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Effect of Blackening of Wax Fuel for Hybrid Rocket 

Yuto KOINUMA and Ichiro NAKAGAWA

Abstract

Hybrid rocket has lower thrust density than liquid propulsion systems and solid propulsion systems. Specifically, 

it is difficult to increase the thrust by low compared with solid propulsion, which hinders practical use. Therefore, 

by using wax having a low melting point as a fuel, it is possible to obtain regress ion rate 3-4 times as high as that of 

HTPB or PMMA. When burning for a long time, if the fuel web is heated deeply by radiation heat transfer, the 

strength lowered and there is a possibility of collapse and supply instability. In contrast, by adding carbon  black to 

the fuel, it prevents radiation heat transfer to the deep part of the fuel web. This paper describes the study on the 

effect of the regression rate caused by blackening.  As a result, as the addition rate increased, the regression rate 

showed a decrease and viscosity an increase. Furthermore, it was shown that the sensitivity of the regression rate to 

viscosity change is higher than other fuels.  Also, the temperature distribution of solid fuel was measured. In this 

experiment, it was shown that the temperature distribution of the melting layer is higher, and the solid layer is lower 

as compared with the fuel without addition. Temperature distribution in the solid fuel was the calculation value close 

to the measured by adding carbon black. And for the fuel without carbon black, the temperature distribution was 

higher than the heat conduction calculation value. From these results, it is considered that radiation heat transfer can 

be prevented by blackening. 
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Figure 1 Hi-Mic-2095 (left side) and carbon black 

(right side)  
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Figure 2  

 

Figure 2 Experimental device to acquire regression 

rate. 
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Figure 3

 

 

Figure 3 Standardized specimen. (Bonded wax fuel to 

the PMMA cartridge) 

Figure 4

 

 

Figure 4 Shows the experiment using of analog-type 

visco tester. 
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Figure 5 Drawing of fuel cartridge for thermocouple 

embedding. 

Figure 5 Figure 6

 

 

Figure 6 Fuel plug with an embedded thermocouple. 
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Figure 7

 

 

Figure 7 Shows the regression rate which changes with 

the addition of carbon black. 
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Figure 8  

 

Figure 8 Shows the viscosity which changes with the 

addition of carbon black. 
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Figure 9 Illustrates the sensitivity of regression rate to 

viscosity in carbon black add fuel. 
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Figure 9
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Figure 10 Comparison of temperature distribution 

from melting liquid layer to solid layer. 
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Figure 11 Difference in temperature distribution w/ or 

w/o carbon black. 

Figure 11 Hi-Mic-2095
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Figure 10  

 

Figure 12 Comparison of temperature distribution in 

solid layer w/o carbon black and heat conduction 

calculation result. 

 

Figure 13 Comparison of temperature distribution in 

solid layer w/ carbon black and heat conduction 

calculation result. 
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Figure 12 Figure 13
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