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ABSTRACT

Recently, large-scale air-cooled heat pipes have been considered for use in various passive cooling systems to protect against

station black-out accidents at nuclear power plants such as the one that occurred at the Fukushima facility in 2011. This study

examines the conceptual design of a fork-end heat pipe (FEHP) with a relatively large heat transfer area in the condenser for air

cooling in comparison to the evaporator for heating in liquid water. FEHP uses water as a working fluid and consists of one

water-heated evaporator tube and several air-cooled condenser tubes. To experimentally evaluate the heat transfer characteristics

of the proposed FEHP design, a scaled-down model and a test facility were constructed. The evaporator of the scaled-down model

was heated by circulating hot water while the fork-end condensers were cooled by atmospheric air at room temperature. Results

of this design study indicated that as the circulating water temperature was increased, four different operational modes were

observed in the evaporator in sequence: natural convection, geyser boiling, fully-developed nucleate boiling, and falling film

boiling. The geyser boiling displayed mechanically and thermally unstable features due to the large quantity of explosive

nucleations in the working fluid when it was superheated beyond the saturation temperature corresponding to the system pressure.

The average heat transfer rate in the fully-developed nucleate boiling mode stably increased with increasing water temperature in

the heating loop and converged towards a maximum value as the system approached the falling film boiling mode.
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Fig. 1 Conceptual drawing of fork—end heat pipe

E7} MAE Lol 2l Thol= HE
off oJsf ueRdthil Aol

off ufe} 7ho] = HlS @2 AR UL}, ERE 7ho]= Bl

&4} H olF, o T do] 7kl E thE webgAdel &

%Hi’iﬁ}. ‘LWH% A S7H= sl A== S &

l°ﬂ o2t —71 °“Zﬂ 74]“4°1W 4

(Geyser boiling) A}
sk 917} Aol 2713t

d}_(Dry out)ﬂ‘“ ﬁﬂ'o] e
) AR Byl #3 Helt
drE o] AA|A Q] Ax
5 8%=3H4(Countercurrent flow limit) = 213f
Amatela, oleh tlEo] Fol= vSaAto]
Sha7} 3 Evto]Ze} TEoM s Esfo]
g 7hs5Aol 3
Jouhara et al,?& HARGH)
WOl ) 7ol 2 HIEHAS
ZhojlA Ueh= EHls @ :
9] AL o o0 o)A 7]—0] B ako] Ueh A8
,Lo] Z7}UL_’_§ o]-;@lg]_ Q J—E’_]' o:q 7]_/\]§]_ Al
e Sl Hs skl ‘ﬂ'cﬂoﬂ Ri34at= 2h2 7]3L7} A E
of 7tol= wls@ o] UEhA] 2Tt
Chang et al. "o 22 Wrulo|ZS |2k
W BlsEAE 7HAISH 0}1
2 Urehts Zu v
S Aol 7RIS
Lo e 5SS S P A o

=

-

olN l‘l'O -

s}
2oy /\]

Al o1oo

g0l

J&:‘Lﬂl

<)

fijo

lN

{Xe)

1_

S AFO
O
) o
-

ZH )=
]—_l‘

\‘BL

=13 =1
=T

T

2.2

0l

ISl

Niro 9} Beretta®= Amato]Z |} v =4



0o
o
ror
N
og
=2

Condenser

1000, ¢12.7

Pressure
T-type transmitter

r

Info.

Diaphragm

wbb BN
WO "I;'

Unit: mm

7 valve
Components t

Measurement
points

1000, 1200
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Fig. 9 Thermal resistance of the FEHP with varying heat
source temperature (flow rate of heating loop: 5.46X107°
m®/s; air velocity: 0.5 m/s; air temperature: 29C)
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