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Analysis of In-Cylinder Flow Characteristics
of a High Speed D.I. Diesel Engines
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Abstract

Recently, HSDI (High Speed Direct Injection) diesel engine has been spotlighted as a next
generation engine because it has a good potential for high thermal efficiency and fuel economy. This
study was carried out to investigate the in-cylinder flow characteristics generated in a 4-valve small
diesel cylinder head with a tangential and helical intake port. The flow characteristics such as
coefficient of flow rate(Cf), swirl ratio (Rs), and mass flow rate {(ms) were measured in the steady
flow test rig using the impulse swirl meter and the analysis of in-cylinder flow field was conducted
by experiment using the PIV and calculation using the commercial CFD code. As the results from
steady flow test indicate, the mass flow rate of the cylinder head with a short distance between the
two intake ports is increased over 13% than ttat of the other head. However, the non-dimensional
swirl ratio is decreased approximately 15%. From in-cylinder flow characteristics obtained by PIV
and CFD calculation, we found that the swirl center was eccentric from the cylinder center and the
velocity distribution became uniform near the TDC. In addition, the results of the calculation are

good agreement with the experimental results.
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Fig. 1 The design shape of intake port
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Table 1 The configuration of basic factor

for port design

.Number of 5 Bore 80
intake valve (mm)
Intak | Val
'n ake valve 044 alve seoat 45
diameter(mm) angle ( °)
dls.tance between 31 62
each intake valve (mm)

Table 2 The configuration of intake port

Protrusions of .
. Distance between
Head valve guide .
. each independent port
type | & guide boss J.
(mm)
A-Type 7
B-Type 2 37
C-Type 11
D-Type 7 47
2. MEFE U Az
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(b) D-type head
Fig. 2 The configuration of intake port

Torque
Indicator

Fig. 3 Schematic diagram of steady state

test rig

a0

)

2
o
o M

_i_'%r.&‘irm

&
@ ol
ol
1o
=
2
o
pul
]
ta
>
=
ru?‘i T}E

oft 9
i
)
o
e
L
lo
o
K
I
o
o
2
it

A

aln N MO a0k

> %
o of

U

-

AR (300mmAg)e. & A4
Fig. 39 298 AA=E A
T APYE FItod YL 2
2] 7kx] wrao] AlgE s 9f
+ ISM(impulse swirl meter}& ©]

B ol getgleh?

R
3
B nz
RO

i
)
o
A
-

o

+
e ol

rd

ot

o 2ol ok LT
2 2o
N

Mo - %

of 2 2 o & &
B

N

b

gl

o) ghtH
(=]

23 73 7tMS A &

<

il

23.1 HaAefoflMe] RE TtAIS
B4 dgex e AT UF F5L B2

Rk

Inlet seed

CCD camera

Fig. 4 Schematic diagram of visualization
system for steady state flow

Table 3 Specification of the visualization

engine
I Diesel Displ
Engine type .D 1e.se isplacement A3%cc
singe cylinder volume
Combustion Bowl-in-piston Comprgsswn 15
chamber ratio
. of
Bore X strokef)  80mm X 86mm No. 0 2
Intake valve
skl 75 MBS SUSAL B FF M
3 Yo 2T NS AdAN FHeAY
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Fig. 5 Schematic diagram of PIV system
for unsteady state flow

(@) ®

oA dxle] dade FAE BE gPos
TIHER, BHE YR FF52 Ao HFAHY
FEFE v '] A "k 2B, 2 d7AE B
& WE fF5E 7 S fEd, A2E ¥
’+& Fig. 6(a)st 2ol HE lﬂ—‘?- £ AE2
40mm, ¥olE 1lmm2 3, AFS H9H3
(quartz)& AHE-3std 2, @ ]X1 H g Hg Uy
2 BYP3tA =93yl Aste]  Fig. 6(b)sk 2o

E4 928 A9 bowl-in-pistong A A
. 24 Azdd sFsE ne Iy
2A “}E}ﬁﬁi-‘?—ﬁ omm 91X AR}

2.4 VECTISE 0|88t sy =2

2 M)A AL FUIEEE A4 ==Y
¢l CATIAE o]&3l9 324 X9 (surface) 2
Fd & STL Aoz Wilsle], VECTIS W9
pre-processord] YEIIe FMmdz ALgE G
o AdAAE VECTISWS pre-processors ©)

N7 e] Al f5 A 1279

'!“Hi

Fig. 7 Computational mesh

g3te] AtZd  A(rectangular cel)Z AFZA A
AAANATL, Aol AR3 AREE 36X25X65
2 F 585000|th, 1@, Wy F9)9 AxE
Al HALAEE o}yl $se ZF4 mesh
refinement& 3 3tA T} Fig. 7o) & A4tel] A}
£ AL A A4S RA9Fa gl

28142 VECTIS solver® AM£3t9 3, 3%
A, AN e 2 AEH dRAFFeE Ao
AMNE st ¢ BdL k- ZEL A}
23t 7474]*213 *‘@@49} v w3sly] ¢ &
o EF71XE Y478 F<9JZE4(inlet condition).e.
= "}%6}—1—, A€y oy stdHg 727
(outlet condition)e. 2 slgth golje) ZHol=
2T 2094 T4 F5& A&7 ste A
dv A 3w older FRI ZA Rdy
AT ¥ -EF 24 EF gHzHoE Fo
A4S 300mmAgE A4tstd AY¥AIe] FFH
FFAT kS g7 vasdan

3.1 B7IZE gdol e & §5 54

Fig. 8& &% A¢¥<E 300mmAg® 2HA
deold e HEZEZ WIAIEA FY &
FE& FAsd, 7Y UE Ygzed wE 3
Avs ZAF ol BE A =9 §3
Ase dH f2ET S7MESE AT 7187
€ 73 Frtske Aoz vyt

ARl HERY 9IRol A-typedl d=7F &
4 #FF FHel AR FEstz, M 2AE g
%& D-typed A=A & & gom, Agn



1280

@~ A-type head

@ B-type head
X7 C-type head
-7 D-type head
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Fig. 8 Flow coefficient of test heads
with non-dim. valve lift
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Fig. 9 Effects of protrusions of valve
guide & guide boss
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(a) Visualization result of A-type head
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(b) Calculation result of A-type head
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Fig. 12 Comparison of Flow fields by cal. and
exp. for A, D-type head
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(a) Velocity distribution (b) Uniform velocity
Fig. 14 PIV results at BTDC 120°

(a) Velocity distribution (b) Uniform velocity
Fig. 15 PIV results at BTDC 90°
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(a) Velocity distribution (b) Uniform velocity
Fig. 16 PIV results at BTDC 45°
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Fig. 17 Eccentricity of swirl center
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