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Air Temperature Decreasing Effects by Shading and
Ventilation at Micro—scale Experiment Plots

Kim, Hyun—CheolD and Woo, J i-Keun?

Y Guryong Landscape,

? Graduate School, Seoul National University.

ABSTRACT

The purpose of this study was to analyze air temperature decreasing effects by shading and
ventilation at micro-scale experiment plots, especially focused on the Wet Bulb Globe Temperature
(WBGT) in outdoor spaces.

To monitor the time-serial changes of Dry-bulb Temperature (DT), Globe Temperature (GT) and
Relative Humidity (RH) in the wind blocking and shading conditions, Two hexahedral steel frames
were established on the open grass field, the dimension of each frame was 1.5m(W)x1.5m(L)*1.5m(H).
Four vertical side of one frame was covered by transparent polyethylene film to prevent wind passing
through (Wind break plot; WP). The top side of the other frame was covered with shading curtain
which intercept 95% of solar light and energy (Shading plot; SP). And, Another vertical steel frame
without any treatment preventing ventilation and sunlight was set up, which represents natural
conditions (Control plot; CP). The major findings were as follows;

1. The average globe temperature (GT) was highest at WP showing 50.94°C and lowest at SP
showing 34.58°C. The GT of natural condition (SP) was 42.31°C locating the midst between WP and
SP. The difference of GT of each plot was about 8-16°C, which means the ventilation and shading

has significant effect on decreasing the temperature.
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2. WP showed the highest average dry-bulb temperature (DT) of 38.41°C which apparently differ
from SP and CP showing 31.94°C and 33.15°C respectively. The DT of SP and CP were nearly the

same.

3. The average relative humidity (RH) was lowest at WP showing 15.21%, but SP and CP had

similar RH 28.79%, 28.02% respectively.

4. The average of calculated WBGT were the highest at the WP (27.61°C) and the lowest at the
SP (23.64°C). The CP (25.49C) was in the middle of the others.

As summery, compared with natural condition (CP), the wind blocking increased about 2.11°C
WBGT, but the shading decreased about 1.84°C WBGT. So It can be apparently said that the open

space with much shading trees, sheltering furnitures and well-delivered wind corridor can reduce useless

and even harmful energy for human outdoor activity considerably in outdoor spaces.
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Figure 1. The photo of experimental plot (WP; Wind
break plot, SP; Shading plot, CP; Control
plot).
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Figure 2. Measurement equipment.
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Table 1. The Weather Status of analyzed the day (MT;
Maximum temperature, MCA; Mean cloud
amount, DS; Duration of sunshine, MWS;
Mean wind velocity, SR; Solar radiation).

Year/Month/| MT | MCA | DS | MWS | SR

Day (C) | (%) | (hour) | (mys) |(MJjm’)
2009/09/06 | 319 | 06 | 92 | 10 |21.66
2009/09/07 | 309 | 08 | 86 | 10 | 19.98
2009/09/18 | 31.5 | 05 | 11.0 | 1.1 | 21.69
2010/06/04 | 30.5 | 39 | 110 | 1.0 |27.12
2010/06/09 | 307 | 1.8 | 125 | 12 | 2927
2010/06/16 | 307 | 30 | 93 | 13 | 2606
2010/06/22 | 316 | 40 | 85 | 12 | 2470
2010/07/06 | 329 | 39 | 91 | 11 |2402
2010/07/07 | 326 | 38 | 86 | 13 | 23.03
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Table 2. Mean temperature by time (12 : 00~ 16 : 00) and thermal element (DT; Dry-bulb Temperature, GT; Globe
Temperature, RH; Relative Humidity, GRT; Ground Temperature, WT; Wet-Bulb Temperature).

Thermal element WP SP CP
WBGT(TC) 27.611 23.648 25.495
DT(C) 38.418 31.940 33.125
GT(C) 50.949 34.583 42311
RH(%) 15.211 28.790 28.021
GRT(C) 40.477 31.270 35.614
WT(TC) 19.399 18.961 19.601
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Figure 3. Hourly variation of GRT.

Table 3. Mean difference of GRT. (Unit - C)
Thermal | b cp | sp:cp | wp:SP
factor
GRT 4.863 4344 9.208
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Figure 4. Hourly variation of DT.
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Table 4. Mean difference of WBGT. (Unit : C)
WP and CP SP and CP WP and SP

Thermal factor Mean Mean Mean
WP cp Difference SP cp Difference WP SP Difference

WT 19.399 | 19.601 0.202 18.961 | 19.601 0.640 19.399 | 18.961 0.438

GT 50.949 | 42.311 8.638 34.583 | 42.311 7.728 50.949 | 34.583 16.366

DT 38.418 | 33.125 5.293 31.94 | 33.125 1.185 38.418 | 31.940 6.478

WBGT 27.611 | 25.495 2.116 23.648 | 25.495 1.847 27.611 | 23.648 3.963
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Table 5. WP and CP, Analysis of the significance.

Average t-test for Equality of Means

Thermal 95% Confidence
factor | wp CP t df (Z-fziﬁéd) Di?;[;gce ls)ti(;'feferrrlz):: Interval of the Difference

Lower Upper

WBGT | 27.61 | 25.49 65.823 | 478 0.000 2.11 0.0321 2.0526 2.1789

DT 3841 | 33.12 89.686 | 478 0.000 5.29 0.0590 5.1769 5.4088

GT 50.94 | 4231 | 102.193 | 478 0.000 8.63 0.0845 8.4722 8.8044

RH 1521 | 28.02 |-106.429 | 478 0.000 12.81 0.1203 13.0471 12.5740

GRT | 4047 | 3561 44987 | 478 0.000 4.86 0.1081 4.6508 5.0756

WT 19.39 | 19.60 -8.875 | 478 0.000 0.20 0.0227 0.2464 0.1571
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Table 6. SP and CP, Analysis of the significance.
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Average t-test for Equality of Means
Thermal ‘ 95% Confidence
factor SP CP t df Sig. Mean Std. Error | pterval of the Difference
(2-tailed) | Difference | Difference
Lower Upper
WBGT | 23.64 | 2549 | -91.220 | 478 0.000 1.84 0.0202 1.8870 1.8074
DT 31.94 | 33.12 | -31.056 | 478 0.000 1.18 0.0381 1.2602 1.1102
GT 34.58 | 42.31 | -118.019 | 478 0.000 7.72 0.0654 7.8557 7.5984
RH 28.79 | 28.02 5428 | 478 0.000 0.76 0.1416 0.4905 1.0471
GRT 31.26 | 35.61 | -39.139 | 478 0.000 4.34 0.1110 4.5626 4.1264
WT 18.96 | 19.60 | -33.789 | 478 0.000 0.64 0.0189 0.6766 0.6022
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Table 7. WP and SP, Analysis of the significance.

Average t-test for Equality of Means

Thermal 95% Confidence
factort WP SP t df (2-?;?1@) Dilf\;[:raeice ls)ticfl.fefel;rl(c)er: Interval of the Difference

Lower Upper

WBGT | 27.61 | 23.64 | 143975 | 478 0.000 3.96 0.0275 | 3.9088 4.0170

DT | 3841 | 31.94 | 108.097 | 478 0.000 6.47 00599 | 6.3603 6.5958

GT | 5094 | 3458 | 237.728 | 478 0.000 16.36 0.0688 | 162301 | 16.5006

RH | 1521 | 2879 |-106.723 | 478 0.000 13.57 01272 | 138294 | 13.3294

GRT | 4047 | 3126 | 95310 | 478 0.000 9.20 0.0966 | 9.0179 9.3975

WT | 1939 | 1896 | 22951 | 478 0.000 0.43 00190 | 0.4002 0.4751
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