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高効率反応性流体計算によるノック末端ガス圧力波発生メカニズムの解
明とノック抑制法の創出	
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今年度の取組�
• 圧縮性流体と化学反応両観点からの
ノック抑制法の検討�

• 壁⾯近傍の化学反応とノック現象との
関係の明確化；断熱壁と等温壁�

�
• Zeldovich燃焼波モードとノック現象�
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2017/07/06	SIP「革新的燃焼技術」第3回公開シンポジウム	

詳細反応機構/圧縮性流体解析⼿法を適⽤することにより，ノッキング現
象における末端ガス中の圧⼒波発⽣・発達メカニズムを解明し，新たな
ノック抑制法の提案する．� Spark 

ignition�

Flame propagation� End-gas 
region�

Burnt gases�

Schematic of knocking combustion�

本研究の特⾊は，⼤規模詳細反応機構を効
率的にCFDに組み込む圧縮性流体解析⼿法
（⾼速時間積分法 & 化学種バンドル法）
を，ノッキング解析に適⽤する所にある．�

A 1-D constant-volume reactor used for knocking 
combustion (Left) and a pressure wave development 
associated with end-gas autoignition (Right)�
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•  ホットスポット源 ↔ 初期点⽕源から発⽣する圧縮波の壁
反射；瞬間的な温度上昇による化学種⽣成�

•  パルス波計算によるホットスポットガス「反応性」の解析(1)� ホットスポットガス反応性：瞬
間的な温度上昇をモデル化した
パルス波によって，混合ガスの
着⽕遅れ時間がどの程度変化す
るか�

ホットスポット源と「反応性」概念の提案 ↔ 圧⼒波発⽣・成⻑過程との関係性 を明らかにした(1)．�
→ 燃料特性に基づき，事前にノック強度の予想が可能であることを⽰唆する．�

しかし，波の作⽤によって，
強いノックになるとは限ら
ない（右図）�

初期温度によってホットスポットガス反
応性が異なる；燃料着⽕遅れ時間特性
（右図）との強い関連� 燃料特性を利⽤したノック抑制法の可能性�

パルス波による反応性解析により，クールスポット⽣成も説明可能�

(1) Terashima et al., Combust. Flame, in press.�
(2) Terashima and Koshi, Combust. Flame, 2015.�

introduced as follows:

dT
dt
=

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

Tm − T0
tm − ts

(ts ≤ t < tm)

−Tm − T0
te − tm (tm ≤ t ≤ te)

(10)

where, as shown in Fig. 10, T0 is the initial temperature, Tm is the peak temperature, ts is the time when the pulse
is added, te is the end time, and the intermediate time tm = 0.5(ts + te) at the peak temperature is assumed here. A
temperature is exchanged between the chemical reaction equations and the boundary condition at every time step.
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Figure 10: Schematic of pulse waves.

The initial pressure corresponds to 5 atm, and the initial temperature T0 parametrically changes from 600 K to 900
K. The parameters for the pulse wave are determined from the result in the 1-D computations. An example of pulse
wave additions in 650 K is shown in Fig. 11 where the peak temperature is defined with Tm = 1.1T0 and the wave
duration ∆td = te − ts corresponds to 0.02 ms. The period ∆tp = 0.17 ms between each pulse is assumed and applied
to all the initial temperature conditions although slight differences exist among the conditions due to the difference
in the speed of sound in the 1-D simulations. Computations are performed with no pulse waves, single pulse wave,
two, and four pulse waves for each initial temperature condition. The first pulse wave is introduced at ts = 0.1 ms.
The results are compared in terms of ignition delay times to quantify the manner in which gas reactivity is affected by
pulse waves.

Figure 11: An example of pulse wave additions at 650 K, where pressure is derived with the equation of state (5). The profiles of no waves and 1
wave are overlapped by that of 4 waves.

The temperature profiles with no and four pulse waves are compared in Fig. 12 with respect to the initial tempera-
ture of 650 K. The results indicate that the ignition delay time with four pulse waves is slightly faster than that with no
waves, suggesting that the pulse waves can promote the progress of chemical reactions. Figure 13 shows the effects
of pulse waves on the mole fractions of OH and CH2O during the initial stage, while the corresponding temperature
profiles are the one shown in Fig. 11. The mole fractions of OH and CH2O increase step-by-step on the addition of
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Schematic of pulsed compression waves �

ノック強度(2)�
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パ ル ス が 作 ⽤ す る こ と で，
化学種⽣成が加速する→着
⽕遅れ時間への影響�
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プラス値が⼤きいほど，パ
ルス波により，着⽕遅れ時
間が早くなる → 反応性⼤�

反応性は，初期温度で変化�

Stoichiometric n-C7H16/Air mixture at 5 atm�
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末端ガス⾃着⽕時の⾳速分布
→反応⾯と⾳速との関係性�
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