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Background

ﬁShanghai
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Located in the Yangtze River Delta in East China, Shanghai has a humid
subtropical climate and experiences four distinct seasons. Shanghai
averages 4.2 °C (39.6 °F) in January and 27.9 °C (82.2 °F) in July, for an
annual mean of 16.1°C (61.0 °F) [,

Demographics of Shanghai 1!
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Aim
Explore the influence - |
physiology and psychol = v
in residential buildings = “%ay
Methods

Conducting field surve)

Time ’
Jan. 2013 to Apr. 2017

Sample size

Summer Winter

2013

2014 330 165 T Surveys in winter
2015 149

2016 _ T Surveys in summer
2017 120

£ TSurveys in mid-season
Tatal 330 Administration districts of Shanghai 3
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Field survey
Survey
| \ |
Measurement Questionnaire
- | | | |
Environmental Physiological | |
| Background Thermal
| information comfort
Indoor Transition space Outd leart rate
| | P ut loor Respiratory rate
| | Blood pressure
Thermal environment Air temperature Finger temperature
lllumination Relative humidity
Sound level Air velocity and direction
Carbon dioxide lllumination
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Adaptive models

Indoor Outdoor
Thermal sensation votes + Indoor climate
l Outdoor climate

Neutral temperature

+ Acceptability limits

Adaptive comfort model

EN15251 ASHRAE Standard 55
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Adaptive models -Bsased on En15251
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» For each day-survey, the following equations
were used to calculate two new variables(delta
Top and delta TSV)

deltaT,, = Top — avg(Top)
deltaTSV = TSV — avg(TSV)

» Pooling all surveys and making a regression
analysis between delta Top and delta TSV , the
gradient b was 0.103

» Adjusting the gradient by the following equation,
and the adjusted gradient was 0.13.

(2]
b (Utzozo)

2 2
Otop — Oerr

badj =

2 . :
Otop  Variance of operative temperature

) : .
o2.. Errorvariance of operative temperature
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Adaptive models -Bsased on En15251

35
Category Il _-
» Neutral temperature o
Calculated based on Griffins method. };} 30 -
>
Tt TSV ‘g
n — lop — o
P bag = 25 |-
» Outdoor Climate 2
B
Trm = (ted—1 + 0.8teg—_z + 0.6toq_3 + 0.5teq_4 + g 20 -
0.4tpg_5 + 0.3teg_c + 0.2tpq_7)/3.8 o
(L]
tea—1 is the daily mean external temperature for § 15
. =2 B
the precious day Tn=0.33Tout+18.8
ted—2 is the daily mean external temperature for EN adaptive neutral temperature
the day before that. 10 : : : ' ' '
0 5 10 15 20 25 30 35

7-day outdoor weighted running mean air temperature (°C)
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» Acceptability limits

Comfort
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Atceptabifity limit$ of two’models*

I- 2K
Il- 43K
lI-* 4K

90% - = 1K
85% - 4K
80% - = 5K

Neutral operative temperature (°C)
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Category Il -

Tn=0.475Tout+12.885 r?=0.875

,/"96% _- - - adaptive neutral temperature of elderl
o e -~
5% -
- 8 ‘/"/ Tn=0.33Tout+18.8
- P .80% EN adaptive neutral temperature
1 | | | | |
5 10 15 20 25 30 35

7-day outdoor weighted running mean air temperature (°C)

8



R) [ # %5

TONGJIUNIVERSITY

Adaptive models — Based on AsHrAE

35
» Neutral temperature
Regressions of mean thermal sensation votes(mTSV) on -
. : O 304
indoor operative temperature (4 of 34 reached P<0.05); g 30
. . ()
solving these 4 regression models for the mTSV=0. =
©
S 25-
£
Number of building 11 10 13 ot
v o0
Number of buildings E 20
with regression models o
achieving 95% 1 2 1 qu_
significance = 154 909//’/" Tn=0.559Tout+9.719 r2=0.92
- (Ve — .
. s 2aps adaptive neutral temperature of eldefly
» Outdoor climate 3 o Tn=031Tout+17.8
Defined as monthly arithmetic running mean temperature. < 19 , , , ASHRAE adaptive neutral temperature
0 5 10 15 20 25 30 35 40

» Acceptability limits

90%(AATSV=10.5) and 80%(A ATSV =20.85)
acceptability limits were adopted and the corresponding
range were = 1.73K and £ 2.94K. 9

monthly outdoor running mean air temperature (°C)



Clothing and chair insulation (clo)

Clothing and chair insulation (clo)
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Adaptive adjustments — ciothing insulation

M
I

—
I

CLO = -0.0797,,,+2.831
R2=0.96 p<0.001

o
o

N
&)

5 10 15 20 25 30
Indoor operative temperature (°C)

35

CLO =-0.061T,,+2.147
R2=0.|97 p<0.001|[ | | | |

5 10 15 20 25 30
Outdoor 7-day weighted running mean operative temperature (°C)

35

» Clothing and chairs insulation were recorded

during surveys and converted into clo units
according to ASHRAE standard 55.

Weighted trend lines for clothing in relation to
the indoor operative temperature and
outdoor weighted running mean operative
temperature were calculated.

Average values of insulation in each season
were significantly different (P<0.05) , and the
values are listed in the following table.

Mean
(clo)

SD 0.32 0.13 0.31

1.83 0.48 1.19

10
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Adaptive adjustments — air velocity

o4 » Using air speeds to quantify elderly’s adaptive
é 03 v =0.14exp(—0.10T,,) + 1.32 + 10~%exp(0.32T,,) | behaviors of opening windows and usage of
= R2=0.97 fans.

S 02F .
[ » Weighted exponential trend lines for air
£ 01r t. | velocity in relation to the indoor operative
0 | R e et | temperature and outdoor weighted running
0 5 10 15 20 25 30 35 mean operative temperature were calculated.
Indoor mean operative temperature (°C)

0.4 | » Average values of air speed in each season are
03] v =0.05exp(—0.04T,,) + 1.97 * 10-5exp(0.33T,,) / | S|gn|f|can'FIy different (.P<0.05) , and the values
L2 ) are listed in the following table.
= R2=0.76 /
>02r -

‘S

O

Tg 0.1F .

= . Mean

I, T — | | (m/s) 0.046 0.202 0.024
0 5 10 15 20 25 30 35 <D 0.05 0.17 0.045

Outdoor 7-day weighted running mean operative temperature (°C) 11



F) [+ F

TONGJIUNIVERSITY

Conclusions

(1) Two adjusted adaptive thermal comfort models were proposed ,based on EN15251 and ASHRAE Standard
55.However,for the elderly in shanghai, it is more suitable to built a adaptive comfort model following EN
15251.

(2) A new Griffins constant (0.12) is derived from our data, which is smaller than the value (0.5) EN15251
suggested . It indicates elderly in shanghai have less thermal sensitivity than the subjects of EN adaptive model.

(3 ) Under the same range of outdoor climates, elderly always show lower neutral temperatures and wider
acceptability range than the values derived from EN15251, which indicates elderly in shanghai are more
tolerant of the local environment and more adaptive to cold and mild climate.

12
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