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BACKGROUND and OVERVIEW C 24 DUC 24 Protao 0 24 C d LI U AIC
« A novel modular, scalability receiver design for various
Concentrating Solar Thermal (CST)-Concentrating Solar
Power (CSP) applications and scale of economics.
« High-temperature, high performance operation to 0 A . a a ) | ) a . a . a 0) .
support Generation 3 CSP and solar thermochemical $— (A $— C $—
processes.
« Effective interaction with solar heliostat field for high
solar concentration and low thermal-optical losses.
* Low maintenance and 30-year service life. 'a [ ) 'a [ ) . 'a . a [ ) . a a
METHODS = = =
+ Assessed solar field layouts, tower height, & receiver DEPARTMENT O Office o R
design to meet thermal-mechanical performance. A &R AB R R PO 00-8918
0 oLO 0

* Incorporated particle heat transfer enhancement in
enclosed particle receiver. .

+ 1. Flux spreading to accommodate a low heat-transfer Opt|ca| Mode“ng of the |_|ght_Trapp|ng 50-MWt CommerCIal LTPCR
media; 2. Leading edge strategies; 3. Enhancing
particle/panel wall heat transfer, 4. Thermal-mechanical
performance and service life.
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* Protect leading-edge subjected to high incident solar flux. rccc\lvcr g e Thermal-

« Increase particle heat transfer by internal fins and LTS protection mechanical
fluidization control. Particle flow and heat transfer ) o ‘ } ; — i
modeling using MFIX software and lab test at CSM, UTK, — Heliostat aiming to align with cavity )
UCSD for heat transfer >1,000 W/m2-K e radial vector for Light trapping , . aY
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* Thermal-Mechanical Modeling use ANSYS and FENICS ~1 MW/m? Receiver consistsof anarray |77 " Thermal- KW Receiver [—i Prototype i

software with ANL Creep-Fatigue method Alloy-740 'F:‘“X 5’2’;)11\/“/3 e pEne of vertical planar cavities High-flux leading- 11| Mechanical creep- e Designs L Test g8
walls: < m . - i . N o Bl
metal panel to achieve 30-yr service lifetime. Tower receiver ¥ e rostin edgsiShickd i | |Smbatigie BIEVES i

+ Improve thermal performance by thermal management Testing Modeling Risk Mitigation for Prototype and Product assembly cost i £ " g
for 90% receiver thermal efficiency. e <100 $/kwt i :l

+ Cost analysis shows <100 $/kWt for a 50-MWt receiver Y ! ! - - ‘ ', 100 kWt Prototype to be Tested =
assembly including a wind tower and particle lift device. 1 | I > . Holistic Development from Prototype to Product

Mechamcal Modellng

« Mitigated risks and developd a 100 kWt prototype

- i Chemical System Cost (T5)
receiver for on-sun tEStIng. W Lifetime (T3) Integration (T5) \
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. . . . eficiency o
« LTPCR design enables inexpensive non-black particles for 90% Target Enhancing Particle Heat Transfer Thermal tress /. Design for Manufacture /. CsP Adoption by OEM
low-cost, high efficiency CSP and solar thermochemical 1 7socprideat 8| | L Leading edge Protection /" Varying solar iradiation /  propert Applcations/Scsle / 1pcr
processes. Partlcle Heat TransferTesnng, Modelmg b L L E L L L L Target: 90% for >750°C
. . . Operability (T1, Scalability (T3, Market sy
Developed the principle of the planar-cavity receiver for . Ta) Ta) PUBMPHINGIENY  S60-5100/kWr, 50-150
flux spreading and light trapping IRz LDALS oo s e
+ LTPCR enclosed particle receiver is feasible with particle to be installed and tested at —_ PURDUE SEPe 1INES
KSU particle-CSP test facility. ¥ UCSanDicgo @‘msmmw Ji U VERSITY OF HOUSTON

heat transfer enhancement and

optical/thermal/mechanical performance.
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