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Abstract: In the system realizing waste heat utilization through thermal cycle, there is a mutual restriction
relationship between the cycle thermal efficiency and the utilization rate of heat source, solving this problem is the
key to build an efficient waste heat utilization system. Taking supercritical carbon dioxide cycle as an example,
this paper constructs a new cycle, namely the partial expansion cycle, to broaden the waste heat absorption
temperature range, so as to enhance the waste heat utilization rate. After coupling gas turbine exhaust, the waste
heat utilization system’s power generation efficiency reaches 28.62%, the cycle thermal efficiency reaches
34.03%, and the heat source utilization rate reaches 84.11%. Moreover, to demonstrate the advantages of the
partial expansion cycle, a waste heat utilization system is constructed based on the single regenerative Brayton
cycle and the recompressed Brayton cycle. Furthermore, the three cycles are compared. Through calculation using
the first and second law of thermodynamics, it is found that the power generation efficiency of the partial
expansion cycle is higher than that of the other two classical cycles. Via analyzing the circulation process, it is
found that the reason for the high efficiency of the partial expansion cycle is that the partial expansion structure
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broadens the endotherm temperature zone, makes the heat source utilization rate increase greatly, and thus

improves the power generation efficiency.

Key words: waste heat utilization; supercritical carbon dioxide cycle; partial expansion; heat source utilization rate
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Tab.1 Main design parameters of the waste heat utilization
system applying S-CO; partial expansion cycle
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Tab.5 Parameters of each state point of the partial
expansion cycle

s wmwe B Vg mwe R
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7 202.16 8.20 15 394.24 0.11
8 73.12 8.10 16 126.01 0.11

71th1=34.03%, 1re=84.11%, 1e=28.62%, W=86.43 kW, m(C0O2)=913.10 kg/s,
x1=0.287, x3=0.599, x4=0.194
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Fig.4 Variable parameter analysis for the partial
expansion cycle
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Tab.6 Parameters of each state point of the recompression
Brayton cycle

W& EEC EKJMPa | RES REEIC KJ1/MPa
1 32.00 8.00 7 199.56 8.20
2 62.97 24.30 8 72.97 8.10
3 189.56 24.20 9 629.00 0.11
4 382.95 24.10 10 392.95 0.11
5 517.60 24.00 1 211.94 0.11
6 392.95 8.30

ntn,1=40.04%, ne=57.92%, 7:=23.19%, W,=70.02 KW, x1=0.142,
%2=0.224, m(CO2)=736.41 kg/s
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2) Xf o AR TE I 1AL 2 B o W 5 SRR B -
BEE EURRIE R, RGHIIRE I aE, TR
T TR g5, TN PRI e
JIRA%, WA, AR I 2R B AIR . 7R3A
R ESES SR NS A Vil RS i S B BN
LRI AT 2 U ) BB KT e

3D E AR B ] A T AR ER L PR AT

http://rlfd.cbpt.cnki.net

34 B

1 MRS AT A B R R 1 885 ik
PEER, FERIHIRTHE7R T 50 B ARE B (1) 25 R % #4
T sz fi TR KIS R, e T )
i, W T IRAGRX, $EE T IR R T
TRHRE . RGN KB IST] 28.62%, I
BN 34.03%, HEFIFHZ N 84.11%.




86 kA%

2024 F

Ta¥h ER ARG BEAT T 225 — AN S 8
BRI, FIT BRI B AR PR BRI,
(BRI 50z 1 Heax 2 FEaA, IR A HELICR
i B EARIEIA L Bl I i 2 S b T
Bl Aas S, HEAEEA B ES T 24
A o FEARIIUBOR B 25 B ) 5 s DA B B v
A PRt P2 DG O B e AR R SR 2

(& % 3 #]

[1] FUJQ, LIUJP FENG R H, et al. Energy and exergy
analysis on gasoline engine based on mapping
characteristics experiment[J]. Applied Energy, 2013, 102:
622-630.

(2] #hd, AT, FRAE, 5 BilnAR SRk
RARGRIIER DT[], # 1k, 2023, 52(6): 81-92.
HAN Zhonghe, BAI Yaping, CHEN Dongxu, et al.
Thermal performance analysis of supercritical carbon
dioxide coal-fired power generation system[J]. Thermal
Power Generation, 2023, 52(6): 81-92.

(3] Fehnk, Zesi, B, 55 Bim A S RIERE A T
BBt R[], #40K H, 2022, 51(9): 1-10.
QIAOQ liafei, LI Zhuo, LIAO Haiyan, et al. Research
progress on thermodynamic properties of supercritical
carbon dioxide mixture[J]. Thermal Power Generation,
2022, 51(9): 1-10.

[4] LI B, WANG S S, WANG K K, et al. Comparative
investigation on the supercritical carbon dioxide power
cycle for waste heat recovery of gas turbine[J]. Energy
Conversation Management, 2021, 228: 113670.

[5] CRESPI F, GAVAGNIN G, SANCHEZ D, et al.
Supercritical carbon dioxide cycles for power generation:
a review[J]. Applied Energy, 2017, 195: 152-183.

[6] PAN P, YUAN C, SUN Y, et al. Thermo-economic
analysis and multi-objective optimization of S-CO:
Brayton cycle waste heat recovery system for an
ocean-going 9000 TEU container ship[J]. Energy
Conversation Management, 2020, 221: 113077.

[7] SHARMA O P, KAUSHIK S C, MANJUNATH K.
Thermodynamic analysis and optimization of a
supercritical CO2 regenerative recompression Brayton
cycle coupled with a marine gas turbine for shipboard
waste heat recovery[J]. Thermal Science and Engineering
Progress, 2017, 3: 62-74.

[8] ZHOU A Z, LI X S, REN X D. Improvement design and
analysis of a supercritical COz/transcritical CO2 combined
cycle for offshore gas turbine waste heat recovery[J].
Energy, 2020, 210: 118562.

[9] FORMAN C, MURITALA | K, PARDEMANN R, et al.
Estimating the global waste heat potential[J]. Renewable
and Sustainable Energy Reviews, 2016, 57: 1568-1579.

[10] SINGH D V, PEDERSEN E. A review of waste heat
recovery technologies for maritime applications[J].
Energy Conversion and Management, 2016, 111:
315-328.

[11] YUAN C, PAN P, SUN Y, et al. Attaied EEDI and fuel
consumption of ships with integrated and high-efficiency
heat power generation systems[J]. Ship Building of
China, 2018, 59(1): 197-206.

[12] LI M J, ZHU H H, GUO J Q, et al. The development
technology and applications of supercritical CO2 power

http://rifd.cbpt.cnki.net

cycle in nuclear energy, solar energy and other energy
industries[J]. Applied Thermal Engineering, 2017, 126:
255-275.

[13] UUSITALO A, AMELI A, TURUNEN-SAARESTI T.
Thermodynamic and turbomachinery design analysis of
supercritical Brayton cycles for exhaust gas heat
recovery[J]. Energy, 2019, 167: 60-79.

[14] HOU S Y, ZHOU Y D, YU L J, et al. Optimization of the
combined supercritical CO2 cycle and organic Rankine
cycle using zeotropic mixtures for gas turbine waste heat
recovery[J]. Energy Conversation Management, 2018,
160: 313-325.

[15] SONG J, LI X S, REN X D, et al. Performance
improvement of a preheating supercritical CO2 (S-CO2)
cycle based system for engine waste heat recovery[J].
Energy Conversation Management, 2018, 161: 225-233.

[16] KIM Y M, SOHN J L, YOON E S. Supercritical CO
Rankine cycles for waste heat recovery from gas
turbine[J]. Energy, 2017, 118: 893-905.

[17] KIM M S, AHN Y, KIM B, et al. Study on the
supercritical CO2 power cycles for landfill gas firing gas
turbine bottoming cycle[J]. Energy, 2016, 111: 893-909.

[18] CAO Y, RATTNER A S, DAI Y. Thermoeconomic
analysis of a gas turbine and cascaded CO2 combined
cycle using thermal oil as an intermediate heat-transfer
fluid[J]. Energy, 2018, 162: 1253-1268.

[19] MANENTE G, COSTA M. On the conceptual design of
novel supercritical CO2 power cycles for waste heat
recovery[J]. Energies, 2020, 13(2): 370.

[20] LEMMON E W, HUBER M L, MC LINDEN M O.
NIST standard reference database 23: reference fluid
thermodynamic and transport properties-REFPROP,
version 9.1[Z]. Tech. rep. Gaithersburg: National
Institute of Standards and Technology, Standard
Reference Data Program, 2013.

[21] SUN L, WANG D, XIE Y. Energy, exergy and
exergoeconomic analysis of two supercritical CO2 cycles
for waste heat recovery of gas turbine[J]. Applied
Thermal Energy, 2021, 196: 117337.

[22] OUYANG T C, SU Z X, WANG F, et al. Efficient and
sustainable design for demand-supply and deployment of

waste heat and cold energy recovery in marine natural gas
engines[J]. Journal of Cleaner Production, 2020, 274:
123004.

[23] FOUT T, BLACK J, TURNER M. Update to cost and
performance baselines for fossil energy plants: bituminous
coal and natural gas to electricity[C]. 31st Annual
International Pittsburgh Coal Conference: Coal-nergy,
Environment and Sustainable Development, PCC 2014.

[24] XUJL,SUNEH, LI MJ, etal. Key issues and solution
strategies for supercritical carbon dioxide coal fired
power plant[J]. Energy, 2018, 157: 227-246.

[25] ZfiT, PMVEE, IRHER. [H¥ XS = 2% [l 4% 4

S-CO: ¥ RA MR MI[J]. LIE #4224, 2022,
43(2): 359-366.
LI Hangning, SUN Enhui, XU lJinliang. Effect of
intercooling process on three-stage regenerative-
compression S-CO2 cycle system[J]. Journal of
Engineering Thermophysics, 2022, 43(2): 359-366.

[26] SUN E H, XU J L, LI M J, et al. Connected-top-
bottom-cycle to cascade utilize flue gas heat for
supercritical carbon dioxide coal fired power plant[J].
Energy Conversion and Management, 2018, 172:

138-154.
(SHEwE FHE)




