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The Effect of Working Fluid Charge on the Performance of a Heat Pipe
for Medium-temperature Solar Thermal Storage System
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Abstract

An experimental study was conducted to investigate the thermal performance of a medium-temperature heat
pipe against the charge amount of working fluid. The container and the wick of the heat pipe were made of
stainless steel and the working fluid was Dowtherm-A for medium-temperature applications around 250TC.
The diameter and length of the heat pipe were 254 mm and 1 m, respectively. The maximum thermal load
was 1 kW and the working fluid charge ratio varied from 372% to 420%. The results showed that the
thermal resistance ranged from 0.12 to 0.15 C/W and the effective thermal conductance ranged from 7,703 to
8,898 W/m-K. Dry-out occurred for the heat pipe with 372% fill-charge at the heat load of 950 W, while the
other heat pipes with higher charge amount did not encounter dry—out up to 1060 W.

Keywords : % €7 ] (thermal storage system), % -<=(medium temperature), 3] E3}0] 3 (heat pipe),
F oA %7 (working fluid charge amount)
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Fig. 1 Schematic of the heat pipe with
thermocouple locations
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Table 1 Specification of the heat pipe

Container (mm) STS 316L
ontatner tmm 0.D.: 25.4, Thickness : 2
. STS 304
Wick Screen mesh : #40, 2 layers
Dowtherm-A

Working fluid | Fill charge : 372 ~ 420% (based on
void volume of the wick)
Evaporator : 200
adiabatic section :

65 (lower) + 65 (higher)
Condenser : 470 + 200
Thickness : 1, Height : 32.5, Pitch :
10

Length (mm)

Fin (mm)
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Fig. 2 Axial temperature variation of the heat pipe as a
function of coolant temperature (for 372 ~ 420% fill
charge ratio, no insulation)
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Fig. 3 Axial temperature variation of the heat pipe as a
function of coolant temperature (for 372 ~ 420% fill
charge ratio, insulation)
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Fig. 4 Thermal resistance of the heat pipe as a
function of heat flux (for 372 ~ 420% fill charge ratio,
coolant 80C)

0.45
.
0.40 |
o
[ L)

035
= ¥ ®e
o > N
& 030 | v
g | . R —— .
= = Fill Charge 372%, No Insulation > Vv
2 025 - e Fill Charge 372%, Insulation vy
‘?‘é 44— Fill Charge 408%, No Insulation v‘
S 020 | v Fill Charge 408%, Insulation
ﬁ [—<— Fill Charge 420%, No Insulation

»  Till Charge 420%, Insulation
0.15 | P
A 4 ,4‘: -
- i T
L L L L L L L I L L L L

0.10
210 220 230 240 250 260 270 280 290 300 310 320 330

Operating temperature, °C

Fig. 5 Thermal resistance of the heat pipe as a
function of operating temperature (for 372 ~ 420% fill
charge ratio, coolant 80C)
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Fig. 6 Effective thermal conductivity of the heat pipe as
a function of operating temperature (for 372 ~ 420% fill

charge ratio, coolant 80C)
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