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Abstract: A urea-SCR system suffers from some issues associated with the ammonia slip phenomenon, which
mainly occurs because of the shortage of evaporation and thermolysis time, and this makes it difficult to
achieve an uniform distribution of injected urea. A numerical study was therefore performed by changing
such various parameters as installed injector angle and application and angle of mixer to enhance evaporation
and the mixing of urea water solution with exhaust gases. As a result, various parameters were found to
affect the evaporation and mixing characteristics between exhaust gas and urea water solution, and their
optimization is required. Finally, useful guidelines were suggested to achieve the optimum design of a
urea-SCR injection system for improving the DeNOy performance and reducing ammonia slip.
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Fig. 1 Decomposition mechanism of urea-water
solution to ammonia and HNCO gases in
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Fig. 2 Schematic representation of the Urea-SCR
system adopted in this work
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Fig. 3 Schematic of the exhaust pipe systems with
urea injector and mixer
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Table 1 Boundary and spray conditions adopted in

this work
Variables Unit Value
Mass flow rate g/s 40
Exhaust gas temperature C 300
Exit pressure atm 1
Heat flux W/m? 0
Injection pressure bar 5
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SMD (Sauter Mean
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Initial droplet velocity m/s 32
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Hdlo]H(xstl) L= RS & FAME Hybrid
/158 olgaiel A4S AR pg 3¢
2 P Ao A RdE dF Urea-SCR A| ~H19]
'FF 2 ANF=E vebd 3|tk Fig. 3¢l i

o

71#e] F ZdolE 650 mm, Hi71He] AL 100
mm, 22 Zo]= 150 mm, T12]a g F o]
Zdoli= 500 mmo|t} & AFtoA AL A=
Ag)d AgHES] kenics EFY Y ~HE =M=z
A, G R A%y 225 & ol 180°
EQAE(Twist) H=F A7 21]1}54914 Tk,
LRSS ) B 2 g4 =] SO = AR e A= 1

T3

o] ﬁﬂdﬂ H H &= 300, 45°, 2 60°9] 7}
EE 7MAH, o|AS Z+Z) Case 1, Case 2, L8]l
Case 3°.2 IR/l =9 A= AVL
Fire™ W9 solver spray moduled ©]&3}e] A
Sgom i & Ax S UAzt g 497
oF 240,00070¢]32, =A7F FEE A9ollE oF
700,0007119] 27z 4 5] QL.

T

N o
29
ol
(2
i)
r

dire W
o M
o
i
>
ofo
o

2 oo B2 |y
L LR

&
©
Ho
o

jur)
= 0
)

N
-



A w7 eel BALE $elol g

Sampling points

3m I 1.5m I 1.5m

—

00¢

LLILLT

4
dl

Injector

Fig. 4 Schen}?}ic of the experimental setup of Kim

QAAE 2 vl 33 o] mE R4
o AFEE P PFmiiole] FRELA dishel
AAS AR, Nl Hed BAxAS
Table 19 YEeERHSITH
3. ZI Y DE

 ATdAM s =59 &7 7ol dg A
e AeE v F, 8AFEHdY gEYolR
o AL AAtsle] A D Azt B}

7o SFoA R ole] EIEA]

oA A S| S
Aba A Avbel Kim 502 2¥ gk 4 Birkhold 5
o] SAS vl o, & AF AMH 3%
of MEFe 2 ZAHAAE Fig. 4o eI
= Asol A&gt 27 W BAFEL Table 29
U QL AL, Table 28] ZA o)A AFA 7o wp&

7r7ko]l Z4 Aol 9] NH9] AFES v
o2Z2M HETS FHATE Fig. 55 300C<] w)
717k &% a8 6.03 2 833m/ise] Y

of Hx oA AFAIZE WE Qa8
dRYolze] MFES YERH 1ot} 7]
o A, ¥ Ato] z4bslA] A}l Birkhold W9
slAgtel & 9 s AS AT = A,

Kim 599 43 ZAdnves ddgo

| ok %
0t A% FAY & YAW, AWHOR %
3 Age dehlE A BAg & vk A
@ Astsh AakalA Avel A vehbs Aol
aaFgs AR W A5 A, WE U
welo] AgHATE A3 8AFE B 5

¥ A%

Ag

X
<]

A

el Bk A 45

i

o
T

i

Table 2 Initial and boundary conditions used for
validation following Kim et al.®*

Variables Unit Value
Inlet gas velocity m/s | 6.03, 8.33
Exhaust gas temperature c 400
Density kg/m?®  0.524
Exit pressure atm 1
Injection pressure bar 2
Nozzle hole number — 6
Nozzle hole diameter mm 0.1
UWS flow rate g/s 0.33
Cone angle from visualization | deg. 70
Initial droplet velocity m/s 10.6

10 T T T T
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o Experiment, Kim er al. (2004)
----- Simulation, Birkhold et al. (2007)
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Fig. 5 Comparison of the present numerical results

with experimental data of Kim et al”) and
numerical solutions of Birkhold er al.¥
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Fig. 6 Effect of injector angle on pressure drop
with and without mixer (t=0.7s)
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