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Study on Flow Characteristics in Cold Source Moderator
II. Flow Pattern Measurement and Analysis,

Thermal-hydraulic Analysis in Cold Source Moderator Vessel

Tomokazu ASO, Masanori KAMINAGA, Atsuhiko TERADA and Ryutaro HINO

Center for Neutron Science
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received May 25, 1999)

The Japan Atomic Energy Research Institute is developing a 5SMW-spallation target
system under the Neutron Science Project. A cold source moderator using supercritical
hydrogen is one of the key components in the target system, which directly affects the
neutronic performance both in intensity and resolution. Since a hydrogen temperature
rise in the moderator vessel affects the neutronic performance, it is necessary to ensure
the smooth flow of hydrogen while suppressing the recirculation and stagnant flows
which cause hot spots. In order to contribute to the conceptual design of the moderator
structure in progress, the flow patterns of the impinging jet flow and the jet induced
flow were measured with a PIV system under water flow conditions using the simplified
moderator model. From these results, the recirculation flow region was about 50mm
high when the height of the impinging nozzle was more than 10mm from the bottom
and the inlet velocity was more than 1m/s. The hydraulic analytical results obtained
using the STAR-CD code agreed well with this experimental result. Preliminarily
thermal-hydraulic analyses in the moderator vessel were carried out using the STAR-
CD code, and we clarified the flow conditions in order to suppress the uniform

temperature rise within 3K.

Keywords: Spallation Target System, Neutron Science Project, Cold Source Moderator,
Supercritical Hydrogen, Temperature Rise, Water Flow Experiments,

Flow Pattern, Jet Flow, Recirculation Flow, Thermal-Hydraulic Analysis
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Table 2.1 Relationship between recirculation flow length and inlet velocity.

Inlet velocity Recirculation flow length (mm)

(m/s) Experimental results Ana(}]); Ev“ﬁ} dzgsults Ana}ﬁ}::tc;} d?la)sults
0.5 47.5 48 46
1.0 50.5 - -
1.5 52 — —
2.0 53.5 49 46
2.5 52 — —
3.0 51 49 46

Table 2.2  Relationship between recirculation flow length and nozzle height
at 3m/s of inlet velocity.

Nozzle height Recirculation flow length (mm)
(mm) Experimental results  Analytical results
2 40.5 57
5 44 -
10 51 49
15 51 -
20 50.5 -
25 51 -
30 48 43

Table 2.3 Relationship between recirculation flow length and inlet velocity
at nozzle height of 2, 10 and 30mm.

Experimental results of recirculation flow length (mm)

Inlez vo;zlomty Nozzle height Nozzle height Nozzle height
m/s)
2mm 10mm 30mm

0.5 35 475 46.5

1.0 40.5 50.5 49.5

1.5 40.5 52 50

2.0 40.5 53.5 48.5

2.5 40 52 49

3.0 40.5 51 48
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Table 2.4 Recirculation flow length with twisted tape.

Recirculation flow length (mm)

Nozz(i;};(;lght Experimental results Experimental results
(without twisted tape) (with twisted tape)
2 40.5 38
5 44 445
10 51 55
15 51 53
20 50.5 54.5
25 51 53.5
30 48 53
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Fig.2.12 New concept of the cold source moderator. @
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