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Thermal safety risk warning system for elderly people

based on thermoregulation model

ZHENG Guozhong, JIA Ruilin, YI Wenwen, YUE Xinru
(School of Energy Power and Mechanical Engineering, North China Electric
Power University, Baoding Hebei 071003, China)

Abstract; A thermal safety warning system was established based on a thermoregulation model to
mitigate the thermal safety risk for elderly people under high-temperature conditions. Firstly, the improved
model suitable for the elderly was established by replacing the physical model and adjusting the active and
passive systems in the classical model. The improved model was validated using publicly available
experimental data. Secondly, the model simulated the temperature changes in elderly people in high-
temperature environments. Statistical analysis was used to assess the impact of various parameters on
thermal safety. Finally, based on the analysis results and the improved model, a thermal safety risk

warning system for elderly people was developed. The warning system was demonstrated through a case
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study. Results indicate that the improved model accurately simulates the body temperature of elderly

people, with a root mean squared error less than 0. 12 °C. Physical activity intensity significantly impacts

thermal safety, with a standardized regression coefficient B larger than 0.8. As heat exposure time

increases, the impact of activity intensity on thermal safety is decreased (B decreases from 0. 945 to

0.806), while the influence of environmental factors is increased (B of temperature and humidity

increases from 0. 249 and 0. 137 to 0. 370 and 0. 348). In the case study, the safe duration of continuous

activities for the resting and working elderly people in Baoding/Hong Kong is 172/175 minutes and 108/

122 minutes, respectively. The highest thermal safety risk period for elderly people on that day is between

17:00 and 18.00.
Keywords: thermoregulation model;

activity intensity
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Table 1 Activity intensity corresponding to daily

activities of elderly people
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Table 2 Basic parameters and setpoint temperature of standard Chinese elderly people

iz B22LN KE/m F A/ m’ b ZEI | REZE | SREEY | PSR | 0 | KRR
s TR B | ot | B | &t | B/ K | B/ K | (WK | R | E/C | E/C
0 LR 0.113 | 0.100 | 0.103 | 0.080 6. 092 0. 667 1. 60 0. 055 37.11 | 35.08
1 s 0.077 | 0.070 | 0.025 | 0.016 1. 994 0. 205 0.91 0.014 36.72 | 35.25
2 il 0.267 | 0.178 | 0.167 | 0.111 36.417 1. 560 1.79 0. 149 36.92 | 34. 68
3 IR 0.246 | 0.164 | 0.153 | 0.061 33.220 1. 436 1. 64 0.132 36.97 | 34.60
4 (Y 0.338 | 0.318 | 0.210 | 0.273 15. 834 1. 967 3.08 0.212 37.04 | 34. 82
5/8 Ze/F8 10.305 | 0.249 | 0.096 | 0.121 6.011 0. 446 1.50 0.023 36.30 | 34.34
6/9 e/ 1 0.235 | 0.204 | 0.058 | 0.050 3. 964 0.297 0.98 0.012 35.85 | 33.96
7/10 | Z&/4F 1 0.181 | 0.167 | 0.041 | 0.034 0. 543 0.311 2.19 0. 092 35.07 | 34.42
11/14 | 22/ 4 KB’ | 0.343 | 0.383 | 0.274 | 0.274 21.245 1. 335 2.48 0. 050 36.83 | 34. 15
12/15 | Z2/45 /MR | 0.365 | 0.325 | 0.103 | 0.096 10. 139 0.597 1.33 0. 025 36.63 | 34.03
13/16| Z&/48 | 0.229 | 0.221 | 0.050 | 0.050 0.742 0.378 3.38 0.017 34.83 | 34.22
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Table 3 Experiment conditions and subjects

st | RBE/C | W/ % | 4E0E/ % | KB/ kg | B /em
1 36.5 20 65 80. 1 180
2 36.5 60 65 80. 1 180
3 40.0 40 66 63.2 165
4 40.0 25 68 80.2 173
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Fig.1 Comparisons between simulation results

and experiment results
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Table 4 Impact of temperature, humidity, activity

intensity and heat exposure duration on thermal safety

HRFE | tE P B
/b | REL BE | BE PAR
0.5 0.972 | <0.001 | 0.249 | 0.137 | 0.945
1 0.941 | <0.001 | 0.296 | 0.222 | 0.900
2 0.912 | <0.001 | 0.337 | 0.294 | 0.849
4 0.901 | <0.001 | 0.360 | 0.333 | 0.817
8 0.900 | <0.001 | 0.370 | 0.348 | 0.806
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