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1. Introduction

A dual-cooled annular fuel for a pressurized water
reactor (PWR) has been introduced for a significant
amount of reactor power uprate. The Korea Atomic
Energy Research Institute (KAERI) has been
performing a research to develop a dual-cooled annular
fuel for the power uprate of 20% in an optimized PWR
in Korea, OPR1000 [1-3].

For the core of current OPR1000, a 12x12 annular
fuel array configuration was proposed through the
evaluation of several candidates. And then fuel rod
dimensions were optimized as 15.9 mm for outer
diameter and 8.5 mm for inner diameter. A feasibility
assessment of 120% core power along with the annular
fuels was conducted including nuclear physics, core
thermal-hydraulics and safety analyses for the typical
accidents [4]. For these work a set of design code
package for annular fuel analyses were also established.

According to the results, the annular fuel showed a
potential of 20% power uprate with similar to or better
than the conventional solid fuel in safety margin. In
addition, some technical issues like heat split imbalance
and inner channel blockage were investigated and
resolved by means of annular pellet design and anti-
inner channel blockage lower end plug, respectively [5].

However, due to the decrease in the fuel amount for
the OPR1000 core with the dual-cooled annular fuel, the
cycle length was limited to 12-month reduced from 18-
month. The core design and safety analysis with 18-
month cycle are performing by increasing the U-235
enrichment above 5 wt%.

In this study, the thermal hydraulics characteristics
are assessed under the conditions of 120% power uprate
and 18-month cycle.

2. Methods and Results

To evaluate the thermal-hydraulic characteristics of
the annular fuel core, the whole core subchannel
analysis of MATRA-AF were developed with the
conventional subchannel code MATRA [6]. It can
predict the heat and flow splits between inner and outer
channels in annular fuels.

2.1 Core Design

Based on the lumped quadrant core model and the
subchannel analysis parameters, the DNBR calculation
for the 12x12 annular fuel was conducted by using the
MATRA-AF code. The radial pin power distribution in
a quarter of the hot assembly and the radial assembly
power of the core at cycle 6 and EFPD = 300 are

illustrated in Fig. 1. The hottest rod is located around
the center guide tube and two poison rods are located in
the corner around the outer guide tube. The radial peak
power in the hot assembly is 1.629. The axial power
distribution at cycle 6 is shown in Fig 2. The axial
power distribution at the EFPD=300 shows almost
uniform shape with slightly bottom skewed power.
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Fig. 1 Pin and assembly power distribution
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Fig. 2 Axial power distribution of cycle 6

2.2 Averaged Quality

For the power uprate of a dual-cooled annular fuel,
the inlet temperature is decreased to maintain the exit
temperature of OPR1000. The core averaged
equilibrium quality is shown in Fig. 3. As shown in the
figure, the exit quality of the annular fuel is equal to
solid fuel as -0.12 and the inlet quality reflects the
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Fig. 3 Bundle averaged equilibrium quality
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difference between inlet temperatures. Due to the axial
power shape, the quality of the solid fuel and the 12-
month cycle annular fuel with consine shape are
gradually increased at the inlet and exit region and
rapidly increased in the middle region, but the quality of
the 18-month cycle with uniform axial shape is linearly
increased. From this result, it can be confirmed that the
input for the mass flux and power is correctly applied.

2.3 Pressure Loss

The pressure loss is mainly caused by the friction on
the rods and the spacer grids. The friction factor is
decreased with decrease in the pitch over diameter ratio
(P/D). From the experiment, the friction factor for the
annular fuel (P/D=1.08) was decreased to 70% of the
solid fuel (P/D = 1.35) [7]. In the previous research for
the 12-month cycle, the friction factor was used the
same condition for the solid fuel. Therefore the pressure
loss was overestimated as 162 kPa as shown in Fig. 4.
However, when the friction factor for outer channel is
used 75% of McAdams correlation, the pressure loss is
decreased to 144 kPa, which is 9% higher than the solid
fuel.
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Fig. 4 Core averaged pressure

2.4 DNBR

The axial DNBR distribution is illustrated in Fig. 5. The
MDNBR for the solid is located around 2/3 axial
direction due to the cosine shaped axial power
distribution. For the annular fuel with 18-month cycle,
however, the DNBR is linearly decreased because of the
uniform axial power shape as shown in Fig. 3, so the
MDNBR occurs in the exit region. While the MDNBR
of the solid is 2.34, the MDNBR in the inner and outer
channel of the annular fuel are 3.89 and 3.54,
respectively. The outer channel MDNBR of the annular
fuel is 1.5 times higher than the solid fuel. However
Since the gap conductance at the inner and outer gap
between a fuel pellet and claddings varies along the fuel
burn-up, the gap conductance effect should be
considered for heat flux and DNB.

3. Conclusions

The thermal hydraulic characteristics of a dual-
cooled annular fuel with 18-month cycle are assessed

under the conditions of 120% power uprate. The friction
loss based on experimental results is applied as 75% of
a correlation for the solid fuel. Pressure loss is 9%
higher than that of the solid fuel. The MDNBR for the
annular fuel is 3.54 at the outer channel, which is 1.5
times higher than the solid fuel.
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Fig. 5 DNBR trends at the MDNBR subchannel

Acknowledgements
The authors would like to express their appreciation
to the Ministry of Education, Science And Technology
of Korea for its financial support.

REFERENCES

[1] C. H. Shin, T. H. Chun, D. S. Oh, and W. K. In, Thermal
Hydraulic Performance Assessment of Dual-cooled Annular
Nuclear Fuel for OPR-1000, Nuclear Engineering and Design,
Vol. 243, pp. 291-300, 2012

[2] C. H. Shin, W. K. In, D. S. Oh, and T. H. Chun, The
Design of Annular Fuel Array for a High-Power-Density
PWR, Trans. of the KNS Autumn Meeting, Gyeongju, Korea,
20009.

[3] Y. S. Yang, C. H. Shin, T. H. Chun and K. W. Song,
Evaluation of a Dual-Cooled Annular Fuel Heat Split and
Temperature Distribution, Journal of Nuclear Science and
Technology, Vol. 46, 8, pp. 836-845, 2009.

[4] T. H. Chun, C. H. Shin, W. K. In, K. H. Lee, S. Y. Park, H.
T. Kim, K. H. Bae and K. W. Song, A Potential of Dual-
Cooled Annular Fuel for OPR1000 Power Uprate, Proc. of
2009 LWR Fuel Performance, Paris, France, 2009.

[51 C. H. Shin, T. H. Chun, D. S. Oh, and W. K. In,
Experimental and Numerical Investigation of an Entrance
Blockage of an Inner Channel in Dual-Cooled Annular
Nuclear Fuel, The 14" Int. Topical Meeting on Nuclear
Reactor Thermal Hydraulics, Toronto, Canada, 2011.

[6] Y. J. Yoo, D. H. Hwang and D. S. Sohn, Development a
Subchannel Analysis Code MATRA Applicable to PWRs and
ALWRs, Journal of Korean Nuclear Society, Vol. 31, pp.
314-327, 1999.

[7]1 C.Y. Lee, C.H. Shin, J.Y. Park, D.S. Oh, and W.K. In,
Measurement of Pressure Loss in Tight Lattice Rod Bundle
with Spacer Grid, Trans. of the KNS Autumn Meeting,
Gyeongju, Korea, 2011.

- 441 -



	분과별 논제 및 발표자

	PNO0: - 440 -
	PNO1: - 441 -


