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WA AC S OB A R S B i B RS S YA
F Wy

B H3hEHERESHOE

B CFL number (H| /7 $5 %€ & KA1H), Tolerances
B H30#% %] gridscaling FIAMRE 455 [A]
R

B KZ#caseRH —Fri REITH

m /Dffcasesi B — Pl X ZE 5

B RS EATRS E E B

Co., LTD. All Rights Reserved. ‘

T
1 Ht




. %u JU\*@@%&EFH
g %m:ﬁ "
- tHME e e Ve s SPEEE eV e i - BirF
e Son MR || WERE || g oFL 5 AMR - BRI
= ;f:CFL I I ‘— <% CFL
mMEEREE
"""" amwrn T memwea
(Grid-scaling) (Tolerance-tightening phase)
w8k
L5 < A
_ e R o - 233

—
B AL

TD. All Rights Reserved ‘



Fa S R a1

m T
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E Increasecfl u1,248  max cfl u | steady_max_cfl_u_final
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B Max cfl:

BESTHE LAY B TR B
rm Simulation time parameters ﬁ

General Mize.

-
[ Simulation time parameters

eneral Mize.

Start time: -‘440.0 - deg. Start time: .D.D . oye.

End time: ’:| from GT-SUITE IIZD.D deg. End time: ':| from GT-SUITE 1pooo. o oye.
Time—step =zelection: Use wariable time—step algzori "] Time—step =election: 'i:[se Varuz:.alr;ie t.ime-step aigorz.. "
Fixed time=step i-lf'PB, N Fixed time-step f_lf—pa_ E

Initial time—step: Se-0T7 ) = I Initial time-step: le-05 ) s

Minimum time—step: 1e-05 = EUse file Minimum time-step: 1e-06 = D Use file
Maximam time-siap: 2 5e-05 = [ Use file Maximum time-step: 0.001 s [] Use file
Mazimum convection CFL limit: 1.0 D Use file Mamimum conwection CFL limit: 20.0 ] Uze £ile
Maximun diffusion CFL limit: 2.0 [ Use £ile Meonan i Pusror CIL A ity 00 [ Use file
Mazriman Mach CFL limit: 500 [ Uss file Mazomiy Mech il damd T [ Use £ile
Droplet motion time—step control multiple: 1.5 j Dedpl dt ot ion; difidnatep Fortrdlimiltple; ) -

Drop evaporation time—step control multiple: 9999.0 Dropsevaporation Mnerstepncontnalqul tiples: | 9399150

Chemical time—step control multiple: 0.5 Ehgrieslivine Step' dontrnl, maltipTe; 0iE
L : ; ] ) Collisi id time-st ultiple: 1.0
Collizion grid time—step multiple: 1.0 S AR RRERN R
T Mowing bound time—st ultiple: 0.5
Mowing boundary time-ztep multiple: 0.5 i et Ml Btk s
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B Steady solver control:

B solver settings automatically = ON
B HERE: — R RFEEOAME

Caze Setup

Application Type

4 Materials

Gas simulation
Global transport parameters
m Reaction mechanism

4 Simulation Parameters

e Run parameters
Steady-state monitor

ameters
m Solver parameters

-
Solver parameters

| FIZ0 I Conwective flux scheme I Mize. I Equations Steady solwver control]

| |I| Update Solwer settings automaticallyl

E Switch Pressure Solver type automatically

Settings update freguency:

Initial PISO telerance (relaxed):

Initial FISO conwergence criterion multiplier (relaxed):
Maximum convection CFL limit (final stagel:

A Minimum AME applicatiens:

i0 cye

0,001

20.0

{20
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B Cycle steady = 20-100 r— e ‘
RPN RN -

B H/DHERIE®, Steady solver —
contr 01 EF' El/JMlnlmum AMREI__—" T:EEf:[:i j:”] [ velociy | 2 damaerature [ Brassure L Dansky [ Sascies .| Tassivar L [ Ve irassion |

| 'gsv* stands for Grid Scaling valus
Max. embedding level: |3 | I Start; |o | gsvl

B Y HE Xgridscal efHiA |}, AMRH e S
I
B Timing control: GRIDSCALE SR
B Start timeftJ7 XA AGSV (gridscale
Value)

B WIRN 0 GSV (BimZ&Hgrid-scalefd

) Profile configuration for grid scaling

+ | x| % |

B Gridscaling llm o
W ORH PR I Y 21 4 X A e :

W AR AR HAUTO 2, miaS iz e R
FF BT 18]
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B Boundary, region, Inter—
region
B Monitor start delay: ZEIR¥

AL

B Sample size: ZIHECRFEKE

’ﬂ Run pa

Fun Mode
@ Hew run

'_' Restart ||

G-enerate surface file from current

Solver Mize |

append this number to restart cutput

geometry surface. dat

Solve momentum

Sereen print lewel: |Concise I

I:l Feread Inputs. in each time-step

Energy Solver: [Solve ELErEY 2q.

"'] I:l Enable genetic algorithm output

D Solwe species

_- :Tra.nsport species zubszet

J!_ Steady—state monitor I

| & |

Mon—Engine applications orly)

-
BB Steady-state monitor

—

P - - - - .
Auto gridseale
Monitor variables Target type Target Ao
m = = Filename: | dynamic rezionl. sut
2 ANG_MOM_FLUX X Region sample Moniter start delsy, cye 1000.0
3 AVGTEMP Boundary Outflow boundary Sanple size 50
4  AVG_VELOCITY Boundary Qutflow boundary T ST R o
5  AVG_DENSITY Boundary Outflow boundary S reyesre @ ibsiiie @ hilacins
6 TOTAL PRES Boundary Outflow boundary Thlesanie 0 o0t B
7 | MEAN_TEMP Region Cylinder *
Max standard dewiation 0005
8  MAX_TEMP Region Cylinder
[7] Cheek periodic behavior
g MAXPRES Region Cyirder check_periodicity_flag should only be setivated if
10 MASS_FLOW_RATE Boundary Outflow boundary quantity monitored exhibits periodie behavior
11 LIQ SPRAY_MASS Region Cylinder Standard deviation tolerance; [0.0001
12 FLOW_RATE Inter-Region Cylinder [to] sample
13 TOT_MASS Inter-Region Cylinder [to] sample
14 VELOCITY Inter-Region  Cylinder fto] sample
15 N2 Boundary Outflow boundary
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B Tolerance type
AHG MOM_3
B Absolute o
Filename: |dymamic regionl. nut_
M absoiure — M M Monitor start delay, cye. 50,0
dlff | 2 1| Sample zize; 400
where, My, M, are arithmetic means Win. ‘sawpisize: (fenporalls (00001
. by Tolerance type: () Absolute @ Relative
Re 1 at 1 Ve Talerance: 0. 001
|M2 s Ml I Max. standard dewiation: 0.005

MTE!EHUE o [ ] Checl periodic behawior

dfff - ((Ml + Mg)fz) check periodicity flag should only be activated if

quantity monitored exhibits periodic behawior

. MaX. S tand deV 1 at 1 On j:IJ Lﬁ sy — Standard deviation tolerance: I'J onoi
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[¥] Switeh Pressurse Solver type automatically

Fettings update frequency: 10 oy
. {4 ‘t d ‘t 't o ‘t ”» / N ,l Initial PISO tolersnce (relaxed): 0.001
Steady—State monitor U R A Gy, [
Maximun convection CFL limit (final stage): 10.0
M, Minimun AR applications [z0

Pz 1503 /2
B solver.in THIPISOH #nfE (piso tol
and tol scale) A3

Solver parameters bk &%
. » E[ = T =
. GI, 1 d S C al e %I Ei PISO | Convective flux scheme | Misc. | Equations | Steady solver control |
~N
- PISO Parameters:
1 1 . 1 PISO convergence criterion multiplier: ll | Use file
. MaX C f u - S t e a dy maX C f u f 1 n a Mirirum number of PISO iterations: |2 i Use file
Maximum number of PISO iterations: Izn i | Usefile
| ﬁ[] % ’f % }Eﬁ AMR e Upntis
) é§ . . . . b2
I Steady-state monitor SZ -
B A3 “Minimum AMR applications
/\ Monitor variables  Target type Target HaLID-MASS
ML Filename: | sprayout
B N AMR WES| N X 7N T :
) Column number: 4
Boundary exit
Bourday e Monitor start delay, cyc. 200.0
< 1 O(y Region swirler-combustor | Sample size: 100
0 Region swirler.combustor | min. sample size (temporal): |0.0001
Tolerance typa: Absolute ® Relative
Tolerance: 0,01
Max.standard deviation: 0.01
Check periadic behaviour
check_periodicity flag should only be activated f quantity
monitored exhibits periodic behavior
= |0.001
=]~
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Twall=400K

A I44.6L/min, T=84/%
(0.7797kg/s) H 1, P=1bar
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¥k H20 Water

Ay ‘)_L - °
R SH T R B
®m Max_cfl u=20 B Base size=0.004
® Max_cfl_nu=100 W PRI 2402)2
B Max_cfl_mach=1000 B Grid scale
u %ﬁj\zﬁﬁ_}/{:%ﬁ=1oooo Grid scaling time Grid scaling value
B 5 KEEZEK: 0.01s 1§AL.ITD L
B g3k E: T 2 AUTO 0
B Steady max_cfl u final=10
TSR
g éﬁ‘jﬁl B AMR (R]i%) : velocity, 3%, K
L $D1Y)|LE 1oy I . =
I ~ .
B OALES
RS L
B AI: 0.7797kg/s, 357.15K(84C)

tH17: 101325Pa
il o A g 373K
B .
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7000
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bound_flux

1.189e+005
-5.858e+005
-1.290e+006
-1.995e+006
-2.700e+006
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Velocity (m/s) Weber Number
1.000e+002 5.000e+002

7.5042+001 . 3.750e+002
5.009e+001 2.500e+002
2.513e+001 | 1.250e+002
1.775e-001 1.978e-002
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m BT TR
B StudioH )3 [ b B L) BB R 221 o
ORI E T
WA K R 22K B % (high CFL)JT &
B RESOKRAERR(v2.4)
W AT 25 R s ) e 4 e
BB . Kuhnke, Wruck(v2.4 ), Bai-Gosman(v2.4 )
B Zi&supercycling{ICHT R B8 vHEAf 11 550 B T VR
R N E DI RE(v2.4)
B HrifMolten solid & & 4 i iR (v2.3 )
W OHTE PR ER A S I AR RSN R SR PTAR T L D BE(v2.4)
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MU URANS B vE (High CFL)

B PURURANSE: &S H K ORI ) 22 K#ERE ¢ High CFL)
PR, RS E, LS
®m ). CONVERGE v2.3 237 #fhigh CFLil-#

Uniformity Index (Ul)

CFL=1 CFL=10
Ul =0.74 Ul =0.75

CFL=1 CFL=10
Ul =0.78 UI=0.79

PLUHEURANS VLR IR = 745, (HUIRINHIH #5287

Z. Abadin et al, “3D-Semi 1D Coupling for a Complete Simulation of an SCR System,” SAE 13PFL-0137
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B Z AN X B
W E R EEE
B AR 2 AL R AL S ROV AU DA S A A
B SCR, LNT, DOC, AOC, TWC, ASC
W SRR S @5 (DFP AT SDPF)
B {ItSCR NOXx reduction Steady-State solver Z /|

Figure 1. Illustration of channel model
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Urea: Fﬂetailed Decompozition Ti

Ho urea model
Multi-component urea approach
Molten =olid urea approach

Detailed Decomposition

Multiple-Component Approach (urea_flag = 1)
1 Nozzle . Water & Urea - " Hydrolysis of

HNCO

- . . E\.raE{}ratinﬁ Urea decomposing i Ammonia (NH3) |
[gaS—P_hase only) e Iso-cyanic acid (HNCO) m— Ammonia (NH3)

Molten-Solid Approach (urea_flag = 2)
i v i
. I Urea decomposing } Hvdrolysis of
2 Nozzle . Water Evaporating . ! : ! yariy.
. i Solid to gas £
L [ gas) ==d  Ammonia (NH3) Lt

B Z —— e ——— :
. ® ..' Iso-cyanic acid (HNCO) Ammonia (NH3)

Water Evaporated

Dnlv Urea left . Urea water multi-component parcels
. Urea only
B ‘o900
Rt/ . Deposits
] R3 o
I R4 @ ue®  RI2

3. Detailed Decomposition Approach

o -9 ‘o i
7 e 4 LI
o o ./ § & - e *® R8
. ’ ° ° . ° @ Tm3507
§ L 0 A9 3 o RO 3 ammelde
?i; ; e 13
4 ] uws Urea > T,=135°C o %o e’
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DPF: Deposit Formation Possibility 45 /il iR 45 £
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N T EEMARGE SR REME, FE e X T 45 5] e (Deposits Formation Possibility,
DFP)Z#%{ . film_height max (heat_flux)
DA (film_height) +(1-a)

ECTRFAQ/NI 5 JFARIF 7403 045 & L B A PDFPIE i B 58 4 — 50 WIFIEIR A
2 LR FHCE=HUIFE, RFIZEIE A 2 LRI AR5 — FLHE
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. $"fﬁ H _ﬂ—l_‘% ( % @ ) ’ YOIlg Slll’l Maximum NOx Mass Convers ion WRT SCR Inlet Temperature by Dosing Limit

e ax NOx (g/hw)

B K3: 2016 CSI User’s Conference £ || @ onoare e
3 SO% Sid Laow T |
VNS 2 L Fast Low T i
m R ATRRRRER, mTREAR B e |
T RG], SENoxFE#H AR TLIE}E 8 - 90% st vign T |
—iE. WYL, BORE s
W RGNS, EACE T 5 % 38, S i |
= . | ,'- | g -f-.- I
W SCRAEMAHTFINH3 4 &) 14 = BN -
B ﬁ(%’zéﬁa%%:fﬁ%ﬂ SCR Inlet Temperature
Max NOx Mass Conversion
> et R e
— - Injection limit =
Q . White deposit/Corrosion OK . .
& - White deposit/Corrosion OK O .
5 . White deposit no good
= =g O
] r”g B @
= @ d -
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Infrared Temperature

CHT results Measurement with Urea Spray
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SCR Front yWH3 Ul and AVerage

! &E.OE-4a
OL.o8 5. 0E-09
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ty .3
1. DE-Cr
O.88 —HE Ul U S = .
ose oy MHD average D.DE+DD ig er Dosing romn
.83 u T T - . SLOFE-OF \ /
a an . 55 & RS s TG = as

Time(s)

SCR Front Velocity Magnitude Ul and AVerage
3 0754

255 =@=Valocity Average 0.7538
Flow Cistrib ui
ZB —— o stribution 01535
% 2.85 D.7534
: 98 /‘\ /\ [\ 0.7532
£275 B 03 Right After Dosing SCR Front
= y 0.7528
g “7 o : 0.7526
zes 0.7524 ...-ﬂi. L
2.6 0.7522 ., the il —
f g
2.55 - 0.752 (1 (— — &1
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B RELESETHT
B R R FR R4 mnAH o B T VR IR A R &R
(HNCO)

film_temp
5.637e+002
4 7T9e+002
3.944e+002
3.098e+002
2.251e+002
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Urea Dosing
Amount (mg/s)

Case 1 300

175

flm_temp

800e+002
5.350e+002
4 900e+002
4 450a+002

4.000e+002 —

film_temp

5 B00e+002
5.350e+002
4 900e+002
§.450e+002
4.000e+002 -

Minimum Wall Film Temperature

Minimum Wall Film Temperature

2 550
£
5 ]
g &
E £
— ‘
.E Il 1' 2 amo
12 J 2
]
Case 1 20 Case 2 200
2 25 3 35 4 a5 5 0 os 1 15 2 25 3
Time(s) Time(s)
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ES TR

_RBUR S S W JRFEA T
B A\ [1: 0.172625ke/s, 666K B Molten solid urea approach
o ’ R AL T

CINEL Y ] ﬁﬁﬁ#*%i.. |
B CO2 0171404 ® Tab with Rosin-rammlerZ; i
= N20.693513 TSR E: 8.1498e-05kg/s
m 0O20.056376 e /
B H20 0.078291 L %%LE’@%: 6259'5m
= NO 0.000165 B YJ4ESMD: 3.5e-5m
B NO2 0.000252 Ll %ﬁ%

m . 98630Pa
M E¥[f]: convection,
Far field T=300K, HTC=7.5W/m2 * K

B Hollow cone, angle=70deg, thickness=20deg

DEF
Injector 8 V| ; Outlet
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