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FACILITY OVERVIEW
A concentrated solar thermal high-temperature high-pressure supercritical CO2 (sCO2) facility [ 1 ] has been
developed for testing multiple-kW-scale solar thermal receivers and heat exchangers. The system pressure
and temperature in the solar thermal loop is limited to 200 bar and 750 °C, respectively. A circulator pump
[ 2 ] supplies the closed loop test facility with a mass flow rate of up to 0.1 kg/s at 10 bar differential pressure
and a burner facility [ 3 ] can be used to preheat the sCO2 flow to the desired inlet temperature up to 550 °C.

Liquid CO2
pumping frame

CONCENTRATED SOLAR THERMAL RECEIVER TESTING
Concentrated solar input is provided by means of a seven meter parabolic solar dish [ 1 , 4 ] capable of a
concentration ratio of 900-1000 suns and a heat rate of 25 kW. A 3-stage heat exchange system is
implemented in the facility to reduce the sCO2 temperature from a high of 720 °C at the exit of the receiver to
ambient temperature prior to being routed back to the liquid CO2 pump [ 1 , 5 ].
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PROJECT HIGHLIGHTS: ON-SUN sCO2 RECEIVER CHARACTERIZATION
In one of the very first demonstrations of on-sun performance of sCO2
receivers, a microchannel solar thermal receiver (MSTR, 6 ) was
designed, fabricated and tested in the solar-sCO2 loop.
 A laminated MSTR [ 6 ] with microscale pin fins in the foot print of
8cm x 8cm was designed and fabricated out of Haynes 230 using
wire EDM and diffusion bonding.
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 The MSTR was shown to withstand a static pressure of 200 bar at
520°C, and cyclic pressure between 1-200 bar at elevated
temperatures up to 600°C [ 7 ] with zero leakage.
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 On-sun testing of the MSTR was performed over two days.
Performance was demonstrated at receiver exit sCO2 temperatures
of up to 330 °C at system pressure in excess of 150 bar [ 8 ].
W/cm2

 The MSTR could absorb heat fluxes in the range of 8-80
with
both thermal and receiver efficiencies greater than 91 percent. The
maximum values for 𝜂𝑟𝑒𝑐 and 𝜂𝑡ℎ were respectively 0.93 and 0.98 at
"
𝑇𝑠𝑢𝑟𝑓𝑎𝑐𝑒 of 192.5 °C- corresponding to 𝑞𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡
of 21 W/cm2 [ 9 ].
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SOLAR THERMAL RECEIVER/HEAT EXCHANGER INTEGRITY TESTINGPRESSURE AND TEMPERATURE TEST STAND
The pressure and temperature (P&T) test stand is used to test the mechanical
integrity of the test heat exchangers through static and cyclic pressure testing
at pressures up to 200 bar and temperatures of up to 800 °C. The test stand
consists of the burner facility [ 3 ], a 165 kW (500,000 BTU/hr) natural gas
burner connected to a steel P&T test chamber by a 21-inch diameter quick
connect rigid steel ducting and electronically-controlled instrumentation that is
used for cyclic pressure and temperature testing of sCO2 heat exchangers,
recuperators and solar receivers.

ONGOING PROJECTS
 Microchannel sCO2 solar receiver integrity and on-sun testing (Funding Agency: US
Department of Energy, award: DE-EE0007108; Lead institution: Oregon State University

7

Western Cooling Efficiency Center

 Additively Manufactured Primary Heat exchanger/waste heat recuperator (Funding
Agency: Office of Naval Research, award: N00014-17-1-2811; Collaborators: Carnegie
Mellon University)

