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Abstract: In order to effectively evaluate the anti-deposition ability for aftertreatment system (ATS) of diesel en-
gine, an evaluation method that is based on NH; distribution uniformity testing and simulation results, liquid film
temperature simulation results, steady-state and transient-state deposition risk testing results was proposed. Several
influences were also considered in the method including engine emissions and exhaust temperature characteristics,
urea injection temperature calibration and transient injection control parameters calibration. This method can not
only quantitatively evaluate the overall anti-deposition ability of ATS, but also quantifies the degree to which the
overall anti-deposition ability is affected by urea injection system, mixing system, ATS software calibration,
engine emissions and exhaust temperature characteristics, which indicating the specific optimization directions for
improving the anti-deposition ability of ATS clearly.
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Tab.l1 Engine specifications

O BC U i 14 8 4
® ECU NO {5/

2 B
kRN 6 HT BRI, HEWE, KA
iR 6
Him/L 6.8
Hi4%/mm 105
15 2L A /mm 124
Rk 1—5—3—6—2—4
HESTTEL 2
HES18 2
JR 45 17.7
e R AT VGT
KRR/ (N - m) 1000 (1200 ~ 1 900 r/min)
g 2 /kW 209 (2 300 r/min)
—
: ° °
e o [ ] ([ ]
DOC| DPF
AP = — I o SRR
ML . 5 Vo edmmanm
<000 ® [SCrR|[ SCR® mam| e AEEHfEEE
;r\%.c - F .

E1 ABRFHEMRESREFNX
Fig.1 Structure of ATS and signal acquisition method
x2 ARFERETEMFEARIER

Tab.2 Main equipments and technical index of test bench

BEHR HARIE R
2L 1ML 330 kW (8 000 r/min)
WA IMAEAL 0~ 125 £0.001 kg/h
ARSI (AVL-AMA-i60) 0~ (9999 +0.1)x10°
SAGHTL (FTIR) 0~ (9999 +0.1)x10
RHIEER R 50 60~110+2C
HUIME IR RS 80~150+2C
W ¢k eay 0 ~2400 = 0.1 kg/h
rhRfEIR RS 25~60+2°C
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Tab.3 Geometric information of catalysts

Al HAA/mm KB /mm L/ (- em™)
DOC 266.7 101.6 62.0
DPF 266.7 203.2 46.5
SCR; 266.7 152.4 93.0
SCR, 266.7 152.4 93.0
x4 REBHRZBRASH
Tab.4 Technical parameters of urea injection system
B g1
LA 3
IS FL B AR/ um 190
W5 FL 4341 B4R /mm 1.9
Lo A e s/ (0) 120
I35} I )7 /MPa 0.9
IS 451% /Hz 1
AR (kg - B 7.2
WA/ (m - s™) 32
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T SR, AU PR A WG B R AR B R

(b) H%E2
B2 WHRERGREN

Fig.2 Structure of two urea mixers
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Fig.3 Mesh model of ATS
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Fig.4 Models used for simulation of ATS
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Tab.5 Numerical simulation model
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Fig.6 Distribution of temperature of liquid film from
simulation and experimental results
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Tab.6 Operating points of steady-state deposit test
T Ll §CR1 QJ\EI ﬁk%fﬁ%?jﬁ ﬂ/ ﬂiﬁ‘ﬂ#%{ ANR
(N-m) #EE/C  H/(keg-h") 10° (mg-sh)
1 155 200 310 0.25 21.5 0.3
2 165 200 327 0.50 45.4 0.6
3 165 200 327 1.00 90.8 1.2
4 165 200 327 2.00 181.7 2.4
5 190 220 323 0.50 44.9 0.5
6 205 220 320 1.00 88.9 0.9
7 195 220 331 2.00 1839 2.0
8 195 220 331 2.50 2299 2.5
9 265 250 332 1.00 92.2 0.7
10 252 250 342 2.00 190.0 1.6
11 252 250 342 3.00 285.0 2.4
12 335 300 364 1.00 101.1 0.6
13 370 300 368 2.00 2044 1.2
14 360 300 374 2.50  259.7 1.6
15 370 300 368 3.00 306.7 1.8
16 445 350 391 1.00 108.6 0.5
17 485 350 404 2.00 2244 1.0
18 475 350 416 2.50 2889 1.3
19 485 350 404 3.00 336.7 1.5
20 445 350 391 4.00 4344 2.1
21 605 400 456 1.50  190.0 0.7
22 650 400 458 2.50  318.1 1.1
23 650 400 458 3.50 4453 1.5
24 605 400 456 5.00 6333 2.3
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Fig.7 Distribution of steady-state deposit risk with dif-
ferent schemes
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Fig.8 Scheme of NH; uniformity test of SCR catalyst
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ARG IR e (Rinan/Rin) S UT 3G

®7 NH; SHHEMRE TR
Tab.7 Operating conditions of NH; uniformity test
nl T/ q .o

T4 (c-min) (N-m) (kg - h) TV/C /10 (mg - 1) ANR
1 1150 975 470 500 665 344 1.05
2 2300 867 953 528 618 611 1.05
3 1150 300 200 250 346 106 1.05
4 2300 250 450 250 229 176 1.05

*8 ARARARHKE 41N TRTH NH; £HH5M%R
WER
Tab.8 NH; uniformity testing results of 4 operating con-
ditions with different mixture system

B R Ji%  ANR  Ryi/Rm  Rua/Rm Ul
| RN 15 1.05 0.56 2.11 0.906
mHE 2% 1.05 0.97 1.05 0.991
) (=32 15 1.05 0.73 1.34 0.947
S 2% 1.05 0.94 13 0.979
; RN 15 1.05 0.52 1.67 0.897
K8 2% 1.05 0.91 1.14 0.977
4 (=323 15 1.05 0.51 1.76 0.896
% 2% 1.05 0.95 1.07 0.990

223 NH3 ¥ty AR
#£9 K152 ZIRARGEAS TSN
ANR , Riyin/Rin « Riax/Rin WA S UL A5 BT TRAZE IR, H
2 SR M UL i EEE 5508 0.993,0.996
0.990 5 0.994, FAIess R h—5, &M 2 FRA
ARG HABRMIRARES.
®9 ARRERSE 4 NTRTH NH, S5
HER

Tab.9 NH; uniformity simulation results of 4 operating
conditions with different mixture system

R 7% ANR  Rui/Rm  RuadRnm Ul
. I3 15 1.05 0.59 1.15 0.958
AR 2% 1.05 0.95 1.02 0.993
5 TR 15 1.05 0.57 1.13 0.957
AR 2% 1.05 0.97 1.02 0.996
3 I3 15 1.05 0.58 1.18 0.954
RE5 2% 1.05 0.96 1.35 0.990
4 TR 15 1.05 0.56 1.18 0.956
K& 2% 1.05 0.97 1.10 0.994

2.2.4 NH; %% ¥ 4 W 6g %t m

LR R G A R IR A R R . Y
NH; S0 A 5 PRI EE i i UT=0.950 | R/ Rn<
1.50 H. Ruin/Rin>0.50 B, Hi RGIRARESIHAA
2 WHL4E G BE 77 1 A A A S ™ Rl e
UI=0.990 . Ryin/Rin=0.90 H. Rpyox/Riy<1.10 BHEIE
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Tab.10  Corresponding relationship between correction co-
efficient f; and Ul

Ul SotBIEAE/%
<<0.900 -10.0
[0.900,0.910) -9.0
[0.910,0.920) -8.0
[0.970,0.980) -2.0
[0.980,0.990) -1.0
=0.990 0

£ 11 Ruo/Ru K Ryi/R, SIEERMXR X R
Corresponding relationship between correction co-
efficient fy; and R,,,/Ry, Ruyin/Ri

Runax/ Ren GIEIEAERXT ) K FR Ruind Ry SAEIEAEXS 10 5

Tab.11

Ruax/Ru Runa/ R 1BIEAE/% Ruin/Rin Ruin/ R IEIEAH/%
>2.00 -5.0 <0.25 -5.0
[2.00, 1.50) -3.0 [0.25, 0.50) -3.0
[1.50,1.20) -15 [0.50,0.75) -15
[1.20,1.10) -0.5 [0.75,0.90) -0.5
<1.10 0 =0.90 0

BB ER N OCRR, @il 5 1 iR R
ZE AT 4 A Lo R RE A BLAE RAE TEAE, tnk
12 fr7s. RIS 1 fuonn = 39.0% , [RIEEL, 1 7
%2 1Y furn = 92.5% . NH; 43 A S5 HABIE AL for X
R AL AP ZR GEHT S, FhRE ) RS2 O A 5 1R 5 Ak
FRGAEEPILE ShRE TP, IRA ZRTNI IR R A5
OIRANCIRS NH3 23 A7 ¥ 50 1 ik B 2 s i, PRI
PEAH NH; 4340 B A YA A — 8 ERE LR 1Y
PLahdbBe Sy, 0 NHs 73 A5 B S PEHE br i A — & 2%
FRGERI UL A RE I3 R A TR

£12 ARINNHHGEHSMEERE

Tab.12 NH; uniformity correction factors with scheme 1

TH FHE T Raw/RoBIEME/%  Roo/RaBIEME% %
| k., P -1.5 -0.5 -4.0
miE e -1.5 -5.0 -9.0
) i, i -1.5 -0.5 -4.0
i e -1.0 -1.5 -5.0
3 ., P -1.5 -0.5 -4.0
5 A% -1.5 -3.0 -10.0
4 . i -1.5 -0.5 -4.0
fREEHE R -1 -3.0 -10.0
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Tab.13 Risk assessment of transient deposit tests results
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Fig.9 Urea injection rate in cold WHTC
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Fig.10 Limitation of urea injection rate and ANR in en-
gine-map
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Tab.14 Calculation results of ATS anti-deposition ability

S Hil%  foul%  ful%  fild%  ful%  Pid%
1 36.0  39.0 100.0 93.4 847 285
2 80.0 925 100.0 93.4 87.3 65.2
6 % it

(1) A2 T XU I8 P 3R A5 A W] 5 b B
J5 BRI 235 it RS 43, Xk 23 it UG I AL a7 T e 4
A AR R PR R W B 5 SCR LA MR
BT, M REGE R, MR m JuoE TR —
TN ZRGe L it XU Xof iR 2% M S B 179 R R

() EIWUGHH RGNS EhiLs e P £
BB 5 AL B R SRR UL SR H BRI AR
SIPUMERE R bR Bt — S B BT, R 1 Fy
R 2 R SIHUG AL RS A P4 WAk i g R
435k 28.5% Fl 65.2%.

(3) IRFJAWHEERRE | BESIRE | & ShHLHERL
FHES IR B RRAE X 25 & shbL G Ab B R B B i 4
A AE 17 SRS ).
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