




Measurement of Thermal Comfort in Vehicles 
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Introduction 
Most people spend several hours a index is between-0,5 a n d + 0 , 5 , which to the thermal insulation, but as it 

day in transportation means like cars, means that less than 10% will find only will be in touch with less than 
trains, planes, trucks or buses. This is that the thermal environment is unac- 15% of the body surface area, the ad-
either during transportation back and ceptable. In addition, the standard in- dition will assumingly be around 
forth to work or as an occupation like eludes guidelines for local thermal dis- 0,2 clo. The thermal insulation for a 
taxi driver, truck driver, bus driver, comfort like radiant asymmetry, clothing ensemble Id may be estimat-
plane captain etc. It is therefore very draught and air temperature gradi- ed from Table 1 as: 
important to provide an acceptable ents. This standard may also be ap-
thermal environment in vehicles, plied for vehicles. The activity in a Id = £ Jdu 
which will not disturb the passengers vehicle will mainly be sedentary ex-
and give optimal comfort and perfor- cept for standing passengers in buses Add then 0,2 clo for the seat. 
mance for the driver. and trains and the service personnel 

working in planes and trains. This The humidity in a vehicle will de-
Normally, a stable and acceptable means the level will be between pend on the outside climate, the air 

indoor climate can be established and 1,2 met (seated-driving on highway) conditioning system and the number 
maintained in a building. The thermal and 1,6 met (seated driving in traffic of persons in the vehicle. The depen-
environment in a car is more difficult or standing). The clothing in a car can dent parameter for the sensation of 
to control and evaluate than in a vary from 0,3 to 1,5 clo in relation to warm and cool is the vapour pressure. 
building. These difficulties are due to the time of the year. 0,3 clo represents Normally this may vary between 0,8 
external influences from the direct a tropical clothing including short and 1,8 kPa except for aeroplanes 
and varying solar radiation on some trousers and a short-sleeved shirt, where the vapour pressure may be 
parts of the body, and the inhomogen- 1,5 clo represents a normal business much lower. The lowest values are ob-
eous air temperature and air velocity suit with a coat. The seat will also add tained in winter and the range corre-
field created by the air-conditioning 
system. Last, but not least, neither 
driver nor passengers are able to 
change their positions much to make 
up for the asymmetric climate condi
tion. 

Thermal Comfort 
Man's thermal comfort is a result of 

the combined effect of all six thermal 
climate parameters - activity level, 
clothing, air temperature, air velocity, 
air humidity and mean radiation tem
perature. According to ISO 7730 
[1984], the degree of general thermal 
comfort can be given by the PMV-
index (Fig. 1), which can be calculated F& 1- The comfort scale used in ISO 7730 for moderate thermal environment. To the right is 
when the six climate parameters are the correlation between the PMV-value and the percentage which is voting-3,-2,+2 
known. It is recommended that PMV- °r +3' whlch ls the thermally &**<**&* (pp^) 
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- „ . . . . . Thermal insulation, do _ . , . .. Thermal insulation, do 
Garment description Garment description 

Uclu) I'CISJ) 

Underwear Thin sweater 0,20 
— - ^ , — — " — " — — 

Briefs 0,03 Sweater 028 

Underpants with long legs 0,10 Thick sweater _ ^ _ 0,35  

Singlet 0,04 Jackets 

T-Shirt ° ' 0 9 Light summer jacket 0,25 

Shirt with long sleeves 0,12 Jacket 0 35 

Panties + Bra 0,03 Smock 0,30 

Shirts — Blouses H i g n insulative, Fiber-pelt 

Short sleeves ^15 Boilersuit 0,90 

Lightweight, long sleeves 0^20 Trousers 0,35 

Normal, long sleeves 0,25 Jacket 0,40 : _ _ _ l : 
Flannel shirt, long sleeves 0,30 \lesX 0 20 

Light weight blouse, long sleeves 0,15 _ . . . . . . 
z f : _ : Outdoor clothing 

T r 0 u s e r s Coat j 0,60 

Shorts ^ Down jacket 0,55 

Lightweight 0^20 P a r c a 0,70 
N o r m a l ^ Fiber-pelt overalls 0,55 
Flannel 0,28 - . . ! Sundries 

Dresses-Skir ts ^ _ _ _ ""socks " 0,02 

Light skirt (summer) 0,15 Thick ankle socks 0,05 

Heavy skirt (winter) 0£5 T h i c k | o n g s o c k s 0,10 

Light dress, short sleeves 0£0 N y | o n stockings 0,03 

Winter dress, long sleeves 0A0 S n o e s (thin soled) 0,02 

Boiler suit 0,55 Shoes, (thick soled) 0,04 

— Boots 0,10 Sweaters 
1 Gloves 0,05 

Sleeveless vest 0,12 
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Table 1. Clo-values for individual garments, Ic[u. The insulation of a whole ensemble Ic\ is estimated by Ic\ ~ E Ida 

sponds to a relative humidity range of tern will raise or lower the tempera- temperature is then related to the to-
30 -70% at 22°C air temperature. For ture in a cold or warm vehicle and to tal dry heat loss from the body. 
the conditions in a car a 10% increase study the differences between tem-
of the relative humidity will have the perature at head and feet. Only one Measuring each parameter requires 
same effect as approx. 0,3°C increase (air temperature) of the three main a lot of instrumentation and it is diffi-
in the temperature level. So the influ- climatic parameters that concerns the cult to measure all parameters in the 
ence of the humidity is not very signif- thermal comfort sensations (air tern- same position. Instead of measuring 
icant. perature, mean radiant temperature, each parameter and then calculate the 

air velocity) is measured. This fact is combined influence, it would be easier 
To evaluate the thermal environ- especially unfortunate in vehicles, as using a transducer that combines all 

ment in a vehicle it is then basically a the mean radiant temperature usually the climate parameters into one tern-
question of measuring the three re- differs far more from the air tempera- perature, the equivalent temperature. 
maining parameters air temperature, ture than is the case in buildings and 
mean radiant temperature and air ve- the air velocity is also greater and The Briiel & Kjaer Thermal Com-
locity more non-uniform than in buildings. fort Meter Type 1212 measures the 

The combined effect of air tempera- equivalent temperature using one 
ture, mean radiant temperature and heated transducer (Fig. 2). The Ther-

M e a S l i r i n g M e t h o d s air velocity can be expressed by the mal Comfort Meter gives the possibili-
equivalent temperature, which is de- ty of setting different clo-values, ac-

The usual method of evaluating the fined as the uniform temperature of tivity-levels and vapour pressures. 
efficiency of the air conditioning sys- an imaginary enclosure with air veloci- The heated transducer, heated to the 
tern in vehicles is to apply sensors to ty equal to zero in which a person will surface temperature of the actual 
measure the air temperature at feet exchange the same dry heat loss by clothing, is then influenced by the air 
and head level. The main purpose be- radiation and convection as in the ac- temperature, mean radiant tempera-
ing to investigate how quickly the sys- tual environment. The equivalent ture and air velocity. Besides measur-
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Garment description Thermal insulation, do 
(<clu) 

Garment description Thermal insulation, cto 
( lc.u) 

Underwear Thin sweater 
^ " ■ ■ - ■ ■ 

0,20 
" B ^ F — — 

Briefs 0,03 Sweater 0,28 

Underpants with long legs 0,10 Thick sweater 0,35 

Singlet 0,04 Jackets 

T-Shirt 0,09 Light summer jacket 0,25 
Shirt with long sleeves 0,12 Jacket 0,35 
Panties + Bra 0,03 Smock 0,30 

Shirts — Blouses High Insulative, Fiber-pelt 

Short sleeves 0.15 Boiler suit 0,90 
Lightweight, long sleeves 0,20 Trousers 0,35 
Normal, long sleeves 0,25 Jacket 0,40 

I 

Flannel shirt, long sleeves 0,30 Vest 
-

0,20 
Light weight blouse, long sleeves 0,15 Outdoor clothing 
Trousers 

Outdoor clothing 
Trousers Coat 0,60 
Shorts 0,06 Down jacket 0,55 
Light weight 0,20 Parca 0,70 
Normal 0,25 Fiber-pelt overalls 0,55 
Flannel 0,28 Sundries 
Dresses — Skirts 

Sundries 
Dresses — Skirts Socks 0,02 
Light skirt (summer) 0,15 Thick ankle socks 0,05 
Heavy skirt (winter) 0,25 Thick long socks 0,10 
Light dress, short sleeves 0,20 Nylon stockings 0,03 
Winter dress, long sleeves 0,40 Shoes (thin soled) 0,02 

Boiler suit 0,55 Shoes, (thick soled) 0,04 

Sweaters Boots 0,10 Sweaters 
Gloves 0,05 

Sleeveless vest 0,12 
Gloves 0,05 

Sleeveless vest 0,12 
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ing the equivalent temperature the ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ p " ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ W t t i « ] : ^ 
comfort meter can also measure oper- flflHlMII^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ * » $ ' 

resenting different body parts. The .--W.-.':-'• ' ' :*^^^^^^^^fe--—^ 

The position and direction of the Flg 2 The Thermal Comfort Meter 
sensor are set so it as best as possible 
simulates the shape and projected 
area of the body parts it represents, 
(Fig. 3). 

The idea is then to measure the 
equivalent temperature at each posi
tions and estimate an equivalent tem
perature (teq) for the whole body 
based on area weighted average. In 
Table 2 are shown the area of differ
ent body parts, examples of positions 
of sensors and the corresponding 
weighting factors for estimating the 
equivalent temperature for the body 
as a whole. In a test with three sensors 
(head, abdomen, feet) the calculations 
of the mean value will be: 

teq (mean) = 0,1 • teq (head) 

+ 0,7 • teq (abdomen) 

+ 0,2 ■ teq (feet) Fig. 3. Position of the three comfort transducers, when measuring in a car 

Body Segment Skin Area Relative 3 Area 6 Area 10 Area 
m2 Area % Transducer % Transducers % Transducers % 

Head 0,180 10,3 1 : Head 10,3% 1 : Head 10,3 1 : Head 10,3 
Left Upper Arm 0,077 4,0 2 : Abdomen 31,1 2 : Abdomen 23,1 
Right Upper Arm 0,077 4,0 L Upperarm 3 . R upperarm 4,0 
Left Forearm 0,062 3,5 R ' u P P e r a r m 4 : |_. Upperarm 4,8 

Right Forearm 0,062 3,5 3 : ^ ^^6*™ ^ 5 : R ' F o r e a r m 6 - 4 

Left hand 0,050 2,9 _ . . . . _' _ . R. Hand 
2.: Abdomen 66,7 4 : R. Forearm 6,4 „ . ,_ 

Right hand 0,050 2,9 R. Hand 6 : L. Forearm 6,4 
Chest 0,185 10,6 5 ■ L Thiqh L. Hand 
D L, nnnA H I , O T K - K OO D 7 : R- Thigh 1 1,4 Back 0,204 11,7 R. Thigh 22,8 . , _ y . .. . y 1/2 Trunk 
Pelvis 0,080 4,6 Abdomen 

e . ,_ . 8 : R. Thigh 11,4 
Left thigh 0,160 9,1 R Foot 1 / i T r u n k 

Right thigh 0,160 9,1 L.'Fibula 23,0 9 : R- Fibula 11,5 
Right fibula 0,140 8,0 R Fibula ' R- F o o t 

Lettfibula 0,140 8,0 3.. Legs 23,0 10: L. Fibula 11,5 
Left foot 0,062 3,5 L- F o o t 

Right foot 0,062 3,5 
T01950GBO 

Table 2. Area of different body parts, weighting coefficient 
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Body Segment Skin Area Relative 3 Area 6 Area 10 Area 
m2 Area % Transducer % Transducers % Transducers % 

Head 0,180 10,3 1 : Head 10,3% 1 : Head 10,3 1 : Head 10,3 
Left Upper Arm 0,077 4,0 2 : Abdomen 31,1 2 : Abdomen 23,1 
Right Upper Arm 0,077 4,0 L. Upperarm 

R. Upperarm 
3 : L. Forearm 

L. Hand 
4 : R. Forearm 

R. Hand 

3 : R. Upperarm 4,0 
Left Forearm 
Right Forearm 
Left hand 
Right hand 

0,062 
0,062 
0,050 
0,050 

3,5 
3,5 
2,9 
2,9 

2.: Abdomen 66,7 

L. Upperarm 
R. Upperarm 

3 : L. Forearm 
L. Hand 

4 : R. Forearm 
R. Hand 

6,4 

6,4 

4 : L. Upperarm 
5 : R. Forearm 

R. Hand 
6 : L. Forearm 

L. Hand 
7 :R. Thigh 

1/2 Trunk 
8 :R. Thigh 

1/2Trunk 

4,8 
6,4 

6,4 

Chest 
Back 
Pelvis 
Left thigh 

0,185 
0,204 
0,080 
0,160 

10,6 
11,7 
4,6 
9,1 

5: L.Thigh 
R. Thigh 
Abdomen 

6 : L. Foot 
R. Foot 
L. Fibula 
R. Fibula 

22,8 

4 : L. Upperarm 
5 : R. Forearm 

R. Hand 
6 : L. Forearm 

L. Hand 
7 :R. Thigh 

1/2 Trunk 
8 :R. Thigh 

1/2Trunk 

11,4 

11,4 

Right thigh 
Right fibula 

0,160 
0,140 

9,1 
8,0 

5 : L.Thigh 
R. Thigh 
Abdomen 

6 : L. Foot 
R. Foot 
L. Fibula 
R. Fibula 

23,0 9 : R. Fibula 
R. Foot 

11,5 

Lettfibula 0,140 8,0 3.. Legs 23,0 10: L. Fibula 11,5 
Left foot 0,062 3,5 L. Foot 

Right foot 0,062 3,5 



Based on this mean equivalent tem
perature, activity level, clothing insu
lation and the vapour pressure it will 
be possible to estimate the PMV-in-
dex either from Figs. 6 - 8 or by use of 
the PMV-equation, where the equiva
lent temperature is inserted for air 
and mean radiant temperature and 
the air velocity is equal to zero. 

To take into account the obstruc
tion that the human body will make to 
the air velocities it is recommended to 
mount the sensors on a skeleton which 
represents the contour of each body 
part (Figs. 4 and 5). 

Fig. 4. Example of position of the sensors 

Fig. 5. Example of mounting skeleton in a 
car 

Each of the comfort sensors have to 
be connected to its own control-box. 
The settings of humidity and activity 
level shall be the same for all sensors. 
These two parameters will not influ
ence the measured equivalent tem
perature. The setting of the clo-value 
will influence the equivalent tempera
ture. The cooling effect of air move
ments are much higher on nude parts 
of the body than on parts which are 
covered by clothing. This is taken into 
account by setting individual thermal 
insulation values (clo-values) for the 
sensors representing different body 
parts. An example of these settings are 
shown in Table 3. 

Measuring Procedure 
To evaluate the performance of the 

heating and air conditioning system in 
vehicles four types of tests are of in
terests. 

Test A: Evaluation of the heating-
cooling capacity of the air 
conditioning system, i.e. the 
ability to heat up or cool 
down the interior of a vehi- pigt g. Relation between equivalent temperature and PMV-index for activity level equal to 
cle. 1,2 met 
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Test B: Evaluation of the non-uni- 1 I W a r m _ u p I Cool dowi 
formity of the thermal envi- winter sunmmer 
ronment at the driver's seat 
, , ., ,! , % r activity level 1,2 met 1,2 met (or one ot the other seats), n _ n ft . , - rn ^ j - / . / . + vapour pressure 0,6 pa 0,9 pa 
i.e. the influence ol dilterent comfort meter I clo-value feet 0,8 do 0,8 do 
positions of the outlets and clo-value abdomen 1,5 do 0,8 do 
the effect of direct sunshine I clo-values head 0 do 0 do 
through the windows. Mean thermal insulation incl. seat (+0,2 clo) 1,4 do 0,8 do 

T01932GB0 

Test C: Evaluation of the differences TMe 3_ Examples of Comfort Meter Settings durmg Test 
in the thermal environment 
from seat to seat. 

Test D: Field trials under actual out
side conditions. 

Test A 
This test is based on measurements 

of the mean equivalent temperature 
and the PMV-value at the driver's 
seat. For this test the transducers are 
fixed at the selected positions and all 
set to the equivalent temperature 
function. The setting of activity level 
(1,2 - 1 , 6 met) and humidity 
(0,8-1,8 kPa) shall be the same for all 
sensors. It is recommended to set the 
activity level at 1,4 met, which approx
imate a person seated after entering 
the vehicles. The setting of the clo-
value is made individually according 
to Table 1 and Table 3. 

Cool-down: To simulate summer con
ditions, the car is heated up in the 
wind tunnel with simulated sun load 
to an operative temperature around 
60°C. After steady state conditions 
have been obtained for some time, the 
engine and air-conditioning system is 
started. The engine is running under a 
realistic load during the whole test. 
During the entire test the air tempera
ture ( + 40°C) and sun load from above 
and/or from the side is kept constant. 
When the car is turned on, the wind „. - n , A. , , ■ , , , , , D * ^ / ■ J r * • - , . / > i . 

. . . rig. 7. Relation between equivalent temperature ana PMv-index for activity level equal to 
speed in the tunnel is increased to a ^ 4 met 
level that is equal to the relative air 
velocity when driving i.e. 80 km/h. Be
fore the cool-down starts, the air-con- Based on the calculated mean similar measurements as for cool down 
ditioning system and the fan speed equivalent temperature for the whole are recorded. For the warm-up test 
has been set and the outlets set in a body (Table 2) and the corresponding (winter conditions) it is recommended 
fixed position. Before the start all the PMV-value (Figs. 6-8) it is then esti- to simulate a winter clothing i.e. 
comfort meters are turned on and the mated the time it takes before the tern- ~ 1,0 clo. 
output from the equivalent tempera- perature level has reached a comfort -
ture is recorded continuously. In the able level i.e. - 05 < PMV < + 0,5. For Test B 
beginning of the test the transducer the cool-down test (summer condi- This tests is normally made in a 
will not be heated internally because tions) it is recommended to simulate a steady state conditions with the car 
the ambient temperature is higher summer clothing i.e. —0,6 clo. running and a fixed outside climate. In 
than the simulated skin temperature. comparison to test A it may here be 
During the cool down, when the sen- Warm-up: To simulate winter condi- necessary to measure at more posi-
sors reach a temperature around 36°C tions, the car is cooled down in a wind tions either by using more sensors si-
the heating will automatically start tunnel to an operative temperature of multaneously or by changing the posi-
and the surface temperature will be approx.-18°C. After steady-state con- tion of the sensors. This is possible 
controlled at a comfortable level tak- ditions have been reached for some because the tests are made in steady 
ing into account the level of clothing time, the engine and the heating sys- state conditions. When moving a sen-
insulation. tern is started. During the warm-up, sor it takes about 5 mins. before it has 
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Warm-up Cool down 
winter sunmmer 

( activity level 1,2 met 1,2 met 
vapour pressure 0,6 pa 0,9 pa 

comfort meter < clo-value feet 0,8 clo 0,8 clo 
clo-value abdomen 1,5 clo 0,8 clo 

- clo-values head 0 clo 0 clo 

Mean thermal insulation incl. seat (+ 0,2 clo) 1,4 clo 0,8 clo 



stabilized at the new conditions. The 
best is if the change of position can be 
done without opening of the doors in 
the vehicle. 

The non-uniformity of the thermal 
environment can then be expressed as 
the difference in equivalent tempera
ture between different body parts i.e. 
head-feet or left-right side. 

The setting of the instruments will 
be the same as in Test A. 

More detailed information on the 
individual thermal parameters at the 
different body parts can be obtained 
by also measuring the operative tem
perature with the comfort meter and 
add a measurement of air temperature 
(Olesen et al. [1987]. 

The difference between operative-
and equivalent temperature can be 
used to estimate the air velocity and 
the difference between operative- and 
air temperature can be used to esti
mate the radiant temperature. 

When measuring the operative tem
perature the comfort meters has to be 
set a "operative temperature" func
tions and then it will take about 10-20 
min. before the sensors have stabi- . , 7 „ . , , , . 7 . . T , , 
T j Tc • , i - j ■, i Fig. 8. Relation between equivalent temperature and PMV-index for activity level equal to 
hzed. If using this procedure it can be a * " 
recommended to start by measuring 
the operative temperature and the 
change to equivalent temperature. 

Evaluation of the results may be represented by a difference in 
Test C equivalent temperature. 
This test is in fact a comparison of the The aim of the heating- or air-condi-
measurement according to test B at tioning system is to obtain a comfort- To evaluate if the temperature level 
the different seat positions in the able temperature level i.e. PMV=0 as is acceptable the mean equivalent 
front and in the back of the car. To quickly as possible and an environ- temperature is measured and then 
make the measuring time as short as ment as uniform as possible i.e. the PMV is estimated from Fig. 6-8 or by 
possible you would need several in- difference between the local equiva- the PMV-equation. The PMV-index 
struments representing each passen- lent temperatures as small as possible. represents mainly steady state condi-
ger. However, because this test can be tions. During a "warm-up" or "cool-
performed in a steady state condition In ISO 7730 the requirements for down" test the driver will be in a tran-
you can measure one position at a thermal comfort is: sient conditions and his subjective re
time and then move the sensors. -0 ,5 < PMV < 0,5, non-uniformity actions will be different from the 

from radiant temperature asymmetry steady-state conditions. 
Test D is less than 5°C for horizontal asym-
In a field trial one will investigate how metry (heated ceiling) and less than To evaluate if the non-uniformity is 
the thermal environment will change 10° C for vertical asymmetry (cold acceptable it is recommended that the 
during a normal ride with changing car window), vertical air temperature dif- variation in equivalent temperature 
speed and sun position. For this test it ference between feet and head less between the different body parts may 
is necessary with simultaneous mea- than 3°C and mean air velocity less not vary more than 3°C. 
surements. Again the results are given than < 0,15 m/s (air temperatures 
as a mean equivalent temperature or <23°C) or less than 0,25 m/s (air 
PMV-value and then as the differ- temperatures > 2 3 ° C ) . A-p p x a m n l p o f tVlP 
ences in equivalent temperature be-
tween different body parts. For this Regarding the non- uniformity it is measurement in a car 
test it is convenient that the instru- really the combined effect of air veloc-
ments may be operated on internal ity, air temperature differences and ra- Using the method described above 
batteries or using the car batteries. diant asymmetry a person feels, which the thermal climate in a car was evalu-
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ated. Measurement was made accord
ing to test A, B and C. In addition to 
the measurement with three thermal 
comfort meters at feet, abdomen and 
head level also the air temperature 
was measured with thermocouples at 
feet and head level (Fig. 3). The set
ting of the comfort meter are shown in 
Table 3. 

Tes t A: The ability to warm-up or 
cool down the car. 
Warm-up: The car had been in a 
steady state at -18°C when the test 
started. 

Fig. 9 shows the results from com
fort meter and thermocouple measure
ments taken at the driver's seat during 
a warm-up test. The temperature 
measured by the thermocouples is sev
eral degrees higher than that mea
sured by the comfort sensors. The rea
son is that the air temperature is in
creasing rapidly while the mean 
radiant temperature is increasing 
more slowly because of the thermal Fig. 9. Recording of temperature in drivers seat during warm-up text using two measuring 
capacity in the car. In addition to that, methods. The horizontal lines indicate the comfort zone (-0,5 < PMV < 0,5) for 1,2 
the mean radiant temperature will re- met an® lj4 c^° 
main lower than the air temperature 
because of the poor insulation of nor
mal car walls and ceiling, and finally, 
the air velocity caused by the heating 
system will create an increase in the 
convective heat loss and thereby a de
crease of the equivalent temperature. 

During winter conditions, with an 
activity level of 1,2 met and a clo-val-
ue of 1,4, comfort (PMV = 0) is ob
tained at an equivalent temperature 
equal to 19°C. When using thermocou
ples, it seems like comfort is obtained 
after 15 minutes (Fig. 9). This is a 
false conclusion because the tempera
ture experienced by the driver is about 
+ 5°C as measured by the comfort 
transducers. The comfort level is 
reached after 24 minutes based on the 
measured equivalent temperatures. It 
is, however, important to remember 
that during the warm-up period the 
driver will be in a transient state, he 
will actually feel the thermal environ
ment warmer than indicated by the 
objective measurements; but the dif
ference found between the thermocou- Fig- 10. Recording of temperature in driver's seat during cool-down test using the two differ-
TYIM and tl,P PniiivfllPTit tPmnpraturP ent measurin§ methods. The horizontal lines indicate the comfort 
pies and the equivalent temperature (-0,5 < PMV < 0,5) for 1,2 met and 0,8 do 
indicates that the heating system is 
considerably less efficient than indi
cated by the simple measurement of s p i r 6 ; i t c a n n o t e x a c t l y s i m u l a t e the and the equivalent temperature is 
air temperature. r e a l h e a t l o g g f r o m a p e r s o n a t n i g n measured. 

temperatures. The temperature given 
Cool-down: The car had been in a in Fig. 10 is the temperature of the It is seen from Fig. 10 that in the 
steady state at 60° C when the test sensor. But when the ambient tern- cool-down test there is a better agree-
started. Fig. 10 shows the results. As perature decreases below 36°C the ment between the two methods. This 
the comfort meter is not able to per- heating of the transducer will start is, however, due to the fact that two 
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Equivalent Temperature Air Temperature 

Differences Difference 
Mean Feet Head Head-Feet Mean Feet Head Head-Feet 

°C °C °C °C 

Cool environment 

W"ee7- 31'9 39'5 3 0 ' ° -9'5 37'2 " . 5 ™* 

ZKZTPlTp- ^ 32>° 2 2>8 -^ ^ »■< ^ \ - ° . 3 
Warm environment 

mean fan speed 
normal air conditioning 16,5 19,5 9,8 - 9,7 23,0 25,7 20,1 -5,6 
no sun load 

mean fan speed 
normal air-conditioning 26,0 24,2 20,7 - 3,5 28,6 29,6 27,7 -1,9 
sun load: side, front, roof 

low fan speed 
normal air-conditioning 30,3 27,8 41,0 +13,2 34,8 31,3 38,2 +6,9 
sun load: side, front, roof 
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Table 4, Results from test B of measured equivalent and air temperatures. The results are given as mean values for driver and passenger seat 

measuring inaccuracies for the ther- 1,2 met and 0,8 clo is 23°C. This tern- equivalent temperature. The mea-
mocouples compensates for each other. perature is reached 30-35 minutes af- sured non-uniformity expressed by the 
In this test the outside temperature is ter start-up. From Figs. 8 and 9, it is temperature difference between head 
much higher than the internal air tern- seen that the "real" warm-up and cool- and feet is higher than the recom-
perature, which means that the mean down times are approximately the mended 3°C. The thermocouples (air 
radiant temperature in the car is high- same, around 30 minutes. temperature sensors) are measuring 
er than the air temperature. This two small differences between head 
should result in an equivalent tern- Test B: The non-uniformity was stud- and feet. This is because they are not 
perature higher than the air tempera- ied in steady state conditions, both in influenced by the cold radiation from 
ture. But on the other hand the in- a cool (-18°C) and a warm (40°C + the ceiling and the windows on the 
creased air velocity will increase the sunshine) outside climate. The results upper part of the body (head). 
convective heat loss from the body and are given in Table 4. For the winter 
then decrease the equivalent tempera- conditions (cool environment) the For the summer conditions (warm 
ture. In the present case this will re- range of equivalent temperature which environment) the range of equivalent 
suit in an equivalent temperature al- will result in -0,5 < PMV <0 ,5 is temperatures which will result in 
most equal to the air temperature, be- 16,5°C - 21,5°. In both situations the -0,5 < PMV < 0,5 is 21°C - 25°C. In 
cause the thermocouples do not temperature level in the actual case is the case with no sun load the air tern-
respond to the air velocity and only a too high. As mentioned above, is the perature sensors are showing much too 
little to the mean radiant temperature. temperatures measured by the ther- high values. The mean value for equiv-
The optimum comfort temperature for mocouples much higher than the alent temperature is 16,5°C, while 

Equivalent temperatures Drivers Seat Passenger Seat 

Differences Difference 
Mean Feet Head Head-Feet Mean Feet Head Head-Feet 

°C °C °C °C 

Cool environment 
max outlet temp. g 3 g Q 32Q _yQ 3 2 ., 4QQ 2QQ _ 1 2 Q 
high fan speed 

max. outlet temp. 3 _ g Q 2 4 3 32Q 22Q _^QQ 
low fan speed 

Warm environment 
mean fan speed 
normal air conditioning 18,5 20,4 14,3 -6,1 14,6 18,6 5,3 -13,3 
no sun load 

mean fan speed 
normal air-conditioning 26,5 23,6 21,3 -2,3 25,6 24,8 20,1 - 4 , 7 
sun load: side, front, roof 

T01934GB0 

Table 5. Results from test C of measured equivalent temperatures 
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Equivalent Temperature Air Temperature 

Mean 
°C 

Feet 
°C 

Head 
°C 

Differences 
Head-Feet 

°C 
Mean Feet Head 

Difference 
Head-Feet 

Cool environment 
max. outlet temp. 
high fan speed 31,9 39,5 30,0 -9 ,5 37,2 39,5 34,8 -4 ,7 

max. outlet temp. 
low fan speed 24,7 32,0 22,8 -9,2 29,3 29,4 29,1 -0 ,3 

Warm environment 
mean fan speed 
normal air conditioning 
no sun load 

16,5 19,5 9,8 - 9,7 23,0 25,7 20,1 -5,6 

mean fan speed 
normal air-conditioning 
sun load: side, front, roof 

26,0 24,2 20,7 - 3,5 28,6 29,6 27,7 -1 ,9 

low fan speed 
normal air-conditioning 
sun load: side, front, roof 

30,3 27,8 41,0 + 13,2 34,8 31,3 38,2 + 6,9 

T^^n^o/^on 

Equivalent temperatures Drivers Seat Passenger Seat 

Mean 
°C 

Feet 
°C 

Head 
°C 

Differences 
Head-Feet 

°C 
Mean Feet Head 

Difference 
Head-Feet 

Cool environment 
max. outlet temp. 
high fan speed 31,5 39,0 32,0 -7,0 32,1 40,0 28,0 -12,0 

max. outlet temp. 
low fan speed 25,0 32,0 23,0 -9,0 24,3 32,0 22,0 -10,0 

Warm environment 
mean fan speed 
normal air conditioning 
no sun load 

18,5 

i 

20,4 

■ 

14,3 -6,1 14,6 18,6 5,3 -13,3 

mean fan speed 
normal air-conditioning 
sun load: side, front, roof 

26,5 23,6 21,3 -2,3 25,6 24,8 20,1 - 4,7 



mean air temperature is 23°C. This is as for the driver, except for the colder Besides, when using several sensors 
because the air temperature does not head (28° C) with the high fan speed. representing different body parts, the 
respond to the cooling effect of the air non-uniformity of the thermal envi-
velocity. At head level this effect is A much more significant difference ronment due to local air velocities and 
very significant ( t e q = 9,8° C and ta = is found between head temperatures sunshine may also be evaluated. 
20,1°C). This was caused by the fact in the warm environment with no sun 
that the outlets from the cooling sys- load. In the driver's seat the tempera-
terns were directed towards the head ture at head level is 14,3°C while it is 
level. only 5,3°C at head level in the passen- R ,6 f6rGI lC6S 

ger seat. This may be due to the direc-
In the two last tests the sun load tion of the outlets which may not have [19841 

was on, which increases significantly been exactly the same for the driver jgQ 7730 ^934 "Moderate Thermal 
the temperatures in the car and the passenger seat. Environments — Determination of 
(16,5°C - 26,0°C). By a low fan speed t h e p M V a n d p p D I n d i c e g a n d g p e c i _ 
this increase is even greater. Especially f i c a t i o n o f t h e C o n d i t i o n s f o r Thermal 
at head level it is now felt very hot due p - „ „ ! „ „ • Comfort" International Standards Or-
to the sun radiation and the missing ^ O n C I U S l O I l ganization. Geneva 
cooling effect from the cooled air, 
which with low fan speed does not The present application note has [1987] 
seem to reach the head level. Both shown that the evaluation of the ther- OLESEN, B.W., ROSENDAHL, J. & 
with mean fan speed, no sun and with nial environment in a vehicle can be MADSEN, T.L.: "The use of a thermal 
low fan speed with sun the non-unifor- made more correctly using an integrat- comfort meter for measuring mean ra-
mity is very high. m g sensor like the thermal comfort diant temperature, radiant tempera-

meter than using simple measurement ture asymmetry and air velocities" 
Test C: Also a comparison between of air temperatures. Proceedings from the International 
the conditions at the drivers and the Congress on Building Energy Manage-
passenger seat was done. These results The sensor can be used to evaluate ment, ICBEM'87, Lausanne, 1987, 
are given in Table 5. In the cool envi- the performance of a heating/air-con- Switzerland 
ronment the thermal climate at the ditioning system when warming-up a 
passenger seat is very much the same cool car or cooling down a warm car. 
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