(RS

Journal of Refrigeration

B RS :0253-4339(XXXX)XX-0001-12
doi: 10.12465/issn.0253-4339.20250424001

= = == == SE —H- I o

KIBES B HEE TEE AMEREHERH R
XEF LT KEHE #HESE TR PWE K IE K E HRE
(BEREIRFNESHTHIRER FE 266520)

HOE N RPRETRRITT e B A X ) BRI BR BRI 4 A TS, SR T B A PR R IR S s B ) O BH A 2 IR B R AR
M AR S . BRI ARSCIEHOT 7 T R A 8 T K PH 4R S 9 25 AR R T B AR X3 B AR B X3, A8 AE -3 4R
PR EE BT T 5 DX A3 B AN R LA, A8 OB TR b pz FER IR e VR B DA S AR R BT AR S iR T BRI TR BRAR S
TEINFRAY o Gt SEI BRI | B BT B T 7 500 347 1 T 1 B8 IS A A X 1R 22 /N T 5% , TR0 S A5 2 IS AR AR X 1R 25 29K 4%, )
FHZASAL AT T ARG sl 7K T S35 B2 R TRLEE (R T, R T S 5] A BRI S 3 B8 T A AR S A RTS8 3B o7 9 4AVET A X (i B R
A, 25 400 W/m2 B AL (A By ] 8252 25 SR T 200 W/m2BHIE 2 °Co ASWFST J A BHAR G 45 14 T 25 PO B8 09 49 IX 45 ol 45
LT FLS T
KR PRI ;o N IETAE ; R BHAE ST 5 AAETIE X5 T8 R IR IR
FESZES: TB61°1;TU119%. 5 X EEARIRAD : A

Modeling of Human Thermal Regulation in the Room for Local Exposure to
Solar Radiation

Liu Guodan Ji Yihang Zhu Guodong Zhong Huiyang Li Wenbin
Zhu Hui

Liang Shuwei Zhang Yao

Hu Songtao

(School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao, 266520, China)
Abstract

Human thermal regulation models reflect the physiological response of the body to the surrounding thermal environment.
However, existing thermal regulation models do not account for the non-uniform impact of solar radiation on indoor thermal environments
and the human body. Therefore, a new model was established by modifying the thermal regulation model of the human body to include
local exposure to direct sunlight in buildings. First, the calculation of mean radiant temperature was revised by distinguishing between
direct and indirect areas. Second, the calculations of skin and clothing temperatures and heat loss in the model were modified by
distinguishing between direct and indirect parts. In addition, solar radiation heat gain was added to the heat transfer calculations. After
experimental verification, the modified model demonstrated a relative error of less than 5% in predicting mean skin temperature, and
approximately 4% in predicting total heat loss. Using the model, the mean skin temperature at different activity levels was predicted, and
the thermal comfort zone offset laws of the human body as a whole and in direct parts were explored at different solar radiation intensities.
The results show that the acceptable air temperature of overall body at 400 W/m® is 2 °C lower than that at 200 W/m”. This study provides
a theoretical basis for zoning control of indoor environments under direct sunlight.
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Fig.1 Skin surface temperature distribution
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Fig.2 Solar shortwave radiation calculation
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Tab.2 Basic experimental parameters at 1met activity level

. g [e]/ 5 5 h/ h/
T t/C t/C ¢ B
o min ’ d [(W/(m?K)] [W/(m*K)]
10 2147 1832 452 438
500 Wie 20 2348 1929 449 4.44
ik 30 2394 19.92 4.46 4.46
40 2409  20.16 445 447
10 2375 1832 454 443
200 Wme 20 2687 1929 454 453
HHGL 30 2731 19.92 452 455
40 2746  20.16 452 456
10 243 1856 4.65 448
200 Wme 20 286 2054 454 459
ik 30 2949  21.68 448 463
40 2964 2213 445 4.64
10 2866  18.56 469 459
200 Wme 20 3503 2054 461 476
EHEML 30 3556 21.68 456 479
40 3601 2213 454 48
80 _
A e Il B SCke(E
63.9 63958
60+ 58.4
i
E 40
]
F
B
20.8
20 g 16.6
5652 65
1.8 1.0
OFATBTA[B BJA[B|JA|B|A|B|A|B
Rl | At | W | | ek | ik |
U | M| A | PR b | EEST |

7 400 W/m* TR AEEINES SLKE
Fig.7 Comparison of analog and experimental values of heat
loss under 400 W/m?
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Table 3 Comfort zones that corresponded to standard

effective temperatures
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