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EGR Performance Test and Evaluation of Turbocharged Diesel Engine
with Venturi Tube Structure

ZU Xianghuan' YANG Chuanlei’ WANG Yinyan' WANG Hechun' DU Jun’
(1. College of Power and Energy Engineering, Harbin Engineering University, Harbin 150001, China
2. Unit 91458, Sanya 572000, China)

Abstract. Taking a certain type of V-type supercharged diesel engine as the research object, and the
original rated working point was selected as the design working point, the venturi tube structure ( EGR)
system was designed. The effects of different EGR rates on the combustion and emission performance of
diesel engine under different working conditions were studied. On the basis of the experimental analysis,
a multi-objective gray decision evaluation method based on gray relational analysis optimization was
proposed to evaluate the EGR performance and the optimal EGR rate under different working conditions.
The results showed that when the EGR rate was increased to about 8% , the NO_ of all the operating point
can be reduced by 25% , while smoke and fuel consumption only had a small increase. At the same
speed, the diesel engine smoke emission was higher when it was at high load and high EGR rate, and
NO, emission was decreased linearly with the increase of EGR rate. The optimal EGR rate can be
obtained successfully by the optimized evaluation method and it was showed that a small EGR rate
obtained a high comprehensive evaluation value when the diesel engine was in the low speed condition,
therefore, a small EGR rate should be adopted. With the increase of diesel engine speed, the high EGR
rate obtained a high evaluation value. However, when diesel engine speed was too high, the
corresponding assessment value was reduced and it was not appropriate to take an excessive rate.
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Fig. 1  Venturi tube system structure diagram
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Fig.5 Effects of different EGR rates on cylinder pressure

3.2 EGR im0

6 A 900 r/min 1 1 500 r/min ¥ 3 |, 1 faf
I3 25% 50% \75% WM #E Bl EGR Ay 224k
M2k Hl& 6 Al fE R % T faf |, BEH EGR AIY
I AT B3 2 A5 A RE % N B RRBE AL, A
PEARTES , MOMFE R A 5 EGR R EL AL, /M
i I, 2SR LR, FE AR N OB B 23 Ui AY, IR



392 & Ak Bl B ¥ R

2018 4

S 22 XA T R 52 AN K, R R v T AR R AR
A2, 40 1 500 r/min $558 25% A i, 24 EGR #
0 F+% 10.8% B}, M FEH o1 257.5 ¢/ (kW+h) L F+ &
268.1 g/(kW-h) , # /N T 4. 12% . 1 7 & 1 ff X,

BT EGR 5] A 25 84 bt ™ 8 FEAR, 5 BUGED N =)y BB TR
BB I R A AR S, L, B EGR %
(R 3G AINTR & AR B Ak 22 Ty, Jie 40 5 UL N A b
ko BEE G RAINEE 7616 2 T A7 By Be AT 38 40 5 T
PRER TR A J5 %, 1 % A1l 2 g 77 9 55 , BT LA
R A A7 DX AR T B B2 K T /0 B ey 1L T R 2
I T YRR AR AR A A A 0 R I R
HERE RO Ty S ) ORI I FE R EGR 21
TN FFES o 4 1500 r/min #4538 . 75% 7 fr i, 24 EGR
L 0 FTFE 10.8% B, JH#E K 11 200.4 g/ (kW +h)
FFFE212.2 g/ (kW-h) BN T 5.89% ; 7 /N i

I ot LA /1 KORE 0 T K 51
P

8 9 10 11

K6 AR EGR JPXT{EE%‘{KFI Al

Fig.6 Effects of different EGR rates on fuel consumption rate
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Fig.7 Effects of different EGR rates on NO_ emission

MEE S IG N F] 1500 v/min I, P ACH AR 21
PEAARTE 46 ™ A BELAS A 58 A PRl i 47, L P
JEREZ FEAG, th T NO 1Y A 18 B AR T R 958 S ik
JEBOUE DR A3 1 NO 7 A T A i A X, 5 B
Wit S ) T e, e iR AR 2 B[R] 4 A NO G AN 3
VA L NO A B B A R R S 2T R R
A0AE 1 500 r/min,75% 1 fi T8, 24 EGR M 0. 6%
A5 F] 10. 1% B} ,NO_M 2. 101 x 10 *FEAKF] 1. 465 x
107, 2 /T 30.27% .

3.4 EGR XA E K%

K 8 > 900 r/min F1 1 500 r/min %% 5 T , 41 fif
3R 25% 50% 715% B EE B EGR & (1) 48 1L
2o M8 Al M EE AR A NO, HE R 1Y
AR S BE AR S /N B far B 0 B LA BE A
EGR AR AR AR /1N, Bifi 3 7 Aar (9 38 0, 40 2 34
/N [ 1 D@ L 9 | W D B R R NP
BT e A B2 X ] KA A L s EGR %Ebﬂiﬁzo
AR T PR ORI T A A LG AT P JRy 3 ) I R

41 900 r/min ,25% 171 fuf B}, EGR %ﬁiﬂﬂﬂ,ﬂ;ﬁﬂ
FEHECE FEAS R R A48, XY EGR 3% £ 24 9% i,
THEEA B2 T, 5 BE S EGR 214 A8 K 4 K, 4|



541

MW 5 BRIl SC  BAE R ECR Mg 5 5 7T 393

JEREA RRE RO RGBT, B EGR AW
K, e Z A g 000 A ST K 2 AR A A
I EE AT, 7E 900 r/min [ 75% 1 fif T.00 T, XA B #E
EGR ik | 5. 4% B KA 58748 B ZU R I, 31X 32 %
H AR [R5 T, ffar B, 45 R L i) EGR %
X 25 MK L 18 5% M XoF ST PR R 0 A PR b R, 7 A Y
3 Sy L I W 5 S 2 ) 1 R e
be, BUMZ T 00N 08 B HE R = . 7 AT R, EGR
ot 08 82 Ik R ) 670 TET R R & B R, PR A R R fer T
BT, S LY 75 ) EGR 3k o it i .

6 8
EGRZR/ %

(a) 900 r/min

Bl 8 AfA EGR x4 B2 i) 5
Fig.8 Effects of different EGR rates on SOOT

4 H1EEGR EZMHE

IR R LW, AR EGR FX] 3 s 5€ i HLAK bE
5 HEC S ORI AR o H T AS G A% 1R 1 BR A
AR T2 2 R, P B st HE R A g f v, Ik
DA — R, e EGR R R 7E 15% , 4145
AR B A R . B IEE 2 H AR K 0P 5K BE 1 i
B /D B Pl R R R AT AR S i

AZ AARIRE T
4.1 EAEEH

R AP S R A B B T AL B R
2 H AR K 0 e SR A AU (1) 3 B B o A 45 g 4
XRAR R AR DR H AR LA B R A A

(1) AR 4 = 78 41 R X 5 4 49 3 A L 1) Jmy 4
va, | BN X REN B =10,
by,~,b,t,s=1s,=(a,,b)la, eAb eB}FRHNF
B u (121,20 ngj = 1,20 m) Sy R He s, 1E
kHART B RCRFEAE

(2) BRI SR H b, B4 SR H bn #0200 5E

BA=1la,a,,

HCR I , o BRI
e
R —T Ny (1)

maxmax { u
i J ;

B IR AR D S e R R E I FE
T BRACR I Z

minmin { ul® !

i

Tfjlb) =— juf_k) (2)
FEA R T A w5 T R
I R I
(k)
rfj” =u<“ + Iul((ir; —u" | (3)

io/o 0o

AP wl) ——k EAR (04 5 BRI o
B3 R 42 503E I E R 5 4 A R
SRR, 0T L SR 5 7 2R 845 e/
i, DU FEL R SCSR i 6 SRR B 7 (8
S, 0 P FHSCR B
(3) KR4 454 S0 6 B0 SR I , o A ) 38
eAE b FLRRF — B8R i A

(k) (k) (k)

1 12 Ty

WG

(k) _ (k) _ 21 22 2m
R =[ry =" ) i (4)

(k) (k) (k)

L T T

R Y Ry SR s — SORCR R )
(4) B SL RS m, (h=1,2,-,5), Hop

S m = R s, 105 A AR r, A2
S A

-
R=[r]= " ™ T " (5)

Hp r;= ; n,ry (6)
(5)#mas |, | =r, WFK b B A a, 19503t

I<jsm

Hsprmaxir, b o=r WFR a; 9 05 b AH X R 1Y) B fIG

I<j<m

Sl Frmax| v = R s, R

I<sjsm

4.2 #EMRNL

i b B AT DL L RS H AR AR R Y H AR
U AR AL e o ST b g B R, %8 5
EGR X} 5L 8l g M | 28 T 1 SR PE 1 255 5 7
M , A SC e ORR I AE 3 . CO NO, (A B2 B2 T N 4 T
PR PSR H AR, A R 9 o 5 H AR AU 35 Sl LA [H]
77 T A PERE , DT K A [ 1 BE 22 18] 14 ) 2 45 Dy o
R H AR ]



394 & Ak Bl B ¥ R

2018 4

W PSR ACE 1Y 43 O H DR R IR H
b ) AR T AR, AR — @ R B RL e gy
RFELM N T E R ERmAFC A, PaifihE £
WL T 25 i A5 e 28 i R 45 R Bk = B L5 B .
Hb AN TA] T — i ke SR ) R, B f EGR S8 %) phe 5 5 L
LGRS v AT R R R L
T 2 LA 1Y) T WU (B 7 3 2 % WAL, 8 TC v il
JE EGR Y52 Pras sl o G, A SCH IE LI A i EGR
R 2 FEAS U S AR S SR B LR G K
7 oA S TR ol AR B 4 A1 A, O i 28 T 5 SR AT 4k
T AT 53 F0R I TR 43 A 04 AR (I Ak T i, AT B
b 0 3 EGR AL Ak )5t

VR K A 2 G B vh — A E 30y 30, K0 Gk
o3 M T2 R e g 25 2 B R R S AL T, 52
XS BRGNP AN LA & &R 19 H L, SR I 2 B 50 S
5 BB Z A K R , 5 2 %5 500 Rk
AR LB E, 52 BRI R BB, BK
AR PR FRGA AT 2 ROk [ 21 - 22

(1)EGR ) F % H B AE T A AL NO, 5 4 1)
BIHETR , % R B A W T EGR YR [R] 38 47 4% 45,
FEMLAE S ML [5) 5% 38 T D 3R H AR NO, A7 IRAH
A S HLAL TR FE 3 T8 (n <900 r/min) ,NO HETK
WA, S T AR IE S I L AR AR E PR A
FRBUE A EGR 2 4 NO ALEE n, =0.3, %
S HLAL T B TG (n > 1200 v/min) , NO, HE ik
WREH Ry, R 1 AT LA S ML HE TS B 9, R H
BOR EGR =, [N it4 NO ALH 5, =0.5, 5 5&lbl
AbF A SEFE T T (900 r/min < n<1 200 r/min) ,
NO, HEoe B2 B 28 Tt v, I % m, =0. 4,

(2) T AE PR H AR 20 51 B 3 5 LA R
T3 R PERE , & AR Z Rl AR AE AR — RE Y N
TR AR 2B AN AT LUK 3 Fh 56 R B B — R e 5E 1)
CIRERRT . AP T, EEE R R E NO, W
A D, U 25 AU LA A RE R AR A2 0, TR UG
A B AR RT3 ok 15 NO 5 H At e 5 B
i 2 8] K S 1B 22 K, TR AR Sy 23 PEASLER A K 4

A TR EGR T X 1 ) NO, ki (42 45 J5L
B AE R BEFE 515 DA AL 4 A4S PFAR 458 A5 O6F D 1) 55 (B
CRLAE ML) 152 5 90 5 SR i oAt 4 4> Tk 48 bn
5 NO fEPRZ MR SRR BE ,r/ (0 =1,2,3,4) k115
AT Z R 8 SR R ECH

’

(7)
ELA m, A1 i (1 =) SRR A 4 A pe 58
HFRALE A m, (k=1,2,4,5) , 3 H 5l 5 2 1 1 AL AL

r

r, =

H o (k=1,2,3,4,5),

(3) K LACATE », (k=1,2,3,4,5) & o] 3 P 5
B HOR R B AL RS AR

7 DAOR R 00 EGR B 1145 s 0 H & 05 4R
PEA TR 5 3T NO, HE i A2 A, 38 2 % 84T 70 ok
{H NO_ FEARAUE , 5 1) B < 15 70 B oK A L Ath ple 36
Fibr15 NO, Z 1] 1 5 % R B2, M TIT SR fife T A7 ok 5 H
R BASCE , RSO AL 5 A B 18 S AR A RSB AL
XEANTR] EGR A%k 1 9 P BE B2 BEAT 255 5 W o
4.3 WERRRERD W

AR O b 3 A 00 AL, 230 6 AR L v
R AL, AR O RS U TR L AR 3

®3I WHIRAREHIE
Tab.3 Part of test data

EGR ki ke,

il VA INAT
TH $co ¢xo -

R/% (gkW b m™' [E/MPa
0 236.3 3.0900x107* 1.0930x107° 0.045 7.6462
2.2 241.6 3.1657x107" 1.1045x107° 0.063 7.2545
46 242.7 3.3553x107* 1.0026x10°° 0.088 7.2108
TRl 7.5 243.9 3.6670x107* 9.4350x107* 0.084 7.1393
8.8 246.9 4.2784x107* 8.9065x10°* 0.120 7.0167
10.5 248.7 5.0362x107% 7.8360x107* 0.270 6.9568
0 230. 1 1.880x10™*  8.250x10™* 0.035 6.6859
0.5 230.5 1.962x10™*  7.832x10°*  0.041 6.5428
3.5 234.6 2.113x107%  7.432%x107*  0.049 6.3595
T2 6.8 236. 1 2.294x107" 6,691 x10™*  0.053 6.3052
9.5 242.9 2735107 5.435x10°*  0.090 6.0485
12.6 244.3 3.806 X107 4.974x10°*  0.270 5.9274
0 257.5 1.800 x 107" 8.1000x10™* 0.035 8.2504
1.2 256.7 1.962x10™*  8.3245x10™* 0.051 7.7996
3.5 259.9 2.13x107%  7.8630x10™* 0.055 7.6176
Lo 6.1 261.3 2.294x10™*  7.0160x10°* 0.060 7.5171
8.3 266. 8 2.735x107" 6.4350x107* 0.078 7.4105
10.8 268. 1 3.806x107*  5.8970x10™* 0.190 7.1965
()T 1

EGR 3 I 0L 2. 2% 4. 6% 7. 5% .8.8% Fl
10. 5% ;AR EGR 3T 4545 b5 2 400 i 0 2040 149

TRCRFEA ST
241.6 316.57 1104.5 0.063 7.2545
242.7 335.53 1002.6 0.088 7.2108
u =|243.9 366.70 943.50 0.084 7.1393
246.9 427.84 890.65 0.120 7.0167
248.7 503.62 783.60 0.270 6.9568

Sop, R o AT 6§ R 1K 1R 2 3
CO HEHCE NO, HEHC it A 1 L PO AT, 31 1 i j
A EGR .

P R b E R — SR



4 4 1 ML 4 R S HLOC I L4658 EGR A 5 97 £ 395
10000 0.9955 0.9906 0.9785 0.9715 K EGR & fFL2: g T[] 5 T0F 48 3 HL B 4 F J k 4
0.9590 0.9648 0.9744 0.9915 1.0000 B, EGR ZH ki AR ELat K

r? =[0.7095 0.7816 0.8305 0.8798 1.0000 (3) T 3
1.0000 0.7159 0.7500 0.5250 0.2333 W3 R T R T, R, = 0.5, 2Ok
10000 0.9435 0.8633 0.7399 0.6286 18410 A I AL g

B IR (0 L7 ) n,=[0.1389 0.1409 0.5000 0.1049 0.1152]
gl I B IAL LR P AE

X,=[10931 10451 002.6 943.5 890.65 783.6] R=[0.8433 0.8496 0.8794 0.8800 0.8615]

T WZ B0 T A [/ EGR A% 1 14 P4 RE 52 Wi i K

X, =[236.3 241.6 242.7 243.9 246.9 248.7]
X, =[316.57 335.53 366.7 427.84 503.62]
X, =[0.045 0.063 0.088 0.084 0.12 0.27]
X, =[7.2545 7.2108 7.1393 7.0167 6.9568]
T AL TSR AT A5 9K E T R R T P e MR R K
CO 5 NO, 1 Rk RECH
r.=[0.2824 0.2879 0.2095 0.2202]
FZ TOLE TR ToL, Rty =0.3, 0 wf
R G R G AE 10 & g, H
m,=[0.1977 0.2015 0.3000 0.1466 0.1542]
B 5 SR AT 25 RO I I, O AR i A O i )
AT L HE
R=[0.9046 0.8761 0.8844 0.8482 0.8247]
MR 4 B I H SR SR U AT %0, % T80 F ARl EGR 3%
Xof 1o P BE R e R BN 2.2% \7.5% (4. 6% |
8.8% .10.5% , Bliz T fefE EGR 8 2.2%
25 R AT LA 5K EGR 2N 1 2545 PP Ak
E# L, WA EGR Z 34 K, A0 N 1 25 6 PEAS B T
R B W, R BR T/ EGR 8. 43 B H s
[, 24 4y ML AL F G 3 T 00 i, NO, HE &= 48416,
TORUEFE 4 W3l J1 2 5Pk, AN BRI EGR 30 88K
EGR %,
(2) T 2
[FIFEFT 0, TA0 2 J8 T rp S8 el Tl i, =
0.4, Fe &SRR 5 AL A
7, =[0.1608 0.1661 0.4000 0.1331
WAL LR G VAL A
R=[0.8284 0.8219 0.8332 0.8425 0.8102]
M T8 F AN ) EGR S8 %] 3 (4 7 g 5% k) By K
F/NH:9.8% 6.8% 0.8% 3.1% 12.3% ,i% T
THfE EGR 45 9.8% ,
&R Al LA, 2 EGR /N T 9.5% i, B
& EGR R R, AE EGR XN 1) 25 & WAL (E
E S, EGR I K 2 12. 3% I, X N7 (1 25
G PR E R T B SR B 2 SRl AL AL T S
JE THLEE, NO, HE R 2 87 7t &, 5K EGR R 2 &
JCVE T AR NO 15 e Wy iy 5K, B I 0 3% 3 > 1

0.1400]

F/NH:8.3% 6.1% 10.8% 3.5% 1.2% ,i% T
XTI e EGR 54 8.3%

H 45 Rl 1, 4 EGR /N F 3.5% B, A [A]
EGR R X} I 0 VAl {8 b 38 45230, 24 EGR R K F
3.5% B}, LR A VAL (B 2 BT B 1 K94, 4 EGR
£ 10. 8% B, LA AP E B R R b 3L
JEDH 24 4 3 AL AL T o T 00, NO il B A
AR UK EGR R A R A4 AR NOi5 4L, {1
S22 EGR FE ol @i, i i EGR JE M5 AR HES:
XiF ST AL Bl I PE e B AR R, 7E B ELAS
i EGR 20 R A 255 A DAl R T R B

XFEAT BT T 00 2 R0 3 AT LA ), 2 58 L
Ab T b R B L AL BEE EGR RE ARG T &
PEARAA , 1 43 55 9 EGR & PEAS B 2 1 F B, H )2,
D F T 2,76 00 3 AL EGR 4R 15 1 174
E A, T 00 2 HhE 5 5 EGR AR5 1FAk (A 5
o BT LI N - 2 e AL Ad 1 v 45 T O0AYT
T RAIE S8 AL 0 B P RE L W RN BDOR A &
EGR 2, [ it , M tb 54 & EGR %, i {ik EGR X%}
JOL 1) TP A LR 6T 558 5 5 T 24 S T ATL A F R B T LR
e ARG I T30 1) 9 SR AR NS B g B ™ 4, AR EGR 8% ¢
THAL A A R B 22, TR G 6 7 A A Lt B /0N i
B EGR 51 G2 M AL A el 2 s8R o0, o gk AR A5
= PG 1R

5 %t

(1) Lk TDB234V12 #I 4 3iii #L A AF 5% X 42, 6 5
JE AL &0 T 000 5 R 1B 1 s, TH 53 DG JE 48 vl ML 1Y
SCF HLAE S5 AL T I R AR g K A R
S AL HE P RE o

(2) 4 5% il AL ¥ 1 for 5 Mk B2 € i AT B, R
EGR & ¥ , 7] LA 0 AR NO, 9 HE =, 45 0] /2
FE 15 e R AR O B R, NO I HE L R B 5 EGR
R Th W R, 2 EGR R IF i F] 8% A 44,
NO ¥ f8 BE AR 25% 72 47, 10 M0 BE K ol #E 55 /)N I
K,

(3) EGR {38 Jin 5 UK Be If s M & 5 #A A



396

g ok BB ¥ R

2018 4

[ A2 L AR HE SR o AR A7 I i FE S /NI T 7 R —
BTN IMRETE R A 0 AR T R AR B ] A 5
Ffir iF EGR A XF 4 B (9 %2 i AR A K5 2 EGR R
WREN 9% Ze A, B EGR A AR, 7 2 A
AR RO A T B ARG TR R T T A
(L 5 A8 A L 4 i o

LI T AN EGR RPERELE & PPl o IRk T 00
PR B/ EGR R B3 S L A% 42 T1, B
EGR IG5 4y 1 Al 8, (F2 25 5% i vy i, o
1 EGR X 0 (9 ¥ AG (8 S M0 R 3% 05 ik S8 B
i P o A7 B TR U AT R A EGR R E i 72
X LA BB B — AR, B T R R 5 B

() BT IRRBA AR Z b Ik Gk T O EGR BPLAL A sE #2431 — FhfiF 5 S8 0% o

BALH B 45, W2, 5. 25 IR NTP B R 5 F2E EGR W AR I IG AT 58 [ /0L ] RME AL =41 ,2016,47 (1) :349 - 354.
http : // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1 &file_no = 20160148 &journal _id = jesam . DOI:10. 6041/

CATI Yixi,ZHENG Yi,SHI Yunxi,et al. Experimental study of EGR cooler regeneration by air-fed NTP injection system[ J/OL].

U, G XU 45 B PEOR R A 20 X S ik AL UL 45 F R AE 19 52 e [ J/OL ] Rl MLAR 27 41 ,2015,46 (7) :280 - 285.
http ; // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? flag = 1&file_no = 20150740&journal_id = jcsam. DOI:10. 6041/

Effect of gas composition in exhaust gas recirculation on structural feature of

particulates from diesel engine[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2015, 46(7) ;280 - 285.

LUJAN J M, GALINDO J, VERA F, et al. Characterization and dynamic response of an exhaust gas recirculation venturi for
internal combustion engines [ J]. Proc. IMechE, Part D: Journal of Automobile Engineering, 2007, 221(4) :497 —509.

R, WRATE XI5 EGR X iR 1 e S LIRS Rt 02w [T] . AL 4R 2017 ,35(2) < 118 - 124.

DONG Tianpu,ZHANG Fujun, LIU Bolan, et al. Effect of EGR on transient characteristics of turbocharged diesel engine[ J].

ASAD U, ZHENG Ming. Exhaust gas recirculation for advanced diesel combustion cycles [ J]. Applied Energy,2014,123.242 —252.
ZHENG Qingping, LI Su, LANG Xiaojiao,et al. Simulation and experimental study on turbocharged inter-cooled diesel engine with
exhaust gas recirculation[ J]. Chinese Internal Combustion Engine Engineering, 2012,33(2) :33 = 37. (iin Chinese)

PRot Th, 2, TEAUH L 45 R [R) EGR PR 3R J7 200 B 8 S i WU B 5 HE R e i S [T . N MAMIL .42 ,2014,35(2) 20 - 26.
Influence of different EGR cycle modes on combustion and emission

characteristics of heavy-duty diesel engine [ J]. Chinese Internal Combustion Engine Engineering, 2014,35 (2):20 - 26. (in

SBAE BRI R, SF R BRI = W S S L RE AN HEROE R B R ST LT . AR PLA 4R ,2008,26(2) 1147 — 152.
WU Junhua, HUANG Zhen, QIAO Xinqi,et al. Experimental study of EGR on performance and emissions of a turbocharged DME

PTE B, XU, A7 55 07, 55, AT A8 I I 3 0 1 P R AR TR 0 R e S WL e RE LT ). Aol AR 241 ,2016,32(16)
NI Jimin, LIU Yue, SHI Xiuyong, et al. Variable nozzle turbine combined with venturi exhaust gas recirculation system improving

FRMEIE, ER R, AEN, 55, FIFISCI LA VNT 3283 54 L EGR Ay MF7t[T]. AN ,2009,27(2) 1140 - 145.
GUO Pengjiang, WANG Tianling, LI Degang, et al. Study on increasing EGR rate of diesel engine with venturi pipe and VNT[J].

F R BT R, BRI, S SC I A R G PR R G I S S R S I AL RE R e O AT SR [T ] . ALBE TR A4 ,2016,52(4) ¢
Study on the effects of Venturi-EGR system on turbo-charged diesel engine
YANG Shuai, LI Xiuyuan, YING Qijia, et al. EGR rates optimization rule and experimental study about influence of EGR rates
on diesel engine[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2006,37(5) :29 - 33. (in Chinese)

ZHANG Zhendong, FANG Yibo, CHEN Zhentian. Research and experiments of EGR rates effect on a turbocharged diesel engine

5 X X W
1
j. issn. 1000-1298.2016. 01. 048.
Transactions of the Chinese Society for Agricultural Machinery, 2016,47 (1) :349 —354. (in Chinese)
2
j.issn. 1000-1298.2015.07. 040.
ZHAO Yang, WANG Zhong, LIU Shuai, et al.
(in Chinese)
3
4
Transactions of CSICE, 2017,35(2) :118 —124. (in Chinese)
5
6 VT BTN, BRI, S 1 e Se i Hl EGR BB I S ph T [ T]. WMAML A2 ,2012,33(2) 133 - 37.
7
CHEN Guisheng, WU Wei , SHEN Yinggang, et al.
Chinese)
8
engine[ J]. Transactions of CSICE, 2008,26(2) :147 —152. (in Chinese)
9
82 - 88.
emission performance of diesel engines[ J|. Transactions of the CSAE, 2016,32(16) :82 - 88. (in Chinese)
10
Transactions of CSICE, 2009,27(2) ;140 — 145. (in Chinese)
11
157 - 164.
WANG Qiwei, NI Jimin, CHEN Hong, et al.
performance[ J]. Journal of Mechanical Engineering,2016,52(4) ;157 — 164. (in Chinese)
12 # 0, 225500, i Jd B, 5. EGR S0 Syt HLHR R 52 e 38 [ 0] ol AL A% 4k ,2006,37 (5) 229 - 33.
13 BRARAR, 7B, BRIR K. 3 I H BT 48 i AL EGR RN KA wrgE [J]. BT L2 ,2006,27(2) :81 - 84
[J]. Chinese Internal Combustion Engine Engineering, 2006,27(2) :81 —84. (in Chinese)
14 GR4RI. EGR HEARFEARHEAR A S8 L NO, HE i w5 [ D

] R3E  RE R H R ,2015.

ZHANG Zhenkun. Study on NO_ displacement of marine diesel engine with EGR[ D ]. Dalian; Dalian Maritime University, 2015.
(in Chinese)

(THFE4IT)



A4 REFY 45 T e IR HL 2R S S A B B 419

15

16

17

18

20

21

22

23

24

the principle of its motion decoupling[ J]. Mechanism and Machine Theory, 2017, 108 27 -40.

B, SR, BRIGLL, 4. 2 - UPR — SPR PR F Rl AT [T]. HUBCLAR 24, 2013, 49(21) :62 - 69.

LI Qinchuan, CHAI Xinxue, CHEN Qiaohong, et al. Analysis of rotational axes of 2 — UPR — SPR parallel mechanism[J].
Journal of Mechanical Engineering, 2013, 49(21): 62 —69. (in Chinese)

TRARME, VA, WhEE . HLA B BRI L8 A3 12T [J/0L]. A HUB A= 4R, 2017,48(9) :384 - 390. hup:
// www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? flag = 1&file_no = 20170949 &journal _id = jesam. DOI. 10. 6041/j.
issn. 1000-1298.2017. 09. 049.

ZHANG Dongsheng, XU Yundou, YAO Jiantao, et al. Inverse dynamic analysis of a novel 5-DOF hybrid manipulator [ J/OL].
Transactions of the Chinese Society for Agricultural Machinery, 2017, 48(9) :384 —=390. (in Chinese)

ARMIGE, B RAR, AR, JET Lame HIZRHY Delta JEIBEALE ASG BORAFHUL AL S8 S0 e[ T]. HLM LA =4, 2015,
51(1):52 -59.

XIE Zexiao, SHANG Dawei, REN Ping. Optimization and experimental verification of pick-and place trajectory for a Delta
parallel robot based on Lamé curves[ J]. Journal of Mechanical Engineering, 2015, 51(1) :52 =59. (iin Chinese)

WANG P, HUO X, WANG Z. Topology design and kinematic optimization of cyclical 5-DOF parallel manipulator with proper
constrained limb[ J]. Advanced Robotics, 2017, 31(4): 204 —219.

RKE, B, et WP = A b AR OFBRIU B M BT[], U TRRA4R , 2015, 51(5) :30 - 36.
ZHU Dachang, FENG Wenjie, AN Ziming. Topology optimization integrated design of 3-DOF fully compliant planar parallel
manipulator[ J]. Journal of Mechanical Engineering, 2015, 51(5) :30 —36. (in Chinese)

WANG Hao, ZHANG Linsong, CHEN Genliang, et al. Parameter optimization of heavy-load parallel manipulator by introducing
stiffness distribution evaluation index[ J]. Mechanism and Machine Theory, 2017, 108 . 244 —259.

XIE Fugui, LIU Xinjun, WANG Jinsong, et al. Kinematic optimization of a five degrees-of-freedom spatial parallel mechanism
with large orientational workspace[ J]. Journal of Mechanisms and Robotics, 2017, 9(5) : 051005.

LIU X J, WANG L P, XIE F, et al. Design of a three-axis articulated tool head with parallel kinematics achieving desired
motion/force transmission characteristics[ J]. Journal of Manufacturing Science and Engineering, 2010, 132(2) : 021009.
SRAVER, WU . ERICHLAS AN B PERR IR AR 0T T ] HLAR AR 274k, 2008, 44(9) :56 - 60.

GUO Xijuan, GENG Qingjia. Analysis for acceleration performance indices of serial robots[ J]. Chinese Journal of Mechanical
Engineering, 2008, 44(9) : 56 —60. (in Chinese)

TANG Tengfei, ZHANG Jun. Conceptual design and comparative stiffness analysis of an Exechon-like parallel kinematic machine

with lockable spherical joints[ J]. International Journal of Advanced Robotic Systems, 2017, 14(4) . 1 - 13.

(L#EE 396 1)

15

16

17

19

20

21
22

ik 3e. EGR XS HLA FeHE R PERE R R 05 1A [ D] H Q. K S0E K4, 2012.

WEN Yongmei. The simulation analysis of EGR on the combustion and emission characteristics of diesel engine[ D ]. Chongqing:
Chongqing Jiaotong University,2012. (in Chinese)

FEARZ. V RISMALR A ECR RERGRITH SR BTTE[ D] Wa R ¥ IR /R I8 TR K 2% ,2013.

DU Jun. Calculation and experimental research with EGR system for V type diesel engine[ D]. Harbin: Harbin Engineering
University ,2013. (in Chinese)

ALONSO S, HERRERA-VIEDMA E, CHICLAN F, et al. A web based consensus support system for group decision making
problems and incomplete preferences[ J]. Information Sciences,2010,180(23) ; 4477 —4495.

MEAEWE , B2 R M, 55 FEUUSC O RR A2 HAR SRR I R p e sr S T[T ). g K22 224 B AR A2, 2013,
44(5) ;1982 - 1987.

MEI Nianfeng, LUO Xuedong, JIANG Nan, et al. Establishment and application of grey multi-objective decision-making
optimization model for foundation pit supporting schemes[ J]. Journal of Central South University: Science and Technology, 2013,
44(5) :1982 - 1987. (in Chinese)

WANG Yinyan, DU Jianwei, WANG Hechun,et al. Grey decision making theory approach to the turbocharged diesel engine[ C] //
Proceedings of 2007 IEEE International Conference on Grey Systems and Intelligent Services,2007:784 —788.

JBUE S B8 S, X SCHF . 25A 2 B AR S K G R IR D SR A 7 fp IR S 5 1] W8 0 A 3 Ak B4 ,2015,35(9) 6 - 13.

GU Xueping,ZHAO Baobin, LIU Wenxuan. Load restoration based on multi-objective optimization and grey incidence decision-
making[ J]. Electric Power Automation Equipment,2015,35(9) :6 - 13. (in Chinese)

LIU S F, LIN Y. Grey information: theory and practical applications[ M ]. Springer-Verlag, London,2006.

TN, R, TR A TR K (B T O 07 BRI SE B RE U ik [ ], IR 044, 2016, 37(2) <338 - 347.
NING Xiaolei, WU Yingxia, YU Tianpeng, et al. Research on comprehensive validation of simulation models based on improved
grey relational analysis[ J]. Acta Armamentarii, 2016,37(2) :338 —347. (iin Chinese)



