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Effect of the Characteristics of Fuel Pump on Engine
Performance of Small-sized Diesel Engine.
by
Kazuyuki Maeda, Hiroaki Yonemoto, Tomoaki Kirihata,
and Hiroshi Kanaoka

The performance of diesel engine is greatly influenced by the characteristic of fuel pump.
The present experiment fixed two factors selected out of the feed oil pressure, engine revolu-
tion and effective stroke of used small-sized diesel engine under 85 percent load shown by the
developed power of propeller law, and changed the condition of the other. Then, an examina-
tion of relation between the discharged ratio (the ratio of practical discharged quantity to
theorical discharged one in fuel pump) and the engine performance clarified the following
things: (1) When the engine revolution and the effective stroke were fixed under 85 precent
load and the feed oil pressure was lower and lower below atmospheric one, the discharged
ratio reduced almost hyperbolically. As a result, the fuel injection period was shorter and the
specific fuel consumption was better. (2) When the feed oil pressure and the effective stroke
fixed in the same way and the engine revolution was lower and lower, the discharged ratio in-
creased for a while and decreased afterward. As a result, the ignition point was faster and the
maximum pressure and the rising rate of pressure increased abruptly. (3) When the feed oil
pressure and the engine revolution were fixed in the same way and the effective stroke was
shorter and shorter, the discharged ratio increased abruptly and the shape of the plunger head
caused the ignition time to be late.  Then, the indicated specific fuel consumption was better,
while the effective specific fuel consumption was worse because of the lowering of the mecha-
nical efficiency.
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 1. Properties of Feul Oil

Gas oil
Specific Gravity, 15/4 C 0.8414
Flash Point, C 83
Viscocity at 30°C, ¢St 5,129
Pour Point, T —~22,5
Sulfur, wt. % 0.23
Cetane Index 61
Gross Calory, cal/g 10870
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Fig. 2. Indicator diagram.
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The lines are the same as that shown in Fig. 2.
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Fig. 4. Gas temperature in cylinder.
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Fig. 5. Rate of effective heat release.
dQ/d 8 : Rate of effective heat release
[/} : Crank angle

The lines are the same as that shown in Fig. 2.
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Fig. 6. Fuel pump characteristics and ignition point + inition lag.

P
n
h

Fuel oil feed pressure

. Engine revolution per minute

. Effective stroke

- Discharged quantity per each stroke in fuel pump

. Injection timing

. Ignition point

. Ignition lag

* The point of 85 precent load shown by the developed power of propeller law of

the used engine
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T e + Maximum gas temperature in cylinder
8, : The angle of 7, point
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BNELEME S Prary Oy @nos BLUS O DR E Fig. 712
NI

KAZ Fig 4 12530 & PO ARERE & Y s o7
AYRIE Trox B F DM 6 % R D, HiBIERIE Tha,

6. HWROZE

6:-1 K74

O UG X o TR 2P X IRE 1, OMR % Fig. BB OMREGR » TR » 2 aRNTCH VBB O 20,
BT, AR o, 13 Y TOMBHMITER L ZRBIL, K

Hekbo



44 HIE - ARTT - AR - 2

COREY w135 3 MRS O F MR TIL h A
DAL A4, 51 RO 2 MIEEN OB E TR
BROEN Y FAVBIETI A X —E0d B LaviE
Tdhbe Lo LEBIZIE Fig 6 ol w Tt & 1,
I8P JECldw bk A I L CIIFBARMIC B L L T
L, MIEEOBE, A 3—EIldhdhbh S 3RITED
PraTihid widid L, KEEHT & dmicm
PEEEKRE R D, FREN Y FVBIEORE b A1
ETHHH, MEHEn 2 TFFs & widdtkL, 1000 rpm
FMEDL EMIZHL LTV B,

Bz bhs, hddbbAADIELE P REn N w
ICBBES 252 BB THD, FXTwn & wk
ORMFEBOMIT R0, KNCHREND 7. 2HV S,

@B EMOTHBEREIIBITS 2K, %
Fig. 9 13574

ISR R OSE N v FIVIIEOB &, A F—ED7DH
@ LD wn e OBREY ppxwhb, o
< Fig. 6 ® w & Fig. 90 5, (26 L0 & %2 5,

N FBEEOY A, @R UFig 6480 hE2AET
WAL we, witl@P T8, Fig 90 gl wd ¥ wa
DRVFEDFNRE L, hEAS LT HIEEZOBIIR
BLWIERELTwL, T2hb@QKLD wneeh T
&0 HEWOHAITERE A L Thi

w=—Z—d Sh

T QR PBIRAS o= A/h LY, KBIERY
ELRIERE-BLEVWIEERLTVS, ZOMBHRE
LTRDBAE R ST,

FPEMEROBEE LT, Ky S a3l 7O
112k B ThHBRAILNT T > ¥ a2k DRl
AN VHEIZE Y TROEN R LA 25, RILL T8
BB 2 Ve & Z DRI AHET BN Do § o TRl
EEITRARL VRS DD bt b ZOBIAIEIE
BARMTIEEEL R b

RISHIMED OB E LT, BAILYSEEIE I NAR
PHCR Y TIED R LA 2 HOBH, P, E¥TIFLEID
SrBASER, F A ILAE T B A & b M A
R, AMTRERSSEE LT,
WOEDBEIC LY, A A—ETHoTh n RO P, 0%
il E o TH EEbL, TOELEEALETHE,

160
9
5 140 1
1SS
120 b
[ i ] 1 1 1 1 4 1
0.4 0.6 0.8 1.0
A (mm)
125k
E 120p
§"3
115}
1 1 i 1 1 i
1000 1200 1400
2 {rpm)
125 1+
:\; 121
;120
S
115+
1 1 i i 1 1 1 1 1
0.2 4 0.2 0.4 0.6
Pt (kgf/em®)

Fig. 9. Discharged ratio.
7 . « Discharged ratic in {uel pump
Pre n+ h+ O ! The same as that shown in Fig. 6.

K=h+4h &Y

ShAAR AR,
™ h =] 3 {4)

Elaho 1L AR REAILASERICENT NG VAIED



R ey 15

LAEIED DD OFRAR & RILATH T S ESATHLY
LRABTFRANE VD, Ah=4A+AR" LD,

WA ROBEE LT, Fig b6 &b A 2He s
AT HHEY L THBA, Fig 9 RS H3-HLRED
Ne E@EE DI LTAR DBLIIDE v, TabbB W
—h)EE—~ETH b,

Lok hsiEEigEo4a, Fig 6 RO Fig 91UR
T w RO g id P 2 TIPSR+ 5. S hEwimos
HiZ X ) P, 2 THIEAN BT AR DI DIz AR
MEL D, WP T b THE, ZOAN DED
[ Fig. 6 0 6,4BNLZE LWL THE, HIZ P, K
SEMTETNE w B 7 W RIZTEGKEV, Th
R S AREOIE ST & B ERISEoWE BRI
WMkdhl-deBbhb,

SEN Y FAGRIEOME, Fig 6 RUTFig 9 1IRT w i
Uyl n 2 FiF 5 &£1000 rpm F TIEHERL, BIZTW
HEWYT B,

AR Y ORI L B n DTS L D AR R
VAR BAE YA R S LI T aMEL, K
W2 OETIE D 7T > Ty — R U O Bk
WA Db, Ry TWAROENRTZAEL Y, P,
P LASRIBELFALERATAN EKESRY, AL %
WMKREELIETHEEIEY D,

ZOWEE n BT, 1100 rpm ¥ CRBEOERED)
A4 & <, 1100~ 1000 rpm TIZ T H O MBS HB S 1,
1000 rpm EUFCRTEOEEIREVIIDTH 5,

o TARERTH P 2 KGR L LS, Thzlifh
W e DY — 7 I HREENIC BT 5 L E R B,

FFig 6O ik n v THNWEHI TS, Shidnd
KT L YRAROTE IR TIR/NS (R BoRy THE)
TROBOMEILMS, BICHEESBRIT L0 THD,

FhbbFig 6D 679 7 METRLTHY, K
SPE N FE T IATIE T AR n ST E A LR LR
Wity n & TS AEIE ORI L D 2 ORI E
BT AMIERNS {5,

HSFMEOY A, Fig 6 TRT LI wik h /58
CTRIIITEMAICHP T B, ShiE V=h+Ah TH
DAL hDEBINEBIEI~EDRDEELLND,
FITwE hBU RN OBRERTEURERD, RITR
¥o

W= 31.256H 48,521 rerereererereiiiiiiii (5)

h':% , f”—%.dpz ................................. 6)

FIZFig 60 Gtk h /3 CFRIEHMARLT (BN
) Wb, IHBEFEHEHMORY T 750 YV —-DYPh K
EBHOWEEIIRO LMD YO 2 BEL B HKXTH L
&, hx/hs{Fd 6 iEhsd, —J Fig. 6 TRT &
M wATHL LR Y THABOENR TN D/
O AR ML 6 2BD DX EBT A, A7 LANE
DEHC AR BEEFZ—ETHDLDT, JOHERNMEL
AN HIREF—ETHDLEELLNS, o TYHRERD
BeAh, A RS CFRIE 6 EEBMIIHMART LT
Bhe —F AR IXIBIE—FEDLO h DOREVEEIEWE
kY g 8 L, b 2 TR 9 ORIINEE A
BRI B, AN H-EOTG 6115 2 BIEEE
INE Uy, GEo T O ETTMANIZIER T B,

§:2 SERRURNEN

B AN & L AR AR TR 00 225 & S8k L ik
BEEO LR ERICEIE IR LY, BREBBERDRS
HEAERL, ZORAEROBEILEU-EEKREILEY
HETOMMTH L, o THRRBNEECTHIZIEHEX
WMo AT - RIEERE {, BE LB E OHMY
MR K E CTALEND D, RIS Y
A b rHENAREWOEARB L, B LERED
HIG Ak vt 2 v ST AR R UTE IR
D, BN, BYETLRTETHEENE
El{nb,

B AEOYE, Fig 6 IR LI P ET IS E
PTEPEEASENRL Y, ) SRT AR ROEIE
LB, BREBPRLT A 6B AL
B, fhoT 64 &R TENRD,

FEo Y FVEIEOSAE, n 2 FiFb e Fig 8IURT L9
WCHEEGRIE by, W T ARIE Tnoe RUEORLE 0 258,
BLTHAEI &S & g L CHMEEERIE IR 25,
—J5 O & Fig. 6 IZFRT LI IAS RO B HOTER
WK T B, fto T Fig 6 12RT & IZRKENE
B 7, 131200 rpm fHE T CRW B RMIKESR D, Zh
LW nkFiIFse Fig 6IRTEDIZ LGRS RELD
BRI A T B8, FIHE A b VHIEORT
12 & BRI O B OREE BRI T OB &
<), nBBRIIMAT S, JORDIERGEOT R
BEGEHNIL, ame t& Fig TICRT LY ¢ EFE—M



46 W < 235 - AW

MERTe T4bH ane & r CHBITHIEERLTY
b

Fiz b 0 L ORI 0=6n7/1000CH L0 5, n
FTFUREFig 6 IORT LI o KT 205 n OB
BEEDFHRRKE VD 6 EMS b, L L1200
rpm ,U‘T‘"“C&i T BRI L, nOEPEHZEINT

DBIITPEL e B,

W3t EOYE, Fig 6 IIRT LI GG A NS
<¢ﬂi%ﬁ?&mmﬁ%%e:nmhmM&er@
RO 6 iR, RIS A, I Fig 8125R
T LD Trar, OB 1 b/HEL &Zatab’CZ?)?aa

8-3 RBENRVEHLAR

D) SPITRET DIEEIET] Pae RIS AAT
KEND,

Proax = £50P, == pPy +orererrermsr s, (7}

(ML D Puoe & Pe U PIZE o T T D, PoldBEG
izide & Pl ko TP E 595, %kaiﬁzm&&
RS DS D, n RUSBBESBERIES OB+ %

Ao

Pk fEIZIE S LA o B MIERE L B,

eSO WA, Fig TI2RT LD Pre RUTE®
Bt 6, bIEEF—ETH B, PrEaFHDLE Ppa &b T
PET L, GidbFrlkyaiinsds, ZOHEn
B ORISR OB N E VDT Poid—E L # XS
Nin, Fig. 6 LIRT L2 6 1IEIE—E D DFRRIGED
WRER AT DO LV, QIGRT LI P %TF

WAL BBREDPERLD, BRIEDERE ane &5
P 0, U8 6, (38, AP L BIIET ane P
BU, PEIAELED Pu HETFS 5,

B PrA—0.15& —~0, 20kgf/em* T 4, 2SO
Fig. 3 {ORTIEN LABORKMIEIZZLAEREED
HLWIOOWEEEHD, IOENTHORBEOHITKE
Kbl THbe THDD dnee MIZEALEDSL
W0 S BB

KITEN Y FAMEORE, n 2 THHE Pue BU
Cmar ERBICIER T 57 0, U 0, BEBUISHLT 5B,
SOBE, n B TIWALIEHRH R R, EXA YY)
2 XY O ARRB G HANOGHIEH AR Y
B2 Fig. 6 0 6, TRYT & HICHRAE L L 56720080
P ti/he< b,

—H5 Fig. 6 @ ¢, TR$ & H 12, 1200 rpm F T

Sk BUF

-l

f%zu®WWUidéb%f PIZTFWWHEMAT D, o
T 58K O] R A 4R 1200 rpm F TIHIZIE—E T
%&#,mmmmuFa&ﬂ TR T 5, £/
Fig. 6 IL/RT LI nFTDE QR RD, 6, b
ey TDCILES& ) v ¥R D70, TR
BEBEF T ame EHAT 5, 1200 rpm LUF TR
PERAERELEMNT L7290 anee HFL WKL, P
K& b,
ﬁafn%Tﬁ%&PiM&?&ﬁP@%Wﬁ%Lw
728 P BRBUIR S 507 6, R 0, NPT 2D
mWme#w&U4f PR AL O TH B,
HWoSFHMEDR B, Praldh®0.75F C/HhELLTE
BEAERDLLY, WIS THEMPT D, —~H
Omax W& A D08 THeKER YD, ZHE DB S &R
WA T he GIXhEOLETTHELLTHIFEAERDD
P05 TIARICHA L, TI/RESLTHIELEALE
bl O it hB/AETH 88T 5 (Bha),
TR Fg 6 ICRTEIIThENABLTLEwRANS
Ky, $20R3ENRTCTDCHESL LA, —F 6131
LA EED LW b RGOSR AKROEL L/
B0AS, G ABNALDIIRITEPELY ane RUTP
TRPEEDL LI o I w AT L D BN
B2 & BB OB S WA, BB L B8k
AL T 5728 tnae REPBAE b, toTh %
0.75FTHELLTS G IIFE—ETHY, £/ 61
TDCAHETH B LY A b LI L BHEMEILIRAS L
e RSP BUFET—ED T2 P DBEALL A SV, L
LA®EIASCTHE HRTDCHEE LY, $/%
PBEI X DBEEEROWMP D28 Poox BT 5
O 4 R A0, 6 ECRIICBILY 5, ThikFig 2o
LM TRT & DI Proe BRI 200WUA5H Y, hdS
KRECHFIZBROUOFHREL, hEASLTHER
AT OUHE R & {, BOWEAS <2 Y, 0,641 T
DUNDFHFKEL LD THb,
OB E LTHRDOZ kﬁ?&%nbo

TR st s x}fliﬁ’ﬁ%ﬂ@l"*kﬁﬁ , K
T ESAHES TIRBEATEZ B & — g ﬁ’}( 7550)5,]}2575‘/]\

aARb, l‘fimtisis}i ZM» Uz TEOWIT 2 Y,
fto T O—RB RIS S NARE LR RO E OB
HEH4 c¢of/0/9Wﬁz%buﬁk?&o¢ﬁb%
—RBOCTROUHIL & 5 BB AR OGK CREIEE

WE2DoDWDTE DL, h DREVEEIZIZNH Jd#&<
DRI & BESEEDSKRE VLD ROWSKE VD, hE




WRELR TSRS A 1 U 47

ANELFDEBDIUDNE LA NHDIUPKREL 2D,
KA O, DB B D, b RAS L 0 A
NAELD 6, ERELLEIETH, —HwdBPIZLH
B AL < e ) ERAEIC & A RN L, B
o hE bl geh3lLEIEThH, O
RSN TH D,

G i h BB T RIEERS O Fig. 6 13RS LS I
GABNDIOTHE, Thbb (0,—6) F3IF—E
TdHbo

64 MREREEECHRBE

T8 7 AHRIE Taw B OHFERIE T (= 1,+273) 133
IR THREN D,

Tinnx = " ‘PUTQ
Te=po* Ty

OIS RYIREEC & B ESESAER A IERECRY, ol
BRI & B RS A;.iﬁ:{ri i)xéﬁ( 2B Gt o T8
DORY ok RE TN Toae B Te WHIKT B,
BTG BRI X DR RN T Tb b o 1Y
BRI O R T R SN 6 ¥ TIIRE A LB
DHTHY, O BHBOBIBEFISHRL 2V,

GIEEEOSA, Fig SIRT L, T O BT
Tl FEAEB LRV, P2 TWhE Toe KU 6
EhTErHAL, LR TFMET TS, Zhid Fig. 642
T & IR R AEAER S S SR R, 0 AT L,
EERMEC L AMBEROD b o IWEEE REITHENS
KHY, Tnae BHTHRE DD, —F LBRTFTLHD
FROBANIC L B,

Fmaﬁ%?iﬁmP%Tﬁ%&wﬁﬁyﬁéo:n

HFUAZRT ALV DIRL T B2 TH Y, AV BT AR

IR Do T O AR ORI LY BT DR C
7.‘; O, MR L, BRI K B B 7o Rl
BOWBTRE L t WET 5o

FEN Y FIVEIROBE, n xTHZg& Trax, Or B be
BT A, THIEFig 6ITRT LI G BRLRDY,
TP o720 Fig TIOR “9“4: I amer K E R D,
PoTORKEL DY, BIENFREGELLD 6 13/
B, BB 2BBERO S o ITEEE RIT

THME S PR b, F /2 Fig 6 1IIRT &) 12w ik
FHH, HAWMMBOGHFMIRE L R DD Thae 3K
T b,

nETFHDE LAMETFT 50, JK - AR,
PIIKRE L, o338 i YR OWIRFTRA R E (2
B TH Do WL ane BKRE 2D & T ARHO 120

LIS < BRI AT < 2 b EEAsn 5 Y
SOOI AL S GHANDEHEZI L, b T
%o

HIFAEDOHE, h #AE T Toae, O RO L
ORI L, o Fig. 6 R0 Fig. 7 1057+ £ 9 12
h&WELLTYH ang DELINE DT ¢ OELIEA
Bnd, widild L, 6 R, D DL (B
Cleh)o HeoT o BABUISIRAT D728 Trae RO Lo id
(TS o &7 EMBC & BRESIOMAHH L1720
GFBNDAS, G RANELRD (B{hD),

65 MRERHEE S LUBBHE

PIREE IR O PERE ) L1 1 [ — O e & R B 73T & <
DL A S S B T &, T b LA OR EANLVET
a’)'x?;)o \‘0){ 1}’& rhé:a)[ 'f’{ J(I\.’C'&éill’ao

632N, 632

% B, T Hab, <1000

(OELE DS & 5 TSR RS U
B Z b HEEBIERE R AT GBI R R R W ST L
o F 7291 d D BREHIY

IR E e B,

B
b,—-lexl()OO
.................................... (10
=B
be N X 1000

Z0 b, B b LR
b

BAZY 9 O po R TRS N

75 T Tn
Ne ™ T T

Ne Ne—N: N»

(A A VR

U0 D 7, B KRELTHIR e RUPEKREL, o %/
BTN L v, e CKELERERIZTLOERESR
PBE, BRMEOIRIE, U ARMEWEMALSTHY, Th
SENECTIUE 9 BKE DB RIC pu CHEER



48 WH - T - M - G2

8o i \ -
b @G @O B o) - b
9
< 6o - -
N
QF - -
260 |- - -
=
S~
& 240 o I
S~
20
< aof L -
sooL M i W L
170 = o L
= 160F o -
S~
&
& 150} - L
; wo/""//
140 -
i i i L i 1. L. 1 J i L
0.4 0.6 1000 1200 1400
Pr(kgf/em®) 7 (rpm)

139 N 2/h 8T B
likCN 20 -

QR UTWMREHCT b, b B pn %
& b, be BRU na OMGRE

LB R,

Fig. 10. Specific fuel consumption and mechanical efficiency.
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