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FLOW VISUALIZATION IN FOUR STROKE ENGINE
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.Flow Visualization in Four Stroke Engine

by Mr.Thanawut Sukpfasert
Mr.Siripong Atipan
Asistant Professor Tawatchai Nakpipat (Adviser)

Asistant Professor Attasarn Suntornchat{Adviser)

Abatract

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

Flow characteristic of gas during suction and compression stroke in
the cylinder of four stroke engine have been measured through transparent
cylinder with flow visualization technic such as particle tracking
velocimetry mnethod by means of video camera and fiberoftic laser
velocimeter. Obtianed data were processed by personal computer and flow
pattern of the gas were showed.

Effect of engine speed and intake port configuration on ¢as

velocity swirl and tumble have been cleared.
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FIGURE 1

Radial mean velocity 5, and root mean square (rms) velocity fluctuations v, at the valve exit plane,
and axial mean velocity 5, and rms velocity ductuation v; {5 mm below the cylinder head, at 36° ATC
in model engine operated at 200 rev/min. Valve lift = 6 mm. Velocities normalized by mean piston
speed.!

(b) 35°

(d) 39° (e) 41°

FIGURE 2
Sequence of schlieren photographs of intake jet as it develops during intake stroke. Numbers are
crank angle degrees after TC.2
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FIGURE 3

Large-scale rotating flow pattern
set up within the cylinder by the
intake jet. Photograpn of streak
lines "in water flow into model
engine with axisymmetric valve.?
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FIGURE 4

Sketches from: (a) streak photographs of in-cylinder intake generated flow in water analog of intake
process in model engine with offset inlet vaive, at 90° ATC:3 (b) streak photograpas of flow in diam-
ctral plane; 30 mm beiow cylinder head, with intake port and valve geometry shown, with steady
water flow into cylinder. Valve lift = ¢ mm.*
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FIGURE S

Schematic of velocity variation with crank angle at a fixed location in the cylinder during two con-
secutive cycles of an engine. Dots indicate measurements of instantaneous velocity at the same crank
angle. Ensemble- or phase-averaged velocity obtained by averaging over a large number of such
measurements shown as solid smooth line. Top graph: low cycle-to-cycle flow varations. Here the
individuai-cycle mean velocity and ensemble-averaged velocity are closely comparable. Bottom
graph: large cycle-to-cycle variations. Here the individual-cycle mean velocity (dotted line) is different
from the ensemble-averaged mean by U. The turbulent fluctuation u is then defined in relation to the

individual-cycle mean.’
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FIGURE 6
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rev/min, mean piston speed 0.76 m/s. (a) Engine schematic showing measurement locations and veloc-
ity directions; (b) velocity at b in intake flow path; (c) velocity at ¢ on cylinder axis.'!
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FIGURE ¢
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(remaining symbols) at TC at the end of compression, for a number of different flow conrigurations
and chamber geometries as a function of mean piston speed.'® Two data sets for two-stroke ported
engines. Four data sets with intake generated swirl.
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FIGURE 1|
Different types of swirl-generating inlet ports: (@) deflector wall: (b) directed: (c) shailow ramp helical:
(d) steep ramp helical.**
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FIGURE 12

Shrouded inlet valve and masked cylinder head approaches for producing net in-cylinder angular
momentum.
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(a) (&) e ——

FIGURE 14 . '
Swirl, axial, and radial velocities measured 2 mm from cylinder head around the valve circumference

for (a) tangential deflector-wall port and (b) helical port; magnitude of velocity is given by the distance
along a radial line (from valve axis), from valve outline to the respective curve scaled by the reference
length (examples of radial velocity indicated by two arrows); valve lift = 12.8 mm.*-*’

MSLUSEMIAN SWIRL MEuns=uangy

“i.umuéim%wmmmﬂmﬁtﬁwgnszuanguﬁymaqﬁanﬁﬂ\me\azéwwiwmsga il
BIEBN Lﬁ'amuns:mumsg}ﬂ uaefl L nipasinuiuianszuiunisin Jetfnanusal Souamudl. Aafl
WINUAEASNTEINIEN Turbulent 19NUDWA 98T Momentum muunszuanguinm sgy
ufteuansiasduwwaumsdn  atheisfima anu$avaenis Swirl wmsdefiaansns iy

W 1
Twidteamsaanuuuiay L w dden s wunssu AUNISDDNULUUL ASDNEUAUUY  Direct—



..19...

injection 3zdN5¥MS swirl yaBN AN M sHERAUsEwieEs L 30 L WiauRza M
Wwnszuangy AN swirl vaqawnﬁﬁﬁiwanﬁguaﬁwiﬁﬂunﬁzuanguﬂusxwdwq%ﬂaaunﬂs@ﬂ
ngnnﬁﬁﬁaﬁuﬁu1ﬁiaanwsﬁaa§hawnwaﬁlwaLﬁﬁﬁaqwaiwﬁ Tapundazfiadunusaensuangy
1 Tuga fnfugaeudnaenszuangy

fofanseniaemsdmraTaaLs | Buanu SR RR RN TS RECUIREREEER T 3
Momentum of inertia vaqawnﬁﬂa:aﬂaqnﬂaaawuz§1LQQQNLﬁu§u P81 TAmN T aueN
L%QQNQﬂﬁﬁLﬂﬂ%ﬁﬂﬁﬂﬂuns:uanguaxaﬂaqLﬂaqawnusqeﬁﬂﬂwwuﬁwﬁhns:nangv

TnuuL Bamm e unszuanguL RRMNLIAT uAsMTEYSNETHINUAN 2216

I MO\ T (20)
dt

J;  Ae WUt T auA L BNgmmpuns s uangy

T¢ @D torge i fnanus L Soam ety

1 2
E MG R L TR BT RO P s R P C D)

J'l = fFI’VO.dAV (21)

Ay

dA, @ element vasfufifhndaida Swazmain Uil 15 Tnp e Ta ueiny Bega

v
L
nmaa L ignssuangululuraunsgads

tiv
TN jr(;vo.dAvdt (22)
Ty
%q1MLuuﬁmL%qguﬁLﬁﬂ%ua%qnWHﬂunszuan@uﬁﬂaﬁaﬁﬁavaq%ﬁmaunwsgﬂa:ﬁﬁwﬁaﬂnéwﬁ 1ilaa
awnusqLﬁaﬂwwuﬁwﬁﬁﬁgﬁﬂ%ﬁﬂﬁﬂﬂunsquunﬂsga usa1 duamuil Andufas L Aesas Joafiutvau
fatusounnsdn ﬁhﬁuiuauuﬁaxﬁqgusamﬁqagaﬁﬁavaq%ﬁmaumwsﬁhﬁﬁwaﬂaq
Wm s Seemuiiniiidnuunenssuanguuasiasgnguiasuszan st ngas
i snusa L deamu. fienananm s e ussn N sdn s anENTRde 7 flimng

fn usaHeamuil Aedfinianseuangudnansauszananisdann anudul dauiinda

B v 1/2f’(3%§}ch {23)



_20_
a TNk = @) Solid-body Swirl
Ws

4
wReAduys=Andusa Juamu Cp aNGERN

Cp 0.037 A (ReB)0:2 (24)

-, 28 ' Q, : ; o
(1.3)77  @oenesiifaaidamsuanuuandesewi NS su I UMIUNURIN BN NS = UBNEY

>)

ReB = /O(BWS/Z)('}TB//U) ‘ (25)

FIGURE 15 :
Dednition of symbols in <¢quation for angular
momentum dux into the cylinder {Eq. (8.31)]
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FIGURE 16
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FIGURE 17

Schematics of how piston motion generates squish: (a) wedge-shaped SI engine combustion chamber;
(b) bowl-in-piston direct-injection diesel combustion chamber.
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FIGURE .1%

(a) Schematic of axisymmetric bowl-in-piston chamber for Eq. (8.36). (b) Schematic of wedge chamber
with transverse squish for Eq. (8.37).
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Yalues of squish velocity decrement due to leakage Ay, and heat transfer Avy, normalized by the
ideal squish velocity, as a function of crank angle.?*
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FIGURE 21

Comparison of measured squish velocities in bowl-in-piston combustion chambers, with different
bowl diameter/bore ratios and clearance heights, to calculated ideal squish velocity (solid lines) and
calculations corrected for leakage and heat transfer (dashed lines). Bore = 85 mm, stroke = 93 mm,
1500 rev/min.>*
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