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Energy efficiency model of marine main engine
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Abstract: According to the hull-engine-propeller relationship, the energy efficiency model of
marine main engine was established based on the energy transfer within marine power plant and
MATLAB/Simulink simulation platform. An inland river cruise ship was chosen as a research
object, and the open-water characteristic curves of propeller were obtained by using the
regression polynomial method according to the parameters of hull and main engine. Several
sensors ( such as fuel consumption instruments) were amounted on the target ship, the
instantaneous fuel oil consumption of main engine, the marine speed relative to ground, and the
marine speed relative to water were collected, and the real main engine energy efficiencies were
calculated. The distribution characteristic of water speed was analyzed according to actual
collected data. The energy efficiencies of main engine under different water speeds and marine

speeds relative to water were calculated based on the simulation model. The actual data and
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simulation results were compared and analyzed, and the model was verified. Verification result

indicates that water speeds are almost normal distribution with skewness of —0. 032, the one-to-

one correspondence between real energy efficiency and marine speed relative to water is not

observed, but their relationship is a scattered distribution with correlation coefficient of 0. 824.

The established energy efficiency model can accurately evaluate the energy efficiency level and

changing rule of main engine in navigation process, and the error is less than 10.5%. 3 tabs,

11 figs, 26 refs.
Key words: marine engineering;

relationship; fuel consumption; water speed

energy efficiency of main engine;

hull-engine-propeller

Author resumes: FAN Ai-long(1990-), male, doctoral student, +86-27-86582280, fanailong(@ sina.
com; YAN Xin-ping(1959-), male, professor, PhD, xpyan@whut. edu. cn.

0 3l

AR Bl R A8 W2 1 PR A 25 % T
i 28 A ) LB B e R . AR [ B T S 2 21
(IMO) 2014 4 1) i 2 AR BF I, BRI L 7E
2012 4R CO, 290 9. 38 42 M, 5 X 4F 42 3k CO,
HEBCE 1 2. 600, Bl A2 i i G R R 2R
AT BR 1 & BRATIE L TE 2050 4R 1 CO, HE 24 2
TE 2007 4FEJEAl F36 0 150 %6 ~250 %, i i) (5 A BR VG
LY CO, HE AL 0 L 1)t oK R i 42 5, oy 1206 ~
18968 o A i = M M HE R P 3 32 b 1F R 32
R SR T .

TR E R Z= SRR IMO T 2011 48
7 AAE IR 2 (MEPO) 5% 62 23 i I
i T MARPOL BRI 6 & TE S8 B M AR5 4 22
SRKFTA 400 t BLE A8 i a5 i S04 87 36 A A RE 20K
THEECEEDD , Jr A A A 5 i ST i A0 BE 208 B
% (SEEMP) , 3§ F 2013 4E1 H1 HEA %K. HHAfE
RO BT S i 32 Aol B2 T I 7 s RE Ak TR KR
(Energy Efficiency Operational Indicator, EEOI)
VB M T R Y LA A B G i R B CO, i il K
I S A JE I E B 1B AR CO, i Rk £ A
o IMO B8 3 HE 7 ™ 4% 19 CO, TR 260k X il
A CO, HERCIET A . 2845, Bl S8 A A% 1 1
Wk« A2 A L 7E S BT R 3R AR AR i B 5 4 T
P RABE R D7 ikt A IS AR . T B AR
AR 55 i 2 R T A i 2 BB AR T I AT AL i
L2 2 B AL I RE CHER 8 1 A

AR E G2 BE AR B S AR MM AE A HIEER R,
BRI IHE & A5 000 90T R 50 2 55 AR ) B 5 2 A IR B 13 e ROV
Y FI4ETHIF I B SRl . Leifsson 45 ) T 45 4 28
2 RN T HRIC S T BRAY 2 bR BT L B4 LE

[

BH 7 v W DA RCT 00 9 A€ 5 Shi S g ST T 45 R
{18 T T 00 A 7R A ] 5 4 SR FRASER O 4 1) B2
A7 6 M AN B FE HE AT VEAL 45 2R 3R TR T )
i T A0 RERE M 25 A PR 5 Yan %63 a3 Xt BP
N T 25 ) 45 A AR g 2 ) I s 7 T 38 T N T
AR E B RERLIY BP N b 8 X 25 A5 AU, I 1) ] 52
FF S0 36 UF T B f RS M S T SR,

Bl B 15 B A% I AR B & JR A A Tl R S
T AR AR R T RE S 0 A A AL AR AT L
T VEAR AR 04 5 32 BRSO o S X i E N A E
E RS A, Sala Sl g, T IMAE NS
RGeS B T W AE A [ #7E 00N 1978 18 RE AL
IR s Barro SRR — 8 B 0 AR AR A L 45
TS REAL M R G BB 8 AR MY AR AT A B v S
W F=HLE 17 8 s 5 TR = AR HE O B 5 Sun 2§
XTSI A W00 1 R AR RN 40 BT T 38 A PR A TR 2R R
B B RERL R RZ L I ST T OMIN B B BRI AT AR
RULN s Coraddu S5 4TRSS 5 12 500 K A0
A HE A 5 AT 3 5 KT 45 B B8 2 B0 Sy BE AL A
2 ia SR RIS B Al AN 1) iz se At
B MR A OIS I EEOT A J i B 48 3 ) vh
FE LI EEOT 88 24 06 B AT AR CO, HE S
HATGETT . ok X EEOT 5 HAth 45 % (4n BSR 45 %%
A INTERTANKO #5580 ) o3, 8] T EEOI 45
B RE 2 P AR

25 B RIR Y HTER X A IA S B RE R T .
ALHE 2 843 o T A0 e AR T 1) 5 52 BE s B
%5 3T S W R BT TS . AR SCEE R
R NES RN EVLE 1B Re SRR B S
B UEDE oY . M0 S AR R A S AL AL
S, A RIS 5% 0 09 35 18 RERBOK P 2
AT H RS R T A 3 B B B BB BOK T



# 4 H

ER LA E AR 71

SZ UL TE B PR AR R AE R R A AR A
SCAR YA AR B 12 RE s B e L8 30 2 T AL
A E AR FISC A - HILEE 73 B A J3E 3 S7 A A0 32 B B9
Bz BERURE Y L I L i S5 A R4 o A TR AT A A
Fr B0k s BF S EALE I8 e T3 7 15 S LB
AT 1] T A0 A BN B3R 2 Al 3 B
195 32 BE AR T B 7 A AR 2R 285 A A0 552 I g
LB 05 R I T 5 T AR M T 3

1 MHEEEIEN

W05 12 RE A HE B [ s Vi S5 AL 203 1) i
W0 7 2 BRI s U 5 S O P 2 S 0 S B LA T B
1o AR RO AR B B AR R R AR R CO, HEL

TE 2009 4F 7 A 24719 IMO W R 5 R P & R
255 59 A L. (I EEOT [ a4l 5 )
AT A RIEIZ TG’ B — DU AN 7 A RE RS 2L
fFRRN

DFCy,
f== mS D
K Fy SO AT IS AR A 5 i Gy ol
WRam 7 1 CO, HER Fsm R ANZER S BR85S A
MRt LR

EEOIL & 1 F i A 7 $H 32 i TAE 09 #5045
THCET M VRO AR SRR TR A
T E B S B CRIRAD &, AU 4 i
ST AR P S A R AR L A b T BRI R A
2 aEHERLIN.2 GRS 2 kB LML,
i U MR AL LR A L R R SE T BIL 1 ek A B 5 43 8 R
459 .30 % .25 Yo » AR ZE ML R WS A0 e R A RE I B2 75
ASCLA E WL E 12 e 348 B WE T B bR, 45 6
(1), 1538 EHLE ISR E N

E=Cef Rar = Cufda )
A Q AMHNFEAAT T EHLIEFE R S T i 59
F LA BT [H I FE 5 Coo A 2800 1 CO, HEH 75V,
R P AR B AT 5 ¢ SR LA T R[]

2 MRUWLRXFERE

A ARTEATA T I AR 2 BK 2 BRI R,

N T SENRX BB 7 BRI E ML Kt — € 1 Py AR e

SIRBER 2 7 A HE SR AT A9 HfE ) T fRRIR

T IS ECH ko AR LAXS K A2V, ST AT I
BRI B 1) A S ) A T AR AR 2 BRI BEL T 0RO

R = kT, = kT (1 —wy) (€D

b T D RBEAR A RHE T 500 JHHE S 4

AR B T2 P, SE 5 25 vl e o f
R A AR AR AL R BRI A o ey T v 1] 52 3 4% b EE
AR IR SR B A9 DR PN TR E AL
RE Y& Sl €I ESERE-Sol Y i SEF i1
[ ZAIAL A8 A EL A T e 22 5 Al b o i BEL 3 1) A %80 50
R Py, P 5P, P 5 P, KRRDHN

P, = P\/q 7, 4

Py, = Po/9,m7, (5)

P, = RV, /k (6)
1wy

o 1 —w,

Kt ep WA B ROCR s N R LR Ry, ke
RS sy o RS IOK IR 5y DRy AR N T e 28038 5
wy AT R

A A A R R AR BT b gl — > e L PL 2
JHY RE B 4 R 8 HL VR BRI SC R LA 1.

P, ) R
—__ o P| I—
= ez 1L —

T
W e 3%

I BHLRXR
Fig. 1 Hull-engine-propeller relationship

BRI T Ry
T = Km’D' D)
A K T R B o KI5 L 5 n g MR E 2K %
WD NIRER B,
WEE R R R A T RIROK R g, SR
_ & A —w)V,

nD nD (€]
K.J
7]3 - 27T[[<Q (9)
SV, IR K o P R A
BAr = (3) (7). ()T 15
Kr _ R
JP o —w) (1 —w)*ViD? a0
War ) ~ DB BN FHE B P,
315
p, _ Zrkon D'Kq .

M2
AR S AL 1 il 2R 3 R B 3 LR R
g1 W ML AL I [ FE g
g — ZT[kBVZSDSKle (12)
iR/
N T AERSRARUAT 1 R o 3 25 M 5 4R AL REROK
P ) BEATR MM B . 255 A2 132 AL



72 X @ E

I £ ¥ R

2015 %

B2 BE AR B AL H AR AL, - LA i 3 ML AE 0
Trad B B BB SR, ik =0
_ 27Cy /eloD5 n’ Kqgi

e = dE (13
m 7 Vi
e O T HLE iz 3 25 B8 IR B CF S Ak EHL
AEXIO .
3 EHlSHh

LAKE PRSI i O S A CIEL 20 S 49 R R 1
BL A AR T 2 S 1 EALRE OB AL L 1 T 55
A A0 A AN [ X8 KT 3 T 8 2 MILBE 28 AP A AR 1
JILUR _E K AT 2k AR S R 4R 114 SE AL S BN RE S A
AR X 7 AT T R A A5 3 S B ) AL RE AL X EALARERL
HETY IEAT B E

&2 i I A
Fig. 2 Cruise ship

3.1 MESH
3011 AsAn A
RIS ANA AR 5 FES B 1,
F1 RERBSH

Tab.1 Parameters of cruise ship

BEAA B /m 80 A FE 14.8
Wit XK i /kn | 15,12 TR A 28 S/ ¢ 4 587
BIE Y 0.55 ENDES Y4 0.73
FHLHE T A/ LW | 960X 2 |FHLEE F% 3/ (r » min~1)| 750
e 2 - R A 4 % HAR/m 1.74
2B L 0.793 L H 0.7
3.1.2 #EFHE

(DX TR HITTE RECH 0. 54~0. 84 [ fify
AR DL v BROL 2 2ot 58 4 0 WA 53 5005 P 4
530k
(14)
15

w, = 0.5C, —0.18
w, = 0.7C, — 0.3
K Co P ZETE REL
W1 gl 2 R BAARX 4 . (15) .15 2]
w, 0. 211w, H 0. 185, [7] WF 7] L1531 1 & %%
1,03,
(2) XA g RATLEL AR AR B il R AL R RBOR N

0.98, H T F 1 Jal 2 14 56 4 . S Bl & A% 3 &R
T 2L UL 1A 8 A AR, — R 0. 96, 7E Bk b BB
IR W R %o T e 2803 — MR fRL BB 1
3.1.3  ASAATE A1 5 EAUAF M 2%

FI I Holtrop J7 i 45 21 A A i BHL 7 b 26, L
3o MR Ak 2ty £ nT L p A AR ORE 2K S SR S A A
B 32 By BT

120 -
100 |

80

FE F3/kN

60

40

20 : '
6 8 10 12

i A X5 7K 9 kn

B3 By

Fig. 3 Resistance curve
HAE AT AR ML) AT & 2800 Bs 15 2] B LR
PRl £, DL 4, LRI LSRR T FHLTE A ] I8
A7t far T B FE R 8oo

245 -
235
225

215

EN M FEZ/[g (kW +h)"]

205 : ! '
200 400 600 800 1000

EHK HThR/AW

B4 LR 2k

Fig. 4 Characteristic curve of main engine

30104 Ak R BOKAF R

THEEAR A 3B RE 2, W ) TR e 2 1y K
P RV IE 2 A0 R HE SR R AL T T HE ) R R
FRBUCG MUK . A TRy 22 8 A K b 42 Y
B AR e R R 51 8] 9 22 35 2 HE A 25 G I A AN
IR 1 BAR S8 i@ ok g i) MATLAB )%, 231
BEE I B OK EEPE 2R . B BB 4 ml 9 2 15 R

Ky — i}c] (%)d (%)“Z“ (16)
Ko = i}cm]»\ (g)“ (%;)Z an

A CoNeE i ANMEIHZI R LG sva w0 205108
X I A PR A 8 AT A IR B2 S5 A R M AR R B



# 4 H

ER LA E AR 73

R SARIE s A, MR 4% U O D
0 T B2 T 5 A fy MR e A L5 2 M 3
IS

WS HOK R 2 5 B LI 5

0.7 +KT 9 6
—— 10K,
0.6 —a— 1),
05k —v—In(K./J?)
- 42
3 04? g
g 04 3
= 03f =l
M 12 =
02
0.1
1 1 -6
0 0.3 0.6 0.9
J
5 R A MK A 1 o 2K 5 A B ot 2k
Fig.5 Open-water characteristic curves and auxiliary

curve of propeller
3.2 ETF Simulink By £ 4 gL R

T ALIR A3 BT AR TS A0 TE — 0 K A B
AR K BUED V., R 9 SEHLRE 25 H A B3 28 B
mr.

Step 1+ 3% W — 21 M A0 5 P # ZK M0 2 . X5 A A
BH 7 il 4% 1 47 4 8 49 210 9% 41§ K 003 T i 4 52
LTI R,

Step 2: FIFHZ (10) 8 In(K/J?) , % 12 %
B IIZR J-In (K /%) $E47 4 8 . 15 211% 41§ K i
IR I R A T, R R R R T X
R 2 K R T-10K o #E 47 4 {8, 45 21 AH N 19 5%
A Kq.

Step 3 F] FH 20 (8) 1430 X% 7 1y B Jie 26 s 34k

Step 4. (1D 155 2 A0 = AL L BT
Py N LRV 2 E A7 4 A 75 20 AH N A FE AL
MAFER g, FIRB FHLB AT 20 45, e qh ALY
B AH LG 5 a0 e 22 AR AR S A I 5 SR T s F2 L
ML BRI FER g0 LB PIAIMH g0 B2 2020,

Step 5: M FH=(12) L (13) 1144 3= HL 2437 1 8] 3k
Fe5 EHLRERL

FHREROT AR WA 6. WXL, T
MATLAB/Simulink {jj 5V & . @ 37 EHLRERUE A,
W7,

3.3 HEGESRKIE
3.3.1 ZEAEHKERE

SR T UE AR TR (1 o A ) S SR S 1 B
W EIRER I SRR 45 R IT K. |
A 2) . A3 %

L P I ﬁﬁ%ﬁmmz
BITRBA K
SAE T 5K
S B3 B i )
In(K,/J?)
W e K K,
o P i 2 F,ﬁﬁ%&ﬂ%%
n P,
TR B PR A B BME 1,
8 51 A M BREBAE
A W £ 23 7,
L P 2 Iﬂggmz
EH LR MR g,
LI AR I%ﬁgﬁm

K6 AR
Fig. 6 Calculation flow
kC
e::E%$
HRAECH AR EEOL B B F5 /), 823l 19 CO,
HEHCE 24 3. 206, i 96 28 5T 6 PR AR AR S I A7 L Ry
4 587 t, S M A IR Ty R AR M AR 6T R L X K A L DA
NEFR 2 6 FEHA AL R yhAE . W ENY 2o sk
AH N 15 B R S AT B & E 12 U 08 R g ik ok
FUAT B AT T ROHE R AR . S e 1 AR R L
Kl 8. RAEIEFE LK 2,
*x2 HEEER

Tab.2 Data informations

18

Tl ES T
GPS iy 3
2 WL o 7K A
RN W B3
3.3.2 KMEIEHHT

H T AR 33 K AT AT s AT B K R Vs 5
AR T VL KR V. RN
V,=V,—V, (19)
R 3 (19D 153 51 M X 56 9 ) AU 3 %) 7K 9 38 B
A5 B0 K 8 BERE A AT A UL 9, AR IR 9 A
F MATLAB 55 7K it 3 A A 1Y 4 B 2 — 0. 033,
B A A U B AR AR B IR IE S A A . S
5 [0 FUEE /K I TR (AR A Bl 0~2 m e s 13
HHMO0.87mes ',
W5 R A 0 S BB 4k B S AR A 5 (18) L 3 %]
PR EHLRERL. A MATLAB 153 2§50 4 7K it
OV A EHLEERC W 10, & 10 v s 4y



74 X @ B H I B ¥ R 2015 %

K7 ELREREE R

Fig. 7 Energy efficiency model of main engine
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