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Development of Variable Cooling System Aimed at Fuel Economy Improvement of
Air-cooled Engine for Scooters
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A variable cooling system was developed for a
scooter equipped with an air-cooled, four-stroke, and
single-cylinder gasoline engine. In this system, slats
of the louver, located at the inlet of cooling air, are
opened or closed by an oil-temperature-sensitive
actuator. These slats shut off the supply of cooling
air when the engine is in cold state or is driven with
a low load. These operations of the slats help the
engine oil temperature increase and the workload of
the cooling fan decrease when the vehicle is running
with a low load. With those effects, reduction of
the mechanical loss is made possible. In addition,
shortened warm-up time enables reduction of the
injection fuel amount. As a result, fuel economy
improvement of 3.3%, when driven in Urban Driving
Cycle, was realized.
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Table 1  Specifications of experimental vehicles
ltem Forced air-cooled scooter | Air-cooled motorcycle
Engine type 4-stroke single-cylinder | 4-stroke single-cylinder

Cooling system Forced air-cooled Naturally air-cooled

Bore x Stroke 50.0 mm x 55.1 mm 50.0 mm x 55.6 mm

Displacement 108.2 cm?® 109 cm?®
Compression ratio 9.5 9.3
Fuel supplying system Fuel injection Fuel injection
Transmission type Belt drive (CVT) 4 MT

Maximum power 6.6 kW at 7500 rpm 6.5 kW at 7500 rpm
Maximum torque 9.2 Nm at 5500 rpm 8.8 Nm at 6000 rpm

Curb weight 99 kg 98 kg

Table 2 Experimental criteria

With forced

) Without forced cooling
cooling

Without cooling fan | Shut off cooling air

With cooling fan @) (b)

Fan

h 130 mm 130 mm
diameter
Centrifugal Centrifugal
Fan type turbo fan turbo fan

IR A OB A, WA 20°C K.
TOWEEL, BH AT =R T, 1=V VT T 7 UH
WREAGHEZB I B >TNWB I L, ZEF YL 2 5y
FIIA NSV NIZFAE L W72 012, BEEEGDS A Lk
WZEISERTEELONS.

3.3. iEHAHY» B 125 TIRE

RN 72 6 FTEEA RS 5 2012, £, 246
2 27— 2 OEHOMES, BEMHOEEIZLD, ED
FEDENAE T 2 A FERL 72, Sz 1l 5 ke
LT, 7= v 77 VIRIDA U & HEGERT D 258 D D
TIETERE B Z k- WHROMEW 11, wHR O
AORIZEE2 35 ikE & 572 Table 2127 A7 — 4
DEFAM—EERT.

Fig. 412 UDC & LG4 4 o8 v Nl o
BAERT. By -V Y777 UHE, Rz r—n v
777 VDAL, EREEHEGEN AR, 2 - v
Truftre s -0 v 7y VERD A LIZDOWTIE, UDC
BEGETL, A A SV IROES N E L o7z
REODURIE % FERR L 72.

=)y r7 7 YED AU L AR D554, UDC
DETRTHOMBIINTIC THho. 71—V VT T 7
UAFEIZX LT 15C LR L Tnw5. 72, UDC % ik
ETL2BA, Wiy -V v o7 7 v ETH 70T,
=NV T7 7 VDA LI 103TC TIRITRE L T
3. T b b RAMKHFOET T, MG H o BB %
WZERbhb.

WIS, 7= o7 7 v ERD AL ZRETEAMET

(e TOMGERBEMET) # LBAO T Y Y V&0
WS A Fig. 5T, AR 7 5 ZPEIRE, HmasT ) v
LW, FRRRMA A LSV IR AR T, ks, L, 7
T IVEOWREDN, O TRTERTE—A YA 7 LDREGT
7 RS ICENE L A, RRMET A IET AT
BIhbhi:.
=077y v ERDLZIRETCREMETEBZ
o1, A8=20 T 5 FEERIE IR 250 BT E —
AHA I NOEmEICEET S, 20T L3, SEME
TR IEBREIAH AR R Th 5 Z & A BKT 5.
D EOFEMER A ER» 5, @milil24am s X 2ME K T O
HELTUTOZ e HERENS.
(1) K BARGEITE, & A U 2ME < BRI R & VIR
ECETL TV,
(2) W HEIE O BRI G B IR AR 1o LTI 5 & 5
ICHIE XN TS, 20728, HHIRENE L 1727
3 Z & CHRRREE RTINS 5.
(3) IKEMETRIIIABE s =) V7T 7 v ORE)
TRENREL TS,

120 ubC
—— Without cooling fan
5T 100 I——shut offcooliwg_w parere
S \ _}~""—— With cooling fan
ox, 80 #
L= —Tc
8 60 \ /.M
% & - Vehicle speed
g2 |
g— 2 40
o O
22 gttt gt
LA A
0 400 800 1200 1600 2000 2400 2800
Time [s]
Fig. 4 Change in Tc when driving in UDC
300 -
Maximum spark plug seat emperatlhre of motorcycle
250 ‘\
o // //\K
. 200 — ~—
o S
2 // Spark plug seat temperature
© 150
2 A
% 100 // ™~ Cylinder temperature
[ I
/ L
50 T
c
0
0 50 100 150 200 250 300
Time [s]
Fig. 5 Temperatures of engine parts when driven at

full load without forced cooling



Honda R&D Technical Review

Vol.30 No.1 (April 2018)

4. BHEIASENIC L 2 BROIEE

AR DHESS X 12 RIS & % 455678 E OFEE OIREK T
BT hEIET 0 0FEBEL I ko7 DINIC
BHBITHT 240 2R

41, BEIAHDBEICEL DT U HgiaRDE

Fig. 6 (23l & RS OBtk 2 Rt TR g, i L 72—
VY VEAIE SAE K 10W-30, API #if%:SJ 'L —
FThB. ffizr—V v r 772005 LTCUDC %
AT U 7238 O 4 4 LS v Pl & R OBtk & S
=) V7T 7 U NEDENERY. Ml AL e
7-8A ORBEMEZ 79°C, BREEIZ 16.8 mm®/s Th - 7.
A H OSA O FEMIEZ 65°C, BIRE X 26.2 mm®/s
ThoT-.

WIS, ZOBREDENE 725631 D v HEWIEE D
AMER L. EBIZE—2) Y HEICED T YU UHIKT
B Zhbhiz Fig. 7 ICEBLRZRT. UDC &ETHho
TV v R 3500-5500 rpm T, HEhEHRZE 60-110 W
DENPE L T,

10000
1000

100
26.2:mm?/s

16:8:mm?/s

Kinetic viscosity [mm?/s]
=

65°C | 79°C

-40 20 0 20 40 60 80100120140160180200

Oil temperature [°C]

Fig. 6 Kinetic viscosity at various oil temperatures

15
g
X,
g 10 65°C r
o
=
k]
c
G 80°C
% 0.5 J
(0]
=

0.0

3 4 5 6

Engine speed [x 10° r/min]

Fig. 7 Engine mechanical loss at various Tc

4.2 KHRIC & 2 BAHER E DB

WIZ, MRRDOZEDRNES RIZ 52 2 B 2 iRl L 7z,

—MEIIS, Ky D VTR S 3 IREES S 2 T
LT, WIS R W KIS 273 T x — & & U 72 0B
FEOmMIERIEEET 5. “mTy Yy EERT 585
Bl Uk, WA /ST A — & & L CRMOMIEREZ2 B
Zk-5T05%. ZOFIEIZHG 2 (BT, To ik, ¥V
VAN FIZHODfHbhzze v Hick->THlEESh 5.
Fig. 812 UDC Z&ETHD Te & Ty DS AR T, HHE
il e O, AREaERie e U, K& Te, MI##IE T
Y. TulldWTd, Te &RMRISHRFIGHIOR MT2E
AT T 5. UDC OETH T K O FER T 20°C
DENELC TS,

WIZ Ty DIMEZENEH EH ERE (correction
coefficient of injected fuel: Krw) IZE DFEEDEE & 72657
D EAER L 72, Fig. 912 Tu & Krw OBIfR%E /R4, Fig. 10
IZ2UDC 2#ET L725AD Ty & Krw DR AR89, KR
gl Al U, Mg ailim e D ThH 5. Krw id Tw
EIST A= URREMETH 5. G H S O I 3ERENG
HELIZHLT, MiERE2 112485 FT, $habb, B
BOWG &2 R EMISET 5 £ TORMA ARV, UDC %
EFLEROMEFEOMRBIEHMERZREN LT 5,

140 T I I
—— Without forced cooling
B 120 [-{ —— With forced cooling ———
® 100 S
o L~ —T
2 80 — —
© JTy
g / /’j Te
= 40
°
._/
20
0
0 200 400 600 800 1000 1200
Time [s]
Fig. 8 Change in Tc and Ty when driving in UDC
1.8
16 -

1.4 \

1.2 \1\
)\o\

1.0 Q—WL

0.8

20 0O 20 40 60 80 100 120 140

Oil temperature: Ty, [°C]

Correction coefficient: Ky, [1]

Fig. 9 Relationship between Ty and Krw



2 —BRALAITCOBERLEENE LAERIESA Y X T LDRHRE

0.92 mL DZEHEC 72, Mim AN & D mtef A R < &0,
PRORHE S & 28 0.92 mL S8 SRR & e - 7=,

43. 7= T 77> DERENB%K

RIS, 72— Vo T 7 v OBIEELEOER B Z 5 >
7z. Z ORI, Table 2 128 =DD%&MFEDE &, T—4
VY RIZKD T OV OBWIRKZIET S 2 &5k
5. 0= Y077 ERD U BGE OB % HiE
WlELT, 7=V V22770 &ELKRDD - OO5Mt
THIE U2zl & SRt & D224 2 — ) V7T 7 v DB
FEk L Lz HEER%E Fig. 11 1287

B, mmZemgo s — ) v 27 7 v OEREIEE &
A, WEHR AR L =A 0 s — ) v 2T 7 v OBRE)
@%%m?.7—0/777/@I/V/L§9w0mm
IZ2FHWT, 450 W OEREIHH 2 R4 X ¢ T 5,

F 7z, WHREMEW§ 2 HETIE ) v T 7 vkt
VY VI 9500 rpm I3 T, 200 W OBRENIRZ: & R
EHTWS. MRy v o r—287 7 ) — DR
MOZEREWS T, T 7V HN—ABAEIZE > 72

WHIRO B2 5225 &2 M ->TLED ZEDFERTH 5.
120 1.25
— 4|

-
o
o

1.20
Ko T ——

Vehicle speed

72 Y D

k.I .U“&U j !W;m
LW WAL

0 300 600 900 1200
Time [s]

[o]
o
™~
N
-
Y
[¢)]

N
o

Oil temperature: T, [°C]
Vehicle speed [km/h]
o
o

N
o

o
—

S
Correction coefficient: Ky, [1]

Fig. 10 Changes in Tw and Kmw when driving in UDC

500

450 }F
— 400 | —— With cooling fan /
E 350 || = Shutting off cooling air
1]
& 300 ¥
‘T 250 ,j'
c
< 200
§ 150 & o
Z 00 Oﬁfﬂf¥(/

S Imees ot e
0055
1 2 3 4 5 6 7 8 9 10
Engine speed [x 10° r/min]

Fig. 11 Cooling fan driving loss at various engine

speeds

Table 3 Calculations of fuel economy in UDC

- Fuel consumption| Fuel economy | Improvement
Conditions (mL) (km/L) (km/L)
With cooling fan 103.20 57.80
Without cooling fan 99.28 60.10 2.30
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Table 4 Outline of in-house urban driving cycle

Distance [km/cycle] 1.0
Vehicle speed [km/h] 0-40
Engine speed [r/min] 1700-5500
Throttle opening [%] 0-50
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