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Context — Comfort indexes

= |ndoor climate = Qutdoor climate

ET

(overestimates HR in cold weather, Improvement clo+RH
underestimates HR in hot weather)

. considering
Tskin, w humidity \!S

\ clo=f(MET)
~ -

—

Tcore, Tskin

ultimate model
but complex

Adaptatif PMV

Natural ventilation

latent heat,
humidity
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Context — Comfort indexes

ET

= |ndoor climate = Qutdoor climate

(overestimates HR in cold weather, Improvement clo+RH
underestimates HR in hot weather)

1 7

l

Tskin, W

Equation-based models were developed and calibrated
for young, male, caucasian, individuals.

How does the SET* model perform for other individuals?

Adaptatif

Natural ventilation

\ PMV \

latent heat,
humidity
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The two-node model (Gagge 1971)

« Atransient, equation-based physiological model

me, d1.
(pr 7 = M-Urx(I.—T,) = Q:  (core node)
dT .
(1- a)”;fp — Ur x (T. ~T,) —H—E  (skin node)

* Thermal control: based on set points deviations
- Blood flow (dilation, striction)
- Sweating
- Shivering

« Computing physiological response to environment (Tgy, w)

— 13 physiological parameters [Cylindrical model of the human being]

age, h, BMI, T2ET  TSET m, B, ecie» Us—sic» Ca, Cstr Cswr Cshy https:/Inypercube.arep.fr/en/
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The Standard Effective Temperature (SET?)

* From the real to the reference environment (Nishi & Gagge 1977)

Air velocity \

v Relative ~0.1m/s RH = 50%

/i"' humidity

T\’E,vf vs‘ =T =SET* —vfzs clothing
Air & radiant clothing cIo=cIo(met)
temperatures

o | | \ /
—— ’ activity
activity

Real environment Reference environment

Skll’l’

Influence of Physiological Variability on Thermal Comfort: A Numerical Evaluation

Edouard WALTHER, AREP



SET* comfort range

» A “comfort conversion” from PMV to SET* — 20% acceptability range

100
N

NEEAN
70 —-0,5 < PMV < 40,5

-

§ Z = 72°F < T <78°F @ ~50%RH
j; & 222°C< T <25.6°C @ ~50%RH
° (Nishi & Gagge 1977, ASHRAE 55)
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Methodology — Physiological variability

- Computing 13 parameters B e P )
5 primary parameters from literature (INSEE 2007) ... 2
age, h, BMI, TSET, TSET 8,
... allow for the computation 8 others (Havenith 2001) i
m, ,B, €k, UC—Sk: Cd: Cst' CSW, Csh  «InThousands>
c) d)

« Coherent comparison with available data

y density _

Probability doensitoy

_Probabilit

- Massm = 77.2 [kg] versus 77 [kg] measured
- Skinfold thickness eg,~10 — 45 [mm]
- Skin conductance U,_g,~6 — 15 [W /m?/K]

100 120

40

35

25 30 0 80
BMI (kg/m?) Mass (kg)

[Age, Height, BMI and Mass of the French population]
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Methodology — Physiological variability

« Graphical summary of this study . /Z
-t 7

Women Men
Standard-deviation?

Age groups

< In Thousands =

Consider one population Compute 5+8=13 parameters Get the comfort index
(10 000 sample) for each individual distribution

Comparison with
comfort zone?
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Results - Variability

* Various conditions tested (T, p,)
Operative temperature

. 4000 1
= ngh MRT 3500 B 0.9
- Windy conditions T 3000 | 08
- Wind + high MRT 2 2500 | N
© 2000 f Cu
a 05 e
i . 5 1500 ¢
For all cases standard deviation remains g 04
©
> 0.3

below 1 [K] id est +2 [K] around average. 1222 ‘
0

Field data up to ~10 [K] (van Hoof 2008) o 5 10 15 20 25 30 35

> Math ical dels d Air temperature (°C)
athematica .mo els do not capture [Standard deviation of SET* on the psychrometric
thermal sensation ! chart for « operative » conditions]

(nor behavioural, psychological aspects)
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Results — Comfort range

* Population within comfort zone

2500 S
Warm boundary: same position and = -
: L o 2000 Q
tight iso-percentages > £
—~>Vasodilation more homogeneous in 2 1500 IS
warm conditions: more consistent = E
perception g 1000 %
- “Shift to the right” expected g ©
500 3
()
o

0

18 19 20 21 22 23

Air temperature (°C)

[Percentage of sample within comfort zone
on the psychrometric chart]
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Results — Comfort range

* Population within comfort zone

Warm boundary: same position and
tight iso-percentages

—>Vasodilation more homogeneous in
warm conditions: more consistent
perception

—>“Shift to the right” expected

Cold boundary: +0.5 [K] and spread iso-
percentages and assymetry

- Similarly to (ASHRAE Database Il)

Probit plot for percentage dissatisfied
100%

75% \

Sample set 1
o N = 52,723

50%

Percentage dissatisfied

Sample set 2
= N =9254

25%

Thermal sensation

[From https://cbe-berkeley.shinyapps.io/comfortdatabase/]
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Results - Sensitivity Analysis after Morris’

* Gender, age, BMI as the most influent parameters (Rupp et. al 2018)
| — o =1.0 ] 'r'
.200 ’,' e o =05 | ! .
q age 175 [ ol =0.1 ﬁ age :I
height -150 7 % BM| 'f'
125 a"
BMI 5 ) Ts_set e ! ‘/'/
.100 A e i 7
// H Ve
.075 - //' height ;: -//
s ' R
e | /'/ .
R T set ® s— o/’ =1.0
- —-—- gy’ =05
—-- o’ =0.1
04 06 08 2 04 06 08
" \degree C

|

T
0.2
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[
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u"\degree C
[Parameter ranking for male individuals]
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[Parameter ranking for female individuals]
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Conclusions

A

 Low variability of the two-node model compared to field data g

 Cold boundary ~0.5 [K] higher for this population.
Warm boundary unchanged (!)

» Morris’ sensitivity analysis rate Gender, age, BMI as most
iInfluential parameters: coherent with litterature

- Unexpectedly, the model seems to reproduce an observed
behaviour on the cold side. Further investigations needed!

Influence of Physiological Variability on Thermal Comfort: A Numerical Evaluation

Edouard WALTHER, AREP



BS Wl 1" I501 it
27 CONFERENCE =S o
ROME AND EXHIBITION I ssociation

Influence of Physiological Variability on Thermal Comfort:
A Numerical Evaluation

Questions and Comments

Speaker: Contacts:

Edouard WALTHER edouard.walther@arep.fr

AREP

Paris, France Our website sharing theory & open-source code

https://lhypercube.arep.fr/en/
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