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ABSTRACT

Ventilation air is cooled to maintain a low tenrperature olprocess or to renrove extra heat fronì
rvorking places Four different kind of supply air devices were measured in a ventilation
laboratory in order to find the extreme performance of each device in cold air distribution The
pcrlormance of the devices was estimated with cooling capacity, draught parameters and

rclativc cllcicncy olventilation According to the draught pararììctcrs thc uppcr linrit ol
opcration range defìned by the manufacturer turned out to be too optirnistic l'he air velocity
exceeded 0 25 m/s in each test and the effective cooling temperature exceeded 3 5 oC

1'herefore, effective cooling by ventilation without draught is diñìcult The draught problems

should be solved by clothing and local heaters

INTIIODUCTION

Cold air distribution to workplaces is needed to cool air for the process, to cool the workplace
or due to air pollution in cold spaces. The ambient temperature of cool work spaces has also

dccreased in international regulations. However, there are no studies concerning the guidelines
lor planning ergonomic cold air distribution systems

ln cold air distribution a displacement or dilution ventilation system can be used On the
nrarkct there are also cold air distribution systenrs based on active displacenrent An active
displacenrent air distribution system can tolerate large temperature changes , which make the
s\,stent insensitive to ambient temperature change

Ihis study was aimed at determining the draught paranreters and the cooling capacity of four
cold air distribution systems.

]ltl'IIODS

ln the ventilation laboratory ( 8 m *13 m *7 m), four different kinds of supply air devices were
mcasured in order to fìnd the maximum performance of each device in cold air distribution
\fcasurcnrcnts were carried out as full scale experirncnts with an autonratical florv, tenrpcrature
¡nd contaminant concentration measurenlent system (l) A quarter of the symmetrically
rnstalled laboratory was measured. A total of 340 measuring points for flow and temperature
rucrc included in one test The distances between the nreasuring points were 0 5- I 0 nr in the
rcrticll l¡rtl lro¡ izorrtal plarrcs arrtl tlrcy wcrc ¡llrrcctl fìorn 0 I nr hcirlrt to.l I nl, at a () 5 nr

distance from the front wall and I 0 m fronr the side wall
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Fig l. The lay-out of the experiments of the active displacement system. The measuring space

was the same for the other ventilation systems

Radiator elenrents ( 24 units, á 660 W) and two electrical stoves (14 kW) were used to

compensate the cooling effect ofthe ventilation The heaters were placed on the floor in three

lines in the direction of the longer wall, one in the middle of the laboratory and two beside

walls. The cooling powei in the different experiments varied from 4 k\ry to 30 kW The

purpose of the heaters was to compensate for the cooling effect and to hold the walls of the

laboratory at a constant temperature

The measured ventilation systems were: l) a new active displacement system, (Ventit Active,

315-14x6000); 2) a low impulse system , (Sock distributor, 200x5000 (O 26 m3l/m2, àt

150 Pa)); 3) a displacement system (Floormaster, PND-06-2-3 15, ) and 4) a turbulent mixing

system (Vortex diffirser, VDL-400-B)

The new active displacement system consisted ofthree elements, placed at a height of4 m

These ventilation tubes carried out active displacement ofair (fig l) These elements consisted

olpunched, l0 mm long, 5 mm diameter holcs, at distances of 2- l0 cm The holes were

situated in an 180 " wide sector, which pointed upwards. The low impulse system consisted o[
three, 5 m long socks installed at 5 m ceiling level. Four displacement supply devices,

Floormasters were installed symmetrically by the walls of the laboratory to stand on the floor
The turbulent mixing system consisted of four vortex diffusers at a height of 5.5 m

Measurements were done with one size of device and with two airflow rates and different

temperature differences between the supply and exhaust air. One of the test conditions was

selected to bc at the upper operating limit defined by the manulacturer ofthe devices The

other conditions were selected to fìnd the extreme conditions ofoperation by raising the

temperature difference and changing the ventilation volume The test conditions and

parameters are given in table l

The performance of the devices was estimated using cooling capacity and draught parameters

The effective cooling temperature of the air jet (2), O, was defined as:

O : T.-T¡+ 8+v, (l)

where T1= temperature ofthe air jet, Trn: mgan temperature of the working zone and
v- velocity of the air jet. The temperatúiè efficiency,'eT was defìned as:

er =(Te -TsyGl.lm-TJ , e)
where T. : temperature of the .exhaust -air, 

T5 = temperature of the supply air and
T¡.¡.= room temperature at a height of l.lm.

RESULTS

A measured air velocity map of the active displacement system is shown in figure 2 as an
example of the air movement pattern of different systems. It is measured in a horizontal plane
at a height of L6m, when the cooling power was I3.6 kw. Fronr figure 2we cansee how the
cold air falls down between the Activent tubes, which were situated at a distance of 2 5,6,5
and 10,5 m from the front wall. Similar air jets existed with the sock distributor, but now the
jcts were situatedjust below the distribution socks. The displacenrent unit had an airjet near
the unit at height of0. I m. In figure 3 and 4 the measured draught parameters are presented as
a function of cooling power. The measured mean air velocities and thermal efficiencies in tests
are presented in table I together with the test parameters

Table 1. The measured ventilation systems, their input parameters and measured velocities and
thermal efüciency of ventilation. The used notations are: ÂT = temperature difference between
exhau airflow rate , p = cooling power of ventilation, vg. ¡ : mean air
veloci m, vl.6 = mean air velocity at a height of 1.6 m, eT = thernìal
efficie ( at a height of r . l m ). The upper operating limit of systems as
define r is marked with +.

Vent. 
^Tsystem oC

I -10
I + -15
I -18
I -15
2-3
2-6
2+ -3
2-9
2-6
3* -3
3-4
3-4
3 -10
3 -t0
4-5
4+ -5
4 -10
4 -15
4 -10

aP
dm3/s kw

vg.l v 1.6 t1
m/s m/s

720
720
720
900

1200
1200
2400
t200
2400
2400
2000
2400
2000
2400
1400
2200
I 400
1400
2200

9.0
136
l s.3
t57
4.3
88
89

13.0
16 I
92
9.4

127
2J.8
297
82

129
168
213
23.8

021
026
0.28
024
0t6
0.21
027
022
032
0.18
0.18
0.22
0.2t
02]
0.17
021
022
0.23
025

017
0. l9
018
020
0. l5
020
020
0.26
025
0.08
008
0.09
006
007
0. l8
o.2t
023
024
0.24

l02
1.09
l.t3
112
0.97
I 15
I ll
l.l0
1.21
188
t22
152
206
240
094
0.94
t.07
lt0
l.t0
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Figure 2, T'he measured air velocity contour map of the active displ-acg_ment system in the

hoizontal plane at a height of 1.6 m, when cooling Power was 13.6 kW.
Figure 4. The measured effective cooling temperatures of air jets in the working zone with
different distribution systems as a function of the cooling power. The upper operation limit as
defìned by the manufacturer is marked with O.

DISCUSSION

We studied in ventilation laboratory four different kinds of supply air devices in order to find
the device in cold air distribution . We measured the cooling
cap he efficiency ofventilation ofan active displacement
ven ion system, a displacement system and a vortex diffirser
system.

The measurement of the effective cooling temperature as a function of cooling power shorved
that the maximum temperature value of 4 "C was exceeded when the cooling pàwer was from
8 to l5 kW, except the vortex diffuser excepted The Floornrastcr had also low yalucs rvhcn
uscd with a cooling power of'tess than 9 kW

lhe floor level, so the cold air could not fall with higher air velocity. The highest air velocities
were measured with the the velocity of supplied air was initially 0 26
m/s and, after falling fro up to 0.6 m/s. Anyone of the systems did not
meet the typical draught

Figure 3. 'f he measured maximum air velocities in the working zone with diflerent distribution

systems as a function of the cooling power The upper operation limit as defined by the

manufacturer is marked with O
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The thermal efficiency of ventilation systems describes how effectively the cold air can reach

the working zone and strati$' extra heat to the upper zone of the hall. Only with the

displacement system did the thermal efficiency clearly exceed the value 1.0. The vortex diffuser

system had the lowest values

On the up cturer ofthe devices' draught

problems m/s to 0'47 m/s at this limit'

ihe dispk displacement system and the

sock distr 'C) at the upper operation

limit, wh¡le the others systems had a more reasonable value ( ca 3.5 ")

In cold air distribution, the problem is the increasing velocity ofthe cold air due 1o density and

gravity. A, sensation ofdraught occurs even at low air velocities becat¡se oflow tenìperattlre

Íh.r.-lor.,, the downward air lìow should bc ¡'educed. 'l'hc uscd ntcthods arc tltc distribution ol'

air from b,elow (Floormaster), using small differences in temperature (causing large air flow,

sock distribution) and effective mixing of cold air before allowing it to enter the working zone

This means tlrat active displacement and vortex difluser systeltls can be t¡sed over a rvicle rangc

ofair temperature differences. The control range in the lower part is restricted by non-uniform

mixing and in the upper part by the power ofthe fan

As a surnrnary, we can conclude that thc air vclocity in the working zonc was over 0.25 nVs in

each experiment and the vertical temperature differences did not occur in any case causing

draughicomplaints. The fìoormaster and the vortex diffuser system had the lowest draught

parameters The Floormaster had also the highest thermal eflìciency

REFERIINCES

l. Koskela H, Minni E. and Pekkarinen J : Instrunrcntation for the nteasuretltents of flol'.

ternperature and impurity concentration fields In Roomvent -90, Proceedings( ed Norsk

VV S), ch F2, s.'7 Otto Falch Hurtigtrykk, 1990

2 ll.y{bcrg J.: Dragproplcm i salnband nrcd inblåsning av vcntilationslufl. ( Draught-

problems associated to the supply air of the ventilation). Tidskrift lor várme, ventilations-

octL sanitetsteknik, 8/l 946

ACKNOWLEDGEMENTS

This wor.k is financially supported by The Technology Development Centre of Finland

(TEKES) (project 4271/91). The authors acknowledge the assistance of ABB Fläkt Oy,

Lapìnleìnru Oy and T. Luukkala Ky in supplying thc distributiotl devices and theìr installation

into the llboratory.

I)roccc

EVA
SYS'

Bjamt
Wood

'Incloc
'Resen

ARS'I'

The ef
conta tt
throug)
percenl
effectir
s irn r¡ la1

a¡rtl ocr
occuprc
temper¿

negligit
increasr
in the s

florv ral
t1'pe of

INTRO

'l'hc'cau

inadequi
occupte(
indoor a

atr ten'ìp
and risk
velocity,
supply a

the spacr

The requ
s I it rì(l ar(l¡
corrr¡rlete
the air is
air ancl/or

reqrrired
anìornlt o


