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NUMERICAL SIMULATION OF UNSTEADY THREE-
DIMENSIONAL DETACHED FLOW AROUND THE REFERENCE
AHMED CAR MODEL

JI1s1 YHCIEeHHOT0 MO/JeTMPOBAHMS 00TEeKAHHS BO3YXOM YIPOILEHHOH MOJe/IM AaBTOMOOUJIS THIIA
Ahmed Car mnpumeneHbl ocpeaHeHHble 1o PeiiHonbacy ypaBHenusi Hapbe-CTokca BfI3KOIf
HeC:KUMaeMol KuakocTd. I[Ipm 3aMBIKAaHHH CHCTEMBI YpPaBHEHMil HCMOJIB30Bajach Mojeb
TypOyjaenTtHocTu SST (Shear Stress Transport). Uuc/jieHHoe penieHne MCXOIHON cHCTEeMbl YPaBHEHUH
MOJY4YeHO METOJOM KOHTPOJBHBIX 00beMoB. UmciieHHasi MeTOAMKAa peajM30BaHa B NMPOrpaMMHO-
MeTOAHYeCKOM o0eclevyeHHH, HAMMCAHHOM Ha si3bIke Fortran. PacueTHasi o6gacTh BOKpPYr Kopmyca
Ahmed Car pa3zneneHa Ha KOHTPOJIbHBbIE 00beMbl HECTPYKTYPHPOBAHHON reKcajdIpHuecKoii ceTKoii,
cocrosimeid u3 3.5 MUIIUOHOB siueek. [IpoBegeHbI pacueTsl ABYX BADHAHTOB 3TAJOHHOWH reoMeTpHH — €
YIJI0M 3a/iHero ckoca 25° u 35°. Yncao Peiinoabaca, paccuuTaHHOe MO AJIHHE KOPIyca, paBHAJIOCH 2.6
MJIH. BeInosiHeHa BH3yanan3anusi pe3yJbTaTOB PacueToB, X aHAJIM3 W CPaBHeHHe ¢ padoTaMM JpPyrux
aBTOpoB. IlpencraBieHbl pacnpeneaeHus MOIYJIsi CKOPOCTH, AABJIEHUsI W JIMHHH TOKAa B IJIOCKOCTH
cummerpun Ahmed Car, pacnpeaejienusi BeKTOPOB CKOPOCTH B NMOMEPEYHOM CEYEHHH 32 KOPIYCOM
Ahmed Car, a Takxke pacnpeaeineHne KodQQUUHEHTa AaBJeHHS W Ko3()(UUHEHTa TpeHUsl MO
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NMOBEPXHOCTH Kopmyca. BbinojHeHAa TpeXMepHasi BU3yaJlu3anusl 00JIACTH BO3BPATHOIO TEYEHHUS 32
3aJHeil NMOBEPXHOCTBLI0 KOpPIyca W BHXPEBOro cJjefa, IOJYYEHHOI0 IOBEPXHOCTbIO IOCTOSTHHOIO
3HaYeHHs] HHBapUaHTa ckopoctu Q. Jlisi cpaBHeHHs NPHBEAEHbI Pe3yJIbTATHI PAadOT IPYrUX aBTOPOB:
pacnpefesieHUsi MOAYJIsI CKOPOCTH B MPOJ0JILHOM CeYeHMHM W pacnpe/ejieHHe JaBJeHHs] 10 KOpIycy
Ahmed Car u3 pa6otsl Banga S., pacnpeneieHusi BEKTOPOB CKOPOCTH B HMOMEPEYHOM CeYeHHH 32
kopmycom Ahmed Car u3 pagor Minguez M. u Lienhart H.. Pe3yabTaThl MoAeIMpOBaHUs MOJIHOCTHIO
BOCIIPOM3BO/SIT BCE H3BECTHBIE 0COOEHHOCTH CTPYKTYPbI NOTOKA Npu odTexkanuu kopmyca Ahmed Car.
IMoay4yensl  a’poaguHamuueckue xapaktepucruku Ahmed Car. Koadpduuuenr 060Boro
conporuBiaeHus cocrasuia 0.255 u 0.268 nus yroia 3aaHero ckoca 25° m 35 cOOTBETCTBEHHO, 4TO
XOpomIO corjacyercsi ¢ pe3yJbTaTaMH APYIHX YHCICHHBIX M J3KCIEePHMEHTAILHBIX HCCIeJ0BaHHIA.
IlonyyenHnble pe3yabTaTbl TOBOPAT O MNPAKTHYeCKOH NPHMEHMMOCTH BbIOPAHHOIO MeToAa M
Pa3padoTaHHOI0 NPOrpaMMHO-METOAMYECKOro olecredeHMsl s 3a4a4 a3pPOAMHAMHMKHM Ha3eMHBIX
TPAHCNOPTHBIX CPEJCTB.

KioyeBble ciioBa: a’poAMHAMHKa, TPAHCIOPT, STanoHHas wmonens Ahmed Car, uuncienHoe
MoJennpoBanue, ypasHeHus HaBee-CTokca, Moaens TypOyneHTHOCTH SST, MeTo] KOHTPOJIBHBIX 0OBEMOB.

J1s 4HMCenbHOr0 MOJEJIOBAHHS OOTIKAHHS IOBITPAM CHPOIIEHOI MojeJi aBTOMOOLISI THUILY
Ahmed Car 3acTtocoBaHo ocepenHeni 3a Peiinosbacom piBHsHHa Hab’e-CTokca B’sI3K0i HECTHCIHBOL
piaunu. Ilpu 3aMuKaHHI cucTeMH PiBHSIHb BHKOpHCTOBYBaJjacsi Moaeiab TypoyaentHocti SST (Shear
Stress Transport). UncioBuii po3B’si30Kk BUXiIHOI cMcTeMH PiBHSIHb OTPHMAHO MeT0J0M KOHTPOJILHHUX
00’emiB. UnciioBa MeToAMKA peasi3oBaHa B MPOrpaMHO-MeTOAMYHOMY 3a0e3NevyeHHi, HAMMCAHOMY Ha
MoBi Fortran. Po3paxynkoBa o06/1acth HaBK0JI0 Kopnycy Ahmed Car po3aijieHa Ha KOHTPOJIbHI 00’ €MuU
HECTPYKTYPOBAHOK I'eKCAEAPHYHOI0 CITKOI0, 1IN0 CKIafaeTbes 3 3.5 minbiioniB komipok. Ilposeneno
PO3paxyHKH [IBOX BapiaHTIB eTajJoHHOI reoMeTpii — 3 KyToM 3aaHbOro ckocy 25° i 35°. Ymciao
Peiinoabaca, po3paxoBaHe IO JOBKUHI Kopmycy, AopiBHIOBajo 2.6 muaH. Bukxonano Bisyanisaniro
pe3yabTaTiB po3paxyHKiB, iX aHaii3 i nopiBHAHHA 3 podoTamu iHmux aBropis. HaBeneno po3noainn
MOIYJIsl LIBHAKOCTi, THCKY Ta JiHili Teuii B muowmuui cumerpii Ahmed Car, po3moaiiu BeKkTOpiB
IIBU/IKOCTI B monepeyHoMy nepepisi 3a kopmycom Ahmed Car, a Tako:k po3noain koediuienra Tucky i
KkoedinieHTa TepTs Mo moBepxHi Kopnycy. BukxoHaHo TpuBUMIpHY Bi3yanizamiio o0iaacti 3BopoTHOI
Teuii 3a 3aJHBOI0 NOBEPXHEI0 KOPHYCY i BUXPOBOro Clily, OTPUMAHOIO IOBEepPXHEI0 MOCTiIHHOIO
3HayeHHs iHBapianTa mBuakocti Q. /st NOpiBHAHHA HaBeJeHO Pe3yJbTATH POOIT IHIIMX aBTOPIB:
po3noain Moay/Is WBHAKOCTI B 03J0BKHbOMY NepeTHHi i po3noain Tucky no xopnycy Ahmed Car 3
podotu Banga S., po3noaij BeKTOpiB MIBUIKOCTI B NoNepeYyHOMY NepeTuHi 3a kopnycom Ahmed Car 3
pob6itr Minguez M. i Lienhart H. Pe3yabTaTtu MoaeqoBaHHSI MOBHICTIO BiITBOPWIOTH BCi Bigomi
0co0.1uBOCTI CTPYKTYpH Teuii mpu o0tikanui kopmycy Ahmed Car. Po3paxoBaHo aeponmHamiuni
xapaktepuctuku Ahmed Car. Koediuient 1060Boro onmopy ckiap 0.255 i 0.268 nas kyra 3aaHb0ro
ckocy 25° i 35° BinmoBinHo, 10 100pe Y3roMKyeThCsi 3 pe3ybTATAMH (HIIUX YHCEJIBHHMX i
eKCIepHMEeHTATBHUX A0cTilxkenb. OTpuMaHi pe3yabTaTH roBOPSITh NMPO NMPAKTHYHY 3aCTOCOBHICTH
00paHoOro MeTody i po3podJieHOro MPOrpPaMHO-MeTOIMYHOr0 3a0e3MedyeHHsl 1JIsl 3a1a4 aepoIuHAMIKH
Ha3eMHHX TPAHCIOPTHHUX 32C00iB.

KuouoBi cioBa: aepojuHamika, TpaHCIopT, etanoHHa Mojens Ahmed Car, uncenbHE MOJEIIOBAHHS,
piBusiHHs Hap'e-Ctokca, Mozens TypOynentHocti SST, METO KOHTPOJIBHUX 00’ eMiB.

For the numerical simulation of the flow around simplified Ahmed Car type vehicle the Reynolds
averaged Navier-Stokes equations of a viscous incompressible fluid were applied. To close the system of
equations, the Shear Stress Transport (SST) turbulence model was used. The numerical solution of the
governing equations was obtained by the control volume method. The numerical technique is
implemented in program-methodical ware, written in the Fortran language. The computational
domain around the Ahmed Car body is divided into control volumes by an unstructured hexahedral
mesh consisting of 3.5 million cells. Calculations of two variants of the reference geometry - with the
rear slant angle of 25° and 35° were carried out. The Reynolds number based on model length was
equal to 2.6 million. The calculation results were visualized, analyzed and compared with results of
other authors. The distributions of the velocity modulus, the pressure and the streamlines in the
Ahmed Car symmetry plane, the distribution of the pressure and friction coefficients along the model
surface, the distribution of the velocity vector in the cross section behind the Ahmed Car body were
represented. The visualization of the return-flow region behind the rear surface of the model and the
trailing vortex obtained by the isosurface of the velocity invariant Q was performed. For comparison,
the results of other authors are presented: the velocity distribution in the longitudinal section and the
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pressure distribution along the Ahmed Car from the work of Banga S., the distribution of the velocity
vectors in the cross section behind the Ahmed Car body from the works of Minguez M. and Lienhart
H. The simulation results completely reproduce all known features of the flow structure around the
Ahmed Car body. The aerodynamic characteristics of Ahmed Car were obtained. The drag coefficient
was 0.255 and 0.268 for the rear slant angle of 25° and 35° respectively, which agrees well with the
results of other numerical and experimental studies. The obtained results indicate the practical
applicability of the chosen method and the developed program-methodical ware for the tasks of the
ground vehicle aerodynamics.

Key words: CFD, numerical simulation, transport vehicle, reference Ahmed Car, RANS, SST
turbulence model, control volume method.

Introduction. Modern humanity in many spheres of life relies on vehicles of
different types. The main one is ground transport - cars, trucks, trains, etc. Over time,
increasing production capacity and customer requirements leads to the need of improving
transport parameters - speed, economy, cargo capacity / passenger capacity,
environmental friendliness and safety.

Increasing the speed and economy of vehicles makes increased requirements for the
vehicles aerodynamics, which make a significant contribution to the movement resistance
at medium and high speeds. Today, many methods are used to improve the transport
aerodynamics. The main ones are full-scale experiments, model experiments and
numerical simulation. The latter method was rapidly developed due to the rapid
improvement of computer technology over the past 30 years.

A lot of researchers dedicated their scientific and engineering works to the purpose
of the aerodynamic processes studies and improvement of vehicle aerodynamics. Often,
to facilitate the modeling of a particular geometry, it has to be simplified. Thus, thanks to
the experimental work of Ahmed S.R. [4 — 6], a universal simplified model of the bluff
vehicle occurred and was used by researchers from all over the world to test their
distributed techniques in the applied car aerodynamics problem. The proposed simplified
geometry — the Ahmed Car consists of a rectangular body with a rounded front part and a
slant of the rear upper corner with a variable angle (fig. 1). The body is located at a short
distance from a large plane — an imitation of the roadway. In the experiments the flow
velocity was equal to 60 m/s and the Reynolds number was over 1.5 million, calculated
by the model length.

Since the first time Ahmed S.R. publicated his studies [4 — 6], many other authors
have performed a lot of experimental and computational studies of aerodynamics of the
reference Ahmend Car model.

H. Lienhart and S. Becker [9] carried out detailed LDA measurements in a low
speed wind tunnel at a speed of 40 m/s for the rear slant angles of 25° and 35°.

P. Drage et al. [11] carried out both CFD simulations and aerodynamic experiments
in the wind tunnel for the Ahmed Car body with two slant angle configurations. The
simulation was carried out using Fluent software with Reynolds Stress model. For the
angle of 25° the drag coefficient 0.299 and the lift factor 0.345 were obtained in the wind
tunnel experiment, while in the CFD simulation gave the values 0.295 and 0.387 for the
drag and lift coefficient, respectively.

T. Han [12] carried out aerodynamic optimization of the Ahmed Car shape. The
CFD solver with k-¢ turbulence model was coupled with the optimization subroutine.

S. Banga et al. [10] applied Fluent with the realisable k-¢ turbulence model to study
the effect of the rear slant angle of the Ahmed Car (ranging from 7.5° to 30°) on its
aerodynamic characteristics.

26



ISSN 2312 - 2897. Bicuuk J{ninposcekoro yniBepcutery. Cepis: Mexanika. Ne 5. T. 26. 2018. Bu. 22

R. Minguez et al. [7] carried out LES simulation of the Ahmed Car body using the
spectral vanishing viscosity (SVV) technique. The rear slant angle was 25°, and the
Reynolds number was 768,000.

The purpose of this work is to perform numerical simulation of the unsteady
detached flow around the Ahmed Car type simplified model, based on the Navier— Stokes
equations.

Problem definition and numerical methods. In the present paper the results of
numerical simulation of the flow around Ahmed Car model [4 — 6] near the track
structure are considered (fig. 1). The flow velocity was V = 40 m/s.

The Ahmed Car body consists of a parallelepiped 1.05 m long, 0.28 m tall and 0.39
m wide, with rounded front edges and an inclined section of the rear upper edge. The
Reynolds number, based on the body length, was 2.6 million. Two geometries with
different rear slant angles, 25 and 35 degrees, were used in the simulations. The model
was located near the plane simulating the track structure at a distance of 0.05 m (fig. 1, 2).

Fig. 1. General view of Ahmed Car model

a b

Fig. 2. Side view of Ahmed Car with different slant angles: a — 35° ; b — 25°

To investigate the viscous incompressible fluid flow around Ahmed Car model, the
continuity equation and Reynolds averaged unsteady three-dimensional Navier — Stokes
equations were used:

ou; 0 1 ¢ 0 ou;
! +_(ulu]):_—_p+ A% : _uiuj' .
5[ 8)(] 8)(]

Here x; — are the Cartesian coordinates, u; — are the Cartesian components of the velocity
vector, i, j = 1,2,3, the summation over the same indices is assumed, t — is the time, p — is

the pressure, p — is the density, v — is the viscosity coefficient, u;u; — are the

Reynolds stresses. To close the system of governing equations, the Shear Stress Transport
(SST) turbulence model was used [14].
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As initial conditions, the undisturbed flow parameters adopted. Boundary
conditions: the parameters of the undisturbed flow were set at the outer domain
boundaries and the no-slip wall boundary on the Ahmed Car body and on the track
structure.

Integration of equations employs a control volume method. In the calculations, a
second-order approximation numerical method in time and spatial variables were used
[1, 4]. The numerical technique is implemented in program-methodical ware, written in
the Fortran language. The computational domain around the Ahmed Car body is divided
into control volumes by an unstructured hexahedral mesh consisting of 3.5 million cells.

Simulation results. As a result of the numerical simulation, the distributions of the
gas parameters in the region around the Ahmed Car model are obtained, as well as the
impact exerted by the oncoming flow on the model case. The flow visualization around
the Ahmed Car body is showed in fig. 3 — fig. 9.

The distributions of the pressure coefficient and velocity vector modulus in the
longitudinal median section and on the Ahmed Car model body are represented in fig. 3,
fig. 4, fig. 9. The spatial structure of the flow, the surface streamlines, and the reverse
flow region are shown in fig. 5 — fig. 8.

Fig. 3. Pressure distribution in the Ahmed Car symmetry plane in the case of slant angle:
a—25°;b—35°

c d

Fig. 4. The distribution of the velocity vector modulus in the Ahmed Car symmetry plane with the
different slant angles: a — 25° ; b — 35° were obtained by author of this paper; ¢—20°; d—30° given in
Banga S. [10]
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c d
Fig. 5. The velocity invariant Q isosurface around Ahmed Car with the different slant angles:
a —25°; b — 35° were obtained by author of this paper; ¢ —25°; d —35° given in Ceyrowsky [13]

Fig. 6. The streamlines in the Ahmed Car symmetry plane with the different slant angles:
a — 25° ; b — 35° were obtained by author of this paper; ¢ — 25° were obtained in [7]
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Fig. 8. The distribution of the averaged velocity vectors and the isolines of the velocity modulus
in the wake of the Ahmed Car:
a—25°; b —35° were obtained by author of this paper;
¢ — 25° were obtained in [7]; d — 25° were obtained in [9]
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C d
Fig. 9. The distribution of the pressure coefficient Cp along the Ahmed Car surface
and the distribution of pressure over the Ahmed Car surface:
a — with the slant angle of 25° ; b — with the slant angle of 35°; ¢ —with the slant angle of 20°; d — with the
slant angle of 30°; a,b — the distributions of the pressure coefficient Cp along the Ahmed Car surface were
obtained by author of this paper; ¢,d — the distribution of pressure over the Ahmed Car surface given in [10]

For comparison with the results of other authors, the distributions of the velocity
modulus in the longitudinal section (fig. 4c, 4d) and the pressure distribution along the
Ahmed Car body (fig. 9¢c, 9d) from the work of Banga S. [10], the distribution of the
velocity vectors in cross section for the Ahmed Car body (Figures 8c, 8d) from the works
of Minguez M. [7] and Lienhart H. [9], the streamlines in the longitudinal section
(fig. 6¢) from the Minguez M. paper [7] are presented.

The distribution of the pressure coefficient and friction coefficient along the central

cut line on the Ahmed Car body are shown in fig. 10 and fig. 11.
Cp Cp

a b

Fig. 10. The distribution of the pressure coefficient Cp along the cut line in the center of the Ahmed Car
body with the different slant angles: a — 25° ; b — 35°
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The pressure, friction and velocity distributions (fig. 5, 6, 9, 10) show a typical
pattern of the flow over the blunt body: a region of air braking and pressure increase is
formed in front of the nose, zones of reduced pressure and acceleration of air flow form
behind the leading edges.

Cr Cz'

0 T i X ” P 1 N @ T s o : v X
a b
Fig. 11. The distribution of the friction coefficient Cz along the cut line in the center
of the Ahmed Car body with the different slant angles: a — 25° ; b — 35°

The averaged aerodynamic characteristics of Ahmed Car are determined in
numerical simulation. For the rear slant angle of 25° the drag coefficient is Cq = 0.255,
and for the slant angle of 35°, the coefficient is Cq = 0.268. For comparison, in Drage P.
work [11] for the rear slant angle of 25°, the drag coefficient Cyq was 0.299 and 0.295 for
the experiment and for CFD, respectively. According to the results of experiments,
Ahmed S.R. [6] received Cq = 0.28 for 25° and more than 0.38 for 35°. Gilliéron P. [8]
received values of 0.34 and more than 0.38 for 25° and 35°, respectively. Banga S. [10]
received the drag coefficient of about 0.28 for 25° and 0.294 for 35°.

The results of the calculations reproduce all known features of the flow structure in
the flow around the Ahmed Car body. The visualization of the spatial flow and surface
streamlines shows the flow separation on the rear edges of the Ahmed Car body with the
formation of a system of attached large transverse vortices and several oppositely rotating
longitudinal vortices coming down from the rear side edges of the body and forming a
vortex trail behind the model body. One large transverse vortex is located just behind the
entire back surface of the model case, but at a bevel angle of 25 ° it is divided into two
transverse vortices by the trailing edge. A large transverse vortex has a system of
oppositely rotating longitudinal vortices. Two large opposite-rotating longitudinal
vortices move away from the body and form a vortex trail behind the body. Two
longitudinal vortices of a smaller scale descend from the lower lateral edges of the nose
and are located along the entire body to the zone of the rear vortices.

Conclusions. The numerical simulation of the unsteady separated flow around the
Ahmed Car model, based on the unsteady three-dimensional Reynolds-averaged Navier—
Stokes equations is performed.

The results of visualization of the spatial vortex structure in the flow around the
model body and the distribution of pressure and friction on its surface are presented.
Analysis of the results showed the presence of the flow detachment behind the model rear
surface and a system of transverse and longitudinal vortices. The two largest longitudinal
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transversely rotating vortices form a vortex trail behind the Ahmed Car body. The drag
coefficients are presented, which are in good agreement with the results of other authors.

Bibliographic references

1. Ipnxoasko, A.A. KoMmnbloTepHble TEXHOJOTMHM B  a’pOrHJPOMEXaHHKE U
termomacoodmene [Tekcr] / A.A. Ipuxonsko. — Kues: Haykosa gymka, 2003. — 380 c.

2. Ilpuxoapko, A.A. MaremMaTHyeckoe MOJEIMPOBAHUE BHXPEBBIX CTPYKTYp HpH
npocTpaHcTBeHHOM —oOTekanuu mwiuHapa [Teker] /  A.A. Ilpuxogpko, M.C. ApceHIOK,
A.B. Anxumo // Tpymer XVII MexnyHapogHoro CHMIIO3UyMa «MeTOIBl JUCKPETHBIX
0coOeHHOCTeH B 331a4ax MareMaTndeckoi pmuxm». — 2015. — C. 216 — 219.

3. lIpuxoabko, A.A. IIporpamMmmHOe-MeTOqIYECKOE OOecriedeHne Uil pacdera Ha OCHOBE
ypaBuennii HaBre— CTOKca OOTEKaHHWs JIETaTCNBHBIX allaparoB W WX 3ieMeHTOoB [Tekcr]| /
A.A. Tlpuxogpko // Asma— 2017. Hoxmamsr XIII MexnyHapogHOW HayYHO-TEXHHYECKOM
koH(pepernnu. Cexnusa «A’poanHaMuKa u 6e3onacHOCTh nojerosy. — 2017. — C. 22.6 — 22.10.

4. Ahmed, S.R. Wake Structure of typical automobile shapes [Text] / S.R. Ahmed //
Transactions of the ASME, Journal of Fluids Engineering. — 1981. — VVol.103. — P. 162 — 169.

5. Ahmed, S.R. Influence of base slant on the wake structure and drag of road vehicles
[Text] / S.R. Ahmed // Transactions of the ASME, Journal of Fluids Engineering. — 1983. —
Vol. 105. — P. 429 — 434,

6. Ahmed, S.R. Some Salient Features of the Time-Averaged Ground Vehicle Wake [Text]/
S.R. Ahmed, G. Ramm [/ SAE Technical Paper 840300. - 1984. - DOI:
https://doi.org/10.4271/340300.

7. Minguez, M. High-order large-eddy simulation of flow over the «Ahmed body» car
model [Text]/ M. Minguez, R. Pasquetti, E. Serre // Physics of Fluids. — 2008. — Vol. 20. —Is. 9. —
id. 095101-095101-17. — doi: 10.1063/1.2952595.

8. Gilliéron, P. Modelling of Stationary Three-Dimensional Separated Air Flows around an
Ahmed Reference Model [Text] / P. Gilliéron, F. Chometon //ESAIM. — 1999. — Proc. 7. —
P. 173 -182.

9. Lienhart, H. Flow and Turbulence Structures in the Wake of a Simplified Car Model
(Ahmed Model) [Text] / H. Lienhart, C. Stoots, S. Becker // DGLR Fach Symp. der AG STAB,
Stuttgart University. — 2000.

10. Banga, S. CFD Simulation of Flow around External Vehicle: Ahmed Body [Text] /
S. Banga, Md. Zunaid, N.A. Ansari, S. Sharma S, R.S. Dungriyal // IOSR Journal of Mechanical
and Civil Engineering. — 2015. — Vol. 12(4). — P. 87 — 94.

11. Gabriel, A. Efficient Use of Computational Fluid Dynamics for the Aerodynamic
Development Process in the Automotive Industry [Text] / A. Grabiel, P. Drage, G. Lindbichler //
26th AIAA Applied Aerodynamics Conference. — 2008. — DOI: https://doi.org/10.2514/6.2008-
6735

12. Han, T. Optimization of bluff body for minimum Drag in ground proximity [Text] /
T. Han, D. C. Hammond, C. J. Sagi // AIAA Journal. — 1992. — Vol. 30, No. 4. — P. 882 — 889.

13. Ceyrowsky, T. Unsteady RANS Simulations of Flows Around a Simplified Car Body
[Text] / T. Ceyrowsky, Ch. Brucker, R. Schwarze // EUROMECH COLLOQUIUM 509 Vehicle
Aerodynamics. External Aerodynamics of Railway Vehicles, Trucks, Buses and Cars. — Berlin. —
2009.-P.5-14.

14. Menter, F. R. Two-Equation Eddy-Viscosity Turbulence Models for Engineering
Applications [Text] / F. R. Menter // AIAA Journal. — 1994. — Vol. 32, No. 8. — P. 1598 — 1605.

Haoiiwna oo peoxoneeii 24.05.2018

33


https://doi.org/10.4271/840300
https://doi.org/10.4271/840300
https://doi.org/10.2514/6.2008-6735
https://doi.org/10.2514/6.2008-6735

