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Performance of Isobaric Compressed Air Energy Storage System with
Water Spray of Shared Equipment

LYU Hao-nan,CHEN Ya-ping, WU Jia-feng
(School of Energy and Environment, Southeast University , Nanjing, China, Post Code ;210096 )

Abstract: A novel isobaric compressed air energy storage system with water spray is proposed, using un-
derground caverns such as abandoned coal mines, arranging nylon cloth pipe system in the tunnels under
water to store compressed air, and forming a hydro-assisted isobaric compressed air storage system with
underground cavern as the lower reservoir and surface pool as the upper reservoir. This system adopts a
single stage dual-usage compressor-expander with synchronous rotating multi-cylinders in compression and
expansion process. The backtracking method of shared equipment of heat transfer oil system is adopted in
energy storage and release process. By establishing the thermodynamic model of the system, the influ-
ences of factors, such as the outlet temperature of compressed air controlled by water spray at air inlet and
the outlet air pressure and environment temperature at compression section determined by the depth of un-
derground cavern,on the system performances are analyzed. The analysis results show that under the con-
ditions of compressor outlet pressure and temperature of 10 MPa and 320 “C, ambient temperature of
25 °C, heat exchange pinch temperature difference of 10 °C and the dual-usage compressor-expander
isentropic efficiency of 0. 85, the energy storage system conversion efficiency reaches 66.6% .

Key words: compressed air energy storage system, dual-usage compressor-expander, water spray com-

pressed air, temperature difference storage tank, isobaric compressed air storage
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Fig. 1 Flow chart of new isobaric compressed

humid air energy storage system
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Fig. 2 Single-stage dual-usage compressor-expander with multiple synchronous rotating cylinders
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Fig. 3 Influences of compressor outlet parameters

on mass flow of water spray and thermal oil
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Fig. 5 Influences of ambient temperature on

mass flow of water spray and thermal oil
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R T E % R G B IR T 2 1 R TN G, AE TR 48
ML 1285 55800 320 CH110 MPa T T, 244
FORSSHOTE LR NE 1 R,

®1 RESARSSY

Tab. 1 Parameters of each state point

wE, KA R/ iR/
RE BIRES
C MPa kJ-kg™! kges™!
la JEFEA B T2S 25 0.1 300.32  10.00
1b JE45 A K 25 0.1  104.92 1.152
2 JE4EH TR aE A 320 10.0  855.68  11.152
3 MBS K 45 9.8 294.28 11.152
3a KA EHNIRES 45 9.8 305.38 10.010
3b i K HEK 45 9.8  196.97 1.141
4 NGNS EEE 44 10.8  304.63  10.010
5 T 7 s R 25 10.8  280.20  10.009
6 M7l Mgz s 24 9.5 280.17  10.002
7 EHBPESAIEES K 24 9.5 26359 11.108
8 -7 FN ST E= I 200 9.3 811.27 11.108
9a K B Es S 36 0.1 396.76  10.393
9b R s F 7K 36 0.1  150.99 0.715
4 % i

AR SCHIFSE 1B BUAE TR K T 4 25 U RE RGER
FHEAZJ 22 L 11 5N M s 47 4 AL, e a7 4 o)
P s SO IR, SR FH R Fr Jt A 3t 8 i it 9 7]
SERE A MECE . T RGVERE, T A4 e
wr

(1) BEHRERE R I T, REBCRSETHE IS
REAR, M AHREE S 4bF 9 ~ 10 MPa 2 ]}, R GEa0%
IKBE(R; e o 22 11 15 C RS S T, REEAE
Fem T 4.6% s REBCRZ IR E R4 Bras U
PRS2 M AN X

(2) FE4ami5 MK s woK B AR UE 1Y
AR B A A0 1 it J3E A 3R Al B 350 3l 32 4 T v
N

(3) EHA B P K iR U ) I RR I
B4R Beas A RS Y T BRI R A R I B
AR 22 AR/ N T o



5 3 1] B, A LR R R

KA AR RE RGP AE

- 163 -

SE 3k

(1]

(5]

AMIRANTE R, CASSONE E, DISTASO E, et al. Overview on re-
cent developments in energy storage: mechanical , electrochemical
and hydrogen technologies [ J ]. Energy Conversion and Manage-
ment,2017,132.372 -387.

ARABKOOHSAR A ;MACHADO L,KOURY R N N. Operation a-
nalysis of a photovoltaic plant integrated with a compressed air en-
ergy storage system and a city gate station[ J]. Energy,2016,98 .
78 -91.

LUO Xing, WANG Ji-hong, DOONER M, et al. Overview of current
development in electrical energy storage technologies and the appli-
cation potential in power system operation[ J]. Applied Energy,
2015,137 ;511 -536.

WANG Ji-dai,MA Lang,LU Kun-peng,et al. Current research and
development trend of compressed air energy storage[ J]. Systems
Science & Control Engineering,2017,5(1) ;434 —448.

TRME K. B R ALK R A8 B BT SE LD ] I R
K=#,2010.

ZHANG Peng-fei. Application research of shower water and wet
compression on centrifugal compressor[ D ]. Shenyang: Northeastern
University ,2010.

QIN Chao, LOTH E. Liquid piston compression efficiency with
droplet heat transfer[ J]. Applied Energy,2014,114:539 —550.
fof A3, B B3 IR IEIL, A TR 2 A BE R G Y
[J]. V922353 R2r244 , 2018 ,52(1) 33 - 39.

HE Zi-wei, LUO Ma-ji, TU Zheng-kai. Research on the water spra-
ying rate for an energy storage system of isothermal compressed air
[J]. Journal of Xi’an Jiaotong University,2018,52(1) :33 —39.
JIANG Run-hua, YANG Xiao-ping, XU Yong-jun, et al. Design/

[10]

[11]

[12]

[13]

off-design performance analysis and comparison of two different
storage modes for trigenerative compressed air energy storage sys-
tem[ J]. Applied Thermal Engineering,2020,175:115335.
PATIL V C,RO P I. Energy and exergy analysis of ocean com-
pressed air energy storage concepts [ J]. Journal of Engineering,
2018,2018:1 - 14.
KIM Y M, SHIN D G,FAVRAT D. Operating characteristics of
constant-pressure compressed air energy storage ( CAES) system
combined with pumped hydro storage based on energy and exergy
analysis[ J]. Energy,2011,36(10) :6220 - 6233.
YAO Er-ren, WANG Huan-ran,LIU Long, et al. A novel constant-
pressure pumped hydro combined with compressed air energy
storage system|[ J]. Energies,2015,8(1) :154 -171.
B, EMOR, B8 I, 55 B RO 7K R 45 25 <Ak g
HARLIT. FARHLIN,2019,47(7) 144 -47.
HOU Fu-bin, WANG Huan-ran, BEN Yue. A new technology for
large-scale pumped compressed air energy storage[ J]. Fluid Ma-
chinery,2019,47(7) :44 -47.
WRIEF- 38 25, AL 2%, 45 — b 22 UG ] e X2 K T 4 P
JHMLLP]. HE :202011596046. 6 ,2020 — 12 —29.
CHEN Ya-ping, JIANG Yun-hui, GU Hua-duo, et al. A multi-cyl-
inder rotary type expansion and compression dual-usage machine
[P]. China:202011596046.6,2020 — 12 -29.
FREIC K TR U RER GBS R AT [ D] Kk
KIEMEH R ,2018.
WANG Zhi-wen. Design and energy analysis of underwater com-
pressed air energy storage system[ D ]. Dalian : Dalian Maritime U-
niversity ,2018.

(& # %#)



