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Abstract

Air pollution caused by particulate matter (PM) has emerged as a critical environ-
mental issue, contributing significantly to ambient air particulates in urban areas
and posing severe health risks to the population. Movement of the vehicle causes
turbulent mixing of these pollutants due to the wake produced, and therefore in-
creases the PM levels in the environment. The dispersion phenomenon in the wake
is complex, governed by the three-dimensional vortical structures. Identifying and
understanding the large-scale turbulent structures and wake topology is, therefore,
fundamental to understand the pollutant dispersion phenomenon. However, de-
tailed experimental investigations measuring and quantifying dispersion, especially
under realistic moving ground conditions and linking dispersion directly to wake

flow topologies, remain limited.

This thesis presents a comprehensive experimental investigation into the turbulent
dispersion of smoke particles (a passive scalar) in the near wake of a simplified ve-
hicle model (Ahmed body). The primary objective was to understand the complex
correlation between turbulent flow structures and dispersion behaviour in the vehicle
wake, focusing on the influence of vehicle rear slant angle (¢ = 15°, 25° 35°, and
40°) and wind tunnel ground conditions. To achieve this, a dedicated experimental
facility was developed, including a Rolling Road (RR) mechanism and an upstream
Boundary Layer Suction (BLS) system. Testing and evaluation confirmed the effec-
tiveness of the RR and BLS system by significantly reducing the oncoming boundary
layer thickness (reduction in § ~ 70%, and in 07, d2 > 95%), thereby minimizing the

ground effects due to a stationary/fixed wind tunnel floor.

Advanced optical measurement techniques were employed for detailed flow and dis-
persion characterization. Particle Image Velocimetry (PIV) was used to obtain the
velocity fields and identify dominant turbulent structures in the wake for different
experimental configurations. A novel optical field measurement technique, Quan-
titative Smoke Visualization (QSV), similar to Planar Laser-Induced Fluorescence
(PLIF) but adapted for laser Mie-scattering from smoke particles, was developed
and implemented. This technique enabled spatially and temporally resolved mea-

surements of instantaneous and time-averaged scalar (smoke particle) concentration

fields.



The experimental results revealed critical dependencies of near-wake flow topology
and particle dispersion on both the rear slant angle (¢) and the wind tunnel ground
conditions (stationary/moving). PIV measurements confirmed that ¢ significantly
alters the wake topology, particularly the existence, size, and strength of key flow
structures. For instance, strong trailing vortices dominate the wake at ¢ = 25°, while
they are absent at ¢ = 40°, which features more dominant spanwise structures due
to massive flow separation at the rear slant. Correspondingly, QSV measurements
showed distinct dispersion patterns and concentration distributions directly linked
to these flow topology changes; trailing vortices at ¢ = 25° significantly influenced
dispersion patterns, whereas dispersion appeared more uniform behind the ¢ = 40°

model.

Furthermore, comparing experiments with stationary and moving ground conditions
revealed significant differences in flow topologies impacting dispersion. PIV results
showed altered spanwise flow structures near the ground, in the stationary case,
including the formation of an additional spanwise vortex (vortex G), not observed
with the moving ground. To facilitate quantitative analysis of dispersion, novel dis-
persion parameters (2, £, .Z.) were defined based on the concentration fields to
characterize dispersion. Dispersion analysis confirmed that the altered structures di-
rectly enhance vertical mixing, leading to a higher overall non-dimensional dispersion
(A2 ~ 30 — 38% increase) and vertical dispersion length scales (A%, ~ 29 — 49%
increase) with the stationary ground compared to the moving ground case. Lateral
dispersion (.%,), however, was found to be less influenced by the ground condition.
These findings underscore the critical necessity of accurate ground simulation for
wake dispersion studies in the wind tunnel. The findings are significant as they
reveal that relying solely on stationary ground experiments leads to an overestima-
tion of pollutant dispersion capacity and can create a false confidence (or sense of
security) in pollution level estimates. The moving ground simulation, which is more
representative of real-world conditions, showed significantly reduced dispersion, im-
plying that actual near-wake pollution levels are much higher and persistent than

predicted by stationary ground results.



T

HIOTRIT geref (PM) 3 HRT €1 aTell a1g UgHoT Ueh 1efR qarfaofia qey o ma &, Sit e &t
H uftasft arg Foit & Fecaqut FRTe 3T € 3R S & forg iR T sfew dey Rt 2|
qTEA ot 7T & I~ Ik o HRUT 3 UGHeRI T LT FASToT BT 8, 3R Zafery wafazor & PM &
TR H gfg Bt &1 3 H Shetta Y geT Sifea §, S -t siar deemmsit grr fafaa € 2
THfoIT, 8 THT TR 37erid Seaail 3R dek arataitst! (wake topology) @l UgaTHHT 3R FHT
Teh thelld Sl HeHT ol T3 & forq Hiferes 21 gtifer, eltd ol A0 3R Feffid et aret
faqa wmiifiTen stz fasiy ¥ & Femeard iasite s aRfRfaa & ik Sera @ @Y oF
UdTg STt o STie- aTel e+ divd g

g Y Y'Y Ueh Teiihd dlg- Higed (Ahmed body) & e 9% # 4T & ol (T fAfswa
feen) & FF0Td GrelTd H Teh SATUh YTk ST Ud il & | WTHeh 3539 Ua- T <l fefa
T qTg deh § AT FATg AT 3R thelld TdeR & o1 sifed Aae ! THeT o1, f9ad areq
& fUoa fexd & sl (TS ™ &I, ¢ = 15°, 259, 35°, 3R 40°) AR UG FIT &l
ST R & wTa WR A hfgd foham T Tl 39 @18 ol UTed el o fold, Teh aotad
W@Wﬁmﬁﬁﬁ@, /" T Rolling Road (RR) a1 3R U 3O Boundary
Layer Suction (BLS) WoTrel! Q1A oft | qdteror 3R qearieh = gemefard) fasfier ST fRfaa
T IR HA H RR AR BLS YTTed! <l gerasiierdr ot gie &l frad o arefl a3t @i
(boundary layer) @l HIcTg B Ieai@-1d T TS (TR 70% I HHT, 3R 61, 5, > 95% &
), T8 Uk FR/fAfea gae G o s & SRUT 814 aTel STHIAT GTal bl H fohdT ST 9ah |

faqa vt 3R Thetta w1870t JUiH o folg 3=1d SHifteanel AT dahrichl ot SUAT foparm 7T | fafe—=
YAk fa=ardi & ferq 96 & 977 &350 ol UTed i 3R UHE 30T 13T bl Ugd i
& foIT Particle Image Velocimetry (PIV) =1 YA TR AT Uehs 18 Siifteshd &5 719
dahrieh, Quantitative Smoke Visualization (QSV), St Planar Laser-Induced Fluores-
cence (PLIF) & T9M €, afoh 4U & 0Tl & wloR Hi-TheliT o folg srjepferd @, fawfaa ok




FHATfad ol TS| 39 Ahriich = dTchlieleh 31X THI-Ed AT (YT o HUT) Figd &3l o ATh
IR eyt U 9 &l fohy 7TQ AT o6t werH foram

UrafTes aRuTHT 3 fUsa Gl ST (¢) 3R e gt ot st fRafaat (Fewr/aifasiten) 3 @
fAehe-de Yarg rdietsit 31X 0T thetld <l Hgcaqul f+iedT a1 gerrar fosami PIV |1at 2 gfe &t
T3 ¢ 3 TUIcATST! bl AEcaqUl 9 & SGedT 6, [ ST J W@ TaTe Gea1sil &l SEicd, ATHR
3R feRT| ITER0T & ToTT, ¢ = 25° W HATEA trailing HaR 9 W gl 814 €, Safth ¢ = 40° W
3 T Bid €, e fUed e 1R 98 9917 0 UaTg AeTd o HRUT 3Afeieh W& spanwise
GG Bl & | ag @R, QSV AUl = 3 YaTg eruteltst! Urad-i & €9 Se §U ST-31erT halra
Yot 3R HigdT faawor fe@Ty; ¢ = 25° W trailing Havl = thetrd Ue- I Hgcaqul €9 9 guifad
o, STaTeh ¢ = 40° Hiee o W thaTd 3Tfeeh TH @S e

Zqoh e, TR R fasite ST (ATt o J1er gt st o & el bt Jfad e
Tl FaTE ST tall § Hecdqut 3faR &l Iat gar| PIV aRuTHT 3 fOR #et § SHIA o U1 Sget
Eg spanwise WaTg TXEATY fe@rg, foad Ues sifdfRed spanwise HaR (vortex G) @r fAaAToT oft
AR €, ST faefier ST & a1 =18l 3@ 7 °1| Hdrd & " faeyor & e
1 o for, thetta &l fafRd e o forq g &1 & R T Y thetla WHie (2, .7, £.)
TR oy 71T &) Fera faserwor = gfe &t foh 37 Saeit g Tl - Eie Sedter fHsmor
ForaT, Frad @R STHiF o a1 Tifasite S & 71 6l gaT | 3o 999 IR-37aTH thelld
(AZ ~ 30 — 38% 1 3fG) 3R FIhI 93 Feafer Terg @ T9M (AL, ~ 29 — 49%
3fg) g eretifen, ursd thetra (.2, ) STt fefar & vw yrifara o mam 3 foseef uae g & 9
ThelTd AT o fel Hleh STHIAT STThRUT hl Hecd YUl HTasTehdl ohl (@ifchd Hid &

3 freendf FEcaqul € iifon 3 quIfd € fob haet R S+t il ok Frefk T8 & wigues thetta arvra
T AT-SATHE &l ST & T UGHUT T S ST H Toh T (AT (3T & bl 1aT) Far gt
Gehd! &1 TTTasitel ST R, STt aredfaes gi-a o fexfaal @ sifees wfaffa g, 3 e &
Seerg T g, forgent ot @ foh areafass Fehe-Sm]fa Ugwor TR fRR Sl ufommt grr
AT TR O el A 3 @ 2
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