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Abstract : This study proposes a PMV (Predicted Mean Vote)-based HVAC mode reference framework for maintaining
thermal comfort in electric vehicle cabins. Real-world driving data, including air temperature, mean radiant temperature,
humidity, air velocity, metabolic rate, and clothing insulation, were analyzed to assess in-vehicle thermal comfort. K-means
clustering was applied to classify driver operation patterns under various environmental conditions. The PMV model,
implemented using the pythermalcomfort library based on the ISO 7730 standard, was used to quantitatively evaluate comfort
levels. The most frequently occurring PMV values within the range of —0.5 to +0.5 were used to define three reference HVAC
modes: Cool, Normal, and Warm. Results indicate that the proposed PMV-based mode classification reflects seasonal comfort
tendencies and suggests a potential linkage to energy-efficient HVAC operation, although direct power consumption
validation was beyond the scope of this study. These findings provide a reference framework for future real-time intelligent
HVAC control systems in xEVs.

Key words : PMV (4] S H i £ H), HVAC(FZ 2| 2~ ¥l), Thermal comfort(d % 7 2 4), K-means clustering(K-H
% 3}), Vehicle cabin environment(ZF% U] 7)), Intelligent control(#] ‘53 #] o)

Nomenclature r : radiation
PMV :predicted mean vote cl : clothing surface
HVAC : heating, ventilation, and air conditioning 153 : respiration
T : air temperature (°C)
T, : mean rgziant temperature (°C) LNE
RH  :relative humidity (%) LIGPHALTRM
Va  :relative air velocity (m/s) AF Y 48 P4 A4 FAFET H 25, o
M : metabolic rate (W/m?) Lol7} 53 eklAdol A A TS vA = &H‘:} 2
Icl : clothing insulation (m>-K/W) olo|t} &, &%, 37 38, dAFE S 87 ¢lxte
A7) Q1A T ukg 5o YL 1) ]U% 3 ﬂll

Subscripts o] Aste A% QA F-317F Frbsta w3 £E7F

a : air AstE o] Ao 91 o] Fold 4 Ao A7 A}
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Fig. 1 Overall framework of PMV-based HVAC mode derivation
and control reference generation
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Photo 1. Indoor temperature measurement locations
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Table 1 Data collection summary

Vehicle 2019 Hyundai Kona EV
Data collection duration Approximately 140 hours (total)
Driving environment Highway, urban road, national road
Weather conditions Clear, cloudy, rainy
HVAC modes Cooling, heating, ventilation, airflow control
2.1.3 9 ojojg] 7

oF 140A| 2t S F 8= o] HlolE & gr gl an,
PMV Alxtell Qg 8 JAE FE38te] 4]0 A&
st A8 MEE AN 25 Hi BAL 2587 A
A ), BUEE, A5 25, AN A &5 5ol
HFE AANE ZAF R 2 22X X8 oA |
8} A A Al 8=

PMV A Al o5 - d, tiALE 52 IS0 7730 EF 3t
< st A4 £e, F8 @4 AR 119 4
FAe} X 548 72}8H7] 9138 K-means = 2 2H
g duElEe A48tk Po] ML 3 AR F
Z R g Ay 43739 548 £33st, PMV
ALt A dlolH el gL HFH oz wotslr] 9%
EXL 7HAY, 23E HE 25, 65, 35 592X

EolEPMV A A T2 BE J|F AA Al 3
A2 2 &85

2.1.4 23 CJo|E| 22

Z 517,14571¢] Holg & 7|te 2 pMV 2E2 A&
st A2 Ul A A S Freldh &8 dolHe 5
A 87 =74 FH3HE F2 QA= 9 Ht gk, PMV
ZH3 ~+3 M S]), PMV 3 X 5 05 ~+0.5 T-7Hl A 7}
ARUNET L P 7Fo2 HAEY FXREI|F T

Table 2 Output data derived from the study

Output data Description
Average value of Average of key variables grouped under
each cluster specific environmental conditions
Qutput value of the PMV model reflecting in-
PMV value vehicle thermal environment (-3 to +3)
HVAC mode determined based on the
r;g:i e“v“’adc]m most frequent PMV values within the
range of -0.5 to +0.5
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where
M: Metabolic rate (W/m?)
W : Effective mechanical power (W/m?)
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H: Heat loss by radiation and convection
E.: Heat exchange through skin evaporation
Cres) Eres: Sensible and latent heat exchange by respiration
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Table 3 Data mapping for PMV model application

Variable Source data
Air temperature Driver seat temperature
Mean radiant temperature Average of 8 temperature points
Relative humidity In-vehicle humidity sensor data
Relative air velocity Airflow velocity at vent outlet
Metabolic rate ISO standard value (1.5 met)
Glothingioaderion {sm;igmﬁﬁ clo)
External work ISO standard value (0 W)
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Table 4 Clustering results and average values of key variables

Variable Cluster 0 | Cluster 1 | Cluster2
A/C power (W) 177.8 2829 176.8
Heater power (W) 218 0.0 3.6
Outside temperature (°C) 21.0 223 213
Inside temperature (°C) 21.1 20.1 19.6
Set temperature (°C) 202 18.4 19.3
Fan level 29 29 2.6
Solar radiation (V) 02 0.2 0.5
Humidity (%) 48.3 373 36.2
Vehicle speed (km/h) 76.2 80.3 794
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Fig. 2 PMYV distribution in summer (histogram)
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Fig. 3 PMV distribution in winter (histogram)
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Table 5 Average values of thermal parameters for each
PMYV level (summer)

Table 7 Frequency distribution of PMV values in summer

PMV Frequency PMV Frequency
PMV t, (°C) |t,. (°C)|Vyp (m/s)|RH (%) | M (met) |1, (clo) 0.5 18,588 0.1 16,445
-0.5 210 | 252 0.30 34.1 1.5 0.5 -0.4 19,352 0.2 12,952
04 215 | 252 0.30 343 1.5 0.5 03 21,585 03 10475
-0.3 219 | 254 0.29 36.2 1.5 0.5 -02 18,965 0.4 10,962
-0.2 22.1 26.1 0.29 35.2 1.5 0.5 -0.1 17,962 0.5 8,759
0.1 28 [250] o030 | 402 | 15 05 0.0 17.844
0.0 23.0 | 268 0.30 34.5 15 0.5
0.1 234 (272 ) 030 [ 342 | 15 0.5 Table 8 Frequency distribution of PMV values in winter
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05 7,804 0.1 16,944
04 252 | 277 0.35 31.8 1.5 0.5
-0.4 10,521 0.2 17,535
0.5 255 278 0.34 353 1.5 05
-0.3 10,943 0.3 20,746
-0.2 13979 04 12,350
Table 6 Average values of thermal parameters for each PMV
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