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T IS T.HE LOCATION 

OF THE ROOM 

T.L.  Madsen T , P ,  Schidt U. Helk 
A S H M E  Hember 

This paper describes a test performed in two rooms, one thermally 
light and the sether thermally h e a v ,  in order to inveskigats the. 
influence of the thermostat Location on thermal comfort and on 
energy consumption, 

The ability of three thermostat types to maintain a constant 
equivalent temperature was tested for two different thermostat 
locations, one traditional location an the wall and the other in 
the Living space close to Lhe center of the room. During each 
$est period, the free heat (light and artificial persons) was 
varied after a preset and repeatable schedule. At kwo points, 
close t each of %he two thermostat locations, the equivalent 
temperature was recorded, After each test, the maximal variation 
of the equivalent %emperatuse was calculated, 

The main result was that the temperature variation in the 
li.ving space can be reduced when the room thermostat is removed 
from a wall position to a location in the living space. 

The laboratory test was supplied with a field tesk in the 
Danish Parliament and in the Royal Theater, chosen as two big 
rooms where the locations o f  room thermostats are decided for 
architectural, rather than engineering, reasons. 

The usual location of a room thermostat is an a wall, where the 
disturbance of the furnishings and the visual impression on the 
room are negligible. This means that the degree of thermal comfort 
in the living area is controlled by a temperature that is ssme- 
thing like the average between the wall and the air temperature 
where the thermostat is mounted. 
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From a cemfss% goin% of view, i d  would be n~ore appropriate to 
rnounk &he thermostat in Lhe center  sf the living area, The sen- 
sor would then measure Lhc temperatuce it is expected to control, 

During %ha Last 15 y e a r s  there has been an increasing interest 
in t h e  rsductkan of &he energy used f space eondiLfowiwg o f  
buildings. It is, however, even msrs imparkant ts o p k k r a i x s  the 
dsg~ee o f  thermal csmfsrt ,  This Fatportant aspect i s  discussed in 
H a i i s s e  ( 9 9 8 8 )  and the concLusion is t h a t  a worker's produc- 
tivity can be increased one percent by a b e k k e r  t h e ~ ~ f t a l  environ- 
ment, then the entire annual u t i l i t y  csek can be offset, 111 $h i s  
paper, only wineer condi$ions (hea t jng )  w i l l  be discussed, 

Gomkrt ranges 
per~snt  disslatisfled (%) (PPD) 

-.--J"--- 

2 0 21 2 2 2 3 2 4 25 

temperature ( C )  

-&" 0.9 Cl-8, 1.2 MET 4- 0.6 clo, 1.4 met  -* 0.8 GIO, 1.2 met 

+- 0.8 cio, 1.4 met  --X-- 1.0 clo, 1.2 met  

Figure 1. Correlation between roorn temperature and percent  thermal 
d i s s a k i s f i s d  ( R P D )  f o r  Lypieal combinations of clothing and ac- 
tivity 

Figure  1 shows contfort ranges for different combinations of 
c lo th ing  ( c lo )  and a c t i v i t y  (met) typical for the indoor envirsn- 
msnt.  If as much as 10% dissatisfied .h acceptable (PS0 7 9 3 0 ) ,  
&hen %he temperatuse range is 2% - 24°C. T h i s  narrow teraperature 
raxrlge fndicakes that an accu raks  temperature control must be 
e%ssely related &s %he ths ra ta l  situation in the living area, 

Pn earlier investigatisns (Madsen 1983; Nargaard and Hadssn 
1985 )  we found that the time constant and hysteresis have an 
influence on cornfor& as we$% as an energy csnsurnptisn, especially 
in well.-insulated low-energy buildings where the free heat from 
solar gain, electric Bights, and people csns$itukes the major past 
of the t s & a l  energy fo r  heating. 



The purpose for this investigation has been to measure what, 
if any, increase of thermal comfort can be obtained by movement 
of the room thermostat from ths usual wall location to a central 
location in the living space. 

Neasurements wexe performed in two different spaces, one thermally 
light and the other themally heav, The temperature variations 
close to the usual thermostat location on a wall were recorded 
during a vaqing thermal load, and the results w e r e  compared w i t h  
simultaneous temperature measurements in,'the living space. This 
csmparissn was repeated with the thermostpt placed in the living 
space instead of on &he wall, but with the same variation 0% the 
thermal load figure 2, Three different types of thermostats were 
tes.ted, all with the same electrical heating syskem, This basic 
investigation was supplied wieh field measurements in the Danish 
Parliament and at the Royal Theater in Copenhagen, where only 
measurements with the thermoetak at the usual location on the 
wall were possible. 

FREE HEAT PRODUCTION IN H E A V Y  ROOM 

FREE HEAT PRODUCTION IN LIGHT ROOM 

Figure 2. Variation of free heat in the two test rooms, Because 
of the increased infiltration from the cold box gventiakion) the 
free heat in this room is negakive between 10 pm and 2 am, 

The test setup is shown in Figure 3. There is a constank heat 
loss through one "outer wall" with a window against a cold space 
at a constant temperature at -12°C. This heat Boss is increased 
when a small fan in the "outer wallw is started. The free heat 
consists of four cylindrical heaters at 120 W each, simulating 
four occupants in the room, The heating system consists of two 
electrical radiators with a total effect of 1400 W, placed 



against kke "outer wall" under the window. The sadiatsre are 
controlled by a rasm thermostat placed an the wall (A) sr in the 
living space (B), The equivalent tamparakure is registered using 
two conifort meters, one close to the thermostat and t h e  other in 
t h e  centes of %he living area, The variation of free heat is shown 
i n  F i g u r e  2, Three dkffersnt thermostats w e r e  testedr an on--off 
b i m s  tall i c  tt.nermostat, an s l sc  trsnic anodulating thermostat (msdu- 
Iating and a new electronic system (a~;aadul,ating 111, which 
uses the same thermal c ~ x r t f ~ r t  sensor as &he therntal eozafast meter 
(ASWWBE 1985) , The main results of the mleasurements are given i n  
Table 2, 

The difference between the maximum and minkraum value of the 
recorded equivalent temperature (Ateq) during a measuring periode 
(24 h )  was f o u n d  in all tests ts be smaller at pa in t  W close to 
the wall than at point B jn  the air close ko the centss o f  $he 
room, When the thexmestat location is changed from a position on 
the wall (A) to a central location (B), then h teg is seen to be 
reduced in the living space baat also, with one exept ion (the 
modulating $1 thermostat), close to the wall (A), This indicakes 
that the temperature variations i n  the space will be reduced in 
the heating season If Lhe thermostaL is given a atore central 
Iscakion, 
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Figuse 3 ,  L i g h t  test room, W Figure 4,  Heavy test soem* A 
and B indicate the position of and B indicate $he position o f  

' 

thermsstak and comfort sensor, thermoatat and comfort sensor 
on the wall and in the living on the wall and in the living 
space on a table surrounded by space on a table surrounded by 
four arbificial persons, six artificial persons, 



This test setup is shown in Figure 4 ,  Floor and ceiling are made 
of concrete, and all four walls are brickorall, All six surfaces 
are insulaked with 100 mm mineral woo$ between the conere&e/brick- 
work and the outer parts of the building, The heat loss from this 
space is established by two plane cooling elements with a total 
surface area of 1%,5  m< Thess  eelsments simulate two windows in a 
wall, The free heat varies between 250 W and 850 W as seen on 
Figur 2 ,  The heat source is two electric radiators, 800 W each, 
placed under the cooling elements close $0 %he wall, Bath radia- 
tors are controlled from the same themostat placed on the wall 
$70 cm above floor level (A) or in the center of the living space 
at the same height over the floor (B), The three thermostats 
used in $his  room are the same as used in the thermally light 
room, except for the on-off thermostat, which in this ease is a 
comfort sensor,  also on-off but a East-responding measuring ele- 
ment. The main results from the measurements are given in Table 

TABLE 1 

Variation of the equivalent temperature Ateq in the living space 
(B) and close to the wall (W) f o r  different types of thermostat 
placed on the wall (A) or in the living spaee. 

Difference htveen max. and sin, Reduction of bt, after: remval 
value of eqivalent temprature of thematat fr% wall. to 
during teat pzI&e (Ateq) living apace 

Ateq express the difference between highest and lowest recorded 
value of the equivalent temperature during each measuring period 
(24 h). The last four coPumns give the reduction of B teq after 
removal of .thermos.tat from wall to living space, The measured 
time constant for each of the thermosta,ks when placed on the wall 
is also given. 

The Ateq is shown again to be reduced in the living apace when 
the thermostat Lscatisn is changed from a wall position to a 
cenkral positiox~ in the living space. A smaller but positive 



reduction is recorded close ts the wall, In this heavy room, the 
temperature variation { A t e q )  i s  smaller than in the Light roam 
and eonsequenkly the reductxon, after removal of the $hermostat, 
is also smaller, 

This large room was chosen as an example of a new air-conditioning 
system in a h e a q  building without solar gain but with a va-qing 
amount of free heat from occupants. W high degree of therrnal 
comfort i s  repor-Led in this rosrn, Figure 5 shows a sketch of the 
room w i t h  the two ther~iostals Las~ their existing positions and 
w i t h  one measuring point close to one of them (A) and the other 
measuring pain% in t h e  living area (B), kindly accepted by one sf 
the Parliament members, The thermostats used consist o f  an MTC- 
resiskor in a perfosaeed brass tube, This tube (20@ X 88 mm21 is 
placed in a horizontal position on %he w a l l  1.5 m above the floor, 
%he time cons t an t  is measured to be 18 mine This long t ime csn- 
stank can explain the long delay of the correction of the a i r  
inlet temperature when masrlg, bu$ not all lease %he room, for 
examples, after voting, 
The equivalent temperature was recorded for three weeks (in an 
inkensive political period), close to the existing thermostak and 
in the middle s f  the room (F igu re  51, The main results are given 
in Table 2. 
1 shows that during each of the three measuring periods, the 
variaeion of A t  is greaksr in the living space khan close to 
the thermostat, eq 

Figure 5. Thermostat position Figure Thermoeta.t position 
and measuring points in the and measuring points in t h e  
Baaaish Parliament Royal Theater, Old Scene, 



The purpose of this investigation was to measure the inerease of 
the equivalent temperature in a nearly full theater in the audi- 
ence space and compare this measurement with simultaneus measure- 
ment of the equivalent temperature close %o ehe thermostat. Figure 
6 shows the position of the thermostat and one comfort sensor on 
the wall under a balcony and the other comfort sensor in a normal 
sea$ in the audience, The measurements were recorded during three 
performances and is shown are Table 2, 
In $his old theater, the Zemperature inereases during a perfor- 
mance due to the f ~ e e  heat from the audience, This increase was, 
for all three measuring periods, greater in the audience than 
close to the the~mastat. 

TABLE 2 

Difference between highest and lowest value of .the equivalent 
temperature Ateqe 

pp 

Royal Theater, test period 

Recorded in the Danish Parliament and in the Royal Theater close 
to thermostat A and in the living apace B during each measuring 
period, 

The results from the two teat rooms indicate that temperature 
variations are reduced when t h e  room thermostat is moved from t h e  
wall to the air in the living area, This reduction is found in 
the living space (B) , as well as, with one exception, close to 
the wall outside the living space, 

The greatest fluctuation ( 3 , 3  K) is found in the light room, 
with a traditional sn/off thermostat on the wall, The best result 
is obtained with &he "modulating 11" system in t h e  living space, 
in the heavy room (Ateq = 0.8 K). 



Zn both rosms, the i n f luence  of thermastat ,type % S  greater 
than the influence of thermostat pos i t ion ,  

Climatic chan~ber tests (Eebrun and Harra% 1980;  Spsagus and 
McNaal 1 9 7 0 )  have shown that during winter conditions people will 
not set the 'thermostat in accordance with khe mean temperature but 
in accordance with the minimum temperature, I n  Spragus and HeMalJ 
the following equation is given: 

where : " o f  = the equivalent tenlperaturs for PMV = O 
Wepeak t8 peak amplitude sf the periodic 6r.empea.ralarare fBuctua.kion, 

I f ,  f o r  examg~le, $he madula%ing thermostat in t he  Light room 
is raoved from the walk to the Living area, then the preferred 
kempera$ure can be decreased: 

I f  the an/sff thermosta.$ in the light room is replaced with a 
modulating 11 syete%l, still at the same place on t h e  wall, then 
reduct ion of prefered room temperature is: 

In Mieiserl ( 1 9 9 8 )  is found that for cliraatic zones w i t h  3800 
degree-days a year, as in Denmark, a one degree Q " C ]  increase in 
mean indoor temperature may cause a 1 0 %  do 15% increase in energy 
used far heating, This means $hat even small improvement of, for 
example, the room temperature con t ro l  may havs a significant 
positive influence on energy eonsumptisn. 

In the Parliament building and in the Royal Tksates, a removal 
o f  the thermostat from the wall ts the living area was not pas- 
a i b l s  during this p i l o t  test, A n  evaluation of the influence on 
the therma.1 condi.tion caused by &&is msven?ent can only be made 
i nd i , r ee t ly .  IL is possible ts compare the tsmpera.ture fIuctuatiow 
close to the L%.sermssta.L w i t h  t he  esrrsspondi~ng f%uc.tua+fon i n  Lhe 
living space. This csn2parisian is done i n  Table 3 ,  The difference 
betweell A t  at the t w o  locations ( B  -- A >  i s  greater in the Par-- 
Siamsnt and ~heaker than in t h e  t w o  tese rooms, T h i s  indicates 
t h a t  a l so  i n  the Larger sasms, a reduction af At can be ewpsc- 
.i - eq c.eci a f t e r  ::a 111sverne12:t~ cl:% the :room t t k s r m o s , k a t  from A do B, 

In Table 3 ,  ( B 4 )  1s .Lhs d i f ference  between %empsra,ture flue- 
t u a t i o n  i n  the living space and close to the wall, Xn t h e  two test 
rosms, this difference is smaller fo r  a space loca,tion of the 
"r,he:m~os.Aaat than for a wall location, This indicates that a, space 
1ocat.i-on of the roora the:rmostat may give a more even telnperature 
distribution in the room % t h a n  a w a l l  l o c a t i o n ,  Hare inves.tigations 
are needed w i t h  more msas~rring points before a final conclusion 
can be drawn. 



TABLE 3 

Comparison of temperature variation Ateq ( K ] ,  

Light toet rma 
Heav  teat rwa 
Parlimont 
%Poyal Theater 

%n living egacs B 

Prom Table L and Table 2, B - W indicates the difference between 
temperature fluctuations at the two measuring points A and B. For 
$he two test rooms B - A is given for both thermostat Ioeations. 

The laboratory test shows that temperature fluctuations in the 
living space are reduced when the room thermostat location is 
changed from a wall position to a central place in the room, 

A central location of the room thermostat may create a more 
constant temperature, not only close to the thermsstak, but also 
close to the wall outside the living space. 

In the heating season, a more constant equivalent temperature 
may reduce energy consumption fo r  heating, since the prefered 
temperature can be reduced psopsrtionallg to the reduckion s f  the 
Lemperature fluctuations, 

These first field tests in two large meeting rooms indicate 
that temperature control can be improved if the room thermostat is 
moved to a more central position in the space, Hore investigations 
are needed before a final conclusion can be drawn. 
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