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Flow visualization used PIV of hydrogen fueled
free piston engine with uni-flow scavenging
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ABSTRACT

In order to improve scavenging performance of free piston hydrogen fueled engine, this study
estimate compatibility of uni-flow scavenging. The scavenging flow characteristics in the cylinder is
investigated by flow visualization and PIV method.

Consequently it has been found that the scavenging performance decreased with abnormal expansion
of piston and delay of the exhaust valve opening timing. And the scavenging performance of exhaust
valve located center in cylinder head is better than that of exhaust valve located side in cylinder head.

KEY WORDS : free piston engine(2 A AE 7] -T",:]-), visualization( 7} Al 5}), uni-flow
scavenging(++H & 25 A&27]), PIV(}AYG S -+54l), abnormal expansion(H] 4 4% %)
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Fig. 1 Schematic diagram of experimental apparatus

=l

| >
rim
4>
>
A,
)]
10
>
o
o
L
30
o
N
>
_kgj

= Ad =

7 E, i2E T 5o TAHEN

AUy Jes B EoE 349 A& wjrd
Bt A&} B3 7r5E TN Eslr] ek 4
Q 7HAEE (WA 82mm, F°| 68mm)o] Y
J=ot F7|XE Alojo] AYUH ol dF=Z
Azjgoiglth 7] TEE dFHIdoz 3009
294 EE JHA I ddE A F77F Bo7IREE
At 2ol o dF3HA 6707 w2 H o)
o} w7 EE SYnoln WH ol FAdUYRE
TEEY iE e ool WH
Adg 9 FEAAZ FA4EY Flat¥d 9]
AL WE S5 QS 9 AASLEE &
SHEHHE F5EHY TENE 8barolth
HaEE Eols WiHO oAz
BDC7HA] 50mm #7438t 33tolH AN Aes
dhol ThA] 7] SIAI7HA] ShsH =S FAE 24
Zhe] &deol W I, FhdEte T2
Az AIZHAE R F7)3kE 2 Aol ®
Aloj et

Adgule {532 o)A F(He-Ne500mW)

S ofd i x2

£ 1 ol K o

Fig. 2 Photograph of linear power system with uniflow scavenging
for visualization

Trans. of the Korean Hydrogen and New Energy Society{2008. 6), Vol. 19, No. 3 183



rES -

¥xhaust valve position
kil

Ficeld of view
({ 82mm*68mm )

Quartz

2RE RS o8 A S
&7 2HKodak EktaPro HG imager
Mo-2000) sl ¥4 Agdez Bauct
PIVE AHaiQlabe Add soie 339 44
wol=9o JjHe) o)

2.2 gty

AEE 7B e} dyste] wjrjWlBE o] 9]%]
g2 E 9 wj7|ide] E7l Alv] Walel vjA AL
-0 Ul AERA WY wE TguAE
71ge] A W] A7|94S 7HAEEE Ao
o] & ol HAELS HHAT TN dExx7] HA
MR 9] HAE BARsiYh e xv)e TAE =
= 71X E 34mm Aol YAA7Y Zalu) A
&o] Al 2EHUS o] 4HE vl
3bare] ¢YHo gz AdUY Yo A&z 3t

7

ERe

ol WA $4 PIVHO 2 S48, 2 ol
ol FAES 9x] W Wrel g Ay Lo =
A9 AE Fwe] B4 AuEel 7| deAls 2
o Iz ztoz Uk & glone AH AR
2o o 9AE 9309 wes tehig, o
B w7 8E I Al7lE 92280 635% B

184

=ZM4A

- Ol SHY -

ro

09
lol
1>

(c)

()

Fig. 4 Calculation of velocity by discrete particle tracking
TmmHFE  9mm7}A]

Fig. 3& fr&%do] Hol= 7IA g 9493 uj7]
Zloltt, v 7|8 X+ A
2 13t A3} F4o A 20mm E
AT FRoinh vAN A W E 2EZT W
ohi= Imm @9 8] Ao E B A8 758 T
Ady U Fol Aste 8mm7bA wEtE

2.3 JIAIRE Z20IM SEWEO ME

SEge] ANEAL AEARY v 2ANHS
FHste] RMEE A AIUAEA PIV

z
W& AHEHATEY A YAEA PIV 719 A
HYaE SYH R IAsta o]y MFE B
Gtz 2 2t A N dAe] v
& FAs $EMEE 4E3Hs Wyeltt” Fig
41z 7HA1 b B 2 RE SRdEE o] I
¢ shdA e dabg debdoh s EAte
thresholding ,H#-54 R SEHE S Attoz

TR AolR 7N E ol Ao (a)s} o]

9,

O
Al she}, o) 2) gk wgol 23l s AdAte] o
213}7] 438l thresholding 2.2 (b))} &
s

1

o

S W50l FUHRE AABTY. B
FAE o2y YAE wEstn, 9%
A FHse Fiolete] w% A7k Wl

% e FEMEE ()47 o)

4 o o ol nlt zo
o Lo
, i

2o e

SR )
30 O

(1)

<

|
4
QI
3

=4 & MOHAISE =28 H193 3% 20084 6



EX valve open(0)

In open(40ms)

....l....Ill...'....C.....I...0............IDI.I.’....!Il..l.........l.................)

(60ms)

(100ms)

(80ms)

Fig.. 5 Raw mmages and velocity vector of in cylinder flow with normal expansion

3. O|MAE J|0] uniflow A7IEH
OEOI:AI

3.1 Uni-flow AJ|9tAlo] A

Fig. 5& w7 EIt B2Eo] 635% BT 4
Aol A 8mm WFH B9 &7 & 7HA S
olp|A| e} o] & WHOoR T HEHMEE At
73 3tol] meh el Aolth of7)H AEZAE I
2E0] 1009%% BAshs 8mmolth. T A 9}
fo] 2ol T8 ofF wi7|EEst A=A
Hulel dAEo] w7y Wegoz we
2= 7] Al dEHoR B AaEo
stHA F7IRET G5 A7) s,
Zlole ARHWE fYEE A7]1e FYdE
7] mEel dEdn MEoR AstA w7 7hs
HEA7]E e Bt ¥2Eo] BDCZHA
b F712E7E 48] ™ 277}

Ese AL

m\.l

)

r® oM Hi oux
PN
m\olw

N
HJ

e

i

i o
)
L ofx
i
|l
D
N
z
1>
ftilo

=

ML
rok e

=S oY [T
o 4o o

:1org££mmzo;m1m
30,
<,
o
2
=
_‘Ol._:i‘
i
O
%

o 9
NS/
=
=
u’ﬂl.
lo
N
> 2
o_,>_‘,—\9*
&r‘
4
o
HU

it
2
N
rlr
P
tilo
=
o
e
v

o

3.2 HHI12E0 Tiet uni-flow VIS

i 7]l 8 d9 A7) Fig. 6 gj7]|@iBs}
Al AdY W] FE5HAEEE vy

=)
2 A7) wabe] me} vEhd Aol wyun
2]

Al71e) Wt freddel 2 9% 7

_lI
N

o=

=

(o=

=

o=

=

ol

15

02 AR S Bol} MEHE 4F4E
AR A7k U AL Btk FERTEEE I
B0l 635% WA A Fol A RE 682% A7h
A w7 EE 9y A7 ADEEE Fashs A
2 UEhT 7] ME 97 A7)E gAEe] B3
o) o 4% Z7he Ago Aol e} PEs;
E7h o %A T BAYE 2 YT oj5e

160 ]

140 [ -

120

Velocity, m/sec

100 f——— —: — | — — —_

60 1 i i
63 64 65 66 67 68 69

Exhaust valve opening time, Stroke ratio %

Fig. 6 Mean velocity according to exhaust valve opening time

Trans. of the Korean Hydrogen and New Energy Societ2008. 6), Vol. 19, No. 3 185



S

. 2T - 01 BE - Y3l

Q!
0

oL R M7ME A Fig 8 w7wng 4
- T ok 79 7RIS ARl
Aatol mhak ERd o)k AeIA wizvlol 2
% 2

Valve ift (Tmm) Vakve ift (9mm) o

el
Fig. 7 Raw images and flow pattern of the different vlave lift o) q_

w7 g A7)7F AddeE fAge] B B g A s Fsaleld BAg
of o3 w7 r7}t Al AlFAA Ay b SHF7F st A&7)EHgo] MEteE e A& B
o] vrolzl=d] o3t Fow B 4 qlrh X%t v ), olol Wha} wj 7| B 7} o] YX|3tH HdHUY
77 Us 47 s S AT SAgs oA 7| H o]Er fFo] TS U
7teAdel & ALoE Rl ERUle WA g ep5re] o] HAste As KA
7|88 B ZE  Fig 7 njyidA gEe o, B 78 R7 FHAA XA e B A
Hsloll i3t 71A 8 AP I £ WHE YERA A 2] GHoljA] wj7|WH| o]2& A7t HolA|
ojty, oA e A Fo] ZZE Ml o}, ko] 7| B b Fofoll $IX|g A BA
e FEHHe] M= AR gFon wjy|HE R gl ol 77t WA G oollA WEZAY ATt
Wk ke {5 A ZEZF 7MY & 9mmeol A G ol s GFIHE YERE 7 &
MmmXE T 3] viEEE HoE 2 ot st a7 dER wiEdE 5 o A7l FAAQ

22 Aihs g ZEvt 71l wel MRl faY ZAEYH hase AR dden
A o] F7lste] wizo] A& o FojA]7] i

A FHew wdrdrh A
Ommel 4§ FHEHE AVTE
/“E'/Hﬂ LHoﬂ ‘DEZ] .Ea-]_i HH ,
7IEER mﬁqﬂ et s

o] Z7ahe e}, o

Normal expanswon {83 Abnarmal expanswon (Y Vnun)

Fig. 9 Characteristics of the flow according to expansion

186 gt=meA & AUUHAEE =28 M19& X3S 2008F 63



Normal expansion

Abnormal expansion

Fig. 10 Flow pattern through piston-controlled inlet port
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