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Construction of Turbulent Component Decomposition Method
Using Time Filtering with High-speed PIV and Application to Hybrid Engine Development
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A time filtering method was constructed as a means
of decomposing the turbulent component that contributes
to promoting engine combustion. This time filtering
method used the frequency at which the frequency
characteristic of the in-cylinder flow changes as the
cut-off frequency, and this frequency was confirmed
to correspond to the time scale of the relatively large
in-cylinder flow induced by the combustion chamber,
intake port, and piston shapes. It was also clarified
that the cut-off frequency can be uniquely determined
by using the inverse of the integral time scale of in-
cylinder flow as the cut-off frequency. The time filtering
method was applied to a flow field equipped with a
tumble control valve, which is an intake switching
device. The obtained turbulence was highly correlated
with the combustion duration of a metal engine,
which confirmed the reliability of the decomposition
method. The time filtering method was implemented
in commercial analysis software and applied to hybrid
engine development. Turbulence was enhanced by the in-
cylinder flow enhancement specification that changed the
intake port and piston shape from the early development
specification and verified the in-cylinder flow
enhancement concept for achieving rapid combustion.

1. EANDE

WA, NHOBRFEEIZ X 0 Pl & h e @R E
(CO) 1T & 2 ERIRIEAL S O BB B A LIS HEH S h
T3, 2022 FEIC I 5 HAOHEERM 2 5 Pkt & h
72 CO, ®HIZEHRDK 18.5% TH 0, FHHEIZZDS> HD
VORHEE TR A S AL, A (T2

E-mail: yasuhiro_okura@jp.honda
? ARHHEF T 3R S A
S ST — 2=y b T ROV X — WS
CHRRASAEA Y H L=y vy

https://doi.org/10.69239/hondatechnicalreview.2026_38_9

$944.9% Z o T a Y. EHE2SPEE NS CO, &
HIWk 3 % 728, PIRIERIDOIRSEEEIER, /Yy 7 1) F 213K
BEMmE Sy —2=y b T 2EILY 7 F xR
ML CHA TS, —F, Ny T VIZIEIanNL b aE&DL
T A ZBREETH D, R4 R0 M S E i O g 23 5 T
WBRZ ENORENEMBICHRERH L LEEZEL SN TH


https://doi.org/10.69239/hondatechnicalreview.2026_38_9 

Honda R&D Technical Review

Vol.38 (2026)

2% &5y TV EER KN REEETRESNS
CO, B EEEBERLIZTATHA I LT EAX Y T
i, 2Ny T UEKEBEO CO, R EN TV ) VIS L
TEVEADHHZEERELTOE Y. 250595
Y L, HEHEHARER I — Ry =2 - I %
HIELTH Y ) VBRI L 7= BRI D B gE ) () %0 i
FA VI I5ZDFFEHHTESL Py 74 v &EBEL
T4 ATREEE JTHR DA R KE (Erneuerbarer strom - fuel:
e-fuel) DIFZE O HED ST B.,

KAEHK (Spark Ignition: SI) H V) VLV ¥V TIE
WRE EAHBE L, ) — N — kT S ok A
2 Fif% (Exhaust Gas Recirculation: EGR) 12 & 2%
Wea v e 7 PRI TS, ZhooBEa v+ 7 b
13, B EBBHZ X 2 RAXIS, BElE 455245 EGR
HAZMA TR Y THIARPEPBR L LA KRS T2 8D
Thd. —H, BHEXDAHALR I & 2 BRITEHEREE DX
T &S 728, BN — MEROREL 4 &1 & 0 il
Lt zabhTns ™ LirL, 20L) 5FETE
= R RE S TSRS PT A I % 720, I OIKT %248
RBENWD DD, ZOHREEMPT 572012, 2V VE
BREPEIZIS U7z 2 v 7 )L JeH N & W S BRIk O Tl 37 %

Ho 72K 2 77354 ZDOW2ERRFR B Z kb Tn
5 (11), (12).

2. BLRE D DR BEFE

21. RFEDFHE

SIAVY) v v v DKRFRIERIEZE AT 5 72012
WAL A TH D, TV ¥ VRN ORLFREHG I i3
A ZIIEEERERVS N T X 7=, 4 2 LBk
&, YA 7L X 7S IS5 B I U 0 25 A& BLR
KL EHRTZ2EDTHS DY LhrL, ZOFHETIR
SR A O LLE R R e 2 A 2L T D& E) & LR
B EENL T LRI TB D, L% 8\ KI5

LTULESaaethd 5. hosrifidhe LTl 7 4 L 4
TONEEERATNEDR S 5. 2 OTHEIEH EFEAE
DM 5 B HENRERFEEERACT I A 7 LT &0
gy L ELER S & T 5 & DT B, S LAER
FHEIZ BN TEY A 2L O HI T A 2 Hl) % &5
MEALEDENELZEDTH B0, EFEHEAETE
YL GRS O AT 2 B E 3613 52 B T 0907,
F72, P4 VN SN BE DR/ 3T — Z X b LR
90% KL L& B WA v VA TRWERET S Z e H
BEINTOBH, 7y b TREEBIIMEEER & 5 &
LTwz W09z k5, Gk aosEiic L T
Fil DTESMREEINTNBER, Fy A 7R OHE
ZHWFEWVENERS. TR0, Fl AR & - ELE R
JE & PI FE ISR — DG A B 2 a5 5A, Wil R
KISFHIILCTL E 9 Z ik D HiatnB8is & 215485
b5,

22 BB 712k

G O 3 5 T AT T BE Ze s ORI 5 I E 1
(Particle Image Velocimetry: PIV) (2 & % KB BED &
X ZFIH U 7205 7 4 v 2 4 37 72 e BLI R oy O oy ik &
LCHELZD, Fig. 1 IZBEATFED 5 EMIITIEO T u
&, TN ORIBEBERE AR G O J a3tk o Fig. 6
M), BBV A 7 LOEETY A s LTI h g
WXL TEBLTED, WERTFETH B9 4 2L T
W ZOEFAEFFTR S & LTz, Bl 7 4 L 23T
1A 2T Tl T — ) &I &0 R &
Kz, 2o, ¥4 7L RO X AT
BB 1y b A TIRBBS iope EETEL, S tpe KD &
JABEL D E R E ELFR S & LTl 2 T TH 5.
ZZT, a4, vidu, vEERTOHER T — ) 2R TH 5.
Fig. 21294 Z )P LI 7 4 L 2 35T 5 7= 8L
MO T ALF kDR ERT. ZhkD, 4 7Pk
OFELFREB) T 3L F kX 7 4 L 2 EOELREE) = %

Velocity Frequency characteristic
i i Cycle-averaged
20 ‘ ‘ : : tD|scr]ncate Fo;mer 1.0E+02 Y 9
10 Intake Compression ralns .‘tj"p CI’ | = 700 rpm WOT without tumble plate
Z f velocity fie ~ 1500 rpm WOT without tumble plate
A every cycle -+ 1500 rpm WOT with tumble plate
i V7l = 10E
= ‘ 7 0E+0
€ =e= Average || £
- 1-cycle =
2-cycle || =
3-cycle = 1.0E+00
: —=— 4-cycle ||
—— 5-cycle Thick line: u component
-60 - Thin line: v component
360 300 240 180 120 60 0 1.0E-01 |
1.0E+01 1.0E+02 1.0E+03

6 [deg. BTDC]

f[Hz]

Fig. 1 Velocity and frequency characteristic of in-cylinder flow
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Fig. 2 Comparison of turbulent kinetic energy
obtained by time filtering method and
cycle average method
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Table 1 Engine specifications
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Fig. 3 Appearance of optical single-cylinder engine
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Fig. 4 Measurement range of in-cylinder flow
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Fig. 5 Layout of PIV system for construction of
turbulent analysis method
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Fig. 8 Comparison of energy obtained by time filtering method and cycle average method at analysis point,

Ne = 1500 rpm WOT
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Fig. 9 Effect of time resolution on cycle-averaged
in-cylinder energy spectrum at analysis
point, Ne = 1500 rpm WOT
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Table 2 Specifications of tumble control valve

Specifications Flow part Gpjate [Mm] L piate [mm]
UF 2 mm Upper 2 93
UF 25 mm Upper 25 70
UF 50 mm Upper 50 45
LF 2 mm Lower 2 93
LF 25 mm Lower 25 70
LF 50 mm Lower 50 45
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Fig. 12 Schematic diagram of tumble control valve
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Fig. 15 Effect of enhancement of in-cylinder flow by
TCV in analysis area, Ne = 1500 rpm WOT
at 6 = 0.4 deg. BTDC

TCV specifications

Base Upper flow 2 mm Lower flow 2 mm
P > Flap —>,
[deg. BTDC] kS Intake valve Intake valve Intake valve Plate—
9 o D
T
£ lap
2
[$]
(2}
1
Exhaust side Exhaust side Intake side
E) b E = Mean flow
c L velocity [m/s
30.1 £ |5 20 - y [mis]
¢ |- .
= [ F i 10 [mis]

0.4

Mean flow
¥ [mm]

|
==
°
k;[m?/s?]

I ™ 5

x|= i x

L s

1 ;

)

oF Mean flow

velocity [m/s]

i% 10 [mis]

ki
=3

K, [m?/s?]

Ex
1
4
2
0

£ £l 0 E] 10 w ] £l

-
% fmm)

Fig. 14 Distribution of mean flow velocity and turbulent kinetic energy k; obtained by time filtering method,
Ne = 1500 rpm WOT in without TCV, upper flow 2 mm and lower flow 2 mm



BEPIV ZAWEBT V2ECLIEAREISDOBEFEBEE NI Ty FEHI > D CREADEHA

DOWMENRLZ B EZEIONTWS. Thbb, 2OXH %k
REGRE L 75 BIATIE ISR 2 B 2 & 5 721 Tl
PRI IEETE R WTTREMES B 5. L2hi - ¢, Bl 2130
KT 7O OFYIFROHS A4 2 VEB EZ KT 55 E LT
HAMAEAEX B2 2 EOBNIRBBELE & 5.

4.3. Bt & BB DRIR

Al —#ELeH >EBELAGE T Yy (LT, BTy Y
VST TCV MBRBEANRIE G R8 A fifERd U 7z, i~
VYDE=LY) VIRICRHRONALEER T AL X &, &
ETY O VDT 74TV IHIIE S R BRI O
BIfR% Fig. 16 1Tnd. T O v OASHII N T2
5 RATFE D XIR YA R )T (Indicated Mean Effective
Pressure High-loop: IMEP.H) = 1000 kPa T& %. ri‘k
5B ERBEE]S (Mass Fraction Burnt: MFB) 28 10% &
75 % F TOMMN & YR BE I 0,-MFB10 &EFRL, k13
MK 0, OO A V2. Zh&D, TCVIZLD &,
ARMEE3 L, ThicE & 540 0,-MFB10 1344 5.
TCVEELIZH LT, ZPROKE N TCV (H4£E UF 2 mm
& UF 25 mm Ch 3. —F, 0,-MFB10 28401 L 7= fhkki
LF 2 mm T - 7z. fLyE# 5L ¥ &k, & 0,-MFB10 ©
MBI ENZ 0.875 TH D, K7 4 L 2 E TR SNz k1
PRI MBS R BB Z & h B LRI ORED 5 L X
EHERT B2 N T,

14 I I I
| Correlation coefficient = 0.875 |
13 Oe
2 12
h=)
o
é 11
s ©® Without TCV
o 10 | m TCVUF 2mm a
TCV UF 25 mm
9 | OTCVLF 2mm Decrease-in-cor .basﬁion—dlﬂratian—
< TCV LF 50 mm | with turbulent enhancement
8 T T ‘ ‘
0 2 4 6 8 10 12
k; at 6, [m?/s?]
Fig. 16 Relationship between combustion duration on

metal single-cylinder engine and turbulent
kinetic energy, k; obtained by time filtering
method at ignition timing on optical single-
cylinder engine, Ne = 1500 rpm IMEP.H =
1000 kPa

5. N7y RAEI Y CREADER

5.1. Y — L DIEHAL

MESEL 7205 7 4 L 2 A CH fEHICRIGH T % &
I, 7a—7 v 2 )Y —FHEOWIR PIV H ST —
L FtrPIV-Cruise NANRBIFNTHEREL L THERE BT

Koz Ky — LOFE LT, PIV OFHHERE, PIV fi#
Br, FREHRLER (SLERMFRIT 2 &) & L AR — MMER F TOLE
ERI—DY = ZT—HTHIKS ZENTRETH S W7,
2574 N2 —%—4 2 &—T x4 X (Graphical User
Interface: GUDIZ K D IFE 7 4 W 2 L& BINT 57215 T,
AL NT e WEB 7 7 o ERO L K — MEKA BB T
BIaS5BELABMNULZ. GULIZK AR AR%E & HE)
Lok, BLEMHT & VAR — MERIZE L T2 TR EHN
30% KT 2 Z enWEEL 5D, Ty VYRR TR Y 2o
PANZA LY —ICHGEERERE 7 4 — F)Ny 7 TEB K512
o7z

5.2. #iEpaita> €7 bOIRIE

IV VHME2®E—2 A T FHEA 4 5K 6
TV VT, XEIZ 20 LThB. 77Xy TR
DIRBEERT 279, KLY v OEMIIZ 139 & L,
Cooled EGR ¥ 27 A% ¥5#T 5. SO BEA BT 5 72
W, WRAE— Mk g2y Tt h, X VI
KO AL = ERRANEHRT RO LA VRIOE 2+ v
PEHAER TS,

WRERILD 2 DA K — bR 2 b VIR E Bl &
J1%: (Computational Fluid Dynamics: CFD) (2 CTH#ad L 7=.
ZOWEEI YT EREET 5 720, FHREY)EIHAR
gt & H & U 2z B (b thak o 5 N B iR A %
PIVIZT¥H Z %572, Ne = 2000 rpm WOT (27T 60 %1 &
LEHE F5 2 2\, BER 3 REEIL 3 deg. BTDC (Bl
8 kfps) TdH 5. CFD i id il Ricardo #1543 YT
NHFAESTY 7 b VECTIS % vy, LT 7z i3 FEdE
k-g BTV AW U722, BRI & WE b ko v+ 4 2~
I X M 2= (R NREN Hb i % Fig. 17 1278F. 6 = 180 deg.
BTDCIZHBWT PIVIZ K D55 M= imBhim ik o dE
BRI U TN L T D, ISR — P2 53
A LGN A & — XN ERFEANERE TS, EMEIT
K TH 5 0 =30 deg. BTDC DBV T PIVICLDE
N7 bR OEE S H L, Zh5iE CFD O
FER & Rk OMER T db - 72,

PIVIC &k 055 M7= FARAIHIHLAR & B btk o bl
FOEB) T 3L X k, O A Fig. 18 1283, PIRHINILAR
XU T B AR L AR D k1% 0 = 60 deg. BTDC LIFETA
WM A/RY. 0= 30 deg. BTDC O k, /34 T, BHFEW]
AR IR U OB AR D & I3RS O fHE CEin
fHIHTdH 5.

Bl 7 g L2 4 2 L EEEORLER T 5L
X k, D& Fig. 19 1287, KA 7 4 L 2L TIIBA R
I AR A & B R ARANEE 525 Z 212K D k134
21.9% ML T 50, H A4 7 U FE3ETIE 24.9% HI
LCHD, A 2 FED k138 3% k&< A 6h
T3,



Honda R&D Technical Review

Vol.38 (2026)

Early development In-cylinder flow enhancement
Intake port Piston: shallow dish Intake port Piston: bowl-in
Intake side A Intake side
Air flow Ir tiow
Specifications - X A S,
’L‘_(
. —
Exhaust side Exhaust side
Method PIV CFD PIV CFD
Intake side Exhaust side | Intake side Exhaust side | Intake side Exhaust side | Intake side Exhaust side
)
a 180
[
m
=)
(]
k=)
@
Intake side Exhaust side | Intake side Exhaust side | Intake side Exhaust side | Intake side Exhaust side
30 z
‘

Velocity [m/s]

0 10 20 30 40 50
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(Subscripts f: time filtering method, c: cycle
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In-cylinder gas temperature [K]
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Turbulent velocity component in ¥ direction
decomposed by time filtering method [m/s]
Coordinate to bore direction [mm]

Coordinate to stroke direction [mm]
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Dynamic viscosity of mixture [m?/s]

Integral time scale of in-cylinder flow [ms]
(Subscripts u: x direction, v: y direction)
Turbulent integral time scale [ms]
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Equivalent ratio [-]
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TCV Tumble Control Valve
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