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Figures lg-lm. Results of measurements with varicus ventilaticn patterns. 

307 

EXPERIMENTAL COMPARISON OF INDOOR CLIMATE 
USING VARIOUS AIR DISTRIBUTION METHODS 

R.B. Holmberg, K. Folkesson, L-G Stenberg 
Flake Evaporator AB, Jonkoping, Sweden 

G. Jansson 
Flakt lnomhusklimat AB, Stockholm, Sweden 

Abstract 

Several air distributon methods were analyzed on an exp.;r:!.niental 
basis at Flakt 's Indoor CliD"Mlt<> Cent er in Stockholm for th" purpose of 
studying thermal comfon:c as well fs air qu<ility. The tests were conducted 
in a typical ozfice "'odule (15 m ) duril1J! three cooling load ,~ituations: 
summer (45 W/m ) , spring/autumn (25 'W/m ) and winter (4 W/m ) . Climate 
data from the Stockholm ar1<a were used 1.11 all three cases. Test results 
were reported for jet-controlled air distribution with slot air diffuser$, 
and for thermally controlled air distribution with wall-mounted as well as 
floor-mounted air supply devices. 

Introduction 

In the niost common air distribution principle used to da te for 
commercial and institutional ventilation, the air flo1o1 in the room is 
controlled by air jets from the su.pply air device. This method is design­
ated jet-controllec! - ~i_ ~ . ~~~tribution . The air jets entra in ambient air, 
creating a steady circulating air stn:am 1o1ith high degt·ce of mixing air 
flow. This type of air flow i s characterized by small p o llution and 
temperature gradients in the room. 

Euring t he past few years, notably in t h" N~rdi rountries, a great 
de a l of attention l1 as been pai d to an air distdbutior. principh in which 
the t1ir flow is controlled by thermal forces from hent sources in the 
room. The principle has thE>refore been designated t hermally controlled_a_i~~ 
distribut ioc. In this type of air distribution, undert e mpereil air is 
supplied at 101o1 velocity and at floor level. Tl 1" nir is conveyed upwards 
to the ceiling by nacur;il convection currents en:am1tjnlj; from heat snurces. 
At th" ceiling, the air is exhausred . The resulting vertic1>l. t emperature 
stratification provides a r elatively stable disp lacement ai ~..I~~ in the 
lower part of the room, whi le t he natural convection currents generate a 
mixing air flow in the upper part of th" roC1m. The relatj<>nship between 
the tota l strenr,th of the heat source nnd the magni t ude: <>f the supply ah 
flow will determjne how fa-r t.he mixing will. per.etrate dm.-n in t h., room 
and, consequently, the degree of mixing in the occupied zone. Displacement 
air flow is characterized by small spreading of heat and cont3minants . 

Thermal comfort conditions ar~ sta ted Jn terms o ( cemp~roture level, 
temperature grndicnt and ai.r vtlndty , while air quali ty here is expressed 
in terl!IS of ci r age and air pollution cc.nct-nrration. The air age indicates 
the rate at which room a ir is r«pl acec! with supply a i r, and rhu-s can be 
considered as an 1nd irekt measure o f how quick ly pollutcnts ore removed 
from the rooo1, provided tha t the contaminants are pn>duced uni(ormly 
throughout the room from a homogenous sourct- of pollut ion. 
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Experimental Facility and Proc~dure 

The mell~ure'!'encs were made in a tygical office module with a floor 
aren of 15 m and & room volume of 40 m (Fig. !). The window is triple­
glazerl with an intermediate venetian blind. Ocher surfaces in the room nre 
well insulated. Three loaJ cases were selected - summer, spriTig/autumn and 
winter - using Flake's VENTAC computer progrnm eor calculation power and 
en~rgy requirements in buildings. In new construction today, typical 
interior heac loads generally require the supply of cooling co a room 
throughout the year. Ba,;ed on climate daca from Stockholm, and loads in 
the- form of lighting, people and computers (T2Lle j), the required c-0oli.ng 
capacity wa s calculated ac 45, 25 and 4 W pet; m of floor area for the 
three loacl sicuntions. Ocher des i&n dacn are shown in Table l. 

Table 1. Design data for the three load cases 

t.oad • 
o; d Cd ling Desk Person 

lease light:s bmp 
(~) (W) IW) 

la. Suum1er 2 90 60 75 
lb. 

2. Spring/ 
Autumn 60 75 

) . lo:incer lOS l O 

Com-
puter 

( W) 

lOO 

\Jin­
dow 
CW) 

Coo Ung 
load Air llov Temp-diff Te1r.penture.:; 

(W} Ulm2) (lis) (l/s.m2) supp~~~;xhaust te~~) w~g~;'"· 

160 685 45 SJ 
ll 

3,8 
4,7 

lO 
8 

25 33 

375 25 )9 2,6 23 23 

0 -120 60 lO D.67 22 l5 

Test r1<sults are shown for one air dj stribution method rrovidin,g a 
mixing air flow - jet-controlled air distribution with slot. diffu~ers 

mounted in the ceiling by the facade wall - and for two methods that 
pa rtly produce a d:tsplacec:ent air flow - thermally cone-rolled ah: distri­
bution w;ich low-velocity supply air devices mour.tcd at the lower part o ( 
c.he corridor wall, and the same distrihutjon a:echod with floor -air supply 
device.s. Fig. l shows dimensions, positions and furnishings. In all three 
air distribution methods, tbe exhaust zir device of the slot air diffuser 
cype, is mounted in the ceiling by th" corridor wa1z1. Th" supply air 
device has been adjusted for an nir flow of 3 .8 l/s, m floor ~rea in cht 
summer case_. The reduction of th1' air flnw to 66 % in th.e spr ·n.g/autumn 
case, and co 18 % in tht winter , simulatts a VAV system. The slot diffu­
sers used in test nr" Flake's type CTA(A,B) (2 for supply air and 3 foe 
exhaust air). The low-velocity device is of ch" type Diff-A (2), ,;rhile the 
floor device is Krantz type BR (9 placed in a squnn- pattern at 3 distance 
of l. 2 m). 

To analyze the thermal comfort provided by the various air distribu­
tion methods, the tempecatur .. and air velocity were determined at 50 and 
30 measurement points, respectively, in the room. The test methodology is 
described more in detail in ( l ]. 

The 11ir qu11lity vas t1nalyzed by det·erminlng toe air age in 4 measure­
ment points :i t che workplace and in 6 points at places in the room that 
were more thermally neutral ( 11. The local age of the air (at point p), 
which indicates the amoun~ of r.ime required for che supply air to reach 
the point in que,.tion, is designated tp and wa~ decennined uith trilcer &as 
l!lea:!:uremencs. The mear. age of che room air,<T>, which ii; proportional co 
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the till! .. it takes to exchange the air in the room, was determined only 
through measurements in the exhaust air [ 7]. The air age is given in 
dimensionless form by normalizing the age with the room's nominal time 
constant Tn = V/q, with V = room volume and q = air flow. 

The air quality was also analyzed by dt<Ceru:inini;: the contaminant 
concentration at equivalent places lrlch a source of pollution in the 
vicinity of the workplace (Fig. l). The s~ationary pollutant simulated 
cigarette o:moke with a di"nsity of l. 14 'kg/m • Thi' local concentration of 
the contaminants is st a t~d in dimensionless fonn by normalizing the 
equilibrium concentration (at point p), C (<><>), with the corresponding 
concer.tratio11 in the exhaust air, C (o.:>). PThe normalized age as well as 
normalized concentration can very b:'tween O and"" and is equal to 1, when 
total mixing air flow is obtained. 

Results and discussion -- -- ·· --
Thennal comfort 

For good thermal comfort, the desired air temperature has to be 
created without causing excessively high air movements or temperature 
gradients in the room. In accordance with ISO/DIS 7730, vertical tempera­
ture differences below 3°C between 1.1 and 0.1 m from the floor (head and 
ankle level when a pen:on is seated) are required, as well air velocities 
in the occupied zone (up to 1.8 m above the floor) of below 0.25 m/s 
during the summer, and 0.15 m/s during the winter. 

Jet-controlled distrit-:.rion with slot dUfusers provid"d a stable, 
circulating air stn-ao with -th;-h-i .gbest velodt:fes

0 0

being 0.25 m/s in the 
summer, and 0.18 m/s in S('ring/autumn, at floor levt>l. In contrast, the 
circulation air str~am was not fully devel o ped in the winter, due to the 
VAV function with a sharp r.,,Juction in air flow, and air velocities below 
0.10 m/s were obtained throughout the room. Th,;, ten1perature gradients in 
the room were very small during all three load cases (see Fig. 2). 

The thermally __ <:<?Et roll ell air d!~;~!~ution method produced lo"' air 
velocities throughout th" room, except at floor level in the vicinity of 
the supply air devjce. Wirh the low-velocity air supply device, the 
highest velocities measured 0. I ·m above the flonr were 0. 22 m/s in the 
~ummer, 0.16 m/s in the spring/autumn, and less than 0.10 m/s in the 
winter . With the floo r air supply devices, the highest air velocities were 
obtained in the 11reas illllllediately surroundiTig the supply iTilets. The 
highest value, 0. 12 m/s, was measured in the summer. In thermally con­
trolled air distribution, the vertic a.l temperature gradient limited the 
supplied cooling power. In the summer, the lov veJocity device produced a 
maximum temperatur<' difference of approximately 5 C between l. l 11nd 0 . 1 m 
above the floor (Fig. 2), vhich does no~ meet ISO standards. The corres­
ponding temper.~ture gradient obcained using the floor devices wos a few 
degrees lower, approximately 3.s0 c, since the devices produce some mixiog 
air flow in che lower part of the room. To reduce ch;, temperatu~e gradi•rnt 
wlaen low-velocity devices were used, che air flow in the summer was 
incre11sed 25 %, i>nJ the difference in the supply and exhaust air tempera­
ture decreased to a corresponding extenc (load case lb in Table· l). 'rhe 
previouslY. me:isuren t<:mtierature difference of about 5°C was reduced to 
about 3. s0 c as a result (Fig. 2). In che spring/autumn, slightly lower 
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temperature gradients were obtained. The ISO standard of 3°C was managed 
with the low-velocity device, while the value with the floor device was 
about 1°C lower. In the winter, the teruperature gradients with both air 
distribution methods were less than 2°c throughout the occupied zone, 
since th(! narural convl!ction currents from windows and heat source2 -
which were large in relation to the small air flow of 0.67 l/s, m -
caused a mixing effect in rhe room. Note that the difference in tempera­
ture level pnvailing in t.he room during the various tests had a negli­
gible effect on both the temperature gradient and air velocity. 

Air quality 

Fig . 3 s hows the air quality as the age of the room air ;it the uork­
place normalized by the nominal time constant. As shown in the figure, t.he 
sloe air di£fusers provided a strong mixing air flow uith valu.es for the 
normalized age Of just ;ibove I in the summer and spring/a·utumn cases, 
uhile a small temper;iture stratification in the ui nter (Fig. 2) caused a 
slight short-circuiting air flou in the upper port of the room (about 
I. 5 m above i:he floor). With both loY- velocity and floor supply air 
devices, thR l arger temperature scratificacion clearly cadsed a displace­
ment air flo..- in the loue.r part of the room (up to :ibouc I . S meters above 
the floor). In chis zo ne the age o f the air in the winter was approxima­
t ely 25 Z lowe r than in total mixing air flow, ·and when compared with c.he 
other l oad c:ises, wa s approximately hall as large. Note, however, th;it the 
air flow in the s ummer and spring/autumn cases was respectively 5. 7 and 
3.9 time s as high as in the winter ca se, uhy the ai't" exchange race also 
with mixing air flow was substantially higher in these load sicua tions, 
compared with the win r::er case. The small age differences between the two 
thermally contro lled air discribut.jon alternatives can be explained by the 
fact char:: che floor devices provided some mixing effect in the lower p;irt 
of che room. In the upper part of the room, even at Standi ng height (1.8 m 
above the floor), strong mixing was obtained with nonnalized age vnlues of 
more than l. The difference s concerning the entire room will not be as 
large as chose in the lower zone, which is directly shown by che compari­
son in Fig. 3 between the mean age for the entire room and the local age 
in the lower zone. The uncertainty of the measured values was greatest in 
the winter case, since the impact of air leakage during the tests was 
greatest when the air flow was low. 

The stationary concentrntion measurements, wi th the pollution source 
in the vic ini cy ·Of the workplace, symbolized passive SlllOking without 
dynamic disturbances. As shown in Fig. 4, the convection currents produced 
by body heat attracted the pollutant, resulting in high concentrations in 
the breathir.g zone, as long as the air movements created by the supply air 
device did not dominate and remove the pollutant from the workplace. Slot 
diffusers were capable of producing a dominating air stream in the summer 
and spring/autumn cases, with air velocities of approximately 0.10 m/s at 
the Yorkplace , while the convection cu't"rP.n t around the body domin3ted in 
the winter, due en the sharp reduction in supply air flow. Ho1Jever, in 
this load situation, the concentr-.ition in the breathing zone uas again 
lower with the jet-controlled air distri.but i on method, compared wi th the 
thermally controlled air distribution alternative, uhich caused very high 
concentrations in th'R breathing zone in all three load situations. 

Conclusions 

Cood thermal corufort in accordance wi th the lSO stancfards "1as main­
tained under the cir"cumst·ances with all three air distribu j on methods in 
both the winter ;ind spri.ng/aucumn cases. However, i n rhf' i>urr,mer case, the 
ISO standard sds thu upper limit t o cooling po1J1?r s upplied t o the room. 
The jet-controlled ai12 distributi on a•ethod could supp1-y •• m11>dmum coo l:lng 
pouer of about 45 W/m , with a differenc~ of 10°c bet1Je~n the supp ly and 
ei<haust air cemper.ature, and without causing overly high air velocities. 
In contrast, the thermally c o ntrolled air d istribution methods required a 
smaller temperature difference and consequently, a h.igt.er air Oou, to 
supply equal ly high cooling po,.•er without c nusing an excess ivl!ly high 
vercicill tempera ture gra dient in the room. With low-velocity dev ices, ·the 
differl.'ncl.' be """" the suprly and exhau s t air ceir.rera ture has co be kept 
belou 1°c approximately, whiJ the floor devices p.,rmi t " difference of 
9°C. 

The air qualic:y , ir.. terms cf thP.. air t>):cltar.ge rate, was ver'} good 
with all three air distril:oution l!'.ethods in bo th th<> summer 2and spring/ 
autumn cases, du" to the high air .flows .of 5. 7 and 3.8 l/s, m . In winter 
with the a i~ flow of 0.67 l/ s , m the diffe ren ce~ fn air ;ige uere t oo 
small to ascribe better air qu><lily to the therl!'.ally ccncrolled air 
distribution methods, especially since cne concept is only an indirect 
measure of room air clcnnli nes " . The siD'iUlation of pa ssive soooking at the 
workplace sho1<ed that convecc:ion cul:'rents around a sea ted person ho ve the 
ability co atc:rnct smoke, resulting in very high c o ncen trations in the 
breathing zone when the thermally control l ed me thods were used. A higher 
concentration in the breathing zone ua s also caused by the jet-controlled 
method in the winter case. 

In sununary, it may be stated chat thermal comfort in an office room 
is affected considerably by the air distribution technique, while the air 
quality is primarily . determined by the magnitude of the air flow. 
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VENTILATION EFFECTIVENESS AND ADPI MEASUREMENTS 
OF THREE SUPPLY/RETURN AIR CONFIGURATIONS 
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Abstract 

The two purposes of a building ventilation system are (I) to remove indoor 
contaminants and (2) to provide thermal comfort. Ventilation effectiveness is 
measured using tracer gas techniques and age distribution theory to compare the 
actual delivery rates of outside air at specific locations to those projected for the 
case of perfect mixing . ADP! is a thermal comfort parameter which compares the 
effective draft temperature as determined by dry bulb temperatures and air 
speeds to acceptability criteria established by ASHRAE. Three different 
supply/return configurations were evaluated for a recirculating constant volume 
system in a steady heating mode under standard conditions for an office space . 
Ventilation effectiveness ranged from 0.57 to 0.76 at points in the occupied zone . 
ADPI measurements ranged from 81 to 94 %. Short circuiting of suppl y air to the 
return air inlet was evident in tests of each configuration . More research is 
required to characterize the performance of existing systems and develop more 
effective ventilation s trategies. 

Introduction 

Ventilation systems in the United States are designed to recirculate air at rates 
of 4 to 10 air changes per hour in order to satisfy internal cooling loads and 
provide acceptable thermal comfort. The flow rate of outside air required to 
remove indoor contaminants is often set at recommended minimums as a result of 
energy considerations. These recommendations follow from tests and cal culati ons 
which are based on perfect mixing of indoor contaminants and outs ide air. The 
recommended minimum flow rate of outside air for an office space ranges from 
2.5 to 10 l/s · person (I) which for an occupant density of 7 occupants/I 00 m~ 
translates into - 0.2 to 0. 8 air changes per hour or between 5 and 25 % of the total 
air circulation rate. While this relatively high rate of air circulation to outside air 
flow suggests that the delivered outside air should be well mixed with the indoor 
air the few tests condu cted to date (3,4,5) indicate that the actual delivery rates of 
outside air to points in the occupied zone may be substantially less than thos~ 

projected assuming perfect mixing. The effectivness of a ventilation system to 
deliver outside air to the occupied zone of a building is effected by a number of 
variables including the configuration of the supply/return air circuits, the rates 
of air circulation and outside air flow, the mode of operation (e .g. cooling, 
heating) , and the presen ce of interior partitions. In this paper we compare 
measurements of ventilation effectiveness and thermal comfort for three 
supply/return configurations of a rec irculating constant vo lume s ystem in a 
steady heating mode under recommended minimum ventilation rate s for an office 
space (I) . 

'· 
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