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1. Introduction 
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Effects of wann air heating performance depend on air distribution eolu
tion and on thermal properties of the object itself, more than in the 
eflee of other ways of heating. Therefore, the eh'l.pe and the eize of the 
room, eupply and outlet openings lay-out, kinetic energy of eupply jets 
and inteneity of dieturbing convective flo•e that occur at cool surfacee 
of the room play essential part here. 

The part of eupply jets in wann air bee.ting syeteme coneiet,., in genArating 
the turbulent mizing procees and secondary flows in B defined space, see 
Fig. 1 (1, 21. 
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Fig. 1. Pictorial preeentation of turbulent 
mixing and secondary flowe generation 

When this procese is maintained in a proper way it contributes to the e
qualization of air tl!lllperature distribution in the room. In thie way, the 
aim is: 

- to obtain required thermal conditions within occuppied zone, estimated 
by meane of horizontal dietributions of air temperature and velocity 

- to limit exceee heat losses in the space above this zone,that can be 
estimated by means of the vertical gradient of air temperature. 
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From the point of vi!!'lf of energy management it is !ileo important to main
tain the advieable vertical dietribution of air temperature, beeide the 
basic teak i.e. the proper heating of the occuppied zone. 

2. '£he purpose and the method of approach 

The possibilities to improve energy management in the processes of warm 
air heating of hAlls were analysed in two aspecte, namely: 

the ways of air velocity and temperature dietributione forming in the 
occuppied zone and inthe whole hall by •eane of parameters selection 
in supplied jets of heating air were inveetigeted, 

in addition, the effect of the outlet openinge location on the vertical 
distribution of air temperature in the room was investigated. 

Th1t procee"ee of air distribution and turbulent mixi"8 •1tre analysed for 
vsrioua geometrical propertiona of air heating inetallaHon in the hall, 
the height and the width of which were 15 m and 18 m respectively. The 
tests were carried out in m physical model, the GCale of •hich wae f 1 7, 
e1te Fig, 2. Supply openiilga •ere placed at the height J,5 m, the distance 
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Fig. 2. Scheme of the model of warm air 
heating of the hall 

between them •Be changed and equaled 2,6 m and 6 m. fhe openings were e
quipped with guide vanes, set up parallel, "O", or the angle between the 
fringe vanes was 90°, "II". 
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Initial pBrameters of heating air jets were chosen adequately to the heat 
losses of the hall, Q • idem, at the air temperature about 16°C in the 
occupied zone whereas supply air temperature changed within the limits 
16 - 45°C 11:11d its velocity was va.ried from 2,5 to B,5 m/s that corre
sponded to the frequency of air exchange 1 - 10 per hour. 

fhe measurements of air parameters 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,B, 12,8 m for temperature. Air velocity was measured by means of 
a thennosnemometer with spherical probe. 

Outlet openings were arranged as follows: 

• in series C 

in series A 

in series B 

at the height J,5 m, near supply openings, 

at the height 12 m, one large outlet opening, 

at the height 0,5 m, one large outlet opening. 

Die.gram 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 .% 

pu2 X 

probability of the velocity occurrence within the r ange 
u ! 0,1 m/s, that characterized the distribution uniformity 

probability that in the measured velocity distribution veloci
ties from the range 0,15 - O,J5 mis would occur, that ch~rac
terized the distribution on account of thennal conditions being 
felt 

Pt 1 % - probability of the temperature occurence within the range t ! 1K 

where u and { are mean values of velocity and temperature at the lev
el 1,5 m. 

fhe values P 1, P 2 and Pt 1 correspond to the share in percent~es of 
the surface o~ theu occupied tone. 

J. Velocity distribution in isothermal conditions 

l'he possibilities to equalize air velocity in the occupiAd zone were in
vestigated supplying isothermal air jets. Fig. J is sn example illustra
ting obtained distributions of frequencies of velocity, f(u/, occurrence 
in the occuppied zone when the distances between supplied jets axes were 
2,6 m and 6 m and the guide vanes were in the position II. l'he daehed 
line correepond to the velocities in the supply opening, u

0
, optimum on 

account of the range 0,15 - O,J5 m/e. fable 1 contains data that illus-
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trate the probabilities of velocity occurrence Pu1 and Pu2 as well as the 
optimum supply velocities and maximum values Pu2 corresponding to them at 
different initial parameters of the jet. 
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Fig. J. F'requence 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 ie M 

Table 1. Results of statistical analysis of velocity u distribution at 
the level 1,5 min isothermal conditions 

L van .. e 
Jn;tial velocity of the jet u0 m/s 

m position 2,5 5 ,0 8,5 
Optimal 

1-' uf Pu2 Pu1 1-'u2 Pu1 Pu2 Uo Pu2 

2,6 
0 18,0 1,0 76,0 55,5 42,0 22,0 5,7 60 
M n,o J,O 81 ,0 78,0 BJ,O 6,5 4,6 80 

6,0 
0 11,5 0,5 98,0 J,5 71,0 51,5 9,4 6J 
M ~4.0_ 11.0 - §2,0 ~1.0 22,0 22, 2 6,0 5Q__ 
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It is worth considering that a~ the initialvelocity of the jet, u0 , in
creaeee: 

- Pu1 
i.e. 

gradually decreases since the frequency function flul flattens 
the dispersi on around certain mean value U gets wider 

- Pu2 reaches its maximum at certain optimum value u0 : it corresponds 
to the range 0

1
15 - 0 1 )5 m/s filled with the function flul to a max-

imum. 

Besides, the optimum velocity u0 and the probability Pu2 corresponding 
to it may be influenced by changing the distance and the equipment of sup
ply openings. 

4. Parameters distributions in n~~=il!l21hl!.Dl!~l_c_~ndi!.il:l!!a 

fhe ranges of changes of supply jets parameters, when Q = idem, in the 
course of teats of air velocity and temperature distributions in the hall 
are given in the rabis 2. 

!' 

'fable 2. 'fhe ranges of parameters of supply jets with a constant 
enthalpy flux, Q = idem 

Uo to-ti L z e Ar 

m/s K m 1/h mW/mJ 
-- -

2,5 28 - 12 6 - 2,6 1,2 - 2,8 1,2 - 2,B 0,050 

J,5 20 - 8,5 6 - 2,6 1,7-4,0 J,4 - 7,8 0,018 

5,0 14 - 6,J 6 - 2,6 2,5 - 5,6 10, 1 -2J,5 0,006 

7,0 10 6 J,4 26,~ 0,002 
8,5 8 6 4,2 4B,2 0,001 

-- ----- -
, , - ~ .... .: : .. ~: .--: _ .... _ ... ~, .... '-.-C ! ~=-~~! ~ .... : ':"""~ - ~~ 

• .. .... ~., .... - :' _ '.: ...... ._.. ... ! - .. - - ..... , ' :t.: : 
; '-!t : • •.i'l'!\)~;:'9 ..... ~ ... ~: ~ ~ '(:•:h~'\.:~~~ 

m-' of t h" r ')om 
Ar 

thP kine t ic Pner gy of t he jet per 
Ar chi:nede!!I mrnber 

fhe assumed ranges of parameters of supply jets correspond to the values 
applied in design solutions of we.rm air heating installations in industrial 
hells. Calculated Ar-numbers show that supply jete are weakly non-isother
mal. However, thennal buoyancy changes the velocity distribution in the 
occup~ied zone in relation to the distribution in analogous geometrical 
conditions of isothermal jets supplying. It flattens, namely, the rune of 
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function flol, but at the same time it 
cities and fills in the velocity range 
tsgeous way, thus increases the values 
closer to them. 

concentrates separate mean velo-
0, 15 - O,J5 m/s in a more advan
Pu2 and makes the values Pu1 

fhe given tendency of changes of the function flul is illustrated in 
Fig. J, where distributions of flul in isothermal and non-isothermal 
conditions are additionally compared for the same geometrical parameters 
of the eupply jet. 'fhe changes of values Pul and Pu2 may be observed 
when comparing the data from the 'fable J with the data from the Table 2 , 
line L = 6 m, vanes position M. 

Table 5. Results of statistical analysis of distributions 
of parameters t and u at the level 1,5 m in 
non-isothennal conditions, series C, L = 6 m, M 

Initial velocity of the jet u0 m/s 

2,5 J,5 5,0 7,0 8,5 

pu1 % 58,5 82,0 7J,O 6J,O 4J,O 
Pu2 % 26 , 0 70,0 81,0 69,0 51,0 
Pt1 % 81,0 82,0 96,0 8J,O 86,0 

E1,5 - io,15 K J,7 1,9 0,4 1,4 0,8 

ii m/s 0,11 0,18 0,20 0,22 O,J1 

fable J gives also some data characterizing air temperature distribution 
in the occupied zone. Significantly leas differentiation of air tempera
ture distribution, Ptr = 82 - 96 %, in relation to the velocity disper
sion, Pu1 = 49 - 82 %, may be observed at the level 1,5 m. A little 
worse temperature distribution occurs at the level 0,15 m. Furthermore, 
the runs of frequency functions flul and fltl of velocity and tempe
rature, respectively, lose the shape typical for Gaussian diatributiona. 

5. Vertical distribution of air temperature in the hall 

Some tB111perature distributions, averaged for individual levels, see Fig.2, 
are shown in Fig. 5 in the shape of excess temperature profiles in rela
tion to the level 1,5 mat various supply velocities u0 • fhe data refer 
to the series C when air was exhausted through the openings placed at the 
level J,5 m, close to the supply openings. 
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Fig. 4. Vertical profiles 
of air temperature 
in the hall 
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·remperature increments may be observed 
in the zone up to the height about 
5 m. 'fhe increments get emaller ae 
the supply velocity u0 gete higher. 
'femperature gradients practically ap
proach zero above the level about 5m. 

Vertical profiles of air t'Wllperature 
distribution in the hall were eimilar 
also in the seriee A and B with single 
outlet openings placed under the roof 
and near the floor, respectively. 

The following V"1luee of temper,.t11re 
gradients may be assumed as average 
for the whole height of the hell in 
warm air heetine solutions, !lnalogous 
es in the aeries C end in the initial 
pe.rametere rBI1ge after Table 2: 

Uo e grad t 

m/,. mW/mJ K/m 

2,5 1,2 0,29 
J,5 J,4 0,?4 
5,0 10, 1 0,20 
7,0 ?.6,9 o, 16 
0.5 4U,2 0.10 

6. Energy distribution in the hall 

It hae resu.l ted from the observations that in· ordQr to obtain thn r equi red 
eir temperature distribution in the occuppied zone as well n" in the whole 
ha.11, an adequate mechanical energy input is nec eA.~ary to orr,.11nizP. mo:nen
t11m transport. £his requi ree kinetic energy of hee ting n.ir euppl y jn·ta in 
the amount of 20 - 50 mW/mJ of the hall capacity, teking into !lccount the 
aerodynamical disturbances. It makes about 1 ~ of the hall nominal heat 
losses. 

It ie worth coneidering that this condition cnn be snti,.fied 
additional energy input. For when electric enerll"y consumption 
at relevantly higher supply velocity, it is comp•m,.nted, P.V•m 

fuel consumption, by the reduction of heat losses of the hall 
vertical gradient of air temperature. 

without any 
i A i ncraaAr.d 
in term" of 
at lessened 

~ 
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7. Conclusions 

For the defined dimensions of the hall it is possible to determine 
the optimum ranges of supply parameters: Uoi L, d, M, on account of 
required horizontal and vertical sir temperature distributions in the 
hail.!. In the case of the hall that was tested those ranges were char
acterized as follows: eo = 10 - 25 mW/mJ, without disturbances, 
U() = 5 - 6 mis. 
In the tested zones of the hall air temperature distributions were 
significantly lees differentiated in relation to the velocity disper
sion. 

• From the point of view of energy, mechanical energy input for the 
proper organization of air momentl.DD transfer in the hall pays out. 
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