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3) Computational Fluid Dynamics
4) Turbulence Model
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1) Driving Cycle
2) MATLAB/SIMULINK
3) ANSYS
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1) Brushless DC Motor
2) Li-ion Battery
3) Supercapacitor
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1) Computational Fluid Dynamics
2) Niver-Stocks Equations

3) Effects of Viscosity

4) Continuity Equation

5) Reynolds
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1) Reynolds Stress Tensor
2) Kronecker Delta
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1) Air Resources Board Drive Cycle No.2



Oyl (851 apwii [ YYA0 Liaal ¥ o lows Y4 2490 \WY

ke 4 gl iSu .l odd Si5 (isu 90l ad ol ] asuie (V0) S5 jd &S jeblen Y] coul
ksl 0 (Saily pgd iSu g b 50 (Sasly aile ol ol Clid clyes oS Cusl eyl 13 5095 (g5l
Lol e8> Jb j0 el p ioghS Ve 10ke sy b 91055 9 0098 YL 9395 sy oS Cous]

ARBO2 5 laibius! Saidly 4y (Y0 JSU
S5 5> ool by (85 i )3 G 9 b () Jge 4 dag b 9353 Lawgs o bl slay (5950
wds oz uilis g golpiuin gl Cuas pEin 53 ol S 5 &S el led Lol oas edly LS (\5‘)
4 & sl Sblie gols aSh 298 0 (g5l B s LialS cel s & @lyuss cpl ol 00,8 Ty (ialS by (g9,

2aby malss o 2y

95995 Cilidee (s o ;3 Ly (590 (V1SS
9235 2 1 s pialS 4 oo by 5l (6l 3 (Ol gl cumd 08 Glo ity o jobolen
2 ity shgpl cuad SLU it (owyp sl W3S 9398 53 oll RIFBI 4 xie 395 &S S
e g sl slag e G330 gy 9 adlls (33l 5 e gl 1 o] Sl el p3Y 9255 5

LV] e s o5 S¥las Gy b 3l 90368 305 5 (g Sl plin



oy IPA0 b ¥ 0 kowd V4 2,93/ ol (55551 & i
R -V, . i
Wi Rt Yy fR Y if w;R; >V, for acceleration
Wt Ry
. (™)
WiRt Vv it wy Ry <V, for braking
\
w rRrR_—V" if w,.R, >V, foracceleration
w r'r
L (4
WrFilr Vv g w R, <V, forbraking
v

Copo W e sogz glad Ry scde sogp glad Ry e b e 33 01 ol g 38 07

ik o 9305 ey V|, ol slag i (dgly Cue s W ccie slag > (sl

gy o3 tals cel (oolgiin sl caad (W) USG50 (gilwdnd odol Cawds =4 aesl

D 92355 Olyd S9y85 M5 ) LS 390 (555

4l Yoo glaosl ;5 (g lawgie () {glaliod (3) BF o 45 ouwd sl ! W38 (VY JSUS



Oyl (851 apwii [ YYA0 Liaal ¥ o lows Y4 2490 \WE

oy b (SoySIl slagyg p3 (Seslidgpl (sladasuto 30 bl plgie & s2)lge 51 S5 (S

P eou 390 g e I So Pl aede £ adlis 51 oo psd a3ly ] elte Sl
JRE s 5 con 3)90 25800 b 95 S el &5 olss ol M 5 gage 0 cwlag il
Ol 83,8 o)l g (6 5L slod Jgome put (lall sl I (ol d (lp SLST Gl 4 g & 25 (0
d95e el Sl Gl cul [N] 558 (6550 (3loo D et > S g col 33 (3534 Blgiee 3)lge
Ol 1l 3l 050 Bl 4 sy (gl gliie remdy AL a5 )00 wlgsy> plg I ST gL 5l (205 oy
@ g e o Mo cpl 5l (B (Sweling pl (cladastie dgu0 b a5 Conl gusly g 0aniS (6 5b 5l (o
2 bl Sl & Wil a5 piepied 3 g cnsie Olsied it lagty) I edlitel Ggaie ran
slodastie dgq0 &5 (olin sl oad o3y (i (1) 5 (WA) sladsed 1 65l sles 9 5k (29 Ol
5 3l el FA Gl Syl 00,55 Jlosl (S0 (59098 50 ooloiy bty G 5l (Sesliadg
sl 0 ol ¥0 51 5V Sl s (it sl el el & WS e g Sy 65k 6 Gbe
2l 00 4 65l lpr S (Seoluzg ] loaasuio d0pe b wusl pllod 5 (VA) JS 0 & jobplen
P ol Ko o8y Y g Sl sladps ilielcwl 008 g yialS Sy sladsps sl 5 ol adl ials
Sloays d9doe 35 sl Ol GBI el pol ul Al 398 0 d9ae (gl jes iRl 4 L 6L
29 Ve 55l (B Cunglie Hialjal 4 oo & W15 (6 5L 9)3 3L Oyl Wy GRS 5l Sl
(V) JS5 5 &8 poblon .cusly il Jlis 4 65k slp 1y s990 51 G 23 9 Gloly el (3l won
Jleel b auslis 15 5L Jailo slod el 0053, 55 Jloel (ool (sla gy aS° (b > cunl oad odld i

ool iy 35 Sl a3 Ve (ool sla g,

1) State of Health



Yo I¥A0 Ll ¥ oylowd Y4 2593/ oyl (55! & i

A5 Yoo Sanjly 13 (6 S baawgio (b) £(slaiod (8) (s 3L Joilo (g3 ol (VA S

50 T — T T T T T T
—— i b Fy (il 5 (oolgdlng pliged ()5 51 o Ly
3 451 —— e sla £y oailagy 5 oalaiing ligp! (5855 180 0 g
) : : : :
J T e P PP P PP TP PP E PRy SEPR —
:3 -7 S S RO AU R S S Aot
3
B0
&)
e_
. U U S Y S-SR S S _
20 i i i i i i |
0 200 400 600 800 1000 1200 1400 1600

(48) ole
&L Josle glos (14 UK
Dgd o 5L Joilo o clai iolidl 4 e Sbys clads s Giliel s ol o Linlidl &S cul po

(Ve JS) Canl s plosl aise cpl 43 (olizme (gilwdnd gadge opl Sl 4y



Oyl (851 apwii [ YYA0 Liaal ¥ o lows Y4 2490 \Vs

Iy 5! (gilwnpudd i (2O3L (oL po @lals iol3al col oad oaly las (V) U )0 a8 jebylen

g o ol ialS 4 e g Cal 03 )3 56 cou

x10*

I I I I
— e gla Fyr o ailidgy g (gleid Hligaad 38,8 5 s L

. MNLY NELTIYS L el i . el ;. .LL.U..JJ.u J
0 200 400 600 800 1000 1200 1400 1600
() olej

(S5 dajlo S (Y U3

855 55w 08D huanns (2230 (VY JSCd
Sy 295503 dgiwe (553l 03133 i (2O}l 1B ) bl (6553l (gilwe S s (295 (L Sl
cos |y (sl hgige (w33l Laulyd (phm > Cunl (Sen g 3900 dsgerme JS slp Ssia O Gep el
RESR W
S Sl 5350 50 (g i lali sl el b Gl pl )l oad odly L (YY) IS5 5o oS jobo lan

LS g il38l 50 y5iae (sled 2 oo el &S Cunl 04y )S



WY I¥A0 Ll ¥ oylowd Y4 2593/ oyl (55! & i

z 0 | ................ oy e u M ML
7 2000 S T e e £y sy g it Sligged GBS 5y [T 7
% —— e gl £y oailiiny 5 (aleid pliseed 8T S0 40 9 | |
4000 T T T T T
0 200 400 600 800 1000 1200 1400 1600
(46) ole;

SN sy UL (VY U5
P 9 SKe lg b cov (il ) Sog)le (g (S Hgge (@33L (FA-YA) (sla Jgo b 4 dg b

Cwl d53)9

PL=T Wn (¥4)

Pin =Vs.ls (f')
P

eff (%):—xlOO (\c\)
in

28l b (e Ol Sl o 4 Slgie el pl & sl 485

S gige (B3l (VY S

SFL 5o Candg glate pedds g o0 485 Ha5 ) Lol e plgie 4 (SO Sl Glagags i > s 5L
iz Cllo 93 ) (g3l 5L Candg (VF) S5 )5 .l I8 50 (YL ol 51 (W) 5 (V1) slaserd 42 2255 L



Oyl (851 apwii [ YYA0 Liaal ¥ o lows Y4 2490 VWA

ol 0as 031y L ailie Jloj jo (S 1»39)_»1 lbdasete ;|

Bl L (S0l 59395 53 0ad 485 jlai )5 a8 2 LL 53 (6 5b G)L e cCunlig S8 51 45 5o len
9,0 1) olo Mg SUlg jem (651 &S canl jslaie pl 4 g Wll o Ao 3 Ve dgdn 0 (olpii slaybgy (08

Jlosl b (S 58Ul 59398 & Conl (o s 93 53 (5L 5L Camdg 4 a2 b 2)l5 |y 9395 (g5 (el Sl

E9290 ol ke (YO) S &S wlawy oo 1) (st Cdlue apliio Sloj 53 g alie Laylyd 5 (oolpiiiy (sla s,
VRN
;

0.2 —— e slr g aililiny g (ealedudny pligaent 53,5 J105 )0 U
e gl g Ly 5 (e3lidy Augedd B8 B 5 g : . . i
0 I I I I 1 1 1

0 200 400 600 800 1000 1200 1400 1600

(436) olej
5L 5,6 Sy (Y€ U505
4
4x 10

T T T T
—— cde sy Eo oailSgs g e5laidy Hlged 38,8 A 5 L

i i i i i i i i
() 200 400 600 800 1000 1200 1400 1600
(435) oolej

ARBO2 ,luiliw! 48y 13 9,345 2w 0390w Cdlun (YO JSUS
s & 55 (6,500 dluliwl (Suily a5 10 o 030w Cdlue Cunl L gadse (pl (Dses asuie jsliied
siie & (REPOB) slubiul 453 33,5 oy eddbise VL cspo (S0ke cimon 5 i Sl Sl
Y] ool oas 4B S JLas 33 00550 )3 3bj s pos 9 Vb i i b orleg (Sl (s5ldse

1) Representative Drive Cycle No.5



'va I¥A0 Ll ¥ oylowd Y4 2593/ oyl (55! & i

009 9 ool wCuwl 00y )8 LS i dw 1 ad g cpl ool odds ol ol (YF) JSS jo oS jebylen

P SNl I g 9 1350 B ol Lol Cunl S L o wlei e (silude Ly ol S5 > (Sl ise
Cel pyieskS AV dgds 3 ad oyl bawgio Ce g Gl 0318l 51 piiny 9068 Cawl & ML o oo Ko
osds odly L (YY) USKs p3 oS jobojlod il odd a8 )8 jla5 10 Celw jr joghS VYo Co g Sl 9 wil 0
Sogpl 4 sazme Ll J S 45 ol 65l 5L Olise b aldie 09,055 3 odd edgen Cdlue Dl

Ll oJ.g,J)f yasuiie )3@5\9 s > O,g\ O|9;.c Coxs .\M:L»(_gn cde dlﬁé)% O.\SLJS% 9 LSJLW e

i i i i i
0 200 400 600 800 1000 1200 1400

() olej
REPO5 3 laitiw! (Saily dd o (Y1 JSS
4 x10°
T - T T - T T T
—— e glh oy oiluigy g (gl ligped 8,5 S 2 U 3
—— e gle o ailny 5 (ol ligad (38,5 185 3 ig| 3 :
3 pTTTTTTm e pTTTTTTTTTmm e emmee e oo e ]

i i i i i |
0 200 400 600 800 1000 1200 1400
(&) oo

S S dauia

S g 3 8os gty 2 1) 395 i g SN it (oSl slaggs (BN I ol
Jb S (o Bpo 5 1) o3b) e ja sl pl 53 g Wlosls H5 (S Sl slaygige g b 5l pogatt d924e
S0 b 3 QP 9 039 oyt g 42 BB (S SUl slmg 58 5 Slos 3 5 (Seelipdg ] Clasetio 35U 4



Ol 8551 & s | IFR0 (Ll ¥ 0 ko 19 293 Ve

5 Swoludgpl (cladastin 9.0 sl dlie cpl )3 ag) ol 50,8 K8 lagpgs oyl s (oolaidl 4 3)lg0 oyl
ol yod 4 (g3laiy Syxte Hlogaasl asly ol )3 033 oy (SoSUl (69055 (5 ¢ e g 1 Slagys halS
plod b Sy cde glagye ldy duy Gupo Jidn (Rl jglale 4 My b &) (S Sl
ilddo (ool Slmsss (5855 55 53 (9 9 b clite Sidgan 1l o lame 3 (S0 Sl (69,095 lacand
5 4b 48,5 0y e JI58lp 5 5 CFD o8 5l ejlai 5,90 (S0 80l (59368 (sl 5 Tt ey gl il jlaie a9 0
Sgrke 45 A LS @bt )5 ool cBgls il Bl 1 908 Jo> slis syl (pwyp jskaie @
Gk Jl 48k 0sd 0 (55 Bpae (i el col b & (S elagng 3 (Salodgpl (sladasuis
sos Jsbo Gl Gl 2 5 050 65l Joile (235l Ll g Loy Ll el (Sl sty il
9o 2k Gl g Ol el col paitne pE OLSE Gkl gy Db o0 (551 Silwopdd

235 (oSl (59,095 bawgs oad (b clue alil a poxie 0ad 15 Ol plad 30,5 oo (S Sl

c.,m

[1] Dewan A. 2011. “Tackling Turbulent Flows in Engineering”, 1rd Ed., Springer, Berlin.

[2] Gilhaus A. and Hoffmann R. 1998. “Directional Stability, Aerodynamics of Road Vehicles”,
in: W.H. Hucho (Ed.), SAE International, Warren dale, PA.

[3] Michelle B. I. 2010. “The Effects of Driving Style and Vehicle Performance on the Real-
World Fuel Consumption of U.S. Light-Duty Vehicles”, Master’s Thesis, Massachusetts
Institute of Technology.

[4] Bu-Ali Sine University (BASU) Solar Car. [Online]. Available: http://basusolarcar.esy.es .

[5] Choudhury D. 2010. “Introduction to the Renormalization Group Method and Turbulence
Modeling”, Technical Memorandum TM 107, Fluent Inc., Lebanon.

[6] Damjanovil1D., Kozak D., IvandiL][] and KokanoviLIM. 2010. “Car design as a new
conceptual solution and CFD analysis in purpose of improving aerodynamics”, Josip Juraj
Strossmayer University of Osijek, Croatia.

[7] Diamond S. 2004. “Heavy Vehicle Systems optimization”, Annual Progress Report for Heavy
Vehicle Systems Optimization, Washington, D.C, U.S.A.


http://basusolarcar.esy.es/

WY I¥A0 Ll ¥ oylowd Y4 2593/ oyl (55! & i

[8] Menon D. P., Kamat S., Yangnavalkya G., Mukkamala S. and Kulkarni P. S. 2014. “To
improve the aerodynamic performance of a model hatchback car with the addition arear roof
spoiler”, 16th Annual CFD Symposium, Bangalore.

[9] Drag & lift [Online]. Available: http://Aww.autozine.org/technical_school/aero/tech_aero.htm.

[10] Bailey F. R. and Simon H. D. 1992. “Future Directions in Computing and CFD”, AIAA Paper
92-2734.

[11] Dugoff H., Fancher P. and Segel L. 1970. “An analysis of tire traction properties and their
influence on vehicle dynamic performance”, SAE Technical Paper 700377.

[12] Taeyoung H., Sumantran V., Harris C., Kuzmanov T., Huebler M. and Zak T. 1996. "Flow-
field simulations of three simplified vehicle shapes and comparisons with experimental
measurements”, SAE Transactions, Vol. 106, PP. 820-835.

[13]He H., Xiong R. and Guo H. 2012. ” Online estimation of model parameters and state-of-
charge of LiFePO4 batteries in electric vehicles”, Journal of Applied Energy, Vol. 89, PP. 416-
420.

[14]Husain 1. 2003. “Electric and Hybrid Vehicles, Design Fundamental”, CRC Press LLC,
Florida.

[15] Kim 1., Chen H. and Shulze R. C. 2006. “A Rear Spoiler of a New Type that Reduces the
Aerodynamic Forces on a Mini-Van”, SAE Technical Paper 2006-01-1631.

[16] Ferziger J. and Peric M. 2001. “Computational Methods for Fluid Dynamics™, 3rd Ed.,
Springer.

[17]Marklund J. 2013. “Under-body and Diffuser Flows of Passenger Vehicles”, Department of
Applied Mechanics CHALMERS UNIVERSITY OF TECHNOLOGY Gothenburg, Sweden.

[18] Callister J. R. and George A. R. 1998. “Wind Noise, Aerodynamics of Road Vehicles™, in:
W.H. Hucho (Ed.), SAE International, Warrendale, PA.

[19]Peddie K. M. and Gonzalez L. F. 2009. “CFD Study on the Diffuser of a Formula 3 Racecar”,
University of Sydney Undergraduate Research Journal, Vol. 1, Issue. 1, PP. 18-35,

[20] Guo L. X., Zhang Y. M. and Shen W. J. 2011. “Simulation Analysis of Aerodynamics
Characteristics of Different Two-Dimensional Automobile Shapes”, Journal of computers,
Vol. 6, Issue. 5, PP. 999-1005.

[21]Leduc G. 2009. “Longer and heavier vehicles, an overview of technical aspects”, JRC
Scientific and Technical Reports, European Communities.

[22] Amodeo M., Ferrara A., Terzaghi R. and Vecchio C. 2010. “Wheel slip control via second-
order sliding-mode generation”, IEEE Transactions on Intelligent Transportation Systems, Vol.
11, Issue. 1, PP. 122-131.



Oyl (851 apwii [ YYA0 Liaal ¥ o lows Y4 2490 VWY

[23]Ehsani M., Gao Y. and Emadi A. 2009. “Modern Electric, Hybrid Electric, and Fuel Cell
Vehicles: Fundamentals, Theory, and Design”, Second Edition, CRC Press.

[24] Moradi M. H., Tousi M. R., Nemati M., Sadat Basir N. and Shalavi N. 2013. “A Robust
Hybrid Method for Maximum Power Point Tracking in Photovoltaic Systems”, Journal of
Solar Energy, Vol. 94, PP 266-276.

[25] Kim M. 2003. “Numerical Study on the Wake Flow and Rear-Spoiler Effect of a Commercial
Bus Body”, SAE Technical Paper 2003-01-1253.

[26] Kiinzli N., Kaiser R., Medina S. and et al. 2000. “Public-health impact of outdoor and traffic-
related air pollution: a European assessment”, The Lancet, Vol. 356, Issue 9232, PP. 795-801.

[27] Baysal O. and Bayraktar 1. 2000. “Computational Simulation for External Aerodynamics of
Heavy Trucks”, SAE 2000-01-3501.

[28] Zake R. C. 2008. “Aerodynamics of aftermarket rear spoiler”, University Malaysia, Pahang.
[29] Rajamani R. 2006. “Vehicle dynamics and control”, New York, NY: Springer.

[30] Baldursson S. 2005. “BLDC Motor Modelling and Control-A Matlab/Simulink
Implementation”, Goteborg, Sverige.

[31]Rezvanizaniani S. M., Liu Z., Chen Y. and Lee J. 2014. “Review and recent advances in
battery health monitoring and prognostics technologies for electric vehicle (EV) safety and
mobility”, Journal of Power Sources, Vol. 256, PP. 110-124.

[32] Rezvanizaniani S. M., Liu Z., Chen Y. and Lee J. 2014. “Review and recent advances in
battery health monitoring and prognostics technologies for electric vehicle (EV) safety and
mobility”, Journal of Power Sources, Vol. 256, PP. 110-124.

[33] Zackrisson T. 2003. “Modeling and simulation of a driveline with an automatic gearbox”,
Master's thesis, Royal Institute of Technology, KTH.

[34] Hu X. and Wong T. 2001. “A Numerical Study On Rear-spoiler Of Passenger Vehicle”,
World Academy of Science, Engineering and Technology ,Vol. 5, PP. 636-641.

[35]Chiang Y. H., Sean W. Y. and Ke J. C. 2011. “ Online estimation of internal resistance and
open-circuit voltage of lithium-ion batteries in electric vehicles”, Journal of Power Sources,
Vol. 196, Issue 8, PP. 3921-3932.

[36] Takemori Y., Kato S., Masumitsu Y. and Mizutani T. 1992. “Drag Reduction of Bluff-Based
by Wake Control Vanes (Effective Utilization of Under Floor Flow)”, FISITA World
Automotive Congress, F2000G357.

[37] Rao Z. and Wang S. 2011. “A review of power battery thermal energy management”, Journal
of Renewable and Sustainable Energy Reviews, Vol. 15, PP. 4554- 4571,



	سید محمد رضا طوسی1،  پژمان بیات2  ،  پیمان بیات3،  علیرضا حاتمی4
	منابع

