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For over a century, the development of automotive aerodynamics has mainly been fo-
cused on the aerodynamics properties which were obtained through steady-state wind tunnel
measurements. As a result, there was no generalized approach to assess the driving stability
performance of vehicle under the transient driving situations commonly encountered in real
life. Therefore, the aims of the present study are to develop a numerical method for such
assessment, and to introduce a generalized-rating index which can be used to indicate the
aerodynamic stability of vehicle under a transient situation. Also, by exploiting the detailed
flow information a numerical solution can provide, the presenf study investigated the mecha-
nism of how the transient aerodynamics influences the stability of vehicle. In particular, the
aerodynamic pitching stability, which is important due to its potential impact on drive comfort
and handling. To narrow down the scopes of investigation, the study focuses on sedan-type
vehicle. v

In chapter 1, a brief introduction to automotive aerodynamics and the initial motivation
remarks which lead to the objectives of the study is provided.

In chapter 2, the results of literature survey on evaluation methods related to road vehicle
stability under the influence of aerodynamics is summarized.

In chapter 3, the Large Eddy Simulation method adopted is introduced. By incorporating
an arbitrary Lagrangian-Eulerian method, a forced-sinusoidal-pitching oscillation was im-
posed on the vehicles during the simulation to probe their dynamic response. The numerical
method had been validated by comparing the LES results with wind tunnel measurements.

In chapter 4, the formulation of aerodynamic damping coefficient is introduced. The
coefficient was used to indicate the stability characteristic of vehicle.

In chapter 5, the investigation of the influences of upper-body shape on the aerodynamic
pitching stability of sedan-type vehicles is introduced. To facilitate the investigation, two
simple body models with distinct aerodynamic configurations, which were based on the ge-
ometrical feature of real vehicles with different stability characteristics, were created. The
models had been verified by comparing their main flow structures and aerodynamic prop-
erties to the one obtained from the corresponding real vehicles. After the models had been
successfully verified, they were used to study the aerodynamic pitching stability characteristic
of sedan-type vehicle. It was revealed that the pitching stability characteristic of the models
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was significantly affected by the transient flow structures above the rear body, particularly the
trunk deck.

In chapter 6, the extent to which the results obtained from the simple body models can be

applied to real vehicle aerodynamics was verified.
As may be summarized from the numerical results, the study found that the vehicle with
rounded edges in the upper-fore body and angular edges in the upper-rear body exhibited
a higher aerodynamic damping than the model with an opposite geometrical configuration.
In addition, for the sedan-type models investigated, the underbody was found to exhibit the
highest damping contribution relative to other body parts. However, the difference in the aero-
dynamic damping between the models with distinct aerodynamic configurations was mainly
caused by the trunk-deck contribution.These results show that by exploiting the effect of un-
steady aerodynamics, damping of pitching instability can be attained.

The aerodynamic-damping coefficient introduced in the study can be used to improve
realism in the assessment of vehicle aerodynamics. Therefore, the outcome of the study is
important for the advancement of automotive aerodynamics, particularly, in the context of
stability performance.
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BEIEHOZERI IR TR, REERNINENFEERTHEIEBEL LTHVWLAT
7. TN UTESE, 242 FIVEREDHIE, X BICITBRmMMIC X % fi{RiREE O
X3 BEEFTRBICEOT, EARERT R EEEAERNV B EDOEIMREDZLN
BICEZZEEBILDODVTOEBIEE > TWVB. THIVHEIEEEER 2 SFREEICEHR
L, ZDREANALEZRS L IIEBRERTIIR#ETHY, BEI2L—2 a0
DR EV. ABIFRRTIE, SFETRERICB I I EERER L L58FHOY v F
VBB EMRE LT, BEKA L OKM L HEAES EEREN TS I a2 b— 3 VEl
ZEEL, EMEHROTENTERDOERNEFEERET L L i, KEMICHFST
BEHEVEVTHROBERA D ALORAZENE LTW3.

AR XIIUTONADDETER I N TS,

B1ETI, AMEOER L LU THRKDOBEEOZES 1A 1 & BEA, FHICIEER
RN HERTETLDEERICOV TN, AAEDHME ZOEE, RUIZEiE
OREZRL TN 5. :

B2 ETI, HIHOBEREBICTERNENG A BHEICDOWT, BEDOX I Z &
LIERZRL, ZAETEETAy F U /B OERSEREHTMIC T TS UNED
T TN3.

BIBTI, AMETHVARERNFE L LT, XEABRR L TOMBILTEE, R
Y DORESE, HlEEI R IBR T 5 - ORI TFFik, BT ERENE L ZOFMALE, &l
WETFIWVRBOZESIC OV TEBNE, AARRIEERE RT3 L TFEORIR
To>TW3.

WABTR, HRC Y F VT BHOBRNENRERZTHET 541 LT, HlICHE
HNRIRIE S X, TOEKINENZ VEVTHRBERCBCLZRERTHL LI, FOD
FHOEHFEICDWTRERT NS,

BSETR H Ry F U THBROENREAN A LZHRAT 2 1-HOEHETIV
EFRELTVWA. CCTIREEEEARICH T B8N 5, HiK IR, FlCBEARTER Y
S—EROEBIGEREHICEZZPBCEEL, RETHBR TR TEt0Ri 3
TREROY A VEOEKEFBEORMEBR L ZBHEOT T IV EREL TV 3.

BMOHETI, BSETRELEZHEOBHETIVICH LT, B4 BTRELEAEK
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HEOWTENZ VT OERBNTERZITO, TEFIVEOREROZERZHE LTINS, T
DR, FETHR TORERDOK/NEHEOBMN 4 > ¥y THRBOENMES N, BEE
Dy F U TBMCBIBZENZT Y TOEERFRILELTWVS. SHICE VYV THEE
DEENVEH{ SV Ty F ERORNBECER L TWA T L ABIFERNSHLHIC
U, EHiljdlj - B —BRICKDERINZ - HOBD S22 F v+ L TOMEIER
NEDFERTHBLEZRLTVS.

BI1ETR, ECETHIENAZHEABRTEIA T 5701, EHETERTHENE
EMDNED S LEHBREA Y IFBRE UT, EENEHE S —BRICHEBRZNZ,
BEHRIC Y F U TIMRICH DWW TEAHE Vo T REEFMT 3 & H#ic, s DEn %
ToTW3B. CORE, AV IFNEBRIIH LT, BEEKR TR IO REETBHEEVT
MERT BT LBRLESNZANCKDRETH D C LEEILT 5 Litic, BRBBIKTHE
ZENLELS VT F ERTOHNEEDZR LFLUOHNEEDEILHI T BT Lk
FLTWVA.

ESETIE, ULOBRERIET L L BIC, SBEHINEHEOBEZ BTN S.

PED XS AR TR, EROFBAC v F > VEHRORERICHEERERNIDE X
BZHEBERALONICL, VI al—yarERAVWTEAZEVEVTHREEBNICRD B
TelRFHEAERIRRT R L LB, F VT ORE A A= X LEHRNIBORED S R
TR LT, WINEBERERODEBEICX D CyF T EGLZEESm LT LA RLE.
COBRIIEBROZENRFIIETOHEALTRETSH D, BIEOEHERIFHMEZ Eh L L
FeRREHCH e et 25X BT LG, Filc B G A EORBICKE BT B &N
TEB3LEZON, DV TREBHIZORBICESTALIARNTHS. o> TEEIIILE
BRERL (T%) 02N E2REINZBRIHZ2LDLED B,
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