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A Study on Operating Characteristics of the Two-Phase
Closed Thermosyphon with a Binary Mixture
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Abstract— The two-phase closed thermosyphon with a binary mixture, ethanol and water whose boiling
points are different from each other, may show a superior engineering quality over that of single fluid.
Operating characteristics of thermosyphon with a stable water/ethanol mixture, which has not shown
any mixing gap, was experimentally investigated. Experiments on the thermosyphon with a binary mixture
has been carried out for operating characteristics of start-up, steady state, inclination, and heat transfer

limitation.
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Fig. 1. Merit number of selected working fluids for
thermosyphon.
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Fig. 2. Schematic diagram of the experimental appara-
tus.
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Fig. 3. Unsteady operating characteristics of vertical
thermosyphon (Power=65 watt, Tc=15°C, Fill=20
%<x=0.2 ethanol>, Le/La/Lc=45/25/30, Flowrate
=100 cc/min.).

70

85

60
150

75

0
80

70
80
50
40

Yemperature (*C)

30

20
10

Time (min.)

Fig. 4. Unsteady operating characteristics of vertical
thermosyphon (Power=65 watt, Tc=15°C, Fill=20
%<x=0.2 ethanol>, Le/La/Lc=60/10/30, Flowrate
=100 cc/min.).
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Fig. 5. Unsteady operating characteristics of inclination
thermosyphon (45°) (Power=65 watt, Te=15°C,
Fill=20%<x=0.2 ethanol>, Le/La/Lc=60/10/30,
Flowrate=100 cc/min.).
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Fig. 6. Schematic representation of vertical thermosy-
phon.

Fig. 7. Schematic representation of inclined thermosy-
phon.
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Fig. 8. Steday operating characteristics of vertical ther-
mosyphon (Power=65 watt, Tc=15°C, Fill=20%<x
=0.2 ethanol>, Le/La/Lc=60/10/30, Flowrate=100
cc/min,).
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Fig. 9. Steady operating characteristics of vertical ther-
mosyphon (Power—=120 watt, Tc=15°C, Fill=20%<
x=0.2 ethanol>, Le/La/Lc=60/10/30, Flowrate=
100 cc/min.).
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Fig. 10. Steady operating characteristics of vertical
thermosyphon (Power= 160 watt, Tc=15°C, Fill=20
%<x=0.2 ethanol>, Le/La/Lc=60/10/30, Flowrate
=100 cc/min.).

ol 9§ AZF(Annular flow)ell A 22| F47}
7H k& AHE-8 “Upper edge”, %ute] 547}
7V FAE slEE-& “Lower edge”2}i = A 3dc),
dAdE TR H3e P2AFE F0)7]) YA dAd
A3 43 7|(Thermocouple attachment welder)& *}
48te] Rasigdcl. E=3 dae]E W] AN
ZF71 % H2E 33437 915t Ax 9] wpgto 2 RE
5cm, 25cm, 85cmA|Hol dHY probeE A)3}slof
A= sted et

3. @z % I}

R 2A v5He] HE & 24F A9 &
FE & 24F EECIEE+E)E AHEY 24 U
GRo)E9) AFEAL Y £FAAY FEEA
I @A dads AL GAs) ol 248 &
A8 AHSSHE A B S9e] W aje} MuF
ARGS9 X0 G E FEEES] A7) uid
EYES 989y BAX( IUAY, UE, HAAe
Bl ZA H$-3ct

¥ A7l Ae dYY, $493KHE3] Mole fraction),
I8 3 XA Azt W g2 E ) o] E Y-
L= Wl el HEEAE naslych

3-1. Al

Wall temperature (°C)

0.0 0.2 0.4 06 08 1.0
Length (x/L)

Fig. 11. Axial wall temperature distributions of Lower

and Upper edge for vertical thermosyphon (Power= 60

watt, Te=15°C, Fill=20% <x=0.2 ethanol>, Flow-
rate=100 cc/min.).
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Fig. 12. Axial wall temperature distributions of Lower

and Upper edge for vertical thermosyphon (Power—=

160 watt, Tc=15°C, Fill=20% <x=0.2 ethanol>,
Flowrate=100 cc/min.).
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Fig. 13. Steday operating characteristics of inclined
thermosyphon (Power= 65 watt, Tc=15°C, Fill=20%
<x=0.2 ethanol>, Le/La/Lc=60/10/30, Flowrate=
100 cc/min., Anlge=75°).
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Fig. 14. Steday operating characteristics of wall tem-
perature distribution for inclined thermosyphon (Po-
wer=65 watt, Tc=15°C, Fill=20% <x=0.2 etha-
nol>, Le/La/Lc¢=60/10/30, Flowrate=100 cc/min.,
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