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AIR FLOW AND ENERGY MANAGEMENI IN WARM AIR HEALING
OF INDUSIRIAL HALLS
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1. Introduction

Effects of warm sir heating performance depend on air distribution solu-
tion and on thermal properties of the object jitself, more than in the
case of other ways of heating. Therefore, the shape and the sizs of the
il room, supply and outlet openings lay-out, kinetic energy of supply jets

and intensity of disturbing convective flows that occur at cool surfaces
of the room play essential part here.

E' The part of supply jets in warm eir heating systems consistsin genarating
the turbulent mixing process and secondary flows in a defined space, see
Fig. 1 (1, 2).
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Fig. 1. Pictorisl presentation of turbulent
" mixing and secondary flows generation

When this process is maintained in a proper way it contributes to the e-
qualization of air temperature distribution in the room. In this way, the

aim ia:
- to obtmin required thermal conditions within occuppied zone, eastimated
by means of horizontal distributions of sir temperature and velocity

- to limit excess heat losses in the space sbove this zons,that can be
estimated by means of the vertical gradient of air temperature.
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From the point of view of ener it i

0 i : rgy manegement it is aleo important to in-
;uu_: the sd\'runhla vertical distribution of air tmperstuga. beside I:::n
asic task i.e. the proper heating of the occuppied zone.

i 2. The purpose and the method of approach

The possibilities to improve ener i
h i gy management in the processes of
air heating of halls were analysed in two amepects, mzly: i

- the ways of air velocity and tem istributi
3 0 perature distributions forming in th
?ccupp:.sq zone and 1nthe‘whola hall by means of parameters a:fectiono

in supplied jetms of heating air were investigated,

- in addition, the effect of the outlet openi i
L : : € penings location on th
distribution of air temperaturs in the room was invaatig‘ted.e Toshion)

The_procunn of air distribution and turbulent mixi w

various geomstrical propertions of air heating iM:laln?atie;; ::n :::e:.;';r
the height and the width of which were 15 m and 18 m respectively. Th !

tests were carried out in = physical model, the scale of which .i; 1 ‘e 7

see Fig., 2. Supply openings were placed at the height 3,5 m, the distm;
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R Fig. 2. Scheme of the model of warm air Ry
& heating of the hall ki
R -

i3 ::;;e:: t;u:: 's?dchmged and equaled 2,6 m and 6 m. The openings were e- LA
3 ipped w guide vanes, set up parallel, "O" :
: o ity "u"'. P P ’ s or the angle between the O~
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Initial parameters of heating air jets were chosen adequately to the heat
losses of the hall, Q = idem, at the sir temperature about 16°C in the
occupied zone whereas supply mir temperature changed within the limita

16 - 45°C and ite velocity was varied from 2,5 to B,5 m/s that corre-
sponded to the frequency of air exchange 1 — 10 per hour.

The measurements of sir parsmeters were carried out in the grid of 54
points at the level 1,5 m for velocity and at the levels 0,15, 1,5, 4,7,
8,4, 10,8, 12,8 m for temperature. Air velocity was measured by means of
& thermoanemometer with spherical probe.

Outlet openings were arranged as follows:

. in series C - at the height 3,5 m, near supply openings,
. in series A - at the height 12 m, one large outlet opening,
+ in series B - at the height 0,5 m, one large outlet opening.

Dingram of the measurement points as well as of supply and outlet openings
is shown in Fig. 2.

In order to estimate the results obtained, in respect to the occuppied
zone, for the level 1,5 m, it was calculated:

Pu1 X - probability of the veloeity occurrence within the range
u 20,1 m/s, that characterized the distribution uniformity

X - probability that in the measured velocity distribution veloci-
ties from the range 0,15 - 0,35 m/s would occur, that charac-
terized the distribution on account of thermal conditions being
felt

Pt‘ % =~ probability of the temperature occurence within the range t f 1K

where u and £ are mean velues of velocity and temperature at the lev-

el 1,5 m.

Pu?

The values P 1 Pu2 and Pt correspond to the share in percentages of
the surface of the occupied lone.

3. Velocity distribution in isothermal conditions

I'he possibilities to equmlize air velocity in the occupied zone were in-
vestigated eupplying imothermal mir jets. Fig. 3 is an example illustra-
ting obtained distributions of frequencies of velocity, f(ii}, occurrence
in the occuppied zone when the distances between supplied jets mxes were
2,6 m and 6 m and the guide vanes were in the position M. lhe dashed

line correspond to the velocities in the supply opeming, U,y optimum on
account of the range 0,15 - 0,35 m/s. lable 1 contains data that illus-
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trate the probabilities of velocity occurrence Pyy and Pyp as well as the
optimum supply velocities and maximum values Py2 corresponding to them at
different initial parameters of the jet.
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Fig. 3. Frequence of velocity occurrence at the level
1,5 m when the distance between jets L = 6 m
or L = 2,6 m and the guide vanes position is M

Table 1. Results of statistical analysis of velocity U distribution at
the level 1,5 m in isothermal conditions

R : ik "
L Vanes Initial velocity of the je o M/

timal
m position 2.5 5,0 8,5 %
For Py2 Pur Pyz Pyt Py2 Yo Py2
,g © 38,0 1,0 76,0 555 42,0 22,0 5,7 60
' M 39,0 3,0 81,0 78,0 83,0 6,5 4,6 80
0o O 7,5 0,5 98,0 3,5 71,0 59,5 7,4 63
Gs i 24,0 17,0 62,0 47,0 52,0 22,5 6,0 50
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It is worth considering that a3 the initialvelocity of the jet, ug, in-

creagest

- Pyy gradually decreases since the frequency function f!ﬁ! flattens
j.e. the dispersion around certain mean value U gets wider

- Pyo reaches its maximum at certain optimum value ug} it corresponds
to the range 0,15 - 0,35 m/s filled with the function £ld) to a max-

imum.

Besides, the optimum velocity u, and the probability FPu2 _correupcnding
to it may be influenced by changing the distance and the equipment of sup-

ply openings.

4. Paremeters distributions in non-igothermal conditiona
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function flol, but at the same time it concentrates separate mean velo-
cities and fills in the velocity range 0,15 - 0,35 m/s in a more advan-
tagsous way, thums increases the values P,2 and mekes the values Pyy
closer to them.

I'he given tendency of changes of the function f£(il is illustrated in
Fig. 3, where distributiona of flii] in isothermal and non-isothermal
eonditions are additionally compared for the same geometrical parameters
of the supply jet. The changes of values P,y and Py2 may be observed
when comparing the data from the Table 3 with the date from the Table 2,
line L = 6 m, vanes position M,

Table 5. Results of atatistical enalysis of distributions
of parameters t and iU at the level 1,5m in
non-isothermal conditions, series C, L = 6 m, M

The ranges of chenges of supply jets parameters, when Q =_idem: in the Initial velocity of the jet u, m/s
course of tests of air velocity and temperature distributions in the hall . 0 : :
are given in the Table 2. »3 2,5 5 10 s5
P x 58,5 82,0 73,0 63,0 43,0
: r ul L] L Ll ] ]
Table 2. The ranges of parameters of supply jets with a constent Puo X %, 70,0 B1,0 69,0 51,0
enthalpy flux, Q = idem Py % 81,0 82,0 96,0 83,0 86,0
§,,5 - 0,15 K 3,7 1,9 0,4 1,4 0,8
to-t5 L z A e u m/s 0,11 0,18 0,20 0,22 0,1
m/s K m 1/h mW/m3
2,5 28 - 12 6 = 2,6 1,2 -2,8 1,2 - 2,8 0,050 Imble 3 gives also some data characterizing amir temperature distribution
3,5 20 - 8,5 6 -2,6 1,7 - 4,0 4 -17,8 0,018 in the occupied zone. Bignificansly less differentiation of air tempera-
5,0 14 - 6,3 6 = 2,6 2,5 - 5,6 10,1 -23,5 0,006 ture distribution, Pyy = 82 - 96 X, in relation to the velocity disper-
7,0 10 6 3,4 26,3 0,002 sion, Py = 49 - 82 X, may be observed at the level 1,5 m. A little
8,5 8 6 4,2 48,2 0,001 worse temperature distribution occura at the level 0,15 m. Furthermore,
i = — the runs of frequency functions fiiil and f(%) of velocity and tempe-
S - seitagd ratasity el jhecemer —s :F 1y el rature, respectively, lose the shape typical for Caussian distributions.
B T e e S
s = I umasr 0 oAttt sechaonres
e - the kinetic energy of the jet per | m” of ths room

Ar - Archimedes nmumber 5. Vertical distribution of air temperature in the hall

Some temperature distributions, averaged for individual leveles, see Fig.2,
are shown in Fig. 5 in the shape of excess temperature profiles in rela-
tion to the level 1,5 m at various esupply velocities w_. [he data refer
to the series C when air was exhausted through the openings placed at the
level 3,5 m, clnee to the supply openings.

I'he assumed ranges of parameters of supply jets correspond to the values
applied in design solutions of warm air heating installations in industrial
halls. Calculated Ar-numbers show that supply jets are weakly non-imother-

: mal. However, thermal buoyancy changes the velocity distribution in thas

' occuppied zone in relation to the distribution in analogous geometrical

i conditions of isothermal jets supplying. It flattens, namely, the runs of
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h ! :
m T Temperature increments may be observed
1% l in the zone up to the height about
5 m. The increments get emaller as
: ;he supply velocity u, gets higher.
¥ | \‘ Temperature gradients practically ap-
! proach zero above the level about Sm.
|
U =B85mls | U?rt1?n1 profiles of mir temperature
0 —Q—EEEE;-' d1str}butiun in the hall were similar
_____1’// also in the series A and B with single
3??3 outlet openings placed under the roof
8 25ms | I and near the floor, respectively.
~ The following values of temperature
| gradients may be assumed ns average
6 for the whole height of the hall in
[ I warm mir heating solutions, analogous
| as in the series C and in the initial
4 parameters range after Tobhle 2:
2
75 T
.f -
5 50 I—ﬁéﬂ—s J ug 8 grad t
-2 -1 0 1 2 3 m/a mW/m’ K/m
t- K
i=tys! 2,5 1,2 0,29
. . . 243 3,4 0,74
Fig. 4. Vert}cal profiles 5,0 10,1 0,20
?f air temperature 7,0 26,9 0,16
in the hall 8,5 44,2 0,10

6. Energy distribution in the hall

It has resulted from the observations that in order to obtain the requiraed
air temperature distribution in the occuppisd zone as well as in the whole
hall, an adequate mechanicel energy input is neceanary to organize momen-
tum transport. Lhis requires kinetic energy of heating nir aupply jots in
the amount of 20 - 50 nW/m3 of the hall capacity, taking into account the
;erodynamzcal disturbances. It makes about 1 £ of the hall nominal hent
osses.,

It is worth considering that this condition can be satiafied without any
additional energy input. For when electric energy consumption is increaaed
at relevantly higher supply veloecity, it is compensated, even in terma of
fuel consumption, by the reduction of heat losses of the hall at lessened
vertical gredient of air temperature.

193

7. Conclusions

* For the defined dimensions of the hall it is possible to determine
the optimum ranges of supply parameters: ug, L, d,_H, on a?coun? of
required horizontal and vertical air temperature distributions in the
hall. In the case of the hall that was tested those ranges wers char-
acterized as follows: & = 10 - 25 mW/m?, without disturbances,
w=5-6ns.

. In the tested zones of the hall air temperature distributions were
significantly less differentiated in relation to the velocity disper-
sien.

- From the point of view of energy, mechanical energy input for the
proper organization of air momentum transfer in the hall pays out.
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