$03 % 6 LERXRFFH (ARHFIR) Vol.23  No.6
2018 £ 11 H Journal of Jimei University ( Natural Science) Nov. 2018

[XEHS] 1007 - 7405(2018)06 —0448 - 07 DOI:10. 19715/j. jmuzr. 2018. 06. 08

TUBR# & F AT 1T S 8 0T B 40 46 3 i F2 R B =2 1

mag, EES, KON, HF R, Fmp

(1. RMIF¥BAUES B, B2 M 362000; 2. % K¥E¥H, Bk 11361021
3OREAFRATESRE, B H1361021; 4. BAGABLEF TREAERE, B2 K 361021)

[(FE] N THFR KRR - SLlBUR KL & shHiE 1T S 8L O 25 A FE R 152, A A AVL - FIRE {j;
B A HE ST SR K shbLRbe == v FEAB ISR | 38— R I 1B 38 3R 08 5 115 e L HE R SR 47 S5 7
B, TSR A FE R A A BRI AT O 22 0 A AR SRR S, 12 FZ IR A R R 2R A
MFERE/NUSEA G SREW, GAMFEREE — R P IESK IR A 5 A0 1 28 i 5 1 R
fR290.53% ; ZEAMFERER/DN (169.3 g/ (kW - h)) HSHAENR: RBRABENHE40% ; EGR K 0; X
JRE 325,15 K; #ESCR A7 0.223 MPa; SRR 22. 6°,

[XER] SUREL LI BITSEG LAAThFER,; —REIAIERS; VLELEfL

[ESHE] Uo6d 121; TK 421

Influence of Operation Parameters Matching Optimization on

Fuel Consumption Rate of a Dual Fuel Engine

YANG Baifeng', HUANG Zhaoxia®, LIU Chuan', YE Zixiao’, HUANG Jialiang™*
(1. College of Navigation, Quanzhou Normal University, Quanzhou 362000, China;

2. School of Science, Jimei University, Xiamen 361021, China, 3. School of Marine Engineering, Jimei University, Xiamen

361021, China; 4. Fujian Provincial Key Laboratory of Naval Architecture and Ocean Engineering, Xiamen 361021, China)

Abstract: In order to study the influence of operating parameters matching on the comprehensive fuel con-
sumption rate of a natural gas-diesel dual-fuel engine, a high-pressure cycle model of a dual-fuel engine com-
bustor was established by using AVL-FIRE simulation software. The first-order regression orthogonal experi-
mental design method was used to arrange the operation parameters matching simulation calculation for optimi-
zation and a regression equation was established based on the comprehensive fuel consumption rate. The regres-
sion equation was employed for variance analysis and dissimilarity test. The combination of parameters with
minimum comprehensive fuel consumption was then determined by using the regression equation. The results
show that the comprehensive fuel consumption rate optimized by one-time regression orthogonal experimental de-
sign is about 0.53% lower than that by the orthogonal experimental design, and the combination of the parame-
ters of the minimum comprehensive fuel consumption rate (169.3 g/(kW- h)) is: natural gas substitution rate
40% ; EGR rate 0; inlet temperature 325. 15 K; inlet pressure 0. 223 MPa; fuel injection advance angle 22. 6°CA.
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FIRR, - SEIMBUREL & S HLEAT w0 AR I3, 2B AT G KRR LLER A
AR, A 2 AR Se ALY NO, FIRRIEHENC S o KRR A BRI R . PR e
RS AT S IR T KSR BEEIT R SR 1 % SUBR R & h L2 & P BE G S5
/NFRAELSZ ] AVL - FIRE PR T T P BB R AR SORSSIIR A i 7, 200 TR R RS0 5
PRI . ASSCHIH AVL - FIRE B0F s b 2w FRAR PR, SR JH — W 19 1F 52 1R B 1122
HEZ 1T S EC R BT, S DSBS HAR R B EE TR, T4 S EOS S5 B IFE R 1) 5%
W, XHEFFSEHATIAL, WIIABIRARIMAL . RSt H i,

1 BEFEHERET

41907, C —2 BRI E U s RS impL A0 BB AR SH. BH) 4 G, MR 23.82 Ly firfk x 7F =
190 mm x 210 mm; FrEFEH 1000 r/min; FrEFHHE 2100 N - m; FRrEIH K 220 kW, i EMFER
206 ¢/ (kW -+ h); FRHERIES 12 MPa; R AT 1 -3 -4 -2,

TP SRR k — & RS, WS BCR T WAVE 7R, 2R R BIRIR H T Dukowicz BE7Y ;
VO R RE TR R T Walljetl BI%L; R4 808 RR Fl T Enable Bi7; JRESHIAIBER T Shell 4= i
A, NO, HERGHIEIR I T Zeldovich 4z B,

RS2 41907, C —2 RIS HLIRBE 2 (8 TLAT RS, R AVL — FIRE /i 8 2 (1) — 4 JLfw]
BERIE, B RS 880 DXF 130 SR)5 S A% FIRE (% ESE #ith " | ESE #ihnl | )it
Ry KRR, AR AR RS L TR X B ELBEILEON 8, SRR ], SRRk
S0 1/8 VR, P 1 RS fEEE TR, K EHLSII T & 90 1R s fh 2k 5 05 203
BAS BN GT R RHEA TR L, W00 2 B, AR A B, IRETE AN 5% LAY, LI
ERIRIMERR, T H T EME
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— iR K {E Test value
---{Jj B.{d Simulation value

&L N H 71 Pressure in cylinder/MPa

330 350 370 390 410 430
i 3% £ Crankshaft angle/(°)
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Fig.1 Cross section of the meshes within Fig.2 Comparison between values and
the partial section of the combustion chamber simulation results from dynamometer card
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2.1 ZEHMERNITE

PAE Y ST AFE R B ERAE 1Y) R ARSI FEF AN RE BV MR b S SUIRRL A& S 2855, A S5 I ALR
BIFEA, K HAE N SURBH R Sh LA BE R PP 8 b5, TEBUE T 00T EAT 05 EWT Y . 258 IMAER
Caual = (Mg + Huteng * meye/ Hugop ) /P Ol Hop Pt FIBURBL R BIHLLE GIMFER (g/ (KW - h) ) 5 my,.
NR SR FTEAEPNHFERYSGMBTRE (8) 5 moye WA SIPLRFLEAEIMEAER KRR TR (g)5 P K
LG A INA (kW) 5 Hugye = 50.05 MI/kg RN THIBME; Huyo =42. 50 M) kg S 580 A A
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2.2 FERBRAR

— R ENAIE ARG i B A = . Gt e i A R, P R AR A T IO A AL, AT
LAFHEIRR L0 0 B P9 9 R 0 0. BRI ER (X)) . EGR (exhaust gas recirculation) 3
(Xy) « #ERUERS (X)) BEGRE (X)) BEHRETA (Xs) S AN E R BT — K A IE S5 i,
WFFE A R I VE LA X ZR B MAE R A MR . & R A I AN 3R 1 R, & R A 4
nZ2 poRt

Z, HHRER X, G R (0= 1,2,+,5) o R X, WAEREEN [X,, X, ], X, M X, 50
R X, B AT AR Xy = (X, +X,)72, XEO%% X, HIEAK; &R X, E’:J/E’ﬁﬁlEHEEAl =X, -
Xos Z, = (X, = Xo) /A, , Z, R X, BYgmis, P ——Xf0E, Z, MEBEeEy [-1,1]

x1 BEEMNZNLERE

Tab.1 Variation of factors

? Factor Xl/% Xz/% X3/K X4/MPa XS/( O)
ZAGEH 40 ~70 0~12.5 325.15 ~355.15 0.173 ~0.223 16.6 ~22.6

Parameter range

x2 HEE-KFERBR
Tab.2 Factor level coding table

HFEAS & Canonical variable X,/ % X,/ % X;/K X,/MPa Xs/(°)
KT Upper level (1) 70 12.50 355.15 0.223 22.6
T Lower level( = 1) 40 0 325.15 0.173 16.6
FIKI- Zero level (0) 55 6.25 340. 15 0.198 19.6
AFALIA]HE Change distanced, 15 6.25 15.00 0.025 3.0

PRHUIESS R Ly (27) #EAT—WKIEAS ARSI, g 3 Frs'™ . SUREL R S HLED A KRB 2 L
BIR, FAEEWNREMSEZER], FrLCZHESE 3. 5 S8 A S BAE IS o AE AR IR S0 4G FE Y
THOUT, R s R, BrlL, I =HZAK s (55 9 ~ 11, m, =3), XEERIHHE
SN T J7 R IORG A, ST SRR 0L

®3 MERBERARRITESER

Tab.3 Simulation test plan and calculation results

- G A MIER
55 Comprehensive
Test Zl/% Zz/% Z1Z2 Z3/K Z1Z3 Z4/MPa ZS/( O) fuel consumption
number rate/ »
(g (W 1))
1 1 1 1 1 1 1 1 181.2
2 1 1 1 -1 -1 -1 -1 190.9
3 1 -1 -1 1 1 -1 -1 179.7
4 1 -1 -1 -1 -1 1 1 173.8
5 -1 1 -1 1 -1 1 -1 180.6
6 -1 1 -1 -1 1 -1 1 179.6
7 -1 -1 1 1 -1 -1 1 183.6
8 -1 -1 1 -1 1 1 -1 170.2
9 0 0 0 0 0 0 0 176.1
10 0 0 0 0 0 0 0 174.3
11 0 0 0 0 0 0 0 175.2
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3 BITSHMKL
3 Exy—REPARE
A — W A E S B S 2] T ZH PPN SRR 05 B, XX SO AT A e T b B, K
BENTRAFERLEE .
FIFH Microsoft Excel 2016 X§ 3¢ 3 FPEEIEATACEE , 15325 Gy FER A AR f 1 — IR EHE T R
Y =178.65 +1.457Z, +3.137Z, +1.33Z, -3.5Z, -0.4Z, + 1.537Z,7Z, - 2.2872,7Z,, (1)
¥ Z, = (X, = Xy) /A, (i =1,2,3,4,5) , fRARKX (1), BEZEEMFERN H R RIY— K 5 )5 72
H
Y =-12.967 +3.431X, - 0.397X, +0.645X, — 140X, — 0. 133X, + 0.016X,X, - 0.01X, X,, (2)
P 3 iy 11 st , FIHIEDETRR (1) BRIZEE AR F (e, 5 %04 0 BL(E
PRI L, i 3 iR, PIE IR 2ETE 3% LA, w22V, BEHILL By iy =y B8 Ews , 7T ]
TSR

.1

o 1Jj HAH Simulation value
195¢ m TIHE Predicted value

Y/(g- (kW+h)™)

1 2 3 4 5 6 7 8 9 10 11
R BG4 AL Test group number
B3 ZemEXAEESEIEAFERNELS

Fig.3 Comparison of comprehensive fuel consumption rates from simulations and
predictions from the regression equation

3.2 EEMWE
KR A N Z IR A R A (5 R, SRR AT R (1) BT RF MR R, 4Rk d, K
5 FR.

x4 FHESWE
Tab.4 Variance analysis table
ELy =W
eSSy ows ok BEELRTL g ws oy WEH

source source

Z, 23.13 1 23.13 2.39 * YAVAS 25.75 1 25.75 2.66 *

Z, 107.77 1 107.77 11.13 * AVA 57.18 1 57.18 5.9 *

7, 19.46 1 19.46 2.01 * [B] ] Regression 369.80 7  52.83 5.46 *

Z, 134.75 1 134.75 13.92 * 5% 2% Residual SS, 29.05 3 9.68

Zs 1.76 1 1.76  0.18 SN The sum ~ 398.85 n—-1=10

U Notes: Fy oo (1,3) = 3.13 3 Fy g (1,3) = 2112 3 Fy s (7,3) = 1.89; Fy o (7,3) = 18.67 ; # LB ( «
means significance) (F > F, ) ;5 * = {UEIEH BE ( * * means very significance) (F > F, )
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Tab.5 The second variance analysis table

2 R N % i 4
Difference SS df MS F E%‘ @ Difference SS df MS F E%‘ lﬁ
Significance Significance
source source
Z, 23.13 1 23.13 3.00 * Z, 7, 57.18 1 57.18 7.43 S
Z2 107.77 1 107.77 14.00 * ok Uﬂ Regression 368. 04 6 61.34 7.97 * %k
Z, 19.46 1 19.46  2.53 % 357 Residual SS, 30.81 4 7.70
Z, 134.75 1 134.75 17.5 S S The sum  398.85 n—1=10
AWAS 25.75 1 25.75 3.34 *

7 Notes: Fyos(1,4) =1.61 ;F ,,(1,4) =9.26 ; F,(5(6,4) =1.05; F, ,,(6,4) =3.97 ; «fREEFH ( * means
significance) (F > Fy o) ; * = fURIEFH EFH ( = = means very significance) (F > F, )

R4 A LARR IR (1) BRE, Z, MEMIErem A2, B Z, 197 I f ke | i BT
AFRZEIN, AT IR T 224500, S5 ANER 5 Fron. 53014 N RZXTEM HR bn 52 ) e 2, 18105 5 2
(1) AILAfE e A

Y = 178.65 + 1.45Z, +3.13Z, + 1.33Z, —=3.57, + 1.53Z,7Z, - 2.287,Z, (3)

PEHUE 3 HAY 11 AiRIe s, AR EIE AR (3) BEZEA MR TNME, S5X0 05 EE
W AL, WK 4 s, WIEIEE L, R2E1E 3% LI, Ul s 09 a7 f A midi ohig, 155
B8 T {5 RE AR

O 1/j FL{H Simulation value
195¢ B FE Predicted value

190+

_185F

= 180F

= 175}

=

~ 170

o

= 165}
160}
155U

1 2 3 4 5 6 7 8 9 10 11
54 Test group number
4 FEEREFETENHEESEARKAFERUELLR

Fig.4 Comparison of simulation values of comprehensive fuel consumption rate and
predicted values of regression simplified equations

3.3 kRS
SRR 7 20T TS IR (1) FER A 5 IR IS BRI 0L, AR A I %
WSR3, S TR ELE IR (3) E8 MRFSE B N LA, % i
THRIIER I i 3 T, oK TSC U m, =3, BRI, AT,
FARIRE N SS, = X vh - (X ve) /mg = 1,62, MR AHEN: dfy = me -1 =

FAUE IR s SS,, = SS, - S, = 27.43 | AR EMEER: Ay = A - dfy = 1 ;

et L. F), = (SS,/df,)/(SS,/df,) =33.86 < Fy,(1,2),(F,,(1,2) =39.86) ,

PLER, BEARE (3) KRPIARE, KEOEI7 A SS, &l BEPLIR 2218 B, B UEE ST B A 7
SRR ME R
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W Z =X -Xo/A,, (0 =1,2,4) RATEEMEIEARE (3), &/afdElzEaimFesRn iR R

[BlH 7R R
Y =-15.58 +3.431X, —0.397X, +0.645X, — 140X, +0.016X,X, — 0. 01X, X, (4)

3.4 FEHERENSHEME

H R (1) & AR & 0 1 R A B K/, A5 3025 PR 3R X255 TR 5852 i 19 5T
H: Xy > X, > XX > XX, > X, > X, > Xy, #FRES . EGR FXLEGIMFE R K, LT
BAK, RUPPFEE AR R, MY TFRONMIE, BRI R, IMLEAMFER TS . M EGR %
W, GIRIETER AN Z, AR, MBS RIIMHIR e 4, PUCRIR, LA iR L,

iz [l Microsoft Excel 2010 ZhRE, 7£ Y=0, -1<Z,<1, -1<Z,<1, -1<Z,<1, -1<Z,<1,
-1<Z;<1 WAREMT, MEIREFR (1) K, B8 2, =-1, Z,=-1, Z,= -1, Z, =1,
Zo=1,Y. . =168. 09 (g- (kW-h)™"),

ERZEAAL G 5 B S R H D7 AR B SOAE R IR 6 R, Bk 6 AL, ZEGMFESR
(o] 05 R T S 0 B R LU R T 0. 71% , HIEAGRIRIHRMA (373 Fiksns 8) i,
AR 0. 53% o FIrLA—RIBIAIESS B BEAF R A i, A B T pt e . 28 G ke S dm
MSEH G R A MFESR169. 3g/ (KW« h); RAREMNFEN 40% ; EGR %K 05 #FIRBEH
325.15 K; #ESE J7°H0. 223 MPa; Wil 22.6 °,

F6 —REPFSEZRWHRILE
Tab.6 Comparison of primary regression and orthogonal test schemes

PN SRS HEA I HESE ) W1 T £ ER AL
S IS T - EGR % T {52 e * - e Hl Comprehensive fuel
; Substitution rate Intake temperature  Intake pressure  Injection advance .
Project of natural gas/% EGR rate/ % JK /MPa angle/ (°) consumption rate/
(g+ (kW-h)™")
— Y [all
(A[EUE 40 0 325.15 0.223 22.6 168.09
One regression
bjﬁ:ﬂ»%‘ 40 0 325.15 0.223 22.6 169.30
Simulation
IEZEAER
N =}
(4 8) 40 0 325.15 0.223 16.6 170.20
Orthogonal test
(Test No. 8)
‘
4 Hig

1) izH] CFD %/ AVL - FIRE, {4 41907, C -2 BISEIMHLAYHRLE 2 S0 LA KT, HE N7 XU
R ENHUR e % oy PR AR PG BLRBTAY B IR HLSE 36T 15 S A5 21 1 7R D) [ il 26 5 05 B H A 2 4k 51
HHZRARXT B, PR 2ZE0E 5% LA, BT 0F B AU HERfy, nl T EAF9E .

2) BEHOSUARL A SIHLE) T2 a T SHH T — IR IBH IE AR g0 i 1, #7745 1817 285456
FERZ BRI AR, WS 05 AR ZETE 3% I, MRS 2SI AUREIE R R, W[
H B R, SEbMERE BRI, /s rd e 7 B B0 5 05 B R 278 3% LA, KRR
Fo MIIEH RSN . SRS EGR XL G IMAER M K, RIR R ACR MR E AL
HAEHKZ .

3) —WENHIESRI B RSB G R LA TMFER I/ 169.3(g/ (KW + h) ) ; RIRTEAER
“h40% ; EGR X0, gEEIR)E R 325.15 K; #ESJE S8 0.223 MPa; Wiyl N 22.6 °,
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