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Working principle of solar power towers

Transforming radiation into
thermal energy .
Ray — Receiver
L™\ |
\\@6\\0
o

T_ » Thermochemical cycles

» Solar methane reforming

Concentrated  Solar high-temperature electrolysis

solar radiation

Heat Storage
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Heliostat Field
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Receiver technologies

« Convex or concave receiver types

» Absorber: black pipes heating either
molten salt or directly vaporizing water

* Closed process
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Open volumetric receiver

* Absorber: black porous ceramic structure
(honeycomb)

 Ambient air is drawn through the
channels and heats up to 800°C —
1000°C
— Open process
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Modelling an open volumetric cavity receiver

» Key features:

» Porous absorber structure has a very small length scale
— absorber behavior as BC

— wall for radiation model
— outlet for fluid simulation

~10m
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Modelling an open volumetric cavity receiver

» Key features:

» Porous absorber structure has a very small length scale
— absorber behavior as BC

— wall for radiation model
— outlet for fluid simulation

» Heliostat field included as source term for radiation <¥A4>
model A
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Modelling an open volumetric cavity receiver

» Key features:

» Porous absorber structure has a very small length scale
— absorber behavior as BC BC

— wall for radiation model
— outlet for fluid simulation

e Heliostat field included as source term for radiation
model

* Wall temperatures connect the radiation model with
the fluid domain— wall behavior condensed in a BC

uonipuo) Arepunog
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Setup of the simulation

Cavity as test configuration

Environment
e Air 27°C

Solver
e OpenFOAM 2.3.0

* buoyantPimpleFoam

e Turbulence model  Turbulent wall functions:
* Radiation o keto-SST « compressible::kgRWallFunction
* Viewfactor e « compessible::omegaWallFunction
e Prt=0.85 » mutkWallFunction

« calculated (alphat)
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Geometry

e Patches:

 Porous absorber area

* Thermal active wallls
(included in viewfactor
calculation)
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Absorber patch - Outlet

* Introduce a second temperature field into the
simulation

o T for fluid model and T_rad for radiation

 T_rad can be calculated by a lookup table which
describes the thermal behavior of the ceramic
material

-

T rad

Boundary

radiation
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Boundary Condition for thermal active walls

» Conservation of energy

Q‘r + Qwall + Qconv =0
Q?‘ + kwall (Tout - Tw) + aEHCDW (TF - Tw) =

e Substitution of the net-radiation heat flux Qr
Qr — G - J
4
=G —e¢edl,—(1—¢)G
= GG —EO‘TV%,
::Qabs

» Solve the boundary condition using the Newton
method to determine the root at each update step

DLR

Q) _wiall >

-

Q_conv

K_wall = 0 — Adiabatic wall
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Radiation model - Viewfactor

 to calculate the radiation losses the
provided viewfactor model is not accurate

enough

— adapted model viewFactorFi
1.241972
E].Q

 Radiation is not lost in a closed system i

b, = 1.00456
kyj —
j :
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Calculation of viewfactors

* Prerequisite:
 All surfaces must be modeled as grey
diffusive

 Distribution of radiation is just a function of

geometry

1 : .
5, — / / cos(ip)eos(@1) 4 14
7TA7; ’T'2

-




DLR.de < Chart 16 > Calculation of radiativ losses of solar receivers using viewfactors > Fabian Frie ¢« OFUC2014_Frie > 2014/10/08 j\ A

Calculating viewfactors
2LI

| 11,3

27TA3'

» Using constant mean values for the integrand

COS gOZ)COS(@j)dAdA
it

dA;dA,; / 1 LI

M; M

O = %{14 Zlmz cos(W nm)/ln(”ﬂcos / \ ) +uf— |?‘|)d83
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Reference configuration
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Reference configuration
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Comparing the sum of viewfactors

e 2Al

viewFactorField viewFactorField
4.227114 L

Io.99998
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Comparing the sum of viewfactors

e 2Al e 1LI

viewFactorField
1

viewFactorField
43271 14

IO.Q’-’/‘Q%

iO.Q@QQ&)

0.384938 0.999949

0,5896min 6x6x6 cube (38880 0,884min
combinations)
1,876min 7x7x7 cube (84035 1,232min

combinations)
' "
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Calculation of viewfactors

2Al 2L1 1L

No numerical integration  Gaussian integration for 2  Gaussian integration for 1
faces face

Special treatment in the Special treatment in the
case that two faces have a case that two faces have a
common edge common edge
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Absorber patch - Outlet

» External radiation from the heliostat
field is calculated using an external

ray tracer
Qro in W/m?
945070
e Use value Qro of the
800000

greyDiffusiveBoundaryCondition E
to include the external radiation 1 600000

é400000
1200000

10350
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At a glance

» Extra temperature T_rad « Adapted viewfactor model

T rad /

\ 4

]

» BC for thermal active walls and absorber patch » Radiation Source term

Q_wall I:>
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Results

e Calculation of viewfactors
e Distribution and values are reasonable

Jin W/m?2
 Only the cavity was included in the viewfactor 972500
calculation, losses to the environment can ;500000
therefore be calculated by E400000

300000
200000

100000
=Y S |[1=) Py
Jloss Jk k 17503
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Results
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Summary

OpenFOAM
* is highly adaptable
« allows complex boundary conditions
 accurate viewfactor calculation possible

Solar Receivers

Convective and radiative losses can be calculated
using OpenFOAM

It is possible to compare different receiver
configurations

OpenFOAM can be a valuable development
tool in solar research
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Thank you for your attention.
Questions?

Ministerium far Innovation,
Wissenschaft und Forschung
des Landes Nordrhein-Westfalen

Project Start-SF
contract 323-2010-006
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