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Abstract  Three-way catalyst durability in the Korea requires 5 years/80,000km in 1988 but require 10
years/120,000km after 2002. Domestic three-way catalyst satisfies exhaust gas conversion efficiency or pressure
drop etc. but don't satisfy thermal durability. Three-way catalyst maintains high temperature in interior domain
but maintain low temperature on outside surface. This study evaluated thermal durability of three-way catalyst
by thermal flow and structure analysis and the procedure is as followings. Thermal flow parameters ranges were
determined by vehicle test and basic thermal flow analysis. Response surface for rear catalyst temperature was
constructed using the design of experiment (DOE) for thermal flow parameters. Thermal flow parameters for
rear catalyst temperature in vehicles examination were predicted by desirability function. Temperature distribution
of three-way catalyst was estimated by thermal flow analysis for predicted thermal flow parameters.

Key Words : Inverse Analysis, Design of Experiment, Desirability Function, Thermal-flow Boundary Condition,
Three-way Catalytic Converter
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Item Specification
Engine Type SOHC, 4 Cylinder
Displacement Volume 1997cc
Bore x Stroke 58 x 88 mm
Compression Ratio 8.6:1
Max. Power 115 PS /5,000 rpm
Max. Torque 177 Nm / 4,500 rpm
Firing Order 1-3-4-2
Idle Engine Speed 750 £ 100
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Test condition Front Rear .Ternp.
difference
Engine speed| Wind speed 1} ® | 7T ® | AT K)
(tpm) (mjs)
0 539 552 13
5 489 429 -60
1000 10.3 473 414 -59
16.5 477 441 -36
0 671 682 11
5 641 610 -31
2000 10.3 620 633 13
16.5 595 601 6
0 757 746 -11
5 719 694 -25
3000 10.3 704 696 -8
16.5 697 686 -11
0 842 837 -5
5 812 801 -11
4000 10.3 795 770 -25
16.5 796 784 -12
0 958 935 -23
5 930 909 -21
5000 10.3 911 887 -24
16.5 905 382 -23
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[E 3] TWC Al=te] g9 #2134 42

. Radial Axial Experiment Heat generation rate
Properties .. .
direction | direction number Front Rear
Density p (kg/m’) 513 513 1 0 0
CTE o (1/) 6x107 6x107 2 250,000 0
Thermal conductivity 03 0.5 3 0 250,000
(W/mC) ' ' 4 250,000 250,000
Specific heat C (J/kgC) 1047.2 1047.2
[E 4] o419 24 4
Molar mass ]\:/)1}3,::12:':; specific heat co:gizgility %
(kg/kmol) (kg/ms) (J/kgK) WimK) %
28.96 1.831x10” 1004.4 0.026 £
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_h 7ii4=o] ¥91E thehd Aolth. & 7 D-optimal A
74]@—‘01] 9’]@— 26§] %jﬂ— }\E]@Oﬂ EH?J‘/S—%%UHEHQ7]9’] %
/ \ I exE et
Exhaust gas ——  — = ~ —
; =0= =0= ;= [ 7] D-optimal AFA2T} 245 427
Design parameter Response
| TOM €]
V_ T EREREEEEREEREREERERRRRE T No Tinlet Qf Qr h Vin[et Kl[/
inlet, ' inlet outlet ®) W) | Wim®) |(WimC)|  mys) (K)
[ 6] TWCS] A4 uj7fsid=e} Soshs 1| 1300 0 600000 | 38.85 | 525 1231
2 | 1300 | 300000 | 600000 | 38.85 5 1319
[E 6] A wi7idae] HeY 3| 1300 | 600000 0 38.85 5 1266
Design parameter Low value High value 4 313 0 300000 | 5.55 5 389
5 | 1300 0 0 38.85 5 1101
Tinlet ( K ) 373 1300
3 5 6 | 373 0 0 5.55 525 372
Qr (W/m®) 0 6x10
; 5 7| 373 0 600000 | 38.85 5 402
Q (W/12n) 0 610 8 | 1300 0 0 5.55 525 1279
h (W/m™C) 5.55 38.85 9 | 373 0 0 38.85 5 382
Vinter (mfs) 5 52.5 10 | 1300 | 600000 | 600000 | 555 | 52.5 1309
11 | 8365 | 600000 0 3885 | 525 817
AT QB2 AGA S A o] THoAe 1 12 1300 | 600000 | 600000 | 38.85 28.75 1241
FEES ol 85te] TEkATE 0% AARA ool AL 13| 373 | 300000 | 600000 | 38.85 | 52.5 376
2 o R AgAee Wele A Red | M] | o | o |38 | 25 | 30
AL B EAAD A 175%2 AF 519 15 | 1300 | 600000 | 600000 | 5.55 5 1492
2’]—/‘\— EH%OEj;‘(j;E]_Zﬂ/\t ﬁé—& EH%%@%'Z'H‘/F—O‘] 25% 2 16 373 600000 0 5.55 28.75 380
Shoick mebd Ha gRIALARE BT RgEy | 7] B0 [000] 0 | 555 | s | 163
7;“_/'\_ 222 W/mZKQJ 25%?_] 5.55 W/mZKE, _;:qtﬂ EH‘IET‘OE:‘ 18 836.5 600000 | 300000 222 28.75 827
;ﬁ%}zﬂ/\t %ﬂ‘ m%oaj;‘(jr;a]_ﬁ]_/’\_ 222 W/mZKE’J 175%?_] 19 1300 0 600000 5.55 5 1321
38.85 W/m?Ko|t}. 20| 373 0 600000 | 5.55 525 376
21 | 373 | 600000 | 600000 | 38.85 5 451
22| 373 | 600000 | 600000 | 22.2 525 379
23| 373 | 600000 | 600000 | 5.55 5 459
o 24 | 373 | 600000 0 38.85 5 412
4, SRS AA=ZH HIt
25 | 8365 | 300000 0 22 | 2875 810
26 | 8365 0 0 5.55 5 789
4.1 SRS Of7fHo| Hof
O9 62 95 vhexHE g ARSS oyt
HRSHRS mAH o2 Yehl Aotk mjfHst gl [# 8] () Whgstwmdlo] ot #9Hd
22t f4, Adtal gHbe] & BhgE, diFgdgA Model | DOF iulllnar;f 51\’1522 F-value | P-value
solx WSSt TR At da% o 1 1
Wz A APl o] ol e WMol ¥ 20] A Mean 1 |16805208|16805208
H:T o 34‘;1“;5&‘;;4/\ i;g ;ov E“‘ﬂ;ﬁfﬂo % Linear 5 |4420693|884138.6| 326.938 | <0.0001
00;— - *:J_ tﬂ; “o R ;Emo‘j: :‘; o Quadratic| 5 5333.94 [1066.789| 0.876 | 0.556
3 . Z ARolEm 7 = %
shatct :’ ERI R t]]?- Eis “o%“]_ 2FI 10 42665.53|4266.553| 3.736 0.025
Z] AN N [e) 0/ O N A A-
T 2)AZF 200T@473K)2] 50%¢1 100°C(373K)0A] Ay Cubic s 603659 1217318
o Huzk % o 0 y
o 2|tiZk 683°C(958K)2] 150%<1 956 C(1300K)7}4] Residuall 0 5 5
= 4% otelth & 62 L ke mEel] i v Total | 26 [21279987 818461
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3 ARSI AR A6 AR 5%

(b) A wiZEe] vIZte

lParametery DOF :(Er;f SIZILT:E; F-value Eff:tcizve
T; 1 4152094 | 4152094 | 1535.4 98.9
Qr 1 14149.97|14149.97 5.2 0.3
Q- 1 11317.97|11317.97 4.2 0.3
h 1 14961.78(14961.78| 5.5 0.3
Vinter 1 6983.797| 6983.79 2.6 0.2
Residual 20 54086.07| 2704.30
Total | 25 4474779 1,552.9 100

1300
1200 /
1100
1000 /
9004

/ " 7 1® i

800 1 / »
700 / - \ / \\v/ o

600
500 /
4004
—
373.0 836.5 1300.0 O 300000600000 0O 300000600000 5.55 22.20 38.85 5.00 28.75 52.50

T. Q, h Vautl(‘/

inlet Q/
[23 7] &+ 2=0f digh dA vz Fa

0 300000 600000 0 300000 600000 5.55 2220 3885 500 2875 52.50
L h L L L L I I I I i I

F 1200
Toter| wmmmwme e Bt e =
" :1200
o Sk N
: :1200
0, e \:/ - 800
) : :1200
h \>/ 800

K?U//i’l

(3% 8] 27 2o et weds 93
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[# 9] Az =7 5 A fIet 279 9=
Test conditions Response Design parameter
Engine speed | Wind speed Toutter Tinter Qr Q- h Vinter Relative error
(rpm) (ms) (X) K) (W/m’) (W/m’) (W/m’C) (m/s) (%)
0 552 515 42724 529418 12.7 12 1.8x10™*
1000 5 429 433 266614 304158 36.2 26 2.3% 10':
10.3 414 400 489729 540088 38.0 49 2.4x10°
16.5 441 418 343954 555448 38.1 21 0
0 682 672 41695 529961 7.3 48 1.5x10™
2000 5 610 583 495330 536486 36.8 22 1.6x 10':
10.3 633 558 517459 415850 9.1 8 1.6x10°
16.5 601 568 65553 439313 8.2 17 1.7x10™*
0 746 739 399699 213171 13.2 45 1.3x10™*
3000 5 694 695 408844 401210 28.2 47 1.4><10':
10.3 696 673 54911 409494 12.9 10 1.4x10
16.5 686 679 482002 72174 12.8 45 1.5x10™
0 837 813 201791 489450 7.7 34 1.2x10*
4000 5 801 809 186661 467202 22.8 41 1.2x 10':
10.3 770 814 69185 265151 28.8 44 1.3x10°
16.5 784 774 422811 309049 27.4 21 1.3x10™
0 935 953 467844 107524 24.0 39 1.1x10™*
5000 5 909 956 203352 67162 29.6 32 2.2x 10':
10.3 887 850 537840 442025 21.1 20 2.3x10°
16.5 882 879 422747 274579 19.0 38 1.1x10™*
Velocity Temperature

Pressure
(Streamine 2)
3.012¢4002

2.246e+002

1.481e1002

7.15364001

-5.0308+000
P2}

()

(b)

2] 9= D-optimal A 7:]]§10ﬂ1\1 23 exr) AR
= A9 & 69] 4000 rppm FFYE Z£HS ANSYS
vilE o]-gsto] At Her| o di-5 sl
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