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NOMENCLATURE

Symbols

A . Cross-sectional area [mm]

a : Duct half-width [mm]

b : Duct half-height [mm]

C . Pressure drop coefficient in the fully developed flow region
Cp ¢ Correlation coefficient

D : Pipe diameter [mm]

d : Orifice diameter [mm]

Dy : Equivalent effective diameter [mm]

D, : Hydraulic diameter (=4ab/(a+ b)) [mml
f(i,7) - Grey level in the 1st frame

F 1 Average grey level in the 1lst frame

g : Gravitation constant [m/s?]
g(z, 7)) : Grey level in the 2nd frame

g t Average grey level in the 2nd frame

AH : Manometer height difference [mml]

17k : Unit vector along x, ¥ and z-axis, respectively

K . Incremental pressure drop coefficient in the entrance region

/ : Length of the test section [mm]

L, :  Exit length [mm]
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M . Magnification factor

P : Wetted perimeter [mml]

AP . Pressure difference [N/m’]

R . Radius of curvature [mml]

Re :  Reynolds number of steady flow (=D, u,/V)

t : Time [s]

u,v,w : Velocity components in x, ¥ and z-axis, respectively [m/s]
Uy : Cross—sectional mean velocity of laminar flow [m/s]

x%,9,2 ° Rectangular coordinates of the test section

Greek Symbols

a . Orifice discharge coefficient
¥, : Specific weight of alcohol [kg/m® - s]

¥,  Specific weight of air [kg/m® - s%]

A Pipe friction coefficient

A : Aspect ratio of a rectangular duct

u : Coefficient of viscosity [N - s/m’]

v : Coefficient of kinematic viscosity [m?%/s]
o : Density [kg/m’]

T : Shear stress [N/m’]

Subscripts
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cl

cr

st

Value on duct center-line
Critical value
Cross—sectional mean value
Steady flow

Dimensionless quantity
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ABSTRACT

A Study on the Flow Characteristics of Multi-Blade Fan for
Air Controller.

Hwang, On

Advisor : Prof. Lee, Haeng—Nam,
Education of Machine & Metal,
Graduate School of Education,

Chosun University

As more people live in skyscrapers, the demands to live in pleasant indoor
environment are increasing. The most important thing for pleasant indoor
environment is air conditioning and ventilation for indoor heating and
cooling is necessary. And the indoor air contaminated due to various indoor
elements must be ventilated. For ventilation of indoor air, an
air-conditioning fan is generally used. Recently, as main part of indoor
alr-conditioning system, high quality, high efficiency and low-noise
production of the fan are importantly considered. In particular, as noise
structures of hydraulic machinery are closely related with internal flowing
conditions, internal flowing conditions of fan are very important.

As a multi-blade fan (Sirocco Fan) has extensive flowing range and even
functions compared to those of other fans and produces less noise, it is
extensively used for air-conditioning or factory. The multi-blade fan was
invented by Sam Davidson in England in 1864 and was used in the book

by Eck in 1974. It is called squirrel-cage fan, drum-rotor fan, and

_ix_



FC(Forward-Curved) centrifugal fan in Europe or north America. It is also
extensively used for massive work such as air-conditioning of buildings and
industrial blowers or for everyday life such as air-conditioners, fan heaters,
hair-dryers and automobiles’ ventilators in small scale.

In a design of the multi-blade fan, it is important to look at flowing at
volute that is inhaled by a multi-blade fan in order to identify its
correlations with functions and flowing inhaled by the multi-blade fan
attached to automobile indoor air-conditioner within closed square ducts.
This study as a flowing visualization test using PIV visualized velocity
vector distribution at normal and compressed flowing and analysed flowing
patterns of velocity distribution and re-stress according to change in
rotation number of the multi-blade fan (950RPM, 1100RPM and 1250RPM).
The results of this study are presented as follows:

(1) The more revolution per minute, the more flowing is inclined to driving
motors of multi-blade fan.

(2) This is because of the eccentricity occurring by decreased output of
multi-blade fan rather than the centrifugal force occurring during rotation of
the driving motor

(3) Maximum stress distribution occurs at a place remote from the driving
motor in the horizontal axis at 1250 RPM of rotational number unlike
velocity vector.

(4) This is generated by centrifugal force at remote place and differences in
pressure according to different structures of forms such as orifice on the

wall.
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Fig. 1.2.1 Experiment Apparatus and Test section
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Fig. 2.1.5 Principle of the Grey level cross correlation

Maximum Correlation Coefficient

Fig. 2.1.6 Maximum cross correlation coefficient.
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Fig. 3.3.1 Raw Image maps for the Developing Transitional Steady

Flow
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Photo 2 Experimental Equipments of PIV and Test duct

Photo 3 Data Acquisition and Processing System of PIV
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Fig. 3.3.2 Schematic Diagram of the PIV System
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Table 1 Experimental Conditions of the Flow Visualization Tests

Item Specification

) Max : 1450RPM, 3 Zo] : 240mm
Sirocco Fan

27 : 70mm
Probe KANOMAX LLS Probe
Laser LEXEL Argon-Ion Laser (3t} 7W)
PIV canEra | Kodak(ES 10

Image Grabber matrox (DATA Translation)

- 256 Grey Level
Pantium IV PC

Computer
(CPU 254 GHz RAM 1G)
CACTUS’3.2

Software

(Cross-Correlation Algorithm)
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