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RESUME: Le probleme de la convection mixte forc~e et naturelle dans un 
local a ~te etudie experimentalement et theoriquement. Dans une chambre on a 
procede a des mesures de champs de vitesse et de temperatures d'air. Les 
equations bi OU tridimensionelles de conservations de quantit~ de mouvement, 
d I energi et d I energie turbulent et dU taUX de dissipation Ont ete resOlUeS par 
differences finies avec les programmes CHAMPION SGE (2D) et PHOENICS (3D). Les 

<:,_ _ 2 cas etudies sont: 

c 

~ un local refroidi (par de l'air froid) et chauffe par le rayonnement solaire 
penetrant a travers les fenetres; 
~ un local chauffe et presentant une paroi vitree (froide). 

Les resultats obtenus montrent que les simulations sont en ban accord 
avec les mesures. Heme un maillage assez grassier donne des r~sultats 
satisfaisants. Notons cependant qu'en regime transitoire, le champs de 
temperature simulee evolue plus rapidement que le champs des vitesses. D'autre 
part, il faut souligner que des problemes tridimensionels coutent cher a 
resoudre (en temps de calcul) et que, malheureusement, des modeles 20 ne 
peuvent pas, en toute generalit~. @tre employes pour re~oudre des probl~mes 
30. 

2. INTRODUCTION 

A suitable distribution of air velocity, temperature and humidity are 
important in such a way that helps to control the comfort and well being of 
individuals. Adequate mixing of inlet air with the room air is required to 
obtain a uniform temperature and fresh air distribution. At the same time the 
velocity should not be so intense that occupants feel draught. A lot of -
numerical studies of buoyancy affected flows have been reported in the last 
decade, but only a few of them were compared with experiments. Nielson et al 
[1], Jedrzejewska"'Sibak et al [2] and Hjertager et al [3] gave comparisons 
between computation and measurement of two and three dimensional problems 
under steady boundary conditions. In the present study, the air movement and 
heat transfer in an air conditioned room is studied numerically and 
experimentally in order to reveal the steady and transient nature of mixing 
convection. 

3. PROBLEM FORMULATION AND MEASUREMENT PROCEDURE , 

The computer code PHOENICS (30) and CHAMPION SGE (20) were used for the 
computations [4], [5]. The continuity, momentum and energy equations, in time 
averaged form, governing a three dimensional turbulent flow affected by 
buoyancy, which co~operate with k~£ turbulence model, were used in the 
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computer codes in order t~predict the air movement and heat transfer in a 
room. All differential equations are reducible to the general form of 

a ~ . 
~Cp¢)+div(pV¢-r grad cp)~s +SB 
at ¢ ¢ uoyancy 

where cp, r~, S~ and S are given in Table 1. 
"' "' Buoyancy 

Table 1. Values of cp, r~, S~ and S Terms 
"' "' Buoyancy 

ct> r ct> set> s Buoyancy 
1 0 0 ( continuity ) 0 
v. µeff ~ap1axi+a(µerr<avJ1axi +av /ax J) )/Clxi -pagie 

l 

h µeff 10 h 0 0 

k µeff 10 k c;...p e: G B 
e: µeff 10 e: e: (C

1 
Gi"C

2
pe: )/k C3e:GB/-G_ 

v. .. u, v, w; velocity components in x, y and z direction respectively. 
l 

µerf·p(v+vt); v and vt are laminar and turbulent viscosity respectively. 

2 
µt-CDk /e:. 

e-nn
0

; excess temperature, where T
0 

is reference value. 

G·µt(avi1axJ+avJ1axi)avJ1ax 1 

"t ae 
GB·pegia ax 

h i 
c

1
-1.44, c

2
-1.92, c0-0.09, c3-1.44, ak•1.0, a -1.3, e: ah •O. 9 

The wall function method of Launder et al [6] has been used for the near 
wall regions. The partial differential eauations were solved by fini te,::.·domain 
method in the algorithm reported in [4]. A detailed description of the 
mathematic basis and the computer code manual is available. 

The temperat,ure fields were measured through therm~couples by means of a 
data logging syst1em and converted into printed results by a microiiicomputer. 
The velocities were observed by· means of smoke·. · 
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II. RESULTS 

COOLING 

The above model 
was applied to the . . case 
de.scribed in Fig.1. It 
consists of a 
rectangular room 3.2m 
high, 3m wide and 5.6m 
long. The two inlet 
units of the cooling 
system (100cm*0.8cm 

. each) are located near 
the window. The inlet 
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mass flow for the room- was 0.075m 3 /s (that is, ventilation rate five 
times/hour) which corresponds to a Reynolds number 2400. A concentrated heat 
(a step ruction of 950W) was put on the venetian blinds. The outlet 
temperature was controlled at 23.0 °C. The heating unit did not function in 
this case. 

The computed and measured velocity and temperature fields (30 by PHOENICS 
and 20 by CHAMPION SGE) in the section x~0.25W, are shown in Fig.2(a-f). The 
agreement between the ~D~ 30 computations and measurements is rather good. The 
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Fig.2 Velocity and temperature distributions of cooling system 
by 20 and 30 computations and measurements 
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air temperature difference between the ceiling and the floor is about 3.5K 
(see Fig.2 (f)). It seems too big to be used in practical engineering, but the 
temperature differences in the occupied zone are less than 2K. The highest 
velocity in the occupied zone is less than 25cm/s. Therefore the occupants 
will not feel draught. 

A comparison between a finer grid number (9*18*27) and a coarse grid 
number (6*11 *17), which was used above, is shown in Fig.3(a"'b). The 
differences are very small. The biggest temperature difference is 1.0K . and the 
biggest velocity difference 4.0cm/s. The computing time (CPU) for grid number 
9*18*27 is 40 minutes and for grid number 6*11 *17 8 minutes by PHOENICS and 
for grid number 18*27 2 minutes by CHAMPION SGE in an IBM 3083~JX1 computer. 
For 20 computation, it is easier to get convergent results. 
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Fig.3 Velocity and temperature comparisons 
between two kinds of grid numbers 
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Fig.4(a~b) gives the velocity and temperature distribution one hour after 
the concentrated heat was put in. Comparing these figures with those six hours 
after the concentrated heat was put in (see Fig.2(a) and (d)), it is clear 
that temperature distribution changes a lot while velocity remains as a 
constant. 
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(a) Velocity Distribution at t=I h (b) Temperature Distribution at t=lh 

Fig.4 Velocity and temperature distribution 
. of 3D computation at t•1 hour 
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HEATING 

The heating system concerned a mixture of natural convection with cold 
window surface and forced convection with a hot air supply (1000W) in the rear 
wall in 2/3 height of the room through the heating unit as shown in Fig.1. The 
cooling inlet units were closed for the system. The temperature on the window 
surface was 11 °C and on the other surfaces about 20 °c. The corresponding 
inlet Reynold number was about 5000. 

The computations by PHOENICS and the measurement of the velocity and 
temperature distributions in the section x•0.5W are shown in Fig.5(a~d). The 
agreement of the velocity profiles between the measurements and computation is 
good but there are some discrepancies in the temperature distribution near the 
heating unit as shown in Fig.5(d). The cause of this discrepancy is difficult 
to find, maybe it was caused by the possible differences between the numerical 
and experimental boundary conditions with respect to inlet turbulence 
parameters. This system was also computed with the 20 computer code CHAMPION 
SGE. The results, however, were not in good agreement· with the measurements. 
The reason is that for this typical 30 situation the temperature and velocity 
in x-plane change very much so that a 20 computation for this case can not 
result in good predictions. 
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Fig.5 Velocity and temperature distributions of heating system 
by 30 computations and measurements · 

5. DISCUSSION 
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The computations by the computer codes PHOENICS were in quite good 
agreement with the measurements both in temperature and velocity fields. A few 
discrepancies were found. For 20 computer code CHAMPION SGE, only the nearly 
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2D cooling system showed good results. A coarse grid mesh in the computation 
gave rather reasonable results. The differences between the two grid numbers 
were less than 1.0K for temperature and 4.0cm/s for the velocity. Therefore, a 
coarse mesh seems sufficient for practice. The prediction of the air flow in a 
room is very expensive. About ~O minutes CPU time of IBM 3083 computer is 
needed for a 3D steady computation with a total grid number 5000. It seems 
that this is the only way for a real 3D problem (like heating system above), 
because it is hard to get good results from 2D simulations. 

Inlet sizes and locations seem to be very important to the temperature 
and velocity distributions. According to authors' experience, for cooling 
situation, an inlet located in the rear wall near the ceiling gave a much more 
uniform temperature distribution than the system presented in the former 
section (see [7]). The temperature difference of the ' occupied zone in the 
system in former section is less than 2K, this system meets the comfort 
requirement. 

Under transient situation above, the temperature distribution may change 
very much but velocity remains as a constant. This means that the transient 
temperature dist'ribution may be calculate easily through the 'unchanged' 
velocity distribution and the transient boundary conditions for a certain time 
interval instead \or solving the governing equation each fitne step. · 

The heat ekchange coefficients calculated from the computer codes are 
always too small tcompared with measurements. Therefore, the wall function used 

I 
to compute the t heat exchange coefficients has to be improved. In the 
computations a~ove, all heat exchange coefficients were taken from 
measurements. '. 

6. REFERENCES 

[1] Nielso~, P.V., Restivo, A. and Whitelaw, J.H., Buoyancy~Affected Flows in 
Ventilated Rooms, Numerical Heat Transfer, vol 2, 115- 127, t979 
[ 2] Jedrzejewska'"'Sc ibak, T. and Lipinski, D.M., Numerical Prediction of Air 
Fl ow in Industrial Halls, CLIMA 2000, vol 4, Copenhagen, 1985 
[ 3 ] Hjertager , ; B. H. and Magnussen, B.F., Numerical Prediction of Three 
Dimensional Tur bu~ent Flow in A Ventilated Room, In: Spalding, D.B. and Afgan, 
N., Heat Transfer and Turbulent Buoyanct Convection, Washington, Hemisphere 
publ. cop. 1977 I . 
[4] Rosten, H.I} and Spalding, D.B., The Mathematical Basis of the PHOENICS 
EARTH COMPUTER Computer Code, CHAM TR/58b/, 1981 
[ 5] Chen Qi ngyan, The Mathematical Foundation of the CHAMPION SGE Computer 
code, Report No. K~118, Delft University of Technology, 1986 
[6] Launder, B.E. and Spalding, D.B., The Numerical Computation of Tur.bulent 
Flows , Computer Methods i n Apllied Mechanics and En~rgy, 3, 269.289i 1974 
[7] Koc i , J . van der and Chen Qingyan , Improvement of Cooling Load Programs by 
Com b ina t i on wi t h ~n Ai r Fl ow Progr am, XVIIth International Congres~ of 
Ref r i geration, Wi enna, 1987 

I 

f 

- ~ 


