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Design of the Solid Target Structure
and the Study on the Coolant Flow Distribution in the Solid Target
using the 2-Dimensional Flow Analysis

Katsuhiro HAGA, Akira SUSUKT', Atsuhiko TERADA, Shuichi ISHIKURA,
Makoto TESHIGAWARA, Hidetaka KINOSHITA, Kaoru KOBAYASHI,
Masaki KAMINAGA and Ryutaro HINO

Center for Neutron Science
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 1, 1999 )

A solid target cooled by heavy water is presently under development under the Neu-
tron Science Research Project of the Japan Atomic Energy Research Institute (JAERI). Target
plates of several milimeters thickness made of heavy metal are used as the spallation target
material and they are put face to face in a row with one to two milimeters gaps in between
though which heavy water flows, as the coolant. Based on the design criteria regarding the
target plate cooling, the volume percentage of the coolant, and the thermal stress produced in
the target plates, we conducted thermal and hydraulic analysis with a one dimensional target
plate model. We choosed tungsten as the target material, and decided on various target plate
thicknesses. We then calculated the temperature and the thermal stress in the target plates
using a two dimensional model, and confirmed the validity of the target plate thicknesses.
Based on these analytical results, we proposed a target structure in which forty target plates
are divided into six groups and each group is cooled using a single pass of coolant. In order to
investigate the relationship between the distribution of the coolant flow, the pressure drop, and
the coolant velocity, we conducted a hydraulic analysis using the general purpose hydraulic
analysis code. As a result, we realized that an uniform coolant flow distribution can be achieved
under a wide range of flow velocity conditions in the target plate cooling channels from 1m/s to
10m/s. The pressure drop along the coolant path was 0.09MPa and 0.17MPa when the coolant
flow velocity was 5m/s and 7m/s respectively, which is required to cool the 1.5MW and 2.56MW
solid targets.

Keywords : Design, Solid Target Structure, Coolant Flow Distribution, 2-Dimensional, Flow Analysis,

Neutron Science Research Project, Target Plates, Tungsten
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Fig.2.2 Solid target structure of present design
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Fig.3.3 Distribution of the proton beam energy deposition in the solid target
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Fig.3.4 Relationship between the target plate temperature and
the coolant velocity at the maximum heat deposition rate
(Proton beam power : 2.5SMW)
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Fig.3.5 Relationship between the target plate temperature and
the coolant velocity at the maximum heat deposition rate
(Proton beam power : 1.5MW)
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Fig.3.8 Relationship between the maximum temperature and
the target plate thickness along with the distance from
the beam window (Proton beam power : 2.5MW)
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Fig.3.9 Relationship between the maximum thermal stress and
the target plate thickness along with the distance from
the beam window (Proton beam power : 2.5MW)
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Fig.4.1 Two-Dimensional analytical model of the solid target
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Table 4.1 Coolant velocity conditions at the cooling channel inlets
(m/s]

u [m/s] 1 158 (251 |398 |5 631 [7 10

Manifold Re 3806 | 6013 | 9553 {15147 [ 19029 | 24015| 26641 | 38059
No. o [kg/m*] | 22785 | 19955 | 17448 | 15265 | 14288 | 13355] 12959 | 11686
0.680 [1.074 | 1.707 [2.706 |3.400 | 4.291 | 4.760 | 6.800
0.480 | 0.758 | 1.205 |1.910 |2.400 |3.029 | 3.360 | 4.800
0.560 [0.885 | 1.406 |2.229 |2.800 |3.534 | 3.920 [5.600
0.480 [0.758 | 1.205 [1.910 |2.400 |3.029 | 3.360 |4.800
0.480 | 0.758 | 1.205 {1.910 |2.400 |3.029 | 3.360 | 4.800
0.360 | 0.569 | 0.904 |1.433 |1.800 |2.272 | 2.52 |3.600

OV N [N =

u : Average flow velocity in the cooling channel between the target plates
Re : Reynolds number
o : Flow resistance coefficient
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Fig.4.3 Flow velocity distribution in the target plate cooling channels
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(Average flow velocity in the target plate cooling channel : 10m/s)
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(Average flow velocity in the target plate cooling channel : 10m/s)
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