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Abstract: In order to achieve higher thermal efficiency and lower emissions of methanol/diesel
dual-fuel engines, an independent dual-direct injection system was built on a single-cylinder diesel
engine and the operating range of the methanol/diesel dual-direct injection engine was conducted
experimentally. Results show that the indicated thermal efficiency decreases with the increase of
the methanol energy substitution ratio under low engine loads. But the increase of the methanol
energy substitution ratio benefits the improvement of indicated thermal efficiency under medium
and high engine loads. The highest indicated thermal efficiency of 43. 4% could be achieved at an
engine load rate of 79.5% and a methanol energy substitution ratio of 52.4%. Meanwhile, with
the increase of the methanol energy substitution ratio, NO, and soot emissions decrease, but the
opposite trends of HC and CO emissions are observed. Besides, the maximum methanol energy
substitution ratio and its influence on the thermal efficiency of the engine were investigated under the full
engine load and it was found that the maximum methanol energy substitution ratio of the dual-direct

injection engine could reach up to 96. 0% and the indicated thermal efficiency first increases and then
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decreases with the increase of the methanol energy substitution ratio and reaches a peak when the ratio

increases to 50. 0%. The research can provide experimental and data support for further optimization of

the performance and emission characteristics of methanol/diesel dual-direct injection engines.

Keywords: methanol/diesel dual-fuel; dual-direct injection engine; methanol energy substitution

ratio; operating range; thermal efficiency; emissions characteristics
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Table 1 Specification of the test engine
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Fig. 1 Section view of the engine cylinder head
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Table 2 Physical and chemical properties of test fuels
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Fig. 2 Engine set-up and instrumentation layout
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Fig. 3 Experimental operating range and indicated

thermal efficiency contours
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Fig. 4

combustion process
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Fig. 5 Effect of methanol energy substitution ratio on the

combustion characteristics
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Fig. 6 Effect of methanol energy substitution ratio on the

maximum combustion temperature

Kl 7 IR & s AL B fer 22 R Y I AROR AT R R
FEF Thm B sg . iR B RO, B % & S L G A S
B, e RIS T 48 . 7E 85. 70 K sh LI far
THF . FE B R EH 18 1% m 547, 8% . &
KIE S THE R 0. 61 MPa/ () #5150, 76 MPa/ (),
P JBEE £ o A A5 T YR R b L 81 1, 9K e R 4
o IS BT N e KR TR 4 . WA, K 3l

http: // zkxb. xjtu. edu. cn

0 161 211 0 6. 181 478
HRERAR R /%

7 R AR i K ) T 3R 14 5 T
Fig. 7 Effect of methanol energy substitution ratio on the

maximum pressure rise rate

Pl 8 S AN [R] & Bl ML A7 fif 28 T HHY s AR 23 X 7 21
AR, AT LLE AR AR B A T R
AR BN BRBEAE A AE sh it . B, 78 40. 0%
RS 2 TG B AR 4 i 096,16, 1%
A 211 26 B B 96 2R A2 2 43 5l R 3. 96 %6 . 4. 01 % Al
4041 %, X RO FEAR B fr 38 AL T S T P R A
AR W5 AT 8 PP P v PR T Im s, 303 1 S i A%
TR AF T BEbe i R M. BB & shbL B fop
A1 T, R GEAE B AR Sl B AR, 3 M R P A b i R
INAEE . AR B iR RSB A TR A
ORISR R R L TRV, B R Y B SRR
P BB 8% £ 1508 58 3 5 1) 312 T, 0 T 394 5 R e 1) B
P B FE P E R S HL AR R B AR
RN, BRBE RS E TR =

40.0% 11 fuf 56.5% 171 fuf 85.7% 171 fuf

S

)
T

IMEPHIfEIA 25/ %
[

=]

0 161 201 "0 6 181 478
HREE R/ %

P8 T AR 5 X 41 B A% 2y 1) 5% i
Fig. 8 Effect of methanol energy substitution ratio on the

cyclic variation

L 9 R T % S L B 67 3 T T e £ 5t o 4L
RSB RE TT LL HL BRE % 2B 7 o




76 W % oz M

857 %

PN

P NO, HeBs . 3% = K AE & U R R T
PR 8 T B2 3G K L T 22 () O I S et 4R s T KR
4 Jea 38 24 o B DT FE T PN B R L L BRI B
AFF NO, ISR E . 6 R K 3Bl %
L Bl P EE AR AR, NO, HEBOK P REAL, i
CO Fl HC HEBOK 4 & . 150, BB A ¥ ) 200
B T IR BE LA T NO, B e kL %
KHEIR I S B T ET R RHR A A,
BEAR T R Mt L e Jm A b s R S s i T
T P9 TR R LR i R PR, BE RO AR R 1
I NO, HE i BEAG . 6T PR BT REOE A T R R
(R Btk B, 5 SO 2 1 KR AS BB 58 & U1K, 1 K
T HC R CO HERCA B, MR &M T FEES
OH J& 52 N AR B 6 PR BRI Ho O, 34 T CO Y
AR, TR FEE A T B KRR SR Y
FEK B 2 (1 H R et ot S 8 3 T RE DX, 2 0
Jin HC A1 CO HEL .

=107 40.0%fi % 56.5% B % 85.7% i fi %

. >

)

= o,
= C_Jco
B Ire
£

n

= 05161 211 "0 116 181 478

R EARR /%

B9 BB AR R H A HE A 52
Fig. 9 Effect of methanol energy substitution ratio on the

regular gaseous emissions

B 10 9 A [ ¢ sl AL G fep 50 T H e AR 0 ik
HEHER A R0 . B A Sl AL DA R B 4R R L B A HE
TRCHE TN S ik g S e I R T OB 9 R 2
FO AT F TR AR B A2 . AE TR — e shHL A R T L B
A PR AR A 1 0 o ok A HE B R ARG . 3 2 TR Dy S
T T S5 ) ek /i 45 22 B O 8 S /b R T A5 T
BRI HERC . [R5 KA 3R 013 Ay M) 3 98 2 G
R IR R DI, AN L R IRLEREE T L A R
Rt A M TR B A A . b Bl PR LR Y
ST e A HE T A
2.3 £AWMIREXREBERENERALEN

=1

G EN R = U RN B ORI S Z PR T
HLARHRBE T S 7 5 108 o i I S 2 20 (—117)
S AR MA LR I T T g 230 MU 552 B PP e AR R Y 42

http: // zkxb. xjtu. edu. cn

1or 56.5%f14if %

40.0% Ui 5 85.7% 114
0.8+ _
0.6F —

0.4

TR (g » (KW < b))

0.2F

005161 211" "0 Mo 181 478

B /%
P10 B Mo 3 0 0 AR R A 194 52 i

Fig. 10 Effect of methanol energy substitution ratio on the

soot emissions
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