
' i 

I 

AIR VELOCITIES INSIDE DOMESTIC ENVIRONMENTS : 
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Abstract 

Ai r ve l oc i t i es have be.en measur ed i n the maste r bedroom . k i tchen , and 
basement of six occupied ho~s plus t he di .ning/ living r oom a r ea of one 
unoccupied house . Media n air velocit ies of 5 . 3 a nd 12 . 4 cm/s t in the occupied 
and unoccup ied houses ra ise concern that inadequa t e a i r movement may sometimes 
exist fo r accur a te passive mon i to ring of pol l utan t vapors . centra l -air 
circulation sys tems had a v ar i ab l e i mpact on a·i r velocity. Median velocicies 
inc r eased f r om 5 . 8 t o 6.2, 3. 2 to 5 . 7 , 1 . 5 to 8 .1, and 4 .4 to 15 . 5 cm/ s t n 
three occupi ed and on.e uno·ccup i ed houses , respectively . Median velocities of 
4 , 2 , 4 . 3 , and 10 .2 cm/s i n t he mas te r bedr oom. basemen t , and ki tchen, 
respectively, a r e consistent with i ncreased occupant ac tiv ities and use of 
ceil i ng and/ or exha ust fans in or near t he kitchen . 

Introduction 

Pa~sive moni toring o f pol l u t an t s i n indoor ai r i s wide ly used because 
t ime -we~ghted · average concentra tions can be ob tained at l ow cost . A 
f undamen ta l assumpt i on for most appl i cat i ons ls an adequate velocity of air 
across the opening of the s ampl er t o prevent depletion of monitored vapors 
(2 ) . Such deple t i on increases the effective sampling l ength of t he passhe 
moni~or, t hus reducing t he mo l ecul ar sampli ng ra te . Conside r i ng an open , 
tubular monitor of conventional Pa lmes Tube design. the increase, i . in 
pa t hlength mus t be s mall wi th respect t o t he lengt h of the mon i tor (1) co 
prev~nt s i gnif icant r educ tions i n performance . t he added boundary layer o f 
e f fec tive thickness i rep r esen t s a convective resistance to sampl i ng, wh ich 
must be small in comparison to t he internal diffusion resistance for 
quantita t ive measurement . The quanticy i may be modeled as a function of 
s ampling tube diameter (d) a nd a ir velocity (v ) . 

i - k * dm * v·n (1 ) 

where m and n are reported as ·about 0. 6 and 0 .4, respectiv e ly , ond k depends 
on geometric factors and molecular prope r t ies of a i r and sampl ed pollu t an t . 
Yith a prudent selection of d, i can be kept s mall with respect to l , thus 
minimizing the impac t of l ow air veloci t y on molecul-ar sampl i ng rate . With 
cont empor ary mon i tors. minimU111 air velocitie s f or quan tita t ive sampling wi ll 
vs.ry by at l ease t enfold from 1 cm/s to <0 . 7 cm/s ( 2). erotocols for 
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evaluation of diffusive samplers also include the air velocity parameter (1) . 
For conventional industrial hygiene applications, minimum air velocities of 
around 25-40 cm/s result in insignificant i values. However, for fixed point 
monitoring inside residences, near stagnant air conditions are possible; air 
drift velocities of 1-20 cm/shave been measured with smoke sticks (3). In 
this research, indoor air velocities and selected factors influencing movement 
of indoor air were measured in one unoccupied and s i x occupied homes . 

Experimental Methods 

All air velocity measurements were made using an omni-directional field 
anemometer manufactured by TS! Inc. (Model 1620). Laboratory calibration was 
performed in an approximate 10 cm 1.D . , 5 m long t:ube with near-laminar air 
flow. The measured response (mv) for 18 calibration points ranging from 0 . 2 
to 30 cm/ s were fit to a second-order linear model . 

v (cm/s) - -8 . 27 * mv2 + 90.53 * mv + 1.15 (2 ) 

An r2 coefficient of 0. 97 and root mean square error of l. 7 cm/s were 
achieved . Detection limits of <l cm/s wer:e eas lJl.y achieved in laboratory 
calibrations. Field calibration consisted of daily zero measurements . 

Air: velocity was measured for one week periods n six occupied homes in 
East Tenneessee as part of a multipollutant study . Measurements were taken 
sequentially in master bedroom, kitchen, and ba sement locations at distances 
t ypically 0 . 9 to 1.4 m from the floor, 0.3 to 1.2 m ~rom the nearest wall, and 
>2-3 m from the nearest floor register of the centra, , forced-air HVAC system . 
Air velocity data were also taken for three months rnear the geometric center 
of a dining/living room ares of an unoccupied r esearch house as part of 
ductwork leakage and ventilation study . Data a cqu1sition intervals ranged 
from 3 to 20 minutes . 

Results and Discussion 

The frequency distribution of air velocities measured in the six occupied 
homes had a maximU111 at 0-2.5 cm/s and decayed r ap i dly to insignificant levels 
at velocities >25 cm/s (Figure 1). The median ve l oci ty of 5.3 cm/s indicates 
the strong bias of the data to low velocities . The small, -2 . 5 to 0 component 
of the distribution is an indication of the lower resolution limits for the 
probe in field use and is presumably caused by heating effec ts local to t he 
sensor at very low air velocities . These negative deviations are temporar y 
and most evident after central HVAC operation (Figure 2) . 

The i mpac t of central , f orced-air HVAC sys t ems on air veloc ities vari~d 
great l y bet"ween the occupied houses . In House 936, a fi vef old increase in 
median veloc ity f r om l . 5 to 8 .1 cm/s was observed with HVAC ope ration shifting 
t he pea k o f the veloci ty di stribu tion f rom 0 -0 . 25 to 1. 5-10 cm/s (F i gure l ). 
The predominant i.mpoct of the HVAC is i llustrated i n a 14 ho~r segment of ~a i:n 
from the master bedr oom (s ee Figure 2), ~here HVAC opera tLon was determLned 
from a tempe r ature probe in a floor regis ter . l n contrast , t he .medi an a~r 
veloci ies f or hollSe 917 and 958 show only t~ofold and mi ni mal Lncr eases in 
velocity , respectively, with HVAC operation (Figure 3) . 
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Some systematic variation i n air velocity was also noted between rooms in 
the occupied houses (Table 1), potentially reflecting occupant activity. The 
largest air velocities in the complete six-house data base were observed in 
·tbe kitchen, consist:enc with the presence of exhaust and/or nearby celling 
fans and common occupant activity. Considering a subset of three houses where 
llVAC ";:c·ration was intermittent and successfully monitored, higher velocities 
we.re also generally observed i n che kitchen under both HVAC on and off 
conditions. The exception was a small, basement dat.a set (i.e., 132 points) 
under HVAC on conditions that were llniited to one house . The mas ter bedroom 
had consistently the lowest air velocities in the hree house subset, 
especially under HVAC off conditions . E>ata from house 936 under HVAC off 
conditions provid<>s the clearest evidence of occupant activi ty. The si>< 
resident: children who were home for summer vacation were exc luded from the 
master bedroom, but active in t:he ki t:chen and basement areas. 

Table 1: Median Air Velocities (cm/s) in Six Occupied Homes By Location. 
Number of Data Points Indicated In Parentheses 

House HVAC Master Bedroom Basement Kitchen 

All 6 Houses On&Off 4.3 ( 5115) 4.2 (2260) 10.2 (2265) 

3 Houses Off 1. 8 (1846) 4.2 (648) 5 . 3 (108) 
On 6.1 (1967) 15.0 (132) 7 . 3 (301) 

House 936 Off 1.1 (767) 8.3 (206) 8 . 0 (38) 

The data from the unoccupied research house (Figure 3) were generally 
consistent with the results from the occupied homes. The median velocities of 
4.4 and 15.0 cm/s under HVAG off and on conditions are (somewhat surprisingly) 
near the upper range of data observed in the occupied homes and demonstrate a 
strong influence of the central HVAC circulation system. 

Conclusions 

The very low air velocities measured in one unoccupied and six occupied 
houses (particularly without forced-air circulation systems) emphasize the 
need to characterize the velocity-dependent sampling rates of passive monitors 
used for measurements of indoor air quality. The location and HVAC dependence 
of ambient air velocities should be considered in the development of passive 
monitoring protocols. 
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PERSONAL EXPOSURE DUE TO SOLVENT SPILLAGE ON CLOTHING 
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Health 

concen-
tration measure-

of organic compounds at 
thing zone. This experiment was 

at air velocities (VF). The 
strongest measured was in calm ait the 
concenttation at the lapel being 290 mg/m3 and 
3 mg/m3, respectively. iformity of the concentration 
indicates a possible s tious of the exposure estimate by 
the conventional sampl ng the ~i eathing zone concentration. 
The convective air v locity in ca~ air ranged 0.05-0.20 m/s 
within the breathing zo ne. 

I nt r oduction 

The non-uni ormity of indoor air po l 'l. ution with time and 
spatial distr ution is well recognized ( l\J ). Estimating human 
exposute by ampling of the breathing zo~concentration is 
common pract ce of the occupational hygiene (11), and by con­
vention (5) the breathing zone is the air olume of a 0.6 m 
diametet h misphere centered at the midpoint of an imaginary 
line draw from ear to ear. A recent field stu (3) indicated 
that the micro environment of the b1eathing zo e may exhibit 

oncentration gradients of particulates l eading to a 
bias of the exposure estimate. he reported 

conce t 1ation gradients may partly be explained (l, 3) if 
resu pended dust accumulated by the clothing is car r~ ed to the 
bte thing zone by the convective flow generated by the human 
ho y . The air flow in the boundary layer around the human body 
i a complex phenomenon and presently difficult to describe 
10). Consequently modeling the the breathing zone concentra­

tion caused by contamination liberated from clothing and \by the 
convective flow carried to the breathing zone is also 


