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Introduction (Times New Roman 11)    

When a centrifugal compressor is equipped with a vaned diffuser, high pressure-rise characteristics can be obtained, whereas the generating noise level increases remarkably. Therefore, developing a technology for reducing the noise level and improving the working environment of the compressor circumference is expected from a practical point of view. Since the noise, which is called an interaction tone noise (ITN), is considered to be caused by direct impingement of the impeller-discharged flow on the diffuser vane, the leading edge geometries of the diffuser vane play an important role in discussing the noise generation mechanisms. Although the interaction between impeller-discharged flow and diffuser vanes is an obvious and powerful noise source, surprisingly little research has been reported on the ITN [1-5]. Furthermore, the frequency of the ITN coincides with that of the blade-passing frequency components, abbreviated to BPF components, so the noise could dominate the overall noise level if sufficient care is not taken.

The authors have already shown by experiments and also by flow visualization technique that the leading edge shape of the diffuser vane may play an important role in both the noise generation and the compressor perfor- mance, and the tapered diffuser vanes which have three-dimensional tapered shapes on both pressure and suction surfaces of the diffuser leading edge can reduce the noise level of the ITN effectively without any slight influence on the compressor performance [6].

In the present paper, therefore, based on the previous results by the authors, research attention is focused on the effects of tapered diffuser vanes on the noise level of the ITN and also on the aerodynamic performance and flow field of the centrifugal compressor with vaned diffusers. Three types of 3-D tapered diffuser vanes are designed and used in the experiments. Total pressure-rise coefficients and generated noise data are acquired precisely by making the flow coefficient into an experimental parameter, and a flow structure within a diffuser blade-to- blade passage is visualized by the colored oil-film method. While the tapered vane can reduce the noise level of the ITN remarkably, the compressor performance falls especially in the off-designed low-flow region. However, if a tapered portion on both pressure and suction surfaces is limited within a 30% chord from the leading edge, pressure-rise characteristics higher than the original 15-vaned diffuser can be obtained, and reduction of ITN by more than 8 decibels can be attained. Furthermore, detailed measurements of the surface pressure fluctuations on the 

	Nomenclature
	

	BT
	diffuser vane height at leading edge (m)
	Z
	number of impeller blades

	CP
	pressure recovery coefficient
	Greek letters
	

	D
	diameter (m)
	
	flow coefficient

	Lep
	tapered portion on pressure side (%)
	T
	total pressure-rise coefficient

	Les
	tapered portion on suction side (%)
	Subscripts
	

	N
	rotational speed (r/min)
	1
	impeller inlet

	P
	static pressure (Pa)
	2
	impeller outlet

	PT
	total pressure (Pa)
	3
	diffuser inlet

	Q
	volume flow rate (m3/s)
	4
	diffuser outlet

	V
	number of diffuser vanes
	IE
	measuring location at 0.96D2


shroud surface of the diffuser wall are conducted in order to investigate the effects of the tapered shape on the pressure recovery characteristics of the vaned diffusers. By using the proposed tapered diffuser vanes, high-pressure recovery within the diffuser passage can be obtained and also the secondary flow and used in the experiments. Total pressure-rise coefficients and generated noise data are acquired precisely by making the flow coefficient into an experimental parameter, and a flow structure within a diffuser blade-to- blade passage is visualized by the colored oil-film method. While the tapered vane can reduce the noise level of the ITN remarkably, the compressor performance falls especially in the off-designed low-flow region. However, if a tapered portion on both pressure and suction surfaces is limited within a 30% chord from the leading edge, pressure-rise characteristics higher than the original 15-vaned diffuser can be obtained, and reduction of ITN by more than 8 decibels can be attained.

Furthermore, detailed measurements of the surface pressure fluctuations on the shroud surface of the diffuser wall are conducted in order to investigate the effects of the tapered shape on the pressure recovery characteristics of the vaned diffusers. By using the proposed tapered diffuser vanes, high-pressure recovery within the diffuser passage can be obtained and also the secondary flow which is considered to be an obstruction of diffuser 
pressure recovery can be suppressed. Also, the sudden drop of the static pressure recognized in the throat part of 

the original 15-vaned diffuser can be reduced, and the pressure fluctuation level which is relevant to the generated noise can also be attenuated.

Experimental Procedure (Times New Roman 11)
Experimental apparatus (Times New Roman 10)  
The tested compressor and measuring system used in the experiments are shown in Fig. 1. The compressor is a low-specific-speed centrifugal type and is designed based on a turbocharger for marine diesel engines. The flow enters the compressor through an axial suction pipe and leaves downstream in an annular collecting chamber ending with a circular pipe. The inlet and outlet diameters of the unshrouded impeller are 248 and 328 mm, respectively. The number of main and splitter blades is 7 each. Two types of diffusers are used in the experiment. One is a channel diffuser, and the number of wedge-type vanes is 15. The vanes are located between two parallel diffuser walls 26.14 mm apart from each other. The other is a vaneless diffuser. Each diffuser has an identical meridional profile, as shown in Fig. 1. The specifications of the tested centrifugal compressor and dimensions of the impeller and vaned diffuser are listed in Table 1. Refer to the related report [6] for further details of the tested compressor.
Tyler and Sofrin [7] investigated the mechanism of the rotor-stator interaction in an axial flow compressor and showed that the contribution of the ITN to the overall noise level is considered to be much larger than that of the BPF noise. In the case of the tested compressor, therefore, almost all the discrete tone noise is surely generated by the interaction between the impeller-discharge flow and diffuser vanes, and the m number of the pressure pattern, the so-called lobe pattern, can be expressed as,
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Fig. 1  Experimental apparatus and measuring system.  (Times New Roman 9)
Figures : 600 elements,  (Words in the figures: Times New Roman 8)

Table 1[black]  Design [Times New Roman 9]
	Tested centrifugal compressor

	Rotational speed
	N
	7000 r/min

	Mass flow rate
	G
	1.64 kg/s

	Pressure ratio
	P5/P0
	1.1

	Impeller

	Number of blades

(Main + Splitter)
	Z
	14( 7+7 )

	Inlet diameter
	D1
	248 mm

	Outlet diameter
	D2
	328 mm

	Exit blade height
	B2
	26.14 mm

	Diffuser

	Number of vanes
	V
	15

	Exit vane height
	B4
	26.14 mm


Height of each line ：not less than 4.5 mm


[image: image2.wmf],1,2,,1,0,1,.

=+==-

LLL

mnZkVnk

  (1)

Equations: [Times New Roman 10]
The expression for the smallest value of m in Eq. (1) gives 1 (
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), which is interpreted as a 1-lobe pattern, rotating in the opposite direction to that of the impeller, and its speed is Z times the impeller rotational speed. The frequency of the ITN, therefore, coincides with that of the BPF noise.

Power spectra of the compressor-radiated noise measured at the location 0.3 m apart from the inlet bellmouth are shown in Fig. 3. Since the noise spectra radiated from the compressor with 15-vaned, vaneless, types A, B and
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