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The Analysis for Flow Circulation System in HANARO Flow
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ABSTRACT

The HANARO, a multi-purpose research reactor of 30 MWth open-tank-in-pool type, has been under
normal operation since its initial criticality in February, 1995. Many experiments should be safely performed to
activate the utilization of the HANARQO. HANARQ flow simulation facility is being developed for the endurance
test of reactivity control units for extended life time and the verification of structural integrity of those
experimental equipments prior to loading in the HANARQ. This facility is composed of three major parts; a
half-core structure assembly, a flow circulation system and a support system. The flow circulation system is
composed of a circulation pump, a core flow piping, a core bypass flow piping and instruments. The system is
to be filled with de-mineralized water and the flow should be met the design requirements to simulate a similar
flow characteristics in the core channel of the half-core structure assembly to the HANARO. This paper,
therefore, presents an analytical analysis to study the flow behavior of the system. Computational flow analysis
has been performed for the verification of system pressure variation through the three-dimensional analysis program
with the standard k- ¢ turbulence model and for the verification of the structural piping integrity through the
finite element method. According to the analysis results, it could be said that the design requirements and
the structural piping integrity of the flow circulation system are satisfied.
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Fig. 1 Flow diagram of flow circulation system
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Fig. 2 Predicted pressure distribution of core flow piping
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Fig. 3 Pipe support location of core flow piping
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Fig. 4 Pipe support location of core bypass flow piping

Table 1 Material properties of pipe

Property
(A358 TP304, A312 TP304)

195 GPa at 21C
190 GPa at 93C

Description

Modules of elasticity

Possion’s ratio 0.3
Thermal expansion coef. 16.81 mm/mmy/C
Max. allowable stress 92.4 MPa
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Fig. 5 Pressure distribution in core flow piping
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Fig. 6 Strength distribution due to flow dynamic and dead
weight in core flow piping
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Table 2 The loads of flow dynamic and dead weights at pipe
supports in main piping

Support No. F. () F,N) F,N)
43142 2985.9 70479
@ 0 -30345 0
@ -5601.4 -394.5 -86.959
6) 26092 -756.62 130.96
@ 0 92058 0
® 0 -6732.3 0
® 0 -2827.4 0
@ 0 -1077.6 0
14563 -1461 -25339
] e s o
G9:155:23
HODAL SOLUTION
STEP=L
HUB =1
TIME=T
SEOV [N eY)
PowsrGraphics
EFACET=1
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Fig. 7 Stress distribution due to thermal expansion in core
flow piping

Table 3 The thermal extension loads at pipe supports in main

piping
Support No. F,. N F, M F,N)

~18903 1158 ~5002.8
® 0 0 0
@ 18903 ~11585 50028
3 14478 392 97T |
@ 0 ~6001.3 0
® 0 14019 0
® 0 25177 0
@ 0 8632 0
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Fig. 8 Strength distribution due to dead weight and thermal
expansion in core bypass flow piping

Table 4 The thermal extension loads at pipe supports in
bypass piping

Support No F,(N) F,(N) F,N)
541.30 78222 -31.768
0 ~57.763 93.05
©) -407.10 ~2426.3 0
© 0 21361 -101.77
@ 0 -1066.7 13456
® -1056.1 -5799.1 0
921.86 4107.0 27.035
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Fig. 10 Analysis results of base plate

Table 5 Pipe support material

Description Main pipe Bypass pipe
H-Beam, mm 200x200 1007100
| Base Plate, mm | 500<50025 200x20010
| Anchor Bolt MI6 M8
52 8
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