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Measurement Techn ques a DLR Sd ar
Resear ch

A Neunmann

» Hstoricd Background
» Hdds o Actiuvty

» Dfferent Methods
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Probl ens and Met hods
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H st ori cd Re mar ks




H ux Density
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Pol nt Focussi ng Techna ogy

A neria Span
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DLR Sd ar Fur nace
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The Focus of the DLR Sd ar Fur nace
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H ux Mapp ng Basics

Princide
Cali br ati on

Video Camera

Flux Gauge

Concentrator

Camera Signal
in W/ne

Rel. Intensity at (x1,y1) Point Measurement, W/m2

Calibration Factor W/(m2 greylevel)

Diffuse Reflecting Surface/ Target
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Mobil e Hux Mapper for O shes
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Movi ng Target for FATMES




DLR

H ux Mapp ng and Cali bration on Sd ar Towers

ROTATIVE
TRAVERSE » CALORIMETERSTAB

GEGENGEWICHT
PARKPOSITION
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Hux Mappingin Rgect SOLA R

Receiver

Messebene

Radiometer
\
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Wat ercod ed Target foo FATMES WLT1/2




neter Devd opment: SunCatch
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Totd Power Cd orimeter for DLR Sd ar Fur nace




neter ingfor Cdibration a PSA 40 m Tower




Maki ng Good Measurenments

» Oy afewinstrunments availald e (100
KW nt bis 20 MW n%)

» Don't bdieve manuf act urer specs!

» Conparative Canmpai gns of Hux Gages
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lnterconp 2000
CNRS Teamand Sd ar Furnace Qew




SCATMES

Technical Dataof SCATMES
Size of the Frame (L/H/W) 1100 mm /800 mm/ 60 mm
Measurement Area 450 mm x 450 mm
min. time for one image 2 seconds
time of exposure (per line) 4 ms-20ms
max. flux density 0.5-5MW/nr
pixel resolution 1 Pixel per mm
# of pixelsp. image (x/y) 500/512
max. mass of target 3ka
velocity of the target 50 mm/s - 250 mm/s
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SCATMES Duri ng Secondary Concentrat or Testing




i DLR

Measurement System BARMES wth n SOLFACE
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BARMES wth n SOLFACE
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16.03.2005 Heliostat: Group 1 + 14, 16, 54, 55, 56, 64, 65, 64, 65, 66, 43, 47
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16.03.2005 Heliostat: Group 1 + 14, 16, 54, 55, 56, 64, 65, 64, 65, 66, 43, 47

N
o
o
o

N
S
s
=,
>,
=
%)
c
7]
(@)
x
=]
o

1200 1400 1600




CAENENE
- o R

 AMEEEEANE
ol 1) 1 B I
7 famE N EWE—
O EREEREEn
LR e (T Tk
E,_..-. = >

[
o
S
@
45
>
D
O
ie
QD
<
o
-
-
o
-
ol
g
<
5
N

i DLR




Correction Matrixfor Drect Mappi ng
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Comparison d nowvi ng bar technd ogy wth drect absor ber mappi ng
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Movi ng bar fl ux map Drect map, using correcti on matrix




ParaScan-ll:
Experi nent d
Set up




Par ascan fl ux maps

Jas 2003-05-13 EIUFOUOUQVJ, PSA | local time: 10:52:00

252 ]
-216 W ——
-180 -
-144 -
-108 -
_72 _-
_36 _-
0 -
36 -
72 -
108 -
144 -
180 -
216 -
252
288 -

’n l[dfl %!

DNI: 787 = W/m*
®=45.3°

| =92.6 %
T =274 °C

module #5, tube #3

OCOOORFENNWAhUINO
BOIOONUUIOOWWNRA~,OD

o
)
=,
c
o
=
n
o
Q
o)
e
Qo
o

4000 3500 3000 2500 2000 1500 1000
tube length [mm]




‘#;?R R d ected Enhancenents

d sadvant ages Parascan | Parascan Il

sensor isinthe hat reg on

bl g & heavy
resa uti on:

» dstance of dodes=41 » dstance of fibers=25mm
di st8hde tofocad line=110 mm

» d stance=80 mm
fi xed geometry

» ext ended areas accessih e
f{ \‘\
7’ ~

arrays not | arge enough

» mor e accuratereg stration of




12 segnents
16 fi bers each
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H gh H ux Spectromet er

Concentrated Radiation _
on Lambertian Target Spectral Intensity
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UV Dosi metry




Coll ect or Shape Measurenment
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Camera Phot ographs for Absor ber Tube Al gnment
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Camera Phot ographs for Absor ber Tube Al gnment

Bef ore di gnnment
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Camera Phot ographs for Absor ber Tube Al gnment
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Phot ogrammetry

Applicationon Trough Cdllector
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Camera Target Method for Troughs




Determination of Intercept:
Incoming and missing rays

Ivorbeigehe nde Strahlung
y=1-

3 J’ankommende Strahlung
ﬁl—Anteil verdeckter Strahlung

HD
:

Ver deckt er

Srah ungsart dl




Tenpera ure

Sd a Bind
Pyronetry




EDLR Exanmpl e UV Pyrometry

Moti vati on

Tenperatures upto 2770 Kpossid e

Surfacetenperaturerequred
foo Materid Soience

Ctenlarge AAfor nore s gnd
Consequence: Dfficutiesin g —
correcti on

Tenperaureresd ution o IR systens
decreases wthincreasi ng
tenperat ures




EDLR Exanmpl e UV Pyrometry

Fundanmentals o Pyrometry




Exanmpl e UV Pyrometry

Theoreticd Background

Requrements

H ghresd uionintenperature
Small interference of sd ar rad ati on
Enough emtted rad aion

Measurenent i ndependent
of at nosphere

Measurenment preferabyindependent
of enmssivty

UV rad ai on;
100-280 nm 280-320 nm
UVC UVB

Theory

Radi ati on | aws
Terrestrid sd ar spectra
At mospheric wndows

| ifl uence of emssivity on
tenperat ure nmeasurement

320-400 nm 400- 780 nm
UVA MdaHde




dT = L%T
SA €

Exanple T=2200 K, dde=5 %

AT (12pm = 90K

. AT (139 um = 23K
ﬁfﬂ%ﬁ{%ﬂ (139 pun) =

il AT (0sum = 5K

» Best perfor nance wth
A as short as posside




EDLR Exanmpl e UV Pyrometry

Terrestrid Sol ar Spectra & Hanck Equati on

H gh resd ution a short wavd engt hs

Lowtrans mssi on
through a nosphere

H ghtransmssioninopticd pah

Srong d sturbance dueto
sdaradaioninthevisde




EDLR Exanmpl e UV Pyrometry

Terrestrid Sol ar Spectra & Hanck Equati on

No neasurableterrestrid
sodarrad aionfor A <290 nm

UV- Brange only appicab e
for very hghtenperatures




EDLR Exanmpl e UV Pyrometry




EDLR Exanmpl e UV Pyrometry

Measurenents wth Back Body upto1273 K




Exanmpl e UV Pyrometry

Tenpera ur Measurenentsinthe Sdar Furnace




EDLR Exanpl e UV Pyrometry

Measurenments wth Back Body upto1770 K




EDLR Exanmpl e UV Pyrometry

So ar Furnace: Cali brati on at 1500 °C

Measurement on MJO using T kamera &1 = 1500 °C
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EDLR Exanmpl e UV Pyrometry

Measurenents on MgyQ high Tenperat ures




EDLR Exanmpl e UV Pyrometry

Concl usi ons and Future Wor k

Wave engt hsin UV Brange i ndependent of a nospheric conditi ons
Measurenmentsinthe UV-Brange not sensitive on emssi vty
Sensitive det ecti on systeminst dl ed and test ed

Tests on W ack bodies upto T<1770 K

Sol ar dind below 292 nm

Comparisontol Rcanera

Promsi ng features

Next steps: improvetheinstdlaion stiff dignnment , add alaser panter







Direktstrahlung Hersteller
Direkt Normal Broadband 280-2500 nm Eppley NIP
UVA Direkt, 368%5 nm, Kipp & Zonen CUVA2
UVB Direkt, 3061 nm Kipp & Zonen CUVB2
Globalstrahlung
Global horizontal 285-2800 nm Kipp & Zonen CM11
Global geneigt 51° Kipp & Zonen CM11
UV 295-385 nm, geneigt to 51° Eppley TUVR >
UVB Global geneigt to 51° EKO Instr. MS-210W/D |
Diffus
Diffus horizontal, 285-2800 nm Kipp & Zonen CM11, Schattenring
Sonstige Signale
Relative Feuchte Thies Clima, 1.1005
Temperatur Thies Clima 1.1005
Windgeschwindigkeit Thies Clima, 4.3105
Windrichtung Thies Clima, 4.3120
Niederschlag Met One Instruments Model 370
Sonnenofen-Statussignale
Sonnenofentor gedffnet
Konzentratortor gedffnet
Shutter getffnet
Heliostat zielt auf Standby
Heliostat zielt auf Konzentrator




Sunsh ne Hour S aistics

Gemessene Sonnenscheinstunden Kdln-Porz
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Sunshape

Circumsolarregion

Sonnenscheibe Abbildende Optik




Sunshape

¢ FATMES Measurements

— Fit to Measurements







