’ '.) Check for updates

Copyright © 2025 KSAE / 230-01
PISSN 1225-6382 / eISSN 22340149
DOI http://dx.doi.org/10.7467/KSAE.2025.33.1.1

Transactions of KSAE, Vol. 33, No. 1, pp.1-7 (January, 2025)

CFDE &&%t a1E 2|f 2¥22 HEY 2| UYL= a4
HAHE-QYAP-0 gAY
SO0 ORISR - SYCI L AnlERylErZep

Sensitivity Analysis of Sampling Locations for
External Pollutants in Vehicles Using CFD

Kyu Kwon Choi" - Sung Sic Yoo” - Heung-Shik Lee™

" Department of Future Vehicle Convergence Engineering, Joongbu University, Gyeonggi 10279, Korea
“Department of Smart Mobility Engineering, Joongbu University, Gyeonggi 10279, Korea
(Received 24 October 2024 / Revised 10 November 2024 / Accepted 2 December 2024)

Abstract : In this study, we performed a sensitivity analysis of external air pollutant sampling locations by using
computational fluid dynamics(CFD) in determining the difference in pollutant levels between the exterior and interior of a
vehicle. To assess the extent to which pollutants from the outside environment enter the vehicle’s interior, it is crucial to
measure the air quality inside and outside the vehicle simultaneously. Typically, an external air sampling nozzle is installed
on the vehicle’s exterior for sampling in driving conditions; however, this measure often leads to vehicle damage, making
experimental sensitivity testing challenging. In this study, sampling locations were selected by considering environmental
factors that could affect air quality sampling, such as the vehicle’s orientation(front/side), intake nozzle length, and
turbulence caused by side mirrors. A flow analysis was conducted at each sampling location, and the mass fraction of NO;
accumulated at each point over time was measured and compared. Based on these results, we proposed an optimal sampling
location for external air pollutants after considering aerodynamic factors.

Key words : Computational fluid dynamics(Z4F 3-# &48]), /O air quality in vehicle(X=F A|Q] 713, Nitrogen
dioxide(NO,), Sampling nozzle(A4Z5% =&), Green NCAP(Z1# H7Y)
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Fig. 1 Three-dimensional model of a sedan for CFD

Table 1 Specifications of the vehicle model

Overall length / Width 4912 mm / 1847 mm

Overall height / Wheelbase 1475 mm / 2834 mm
Front: 947 mm

Rear; 1136 mm

Overhang

Table 2 Specifications of the side mirror model

Length of mirror 222.7 mm
Height of mirror 141.4 mm
Width of mirror 90.6 mm
Height of mirror
203.1
including neck mm
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Fig. 2 Three-dimensional model of air quality measurement
equipment and sampling nozzle

Fig. 3 Vehicle models representing six cases that consider
various positions of the sampling nozzle
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Table 3 Mesh configuration for the car, outer fluid, and

inner fluid
Surface mesh (mm) Max cell length
Minimum Maximum (mm)

Car 0.97 122.8 267.88
Outer fluid 0.97 249.12 305.66
Inner fluid B 0:5] 1835 ]3"]8 23.83 | 17.19

(Front) | (Side) | (Front) | (Side)

Fig. 4 Flow domain configuration for air quality monitor and
nozzle: Outer fluid and inner fluid separation
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Fig. 6 Mass fraction for each case according to vehicle
exterior air speed (60 seconds)

Table 4 Final average mass fraction for each case according
to vehicle exterior air speed (60 seconds)

0.011 | 0.054 | 0.056 | 0.055 | 0.053 | 0.056
0.019 | 0.065 | 0.067 | 0.065 | 0.063 | 0.068
100 | 0.029 | 0073 | 0.074 | 0.073 | 0.071 | 0.075

kph | Casel | Case2 | Case3 | Case4 | Case5 | Case 6
30
60
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(a) 30 kph

(b) 60 kph

(©) 100 kph

Fig. 7 Mass fraction contour of the air quality measurement
device cross-section for external air speed

Transactions of the Korean Society of Automotive Engi

(a) Case 1

(b) Case 2

Fig. 8 Streamlines and velocity distribution along the length
of the sampling nozzle(Case 1 and 2)
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Fig. 9 Streamlines and velocity distribution along the length
of the sampling nozzle(Case 3 and 4)
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Fig. 10 Streamlines and velocity distribution along the length
of the sampling nozzle(Case 5 and 6)
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