
b tr(u c
loà6I

B.W. Jones, P.E., Ph.D.
ASHFAE Member

ûrl^-o-s- 4.^- ¡gEL' PnJ- ùs

PO-86-14 No. 4

THE EFFECT OF AIR VELOCITY ON THERMAL

COMFORT AT MODERATE ACTIVITY LEVELS

M. HashinagaK. Hsieh
ASHRAE MemÞer

ABSTRACT

The primary purpose of this study-was to deter
al-a'moderåtä iävel of oct'ivitv (2.3 Þ1ET) was

I NTRODUCTI ON

The prìmary purpose of this study was to_determine if air motion affected comfort when

subjects were working at a moderate-iätïuiti r;vèi. Â-second obiective was to comparc the

experìmentaì dara"côÌlãètè¿ io-the tñãñå'i-ñoàãìi ot Èañöer ('le7o) and Azer ('1e77)'

EXPERII'¡IENTA L DESI GN AND PROCEDURES

required for therma'l neutrality.

Professor and Director, Institute for Env'ironmental Research' K'

h assistanl',-Oãp.itteni of Mechanical Engìneering, Kansas. State
.is associa;å ñ;;g¿;, Gas Equipment R & Ó Department, gsaka Gas

Company.
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Activity

The activity consìsted of
subjects walked over the stePs
wa'l k cycles. There was a S-min
down and fi'l'led out comfort ba'l
method deve'loped by Konz ('l 979 )
since the actual activity'leve'l

Ai r Ve]oci ty

walking over two 9 ìn (230 mm) steps as shown ìn Figure l. The

(up anð down) once every l5 seconds and stood quietly between
ute rest perìod every 30 minutes, during which the subiects sat
lots. This activity was estimated to average 2-3 MET using the
. Significant deviat'ions from this average value w'i'l'l ex'ist
depeñds upon the height and we'ight of a subiect'

The average relative air velocìt'ies were 42 fpn (0.2'l m/s).and 264 fpm ('1.32 m/s),with
the coo'ler c'lo[h'ing and 42 fpm (0.2] mi s) and 218 fpm (.l.09 m/s) with the warmer cìothing.
The lower ve]ocity was Aue môstiy to subject motion. Durìng_this condi't'ions' no fan was used

and the air motioñ due to the chämber's ánvironnenta'l contró'l system was less than 20 fpm (0..l
m/s). The higher air velocities were created w'ith a large fan ]1 the chamber as shown in
Fìgúre 2. Thé resultìng veìocity fie'ld was not uniform, and subiects experìenced large.
vaiiations in veloc.ity ãs they pãrformed the prescribed activity. The relative velocities for
each work'location weie measured, both with and without the fan in operatìon, by moving two

omnidìrectional anemometers through the same time-motion pattern that the subjects performed.
one anemometer was at head'leve'l ãnd one at waist level. Measurements were taken continuous]y
for five m'inutes, and this procedure was repeated four t'imes at each'location. The average
velocities for each work location are given'in Table l. The standard dev'iation for a given
work'location, as determined using the above rneasurement schemer was approxìmateìy 46 fpm
(O.Zg m/s) wjth the fan'in operation and ì6 fpm (0.08 m/s) with no fan.

C'lothi nq

The clothìng insulation va'lues (Ic'l) were 0.65 c'lo and '1.09 c'lo as measured on a

stat'ionary thermãl manikin. The 0.65 c'lo ensemb'le was the KSU standard uniform, which
consisted of a long-s'leeved shirt and trousers worn over the subject's own briefs, socks, and

shoes. The'1.09 cio ensemble included the same clothìng with a T-shirt, sweater' and hard hat
added. Al'l of the tests with the 0.65 c'lo ensemb'le were conducted in February and March of
1985. A'll of the tests with the'1.09 clo ensemble were conducted ìn Juìy of 1965. Also' the
hìgh veìocity cond'it'ion was not exactly the same for the two c'lothing conditions. For these
reãsons, carä must be used'in drawing ãny conc'lusions about the effect of c'lothing from these
data.

Temperatures

Dry-bulb temperatures were init'ially selected to resu'lt in mean thermal sensations
ranging from s'lightly cool (-l) to slightly warm (+1) based on mean votes predicted with the
Fanler-(1970) thãrmai comfort model. However, the responses of the subiects'in these tests
proieA io be'more sens'itjve to temperature than the model predicted and in some cases the
temperature range was modified to àccommodate this difference. The mean radiant temperature
was equaì to thã dry-buìb temperature for al'l tests and the relative humidity was between 50%

and 60f.

Subj ects

Subjects were obtained by advertis'ing ìn the university newspaPer. Four subiects were
tested al each condition, two ma'les, and iwo females. All tests were conducted in the
KSU-ASHRAE environmental chamber. Subjects reported to the Pre-test room where their oral
temperatures and heart rates were measured. They were not allowed to particiPqtg'if their
orai temperatures was above 99.1 F (37.3'C) olif their heart rate was above 90 beats per
minute. After this screening, the iubjecti left the pre-test room to change into the requjred
ensemble and returned. Theìi he'ight añd weignt were recorded at that time and they were given
an orientation descrìbing the tesi and the bàl'lots to be used in the voting. The subiects
were in the pre-test rooñ approxìmate'ly 30 mìnutes before entering the environmental chamber
ii tne uegìnnìn9 of the formal test. ihe pre-test room dry-bulb iemperature 75 F (23.9"C).

Ba'l 'lots

Three separate ballots were used to evaluate the thermal response of the subiects. .Ih.first was the nin.-point thermaì sensation ballot w'ith responses ranging from very cold (l) to
very hot (9) as shown'in Table 2. The second ba'llot was the thermal comfort ballot developed
by 

-Rohìes'aád l,tilliken (1981). The same weìgirting scheme as employed by Rohles and Mlll'iken
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(re85).

RTSULTS AND D I SCUSS I ON

Mean therma I sensat'ion and the rma'l comfort resPon ses are shown in Figures 3 and 4'

respe ct'ivel Y . The thermai sat 'isf act i on and d'issa ti sfaction resPonses general'lY were

con s'l stent with the therma'l confort responses and are shown in Figures 5 and 6. Al I data

shown are for the two-hour vote- There j s a fair amount of data scatter due to the small

samPl e size. Howev er, one trend is cl earin F'igure 4; maxlmum comfort leve'ls a tta'inabl e wi th

the h'i9 her air veloc 'ities are at 'least equa
'l to and bably grea ter than those that can be

pr0
t'isf

obta i ned at the lower air velocitY. The thermal sa action res ults lead to the same

conc'lus'ions . The therma'l di ssati sfacti on resu'lts a re less conc'lus ive but suggest no rea

di fferences 'in the lowest level of di ssat'isfact'ion attainable with and wi thou t the fan. lhl s

result 'is rather signif icant, since maxìmum comfort 'level s wì th the hìgher aì r vel oci t'ies

occur at aPProx'imatel Y a 10 F ( 5.6'C) hig her temPera ture than wi th no mot'ion . These resul ts

'indicate that s upplement'ing.coo
a comfort Polnt

ling with a'ir moti on may not onlY be econ0m1 Ca I but also

desi rab'le f rom of v'iew.

the max 'imum comfort of the two
i n both

d 'ifferent cìoth'ing
There appea r to be no c]e

'insu'lati on
ar trends when comParìn
val ues The max'imum va

I
1 ues appear to be about the same

cases. AnY di fference s that do exì st maY not be so'le1y due to cl othi ng , however, as the I .09

clo tests were run in the summe r while the 0.65 tests were run in the wìnter; and the a'ir

vel oci ty
al

was n0
and ve

t exactlY the same
'loc'itY ef f ects .

Therefore, some of the dif ferences coul d be attri buted to

seas0n

For therma I sensatìon votes' the male and female resP s can be comP ared stati sti cal 'lY

These resu'lts are shown in Figure sTandB The va'lues of
onSe

R- for the reg ression equa tions are

g iven in Table 5. In all cases the female subi ects appear to be more sen si tive than the male

subi ects to tempera ture changes. Onl y in the case of 0.65 clo and the 'low air velocitY ìs

The lack of statistical sign 'if ì cance for the other

th'i s d'iff erenc
cases i s most

e sta
1 ì kely

ti sti cal i Y
due to sma

s1 I
l
ni f i cant.

samp'le s ize. The consistency and the s1 ze of the difference
1

in sensitìv'itY i nd'ic ates that thi s result is not due iust to random chan ce. These results are

also consisten t with the findings on an earl 'ier studY w'ith seden tary subi ects (Nev ins et a1.

c0N CLUS ION

1e66).

studY.

This study indicates that the-levels of comfort that can be a

activity level, .iã'.i"iigi"ìt nài tiirì.t-àt elevated air vel

relativety still aìrì- ïtË study aliò'in¿icates that females

'163

ttained when exerting.?l 2'3 MET

ðãì tv- inun they 
. 
are wi th

ã".-i'ot. sensitive to temperature



than are males at this activity level. Fìnally, the study raises some quest.ions about howwell thermaì responses can be predìcted for thäse àctivity levãli ãnä-rno"s a need for a morecomp'lete data base for moderate activitv ro inài-"iiiting-*oJeir-anJ-rãiutionships can beveri f i ed and ref .inecj i f necessary.
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TABLE 'I

Results of Air Veìocity lr4easurements

Locati on*

Test
2 3 4

fpm (m/s )
fpm (m/s) fpm (m/s ) fpm (m/s )

Proceedinqs of the Human Factors

0
0
l
l

65 clo, fan
65 clo, no fan
09 c'lo, fan
09 clo, no fan

?61
42

?24
42

.66

.21

.33

.¿l

(1.ì4
(0. zr
(0. e3
(0. 2't

228
42.l86

2 32
42.¡96

4?

332
42

266
42

(r.31 )
(o.zl )
('r.r2)
(0.2't)

(r.16)
(0. 21 )
(0. e8 )
(0.2'l )

(1
(o
(1
(o42

0er gure r ocat 1 0ns
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TABLT 2

Responses on Thermal Sensation Ballot

Very Hot
Hot
l,larm
Sì ì ghtly l,larm
Neutra'l
S'l i ght'ly Coo'l
Coól
Col d
Very Co'ld

17.
'18.

'19.

20.

21.

2?.

9
I
6

5

4
3
2
'l

TABLE 3
Ad j ecti ve Pai rs for Thermal Comf ort Ba'l 'lot

Comfortabl e- -----------Uncomfortab'l e

Bad Temperature- -- ------- --Good Temperatu re

Pl easant-- UnPl easant

l,larm--- ---------Cool
Unacceptabl e- -----------Acceptab'l e

Sati sfied- -Di ssati sf i ed

Uncomf orta bl e Temperature- -- ---- -- -- -Comfortabl e Tempera tu re

TABLE 4
Terms Used in Thennal Satìsfaction-Dissatisfaction Ballot

1.

¿.

3.

4.

5.

6.

7.

8.
o

10.

t1.
12.
't3.

14.

15.
'16.

uncomfortabl e

content with
agreeab'le

tol erabl e

unp'leasant
'inadequate

annoyi ng

undes i rabl e

sati sfactory
mi serabl e

sati sf i ed w'ith
good

unacceptab'le

enjoyable
g reat
di stressful

23.

bad

acceptab'le

d'iscontent wi th
pì easant

dissatisfied with
comfortabl e

i ntol erab'l e

di sagreeab'le

adequate

desi rabì e

unsati sfactory
grati fyi ng

pl easi ng

po0r

appeal 'ing

deì i ghtful

24.

?5.

26.
27.

28.
,o

30.

31.

32.
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n2 vu tues for rt.ll3tåJression Equations

Fi gure Clo

0. 65

0.65

I .09

I .09

0. 65

2

0. 65

0.65

0. 86

I .09

1 .09

I .09

I .09

Fan

on

off
on

off
on

0n

off
off
0n

0n

off
off

both

both

both

both

mal e

fema'le

mal e

fema I e

maJe

fema I e

mal e

fema I e

Sex R

3

3

J

3

7

7

7

7

I
I
I
I

0.86

0. 93

0. 65

0. 94

0.95

0.88

0.94

0.88

0.23

0.83

c.79

0.e2

lË

lË.

å
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Figure l. Activitg perforned ò9 suÞjects

Alr Ocllcclor

Figure 2. Test chanber lagout (top view)
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Discussion

o.J' NUssBAUllf, P.E., ConsulLing Engineer, NewLon, PA: In today's elecLronic office, a treat
deal of worker disconfoc! is caused by radiation of heaL from elecLrontc equiPmenL such as

uord processors, personal compuLers' ôRT", eLc. Is any informaLion avajLable fro¡n bhe

research reporÈed at Lhis symposiun Lhat will be helpful in designtnB HVAC for PeoPle in such

an enviroru¡ent?

B.w. Jonec: I do not believe any of the papers aL Ltris symposium addressed lhis PacLlcular
pcobrern. chapLer I of ASHME FundSmentals and the book rhermæqfoE.L by P'0' FanBer

describe how Lo a"ot *i_Gdi.nLhõãtJour""u. I am noL awere of any informaLion

spectfically describing heaL radiation characLecisLics of Lhese Lypes of devices' Such

infornation would be useful'

L ',à
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