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Abstract: Recently, condensation heat exchangers have been studied for applications to the passive cooling systems of
nuclear plants. To design vertical-type condensation heat exchangers in secondary passive cooling systems, TSCON
(Thermal Sizing of CONdenser), a thermal sizing program for a condensation heat exchanger, was developed at KAERI
(Korea Atomic Energy Research Institute). In this study, the existing condensation heat transfer correlation of TSCON
was evaluated using 1,157 collected experimental data points from the heat exchanger of a secondary passive cooling
system for the case of pure steam condensation. The investigation showed that the Shah correlation, published in 2009,
provided the most satisfactory results for the heat transfer coefficient with a mean absolute error of 34.8%. It is
suggested that the Shah correlation is appropriate for designing a condensation heat exchanger in TSCON.
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Fig. 2 Schematic of a discretized node of a vertical tube
in a condensation heat exchanger
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Table 1 Existing condensation correlations

d Re Tube Working
(mm) direction fluids
Akers™ R RI2
(1959) 15.7 17473<Rey, Horizontal Propane
<360,575
liman(m R
So Horizontal Water
(1968) ) ) Vertical | Refrigerant
— 6,917<Rey,
raviss
1973 8 ;191;,50335 Horizontal | R12,R22
Re,<10°
Shah® Re>350 Horizontal Water
(1979) 28~40 | Rexr>35,00 Vertical Refrigerant
0 Inclined Organic
Blange etti'® Sg<0%0ef<
(1982) 30 7 3(;0<Re Vertical Water
’ s
<25,400
Kirn((’)
(2000) 46 2’41(;0(?(1){0&( Vertical Water
68<Rep< .
18
shah™ | 5. 84,828 H{’,“éfmlal 22 fluids
(2009) 49 | 9534<Re ertica + water
Z50x1 O§° Inclined
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Table 2 Collected experimental data (water pool)

Kim® Henderson'”
Tube ID/OD
(mm) 46.2/50.8 52.5/60.32
Tube length 18 18
System
Pressure 0.794 ~7.305 0.225,0.274
(MPa)
Pool Subcooled Saturated Saturated
Data point 275 68 20
Film Re (Rey) 2,759 ~ 28,739 1,164 ~ 1,412
Steam Re 68,427 ~
(Rey) 4,583 ~ 135,695 72.474

Table 3 Collected experimental data (cooling jacket)

Khun“g) (20)
. Lee
(Laminar/Turbulent)
Tube ID/OD
(mm) 47.5/50.8 13/18
Tube length
Py 2.4 2.8
System
pressure 0.1~0.5
(MPa)
Data point 3 1.5 408 71
(Laminar) (Turbulent) (Turbulent)
Film Re 13~486.1 | 803~9,930 | 613~2,721
Steam Re 3,938 ~ 2,700 ~ 14,476~
34,900 110,000 62,124
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Table 4 Mean average error (MAE) (%) of condensation
heat transfer coefficient experimental data
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pool)

Kim® Kim™ Henderson"”
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Shah® 54.4% 56% 60.7%
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Shah® 32.9% 32% 78.4%
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Table 6 Experimental error of condensation heat transfer
coefficient measurement

Error

Kim® 28.2%
Henderson et al.” 20 ~30%

Khun"” 18.7%

Lee® 19.2%
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