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Abstract. The expansion of the use of alcohol-containing fuels is evidenced by the release to

 the market of vehicles operating on benzoethanol mixtures E85 and E90, as well as on pure

 fuel ethanol E100. For regions with a temperate and cold climate (Russia, USA, Canada,

 Western Europe), the lack of fuel systems, which make it possible to launch and operate

 engines on pure alcohols (n-propyl, isopropyl, n-butyl, sec-butyl, iso-butyl, tert-butyl),

 restrains, among other reasons, the widespread use of alcohols as motor fuels. According to

 numerous studies, an engine operating on pure alcohols can be started at temperatures above 10

 ° C, at lower temperatures it becomes impossible to start and for its implementation at least 10-

15% of the priming dose of gasoline is introduced into alcohols. The priming dose of gasoline 

in gas-alcohol mixtures can be replaced by a priming dose of alcohol injected into the intake

 manifold in a superheated state. This technical solution is proposed in patents for inventions of

 the Russian Federation of the authors. This article is devoted to the scientific and technical

 rationale for the efficiency of the use of pure superheated alcohols in injection systems and

 their impact on the effective performance of internal combustion engines with forced ignition. 

1. Introduction 

The constant rise in prices for petroleum products and the prospects for the imminent depletion of oil

 reserves are pushing engine and motor vehicle manufacturers to look for ways to reduce consumption

 of petroleum products and ways to transfer vehicles to alternative fuels derived from renewable

 sources of energy, in particular alcohols (n-propyl, isopropyl, n-butyl, sec-butyl, iso-butyl, tert-butyl). 

The transfer of vehicles to alcohol fuels has recently become more and more relevant, as evidenced 

by a significant amount of research into the influence of the composition of gasoline - alcohol

 mixtures on the characteristics of internal combustion engines with forced ignition [1-3]. 

For regions with a temperate and cold climate (Russia, USA, Canada, Western Europe), the lack of

 fuel systems, which make it possible to launch and operate engines on pure alcohols, restrains, among 

other reasons, the widespread use of alcohols as motor fuels. 

According to numerous studies, an engine running on pure alcohols can be started at temperatures

 above 10 ° C, starting at lower temperatures becomes impossible and for its implementation up to 20%

 of the priming dose of gasoline is introduced into alcohol [4-8]. 

https://www.researchgate.net/institution/Volga_State_University_of_Technology
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The priming dose of gasoline in gasoline -alcohol mixtures can be replaced by a priming dose of 

alcohol injected into the intake manifold. This technical solution is proposed in the patent for the 

invention of the Russian Federation [9] and a number of patents for the authors' inventions. 

The essence of the technical solution lies in the fact that alcohol fuel is injected into the intake 

manifold of an atmospheric engine at a temperature exceeding its boiling point at atmospheric 

pressure, while the amount of fully evaporated fuel depends on the degree of overheating of the fuel. 

 

2. Study of vaporization in the systems of distributed injection of superheated alcohol fuel 

Neglecting the processes of heat exchange with air at the moment of injection and assuming that after 

injection all fuel in one or another state of aggregation will be in a suspended form the law of energy 

conservation will be written in the following form: 

........ ... alalalalрalsalsр МТМсТМс
alals


,                                          (1) 

where .... ,,
.. alsalsр ТМс

als  - specific heat, weight and temperature of superheated alcohol; 

..,,
. alalр ТМс

al  - specific heat, weight and temperature of the alcohol in a state of saturated liquid after 

injection into the intake manifold; .al
- the heat of vaporization of alcohol at a pressure equal to the 

pressure in the intake manifold; .alМ
- the weight of steam formed in the intake manifold after the 

injection of superheated alcohol. 

Knowing the absolute pressure of the fuel in the system of distributed injection of traditional design 

(0,5 MPa) [10], knowing the thermophysical parameters on the saturation line of alcohols, namely the 

heat capacity and specific heat of vaporization, we determine the temperature of their overheating 

required for evaporation of a certain proportion of injected alcohols, calculations put in table 1. 

Table 1. Overheating temperature for boiling out a mass fraction of alcohol. 

Substance 

Tboil, oC, with 

pressure, MPa 
Overheating temperature for boiling out a mass fraction of alcohol, % 

0,1 0,5 100 90 80 70 60 50 40 30 20 10 5 

ethanol 78,3 123 411,9 370,7 329,5 288,3 247,1 205,9 164,7 123,6 82,4 41,2 20,6 

n-propyl 

alcohol 
97,8 149 326,5 293,9 261,2 228,6 195,9 163,3 130,6 97,9 65,3 32,6 16,3 

isopropyl 

alcohol 
82,5 130 238,7 214,8 191,0 167,1 143,2 119,3 95,5 71,6 47,7 23,9 12,0 

n-butyl 

alcohol 
92,7 172,6 250,4 225,4 200,3 175,3 150,2 125,2 100,2 75,1 50,1 25,0 12,5 

sec-butyl 

alcohol 
87 - 193,3 174,0 154,6 135,3 116,0 96,7 77,3 58,0 38,7 19,3 9,7 

iso-butyl 

alcohol 
88,5 - 205,9 185,3 164,7 144,1 123,5 102,9 82,3 61,8 41,2 20,6 10,3 

tert-butyl 

alcohol 
79,9 - 176,7 158,9 141,2 123,6 105,9 88,3 70,6 53,0 35,3 17,7 8,8 

Using the same method, we determine the amount of alcohol that can be transferred to the vapor 

fraction immediately after injection into the intake manifold, provided that the alcohol overheating 

temperature was the maximum allowable for the operating pressure of fuel in the injection system, the 

results are shown in figure 1. 
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Figure 1. The percentage of vaporization of alcohols when injected in a superheated form in the 

system of distributed injection. 

As can be seen from the figure, higher alcohols (n-propyl, isopropyl, n-butyl) have advantages over 

ethyl alcohol. The proportion of the vapor fraction in such alcohols after injection is significantly 

greater than the proportion of the vapor fraction of ethyl alcohol. 

Thus, using the preliminary overheating of alcohols in distributed injection systems, it is possible to 

get priming doses of alcohols that are in the vapor state. Moreover, the priming dose by mass will be 

no less than the priming dose of gasoline in gas-alcohol mixtures of the E90 brand. 

The injection of superheated alcohol into the intake manifold causes an increase in the average 

temperature of the fuel-air mixture entering the engine cylinders, which leads to an increase in the 

specific effective fuel consumption. 

For the traditional system of distributed fuel injection (fuel pressure 0.5 MPa), the average 

temperature increase of the fuel-air mixture during the injection of overheated alcohols will be: 

 

 at injection of ethyl alcohol ~ 42 ° C; 

 at injection of n-propyl and isopropyl alcohols ~ 45 ° C; 

 at injecting n-butyl alcohol ~ 23 ° C. 

 

3. The study of the influence of alcohol overheating on the effective performance of the engine, 

equipped with a distributed injection system 

The growth of the specific effective fuel consumption determined on the basis of the results of the 

thermal calculation of the effective performance of the base engine VAZ-2115 (8 valves, 1,5 l, 

working volume, compression ratio 9,8) equipped with a system of distributed injection of superheated 

alcohol fuels is shown in figure 2. 
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Figure 2. The growth of the specific effective fuel consumption of the engine with the injection of 

superheated alcohols in the systems of distributed injection. 

As can be seen from figure 2, the use of superheated n-butyl alcohol leads to a smaller increase in 

the specific effective fuel consumption, therefore, its use is preferable. 

As shown by experimental studies conducted during the operation of the base engine on 

superheated n-butyl alcohol, the process of overheating and preheating can be completely eliminated 

after the engine is brought to a stationary thermal regime at a coolant temperature of more than 90 ° C 

without loss of stability and throttle response of the engine. 

 

4. Conclusion 

On the basis of the conducted research in the systems of distributed injection of superheated alcohol 

fuel of internal combustion engines with forced ignition, it is advisable to use n-butyl alcohol from the 

points of view: 

 

 ensuring the maximum proportion of alcohol, passing into the vapor fraction during injection; 

 ensuring a minimum increase in the specific effective fuel consumption of the engine when 

superheated alcohol is injected; 

 enabling the engine to work without loss of stability and acceleration after the engine is 

brought to a stationary thermal regime at a coolant temperature of more than 90o C. 
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