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Accelerator targets, both for radioisotope production and for high neutron flux sources generate 

very high thermal power in the target material, which absorbs the particles beam. Generally, the 

geometric size of the targets is very small and the power density is high. The design of these 

targets requires dealing with very high heat fluxes and very efficient heat removal techniques in 

order to preserve the integrity of the target. Normal heat fluxes from these targets are in the order 

of 1 kW/cm2
 and may reach levels of an order of magnitude higher.  

 

In order to evaluate the actual potential of jet impingement for high heat flux cooling, 

experimental cooling loops based on water and liquid gallium jet impingement are being 

designed and built. The water system is already operating. Initial experiments, using gas burner 

as the heat source, have been preformed (see Figure 1). 
 

 

Figure 1: The water jet cooling system in operation 

These experiments demonstrated a cooling capacity of 5 kW with average heat flux of 0.5 

kW/cm2 and a maximum of about 1 kW/cm2 with a total target area of 10 cm2. Target 



temperatures at various locations are presented in Figure 2 (The geometry of the target and the 

locations of the thermocouples are shown on the right side of the figure). As can be seen, the gas 

burner generates an uneven temperature distribution. The temperature is highest in the center of 

the target and decrease as the distance from the center increase. An accelerator beam is expected 

to give a similar power distribution (Gaussian distribution). During the experiment the heat 

source strength has been kept constant. Changing the cooling water flow rate has varied the 

cooling capacity. Target temperature decreased as flow rate increases due to increase of the heat 

transfer coefficient. No indication of surface boiling has been observed yet. 
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Figure 2: Temperature profile in copper target for a 5 kW total heating experiment 

 

Figure 3 compares measured temperature radial profile with our estimates. The current estimates 

are based on a correlation for stagnation point heat transfer coefficient and a radial heat transfer 

distribution function derived by Lienhard [1]. Detailed description of our estimation procedure is 

given in [2]. As can be seen, the measured values are lower than the temperatures expected from 

the calculations. The discrepancy can results from better heat transfer coefficient than estimated 

by the correlation or inaccurate assumptions used for the calculation. The heat flux distribution 

due to the gas burner is assumed Gaussian; the heat transfer radial distribution function does not 

account for the effects of the outer walls of the cooling chamber; the analysis is one dimensional 

and does not account for radial heat transfer. There is also a quite large error margin due to the 
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relatively large size of the thermocouples used for the measurements. The temperature 

measurements in the target have been done with 1.6 mm thick K-type thermocouples (TC). The 

solid blue line in the figure presents the estimated target temperature at the location of the center 

of the TC. The doted lines present the estimated target temperature at the two sides of the TC that 

are 0.8 mm closer or farther from the cooled surface than the TC center (see the drawing of the 

geometry of the target in Figure 2). 

 

Figure 3: Radial temperature profile in target with 90 l/min cooling water jet, comparison 

between measured (red circles) and estimated (blue lines) values 

 

Further experiments require development of high power heat source capable of providing the 

required heat flux and total power. For this purpose we develop now an electron gun heat source 

that is designed to provide up to 20 kW heating power.  
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