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Abstract : In the past few years, considerable efforts have been directed towards the further development of
Urea-SCR(selective catalytic reduction) technique for diesel-driven vehicle. Although urea possesses consideratle
advantages over Ammonia(NH3) in terms of toxicity and handling, its necessary decomposition into Ammonia and
carbon dioxide complicates the DeNOx process. Moreover, a mobile SCR system has only a short distance between
engine exhaust and the catalyst entrance. Hence, this leads to not enough residence times of urea, and therefore
evaporation and thermolysis cannot be completed at the catalyst entrance. This may cause high secondary emissions of
Ammonia and isocyanic acid from the reducing agent and also leads to the fact that a considerable section of the
catalyst may be misused for the purely thermal steps of water evaporation and thermolysis of urea. Hence the key factor
to implementation of SCR technology on automobile is fast thermolysis, good mixing of Ammonia and gas, and
reducing Ammonia slip. In this context, this study performs three-dimensional numerical simulation of urea injection of
heavy-duty diesel engine under various injection pressure, injector locations and number of injector hole. This study
employs Eulerian-Lagrangian approach to consider break-up, evaporation and heat and mass-transfer between dropiet
and exhaust gas with considering thermolysis and the turbulence dispersion effect of droplet. The SCR-monolith brick
has been treated as porous medium. The effect of location and number of hole of urea injector on the uniformity of
Ammonia concentration distribution and the amount of water at the entrance of SCR-monolith has been examined in
detail under various injection pressures. The present results show useful guidelines for the optimum design of urea
injector for reducing Ammonia slip and improving DeNOx performance.

Key words : Urea(2.4), SCR(A1 €A Zu)| 8+-91), Injector(ZAFX]), Heavy-duty diesel engine(th 3 o] A gl %)

Nomenclature
A : surface area, m’
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: local concentration, mol/mol

: average concentration, mol/mol

: heat transfer coefficient, k,NuZ/(¢ =DD,

= —ij(dm;/dt)/ﬂdemNu , W/m’K

: latent heat of phase change, J/kg

: mass transfer coefficient, m/s

(Sh,T;M,,)/RT,,Dy

: length of diffuser, m

: mass, kg

: number of cells

: molecular weight, kg/mol

: molecular weight of the mixture, kg/mol

OIS

: molecular weight of the film, kg/mol

(1-w)M, +o;M;

- Nusselt number, 2(1+0.3Re}” Pr'”)

: pressure, Pa

: partial pressure, Pa, PYiMe/M;

: saturation pressure, Pa

 surface heat flux, W/m2, A(Tj—T)
: universal gas constant, J/molK

: droplet Reynolds number

Py |ug_ud |Dd/lug

: species Sherwood numbers,

2(1+0.3Re} > Sci?)

: Schmidt numbers of the species,

te[PeT;

: temperature, K

 film temperature, K, Ja +T,)/2
: velocity, m/s

: mass fraction

Greek Letters

: distance from monolith entrance, m

: mal-distribution index

b

I'  :molecular diffusivity, m*/s
M :molecular viscosity, kg/ms
P

: density, kg/m’

o, . p/2p)

Subscripts and Superscripts

i : species of gas

J : species of droplet
g : gas

d : droplet

s : saturation

LA

AAR o2 AR T-E AV G2 AshE o] 7t
e 7he nE g, AT AT T a7
Ha k EE A Ak ek dRle] ARS-
o] FH ol olo me} v A A A7F 1 ke
2 F5 ga glov AlgsA At HarE v
Z£A1717] Y8 A = PMIE NOxE FA9) Atete
A7 dke] B g3ttt A= DPFAx| ¢ g7 SCR-
DeNOx Fufj7ide] E7 by o]+ 2zt izxlutrk
8 2(Urea) 3532 & 5944, A4 58 443}
o 2o AREE WY AE WAk 3l ol
o] At} o|F FMFAH 2 vjE7 2 Fo] o 3}
8 & NOxWHS Aelx oz FAAA 7|2 A
oAz o] NOxE AAs = 718 F 7 4
7oz mEEH A vk olF XYoo}
(Ammonia, NH;) 3= HCE o] &3 IHe g 48
AHE3HE ARG A s YA R JARE A
StAL =4 o] lor A8 AH|&o] FUste FA)
U AEA FAER a4 SnEdd
(Urea-SCR)-& EURO-IV$} Vol t]-2-81= o)A 3%
YA 2 pesti e oty 2 a4 e
FHFol £ol3la FAo] ¥ ¥y ¢k i]ole} o]
Abstgb 2 Faj oo grh= o] AAIE o[ A
3l Qth 8AE HE 325%9 =S /X &
7 E33te] =8 Fe R AR E o]= AAE

g B3] RAS T oy ¥ HETbae) RuR

Transactions of the Korean Society of Automotive Engineers, Vol. 14, No. 1, 2006 69



Soo-Jin Jeong - Sang Jin Lee - Woo-Seung Kim - Chun Beom Lee

k] AH e Z Fubsle] w9 Qe 42357
2 B} o]F nH9 a4 A iheon
el5te] o} 7k~ 2} HNCO(isocyanic acid) &
sl 501t o]F HNCOE wWiZ7hs Fof %3d
FZ 7)o jhg-ste] kR Lol W Bk E o]zt o]
g ¥h3-Eo] SCRE ) ool dojuim] o]g A 8
& T-§ Q0 2 RE B = UL dE1]e}r} SCR
Z ol A A = 222 A )

SCRE) HE& Yafjres A Z7)o =) &
SCR/GE Yo} Al~dle] dA S} AHH FEEE,
oFRUol/NOxe] £3, 2% 7817 NOx9] s x9}
7o s T Fojxfof gt o]Fd
A R ole} v & rtaete] A B Lo}
< H(NH; slip) A|eFS MEZAI7|HAM A& F e
Hd) NOx¥$ g g0l v§ & d&S v} A
Ao F L ji 5go HA o olri]ole] EEU)

2972710]

uf$- =& o3 o o] EAf(pockets of ammonia rich) 3} ]
U EHOUNOx>1). wheta] o] o el 4] 2] NOx
= BT HEE AT vhe-skx] 7XEha P o i
o) gruokE £Y& dos)A drt” Hgel SCR
= Aol 28 A9, ol A AP R 849
AR A 9} Bae] A ]lete] At vl Fo}
24 FEde 2 SEH Ll (thermolysis)
ghg-o] dold XF-A|Zko] B3I 2 SCRA 5]
Asld etzxzyo] EAlgt) o] F Feh A E
Ast7] HeiA =32 84 FAEA S 3 &
S]] SR L Mg~ E Bt
e GRFE R 4 3EEe] £354 181 B
] A e glathgo] FFA o E nHE 5 9l
=32 A Q1 2l o] A EE] o] A of $h}.

mEld B Ao e a4k qldEe] 912 2
HEAHS 1A, N el AL FARSEe] SCR z“ﬂ
AToNAe] 84 FEA FLUE Y Ao F
WX TY ol P A= kel tiste] 3aA A -’F
A efA g Flste] w2 G Yol =HES
AA S = Je HA 840 JAAEH A & 3
gt AFE g3t

2.1 M2

70 SIRxIEAZE=2E M14A FHILS, 2006

B Ao M= Fig 13 22 721 & oAz
€ SCR AJ2ES 7|2 o s dAH| A4 3 44
a3 EARRbe] uhZ SCR AlAHe] /\"——6}] e
A3t theFg SF 3 3AY SRS

77y 83t Fig. 2= siA gl 2del scru A=}
A 7 dg el Ao 2F 200000712 AXNE
ARESETE 1AE 9171 8.4 HA o] Sk i
SCR Ri-z] X FolAde] etmole] xw
2= GEe ATsty] Hgte] sAs
v} SCRE] A5a]A A] =720 AJR-TA
Aok AAAE 247 0.77:0.23 9] ARHEER
o} B Ao @4 Fgdla] =

3T £ A4 AL SCRE
A W= 200 cpsio) B Hi-g] z‘}]ggl
0.30 mm, AW NTE&L2 69%, 71583
18.5 cm¥em’o]th,

e

ol L
-

o;&;rm

w N
!\’ _7{;1‘ [oXW}
52 o o
[N
O Hi @ ot 3R L

m
T

\
\r

B IR r

g
a
flo r

1.5D~7D
162D 11D 4.3D AD
my §
|
|

SCR monolith
e

Exhaust
gas out 1 Injector

Diffuser

Fig. 1 Geometry of Urea-SCR for 7.2l engine

SCR monolith

= / (Porous medium approach)

Diffuser

Nozzle

Fig. 2 Mesh generation of Urea-SCR

2.2 x||;|Hl:él-x-|Al

2 Aol A E SCR Al 25l &
A} Rree) o - SR B, Fhw R ul]

qElm g BASHE QAHE Ty gtk
£ A7e] AHSE SHRELe Rrels WoER
Gt ), Zaw L W el A FFAE 2

21 QAN BREE anfgde] REGE

[>

e of

g

ins
2%

N



Numerical Study on the Injector Shape and Location of Urea-SCR System of Heavy-duty Diesel Engine
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Table 1 Summary of initial and boundary condition

Urea Exhaust gas inlet velocity : 17.2

exhaust
system

Outlet condition : Pressure boundary

Initial temperature : 743.15 K

Material : Urea

[nitial SMD : 150 um

Injection pressure : | bar, 1.5 bar, 2 bar
Spray angle : Levich’s theory”

Urea
injection
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Numerical Stady on the Injector Shape and Location of Urea-SCR System of Heavy-duty Diesel Engine
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