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1. Introduction 

Recently global warming has progressed, and the movement to promote carbon neutrality has been 

spreading worldwide. The use of Sustainable Aviation Fuel (SAF) as an alternative aviation fuel has been 

considered.  However, basic data on SAF has not been collected sufficiently. Therefore, we obtained 

experimental data on cool flame burning, which is expected to be used to improve the accuracy of future 

simulations. We focused on the straight-chain hydrocarbons which SAF consists of and will measure the cool-

flame burning rate constant of them at microgravity. In this report, results of 1G preliminary tests to determine 

the experimental conditions for the microgravity experiment to be conducted in the future were presented.  

2. Experimental apparatus 

The employed experimental apparatus is almost identical to the one used by Nomura et al. in their 

previous study on droplet evaporation1). There are some modifications, which will be noted below. Figure 1 

illustrates a droplet suspension system. The fiber that suspends a fuel droplet has been changed from 

alumina/silica fiber to SiC fiber to prevent fiber from melting. To observe the cool flame, the atmospheric gas 

was changed from nitrogen to dry air. The linear hydrocarbons used in the experiments were heptane, decane, 

and hexadecane. Ambient temperature was varied from 523 to 723 K with 50 K intervals. For each 

experimental condition, experiments were performed five times. The initial droplet diameter was set to 0.75 

mm. A droplet was generated under the heated combustion chamber and inserted into it in 180 ms. 

 

 
Figure 1. Droplet suspension system. 
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3. Experimental results 

As a typical example, the squared droplet diameter history of hexadecane at the ambient temperature of 

673 K is shown in Figure 2. The burning rate constant, kb, was obtained from the solid straight line. The squared 

droplet diameter decreased linearly along the solid line. The time when the experimental data plots converge 

to the solid line is the ignition delay time. After ignition, the droplet burnt quasi-steadily. Figures 3, 4 and 5 

show the cool flame burning rate constant and the hot flame burning constant for heptane, decane and 

hexadecane, respectively.  In the case of hexadecane at an ambient temperature of 723 K, hot flame ignition 

occurred after cool flame ignition. The hot flame ignition was detected by a photodiode and the glow of the 

droplet suspension fiber.  In the case of heptane and decane, no significant change in the slope after the initial 

heat-up period was observed.  Since the slope after the initial heat-up period is much larger than in the case 

of droplet evaporation, it is considered that those fuels ignited during the initial heat-up period.  

For all cases, the burning rate constant increased with increasing ambient temperature. All experiments 

were conducted on the ground and were affected by natural convection. Therefore, future experiments will be 

conducted at microgravity. Moreover, heptane evaporation experiments will be conducted to determine the 

evaporation rate constant to validate occurrence of a cool flame burning in the experiments conducted in this 

work for heptane. 

 

Figure 2.  Squared droplet diameter history of hexadecane at an ambient temperature of 673 K. 

 

 

Figure 3. Effect of ambient temperature on the cool flame burning rate constant of heptane. 
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Figure 4. Effect of ambient temperature on the evaporation rate constant and the cool flame burning rate 

constant of decane. 

 

4. Conclusion 

To determine experimental conditions of microgravity experiments which will be performed, cool flame 

combustion experiments were conducted for heptane, decane and hexadecane at normal gravity.  Ambient 

pressure was set at 0.10 MPa and ambient temperature was varied from 523 to 723 K. From the squared droplet 

diameter histories, cool flame burning constants were measured for all fuel.  
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Figure 5. Effect of ambient temperature on the evaporation rate constant, the cool flame burning rate 

constant, and the hot flame burning rate constant of hexadecane. 
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