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Effects of Steam Addition on the Swirl Combustion and Emission

Characteristics of Cracked Ammonia

LIU Jiawen, XU Jiayang, ZHANG Meng, WANG Jinhua, HUANG Zuohua

(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: To clarify how steam addition affects the swirl combustion of cracked ammonia and to identify
the optimal steam blending ratios ( H) for various cracking rates (C), the combustion and pollutant
emission characteristics of cracked ammonia in a premixed swirl combustor were investigated.
Experimental methods including combustion and flashback limit measurements, digital imaging,
OH plane laser-induced fluorescence (OH-PLIF), particle image velocimetry (PIV), and exhaust
gas analysis were employed. Furthermore, the mechanism of nitrogen oxide (NO,) reduction
through steam addition was elucidated using a chemical reaction network (CRN). The results
indicate that steam addition significantly weakens the combustion intensity. Compared to H=0,
the combustion equivalence ratio is reduced by 21.1%—50. 9% for 0. 2<CC<C0. 4 when H is set to

0.1 and 0. 2. Correspondingly, the flame chemiluminescence is weakened, the OH signal intensity
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decreases by 66%—75%, and NH, emissions in the exhaust gas increase by 18 %—368%. Conversely,

steam addition significantly enhances combustion uniformity and suppresses NO, emissions.

Specifically, flame symmetry is improved by 11. 8% and 56. 3% at H=0. 1 and 0. 2, respectively,

with a 60%—90% reduction in NO, emissions. This NO, reduction is attributed to the combined

effects of decreased formation rates of fuel-type and thermal-type NO,, along with the

enhancement of De-NO, reactions. Overall, a steam blending ratio of H=0. 1 is recommended for
0. 2<<C<C0.4, whereas H=0. 2 is preferred for C>0. 4.

Keywords: cracked ammonia combustion; swirl combustion; steam addition; NO,; plane laser-

induced fluorescence

28 (NH D AFE g —Fh Z e 1) 2 AR O 2847 K
32 RETR I A9 ST S RS (U] A S R R 2 S0 i
iz B A AL B TS24 AT AR RE TR A ik BE s
AT RIAE S R B A B B A1 B ) s e . AR
K AN R RR SR B A L 4 32 O3 L AR T
T R SR AL B R B BIF 52 T 2 SR B 1 O AN R
TEPE LA RS B9 NO, HEBCEIA Sy 2 ] 29 & M8 52 1
A 0 T Al 5

FHRBE R JCHE ARG E P T2 B A B IR Z
K E AR 28 A IO B 5 RS Y, X i — 20 5 L
FIIGEPUHLNRE T 22 RPN B AR — )
R, 2 2 R R /N 23 T PR B R ) O AT
KRGS RE P . LA Jot o 1 3R iRy s 2 A ek DI 05
IR SR L DRI R B B R B IR AR R
TS ARG S AR B g R R,
SR IB TR ST DA K M B R R I OB R E
P, EAESEBR BT R T BB IR S AH E BN
KRR 2 Bt L 30 R B AR o IR L 2 S 4R — M
PN RO = NG S Py I W = R Y A )
SO A MR % R AR AR T
R a8 240 JU 28 DL — IR AT 0 L RE 8
G0 S o R Y 45 Rl ] AL T A R A O 2 B
T 0 i U RS R R AT D ke

e B BR R AU, Mei 25 %of 38 43 4 it 2 1Y
R AKIARE S NO A R e AT T HFSE . R LR
fifk 2 RE RS 5 1 58 & T AR R (R B2 B0 4000 )
ZURAR 5 A R WA E 5 W B 4. Shohdy
AL G R R AT B TR B RS KA R A 1 R
AT T A e BUAE A R ) S AR 26 R L =R
MR T35 85 AR BIR . Zhou 451 [RIRE 4 X 2 2
it AT T RIS A% W 45 CCRND IS, 4 B
TR S RE RS A RO P B E MR BERCR . LIRS
FEOTUERH T 28 SRR X 1 o KO AR PR DB R
SR Z LR AT NO, HERCT 35 9 WKUBS:

zkxb. xjtu. edu. cn

M TRk E AL 2R be AR NO, L& TR
AR AL NO, DL SR 43 # J B NO, . 24 2L fif
JF. AR BR S TECARET S, OH.OH H
P 3 1 B R T OB AR BB F A B NO, AR R
S E L S s W e = e R 1 P R £
MEEFE AT TR, An S50 0 e R R B 28 b F
11T R 23T Z B b 58, & L AE 24 i 22 5
ik 60% B, NO, HE 7k bl 2 g % -7 | 7t
Gubbi 2" LB, A FEREE 100 Y0 24 it , 2 24 1
BRBEA AT g 1K B AR B NO, HEf, SEBL 100% &
S R Ak R R B R R X F B R
GERE I A AR LT R A S AT
Bk R BE IR AN SE — R A T
RGBT B g2 i A RS =R Al sk B NO, HETK
1PN

IKZE S IB IR BN by 2 — P A 8k ple | 38 [
B TFBL. 20 gl K ZE SIS IR A ol o 2 48 i 4
SR B BN U8 IR R R 4R T T R R
TSR K R ik 1 R AR B A e B R i X
PRAFEHL” . X B I T vz b T 1 b T
PR MLRRAR NO, HEM L B2 5 R e 38 51 ¢y =,
Kaiser 8RR ARHL T B TR i #ZE VR S8 Tl
FEREAR 1326 .NO, HEBBEARIEE 90% . Cong %5 7£
SRR RO (JSRO HHEAT T 6 Al 4B 7K R0
SIS, & BRK 28 S T8 A AT B 3 082> NO HEJiR, £
BUZ R T RN, Tk % I IS R AL S B,
Ariemma % IE TR AUR B8 (MILD) 45 44~ %
BOK AT WS AR BUR M 2% 58 NO, HEsaE T T
WF5E, KI5 K AE % 1 58 De-NO, 2B, & 2 BE 5
NO, HEB AR 107° ~ 107 % %, Subramanian
M Wang & E R AL P R BE AT T K 5250
RIABIKIG « B T 06 (E IR B 9 B AIK . NO, HEjC
FEAK . bR W58 78 43 ik B T 1 7K ik — 3R W 78 o 2D
NO, HEy A 50 Fay 474k




90 =

[ S

i

PN

EE B ¢ %60 %

Nid

IKZES B IR A B UE 5L M) J9R 58 i s 202
PR 7 2 SR A SRR ATk (IR 2 % T i B K R
Gy F UM MAEE S R T D i B KO LLBR
il NO, #9245 A7 AT G & Az 8] S5 IO A B e 2 )
L, AN ) S R ) A 2R R BB K RN
B, R AR G OR [RS4SR
KNG TR RB K R R SCEG 9 . B JE it R AL
OG5S 986 (OH-PLIF) ki LI 3 (PTV) L
e B ) e 2 T B LR B R e R AT F 5T L B S R AT
5 Y HE O R L)L K CRN 3 A o BF 98 HE e
B 38 T AN ) 4 R () K 28 B IR HL i) 6. K
A B IR B RR IR S R R 5

1 SRl 5k

1.1 KESHEEEE SRS

ASHIF G i SR B 7K 28 A 7 2 8 R R 58 4 A
1R, KEIKRAERE FEHRE NS,
P A A 2 4 N L (R ) - s Rl
fitt K b, it K B 5 v R RSO i A, AR
JE 38 2l K R S 38 5 B L B8 A B A it
(Bronkhorst, mini CORI-FLOW) ¥ #ff 5 il ¥ & ,
AR = T A 2 S AR S KT
e 1R 1 A g 70 R o 1 B S K R U 8 e 5 B R
i U B 200 CHImIRKZER-ZERIREGY .
TR IO ASIK B B o IR 5 ) D\ T T e It R 40 4 3
SEHHICA L 55— B2 OMBEHE & J5 i AR
PeEE . AWEGE T R F Y 10 TR i R e s LR 25 il =
BOAE A BASE T B TAE A AR, R E M
BRI BEP M A, 5SAKZERIR B R Edd
SKBCIR A, I LR B U . #R 5 I JE FR A e 3

HEAH N, AEATHOE 2 W

AN By
=

1

22
73
o

- e ———

fiti il R

K- - |

KR

KU a5 At K

A1

bl

X

(1]

KRR

_________________________________________

IKZRIRELT R R B

1.2 XEHE

TG OK 2K AR R R R ME R T R s
AWK OH-PLIF 5 PIV 45 AR X K 454 5 i
YitAT 7448 . Hrh OH-PLIF % 1] 10 Hz (9442
AR A (Nd: YAG) #0% #4% (Quanta-Ray Pro-190),
BOCLAT IR AL B S I 2 OH B i 5093k i
K LR EARIE L SE 2N 60 mm,JEE Y
9 0.2 mm BYIEOEHOE. OH B i 598615 5 h e
2GS (BB 105 mm. f KOG [/4.5) 4
WIEPE H ((310£10) nm) .1 600 12 F X1 200 B &
) ICCD #H#1(LaVision ImagePro X)X %, PIV &4t
S Nd: YAG #06#s (Litron) P2 2E 0 532 nm [
HWOL R SOUE S R & R A I8 B iR
2509 65 mm,JE L 0.3 mm B H G, #OEHOE
WAHE S ER s SR TiO, BF b, ik 7~
A Mie HIHT 6, Mie 8BS 15 5 h BC 2% o BE 8% 3k
(100 mm, {/2.8) .7 # J& ¥ K ((532 £ 5) nm),
2432 18 % X2 048 1B £ 1y CCD ML R 4. A5
rf R B A BE AL 1R 22 2 Ok IR I R R (Y
590, AR GE R 25 0 o F D AR 22 1AL, AR
5% . LEABENLIRZE S RS0 22, ol B I i 45 10
ANHE R 10% ., T5 9L & 5 1 AW 5% 3 F T
PRS2 5 R PO W WO 3 (TDLAS) I & NH, L il
Y 0~0. 01, 43 FFR N 110 ° I 50K BE Ry
+£1% 538 2 JE 4 B A 42 R (NDIR) Il & N, O, ]
W 0~2X 1077, 3 FERN 1 X10° , A
JER 1% 5 R F s Ak 2= R FE I & NO.NO, ., O, ,
Horp NO il ya [ 0~3.7X 1077, o HF &R
IX 10, R N +2%; NO, Wl & 75 Fl b
0~10"°, RHEFE N +2%; O, W & EHE N
0~25%, RN 10 AHEE L2,

—> Bl
EE

R
¥
2N
_ o=

w Lo e

SRRl A

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
7

Fig. 1 Cracking ammonia gas combustion device in steam environment
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Table 1 Experimental conditions

C @)

H = (2)

T C H Mt % P/kW
COHO 0 0 0.7~1.1 2.98
C0. 1HO 0.1 0 0.9 2.96
C0. 2HO 0.2 0 0.7~1.1 2.95
C0. 3HO 0.3 0 0.9 2.93
C0. 4HO 0.4 0 0.7~1.1 2.92
COHO. 1 0 0.1 0.7~1.1 2.98
C0.1H0.1 0.1 0.1 0.9 2. 96
C0.2H0.1 0.2 0.1  0.7~1.1 2. 95
C0.3H0.1 0.3 0.1 0.9 2.93
C0.4H0.1 0.4 0.1  0.7~1.1 2.92
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4% 4
T8 C H el WA P/kW
C0.5H0. 1 0.5 0.1 0.7~1.1 2.91
C0.1HO. 2 0.1 0.2 0.9 2.96
C0. 2HO. 2 0.2 0.2 0.7~1.1 2.95
C0. 3HO0. 2 0.3 0.2 0.9 2.93
C0.4HO. 2 0.4 0.2 0.7~1.1 2.92
C0.5HO0. 2 0.5 0.2 0.7~1.1 2.91
C0. 6HO. 2 0.6 0.2 0.7~1.1 2.90
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Fig. 2 Combustion and flashback limit of different C and H
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