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Estimation of Ventilation Rates for General Gravity Ventilator
with Width and Height
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Department of Environmental Engineering Changwon National University

As a strategy of natural ventilation, the standard type of
general gravity ventilator can be installed on the roof of an
industrial building. The modified shape of ventilator with
different width and/or height ratio was often used for
improving ventilation efficiency and assuring structural safety
concern. Although the ventilation rates could be affected by
different ventilator width and/or height, the design data of
appropriate ventilation rate have not been established yet. In
this study, the ventilation rates of both standard and modified
gravity ventilator were thus estimated for the purpose of
comparison of ventilation efficiencies. For the standard gravity
ventilator, the factorial combinations of 4 parameters ( 3 wind
directions, 6 wind speeds, 5 temperature differences and 3
ventilator neck widths) which consist of 270 cases, were
simulated. Additionally, for the modified gravity ventilator, the
factorial combinations of 5 parameters (3 wind directions, 5
wind speeds, 3 temperature differences, 3 ventilator neck
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widths and 2 modified ventilator heights) which result in 270
cases, were simulated. A commercially available CFD code,
FLUENT(Ver. 6. 0) package, was used to estimate the
ventilation rates numerically. It was found from the thorough
analyses that the ventilation performance were enhanced as @
wind direction is close to the latitudinal direction of industrial
building, @ wind speed increases, @ the temperature differ-
ence between the exterior and interior of a building increases
and @ ventilator neck is wider. The flow rate of low height
ventilator is lower than that of standard height ventilator while
the flow rate of taller ventilator was not increased pro-
portionally. Therefore, standard ventilator is more suitable than
modified ventilator for effective and safe ventilation.

Key Words : Natural ventilation, Gravity ventilator, Compu-

tational Fluid Dynamics, General ventilation
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Figure 1. The schematic diagram of

general gravity ventilation.
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Figure 2. Gravity ventilator installed with
standard dimension.
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Figure 4. The schematic diagram of general gravity ventilation by height.
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Table 1. The dimensions of general gravity ventilator by height
(mm)
0.5 times of standard height standard height 1.5 times of standard height

C 1,200 1,500 1,800 1,200 1,500 1,800 1,200 1,500 1,800

A 2,880 3,600 4,320 2,880 3,600 4,320 2,880 3,600 4,320

B 1,500 1,900 2,270 1,500 1,900 2,270 1,500 1,900 2,270

C 1,200 1,500 1,800 1,200 1,500 1,800 1,200 1,500 1,800

D 2,400 3,000 3,600 2,400 3,000 3,000 2,400 3,000 3,600

F 900 1,100 1,350 1,800 2,200 2,700 2,700 3,300 4,050

G 370 470 560 740 930 1,110 1,110 1,400 1,670

L 450 560 680 900 1,120 1,350 1,350 1,680 2,030
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neck for the estimation of flow rates

Table 2. Numerical conditions tested in this study

Variables

Standard height

0.5 and 1.5 times of standard height

Temperature difference between indoor and outdoor( C)

Wind speed(m/s)
Wind direction(degree)

0, 5, 10, 15, 20
05, 15, 25,5, 75, 10
0, 45, 90

0, 10, 20
05, 15, 25,5, 175
0, 45, 90
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Table 3. Calculated ventilation rates of standard model
(m'fs)
Ventilator neck width Angle AT (C) Wind speed(m/s)
(m) (degree) 0.5 15 25 5 75 10
0 15 72 12.7 264 40.5 55.4
5 37.1 385 40.5 477 57.1 68.6
0 10 51.1 53.4 54.8 60.8 68.8 77.6
15 61.8 63.8 65.2 69.6 76.1 86.2
20 69.5 72.4 73.8 77.8 83.5 90.8
0 5.8 17.8 29.8 60.1 90.6 120.9
5 374 375 41.7 66.1 94.2 123.6
1.2 45 10 51.7 52.5 52.6 715 97.5 1253
15 62.1 63.6 63.1 76.2 100.3 127.0
20 70.5 722 72.0 80.8 103.0 128.7
0 6.4 19.6 32.8 55.9 90.5 131.7
5 374 35.7 43.1 70.8 101.5 133.3
90 10 51.7 50.4 52.1 75.5 104.4 134.9
15 62.1 61.8 59.9 79.7 107.0 136.6
20 70.8 71.5 67.6 832 109.3 138.3
0 26 9.5 16.5 348 53.6 729
5 476 50.1 523 61.8 743 89.4
0 10 65.5 68.9 70.8 78.4 89.1 101.7
15 789 82.6 84.5 91.0 101.0 112.6
20 89.0 92.6 93.1 100.6 108.7 1174
0 73 222 375 753 113.1 151.1
5 48.1 479 53.2 832 118.6 154.1
15 45 10 66.6 67.4 67.5 90.5 122.7 1572
15 79.5 81.4 80.7 97.1 126.7 160.7
20 90.2 92.7 922 103.1 130.5 163.0
0 8.0 243 40.7 819 122.9 164.1
5 476 45.8 54.5 88.9 127.5 166.9
90 10 66.6 64.3 66.3 95.1 131.2 169.1
15 74 4 78.1 76.3 100.7 134.6 171.0
20 90.0 90.5 86.9 105.3 137.7 173.6
0 32 113 19.8 417 64.5 875
5 553 58.2 61.0 732 88.6 107.2
0 10 76.2 80.2 82.7 9.5 105.2 121.2
15 91.1 95.7 98.3 107.0 119.5 133.9
20 102.6 106.9 111.9 1185 128.9 140.6
0 8.0 243 412 832 125.3 167.6
5 554 549 60.6 93.1 131.5 1714
1.8 45 10 76.9 77.0 71.7 102.0 137.0 174.8
15 9.5 93.7 929 110.1 142.7 178.9
20 104.6 107.2 105.8 118.0 146.8 181.9
0 8.6 26.2 44.1 88.8 1334 177.6
5 549 51.9 60.8 973 138.4 183.0
90 10 76.7 73.8 75.2 1114 1433 183.5
15 9.6 90.2 875 112.0 148.7 186.6
20 104.2 104.2 99.1 1182 151.5 190.9

* AT : Temperature difference between indoor and outdoor

Angle : Wind incidence angle
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Table 4. Calculated ventilation rates of 0.5 height of standard model with various conditions

(msec)
Ventilator neck width Angle AT Wind speed(m/s)
(m) (degree) (©) 0.5 15 25 5 75
0 1.0 5.0 8.6 16.9 259
0 10 372 38.6 39.6 434 482
20 50.7 52.3 534 56.6 61.0
0 3.6 109 183 37.6 55.3
12 45 10 376 377 376 46.7 61.6
20 50.8 51.8 51.6 54.3 65.4
0 4.0 12.2 204 403 60.5
90 10 376 36.7 36.4 48.6 65.8
20 511 51.6 494 55.5 70.0
0 1.7 6.1 10.8 226 342
0 10 46.5 48.8 50.1 55.7 62.2
20 63.4 65.5 67.6 69.8 772
0 5.0 153 25.6 51.6 711
1.5 45 10 46.9 47.6 48.1 63.4 85.1
20 64.0 65.6 65.5 71.9 91.1
0 5.6 17.0 284 56.9 85.5
90 10 475 46.6 47.6 67.0 91.7
20 64.4 64.9 63.1 744 95.8
0 1.8 53 9.2 19.5 392
0 10 56.9 60.0 612 60.5 70.2
20 712 80.3 83.4 86.3 89.4
0 52 16.1 26.6 53.6 82.3
1.8 45 10 574 519 56.9 70.6 924
20 78.5 80.3 78.1 79.7 101.2
0 54 16.5 277 56.9 83.7
90 10 574 55.7 54.0 69.6 92.1
20 79.1 78.5 784 80.6 99.1

* AT : Temperature difference between indoor and outdoor

Angle : Wind incidence angle
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Figure 9. Ventilation rates with different ventilator width of standard height

ventilator at wind incidence angle 0°, AT 107C.
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Table 5. Calculated ventilation rates of 1.5 height of standard model with various conditions

(m/sec)
Ventilator neck width Angle AT Wind speed(m/s)
(m) (degree) (©) 05 L5 25 5 75
0 2.1 8.2 144 30.0 46.0
0 10 57.6 60.3 61.5 68.0 71.0
20 783 81.6 83.5 87.3 94.0
0 5.6 17.1 28.6 517 86.6
12 45 10 58.3 58.9 572 71.5 95.3
20 794 81.4 80.3 83.2 102.6
0 6.0 17.1 284 56.7 90.5
90 10 57.6 55.1 52.3 69.0 92.6
20 79.0 79.0 73.1 79.3 99.0
0 33 109 189 39.6 60.7
0 10 73.6 77.0 79.3 88.1 100.5
20 99.4 104.3 107.3 113.3 1224
0 75 227 382 71.0 115.6
1.5 45 10 73.8 744 726 94.4 126.8
20 100.6 103.3 101.2 109.6 136.5
0 74 22.5 375 74.9 112.0
90 10 74.1 70.3 67.7 90.8 122.0
20 100.2 100.2 93.1 104.1 131.6
0 37 123 193 49.1 76.7
0 10 89.1 94.2 97.3 108.6 125.1
20 120.1 127.9 131.2 139.8 151.9
0 8.8 274 46.4 92.6 1394
1.8 45 10 89.6 88.4 922 115.2 1533
20 123.4 124.8 122.5 132.3 162.3
0 9.0 275 437 87.3 130.9
90 10 89.2 84.8 81.3 107.5 1433
20 121.2 118.9 111.7 123.8 153.8

* AT : Temperature difference between indoor and outdoor
Angle : Wind incidence angle
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Figure 12. Ventilation rates with different ventilator height at wind
incidence angle 45°, AT 107C.

Figure 13. Ventilation rates with different ventilator height
at wind incidence angle 90°, AT 10°C.
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Figure 14. Flow directions in ventilator neck.
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