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Influence of Diffuser on the Performance of a Forward Curved Fan

by

Soichi SASAKI*, Kota SUZUKI™* and Hidechito HAYASHI*

In order to clarify the influence of the diffuser on the characteristics of a forward curved fan, the

influence of bare ratio and outlet angle on the characteristics of the fan was discussed by the

experiment of the actual fan and the numerical simulation. In the present paper, the mechanism of the

discrete frequency noise generated due to the separated flow of the diffuser is reported. The optimized

bare ratio was in the vicinity of 17 degrees. The fan separated inside of the diffuser generated the

discrete frequency noise due to interaction between the reversed flow from the diffuser and the

impeller rotating with the blade passing frequency. The efficient outlet angle existed within 10 degrees

to 15 degree. The diffuser made by the outlet angle contributed for increasing the pressure ratio than

that of the bare ratio. Furthermore, it was clarified that to restrain the separation in the diffuser is

effective for decreasing the fan noise.
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Fig. 1 Test impeller

Table 1 Main dimensions of the impeller

Diameter , D (mm) 125

Chord Length , C (mm) 9

Number of Blades , Z 40

Span Length , b (mm) 50

Shroud front shroud / rear shroud
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(b) Measurement method for the fan noise

Fig. 2 Experimental apparatus
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Fig. 3 Design condition of the diffuser in the scroll casing

Table 2 Summary of the diffuser in the experimental

apparatus
No. a, deg. e, % 0, deg.
1 6.0° 9% 0°
6.0° 25% 0°
3 6.0° 25% 20°

Sha. T4 7a—FEBEHEE2522Z241koT
K(b) DRI S D, EHRB T, £2108
EINDZFEEOT 4 7 a—H L7 7 ERED BRNFE
fisnTnb.

M4 3EEIar—aryTHOORESE Y 7
VOEZRTEETAERLIELDOTHD. PREL A
0—Lr— T OREFEW R TIEIERLELLET
VYo7 E&8NTnWa., FERROWATER OmfgX, Ho
MOF v o N—DWEFEESE LD X HICHF s
TWh., A7 ua—Lhr— 7 LEERDOAY O5ER
ORI, AT ARV fFIFon TG, A7 nm
— =y ooz, —i2 500mm, X
500mm OF ¥ U RN—RNWYFIFoihTnsd. £ 3 I

Outlet

Impeller

Scroll Casing

Fig. 4 Model for the numerical simulation

Table 3 Summary of the design condition of the diffuser in

the numerical simulation

Outlet Angle, 8 (deg) [ 0 [ 5 [10]15[20 [ 25 [ 30
Bare Ratio (%) 9
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Fig. 5 Cross product for the vector of the velocity and

vorticity

1%, BT R 2 b—a v ickBIF S 7 7 o MREOFHME
THWHNEAZ v — 1 —2 0 T ORGP
INTWD. HEHLADFTHTIZ O 226 307 £T
7T FEOET ABER S, FHEOFLTIE 0% 2
5 40% £ T 10 BEHOET ABEREN TV D, il
2 2 L—3 3 21X Cradle @ SCRYU/Tetra 235 &
NTWB. 77 VRO T3/ 650 7R THERK S
NTEBY, TOEFERNUBFHEINTND. Z O,
HIREFMITIESST k -0 EFANFRHA IR TNS.
77 OANY NREFIHMEEOBRFREN 5 2 b,
HAOBEFIIEREEOFER G 26N TV 5.
Powell (ZE D% F R Z N OFICRKDO, 2o
JE78 Howe |2 & » THEFRICRQ)TE 2 b =T,



e e R

3.0————————————

—o——A——O—¢=9% N = 2800rpm

—— A B =25% Z=40 60
! @=60",0=0°

Fig. 6 Comparison of the aerodynamic characteristics due to

the different bare ratio
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Fig. 7 Relation between the bare ratio and the static

pressure
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Fig. 8 Comparison of the fan noise in the case of different
bare ratio
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Fig. 9 Spectral distribution of the fan noise
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Fig.10 Distribution of the aerodynamic noise source and the velocity vector
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Fig.11 Velocity distribution in the mid span of the fan
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Fig. 12 Comparison on the aerodynamic characteristics in

the different outlet angle
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