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Flow field characteristics of catalytic muffler

for medium-heavy duty truck

XU Xiao-ming, JIANG Hao-bin, GONG Ran
(School of Automotive and Traffic Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu. China)

Abstract: Aiming at catalytic mufflers with different air inlet structures and shapes of medium-
heavy duty truck, the air inlet uniformity of carrier front face and the total pressure difference
between the inlet and outlet were calculated by Fluent software, and the flow field characteristics
were analyzed. Calculation result indicates that the flow field characteristics of catalytic muffler
are related to engine exhaust. The air inlet uniformity of carrier front face and the total pressure
difference between the inlet and outlet are very important for analyzing the flow field
characteristics. The air inlet uniformity and the total pressure difference increase after adding
baffle, and the flow field characteristics are best after adding erect baffle. The flow field
characteristics are good when inlet pipe diameter shrinks by 40 mm and outlet pipe diameter
expands by 40 mm. After optimizing catalytic muffler, the air inlet uniformities of carrier front
face respectively increase by 1. 2% and 1. 6% , and the total pressure differences between the inlet
and outlet respectively decrease by 57. 5% and 63. 9% compared to the values before optimization
when engine rotation speeds are 900 r » min ' and 1 900 r * min ' respectively, which shows that
structure optimization significantly decreases the total pressure difference. Compared to barrel
shape catalytic muffler, the air inlet uniformity of carrier front face for box shape catalytic

muffler increases. Spatial arrangement and utilization efficiency should be considered as well for
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Tab.1 Parameters of engine exhaust

RHPUEGHE/ (r - min™ ") | HERHE/ (kg - 570 | HERIRE/C
900 0.128 1 547.3
1100 0.182 7 485.7
1300 0.2310 495. 4
1,500 0. 269 4 515.6
1700 0.299 1 499.3
1,900 0.327 1 478.9
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Fig. 3 Path lines of catalytic muffler

HEEm s

I68.5
54.8

P4 Gy R

Fig. 4 Speed vectors of longitudinal section
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Fig.5 Pressure of carrier front face
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Tab.2 Flow field characteristics of barrel shape catalytic muffler

HESHE/ (g« s 1) | BRAARHT S 7 2 201 | 2 E R 2%/ kPa
0.128 1 0.948 1.96
0.182 7 0.944 2.86
0.2310 0.942 3.69
0.269 4 0. 940 4.36
0.299 1 0.938 4.89
0.327 1 0.937 5.40
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Fig. 6 Model 2
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Fig.7 Model 3
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Tab. 3 Air inlet uniformities of front faces for models 1-3

HEAH/ (kg s™D Bl 1 B 2 R 3
0.128 1 0.948 0.938 0. 949
0.182 7 0.944 0.934 0.946
0.2310 0.942 0.931 0. 945
0.269 4 0. 940 0.929 0.944
0.299 1 0.938 0.928 0.943
0.327 1 0.937 0.927 0.942

F4 EEI-3HHBORESE
Tab.4 Total pressure differences between inlets and
outlets for models 1-3 kPa

HA i/ (kg = s™D B FER 2 R 3
0.128 1 1. 96 1. 97 1. 97
0.182 7 2.86 2.87 2.87
0.2310 3.69 3.70 3.70
0.269 4 4. 36 4.39 4.38
0.299 1 4.89 4.92 4.91
0.327 1 5. 40 5.44 5.43
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Fig. 8 Model 4
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Fig. 10 Path lines of model 4
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Fig. 11 Path lines of model 5
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Tab.5 Air inlet uniformities of front faces for models 1,4,5

R/ (kg e 57| BRI HERY 4 BEAL 5
0.128 1 0.948 0. 957 0. 885
0.182 7 0.944 0. 955 0.912
0.2310 0.942 0. 954 0.926
0.269 4 0. 940 0.952 0.927
0.299 1 0.938 0.951 0.938
0.327 1 0.937 0.948 0.941
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Tab. 6 Total pressure differences between inlets and
outlets for models 1,4,5 kPa
HEAH/ (kg s™D Bl 1 B 4 R 5
0.128 1 1. 96 1.98 1.99
0.182 7 2.86 2.90 2.92
0.2310 3.69 3.75 3.78
0.269 4 4.36 4. 45 4. 49
0.299 1 4.89 5.01 5.07
0.327 1 5. 40 5.53 5.62
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Fig. 12 Models with different inlet pipe diameters
BHEARY 5K 20 mm;4 SFPEUE HARY 5K 40 mm,
AN TR) BE B AR B 8 AR T s T A A
W REZA R BI IR 7.8, 2 ML PLEE T
HESE BARNCAE 40 mm () 8 1A BT u 1 S S 1
e K B TR R 22 B b ERUE HAR YK
40 mm [ 2 A% T S 00 E S H SRS de D S BE I TR
FE 22 ¥k IRk 2 U ELAR AR 40 mm f) 4L
EDAE R TR e 4
®7 TEHESEEEHAEMFEAHSH I
Tab.7 Air inlet uniformities of carrier front faces for

different inlet pipe diameters
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Fig. 13 Models with different outlet pipe diameters
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Tab. 9 Air inlet uniformities of carrier front faces for

different outlet pipe diameters

KEHHLEEH/(r « min~!)

900 1900

#

HAWH 40 mm
HAWSE 20 mm

KN/ (r + min™ D) SRk AR 0. 948 0.937
900 1900 HRAY % 20 mm
HAAY4E 40 mm 0.952 0.947 LAY 40 mm
F2 A 20 mm 0. 919 0. 942 ®10 FESSEEENEHOZES
JR IR H AR 0.948 0.937 Tab. 10 Total pressure differences between inlets and
HAZ2Y 3K 20 mm 0.945 0.936 outlets for different outlet pipe diameters kPa
HAEY 5K 40 mm 0.943 0.934 REHLEEH/ (r « min~!1)
FA
#8 TRAFSEHRMHEHOBEE 900 1900
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ey
900 1 900 HAY K 20 mm 1.92 5.17
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Fig. 14 Barrel shape catalytic muffler model after optimization
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Tab. 11 Comparison of flow field characteristics with

rotation speed of 900 r + min~!

Py BT TS | R PSR 2E/kPa

ntai 0.948 1.96
R A= 0.959 0.83

F 12 FEEA 1900 r - min~' BB B LB
Tab. 12 Comparison of flow field characteristics with

rotation speed of 1 900 r + min~!

B3l R I v TR K38 D 1R 22 /kPa
P AL s 0.937 5. 40
s 0.952 1.95
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Fig. 15 Box shape catalytic muffler model
R0 5 80 2 T DR B 7 8 5 60 1
BeULA 13, A AL 0 75 20 0 A
S TR 75 28  FL2E BB 2 K B L
HEECRE T H RN T 0.299 1 kg - s
o 0 7458 0 o 1B 2% 2K TR0 4

B 16 A ARG I S Rk 2k
Fig. 16 Path lines of box shape catalytic muffler
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Tab. 13 Comparison of flow field characteristics for

two types of catalytic mufflers

HE/ WA SRS | P O R/ kPa
(kg +s™H) i 780 gl i 74 T
0.128 1 0.948 0. 955 1.96 1.76
0.182 7 0.944 0.959 2. 86 2.62
0.2310 0. 942 0.961 3.69 3.45
0.269 4 0. 940 0. 961 4.36 4.12
0.299 1 0.938 0. 961 4.89 4.68
0.327 1 0.937 0. 961 5.40 6. 41
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