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Abstract : This study presents a CFD framework for predicting transient in-cabin NO, concentrations under real-world
driving scenario in outside-air mode. Vehicle speed and ambient NO, signals were imposed through UDF-based boundary
conditions to reproduce dynamic inflow behavior. To capture filtration, mixing, and associated delay effects, a full-scale
vehicle model, including a porous-media cabin filter, was developed. Validation against on-road measurements showed that
the simulated ambient peak was attenuated by approximately 21.6%, while in-cabin concentrations were moderately
overpredicted. Error analysis yielded MAE 21.18 ppb, RMSE 24.20 ppb, and MBE -20.71 ppb, while correlation improved
from 0.505 to 0.627 after applying lag correction. These findings highlight the importance of incorporating time-resolved
inputs to accurately reproduce transient concentration dynamics and provide a practical basis for optimizing filtration
characteristics and ventilation strategies in real driving environments.

Key words : Computational fluid dynamics(ZAt 34| €8}, User defined functions(AR2-A} A 9] $12), Time dependent
boundary conditions(A]7}F 9]& 73 A Z7), In-cabin air quality(X} 57| A2, NO, exposure assessment(NO, == H7})

Nomenclature o© 2 gt} o] & T3l 7Rl ZE Aol Al NO, A3t
CFD  : computational fluid dynamics v 2= dEs Wrhekal, AFA sl A Aol
HVAC : heating, ventilation and air conditioning 71 e 4 = AR A E AA g
UDF : user defined function 2 Y15 7)1 2ol #e CFD S ATES 95 o
ROI  :region of interest A4 FY AN W FEE sk, Al 2714
MAE : mean absolute error of &k S 9Igh AAS-E EREE AAS= &8
RMSE : root mean square error o] gkt}. Xiang®} Wang"-2 7181 Wiholl A 22/70
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Fig. 1 3D model of the sedan for CFD

Table 1 Specifications of the vehicle model

Overall length / Width

4831 mm/ 1811 mm

Overall height / Wheelbase

1474 mm / 2803 mm

Overhang

Front: 988 mm/ Rear: 1278 mm

Fig. 2 Design of HVAC intake and in-cabin exhaust outlets
from real-vehicle references
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Fig. 3 Reference image and reconstructed 3D air-duct
model: (a) Reference airflow visualization used for
geometry design,® (b) 3D air-duct model built from
the reference

29 AFYS FAe7] S8 ERDAd nAEAE F
7¥atset. 3l Al Y- Table 10 YERH AT Fig. 2+ <

7] HVAC2} 7091 W5 & 7] 8l&(Inner outlet)2} 2 A]|
2bgE oln| A& Fharste] AABIA AL, oY E @S
S OE 7E deEde] Ay}
H AR E vt o s g stk

A 2] o] -5 "‘EE FPNM FHE S 9|7)
7] NO; AA DS AHESEATE HlolE= 1 Hz A&
o2 = 30635‘?7]’%33‘:?‘ Al o] &4 H Q)4 sk
T 9 AT 5718 AAE Y TR JdYsd
NO, vH91+= 34 9] da4d S 91l ppbs & %k—fE(Mass
fraction) = H 23} T}

2 Ao FRIEA L e AATAIA S e 2=
Z1392) ANSYS Fluent 2022 R2& o] &3] =a)3s}ich
e a2 W Arte] 7hs gk $=122E o] 14-Core Intel
13" Gen 3.5 GHz CPU, 32 GB RAM, Windows 11 OSol| 4]
Telslolth 2 S CATIAR 339 R slgl o
™, Fluent MesherE ©]-8-3}] 2F 23%9+712] Cells 7+ 5.2
AXE AT -5 3142 Reynolds-Averaged
Navier-Stokes (RANS) ‘”73*—} S 7IHke g2 Faslgle
™, W 222 Standard k- ¢ model, F A& Species

Transport Model-S %}-8-5}31 Tt

{

A gx Y= P

i

2.2 Interface 7|9t CIAY RS s 43

oy oretets £ 3ta) 37H4 d9Es T3k Fig
4y z}=e] 917] 9 F(Outer fluid), ZIR] WF < S(Inner
fluid), 22]3L HVAC Y E 949 dA4st3itt o] 371¢]
FEA-S ¥ A4E Qe Ho| A% Ao 2 A, ¢H NO,

7t BEE FAstel M F - L= A 2

HVAC

Outer fluid

Inner fluid

Fig. 4 CFD configuration for coupling the outer flow,
in-cabin region, and HVAC air-duct system

Fig. 5 Six interface surfaces coupling the external flow and
the in-cabin domain
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Table 2 Parameters of porous-media filter model

Item Direction Value Unit
Viscous Normal 3.0 x 10" m”2
resistance
(1/a) Transverse 1.0 x 10" m 2
Inertial Normal 2.0 x 10° m !
resistance
(@) Transverse 0 m!
Porosity (¢€) - 0.90 -
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