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Research on Rapid Calculation Method of Wet Bulb
Temperature and Analysis of Error Source
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Abstract: Wet bulb temperatures are an important environmental parameter for construction projects such as HVAC and building
design. However, due to various reasons, meteorological stations across China have stopped the manual observation of wet bulb
temperature since 2000. In order to solve the problem of the lack of this environmental parameter in the engineering design,
this paper not only puts forward an algorithm that uses air temperature, relative humidity and air pressure to quickly calculate
the temperature of the wet bulb, but also gives the key part of the algorithm implemented in python language. The comparative
measurement shows that the differences between the calculation results and the traditional manual observations remain small, and
in most cases the former is consistent with the latter. To be specific, the difference between the calculated results and those from
the commonly used traversal lookup method is tiny (<< 0.01 “C). The calculation speed of the proposed method is extremely fast,
and in most cases, the result with an accuracy of 0.01 ‘C can be calculated in a 3-step cycle, which can fully meet the calculation
needs of the wet bulb temperature in actual work. Finally, the statistical results of the calculated summertime outdoor wet
bulb temperature in different years in Ningxia are listed to analyze the main sources of error in calculation results and to offer
suggestions for improving the calculation accuracy.
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Table 1 Comparison between partial results from rapid calculation method and traversal method and the observed
values at Yinchuan and Guyuan Stations in 2000

SEC  RMEEY%  SEhPa AR SEFC  fEXEES  SUENhPa EFRE/C
WA BEAEE  EHE WAE  BEEE AR
—7.0 72 889.2 —7.8 —7.82 —17.82 193 81 883.9 17.2 17.17 17.16*
—59 63 893.6 —7.1 —7.08 —7.08 —6.1 79 826.9 —6.7 —6.79 —6.79
52 23 895.5 —0.3 —0.38 —0.38 3.0 47 828.9 —0.5 —0.60 —0.60
2.2 23 896.1 —2.5 —2.30 —2.30 —4.8 47 830.5 —6.9 —6.74 —6.74
—175 59 894.6 —8.7 —8.65 —8.65 —54 57 827.5 —17.0 —6.90 —6.90
0.5 32 886.9 —34 —2.99 —2.99 2.9 38 823.6 —1.2 —1.19 —1.19
—3.5 49 887.1 —5.6 —5.45 —5.45 10.3 18 820.8 2.5 2.60 2.60
—6.3 63 885.8 —17.5 —7.45 —1745 —0.5 35 820.3 —4.2 —3.73 —3.73
—23 41 884.2 —5.0 —4.77 —4.77 —23 51 821.6 —4.6 —4.44 —4.43*
32 31 884.4 —1.3 —1.23 —1.23 —17.5 74 819.3 —8.2 —8.27 —8.28*
20.7 50 883.8 14.5 14.71 14.71 17.5 67 821.2 13.8 13.78 13.78
21.3 68 884.2 17.5 17.47 17.47 18.0 70 821.3 14.6 14.58 14.58
30.1 43 881.4 20.9 21.35 21.35 25.7 41 819.8 16.9 17.23 17.23
29.8 39 879.9 20.0 20.46 20.46 23.0 51 819.6 16.4 16.50 16.50
23.6 57 882.0 18.0 18.07 18.07 17.0 78 820.1 14.6 14.57 14.57
232 68 882.5 19.2 19.17 19.17 17.9 71 820.0 14.6 14.60 14.60
30.0 36 881.3 19.5 20.12 20.12 20.7 57 818.9 15.3 15.36 15.36
29.8 30 879.8 18.2 18.97 18.96* 17.3 80 819.0 15.1 15.08 15.08
225 60 882.3 17.4 17.51 17.51 16.6 83 819.5 14.8 14.75 14.75
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Fig. 1 Comparison of wet bulb temperature results from rapid

calculation method and the observed values at Yinchuan Station
in 2000
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Table 2 Statistics of wet bulb temperature results from
rapid calculation method and the observed values at
Yinchan Station in 2000
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Fig. 2 Comparison of records (partial) of error>

1 °C between wet bulb temperature results from rapid
calculation method and observed values with the results
from table look-up method (A=0.815x1072%, P=900 hPa)

at Yinchuan Station in 2000
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Table 3 Calculated summertime outdoor wet bulb temperature at long—term meteorological stations in Ningxia

TME*/C R EE RS R BRiEitH AT EE *°C TME*C HE LR Rt H AR E
& (1971- 1E*/°C 1961- 1971- 1981- 1991- || ¥& (1971~ 1E*/°C 1961-  1971- 1981-  1991-

20004 ) (1971-2000% ) 19904 20004 20104 20204 20004 ) (1971-2000% ) 19904 20004 20104 20204
| 221 2.6 299 242 298 267 || by 217 2.1 233 255 242 201
AR / 261 292 257 286 || % / / 249 211 209 224
AL 212 25 326 316 248 294 || i 201 206 302 278 286 294
mKE 215 2.1 263 237 300 328 ||K#Ed / 258 216 290 308
w210 24 320 246 237 326 || WE 182 18.6 295 200 180 278
FE 216 230 268 252 281 327 || Ho oo 207 211 270 243 271 334
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WE 218 0.4 258 267 324 35 || HM / / 310 295 235 287
HH 223 233 265 258 298 284 || piE 184 18.6 268 181 213 195
AF 220 232 265 238 310 307 ||Adml 139 14.9 s 122 169 169
RER 222 233 281 251 264 282 || g 174 183 162 211 26 197
BT 213 227 262 229 241 306 || B 183 193 163 185 199 234
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