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Comfort Control Algorithm Development of Car Air Conditioner using Thermal Comfort
Evaluation of Driver : Part I — Air-conditioning Operating Preference of Driver
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Abstract In this study, we investigated and evaluated the air conditioning operation of the driver according to the temperature
difference between the inside and outside of a car parked outside during the summer. We suggest including a comfort mode
to the car air conditioning system to improve the thermal comfort of the driver, in which the comfort can be maintained

for a longer time. For the a result of our experiment, in the cases with temperature of above 45°C inside of the car, the
subjects preferred strong air blow with the face and the arms in the direction of the blow. In the cases with temperature
of below 40C inside of the car, the subjects preferred lower volume of air blow. In the temperature below 28.1°C inside
of the car, the mean temperature on the skin of the driver reached the comfort zone.
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Clo : Clothing

MET  : Metabolic Equivalent of Task
MST  : Mean Skin Temperature
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Table 1 Anthropometric data of the subjects

Subjects Standard physique
Number of subjects 20 -
Age 255+24 20 s(Twenties)
Height 173.9+£3.2 174
Weight 68.6+7.5 71
Body mass 174+4.6 18.5~23
Pulse 71.9+9.6 50~100
Blood pressure 126.2175.9 120/80

(* 11.4/10.5)

Note) KOSIS(KOrean Statistical Information Service), 2012.
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Fig. 1 Experimental procedure.

Fig. 2 Experiment view.
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Table 2 Measurement Table 3 Environmental climate of ambient
Mez?suring Model Measurement Quantity Sunny Cloudy
equipment data Quantity of 754.9+258.3 206.8+102.4
Pyranometer - Solar radiation lea solar radiation KW/m’ - h KW/m’ - h
Data logger ~ MV2000  Data acquisition lea Outside temperature ~ 22.8~24.7°C 18.8~242°C
Thermo- TR.7oy  lemperature and - Outside humidity 59.9~72.7% 49.1~90.6%
hygrometer humidity Inside temperature  40.6~52.0C 22.7~36.5C
Supply air . Inside humidity 14.0~33.5% 26.5-65%
Thermocouple T-type temperature and 3point
skin temperature
Ventilation test TSI 9555-P  Supply air speed lea 3.2 A 23
Instrument
Thermal image FLIR i60 Surface temperature lea 2] dlojA el $EHLS AU FSE A AL, &
Azke] A4 BRS garlvlE 8% 8 F o
Frens Zdsqint olrh g, A3 FHE FAAA FE 2YEE
A F 84 T IS5 274 0.2 mm T-type B3 = Qg Edzs ¥ o E Ade T X
& AFE3le] Hlo]HE v 10% 7HE S 2 Data logger Ho] g ¥,
of AAZF A=Al 3+9 3L, Hardy and Dubois 748© Table 494 & Aol A83H S8 T =4
S AR AA 7E$)(oln}, Bl &%, BE E, & DA FE5S e £A4 S V|Eo R AR
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NAAEL BT FAG RS Aol Hu® a9l PHES AEE TAB AR M) $EF AW &
1, Zelge o)HFekS o]43 Hanada, Mihirad] o A BEHE Agsiath & SATHe A5
Ao Tegon, dgd dAnelse] Aol T Huel o AYL weld SPPHOR AF A
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3.1 97|=A R4S 249 AR Table 40 e,
FTES 1T 24 mys, 2% 4.0 m/s, 3% 5.2 ms, 4% 6.9
ofelol FAE F8A] g vlF BAfeluiA, @fy)  msE A AU 12 w17 mis Brme] FEATY
2 % QA ARWoR Rele dAg 5 Fya R S & 5 A
Aol Gare wol with 53, 97Iv A mwwiol Ael
GAGL goF Bl R o] g u} BALR 218 dxY Table 4 Air volume of supply diffuser
Auixjol =2 e HAPA A1 AALEo] g2t U i Air volume control Level
o] exo] mHe Qo] ghrRoletn & 5 glvk Position 1 2 3 4
E AFM = A7 5 A g AU E Left 22 4.0 5.4 70
7187 Aol A ASARAWS)E VIFom B A Upper  Right 2.6 39 51 68
URSI AR S s B U T s sheed Average 24 40 52 69
Table 301 ¥H2 3} 521 ‘éi TEE I AFAF A - (m/s) Cower 31 50 se 4
9] LHE WS YERaL vk B 2] A Akl Lot : '00055' :
A 2 Az} UrE}\Jri AS A = 789 dFo= Area  Upper —— '
dloFo] Thei Al AR EFAIAY] wiolt). () Right 0.00453
Table 3914 %At F3Foa Agat vhie] L1} Lower -
Aaleko)] ulg} 15C o)A 2Fol7F U= AL ol 4= Air Left 433 790 1063 138.2
QT olv AR} 2 "EsA] A s 93 I V01131me Right 463 70.0 90.6 1213
A9l # el A Apol 7k vpehd Ao gk (m /by Lower -
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Fig. 3 Inside temperature and supply temperature in
the car.
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Table 5 Preference rate of air volume

Time[h : mm]
0:00 0:05 0:10 0:15 0:20
Stop 0.0% 0.0% 0.0% 0.0% 0.0%
Level 1 0.0% 0.0% 9.1% 182% 9.1%
Sunny Level 2 27.3% 36.4% 36.4% 27.3% 45.5%
Level 3 45.5% 36.4% 273% 182% 182%
Level 4 27.3% 273% 27.3% 36.4% 27.3%
Stop 0.0% 16.7% 33.3% 50.0% 33.3%
Level 1 50.0% 50.0% 33.3% 16.7% 16.7%
Cloudy Level 2 16.7% 0.0% 16.7% 16.7% 33.3%
Level 3 33.3% 333% 16.7% 16.7% 16.7%
Level 4 0.0% 0.0% 0.0% 0.0% 0.0%

Level

Table 6 Preference rate of air direction

Time[h : mm]
0:00  0:05 0:10 0:15 0:20
Stop 0.0% 0.0% 0.0% 0.0% 0.0%
Outside 0.0% 0.0% 0.0% 0.0% 0.0%

Direction

Sunny
Body  45.5% 54.5% 81.8% 72.7% 72.7%
Face  54.5% 45.5% 182% 27.3% 27.3%
Stop 0.0% 16.7% 33.3% 50.0% 33.3%
Outside 33.3% 16.7% 0.0% 0.0% 33.3%
Cloudy

Body  50.0% 50.0% 50.0% 50.0% 16.7%
Face 16.7% 16.7% 16.7% 0.0% 16.7%
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Table 7 Thermal image

Time [h:mm]
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Fig. 4 Mean skin temperature.
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Table 8 Preference of air conditioner controller in the car

Time[h : mm]
0:00 0:05 0:10 0:15 0:20

Section

Air Level Level Level Level Level

volume 3 2,3 2 4 2
Sunny
Air Face Bod Bod Bod Bod
direction Y Y Y Y
Air Level Level Stop Stop
volume 1 1 or Stop or
Level 1 Level 2
Cloudy
Air Stop  Stop
direction Body Body Body or or

Body Outside
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