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Abstract 
The present paper describes unique investigation on low-temperature reactions (cool- and blue-flames), thermal 
auto ignition and heat release of a non-premixed mixture under Diesel-engine like conditions. The experiments 
have been performed in a special high-pressure, high-temperature constant volume (adiabatic) combustion 
chamber. The system simulates the thermodynamic conditions that can be found in a real engine cylinder at the 
moment of injection begin (mostly close to the TDC of compression). Analysis of the process dynamics is of 
special interest. For process analysis a model of a multi-step oxidation (ignition) has been constructed. In this 
model two measured parameters are investigated: pressure distribution and pressure gradient both vs. time after 
injection starts. The whole process is analyzed from the time “zero” defined as a trigger signal for Diesel injector 
(start of injection). The process has been analyzed under different test conditions: at constant initial chamber 
pressures for a wide range of initial temperatures, at constant chamber temperature for different initial chamber 
pressures, at constant initial chamber pressures as well as for a constant amount of injected fuel or for a constant 
air access ration . Additionally, the delay time t and slopes  have been analyzed to describe the reactions dy-
namic. The authors also defined criteria for thermal auto ignition process as well as for a transition from cool-
flames to blue-flame reactions as well as to high-temperature oxidation process. The authors have proposed a 
PPC-Positive Pressure Coefficient (in analogy to a NTC) indicating an influence of the combustion chamber 
pressure on the reactions dynamic. 

Introduction 
Mixture preparation process created by Diesel injection significantly influences following processes includ-

ing low- and high-temperature oxidation. During ignition delay period a number of complex chemical and physi-
cal processes must be performed. For example low-temperature oxidation processes are performed in order to 
prepare proper conditions for a thermal ignition process. From the point of view of physical processes a fuel 
supply process (injection), sprays distribution in space, atomization, fuel vaporization and mixing with air must 
be considered. These processes are of special complexity in the case of Diesel-like process where the resulting 
combustible mixture is highly non-homogeneous and its distribution is time-space dependent [1,2]. The present 
paper describes unique investigation on low-temperature reactions (cool- and blue-flames), thermal ignition and 
heat release of sprays under Diesel-engine like conditions. The process of auto ignition of a hydrocarbon fuels is 
chemically very complicated and hundreds of chemical species participate in thousands of reactions. The most 
important reactions in the ignition process of hydrocarbon fuels have been selected in [3]. 

Engine simulator: high-temperature, high-pressure constant volume combustion chamber 
The experiments have been performed in a special high-pressure, high-temperature constant volume (adia-

batic) combustion chamber. The system simulates the thermodynamic conditions that can be found in a real en-
gine cylinder at the moment of injection begin. In this combustion chamber, however, the pressure and tempera-
ture may be set independently. The combustion chamber is shown in Fig.1.  

Experimental investigation, as discussed in this paper, considers Diesel-like conditions, however, no air mo-
tion in from of swirl or squish have been applied. For process analysis a model of a multi-step oxidation (igni-
tion) has been constructed and characteristic points and investigated parameters have been defined. In this model 
two measured parameters are investigated: pressure distribution in time after injection begins and pressure gradi-
ent also as a function of time after injection starts. The whole process is analysed from the time “zero” defined as 
a trigger signal for Diesel injector (start of injection). At this point (point “IB”) the thermodynamic conditions in 
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the combustion chamber are characterized by chamber pressure pIB and chamber initial temperature TIB. Starting 
from this point the process is analysed in the form of a chamber pressure (and corresponding pressure gradients) 
changes in time. 

 

Discussion 
An example of pressure history measured at constant temperatures TIB=700°C for variable pressures pIB and 

constant air access ratio  (non-premixed charge) is shown in Figure 2.  The process is analyzed for constant 
air access ratio what means variable amount of fuel injected in the combustion chamber for different chamber 
pressures pIB. 

 
The higher the chamber pressure pIB the shorter is delay time for heat release and higher rising of corres-

ponding chamber pressure. The heat release rate represented by slope of the curves also increases with increasing 
pIB. The pressure gradient in an initial phase of the process shows a single peak distribution at high chamber 
pressures pIB characteristic for a single-step ignition process (premixed part of the charge). At lower pressures (5 
and 10bar), however, a very flat plateau in pressure gradient distribution is observed before occurring of maxi-
mum peak. The higher pressure pIB the faster is oxidation process and the higher chamber pressure pcomb.  

In this paper, the authors propose to introduce a PPC parameter “Positive Pressure Coefficient” in analogy to 
NTC (Negative Temperature Coefficient).  PPC indicates that in a selected range of pressures pIB the delay time 
of a low-temperature oxidation process is the shortest and probably the rate of these reactions is the highest. 
Even further increasing in pressure pIB increases delay time. PPC will even more visible at lower chamber tem-
perature 
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Figure 2. Pressure history (top) and pressure gradient distribution (bottom) at different initial chamber pressures 

pIB at constant chamber temperature TIB =700°C 
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Figure 1. left-Overall view of the test ring with combustion chamber (engine simulator); right-sprays produced 

by a 7-hole Piezo CR Diesel nozzle used in this investigation


