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Evaluation of the Decay Heat Removal Capability Using the Concept of a
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Abstract

A study related to understand the characteristics of the heat pipe and thermosyphon was performed to evaluate
their applicabilities to the current PSDRS (Passive Safety Decay heat Removal System) in the KALIMER
(Korea Advanced Llquid MEtal Reactor) design. The possible heat transfer rate by the heat pipe and
thermosyphon was reviewed to compare the required capability in the PSDRS. A quantitative comparison was
done between the current PSDRS and the modified PSDRS with the thermosyphon. The result showed the
dominant heat transfer rate in the air channel, e.g. radiation or convection, is different from each other. The total
heat transfer rate is not sensitive to the operating temperature of the thermosyphon. The heat removal by the air
in the modified case is relatively reduced and the resultant outlet temperature appears less than above 10°C. A

reversal heat transfer between the air and the thermosyphon may exist near the exit of the active heat transfer



region. The total heat transfer rate by the modified case showed about 20~40% increase relative to the reference

one.
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Heat Pipe

Thermosyphon 0.32~32.0 kW/n?
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2.2 PSDRS
PSDRS 1
[7]. PSDRS
, Air Separator,

PSDRS 4 ., Air

Separator (Rad) (Convl) Air Separator
(Conv2)
PSDRS
Thermosyphon PSDRS 5 6
. Thermosyphon PSDRS
Themosyphon (Rad) (Convl)
Thermosyphon PSDRS
0.11~11.0 MW . PSDRS
Thermosyphon
515 710 . Thermalsyphon
125 150 . PARS2
[1] Thermosyphon Air Separator
Thermosyphon
1

Thermosyphon 150 125 Thermosyphon

Thermosyphon 125



45:55

Thermosyphon
7 8
1
65:35
Thermosyphon
40% . 9
). Thermosyphon
( 1.
« )
Thermosyphon 125
Thermosyphon
Thermosyphon
20%  40% PSDRS
PSDRS
Thermosyphon ( )
PSDRS
Churchill& Chu [8] 10m, 50
5 W/nt- . 2 5MW
8m, 8m, 10m
3.
Thermosyphon(
Thermosyphon  Heat Pipe
Thermosyphon
Thermosyphon
PSDRS Thermosyphon

PARS2

10%

( 10
10%
133
Thermosyphon
(3]
Heat Pipe)
20~40%



Thermosyphon
Thermosyphon
10
Thermosyphon
Thermosyphon

1 2, PSDRS , KNS'98 , pp. 653-659, 1998

2.Y.S Simet al., Heat Transfer Enhancement by Radiation Structuresfor An Air Channel of LMR Decay Heat
Removal, Nuclear Engineering and Design, 199, pp. 167-186, 2000

3. A.S. Robertson and E.C. Cady, Heat Pipe Dry Cooling for Electrical Generating Stations, Proceedings of the
4th Int. Heat Pipe Conf., 7-10 Sep. 1981, London, UK, pp. 745-758

4. P.D. Dunn and D.A. Reay, Heat Pipes, 3rd Edition, Pergamon Press, 1982

5. Y. Leeand U. Mital, A Two-Phase Closed Thermosyphon, Int. J. Heat Mass Transfer, Vol. 15, pp. 1695-1707,
1972

6.Y.Leeand A. Bedrossian, The Characteristics of Heat Exchangers Using Heat Pipes or Thermosyphons,
Int. J. Heat Mass Transfer, Vol. 21, pp. 221-229, 1978

7. 33, KALIMER , KAERI/TR-1636/2000,

8. Adrian Begjan, Convection Heat Transfer, John Wiley & Sons, 1984

Nomenclature

Notations

d: [m]

g: [m/s?]
i [ka/s]

Q: [MW]
T: [ ]



TS thermosyphon
s [N/m]
ro [kg/n?]
q: [degree]
Subscripts
air:
avg:
convl: (convection)
in:
pore: Wick( ) )
rad: (radiation)
total: ()
1 PSDRS  Thermosyphon PSDRS
Tavq (OC) Qr:d chn Qtotal Air
Case Na | walld| Aird| MW [ % | MW | % | (MW) | T (C) | & | Qu(MW) | = Remark
PSDRS 515 | 288 | 40 947 | 44.2| 119 | 55.8| 2.143 139 22 2.143 10
710 462 40 1835 | 47.6| 2023 | 52.4| 3.858 160 23 3.858 1.0
515 150 | 40 | 1525 | 60.0| 1.016 | 40.0| 2541 128 21 1311 52
PSDRS USINg "o ™70 120 | 1580 | 613 | 997 | 38.7| 2577 | 127 | 21 | L1184 46
Thermosyphon . : : : : : :
710 | 125 | 40 | 3856 | 71.5| 1538 | 285 | 5.394 133 21 1712 32
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