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Research on Combustion Improvement Techniques by Intake Valve Offset and Squish Effect
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ABSTRACT

Reported in this paper are the technologies for
improvement of combustion efficiency by applying
two simple methods to a single cylinder, 110 cm’
displacement, four-stroke, two-valve gasoline engine.

In the first attempt, we tried to improve combustion
efficiency by increasing tumble of the air-fuel mixture
flow. To increase tumble, we devised an offset intake
valve design in which a part of the intake valve was
located outside of the cylinder bore. With this offset intake
valve configuration, a part of the inlet port perimeter was
blocked causing disturbance of air-fuel mixture flow along
the cylinder wall that resulted in a strong turbulence. The
increased turbulence permitted lean burn at an air-fuel
ratio leaner by two points, reducing Indicated Specific
Fuel Consumption by 4.8% from that of the base engine.
With the intake valve shifted outwards against the cylinder
bore, the spacing next to the exhaust valve increased,
allowing the intake valve diameter to be enlarged to
compensate for the deterioration of the maximum power.

In the second attempt, we tried to improve
combustion efficiency by increasing the reversed
squish flow of the air-fuel mixture. As the means to
increase reversed squish flow, we employed a slant-
parallel squish configuration. With the application of
this squish arrangement, the margin against knocking
generation was enhanced and the compression ratio
was increased to 9.5 from the original 9.0 while
reducing the Indicated Specific Fuel Consumption by
2.6%. The offset intake valve design coupled with the
high compression ratio produced by the slant-parallel
squish design lowered the Indicated Specific Fuel
Consumption by 6.0% compared to the base engine.
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Table 1  Specifications of experimental engine
. Air cooled, four stroke,
Engine type . ; . .
single cylinder, gasoline engine
Bore x Stroke [mm] 50.0 x 55.6
Displacement [cm?] 109.2
Compression ratio 9.0

Intake: 25.5 x 1
Exhaust: 21.0 x 1
Intake: 5.8
Exhaust: 5.6

Electronically controlled capacitor
discharge ignition

Valve diameter
[mm x number]

Valve lift [mm]

Ignition system

Fuel system Carburetor

Fuel type Regular gasoline
Research octane number (RON) | 90

Maximum brake

power output 6.27 kW at 8000 r/min

Maximum brake

8.72 Nm at 6000 r/min
torque

(RON90) T, v 7L aickfiftEhs. 72720, 22t
(A/F) #ZHT 5EBRTIE, Fv 7LD 70—FF v v
IWN—FBOENEFEL, A/F#HE Lz v—2 )Ty a—
Lxo 7 7EICEEL, 1k 720 360 7SV 2D T F
VO TV INMMERER RNETOREIITEER TR
FENZE s (F 2 5 —8L6041A) W=, TV o 5
VAI gV a VIV AT LAENLEAFEA - LR
—EDIL YD A, AMICHIEhs. © 0P U HTk
DFEERFZPN TV AI v a VLIV A—ETB I kbhi.
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oA ERE =Y Y VI 3750 r/min,
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Fig. 112, S0 BAHEIREMFICH VT A/F 2410
272354 O Indicated Specific Fuel Consumption (ISFC)
& Coefficient of Variation of Indicated Mean Effective
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ToiE b B 2 5 > 7235813 COVier DM Z L 720, 2
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Fig. 1 ISFC and COVer
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Table 2 Conditions of steady flow test

Valve lift [mm] 1,2,8,4,5,6
Throat diameter [mm] 0.535, 1.31,2.75
Pressure of surge tank B 5

(AP2) [kPa]

Load cell rated capacity [N] 0.5

Rated torque [Nm] 5x10%

N %, BEmlpsE & iR — bl tRE b,

_0xB 8M
re v, _rhVOB (3)

ZZT,
Vo : BRIAR — - N
M :GH N Lo
m: 225 DB i

TR DM, F2H 0 5 & Fitak bk & 78 7 ek B 4 Bt L
7-CFD T Z - 7.

Fig. 212, @AW 72 £ E %2 /8. Table 2
2, ﬁﬁ(ﬁﬁﬁ%ﬁeo)%ﬁ‘%ﬂ?’ﬂ‘.
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578, TR AT 3. 2078, TR DEHHRE % &8
BZRERHD, INUDA VIS AR Y TIL A — 4 EHYEL
THEBRAB I k57

72, TR OFPNE 58 2 s g 2mfllE 4k 2
ol Kl GUTHROhZhZho TR DA HAE%
TR & U TR L 7=.

(6) 3) ()

Air

HIE

.
Ue U 4)

AP2 AP

* Figure shows measurement
for one arm of T-type tumble
adaptor but actual measurement
is carried out for both arms.

(1) Air pump (7) Carburetor

(2) Surge tank A (8) Inlet pipe

(3) Throat (9) Cylinder head

(4) Digital manometer (AP1)  (10) T-type tumble adaptor
(5) Surge tank B (11) Honeycomb matrix
(6) Digital manometer (AP2)  (12) Load transducer

Fig. 2 Flow test rig
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Table 3 CFD conditions for steady flow test

Software name SCRYU/Tetra
Solution type Steady state flow
Valve lift [mm] 1,2,3,4,5,6
Pressure difference of Inlet 5

and outlet [kPa]

Cell type Tetrahedron

FFT? ;HST;‘;:;']' type Prism 0.3 x 2
Number of cells 4,500,000
Differencing scheme MUSCL scheme
Pressure velocity coupling SIMPLEC
Turbulent model Standard k-¢

Fig. 312, TR MFIELIZHW 72 CFD i D F )L & 73
Table 312, CFD Dt HE &M% 8T,
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X (4), CFD Tidk (5) TE#ah s ", %72, Fig. 412
Z: DX %2R T

Calculation section of tumble flow

et
Carburetor

Outlet (Throttle)

N S

Cylinder head

T-type tumble adaptor

Qutlet

Fig. 3 CFD model for tumble ratio calculation
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L7z, Fig. 512, 77 v 7OHFFX & 2 DK E RS,
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Fig. 7.1, "EWIABIC I % Z: & TR OFENFHR % TR R & A CHm 2 /R L T ZEhbnrd
aﬁ‘ﬁgs , SRR — PN E VY v X NOFE AR O Z: & TROWMKIK AL Z K 512H 720, CFD f#fric
(TD%ﬁ%%%m?.xmvh»%ﬁils@gn»7u KDFHMEIZ Y TH B Z L EMRATE 2. 2070, Dtk
7 M3 4.5 mm TERAE BT -7 FHEHRIE, 20y b 3 Z; & TRIZOWTIE CFD it o3RRS RIC K 0 a7l &
LEBO AL & TEHAREIZI TR, Fig. 812787 CFD BIhkS.

Base
Name (Without flap) Flap A Flap B Flap C Flap D
) Flap
S shape

/ g (Sectlon
~ : l Flap area
~ % /; ratio [%]

Fig. 5 Installed flaps and shapes
3.5 3.5
——FlapD —o— Flap D
| | Throttle Flap C 30 Throttle —o— Flap B
3.0 opening WOI\(8O deg) Flap B opening WOT (80 deg) Base
25| 15deg S —o— Flap A '
' N —e— Base 15 deg
= 10 deg 4
E 2.0 '
15 f
TR
1.0
05 —— : -
0 1 2 3 4 5 6 7 8 7 8
Z; [cm?rad] Z; [cm?rad]
Fig. 6 Z and TR (CFD) Fig. 7 Zi and TR (Actual measurement)
Base
Name (Without flap) Flap A Flap B Flap C Flap D
Flap shape

Section of axis of valves

0 10
| S

Flow velocity [m/s]

Section A-A
(20 mm below from cylinder top
surface)

POT TR [-]

0.9

1.0

1.3

Fig. 8 CFD calculation (in-cylinder flow)
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Fig. 9 Relationship between A/F and ISFC
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Fig. 10 Relationship between A/F and MFBo.10%
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Fig. 11 Relationship between A/F and MFBio.0e
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Fig. 12 Relationship between A/F and degree of
constant volume
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o5 | Flap C
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. 20 | —e—Base
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Y5t
>
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5 -
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Fig. 13 Relationship between A/F and COVwer
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Fig. 14 Relationship between POT TR and ISFC
lowering ratio
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Fig. 15 Relationship between POT TR and maximum
power
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Offset intake valve

(Masking)

Fig. 16 Offset intake valve design
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(2) WXL TERDIEK

WKL T EPFSILT D2 ) 75V A= LEL
IZUA, (1)Icky, BE/ VL T OEEIER— 215
LIRKRT3mmIEKRT 5 Z ENAHEETH - 7=,

772U, ZOWAE, MEEREEIZEZE (Fig. 17(3)) #2E
UTLEI. BEslc ko TS L 7l & iiih 2 IR A
HFohdZelizky, Z, 0P TR OWH R THEEh

(2
(3
(4
(5

Fig. 17 Steps to determine intake valve offset

7z, ZOREGER, WKL TEEIRTSIEEREL<L LD,
T DB T I WAV L TEEO P A CFD @i
K OMET L7, 2 OFER, WKV TEOPKEIE 2 mm
Ll ZOEZEOWTNNLTHILDA 7 1y b EIE,
N=ZIZ/L 2.3 mm & k-7,

Fig. 1812, R—=ZD TV Y v LRGNV T A T Xy M IC
KOWRSIL 7% 2 mm, BXY, 3 mm KL 2D
JEYIEIR % T3 5.

5.2. CFD |Z & B iR

WXL T AT 2y bHPOT TR & Z:125-Z 58 %
CFD f#fric kb & L 7.

XL ®IZ, POT TRICHZZELLT, 20y ML
B 15 degl2H\W\WT, N7 Y 7 MZHT 5 N, 05 %
BIlhot. ZTOWRE Fig. 19 1R, KL T4 T
oy ME, X=X L TERTONILT Y T MZEWNWT

Base Intake valve offset
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Fig. 19 Relationship between valve lift and N,
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Fig. 22 Relationship between Z; and TR
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Fig. 23  Flow velocity distribution analyzed by CFD

— 117 —



Honda R&D Technical Review

Vol.25 No.2 (October 2013)

2y MLRAEEIX 15 deg, /ST ) 7 Mid Fig. 1912%
WTIREKNLT A TRy b T Ty T BDON, BEEETS
FRAVITHBH45mm ) 7 N TR E BT k- 7.

WSSV TH Ty MkBEvA2AF VY 7HRICKST,
BN T D) v &R TR A S ) v A AN\OFN
iy oh, PExSL T2 5 ) v ZIZA BRI EIL X
N3, Tk, WK ILTH 77Xy NIV ) VEANT
BN Y TIILVEREST D Z EATRIZED, 799 T B &
[[]Z:0 POT TR %5 /=,

5.3. BENEMR L mEHNET OIIFHIRIE

WSSV TXA 7y PEBEHALZZ Y D Y EHOT, B
BUGE & K T OB O R %2 B IC X DR L
7z. Fig. 2412, #rAMERRSGIFIZT 5 A/F & ISFC
DRtk AT, Fig. 25 7> 5 Fig. 28 IZABEETRE R 2 4.
7 Ty TEEHOEA LRI, FdiHRO ISFCIER— 2
IR LTIk S 5. ISFC Of/ME T U 223548, KK
L3 4.8% Tho7-. TDL =D ISFC {KKFEIZ, POT TR
DEAZHELNT T v 7 B EIRIERSETH - 7=

280

270 —e— Intake valve offset

260 —e— Base
250

240
230
220
210 r
200 |
190 r
180

ISFC [g/kWh]

Fig. 24 Relationship between A/F and ISFC
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Fig. 26  Relationship between A/F and MFBio.90%
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Fig. 29 Power output at wide open throttle
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Fig. 31  Specifications of squish
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Fig. 32 Pressure waveform with knocking occurrence
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