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O SK different from conv. knock (end-gas auto-ignition, pioneers in this field of science:
Sokolik and Voinov [1], Miller [2] Male [3]) , SK may relate to detonation. ’
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Direct photo OH CH;0 OH
Knocking combustion
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Xiao Ma, Zhi Wang*, et al. An optical study of in-cylinder CH20 and OH chemiluminescence in
flame-induced reaction front propagation using high speed imaging. Fuel, 2014. 134: 603-610
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Zhi Wang, Hui Liu, Tao Song, Yunliang Qi, Xin He, Shijin Shuai and JianXinWang
International Journal of Engine Research. 2014

between super-knock and pre-ignition.
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Pressure wave coupled with chemical kinetics
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Zhi Wang, Hui Liu, Tao Song, Yunliang Qi, Xin He, Shijin Shuai and JianXinWang . Relationship

between super-knock and pre-ignition. International Journal of Engine Research. 2014
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Fig. 1. The schemaric of the fast sampling system.
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He&Wang. Intermediate species measurement during iso-butanol auto-ignition.
Combustion and Flame.162(2015)3541-3553
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Random pre-ignition and super-knock in high-T,P stoichiometric mixture
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This is the Deto-knock! Hotspots induced Deflagration to Detonation

to Pressure oscillation (DDP)

Wang, Qi, He et al. Hotspot-induced deflagration to detonation. Fuel .144 (2015)

Di, He, Zhang, Wang, et al, Low Temperature Ignition of Iso-octane, Combust. Flame 161, (2014).
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Detonation (RCM) and Super-knock (Engine)
FEB T ARENAUR ST R =F RS kg, P ER. B3R

Pressure (MPa)

3. End gas-detonation
207 20, 32
101 Mmj\ﬂ. "“MMMMLAnmhnﬂAﬂthn.nﬂmvn ol
; M 1AL = | —— Normal cycle
151 6 S o —— Conventional knock
5 2 Super knock
4 S ] :
104 80 82 84 86 88 g 16 IC engine
_ a Effects of
—p,=L1MPa _
| e RCM SA thermodynamic
T P2S M .N.F conditions on
the end gas

combustion
mode

associated with

RCM Engine RCM | Engine | RCM | Engine | RCM | Engine
Prpc=1.1 MPa Normal - - - - - -
Prpc=1.4 MPa Knock 0.36 045 [863.2| 802.0 [ 529 | 9.53
Prpc=2.5 MPa | Super knock | 8.30 8.87 [820.8| 826.4 | 7.34 | 10.94

engine knock.
Combustion
and Flame.
2015.

O Pressure oscillation and knock onset conditions of detonation case (3™

mode) in RCM are close to super-knock in IC engine.

O To reveal 3@ mode of end gas detonation, detonation initiation is the key!
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(a) energy density vs. pressure

OO0 End gas combustion mode is closely related to the mixture energy density.

0 Detonation is more likely to occur at higher mixture energy density. .
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(b) energy density vs. temperature Effects of

thermodynamic
conditions on the
end gas combustion

mode associated
with engine knock.

" Combustion and
E Flame. 2015.
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OO0 End gas combustion mode is closely related to the mixture energy density.

OO0 Detonation is more likely to occur at higher mixture energy density instead
of temperature.
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A novel experimeﬁfal method was developed to directly visualize
the shock wave by the presence of CH* radicals (431.5nm) .

X. He, Y. Qi, Z. Wang*, et al, “Visualization of the mode shapes of pressure oscillation

in a cylindrical cavity”, Combustion Science and Technology, 2015.
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Shock Wave Reflection Inducing Detonation (SWRID)
1@%%#&7‘6&#%&& KI T{%ﬁ&)ﬁﬁhﬁﬁ*ﬁﬁ%ﬁ (SWRID)

E / / \
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O Detonation is initiated by
shock wave reflection at the
time of Image J

WangZ He X, Liu H, et al. 25th ICDERS, Leeds, UK, 2015. |
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Mechanlsm of SWRID revealed

Direction of the
wyeflected shock

|
Diﬂ-e ction of the

reflected shock

Mefonation. wave

a) Flame propagation  b) Shock propagation  ¢) Deto. initiation . propagation

The detonation is typically initiated near the
cylinder wall and about 90 degree (t;) to the
first auto-ignition location (t;)

Wang Z, He X, Liu H, et al. Initiation of detonation in iso-octane/air mixture:

25th International Colloguium on the Dynamics of Explosions and Reactive
Systems, Leeds, UK, 2015.
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SWRID(shock wave reflection induced detonation)
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Spontaneous propagation(SP) modes

Zeldovich classified auto-ignition/SP into four modes:

1) Near thermal explosion without shock wave: uy,> D >> a

2) Detonation propagating supersonically: D> ug, > a

3) Spontaneous ignition propagating subsonically: a > ug, > u;

4) Normal flame propagating by molecular diffusive and conductive
mechanisms: Ugp = Ug

B Spontaneous propagation speed: ug, :
B Chapman-Jouguet Detonation speed: D Up : 2
_ burnedj—> — >
B Sound speed: a :
: _ un=burned
B Laminar flame speed: u; :

Ya. B. Zeldovich. Regime classification of an exothermic reaction with nonuniform initial conditions. Combustion and Flame 39: 211-214
(1980).
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Numerical simulation on super-knock

dT/dx (K/m
a5 " 0 0000 20086 M0 s0000 » Deto-curve
— T T , ; “ : :
- & A gl c ll'_lr_19n310m!|3: non-monotonic , g - ! i v i
1 ot © Tinkerne T in kernel =} ‘ { { [ I
ElD = ' p 952 R e == === =a= mmmi mmsi |
35 1 wlsr & o 1! -2 i1 0T : | '
B o - shock ~~ ™7~ i ETS 10 : :
o |w - !
1 ol I ; ' 253 R
1 a ' detonation ' o . | { i .
up 2 N2 o T 11} D § > L JEEE mEm + Deflagration
20 DEVELOPING ;'Eﬁn - : monotonic & 64 & o B B | ® Detonation
15 | DETONATION £lay o . T in kernel ‘ . ! !
Elgr 8 Lo_o_.. mA_ ] 4 He &
10 - Sy & 1 shock !
N “lagn 3 + 2 e ¢ o
prTN s g &t S detonation
g L P T e h ey Dby et [ , L , ol , , | | | | |
£ = T/K
Bradley, Kalghatgi, SAE 2002; IJER, 2012 Dai P, Chen Z. PCI 2015 Wang Z, 1JER, 2014

Dai P, Chen Z. CNF2015

O In 2002, Gu- Bradley extended Al theory by T gradient. 2012, Kalghatgi -Bradley
applied this method in TC-GDI, showed super-knock in “developing detonation” .

O Dai - Chen numerically simulated the reaction front propagation in n-heptane /air
mixture with cold spot, several auto-ignition modes were identified.

0 Wang - He studied iso-octane under the high-T,P. When unburned mixture state
reaches above Deto-curve, the hot-spot could induce detonation.
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Pre-ignition

deflagration
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Dahnz. SAE 2010-01-0355 Okada Y, SAE 2014-01-1218 Wang Z, Fuel .144 (2015) 222-227

O Previous studies on super-knock using endoscope, the visualization gives good
explanation of the possible sources of pre-ignition.

O Difficult to investigate the transition from pre-ignition to super-knock (PI1-SK) on
optical engine due to the strength and the size of viewing field.

O This difficulty can be circumvented by using a RCM to simulate conditions
similar to ICEs, and providing excellent optical accessibility.
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Proceedings of the 25th International Colloqulu.m on the

Dynamics of Explosions and Reactive Systems

Engine Hot Spots: Decay, Deflagration, Auto-Ignitive
Propagation, or Detonation ?

oiojope:
o AN TIAR=1.100
Y . DEFLAGRATION
100 4 %,
w110
b DEVELOPING
10 1 __DETONATION
[ 1107,
4
1
4 10
14 Vo4 )4 THERMAL
'Lﬁ_‘ 0, e EXPLOSION
AR YNARAY 0.1 g + — + +
/\ o 0 5 0 . 15 20 25
-
) i 5 1 » Engine Fuel Auto-ignitive | Fig. | ¢ TK | PMPa E Ref.
Z3TA XX / / mode Ref
1. Hydra single PRF 84 [5,17.19] Controlled A 025 | 729 6.52 6,799 [18.6]
~ > N S ~ cylinder with benign MILD B |025| 811 484 343
Y 9 "H' #% F a A} B l Roots blower auto-ignition. C |0.25 | 1057 337 5879
m X X 9 K /m 2. Turbo- RON/MON 95/85, No auto- D 1.0 | 800 7.0 13,269 [21]
charged S.I. OI=105. ignition
> 2 > engine (GM Surrogate 0.62 j- i
- - %}(‘ ‘]3 Powertrain) ctane, 0.29, toluene, | Fairlyheavy [ E [ 1.0 | 850 90 | 6716 | [21]
X X AAAYARA) 0.09 n-heptane, knock
OI=105 [5] Pre-ignition. F 1.0 926 12.8 2.696 [21]
super-knock
~
~ ) A 3. Turbo- RON/MON 98/89, Pre-ignition, G 1.0 | 918 13.3 2,822 [22]
D ( D charged S.1 [=107. Surrogate as | Super-knock
engine (VW) above [5]
4. Turbo- Composition in [24]. | Slight knock H 1.0 | 824 10.45 5229 | [23.24]
[SAE2002,CNF2009, A [
engine 94.1/81.9. Data for Super-knock, I 1.0 949 10.91 1906 | [23.24]
(TsinEhua 93.4/81 from [5,18]. deflagration
nIversity, Super-knock, J .o | 917 10.5 2467 | [23.24]
I C D E R S 2 0 1 5] Beijing) detonation 29
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