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on the sensation of draft

By P.O. Fanger, A.K. Melikov, H. Hanzawa, and J. Ring

Fellow ASHRAE

Draft is a serious problem in many
ventilated or air-conditioned build-
ings. It alsois afrequent nuisance in auto-
mobiles, trains and airplanes. Draft usually
is defined as an unwanted local coaling of
the human body caused by air movement.
Itis not sufficient that people feel thermal-
ly neutral as described, for instance, by the
PMV-index (1,2). For sedentary people, an
additional requirement to the air move-
ment is needed to decrease the risk of
draft. '

It has for along time been well-known
that the risk of draftincreases with increas-
ing mean air velocity and decreasing air
temperature. Fanger and Pendersen (3)
recognized that the fluctuations of the
velocity also contributed to the sensation
of draft. And the air velocity does fluctuate
in real rooms, a shown in Figure 1. The
airflow is turbulent.

Velocity fluctuations may be char-
acterized by the turbulence intensity,
defined in Figure 1. Field studies (4.5) have
identified turbulence intensity to be around
30to 60 percent in spaces with traditional
(mixed) ventilation. Fanger and Christen-
sen (6) published a draft chart predicting
the risk of draft as a function of mean
velocity and temperature in such spaces.
In rooms with displacement ventilation or

in naturally ventiiated rcoms (7) the tur-
bulence often may be lower. In the present
investigation, the quantitative impact of tur-
bulence intensity on the risk of draft was
systematically studied. The research is
described in detail in reference (8).

Experiments

An experiment with 75 male and 75
female subjects, dressed to obtain a
neutral thermal sensation, participated in
three experiments exposed to airflow with
different levels of turbulence intensity (0-70
percent) and at air temperatures of
20-26°C (68-79°F). The turbulence inten-
sity was varied by modification of the air
distribution system in an environmental
chamber, 450 experiments took place in
the chamber. Each experiment lasted 2.5
hours and the sendentary subject was
exposed to six mean air velocities ranging
from 0.05 to 0.40 m/s (10-80 fpm). A flow
direction from behind the subject was pro-
vided. The subject was asked whether and
where air movement could be felt and
whether or not it was uncomfortable.

Model of draft risk

The resuits showed that the turbu-
lence intensity had a significantimpact on
the sensation of draft. Based onthe resuilts,

ASHRAE JOURNAL April 1989




1 R b . 4

RUSKIN is FIRSTI
DYNAMIC FIRE DAMPERS
Thai Close Under Air Flow

g
Jr-
ant
ur-
as
is
.§
.75 " .
in | DON'T GAMBLE W!TH YOUR FIF{E & SMO”(: DESIGN
MR T e e R ———— e S
70 |
5 seerr | Got the facts el
N * UL555 Dynamic Fire  » UL tested to proposed | Y_! -
air Damper Rating UL585 standard. 1 1-(800) 284-15863
sin * Horizontal or * Pick size and install | QRVRMEPORDETALS: o o
25 i vertical installation !
as | : Name e R RS
ing ‘ * Standard spring * Ensure fire damper i
S closure locks closure under air flow ! Title —— e
e E s ! Company - .
ind U, UNDERWRITERS LABORATORIES :
ind : —~ TESTED AND LISTED |  Address =
3 |
3 I city State __ R
: |.|mgse§c RUSKIN DIVISION :
bu- 4 PO BOX 129 ¢ Grandview, Mo. 64030 |  Phone - —_—
on 1 !
{ : AJ4
ats, 4
i (Circle No, 13 on Reader Service Card)
989 ! ASHRAE JOURNAL April 1989

! 19
;




TJurbulence and draft

space, although it may tend to over-
estimate the draft risk at arms and feet
when these parts of the body are covered
with clothing (e.g. long sleeves, trousers
and socks).

For practical applications the model
may be used to quantify the draft risk in ex-
isting spaces by measurements of mean
air velocity, turbulence intensity and air
temperature in the occupied zone of the
space. The model may also estimate the
draft risk from computer predictions of
mean velocity, turbulence intensity and air
temperature in ventilated spaces.

For rating the performance of air
distribution systems in spaces the Air
Diffusion performance Index (ADFI) has
frequently been used (9,10). The new
model offers an updated method of rating
the performance of air distribution systems
by predicting the draft risk. Systems should
be compared at afixed air temperature in
the occupied zone, eg. 22°C (72°F) at a
given height above the floor. This use of the
model should encourage future develop-
ment of air distribution systems with a low
draft risk.

Systems providing low turbulent
airflow seem promising. This has already
been utilized to a certain extent in displace-,
ment ventilation systems (12), where the
supply air is introduced directly into the
occupied zone from large outlets with low
velocity and turbulence intensity.

The impact of turbulence intensity on :
draft sensation may explain many com- H
plaints occurring in practice, although the 1
mean velocity and the air temperature may ]
meet existing comfort standards (2,11). !
There seems to be a need to update these
standards to include this new insight into
the causes of draft. A standard may define
a realistic acceptable percentage of
dissatisfied due to draft, eg. 15 percent.
The model identifies then a limit for accep-
table air movement as shown in Figure 4.

AIR TEMPERATURE 23 °C (73.4F)

DISSATISFIED

Conclusions

® The turbulence of an airflow has a signifi- t
cant impact on the sensation of draft.

® A mathematical model of draft risk has
been developed, which predicts the
percentage of people dissatisfied due to
draft as a function of mean air velocity, tur-
bulence intensity and air temperature. The
model applies for sedentary persons.

® The model can be a useful tool for quan-
tifying the draft risk in rooms by measuring
the three previously mentioned physical
parameters.

® The model provides a rational basis for
revising the limits for air movement in
existing thermal comfort standards.
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