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Studies on the Use of Low Grade Fuel Oil
in a Small-sized Diesel Engine—Il|

Influences of Heating of Fuel Oil

By
Shin-ichi MoRrIsHITA, Keiichi YOSHIHARA,
Masami NisHiNO and Hiroshi KaANAOKA

In previous papers, the authors described the influences of the load on combustion and on
indicated thermal efficiency and the practicable limit of blending ratio of C {fuel oil when non-
heated A fuel oil and A/C blended fuel oil were supplied to a small-sized four-stroke-cycle
diesel engine. In order to save fuel costs, it is necessary to heat the fuel oil and to increase the
blending ratio of C fuel oil. But on fishing boats, there is little space for heating devices and
little spare capacity of heat sources, so that the heating temperature of fuel oil is required to be
as low as possible. To find the minimum heating temperature and to make clear the influ-
ences of heating of fuel oil, experiments were carried out on the condition of light and medium
load, supplying A fuel oil and six kinds of heated A/C blended fuel oil to the diesel engine.
The experiments clarified the effects of the heating of fuel oil on the improvement of indicated
thermal efficiency, on the decrease of ignition lag and on the repression of the mean rising rate
of pressure and some other influences. As a result, a limit temperature curve was obtained by
which the minimum heating temperature of A/C blended {uel oil could be determined.
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Fig. 1. Schematic diagram of experimental apparatus.
@®: Diesel engine @: Photocorder
@: Circulating water tank and propeller @: Pickup of erank angle
@: A fuel oil tank @3: Pressure transducer
@: Blended oil tank @: Soot catcher
®: Scale of fuel oil consumption @ : Exhaust gas sampling tube
®: By-pass valve @®: Automatic temperature contollor
(D: Return valve @: Pipe heater
®: Pressure gauge @®: Primary heater
®: Primary cooling water tank @: Secondary heater
(0: Secondary cooling water tank @ : Heat insulator
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Table 1. Properties of Fuel Oil
A Fuel Qil C Fuel Oil

Specific Gravity, 15/4 °C 0.8579 0.9482
Flash Point, °C 92 116
Viscosity at 50 °C, ¢St 3.23 175.80
Carbon Residue, wt. % 0.39 (10% Residue Carbon) 9.44
Sulfur, wt. % 0.9 ' 3.1
Ash, wt. % 0.006 0.013
Water, vol. % trace trace
Gross Calory, cal/g 10780 10400
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@ : The blended fuel oil contains 0 % C fuel oil
1 The blended fuel oil contains 50% C {uel oil
@ : The blended {fuel oil contains 60% C fuel oil
3 The blended {uel oil contains 70% C fuel oil
©: The blended fuel oil contains 80% C fuel oil
A The blended fuel oil contains 90% C fuel oil

A The blended fuel oil contains 100% C fuel oil

Ty FlEBB LTSN 3 UNo 4 ) » ¥ D
PR, B ERORFEINCED 28 a Td b 1

SBEE Fig, 512751,

W & BURIE T 2 & R AVR) B 2 3R,
% Fig. 6 124,

T DE



ANBLF o — VBRI 1 B IR Il ol 119

e 5’”@1’& 5 1) HEE0 em/min & U 72461 ®
WRIE N %3k, S ORI % Fig, 710577, = "
$rz~ymmmnw&mmmmw LC 0% 7L g My ‘
YORMEME L L S ORIERBOBKE (59 m <
&)*ﬂ%&ta,umkwﬁkﬁ7b7FJ FTHA T 40
IG5 10 B 36k & 07 B L) f:f £
skivteo SO Fig 8IURT, F KL &ﬁ!b T 36|
SO R OTE ) & ,»AH#bM&LH;TWW 2
W EIES) & O sk, ) 1R L YL n
FeK IS EIE S COMEE Fig 912, EhE = 17
SHLE Fig 10 1058, g
HRE T A Fig, 1112759, z %
A, TR RO D b, Er'
ST R LA (UYL BRI O () E
) L OB & W L, ‘rl‘]';i.ﬁ’lW)u;:ﬁ}’L?ﬂ/[rﬁl:ﬂw) =
B X100% BME E L, JOMEE Fig 12 12 i 28+ 5
T, E: l .

30 50 70 90

5. WROER

Temperature (C)

Fig. 6. Indicated thermal elficiency.
5.1 MEREWR

a) HLBLIRAE

The mark is the same as that shown in Fig. 4.

I T E S 0> AN 4 500 rpm ML U350 rpm & L 7254
(A (A)
32} P ey D
= = N O ® a
~ N T e -
2 T B T B g T
® v '+ S
'.“2 301 ;:,
= &
agl : . : L L : @
44 4 1 ] L :
32r
®
g ~ 48}
T 30) 3
- oL
H i~
Z £
28} & :
— . S -
30 50 70 90 30 ‘ 30 ‘ 20 %0
Temperature (C) Temperature (C)
Fig. 5. Allotted rate of load. Fig. 7. Maximum pressure.

The mark is the same as that shown in Fig. 4. The mark is the same as that shown in Fig. 4.



120 FET - HI - PN - G2l

E
R
Y J
dr (A} L
- - <
¢ e A 4.0
E 5 Aren = A0 (Al
& £
=
E 2r o
o S
= I3
g B
W
k= k3
c Z
= &
fuo o
A 0 b=
- N4
o
—
&
e =
s
<3 E
&er 3
& &
= H
g &
5 0 =
sl L : L i L i <
& 30 50 70 90 & o
Temperature (C) 0 . : . . : .
‘F 30 50 70 . 90
- Temne ©
Fig. 8. Variation of ignition lag. emperature (€)
The mark is the sume as that shown in Fig. 4. Fig.10.  Mean rising rate of pressure.
The mark is the same as that shown in Fig. 4.
@ (AL
8. 0k (Al
—~
¥ °
=
< 270 (A}
ol -
=1 o
) . —~
= 7.0+ &
o o o
g N 5 o
P A =1 .
s = 2601
= g
g £ °
6.0} 5
% 6.0 asol ) ) )
g
=
w 270 .
& " .- iR
o o~
= & N
% 5.0 \;
g g
5 £ 260}
=] 30 50 70 90 g
e . =
Temperature (T) @
Fig. 9. Crank angle from ignition time to maximum 250 ¢ : - - - : .
& ane & 30 50 70 90

pressure time, o .
I Temperature (C)
The mark is the same as that shown in Fig. 4. . .

Yig. 11, Exhbaust-gas temperature.

The mark is the same as that shown in Fig. 4.



AT 4 = VRN 3T BRI OB

& 90 (A}
\: ®
2 - P et By
2 o e [}
E 70 . @"‘“"“"@»—u«.,_‘@,,‘_w@?
2 Y S— SN
it
& 500
/; 8 T
< 9o OO g B)
5
g
\._‘P;:
? 70
K P Y SR p— &
N
2 3 AM__,,A/ e
Tosob ,
30 50 70 90
Temperature (C)
Fig.12. Density of soot.
The mark is the same as that shown in Fig. 4.
BWT, 7Ly FEERUZONBREL LT L TLHE

g, ARG HKRIESES—E L b L IIFHI,
SRS LM R IE L, BRGNS (R
HEEBLDIENEND,
b) RS
Fig 4 LAV AR X D42, 500 rpm DI HE T L L F
BAMT LR L, 70 % DLCidz gl
E {J NSV, MBREE LIPS ETL N ;*,’U{?U)/} s
BERRENRMA L, 7Ly FHEOREVHAITIAN
KL ThB, FOPMOTL v FHATHIE LA LELL
T, 727 L, 7L FHEIAE80 % ClBLEIES °C
TS OB ET LTk, —J7350 rpm 2341 Fig.
(B) 17T & 312, BEIK S OB TR R vy,
500 rpm O & FFROPI 2R L Ty b,
BRI NART#RbENL,

N, &« PN

P,o= Pune
1
Py, == A 3 Tin
Ni o QueninN 1

Zon Tl 121

PATAS PR BN R KRR i

N ’F&ij [l Wi

e+ BB

non - BRI EE
A AR s

s
i

Q R

N KO g ERESEOR AT~ BEERZLNLDT,
NAZEBARITLOE QL b i b,
QIR TEDbENS,

Q=H, F {2}

f7iL, H, .
I3 1‘)52? T i
Huid Table L £ 9 7'V ¥ Fl#GC & 28 bbb TrT
%é z%mWMMr;&%@édéw

BHEHERAT—E 2 51 1 BloOWgS, hbbi
H"ﬁifﬂ‘-l YT OB RER S B0 RTCHRE b,
0>/!:1 TR ARI NI L » THPEORER R M4 5
g &, SRR oSS I AT 7L L F
il MMH LTl B BRI 5 o 7 R RS R 0 21
ll—& b, LizhoT, 7Ly Kl L Tnb i
2 FOWRBEDS AT & A o TR TR A L7
WETH, 7Ly FiE Y 728 Ch AT Y
b [F LA 22T TR A izw‘“é‘%o I AT
HBHCTL 7Ly FEARFMAERIEIL & » T Fig 3103

P& B L 720, P“rlm’ﬂ AT b,
AL, ML 7/ T (0, BURBENZE, 7, 0 B

) THHHD, Ty e—BeTE 7,04 7,125
ey, :n%mléél{s%l;t:jcitf;ﬁéiwo
o, o 8325 N, 3
e = HuF_ {
DAIKEREHERET OO, REROSE, T
L CHRBEORIE R U R & 2 6D,

Fig. 4+ (A) &7V v FEIGHBORU60 % T, I
A FFIUE NAZA LT b, SIS & by
HIElzhh QUEEPL, T, HIBEAEEDLLLRWD
Thh, TOPIRSLD Fig. 6« (A) »OWLPTHD,

T FHEEE0 % 560 % IS N, 45K E(
o TVbhOR, BEEREOEIZL S b0 Tldh {HEk



122 BT

‘i‘jjf)fk%b=f'af)'6‘&5250 ZHUEFig 5 (A) QAN
BERT LI, 7Ly FHAE0% 270y FHE
50 % OFPRECENSWLDTH D,

T Ly FEIGTORUB0 % TEMMIZ LY N, oL’
hECDER, QOEAHEGE T, OMIIHAEAHL L, 90
BUF100 % TS LD N, DKL ChBD1, QO
ARG LY 7, OMIMEEOTAREVHEERL TS,
AL Fig. 6 - (A) D6 b1 ]673""&)790

Ty FA80 % CHIEEIESO *C Y
Vi ST M E R O A

PRT LD EE L S,

IBWVT N ARS
BT Ehs,
ZOBBIEHE S AT

f vy,
Héf B} 124350 rpm 0)3»’; ik Fig. 4+ (B), 5+ (BYRY
(B) TR & I TRINE R & vy R BT L O
Z‘zi’/’)“i\’éb‘f:b?) 1 [Ulmuﬁiiﬂw WDl CMUHIE ), IR
DIED, WA, Fho) 2 SNEAHB LI 5
To5K, BRMEDASRE & A DRI O34 b b 2 VB L,
H G OFEEN & LW OW RO R R Z o
{EREIRTE DR KB B ThD, 2O LIk
Fig. 6 TV & S 12, RERSENEULIH & 52350 rpm DY)
FOHHE O, TRGBRBEDENEL 7, 00802 %
LT b BEROUUAES00 rpm OB G ERILTH D,

5.2 FEAEN

RYBROBE, BRI O3 /w)\:x [ Y NP S D
WALATKE <f~7;)_<k BT A, Lt T Fig. 8
(A), (B) uJ:'ﬁL IS, Ly NG ESRER
IEEEML, SGUE & LFuEsA LT w:ao ZDSEKM
DT 03))11—’*"'7’ LA/CT Ly FilloBa L

RO ENWS o,
sEREEIUE T L v FEe R N‘L WIRFHAIZRE (B
O, W7 Ly MRS BRI A E Ik E R =
N7V > FEED/A AL‘fﬁlziﬂwlﬁllfw;mﬂ@imnl s,
1t'~*‘r’11’!‘-Ji"fii’L0)lﬁ’J}IW)*‘)\“IS’;}“Cé%?o?’ﬁ VAR | Ai)x%(
SR oAb L, WO
NN REL D,

4\ L OB, 7V p Kl & A SR Y bn g
LA, WLy FHE L TOIMIE AR E (i
OO, 7Ly PRGOSO INREIE L L, 47/)
Mo s 1tf~'—’:n<mﬁhd)i'“bn/p)\u 7 CH
O, 7Ly FRGHE B - ThsalEZ <5
2@, 7Ly NG LT L B AL s A AR
&l b\f;d)kw‘;’xbdtés

1 ho I

PHF - G2

FENIEND S BUTIIEI, 0% AU M BT
WE L Do e sk e S h b,
D et
=g (=) w
e d (ST L4 YE
Dy =705 b)(ﬁ/) «/?g[ H'BIMJ%F]
(53
Cy = (0.403+0.00081 L) / /%, (6)

REL, AL AU
be L ZEGRLE

ty L HEKILE
b ilOYIELIE
Ta LEEAOLIE
7 O
Do Dbk es
Cy, il I
Re B D B BT
d RV
SRR
Wi, * W R

T 1)

IR & ORI R R & Fig 13Y B4 b,
ﬂ. IS ‘), T IEAIE L R L FlBIL & T

R EREEEE2LL0LLTY,, C, t, RO D
HEZHNh,

Y, Table 1 #6W SRR LA, 7L r FEE LM
WIERKEL B, CGUERIBED um}§£ RS (RF & -
Bo P ERBHCFEOBINE I IIIETT T A0S, KRR
.ﬁ@&ﬂ%ﬂfi~mt%xf&w”otﬁL IR IRATS

%&tﬁ?¢&%l%iﬁr”ihﬁw%ﬂécuL
K& CHBERIETHRIHE LT v, W, RO SIZonT
B Doy WEFig 2 CRET LI, BEEE FIFS LRI
DS bs 7Ly FEIENKEOEREFOHEGLKE L,
F72, BEE BTSRRI SR A EIZ L -
T, "i’iﬂ'-}‘—“f*“C“U)'i)’;EWHIUJ'Hﬁ’i&’}‘L W, dKEL D, S
B AT L AT a AETEHI (0,07~ 0.075
dyne/em/°C) (Z7F Y, IROEDERNS, TLF
WG TS CMEEIE % B D3 s i b,



ANELF ¢ = VAR B 1 B IR

BloZely 7L s FlEEE L,
i L3N EC RS,

F 7z, BEEER NOBIE0 N BIET R
Pl LTl bey, AREDFEZLND, &, ETED
LGN EL B ERT T 5, 0o Ny

IERASUE 058 < e 0, ST EDRL OV A LRI % 3 <
Ao, EHEIRTLIEREL, LR RS, &,
& Fig. 1306 W ek L3l NeMSdLyErDLL
OREL b, RICD,ENGITCRENL LI, W, D
WM KE v, NABEEBERY 7079 v P v —
JEER L, MURTE W bz W, Lk)\és {lebo L
Pl T DRANE by LrL, TR ICii~7z &S
I HEDIZHE R L Sv,

PLlEodihe NEdiE (idAs3 % b, Fig. 8147

7 BRI CREN TV AA, IR RIIZHREd :mi
B & A IZ500 rpm DH A BN E 2Tk,

Fd) TR & BRE DRI HIEIZ DWW TER STy
s, RSB R OIBRE & B FiuE s
YRGB W, AT L, il & 2L mnzhu
HIRE LY, Wik, wfb, A RERAHS I
bR, 1(&/!\*‘( L EHZ LN L, WEEERE
EIUE, MERICE D NEOKE g IET LN
FhEA 1L314VX."3;§LZ‘>0 T ICHRIEI &R OB R
OhE Fig 14 &edh, TORPSRIEEEKENRIZKE

A RITL, TV 2 MG OIEICEOEE
KEWZEDPHEDIATH L, FLA~HEIBTET L

RBIBI L o TR NERE (R s Tundh, TRk
Tl FEEIZL » THEENBRO KO EWKE VT
OTHhb, Lich-T, 7Ly FREEONEOL DY
WEADEOHLWEVRE (R bDT, Ml oBisy§

LN R E <7:cof‘%)0>é:")§';i A RO
Fig. M- (A) IRT L5, 7L 2 FEIE0 % £100 %
BV TihiE &WU.HW‘TH; 1&:/»&1, AT, I &
BRI — I 2 B T RGN AR E
IRET L 2 FEEARE ONBEORRGE A,

IZL BHIE RN KENDTH DL, LT L
J SOREGHEIEMBOREIKE LR LT

Wh,

TEAHE % Lt

%o Fig 8

P Th,

SN DR, RIZERO PISITIE T Tl o hndk

N3t P QL E ML N I A F
bbb,

& LTWRMEROEEIC LS

STV H A TR e || 123

5.3 BRBED

Fig. 7IORT L 912, BSEDHET Ly FEla e
b, IRIEEL LIFB &, 7LV FREONEVY
FITBRSEINIE A 2 A%, 70 v FR&ETII LA

-y

0.06

7

0,04+

0.02

Thermal conductivity (keal/m + h

0 200 400 600 800 1000

Temperature (T)

Fig.13. Thermal conductivity of air.

=1 (Al
w ok ety
=k e B e A
- = T e A
2 3 A
=z g ®
=+ o8 -0
= (g @
e 2 e
< IJ”./
7; ./OW“"O
& o
—
=
&
[115% @
. : : ; .
—
@ ¥ B! -4
= g 3 A AT
= ™ A B B e
= —
b= sl
%
B O T
) @ o
@ 53
Y 1+ o) e
I Lo D7
£ \’“’:;41 o
b i
£ (%
X o~
Bl 01 @
A
o) . . . ; : . )
4] 20 40 60

Kinematic viscosity (¢St

Fig.14. Variation of kinematic viscosity and ignition lag.

The mark is the same as that shown in Fig. 4.



124 Eo A 1 I ]

P e By E A, BENZELS00 rpm & 350 rpm D4
FEOWTRBENE KT E, 7Ly FRIGEOREV
EEIZIEREL VDS, B0 rpm DPAIZETL L FHEE
WA B ERTFHEPIREL, F0MBOBELRE N,

W EINER TR EN D,

P.= ¢"P,
Puar = pP. = ¢"oP,
72720, Poar s S8IED
o IRSRIE
e EHIL
P. IEHED
P, HEED
wo LY b - T

LR B S 01 B EER T Py AR E
<Al BZEMTTRP OSBRI AR A

Lz, PEKE D, 22720, BIEMEADG P
SipThuvizd, RERTIE P ZHRRADIED EHGT,

Lo THhRED, ZOREHMEE P IKELS LD,
2L, PURESEEERIEITOUNAETHD, T
PRI E SURE SN AT h oW B, g ss, kiR
L & 22 & DMAHE ROERIE S, REORBE LG
bo Tl v FHIE M P, A58 (R DO, KM
MK E L R B3R EIE TDCIZED EFRKEDIE
TP ARy, BEISEEAGR AU B b Wi ATHE L 38
RIFOTRHR LD L bl Th b,

AT L BB, 7Ly FEIAEADE B
Fig. 8 10 942, S8JGREALA/NE ki & D I/
B LIOPAXK R, &7 Fig 3IORT L9102,
WG LRI S (e b OB NGO T
ik L R kb, .

=T FEENRRECHEITRSIENIEL kb0
i, 7Ly FEIEWRE VOB RE (, A
@ TDCILEVOTHEIZ L D EKERI IS T
P OETRHLTNTHY, £ 75BN o
WA T LAY, FEEOT IS L O, Aok L O
&R L O DRI LD, WHEORL LD §
HEEHOBIMOBO K & {SERIGO TR &40
BT A0 ELLRD,

BRSO R, MEEA NS v EFko M LY

P k< A ), SBIGENEM O KE &b, F AT
Jrb AR BRI R & <, i & 2R & XTI 2 S
CIEHRIE LI 2B, HIZ, BEEEAVNS TV v FH
FHNABS VAR PEIR G, HIZBAGEOTBERAX
b /NE BB OSIE NG, 7L v FllE

W LdSo THRRBRAPE R D720, 5K TDC
KD A0 P @ R0, &8RRI oo i g
RS, SREOTHBERAAB LS { b, I,
FEKIED S RE DG F CIoA K & R 2 TR A A
COBOBEHHC SRR 2 D, Fig. 9 WORT L9, [
HER /NS OHEEZ OB OMIEEN S WS, RO R
OMEHIER R b, WRILY 7Ly FRAGRHMEEIO
BOMIEIENE A BAY, 350 rpm OHEIZIZ 7L v FH
HEEMUCHBPBIGEA S, Thbh, 7L - MG
% {21500 rpm DA L 0 A & RRIE G E T
BEMASR R, ZOMISERSNDITBERESELS
(o TOBIIEAERE D E CTEiiRT 57400
350 rpm OHE 7L ¥ FHEFAS 0L E, BEBESE
500 rpm DA L IRV DTT L Y FEIE RIS D,
Ty FREDN00 % TlERELRL D,

54 EHLERAKE

Fig. 10 £ h 7L v FEELMSEIED LRI K EL
by T2FEL500 rpm TV L > FEIAI100 % OB IS
L, LA ENBRES D 7L FEED
INE ORI T B, 7Ly F#lG 2 s
WG IORE TRy, FREROKRE WAL
NEFENE Lo TV D,

JED) LA, BREAPOREGEN L b T oMl
FOMIZBITAL )y VAT AL HO LR LEOHETH D
Mo, (P.~P) #KREL, BN LVESBENECH
RS N, BN ERIERE (A b,

Fig. 7& 07 by F#lE £ s E T dd <L n
FENRBIETNE Fig. 8 L DI G M s & 912, SREBIAK
EL B HETDCIREI 2B b, LLTL
FEAEDOKREWHEIEEAEL TDC IZEW S, P,
DLFGIEFIZ A&V, LAd o0, (PL..—~P) HkE
{lehe 7, Fig. 9 &0 7L » Filf R 5 R 6L
DIWIED ETOMBIENEL - T0d, 72751, 500
rpm D7 L v FEE0M U100 % OB ma LTun
WS, BORA, 7Ly NG R RS BRIk &
{ado 500rpm T L ¥ FRIEAT100 % O&ICER L
FILAN SO, BEIEIIATFATY ST &0 R




AT - AR 0 B IR i

FTOMEIREL L > THDLLOTHD,
BBIEP T LOW, 7Ly FRETIEERRER
DSBS R 6 RBIE T & A B E & -CLodak 8 o Tk
WAL E & A5 uA e, BEl &k b
BTDC 2 RECHE, BIITENELLDTHE, —
T, BREDPOREED L BB MENTKRERHOL, i
B &L A MEORNDBREDENL h KEWHT
b,
SRR

%7 'Jw“c?,{zgg AR |

DS OEE, MBURIEE LS &5« 3Tk
L DEEIED bR L)Jb?‘?ﬁ‘z;vo DA IR

')JC’)}J PREVTY (P,,~P) Sk, F56K
HAOSTENE COMEIRKRE L b0, EHEAL
WBAE b,

=l r FEIEFRECEE, MEREL L0Fs & ik
I < 2973“ BRKEEINIIEA LR DS RV
& (P~ P) BRE DD, BIEDPSREIEN ETO
FIE L, 500 rpm DOMHFIZE A EEDH LY, 350 rpm O
BR& bz, T LEAILIE500 rpm D& bk
& < il 350 rpm DFEIFIZ LA EEDL S A,

] 47 Moa BRI DWTHZ D &, BIEREHIIES - 2
L“Jd:’\‘f SRS, BT BRI OB I A oD (i"fﬁ(
B % —EE T HHRO /20, FREETDCIZE
LT &I P M b, — )Jf&x::JJJ(iJOOlpm 2]
Wtr, 7Ly FIAIL L B8/ E <, 350 rpm DA,
Ty FEIEOAE & X500 rpm OB & D RS,
TL s FllG Mz — L% o T b, JHUIHL

THNIE X D REIT T EToMIEL, 350 rpm OBEOS
AR BV, FORM, BHEEROECIIAILN LA E
{, Ty FEEEMTELFOEMIEKEL kb,

5:5 BIRAABE
Fig 1IHIZHRT L9102, 500 rpm D¥E, 7L Flle
& BRI OB LGNS {, 350 rpm DG, TV
K ",J{? TGRS LT LT b, Inghic & 5 208
{2500 rpm, 350 rpm DM & LI TRV, RIZ[ENE
i, 350 rpm OHE, 7L RGOSR SVEE
PEGCHRLIE 12500 rpm ODJ%{T‘J« Y, LoeL7 by Fl#e
I IR GATTF L. 7 e 2 FRIE100 % ik
[ L’umf"é o Thid,
GBI BERRIYLZ, MRAURPRGURIE £ Cmskd 5 109
T LB LR E Y BR ENE L EE L, RATHRE
Nh,

Il 125

C ek e 2
PR 7

QIERICHRT L S, BRI S L, &R
Wit FOMTH Do C, 1277 RRUE AT < 240RR HE %/
BLTNERE (R D, REROGBGITTT—EEH

T (Gt F) BN, B0 B O R o [ 54
THRERECh b, o BHBER R OWBEOIBIEIS &
DRE e bo L EH, HHDKIRIE B 025U 808

fE%o ﬁ;’ﬂ%i‘iémm RIERDB A 4 TRE &5 IR
TSV, Ty FHGEHEE FAKRE R Y,
BERIIZE QATKEL BT Ch LD, Fidaiio
ToOWBEREAIET T A 0T, SRR S st 4
DL QL QL NS B ho —TTHEDIRIEAS
KEL LY pldRELRDEEZ LR, $2G, CRU
AT L FHIBIL L BN EWEE I LN A,

L7293 T, 500 rpm O¥E L Q, i & o DD
HEMIEALEL O WY, PRBEORILIEA R 0w
EERONL, 12120, LY FHIE60 % OB IT P
RIEATR i, BEBYEIES A & 1T L T s
LhWwizh&#EI 6N,

—J7, 350 rpm OB &, B ENEEAME VO CIEHIE
o BED S, FMHOMERELEL LB T L
Y FHEERMUASE, BRREET Y5, L
T o OEMEY Q OBPOBEDHHKENT L ER
LT,

D, MGRIE R LF B L, FlIsdnh Q bld
THBTTHDD, FK, WIS N, BERhe
LU, QUEKRELSRD, BMOBIEENS kb,
CIUAS Db, Lh o TN ORI T
Wbz Lhh,

BHZE OBV THEE A L, 500 rpm O, ElE
PR O RE V0, FIEKE& L, TERITET, B,
WREMAR LIS ) & & NI ORI R e b
O, BB LT b, LadoT Qidka{ib,




126 BF-#

IS, WM C Ry, )
KEL DD ¢ bRELDDBD, HETF /]75‘[1(7“
DTG, HMmL, HEAREIEE350 rpm OB EH T H B
Do LAK LD,

5.6 TRE

Fig. 12 10 & 912, B0 L » Fila e
NS, MBI LI THIREA LTS v
Bl iE g & 5 L350 rpm DA DT H Db T K E L
T Tinb,

Y il k9, REBT RS a b T

DEEEE LD, Thbb 7Ly FllasRE TR

BWEIGNE e by REBROTEIH CIEIBRIE % T
LEMEIZIZE A LB DS A, W 3t Tk
L A/CT Ly FOME) BIeBT i, sk Lo
FlLETL Yy FHAERR L CLERROBTHAI NS W
WHHS P CThb, Thibh, REPTHT o BRI
& ERGERIE TR ESREmETL I L 2R L'CV*Z;M

MEAT IERGIL 0 D, S A, BB %
MG LT B A, RIEBROTERC imﬂmi#mwt

12, MEOEENME IRV EEZSND,

SRS OWBIIOWTER D E, W cili~r: &
S, AR & B R R A A PRI & 30801
FBT BT AR E 5 TRO B2, [F—BERETOE
WBEHT T I B, BB RO REEAE D

NIERB L b

500 rpm Oy AR B 0 R O THHERL AR & W oK
HAEST, PR L b SR O LI A4 720,
T A NS # BT AT AREE b, LD T,
f6i} =4~ UL HE D 4 T%ﬂiﬁx%m@wgmﬂwk%w
FERBIE NS L BT TH L,

Fig. 12 TiR¢ & 914 ﬁi]ﬁ"ﬁ‘ ICRFEO RGO, 350 rpm
DA IE500 rpm DHE & 0 T FIRIEATKT, MEERRC
HHEZEERL TS, 72 ZOZEEFg6h5%
BehThsd,

5.7 BFREHR

# A/C 7V Filio B i i g 13 R Sosh e,
KiER, EH LA, BSEIRUT TG S Zwo
ISP HE S N IMPGRIE & Fig. 15 107, Fd, k
WA BB EE AR & B AT, InBREEATZ oyl L b
T h & A ETIUER Y,

T WY - gz

7 60}
(=3
g q0}
z
5
U
& 201
h'o)

Temperature {C)

Fig.15. Kinematic viscosity and minimum tempera-
ture for heating of blended oil.

6. & & &

W, R PRUE R IR BRI S

THUC 3, ﬁ-l” R BV TNBIE 2 2 7 6 4
DACTL Y Vil & AHEER T, & A/CTL Y
WEIG I BT 2 IBAALE D58 K, JRHE K OB B PR RE L2 T LT
TR 5 2 & CE T,
FDHAIC TV RO L kil % s+
RRE MR 2157,

X iy

1) WBPIER - & i - HEE—
#H, 30, 119~129 (1982).

2) EBE— - BT B 3 - YR KB
#, 31, 19~29 (1983).

3) RIS, R
1965, p. 96.

4) FRATI | BB L,
1964, p.215.

5) MUARRG W RS, RSt A, UK,
1965, p.114.

BT L KEEANE

AR S, U

150, FEa, W





