DOI:10.16146/j.cnki.rndlgc.2014.02.012

29 2 Vol.29 No.2
2014 3 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Mar. 2014

P
+ 1 £1001 —2060( 2014) 02 —0145 - 06
| S T S S

B A F AT k5 AHP—IG ok 3
ORC # T Jf b4 A AEAL

3 1 1 . Je 2 1
SR AN RS I T
(1. 400030; 2. 100120)

IR 4 AP A AL T R245fa R123.R600 #= R141b £ ( APR)
HPBIR LS, R AKX 7 ik B AN B A 150 C L
WEEATS CHEMT ARAEEA 80 - 10 CRENR s PFSOSO HCFCI23 n - Pentane
x4 FPAHL R 0 Tl A AL F AR AT AT, IR R
Bk B KRR R B KRR R i K
ZoBEWF B m A S, KA B KRR KR B e It & Ak
LR K RELF) 140 Cob, AR A F LKA E. A% S0
KA 5 Aty b o3 i B R KA, o KA AR 2 i B R ° 6
M. B4 AL RALBE A 80 - 140 CE B My 2.5 MPa
RABALBEAA 140 °C, B 4 # TR+ R141b 69 A AL A . .
VEIR R R BE A KA R R R B KA R AR St RI123  RI134
BABTKKARE RV, A RI4Ib AiZ A AN REST R123
Ji ,R123.R600 = R245fa 1R R K 2o VA % % % KA 4R & 2k
F KRB e iy B ) AR 45 AR, R R B R 5 ik ( The
Analytic Hierarchy Process, AHP) , i#l i J§ 16 7% #4 2 A€ B T, °
125 R600 #= R245fa 45 22 & 3F W 45 47 ¢, & L R600 3k ORC
R245fa % 4%.. o 8

ORC .

o 5 R245fa ORC

2.7 MPa

: TK123 CA
o 10

100 C 4
R134a. R245fa.

R600 3 4 N N
( ORC) .

4 AHP—

22013 —07 -01; 12013 - 07 -25
(2011CB710701) ; “11 ” (S-09101)
(1953 -)



- 146 - 2014

o 1.2
.1 0 N 150
. . 75 C
1 2 N
r-s 140.80 10 C 1
2 o
1
Tab. 1 Initial conditions of the cyclic system

Lys in | C 150
o 1% 80
p./kPa 100
m, /kges ™! 26
1% 80
Las ou ! C 75
T,/C 25
T./C 25
AT/C 5
mgm/kgm'] 10

2

Tab. 2 Basic parameters of the working medium

Bl ANAFTRAKREZLEA

Fig. 1 Diagram of an organic Rankine cycle system Ro4sfa  RI23  RE0O  RI41D
Mg+ mol 7! 134.5 152.93 58.122 116.95
T,/K 288.25 300.95 272.65 305.2
T./°C 154 183.7 152 204.2
P /kPa 3650 3660 3800 4250
/a 7.2 1.4 - 9.3
obp 0 0.012 0 0.086
GWP 950 120 20 700

2
EES( Engineering
Equation Solver) o
35<C
B2 AWHAFEART-s B L \
Fig.2 T —s diagram of an organic Rankine cycle > > >
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Fig. 3 Changes of the exergy losses of various

equipment items with the vaporization temperature
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Fig. 4 Changes of the exergy efficiencies of various

equipment items with the vaporization temperature
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Fig.5 Changes of the exergy and thermal efficiency

of the system with the vaporization temperature

B 6 AYAH oA kAR R A AR 0 TAL
Fig. 6 Changes of the net output power and exergy

loss of the system with the vaporization temperature
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Tab. 3 Index-hierarchy evaluation index of R600

/°C kW /kJ 1% 1%
80 64.63 160.3 0.3098 0.0852
95 79.68 145.6 0.3733 0.1050
110 92.00 133.5 0.4252 0.1212
125 101.8 123.9 0. 4666 0.1341
140 109.2 116.6 0.4980 0.1439

4 R245fa

Tab. 4 Index-hierarchy evaluation index of R245fa

/C kW /kJ 1% 1%
80 65.07 159.9 0.3117 0.0857
95 80.18 145.1 0.3754 0.1056
110 92.50 133.0 0.4273 0.1219
125 102.2 123.5 0. 4685 0. 1347
140 109.7 116.2 0.4999 0. 1445
3 4
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Tab. 5 Evaluation index of R600 after the standardization Tab. 9 Target-hierarchy comprehensive evaluation index
/C 80 95 110 125 140
.

/e /kW /K 1% 1% Ere0o 0.1516  0.1802 0.2044 0.2242 0.2396
80 0.1445 0.1675 0.1495 0.1445 Ernisye 0.1517  0.1803  0.2044  0.2240 0.2395
95 0.1781 0.1844 0.1801 0.1782
110 0.2057 0.2011 0.2051 0.2056 9 Ereo 1o = 0. 2396 E sy 10
125 0.2276 0.2167 0.2251 0.2275 0.2395 R600
140 0.2441 0.2303 0.2402 0.2442 R245fa

6 R245fa
Tab. 6 Evaluation index of R245fa after the standardization 3

/°C kW /kJ 1% 1% ( 1)

80 0. 1447 0.1674 0.1497 0. 1447
95 0.1783 0.1844 0.1802 0.1782
110 0.2057 0.2012 0.2052 0.2058

(2) 4
125 0.2273 0.2167 0.2249 0.2274
140 0.2440 0.2303 0.2400 0.2439 ’
(4) - (6)
5 6 ORC
(3) AHP— R600  R245fa
. s R600 R245fa
7 R600 ’
Tab. 7 Criterion-hierarchy evaluation index of R600
/°C 80 95 110 125 140
1 Hung T C Shai TY Wang S K. A review of Organic Rankine Cy—
0.1561  0.1813  0.2034  0.2221 0.2371 cles ( ORC) for the recovery of low — grade waste heat J . Ener—
gy 1997 22(7) :661 -667.
2 Andersen W C Bruno T J. Rapid screening of fuids for chemical
0.1470  0.1791  0.20541  0.2263 0.2422 stability in Organic Rankine Cycle applications J . Industrial and
Engineering Chemistry 2005 (44) : 5560 —5566.
3 .
8 R245fa J. 2009 29(3) :287 ~291.
Tab. 8 Criterion-hierarchy evaluation index of R245fa WANG Hui-+tao WANG Hua. Selection of the working medium for
/°C 80 95 110 125 140 low temperature solar energy thermal power generation organic
Rankine cycles J . Power Engineering 2009 29( 3) : 287 —291.
0.1561 0.1814 0.2034 0.2219 0.2371 4 Madhawa Hettiarachchi H D Mlhdﬂu Golubovic William M Worek
et al. Optimum design criteria for an Organic Rankine Cycle using
low-temperature geothermal heat sources J . Energy 2007 (32):
0.1472  0.1792  0.2055  0.2261  0.2420 1698 — 1706.
5 . R245fa

J. 2012 30( 172) : 131 - 135.
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LUO Xiangdong XU Le TAN LiHeng et al. Exergy analysis of an covery J . Energy 2011(36) : 3406 —3418.
organic Rankine cycle waste heat power generation system with 10 Tchanche B F Lambrinos Gr Frangoudakis A et al. Exergy anal—
R245fa serving as the working medium J . Energy Saving Tech— ysis of micro-organic Rankine power cycles for a small scale solar
nology 2012 30( 172) : 131 - 135. driven reverse osmosis desalination system J . Applied Energy
6 Roy J P Ashok Misra. Parametric optimization and performance a— 2010 (87) :1295 -1306.
nalysis of a regenerative Organic Rankine Cycle using R — 123 for 11 . M .
waste heat recovery J . Energy 2012 (39):227 -235. 2003.
7  Bahaa Saleh Gerald Koglbauer Martin Wendland et al. Working CAO De-sheng SHI Lin. Refrigerant usage handbook M . Bei-
fluids for low-temperature organic Rankine cycles ] . Energy jing: Metallurgical Industry Press 2003.
2007(32) : 1210 —1221. 12 . M .
8 Hung T C Wang S K Kuo C H et al. A study of organic working 2002.
fluids on system efficiency of an ORC using low-grade energy GUO Ya-jun. Comprehensive evaluation theory and methods
sources J . Energy 2010( 35) : 1403 - 1411. M . Beijing: Science Press 2002.
9 Wang EH Zhang H G Fan B Y et al. Study of working fluid se— ( L - - ﬁ‘F)

lection of organic Rankine cycle( ORC) for engine waste heat re—
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ry to take account of the influence of the pollution to the wall surfaces caused by the tracer particles on the measure—
ments. On this basis the PIV technology put forward by the authors can be applied for measurement of the flow
fields in a high subsonic cascade based on the absorption type and composite jet flow etc. flow control technologies.

Key words: shock type wind tunnel plane cascade PIV measurement experimental study numerical simulation

= Experimental Study of the Dielectric Barrier Discharge-ai—
ded Steam Reforming of Methane ZHENG Hong-ao LIU Qian CHEN Xi ZHANG Zhi-bo ( College of
Power and Energy Engineering Harbin Engineering University Harbin China Post Code: 150001) //Journal of En—

gineering for Thermal Energy & Power. —2014 29(2) . -139 - 144

With a great number of experiments performed by making use of an dielectric barrier discharge ( DBD) -aided meth-
ane steam reforming test rig and based on the test data thus obtained systematically analyzed was a law governing
the influence of the steam/methane molar ratio ( S/C) reactant residence time wall surface temperature and input
power etc. on the methane conversion rate effective carbon recovery rate and product selectivity etc. indexes and in-
vestigated was the correlation of various influencing factors at temperatures from 350 °C to 500 °C. It has been found
that the residence time has a most remarkable influence on various indexes. At different wall surface temperatures

with an increase of the residence time the product selectivity will change with a turning point declining from about
60% to around 20% . Different from the influence of the residence time various indexes for evaluating the reforming
characteristics will all assume a slow growth tendency with an increase of the input power or S/C. Whether or not
the temperature will affect the steam reforming of methane aided by the plasma is relevant to the residence time and
input power etc. parameters. Only when the residence time is longer than 0. 59 seconds will the influence of the
temperature on the reforming reaction become relatively small. In addition when the input power is also greater than
80 W the temperature will no longer affect the reforming reaction. Key words: dielectric barrier discharge steam re—

forming of methane wall surface temperature gas turbine chemical recuperator experimental study

AHP— ORC = Comparison and Optimization of the
Working Media for Organic Rankine Cycles by Using the Thermodynamic Analytic Method and AHP-En-
tropy Value Method ZHANG Xin-ming WANG De-hua HONG Guang YU Bing=ian ( Education Minis—
try Key Laboratory on Low Grade Energy Utilization Technologies and Systems Chongqing University Chongqing
China Post Code: 400030) HONG Guang ( Urban Construction Research Institute Beijing China Post Code:

100120) //Journal of Engineering for Thermal Energy & Power. —2014 29(2) . - 145 - 150

With four organic working media being chosen to serve as the cyclic working medium namely R245fa R123 R600
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and R141b the authors have adopted an exergy analytic method to conduct an analysis of a subcritical organic Ran—
kine cycle under the condition that the temperature of the flue gases was 150 °C at the inlet and 75 °C at the outlet
and the vaporization temperature of the organic working media changed in a range from 80 °C to 140 °C. It has been
found that the exergy efficiencies of various equipment items and overall exergy efficiency thermal efficiency and
net output power of the system will increase with a rise of the vaporization temperature of the working media but the
exergy loss will decrease with a rise of the above-mentioned vaporization temperature. When the vaporization temper—
ature reaches 140 °C the exergy efficiencies of various equipment items and overall exergy efficiency thermal effi—
ciency and net output power of the system will attain their maximum values but the exergy loss will reach its mini—
mum value. Therefore the optimum vaporization temperatures of the four working media are all considered as 140
C. In addition when R141b serves as the working medium of the system the exergy efficiencies of various equip—
ment items and overall exergy efficiency thermal efficiency and net output power of the system are maximal and the
exergy loss is minimal hence it is regarded as the optimum working medium of the system followed by R123 R600
and R245fa in sequence. With the overall exergy loss thermal efficiency exergy efficiency and net output power of
the system serving as the evaluation indexes and by adopting the analytic hierarchy process ( AHP) the authors ob—
tained the comprehensive evaluation index & for R600 and R245fa through an adoption of the entropy value method
to determine the weighting factors and discovered that R600 is superior to R245fa. Key words: organic Rankine cy—

cle exergy analytic method evaluation theory evaluation index optimum working medium

CoO, = Study of a Multi-ebjective Optimized Dual-
stage Recuperative Cycle System Coupled With a Transcritical CO, Heat Pump WANG HongHi
TANG Qidong JIA Ning ( College of Metallurgy and Energy Source Hebei United University Tangshan China Post
Code: 063009) //Journal of Engineering for Thermal Energy & Power. —2014 29(2). —151 —155

To enhance the efficiency of a dual-stage recuperative cycle in a power plant established was a model for a dual-
stage recuperative Rankine cycle ( DSRRC) coupled with a transcritical CO, heat pump ( TCHP) and conducted al-
so was an analysis of its performance. The research results show that under the given condition DSRRC + TCHP
have an optimum exhaust gas pressure of 8. 33 MPa and an efficiency of 39. 76% with the performance coefficient of
the heat pump being 4. 217. When the system adopts DSRRC + TCHP the maximum efficiency can increase by
0.43% . Furthermore the authors have established a multi-objective optimization mathematical model and obtained a
function for evaluating the DSRRC + TCHP and DSRRC system. When the temperature reaches 722 °C  the maxi—
mum values of the DSRRC + TCHP and DSRRC system obtained by using the evaluation function are 0. 0053 and
0.00451 respectively. The foregoing can offer a theoretical basis for enhancing the performance of power plants. Key
words: dual-stage recuperation transcritical CO, heat pump coupled cycle evaluation function multi-objective op—

timization



