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Offering a method for reducing pollution and criterion for evaluation of
ventilation flow in multilevel enclosed parking lots
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ARTICLE INFORMATION ABSTRACT

The management of air quality in enclosed parking lots has many challenges such as increasing
pollution concentration and pollution movement between floors. In this article, the complete calculation
of ventilation system in multilevel parking lots is presented and the effect of supply and exhaust vents
height on pollution concentration and movement is investigated by using numerical simulation. Also, a
new criterion for recognition of flow pattern is presented. In the numerical simulation, the conservation
equations are solved by using openFoam. For validating the numerical simulation, the results are
compared with available experimental results. Comparison of results showed good accuracy of
numerical simulation. After that, the common multilevel parking lots are introduced and the effect of
supply and exhaust vent heights on the amount of pollution in these parking lots is investigated. The
results showed that, if the supply vents are installed on the non-dimensional heights of about 0.55 and
exhaust vents are installed on the non-dimensional heights of about 0.55 to 0.7, the best ventilation flow
pattern in the multilevel parking lots is obtained. Furthermore, by using the novel method of this paper,
the ideal bulk flow velocity for development of piston flow in parking lot is obtained and the flow
pattern tends to piston flow by optimizing the supply and exhaust vent heights.
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Table 2 Air velocity in different heights of Al and A2 [9]

(mis) A2 &y ey (m/s) AL ©ys cae p (m) glas )l
-0.43 0.39 0.7
-0.49 0.24 1.35
-0.33 0.21 2.1

[9] Iso (505,5 sloaz o 3l 529y5 Sl (loyr Co s 3 Jgur
Table 3 Air velocity of inlet vents [9]

S2¢ast S2uest Slea Slwest Coxbye
(m/s) (m/s) (m/s) (mis) (m)
0 15 0 0 3.6
0 0.9 1 1 9.7
0 15 0 1.3 16.6
1.4 1.4 0.8 1.2 21
3.1 3.3 3.6 2.3 27.8

[9] Sogll 25,5 sloaze o 5l 295 oy ey d Jgux
Table 4 Pollution velocity from exhaust vents [9]

E3east E3west E2e.g E2vet Eleag Elwes B
(m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m)
0 0 0 -3.5 -1.4 -4.9 3.6
0 0 0 0 0 -2.8 9.7
-2 -4.1 0 -5.6 0 -4.4 16.6
0 -1 0 0 -6.7 -3.7 21
0 0 -5.6 -3.2 -1.9 -4.9 27.8
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Table 7 Variation of air quality with Hnp, supply, car park 1

Unui (M/s) & CO (ppm) Hnb.supply
0.025 0.62 65 0.2
0.03 0.69 64.2 0.25
0.037 0.75 58.27 0.3
0.042 0.82 53.92 0.35
0.048 0.87 46.7 0.4
0.049 0.93 45.4 0.45
0.057 1.04 39.4 0.5
0.065 1.1 38.7 0.55
0.055 1 414 0.6
0.052 0.96 43.2 0.65
0.05 0.94 44.33 0.7
0.042 0.88 45.92 0.75
0.038 0.79 475 0.8
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Table 8 Variation of air quality with Hnp, suply, car park 2

Upuik (M/5) ¢ CO (ppm) Hnb,supply
0.03 0.69 62.1 0.2
0.037 0.76 58.6 0.25
0.042 0.83 55 0.3
0.05 0.88 51 0.35
0.056 0.95 47.16 0.4
0.06 1.011 42.45 0.45
0.072 1.09 37.3 0.5
0.075 1.12 36 0.55
0.069 1.06 38.94 0.6
0.065 1.04 40.05 0.65
0.062 1.03 41.62 0.7
0.056 1 42.14 0.75
0.047 0.92 44,16 0.8
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Table 9 Variation of air quality with Hyp_ gxnaust, Car park 1

Upui (M/S) ¢ CO (ppm) Hnp exnaust
0.27 0.97 46.45 0.2
0.032 1.11 41.98 0.25
0.039 1.141 38.42 0.3
0.043 1.2 37.61 0.35
0.055 1.31 36.53 0.4
0.068 1.4 34.22 0.45
0.079 15 33.71 0.5
0.107 1.57 31.70 0.55
0.128 1.66 29.99 0.6
0.141 1.7 28.63 0.65
0.124 1.64 30.49 0.7
0.088 1.3 33.83 0.75
0.65 1.11 39.28 0.8
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Table 10 Variation of air quality with Hnp, exhaust, Car park 2

Upui (M/S) & CO (ppm) Hnp Exnaust
0.048 0.8 48.22 0.2
0.054 0.91 45.48 0.25
0.065 1 43.20 0.3
0.072 1.09 41.16 0.35
0.087 1.2 38.56 0.4
0.103 1.38 36.40 0.45
0.12 1.47 32.97 0.5
0.132 1.65 28.41 0.55
0.136 1.68 29.39 0.6
0.121 1.53 31.28 0.65
0.091 1.39 35.25 0.7
0.076 1.27 36.98 0.75
0.05 1.04 38.90 0.8
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Fig. 8 Comparison of average CO concentration in two pattern of
ventilation flow
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