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INTRODUCTION 

Velocity and tempe.rature fields are Conned as a result of the interaction between in-flowing air and 
convection nows, coming from different heated and cooled sources. That Is why the circulation of air 
nows must generally be characterized as a very complex process. 

When solving the engineering problems of ventilation units and systems, however, it is not always 
necessary to have a detailed description of the motion of air flows. In many cases It is quite sufficient 
to be sure that, Ill any point in the inhabited zone, the values of air velocity do exceed preset 
maximum limits. That is why. alongside the precise mathematical models. which determine the deiails 
of the motion of air flows in the space, there is a need for approximate models which provide a more 
general description of the ai.r motion. 

TI1ere can be several characteristic circulation zones in a space: stream development zones of air 
distribution unlts of ventilation systems: convection stream zones, .etc.: and the zones of reci1t:ulation 
nows. ejected with these streams. Mathematical models for calculating the parameters of air flows can 
be divided into two groups. The tirst of these groups can be considered to consist of the models 
which use the Navler-Stokcs equations for calculating air velocities in the space. These models are 
versatile and can be used for calculating air velocities throughout the space. However, they are labour· 
consuming, both from mathematical and from physical points of view, since their execution requires 
detailed infonnation conceming tulbulent characteristics of air fiows, and this information must come 
from complicated experiments. Also, computations in which Navier-Stokes equations are used arc 
very machine-time consuming. That is why they are only used when the models of the second group 
can not provide the required accuracy. 

The second group includes lhe models in which the flows are joined by means of the "adhesion" 
method. The idea of the above mentioned meth.od can be ·explained in the following way. The given 
space is divided into characteristics zones, e.g.: an in-flowing streams devclopmeru wne; the zone of 
reversed flows, ejected wilh lhe streams: etc. The solutions, calculated for each wne, are "adhered" 
along the boundary of these zones, so that physical parameters could be maintained, e.g .. the equality 
of velocities. temperatures, etc. The "adhesion" method can be applied when we know (at least 
approximately) the specific nature of the motion of air flows in the space in question. 

In this paper the "adhesion" method is applied in the following way. To calculate the parame!CJ'S of 
the air nows in a srream field, we used integral equations of .the boundary layer, and the currem in 
the reversed flow region is calculated as a potential one. The one-dimensional model is one of the 
variants of the method of "adhesion" of the cu.rrents. ln a one-dimensional model, the current in the 
field of the reversed flow is calculated on the basis of one-dimensional equations of motion. The 
simplicity of tbls model makes it quite suitable for solving various engineering problems. 

CALCULATION OF TEMPERATURE AND VELOCITY FIELDS IN THE AREA ON THE 
BASIS OF NA VIER-STOKES (REYNOLDS) EQUATIONS 

On the basis of the solutions or Navier-Stokes equations we can calculate temperature and velocity 
fields throughout the space. Generally speaking, the system of equations is solved for the system 
including the equation of momentum change, the equation of conservation of mass, the equation of 
conservation of mass. and the equation of thennal energy change. 

* This paper is an unreviewed, reduced-in-length version of the original 
paper. Questions or discrepancies should be referred directly to the author. 
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The systems we are investigating are non-closed ones. Thus, additional empirical infonnation is 
required to solve this problem. In addition to system equations, the equation of the change of turbulent 
kinetic energy and the equations of turbulent energy dissipation are also u.~ed. 

At present, several programs, which can be used for calculating the parameters of air in ventilated 
areas, with the help of computers, are known. [ l, 2, 3 ]. 

As an example of what has been stated above, in Fig. 1 you can see the calculation of air circulation 
in a "lengthy" space. The agreement between the calculations and an experiment carried out to 
investigate its accuracy is really very good. The calculation is a time-consuming one, however, and this 
makes it difficult to have the model widely applied in design practice. 

THE METHOD OF "ADHESION" OF THE CURRENTS 

While calculating the parameters of air flows, with the help of the method of "adhesion" of currents, 
we must separately calculate the field of stream currents and the field of the reversed flows that are 
ejected by those currents (4). The method of "adhesion" of currents can be applied if we know the 
general pattern of the circulation of air flows in the area. 

The author has used integral proportions of the boundary layer to work out the analytical model used 
for computing the parameters of stream currents. 

The relationships for calculating axial temperatures and velocities of non-isothennal (both cold and 
heated) inclined streams, calculated on the basis of these equations, can be as assumed in reference [5]. 

In ventilated areas, temperature stratification exists beyond the limits of the streams. 
Titls was taken into consideration, when we were writing the system of standard differential equations, 
based on the imcgral equations of the boundary layer. This system can be represented for both 
vertical, flat, non-isolhermal streams and for vertical, axially-symmetric, non-isothennic streams. 

The presence of temperature stratification in the space substantially changes the parameters of the 
stream, and must be appropriately modelled. 

The calculation of the reversed flows, ejected by the streams, was carried out either on the basis of 
the equations of non-vortex motion or on the basis of one-<iimensional motion. 

In the first case, the Laplace equation is used for that pwpose, as far as the velocity potential is 
concerned, and the thermal energy equation was developed. In the second case analyzed, the velocities 
in the reversed flow are assumed to be urtiformly distributed along a certain chosen direction. 

EXPERIMENT AL INVESTIGATION 

Our experimental investigation was on a geometrically scaled-<lown model of a space with dimensions 
of 900 x 250 x 200 (H) overall. Electrically heated panels were mounted in the floor of the model. 
The air was supplied to the model through a flat nozzle, with a feed velocity of 1-2 m/s. We 
perfo!IIled the visualization and the photographing of the air flow. 

The results of the visualization of the air flow are summarized here. 

Along the heated lower panel, a boudary-layer-type motion is developed. At the same time, indications 
of thellilal instability appear near the surface, in the form of longitudinally non- stationary vortices, and 
"thermals" are tom away frogi. them. These cause active turbulent blending of the flow outside the 

boundary layers. As a result; there are practically no vertical gradients of temperatures in this zone. 

Using the three calculating methods discussed earlier, we calculated the velocities and temperatures for 
conditions corresponding to the experiment. Comparing the results of the calculations and our 
experiment, we can come to the following conclusions. 

The physical nature of the motion can be fully and adequately described with the help of the 
calculations, based on Reynolds equations. However, the computing time (using an ES-1030 computer) 
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was 4 hours. The calculations, based on the potential model, also adequately ~fleet the nature of the 
vertical shifts of temperature. 

The quantitative agreement between the values of the temperatures calculated. with · the help of the 
model of the potential currems, and those measured during the experiment, can be considered 
satisfactory for the better part of the volume of the space. However, closer to the heated panel, within 
the limits of the bound81)' layer, the results of the calculations can be inteipreted as a smoother change 
of the temperature than occurcd in the experimem (Fig. 2). 

In Fig. 3, we have shown the temperature shift curves, measured along the heated panel, 45 and 95 
mm away from it . 

As we can see from these graphs, the values of average temperatures, calculated with the help of the 
one-dimensional model, are similar to those m.easured beyond the limits of the bound81)' layer. Within 
the field of the stream cum:nt, when there is a horizontal temperature gradient, that gradient must be 
taken into consideration while perfonning the calculations. The data, calculated without taking the 
temperature gradient into consideration, differs substantially from the experimental data. 

GENERAL CONCLUSIONS 

Mathematical models, based on the Navier-Stokes (Reynolds) equations, provide good agreement with 
observations, but they require a large amount of expensive machine time, so programs based on these 
equations are very expensive to run. For developing designs, one can use mathematical models based 
on the "adhesion" mode of flow. They provide adequate accuracy for that puipose, as our experiments 
have shown. 

Bibliography 

1. H.I.Ro::aten, D.B.Spalding • The Mathematical Bailifl of the 

PHOEHICS EARTH Computer Code, Report TR/58b 1 CHAM Ltd.,· 

London, 1981 • 

2. Nuel::aen P. Flow in Air-collditioned Room. Nordbord.1 19??. 

3. IIos M • .fl., Eaaso:& r.M., repeHpOT iO.E. Pac-qeT CKOpOCTeR B BeH

THJll1IpJeMOM noMemefll1H. C6. MHHHT3Il, M., I984. 

4. Ilos M • .fl., ~ P.n., Kynp~neB A.H. PacqeT napB.MeTpoB BOSlJ.Ymrua: 

IlOTOKO:i B BeHTRJmpyeM!iX IlOMemeHWiX Ha OCHO:ie CKJiefuai TeqeHBR. 

C6 • ivIEil1H'l'3II, M. , I S84 

5. nos M.fl., repeHpOT ~.E. Pac-qeT H8H30TepMa-qec.KZX IlJIOCKlIX, oce

Cl'!MMeTpHtniliX R npRMOyro~bHliX CTpyR. C6.MHlfifl'3II, M., I~74. 

91 

· .-: .... ~ ··-



Ue -+ .. ... 
I) 
12 

" 40 

6 

5 
q 

'1. 

,_ __ 

I 

\ 

' I\ 
"' 

0 

- .. r-~~·- ;02t ··--p.p;1-_ ~-:~ 
....-~· ~~-' ... · :. -I/ "'-- ......,~ ...._ --· I _..........,.- "\. -::.__---, ·-;;::::::: ··-·- .. - .,,,, 

' / r--..._............. . ~.- ~ ...... I\ 
I ' ......... ~ v 
\ • o.t• ' -........... I -

I ~ 

\ ' I\ \ ' . ·OJ: I 
\.. f'\. ) I J 

, 
"' '~I ..... v I/ \ J 

""'- / \ -

" 
,.,__ -0.05 ,__.. 

"' -0.0' ) 
--.. -r-_ -0.()i\ - / 

I 

s 1 9 11 12. 
0 

1'3 .f• 1S 

a.) 

O;I 0.7. 
bJ 

Codes: 

a) Flow Velocities 
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0 O.i 0.2. 'f/_ = IJjx. 
c.) 

b) Turbulent Kinetic Energy Profiles - near the wall 
c) Turbulent Kinetic Energy Profiles - average velocities 

Fig.1. Results of the calculation of air flow characteristics 
on the basis of Reynolds equation in a "lengthy" area 
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1 - Experimental Data 
2 - Potential Model Predictions 

Fig.2. Changes in Air Temperature 
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Fig.3. Comparison of Calculations of ID Model and Experiment 
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