectives

Describe the benefit of using CO, as refrigerant in DX-GSHP systems.

List some important parameters for designing CO, DX-GSHP systems.

("« For the prototype CO, GSAC, discuss the variation of capacity, efficiency, with N
entering liquid temperature (ELT).
* Compare the efficiency and capacity of the prototype CO, GSAC with the
\_ R410A GSHP. )

this presentation

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 AIAJASHRAE 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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* Using CO, as a refrigerant

* Description of prototype CO, GSAC
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Using CO, as a refrigerant



CO, as a refrigerant

. A dvanta es : — transcritical
g - 8000} T~31°C
* Environmentally friendly (GWP* =1, ODP* = O)i soool I chr't'ca'
() i
* Non-toxic, non-flammable g 4000/
* Low pressure ratio (<2) = high comp. eff. = 2ooo§
° . . 0: N 1 | 1
High density - low pressure drop 300 200 100 0

Enthalpy [kJ/kg]
* Challenges

* Low critical temperature: T_= 31 °C (88 °F)
* Low thermodynamic cycle efficiency
e High-pressures: =10000 kPa (1450 psi) @ ELT 40 °C (104 ° F)

*Abbreviations:

. %ubcriticaIj&\transcriticjaIoperation

GWP = global warming potential

Y Y
ELT* < 25 °C ELT > 25 °C (77 °F) ODP = ozone depletion potential

ELT = entering liquid temperature



Prototype CO, GSAC



Prototype CO, GSAC

e Residential liquid-to-air GSAC
* Capacity: 5to 7 kW (1.5 to 2 ton)

* Vapor-compression cycle with liquid-line /

suction-line heat exchanger (LLSL-HX)
* Cooling only

* Plate heat exchangers

* Condenser / gas cooler

* LLSL-HX

* Fin-tube evaporator

* Reciprocating compressor (semi-hermetic)

Evaporator

nig 18
%?EEV ran @.

<
-

Y

Liquid-line / suction-line
heat exchanger

Compressor

ELT

Pump

Ground heat
exchanger



Prototype CO, GSAC

* MAWP - High side: 12000 kPa (1740 psi), Low side: 7000 kPa (1015 psi)

* Component specifications available in forthcoming NIST Technical Note [1]

Electric Water Pum Thermostat
Enclosure ™ : P Diff. Pressure
w’\ Water Transducer Pressurs
Frequency _ .a.e = Flow Meter Supsthast Burst Disc
Inverter [ T - B
] e Controller .
Refrigerant EEV
Condenser =gy Flow Meter Bl
LLSL-HX —d ¢ Evaporator
Oil Separator —L —
Aluminum A
Frame Humidity
Sensor
Air-Inlet .
C 3
ESiEscs Pressure Port IFr;ITe[';gr

*Abbreviations:

EEV = electronic expansion valve

RTD = resistance temperature detector




Test facility & protocol



Test facility

e System tested inside an environmental chamber
* Measured capacity (latent/sensible), electricity, COP

e Controlled airflow, drybulb, dewpoint, liquid flow, entering lig. temp (ELT)

Insulated duct

GSAC




Test facility - measurements

< GSAC I Liquid-side test apparatus
—>
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Test protocol

e |SO 13256-1: Standard for water-source heat pumps [2]

* Ground loop antifreeze: water/ethanol/isopropanol (70/25/5 %)

Test Conditions

I ) ) e

Drybulb, °C (°F)

Dewpoint, °C (°F)

Airflow, L/s (ft3/min)

Static pressure, Pa (in H,0)
Liquid flow, L/min (gal/min)

Entering lig. Temp., °C (°F)

27 (81) 32(90)  21(70)
14.7 (59) 19.2(67)  11(52)
342 (725)
58 (0.25)
17 (4.5)

25(77) 20(68)  39(102)  10(50)



Test protocol

* ‘Extended’ tests - additional liquid temperatures

Test Conditions

_ ELT-1 | ELT-2 | ELT-3 | ELT-4 | ELT-5

Drybulb, °C (°F) 27 (81)

Dewpoint, °C (°F) 14.7 (59)
Airflow, L/s (ft3/min) 308 (650)
Static pressure, Pa (in H,0) 58 (0.25)
Liquid flow, L/min (gal/min) 21 (5.5)

Gnteringliq.Temp.,°C(°F) 10 (50) 15(59) 30(86) 35(95) 36.8(98))




Test results



Test results - Capacity & Sensible Heat Ratio

e Capacity and SHR include adjustments to fan & pump power, per ISO 13256-1
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Test results - Coefficient of Performance

* COP includes adjustments to fan & pump power, per ISO 13256-1

Coef. of performance [W/W]

/ /
(50 °F) (104 °F)
N J \ J
Y Y

subcritical transcritical



Test results - Coefficient of Performance

* COP includes adjustments to fan & pump power, per ISO 13256-1
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Test results - Pressure

10000 Error bars: k=2 (95 % Cl) oo T ELT'5—’I’,° I /0 1 1450 psi
i A max ]
9000 - e E}-4 .
L transcritical - i
o | critical pressure A o i
< 8000 [ oA Standara\ N\ :
g 7000 - part-load\' L 'b 1 1070 psi
0 - e i
) i o 1
< FETis A\ v )
Q- 6000 L minimum //\_/ \ subcritical b
i \.;// compressor discharge ]
5000- compressor suction . ]
I o —————®— o ]
i o ————— "’”’—/—, ——————— * i
a0l . . . 1-600psi
5 10 15 20 25 30 35 40
/ ELT [°C] /
(50 °F) (104 °F)
\ J \ J
Y Y

subcritical transcritical



Test results - Compressor Efficiency

* Compressor efficiency ny,a = Myes* Ahieon/ Woee [3]
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Comparison with R410A GSHP



Comparison with R410A GSHP

* Compared CO, GSAC with a R410A GSHP

* R410A GSHP
e Similar size: 7000 W (2 ton)
 Commercially available
* Entry-level price (low cost)

* Data from manufacturer’s website [4]



Comparison with R410A GSHP

9000

CO, GSAC had lower capacity w/ ELT > 20 °C (68 °F)

CO, GSAC had higher SHR
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Comparison with R410A GSHP

* CO, system had lower COP w/ ELT > 20 °C (68 °F)
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Conclusions & future work



Conclusions

* Tested prototype CO, GSAC in cooling, ISO 13256-1
 Measurements: capacity, COP, SHR, pressures, compressor efficiency
* Transcritical cycle when ELT > 25 °C (77 °F)

* CO, GSHP vs. R410A GSHP
* CO, GSAC had lower capacity & COP with ELT > 20 °C (68 °F)

¢ CO, GSAC had higher SHR

* Additional work required to make CO, system competitive



* Increase CO, GSAC efficiency

* Ejector
 Compressor design (leverage low pressure ratio)

* Heat exchanger design (leverage low pressure drop)

* CO, system in heating mode
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