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Abstract: To meet the stringent requirements for safety, cycle durability, and deployment flexibility
of energy storage devices in distributed renewable energy systems, microgrids, and remote areas, a
compact compressed air energy storage system is proposed. This system uses non-flammable air as
the working medium, stores energy in a pressure vessel, and generates work through mechanical
expansion. [t features a long service life, operational safety, and modular deployment. To elucidate
the pressure-load matching behavior of this system under varying operating conditions, a 100-watt-
class experimental system was constructed using a pressure vessel, a pneumatic motor, a permanent

magnet generator, and an electronic load. A model based on outlet temperature and the theoretical
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isentropic specific work was established, and experiments were conducted under varying inlet

temperature, inlet pressure, and load current conditions. The experimental results show that the

model predictions align with the measured outlet temperature trends, with a maximum relative error

of 5.2% ; within the test range, an increase in inlet pressure resulted in a 126.5% increase in shaft

power and a 6.6% increase in generator efficiency; an increase in load current caused a decrease in

rotational speed and an increase in torque. When the inlet pressure was increased from 0. 30 MPa to

0. 35 MPa, the load current at rated speed increased from 0.80 A to 1.05 A, representing a 31. 3%

increase. Compared to the highest generator efficiency of approximately 75. 1% reported for similar

small-scale pneumatic motor-generator systems, the proposed system achieves efficiencies ranging

from 91.7% to 98.9%, indicating superior mechanical-to-electrical energy conversion performance.

These findings provide a basis for component matching, operating point adjustment, and source-load

coordination in distributed compressed air energy storage systems.

Keywords: compressed air energy storage system; distributed energy storage; off-design operation;

thermodynamic performance ; power generation performance; load matching
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Table 1 Main equipment and parameters of the experimental platform
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Fig. 1 Experimental setup for compressed air energy storage

using a pneumatic motor
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Table 2 Sensor specifications and accuracy
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Table 4 Comparison between measured and calculated outlet

temperatures of the pneumatic motor

HoRZ BN T S8 HOA 6 E B h Lk )
BS RO E A

ov |,
AL’Z&AA& (14)

XA .Y IHFEEEHAY NS S B0 A E BT,
AX;HE M ZH XA EE . Hitk, 52
AR G AS B 72 BT R R .
_AY
Y (15)

MR F 28 R Frin A5 /) sE 56 B ie , R % IR
SRR AR AN 2 BT A R LR 3.

%3 R AAKGAT R EE
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Fig. 5 Effects of inlet temperature on shaft power, generator

power, and generator efficiency
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Fig. 8 Normalized comparison between theoretical isentropic

expansion specific power and measured shaft power

under different inlet pressures
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Fig. 9 The effect of load current on the speed and torque of

pneumatic motor at an inlet pressure of 0. 30 Mpa
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Fig. 10 The effect of load current on the speed and torque of

pneumatic motor at an inlet pressure of 0. 33 Mpa
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Fig. 11 The effect of load current on the speed and torque of

pneumatic motor at an inlet pressure of 0. 35 MPa
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Fig. 12 The effect of load current on the shaft power,

generator power, and generator efficiency of

pneumatic motor at an inlet pressure of 0. 3 MPa

LEAORE B R /N AA-CAES BERE B
B Tk - R AHLA B AT VS e rp ) B AR, AR
SCHE SRR, A AR AU ) Z ] A IR
2 B RS W RSN By Ak B R T AR R R e AL e
2B 28 L I KT A TR RS R B R Bl ki
AH S 3 0, R BLE DA 4 R AR IS B T AR X A
1 7 P84 78 5 7K S i, HILZH BB A% AR A2 T8 K A Fe
T ER, IR e — R L AR 0 & LR AL
Ko WM, EPrisfr PR A SRS SR AOE NS
P B 67 28 R A AR i R 6 A R IR R 1 YT A
FUHE 7, LAARAS B B 9 e g -6 R D L G &

=20 S A5 R DL S AT LA R B, A i
J 2 I T 4 a3 N R R S A I ) B

45

100

zkxb. xjtu. edu. cn

a0l
—— Pp
495
35 —o— P,
2 o S
Z <
a30f =
490
5[
20 F
. . M P
0.9 1 11 12 13
1/A

FI13 A3k 0,33 MPa B 6 3% #3704 3030 2 35 4l 2
R AL A0 S AL A O B0 Y 5

Fig. 13 The effect of load current on the shaft power,

and  generator

generator power, efficiency  of

pneumatic motor at an inlet pressure of 0. 33 MPa
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