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Introduction
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* high cycle efficiency
* low co-firing rates

e ‘baseload’ characteristics
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Introduction
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tubular metallic absorber

Toutmax = 800 °C
* ‘macro-volumetric’ effect
* dual-cooling of absorber
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Implementation

SOLGATE receiver
system (Buck, 2003)
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Implementation
Boundary conditions for HPAR system (5 MW, GT)

*  Mpress. air = 20.5 kg/s

L o = 14.7 bar
e T, =400 °C
o T, =800 °C
* Opessan = 9MW,
¢ Ttube,max =950 °C

¢ ApHPAR,max =100 mbar
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Modeling and First Findings

Visualization of hit points from
i | HPAR ray tracing simulation
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Modeling and First Findings

o flux distribution greatly

Influenced by tube layout

— angular offset ¢,
— distance Ar/ Agp

— receiver tilt

— wall design/properties

— (solar field/sun position!)
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row number from aperture (‘11° = back wall)

flux penetration for differing angular offset between rows ‘2’ and ‘3’
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Modeling and First Findings

Assumptions:

 infinitely long tubes

 same T-profile per row

« for radiation: tube has binary T-profile (front/back)

More detailed thermal radiation model should be applied (see
Section ‘Outlook’)
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Modeling and First Findings

e Gnielinski correlation enhanced for circumferentially changing
flux after Reynolds (1963) and Gartner et al. (1974)

 chosen:D;=25mm/Lp.=2m/ 100

Nows = 10 (in series) = o

>U .. =15m/s E .

-> Re.an = 40000 & .

-> Mpax = 0.03 kg/s (per flow path/column) ; .

-> NUpeon =83/ hean = 30 W/(M? K) O
0 5 10 15

flow path length [m)]
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Modeling and First Findings

« serial flow path leads to
low flow velocity and
heat transfer

e Qgre =1.11 MW,

temperature [°C]

500 T Ttube,min

"""" Ttube,ma,x
I \

0 D 10 15 20
flow path position [m]
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Modeling and First Findings

o partially parallel flow
paths appears more
favorable

* however, larger
temperature difference

occur between tube and
air for higher air velocity

e Qpe =3.49 MW,
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Modeling and First Findings

. 900
« temperature difference between
absorber (front) and air can be <00 | A
lowered by increasing heat _ Y
transfer through HTEs at the 100 / /
cost of higher friction factors 5
e Chenetal. (2001) recommend £ *°| // e
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Modeling and First Findings

e so far heat transfer * ForU eano =4mis
modeled as flow around — NUpeano =20
iIndividual tubes only — AT, =35 °C

« more detailed (3-D) model e ForU,..,, =0.4m/s
will be build in CFD _ Nu... . =63

mean,o '
— AT,, =102°C

* wanted: AT, ,>400 °C
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Modeling and First Findings

* heat transfer in tube bundle too poor to heat up
considerable amount of air to desired temperature

« at lower velocities, wind will be problematic

 more elaborate modeling necessary but not expected to
change the heat transfer to the needed extend

o external HTE or additional volumetric receivers at the inner
wall are conceivable
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Outlook

« A CFD model will be created to conduct more detailed
simulations of thermal radiation, heat transfer under
circumferentially inconstant flux and heat transfer from the
tube bundle to the unpressurized air stream

« additionally to the basic layout, the following enhancements
will be investigated:

— external HTEs

— quartz glass inserts for radiation distribution and flow
improvement
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