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SUMMARY 

T'l'l.8 purpose of this pa.per is to present the empirical re
•'Ul ts of model tests on th'! V9loci ty distrib'Ut ion in a room 
with a sif\6le c•i l in6 air ·out let. The -: main aone of ll>ea>t non
isotherma.l radial flow ll>ere characteriaed and statistical esti
mation of th.B velocity field in the zbne of secondp.ry motions 
'W9re 6iven. The basic advanta6es of usin6 a.ddi t ional 6rid of 
blades in a rin6 slot of a plate air dif ftJ.Sor were shown. 

Introduction 

A characteristic feature of a movement of radial flow in a 
symmetrical velocity field. Due to Coanda's-effect expansion of 
teh flow takes place along the ceiling and. if the kinetic e
nergy is 1 arge enough. al so along the wal 1 s and the floor 
Cfig.1). Observations have shown that a change of direction of 
the flow leads in effect to formation of an overpressure area 
and partial energy conversion. This is usually accompanied by 
appearance of local whirls. However, these phenomena disturb 
the flow continuity conditions and hence after a change of di
rection the flow width is smaller than that before the barrier. 

Bacause of a turbulent mixing and induction properties the 
main flow carries away on its path a considerable amount of am
bient air. In result, the volume of the moving air is several 
times greater than the amount of the leaving air and the pictu
re of the movement is as follows: 

the initial flow takes place still within a narrow area in 
the vicinity of the partitions surrrounding the room; 
a major par( of the room lies within the zone of the seconda
ry movements with small enough velocity. 

An attempt of an analytical description of the air veloci
ty field within the zone of a semi-limited radial air flow has 
been undertaken by Waschke (1) in his doctoral thesis. On the 
basis of a semi-empirical theory of turbulence and the princip
les of dimensional analysis he has proposed a !'unction which 
gives the relation between the distribution of' local velocities 
and the conditions of' a· t ur bu! ent air movement and conf i gur a-
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Fi6.f. Expansion of radial /Low in the Limited area 

lion of dimensions of the room under consideration: 

(1) 

The results of experimental investigations have confirmed 
the existance in isothermal conditions of the anticipated rela
tionship, but they have not led lo its precise formulation. 
Hence, we may suppose that the characteristics of the velocity 
field is also dependent upon some additional factors which int
roduce random effects to the description, these being additio
nally intensified by the influence of the temperature field in 
non-isothermal conditions. 

In view of the above mentioned, the empirical characteris
tics of the velocity field in work C2) has been supplemented by 
parameters of statistical analysis relating to the conditions 
encountered within the range of secondary circulating air move
ments. 
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Scope and Method of Investigations 

Measurements of distribution of velocities in a model of 
the room with one centrally situated plate air diffuser have 
been performed. The scope of the investigations has been estab
lished so as to make evident the influence of the initial tur
bulence of radial flow on the path of its expansion in a limi
ted space and to be able to determine the relationship between 
the v~locity distribution within the zone of the induced secon
dary movements and the conditions of outflow of air from a dif
fuser provided with a turbulence amplifier. This amplification 
was ensured by a ring slot provided additionally with a regular 
palisade with alternately variable free out.let area ratio C3). ' 

A case of distribution of a weakly non-isothermal leaving 
flow has been investigated representative for ventilation and 
air-conditioning. The met.hod of approximate physical modelling 
has been used which requires a st.able air flow and maintenance 
of local self'-modelling conditions of kinematic and thermal 
phenomena. Criteria of statistical estimate of velocity field 
have been assumed acc. to the recommendations given in the 
works C4,5). 

Results of Investigations 

It has been proved that the relationship between the maxi
mum velocity in the successive cross sections of the main zone 
of a semi~limited radial flow and the distance from the verti
cal axis of symmetry of the plate air diffusor has a character 
of a power function with exponent. independent. of area ratio of 
free out.let.. from a ring slot.. On t.he basis of the obtained r .e
sults of invest.igat.ions it has been proved by means of the me
t.hod of t.he st.raight. line of the least. squares that. t'or 
&=0.3-1,0: 

(2) 
w 

m 
w 

n 

Figure a presents a generalized velocity profils in the 
main zone of the flows under consideration. It may be assumed 
t.hat the distribution of the measuring points satisfies the 
following condition: 

(3) 
w 
w 

m 
= 2. 007 [ z ] O • 

267 
exp (-1 • 406 z ] 

zm/2 zm/2 

This means that the character of a weakly non-isothermal 
movement of t.uibulent semi-limited flows is similar in the main 
zone and does not depend upon the conditions of' out.flow of the 
air from the diffuser. Formula C3) has been proposed by the au
t.hor of t.he work C1). but its validity has been cont'irmed only 
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for an isothermal flow of t.he air leaving a slot. without. an ad 
ditional initial turbulence amplifier. The results of these in
vest.igat.ions seem t.o indicat.e a general character of t.he ;rela
tionship given above. 

The parameters of velocity dist..ribut.ion obtained from t.he 
measurements for a model of a room wi t..h one plate air diffusor 
have made possible formulation of the following empirical rala
t.ionships bet.ween the average veloci t.y in t.he zone of the se
condary ai'r movements and the leaving air :flow as referred lo 
one square met.er of t.he area of lhe room: 

C4a) 

C4b) 

w = 34.Vm2 - 0,07 sr 

w = 34.Vm2 
Sr 

0,07 

for &=0,3-0,625 

for &=1, 0 

Bot.h :formulae are valid within t.he range Vm2=0,007-0,014 

m3 /Cm2
. s) Cfig. 3). Also determined was empirical relat.ionship 

between the average variance coefficient., out.let. velocity and 
free outlet area ratio &=0,3-1,0 for a plate air difussors: 

(5) k = o.oe.c0
•
5 .w w n 

Conclusions 

On the basiss of the obtained results of invest.igat.ions we 
come to the conclusions which broaden the actual knowledge of 
format.ion of velocit.y field in a room wilh semi-limited, weakly 
non-isothermal radial flows: 

• Specific features of those fldws follow mainly from the way 
and direct.ions of propagation in t.he vent.ilat.ed rooms. They 
can be t.reat.ed as a separate group o'f out.let. air :flows 
being a special case of the dispersed flows. 

• Partial regular covering of the ring slot. of a plate air 
diffuser improves the induct.ion properties of a semi-limi
ted radial air flow, thus contributing to a vigorous mixing 
of the air flows within the whole zone of act.ion. 

• In the case of an air dist.ribut.ion from partly covered slot. 
the average air velocity in the zone of secondary movements 
is smaller than the values corresponding to the conditions 
o:f distribution of the air out.flowing from a non-armoured 
slot.. TI\is property is part.iculary import.ant. in low height. 
rooms, since it. makes possible supply of a great.er amount. 
of air from another diffuser without worsening the thermal 
comt'ort. conditions in t.he working zone. 
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List of Symbols 

H - room height. m 

k - average velocity variance coefficient. m/s 
w 

R distance from the axis of $ymmelry of plate air diffusor 
lo lhe side wall of the room. m 

r. z - horizontal and vertical distances in the assumed system 
of coordinates. m 

rt 
s 

w 

w m 

w 
n 

w 
0 

w sr 

- radius of diffusor plate. m 

- vector of position of the poinl in the velocity field. m 
3 2 - outlet air flow as reffered lo the room area. m /Cm .s) 

- local velocity in the main zone of the air flpw. m/s 

- maximum velocity in a cross section of the main-zone of 
the air flow. m/s 

- average velocity of the air outflowing from a ring slot. 
m/S 

- average velocity al the diffusor inlel,m/s 

- average velocity in the zone of secondary movements. m/s 

zm/2 - vertical coordinate of the position of lhe point where 
w=0,6.w • m m 

v 
& 

- free outlet area ratio of the air outflowing from a ring 
slot of a plate air diffusor 

- kinematic coefficient2of an apparent air viscosity for 
a turbulent motion. m /s 
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