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Abstract

The ESA mission Solar Orbiter will provide a look at the Sun closer than ever before. Among other
instruments is the Polarimetric and Helioseismic Imager (PHI) lead by the Max Planck Institute for
Solar System Reseach (MPS). PHI instrument will observe the Sun through the Heat Rejecting Entrance
Window (HREW) which is an optical filter that has to be placed at the entrance of the instrument acting
as a filter rejecting all the radiation coming from the Sun with the exception of a very narrow spectral
band around 613.3nm where it is provided a 80% transmission.
A Thermal Balance Test of HREW filter and mounting frame has been held in December 2011 using the
Solar Simulator facility of CISAS University of Padova to validate the values of the thermal parameters
adopted for the thermal modeling of the HREW window in operative conditions. This paper describes
the solar simulator test campaign and the thermal modeling performed in order to compare numerical
and experimental results. A thermal mathematical model of the test-bed with all the thermal and
mechanical interfaces has been added to the filter model in order to compare the experimental data
with the results of the numerical models. Thermal model correlation allow to validate the HREW filter
thermal mathematical model providing more reliable prediction of thermal behavior of rejecting window
during Solar Orbiter mission.
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Introduction 

The ESA mission Solar orbiter will investigate the Sun closer than 
ever before. Among other instruments is the Polarimetric and 
Helioseismic Imager (PHI) lead by the Max Planck Institute for Solar 
System Research (MPS) that will observe the Sun through the  
Heat Rejection Entrance Window (HREW) which is an optical filter 
that has to be placed at the entrance of the instrument. 

A Thermal Balance Test of HREW filter and its mounting frame 
has been held in December 2011 using the Solar Simulator 
facility of CISAS “G.Colombo” University of Padova in order to 
validate the values of thermal parameters adopted for the thermal 
modeling of HREW filter 

Thermal model correlation allow to validate the TMM of the 
HREW filter providing more reliable prediction of thermal 
behavior of rejecting window during Solar Orbiter mission 

HREW 
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Overview 
 
 Description of the HREW filter 
 
 Test lay-out: Solar Simulator and TBT set-up 
 
 TBT test campaign and results 
 
 Modelling the HREW and TBT set-up 
 
 HREW Thermal Model correlation  
 
 Conclusions 

Solar Simulator Testing and Correlation of HREW filter 
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Description of HREW filter 

mounting 
frame 

HREW filter exploded view 
 

VIM FILTER - Transmittance Measurement in air condition and at room temperature
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The Heat Rejection Entrance Window is 
on optical component that has to be 
placed at the entrance of PHI instrument 
acting as a filter rejecting the radiation in 
the range from 200nm to 5000nm with 
the exception of a very narrow band at 
617,3nm where the transmission is more 
than the 80%. HREW spectral performance 

windows 
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Description of HREW filter 

The optical performances are provided by 4 
coatings: 
 Coating #1: UV Mirror  to reflect the UV 
radiation down to 200 nm 
 Coating #2: High-Pass Dichroic to define the 
cut on the band pass 
 Coating #3: Low-Pass Dichroic to define the 
cut off on the band pass 
 Coating #4: IR Shield to reflect the IR radiation 
up to 4300 nm 

The filter is composed by two quartz windows (diameter = 160 mm, thickness = 
10mm) separated by a 3mm gap. 
 
The optical performances are provided by 4 coatings on windows 
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Thermal Model of HREW filter 
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Flux to the coating taking into account the multiple 
reflections (ASTM-E90 solar spectrum model ) 

How to model in ESATAN-TMS wavelength dependant optical surface  ? 

For each single coating, the parameters in 
this case have been calculated considering 
the sum of all fluxes at each single 
wavelength, including fluxes coming from 
multiple reflections and averaging the 
thermo-optical properties to the Solar 
Spectrum 
(C.Damasio, ESA & Selex Galileo) 
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Overview 
 
 Description of the HREW filter 
 
 HREW Test lay-out: Solar Simulator and TBT set-up 
 
 TBT test campaign and results 
 
 Modelling the HREW and TBT set-up 
 
 HREW Thermal Model correlation  
 
 Conclusions 
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TEST LAY-OUT: Solar Simulator and TBT set-up 

Thermal Vacuum Chamber 
A stainless steel vessel AISI 304 with a 
volume of about 1.2 m3 (available room inside 
cryostat 0.8 m3)  
Vacuum sub-system, controlled via a 
dedicated PLC, able to pump down to 10-4 Pa 
Shroud subsystem, cooled with liquid N2 at 
cryogenic temperature (90K)  
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CISAS - Solar Simulator 

Folding mirror 

Fly-eye integrator 

Spherical mirror #1 

Spherical mirror #2 
CISAS - Solar Simulator Optical bench 

CISAS - Solar Simulator  lay-out 

Placed externally to the TVC, it produces a 
nearly–collimated (divergence < 30’) steady 
beam with a homogeneous flux distribution 
(uniformity better than 10%) across an 
aperture of 300 mm diameter and allows to 
obtain an irradiance up to 6-7 SC. 
 
The light beam is generated by a 10kW 
Xenon lamp placed in the focus of an 
ellipsoid mirror. The optical path is based on 
a series of multiple reflections onto 
thermally controlled mirrors to produce a 
collimated beam towards the TVC 
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Once aligned and correctly positioned with respect to the thermal vacuum 
chamber, the solar simulator has been characterized using a spectrometer 
(both outside and inside the thermal vacuum chamber) and a water cooled 
Gardon heat flux sensor  
The maximum irradiance is of about 9-10 kW/m2 

CISAS - Solar Simulator 

-1,00E-03

0,00E+00

1,00E-03

2,00E-03

3,00E-03

4,00E-03

5,00E-03

6,00E-03

220 420 620 820 1020

Irr
ad

ia
nz

a 
[W

*c
m

^-
2*

nm
^-

1]

lambda [nm]

p  

FullPower Wcm^-2nm^-1 LowPower Wcm^-2nm^-1

-1,00E-03

0,00E+00

1,00E-03

2,00E-03

3,00E-03

4,00E-03

5,00E-03

6,00E-03

7,00E-03

220 320 420 520 620 720 820 920 1020

Ir
ra

di
an

za
 [W

*c
m

^-
2*

nm
^-

1]

Lambda [nm]

 

FullPower Wcm^-2nm^-1 LowPower Wcm^-2nm^-1

SS spectrum Inside Viewport :  
maximum and lowered power 

SS spectrum Outside Viewport :  
maximum and lowered power 
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HREW Thermal Balance Test set-up 

HREW filter inside TVC, diaphragm, viewport and external shutter 
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HREW filter inside TVC 

HREW Thermal Balance Test set-up 
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HREW filter test set-up 

VIDEO of pyrometers moving mechanism  

HREW Thermal Balance Test set-up 

If clicking on the picture above does not run the movie then try opening the file
‘movies/Friso21Nov2012.html’ manually.

26th European Space Thermal Analysis Workshop 20–21 November 2012
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Overview 
 
 Description of the HREW filter 
 
 HREW Test lay-out: Solar Simulator and TBT set-up 
 
 TBT test campaign and results 
 
 Modelling the HREW and TBT set-up 
 
 HREW Thermal Model correlation  
 
 Conclusions 
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HREW Test campaign: test levels 

The steady state condition has 
been considered achieved when 
the rate of change of the 
temperature sensors was  ≤ 3°C/h 

Four Steady State conditions have 
been reproduced : 
 
  A: SS @ maximum power, heater off 
  B: SS @ maximum power, heater on 
  C: SS @ lowered power,  heater off 
  D: SS @ lowered power,  heater on 

TBT campaign and results 

For each case (A to D): 
- Solar simulator switched ON 
- wait for thermal stability at set-up sensors 
- shutter closed (SS beam blinded) 
- pyrometer mechanism ON and temperature 
acquired on HREW (coating #1 and #4) 
- shutter opened and wait for steady  state 
condition. Repeat HREW measurement 
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Some test results: HREW windows temperature 
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Some test results: set-up temperature 

Example: case A Shutter closed.  
HREW windows temperature 
acquired by pyrometers 
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Modelling the HREW and TBT set-up 

Sun centered orbit of the HREW testing in 
order to reproduce the light beam 
irradiance of the solar simulator facility 

radiative case q SS [W/m2] 

Q5000 5000 

Q10000 10000 

The alpha and thermo-optical 
properties in the UV range 
have been re-calculated taking 
into account the SS lamp 
spectrum  
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Modelling the HREW and TBT set-up 

Thermo-optical properties of HREW test model 

(*) All specular reflectivity in the IR range  as baseline  
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HREW thermal model correlation 
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Boundary conditions/nodes used in thermal model correlation 

HREW thermal model correlation 

HREW windows as diffusive nodes and compared with 
temperatures acquired by pyrometers 
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HREW thermal model correlation 

A comparison between the temperature range of HREW window obtained durign test campaign 
and the results of thermal model are summarized in Table 

Temperature range: periphery-center of the window: 
(*) mean value of periphery rings nodes of the window 
(**)  mean value of center nodes of the window 

∆T  between 
experimental 
and numerical 
results is ≤ 3°C 
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Conclusions 

 HREW filter has been tested using a Solar Simulator facility giving an 
experimental insight of the filter thermal behavior 
 
 Thermal Model of the filter has been correlated to experimental results 
and the assumptions made on thermal propertied has been validated 
 
 The updated HREW model provided more reliable prediction of thermal 
behaviour of rejecting windows during Solar Orbiter mission 
 
 Wavelength dependant properties implementation on ESATAN-TMS 
would be a great advantage for modelling this kind of devices 

Solar Simulator Testing and Correlation of HREW filter 
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THANK YOU 

Contacts:  
CISAS “G.Colombo”  University of Padova, Italy 

http://cisas.unipd.it 

Stefano Debei: stefano.debei@unipd.it 

Enrico Friso: enrico.friso@gmail.com 
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