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Abstract: An increasing desire for flexibility in a diesel engine’s fuel injection system to meet emission, fuel consumption and 

noise requirements motivates the use of ultrasonic fuel injectors. In addition, diesel has a critical mixing problem due to its high 

boiling point, which results in a fluctuation of reforming efficiency. An ultrasonic injector has been devised for effective diesel 

delivery. The UI can atomize diesel into micro droplets by using piezo electric transducer. In addition, reforming efficiencies 

increases when compared with a non UI reformer under same operation conditions. Thus, Fuel can be atomized by using ultrasonic 

energy for the betterment of injection system of engine. 

Keywords: Ultrasonic Injector, piezoelectric, diesel engine, fuel injector, ultrasound 
 

 

Introduction 

In conventional diesel diffusion combustion, as the speed of the 

chemical reaction is incomparably faster than the speed of the 

mixing of the fuel and  air, the combustion starts near 

stoichiometric air-fuel ratio and proceeds across a wide-

ranging region from lean to rich. Nox and soot are accordingly 

generated and it is difficult to reduce these simultaneously. It 

is desirable to complete the mixing process before combustion 

begins, and to burn the fuel in a lean homogeneous state. Proper 

fuel-air mixture preparation plays a vital role in combustion 

and emission formation. Fuel atomization is possible by using 

ultrasonic energy. Usfi system was developed in two stages, 

tested and demonstrated before it was fitted on to the engine. It 

consists of lead zirconia titanite (LZT) crystal (piezoelectric 

elements material) piezo amplifier, Function generator and low 

pressure fuel supply system. The fuel supply system consists of 

a low pressure electric pump (06 bar) and low pressure port fuel 

injector (0-10 bar). The piezo amplifier multiplies the given 

input voltage by six times and impress on the bonded crystal 

plate. The bonded crystal plate was made to vibrate at the 

required frequency by applying voltage through the amplifier. 

The applied frequency was measured and tuned through the 

scope cored and function generator respectively. The applied 

frequency induces the unstable surface waves. When the plate 

vibrates at an ultrasonic frequency the fuel was injected at a 

very low pressure of 2 bar on an atomizing surface. Ultrasonic 

disintegration of fuel into droplets results from the unstable 

surface waves generated at the free surface of a film that forms 

as the fuel spreads over atomizing surface. Very fine droplets 

were observed (decrease in droplet diameter) when the 

frequency was increased. The second stage atomizer system 

consists of a vibrating probe, probe holder, and vibrocell and 

fuel supply system. The probe holder was designed and 

fabricated according to the probe configuration. The function 

of the vibrocell is to control the amplitude and frequency. The 

frequency was varied from 20 kHz to 40 kHz. Studies were 

conducted within this range to investigate the effect of 

frequency on engine combustion, emission and performance. 

 Related Work 

The literature survey in this section will have a brief 

introduction on fuel injector in which fuel is atomized by using 

ultrasonic energy and how it affects overall performance of 

engine. 

Much research has been done on injection system for 

efficiently consuming the fuel and producing maximum 

possible output power out of it. However there is further need 

to polish the techniques to make the environment greener and 

healthier. 

Mikiya araki , Tomojiro sugimo suggested A fine steady 

spray can be formed using micro nozzle array and ultrasonic 

device. It is observed that with increase in the nozzle diameter, 

the droplet size and droplet velocity increases. Fuel flow rate is 

roughly proportional to 2nd power of nozzle exit diameter. 

Inyong kang, Joongmyeon bae, Sangho yoon  suggested 

The method of fuel delivery is deeply associated with the 

reforming efficiency. An ultrasonic injector is one option to 

supply the fuels for the reforming system. The reforming 

efficiency increased by about 20% in the micro-reactor when 

the UI was used.  
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Moldovanu1,L. Kocsis1 concluded that The ultrasonic 

conditioning of biodiesel leads to lower its density, decreasing 

process with direct influence of injection process parameters. 

Thus, we obtain A longer spray liquid phase length penetration 

causing the existence of elevated values of CER (1.4-2.0). The 

elevated values of CER increase thermodynamically period of 

burning stages in compression ignition engine with direct 

influence on nox emission. 

Chris A. Satkoski proved that An estimator scheme is 

proposed for A piezoelectric diesel fuel injector which 

incorporates the available feedback signals of piezo stack 

voltage and rail-to-body line pressure for improvement of flow 

rate estimation. 

shashank. M said thatEven though there are several 

approaches being taken in reduction of co2 and other toxic 

emissions. Two of the main methods adopted are either usage 

of alternate fuels or design parameters change inside the ic 

engine system. The design of piezoelectric diesel injectors 

greatly contributes to the emission control. Changes in injector 

nozzle positioning and orientation angles can also contribute to 

less fuel consumption.  

Phillip beard, olivier  lagte suggested that This paper 

presents several results obtained using latest developed 

injection and combustion models. The numerical modelling of 

piezo-electric injector was exposed both in a high pressure cell 

for non-evaporating and evaporating ambient conditions and 

finally in the case of a DISI engine. 

 Proposed Solution 

This report is based on approach for getting better fuel 

efficiency by using ultrasonic energy in injection system. To 

overcome the issue of lesser fuel efficiency and higher 

polluting gases, we have proposed a modified injection system 

where fuel is atomized by using ultrasonic energy. Providing 

flexibility to fuel injection system of diesel engine to meet the 

requirement of fuel consumption, noise, emission etc. 

 

 

 

Fig. 1 Ultrasonic Injector 

 

 

Conclusion and Future Work 

In this research, we proposed an unique approach for atomizing 

fuel by using ultrasonic energy at very high frequency. This 

thechnology will overcome dropbacks of simple injection 

system and give us better air-fuel ration and overall effieciency. 

 

Employing Ultrasonic energy in injection system is a 

challenging task; but looking at the advantages of the it , it 

seems to be an interesting and evolving technology. 

Ultrasonic conditioning of fuel leads to lower its density, 

decreasing process with direct influence of injection process 

parameters. Thus, we obtain a large spray liquid phase length 

penetration causing the existence of elevated values of CER 

(1.4-2.0). The elevated values of CER increases 

thermodynamically period of burning stages engine with direct 

influences on nox emission. 

In the future we aim to get data related to droplet diameter 

of fuel, spray length. Reforming efficiency etc, compare it with 

the existing model. 
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