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Abstract : The performance of the ammonia injection gun (AIG) used for maximizing the utilization of reducing agent in the
selective catalytic reduction (SCR) system is decided by several parameters such as the pattern of flow distribution, geometry of the
air distribution manifold (ADM) and the array and geometry of nozzles. In the study, the uniformity of jet flows from the nozzles
in AIG was analyzed statistically by using the computational fluid dynamics (CFD) method to evaluate the role of design para-
meters on the performance of the SCR system. The uniformity of jet flows from the nozzles is being deteriorated with increasing
the supplying flow rate to the AIG. Distribution rates to each branch pipe become lower with decreasing distance to the header,
and flow rates from nozzle are also reduced with decreasing distance to the header. The uniformity of jet flows from nozzles
becomes stable significantly when the ratio of summative area of nozzles to each sectional area of the branch pipe is below 0.5.

Keywords : Selective catalytic reduction, Ammonia injection, Air distribution manifold, Computational fluid dynamics

=

—

=
=
o

1. M

2719} 5|4alo] BAfse wAlo] A1), o] 7hed]

A el Zuj3kL(selective catalytic reduction, SCR)A| 282
Sl el FAAE o] g5t wirtA F A4S et
thEZA Q] AR = A SCRof| o] &&= SA9] ¢ 2 &

Aurea)E 2o HHAA AH OB HASH: WAl ghro}

* To whom correspondence should be addressed.
E-mail: hschang@yu.ac.kr

doi:10.7464/ksct.2012.18.4.410

410

LU olE B719) 54417 BASHE wHAle] SCR Al AEE
Aefe} WA AE 5 FEI} 2 A9 2 ALHh SCR
wES Y] YelAE FUE AR FEr} S
N #sA REH o] Zo) Zguolof stm
R w2l

1= Z=0=
571l v S(baffle)} &2 FEH8|E
| Yt 5o 4

4 255 2™sle= 59 IHS
Enshe weke] A E . &
13 A7 A==
kgl gk JH= o3

Z o o

Lo

sk} oA w=o) FUSE
dA 2 s Azl HisiME &
6 SCR AJ£FoflA] o] Fo]%

o o
r% 52
=)



SCR A A8 U] Fmyol #AF oA = 7HAlS 1R AIG 24

[e]

°f

dEA 7] mEol AlLg el uud
A T gl At AA8se]
o] woRIt}. o2 gt 7 7hA] AAab5e] HA
3 dojAl= 5 % wro] WA= SCR A LH)
2 k= S ARl ek AlAEl AA|) Fa
oAtz 27] Al 9 gule] At Aot &
o} & Aol A= SCR AJA| ol 28-5= 2hlA] A

S
o
1o
M
e
4

oo rfo
mﬂér
[e]

o

L

A

=
[

e

(
-

-

4 oY 2
b
fllo
off

=
N

>

)
of IHHE ZF A ARl leFE(nozzle)o| A EEE= FE
dAEO] AaA o] wete] Atsaial Foh

Park ot al {112 WFS-F 70| H4ah 4% 3712 SCR A2
§o] 285 Qrmujolammonia) 84 A} A|2810) 7]eketA
T2 9 wRlol oj3t Al2El Aol Ba ATE AWk
ArUol Fol AHE-E= FE U oF5=¢] ¥H(ammonia injection
gun, AIG) A]AE2 27| Eult)7] T air distribution manifold,
ADM), ADMo|| 4% 3H, sltjo] Ad4H &AL =&
Y 847 o|FojA=d| o|59] FA4u widat &2 7|5t
SH4 @40} AIGe] a5 Fe Hsol ol AIGE] 4
5ol 2R Eh AIG Al2Fo A A Eojof & 7H Fagt
[as 7 kEA EEE s BANFY HUETt 449 A
B2 {2 Eojof gtk Aotk & ATt AIG Al 2FloflA
AR o] A= ADM 29| JIFS ahofstalat
ADMO] L9} §59] JHaAE Hrtsts AS HHo=R
gtk ADM= &8 iy EE9] 3 /=N AIG] 285+
Be-et APA o2 BT )tk ADME A8 A5 AIGY
At FEFE ofoF Sh= HW Wl H(valve) o] A W4E
i £Y o+ qlesz A 9717 AZHE T Chen and Spar-
row3]= €3 % WYEE=9 dRf-sol e A W
I AR O] S-S FAo XFYeE vl §lem] RANS (Rey-
nolds averaged Navier-Stokes) 23S -85t UF 9] A
ol &3] A=A Qe AdE WEsklh oloF AR 4=
Z) ol A A "S- #]-835}¢] Jones and Galliera[4]+= WU Z&=
o] fEFEHE Askl e, Kresovie[5]2 7T} 22 1L
RF Aee] Aol M43 AT ATk E B B=
o] frafaliofl #slo] Ye et al[6]2] A7} W3xE Bf Qleh
o] = Jones and Galliera[4] ¥ Kresovic[5]2 HAHFA| st
(computational fluid dynamics, CFD) WS %831 s4]-&
oFslA Alstaom Ye et al[6] A H S
TR AE ARl & Aol AEE=
o] gd2 A dtAEel os) thfstA &
Atoll A= oflH] s A g of| 4] AR Atete] Bl
AT AZ=E SRS

A3t Ble} o] SCRO| -85 AIGe= 1 fiof whet
ADMo| A2 ¥ = A9 A=A b= AR UYirold &
Ql=d Park et al[1]9] Ao A1 oF 50,000 Am’/he] A 2]
|2 7H &7 SCR A|2Flo A= 34 ZFAF Al2lof miy
ZC7h A8 EA] ¢al MER §3FS Aojstez A EA|
O] faFEu vro] AARIAR &=t 1y 2 A
Al AgEe drY ol BAF AJAES thE SCR A|AHof 48
H= Zo] AAIE7] wiizoll ADMO| ogte] gt HEZF A

fr

o 83 847k B3 0 AFAIE §F A BHE AH§
ShA) gF WO SCR A28 THste] WS AL
% Gl RO E Aloka 4 glek SCR A2®o|A AIGE of
$3tol PrUolE FYUsHe 49 ruuiole] BAl FUE )
EERINEASES S ROEE S D EERIEP
o gakel Qo] Bt FAR BEE o] WA AG
Ao R B FAL T Fae us) e s

of N oo

lo 2
- jo
g
-
N
™
o
i)
2
%)
@)
5
>
[>
o
od 1o
fﬁ oX, rit ¢
Boor o N

30 (L lo lo o
oo o
W il
P
-

= X
ne

[ o
+
4N
o
ox
=2
H
et
:IOI:

30,
o
kl

g =
ol
o
)
=)
wn
@)

of

=8
o F
2
i
(o] 1
2o b %
5 5 oo
EE N iﬁ
ﬁ' ﬂlIO l‘l—‘(; mlm
> AT
5 = o B
S S o
o
Elﬁ frro ',
SLEYIETN
o )vl-ﬂ
R
52
X
2
rroox
k)
= 2

ot
1o
M
B
r.l
flo
Jo
u
N
N
D1\~ <1 o T O

— K

L

i
i)
il
X
-0,
N
il
2
H,
e
2 2
a
>0
[> e
I
P‘L
=
Am
ﬂ
By
o
op

SCR 4| 2:5lo] 2.6
AT 1t wFEe] A5t v$ @) ghize] AIGe]
Al FA, £, KEF wZo] A4 Wstel] uet
# fagol WBo| Aakil ofo] uhek SCR A28 A
2 Qe W) o] 2 4A Axet fREAs
of wjet Qe Baol e ek olHe Aaol
Aol AARA S AP UL AHgTtel AT
st

>

o
oX, IO

e & ook
T

o2 T

N
I

A A

ol
02

0 0.500

1.000 (m)
]

0.250 0.750

Figure 1. Schematic of the external header type of AIG system.
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Figure 2. Schematic of the internal header type of AIG system.
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Table 1. Material properties in the CFD analysis
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Table 2. Summary of CFD analysis (Case 1)

Property Value Unit
Ref. Pressure 101,325 P,
Temperature 373 (¢
Density 0.675 kg/m’
Specific isobar heat capacity 2.168 kJ/kg-K
Heat conductance 25.692 x 107 W/m-K
Dynamic viscosity 10.550 x 10°° P;s
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Lance | Total mass | Nozzle mean mass STD RSD
No. flow (kg/s) flow rate (kg/s) (kg/s) (%)
Case 1
#1 0.013506 0.000482 3.80x 10° | 0.788
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Figure 3. Flow rates along the nozzles in each branch pipe of the external header for various inlet flow rates.
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Figure 4. Flow rates along the nozzles in each branch pipe of the internal header for various inlet flow rates.

Table 3. Summary of CFD analysis (Case 2)
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Table 4. Comparisons of statical values with respect to nozzle diameters

Nozzle Total mass flow | Mean mass flow STD RSD | Maximum mass | Minimum mass | Ratio of overall nozzles
diameter (mm) (kg/s) rate (kg/s) (kg/s) (%) flow rate (kg/s) flow rate (kg/s) area and inlet area
7.0 0.522 0.000467 776 x 10° | 1.66 0.000479 0.000444 0.84
6.5 0.522 0.000467 597x10° | 1.28 0.000475 0.000448 0.73
6.0 0.522 0.000467 472x10°| 1.01 0.000473 0.000451 0.62
5.0 0.522 0.000467 243x10°| 052 0.000471 0.000459 0.43
4.0 0.522 0.000467 1.74x 10° | 037 0.000470 0.000460 0.27

0.00050

0.00048

0.00046

Mass flow rate (kg/sec)

0.00044

#1

Figure 5. Mass flow distributions from nozzles with 7 mm in dia-
meter.

0.00050

0.00048

0.00046

Mass flow rate (kg/sec)

0.00044

#1

Figure 6. Mass flow distributions from nozzles with 4 mm in dia-
meter.
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Figure 7. Pressure difference in the AIG system with respect to
nozzle diameters.
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