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Study on Heat Transfer from Swirl Gas to Combustion Chamber Wall

(Measurements of Burnt Gas Velocity and Heat Flux)

Abstract

It is necessary to promote the efficiency of the internal combustion engine to a global
environmental improvement. The gas flow is used to promote the combustion of the internal
combustion engine. However, it cannot be asserted that the improvement of thermal efficiency is
promoted by introducing the gas flow. Then, it is necessary to clarify the interrelation between the gas
flow in the cylinder and the heat transfer for the thermal efficiency improvement of the internal
combustion engine. In this study, how influences the gas flow after the combustion end  gives to
heat transmission to the wall of the constant volume vessel which is modeled an engine. In the
constant volume vessel, the swirl gas is generated by using the shroud valve, and ignited. When
combustion ended, flow velocity and the heat flux were measured for 0.4s. The heat fluxes of inside
and outside surroundings wall of the vessel and the upper and the lower walls are compared,
respectively. As the results, it was understood that the heat flux is not influenced the shape nor
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position of the wall.
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Engine, Constant volume vessel, Thermocouple, Heat flux, Gas velocity

1. 0000

oooobOoobooooobooboobooooooaoon
gboocooooobobooooboboooooboon
oobooooboooooooboobboooo

oooobOoobooooobooboobooooooaoon
gboocooooobobooooboboooooboon
gboooooooobooooboboooooobooon
goboobooooooooooboooboooooo
gboocoooooboboooobouoboooooboon
oood

gooooooobooooogoo
gooooooooooboooood
obooobooooooooo
oooooooood

gboooooobooboooocooooobooooo
0000000000000000000000"™Qo
obooobOoooooobobooooobooooo
obooobOoooooobobooooobooooo
ooooobooooooobooooooobooooon
obooobOoooooobobooooobooooo
oobooooooboooboobooooboooonn

obooooobooooooboooooobooooon
obooobOoooooobobooooobooooo
obooobOoooooobobooooobooooo
ooboooooooobooobooooooooboo

gboocooobooboooobocooooobooooo
obooobOoooooobobooooobooooo
ooooobooooooobooooooobooooon
obooobOoooooobobooooobooooo



218 [ 5 NI D=

oA B 3T &

OOo0ooOoOoO00OD0OQter vallODOODOOOODOOO
OOoOooooocOodOmnerval I DOOO00OOOCOCOO
gboocooooobobooooboboooooboon
gboocooooobobooooboboooooboon
gboooooooobooooboboooooobooon
oobooooogd

2. 00000

21 00000

oooooooooooboooboobooooooon
0 160mmO 0 80mmO O 40mmOO000O0O0CO0O0O
goboobbo31goooooboooboboono 2000
gboooooooobooooboboooooobooon
gboocooooobobooooboboooooboon
gboooooobooboooocooobobooooooaoon
gboooooooobooooboboooooobooon
gboocooooobobooooboboooooboon
gboocooooobobooooboboooooboon
oobooooog

Pressure indicator

(31pieces)

Heat flux probes

22 00O00OO0OO0OOOOO0OO0

0000000 000000000000000
0000 304ms OOO0OODOODOODOODOOO
20ms OOOODODOOOOODOOOOODOOODOOO
ooooboobooooooboboooooooooooono
oooobOooooooboboooooboboooon
oooobOooooooboboooooboboooon
oobooooooooooobooooooooooon

gboooooboobooooboooooobooooo
oooobOooooooboboooooboboooon
0 240° OODOO0O0O 270° ODOOOOOODOOOO
ooboooooobooobboobooooboooonn

gboooooboobooooboooooobooooo
oboooobooooooobooooooobooooon
oooobOooooooboboooooboboooon
oooobOooooooboboooooboboooon
oboooobooooooobooooooobooooon
oooobOooooooboboooooboboooon
oooobOooooooboboooooboboooon
oboooobooooooobooooooobooooon
ooboooooboooooono PrCcOoOobOOoOoDn

4
Intake shroud

port Ignition plugs
(2pairs)

valve

valve

o CzzEmr
A 71| Adjustable
< N e anti-rotating
S Intake port holder
To pressur p Valve spring :
sensor Intake shroud Valve stem

Cam

ub oOoooon



T AE BRBER &l S K D BMRIEIT BT DT (RBERF ORI J OB SR A 219

3. 0DOOooono

31 00000000
oobooboooooooobooooooooooo
gboooooooobooooboboooooobooon
obooboooooocoooobooooooooo
gboocooooobobooooboboooooboon
gboooooooboooobooboooooobooon
gboocooooobobooooboboooooboon
goboobooooooooooboooboooooo

o
15}
S
3+
c
.2
kS
=
S
©
(@)

O

Distance between both sparks A0

Velocity(l ]
Time interval between both sparks 4 U

U0 oobooboboooo

ooboooboooboooboooboOon0ono0.1d01ns
goboobooooooooooboooboooooo
gobooooboooobobooooooooooboono 200
goboobooobbooooooooobo 1000
goboobooooooooobooooooooo

0000000000000 0x0O0O00ooooooo
gododooooooooooooooo

0000000000000 D0O00O0O0OD0O0OO0OOoOO
0000000 a0 CGapacitor Discharge IgnitionOd
goobooooobooooobboooooobooog
00o00000000000000000OO0O0OOOO
000000000000000000O0O00OO0OOOO
goobooooobooooobboooooobooog
oo

32 J00OOOoooooo

0000000000000 D0O00O0O0OD0O0OO0OOoOO
00o00000000000000000OO0O0OOOO
god

0000000000000 D0O00O0O0OD0O0OO0OOoOO
00o00000000000000000OO0O0OOOO
goobooooobooooobboooooobooog
00o00000000000000000OO0O0OOOO
00o00000000000000000OO0O0OOOO
goobooooobooooobboooooobooog
00000000000000

0000000000000 D0O00O0O0OD0O0OO0OOoOO
goboooobobobooobobbuoooobobooa
00000oooooon

0000000000000 D0O00O0O0OD0O0OO0OOoOO
goobooooobooooobboooooobooog
000 PIQPeripheral Interface Gontroller)0 00O
00o00000000000000000OO0O0OOOO
gooooooobobbboooooo 1 0000ad
20 100000 6e000DOODODODODOO 20000
doddoooooooooooooooobooboon

CCD video
camera

Ignition
electrode

Pressure

Image /O
board

12bit ADC
I/F board

Personal
computer

Strain J

indicator

BTty
gl

Acrylic
window

Stepping motor

amplifier

CDI system
For 1st pulse

Control

unit

CDI system
For 2st pulse

*‘—i Motor driver

ub Ooooooooao



220

%37 5

4. 0DOOD0OO

4.1 OOO0O0OO00O0

oooobOoobooooobooboobooooooaoon
gboooooooobooooboboooooobooon
gobooooobOooboooooobooooooo
gboocooooobobooooboboooooboon
gbooooooooooooboboooooobooon
gbob0 eUdOoOoOoOobOOODOODbDOOOOOnOOn
oobooooogd

Plated nickel film
(6.5u m thick)

Surface” — K
junction |

0 3.2

Inner junction
(spot-welded)

S45C rod .

Iron wire
¢ 0.65mm

Ceramic

tube
Hamatite-coated

nickel wire @ 0.65mm

ub oOooooooo

oooon0 s4scoboonoobooooooobon
oobDoobooooob s4scooooooonn
gob0oOooobooooono sascobouunooonn
ooboobO0O0Oe3. 200 10.0mmOOOOOO
gbooooooooboooooboboooooboon
gs3tgbobooooooboooboobobooooooon
booooboboooooboobOoboOoooos4sce
gbooooooooboooooboboooooboon
gboocooobooobooooboboooooboon
gbooo0ooooooobobg s4scounoon
obooooDooboOooboooooDO0oO 6.5y mbOd
gboocooobooobooooboboooooboon
goooob s.omO0OO0O0D0O0O0O0OC0CO0C0O0O0

oooboooooobobooooobooooo
obooobOooooooboooooobooooon
oooboooooobobooooobooooo
oooboooooobobooooobooooo
oooooooon
gboooooboobooooboooooobooooo
U2000000000C0D000O000O0O00O0DC
oobooooooooboooboobooooooooDn

4.2 DOOOOOOOO

gbooooobooooooooooobooooon
oooboooooobobooooobooooo
oooboooooobobooooobooooo
obooobOooooooboooooobooooon
oooboooooobobooooobooooo
oooboooooobobooooobooooo
obooobOooooooboooooobooooon
oooboooooobobooooobooooo
obooooooooooocoooooobooooioo
obooobOooooooboooooobooooon
oooboooooobobooooobooooo
oobooooo

4.3 ODO0OOO0OOOO0OO0OO0O0OOOOO0O00
gboocooobooboboooooon o.5Ma OO0
ooboooooooooieoononoOon
ooobOooboooobooboobooocooooboo
0lo0000000O0CO0ODOO0OOOODOOODOO
ooobooooogo
gboocooobooboooobocooooobooooon
ooboooobooooooooogoswabOOoonOoO
ooooobooooooobooooooobooooon
oooobono oi1wa ODODOOOOCODOOOOOO
ooooboooooboon oo 0b00ooobooon
oobooooooooooobogo.cczooonm
ooboobooooooooboooooao

5. goooboooon

5.1 00000000
obooooobooooooboooooobooooon

obooobOoooooobobooooobooooo

oobooobooooooooboooobooobOoonbn



BEMIHEE

BIRBER TR LD BMRIEIZ BT D07 (RBERF TR TS J OB SR A 221

oooobOobooooooOoobooboooobooogoon
gboooooooooooobobooooooboon
ooboooboooo

ooobOooboooooboobooboooobooooon
ooboobobooooooooobooooooooo
24.8n3 O 90.8ns DOOOOODOOOOOOOOOO
good

30

Radius ratio 0.75

Radius ratio 0.75 N
(Symmetry point)

Velocity[m/s]
N
o
I

0 100 200 ~ 300 400
Time after ignition [ms]
00 0000O00o0oobooobooobboon

Radius ratio 0.60
Radius ratio 0.75
Radius ratio 0.90

Velocity[m/s]
N w
o o
T T

=
o
T

0 100 200 300
Time after ignition [ms]
g ddoooooooooo.

20 T T T T T T T T T
_ 15 .
2 90.8ms
E - N
> 10 \ i
S 156.8ms
> 5t 222.8ms —

| 2.888IrrB ’.’> | L | L

0 02 04 06 038 1

Radius ratio
OO0 OOooOooooooo

googoeo.sns DOOOOOOODOOOOOOO
oobooooooobooobboobooooooooDn
oooobOooooooboboooooboboooo
oooobOooooooboboooooboboooo
o00o0oD 9.8 DODOOOOODOODOOOOOO
od

52 0000000

521 0DO00OO0OO0OO0OOO0OOOOOOOO
ooooog o.7s b0boobooboooooogan
oobooooooobooobo
gbooooobooboooobooooboo o.7s 0OO
ooooobooooooobooooooobooooon
oooobOoooooobobooooobooooo
oooobOoooooobobooooobooooo
ooooobooooooobooooooobooooon
oooobOoooooobobooooobooooo
ooboooooooooobooooooooooao
gooooooesbooooboooooobooboon
0.6 DO000O0O0OO0ODOOOOOOOOODOOOOO
oboooboooooobobooooobooooo
oooooooooooboooooobooooon
oboooboooooobobooooobooooo
oboooboooooobobooooobooooo
oobooooo
gbooooobobooooboooooobooooo
ooboooogoo
gbooooobooooooooooobooooon
oboooboooooobobooooobooooo
oboooboooooobobooooobooooo
oooooooon

1.0 ' T ' T ' T ' T
50'8_' Above wall ]
3
o6 il
= _
=0.44 |
| _
%O.Z | /Bottom wall 1

0 100 200 300 400

Time after ignition [ms]
OO0 0OOooOoo7ibb0b0odbobOoonoooooono



222 O OK L ok B B3
10 | _Position(Radius ratio) 000000 1000000000000000000
I 0000O00000O000000000000O0O0
NEO-8- 1 [000000000000O0O0O0O0O0O0O0O0O0O000
§06_ Above wall (0.95) 00D000D000000000
2 . _ — - - -
= 0 Outer wall(1.0) ——————— .P?S'F'OP(F.Qaq'U.S'r.a“.O)
é 0.44 - Above wall(0.95)
= Bottom wall (0.6 - L -
30l (0.6) 1 o1l Outer wall(1.0)
' 9 Inner wall(0.5) % - 1
; . \ o 3(.)0 460 Y | Botom wall(0.75) .
Time after ignition [ms] E0-05 = Above wall(0.75) |
g ]
00 0000000000000O0000 T Bottomwall(0.6) ]
Inner wall(0.50) ]
5,22 00000000000 = e
0 10 15
000000000000000O0O0O0O0O0O0O00 Velosity{ms]
elocity[nVs
0000000000000 MOO0O0O00000 0.60 S
0.7500.950000000000000000000
000000000000000000000000 6. OO

gboocooooobobooooboboooooboon
goboobooboes s booooobooonOn
gboooooooboooobooboooooobooon
gboocooooobobooooboboooooboon
ooboooboooo

1.0 . | . IPositlion( Rladius Iratio)l
L Above wall(0.95)
50-8 - Above wall(0.75) .
5 L
‘206 = 1
;_:?0.4__ Bottom wall(0.75)
© L
%0.2_ Bottom wall(0.6) ]
0 100 200 300 400

Time after ignition [ms]
o0 0Ooobooobobod

5,23 0O0O0OO0OO0OOOOO
oooobOoobooooobooboobooooooaoon
gboocooooobobooooboboooooboon
gbooooooooooooboboooooboon
gboocoooobooobooooboboooooboon
gboocoooobooobooooboboooooboon
200mO00000000O000DOO0O0O0O000O000
gboocoooobooobooooboboooooboon
gboocoooobooobooooboboooooboon

gboocooobooboooobocooooobooooon
ooooobooooooobooooooobooooon
obooobOoooooobobooooobooooo
oobooooooooooooooooogooao

1) O00o00o0o0oooooooooooobooOobOboO
oobOsOoboooogono

2) 000o0o0o0oOoooooooooOogoooog
obooobOoooooobobooooobooooo
od

3y boOoOoOoUooooooooooooooOooooo
obooobOoooooobobooooobooooo
obooobOoooooobobooooobooooo
oooooooooooo

oogo

oooobOooooooboooooobono oo
oobOo0ooboOo390 32800037600 01973.

ooooooooo soboo0oboooooooboooonn
oooooOobooobooooog ooooodg
0000wl 0330 N. 30 P610 O 2007- 5.

ooooobooooooobooooooobooooon
oooooOobooobooono oobooboooodg
OO0 360 02007.





