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Effects of performance of marine diesel engine by combustion
mixing a small proportion of biodiesel
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Communications Construction Company Shanghai Dredging Co., Ltd., Shanghai 200002, China)
Abstract; In order to explore the applicability of biodiesel on marine diesel engine, based on a six —
cylinder medium — speed diesel engine test bench, under different load propulsion characteristics, the
power performance, economic performance, vibration characteristics and combustion characteristics in —
cylinder of diesel engine burning O# diesel and B10 biodiesel were analyzed and compared. The results
showed that compared with 0# diesel, the output power and fuel consumption of diesel engine burning B10
biodiesel remained basically unchanged, and the fuel consumption rate increased but improved as the load
increased. B10 biodiesel made the vibration intensity of the cylinder head of the diesel engine at 25% load
decreased, and the vibration intensity of the cylinder head of the diesel engine at 50% , 75% , 90% and
100% load increased slightly, and the vibration intensity of the engine body decreased under different load
conditions. It could be seen from the vibration power spectrum density that the vibration response of the two
fuels in the low frequency band under different loads was similar, but there was a difference in the vibration
response in the high frequency band. The analysis of the pressure in — cylinder and pressure rise rate curves
of the two fuels showed that the combustion of B10 biodiesel could increase the peak pressure and maximum
pressure increase rate in the cylinder, which accelerated the combustion reaction speed. In summary, B10
biodiesel performs well in terms of power performance, economic power performance, vibration

characteristics and combustion characteristics in —

Y75 HHA.2021 - 12 - 24 ;&6 H#3:2022 - 09 — 11 cylinder under different load conditions, and has
EL£WH . iR - § (20D22252300) good application prospect on marine diesel engines.

EZEAr ook #(1998) 55 Fe il L, W57 0] S fi A Key words: biodiesel ; diesel engine; vibration;
AR 5795 BRI HERL A (E-mail ) 1553519249@ gq. com,, combustion



2023 A A8 R 2

o

i g 71

PR 35 YL A AE AL A R 21 4t A2
I 4 S B PRI 2 — R A% B A AR 37 R SR
B2 BN T2 SR, RS —Fh L
AR BEIN SN D7 FIU 030 A JEOR s 4 T A 7T
PR B A A TS, B
BIEAR SO, BREAL S (THC) (BRAR 45 A
Hetcs gt L B E BRE EL H 25 AR 1 HE
TR LA R A GE AL 7 R 5 e, 9 A 0 S 7
AL f 338 107 M AR A 8, (L phy T A 4 S o
IR TR K 43 45 2 K S 80k S L B ok
5, S A, DRI/ B TR A P S 7 % ShbL
B R RSB o AR S R YR A AR TR
BRI S REVE LA R BT 1 25 SR 4 e
ML RS HERCHEREFIIR SRR TR, F R G HF
TEN G T R WL A= S e kb ki v R
IR B R 2 AR TR S T A
Fe i ELAFFE 0 4 3 B e R shpl 100,
Sk IR 4T R PR A W S R R L1 B K B
A B AR 42 T IR R U 8 W 18 K, I LR
B RS J5 A% 5 Calik ™) % LA ] A 4 S0 A0 s 15 55
LI TT LA 5 R S IRBERCR , O ELR IG5 K HE IR
i), TRTRRAR 1 R LI HR 30 s Wb e % 30 42 )
RIS IR L Y 5 RV /D 2l L THC . CO HI PM
Hedil A8 NO, HeRca Brighn .

R SCHET N TR S LR B £ 8, T U HE
FEEETR 5 AR T80 5, B GE A Sl i B, 2%
2T AR IET IR 70 NS T4 10 A A S 7E 3h 1 MR
ZHERE IR SR AL YRR T X
THLEAIEZ N , L35 25 55 A 81 207 28 14 A0 S8 T LR
Bk Wy Seih Ik be SRR S %

1 HEE5AE
1.1 X3+

O B10 A 4158 11 ( Fhy S I 0 4 2 4 56 ik
S ARG 9: 1 VAT ) BRAL S AR AN 2E 1 R

x1 BRI

FESEL O#5531H B10 A= 4853t
W (20°C)/ (kg/m’) 820.7 826.9
EFBLEE(40°C )/ (mm’/s) 3.8 4.6
NA (R ) 65.0 67.0
BES/C -8.0 -8.0
RVAYAE 52.3 52.4
R/ ( M/ kg) 43.12 42.59
AFR/ % 0.27 1.26
W/ % 86. 02 85.19
AT/ % 13.70 13.55

TR 6135 XL P rh A A FH S HIL , 156 5%

TMHLFEESELER 2,
2 ABEHNHNEESH

i H S8
K ENHLELS G128Zca
SHELEL 6
HLAR/ AT/ mm 135/150
2R HER/L 12.88
45 Lt 17
HiE %/ kW 184
B/ (r/min) 1 500
HE HIAE/ Nm 1 000
HME R ~F/mm 1 433 x797 x1 236

1.2 &K
1.2.1  SeymdLrERe s br ng il e

DL O#58 3 (B10 A= 49 S0k 799 Bl il ot R 0L, i
TS0 I ML A R 1 LR T A (g R 25%
50% 15% 90% .100% ) T #4750, 4 T o0
JITXE I (A S LA S an % 3 s o Sl AL AT THFET T
SN K T I Dy R A IR 43 i R AR RE T A S
T AR ANGE e, FEm T H A AL RS B AE R S
T S HLEY F B IR VR A i R A v o R
FE PR 1) e o PR A A AL, 2 A B AR R R AT R 1Y)
PRI 3 2 = 1 R S A R 2 SR K
SZ AR I8 it P T 5 2 1) R SZ 3 ZE A g B AT LAA R
] (4% 2 I B2 AR 5, SRR R 10 kHz, LIR 5l
I 34 75 RAE RN By 833 4% B >k 43 A PR sl e 5
1 e A A RS RN A A R A 1k S5 5
FLEAS S, A5 206D P9 1 A 7 7 8 2k M e 9
WRBERHME o R ) s R S VARSI ARG, i & 50
PURRAE T ARG A TR R AR RAEITIH] 10 s,

®3 EHENETRSEHISH

i/ % 25 50 75 90 100
34/ (1/min) 945 1200 1365 1450 1 500

1.2.2 JRsfini B3 75 AR A5
R Bl B 2 07 AR AR AEHIL 4% A ik 3 21
JE 45 BT

b = o (Dl (1)

A a,, KW IRSINHE R T ARE, m/s” 5a (1) Ky
PR JEE BER (8] AR ALY R T R A s
1.2.3 IIRiEw e

B (2) XR B0 A 5 24T 3 75
FET JH3A5 B D R385, IR S W iR 3 7 45 R
L P RE RN o R T (S S R T , 3



72 CHINA OILS AND FATS

2023 Vol. 48 No.2

ST NG , B R B B B S RO E N
172 Pl D2 2 B s, oA T BE A% 58 i B I
NS AT )15 0 RN J S B[] 8 FET 3y
MERE R 256,
- IFFT(WtLth,f)I XA17 (2)

s Do Ry D) 3245 %5 B2 5 v, oA B B 3 i e 2
555 W, I BREL; LR RAE S5 A SR i ()
B 5 SRR
2 HRESW
2.1 FHABRRERZFHEE

1 R HEFEREVE TS O#523h A B10 A=) S8 I 7
AN[R) G faf TO0 R TR0 L 2R

160 T g guseyy

140 —a B10 A=45%m

120}
g]OO-
= 80

60 |

40 +

20

w

25 SO 75 90 100
/%

Bl 1 O#5Eih B10 45 ih B Sk BEXT EL

NS W= g o Al O 9 DR SR TH T )
S B 1 DR AR — 2, UL B1O A= Sl 1 5)
JIPERETT HRAT R4F (4 nT AU

P2 bR T O# 2583 AT B10 A= ¥y 583 e
AN} G T AR 3 FET R RT FEEE R

—a— O#5EIFE I
40 r—o—B10 A= ¥y 4l #Eh i 1275

R ATE =
2 [~ B1O M SR 5 1265 =
"E 30 I N
E] 1255 _i
= 20} 1245 %
= v
= 1235 %
1ot NS =
DNty EEEEEE S LR
0 ; ; ; ; 215
25 50 75 90 100
45/ %

B2 O#5CiH . B10 A5 & tERExT L

HIPE 2 m] & S P A T ) i 2 B
Aoy R B v T, L IR) — S A 00 RR T bR il
AOFETH 2 AR /I o S HH O#5E3H (B0 AR 49 €t 1Y
AR B S Ay 1 I TR AR, 7 0y 00, Al
AT R . e — T T 00T SR 0#5€3h
FOFETH R M T4 B10 A= 97 58ih 9. H 4% BIO
A S R A R R BE A B B R ASCR  H B10
TSI IRERE (42. 59 MI/kg) /T O# S IR
I (43,12 MI/kg) , BARAY AR AAE Al BE 52 i FE 3k

U2 A B U RN, B B1O A S5
AFETIN AT T O#SIh Y, 1X 32 202 I R AR f ey
TOUT, BLO A=) 58300 B v 3 L IR 25 S BUR I 55
R TR AR BEA R (BB 56T 9 T, B
S SF TE] A 0 5 394, 2 418 v L PN BRI 1S
B1O A=y 4 i e b RS A S i
2.2 RFHHH

K3 NAE S MRS EIEERRE T 00 T, BA ] O# 5
45 B1O A 4y 5% T 5 2 (] AL AR 1] 9 I
Ak B4R Sl g RE 2477 MR

—m- OHESIN (T 35) —m— O#ZEII(HLIA)

[ -&- B10 2= 5 ih (i 75) A
—— B10 EY 4L MBLIAK) -4~

- A _m————-—"4

[=)]
(=]

wn
(=]

//A //r’

- -
B8

o

IS
=)

P B3 B 2 5 HRAE/ (m/s?)
3

20
10 : ' : : '
25 50 75 90 100
Tt/ %
B3 AEHEEE TR TS RN S
R zhn i B 15 75 R1E

ML 3 ]G s, Bl A A (35 O, R O# 583
A1 BLO A=y 4 3 78 BT 35 AVHLAA &b B % 3h sk ) 35
TR B AN B 5 o A G 55 I A Ak, B fer Ry 25% B
BRFH BLO AR 553 i F 2 Jn 3 3 35 5 R /N T O#
SRy, /T R AR 6. 02% ; 11l 50% \75% |
90% 100% B}, % F B10O A= 41 56 ih A0 9% sh Jon 3 3 15
FTARME R T O# 583 1, 430l &5 11.22% (12, 05%
9.06% 15.78% , TEARGff T.00 N, BAbe % NA 2
2 G E AR IITR &, B10 25 9 48 i ) {15 44
EFRE S BOLR BT B T O#25 I 5 i F-2% ; 78
A TOLF S ALEE— A TAEPG 3 T Wiy it b
Th A E O#25 30, B10 A5 1 5530 1) & SRy P BE A%
FIBHAER  AEASET N R ) L TR s, 53 4, HE
ERAE T B10 AW B b L e 25, R 5
SIS, T T B0 BLO A5 9 5 i £ T 55
I A P B s i B X O ARME R K #E 5 R far
T REFH B1O A=W 5 s AT AR Ak 1 % Sl R 2
JrRRAE Y /N FREF 0# 5830 (%, HL7E 75% .90%
100% 19 ffafaf T8, 9 4R Sl ekt J3 35 5 AR A 25 ¢
25% 50% fifap T80 T 34K, Ui Bk B10 A 4 4
TH AT ARSI o5 4 1 4 s B2, 0 LA vh s 7
i 0T, 8 R F L qm LR sh A0 et | 38 i 2 AL
A M ARET G,

h T 2 & ShHLT- Rz B e AR P AN [ i
AR [R— e T00 F B4R sh RE 1% O, XSHR Sh 5 5



2023 4F 48 & 55 2 ) T

Ll

73

G LRI AR AR B 55 DRI

M4 o 32 38 B 14 NEyTN
BEAT I Y o B4 S SRS 0#
S B10 A= W) S M AE AN ] HE 5 R 1k T 00T Sl AL
801 80 v 80 .
— — O#2EH = — O#2ETH = — o#Seh
T 70L — BIOZAMEEm T 70} — BIOEMSeH T 70f — BIOAEWEEH
g g g
= 60 =60 = 60F
=l ® g
B 5 e
g 50 g 0 g 50
¥ ¥ 40 ¥ 40
5% = =
30 1L 1L 1L 1L ) 30 1 1 1 1 1 30 1 1 1 1 1
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
i %/ Hz BiR/Hz i/ Hz
a) 25%A i b) 50% 11 fuf ¢) 75% i
80 -
2T — owei P
T 70} — BI04 T 7oL — BI04
2 3
S 60} Z60f
= g
5 e
= 50 g 50
¥ a0l #
= 40
30 1 1 1 1 ) 30 1 1 N N N
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
B/ Hz B/ Hz
d) 90% 1 fif e) 100% 11 fuf
4 AEEHFEIATHSNRLNNRLEZE

P AL 4 T Y S AL FH P b 3 i ) 3 25 3
W EAEAE 2S5 DR B2 18 1R A W S i 2 X S B
) AR IR Sl A0 643 A 1 A . 7R AT 1 000 Hz fiY
A B AL 5 Fh AT T B2l 283 5% B i e A T A
EBTIRFH B1O A= 7 58 31k 1 O#5% T 76 5 i HLAR A7 B
K B S0 157 KA, 3290 B AR 2l ) 7 3 T o 1 S
TSI BN 1 R ) b AL R B SRk 1 [ A 3
ShAE L AL IE A FE 5 R 5 7E 1000 ~ 5 000 Hz
() AT , 25 % AR 777 T, O#BE I (¥ By % 43 2%

JIE 2R AR 5 T B1O A=W 583 iy, Bd WG 6 A T
DL HAGE BLO ARy S 3k 7= A 1) i 20 g 1o A 1 T O#
5l 550% \75% \90% \100% His G far TO0 T, 0#5¢
T DA 5 2R AR AT BLO A=W Sl i,
Yl W s BT 00 B #AE B1O AR W St AR R
B AR G T O#S&M . HRBE mhly | HEHE IR VS R
el (T AU o R PR A A R 2 R R e A )
DI L oA AR R IR B L A AR

707 701 701 ;
< — o#keil = — onkei o L
= 60 — BlOZE#se = 60 — BIOZE#se = 60 — BLOZEFS
g 50 g 50
=40 40
3130 30
g 20 20
10 N N N N N L L L L ' 10 L 1 1 L 1
0 1000 2000 3000 4000 5000 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
$i R /Hz PR/ Hz Wi /Hz
a) 25% 1 1 b) 50% 11 fif ¢) 75% it
_Tor — O#¥Eh _7or — O#5EI
260t — BI10 A:#44m = 60 — BI10E¥5eih
@ A
= = 50

0 1000 2000 3000 4000 5000
A%/ Hz
d) 90% 71 fuf

1 1 1 1 1 1
0 1000 2000 3000 4000 5000
$i % /Hz

¢) 100% 1 i

5 FREHEHEE TR TGN SRR ETE

[P S BT LA 04 30 5 0 B
B8 IR B 1 TS 05 W 7 0

(AR ARAE 900 Hz 7247,0 ~ 1 000 Hz i [l 4 Iy 5
T IR BT, UL B10 A=W Sl A 0#



74 CHINA OILS AND FATS

2023 Vol. 48 No.2

S S LIRABAL AR S AR . 7E 1 000 ~
5000 Hz f) it BeAd , AN R 64y 00 T4 O# 5k
1 Dy R P R A 5 TR ] BLO A=Wy S i, 15t
Wk be B1O A=Wy 5% al ARE ML A4 i A 3l , i
A HE S PRI A AN R A G, B S i ]
PAGEHR eI 7 ST
2.3 SRR

Nt —2 T i SEAILEL A R A B0, XL A
Jis F1 A TS A h b e 1 A2 I AR R AR B A5 5 2R A7 20
B, el 7 T3 Tt AR 2, I il e AT
AbEE, 16 S AE 50% Gfir T00 & PRI A9 6L A
Fe SR F1 Tt R

- 10.45
0T opeqm 10.40
B10 £ 4¢3 :
30k AW S {035 =
1030 I
2.0 i =
E Lor {o.15 j;‘g
=y ok 10.10 =
10.05 R
“1.0F 40 14
1-0.05
2.0 L L L L L ~0.10
260 -40 -20 0 20 40 60

A7 £71/(%)
6 50% G fa LA T AFAHINEIAES JEAFASEHLE

H & 6 & Y, B8 B10 A=y 5eh iy 5T i & 7 it
AR TR 2 ih 34 FE 5 TR 0#55 M, ixX 5
PRI Y 4 B B 25 5 G, BIO AW ST AE R i
FUBRRL 25 KX 25 5 R B IV B S 2 T O
PRI 5 T A S R R T s g e
3 &

R T ERFE ARG S AT LR FH B IR/ EL A 4
SEI (B10 A= Hp85ih) F O#5E M (K PERE 22 57, 78 /S L
DU P AR A S HL AT S RhHERERRE T 00 R A
By, SEHRFN . OB B0 A=Wy S8, SE3h LAY b
B R FRE I 5 R O# 58 I AH 25 AR KRBTSR A
FE Tt AR R g T A s . @55 0#255%H
FHEL A B10 A=Wy 5t e 25 % IR 67 faf T30 T 1) 4
THHLEL 35 AR B ZURE S [, Her AR5 B 2l e 1 AH
B1, w5 431 B3 R 2 Wi By A /D 55 5 R B10 A= 46
MTE 50% \75% .90% 100% &5 i fay T. 00 T 4%
BLET 35 Ab 4R 2h ZURE LT, v AR50 B2 4k 2 v 7 A
1L, e 41 B i s e A7 /P38 5 ZE R R A7 fer T8
FEH] B0 A5y 5% i #4073 ARR S T AILALAA (1) 41 2 B
JE , Hod  AERARBER sl i i 6 A — B, v 4 B 19 4R 50
M A T R R IR B10 A=y 531 7T L4 e &6 7Y
FE WA AR R ) 2% AR T3 m SRR R %
BeR, SE L EEARFE G TR, B1O A= 4 59 £ 3)

JITERE ZEUFPERE Ik SR AEL N SRR A5 1 D7 T X

R R TEMARSEI L T BA B i I

S 3Lk

[1] SHAHIR S A, MASJUKI H H, KALAM M A, et al.
Performance and emission assessment of diesel — biodiesel —
ethanol/bioethanol blend as a fuel in diesel engines: a
review[ J|. Renew Sust Energ Rev,2015,48; 62 -78.

(2] NI, VLE AN, A8 T, 55 5 TSI LA T A ) S il 4k
S IHAEIRLER L) ] MR T AR #4412, 2019,40(3)
468 —476.

[3] MLhs, skgise it 4. AL SR F - T 58
/AR SR G BRI R e SR SRR S [T ] 7T
TAERETR ,2018,36(3) :334 - 339.

[4] MOHD NOOR C W, NOORA M M, MAMAT R. Biodiesel
as alternative fuel for marine diesel engine applications: a
review[ J ]. Renew Sust Energ Rev,2018,94.127 - 142.

[5] KAINAR P, ERk. SR O#583h F - T 53l A2
S A BE M HE I ZE = A L) ] Bl BoR 5 TR,
2018,18(8) ;203 - 208.

(6] 7=, E-0T, 1 A fe, 55, 42 HI S AILIA A A 1 5
BB HERCRRERT ST [T ] R E RS R, 2014, 34
(10) .2458 - 2465.

(7] 5K3E0H, 253, RO, 55, SEMPLRT F - T S8/ 429
SRS AR IR be AR LT ] o AL
#z, 2022,43(9) :109 - 115.

[8] CALIK A. Determination of vibration characteristics of a
compression ignition engine operated by hydrogen enriched
diesel and biodiesel fuels[ J]. Fuel ,2018,230:355 —358.

(9] Wb, Bhie, 5235007, 45, A2 HISEMBLEA A= P S8 0m i HE
HCRFE [T ] B TR 44,2017 ,11(11) : 5972 -5977.

[10] A RIRH. 2 TR 3015 5 M43 1 St LG BRIk
BMEDAFFE D] K5 R IR TR %, 2019.

[11] SR, Y A, B 42, 4. DICL & shHLIR T A ) 5 ol
PRENFFPENTFELT]. R IEG,2019,44 (1) ;148 - 152.

[12] HOW H G, MASJUKI H H, KALAM M A, et al. An
investigation of the engine performance, emissions and
combustion characteristics of coconut biodiesel in a high —
pressure common — rail diesel engine[ J]. Energy,2014,
69:749 -759.

[13] ASOKAN M A,SENTHUR PRABU S,BADE P K K, et al.
Performance , combustion and emission characteristics of
juliflora biodiesel fuelled DI diesel engine[ J]. Energy,
2019,173.883 —892.

[14] H el S PLE Re L iR T BORAFFE [ D] HEK
R K2#,2001.

[15] IR, B2 TR 3015 5 09 S8 AU AR R R e e 1 23 B
[D]. KJF . KRBT K2 ,2020.

[16] FREGH , #/ N L, X TE0E , 55 AR5/ DMF IR 00K
XSGR AR B A2 [ ] Rl 54K 2017,
23(2):104 - 110.



