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This document attempts to determine cooling requirements for the NST primary mirror and consider possible cooling systems. It borrows heavily from work performed by Nathan Dalrymple (ND) for the ATST design effort.

The NST mirror is zerodur, 1700 mm in diameter, meniscus in shape and 100 mm thick. Assuming it will absorb about 10% of the sunlight falling on it, the absorbed flux is about 250 Watts.

Thermal specifications for zerodur:

	 
	Density
	2.53 g/cm3

	 
	Thermal conductivity at 20°C
	1.46 W/(m*K)

	 
	Thermal diffusivity at 20°C
	0.72*10-6 m2/s

	 
	Thermal capacity 
	0.8 J/(g*K)


It has been suggested that a contact cooling system be considered for NST M1 using compressible thermal pads to conduct heat to cooled plates. While this is possible, there are significant mechanical consequences which make this system undesirable. Using 3M pad 5509 (best thermal conductivity) at the recommended compression of 10% the material data plots show a stress value 30 N/cm2.  Assuming a uniform compression over the back of the mirror this gives a total stress load of 6.8 x 104 N. In addition, the stress increases rapidly with compression and this will require that the cold plate shape match the back of the mirror making design and construction more expensive. The following analysis indicates that such a complex system may not be required to maintain a reasonable seeing error.
What T s are acceptable for the primary mirror? ND’s seeing analysis for ATST (report #0003) offers the following conclusions:

· Mirror T must be kept below 0.5 K in still air to stay within ATST’s 0.15 arc second error budget.

· Adding flushing or wind over the mirror reduces the mirror seeing dramatically. At flushing velocities of 1 m/s, the allowable T increases to 1.7 K and at 2 m/s, T can be several degrees.

ND provides an excel file with his analysis of the ATST’s ULE primary mirror. The file was copied, parameters adjusted for zerodur values and ambient temperatures changed to fit Big Bear meteorological data (GONG site). The models assume a 25 degree sinusoidal temperature variation during the observing day. ND’s heat transfer coefficients are consistent with natural convection. A reference text (Mills) gives order-of-magnitude convective coefficients for air as 3-25 W/m2 K for natural convection and 10-200 for forced convection. ND uses a value of 5 W/m2 K. The same value is used for radiation transfer and is consistent with references. The models are not entirely valid (see http://atst.nso.edu/projbook/tel/thermal/Lumped_Capacity.pdf for details) but, nevertheless, provide a qualitative picture of the mirror’s behavior and the driving functions required to keep the mirror near ambient temperatures.
[image: image1.emf]Case 1: M1 response to ambient variation, convection only
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Convective transfer as would occur with a slab of glass suspended in air.
[image: image2.emf]Case 2: M1 response to solar input plus convection on 2 faces
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Solar absorption is included.

[image: image3.emf]Case 3: M1 response to solar input, convection & radiation to cell 
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Radiation transfer to the surrounding mirror cell is included. The cell temperature is assumed to simply match the ambient air.

[image: image4.emf]Case 4: M1 response to solar input, convection & radiation to cell

backside air cooled after 5 hours 
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The convective transfer coefficients are raised to 15 W/m2 K to model modest air flows across the mirror surfaces. The mirror is warmed by the air flows during the morning then air circulating across the back is cooled at 5 hours past sunrise. The radiation transfer to the cell is included and the cell temperature is assumed to match the backside air. Cooled air at the sunrise ambient temperature may be difficult to produce during the winter months at Big Bear.
[image: image5.emf]Case 5: M1 response to solar input, convection & radiation to cell

backside air held at sunrise ambient
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 Same as 4 but the backside air is held at the sunrise temperature throughout the day. It is difficult to keep the M1 T at zero for those last 2 hours but a T of a few degrees is probably acceptable with modest air flows across the mirror surface.
