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ABSTRACT 

 Jet noise generated from the large turbo jet and turbo fan causes many problems to the supersonic aircrafts and 

missiles. The high frequency noise causes some un-repairable damages to the human beings and the livestocks, resulting in 

hearing loss. So the modern day research is focused on the methods which can be adopted for reducing the high frequency 

noise. The flow coming out from the nozzles will be having a long potential core length, and the focus is to reduce the length 

of the potential core. There are many methods adopted (i, e   chevrons, pylon installations, tabbed nozzles, multi-lobed mixers, 

deflector plates, castellated nozzles water injection, microjets and contoured plugged nozzle). Each method adopts different 

styles in reducing the noise emitted. The paper revolves around all the methods mentioned here, mentioning its effectiveness in 

reducing the jet noise (including the experimental and computational results) 
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INTRODUCTION 

 Stringent standards are adopted for reducing the noise emitted by high speed airplanes and missiles. During takeoff 

and landing, the major source of noise is the noise emitted by the engines. Even though turbofan engines with higher bypass 

ratios are far quieter than the turbojets, further reduction in the noise levels are required. While adopting novel methods for the 

noise reduction, care has to be taken on the thrust and performance of the engines. So methods which do not cause 

considerable thrust loss has to be incorporated. Even though numerous tactics have been adopted and developed in the past, the 

exact level of turbulence in the core region is not properly defined. A great effort has been dedicated for the development of 

passive flow control for reducing the jet noise. Many techniques which are subjected to research are chevrons, pylon 

installations, tabbed nozzles, multi-lobed mixers, deflector plates, castellated nozzles water injection, microjets, contoured 

plugged nozzle, etc. The sound pressure levels (SPL) are found to be varying with each methods adopted. The paper revolves 

around the methods, their experimental setups and the computational analysis adopted for the noise prediction. 

(a)Chevron 

            The turbulent mixing noise is the dominant component of jet noise for most aircraft, and the shape optimization of 

the chevron nozzle is potential enough for reucing the noise.  A Convergent – Divergent nozzle with four different types of 

configurations namely chevron with sharp edge, chevron with flat edge, chevron with round   edge, and chevron with U-type 

edge are chosen. 

 On comparing with the other three nozzle patterns, it is evident that the nozzle fitted with flat edge shows higher acoustic level 

than the base model and the other three cases. The number of chevrons also plays an important role in predicting the noise. It is 

evident form that the increase in the numbers adds upto to the reduction in the potential core of the flow. As the result the noise 

was reduced considerably well. The shape of the chevron is also a big factor in the noise reduction. The usage of triangular 

chevrons helps to reduce the acoustic power, in compariosion with other configurations  

(b)Water injection 
Traditionally water injection method is widely used for reducing the noises emitted by the rocket engines. Around 

300,000 gpm of water is used for the suppression of ignition overpressure (IOP) and noise during lift up of space shuttles.  The 

study involves two different types of dimensionless group i,e the ratio of droplet diameter to jet exit diameter and the ratio of 

droplet Reynolds number to jet Reynolds number. The noise reduction is primarily achieved by jet velocity reduction through 

momentum transfer. Another study shows that the water injection method does not reduce the low frequency mixing noise to a 

great extent, but it has an distinct effect on the mid frequency shock associated noise. The water injected into the potential core 

evaporates and it does not influence the fine scale mixing]. The injected liquid jet initially disintegrate into small droplets 

(atomization), known as the primary atomization. Then the disintegration of the liquid structures from the primary atomization 

into multiple droplets known as the secondary atomization takes place, thereby reducing the noise. 

(c)Pylon Installations 
The recent development shows that pylon- mounted flap deflectors are used to reduce the noise emitted from the 

turbofan engines. The usage of deflectors thicken the low speed region of the core jet along the downward and sideline 

directions.  A study uses three types of deflector plate’s namely solid flaps, coarse perforated solid flap and fine perforated 

flaps, where the deflection flaps are maintained at an angle of 22o.  The solid flaps create a strong noise, near its vicinity. On 

the other hand perforated plates produces relatively less noise in comparison with the solid plans, and the only difference is 

their extend of perforation. The fine perforated plates provide good acoustics characteristics in comparison with the coarse 

perforated plates. Another study shows that the flaps can be used instead of the wedges to deflect the flow. The flaps used in 

this case thickens the fan stream on the lower side of the jet and also reduces the velocity gradients which enhances jet mixing. 

Moreover the flaps also serves as a pair of large, counter rotating vortex generators. Hence the flaps serves as a flow deflectors 

and mixing devices.  



National Conference On Recent Trends And Developments In Sustainable Green 

Technologies 
Journal of Chemical and Pharmaceutical Sciences       www.jchps.com                    ISSN: 0974-2115 

JCHPS Special Issue 7: 2015                                                           NCRTDSGT 2015 Page 376 

 

 
Fig 1. Nozzles with pylon installations 

 (d)Tabbed Nozzles 

Controlling of high speed jets is a passive controlling method, and the introduction of tabs shows a tremendous 

improvement in the mixing characteristics of the jet. As the tabs are introduced, stream wise vortex pairs are generated, which 

results in jet mixing[9,10].From this study it can be concluded that the corrugated rectangular tabs are more effective i,e 24% 

more effective than the  ordinary tabs in reducing the noise. Moreover the efficiency of the corrugated is independent of the 

Nozzle Pressure ratio(NPR).   

 
 

Fig. 2 Corrugated tabs and their installation at the nozzle end 

The presence of perforations on the tabs plays a different role for subsonic and sonic under expanded flows. Due to 

the introduction of tabs in the downstream of the nozzle, the noise levels are reduced by 2dB. On the other hand the 

introduction of the tabs has only negligible effect in the noise reduction in the sonic under expanded flows. Prism shaped tabs 

are installed at the end of the nozzles which introduces counter - rotating stream wise vorticity. The addition of number of tabs 

enhances the jet shear layer, resulting in reduction of noise.  

(e)Multi – lobed Mixers 
In aircraft turbofans the hot and cold flow is mixed by the help of advanced lobed mixers, also known as forced 

exhaust mixers where the noise is considerably reduced, while maintaining the thrust efficiency. If the flow is uniform at the 

nozzle exit the thrust efficiency is at its best.  

In order to achieve this the two flows has to be mixed at a rapid pace inside nozzle. It can be seen that from Fig. 4, the 

12 lobe conventional mixer shows that the noise rises up rapidly across the potential core length, and then the level of noise 

drops drastically. While in the case of 16 lobe conventional mixer, the noise levels rises up slowly and the decay also shows 

the same pattern.  

  
Fig. 3 Showing the 12 lobe conventional mixer and 16 lobe conventional mixer 
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Fig. 4 Noise level attenuation of 16 and 12 lobed conventional mixer 

Summary 

                The introduction of chevrons had a good effect in reducing the noise, and the number of chevrons also plays an 

important role. The water injection is a traditional method and it enhances the mixing of the cold and the hot jet by a process 

known as atomization (Primary and Secondary atomization), thereby reducing the noise. Pylon mounted installations known as 

deflector plates reduce the amount of noise produced than the perforated deflector plates. The addition of tabs at the end of the 

nozzles causes the generation of stream wise vortex pairs, which predominantly reduces the noise. While the usage of the multi 

lobed mixers cause the reduction of potential core length. 
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