31 6

Vol.31 No.6

2016 6 JOURNAL OF ENGINEERING FOR THERMAL ENERGY AND POWER Jun. 2016
- 1001 —2060( 2016) 06 — 0035 — 07
NO,
( 102206)
P NO, 0
NO,,
P p U Nox Pn
T 3
P n 7 GE
0 NO,
P n=0.37 P&W P
NO, 3
- NO, n=0.5": Lefebvre
p NO 8 GE P&W
X
! P n=0.5,
. ) o)) P
n -0.77 ~0.61 } b >
. TK47 CA
0.5 P NO, - Bengtsson
DOI: 10. 16146 /j. cnki. rdlge. 2016. 06. 006
P NO, CO
$ 0.4 MPa<P<2.0
MPa P n <0; Dong
T, - )] P ALSTOM GTIIN
. -3 T, NO,, ’ P
. n=0.5.
1-2 . Miller P
- ¢ CH,/ NO, 101
3 1 NO, P
1 F P =0. 8 MPao
1
15 ~19 n 38% °
G/H/J T 19 ~25 P NO

N 40% ~41% *7°

X

7m=17.9 " 100%

P NO,, 4, =15.0kg s
. 6% @ =0.53 """,
CD 1~3 .,
P P . NO,,
6 .
12015 -09 - 15

12015 -07 -20;

(1963 -)

(201477ZD04; 2014XS17)



¢ 36 . 2016

1 3~4
Tab. 1 Typical heavy duty gas turbines *>~* 17 90 W
2 o
1% /C {@/
SGTS5 -4000F F 39.8 1 440 17.9 ﬁ@@
$
SGT5 -8000H H 40 1550 19.2
GE 9HA. 02 H 41.5 - 21.8
TR T g
M501G G 38.7 1 500 19.2 - =
M701G G 39.5 1500 19.0 E ] (EEBEE
M701G2 G - 1 500 21.0 m L]
M501H H - 1500 25.0 T SRS
M501) J - 1 600 23.0
piilm) e
2 1 12
- Fig. 1 Schematic diagram of combustor
DLN( NO, )
1 o N
2.
B . 100% 6%
" 90%
4.
NO 12~14
x o
14-~15 . 2
Fig. 2 Schematic diagram of mesh generation
13 2.3
2.2 P
NO,
15~16 G 1.77.1.90.2.08.2.28 2.48 MPa 5
o am—
bit 0 P
NO,( DLN) 1/24 1 ( e, =1%) .
16~18 . P =1.77 MPa( 7 =17.9)
17 . R
0.625 kg/s " ; 6%
IR @, =0.36 ®,=0.53"

10 C

qm



6 . Nox . 37 .

=3% ', N 0 =36.637"" 0, *%e 7
OH =2.129 x 10> *¥e 7
g~ Ts I. 0% MO0 °
D o
P. T. 3
1 D"ty
3.1 P
18 . P
19~20 . P 1.77.2.48 MPa
2.4 -3
Fluent P °
RANS( )
0 ’ 7 ’
k—&( RNG k - ¢) °
A - SIMPLE 9
EDC( ) CH, T P P
2 (1) U o
P R, . CH,
53 325 0,
CH,
(2) ~ (5 .
R, = AT?exp( - E,/R,T) (P/R,T) "ILiCi" (1)
CH, **+ 0.50, "*—CO +2H, (2)
H2 0.25 0.502 1A25_>H20 (3) (a) P=1.77 MPa
CH, + H,0 <CO +3H, (4)
CO + H,0 <CO, +H, (5)
‘R— mol/Les; A— yB—
i E/R, — K; r— ; C—
kmol /m’*; a,— P o
NO, N O (b) P=2.48 MPa
T. 0,
3 /m s
. (6) ~ (8) Fig. 3 Velocity distribution in central cross
(9) . (6) . (8) section of combustor/m * s
O OH o
0 + N, sSN+NO (6) >
N + 0, <0+NO (7 ( 4
N + OH <H+NO (8) S R) -
=B O N (9) (y=0 m) (

?1994-2017 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



.38 2016
U<Omes")
U, (y=0m)
U,
. P U,

BIERRX
shzeml

&10|
s
Lk

T 0 R-7 HEHS

4
Fig. 4 Location of feature lines in central

cross section of combustor

0.3k HiJ7 P=1.77 MPa
X IE71 P:2.48 MPa
OR IR 2Ry 3Ry 4R\ SR, 6R TR
0.2} ; N
{ T W | M " ]
0.1+ b ‘: \: i y 4 _i-
; ’_'-_ g %r;,' I,--' - < 5
g0t pe” € & & £ (
EE k. -.|. »..‘ :1_.\. l‘\l | \.\ l". v
2 = o [ ) . | i
B-0.11 F VA2 } |
J g 5 | /
02t | T G d
| LI G
L | 1| L | | L | | L 5
03 350 B35 0 _35-H,0_ 3530 B
35 0 35-35 0 3535 0 35-35 0 35

A fm - 5!

5
Fig.5 Velocity distributions along different

feature lines

3.2

TO

P& /m

6

(b) P=2.48 MPa

/K

Fig. 6 Temperature distribution in central

cross section of combustor/K

7
——JEJ] P=1.77 MPa

[ | —— FEJ] P=2.48 MPa |
03r [OR |IR [2R [3R (4R |[5R 6R,\ :1'1{,W

L ‘ 1 8] 0
01 | «T ¢ L h«“'<~‘.‘_
00f = [ | | I
b | L‘“'. £ '/I{:"/‘(_-«"
—0.2 | \\'f \'1 ﬂ\"’.

. L ] N M : i j, M -I‘;J 1'1

=030 {07060 2000 01000 2000 0 J000 2000 01000 2000

0 1000 20000 1000 2000 0 1000 20000

7

REEK

1000 2000

Fig. 7 Temperature distributionalong different

feature line

S



;(2) CH,
538 KJ/mol 890.31 KJ/mol CH, P NO, o
NO,
P o o
7 (y=0 m) T
60
T, —a HEAE
P T S5l . o= i@%fﬂﬂﬁﬁiﬁk[lq
T 15 K. Zel- E .
dovich T <1800 K é§ sor
T.>1900 K £ §§
S a5t
NOx o
3.3 P NO, 40— : : : :
0 50 100 150 200
14 T 10+ HORHR BE/K
180 200 C NO,
T
: 14 8 NO,
CHEMKIN Fig. 8 Effects of fuel preheating temperature on
NO,, emission
Fluent
o 10 C 60 X
s = A
4w =0.625 kg/s = - o SLBRIN R {HSCHR[14]
Q. = 60f
qn T ° \%o
8 NO, % 551
©
T 8 z
NO, T
50— - - :
4% . 1.8 2.0 2.2 2.4 2.6
JEJ1/MPa
9 NO,
P 9 1 NO, 9 P NO,
53.4 mg/m’(15% 0,) 14 Fig. 9 Effects of inlet pressure on NO, emission
2.02%
° NO,, P Zeldovich 0,
P n=0.45 NO, no
NO, P P 0
R P0.5T045 (10) 5 11
10 NO, 0
10 NOy 11 0
T Tm < P 0 .
1 800 K NO, o P 0

NO, NO,



040-

I 0.00095
0.00080
0.000635

I 0.00050
0.00035

ln,nnnzn
SE-05

(a) P=1.77 MPa

 0.00095

0.00080

. 0.00065

| 0.00050

10.00035

I 0.00020
SE-05

(b) P=1.2.48 MPa

10 NO,

/kmol * m ™ s

Fig. 10 Thermal NO,, formation rate distribution in

. -3
central cross section of combustor/kmol * m ™" * s

—+ H:J] P=1.77 MPa
He ) P=2.48 MPa

03} |OR |IR |2R |3R 4R |5R |6R |7R
0.2} 1] | | ' !
R Y/ P # i’ L4

-E 0.1k e . » : J d .

#e

B 0.0f |

=

0.1} _

L | 3| i T A PN 1
-0.3} | 0 10% 10720x 10°0 10x |n’"’.ﬂx]f!‘ﬂ L0 J0P200 100 10 10720 10

0 L0 107200 1000 L0 107200 1000 10 10720 10F 0 10 10720 = 10

OB SR B fkmol + m™*

11 0
Fig. 11 Mole concentration of oxygen atom

distributionalong different feature lines

12
NO, 12
NO, NO,

0 NO,

21w FEES /m

2016
T, .
NOx o
—— &} P=1.77 MPa
FE}] P=2.48 MPa
0.3F OR |IR |2R |3R |4R |5R |6R |7R
SANA N W,
¥ i i A e |
0.] r " I o
0.0+ | | | |
-0.1F | R b
=02t / / /- /___.. /_, /
03] .'I’ ﬁllxllnflﬂéltll‘ill Sr)lxillll‘m;ls}‘lll ﬁllx‘mjm;ulﬂ'r i{}lxillﬁlllxl{]‘

0 30x 10710 10°0 30 107°10% 10F0 50 10710 = 10F 0 50 107°10x 10

AABINOLE B EE#E kmol + m* » 57!

12 NO,

/kmol * m ™ * s

Fig. 12 NO,, formation rate distributionalong

different feature lines

P
NO,
(1) P p
U

(2) J2 0

NO, ;
(3) NO,

T
NO, ;
(4) P
0 NO,
M .
2014: 14 - 15.

FU Zhong-guang ZHANG Hui. Introduction to power plant gas tur—

bine M . Beijing: China Machine Press 2014:14 - 15.



NO, o 4] o

10

12

M . : 2007:17 -22.
JIAO Shu<ian SUN Shoudin ZHANG Yan-chun et al. Gas tur—
bine and gas-steam combined cycle unit M . Beijing: China Elec—

tric Power Press 2007: 17 —22.

2010:34 —44.
YAO Xiu-ping QI Jin ZHANG Li et al. Gas turbine and combined
cycle M . Beijing: China Electric Power Press 2010: 34 —44.
J .
2014 34(29) :5096 —5102.
JIANG Hong-de REN Jing LI Xue-ying et al. Status and develop—
ment trend of the heavy duty gas turbine J . Proceedings of the

CSEE 2014 34(29) :5096 -5102.

J. 2011 31(8) :563 —566.
JIANG Hong-de. Promote heavy duty gas turbine core technology
development and industrial application in china J . Journal of

Chinese Society of Power Engineering 2011 31( 8) :563 —566.

J. 2014 35(6) :1210 —1215.

XING Shuang=i FANG Ai-bing CUI Yu-feng et al. Influence of
fuel supply manners on characteristics of lean premixed combustion

J . Journal of Chinese Engineering Thermophysics 2014 35(6) :
1210 - 1215.
Lefebver A H. Fuel effects on gas turbine combustion liner temper—
ature pattern factor and pollutant emission J . AIAA Journal of
Aircraft 1984 124(11) : 887 —898.
K. U. M. Bengtsson P. Benz R. Schaeren et al. NyOx formation in
lean premixed combustion of methane in a high-pressure jet-stirred
reactor J . Proc. Combust. Inst. . 1998 27:1393 — 1401.
DONGSik Han GYU Bo Kim HAN Suk Kim et al. Experimental
study of NOx correlation for fuel staged combustion using lab-scale
gas turbine combustor at high pressure J . Experimental Thermal
and Fluid Science 2013 58:62 - 68.

Miller I M Maahs H G. NO,, formation in high-pressure jet-stirred

reactors with significance to lean-premixed combustion turbines

R . NASA Technical Paper TND —8407 1977.

J. 2013 19(5) :425 —433.
TAN Jian-guo WEI Xiaodin GUO Xiaofeng et al. Numerical
study on oxygen enhanced axisymmetric laminar methane diffusion
flames at high pressure J . Journal of Combustion Science and
Technology 2013 19( 5) :425 —433.
HolgerStreb Bernd Prade Thomas Hahner et al. Advanced burn—

13

16

17

20

er development for the VX4.3A gas turbines C // ASME Turbo
Expo 2001: Power for Land Sea and Air New Orleans Germany
2001.
0. RDarbyshire C. W Wilson A. Evans et al. CFD based analysis
of burner fuel air mixing over a range of air inlet and fuel pre-heat
temperatures for a siemens V94. 3A gas turbine burner C //
ASME Turbo Expo 2006: Power for Land Sea and Air Barcelo—
na Spain 2006.
GiovanniCerri Leila Chennaoui Ambra Giovannelli et al. Ex—
pander models for a generic 300 MW F class gas turbine for IGCC
C // ASME Turbo Expo 2014: Turbine Technical Conference
and Exposition Diisseldorf Germany 2014.
A. X. Sengisen A.V. Giauque G.S. Staffelbach. Large eddy sim—
ulation of piloting effects on turbulent swirling flames J . Pro-

ceedings of the Combustion Institute 2007 31:1729 - 1736.

J. 2011 24(1):20 -25.

LIU Fu-giang ZHANG Dong-fang CUI Yao=in et al. Numerical
simulation of combustion glow in the heavy gas turbine annular
combustor J . Gas Turbine Technology 2011 24( 1) : 20 -25.
G. Bulat W. P. Jones A. J. Marquis. NO and CO formation in an
industrial gas-turbine combustion chamber using LES with the eu—
lerian sub-grid PDF method J . Combustion and Flame 2014
161: 1804 - 1825.

NO, I 2005 26: 265
-268.
PU Yong ZHANG Jian ZHOU Li=xing. Effects of swirl number of
the primary air on the turbulent combustion and nox formation in
a swirl combustor J . Journal of Chinese Engineering Thermo-

physics 2005 26:265 —268.

] 2004 24( 1) :37 -40.
ZHANG Wen-pu FENG Zhen-ping. Numerical simulation of
three-dimensional combustion flow in a gas turbine annular com—
bustor J .

Journal of Chinese Society of Power Engineering

2004 24( 1) :37 -40.

I 2009 29
(4):330 -334.
ZHAO Xiaoyan LI Xiang-sheng FENG Zhen-ping. Numerical
simulation research on three dimensional turbulence flow in a gas

turbine combustor burning low heat value syngas J . Journal of

Chinese Society of Power Engineering 2009 29( 4) :330 —334.

( )



* 122 2016

through Semicircular Microchannel SUN Bin CHEN Chen YANG Di ( Northeast Dianli University Ji—

lin China Post Code: 132000) //Journal of Engineering for Thermal Energy & Power.. —2016 31(6). —27 ~34

In order to study the heat transfer and flow characteristics of fluid flowing through the semi-eircular microchannel

the convective heat transfer characteristics of deionized water Cu-water nanofluids and Al- water nanofluids were
studied experimentally in the progress of thermal subsidence in 21 semicircular parallel microchannels with 612 pm
equivalent diameter. Microchannel heat transfer coefficient of thermal subsidence and pressure drop were measured
and calculated. The fact that semicircular microchannel heat exchanger also has good heat transfer performance
compared to the conventional shape of rectangular cross—section was confirmed by the results. Moreover compared
to deionized water adding Al and Cu nanoparticles increases the pressure drop. Nanofluids effects in the process of
thermal subsidence in microchannels deteriorate due to the accumulation of nanoparticles precipitate and the vis—
cosity and other reasons when the concentration of nanofluids is 0. 5% . Based on the experimental data the correla—
tions of laminar convective heat transfer and drag coefficient of low concentration of nanofluids in semicircular mi—
crochannel were formulated. The results are of great significance for the integrated chip cooling system design. Key

words: nanofluids microchannel heat transfer coefficient resistance characteristics

NO, = Impact of Inlet Pressure on Combustion and NOx
Formation in an Annular Combustion Chamber FU Zhong-guang SHI Li LIU Bing-han SHEN Ya-
zhou ( Key Laboratory of Condition Monitoring and Control for Power Plant Equipment ( North China Electric Power
University) Ministry of Education Changping District Beijing China Post Code: 102206) //Journal of Engineering
for Thermal Energy & Power.. —2016 31(6) . -35 ~41

The impact of combustor inlet pressure on combustion and thermal NO,, formation characteristic in an annular com—
bustion chamber was simulated numerically by commercial CFD code Fluent. The predicted results show that the in—
crease of inlet pressure increases the density of gas flow and thus decreases the velocity of gas flow and magnitude
of back flow regions which reduce flame temperature and high temperature zone near those regions. The mole con—
centration of oxygen atom increases with inlet pressure which accelerates the generation of thermal NO, in premixed
flame. The region of the highest thermal NO, formation rate is near the boss of the combustion chamber. Fall of
flame temperature in those regions reduces the growth rate of thermal NO, formation to some extent. The formation
rate of thermal NO, near the crust are relatively higher than that of hub side under different inlet pressures. Key

words: gas turbine annular combustion chamber inlet pressure back flow region

= Numerical Simulation of Turbulent Combustion Characteris—

tics in the Vortex Controlled Diffuser ZENG Zhuo=xiong GUO Shuai-shuai ( College of Power and Me—



