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A tracer-gas technique is used to measme airflow between two zones of a house and 

experimental resalts are eompared with airflow rates predicted by the MUL Tic 

computer-programme. Tracer gas measurements were generally found to be in gbod 

agreement with values predicted by the MUL TIC programme. 
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LIST OF SYMBOLS 

~ Concentration in chamber i (ppm) 

C(t) Concentration vector (ppm) 

Cs Supply concentration (ppm) 

GI Coefficient of discharge (dimensionless) 

g Acceleration due to gravity (m/s2) 

H Height of the doorway (m) 

W Width of the doorway (m) 

ll1i How rate of tracer gas (Us) 

m(t) Tracer-gas flow rate vector 

N Number of cells in the system 

Px Press~ difference due to ventilation (Pa) 

Pu Pressure difference due to turbulence (Pa) 

Fis Supply flow rate to chamber i (Us) 

Fej Exhaust flow rate from chamber j (Us) 

Fij Total flow rate from chamber j to chamber i (Us) 

Fii Overall volumetric flow rate leaving chamber i (J...Js) 

F+ Inflow, positive turbulence pressure (Us) 

F- Inflow, negative turbulence pressure (Us) 

F How matrix 

F s Diagonal supply flow matrix 

a Factor 

Vi Volume of chamberi (m3) 

p Density (kg!m3) 

0 Temperature difference (<>C) 

Vx Mean velocity of the net airflow through the doorway (m/s) 
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INTRODUCTION 

Tracer-gas techniques (1), eg, concentration-decay, constant-injection and constant

concentration, can be used to determine interzonal airflow rates in buildings. Several 

researchers have carried out experimental work to study intcrzone heat and mass 

transfer via openings in small scale models and full size rooms (2-6). As it is not always 

possible to perform an experimental study, space computer-based simulation methods 

are also used to estimate interzonal air movement in buildings. Accurate prediction of 

air movement is an important factor influencing the design of HV AC systems, energy 

efficiency, thermal comfort and indoor air quality. Considerable effort has been 

invested in the development of airflow computer-programmes, cg. MUL TIC (1), 

BREEZE (8), MRLP<9), MOVECOMP (10) and ESPAIR.01). However, further work to 

validate these models using experimental data is required before they can be used with 

confidence in ventilation studies. 

The purpose of this investigation is to compare measured values of interzonal airflow 

with those predicted by the MUL TIC computer-programme. A single tracer-gas 

technique was used to measure airflow between two zones at various temperature 

differences. Sulphur hexafluoride (SF6) was used as the tracer gas and measurements 

were made using a microprocessor-controlled system 

THE MULTIC COMPUTER-PROGRAMME 

The MULTIC programme is based on the multi-chamber thcay (see Sinden (12) and 

Sandberg03) and assumes that a system, eg. dwelling, consists of N chambers, 

Figure 1. The chambers are connected by one-way passages (eg. doorways) through 

which air is flowing at fixed rate. Mixing is assumed to be perfect and instantaneous in 

each chamber and the release rate of contaminants (or tracer gas) is assumed to be much 

smaller than the interzonal airflow rates in the system. 1bc conservation of mass for 

chamber i shows: 
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N N 

V. dC/dt = -~ F .. C. + ~ F .. C. - F .C + F. C + m. (1) 
1 ~ .J1 1 £..J IJ J et 1 IS I l 

j= 1 j= 1 

The total mass flow rate of tracer-gas leaving chamber i is given by: 
N 

F .. = ~F .. C +F .C (2) 
U ,,£,,.,i J1 I el 1 

j=l 

Substituting equation (2) into (1) we have: 

N 

V.dC/dt = -F .. + ~ "" .. C. + F. C + m 
1 u u., J 1S s 1 

j=l (3) 

Assuming that the concentrations and mass flow rates of the sources are time 

dependent, equation (3) can be represented by the following ~tor-matrix differential 

equation. 

(4) 

The solution of equation (4) requires the determination m airflow rates between 

chambers. Interzonal airflow is produced by a temperature difference between the 

chambers (ie, natural convection) and internal movement m air in the chambers (ie. 

turbulence). The theory of airflow between horizontally adjacent chambers has been 

described by several researchers (2-6) and the following equab.ons have been used in the 

MUL TIC model to estimate airflow between two chambers: 

+ Cd WH 05 
F = -

6 
(a H/l} [1 -4(px + p}/paH] (5) 

4 



_ Cd W H o.s 
F = - (a H/2) (1 - 4 (p - p )/paH] 6 x u (6) 

The coefficient of discharge, ~ is given by the following equation: 

~ = 3.7vx + 6.4vx e- 9 - 0.9 e-0+ 0.96 (7) 

Pu= 0.003 Pa 

and for: 

0 Svx g),05 m/s and 0 S0S3.0K 

The MUL TIC computer programme was developed by Siren m, Helsinki University of 

Technology , and was written on a PC computer using Fortran programming language. 

The programme is capable of handling a system containing not more than 10 chambers. 

The input data are temperatures, volumes, exhaust flow rates and initial concentrations 

of tracer-gas in the chambers. The net flow-rates and the dimensions of the doorways 

between the chambers are also required. The output data include the relationship of 

tracer-gas concentration in the chambers vs time and quantities related to air quality cg., 

purging flow rate and mean age of the air. The MUL TIC i:rogramme can only be 

applied to horizontally adjacent chamber. 

EXPERIMENT AL 

Measurements of airflow between two zones were carried out in a four-bedroomed 

detached house. The volumes of the living room (zone 1) and the kitchen (zone 2) 

were 7 4m3 and 42m3 respectively. Airflow measurements were made by the 
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concentration-decay technique using sulphur hexafluoride as the tracer-gas. Details of 

the tracer-gas equipment have been described elsewhercC12). The experimental 

procedure involved the injection of a known quantity of tracer gas in rone 1 while all its 

doors and windows were closed. Following a mixing period of about 30 minutes, the 

communication door between the two rones was opened and the concentration of tracer 

gas in the two zones was measured. SF6'air samples were taken from various 

locations in each zone using sampling tubes connected to a manifold The effect of 

temperature difference on interronal airflow was investigated by heating the living room 

to various temperatures using thermostatically-<;ontrolled radiators. The kitchen was 

unheated. Air temperatures were measured at the centre of each room and the outside 

temperature and windspeeds during the measurement periods were also recorded. 

RESULTS AND DISCUSSION 

Several tests were conducted to determine the airflow rate between the living room and 

kitchen at various temperature differences. Figure 2 shows die variation of tracer-gas 

concentration (measured values and values calculated using the MULTIC programme) 

with time for a temperature difference of 0.4°C. Good agreement between 

experimental and theoretical data was observed for rone 1. However, the MUL TIC 

programme was found to underestimate the concentration of tracer-gas in rone 2 during 

the transient period of the experiment (ic, the first 10-15 minutes). 

Figure 3 shows the variation of tracer-gas concentration with time for an interzonal 

temperature difference of 1°C. Once again, data obtained from the MUL TIC 

programme were found to be in better agreement with measured values for rone 1 than 

for wne 2. The tracer-gas concentration curves predicted by the MUL TIC programme 

overlapped when the temperature difference between the two zones was greater than 
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Table 1 Output tile of the MUL TIC programme 

0 = 0.4°C 0 = l<>C 
Parameter Zone 1 Zone 2 Zone 1 Zone 2 

Volume (m3) 74 42 74 42 
Temperatme (°C) 27.6 27.2 30 29 
Supply Flow (L/s) 2.8 7.4 0.0 
Exhaust Flow Rate (Us) 2.8 7.4 10.l 4.9 
Purging Flow Rate (Us) 9.38 10.07 15.0 13.68 
Mean-Age (h) 3.3 3.11 2.11 2.22 
Width of doorway (m) 0.75 0.75 0.7 0.75 
Outflow (Lis) -59.15 59.15 -104.4 104.4 
Inflow (Lis) 59.15 -59.15 99.5 -99.5 
Net Flow (Lis) 0.0 0.0 -4.9 4.9 
Connection Factor 999.99 999.99 20.31 20.3 
Transition Probability 0.89 0.95 0.95 0.91 

CONCLUSIONS 

1. Airflow measurements made using the concentratioIHiecay technique 

were generally found to be in good agreement with values predicted by the 

MUL TIC programme. The following correlation was obtained: 

FMULTIC = 1.4627 F measured - 32.15 

2. The tracer-gas concentration curves predicted by the MUL TIC programme 

was found to overlap for temperature differences greater than 0.5°C 

3. The MUL TIC programme would be improved if faaors such the geometry of 

the zones and the position of the interconnecting doorway were included. 

ACKNOWLEDGEMENT 

We wish to express our thanks to Professor KE Siren, Helsinki University of 

Technology, Laboratory of Heating, Ventilation and Air-Conditioning, for providing a 

copy of the MUL TIC-PC programme. 

8 



REFERENCES 

1. Lagus L and Persily A K, A review of tracer gas techniques for measuring 

airflows in buildings, ASHRAE Trans 91, Pan 2B ffi-B5-22(1) 1075-1087 

(1985). 

2. Brown W G and Solvason KR, Natural convection through rectangular 

openings in partitions -Pt 1: Vertical partitions, International Journal of Heat 

and Mass Transfer, 5 859-868 (1962). 

3. Shaw B H and Whyte W, Air movement through doorways - the influence of 

temperature and its control by forced airflow, Building Services Engineering 42 

210-218 (1974). 

4. Weber DD, Wray W D and Kearney R, LASL similarity studies-Pt II; 

Similitude modelling of inter-zone heat transfer by narural convection, 

Proc 4th Nat Passive Solar Conference Kansas 4 231-234 (1979). 

5. Balcomb J D and Yamaguchi K, Heat distribution by natural convection 

Proc 8th Nat Passive Solar Conference, Santa Fe Mexico (1983). 

6. Riff at S B, Measurement of heat and mass transfer between the lower and upper 

floor of a house, International Journal of Energy Research 13(2) 231-241 

(1989). 

7. Siren K E, A procedure for calculating concentration histories in dwellings, 

Building and Environment 23(2) 103-114 (1988). 

8. Building Research Establishment UK, BREEZE a nmlti-zone infiltration model, 

Air Infiltration Review 9(1) (1978). 

9. Walter G N, Airflow and multiroom thermal analysis, ASHRAE Trans Tech 

Paper 2704 (88) Part 2 (1982). 

10. Herrlin M, A multizone infiltration and ventilation simulation programme Air 

Infiltration Review 9(3) (1987) 

9 



11. Clark J and McLean ESP User's Manual: System 5, Release 3 ABACUS 

Manual Series University of Strathclyde (1986). 

12. Sinden F W, Multi-chamber theory of air infiltration, Building and Environment 

13(1) 21-28 (1978). 

13. Sandberg M, The multi-chamber theory reconsidered from the viewpoint of air 

quality studies, Building and Environment 19 (1) 221-233 (1984). 

14. Riffat S B, Development of a microprocessor-controlled tracer gas system and 

measurement of ventilation in a scale model, 10th ANC Conference, Progress 

and Trends in Air Infiltration and Ventilation Research Diploi Finland Volume 2 

(1989). 

10 



FIGURES 

Figure 1 Multi-chamber system 

Figure 2 Variation of tracer-gas concentration with time; temperature difference= 0.4oC 

Figure 3 Variation of tracer-gas concentration with time; temperature difference= 1°C 

Figure 4 Variation with temperature difference of measured and MUL TIC -predicted 
airflow rates. 
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