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1. Introduction

Recently emergency cooling tank is a great concern
of passive cooling system for the safety of nuclear
reactor. When an accident occurs in nuclear reactor,
passive cooling system is operated to cool down a huge
amount of steam by naturally circulating water in
condensation heat exchanger which is immersed into
emergency cooling tank as shown in Fig. 1 [1]. For the
long operation of secondary passive cooling system,
however, water level goes down by evaporation in
succession at emergency cooling tank. At the end there
would be no place to dissipate heat from condensation
heat exchanger. Therefore, steam cooling heat
exchanger is put on the top of emergency cooling tank
to maintain appropriate water level by collecting
evaporating steam. Steam cooling heat exchanger is
installed inside an air chimney and evaporated steam is
cooled down by air natural convection.

In this study, thermal sizing of steam cooling heat
exchanger under air natural convection was conducted
by TSCON program [2] for the design of experimental
setup as shown in Fig. 2.

2. Thermal sizing of a tube
2.1 Thermal Sizing Program TSCON

TSCON solves one-dimensional steady continuity,
momentum and energy equations together by nodalizing
a tube. Assuming initial local heat load, condensation
part of the tube length and mass flow rate are decided.
Total pressure is assumed to be constant through the
tube. Inner wall temperature of the tube at each node is
calculated by a condensation heat transfer correlation.
Outer wall temperature of the tube is calculated by one
dimensional tube conduction equation. Tube length
calculated by the outside pool boiling heat transfer
coefficient is compared to the original. If they did not
match each other, the inner wall temperature would be
iterated. The original heat load up to satisfy overall heat
transfer rate is also iterated. Then, the same procedure
applies to single phase part of the tube. Inside the tube
the Shah’s condensation heat transfer correlation was
adopted for condensation section and the Dittus-Boelter
for single phase [3]. Outside the tube, a natural
convective heat transfer correlation on a cylinder is used
for an air cooling [4]. Air properties of thermal
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Fig. 1. Schematic of air natural convective cooling system of
emergency cooling tank.
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Fig. 2. Drawing of experimental setup.

expansion coefficient for the Grashof and the Prandtl
number were obtained from the NIST database [5].

2.2 Experimental setup

Figure 2 shows an experimental setup for air natural
convective cooling system of emergency cooling tank.
200 liter emergency cooling tank was manufactured by
using 4 mm thickness SUS 304L as a pressure vessel
containment. A safety valve was place at the very top of
emergency cooling tank side to maintain maximum 1.5
atm steam pressure inside the tank. An immersion heater
(~ 5 kW) was mounted to supply heat into water instead
of condensation heat exchanger of passive cooling
system. At 1.1 atm system pressure condition, the
amount of steam generation is 0.83, 1.25, 1.67, 2.08
kals
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Fig. 3. Tube length vs. the number of tubes of steam cooling

heat exchanger.

for 2, 3, 4, 5 KW heating of 100 liter water inside the
tank, respectively.

2.3 Thermal sizing procedure using TSCON

The system pressure was set to 1.1 atm in TSCON.
The greater system pressure increases, the more
convective heat transfer occurs due to the increase of
saturation temperature. Therefore, 1.1 atm was chosen
as a system pressure between 1.1 and 1.5 atm. Inlet
superheating was given as 0.7C. An iteration was
conducted until the outlet subcooling reached within
2C. The iteration tolerance was 0.001. Ambient air was
at 1 atm and 20°C. The steam cooling heat exchanger
has a square array type, so that the number of tubes
varies from 22 to 6°.

3. Results

Figure 3 shows a tube length versus the number of
tube arrays obtained by TSCON. As the number of
tubes increases, the tube length decreases due to the
increases of heat transfer surface area. Moreover, the
greater immersion heater power, the more tube length is
required for steam to fully cool down. For the effect of
tube outer diameter, 1” tube length is less than that of
1/2" tube because that of 1” tube has greater surface
area than 1/2" and steam flow velocity is lower, which
means that steam stays longer inside condensing tube to
be cooled down.

There are two constraints to design steam cooling
heat exchanger in this experimental. First of all, due to
the space limitation, the tube length should be less than
about 20000 mm. Secondly, a heat transfer degradation
effect was not considered in TSCON program. In other
words, TSCON is only applicable to pure steam, not
noncondensable gas as a working fluid. In order to
count for noncondensable gas effect in the sizing of
steam cooling heat exchanger tube, half as many again

Table I: Tube length (mm) sized by TSCON
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2 3 4 5 2 3 4 5
(kw)
4 1179 | 178 | 237 | 295 | 702 | 106 | 141 | 176
tubes 0 50 00 90 0 00 00 10
9 5250 791 105 131 || 312 | 471 | 627 783
tubes 0 30 50 0 0 0 0
16 2950 445 | 592 | 740 || 175 | 265 | 353 | 440
tubes 0 0 0 5 0 0 0
25 1890 285 379 | 473 112 170 | 226 282
tubes 0 0 0 5 0 0 0
36 198 | 263 | 329 118 | 157 | 196
woes | B0 10 [0 o [ |0 |0 |o

of a tube length was selected for the final sizing of tubes
in steam cooling heat exchanger.

In Table I, the 1” tube length is 1125 mm for 36
tubes (5 by 5 square array) at 2 kW heating load.
Therefore, 25 - 1" tubes which has a length 1687 mm
(approximately half as many again of 1125 mm) was
selected as steam cooling heat exchanger. The width of
two tubes is 50 mm where two thermal boundary layers
at 1687 mm length tubes are not interfered together.

4. Conclusions

Thermal sizing of steam cooling heat exchanger tube
under air natural convection was conducted by TSCON
program for the design of experimental setup. 25 - 1”
tubes which has a length 1687 mm was determined as
steam cooling heat exchanger at 2 kW heat load and 100
liter water pool in emergency cooling tank
(experimental limit condition). The corresponding width
of two tubes is 50 mm and has 5 by 5 tube array for heat
exchanger.
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