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INTRODUCTION — Centrifugal Particle Receiver (CentRec)

- How CentRec Works

rotational axis e o
)
particle inlet ® o
I
\ / _ feeding cone i
a2 - i
@ ! Q@
@) | @)
O ! O
o) ! o)
O | O
O - O
Q [ Q
o) | o)
o [ @
9] ! 9]
Q | Q
o i O
o | @
9] i O
@ - @
@ I (]
@ i @
@ ! @
@ ! ®
collector ring
i L
i @ o
particle outlet aperture

i DLR



file://STFS02.intra.dlr.de/SF-ST/31_Abt_PFS/11_ProjekteLaufend/HGF_HVF-CentRec_3012177/4_Ergebnisse/5_Praesentationen/Video/CentRec_Modell_small.mp4
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THEORY — Numerical Receiver Model
PhD Wel Wu

=7 Numerical receiver model based on FEM simulations and
validated by experiments

7 Receiver efficiency > 85% predicted at 900°C particle
outlet temperature for input heat flux of 1 MW/m?
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THEORY - Granular flow
PhD David Trebing

Gravity vs. acceleration due to circumferential force
7 angle of inclination Orec = Orec(a,r, w, Q)
=7 Inclination of rotation axis a
- Radius r
=7 Angular velocity w
=7 Angular position on circumference of receiver ()

Granular flow with inclination of rotation axis 45°

—~ Total film height
=7 Surface velocity
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videos/Partikelbewegung CentRec 1m2 Apertur ca 600g_pro_s_small.mp4
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PROTOTYPE AND EXPERIMENTS -
Prototype in Laboratory Scale 15 kW, “CentRec15”
PhD Wei Wu
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- Particle film tests
=7 optical dense film

—Z good controllability regarding
particle retention time
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PROTOTYPE AND EXPERIMENTS - 1
“CentRec15” Experimental Results
High Flux Solar Simulator
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PROTOTYPE AND EXPERIMENTS -
Upscaling

—~ Lab scale prototype 7 Future pilot plant prototype

7 7.5 kW, 7 Commercial setup 2.5 MWy,

— Aperture @ 137 mm |:> — Aperture @ 1130 mm

— Particle T, ,900°C reached

out

=7 Design particle T, 1000°C

out

7 Specific hardware costs of

presented prototype 100 €/kW,,
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PROTOTYPE AND EXPERIMENTS - “CentRec500“
How CentRec Looks Like

maintenance position | operating'position

sofrared heater | ‘lnfrared heater



videos/CentRec_small.mp4
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PROTOTYPE AND EXPERIMENTS -”CentRec500*
cold particle and non-solar tests with IR-heater (100 kW)

— Optical dense film
-7 Particle outlet temperature 420°C
— Temperature on inner wall 700°C
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PROTOTYPE AND EXPERIMENTS -”CentRec500“

On-sun test in Solar Tower Juelich

7 Receiver tests in Jilich Solar Power Tower in 2017 (500 kW4,
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HEHTRES
,,High Efficiency High Temperature REceiver System*

7 Test facility for particle systems in ,Multi Focus Tower” Julich, Germany
— Receiver 1 MWth @ 900°C, storage, transport system, heat exchanger
7 Commissioning 2020

Ruckkunler
B
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R&D on (Solar) Particle Technologies at DLR

Particle Technology Working Group Meeting
19./20.04.2017, Riyadh, Saudi Arabia
R. Buck
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Falling Particle Receiver

PhD thesis about experiments and modeling (DLR institutional funding)

Model validation (Sunshot Particle Receiver Project) e
« Sintered Bauxite particles (proppants) Im
- State of Work: 150005
« Model developed for cylindrical cavity receiver, 400 MW,,, 200 — 800°C Imm

- Cold flow validated with falling particle experiments W

« Receiver efficiencies: 59%@20% load, 92% @full load, 3 recirculations
« Model for 1 MW,, SNL prototype

« Cold flow: good agreement between model an SNL experiments ]
« Hot flow: not yet completed
Particle Velocity Pane Taa E’;’,’;‘f.;:{;ﬁ: t
6 .550e+000
| m- — 1.193¢+003
74 l’a 85300 8.055e+002
E .
'L 15 4.178e+002
E 2 U = 1.500e-001 3.000e+001
¢ [ms*-1] e
1 .-.
0¥ ‘ v :
0 05 1 15 2
distance from release (m)
= SNL experiment, 6.45 kg/s  * CFX

y

DLR



DLR.de * Chart16 > Particle Technology Working Group Meeting > R. Buck >19./20.04.2017

Solar rotary kiln to treat reactive particles

SolPart project (EU-H2020 funding)

Solar treatment of reactive particles at
industrial scale (application: calcination of
cement raw meal and phosphate)

Solar reactor:

« Continuously operated solar rotary kiln to
heat and calcine particles of cement raw
meal at ~ 1000°C (solar) under air and CO,
atmosphare. Numerical and experimental
analysis.

Storage:

« Particles produced in 8h are stored at a
temperature higher than 900°C and delivered
during 24h

« Numerical and experimental study
Handling:

- Particles flow is controlled through a short
vibrating pipe, placed below the storage
Contact: stefania.tescari@dlr.de

i DLR
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Particle Receivers for Thermochemical Systems

RedoxStorE project (DLR institutional funding) " N __— Particle nlet
- Storage by thermochemical reaction and - || e

sensible heat
- Particles based on Mn-Fe-mixtures:
« Oxidation at = 800°C (discharge)
« Reduction at ~ 1000°C (charge, solar)
 Properties of various mixtures measured

« System components under development
Contact: stefania.tescari@dlr.de

Hot particles
storage tank

Solar particle
%ﬂeceiver ﬂ
000°C ® Solar field
®
>

PEGASUS project (EC co-funded)

« Sulfur-based thermochemical cycle for power
generation with long-term storage

« Receiver for heating of catalytic particles
« Hot particles used for H,SO, evaporation and

—» i Oxygen

decomposition ot
« Gas turbine with Sulfur combustor I o o
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HEST-HY Project Vhcusg Chamber

Particle Inlet Vacuum Quartz Window
Pumping Port
Aperture \ )

Subcontract SNL, STCH project, DoE funding
» Hydrogen production by Redox Cycles
» Particles ~250um Cerium Oxide

« Separate chambers for Reduction (DLR) and
Water Splitting (Sandia)

 Particle flow rate controlled by variable orifice
« Particle heated in continuous moving thin bed now Rate

High Temperature Particle

« Target temperature: 1450°C Insulation TG it .

Particle Outlet  (ollection

 Partial vacuum system: 10pa min., 1atm max.

* Narrow tubes packed with particles between
components for pressure separation
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Particle Transport Tests

DLR Contact jUStIn Iapp@dlr de
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Modeling of vacuum particle receiver reactors for
thermochemical fuel production

Dissertation Johannes Grobhbel
(DLR institutional funding)

- Experimental investigation of heat transfer in
ceria particle beds under vacuum conditions

« Development of versatile discrete element
method (DEM) model for solar particle receivers:

« heat transfer model for dense particle beds,
including radiation

« chemical reaction model
« implementation in CFDEM/LIGGGHTS code

- validation with lab experiments

Contact: johannes.grobbel@dlr.de
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Solid State Heat Recovery: Particle-Particle Heat Exchanger

Concept: Combine co-current HXs to Experimental setup to characterize
obtain quasi counter-current HX heat transfer at up to 1100°C
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Research Activities Particle Heat Exchanger

Experiment: Modelling:
- Flow measurements using a transparent - Continuum-model approach (Eulerian
HX mockup and PIV analysis model with two phases)
- Thermal measurements with stainless - Flow field
steel HX up to 600 °C > Temperature field
" - Discrete Element Methode (DEM)
- Flow field

Drive

Mass flow meter

Bulk storage

Tube chain

conveyor

MBHE

Experiment  Continuum DEM
(Streamllnes) (Velocity magnitude)

Rotary valve
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Investigation of Particle Attrition and Abrasion

Particle attrition:
« Impingement test, modified Miller test, shear cell

« For CentRec conditions:
particle loss value < 0.32 €Ct/kWhy,

Onilatingliding
—

The modified , counter body

GeeeesIesNee

R

Abrasion on metallic samples:
« Slow sample movement through heated particle bed

Vertical section

« Increased abrasion at
higher temperatures

Low alloyed Martensitic Ferritic steel Austenitic Austenitic Ni-base
steel 13CrMo44  steel VM12 1.4509 steel 304 steel 310 alloy 617

Contact: reiner.buck@dlr.de
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Particle Receiver System for Process Heat

Modular concept: Particle Transport
Particle Receiver System
Hot Storage

« Module specs: s "
« 2.5MW,, peak / 0.8 MW,, baseload *
| 1]

« 1ha footprint e .

Process Heat
Number of modules can be adapted to needed | Backcup Reater #-’ Application
capacity S
Optional: transport of hot particles over some km Heliostat Field
allows the solar plant to be built off-site

Use for:
« Metallurgy
« Process Steam
* Process Heat

Solar Tower Cold Storage
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Contact: reiner.buck@dlr.de
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Questions?
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