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Abstract
Based on the experiences of HANARO, a new research reactor is under

conceptual design preparing for future needs of research reactor. Considering

thermal-hydraulics, mechanical

nuclear physics,

as

such

aspects

various



structure and the applicability of HANARO technology, a tubular type fuel has
been considered as that of a new research reactor.

Tubular type fuel has several circular fuel layers, and each layer consists of
3 curved fuel plates arranged with constant small gap to build up cooling
channels. In the thermal-hydraulic point, it is very important to maintain each
channel flow velocity be equal as much as possible, because the small gaps
between curved thin fuel plates independently forms separate coolant channels,
which may cause a thermal-hydraulic problem in certain conditions.

In this study, commercial CFD(Computational Fluid Dynamics) code, Fluent,
has been used to investigate flow characteristics of tubular type fuel assembly.
According to the computation results for the preliminary conceptual design, there
1s a serious lack of uniformity of average velocity on the each coolant channel.
Some changes for initial conceptual design were done to improve the balance of
velocity distribution, and analysis was done again, too. The results for the
revised design showed that the uniformity of each channel velocity was
improved significantly. The influence of outermost channel gap width on the

velocity distribution was also examined
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3% 1 Average velocities and hydraulic diameters at each channel for basic model

channel | velocity(m/s) remark Dyp(mm) remark
Ist 8.40 0.941 4.377 0.937
2nd 9.25 1.037 4557 0.976
3rd 9.33 1.046 4.656 0.997
4th 9.21 1.032 4719 1.011
5th 8.95 1.003 4.763 1.020
6th 8.45 0.947 4795 1.027
7th 7.61 0.853 4.819 1.032
Avg. 8.923 1 4,669 1

3% 2 Pressure drop on each channel for basic model

channel Pressure drop(kPa)
1st 127
2nd 142
3rd 144
4th 139
5th 131
6th 118
7th 100
net 128




¥ 3 Average velocities and hydraulic diameters at each channel for detail model

channel || velocity(m/s) remark Dyp(mm) remark
1st 8.27 0.934 4563 0.963
2nd 8.69 0.982 4.659 0.984
3rd 8.82 0.997 4.723 0.997
4th 8.90 1.006 4764 1.006
5th 9.00 1.017 4792 1.012
6th 9.10 1.028 4819 1.018
7th 8.79 0.993 4.835 1.021
Avg. 8.85 1 4.736 1

it 4 Static pressure difference between inlet and outlet of coolant channel
for detail model (unit : kPa)

channel Pin Pout AP
1st -82.2 -206.5 124.3
2nd -78.3 -211.5 133.2
3rd -80.8 -212.4 131.6
4th -83.3 -213.0 129.7
5th -83.4 -2135 130.1
6th -81.5 -2135 132.0
7th -85.1 -210.8 125.7
avg 129.5

3 5 Average and non-dimensional velocity at each channel

1.8mm 2.38mm 2.5mm 3.0mm 3.5mm
V(m/s) | V/Vavg |[V/S) | V/Vave [V/S) | V/ Ve [|[V/S) | V/ Vayg |[V(@m/S) | V/Vayg
9.2 0.980 85 0.944 8.3 0.934 7.7 0.912 7.3 0.903
9.5 1.015 89 0.983 8.7 0.982 8.2 0.962 7.7 0.943
9.6 1.025 9.0 0.998 8.8 0.997 8.3 0.978 7.8 0.954
9.6 1.031 9.1 1.007 89 1.006 8.4 0.986 7.8 0.961
9.7 1.039 9.2 1.019 9.0 1.017 8.4 0.994 79 0.967
9.8 1.044 9.3 1.030 9.1 1.028 85 1.006 79 0.977
8.0 0.856 89 0.980 8.8 0.993 9.0 1.060 9.0 1.111

N[ OOk WwiN|




19 1 Computational grid for basic model

(a) velocity contour

19 2 Velocity distribution around the channel inlet

10.0

(b) velocity vector

9.5 1
9.0

8.5

Velocity(m/s)

8.0

7.5

7.0 T

19 3 Average velocity distribution at the channel outlet of basic model

2 3 4 5

Channel number
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19 4 Stream-wise Pressure drop for the flow direction

. Wit
(a) receptacle region, fin & fuel (b) down-stream of fuel

19 5 Computational grid for detail model

(a) around receptacle (b) near the locking system

19 6 Velocity vector distribution around the receptacle



(a) inlet of coolant channel (b) outlet of coolant channel

19 8 Velocity contour at inlet and outlet coolant channel
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(a) up-stream of fuel channel (b) down-stream of fuel channel

19 9 Velocity vectors on the symmetry plane
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19 10 Average velocity distribution at the channel outlet of detail model
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19 11 Variation of average velocity and hydraulic diameter at each channel of

detail model

—&— detail model
—— basic concept model
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19 12 Improvement of average velocity distribution of outlet region
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(a) all over the fuel assembly (b) receptacle region

1% 13 Pressure contours
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(e) 3.5mm
19 14 Velocity contour at the inlet of coolant channels
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19 15 Variation of average channel velocity with outermost channel thickness
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219 16 Variation of non-dimensional channel velocity with outermost channel
thickness
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