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Flow Visualization in two stroke engine

by

MrWorasard  Ariyasak
Mr Vivat Khositsakul
Mr Weerachai - Limpornchaicareung

Tawtchai Nakpipat (Advisor)

Abstract

Gas flow in combustion chamber has been thought to be important factors which affect
combustion phenomena in an engine.

Flow characteristic of gas during suction and compression stroke in the cylinder of two
stroke engine has been measured through transparent cylinder with flow visualization technic
such as particle tracking velocimeter method by means of video camera and fiberoptic laser
velocimeter. Obtained data wete processed by personal computer and velocity pattern of the
gas were shown as velocity contour in 3 dimension at any plane.

Effect of engine speed and port contiguration on gas velocity switl and tumble have

been cleared.
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uwk

0.-25 1.3132
0.0.5 3.2189
0.2.5 1.3132
2.-25 1.4511
2.0.5 9.6364
2,25 3.3631
300 2.-2.5 2.4042
2.0.5 248123
2,25 0.7071
0.-2.5 0.70M
0.0.5 0.435
0.2.5 0.7071
2.25 2.4042
2.0.5 10.42
2.2.5 0.8869
330 2:2.5 4.3449
-2.0.5 20913
-2.2.5 6.8897
0.-25 6.8897
0.0.5 8.0874
0.2.5 6.8897
2.-25 43449
2.0.5 2.1052
2.2.5 3.1674
360 225 45829
22,05 12.0235
2,25 16.4719
0.-2.5 16.4179
0.0.5 30614
0.2.5 0.1002
2.-2.5 45825
2.0.5 24511
2.2.5 5.849




pargudasmrnnnagrrtaminanaiey FLV . crank angle UAS MIUMLIAN

Crank angle position Velocity
XYz (m/s)
0 2.2.3 0.9879
2,03 29288
2.2.3 1.3319
0.-2.3 27259
0.0.3 09113
0.2.3 0.0976
2.-2.3 08131
IR 2.03 0.9286
2. 23 1.0015
s T 223 | 16819
i 2.0.3 | 118865
o 1 "2.23 | 40116
N | 2107033t / U037834r
1 - PrEIEAC A6/
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Py e XN, 48865
O XIDZ 23 5.4811
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2 0NN A e
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- o (R U8 S\ g 1%000
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e 4203 4 12218
] e.23 30011
0.-2.3 15455
T o 70, 0.3 9.1135
- i 023 08112
T U 223 | 124443
o U T 203 | 12218
223 11109
120 -2.2.3 18771
-2.0.3 1.165
-2.2.3 16589
0.-2.3 16.0843
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0 23 159118

2.-2.3 1.2843

2,03 1.165

2,23 2.8993

150 -2.-2.3 3.2183
-2,0.3 1.3118
-2.2.3 1.2165

0.-23 ' 10.5031

0.0.3 0.8864

0. 2.3 81109

b e e e

223 | 21145
2,03 13118

L —2)2)3 15594

B e USRS

210 -2.-2.3 0.5972
2,03 0.2938
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0.-23 2.5507
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<<Graphics'Graphiocs3D*
1ist1~-1(0,14.6760},(30,2.3961),(60,9.0741},(90,0.0666},(120,0.2169},
(150,1.4494),{1680,1.1084},({210,22.4960}, {240,2.3454}, 1270, 49.11 651,
{300,24.8123},(330,2.0913),(360,12.0235}) )
11-t2-((0,5.9367),(30,0.61901,(60,7.3293),(90,3.0620;,(120,17.2146),
(150,9.6299},{180,0.1209},{210,2.5902),(240,40.1583},{270,20.1423},
(300,46.3969),{330,42.7214),{360,5.1400})
11-t;-((o,d.55701,(30,1.3901),(60,7.01921,(90,0.9991},(129,13.21643,
(150;2.4494),(190,031301),(210,19.459},(240,3.35&4),(270,34.1163p,
{300,22.8024),(330,1.0531},{360,14.0112})

gtab = Table[{ListPlot[listl,PlotJoined->True],
ListPlot{1ist2,PlotJoined->True],
ListPlot[1ist3, PlotJoined->Truel))

Show[8tackGraphics [gtab]]
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<<Graphics Graphics3D®

1ist1={{0,0.0542},{30,2.3928},(60,11.1693},{90,0.3229},{120,6.255};
{150,7. 1401) {180,0. 91641 (210 2.1197}), (240 0. 03A3) (270 1. 3132],
{300,0.7071},(330,6.8897},(360,6.8897}}

1ist2={{0,20.4179}),(30,0.0381),(60,0.2569)}, (90, 0 6303}, {120,21.%9094,
{150,18.6684),{180,0.2687),{210,3.06439),(240,9.6097},({270,1.3132},
{300,0.7071},(330,6.80897},(360,16.4179}}

1ist3={(0,1.0603},{30,25.3260},(60,0.8124]}, (90,5, 1428},1120,10.3627},
t150,0.9586), {180,0.0864),{210,22.7915},{240,4.5869},(270,3. 2109},
{300,0.4350}, {330,8.0874},(360,3.0614}} .

gtab = Table[{ListPlot[listl,6 PlotJoined->True],
ListPlot[1ist2,PlotJoined->Truel,
ListPlot[1list3,PlotJoined->Truel }]

Show[StackGraphicsgtab]] .
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2
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point 0.-2.5 4
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Inf25):=
<<Graphics Graphicsin®

Inf26).=
list1={{0,6.4122},{30,10.1059),(60,2.5162),(90,1.7445}, (120,1 2442},
{150,3.6630}, (180,3.2840),(210,17.0662},({240,23.30724,(270,1.4511 1,
{300,2.4042),(330,4.3449),(360,4.5829} }

Inf27]:= .
list2={(0,1.7570},(30,0.0942},(60,0.0827),(90,1.3640),(120,1.0507},
{150,1.7580},(180,0.3012},{210,2.9212},(240,3.6838},{270,9. 6364},
{300,10.4201),(330,2.1052},{360,2.4511}}

In[28].=
liet3-({0,5.6412),(30,6.1294),(60,8.401},({90,3.1015},({120,0.9156},
{150,1.8869},{180,4.0561},(210,22.3441),(240,19.9861},{270,3.363},
{300,0.8869},(330,3.1674),(360,5.8490))

Inf29):=
gtib = Table[(ListPlot[listl,PlotJoined->True],
ListPlot[list2,PlotJoined->True],
ListPiot[1ist3,PlotJoined->Truel)]

Velocity
point {
crank angle
50 100 150 200 250 300 350
Velocity 10
8
6
1
2
oint \
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50 100 150 200 250 300 350
Velocity
20
15
10
. 5
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point

point

voint

<<Graphioce'Graphioce3Dn"

11-t1-((o,o.9979),{30,1.6979),tso,1.43os),(9o,b.1353),t120,1.977i],
(150,3.21831,(180,1.5097),(210,0.59721,(240,29.12641,(270,4.6623);
(300,22.6761},(330,18.2113}, (360,1.1254} }

liit2-((0,2.9286),(30,11.8865},(60,2.1968},(90,1.?278},(120,1.1650),
(150,1.3118),(180,0.0701},(210,0.2939),(240,15.0282},(270,23.8783),
{300,10.4565),(330,1.5809}, {360,3.3211}}

list3={ {0,1.3319),{30,4.0116),{60,1.1128) .{90,3.0011}),(120,1.6589) .
{150,7.2156),(180,2.0128}, {210,0.8597),(240,43.4576}, (270,3.0116),
(300,30.6991},(330,16.4591),(360,1.9548)) ,

gtab = Table[(ListPlot[listl,PlotJoined->True],
ListPlot[1list2,PlotJoined->True) .
LidtPlot[list3,PlotJoined->True]}]

Velocity 25
20
15
10
5
2.23
2.2 crank  angle
50 100 150 200 250 300 350
Velocity
20
15
10
5
-2.0.3 .
50 100 150 200 250 300 350 crank  anle
Velocity 40
30
20
10
-2.2.3 crank angle

50 100 150 200 250 300 350
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<-fraphice Graphics2D

Li«kShadowPlot3D( [ [22.6761,25.862,10.4565,10.75,38.6991],
{18.921,5.789,7.538,2.59,18.10),
(1.9781,3.338,0.4594,4.436,3.1194},
{1.593,5.934,6.583,4.445,2.593),
£0.R895,3.468,8.4565,5.932,1.0001})]

Velocity

-
Nz- 4
. crank nngle - (

!l:m (J vd * s’ [ l&
BN (x ., y) AuiFeemInanauAat

(2,20 02,10 (2,0) (2.1 (-2.2)
(1.'))(1(1)(4,())(1,1)(-1,2)
CO.2Y 10,1 (0,00 (0,1) tQ,2)
(1,-7)(1,1)(1,())(1,1)(1,2)

A

N

L R R R



: {<Graphics Graphics3D®
ListShadowPlot3D{{(7.3283,3.89,9.0741,5.963,0.8124}),
{5.672,2.932,7.801,0.218,4.512},
{0.2569,3.501,0.8124,4.013,11.1693},
{1.592,2.125,0.796,3.452,9.697),
{2.5162,1.021,0.0827,4.521,8.401}}]

* Velocity

—

l-\._____/
| pistion

%’\“’“

e —

I . :

Nz="4

crank angle = RQ)

Thed (x.y) avBuamuarduded

(2.2 {2,1) 2.00 £2.1) (92, 2)
C102) (1, 1) o VO 11y (9 . 2)
(0,2 10,1y (0.0} (0. 1) (0. 29
L1201 0 v 00 1.1y (1 9)
(2.9V 092 0 02 00 (2.1) 19 9



<<Graphics Graphics3D"

ListShadowPlot3D[({1.2442,1.382,0.2189,7.596,10.3627},
{10.21,8.596,5.212,1.521,8.961},
{21.5995,13.312,10.3627,7.5921,6.2551},
{3.526,7.692,2.127,8.621,1.2921},
{1.2442,2.753,1.0507,5.921,0.9156}}]

Velocity

:YJIZ:B

crank angle = 120

e (X, y) auFeamuandysai

(-2.2) (2.1) (2,00 (2. 1) (-2,2)
(-1, 2} (-1,1)(-1,0)(1,1)(1.2)
(0,2) 10,1 (0,00 (0, 1) 10,2)
(1,‘2)(1,1)(1,())(1,1)(1,2)
220 02000 o0y 101y 2.2)



~<Graphics Graphics3D’

ListShadowPlot3D([|(3.663,5.736,1.1084,4.592,0.0864},
{1.343,3.859,0.1121,7.592,6.735},
{0.2681,1.732,0.0864,3.769,0.91645),
{1.286,1.112,0.967,2.632,3.782},
(3.2846,1.212,0.3012,2.196,4.0561}}]

Velocity

o
Nz-5o

crank angle = 180

" fJ d -t -
laed (x .y ) azdemudrdydall

(2,2) 12.1) (2,00 (22.1) (2.2)
(1.2 (4,00 (1,01 (1.1) (1.2)
(0.2) 10,1 (0.0) (0. 1) (0.2
(1,20 01,40 (1,00 (1,11 (1.92)
(2.20 02,00 (2.0) (7.1) (2.92)



<<Graphios Graphics3D"’

ListShadowPlot3D([{{23.3072,10.789,2.3454,7.532,4.5869},
{19.621,1.026,8.634,5.121,1.2196}),
{9.6097,0.952,4.5869,1.311,0.0343},
{12.12,7.891,4.667,5.721,3.396},
{23.072,10.521,3.6838,2.125,19.861}1}]

%z =5

crank angle = 240

e (x,y) ardoangduded

(2,2 (2,1 02,00 (2,1} (-2.2)
(-1,-2) (1, (1,0 (a,1) (1,2)
{0,210, 1y O 0)Y (0O,1) (0,2)
(1,2 01,0 1.0y 1,1 (1,2)
(2,2 {2,100 02,0 2.1y 12.2)



<<Graphics  Graphics3D’

ListShadowPlotBD[{{2.4042,10.751,24.8123,13.995,0.7071],
{1.012,5.62,1.021,3.265,1.001},
{0.7071,1.021,0.435,3.312,0.7076},
{1.212,5.421,7.46,4.212,1.2131},
(2.4042,9.621,10.42,3.521,0.8869}}]

Velocity e \\\\\\\\\\\\‘\\\\\\

7
Y
o 4F2
LN T
7
/ L "lu.
X Oba —~-
< 5
' 4

-
V‘Z:G

crank angle -~ 200

e | Ly ) arBuand Ayl

02,2y (2,1 2.0 (-2,1) (2.2)
(120 1, 1) (1.0 (1.1) (1.2)
(0.2 10,1 (0,0) (0,1} (0,2}
C1, 20 (1) L B U I I R

(7’7)(7 1‘/’)(\)(')1117"



<<Graphics Graphics3D"

ListShadowPlot3D[{{.9879,1.534,2.9286,1.738,1.3319,1.538,2.582,
0.852,1.1021,0.123,(1.538,2.582,.852,1.1021,0.123},
{2.7259,1.593,.9113,3.358,0.0976), .
(1.734,3.133,.543,4.548,.012},
(.8131,1.595,.9286,.553,1.0015}}]

Velocity

- .

Nz- 2

arank anale = ()

~ nl ~ ¢ e W 43‘

e { x, y) AUFEIATNANA LA

2.2y (2,00 (2,00 (2,1) {-2,2)
120 01,1y (1,00 (,1) (1,2)
(O, 2y 00, 1Yy 10,00 (0, 1) (0,2)
C1Ho2y 0 -ty 01,0 (1,1) (1,2)

2.2V 02,00 (2,00 (2.1 (2,2)



<<Graphics Graphics3D" i

ListShadowPlot3D[((1.4306,1.35,2.9286,1.738,1.33194;
{3.795,6.739,3.352,.548,4.592},
{9.593,5.835,.986,9.861,15.1167},
{3.131,2.145,3.343,1.583, .212},
(.8218,1.131,2.1968,5.576,9.1174} 1]

Velocity

Nz-23

crank angle - A0

lnei Ly ) G NE Ay gt

(2,2 (2,1} (2.0} (2.1) (-2.2)
f (-1,-»7.) (1.1 C1.0) 1.1 (1.2

0,7 L0, n 0,0 (0, 1) (0, 2)

(1,~7.)(1,1){1,0)(1,1)(1,?)

C2.2) (2. 4 C2.00 (2 1) ('2.2)



<<Graphics Graphics3D’

ListShadowPlot3D[({1.8771,0.953,1.165,1.302,1.6589},
18.759,1.702,4.043,5.432,3. 052}, _
(16.0843,10.5921,4.1132,8.7523,15. 0118},
{9.832,3.3592,3.949,6.393,4.32},
(1.2843,0.935,1.165,1.634,2.9993)}1

Velocity
Y \
B A\
S
.
X .\ /"l.

:

T

I piston I:"‘——f

V’lz:?\

crank Angle = 120

o (%, y) asBoamnsdudel

S NN I TIE Y C2.0) (2,2
(1,20 1) 11.0) 1. 1) (1.2)
(0.2)Y €0, 1)y (0.0) POy (0,2)
(.1,7)(1,1)(1,())(1,1)(1,2)
(2.2 (2.1 2.0y (2.1 (2.7



<<Graphies Graphicsg3D"
ListShadowPlot3D[({29.1268,20.592,15.0282,30.395,43.45764,
’ (10.598,5.928,10.152,13.852,21.12},
{0.1813,5.732,8.1174,6.595,0. 95541,
{14.59,15.37,18.952,10.898,15.5321,
{28.1102,21.125,10.0282,25.13,34.2105}} 1

Velocity

crank angle = 2410)

T@uﬁ (x,y) asBuoamusndydal

(2.2 (2.0 (2,00 (2. 1) (-2.,2)
(2.2 00,1 (1,0) (1, 1) (1.,2)
(0,2 (0,1) {0.0) (0, 1)y (0,29
(1,--2)(1,-1’(1,0)(1,1)(1,2)

(2.2 02,0 02.0) £2,1) (2.2}
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