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ABSTRACT 
In many chemical, petro-chemical and power plants steam boilers are used as a primary source of steam generation and those 
boilers are usually installed with safety valves. The excess and used steam that is vented out through this safety valve usually 
creates noise pollution which is much greater than the recommended noise standards. Therefore this extreme noise should be 
reduced to optimal level using suitable silencers. Absorptive silencer is one such noise control equipment, which reduces the noise 
level by using diffuser pipe and internal circular baffles arrangement. A simplified approach is followed to design such a type of 
silencer. To begin with, the exit noise from the safety valve is predicted by using suitable analytical methods proposed by J . 
Lighthill (the first to study on the basic principles of the theory of noise of a free turbulent flow). The desirable silencer design 
parameters, like diffuser pipe hole diameter, number of holes in the diffuser, absorptive section length and thickness are arrived 
and modeled using Pro-E 4.0 modeling package. Various flow characteristics such as velocity, pressure and flow rate at different 
location of the silencer are then analyzed by Ansys –CFX package. The silencer is designed to achieve a minimum pressure drop 
across the absorptive section, say 0.04 bar and a noise attenuation to 85 dB(A) in a free field condition 
 
KEYWORDS: Index Terms Absorptive silencer, Safety valves, Circular baffles, Diffuser pipe  

 

INTRODUCTION 

 

The main objective of this work is to design an absorptive silencer, to effectively attenuate the safety valve 

exit noise to 85 dB, to limit the pressure drop across the silencer to 0.04 bar and to generate the insertion loss 

values for different combinations of Silencer Insertion Loss values. A simplified approach is followed to design 

such a type of silencer. To begin with, the exit noise from the safety valve is predicted by using suitable 

analytical methods proposed by J. Lighthill. The desirable silencer design parameters, like diffuser pipe hole 

diameter, number of holes in the diffuser, absorptive section length and thickness are arrived and modeled using 

Pro-E 4.0 modeling package. Various flow characteristics such as velocity, pressure and flow rate at different 

location of the silencer are then analyzed by Ansys –CFX package. 

 

II.Calculation of Exit Valve Noise Level: 

A.Drum Safety Valve Parameters: 

To determine the safety valve exit noise level, the safety valve exit flow conditions are the inputs. The 

safety valve exit flow parameters are shown in the table 1. 
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Table 1: Safety valve exit flow condition 

 S.No Valve parameters Value 

1 Valve upstream pressure 67.5 kg/cm2 

2 Valve upstream temperature 500 o C 

3 Valve downstream pressure 3 kg/cm2 

4 Valve downstream temperature 467.5 o C 

5 Steam flow rate 10000 kg /hr 

6 Nature of steam Superheated 

7 Valve outlet size 12 nch 

 

b.Lighthill’s theory for calculation noise level of steam discharge:  

In order to design a silencer to perform at 85 dB, the safety valve exit noise is to be calculated, say 130 dB. 

After calculating the safety valve exit noise, suitable silencer design is to be made for 45 dB, i.e. [130 - 85 dB]. 

So it is of prime importance to calculate the safety valve exit noise. The safety valve noise can be predicted by 

Lighthill’s theory of calculating the acoustic power of steam discharge. 

Lighthill’s is the simplest way of calculating the safety valve exit noise. It says, the acoustic power of the 

steam discharge is directly proportional to steam jet density, steam discharge velocity, diameter of the discharge 

pipe and is inversely proportional to the density of the surrounding medium and sound velocity in the 

surrounding medium. The expression for the acoustic power of the steam discharge is  

 

P = k (M) ρj2 uj
n D2 / ρ0 c0

m 

 

Where k (M) proportionality constant of convection effect, ρj is the steam jet density (kg/m3), uj is the 

discharge velocity (m/s), D is the diameter of the outlet cross section (m), ρ0 is the density of the surrounding 

medium (kg/m3), c0 is the velocity of sound in the surrounding medium (m/s), m is the experimental constant, n 

is the experimental constant.The final expression for calculating the total level of acoustic power generated by a 

steam discharge from a power generating boilers is, 

 

Lp = 10 log (G2 val / S pipe) – 2.89 x 10-3 (Gval / Spipe) 

 

Where Gval is the output capacity of the valve( kg/s), S pipe is the area of the exhaust pipeline outlet cross 

section (m).Using this expression and the safety valve exit flow conditions, the overall sound power level at the 

point of steam discharge is 145 dB. 

The frequency corresponding to the maximum noise is determined from the expression. 

fmax = 0.3C uj/D 

Here C = 2, turbulent – mean velocity gradient. 

Using this expression, the peak frequency is calculated as 1306 Hz. 

 

C.Discretizing the Overall Noise in 1/3 Octave Band: 

In order the study the behavior of the noise, the overall noise level should be discretized to certain octave 

band. Since most of the commercially available noise measuring instruments measure noise in the 1/3 octave 

band, it is convenient to discretize the noise in the 1/3 octave band itself. The 1/3 octave band is one which gives 

the value of the noise at certain frequency intervals , say 31.5 Hz, 63 Hz, 125 Hz, 250 Hz, 500 Hz, 1 kHz, 2 

kHz, 4 kHz, 8 kHz, etc. Table 2. Explains the correlation between the frequency spectrum and the adjusting 

correction factors. This adjusting correction factors should be added to the peak frequency to get the noise in the 

1/3 octave band. 

 
Table 2: Relation between the frequency spectrum and dB correction factor 

Frequency (Hz)  dB correction  

f1/32  -33.1  

f1/16  -27.3  

f1/8  -21.6  

f1/4  -15.8  

f1/2  -10  

f max or f1  -4.9  

2f1  -8  

4f1  -13.8  

8f1  -22.9  

 

Referring this table, the noise level in the 1/3 octave band is calculated as follows 
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Table 3: Discretization of the overall noise level in the 1/3 octave band 

Frequency (Hz) 

 

Sound Power level (dB)  

 

31.5 110 

63 115 

125 121 

250 127 

500 133 

1000 141 

2000 141 

 

III.Silencer Insertion Loss Calculations: 

Silencer insertion loss is an important silencer design parameters. In simple words, SIL is defined as the 

difference between the noise level in the fluid flow domain before and after inserting the silencer. The silencer 

insertion loss may vary dependent upon the various combination of the absorptive section arrangement. The 

silencer insertion loss is computed using the software Silencer V2.3.2. 

 

 
Fig. 1: Giving inputs to the Silencer V2.3.2 

 

 
Fig. 2: Insertion loss generated by Silencer V2.3.2 

 

IV.Preparation of Noise Calculation Sheet: 

The noise calculation sheet explains the logic behind the noise attenuation 

 
Table 4: Noise calculation sheet 
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From the noise calculation sheet it is observed that the absorptive section with a splitter thickness - 100 

mm, Airway gap - 50 mm, effective length - 900 mm is capable of attenuating the noise to 64 dB which is on the 

safer side of silencer performance. 

The final internal arrangement of the splitter is shown in the Fig 3. 

 

 
Fig. 3: Internal splitter arrangement details 

 

V.Pressure Drop Analysis: 

The most important characteristics of the absorptive silencer is that the pressure should be as low as 

possible. Therefore the pressure at the end of the diffuser pipe 2 should be slightly greater than the atmospheric 

to achieve the pressure drop of 0.02 bar, say (1.023 + 0.04 = 1.063 bar). 

 
Fig. 4: Silencer flow regions 

 

The pressure at the outlet of the diffuser pipe 1 and diffuser pipe 2 is determined by CFD Analysis using 

ANSYS Workbench. 

 

Cfd Analysis Of Diffuser Pipe 1: 

The diffuser pipe 1 has 9 rows of 25 mm diameter holes. The pressure variation at the various rows of holes 

is as follows.  

Starting from top 

First 4 rows – 5.32 bar to 6.22 bar  

Next 3 rows - 4.42 bar to 5.32 bar  

Last 2 rows - 3.52 bar to 4.42 bar 

 

Therefore another diffuser is required to reduce the pressure further. This increase in pressure is to reduce 

the velocity that is going to exist in the absorptive section. 

 
Fig. 4: Diffuser pipe 1 fluid domain 
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Fig. 5: Setting the boundary conditions 

 

 
                       

Fig. 6: Contour of total pressure in the diffuser pipe 1 

 

CFD Analysis of Diffuser Pipe 2: 

The diffuser pipe 2 has 2 rows of 38 mm diameter holes. The pressure at the outlet of the diffuser pipe is in 

the range of 1.06 bar.This show the pressure at the entrance of the absorptive section is 1.06 bar, which will 

expand freely to the atmospheric pressure of 1.023 bar. Therefore the pressure drop is within the limit of 0.04 

bar.  

 
 

Fig. 7: Diffuser pipe 2 fluid domain 

 



413                   Karthikeyan M et al., 2017/Advances in Natural and Applied Sciences. 11(8) June 2017, Pages: 408-415 

 

 
Fig. 8: Setting the boundary conditions 

 

 
 

Fig. 9: Contour of total pressure in the diffuser pipe 2 

 

Summary of CFD Analysis: 

The pressure distribution at various location of the silencer is shown in the fig 10. 

 

 

Fig. 10: Pressure distribution at various location of the silencer 

 

Vi Effect of Absorptive Section on Silencer Performance: 

Existing Model: 

The existing silencer model designed by Cecil R. Sparks is shown in the figure 8.4. It does not have any 

absorptive section; rather it is lined at the duct outer boundry. 
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Fig. 11: Existing silencer model for blow down application 

 

The attenuation characteristics of the silencer without the absorptive section designed by Cecil R are shown 

in table 5. 

 
Table 5: Noise spectrum in 1/3 octave band with and without silencer 

Frequency Hz 

 

Blow off noise without silencer (dB) 

 

Blow off noise with absorptive section (dB) 

 

31.5 95 86 

63 102 94 

125 106 99 

250 111 100 

500 116 98 

1000 118 99 

2000 120 104 

4000 116 104 

8000 114 110 

Overall 124 110 

 

The maximum attenuation is 14 dB when the silencer is designed without the absorptive section (existing 

model) 

 

A. Proposed Model: 

The proposed model in this project work includes the absorptive section immediately after the diffuser pipe. 

The attenuation characteristics of the proposed silencer are shown in table 6. 

 
Table 6: Noise spectrum in 1/3 octave band with and without silencer 

Frequency Hz 
 

Blow off noise without silencer (dB) 
 

Blow off noise with absorptive section (dB) 
 

31.5 110 109 

63 115 110 

125 121 111 

250 127 108 

500 133 100 

1000 141 102 

2000 141 107 

4000 134 107 

8000 127 104 

Overall 145 118 

 

The maximum attenuation is 27 dB when the silencer is designed with the absorptive section (proposed 

model). 

 

Conclusion: 

The proposed silencer model is designed to achieve the performance of 85 dB, and the silencer is designed 

for a pressure drop of 0.04 bar across the absorptive section. The maximum attenuation is 14 d B when the 

silencer is designed without the absorptive section (existing model), but the maximum attenuation is 27 d B 

when the silencer is designed with the absorptive section (proposed model).  
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