Journal of Mechanical Strength *[L {& % g 2021, 43(1):137-144

DOI: 10. 16579/ j.issn.1001. 9669. 2021. 01. 020

& T H/OHE R HES B i bz i &Rt
OPTIMIZATION DESIGN OF EXHAUST MANIFOLD BASED ON
FACE-TO-HEART COMBINATION OF RESPONSE
SURFACE METHOD

X K BT BXRA EiEK
(RBBRF BRITEBH BN SN MR RG R EELTRE, KK 163318)
LIU Wei ZHANG Yong CHENG TianCai WANG HaiYan
(Heilongjiang Key Laboratory of Petroleum and Peirochemical Multiphase Treatment and
Pollution Prevention, Northeast Petroleum University, Daging 163318, China)

WE iR SILHE B 45 H DA R B R A A sUE S A A R M B RO AR A .35 25 )%

FRI7) &, SR F R0 B AR BR8] ( Central Composite Design ) 5 H 4TI U2 A A g ma piy ph A4k, DA B 50 R 42
A HLHESUBCE TR 4 SE L T HE S 38 LS SR PG DT I , 157 1 20 # AR 453 0 1w iz H A (1]
777 A T HE BT B AR A 25 S B I (8 i 3 X 2 888, I3 R RS 56 0 o 1oty e DG Ak A 45 R R AT T
BE, SRR Y PSS HE BT O A A I BT B HE A Gl i 7 5 VR O Ak Y e I 45 R 1 T
TN SIFE S R 0. 76 $2THE 0. 82, LLRTIRZEHITHE T 6 N EH 78,

x4E HSEE EOAAET mMEMERE ERAE RISl
FESES U463

Abstract In order to solve the limitations caused by the engine exhaust manifold structure optimization which usually

adopts single factor control variable method or orthogonal test leading to the insignificant parameter interaction, the face centered

combination method in the central composite design is used to respond to surface optimization, taking the engine exhaust manifold

of a heavy chemical vehicle as the research object, the exhaust 38 groups of manifold structural parameters finish the fast

matching, the mathematical model is established and polynomial response regression equation is concluded, fitting out of the

exhaust manifold optimum structural parameters and corresponding flow uniformity index, additionally, the results of response

surface optimization is verified by the numerical simulation. The results show that when the four branches are combined, the

optimal structure fluid flow uniformity index of the exhaust manifold by the response surface method based on the face centered

combination way is improved from the original 0. 76 to 0. 82, which is 6% higher than the initial structure.
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Fig.1 Schematic diagram of engine exhaust manifold
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Tab.2 Smoke property parameter settings

W LEFA R Rz
Density/ Specific heat/ Heat conductivity/ Viscosity/
(kgm™) (kg K (Wem™ K™ (kg/(mes))

0.354 1246 0.085 1 4.14x1073

HEAE A E R B e A i AR TR
880 °C, i i 0. 15 kg/s; HFH O R E S 0
N LA IRBE 790 °C & /7 0. 45 MPa,
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Tab.3 Design factors and level values

KoF
="
4 Fk <~ Level
Name Variable
-1 0 1
X 1(4) TN ER
Branch pipe 1 (4) R,;/mm 17.2 22,2 27.2
inside curved diameter
E 1(4) s AR
Branch pipe 1 (4) R,/mm 45.38 55.38 65.38
outside curved diameter
8 3 N ER
Branch pipe 3 inside R3/mm 19 25 31

curved diameter
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Tab.4 Response surface design and results

R KF ez H A
e =) Level of factor Target response
No- R,/mm R,/mm Ry/mm (ﬁfjji’zj’i]#é‘ﬁ(
Flow uniformity index
1 22.2 55.38 25 0.790 48
2 17.2 55.38 25 0. 805 249
3 19.7 55.38 25 0. 796 835
4 27.2 55.38 25 0. 795 884
5 24.7 55.38 25 0.762 108
6 22.2 45.38 25 0.789 198
7 22.2 50. 38 25 0.767 27
8 22.2 65. 38 25 0. 706 365
9 22.2 60. 38 25 0. 768 099
10 22.2 55.38 19 0.673 651
11 22.2 55.38 22 0.759 184
12 22.2 55.38 31 0. 759 453
13 22.2 55.38 28 0. 801 468
14 19. 227 49.434 21.432 4 0. 807 607
15 20.713 5 52.407 23.216 2 0. 774 356
16 25.173 49.434 21.432 4 0.702 595
17 23.686 5 52.407 23.216 2 0.784 061
18 19.227 61.326 21.432 4 0. 740 98
19 20.713 5 58.353 23.216 2 0. 794 905
20 25.173 61.326 21.432 4 0.731 698
21 23.686 5 58.353 23.216 2 0.730 17
22 19.227 49.434 28.567 6 0.803 178
23 20.713 5 52.407 26.783 8 0.781 948
24 25.173 49. 434 28.567 6 0.779 578
25 23.686 5 52.407 26.783 8 0. 801 095
26 19. 227 61.326 28.567 6 0.703 36
27 20.713 5 58.353 26.783 8 0. 808 072
28 25.173 61.326 28.567 6 0. 780 238
29 23.686 5 58.353 26.783 8 0.777 439
30 19. 227 49.434 25.073 0. 819
31 20.713 5 50. 38 25 0.818
32 19.227 49.434 23.216 2 0. 807 54
33 20.713 5 49.434 25.073 0.816 52
34 19. 227 50. 38 25 0.8197
35 22.2 55.38 25 0.770 37
36 22.2 55.38 25 0.790 48
37 22.2 55.38 25 0.790 48
38 22.2 55.38 25 0.790 48

H12¢ 5 W0, BRI FAAEF/ING P EACRAE R
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Tab.5 Variance analysis, equation significance test and regression equation table
Ji A AE T SS A H ¥ oL TN s HE# Probability [TE aen
Variance type - DF MS F{f F-Value P>F Significance
Model 0. 040 9 4.438%x1073 16.25 <0.000 1 .
R, 1.235%x1073 1 1.235x1073 4.52 0.042 5 *
R, 5.990x1073 1 5.990x 1073 21.93 <0.000 1 o
R, 5. 686x1073 1 5.686x1073 20. 82 <0. 000 1
Ry R, 3.800x1073 1 3.800%107° 13.91 0.000 9
R\ R, 3.681x1073 1 3.681x1073 13.48 0.001 0 -
Ry Ry 3.848x107* 1 3. 848x10™* 1.41 0.2453 IE%
Not significance
N F‘ £
R? 3.051x107* 1 3.051x107* 1.12 0.299 6 Tﬁ%
Not significance
R,? 3.133x1073 1 3.133x1073 11.47 0.002 1 -
Ry? 9.443x107 1 9.443x107 34.57 <0.000 1
ﬁﬁ% 7.649%1073 28 2.732x107
Residual
- ) 5 BF
RHR 7.325%1073 24 3.052x107* 3.77 0.102 5 Kﬁ%
Lack of fit Not significance
i 5
oW 3.235x10°* 4 8. 088103
Pure error
24
B 0. 048 37

Total deviation

TP >F AL RFEL AR, <0.000 1 48 EBF, " FR, <0.01 HEEFE, A ™ #R, <0.05 HEFE 2R,

Tips: P,>F is the probability without significant impact, <0.000 1 is highly significant, symbol ** |

significant, symbol *.

<0. 01 is more significant, symbol ™ , <0.05 is

*6 BAFEHRESITSIE
Tab.6 Error statistical analysis table of regression equation
GeitmE H g H (=
Statistical item Value Statistical item Value
PR 22 Std. Dev. 0.017 B 25 F R-Squared 0.8393
I{H Mean 0.78 RIE #5227 J5 Fl Adj R-Squared 0.787 6
EZRASHCV. /% 2.13 TR B 225 5l Pred R-Squared 0.682 1
T Y J7 F1 PRESS 0.015 Wi B Adeq precision 15. 582
0.85- 0.04+
99 4 . / 0,03 )
95 3 a L] @
2601 . g 081 e o S 0.021 ©
250 3 Pt : - ey
£ 50/ = 0,754 A g OO e
£ 304 o ¢ W oo s
3 20 = # &® T e
) 19: B 74 . -0.01 . m
14= —0.02 s =
0.651 -0.031 -
20.03-0.02-0.01 0001 0.02 0.03 0.04 065 07 075 08 085 0.68 0.7 0.720.740.760.78 0.8 0.820.84

% Residuals
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Fig.5 Normal probability distribution of residuals

TEhB LR

Flow uniformity index

’ 252 N
A:R /mm
(a) = 4w 7 iy T ]

(a) Three-dimensional
response surface diagram

K8 HESSCHE 1(4) AME AR x 2 R EO Y 52 HLE )
Fig.8

"
212 60.3 192 2012 232 252 272
2192
21726538 AR /mm
|

(b) FRLE
(b) Contour map

Interaction of the inner and outer bending radius
of the exhaust pipe 1(4) on the uniformity index

S2BRME Actual

Fl6  SIBRfE -5 (E 71 1A

Fig. 6  Distribution of actual and predicted values

Wil Predicted
&7 WA S k2 o A R

Fig.7 Predicted value and residual distribution map
M 10 B4 w2k AT L B & HERC1(4)
SCENTHPE AR T, A kRS 3 EN
e R iR R B RS AR A B3
2.5 fRALHEIEXTEL
Design-Expert 24 Optimization ff 448 43 4R P&
s URIIE 3PS 2 e B R =g iU E Pt g N s A R
ARG MBS S 8O LI & 7 T 7R, Design-
Expert FAARIEAUS 8975 R0 fe L 45 H 2 800 B
T G HE B TR Sh ¥ 29 EGR E 0. 82,
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Tab.7 Parameter changes before and after optimization

oA HTHUE et JE e

% A
T Before optimization  After optimization
ype value/mm value/mm
XE 1(4) BN ER
Branch pipe 1 (4) 22.2 18. 676
inside curved diameter
A 1(4) BA AR
Branch pipe 1 (4) 55.38 50. 185
outside curved diameter
E 3 N AR
Branch pipe 3 25 23.362
inside curved
diameter
925 2 A A HE Ok
A 0 -

Flow uniformity index
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Fig.11  Comparison of the exhaust manifold before and after optimization
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Fig.12  Exhaust manifold section selection location map
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Fig.13  Comparison of velocity uniformity before and after

optimization of branch pipe 1 when exhausted separately
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Fig.14  Comparison of speed uniformity before and after

optimization of branch pipe 3 when exhausted separately
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Fig.15  Comparison of velocity uniformity before and

after optimization of branch pipe 4 when

exhausted separately
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Fig.16  Comparison of speed uniformity before and after optimization

of branch pipe 2 when exhausted separately
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Fig.17  Comparison of velocity uniformity before and
after optimization of branch pipe 1-3-4-2

at the same time
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