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TWIN – Thermal-hydraulic experiment of the heat transfer coefficient on a concave beam WINdow
EURISOL-NET meeting Jyväskylä May 28th -29th 2013
Objectives:

A key component of a 4 MW / 1 GeV / 4 mA high-power neutron spallation target; an innovative concave beam window design has been tested in conditions hydraulically representative of full power in the EURISOL project, supported by the FP7 program. The new high-power target design is characterised by a thin-gauge concave beam window optimised to withstand very high pressure and thermal stresses from a 4 MW proton beam converter able to emit a very dense neutron flux in the order of 1015 n/cm2/s. The hydraulic test confirmed that despite a thickness as low as 0.8 mm in places, the beam window could sustain a high-velocity dense liquid-metal flow able to absorb the 4 MW beam over a 15cm diameter compact spallation target. Hence, there is sufficient credible data to predict that such a high-power target would work under beam. The lifetime of the beam window depends critically on the local heat transfer coefficient which has yet to be measured. The current proposal aims to use a robust accurate strain gauge technology to measure heat transfer coefficients in a thermal-hydraulic test of the EURISOL beam window and thereby validate the design of the innovative beam window for use under beam. Such a graded approach minimises development risk and would benefit future high-power targets.
Prior experience:

The design shown in figure 1 below was built at full scale and tested hydraulically at a flow rate of 150 kg/s, sufficient to evacuate the required beam power. The liquid metal was monitored and pressure fluctuations were found to correspond to calculations performed using Computational fluid dynamics as shown in Figure 2. However the test did not include beam irradiation at 4 MW as no such facility yet exists although one is being envisage at ESS in Lund. The team therefore propose to test the thermal characteristics of the beam window using another method, to demonstrate the capability of the design to handle 4 MW.
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Figure 1: EURISOL Liquid metal neutron converter on test stand an IPUL
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Figure 2: Comparison of pressure fluctuation spectral densities calculated (top) and measured (bottom) in the hydraulic test
Proposed experiment:

In a first experiment the strain gauges would be tested on LBE-wetted bimetallic samples placed in a pressurised heated chamber, filled with liquid metal. The goal is to validate the strain gauge concept for measuring the temperature of a surface wetted by liquid metal and verifying its durability and robustness. The thermal strain will be measured and compared against a thermocouple reading to validate its accuracy at temperatures up to at least 350°C and beyond, if possible.
Once the measurement technique has been validated, it shall be used to measure the heat transfer coefficient on the new concave beam window used in the original EURISOL project under the same full-power hydraulic conditions as in the original test to validate experimentally the ability of the window to sustain the impact of a 4 MW beam. The first EURISOL test was purely hydraulic and has already validated the hydraulic design. Validating the thermal design of the window is the next logical step.
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Figure 3: Schematic of beam setup on beam window
Relevance:

The proposal relates specifically to the development of high-power neutron sources, liquid metal technology, ADS energy systems. The instrumentation used is relevance to heat flux measurement in high-temperature, corrosive and electrically conductive liquids.
Infrastructure:

The Eurisol target from the EURISOL-DS (FP7) test in 2008 may be re-used along with the facilities at IPUL, reducing costs and supporting Infrastructure in a new EU-8 country. The strain-gauge technology will be developed with an established Swiss private company making use of existing technology and infrastructure used in the past for the MEGAPIE project (FP6).
Involved Partners:

CERN (Geneva, Switzerland) and IPUL (Latvia) are the participating institutes

Outcomes:

The expected outcome of the project is a validation of the new EURISOL beam window for high-power (4MW) spallation sources. An additional benefit would rest in the development of a robust heat flux measurement techniques suitable for liquid-metal that may be applied also to other high-temperature opaque fluids.
Budget: 
	Requested material+ Travel Costs:
	295 k€
	

	Requested manpower Costs:
	285 k€
	

	Total Costs:
	580 k€
	


Deliverables:

· Instrumentation Report




Month 12
· Test Plan






Month 24
· Project Report





Month 48
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