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Carbon dioxide from (simulated) people distributes fairly evenly in a closed office room, but can 
show an irregular height distribution when the door to a connecting space is open. The distribu
tion and room to room transfer of carbon dioxide is evaluated in a 4-room test building and is 
discussed in terms of its implication for C02-controlled ventilation. 

Background 

In the present work the dispersion pattern of carbon dioxide (C02) (from simulated people) is 
investigated in an indoor test building. The goal is to achieve useful general information re
garding the distribution of carbon dioxide from human sources which is necessary in order to be 
able to design an optimal C02 controlled ventilation system. Carbon dioxide concentration has 
been widely accepted as a useful control variable in buildings with a fluctuating personal load. 

Generally the aim of a demand controlled ventilation system is to keep the total ventilation flow 
rate to a building at the minimum required in order to meet with some air quality requirement for 
the people who are using it. In a well designed system an unnecessarily high ventilation rate is 
avoided, thus saving energy. 

Some of the factors which must be considered when designing a CO -controlled regulation system in 
a multi-room environment, and the ventilation concepts that describe these, factors are 

1. The transfer of carbon dioxide from the sources to different locations - the transfer pro
babilities (P.J 

u 

2. The expected equilibrium concentration at a location - the purging flow rate U 
I 

3. The rate constant for approaching equilibrium from a non-equilibrium state - the local mean 
ages of air t I 

4. Concentration fluctuations- amplitude and frequency of variations. 

A short interpretation of the first two concepts is given below. A more detailed treatment 
is given in references (I, 2). 

I 
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I. The transfer probability of a contamin�t is the ratio between the rate at which a 
contaminant is transferred to a location i and that with which it is produced at a 
location j. Thus the total rate of transfer of a contaminant to a space i can be 
expressed as r = IP lj . inJ where mj is the rate of contaminant production in space j 

j 
2. The purging flow rate of a space i is the equivalent fresh air flow rate which tran

sports the transferred contaminant a�ay _from that space. Thus the equilibrium con-
centration in space i will be C:q = t . The purging flow rate of a space i can be 

calculated from che transfer probabilities of air from several fresh air inlets j, 
each with a fresh air flow rate of q_ U. = IP .. q. 

J I j IJJ 

Test building and experimental layout 

This investigation is carried out in an indoor test building of 175 m3 (see Fig. 1). The building 
contains four rooms connected to a common corridor via doorways. There is a balanced ventilation 
system with air inlets in the ceiling of each room. The air stream from an inlet port is directed 
along the ceiling towards the middle of the room and away from the doorway. Exhaust air is ex
tracted from the corridor. Overflow of air from the rooms is made possible by means of openings 
(grills) above the doors. This type of ventilation system is not uncommon in offices in Sweden. 
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Figure 1 
Plan of the test building. The south wall 
is an external wall of the laboratory 
hall, while all other walls are inside 
th_e laboratory hall. The �T-figures denote 
the difference between the mean room 
temperature and the temperature in the 
corridor when the room is a source room 

The fractions of the total ventilation flow rate into the different rooms are kept fixed at 
37 .5%, 25%, 25% and 12.5% to room 1, 2, 3 and 4 respectively throughout the whole experiment. The 
total flow rate to the building is changed between two values (120 rn3 /h and 240 m3 /h). 

People are simulated by metallic bodies which are heated from the inside by a 100 W bulb. Each 
simulated person continuously emits approximately 25 1 of carbon dioxide per hour mixed with 0.6 
m3 pre-warmed air. The total flow rate of carbon dioxide and air is measured with a rotameter. 
The air is sampled at 19 different points inside the building and at one point outside of the 
building. Analysis of carbon dioxide and nitrous oxide concentration is performed by a non-dif
fractive infra-red photometer (Binos). 

Carbon dioxide is spread in one room at a time via the simulated persons. The chosen loads are 
three persons in room 1, two in rooms 2 and 3, and one in room 4. Simultaneously with the emis
sion of carbon dioxide, dynamically passive N O/He tracer gas mixture is spread at a height of 30 
cm above the floor level and 1 m away from the "persons". The experiments are carried out both 
wirh open doors and closed doors. Conventional tracer decay experiments and constant concenrra
tion measurements are also carried out. 
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Figure 2 Bar graph showing the time averaged concentration of CO (ppm) at different locations in 
the 4-room office shown in Fig. 1. From left to right, th� bars in a group represent che 
concentrations at 0.1 m, 1.2 m, and 2.4 m above the floor in the middle of the room. The 
last bar in a group represents the concentration in the overflow grill above the door, 
except in the corridor group, where it represents the concentration in the com mon ex

tract in the corridor. All doors are open and one room is occupied by the indicated 
number of simu lated persons. The nominal total ventilation flow rate is 240 m3 /h. The 
bars are extended above the atmospheric background concentration (340 ppm). 
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Results and discussion 

Closed doors 

The measurem,:nts show that when the door to an occupied office room is closed then a relatively 
good mixing is achieved within the' room, with only a slight tendency for higher concentration of 
carbon dioxide at the ceiling level (max difference 10% of the room average fl(CO )) . The con
centration f1 uctuations are small. This means that the· question of where to place fue sensor is 
not a cr itical one. A tendency for a higher C02 concentration at the ceiling level in occupied 
rooms is a common observation. See Homma (3) for a classroom investigation and a literature re
view. 

Open doors 

When the doors are open the differences in concentration of carbon dioxide at different heights 
are more pronounced, not only in a source room, but also in unoccupied rooms connected to the 
corridor by open doors. Concentration differences as large as 75% of the room average fl( CO ) have 
been observed (room 2 as a source room at high flow rate). Generally there is no preferred direc
tion of concentration increase. Referring to Fig. 2, the highest concentration can appear at the 
floor level (room 1), the ceiling level (room 2), or the mid level (room 3). 

A comparison between the distribution panern of carbon dioxide and the simul taneously emitted 
nitrous oxide tracer gas shows great similarities . Accordingly, it is not the fact that the car
bon dioxide is released in the air convection current a.round the heated bodies that determines 
the distribution panern. The reason for the uneven distribution is the large air exchange 
through the open doorways and its interaction with other air movements set up by the convection 
currents around the heated bodies, the radiators, cold external walls, and the jet from the inlet 
duct. 

The air flow pattern is unstable, as can be seen from the relatively large standard deviation of 
the concentrations (10-20% of fl(CO ) in source rooms). This instability is dramatically i!lu· 
strated in Fig. 3 which shows the obs�rved carbon dioxide concentration in the different rooms 
when room l is the source room. The periodical oscillation was shown to be correlated with the 
on/off regulation of the radiators in room 1. Unlike the other rooms, room 1 had a large exter
nal wall with three windows. 

The transport of air between a room and the corridor is primarily due to the air exchange through 
the door opening which is driven by air temperature differences. 

The approximate air temperature differences between the rooms and the corridor are given (valid 
when the room acts as source rooms) in the plan of the building (Fig. 1 ) . Much of the observa
tions regarding concentration differences in a room can successfully be explained in terms of 
such temperature differences. For example, room 2 has a higher mean temperature than the cor
ridor. Therefore air from the corridor enters at the floor level, giving a better dilution and a 
lower concentration at this level than at the ceiling level. In contrast to this, room 1 is cool
er than the corridor and will show a reverse concentration gradient. 

The room to room transfer of contam inants and ventilation air can best be quantified in terms of 
the concepts transfer probabi lities and p urging flow rates . Though the transfer probabilities and 
purging flow rates are dependent on air temperature differences and ventilation air flow rate and 
distribution, it is of interest to know the magnitude of these factors as determined from tracer 
gas experiments in the present case. 



Table 1 shows the experimentally determined transfer probabilities, purging flow rates, and mean 
ages of air in the different rooms with their doors open at two different nominal total flow 
rates. Values at the low flow rate (120 m3 /h) are given within brackets, while those valid for 
240 m3 /h are given without brackets. 

Table 1 Transfer probability matrix. cP.J. purging flow rates (U) and air mean ages ('t). Figures 
within brackets refer to a noi'ninal total flow rate of 120 m3 /h, while figures without 
brackets refer to 240 m3 fh 

Source· room Purging Mean age 
flow rate of air 

1 2 3 4 m
J
/h h 

Room 1 1 (1) 0.5 (0.7) 0.3 (0.5) 0.5 (0.7) 145 (100) 0.69 ( 1.31) 

Room 2 0.5 (0.7) I (1) 0.3 (0 .4) 0.6 (0.8) 141 (93) 0.74 (1.43) 

Room3 0.3 (0.6) 0.3 (0.7) I (1) 0.4 (0.6) 152 (108) 0.75 ( 1.47) 

Room 4 0.2 (0.3) 0.2 (0.4) 0.3 (0.4) I (1) 57 (53) 0.74 ( 1.38) 

An example of how to use the table may be illustrative. A transfer probability of P = 0.5 from 
room Z to room 1 means that 2 persons in room 2 contribute to the equivalent of carb'6n dioxide of 
1 person (25 l/h) in room 1. However, the purging flow rate of room 1 is 145 m3/h. so if the 2 
persons in room 2 are the only ones in the office then the .::l(CO )-concentration in room I will be 
25 · 10"3/145 = 172 ppm, that is a CO concentration of 172 + J40 = 51 2 ppm. Note that because 
the room to room transfer is mainly due to air exchange through the door openings, the transfer 
probabilities will increase as the mean age of the contaminants increases, i.e. as the total 
ventilation flow rate decreases. 
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Figure 3 Concentration histories at 1.2 m height in the four rooms, when room I is the source 
room with three simulated persons. The total flow rate is 120 m3 /h during the first 5 

J . 
hours, thereafter 240 m /h. The doors are open 
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Conclusion 

The results and the conclusions below are valid only for the special type of ventilation system 
investigated here, but much of the reasoning is also useful for other systems, whei:e short cir
cuiting in the ventilation system is not a problem. 

If a room is going to be ventilated by demand control then the position of the sensor is not 
critical if the doors to connecting spaces are normally closed. 

However, if the room is connect.ed to surrounding spaces by open doors then large differences and 
instabilities in the carbon dioxide concentration may occur, which implies problems both with 
regard to the positioning of the sensor and the possibility of achieving a stable ventilation 
control. It is not recommended to locate the sensor in an overflow duct. A sensor should pre
ferably be placed at a mid-height in a room, and away from doorways, radiators, windows, people 
and air inlet devices. This requirement may not be possible to fulfill in practice. The regula
tion of ventilation air to a room must be made with a large time constant in order not to react 
to fluctuations. 

A regulation system for an office building must function satisfactory regardless of whether the 
doors to individual rooms are open or closed. In every room there �hould therefore be a measuring 
point which controls the distribution of ventilation air to the room. However, the total flow 
rate to the system can be governed by a sensor in the combined air extract. 
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