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ABSTPRCT 

Room t h e r m o s t a t s  f o r  c o n t r o l  o f  t h e  i n d o o r  t e m p e r a t u r e  ar-e u s u a l l y  
forrnerl t o  r e a c t  t o  c h a n g e s  o f  t h e  a i r  t e m p e r a t u r e .  The t i m e  c o n s t a n t  
i s  n o r m a l l y  h i g h  due  t o  t h e  c o n s i d e r a b l e  t h e r m a l  c a p a c i t y  o f  t h e  
t h e r m o s t a t  and t h e  w a l l  on which it  may b e  f i x e d .  C o n s e q u e n t l y  t h e  
t h e r m o s t a t  w i l l  r e s p o n d  more s l o w l y  t h a n  n e c e s s a r y  t o  sudden  c h a n g e s  
o f  t h e  h e a t  l o a d  e s p e c i a l l y  s o l a r  g a i n  t r a n s f e r r e d  t o  t h e  room a s  
r a d i a t i o n .  

An i n v e s t i g a t i o n  i s  r e p o r t e d  i n  which a  t h e r m o s t a t ,  r e c e n t l y  d e v e l o p e d  
a t  t h i s  l a b o r a t o r y ,  i s  compared w i t h  a  t r a d i t i o n a l  one  u n d e r  w e l l -  
d e f i n e d  c o n d i t i o n s .  A l s o  a  l o n g  d u r a t i o n  t e s t  i n  a  low e n e r a y  h o u s e  
i s  e x p l a i n e d .  The h o t  a i r  h e a t i n g  p l a n t  h a s  been  o p e r a t e d  a l t e r n a t e l v  
by t h e  new t h e r m o s t a t  and  by t h e  t r a d i t i o n a l  o n e .  The e n e r g y  consumpt ion  
a s  w e l l  a s  i n d o o r  c l i m a t e  f l u c t u a t i o n s  have  been  a n a l y s e d  i n  b o t h  
c a s e s .  
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INTRODUCTION 

The e n e r g y  cr is is  o f  1 9 7 3  l e d  t o  a  s u b s t a n t i a l  i n t e n s i f i c a t i o n  o f  
r e s e a r c h  i n t o  a l t e r n a t i v e  and  l a s t i n g  s o u r c e s  o f  e n e r q y .  Today,  s e v e n  
y e a r s  L a t e r ,  most  p e o p l e  would p r o b a b l y  concede  t h a t  i t  i s  g o i n g  t o  
t a k e  a  v e r y  l o n g  t i m e  b e f o r e  t h e s e  new s o u r c e s  o f  e n e r g y  a r e  a b l e  t o  
make a  s i g n i f i c a n t  i m p a c t  on  t h e  e n e r g y  consumpt ion  o f  modern s o c i e t y .  
The s o l u t i o n  t o  t h e  problem o f  e n e r g y  consumpt ion  r e s t r a i n t  w i l l  l i e  
t o  a  f a r  g r e a t e r  e x t e n t  w i t h  t h e  o p t i ~ n i z a t i o n  f o r  minimum e n e r g y  
demand o f  c u r r e n t  p r a c t i c e s .  

The e n e r g y  consumpt ion  f o r  h e a t i n g  o f  b u i l d i n g s  r e p r e s e n t s  a  s i g n i f i -  
c a n t  p r o p o r t i o n  o f  t h e  t o t a l  e n e r g y  consumpt ion  i n  many c o u n t r i e s  - 
i n  Denmark i t  i s  a p p r o x i m a t e l y  45% - it makes v e r v  good s e n s e  t o  
s e e k  methods o f  r e d u c i n g  t h i s  p r o p o r t i o n ,  p r e f e r a b l y  i n  ways which  
make minimal  demands on r e s o u r c e s  and  do  n o t  i n f l u e n c e  t h e r m a l  c o m f o r t  
a d v e r s e l y .  

T h i s  p a p e r  i n t r o d u c e s  a  new k i n d  o f  room t h e r m o s t a t  - t h e  C o m f o s t a t  - 
whi.cfi p r e l i m i n a r y  measurements  i n d i c a t e  meets t h e  v e r y  c r i t e r i a  
men t ioned .  



CONTROL OF HEATING PLANT 

In the last years, control systems for space-heating and air-condi- 
tioning installations have become steadily more advanced, except in 
respect to the room thermostat. The room thermostats used today 
closely resemble those that were new twenty years ago. Their thermal 
time-constants are long. The construction of room thermostats is such 
that they react to changes mainly in the air temperature. 

Because of these two features, a sudden increase in the free heat in 
a room controlled by a conventional thermostat will result in a 
corresponding reduction in the output of the heating system only 
after a time interval. Conversely, the increased hetit input from the 
system following an increased heat-loss from the room will be delayed. 
In both cases there will be a periodical change in the level of ther- 
mal comfort. This is particularly unfortunate if the thermostat in 
order to save energy has been set so that the occupants of the room 
are kept in the lower part of the comfort zone (-I<PMv<O). 

THE COMFOSTAT - A NEW ROOM TI-IEWIOSTAT 
At the Thermal Insulation Laboratory a new Thermal Comfort Meter has 
recently been developed, A very important part of this instrument is 
a new sensor which is able to measure cont?nuously the combined 
influence of the air temperature, the air velocity and the mean 
radiant temperature on the room occupants' heat loss to the actual 
environment and thus on their thermal comfort. The sensor, Fig. 1, 
which is described in detail in [ l ]  and [ 2 ] ,  is constructed so as to 
simulate a person's heat exchange with his surroundings by radiation 
and convection. This is achieved by the choice of size, shape, radia- 
tion characteristics and surface temperature of the sensor. The sen- 
sor is heated, and has a mass which is small in relation to its sur- 
face area. Because of these two characteristics, it has a short 
time-constant. Furthermore the time-constant is the same for changes 
in either the air temperature or the mean radiation temperature. 



As the function of a room thermostat is to regulate the output of a 
heating install-ation so as to maintain the thermal comfort of the 
occupants of a building, this sensor must be very suitable for use 
as a room thermostat. It can be connected to the control system in 
such a way that it attempts to maintain a constant emission of heat 
from the sensor, and thereby to maintain a constant level of thermal 
comfort for persons occupying the same thermal environment. 

LABORATORY MEASUREMENTS 

In order to evaluate the capacity of a particular thermostat for 
maintaining thermal conditions in a room constant, the following pro- 
perties of the device must be determined: 

- The temperature characteristics; 
- The hysteresis; 
- The time-constant; 

For both a conventional thermostat and the new device, Fig. 2. the 
first two properties are derived from measurements in a highly in- 
sulated room at the laboratory. This room has a constant heat loss 
through a pair of double-glazed windows (glass grea 2 X 1 m2) to 
another room with a constant temperature of -10 C. Heating of the 
test room is by an electric radiator under the windows. The heat 
input to the room from this radiator is controlled by each of the two 
thermostats in turn. Both thermostats are located on the light weight 
concrete wall 1.4 m above floor level. Characteristics for the Com- 
fostat and a Fischbach TR40 thermostat are shown in Fig. 3. 

Fig. 2. Fischbach 
TR40 thermostat and 
Comfostat in test 
room. 

The i-.ime-constants are obtained from a recordinq of the output of 
each thermostat when it is exposed to a momentary chanqe in environ- 
mental conditions. This change is imp1ement~:d by the use of a heated 
box constructed from 50 mm polystyrene foam, open on one side. This 
box is placed up against the liqht-wciqht concrete wall on which the 



thermostats are fixed (see Fig. 2). When both thermostats have 
reached thermal equilibrium, the box is removed and the cooling of 
each thermostat is recorded. The time-constants are determined from 
the resulting curves. 

Fig. 4 shows the step-responses of the Fischbach TR40 and the Com- 
fostat. The latter is identical to the comfort sensor and its elec- 
tronic accessories; The Fischbach is constructed around a temperature- 
sensitive semiconductor circuit which delivers an electric vol-tage 
proportional to the room temperature. rC = 0.9 minutes and rF = 14.5 
minutes are the time-constants measured respectively for the Comfo- 
stat and the Fi:-jchbach TR40. The long time-constant of the latter is 
due mainly to the relatively tight casing of the semiconductor cir- 
cuit in a plastic housing with few ventilation holes. 

PRACTICAL MEASUREMENTS 

In order to gain an impression of how the new thermostat would func- 
tion in a practical situation, it was substituted for the conven- 
tional thermostat controlling the central heating in one of the La- 
boratory's six Low-Energy Houses, for a trial period [ 3 ] .  

output 
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. 6 .  
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Fig. 3. Measured correlation between room-temperature and output 
from Fischbach TR40 and Comfostat. 



box temperature -- --.-. 

Fig. 4. Step response of Fischbach TR40 and Comfostat. 

This particular house is a highly insulated structure built of light- 
weight concrete, with a ground area of 1 2 0  m2, and glazed areas of 
7.6 m* and 2.1 m2 facing south and north respectively. The heating 
system in the house is a warm-air type with 100% recirculation, con- 
trolled by a Fischbach TR40 thermostat. This is capable of regula- 
ting the amount of hot air injected continuously between 0 and 1 0 0 % .  
Moreover the house is provided with a fresh-air ventilation system 
incorporating heat-recovery, which functions continuously. The lo- 
cation of the thermostat will be apparent from Fig. 5 .  Its height 
above the floor is 2.2 m. 

In order to obtain realistic figures for energy consumption, occupa- 
tion of the house has been simulated. All household appliances, in- 
cluding television, lightning, refrigerator etc., have been operated 
as if a family of four adults lived in the house. The heat generated 
by four people living a normal family life is supplied to the house 
by person-simulators sited in all the habitable rooms. Hot water is 
run off in the kitchen and the bathroom (altogether about 2 5 0  litres 
per 24 hours] at the normal times for washing, bathing etc. 

The circumstances described make it possi.ble to analyse realistical- 
ly the thermal environment and energy consumption in this house. 

- 



room thermostate 1 2.2 m above floor 

Fig. 5. Location of room thermostat in low-energy house. 

MEASURING RESULTS 

The anal-ysis is derived from measurement of a number of parameters 
which were recorded on a datalogger every ten minutes throuqhout the 
trial period. Each type of thermostat controlled the central heating 
over a period of seven days, one a few days after the other, from the 
latter part of November till the beginning of December 1979. From 
the data collected, it is possible to compare differences in para- 
meter fluctuations for each of the two thermostats used. On Fig. 6 
is shown the progress over two twenty-four-hour periods - one for 
each thermostat - of some of the most important parameters measured. 
As can be seen from the top diagram in Fig. 6 the TR40 has operated 
as a traditional on-off thermostat, switching between a maximum and 
a minimum air-flow across the heating surface. The lower diagram on 
the figure exhibits, however, a strongly modulat.ed air-flow, emphasi- 
zing the ability of the Comfostat to match the heat supply to the 
current heat requirement quickly. Integration of each of the two air- 
flows over the seven-day period reveals that the 24-hour mean air- 
flow with Comfostat control is only 52% of the 24-hour mean air- 
flow with control by the TR40. Consequently a substantial reduction 
in energy consumption would be predicted for control by the Comfo- 
stat. 

In order to evaluate the expected reduction in enersv consumntion 
more precisely an energy balance has been drawn up for the house. 
In the table is given the calculated heat loss as well as the amount 
of heat input from the different energy sources. Values are shown for 
both the seven days period and for the days with no solar radiation. 
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no. 

i 0 
m e a n  o u t d o o r  t e m p .  C 

t i m e  p e r i o d  1 9 7 9  

F i s c h b a c h  
T R 4 0  

l 3  l t r a n s m i t t e d  s o l a r  
e n e r g y  - 1 6 . 3  1 0 

1 2 - 1 8  
N o v  

4 . 1  

1 

2  

l 4  I f r e e  h e a t  ( p e r s o n s ,  
l i g h t n i n g  e t c . )  - 1 2 0 . 6  1 2 0 . 6  

1 5 - 1 6  
N o v  

4 . 7  

i 5  I e n e r g y  f o r  w a t e r  
h e a t i n g  - 

c a l c u l a t e d  h e a t -  
l o s s  k w h / 2 4 h  

e n e r g y  f r o m  o i l .  
b u r n e r  - 

6  2 + 3 + 4 - 5  - 
h e a t  i n p u t  - h e a t  
l o s s  ( 6  - 1 )  - 

C o m f o s t a t  

4 3 . 2  

2 8 . 1  

2 9  N o v -  1 2 9  N o v -  

4 2 . 0  

3 1 . 8  

5 D e c  

7 . 8  

2 2 . 8  

3 5 . 7  

2 1 . 0  

From the data in the table i.t is possible to calculate the percentage 
of energy saving in the Comfostat period compared with the Fischbach 
period: 

- 1 . 7  - - 2 . 5  S 
7  d a y s  ( 2 8 . 1  - 1 0 . 1  2 1 . 0  - 1 0 . 1  ) 1 0 0  = 3 2 %  

S - 0 . 3  - - 4 . 1  
n o  s u n  - ( 3 1 . 8  - 1 0 . 1  2 0 . 9  - 1 0 . 1  ) - 1 0 0  = 39% 

P 

It is important to point out that these few measurements are only to 
be taken as a pilot study and the found percentage of saving is 
more of qualitative than of quantitative nature. In other periods 
under different weather conditions, in houses of different design, 
or with other types of heating systems, the saving will be different. 

CONCLUSION 

This initial comparison between a typical traditional room thermo- 
stat and the new Comfostat indicate that it is possible to save fuel 
by using a more suitable design of the temperature-sensing element 
in the control circuit. 



The laboratory measurements of the hysteresis and time-constants of 
the two sensors do suggest that because of its dynamic characteri- 
stics the Comfostat is better able to maintain conditions of constant 
thermal comfort in the face of fluctuating thel-mal influences in the 
room. This ensures a utilization of free heat which is almost opti- 
mum. 

The use of this new kind of room thermostat can therefore he expected 
to improve on the performance of traditional types in respect of 
both fuel economy and maintenance of thermal comfort under all nor- 
mal operating conditions. However, far more measurements are needed 
before a correct value can be given for the expected energy saving 
by use of this new Cornfostat. 
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