Effect of air movement
Alr movementoflgood or bad?

thermal comfort and sensation




Air movement effects on humans

Moderate to low temperatures:
- unwanted local cooling of the skin (draught) ®

Moderate to high temperatures:
- increased convective heat loss ©




Air movement preference - ASHRAE field studies

Thermal Air velocity Percent of occupants preferring
sensation range
(m/s)

0-0.15

Slightly cool 0.15-0.25

0-0.15

sl 0.15- 0.25

0-0.15

Slightly warm 0.15 - 0.95




Fangers PMV-equation

PMV= (0.303 e °3°" + 0.028 ){( M-W)- 0.35 * 107 *
[ 5733 - 6.99 (M-W)- p,] - 0.42 * [( M-W) - 58.15]

-1.7*10° M ( 5867 - p, ) - 0.0014M ( 34-t,) -3.96*
1078 fy * [(tg + 273)* - (t, + 273)*] - fuhe (to- . )} PMV Scale

Hot

hvor:
ty= 35.7 - 0.028(M-W) - 14{3.96 * 10, * [(ty + 273)" - Warm
(t+ 273)4] + fahe (ta-ta )} Sl'ghtly warm

Neutral
he= 2.38 (tq-t, )%  for 2.38 (ty- t, )% > 12,1 )V

he= 12,1 v, for 2.38 (tq-t, )% < 12,1 )V, Slightly cool

Cool

Cold



Comfort equation - relative influence of temperature
and air velocity




ASHRAE RP 843

o - investigate the constant heat
K loss curves in ASHRAE 55
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Good air movement (ASHRAE 55)
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Mean thermal sensation

Hot
26°C, 0.2 m/s 29.5°C, 1.4 m/s 26°C, 0.2 m/s

Warm

Slightly
warm

Neutral W

Slightly
cool

Cool

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Time (min)




Mean comfort vote

Very
uncomfortable 26°C, 0.2 m/s 29.5°C, 1.4 m/s 26°C, 0.2 m/s

Uncomfortable -

Slightly 7
uncomfortable

Comfortable T T T T T T T T T T T T T T T T
O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Time (min)




Preferred velocity range

M Less air movement
@ No change of air velocity

B More air movement

5

4
3 3
2 2
1

<0.55 055-095 1.05-1.25 125-145 1.45-1.65 >1.65
Velocity range, m/s

No of subjects preferring a velocity range




Preferred environment

O ...moderate temperature level

B ...elevated temperature level

Percent subjects preferring....

0.6 m/s at 28C Individual vel. at 28€C 1.4 m/sat29 5C Individual vel. at 29.5C




Draught

unwanted, local cooling of the skin
caused by air movement




Static and dynamic properties of cold and warm receptors

Static Dynamic
4 A

Warm receptor Warm receptor

Impulse frequency

Cold receptor Cold receptor |

»-
»

(Hensel 1974)




Air velocity fluctuations
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Parameters

o Air velocity
e Air velocity fluctuations

e Air temperature

Combined in the draught model (Fanger et al. 1988)

DR =(34-t,)[v-0.05)*% {0.37 W [Tu+3.14)




ISO 7730, ASHRAE 55, DS 474, ....
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Windbox 1 Windbox 2

ASHRAE RP 843

- study the draught
criteria at high
temperatures and at

thermal sensations
above and below Workstation1/ \Workstatic:-n2

neutral _ f Measurement
Stairs .~ stands

50m
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Experimental exposure

Temperature upstep/downstep

<«—— Adaptation —»

75
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Draught and air temperature
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Draught and overall thermal sensation

—— Slightly cool
-o— Neutral

—— Slightly warm
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Comparison of draught dissatisfaction

Fanger et d. 1988

J Fanger and Christensen 1986
Mayer and Schwab 1987
Zhou et a. 1999

Griefahn 1999
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above behind —below  front — side
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above behind — below front —side
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In summary

22 - 24°C

neutral

Thermal sensation

1.2 -1.4 met

Activity level

Bad
air movement

Good
air movement




Are you bothered by draught at your workplace?

O Italy
B Denmark

Percent occupants, %

M

Yes, sometimes Yes, often Yes, Daily




