A 4= BB AL 3 3

AFPAe] AARS SA B AF

FMKBE K
B L B2 Bt

0

X
firg

20054 128



ARYAY ARG S BT A7

REHK F OB T

B e
o XS T8 LB mxoe= U

20054 124

Heke T8 HtBi mxs RS

FELZRER £
S = A
x =} F

FEINKER KB

20054 12H



A Study on the Characteristics of Design

Parameters for In-Line Duct Fan

Jin—-Wook Park
(Supervised by professor Jong-Chul Huh)

A thesis submitted in partial fulfillment of the
requirement for the degree of Master of

Engineering

Department of Mechanical Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY

December 2005



M

1il

it

L A

11 A7 w4 2 5

1.2 od:ll lH% 1;_4 ]:IUJ‘(H

Ho

e

—

T
adl
xr
H
Jo
o
T
Mo
5

—

o

s

ot

<
)

o
=

—

o

9,] 651 /:jj 75”

Hr
A
oI

—

—_

Al
oH

N

NS
BK

To
X
—_—

—_

Gl
oH

¢+

=



12

12

!

15

jace]

o

;OU
<

!
o
L

24

24

i

il
o

—

T
.ZTI

JJo

0

T
C

—

o

27

A

4.2

29

33

35

e
Jo

0

)

39

41

42

.
T

o

0
alp
£

o



NOMENCLATURE

. interval increase between impeller diameter and casing (m)
© inlet width (m)

© exit width (m)

. fan output power (Kw)

: meridional velocity component at inlet (m/sec)

: meridional velocity component at exit (m/sec)

: tangential velocity component at inlet (m/sec)

: tangential velocity component at exit (m/sec)

. real tangential velocity component at exit (m/sec)
. inner diameter (m)

. outer diameter (m)

. gravitational acceleration (m/sec’)

: head (m)

. effective head (m)

© entrance bend loss (m)

: friction loss (m)

© ideal head (m)

. casing loss (m)
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: rotational speed (rpm)

. specific speed

: total pressure (mmAq)

. flow rate (m®/min)

. blade arc radius (m)

. meridional velocity ratio

. center of arc of blade (m)

. slip velocity at exit (m/sec)

. peripheral velocity at inlet of impeller (m/sec)
. peripheral velocity at exit of impeller (m/sec)
: number of blades

. casing expansion angle (deg)

. blade angle at inlet (deg)

. blade angle at exit (deg)

: specific gravity of air (kgy/m°)

: total pressure efficiency (%)

. performance coefficient

. flow coefficient

. head coefficient

. capacity coefficient



SUMMARY

In order to meet recent requirements in the design of in-line duct fan, ie,
higher pressure rise, higher airflow rate, lower noise and better packaging, it
1s essential to investigate the design parameters of In-line duct fan.
Experimental analysis is very important to understand the characteristics of
design parameters for in-line duct fan.

The performance of in-line duct fan depends on the design parameters of
impeller and guide vane. such as sweep back angle of impeller, the number of
blades, outlet blade angle and guide vane angle etc. These design parameters,
however, are inter-related, so it is very difficult to identify the effect of the
design parameters to in-line duct fan performance. In this experimental study
the effect of the design parameters on the performance of in-line duct fan
being used for HVAC are investigated. Total four kinds of impellers having
different sweep back angles, 0°, 17.5°, 35° 52.5° with 8 guide vanes, different
the number of blades, 6ea, 8ea, 10ea, 12ea, different kinds of outlet blade
angles, 30°, 45°, 60° and different kinds of guide vane angles, 15° 30° 45°
were selected and their performance measured to investigate the effects of
them. The results were non-dimensionalized to compare their performance.

These experimental results contribute to the optimal design of in-line duct

fan.
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Fig. 1 The impeller shape of the backward curved blade and velocity

diagram
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Fig. 2 Exit discharge velocity diagram with finite number of blades
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Specifications
Q, AP, RPM

Centrifugal fan loss model <

Check

Performance/Efficiency/Torque

!

NO

Satisfy

YES
‘ Making prototype ‘

‘ Wind tunnel test ‘

NO

Satisfy

YES

Decision making model

Fig. 4 Design process for a centrifugal fan
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Powar Measurement Instrument Damper Controller

Fig. 6 Photos of fan facility
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Fig. 7 Geometric configuration of the bellmouth and the centrifugal impeller



Fig. 8 View of centrifugal fan on test
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Table 1 Geometric parameters of in-line duct fan

MODEL 1|MODEL 2|MODEL 3| MODEL 4
sweep back angle 0° 17.5° 35° 52.5°
number of blades 10 10 10 10
inlet blade angle 30° 30° 30° 30°
exit blade angle 45° 45° 45° 45°
rotational speed 1765rpm | 1765rpm | 1765rpm | 1765rpm
inner diameter 201.7/mm | 248mm | 283.7mm | 313.4mm
outer diameter 375mm | 401.3mm | 409mm 399mm

DFID AAWF] A AP F AAR2A) wel @ ATE 7] 93
A Fig. 10 (a)o] Az e] 0°¢1 A dAHE 72 g ez sto] Fig. 10 (b),
(o), (e} o] AAFZAS 175° 35°, 525°= AAste] AHS A

o] w Apgs QhjAZ 6% 30°0]
1,765pm o2 AASA G2 A
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Fig. 12 Changing the guide vane angle
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Fig. 13 Changing the exit blade angle
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Fig. 15 Total efficiency versus specific speed of centrifugal fan test
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Fig. 16 Head coefficient versus specific speed of centrifugal fan test

data compared with predicted data
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Fig. 17 Capacity coefficient versus specific speed of centrifugal fan test

data compared with predicted data
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Fig. 19 Comparison of head coefficient versus flow coefficient for the

different types of casing

1.0

{1 SCROLL CASING

0.8
—>— IN-LINE DUCT
0.7

c 0.5
0.4
0.3
0.2

0.1

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Fig. 20 Comparison of total efficiency versus flow coefficient for the

different types of casing
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different types of casing
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Fig. 22 Comparison of head coefficient versus flow coefficient for four
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Fig. 23 Comparison of total efficiency versus flow coefficient for four

types of sweep back angles
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sweep back angle
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Fig. 28 Comparison of total efficiency versus flow coefficient for the

number of blades
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Table 2 Flow condition for each case

MODEL 4

(A =52.5°)

83.7

MODEL 3

(A =35)

87.3

MODEL 2

(A=175°)

60

MODEL 1

(A=0°)

35.6

flow rate,

m”/min

1
.

Fig. 39 (a)~(d)
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