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Experiments on Power Generation System of
Liquid Air Energy Storage System

Jung Hwan Park®, Jeong Tk Lee**

Key Words : Energy storage system(9L]=] A3 A|2H), Liquid air energy storage system(3&7]<J2} ofjij=] X3 A|2H), Response
time(S-&AIZD, Liquid Air Evaporator( YA &-7] 7]3L7)), Tesla turbine( e} E/ )

ABSTRACT

An experimental study was conducted in a university lab scale to evaluate the power generation performance of a liquid air
energy storage system. The experimental setup consists of a liquid nitrogen tank, evaporator, and a Tesla turbine. The
experiment was conducted using liquid nitrogen instead of liquid air due to the similarity in thermal properties. First, evaporator
test was conducted and it was observed that the evaporator outlet temperature was maintained for at least a half an hour. As
a result of a power generation experiment, it succeeded in generating 30W of power, and the time to reach the maximum power
was observed to be in 2.6 minutes. The change in generated power with respect to liquid nitrogen mass flow rate was also
measured, and it was shown that the generated power increased linearly with respect to the mass flow rate of liquid nitrogen.
From this study, it was shown that the response time of the liquid nitrogen power generation system can be quite fast, and

the potential of applying cryogenic power generation system as a reserve power is also high.
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Table 2 Design specifications of air evaporator

Specification Value
Material SUS304
Type Fin type
Capacity 100Nm’/hr
Design pressure 3.0MPa
Design temperature -196°C~40°C
Width 1160mm
Length 970mm
Height 1410mm
(active height) (910mm)
Allowable fluid LO,, LN,, LAR
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Fig. 5 Tesla turbine open view
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Table 3 Design specifications of Tesla turbine Table 4 Specification of used measurement
Specification Value Measurement Range Uncertatinty
Turbine diameter 100mm APC-2000ALW O~2.5MDPa +0075%
Turbine length 75mm (&= (-40~85C)
Blade/disk diameter 78mm KMSG-8000 0~1.6MPa +05~1.5%
Blade/disk thickness 1.2mm i) (10~55C)
Blade/disk gap 1.2mm Typ e( g%“g;’;"ume 270~400C +0.5%
Number of blades/disks 10 Hioki Power
Over base size 113mm x 185mm Analyzer R +0.5%
Case HE30 aluminium (A& 9 AYA)
Spindle 303 stainless steel
Diskspacers HE30 aluminium Table 5 Overall test condition of the liquid nitrogen
Maximum output 150w experimental loop
Test condition Value
o 4S5 FlslAl APC-2000ALW FFAIE ARSI Room temperature 25°C
on ofe B 2= A Wels A 2.5MPa, —40~85°C Initial LN2 temperature -167°C
ojct, W fYARL 4 Fab WS JNoE HAH Inifial LN2 prossure Tbar
KMSG-80002 ARESIATE 2s &kt ~10°CollA] 55°C LN2 maximum pressure 6bar
ol 25 A2 Hdf 1.6MPao|tt, H¥ = £0.5~1.5% Mass flow rate of LN2 12g/sec
olth, Fig, 6= AAH A Ay AAE HolEr, LN2 tank volume 300L
Hl<&gt gHle | &2 150Woln AR 2 A2 AY Volumetric flow rate of GN2 35.0Nm’/hr
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