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Introduction

A simple thermal model has been developed to represent the FSI instrument. Its main purpose is to represent the FSI in a thermal model created by ESA representing the Solar Orbiter spacecraft. At the time of construction of the thermal model, no satisfactory and definitive boundary condition data for the model was available. The model was therefore designed to give flexibility to change the boundary conditions at a later time. Two boundaries were defined. The first was the spacecraft in general and was set to 20C, and the second was space at –273C.

All data was defined in pure SI units. The model, and its variants are resident at MSSL on workstation MSSLD2 at the MJC home directory in folder solar-orbiter.

Nodal breakdown

The original model of the instrument consists of 10 isothermal nodes representing its external surfaces Additionally, an internal baffle, the two mirrors, the detector, the thermal filter, and two structure panels were represented by a further 7 internal isothermal nodes. A radiator of .25m2 is located externally. 

Electrical power input was modelled as being uniformly distributed over the volume representing the detector electronics with a nominal value of 10W.

Conductive connections

The nodes described above were appropriately connected with linear conductors. The following assumptions were made:-

a) The conductance between panels was calculated on the basis of the distance between the panel centres, and using the full width of the panels

b) The conductance of the majority of the structure was based on carbon fibre composite with a thickness of  0.6mm and a conductivity of  90W/m.K.

c) Thermally decoupled nodes used conductances provided to represent typical isolating structures in Titanium Ti 6Al 4V  with a conductivity of 10W/m.K.  

d) The two major structural panels were assumed to be Aluminium alloy honeycomb with face-sheets having a total thickness of 1.08mm.

e) In the calculations, conductances separated by // indicates that they are to be summed as parallel items.

Radiative connections

The assumptions made with respect to radiative couplings of nodes are as follows:-

1) Most internal and external surfaces, were assumed to be coated with black paint Z306 or similar. This was assumed to have an emissivity of 0.91. Exceptions are the thermal filter which is assumed to have an absorptivity/emissivity of 0.08/0.1, and the detector surface which is also assumed to have an emissivity of 0.1. MLI, where it is used is assumed to have an emissivity of 0.02. The mirror faces are not radiatively coupled. 

2) The effective emissivity of two components follows the parallel plate rule:-


1/Eeff=1/E1 + 1/E2 -1

3) View Factors were estimated from published graphical data for common cases. This is quite accurate with simple objects in close proximity.

Discussion of the models and the thermal design.

The first model represents the instrument design as it was presented, and is shown in the attached diagram. It is called FSI1 (Full Sun Imager). While constructing this model, and attempting to represent the solar energy input, it became apparent that the baffle seemed to have no thermal benefits. In fact it seemed to be a serious handicap, and it is not clear that there is any scientific purpose either.

The instrument is designed to face towards the sun’s disk at a minimum range of 1/5AU, and the incident radiation will then be about 35kW/m2. The acceptance angle of the baffle appears to be about 5 degrees, and the angle subtended by the sun’s disk will be about 2.5 degrees. The thermal filter in the basic design will therefore be exposed to full intensity solar radiation, and the baffle apparently provides no attenuation.

In fact, because of the angular width of the solar disk, most of the baffle sides will also be illuminated to some extent, although not at full intensity. What can be said for certain is that over 500W will pass through the entrance aperture, and whatever the internal absorptivities, most of that will heat the baffle by multiple reflection and absorption. A small fraction will escape, but as a worst case it has been assumed that it all heats the baffle. The thermal filter then has to radiate its heat to a very hot baffle. Two further models have therefore been created which simulate proposals that overcome some of these problems. 

The first is called FSIFF1 (FF for Filter Forward), and the only change is to represent the thermal filter at the entrance opening of the baffle, rather than between the baffle and the telescope. It has the clear advantages that no solar energy enters the instrument directly, the thermal filter is free to radiate to space, will therefore operate cooler and it is located further from the telescope. The disadvantage is that the thermal filter is larger in diameter and will be more difficult to support.

The second alternative model called FSINB1 (NB for No Baffle) represents the total removal of the baffle, leaving the thermal filter in its original location. The advantages of this are that the filter is again free to radiate to space and therefore runs cooler, and that the instrument is more compact. The filter also retains its original diameter. The hot filter is however closer to the telescope components, and will have a greater heating effect on them than in the above case. 

Finally the last model was changed to FSINB2, in which the absorptivity/ emissivity ratio of the outside of the thermal filter was changed to 0.3/0.8 to represent the use of a second surface mirror system.

Results

The results from the models are as follows:-

Model FSI1 The original configuration

As expected the baffle ran rather hot at about 132C, and as a result the thermal filter was at 470C. The telescope and its components were at about 40C to 60C. This was clearly less than satisfactory.

Model FSIFF With the filter moved to the front of the baffle.

With no baffle in front of the thermal filter to obstruct its view of space, its temperature dropped to 444C, and the baffle to 25C. The telescope  area  and the optical components had temperatures in the range 19C to 21C. This represented a considerable improvement.

Model FSINB1 With the filter in its original location and no baffle.

The thermal filter now ran at 455C, and because of its proximity to the telescope, this and its optical components were now in the range. 20C to 22C. The instrument is however much more compact , and the thermal penalty for this is not great.

Model FSINB2 As above but with the filter thermo/optical properties changed to 0.3/0.8

The thermal filter now operated cooler at 403C, with no significant change to the telescope temperatures. This is clearly a way to reduce the filter temperature, if a suitable surface treatment with high temperature resistance can be found.

Conclusions and recommendations

The major object of the modelling was to provide a representation of the FSI in the Solar Orbiter thermal model. This has been achieved, with three alternative models. It should be noted that if any internal data is to be gleaned from these models, they need to be reviewed in detail for the areas in question.

It is fairly clear that the original baffle design did not appear to deal well with the high incident solar radiation, and some more thought needs to be given to this aspect of the design. The second and third models illustrate two methods of improving the situation.

It is also suggested that the performance of the thermal filter could be enhanced by changing its solar facing surface from a first surface mirror to a second surface mirror. This is demonstated in a fourth model. This could be achieved by coating this surface with a few microns of polymer such as Teflon. The coating thickness is critical, but an absorptivity/emissivity ratio of 0.3/0.8 should be achievable by this means, which would dramatically reduce the thermal filter temperature. The production of such a component should be carried out by a specialist, and could be very expensive. The problem of atomic oxygen erosion would also have to be investigated for the proposed orbital conditions. 
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Thermal model nodes

D1 ‘Baffle Top’
D5 ‘Telescope Top’
D9 ‘Telescope Front’
D18 ‘Rear Baffle’
D22 ‘Centre Baffle’

D2 ‘Baffle Right’
D6 ‘Telescope Right’
D14‘Telescope Back’
D19 ‘Primary Mirror’
D23 'Radiator'

D3 ‘Baffle Bottom’
D7 ‘Telescope Bottom’
D16 ‘Detector Electronics’
D20‘Secondary Mirror’


D4 ‘Baffle Left’
D8 ‘Telescope Left’
D17 ‘Detector’
D21‘Thermal Filter’
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