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The Research on Structural Optimization of ATV Exhaust System Based on
Response Surface Method
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Abstract: In order to study the influence of the structure parameters of the exhaust system of all
terrain vehicleC(ATV) on heat dissipation, the flow field of the exhaust system was analyzed using Fluent
software to obtain the temperature distribution of the muffler wall, and the accuracy of the finite element
model was verified by experiments. By setting the muffler baffle hole diameter, the distance to the front
baffle muffler ,and the radius of muffler as the design variables, and using the average wall temperature of
the exhaust system as the optimization goal. the structure parameters were optimized by the response surface
method(RSM), thus obtaining the optimum design variables that could minimize the average temperature of
the muffler wall. Finally. the flow field of the improved exhaust system was analyzed and compared. Results
show that the reasonable change of the design variables can reduce the wall temperature of the muffler. This
allows to decrease the temperature at the 4 test points of the muffler wall by 10. 3% ,11.5%,8%,10. 4%

respectively.

WE:. ATHAREMAB T ARTBEHRALLZAKRAG YA, KA Fluent R HAL R A
BRATARG SRR EBRGBRES> A A, FB X IEA R TR G ERHE, AEFENRE
ML) AR TR B H B RMABMER HFERBRAAF AR EZ . ABALLALEDF
¥y B B AR B AR, B R R B8 ik 3k 4T 9*#’]£*§;19L'VC 13 B4k B i - ¥ B R I}%'J‘é‘)-‘éﬂi;";i‘l'?é
B, KRG RSB HHA R KR 9 2T SF B ARACET 9 BB T, 2R AW il ik
HEEWNSERE. FEXENEFEARRRENR TR EFZZLET 4 ANANRKERES
A FHT 10.3%.11.5%.8.0%.10. 4%,

KEIR . SHIE %4 HEAR G e N T 45 M LAk

Key words: all terrain vehicle(ATV); exhaust system; response surface method;
structural optimization

DOI: 10. 13949/j. cnki. nrjgc. 2018. 04. 002

mESHES: TK412 XERFRIRAG . A

i B HE. 2017-09-26 & B HE: 2017-11-06

EE&TH: BERAAMFEETHE (51475336,51506154.71671130) ; #iiT & B AR FE €T H (LQISE060001) ; i& M 7 #H# i+ %I BT B (G20150001)

Fund Project: National Natural Science Foundation of China (51475336, 51506154, 71671130) ; Natural Science Foundation of Zhejiang Province
(LQI5E060001) ; Wenzhou Technologies R&D Program(G20150001)

EERN: RIIBA974 ) . B . BT M ESH . ETEARFRAREREDBHFMLLIEIT, E-mail : longjiangqi@ 163. com,



o« 10 lj‘]

#OoHl TOR&

2018 4F5f 4 1

0 MRk

HER R G BB % (all terrain vehicle, ATV)
8 S 2H T O R R GRS SR A T 2200
ATV HIR R B LKA D ER T . ARG #HN
T F AT A B 1000 C RE TR B 2o w8 23 X0 3fe 51 1Y
Jis 8 7 A A S A DR HE RO G R T IR R S v A )
BT A E g et HAEEE ., BHES
BT 55 7 45 74 D Ak D7 T R Bk BTz 1 A A
KBTI T — R A58 . SCHRL L ]38 o X iR
A HER R G AT T B O LA A R AL fel R A
SEWR A R BEAR 0. 003 4, AHXTHE ) T RE T 0. 081,
SCHRL2JPA R180 BT Fib 7K ¥ 30 I & =X S i ML it/
HEARG PTG, R B D 5 5 il 45 &
() T3 ¥ R S i AL B 2/ HE Al L s BT A R
ar AT LA BT, 45 R R B AR 8 00T BRI AR
FEAIR T 3,000, SCHRL3RAEA o & 3t & AN 35 5 AN
HEASE U B AN R VR A R S AL E/ HE S
RO W SHGHAT T A, SCERC4 DR A BROT 4%
F ABAQUS X ¥ 48 #4747 BR T 0 H 404, JF i %
6 30 A7 L 0 B 45 R W) 5 L SR S Matlab
ittt £ $L -G 4o A 0000 b 0 L AE T e AR 1) 7 AR
JE 1. BR2E MR A TN S 80R 25 /N 10 %,
SCHRLS 38 2k me 07 TAT 2 A BR AR B X IR 2 i AT
AL, S EAES AL B2 R 4 mm B RS 19 IS
TR W B R . SCRRL6 2R T 100 38 56 15 7 R0 g )i
T 72 > F 9 45 T8 R4S PR B R 2 SR &4 (high
density polyethylene, HDPE) § 7] i T . ¥ hn 1.
R D) ) B | 2 DD R R AR D R AR il i
U DIATTRE R = SRVAR e g ol oL = I TR el 1 5 1
R, SRR HDPE bfORE T B B2 R 2 R A%
T SR e o 5 < VS e O D G el (R
ZFBEIRREHRR G P S50 R W BUE oy
B 55 0 0 TR R AR 45 G ok 5 ATV HER RG4S 1
Wik, ATV IR RG AW IR E 2 HIFR RS 5
RAEHER R G5 WA B8R X A% SO A BR ot i

50 O 2 A R ATV HER R G 45, A —
E BT E

A HEX R GAEATHBY T 4L . /£ Hypermesh
HEFT A% I 73 o B AR AR S A Fluent P gE 47 33 70
Br IR A a5 2R S5 S R AT X . RUTH A A8 1Y
S5K 2 AR g it AL B W] Box-Behnken 328k
DAL IR IR SR FH R B 1T 3k 47 2 80tk X Ak s
(45 F 2 Bt AT 05 o0 A O 55 TR AR R ) £ L0
BEATXSLE . S5 SRR L 0w L 1 95 5 KU 05 B0 M 7 i
i RER TR ATV HEC R G0 RE T JEE o = R) . AT oy
[l R GG TT R AT PS5

1 BRTEE

1.1 T8y

— AR R G HERE R AR AR =0T
AL THE A R A . ATV HER R 48 )L A
RUWPE 1 s . B THERR G i A A I 2 R 2
¥ 43 2 2% A6 BEAT I 3 43 BT T B A R i AT A
A+ 25 5 G R i BRI B T R g R
4 B AR B2 R A B S AR B CHEARTE 2 A
JRES L 5 LB I 2 B,

F 1 ATV HER R G L A
2 ATV HES R e A i 2l
1.2 BESESRSH
RERREZEERMNHTEHFRLEWER. £2=
JUHEAL A% BE AL AU B BB A K AR R

e VR IR A B v R 1396 .52 % .35 %, 45 1)
MZBANE 1 iR,

®1 BUMRUMESEE

BRAE/ 7S % = F/

ai et | FEL R e e o |
A Ak CO, 1.787 8 840. 37 1. 370 0.014 5
/J(ZJ;%% H,0O 0.554 2 2014. 00 1. 340 0.0261
’}?LL:L N, 1.1380 1 040. 67 1.663 0.024 2
(E%’E\.ﬁi — 1.399 4 1063.04 1. 460 0.019 4

1.3 HEER

TR B 32 ) B ST 1 E A S T 1 B

ARG IR g E X DR CD R D N B S W N
AERSFE I fE . Bk sP a7 AR o8 s (D Pos .



2018 455 4 ) | O W - c 1.

—_9p o7
(‘Ouluj) ox; + ox; +@l tF

e)
o x;

%(W» +
)
Ko HTRBE R sus w350 R i Jr I L p
KR sy RIIRTE <o D5l LRYIR )50 FF R
i J7 ) B EE )RR D AN ERAR AR
HERR G AR A B IR & A, HO sh R AE
J&F Rl e 4e i Rt Ak, e E e AR S A R
& (1) I Bl 7R 58 A0 AR Y S AR L R e R IR
R R T AR T B S A B R AE T R T AR i RO
B AR 5 R X O AR B R T . BB S E
TR =R (2) fis

A 1 div(uT) = div(LgradT)+ 5, ()
P

K, e, M RS 5 ¢ S0 4 1504 o v 45, f51)
TR R s T MR sk IR R B SO iR
A 1) PR AT 266 P AR TR

LA IR 2 22 () B A R S o I AR U B0
R R 2, PR O TR 7 e 2 T AR IR S Oy R ok T A
KTy 2w Z H R GRS T BN G R,

— oRT
e = cy

Koo AA BT R R SR B o AR E

Fluent TH5J& 2 T A FRAK BLUL 4 ook 5 10 X
S0 O — R B A A AR A AR AU Y RO
FE AT b X 42 T A BR i 42 ) O #R AT AR ok
MBI, ZEENZOEEN-BIETR T
At 4 B 1 U7 R Y R O 2L B E 0
5B Y ¢ RARAE 22 07 B 09 B HOE 2 A5 3
JEJIETE T A& L BB R )8 E O B A B R ) & GE
1B AR 8 18 0E J5 1Y e 7 35 SR AR B 1% 3B 37 A A
£ 02 A WS
1.4 hRZH

A AR S 172 (computational fluid dynamics,
CFD) [n] 3 5 %2 % B 30 Bt 55 F Wi 5 09 i 1 A TR) s XoF
S AR R S AR 0 b B R TR, Fluent Hf 42
N = s NI CI R 7 S (N X V7
S K T i U A% AR ) 8L O HR S ALHE
IR A AR g BRI T A g 0 AR R
A H (mass-flow-inlet) , i O 1 F% H B & 7b i B
H Coutflow) . SCHRL7 JF) A% 86 46 P43k, s 57 T HE
[RFGERMIBK AR G B] THR RGO
W R E S, RSP bR E R

3

6 000 r/min i, HEAIEFEE M 1 273 K(1 000 °C), HEX
JoT i i i R 235. 88 kg/h, JBT R UL 5 R B U O A%
Betn= (D s
V = M/(pA) (4)

A M R R R A R AR AR

ATV B & SHLE 3 1 200~1 400 r/min,
L 30~40 km/h A7 A ShHLEL 3y 2 600~2 800 r/ min,
i (O BB BN HE R R G O R Y
11. 784 m/s,30~40 km/h 173 i 32F 11 () - 34 3K 5 Ry
24.470 m/s.
1.5 FE&#R

1t Hypermesh 1 3 47 B 4% ) 53, & 4% 50
534 783, P& LA Cas k& = 5, 1€ Fluent o ¥F 47
W, HER G B Q235 45 #0404 R
B 40 W/ (m” « KD HABEIREE N 27 °C, B T
R B T R AT 593 C EI 3 g8 187 C,
30~40 km/h 73 i . HE AU £ G BE T IR A O
644 “C R 5 A BET 263 °C . fFE ST = F WA 3
B 4 s . R = B a0, HESOR G802
AR, HES R GETH 5 A 45 A I LA R AR X 25 4
B A R B ) D Ak 7 58 38 B o R AT S5
AL

5/ C
187
245
303
361
419
477
535
593

IR/ C
263.0
326. 5
390.0
453.5
517.0

£580.5
644.0

& 4 30~40 km/h BE [ i5 EE 2 Ai &

2 RIEIEIE

WG I T SR A BR T Oy FOAE S S P
BRI 9 W) L O e R A5 A A 2 e 2R AL . i
B 7 VR R A P ik e R G th ATV L E



sz WO oL TR

2018 4F5f 4 1

T 2 L UL A gt L AR LI A 2 B, R I 9 R
N B H & A R\ 4 7= CENTER-309
U S R R D s R . S HE U N A R G i
L AEHE AR RE T b 1T AN I A L 8 A B 7
IR IR S A B AN E 5 K 6 fT R, ke IE
23 PHIE AT BT 75 4 45 TR SOR E R BT il ok
FRENRE S RN REIERE. KRG ATV LI 30~
40 km/h (1 % 58 32 17 B HE SR G4 T SR R B
L TE SRR AR I AR Y R v R R T R Bn
B7 iR, B8 Bros B Al T 00 T ik 46 8 % 1A
30~40 km/h [ ZEHE 17 I . K S LS o L SRR
R OB T IR LB A R R . A
{7 BB 5 3 560 B dle 0 AT X L A b, 9 SR R
BRI R A 5 4 IR ks 3
FEARRFE— B 05 BT A DL TR — A 45 M ik
TAE.,

»

MRAE2 TR 53 ﬁ
Wikl Agfe s 1Y

MR 9 Wk S 1L
/
MR 7
W : /@ :
=]
WA A8 W A5 10

Wik g4’
NI

5 W A A

6 il I ik 2 A K

|

.

K7 R R B

7004 e g
—a— 30~40 km/h
600
500 \‘“‘“
O \A
& 400
e
LE 300 \-\
o
200 |
"
100 | pa S—
O 1 1
1 2 3 4 5 6 7 8 9 10 11
W
B8 WRh TR A R
" —o— I
500
—r— fRAME
400 + \
o
4 ~—
=300 \\'\
i g
;% S~
200
| |
\._\.\_l
100 | —

1 2 3 4 5 6 7 8 9 10 11
Mk

9 B T B0 L s X L 1]

3 HFMSHMRNK

SR LA 45 G 2o RO A ) 5 R N 2Ok
i A L 3 A G SR B — P 7 ik . oAb il i
SRR E S RE AR B T B8 P R B e AR i
i %o AT B BoE B A 3 A B BT
AR R R BRI Y R RS N BT R
i MHC A P B A 20K 5 H b RRICE SR R fE Y BT
Al 2 OC T BT AR Y pR L

HECR G 75 i YR 22 B B PR i 2 i
FOHE T 7 A% R 2 2 A T 2 R U 8 =T
WRRFAC T HE A A & . A A N IR E A LR
Ry A LODIN GBI ORAE (ARINES CARE RN AL
P10 JIr i 25— B B B 14 0 2 3 7 A i i 1) B S A
B e A ) R Z AL P AR AL I B AR B
R 5 M AR A A I P A R S Y (B A R
o C R /2 52 0 HE SR G0 % S ) B 5 DY G Rs
AB.CAHERBHAE R BB AR 3 A K,
MR 2 Jr i e BI85 5. 78 UG R a5 i =



2018 4F4f5 4 T N <13

B, Fluent XF 13 Fp 5 28 647 05 B0, 45 20 4 5 2 3.1 Mg R &

BETH 11 A 009 IR B0 AL An 3R 3 iR . i B i) S T V5 R R — R A e R, 2
T SHCA BN TR BT R R 2 R AR T 2 bR B30 ST o e A PRCHR A ok B, o B M
?ﬁ%%%ﬁﬁfn’ﬁﬁﬁ%‘ﬁmmm IR T 7 A BE TR IR R L T R 36 a2k AR W ke IR UE 22 3 =X pR KR e
BAR . BEHC 1T A 20 09 7 ¥ B S H bR ok BN HES FE 2R ROME 2R 1 ST B S 0 B o FRCIR S pR B
ARG T SR . A2, R W B Tk E AT 2 0B R
AV TR Y SR — A3 N SR AR B 22 30 X
PA. Zatm A5 R m B b ek 8 X5
F s .

k
7 =B+ D g () (5)
i=1

K@ () Jg e BB B o HE BB B b g e R 8K
@ () AL
K M Design-Expert 4% 11 &% 45 # 19 3 4>

K10 ZHoREA

# 2 Box-Behnken i%it & ZB AT LA . i 3 Box-Behnken 1% 31 #4732 46 1%
g | Askt A/mm | Agkk B/mm | Askk C/mm | 05 R/C T %07 TR A AR B X v B O T RE S L
1 115 24 14 257.12 AR . =R ZE =K 1) Box-Behnken 3% 14
’ 130 2 16 26215 AR TR 12 Sl iy rp g K 1 A SR
’ o - 10 ol B T R T 6 13 A REAS LI 88 4 0 B R
S z ¢ 20719 LRI S Ft0 2 3 BT . KR R AT 8 2% 07 2% 43
. . - - BT A0 25 77 22 40 BT AR o, B R 22 A 11 07 T
- 0 ” ” Py o EME, P ERRAEL R R E .Y P E/ANT
N 5 o i 270,16 0. 05 B, 96 48 Ji7 AR 1% {8 . & WL Y 40065 (9 6 B L 3%
9 130 29 14 271 12 . MZETZEMIIFRATH P EHN 0.017 3UNF
10 130 29 14 299,16 0.05), L & i BE i F ¥4 15 & 59 22 1 3% ik =X A 5
11 115 26 12 254.12 (6)%5_\‘0
12 115 26 16 257.18 R, = 1426.42248 —5.277 02A — 68. 124 558 —
1 e 2 16 267.19 1.367 50C — 0. 217 75AB + 0. 046 497A? +
3 RERFREMREFEE 1.866 70B? 6)
e I/ C x4 MEFESWE
M| 2| 34 S| JH 6|5 7| 8| 94 1004 11 W T . F (i P
1 521 (427|339 337 (294|271 (245|119 92 84 73 f5 A0 177. 84 6.79 10.0173
2 | 519|429 | 353|343 (290 | 265|247 | 112 | 94 | 82 | 75 AA | 65.81 | 2.51 |o.1640
3 | 523|434|364 (353|291 (261|267 |115| 97 | 80 | 78 BB |406.55| 15.52 |0.007 6
4 | 526 427|357 | 351 | 285|258 (269|121 |103| 92 83 cC 59. 84 2.28 10,1815
5 527 | 419 | 363|359 | 288 | 252|241 | 126 | 105 | 93 85 AB 170. 69 6.51 |0.0434
6 518 {402 | 369|353 (291|257 (240|123 95 91 70 A? 306.46 | 11.70 |0.014 1
7 | 515|407 |347|332(294|259|251|130|104| 81 | 76 B* | 156.11| 5.96 |0.0504
8 524 | 423 1349|327 | 297 | 268 | 255 | 132 | 94 89 77 3.2 'ﬁf.'ﬂﬁ{ﬁﬁﬁ*ﬁ
9 521|402 | 343|337 |283|266|259|136| 97 86 79 [//L:HFW/%% ;'EE‘{L[]]‘ %ﬂ{ﬁ%d\ﬂﬂﬁ[}{hﬁﬁ,i
10 516 397 (3401329279263 239|135 94 83 80 % =6 ﬂﬁ%ﬂﬂ%@ 5 Fﬁ?ﬁo %Eﬁﬁﬁ?ﬁ*ﬁ%{ﬁ%%ﬁﬁﬁﬁ
SRS R e e e b om0
13 | 513 (422 |335|329|284|267|234 (124102 85 86 %gj{ﬁ%ﬁﬂéﬁéjy 16. 00 mm Eﬂ',ﬁ%ﬁ?i@/ﬂﬁ%d\

7 250. 14 °C. RIF RIS BAE Fluent gt 47



R Mo

WA, SR EHITI ., B 11 g5 R EN . mT
LERACAL . T P AR A BETA 4 IR SR E A I TR T
10.3%.11.5%.8.0%.10. 4%,

x5 HhUAZE
% | AR A/mm | R B/mm | R C/mm | R{H R/ C
1 115. 20 24.97 16 250. 140
2 115.21 24. 95 16 250. 141
3 115.09 24. 94 16 250. 141
4 115. 32 24. 96 16 250. 141
5 115. 37 25.02 16 250. 145
6 114. 35 24.93 16 250,174
4 —— iR IGH
500 :
1 —— AL
—e— JRLE Y
400 |
@)
a0 |
P 300
ui=
200 |
100 -
1 2 3 4 5 6 7 8 9 10 11
TR A
B 11 A4 )7 58 I8 B E R
4 &g

(1) T 75 o BE T3t JE 20 A1 5 L5 M 2 10 %
T 75 e A S (3R] A8 R R i) 1 9 B R
PR IR AR B

(2) B TE P 1 7 e T S 1) B 5 A L Y
AR XTI P i A BICPIOR (9 52 W I B 2 2 B 3
RT3 5 AR AROR 5T R e A L B A
k.

(3) BAE 3 J7 i 5 W) BE T 95 45 6 X ATV $E
AARGEHATZRARAL - REAF e HE R SRR R L,
RO BT PR e b BE T JRE WY R AT M ] 26 AR
ARG T R T TE S LA

oo R 2018 4E55 4 )
S E 30k
[1] S TQL PR AR OT (2 4 A B R IR 4 8 IR A HE R 5

2]

(3]

[4]

[6]

[7]

(8]

[9]

KBTI PERE B ML . iU 3 1%, 2015,30(4) : 901-909.
WU F, XIE Y, SHAO W R, et al. Effect of inlet preswirl on
the aerothermodynamic performance of splitter mixing exhaust
system[]]. Journal of Aerospace Power,2015,30(4):901-909.
RS B A AL BT CED R AR i i 50 1) S dh AL 2
HEA R ERELT ], ARADL 4R .2016,34(1) :68-73.

LIUSJ., ZENG J J, HAN W W, et al. Intake and exhaust
system performance of diesel engine based on CFD and steady
flow test method[ ]J]. Transactions of CSICE, 2016,34 (1)
68-73.

Mot X0 P AR L AF L R R s 0E SR AL HE R R G A
S3 AT LI 0. fiias 3 )1 24, 2014, 29(3) : 624-630.

XUB, LIU B, YANG S C, et al. Optimization analysis of a
aircraft piston engine intake and exhaust system[J]. Journal of
Aerospace Power,2014,29(3) :624-630.

MOSADEGH A, NIKRAZ H. Buried pipe response subjected
to traffic load experimental and numerical investigations[J].
International Journal of GEOMATE.2017,39(13) .1-8.
GHASEMI S E., RANJBAR A A, HOSSEINI M ].
Experimental and numerical investigation of circular mini-
channel heat sinks with various hydraulic diameter for electronic
cooling application [ J]. Microelectronics Reliability, 2017, 73
(1):97-105.

HAMLAOUI N, AZZOUZ S, CHAOUI K., et al. Machining
of tough polyethylene pipe material: surface roughness and
cutting temperature optimization[ J]. International Journal of
Advanced Manufacturing Technology,2017,92(5) :2231-2245.
UL FWVE ES MK IREH IR E MRS 4 ST ]
EHEHAL2010(1) 1417,

LIH L, WANG H Y, WANG W L. Flow field analysis and
optimization of automotive exhaust system [ ] ]. Automobile
Technology,2010(1) :14-17.

WANG W, GAO F, CHENG Y. et al. Multidisciplinary
design optimization for front structure of an electric car body-in-
white based on improved collaborative optimization method[J].
International Journal of Automotive Technology,2017,18(6):
1007-1015.

THIRUMAL P, AMIRTHAGADESWARAN K S, JAYABAL S.
Optimization of TAQ characteristics of an air-conditioned car
using GRA and RSM[]J]. Journal of Mechanical Science .
Technology,2014,28(5) :1899-1907.



