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SUMMARY

This research is a study on the development of PCCS, a passive
containment building cooling system, which is one of the passive safety
systems to be applied to next generation nuclear power plants. PCCS is a
system for removing the energy released into the containment buildings
through condensation heat transfer without help from the operator or external
power source in case of an accident such as a coolant loss accident or
breakage of the main engine, and maintaining the integrity of the nuclear
power plant. The PCCS, which has been developed to replace the role of
spray of the containment sprinkler system, which previously required power,
1s installed in the form of a tube, condensing the steam of the mixed gas
coming down the wall in case of an accident, It will serve to lower the
temperature. The focus of this study is to derive the correction factor which
can evaluate the effect of curvature and, to assess the effect of the velocity
of the air-steam mixture on the wall during the accident on condensation
heat transfer

In this study, to investigate the condensation heat transfer coefficient in the
presence of a non-condensable gas, an experimental studies was performed on
the single vertical condenser tube with 10 mm, 21.5 mm, and 40 mm in outer
diameter, and 1000 mm in the effective heat transfer length. In natural
convection condition, experiments were conducted at the pressure ranging
from 2 to 5 bar, and the air mass fraction ranging from 0.1 to 0.8. And in
forced convection condition, the experiment was conducted with 40 mm in
outer diameter tube In pressure ranging 2, 4 bar and the air mass fraction
ranging from 0.29 to 0.63.

This study focused on two topics, curvature effect with tube diameter

under natural convection condition and velocity effect of air-steam mixture to



heat transfer in forced convection condition.

For the derivation of correction factor for curvature effect, rate of heat
transfer coefficients among the experiments with 10, 21.5, and 40 mm in outer
diameter tubes. When the diameter is changed, the change of heat transfer
coefficient was also changed. These changes are independent of air mass
fraction and pressure, and there is a curvature effect on diameter.

For the effect of wvelocity, the conditions for experiment was fixed for
example, conditions of pressure, air mass fraction, and wall subcooling was

well controlled.
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<Table 1> Previous empirical correlations for the condensation heat transfer

coefficient
correlation / model
~0.707

Uchida(1965) _ (l)

h=379\ T
Tagami(1965) h— 1144 284(%‘/)

. L%(3.7+28.7P)— (2438 + 458.3P)log( W)

Dehbi(1991) h= (T — )0_25
LIU(ZOOO) h — 55.635X§'344P0'252d1—0'307
Kawakubo(2009) h, = min[0.33X "SA T X IAT 0-2X,,’,,,.°'25] . (P+0.5)
Lee(2017) N, =890 G125 I/V;U‘%GJJ 0.327
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<Table 2> Selected COPAIN Test data

. Inlet Air Air Inlet Wall Mass

Test Convective . Pressure .

Velocity Temperature | Temperature Fraction
No. | Heat Transfer (bar)

(m/s) (K) (K) Xye
P0441 Forced 3 1.02 353.23 307.40 0.767
P0443 Free 1 1.02 352.33 300.06 0.772
P0444 Natural 05 1.02 351.53 299.70 0.773
P0344 Natural 0.3 1.21 344.03 322.00 0.864
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[Fig. 20] Test section of experimental facility of Jeju National University
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<Table 3> Bias error of measurement instruments

Measurement
Parameters Instruments
error
Coolant temperature K-type thermocouple 0.2 K
Wall temperature K-type thermocouple 11 K

Coolant mass flow .
. Electromagnetic flowmeter
rate

0.1 % of span

Total pressure Pressure transmitter

0.075 % of span

E 49k E 5E 47 AFE% 283 A 5593 9o 4P e o)
o A 2ol 94 AdnBe AAGe] ¢ 5 barz AN BE
o 714 AAE 27lo] BE

oA Ztzh 0.1~0.8, 0.170.6°.2 Ak AduF
=
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<Table 4> Test matrix in natural convection condition for diameter effect

Pressure Wall subcooling Air mass fraction
Program
(bar) (K) (%)
2 0.1-08
Effect of pressure 3 (215 & 40 mm)
and air mass 40
¢ ) 4 0.10, 0.30, 0.45, 0.60,
raction
0.75
5 (10 mm)
Effect of wall 2 .
) 20-60 (215 & 40 mm)
subcooling 4

<Table 4> Test matrix in forced convection condition for velocity effect

Wall
p Pressure b al' Air mass fraction Mixture
rogram subcoolin,
8 (bar) & (%) velocity (m/s)
(K)
Effect of 2
pressure and @ —— 0.3 0.15-0.58
mixture velocity 4 35-40
Effect of air
2 0.29-0.63 0.3

mass fraction

A, R Ay e e &5 AR AFE S48 S8l
2
|

&2 2~5 bar, ol"e] ¥$FAF VAL T dEF 2E&2 01~082 A
oho =3 ¥ i EE 10 mm, 215 mm, 40 mme AAS 7 FHE £33
AE B5F oF 40 Ko=2 aAHAAT olgA AAE AQe v 20E5ES 7Y
stAl 9 dHAEATE THOEAN FHO AAoldes WETF A e dF%S
AFAoRE HJ7ted & s A3 1S 8o
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O.D. calculation
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[Fig. 31] Comparison between experimental data and calculated results by
10 mm O.D. tube
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[Fig. 32] Comparison between experimental data and calculated results by
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[Fig. 36] Distribution of temperature under forced convection condition
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[Fig. 37] Distribution of temperature under natural convection condition
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[Fig. 39] Effect of air mass fraction to heat transfer coefficient
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[Fig. 41] Effect of velocity to heat transfer coefficient at different pressure
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[Fig. 42] Effect of velocity to heat transfer rate at different pressure
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[Fig. 44] Comparison of results with natural and forced convection
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