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Evaluation of proper particle cleaned air delivery per hour
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Abstract

In this study, an empirical study was conducted to investigate the clean air delivery rate (CADR) and the proper
particle cleaned air delivery per hour (PCH) of the air cleaning device installed in passenger car cabin. Changes in
internal particle concentration were measured in the cabins of the pick-up type engine-driven car and the electric
vehicle depending on cabin air filters, ventilation modes, and blower settings. In the tested cars, PM;s collection
efficiency of the HEPA filter was higher than that of the genuine filter. The PM;5 collection efficiency of each cabin
air filter was measured to be similar regardless of the blower setting of the tested cars. This means that the higher
the blower setting, the higher the CADR and the PCH. The infiltration rate varies depending on the air tightness of
the car. The cabin was more contaminated with particles under driving. From the CADRs measured inside the
passenger car cabin, the recirculation mode of HVAC system is a more effective for managing ultrafine particles
than the fresh air mode. From a few assumptions, the proper PCH was derived about 0.8 times/min (48 times/h).
From this result and several experiments, the proper operation setting of air cleaning device installed inside cars
can be found out to control indoor air quality. Also, an appropriate operation settings of HVAC system can be

found with considering cooling and heating conditions for thermal comfort in passenger car cabin.
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Figure 1 Overview of the air circulation for controlling indoor air quality in car cabin
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Figure 2 Test conditions for investigating indoor
air quality in car cabin
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Figure 4 Collection efficiency of PM2.5 in the fresh air ventilation mode of cabin HVAC system with

different air filters
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Table 1 Clean air delivery rate of PM2.5 for the fresh air mode of the engine—driven car [unit :
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Filter Genuine filter HEPA filter
Blower Setting 2 4 6 8 2 4 6 8
Idling 0.15 0.16 0.17 0.25 0.88 0.88 1.86 2.48
Driving -0.11 -0.07 0.10 0.14 0.43 0.83 0.82 1.37
Infiltration 0.26 0.23 0.07 0.11 0.45 0.05 1.04 1.11

Table 2 Clean air delivery rate of PM2.5 for the recirculation mode of the engine—driven car [unit

: m'/min]

Filter Genuine filter HEPA filter
Blower Setting 2 4 6 8 2 4 6 8
Idling 0.70 0.73 0.84 0.90 2.51 3.10 4.84 5.07
Driving 0.58 0.80 0.90 0.93 3.50 3.92 5.52 6.85
Infiltration 0.12 -0.07 -0.06 -0.03 -0.99 -0.82 -0.68 -1.78
Table 3 Clean air delivery rate of PM2.5 for the fresh air mode of the electric car [unit : m*/min]
Filter Genuine filter HEPA filter
Blower Setting 2 4 6 8 2 4 6 8
Idling 1.83 3.75 4.00 4.00 2.65 3.89 4.22 4.63
Driving 4.16 4.91 4.59 4.09 3.17 5.58 5.33 6.34
Infiltration -2.33 -1.16 -0.59 -0.09 -0.52 -1.69 -1.11 -1.71
Table 4 Clean air delivery rate of PM2.5 for the recirculation mode of the electric car [unit : m'/min]
Filter Genuine filter HEPA filter
Blower Setting 2 4 6 8 2 4 6 8
Idling 2.51 3.83 4.10 4.25 2.60 4.30 5.28 6.36
Driving 3.36 4.65 5.45 5.94 4.00 4.74 6.18 7.06
Infiltration -0.85 -0.82 -1.35 -1.69 -1.40 -0.44 -0.90 -0.70
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Figure 5 Effective flow rates of the air cleaning device installed in the engine—driven car
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Figure 6 Effective flow rates of the air cleaning device installed in the electric car

# 33 4= A7|ANA SHE 27183 9] B
Shsgoltt. E20f Aggtol 371g= FAssEH2
S7tetdn. AAbdEiET Fd g oA A3kl
A vebd=d ole 71l A9 flat =3l 5]
Al F71EFYTE FUsE Il 7] W2
Ao gt oAy o7lse] Meph A4
ste A2 LstEt= F7183MA 9] ke ES
7= REHG WiE HEoA g YEET.

Aol A ARgRE W71AR] ST el W
A71EAte] Hsf AHHoR 3t ACE YEHT.
a2y, ole AFe B4, ANl R ek A4,
AF 7H40] W 71dEe] Ao], Agd EHY FF
SOl 7IRIgE Zo)7] miEe T wag 57t e

glofof gt

43 Ra3

A5 Aol Bzo] Ade] BE TREFS
Hoke e e olgle Jolth. It PAsks
(CADR)] %3t A(3)2 olgste] zulqeAE A
st Jlofe faERS T & Uk

I %

CADR =7 % (e X Q) (3)

HEE 388 Yk gold.
19 59 62 Welr| RS Hr|Re) fEE

"?”*
e

[e)
=

Part. Aerosol Res. Vol. 20, No. 2(2024)



o

54 wHA - PSS B S

Ol

Table 5 Particle cleaned air delivery per hour for the fresh air mode of the engine-driven car [unit : m/h]

Filter Genuine filter HEPA filter

Blower Setting 2 4 6 8 2 4 6 8
Idling 2.25 2.40 2.55 3.75 13.20 13.20 27.90 37.20
Driving - - 1.50 2.10 6.45 12.45 12.30 20.55

Table 6 Particle cleaned air delivery per hour for the recirculation mode of the engine-driven car [unit : m'/h]

Filter Genuine filter HEPA filter

Blower Setting 2 4 6 8 2 4 6 8
Idling 10.50 10.95 12.60 13.50 37.65 46.50 72.60 76.05
Driving 8.70 12.00 13.50 13.95 52.50 58.80 82.80 102.75

Table 7 Particle cleaned air delivery per hour for the fresh air mode of the electric car [unit @ m'/h]

Filter Genuine filter HEPA filter

Blower Setting 2 4 6 8 2 4 6 8
Idling 33.99 69.66 74.30 74.30 49.23 72.26 78.39 86.01
Driving 77.28 91.21 85.26 75.98 58.89 103.65 99.01 117.77

Table 8 Particle cleaned air delivery per hour for the recirculation mode of the electric car [unit : m/h]

Filter Genuine filter HEPA filter
Blower Setting 2 4 6 8 2 4 6 8
Idling 46.63 71.15 76.16 78.95 48.30 79.88 98.08 118.14
Driving 62.41 86.38 101.24 110.34 74.30 88.05 114.80 131.15
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Table 9 In/out ratio with PCH and elapsed time

Elapsed time
min, 1 2 3 4 >

02 | 082 | 0.67 | 0.55 | 045 | 037

05 | 061 | 037 | 0.22 | 0.14 | 0.08

pci | 08 | 045 | 0.20 | 0.09 | 0.04 | 0.02

Umin) |1 | 037 | 0.14 | 0.05 | 0.02 | 0.01

2 0.14 | 0.02 | 0.00 | 0.00 | 0.00

3 0.05 | 0.00 | 0.00 | 0.00 | 0.00
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