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An Experimental Study on the Ventilation Characteristics of a Wind-Turbine Natural Ventilator
According to the Outdoor-Wind Velocity and the Indoor/Outdoor-Temperature Difference
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Abstract With the improvement of living standards, the ventilation for the mitigation of indoor or outdoor air-pollution
problems has recently attracted a lot of attention. Consequently, the ventilation for the supply of outdoor fresh air
into a room is treated as an important building-design factor. The ventilation is generally divided into the forced and
natural types; here, the former can control the ventilation rate by using mechanical devices, but it has the disadvantages
of the equipment costs, maintenance costs, and noise generation, while the latter is applied to most workshops due
to the absence of noise and the low installation and maintenance costs. In this experimental study, the ventilation
performance of a typical rotating-type natural ventilator, which is called a “wind turbine,” was investigated with the
outdoor-wind velocity and the indoor/outdoor-temperature difference. From the experiment results, it was confirmed
that the temperature difference of 10°C corresponds to the ventilation driving force with an outdoor-wind velocity
of 1.0 m/s. Additionally, the intake-opening area of a building also exerts a great effect on the ventilation rates.

Key words Differential Pressure(*}}), Natural Ventilation(2+$1%}7]), Temperature Difference(=>=2}),
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Fig. 1 Types of the natural ventilators.
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(a) External appearance of a wind turbine (b) Internal appearance of a wind turbine
Fig. 2 Wind turbine of 450 mm size used in the experiment

—— Settling means
Test
_- ventilator
Fan

~ - Damper
panel

o Thermocouple
ot Supply opening

Fig. 3 Appearance of the experimental apparatus for

Fig. 4 Electrical heater installed the floor of a measuring
measuring the ventilation rate. chamber.

(a) Data logger

. F hi
(b) Hot wire anemometer (¢) Fog machine

(d) Thermocouple

Fig. 5 Measuring instruments for the experiment.
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Table 1 Experimental conditions

Size Case Status Outdoor wind velocity Temperaturﬁ difference Supply openmg
(m/s) (T) (m’)
Case-1 Rotating
0.5, 1.0, 2.0, 3.0, 4.0 N/A
Case-2 Fixed
300 mm c 3 Rotat
ase- otatin.
g N/A 5, 10,
Case-4 Fixed 20, 30
Case-1 Rotating
0.5, 1.0, 2.0, 3.0, 4.0 N/A 0.01,
Case-2 Fixed 0.04
450 mm >
Case-3 Rotating 510 0.09,
N/A C 0.16
Case-4 Fixed 20, 30
Case-1 Rotating
0.5, 1.0, 2.0, 3.0, 4.0 N/A
Case-2 Fixed
600 mm c 3 Rotat
ase- otatin.
g N/A 5, 10,
Case-4 Fixed 20, 30

Table 2 Fan speed and inverter frequency

Outdoor air velocity(m/s) 0.5 1.0 2.0 3.0 4.0
Fan speed(rpm) 243 383 707 1,090 1,534
Inverter frequency(Hz) 8 13 24 37 52
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Table 3 Central wind velocity and average wind velocity at inlet

Wind velocity(m/s) 0.5 1.0 2.0 3.0 4.0
Central wind velocity 0.00 0.05 0.26 0.40 0.56
Average wind velocity 0.00 0.05 0.25 0.37 0.56

Table 4 Central temperature velocity and average wind velocity at inlet

temperature (C) 5 10 20 30
Central wind velocity 0.27 0.36 0.44 0.50
Average wind velocity 0.27 0.37 0.47 0.54

14 | 18 | 1c | 1D A | 1B ‘ ic | 1D
® . . .

— + - —— — + - —+
2 2B 2€ 2D 26 0 2B 20 ) 2D

¢| .
|
! e
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lww)
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°
lww)
300

*o e e 'S |
—— -t =t - —t— =+
44 48 40 4D 4A 4B 4C 4D
o . . . ‘
300 300
(a) Average wind velocity (b) Central wind velocity
Fig. 6 Measurement position of the supply opening.
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Table 5 Minimum wind velocity for rotation of a wind turbine

Wind velocity(m/s) 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Fan speed(rpm) 167 192 217 243 270 297 325

300 mm -
Rotating(O : Yes) X X X X (0] (0] (0]
Fan speed(rpm) 167 192 217 243 270 297 325

450 mm -
Rotating(O : Yes) X X X X X (0] (0]
Wind velocity(m/s) 0.7 1.0 1.3 1.5 1.6 1.7 1.8
Fan speed(rpm) 297 325 442 537 570 603 637

600 mm -
Rotating(O : Yes) X X X X (0] (0] (0]

Table 6 Minimum temperature difference for rotation of a wind turbine

Temperature difference(C) 3 5 10 19 20 25 26
300 mm Rotating(O : Yes) o o 6] ¢} o O O
450 mm Rotating(O : Yes) X X X X o o o
600 mm Rotating(O : Yes) X X X X X X o

Table 7 Ventilation rate of a wind turbine(300 mm size, free rotation)

Wind velocity(m/s) 0.5M 1.0 2.0 3.0 4.0
A = 0.01 Ventilation rate(CMH) -0.90 10.70 24.20 39.90 55.60
A = 0.04 Ventilation rate(CMH) -3.6 323 72.4 113.7 163.3
A = 0.09 Ventilation rate(CMH) -8.0 59.5 99.8 155.7 2142
A = 0.16 Ventilation rate(CMH) -19.8 94.0 135.3 195.6 257.8

M In case that the wind velocity is under 1.0 nys, the air flow is reversed from the outdoor to the indoor. That is, the reversal flow is occurred.

Table 8 Ventilation rate of a wind turbine with the indoor-outdoor temperature difference(300 mm size, free rotation).

Temperature difference(C) 5 10 20 30
A = 0.01 Ventilation rate(CMH) 15.12 18 23.76 29.52
A = 0.04 Ventilation rate(CMH) 47.52 60.48 79.2 90.72
A = 0.09 Ventilation rate(CMH) 74.52 97.2 129.6 152.28
A = 0.16 Ventilation rate(CMH) 103.68 126.72 167.04 201.6

Table 6 ¢I=E{Nlo] ﬁxﬁv A2 #Ha 2ake] AP ATAE HolE O RA, 300 mm #E2] A
3CH-E, 450 mm 27 2] 4% 20T, 28] 3L 600 mmol A= 26T 2] =xF4-E 3 o] &2l¥] ). Table 59}
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TE5HE AR Haste] Jrtd 5 eSS & 5 A

oo

5. A¥AD 3 na

Table 72 #7d 300 mmS! A=E]Hlof] thafr] 2755 gt F7])F WA wE k78-S, Z12] 3l Table 82
Q71& o] flaL =shA Ao @141%7191 2zt old] A S S sUsHAl w7 HLQ H 2] o
whel A sk Ao A Fig 70l L A¥ES Ho|il T} Table 794 9]7]550] 0.5 m/s? 45 S7] %l
()8 F37F & A2 Table 5914 & 7 dzo] 7G| 7} s8] o /7t H‘*gﬂg oju] gt}
©]+= Song9] ?iﬁlow “3] 7 2] X}Od%ﬂ%}x = AN IFEA g e Y A s Ay
=

(© SAREK 181



rok
ol
Mot

e
1
o
fol
e,
N
%
fols

400 T T T T
350] | —0—A=0.01m? -
] —O— A=0.04 m* ]
307 | - A=0.09m’ ]
A= 2 .
C,p] |—v—A=0.16m _w E
@ ~ ]
= ]
x 2004 3
= 4
2 ]
8 150 E
= 3
£ 100 -
50 B
D : T T T T
0 1 2 3 4 5
Wind Velocity (m/s)
(a) Ventilation rate vs. the wind velocity.
Fig. 7 Ventilation characteristics
400 L TFrr v T TTr T Ty T Tr Ty oy T
350 —0— A=0.01 m? E
1 —0— A=0.04 m* )
L 300 1 A A=0.09 m? & ]
1 — — 2 P
© o501 7 A=0.16 m?| 3
@ ]
o ]
& 200 ] 3
c 4
=l ]
T 150 E
g ]
< 100 3
50 7 3
0 ]
0 5
Wind Velocity (m/s)
(a) Ventilation rate vs. the wind velocity.
Fig. 8 Ventilation characteristics
4004 T T LA BB R B B TrrrrrrroT
350 —0— A=0.01m’ / E
] —C— A=0.04 m*
£307 |~ A=0.09m’ 1
4 —_ 2
&2,2505 — A=0.16 m . E

P

N

(=]

o
1

Ventilation Rate
3 g

o
o

PN P R S

o

o

Wind Velocity (m/s)

(a) Ventilation rate vs. the wind velocity.

182

400

350 4

300 4

250

200 4

150

100

50

T T T T T T
—0— A=0.01 m?

—o— A=0.04 m® ]

—— A=0.09 m? E
2

5 10 15 20 25 30 35
Temperature Difference (°C)

(b) Ventilation rate vs. the temperature difference.

of the 300 mm sized wind turbine.
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of the 450 mm sized wind turbine.
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Fig. 9 Ventilation characteristics of the 600 mm sized wind turbine.
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