22 3 Vol. 2, No.3
2007 5 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER May, 2007

: 1001— 2060(2007)03— 0332— 04

0,/CO»

FRA RKE, BT
(CREA% B REEIMBERA KA NEL ZRE, LA H R 21009)

: AU ASEPN PLUS #4+-F- & 3f 0o/ COp 2 AU HE#Y 1% ,
Be A AT T A ARG A P AT 00/ C02 AR
Fas R 69 G E A AT T Ak, AR AR Oy CO2 A SUT #A%E
BELEEAR KO AR ey Bk, SR AU, KA

0o/ CO2 A AU B, 7 A9 NO , BB KT 2 A A AUPR 4 & 1 0y CO: ASPEN PLUS
B MR E A P 3K, NOx Z3K; iB/E 4 S0, A2 503 #4954
AR 5 G LB M9 MK SO 8 FH K. 5 9> 1 ASPEN PLUS 12.1 02/€02
B ¢ K At S0, R K B P K, S03 A ME K, It )
H A& A ASPEN PLUS A Had & A ke A T 1769,
: ASPEN PLUS; 0/ (0, ; ; )
. TQ534. 4 A (1 . ; 2)
; 3)
. H (4)
0,/CO5 HCN  NH3; (5
( )s

CO2, R ey
€O .
, Co (95 L
. ? % B1 0,00, % AT
. 2 .
N }:/9)? é‘ =3 ‘IL}‘: 14
0, O 7 05/ COs TR 49 ASPEN PLUS A2 LA 42 B
Ty ASPEN PLUS I 6
: 1 .10 2
ASPEN . RYIELD
PLUS 02/€0: , 05.Ha.H0.C .HCN. NH3. S
Gibbs
Fortran
’ ) . NOx HCN
0,/CO» . NI .
, ASPEN PIUS . (8~
’ 10] NH3;  HCN ,
’ oo ’ NHy/HCN  1/14. RGIBBS
’ 0} G]bbS .
ASPEN PLUS 02/ Q02
: 2006— 10— 16; :2006— 11— 13
(973) (2006CB705806); (GS06059);
(X06040)

Q97— s .



3 s :02/C02 ° 333 ¢
GIH)S D) 1) ’
. HEATX ,

) RGIBBS FSPLIT s
0,.H>.H,0.C.C0 .COS.CO>2.N>.HCN .NH3.NO.NO; . 0, Q0 . NX
N>20.S.H25.50,.503 . SSPLIT 1.

1
/% /% /%
/MJ kg !
Moy A Va Ca He O N St S, S, S, Ot ar
NX 1.9 2898  25.06 $B.63 2.5  10.84  0.68 337 006 216 115 2253
02/ COZ s 503 2 )
. 0  Croiset 0,/CO, 4,
CO2 02/CO2 ,
¢ , S03
a, . 0002 N2 ,
= VOZ " 02_ . (1) I’ICN \NH3 NOx
— A 2
2. theory 2 fact
T.¢ a 0y CO;
, 17 C 130 130
, 02/ (02 i V/m3h ! 8.762 2112
P/ kPa 101. 325 101. 325
q,/kgh™! 8.055 2424
: 02/CO2 0,0/ kgeh ! 0.176 017
( 21/9), NX 1 kg/h, 074 g 20)/kg*h ™! 0.233 0.233
Pm, 101.325kPa, 7 1 000~1 400 C, 7. (N)/gh ! 5 636 473 6 663
P a 0.9~1.4 01, 4n(C0O,)/ kg h ™! 1.940 1. 940
4,,(CO)/ mg*h~! 27. 493 13. 440
2 Gn(S02)/ g'h™! 66. 056 65. 638
4,50,/ g°h ™! 0.506 1. 029
21 0,/CO, ¢,,(NO)/mg"h™"! 2837.7 97. 993
Ww(NO2)/ mg°h™! .
NX 02/ CO2( 21/79) n(NO2/meh 7004 0537
Gu(N20)/ mgh ™! 0.224 0. 001
»® e 1) 2. 0/ g, (H,)/mg*h™! 0.236 0115
CO,
gn(X) X
, . 02/CO2 NOx CO»
[3]
’ ’ 02/CO2 ’
0, » G CO2 O,
CO, CO NO No. ,  02/CO;
: NOx. 2.2 0/
02/C02 SO 0,/CO, UM, ¢ 1.1,
) Liu B, . ,NOy
SO2 02/CO2 2 R , HCN




° 334 -

2007
NH; NO . N> . 153K 90, (a,
[1]
. &
NOx A—”/A A N 16
N(:nnv:NNO /]Vfuel (2) T‘ L | 112 .Tn
X » —4-50, w0
:Neow NOy s Nno —NOy N im -0-50, . =
3 Niwel — i
8 sl 4 8
6720 o o o o
20} - X K - 10
gL 6700 %00 1200 1300 1400
= 2 1660 3 sE/C
! 1%} J6660 ¥
5@ .mg B4 BE5S0,.90; AMEXE MK
L {6620
w.
2 6600
of ) L)
00 1o 2o Do T .
ag/c % ol
o . ‘ ¥ ol
B2 BAS5NO N A REER B g
20+
10}
O-D'/D/
1000 1100 1200 1300
HE/T
BS BE5COAEARERR BE
6n0s
|/ T {660 _
n
- . . 16675
B3 EELHNOxy #ULEXFR BE g
1 g
o 16645
02/C02 Nconv ’ 9(1) C =
1400 G Neon 1.6%C  3). : 0
s 02/C02 ’ Nconv Nconv L4
7N(‘,0Y|V 3‘4% b
0 NO . B6 ¢5NO N, AMEXF B
C+C02=>2CO 3)
C+H,0—CO+H, ) CO . 5 s
CO+NO—>2N> €0 (5) 1200 ¢, co ;
1200 C ,co , Zheng
4 1100 C , (12 1 200 °C
SO, SOs , Oy , .
COx : 4C+302>200 +2002 ©)
, SO, 03 . Hu , 0, C
0o/ CO» s 1 123K

, 1200 C., ,



3 ,  :02/C02 ° 335
1 CO:. ASPEN PLUS 0,/CO,
3C+20,>2CO0+CO> @) » 02/ CO2
2.3 02/CO2 ¢ , NO x ,
¢  NOy , O3 . ,HCN  NH;
HCN NH;3 NO x . 6 NOx , N> ,
, 1200 C , ¢ 0.9~1.3 S0, SO; . ¢ s NOy
» NO x s N2 . Liu , <1, @ , 90, s
= ¢>1 ,¢ S0, . SOs
7. 1200C , ¢ 0.9 ¢ , . ,
1.0 ,SO; , ¢ SO, ASEPN PLUS 0o/ CO2
, 02 S03. SOs3 .
¢ . ¢ SO,
SOs3 .
[1] HU Y, NATIO S KOBAYASHI N. CO, NO, and SO, emissions from
68 20 the combustion of coal with high oxygen concentration gases|[J]. Fuel,
—n lis 2000, 79(15); 1925—1932. |
1, &4} - L [2] HUY Q KOBAYASHI N, HASATANI M. Effects of coal properties on
& % recycled-NO x reduction in coal ombustion with 0,/ recycled flue gas
“ -o-80, 110 o [J] . Energy Conversion & Managemeris 2003, 4(14); 2331 2340.
i o | %0, ﬁ [3] LIUH, ZAILANI R, GIBBS B M. Pulverized coal combustion in air and
% Toj & in 0/ CO, mixtures with NOx recycle[ J] . Fuel, 2005, 84(17); 2109—
561 00 2115.
T T TR [4 CROISER E, THAMBMUTHU K V.NOyx and SO, emissions from O,/
¢ CO0, recycle coal combustion| J] . Fuel, 2001, 80(14); 2117—2121.
[§ CHEN C M, ZHAO C S. Mechanism of highly efficient in-fumace
B7 9590803 ReFXF & desulfurization by limestone under 0,/ CO, coal combustion atmosphere
[J] . Ind Eng Chem Res 2006, 45(14); 5078—5085.
o e ’ g [6] MATHIEU P, DUBUISSION R. Pefomance analysis of a biomass
gasifief J] . Energy Conversion & Management 2002, 43(9/ 12) 1291
’ 120°C, ¢ 0.9 |, 1299,
CO, ¢ 1.0 , 0, [7] GHAREBAAGH R S, LEGROS R, CHAOUKI J. Simulation of circu-
(6(0) , ¢ 1.0 1.3 ,CO lating fluidized bed reactors using ASPEN PLUS[ J] . Fuel, 1998 77
@); 27— 37.
) [8  KAMBARA S. TAKARADA T. TOYOSHIMA M. Relation between
functional forms of coal nitrogen and NO . emissions from pulverized
w0t , [J] . Fuel 1995, 74(9); 1247— 1253.
- } [9 GLARBORG P. JENSEN A D. JOHNSSON J E. Fuel nitrogen conver-
" 10 = sion in solid fuel fired systems J] . Progress in Energy and Combustion
g ol & Science, 2003, 29(3); 89— 113.
ﬁ [10] HAMALAINEN J P, AHO M J. Conversion of fuel nitrogen though
50} o HCN and NH; to nitrogen oxides at elevated pressurd J] . Fuel, 1996,
75(12); 1377— 1386
Ot %5 [ 11] , . 0700, NO x
(. . 2005, 35(5); 38— 741
[12] ZHENG L FURIMSKY E. Assessment of coal combustion in O 7 CO,

A8 ¢5C0.0,&£REXE HL

by equilibruum calcuhtiond J] . Fuel Processng Technology, 2003, 81
(1. 23— 34

B R R



° 350 - 2007

conical jet-flow top is fommed at the peak point of the jet flow length fluctuations. This is the main reason why there e-
merged a difference in magnitude of the particle diameters of liquid droplets and their movement routes showed signs of
wobbling. At various flow speeds, the distribution of particle dianeters of the liquid droplets is in very good agreement
with Rosin-Rammler distribution. The research results provide a reliable basis for controlling the distribution of particle
diameters of liquid droplets resulting from atomization during the actual operation of a liquid-liquid circulating fluidized
bed. Key words: liquid-liquid cirailating fluidized bed, liquid-liquid atomization, jet flow, liquid dwplet, particle di-

ameter distribution

02/CO2 = A Thermodynamic Analysis of Coal Combustion Products in O/
C0;, Atmosphere[ . ]/LIYing-jie,ZHAO Chang-sui, DUAN Lun-bo (Education Ministry Key Laboratory on Clean

Coal Power Generation and Combustion Technology under the Southeast University, Nanjing, China, Post Code:
210096)/ / Journal of Engineering for Themal Energy &Power. — 2007, 22(3). —332~335

By using ASPEN PLUS sofiware platform, a thermodynamic simulation calculation has been conducted of coal combustion
poducts in O/ €02 atmosphere. During the calculation, a comparison has been made of the coal combustion products in
02/ (02 atmosphere with those in air. A study has also been performed of the impact of the combustion temperature and
excess oxygen factor ¢ in 02/ CO2 atmosphere on the combustion products of coal. The results of the study show that NO x
anount produced from coal cwmbustion in 02/CO> atmosphere is far less than that produced in air. With an increase of
temperature and ¢, NOy amount will increase. The temperature has a very small influence on the fomation of SO2 and
SOz amount. When ¢ is less than 1, SO, anount will increase with an increase of . When ¥ is greater than 1, the
change of ¢ will have little influence on the formation of SO amount, and SOz amount will slightly increase with an in-
crease of . The calculation data are basically in agreement with the test results available from current literature. This
shows that using ASPEN PLUS software to simulate coal combustion in a rich oxygen ammosphere is a feasible appwoach.
Key words; ASPEN PLUS, 02/ CO2 atmosphere, coal combustion process, combustion product

Cd03 = An Analysis of the Mechanism Governing the Control of CaCO; Scale
Formation Process [ . |/XING Xiao-kai (Key Laboratory on Uiban Oil and Gas Transmission and Distribution
Technology under the China State Petroleum University, Beijing, China, Post Code: 102249), JING DongHfeng (Qinghai
0il Feld No. 3 Oil Poduction Plant, Mangya, China, Post Code: 816400)// Joumnal of Engineering for Thermal Energy
&Power. — 2007, 22(3). —336~339

To gain an in-depth understanding of the mechanism involved in the wntwl of a scale fomation process, a resistance for-
mula relating to the control of a scaling process has been identified through an analysis of CaCO3 scale formation on heat
exchange surfaces. The calculation results show that the greater the flow velocity, the lower the supersaturation degree,
and the easier the scale formation process will be controlled by a surface waction. The slower the flow velocity, the
greater the supersaturation degree, and the easier the scale fomation process will be controlled by convection mass trans-
fer. Moreover, the above process tends to occur under circumstances when liquid walls have a relatively big temperature
difference and a relatively high temperature. During the scale-layer gowing process and under the condition of the wall
temperature being a constant, the scale formation pwocess jointly controlled by the convection mass transfer and the sur-
face reaction may shift to one controlled only by the surface reaction. The control mechanism will 'emain unchanged under

the condition of a constant heat flux. Key words: CaC03, scale formation, convection mass transfer, surface reaction



