28 1 Vol. 28 No. 1
2013 1 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Jan. 2013

.’(,.+..+..+..+..+‘.+..XX

t + 1001 —2060( 2013) 01 - 0001 - 06
| S P S S

1 2 1
(1. 523808; 2. 510006)
( CSP)
- 1 (2)
. /
csp °
- TK513. 5 ‘A X °
25% 65%
.1
( CSP)
3 .
R / o
b ( CSP) 1
CSP N
. 20 80
2 3
. ( 1300 C) . .
(1)
12012 -06 - 13; 12012 -08 -28
(51106187) ; 973 (2010CB227103)

(1980 - )



e D 2013
1996 Solar Two
( ) Mojare
; Solar Two Solar Salt ( 60wt% NaNO, +
S 40wt% KNO,) 220
\ v C 600 C ¥ . 2001
/ ENEA ’
28 MW
Y . 2003
> > PCS
Solar Salt
. 2006 50 MW
; Solar One Andasol 1 2008
Andasol
400 °C 2 Andasol 3 Solar Salt
(400 C " Ecija
MPa) Gemosolar
N > 15h".
LY T 20089 15
| Rl | arxk | x5iE : 7
: Hrw | B B o | °
: Akt : : ! -
I . i& 400 °C
: : ri‘%ﬁ%ﬁ
"]i\ - EN
ERGE s el -
1 2 CSp
Fig. 1 Schematic drawing of a typical solar
energy thermal power plant system - -
. . . " CESA -1 Solar Two
/
6 )
. 1981 o
Adrano .
lios Hitec  ( 7wt% NaNO, +
53wt% KNO, +40wt% NaNO,) . 1983 S
CESA -1 LUZ Daggett
Hitec . 1984 —SEGS -1 2 o
Albuquerque 750 kW SEGS -1 Caloria

( MESS)



315C o 3

o LUZ SEGS

B

AREA

2 SEGS-1I
Fig.2 Chart showing the flow path of a SEGS -1

power plant

4
YT Fig.4 A solar energy thermal power plant using the
HIRRED]  [MEEH cascade phase — change heat storage
o So—
lar Two 5 o Solar
Two Solar Salt
11.6 m. 7.8 m
11.6 m. 8.4 m
1 500 t 105
MW « h 3 o
dlF T ’
- r Solar Two 1996
(b) BRAERIK— 1999
3 SEGS ", Solar Two
Fig. 3 Schematic diagram of a SEGS power plant
provided with a dual<ank heat storage system 3
SEGS 30 ~200 MW
Therminol VP -1 o Solar Tres Solar One

400°C o Solar Two



S 2013
Solar Two .
588 MW + h \
16h".
O
Bl e
2%
||
e SR RRRNE
; #¥K516C @
1R 304C 3020C | 277C
5 Solar Two L | . ;
Fig.5 Schematic drawing of a Solar Two tower type QX ey
I thermal . . @, %
solar energy thermal power generation system i i w&%ag
X

20

43 N » R 6

Fig. 6 Tower type solar energy thermal power
generation system with heat storage in two stages

operating in two modes

o 1982
Barstow Solar One
7 Solar One

6 100 t Caloria HT -43

7  Solar One
Fig. 7 Schematic drawing of a Solar One tower type

solar energy thermal power generation system

Solar One
(1)
1 (2)
o Solar One
380 °C
B SEGS
8 o
Sandia Pache-
co 2.3 MW<h
21 _
9 o



1 e 5
/
2
Pacheco Schumann
o 688 MW *h
1/3 % . Doug Brosseau 50 MW
N ° ( 6 h ) 24
TR R ( Therminol VP —1 N )
ARSI ( 2 _T.
LT, "
| '1 ' Thermocline)
1 -:: 10 °
% o i 138 /MW 114
i 1 @ IMW

AP RR LR

8 SEGS
Fig. 8 Schematic drawing of a SEGS power plant

using the dual-medium heat storage in a single tank

S

AP S L

9

Fig. 9 Thermocline single-tank heat storage system

Brosseau
»

e B EHTF  SRHTF
waﬁgaﬁ M 66bar  450C  500C
~ 140138 434 R S P PR e
— 129 130 128
§ 03 S T Oy I 0 ) 208 U £ ST DY
B 1004 Lot || b L]
#®osolH [ [ ]
g 6ol [ |- [ L ]
= 40
& 20f
l:'\a"];'—] 2-T TC 2-T TC 2-T TC 2-T TC

10
Fig. 10 Comparison of the costs for power generation

by using various heat storage modes



2013

2008 23(3):221 -228.
YANG Mindin YANG Xiao=xi LIN Ru-mou et al. Solar energy—
based thermal power generation technologies and their systems

J . Journal of Engineering for Thermal Energy and Power 2008

23(3) :221 -228.

] 2006 25(9) :995 -1000.
ZUO Yuan—zhi DING Jing YANG Xiao=i. Status of the applica—
tion of the heat storage technologies in concentrating type solar en—
ergy thermal power generation systems J . Chemical Industry Pro—
gress 2006 25(9) 1995 —1000.
Kearney D Herrmann U Nava P et al. Assessment of a molten salt
heat transfer fluid in a parabolic trough solar field J . Journal of

Solar Energy Engineering 2003 125:170 - 176.

2010.
ZUO Yuan—zhi. Thermal process characteristics of molten salt dur—
ing a hybrid heat storage in a high-temperature thermocline D .
Guangzhou: South China University of Sath China University of
Technologe Technology 2010.
Moens L Blake D M Rudnicki D L et al. Advanced thermal stor—
age fluids for solar parabolic trough systems J . Journal of Solar

Energy Engineering 2003 125(1) : 112 - 116.

2011.

PENG Qiang. Design and performance control of multi-element
molten salt heat transfer and heat storage materials D . Guang—
zhou: Sun Yat-sen University 2011.

Herrmann U Kearney D W. Survey of thermal energy storage for
parabolic trough power plants J . Journal of Solar Energy Engi—
neering 2002 124(2) : 145 - 152.

Sandia National Laboratories. Solar power tower design basis docu—
ment R .SAND2001 -2100 2001.

Vignolini M. ENEA research activities: solar collector assembly test

loop and laboratory studies EB/OL . http: //www. nrel. gov/

12

14

15

16

17

18

20

21

22

23

24

csp/troughnet/pdfs/enea_activities. pdf 2003.

Maccari A. The ENEAS way to concentrating solar power EB/

OL . http: //www. twanetwerk. nl/upl _ documents/ENEAMac—

cari. pdf.

NREL Trough Technology Workshop. Andasol 1 & 2:50 MW 7
EB/OL . http: //www. nrel. gov/
csp/ troughnet/pdfs /2007 /martin_andasol_pictures_storage. pdf.
NREL CSP Technology Workshop. Solar Tres: First commercial
EB/OL . http: //www. nrel.
gov/csp/ troughnet/ pdfs/2007 /martin_solar_tres. pdf.

hrs molten salt heat storage

molten salt central receiver plant

2007 3:23 -25.
WU Yu-ing ZHANG Li-na MA Chong-fang. Solar energy ther—
mal power generation high-temperature heat storage technologies
J . Solar Energy 2007(3) :23 -25
Herrmann U Kelly B Price H. Two-tank molten salt storage for
J . Energy 2004 29: 883

parabolic trough solar power plants

-893.

2008( 11) :37 -38.
LI Xin. Thermoelectric conversion technologies among the solar
energy thermal power generation technologies J . High-tech &
Industrialization 2008( 11) : 37 —38.
Herrmann U Geyer M Kearney D. Overview on thermal storage
systems

uh_ storage_overview_ws030320. pdf 2002.

EB/OL . http: //www. nrel. gov/csp/troughnet/pdfs/

Luz International Ltd. Phase-change thermal energy storage R .

SERI/STR - 250 -3516 1989.

D . : 2006.
ZHU Jiankun. Design and experimental study of a solar energy
high temperature molten salt heat transfer and heat storage system
D . Beijing: Beijing University of Technology 2006.
Kelly B. Two tank direct thermal storage system: solar two and solar
tres central receiver power plants EB/OL . http: //www. nrel. gov/

csp/ troughnet/ pdf/skelly_solar_two_experience. pdf.

J. 2009 24(1):132 -137.
SU JianHfeng HAN Wei LIN Ru-mou et al. Tower type solar en—
ergy-based thermal power generation system with a two-stage heat
storage and dual operating modes J . Journal of Engineering for
Thermal Energy and Power 2009 24( 1) : 132 —137.
Pacheco J E Showalter S K Kolb W J. Development of a molten-salt
thermocline thermal storage system for parabolic trough plants J .
Journal of Solar Energy Engineering 2002 124(2) : 153 - 159.
Brosseau D Kelton ] W Ray D et al. Testing of thermocline filler
materials and molten-salt heat transfer fluids for thermal energy
J . Journal of Solar
Energy Engineering 2005 127( 1) : 109 - 116.
Edouard D Lacroix M Pham C et al. Experimental measurements
and multiphase flow models in solid SiC foam beds J . AICHe
Journal 2008 54( 11) : 2823 -2832.
Brosseau D. Inorganic Molten salt thermal storage R&D EB/

storage systems in parabolic trough plants

OL . http: //www. nrel. gov/csp/troughnet/pdfs/brosseau_tes _
rd_approach. pdf 2006.



1 * 105 -

= Heat Accumulation Technologies and Systems for Use in Con-
centration Type Solar Energy Thermal Power Generation YIN Hui-bin YANG Xiao—i( Guangdong
Provincial Key Laboratory on Distributed Energy Source System Dongguan College of Science and Technology
Dongguan China Post Code: 523808) DING Jing( Engineering College Zhongshan University Guangzhou China
Post Code: 510006) //Journal of Engineering for Thermal Energy & Power. — 2013 28(1). -1 ~6

In combination with the practical applications of the concentration type solar energy in thermal power generation
projects the authors systematically described the key unit technology adopted-high temperature heat accumulation
technologies and their systems of which the main development thought is to develop a heat accumulation medium
material with a high heat accumulation density high operation temperature high heat accumulation/release rate low
cost and environment friendship develop a process controllable heat accumulation mode and study the mechanism
governing the transmission of and heat accumulation in a working medium at a high efficiency. From such viewpoints
as the heat accumulation medium mode and device etc the authors have introduced the heat accumulation technolo—
gies and systems used for the concentration type solar energy power generation and also pointed out that the melted
salt high temperature heat accumulation will be the focal point for future development in solar energy high tempera—
ture heat utilization. Key words: concentration type solar energy thermal power generation heat accumulation sys—

tem

= Experimental Study of the Combustion Performance of a
Wholly Annular Combustor of an Auxiliary Power Plant CHEN Ligiang KONG Zu-kai( Jincheng
Nanjing Research Center for Electromechanical and Hydraulic Engineering Nanjing China Post Code: 211106)
YAN Ying-wen XU Rong( College of Energy Source and Power Nanjing University of Aeronautics and Astronau—
tics Nanjing China Post Code: 210016) //Journal of Engineering for Thermal Energy & Power. — 2013 28(1) . -
7~12

Experimentally studied was the whole-machine combustion performance of a wholly annular combustor of an auxilia—
ry power plant. A temperature rake was used to measure the temperature distribution at the outlet of the combustor
and investigate the whole-machine combustion performance of the combustor under discussion at various inlet tem—
peratures and oil/gas ratios. The test results show that with an increase of the inlet temperature and oil/gas ratio the
temperature at the outlet of the combustor will increase accordingly however the temperature distribution law will
basically keep unchanged. The outlet temperature distribution factor( OTDF) will be less than 0.2 and the radial
temperature distribution factor( RTDF) will be basically less than 0. 1 while the combustion efficiency and the pres—
sure loss coefficient at both inlet and outlet of the combustor will increase. With an increase of the total temperature
at the inlet the oil/gas ratio at which a flame extinguishment will occur to the combustor due to a lack of oil will
decrease gradually( air excess coefficient will increase) however all the air excess coefficients will be more than 13
when a flame extinguishment occurs to the combustor due to a lack of oil. Key words: auxiliary power plant wholly

annular combustor combustion performance temperature distribution



