v
£
>
S
3=
(%)
©
“—
=

R&D Report

2018. 6. 29.







WA @ oA

o WE F o o
S - I R R
M H Ho Mo %, % %, 0
Hﬂ Hﬁ . m My % IS
& K G - e Sl By =
m M o - - oL
0 o oo
S S B
ol e~ X L
| N
T I = - | B
W u =|# Iy BT
ARG i i |
‘HA_l ,.Iw_ulx_ ﬂ O_E _&O ﬂ_rm E
o & | o B o
» B . Wﬂ UI T B mo|
R S P = =R
< 5 ah T 1 EEEEE B
— O Eo Og._ — B pa— H;l o
SERX o ™ ™ o an =
e alo | N G = o
— o Aol =y —
T N of of mst N -
TR P K| T w |
gt | | TR s |
W oRe|Hw Re| ™ B _M_\ﬂ
il R s Lo [
% 0 oF O Jmﬂ Nk mmw - o]
& @ "W =0 |
= O o o3
= _ o —
© ~ Ny ,_Iq../l ﬂﬂ_ 0 N_.o
o HO Ho 1Xr K O |
oﬂm Y T o |me T mﬂ
£l < ™ G @ - Ho
= |+ as L P
Rk B B g AT

B

o

Ko
gl

)
o
X
ol
K

!

B 7%l v
oW Aot el

-
T

O =uiolA

el 2o A7)

Sies

Al

N

;OU

Ho
Hlo

—_
o

HY=

E

Apole AAES} B

S|
ax

]

PN
T

- Alol= ~AEV} gEA EY A

T
~

m_.o,.o

—_
file)

71 A

RETA
[}

1]

5|

7|Hko 52
tel 4 38k

J|

ol

oo

b, A"

& 7}

S FEAel Aol

o= AAIF

o

ol

el

el

R

10

st oA

=
[€)

o]
Cab roof
faring

H
2]
Boat tail

Side skirt

stability

Ho

Aerodynamic Drag | Driving
Reduction

i

o

3

0
=







mr

A17%.

0

of
e

?_ﬂ_:[lg] q]% 1;'_; Hds,q

24

15
15
18
23
27

g_l /gﬁ]

e

AbolE AAE AA] L A F} e

33

.m_wwo

33
44
61

Tor

Mo
o

N
Mo

ol

|34,

67

67

el
fvze]

o7

N
el

—_—

79
86

24,

—_—

A

—_—

91

To-

44

—_—

A

94

—_—

105

105
108
112

I~
25

116

44 .

123

123
136

fase)

fE)
Jo

70
N
Tor
N
Mo
o

ﬁo

Jo

0
&
Tor
N
Mo
o

153

|34,



A1A, E% AL Bl 23 OFAA BA 159
;q]zx% _/[:;z]-gﬂ/ﬁ'% =3 F3) olHA] §§7]_ ............................................................... 169
A3, REH Ao thalt H A B} A A e 174
XTIS;SI- Gap falrlng% %—?_ -_l-,(_)_—fig o} & Al '62}:}\]- 7]% ......................... 183
Xﬂlxri Gap fairingiﬂ %Lﬂﬂ 7]%1:5:1%]-37/]_ %601: .EL/EI .............................................. 183
A2, A A ZAF L AL B A TF 186
A3, HBAQ A7) JNEHSE A 2 AT E IR X e 190
A9%. Gap fairingS T &3 4B FF 7ls AT e 197
xﬂléﬂ ) Gap fairing }éﬁ] ................................................................................................ 197
A2, Gap fairing®] F7] 82 A% F I} e 199

A10%. Vortex generatorS o] 83 £JdAAA F4 71 /ML 227

A1A. Vortex generator =19 71 & @87 8 EA] e 997
A28, A A ZAF L AL B A TF 230
xﬂgx’_i' 311@(9__/,;7]% 7]]%1:101—6(} zg%l g_; xgjq_ %JEL;‘(] ............................................. 235
A4 . Vortex generator®] A7 e 238
A5A. Vortex generator®] &7 S 3HA A T} e 241
A 11%. Trailer full aero packageE =3 ] A 71& T 267
xﬂléj, 15ton :&]_%j} 2d full aero. packageiﬂ B 2] RRRRPRN 267
A2, Full aero. package® 2¢t 15ton sF=3ke] 371984 45 H 7} - 270
A3, 40ft shE=F 2E trailer full aero package®] A A e 279
44, 40ft stE2F 2 trailer full aero. package®] 371934 A5 7} - 282

A12%. HAEHE T2 2 A L3} e 303
ATA, AFO)EAAE HA AJAE A ZF orrererrsssmnsmssssssssssssssss s 303
A2A . BHEEQ HA AAZE A Z correrrererrerssomsssssssssssssssis s 305
A3A. Gap fairing H & AJAIE A ZE eeeveeeeesmmmmmmmmmss 307
A4, ZEAT L vorteXx MOIfier A] A S5 wrrrrmmsmssssmsssnisssisesississesssissssssssesses 309
A54 . Trailer full aero package 2 A Z]ZE A ZF e, 3192
A6A. 1ZFAE AU TNA AT FIZ e 318

_ii_



- 321
339

—_—

—_—

358
372
376

—_—

—_—

—_—

384
387
400

—_—

2l

=gkl Al

7}o]

134.

—_—

2

J R B I

—_—

A

- i -



1-1> SATFTNHEE 71950 A Q] covrreerrerrrreneit

<3t

1—3> Slde Skirt TRL /gxé] e eeteteeeeteeetcetoasetettatettteetitenteatnsettttetitensesessttostetestntistesistsensnnons

T
it

<
<

1-4> Boat tail TRL /gxé

¥
it

2-1> &7 A

2-2> 3=

VA
3t

<
<

35

@)
R

!

T
st

18
19

0
5

oy
=0
oo
g

=K

23
24
25
25

=

2-7> Smartway Program}
2-8> Alol= AAE 7|E=)E

2-9> A F-7]

2-10> 7]

3T
il

<
<
<
<
<

3
ar

3z
it

o Ao}

PN
=

3z
3t

ﬁ.n_

B/

-
K
2a|

i

24 <

g

QX

=12
=

2-11> Alol= 2AE 7= )

VA
3t

45

50
95
60

I[N

3-2> 15% s}Eate] Alo]= ~AES ¥

3-3> 40ft s}

3-4> Alo]

-
It

<
<
<
<
<
<

b}

kel Aol

=i
=

-
It

I[N

A
ar

YA
ar

A Zde) E]

40ft 3=

2

=2 H
= T

NE

]

3-6> Alol= ~

hyA
ar

¥
It

| &HE AEollA Atel=

INE
gl

ul

]

4-1> &
4-2>

VA
3t

<
<

2o

ol
=

iz
st

B

S R R L R R R R e A A LA LA LA AL AL AL L L AL LA AL LA

Eal

4-3> TEST BED

<3

105

| 717 - 107

2

71917 A3

=i
=

5

Ry

[e)
RS

2}

5-2> 3k=

<3t

_iv_



108
109
110

0
B

111
112
114
115
-~ 115

5-7> Smartway Program}

T
It

<
<
<
<
<

Hd 7l& i
5-9> Al 57

E

5-8> H

VA
it

T
3t

4

4
o
o
o

5-10> 71=74 <] ¢}

o-11> H

iz
3t

116

Ly

1 71

E E

iz
It

137
142
147
152
156
- 156

I[N

6-2> HE H<Ad] fFol
6-3> HE H|2

-
It

<
<
<

I[N

—

A
ar

)

6-4> HE H A 7o w

AyA
ar

6-6> G HE H|2
6-7> G+ B HE ¥

A
it

<
<

gk

o s
as )

X

o]
=

T
3t

166
170

HE H<Le 714

0
=0

r

H

7-1> A

<3t

183

] 7IE7daE - 185

2

F7195% A3

=i
=

5

A

[e)
RS

AF

8-2> sh=

<3t

186
- 187
183

s

8-4> F87]

<3t

189
190
192
193

8-7> Smartway Program¥}

8-8> HE H A 7
8-9> A7

VA
3t

<
<
<
<
<

A

T
It

-
It

4

4
o
<H
o

8-10> 71=4 o] ¢}

-
It

E

TOEE R AR AT

7l& 7\

(]
=

8-11> HE H|

-
It



T 0-1> A8 UAF SFEAF F 8 T A Q] e 202
T 9-2> SR AL BRFY A TG e e 213
F 10-1> Z7) AT A7E7]) S GAF QTG e 297
<E 10-2> SR £ T ARAUS 93 AT L AR AR T1NEEE - 229
10-3> 2T EFONZ7199 EFAFY U]l Z o e 230

CIE 104> F27)Q T H G BB oo 231
<FE 10-5> AWtz ExlEe] xFEH AH] W ST 232
CH 10-6> T AT ATFAFE] G QAL coorereeeerseensssessisnsiess s 233
<¥ 10-7> Smartway Program¥} 13 A ZF H] T e 235
<3 10-8> Vortex generator 7| 72 thAlF B Q] v 236
<E 10-9> AE7)EE A Q4 7]E T ATFE 237
< 10-10> 7)Y 9 FMAIQ A 7] e orrrrrrrrrrrnretete 237
i 10-11> HE Hd Ve /e AR A5 5RO AR AR e 238
<HE O10-12> A A SFEAF ol T A QD e 243

3% 10-13> Vortex generator /¥ =710l wh2 HACD) 3 &A= A7 83K%) -+ 245

3% 10-14> Vortex generator & R 75l wh= EAlSHCD) B &8 Az 33K%) -+~ 246
% 10-15> Vartex gerereter 335 43 SIEh] w2 FePARRCD) 2 G2k AR 52409 -+ 247
T 10-16> SR FAAR A IFY] Al TSGR e 250
T 111> A3 A SFEAF B E D A Q] s 274
T 11-2> AR AAFA L] Al PR e 289
CH 12713 AEE AJA] T oo 304
CH 12-2> AEE A AL oo 306
CIE 1273 AlZF ALATE et 308
<T 12-4> AT IAF B G e 310
I 12-5> OIAFAI T Z T coeerereeieieie 313
<I12-6> QTR B Z T ceeeerreiee 313
CIE 127> TFT B H| wreeerrererrerresseieieie st 314
CIE 12-8> AZF AJAIE oot 315
<HE 12-9> AZAE A B OIA AT o 320
<3 12-10> 15 ton ﬂ%;‘(}%}: ;(ﬂ_%]_ ................................................................................... 322
<E 12-11> 42ft EG L] FEIEE A QY o 3929

_Vi_



3 12-12> Table 1 SAE J1321 A3 =3 B 270 WA AR e 323

¥ 12-13> Baseline Segment Driving .......................................................................... 325
S 12-14> PG ALRFAI T ZA T} ceereerreeersseesseissiessssissis st 398
< 12-15> AFOJEAAE E T H] A T o 328
<HE 12-16> AU BB A GG ZFEE A Y oo 330
<F 12-17> Chassis Dyno. Test Cell CONLrol s wssseersseemssreemimiemsmsresissenssceenes 331
<F 12-18> AU Z B Al B A Q] coerereee 331
<3 12-19> M) 7] 7F22 BATAF ] A Q] cereereeeee e 334
S 12-20> B]A] ] A Q] e 335
CIE 12-215 TEATBFEL coriiiei e 336
CE 12-22> FPETA S5 A F AT} e 337
<IE 12-23> AUEE A FHS B3 ASETUH] AT AT 337
<H 12-24> 42ft EG AT FFEAFTE A Q] e s 340
<HE 12-25> SAE JI321 = TFA HABF o B e, 341

T 12-26> Baseline Segment Driving .......................................................................... 343
CI 12-27> PG A RFAI T QIH] Z T} coeeereersemeieeineissiesis s 346
< 12-28> PGARFAI T B ZTF 2 Z T et 346
<H 12-29> AFO)E AT E BT H] AT e 346
CIE 12-30> AFPEBAI L IFTE A Q] e s 348
< 12-31> Chassis Dyno. Test Cell CONLrol « s wsereresremieminereisiiseiiissienaee. 349
<IE 12-32> A B Al B A QD e 350
ST 12-33> 7] TF22 BAIFZR] A Q] e 353
I 12-34> BlAT B A QY e 354
CIE 12-35> ELATBFEL toieieiiieitieie s 355
<HE 12-36> ZHEF A TO] AJAFA] e 355
CI 12-37> FUEB A S AT Z T e 356
<HE 12-39> ANED AFS Fo 15on G ANAT ZER] AR AT o 356
<IE 12-39> AE] o 7] QB AW FFA| T S H] L e, 362
I 12-40> ST UFE} T O O] H ZL T ceereeererersreeeei et 362
<E 12-41> CO2 AT BH] R T QIO A ZF weverererereeemeiinii 363
<IE 12-42> AF3) A HI LTI O] BLA] AJLFE] Q. crrrrerrrrreeremneireiseieesi e 371
<E 12-43> AEF D AEAERE AL 7130 TBF JFE e 379
<E 12-44> A=A I AEZFEE] STl 7] Fol] TBF JER (1) e 373
<E 12-45> AEzF D AEARE] ALl 710 BB JFR (D) e 374

- Vil -



<3t
<3t
<3t
<3t
<3

<3t

12-46>
12-47>
12-48>
12-49>
12-50>
12-51>

TEST BED SL:l:é’é]- ........................................................................................... 378

TEST BED & B} cereeeeeeemeueeieieiitieiitieiiiei e 379
megwﬂwn%agﬂwugéﬁgg@%. ................................... 397
AFG] B | B e 400
/\]-O}jﬁl- ﬁf‘/ﬂk ................................................................................................... 400
22a10le] o2 A G L AR Z20] s 101

- viii -



1-1> EFH]E HTET] S5 e 1
1-2> QA1 TFA ZEZ 7] Zn cerrereerreeinteti e 2
1-3> SuperTruck ZZAE JJHE J] QI o, 5
2-1> FFB AFO]IE A T]E i 27
2-2> 158 BFE A}l Z T AFO]E AT E e 28
2-3> A0ft BFERFY] Z T AFO]I A F]E e 28
2-4> 5E FER}Y] T E] AFO]IE AT E e 29
2-5> Holal Alo]r AAEL ZFLof T TF A Q] s 29
3-1> POSTECH ©}&2: Z% AT 2 QT v 34
3-2> POSTECH 0} SEIETTT crereiieieieeie e 35
3-3> AF A} FFEIF T T AFOE e 36
34> ¥&o] ME I5E FEAY LMY FAATHCE) © FYAF

(F7) Q] HHBF ovvereerieineistinei e 37
3-5> F+3 W Z Alo]le AFEQ BlE ZFA G I} e 38
3-6> AHolal Alo]lr AFAE Q] TP A 7F G A} H] DL ceeeeeerrreeseniniiii, 38
3-7> ol W A0f BEAY wlolMe] T/ AFHR) L A Wk 39
3-8> EFE LU Zal Alo]lE AHEDL FFE ZFA G e, 40
3-9> Holal Alo]r AFAEG e ZhA F I e 41
3-10> Fol 0hE Ston Hdel A F W FHAR W 12
3-11> 59, 29 2 HolA Alojm AAES g Zhh G e 43
3-12> AN FEH AAEA] QA (15ton FEA) oo 45
3-13> 7] 2 2RO A|ZF HaF QFEIAF e 46
3-14> =9 (angled flap) Atol= AFAE F-2p mdlo] AZF Hot 54 - 46
3-15> 7]E Bdlo] AZF Hit FEHFEE SR 47
3-16> 4 (angled flap) Alo]= AL P2} WEIS] AZE BTt 290 52 o 4T
3-17> 7] 2 @ o] AJZF HiF xHFSE VOrticity e 48
3-18> &7 (angled flap) Ale]= 2~AE F2F o] A7 4t <k vorticity - 48
3-19> 7]2 wel o] AJ7F H3t yHFEE VOrticity e 49
3-20> &% (angled flap) Ato]= 2~AE F-2} HeElo] ARE H5t vk vorticity - 49
3-21> 7]12 w0l A|ZF HI 2HFEE VOrtiCity e 50



3-22> Z% (angled flap) Alel= 2=AE F-2F REle] AR Bt 2703F vorticity « 50
3-23> 7]E R o] AJ7F H T QFEI A e 51
3-24> &9 (angled flap) Alol= ~AE §-23F mdo] AIzF b H4 51
3-25> 7]E R Elo] AJ7b Wi GFEHFEF I 59
3-26> =¥ (angled flap) Alol= A7E F-2F RElo} AR et 50 S 52
3-27> 7|8 B elo] A|ZE B X HFBE VOIHICILY wereereeeesseeemseresseemsesemsseeseenes 53
3-28> Z3 (angled flap) Alo|= 2~AE B2k mdlo] A7k st x WEF vorticity - 53
3-20> 7] B R elo] A|7F BT y HFEE VOrHCity - eeseeeseeesssermssesessensisseisenins 54
3-30> =% (angled flap) Alol= A~AE F-2F melo] A7k Bty W8F vorticity - 54
3-31> 7]E B0 AJ7E WT 2z HFEF VOIHCity eeeseeesesseressssessessssssissssssenens 55
3-32> =¥ (angled flap) Alo]= AAE F2p wElo] A)RF it z W& vorticity(AFo]=

AAE 0] 026 AL A= 7=l FAISE HTHO] contour) o vweeeeeseeeseeesseensees 55
3-33> 7]E Rl o] AJ7F H T QFEI A e 56
3-34> =3 (angled flap) Abol= A71E 2 o] A7 g+t b - 56
3-35> 7]HE Bl AIZF FHF FEHFSE ST 57
3-36> =% (angled flap) AlOl= A7E H-2F RElo)] AR et 50 S - 57
3-37> 7] E o] AZF FIF x HFBE VOIHCILy «reeeeseeeseeessereseessseeseresesisseninns 58
3-38> Z3 (angled flap) Alo|= 2~AE Fzk o] A7k 4t x W& vorticity 58
3-39> 7] B eo] AJ7E WT vy HFEF VOIHCity o eeeseereeseeresseeessssesnssesieesenns 59
3-40> E% (angled flap) Alo1= 2~AE F-2b ®elo] A7 it v W8 vorticity 59
3-41> 7] B O] AIZE W 2z HFBE VOIHCity «ereeeseeessseeressssessessssssisisssenens 60
3-42> 2% (angled flap) Atel= 2AE §-2F Bele] ARE Ht 7 W3 vorticity - 60
3-43> 15% 34E A9 Z Alol= AFAE HFh O] A s 61
3-44> 40ft 3= xFe] T xlol= AFES] thE ZFE O] A O] s, 61
3-45> Holal Alole AAEQ ZhLof TTF A Q] e 61
4-1> POSTECH ©}&4& ZEE AJFE T 9] T v, 67
4-2> POSTECH OF-825 SEIETET woorvreseissenssinssesssssssesssssssssssss s 68
4-3> Yaw angle 28-S 93k turn table ZJEFIE s 69
A-4> AT AF SFERF T D AFOE creeeeieinie e 70
4-5> Yaw anglecll mh2 15:= skl 2-8sh= (%4 R (&A= s} - 71
4-6> Yaw anglec] 02 5 SRR A43hs (32 L (DFF SRS sl T2
4-7> Yaw anglec] W A0 Eelele] HESR= @3 2 (D)FARE] Wl 73
4-8> Yaw angles]] W A0t Eejelelel] AHgale Z200) W BF Z2s wa(l) - 73



<19

<19

<19

<19

<19

<™

<™

<19

<19

<19

<19

<19

<19

<19

<149

4-9> F3) kA HIE Y3t A AR AAI(I5E FFERF) veeveeeeeens 75
4-10> Yaw angle @=10°Z70lA Alo|= ~AE w2t 158 sHExle] o F+%(a) %

AJo]= AAE B2 |5E SHEA}0] OFFTE2(D) HJAL e 76

4-11> Yaw angle O=10°F71o|A] Alo]e= ~AE n|iz} 5% 3Exjo] o}F1+%() 2

Afole AAE JHA3)l 5% 3R] W22 (h) H]ML -weeeeerveemneeneenneeinnees 76

4-12> Yaw angle ®=10°F 7oA Alo]= ~AE mF23+ 40ft 3=+ 9

FrE(a) B Atol= 2AE A2 406t st= A ok (b)) vl - 77

4-13> Yaw angle O=10°Zo|A] Alo|= ~AAE ng2sl Lft s=xke] RSy

(a) L Alole= ~AE A=K f0ft slE-Ale] Y-S 2ollLX|(h) B]TL --vveeeemveeeesaneees 77

4-14> Yaw angle ®=10°Z Ao A Alo]= AAE A2 A T 40ft 3tE A}

2getE =28 AE(a), Aol A2AE I A T 40ft B 2§

St =29l HZE(b)I A T ZH(C) H] DL sererrrvmremneiieii 78
4-15> POSTECH ©o}2< ZF5 AlFFE " EA] 79
4-16> 1/15 =AD& 4% 15ton =2t 23 2 PIV A3 A 7= 80
4-17> 2o AFLE L= X9} heat SOULCE - wwrerrersemmsmemseieeiaes ]1

4-18> (a) st&EaF B HF2d 2= e ddo wA %= (b)3pEakel H

B AT E B A e 81
4-20> BB BY e, gubdl F SEF WL (@) A= AAE v
B (h) AFO]IE 2T B FLEF it {3
4-21> A b F SR VAL (@) Aol AAE MR (b) Aol
T AFAE BI i sttt stsasissases ]3
4-92> A 7vo] W2 A< (heat source) T &5 BB} e 4
423> Apo| = 2AE AFo] A7ke] WE S L A MAE T ()
APO| EAAE 1 EZ (B)AFO]E AAE HZ i 5
4-24> Surrogate Management Framework®] @FILo] S« 86

4-25> 15 3bzatol]l g Alol= AAE Ao ik EAk(a) R 15%

3}&=x}F9] Surrogate Management Framework(SMF) & %3} 2 3(b) 87

4-26> Aol = AAE WHA 15E HEAY RTE@ % HA A= &

AEZE B3 158 SE2F0] FFG-3F(D) HJ DL creveerrermnemneennnnieniiencne 88

427> Aol 2AE MRF I5E B Sl B2 GEP@ 2 A

AolE AAES FAG I5E SBAY S ¥

—L
4-28> 40ft k= xbel]l 27 Alo]= AFE ZhId 1‘41‘5& T2 =(a) <+ 40ft

_Xi_



<19

<19

<19

<19

<™

<19

<™

<19

<19

<19

<19
<1
<1
<19
<19
<19

<149

BFEx}e] SMFEF FH A3} FA1 ZAIF(D)  creeererrerrermsememiinins 89
4-29> Atol= AAE mRA A0ft St= ko] obF T E(a) 9F HA Alol=
AEE F 23 40ft SFE ] 9 F -2 (D)H] DL corverevrrremessnenienininn 90

4-30> Atol= AAE wR-2 40ft Bt=ake] sinkg R E A (a) B H A
Abol= AAES 7‘”—1‘1} 40ft st=Ake] slnkd F A (b)Rl L - 90
4-31> F&o W 15 =7 RN 7AZH ) 2 FEAS
() €] BB wrvverereesssneessesssses s 91
4-32> ¥ 9 ZA;FH Alo|l= AAEQ FE ZF A FGIF e 92
4-33> 7129 R flap® side skirtE F23F 15% =zt FHAFL)
B A ZFS () B e 03
4-34> 712F QT2 dAogdes FAG 158 sEAF  flap¥  side
SKIirt(0.30)7F  BFE A ZFoll T XI= T coereeeeeesenesenssnsssnesssnissnens 93
4-35> 15% sEAbel] 7138 AR Holgds RAkt A9t o7)dl flap® side
Skirt(030)F AID boat tailS 5218k AG Ge] AZHG HITL) wovverrssroeesssersssssoneen 94
4-36> FreolA 78k H BRE AR Tels =0 V[ AL e 95
4-37> 156 3=k 9 5ol skl AW Afol= A E] Gk <
Bl EL I oottt 9%

4-38> ol o AW Atel= AAETE WY EH = Fa)d A Atel= &

A B 7} A E QBN EL I () erereerereremreresrnei e 96
4-39> 158 SBAE 79 £330 skl T Alo|= A7 EN g
QF B BL ST touermeteteniee et 97
4-40> FEol <) FW Atol= 2AESL MYHE R FY A= 2
AE O] TFE A QB F I (D) cevererererereermene e 97
4-41> 40t AHoIY EBL Fe] Auks FEo) o3 Ael= AAEA 2§
3 % CQ—T_:’_&] .E_:\:i_ ...................................................................................................... 98
4-42> AR F9 FE A1Aske] Abol= 2AEIL WMPHE Fa@) Abol=
2FAES JFF R e QFBEIE I (D) e 08
4-43> 45 YHFT] AFEE 2l T 99
A-44> A5E YU FZF T AT]Y T e 100
4-45> 45 Gulr] AE T Q7Y T e 100
4-46> A5% Qulr] AE T 1270 Y B e 100
A-47> 1455 QHFT] ZZ 2B it 101
4-48> 145% YuFT] AZ T ATJY T e 101
4-49> 145% YuFT] AZF T Q71 Y T e 102

- X -



<19

<19
<19
<19
<19
<19

<19

4-50>

5-1>
5-2>
5-3>
5-4>
5-5>
5-6>

6-1>
6-2>
6-3>
6-4>
6-5>
6-6>
6-7>
6-8>
6-9>
6-10>
6-11>
6-12>
6-13>
6-14>
6-15>
6-16>
6-17>
6-18>
6-19>
6-20>
6-21>
6-22>
6-23>
6-24>
6-25>

1455 Yult] A2 T 1270 Y T e 102
Y+ HE Eﬂ%_]_o/] Zjlo] g_l 7_’}Etﬁﬂ_ ................................................... 117
HE B gap repair (G) F Gl s, 118
BHE ¥ gap repair (G) + bottom (B) T e, 118
HE HY AID 29 (Alow inclined deflector) - eemeerseneueunes 119
Zg}o]E Al HE H|Q TJAF s 120
TN A BE HY S AR e 120
POSTECH ©}&<4 ZE AJF I 97 creveeneerrmnineieieeeieiee. 124
POSTECH O} 24 ZEL T vt 125
/\E16§ Tﬂ/‘o]' ﬂ_%‘]_ 2d t;l /\]_001: ................................................................. 126
S50l whE 15% SleAb Elolxe] a7 B AR 9] Ws)--- 127
HE HYY 8l ZFA F I} oo 128
AID(Alow Inclined Deflector) X2 QIgF & ZhA G F| erveeereneens 129
Abol= AAES HE HdS @/ A&7 Ao &8s 29130
S5l wh 40ft Sl oM o] F7|ARH (D) R FH A W 131
HE HQAO BFE ZFA F I} oo 131
Afol= A7 ESL HE HAS | 283 59491 AT Bt e 132
Z o wWE Ston R A 8 L FE A G H) e 133
HE A I ZFA F I e 134
/\]_O]E ./_:7‘]_‘5_, HE Eﬂ%}g/] %61—75%1?_ ?'501—12’1:1 @5\_ ;5:_31]_ ...................... 135
HE Hd F5o w58 sEA 2l % 99 fFErhrls 135
FAY TEI AL A (15ton BFEAFEE) e 137
712 O] A|ZF HF I AF e 138
HE HY B2 2alo] AJZF H it SR e 138
Z1E A o] A 7F it QFEI A 139
HE g9 2z 2] X 7F FHaF QFE A 139
712 Belo] AIZF I x HFEE VOrticity e 140
HE o Bz wdo A7 HHF x Wk VOTHICILY weveeeeeeesemeeseseeneenes 140
7H?Eﬂﬂﬂﬂ"ﬁ}y%%VMWM' ............................................... 141
HE €9 B2 o] AN7F Hit v WFEE vorticity e 141
7|8 mdlo] Al7F Hf 7z HkEk VOTHICILY «rereerereesssesssesesesmnsssisisinininienss 142
EEEM%%?Eﬂgqﬂﬁi%fz%@vmmmr ............................ 142



143
143
144
144
145
145
146

<Y 6-26> 7]E mEo] A

<™ 6-27> RE HY

<Y 6-28> 7| E mdlo] A
<718 6-29> HE HAd B

o x el

E

=

2k

<19 6-30> 7]E mde] A

<19 6-31> HE HY

X Ho]—soli Vorticity cettesecttesecctsssctannns

It

ﬁo

Ty %3

E

=

3k

<Y 6-32> 7] 2o A

<19 6-33> HE H|2

146
147
147
148
148
149

y Ho}ég: Vorticity cececcctteccccrteccccnnnnne

—

o oz el

3

=

3k

<OE 6-34> 718 Rde] A

<719 6-35> HE HY

7 HO]_{?D]: Vorticity B Y

<Y 6-36> 7]E mEe] A

<19 6-37> HE Y

<Y 6-38> 7| E mdlo] A
<719 6-39> HE HA B

149

150
150
151
151

o x el

E

=

s

<Y 6-40> 7] E 2o A

<9 6-41> RE HY

X HO]—SO]: Vorticity cecessssssssscecsscssssssne

It

ﬁo

Ty %3

E

=

3k

<ILE 6-42> 7R REo] A

<19 6-43> HE H|?

y Ho}ég: Vorticity cececccttcccccrttcccnnnnnne

—_

152
152

o oz el

E

=

3k

<9 6-44> 7]E P A

<19 6-45> RE HY

7 HO]_{SC}: Vorticity B Y

‘O]ﬂ— 41]:_94 xégq

<28 6-47> HE HY G o] tak Zo]e} ZFE O] A O] s

153
154
155

<29 6-46> HE HY 7

O ereernneeii

8

<9 6-48> HE HY G + B 2do o

159
160
161

<1¥ 7-1> POSTECH o}
<718 7-2> POSTECH o}
<19Y 7-3> Yaw angle =4

9%

KeR
=

162

c)
163

o)
=,

H)

E
O] iiiiiiieieiiiiinnaens
=

F7td H2

7Hd HE H

A A

b)Gap repair’}
<A™ 7-7> Yaw angleo] & 158 3}& =}

7 o)
LIAD(lower Inclined Air Deflector)”}

__‘L_E’

<a9¥ 7-5> HE HY Bd aq)7]E

=
T

B ol

&)@t

(¢}

<Y 7-6> 29 4 &

- Xiv -



<19

<19

<19

<1

<™

<™

<19

<19

<19
<19
<19

<19

<19

<™

<™

<19

7-20> RE ®de] &Y Az &

7-21> LIAD X9 7| &9 A4=7F 3ol v B e 175
7-22> corrugated ¥WH-S 7} 1/8 scale?] 40ft container 3}=2% 29 176
7-23> 40ft 3}=2F9] container® corrugated o] WE HE H YU 3

7-8> Yaw angle°l W& 156 3t=at@el de= (@58 ([Fs) R IS =

Eﬂjﬁ]_{[:(cs) %i]. .............................................................................................. 165
7-9> Yaw anglecl] wE 15 st=atdel del= (@844 (CD) 3 (b))
%f. %E_ﬂ, ﬁ]_ﬂ:(CS) Eﬂjﬂ' .................................................................................... 166
7-10> Yaw angleo wh& 40ft Edldele] #&5= (FH(ED) 2 ()T
ﬁ],ﬁ\_(CD)gq %ﬂ_ .............................................................................................. 167
7-11> Yaw angled] w2 40ft Egldele] 283t (a)Z2(FD) 2 (b)EF
ZBAAF(CS)Y] BB} e 167
7-12> displacement BB} et 168
7-13> FFTE 0] 83 Fd B2 s 168
7-14> 7 AR BIEE AT FAMY AR AAA5E FFEAL) e 170
7-15> Yaw angle ®=10°=3101M BE H wlRA 15% skeAte] o R A
LIAD HE 92 F23F 59] 15 Shaafe] of1ai(h) HJal woveseereeeeses 171
7-16> Yaw angle =10°271014 HE HYU w2 5% skeate] dRe-soluAl(a) 2
LIAD HE B2 ZH3 15% sFeat F99] HFgolluAI(bh) Hlal -ooeveeeeeveess 172

7-17> Yaw anglec] ©=10°¢ @, LIAD EE H<Y v52 L0ft slExte] obF13a) 2

4 LIAD W= €9S A2 A0ft SHEAE] SFFTAD) HIIL oo 172

7-18> Yaw angle 10°d =] LIAD RE H|Y F2 9] L0ft sH=xke] HH--solvA(a)

S RE B 3 o] ARt SHEAR] WS IEOIUAID) HIL e 173

7-19> Yaw angle ®=10°Z7AA HE HLS #2 A T 40ft 3}&=}ol] =t

gohe 299 NE(), BE UY FH A F A0 FEA FEE =

2] HAZE(D)T A FZH(C) Q] H] DL ereereerereeeeieinei 174

0 e I = I < P PP I 176
724> 1/15 2AYE F24 15ton SHEAL 28 9 PIV Y G| AR e 177

7-25> 15ton 3=t RHe] 355 s S ol 9 BE H[Ao] R A b7 IS

HE g|Yo] &A=E A9 o)Gap repair’F F7FHE FRFE TG e 178

7-26> 15ton 3FEAF 2l 559 vorticity 3 W1l a)HE HYo] nE=ERE AH9- b))

»ﬁ— E_E_ EﬂoéO] 101'71]"% 7(—;1—?—’ C)Gap repalr7]— %—7]—& XO]—ZJI-% 73_?‘ .......................... 178
7-27> BEHQ el w 15on SR} WEl T F5C] S ]I e 179

- XV —



<1d¥
<19
<19
<19
<19
<19

<1

<™

<19

<19

<™

<19

<19

<19

<19

<™

<™

<19

<19

9-1> 40ft SCANIA 3} & =} Ei_zjg gap fairing )[R EITTTIRIRR 197
9-2> 40ft &) TRAGO 32}l -2 gap fairing x| e 198
9-3> Gap fairing®] Z10] W ZFE AA] o 198
0-4> POSTECH ©o}S2 Z% A I T @ T}t 199
9-5> POSTECH 0}C 25 S T o 200
9-6> Yaw angle ® ZHS 93 turn table 7 ZFIE e 201
9-7> FTEWt mE F 40ft sF=XHSCANIA, TRAGO) 2 4¢] &= (FD)
1;!! 'SLE’ﬂﬁ]_/’I:(CD)7 .‘_:E_A %ﬂ_ .......................................................................... 202
9-8> 40ft SCANIA 3s}=xF 2 do| F 23k gap fairing®] Zeo]e} ZFE=w s}
Lq-E ELEﬂﬁ]T(CD)ﬂ. ‘6]—317:” 1@- jé‘_jr/]_ .................................................. 203
9-9> 40ft TRAGO 3}==}o| F-=3t gap fairing?] Zolet Zr=W o] w&
SEAS(CD)S BEAG A 7E T e 204
9-10> (a) 40ft st&xF A (cab) &+ &=23k+= aero cab fairing (ACF)
=W, (b) EFES EgdY Abe] &3tol sk gap extender FA
(c) 40ft 3}==}ol] ACF % gap extenderE X33t extended aero cab
fairing (EACF)% xLiLf‘;_L z‘sﬂ /\L ...................................................................... 205
9-11> 40ft TRAGO slExF B3| (a) ACFS} (b) EACFE 23t 7499 &4 - 205
9-12> 7} B o et S A2 A7F G T H| G oo 206
9-13> Yaw angled] W& 40ft TRAGO 3}&Ex2] & A4~(CD) ¥ & A
ZF G T} B B) e 207
9-14> Yaw angled] & 40ft TRAGO 3=x 2deo] 3F =8 A =(CS)
T A A TF T I e 208
9_15> POSTECH O]__Q._L_ %% A ‘E‘)‘jl?_ 1;1_2 l_f‘l—;}g ............................................... 208

9-16> 40ft 3}t&=F 1/17 2AY =4 2d 2 PIV 23 set-up?] /= 209

9-17> 0ft sk} o] EdE|e} Edde] Ale] gXHgap)oll ¥4 552 &7 H|
3, (a) gap fairing PIE-EE (b) gap fairing B2k ceeeeeeeeeesssssssssssssssssssssssssssssseeees 210
9-18> 40ft sl=xF Rde] EdEe}l Efde] Aol 5"7}(gap)°ﬂ FE 552 ot
(vorticity) HITL (a) gap fairing P15 (b) gap fairing B2k ceeeeeeeeeeessssssssssesee 211
9-19> 40ft sk} o] EE 9} Ede Ale] &7Hgap) ] *é% e R &6
JYA(TKE) B2l (a) gap fairing V]5-2}F (b) gap fairing F-2F -eeeeereeemeesenene 211
9-20> F3 SHAA HItoll AHEH FAEA AR} (40ft ﬂgi}) ------------ 213
9-21> Surrogate Management Framework®] Fala] G oo 214
9-22> (a) 40ft 3F=x}ol] 23} gap fairing 2ol Z1=ol gt BA%= 2 (b) Surrogate
Managerrent Framework(SME) Z88F AT} oeerrrerrressssssssssssssssssssssees 215

- XVl —



<™

<19

<™

<™

<™

<™

<19

9-23> Gap fairing=

9-24> Gap fairing

9-34> Gap fairing<

9-37> Gap fairing=
Al

o) AT ¢

o % o
o
<
o
)
‘ﬁ
(@)
e
to
—
[@))

1=}
.
it 4G (AW, y=0,

9-25> Gap fairing S H28}A] &2 40t 3&E=Fe] A HHES XY= F&
O AT SEA (v T T, y=0.0) oo 917
9-26> Gap fairing< H-2Hsk 40t sl==ke] AHHE S AvUes 759 Azt
BT BT (T, Yo0.0) coeeeeeeeessesessssseessessss s 217
9-27> Gap fairingS F-2at#] $& 40ft 3tExte] Aoy FHAL A
= f5o AFH T GEHA (z-FH W, 722.0) e 217
9-28> Gap fairingS F-2Fsk 40ft stE=#e] HAHoOY FIHEHS Ay=
E0] A ZFHTF QFE G (2= T T, 222.0) e 218
9-29> Gap fairingS H-28tA] & 40ft 3tExte] Aoy FHAS A
= 9EY AHEHAT &S5 (z=FTH_ 2=2.0) seeeeerrrerernemserenininiieniiin 218
9-30> Gap fairing= 23t 40ft st==Fe] AHeoly FHHAES Ay
E0] A ZFHTF ST (=TT 222.0) srererererersess s 218
9-31> Gap fairingS ¥23}#] @& 40ft &2 WAFHES AYs F5
O] A ZFATF QA (v T T, y=0.0) oo 919
o

9-32> Gap fairingS 23k 40ft stEAe] AHH S Aye=s F59 At

Egﬁ %‘H?_q XOP (y—ﬁggq_ y:0.0) .......................................................................... 219

9-33> Gap fairingS H-2st#] & 40t 3EAe hAFAES AyEeE £

o] N7+ &= A (y—réﬂ, y:()_o) ............................................................ 290)

=]
B
Hat ST (=TT, y=0.0) coererererreeee 290

9-35> Gap fairing—% F2ebA o2 40ft st=ake] AEloly FAHEWEE A

= _”_O ]7&\ o+ ?:}'EEI]XO]' (Z_ﬁé\j‘j’ 7= () wreereeereeseene 220

9-36> Gap fairing= F2#3F 40ft st&ExFe] AdHoY FTHEHS XY=
o

Fo AT G

O
—
N
ot
B
0
o
=
SN—"
\]
]
—

H
S BASA e 40ft SEA PHolY FNHFAS A

= 59 T ST (2-FH ) 222.0) e 291
9-38> Gap fairingS 23t 40ft 3= A"y FHHALS Avys= #
0] A ZFH T ST A (- 222)) weerererereseesesnsi 291
9-39> Gap fairingS F&3lA] &L 40ft stExte] AHOY FTHHHEES A
Us §%59] UFLZUA] (2=, 222.0) seerererememereresesneeecs 299

- XVil —



<19 9-40> Gap fairingS H-23+ 40ft stExF] Ad oY FFHEAEESE AYy=
FO] UFEF oA (z-H T, 222.0) srereerererssrersssssssssssssisinisis 299
<29 9-41> Gap fairing F2 5o wWE 40ft SEXFA] 7Fsi A= Al Ho] wE
ZLB B B} coereerrreess e 993
<Y 9-42> Gap fairing 2 o Fo wWE 40t SEA eI E =H
FUCtUAtion®] RIS ZE H] T coorrrreeeesssssmressemmmssssssesssssssssssssesssssssssssssssssnsssnas 993
<Z1¥ 10-1> Vortex generator®] @74, (F5F8 stz el A&, 2A2+4) - 239
< 10-2> HR AAZ T 2 AL AT e, 9239
<17 10-3> Vortex generator x| 9] F] i 240
<718 10-4> Vortex modifiere] A B A A B 22 s 240
<19 10-5> POSTECH o< 35 AT E 2 QT v 241
<18 10-6> POSTECH 0F-82: I 1w, 249
<217 10-7> Yaw angle 28-S 918 turn table Z]EFIE s 249
<9 10-8> FEHsl wh 15ton Xcient 2] =I(FD) 2 S=ASCD) ¥8} oo 244
<219 10-9> Yaw angle ®3}tel] wE 15ton sHE2F B9 FHAS(CD) 2 T
A GE A ZH T T ceererererereeee e 248
<13 10-10> Yaw angleo] @& 15ton Edo] =g A4(CS) ¥ IF =HA 5 A
T B T} covemmseeeeeessemmss s 248
<E 10-11> F3 HAA H7kel AFSE FA A AR} (15ton SHEAF) e 250
<d 10-12> A2= YEd 3 959 iso-surface (A2 = -105)¢] (9]) 7
view D (OFE]) ZTH ViEW  creeeeeeeeeeeeesesese s 251
<219 10-13> Two-point correlation Azt AF&=ojx -3} 7} sampling line
o #1A. (&) st&EAr sl Ao fJA]ef (7)) FHAAL A e 252
<71¥ 10-14> Outer layer® sampling lineolA AAtE 3% W3 EHEAJR o
COTTElAtion ZF BIBE  werrerrersmsssisneecssssssssse s 959
<18 10-15> Log layer® sampling lineolA ZAlAtE 3% w3k &5 AR
COTTElAtioN ZF BB weeveserrrrrreemsssssnsessssssssssesssssssssssss s 953
<718 10-16> Buffer layer® sampling linedlA AAtE 3= WaF &5 AR
COMTElAtion ZF HIBE  weeererrmemmsneersessssssssses s 953
<27 10-17> AAMZFE vortex generator®] A X 9 X -] e 953
<17 10-18> AAFZFE vortex generator®] X 9 X -2 s 954
<19 10-19> Surrogate Management Framework®] &alz] 5 ceveerrremienmnnenn 254
<19 10-20> (a) 15ton 3}&E=}eo] A=2F3E vortex generator 79} Folo] thsk &

- XVIll —



<19

<19

<™

<19

<19

<™

<19

<19

<149

10-22> Vortex modifiers H2slal 15ton 3t==Fe] A &

10-35> Vortex modifier $2s}#] &2 15ton &% Aoy FHHLS

2% 2 (b) Surrogate Management Framework(SMF) & A3} A3 255

10-21> Vortex modifiers F2#slA &2 15ton =] WA HFHS A y+=

5o A HE A GHA (y_ﬁggq_, y:()_o) .................................................... 256

o5l
0e)
o
N
=
uls
Jo
off

) }\]Zl—igﬁ- ol2] =z (y_rzég y:()_o) ............................................................ 256

10-23> Vortex modifier F2al#] ¢S 15ton 3FEx}e] HAHFAHE A=

Qo] AZFETE LA (T T, y=(,0) e 256

10-24> Vortex modifier %3} 15ton &2 A HHE A UsE F59

10-25> Vortex modifier F28F#] &2 15ton 3= Aoy FHHLS

e F5 9 AP B (2= 222.0) s 257

10-26> Vortex modifier 52+&}3 15ton &2 A" olY FHHHE A}

= _,OT% }\]Zl—ﬁgﬁ %l_lxo} (Z_rzgrgj, Z=D () serereeenresenente 257
10-27> Vortex modifier §-2F3}#] & 15ton 3Ex19] AH oY F7rHHAS
AYUs F59 AZFET S (2= H, 2=2.0) e, 258

10-28> Vortex modifier §-28}3. 15ton 3F=xFe] Aoy =703H AL X}

= G50 AT S5 (2= H, 222.0) e, 258

10-29> Vortex modifier F2Fs}#] &< 15ton =219 AFHE A=

05_4 ]7}%—& O]_,}E_ﬂ'?g— (Y*%‘a, y:()'()) .................................................... 258

10-30> Vortex modifier §2+slal 15ton 3}E2Fe] A FHES v 59

rl

}\]Z_]-ﬁg-& Ql= A} (y—jétﬂ y:0.0) .................................................................. 259

10-31> Vortex modifier $23t#] ¢S 15ton 3F&xte] gAHFALE A=

T AEAF &= F (y ,ug\gj, y= 0.0) weererremr 259

10-32> Vortex modifier §-2+&}al 15ton 3t&ExFe] A HFHS A UE 59

MNZPE T S (v T, y=0.0) coerererereeeeen 259

10-33> Vortex modifier %3l & 15ton 3E21¢] ZH oY =7+H A S

A= GEo] A ZFHT SFEA (2 F T, 72.0) weoverrrrrssssmmsssssesnesses 260
10-34> Vortex modifier §-28l3. 15ton 3FEx2Fe] Aoy =70H AL X}
w0 mol A ZFHT A (2T T, 222.0) s 260

(]

AUE $Z9 AZHTF S5 (z-F W, 222.0) oo 260

10-36> Vortex modifier 52+l 15ton &2 AdH oY FHHHE A}

= _Pr%g] /\]Zl—ﬁé]ﬁ— 5_'\_1_:4%} (z— T‘guﬂ Z=2.0) rreeeeereerreneen 261

o]
10-37> Vortex modifier §2ZsF#] &S 15ton FExo] HAHHHS A=

- XiX -



<19

<19

<19

<19

<™

<19

11-10> CRF& #

&9 A]ﬂ\”gﬁ Ql= ZF (y_jétrd’ yzo_o) .................................................... 261
10-38>Vortex modifier §2s}1 15ton &3S A HH S A vE=E 59
A]Z_}ﬁgﬁ %la A} (y—ﬁgﬂd, y:()_o) .................................................................. 261

10-39> Vortex modifier $2F3}#] & 15ton 3= AHFHHS A=

%%94 }\]Zl—ﬁgi]- é':L:_zL (y—ﬁéﬂd’ yzo_o) .................................................... 262

10-40> Vortex modifier §-2}&}al 15ton 3t&E 2L A HHS A UE F59

AN ZEH o+ S5 7 (y=H T, y=0.0) ceeeeereremmrm 262

10-41> Vortex modifier H#23F#] &2 () 2 H&35ta (9-) 15ton 3HEaFe] #A

ol 91% WS AU 5o A0EF 9

=
10-42> Vortex modifier F2sFA] &2 15ton 3&=xF9 Aoy FHHHS

AYsE 559 AT ET S (2= HH, 7222.0) e, 263

10-43> Vortex modifier §-2+3}1l 15ton 3t&=xF¢] AdH oY F=0HHES A1}

= _,OT% }\]Zl—ﬁgﬁ _/_1'15 2} (z— ,\1 gﬂ_, Z=D () serereeenresenente 263

11-1> ¥538 2 Z2 Alol= A7 EQ & Zhh FIF v 267

11-2> Boat tail 24, (a) £5% boat tail, (b) gap repair’t F7}¥ boat

tail, (¢) LIADZF Z27FE] Dot tail -seeesseeeeessseeeessseeremsseremsseseisssscnesicneienaas 268
11-3> Bio-inspired CRF2] o], Z0] @ ZFE A7 e 269
11-4> Full aero. packageS 523 15ton BFEAF FLE o 269
11-5> Yaw angle 284S 9|38t turn table 7] ZFIm s 271
11-6> POSTECH 338 of&2 FZE AFE T EA e, 279
11-7> 15ton 3kAt 1/15 A S22 2 BLPIV A3 set-up] 7HZIe eeeeeeeees 273

11-9> CRFE A2k 15ton 3t&E2F2] yaw angleo] W& 8 A4=(CD) %

6OLE§, 74]_/[: x17l §_3ﬂr .......................................................................................... 275

>_1
2

N

N
kol
B=)
0o
Ny
(@)}

R ATSEHAT

11-11> Reynolds number(Re) 3}l W 15ton H=xte] 3 AISHCD) o] W} - 277
11-12> 15ton 3}=x}o] H2¥ CRF =W F9d dAE F59 =%

Hl2. (a) CRF "2 (b) basic CRF % (¢) bio-inspired CRF %2},
(d) advanced bio- 1nsp1red CRF % =] x]- .......................................................... 278

11-13> 15ton 3}=xF Ege P28 CRF WY F9o d4d9 fFeo ¢

FEEAUA(TKE) HlaL. (a) CRF w32, (b) basic CRF #3, (¢)
bio—-inspired CRF 2}, (d) advanced bio—inspired CRF -2} «weeeeeeee: 279

11-14> Side skirt®] A A} 1o whE & A7 G I} B2l o 279

- XX -



<19

<19
<19
<19

<19

<19
<™

<™

11-25> 38 P H7kedl AFE-FH o] %] &) 4]
11-26> Trailer full aero. package’} F-2t& A &2 40ft 3}&E=F 7] wdlo
(y-

11-29> Trailer full aero. packageE %3t

11-30> Trailer full aero. package”}

11-15> Boat tail AA. (a) %% boat tail, (b) gap repair’} 37} boat

tail, (¢) LIAD7Z} Z27FE Doat tail - wwsseeesseeeesseceesscemsesessesiisseseiseseiineseens 2%()
11-16> Gap fairing®] 0], Z10] B ZFE A ] covevmmemmmmssssssssssssssssssssssissssnenne 98]
11-17> 40ft =2k 2Dl trailer full aero. packages H-2ak g oo 281
11-18> POSTECH ©0}&24 FE AT W QT corvrmermesnssesssnsssssisssisnne, 289
11-19> POSTECH OF&2 FIE T wvooomrmreommmssnessssssssssnesssoossssssssssosssaee 993
11-20> Yaw angle ® 245 918 © Ho|E JJTFE o 984
11-21> A8 A} SR H8 @ 7 9] e 285
11-22> 35 wglel me 40ft skeake] FHED) B HAGCD)] 8} oo 286

11-23> Trailer full aero. package% 23k 40ft TRAGO 3H&E#1o] yvaw

2 2% FEA:CY % 37

11-24> Trailer full aero. packageZ %}1}@ 40ft 3}==Fe] yaw angleo] U}
sH
Az

YAARE A G50 A 4

11-27> Trailer full aero. packageE &3t 40ft 3= _}4 fAEFHS A

= RE ANET FYF (-3

kil
11-28> Trailer full aero. packageﬂ B2 R ke 40ft 3HEAF 7| 2l
Eis

HAFHE AY+= F& Al 7+ L2 (-, y=0.0) cereeeereeeeees 291
w0t e ARRS Ay

E F5Y A S (v, y=0.0) e 291
B e

.|_4

Aol FHFEE A §5o ANAFE GEF (2B, =2

11-31> Trailer full aero. packageE “&2Hsk 40ft st=%}e] HAH oY F3HE
x|

2 Ave FEY ANFT FEF (o

11-32>Trailer full aero. package”} F-2H&¥ A &2 40ft s}&E=F 7]E wde

Adlely TS Aus 5 AETE 2 (-89, 2=2.0) 292

11-33> Trailer full aero. packageE “&2Hst 40ft st=xFe] HH oY F3HE

WS AbE G250 ANZFE T S5 (=T H, 222.0) e 203
11-34>Trailer full aero. package’} F-Z %A ¢ 40ft 3}&=} 7] & Hd o]

SFHRGE] A ZFH T B A (2-FH T 2=0.33) e 203

11-35> Trailer full aero. packageES =3k 40ft 3t==2F2] 52 AlZF

ﬁgﬁ ?jlé_ﬂ,?é} (Z—,lﬂ H 7= (0.33) weeereeneeneer e 203

- xXxi -



<19

<19

<19

<1

<™

<19

<19
<1Y
<19
<19

<19

11-36> Trailer full aero. package’} F2t% A & 40ft 3}&EaF 7] E wdl o
SRS AT ST A (2T H, £=0.33) woereereereereemeemeeneninnii 204

11-37> Trailer full aero. packageZE &3t 40ft 3= 212 759 AlzE

Hat S5 (2= T, 720.33) corerererrerse 204
11-38> Trailer full aero. packageE H-2rslA| &2 40ft st A HH
S AYE f59 AT = (yfﬁén‘j’ Y=0.0) werererreresesessnsennies 205
11-39> Trailer full aero. packageZS 3+ 40ft 3= HAFHA S A
L 8ol AT QHEA (y T, ym0.0) oo 205
11-40> Trailer full aero. packageZE H-Z3}#A %S 40ft ==t A HA
S AYeE fE9 AtY T S (y_ﬁgxgi y:0.0) ................................ 206
11-41> Trailer full aero. packageE 23k 40ft s}=xo] hAHHAS A}
= F5Y A S (v, y=0.0) e 206
11-42> Trailer full aero. packageE H-23}A] &2 40ft 3t&E=F2e] AH oY
FHEAES Avs F59 AEET GG (23, 222.0) e 297
11-43> Trailer full aero. packageE H-2rgt 40ft st=x}2] ZAdH oY F31H9
WS AUsE 59 AT SEHF (-, 222.0) e 207
11-44> Trailer full aero. packages F-2Fsl#] &2 40ft 3}&E=F2] ZH oY
ZRHEES AU G20 ARTHT ETA (2T, 222,0) e 908
11-45> Trailer full aero. packaged F-2Fstk 40ft st==Fe] HAH oY F3H4
HE AUE F59 AT S5F (z-H T, 222.0) creeeereeemeeneenn: 208
11-46> Trailer full aero. packageE H-2r3}#] 2 40ft &2 71 o]y
SHEAE AvE 59 G EANYUA (28, 2=2.0) e 298

11-47> Trailer full aero. packageZE -3t 40ft =212 HAH oY F7HH

Me AUE §59 WF LENUR (2-F T, 222.0) wweeeeereeeeeeneenseinens 299
11-48> Trailer full aero. package 2 o W& 40ft = x}o 718l A &=

A Zbo] T2 ZBHIE ot 299
11-49> Trailer full aero. package §-2zF o F-o w& 40ft 3}& =}l 7l X =

% ﬂuctua‘aonJ RMS 7L lﬂ] UL eeeenerenee et et er e et e et e e e e aaaaas 300
121 AT A A ceereereeenneenen e 304
12-2> AHE o] &3F Alo]E AAE FZF 305
12-3> 7}§7i:ao_‘% o]%; /K]-O]E iﬂg %ﬂﬂz} ........................................... 305
12,4> LIAD ............................................................................................................... 30’7
12,5> Gap repair ..................................................................................................... 307

- XXil —



12—6> Gap falring Z‘}X’] 7E]O] X«‘”X_} ...................................................................... 308

12-7> A ZEE(5°)E FLZF i 309
12-8> EEl A AU O] E] A A creerrerrerere 309
12-9> Vortex modifier®] EAF 2 A A G e 311
12-10> Eel A Z U H O] E] A Zl coeereereeremeseii 311
12-11> B8l U H O E] FZ corvrrrrersssrssssssssssssssssss s 312
12-12> 7] 2T S=S CULVE wwrreerereeesreresseresessetuessmtieistietssie st 314
12-13> AT S=S CULVE wwreeeeeereeesresesseresessetsessetisistie st 314
12-14> Angled Flap type side SKIiTt e 316
1215 TLIALD wereerersererserersesessesnssesistesastesatssestssastssesassessssesassssassssesessessssesassessssesansesens 316
12-16> GAD TEPAIT w+wsreeressessessessmssnsss st 317
12-17> Gap fairing A7 Z O] A Z e, 317
12-18> HA ZFE(52)F B Zb i 317
12-19> GEM Z 271 Input data SFE -, 319
12-20> w2l SR} B2 FLE e 319
12-21> AFZ 2O A TY TLE FoE]E ettt 391
12-22> SAE J13212] 28] Z 8 GA] wvrreererrersmsiesisiss e, 323
12-23> TeSt Preparation - - - - sttt 324
12-24> DIiving Preparation - - - - - wwresmsmssesssissieie e 395
12-25> Baseline Segment DIiVing - - - wswsweesrssrssmssmsimsimiisiisiisssiss e 396
12-26> Data ACUISITION -wwwssessesersssserssmssssinssssis et 327
12-27> Fuel Efficiency Calculation - - -s-swwrrrssmssmsiniisisieiiisis 327
12-28> PGA XA & A 3 B LA (A EZFEZF 7] 22 9] ) reereereereeremememsnnsnsinsinsineinns 399
12-29> JFPZ B A] THB FFH| o 332
12-30> ZFTPZ B A] AJ T corvrreiii 333
12-31> S A B 7] 7F2 BEZZAA] G A SR s 333
12-825 B 7] 7F22 B AFZ] corvvverienmesssnneesssssssssss s 334
12-33> B]A] B ittt tsasises 335
12-34> @ A1TF22 Z] coeeerensisen s 335
12-35> =B A A A H DA (A EREZ]7] 2o Q) cooreverrrerrmersererneeseneiennae. 338
12-36> A= XFOFA A - T1Es FEBJ E coeerrrerren 339
12-37> SAE J13219] A3 ZIB GEA] s 342
12-38> TeSt Preparation - -t e, 342
12-39> Driving Preparation - - s wswrsrmmisisisisissisisi e 343

- XXIil -



12-40> Baseline Segment DIiving « - wseeerssssismssmiisisssiniisssssees 344
12-41> Data ACQUISILION s+ wreereerererssrmsessmmsmmsmsiimisis s 344
12-42> Fuel Efficiency Calculation - - - 345
12-43> PGA A & A 3 B A (B ZFG T 7] 2 9] ) rerreererrerrememeenninsiniinsineinns 347
12-44> ZF S Al THE] FFH] oo 351
12455 ZFTIE ] A] A 8] cevvvemerssssrmneeneeeessssssssssssssssssssss s 352
12-46> N EDA w772 S Z A A D] A BFE e 352
12-47> Bl 7] 7F22 FAD AR R ceveereeresieiei 353
12-48> Bl A B]I oottt sssessss st ssiesssissses 354
12-49> S 2 TFA Z ] oo 354
12-50> A=A A AT R T (K EZFE R 7] Lo Q) e, 357
12-51> 7 AT 7FL] A} BY A I woveeerremrresneeninini s 359
12-52> StZF AufE Y o] T2 78 JE L s 375
12-53> E 7] A o] thdk SW.OT. AT A e, 376
12-54> H]RUARE B EID st 377
12-55> ()M 2l Test Bed FFTE e 380
12-56> DHL Test Bed IFEE «eereeeremmmeieinieisieieeee e 380
12-57> T3 Yl Test Bed XFEE -t 381
12-58> HDL Test Bed IFEE cerreeerreerreserisesrsesersescmstcnsisenstssestisesessesensescasesesenes 381
12-59> LOTS Test Bed IFTE ettt 381
12-60> A1 295 Test Bed XFE oo, 382
12-61> BAFBFE AT Test Bed RFTE e, 382
12-62> A 2T 7 2] Test Bed XFTE oo, 382
12-63> WIE A £ A F o, 383
12-64> 2015 7] 3483 A7) 3H2 0] 3] HFIEAFE coereeereesseessemsensenissisenes 334
12-65> TR L T T (Q) crrverrerensismmsesimensicsiiniiiiiiiseisissienss 385
12-66> T HL B F]IL ] oreerreeesseeesseeesseesss st 385
12-67> ZTENZ7|SH A T H I ST AFR]D e 386
12-68> 1 Z3k FHUFThe] B A BFA ZEE ] B3 e 387
12-69> U F7]1 A8 A7 o] tdt u 7T B} e 388
12-70> W F71 A3 Ao tdh a7 B} oo 389
12-71> BEE]Y AR cormmiimiimismiismmsmisse. 390
12-72> ZF2F 7] B A BFOI(TI) v 390
12-73> HEEY A TE ot s 391



12-74> FFE) TR H] BB Z|Z e 391
12-75> Z#Q), 2YQ FFAATLE QA s 392
12-76> Q) R ZIO] ZEA coererermeeni 392
12-T7> H T ] v 393
12-78> ZAT O B AR eerreerersremseessemsstiseisstt sttt 394
12-79> ZFEE Z]E A Q] BFO] rerrrrerrnsneisseisssis st 394
12-80> ZAH| O] 8 THUl T Th revrreerreemrenseesssis ettt 205
12-81> HLEFAL ZFG] ottt 205
12-82> TFUl ELEE oottt 396
1283 F| T AT creererereereessesetisees sttt 396
12-84> 7| AZARZAE 2 Mesrds2de 1458 stead 397
12-85> &7 A ARG AE A2 (FHvhadl el 42ft EFEH-E e - 398
12-86> 7| A& AREAE 42e (F)HDLY 48ft EAE-Egd e - 398
12-87> 37| A& AREAE 42g (F7)LOTSY 48ft ELEH-EH A 398
12-88> B/ ARALAAE AT PastEA 42 EQE-Edde 399
12-80> ENAGALZAZ A2FTUHAEH 426t EAE-EY U] e 299
12-00> 7191e] BRHH % S5u WS S50 B FHH HF 401
12-91> GAIE AP S} BB O] E I o 402
12-92> 2014 w] == Al Z}FAurpe] AB| A 7] 4 A EHH] G e 403
12-93> FQ AT L T T QAFEF e 404
12-94> AR EARF A ZAF B BF e 404
12-95> A3} H B ) @ IE oo 405

- XXV —



- XXVI —









Hi1E. od+tel s

"0

B

A7) WA 2
a7 =7

A14.

1.

A

—_
fite)

of

40
ok

3

tal BAU tiH] 16% =

S

O $gugts mF7RA Hel tin

1A 2 58389 741%(E-km 7]52)E 24

9]

2 9

|

)y

AN A ARE-ol L

al

QAT S 5

= X

S R R

7o Mko] BIIE ow AR Al

SFHIISEHS

Zlsg HIs

GDP Cit| 27t SFH| HIS 0|

2808 IS

-~ B2

uE

-

o= o=

-O= 8=

/4

. (95.7%)

EE2SHISHULAEE 2S

18.4 182 185 183 182

183

Scro] B/ IS AIS

&

24 )5 g9
2 247E9
S Y57

EE22L
€=

T

2

x
=

Y AR 0] 74 7}
ZAe x]3].9] g 0lo] E

=0
i

1o

0
2 o
My HIU
B
N
rL.. WO
.NO __oo
0o Ol
T
3 o
Bk
ol K
Ao ™ o
il AT
.“.mom.ﬁ. i m

—_ =< —

=

aT
|-
ja—

t

=
HYEEO}

- (BEE20F) X 1R AH],

- (24=0p 24 At
-6t - 2Y -

« SY7NIH HEUNM =
A7 +&H| 2



SHNA S Y Ay

SNTIA X2 S H oH| WY

- WP BHE R =S D
- ZhdeS Gy SHEXHY

SEHUN MR

Y

X

Jod

T

o 9T

T X

N !

RoX ® A

U T

Ak Sy

RollF B T

» BR
11 »

5 5

i

N by

N SR

X|

N

<

o

'4

= ]
Wz
L_
[

A Y
2] 51,2 53141

273

E
30% o199 720 A8

I & H 2
L=

=

~ ol
5 =
S M
™ ™
Ko RO
T K
g w0
o =
3 <
NK
od T
ol &
ny &
of =
<10 iod

0
X <P
81 o
o TH
oW W
H &

N
Soi &
Eon=_4
ke 7
ﬂ_u_/ .D.D
m__%UUI
— N
K - <{0
uLUR(E
=M =
ﬁ__g_ﬂm@

H
<1 M0 o
LlH Ll
iz = RO
NTESRE

ik-s
/1\1_

2=
=

I

o] dx7les =

9|

3l 7

gulel oy

dakel 187G %
& F71% A

7]
A =

A7
a2l
~ -

%l
E3ka Zu] Aol

TR

& 71N
- 7b] =S e U RS

1] 9]

5|

wK

4o

AlA 2d7b

B

SERIEERE

nr

X

o

" 7lEel o

-
T

of AR =l ol A

o

o)

A

ol olite] A7IH AL

AR

FO 9 A9 ol

m}

Al
=

Eis

el

< TR

+ Smartway”|

O "= EPA

v
iod

ot



2] 2] (A} o]

hyANe)
O

on I wiel= Egdeel EUE Alo]d

Egde ddo] oo]~

3N A ~ T Ll
g e SR o E
3 ) ) ol uE - = At o m "
s ) W e = . o o R
= o 9o A GRS & X 7 NTE I Nlo
C) < ~ 7 z 13 era 3
I g BTy TR TS B
ZT ™ oF N ATd X ~ i X = X HT
5 T i X ~ My & W T e o = mwe oy o B
= 0 _— L ) — ~
N om W = M b ° w TE o = T E %o
o A X oo < o N = o= S
R ©r w d We BEpFo X
T “n Hﬁ N Mo K = o = N~ — 11‘_.7| ~ N i
—_— 0 — X — K il X N oo e m o R X =
X ‘_.Twl R ojn X = - . =0 ey i KO o W T
N oo~ A o T bl ) e My W X o
B 0 A ~ = = — K| = T T
Mo N pom 4 ~ ™ N R Nl o N ! N
* o ® o o i w2 3 No g X oW
i ok = M,r = M ) 3 Mr~ o op oo W oA N
—_ 5 L o) mh ,.lfwo O# R il ~ \wl/ ,,LAM ‘_t 5.0 o ~ = ﬂo
3 oy w va N il pilg -
m X " — X =3 ! N ——— = Ko Xd
G oy oy ° ool T R o) =W NS )|
ok L A o N o =~ = N = T wm o =
=y Bg ThR Det Ta g BT R
Gy =3 XO _~ 7 R4y B EW O° P T
Mﬂ —~y Ho B = __— = < ™ i, " oo 7 W o= )
o — To < oy o Mo A © X T s
N o= ~ = 1~_/l ri T ~ N _,i HL o :.Lo E el o
“sh Iz TREEIICEY EETEERS
T ~ X : _ h of ® N = =
o n g I T A o S R
10 AT.C OE 0 ﬁTr 7U — Jvmo m OM ‘W X EO ‘.ml ] —_ —_ ‘ITc
T N T Rl X = T T L mﬂﬁrmA%mwﬁﬂ
3 R W E e O ek T o o T 4T
o W RN oy X o= 1w = @ o~ B o O g
el ok N ol T W ~y —~ oF T3 o =
N o= B = W ! o oK < = P - 0 — T —
SR oo Py Ere X LETE Fe Ve BE N
S E T e = [ ﬂiﬁowm%xﬂi%#wﬂ% o R
G o =K %JH_ﬁﬂlAImHZ} i} T o W
== oz WD °n OB O °o T a«ﬂu%_/%%mpll =
= oo B L —~ L = - <K = 9 S
£3 \)LAI :.: ﬂ” 0 :.L )A.._ ~ ﬂﬂ_ \mﬂ — ;Q_.._ HT ‘Axﬂ X wu ,l_x ™ B X —~ ﬂArO L3 __ 11_._| pu
g Mow o = < X B Wow g BT
Em e W< o o %&E . m ooy o) T =W = Ho p = ol xJ " ™ Mo B oF
. ; hol T dog - M N
O , [ )

3}
=

3l oF

o

3

[e;

Al

D ovis fARe s Akl s, hitp://www.epa.gov/
’ - B .gov,




A5

i

oM EE3tE

(]

_#QL
ol
4
o

op

R

¢

o Xl 2

- 2002 10

=
_.ﬁo

jo-

™
BX

—_
file)

=
_.ﬁo

o

R

Ll

17k gl

3

S ERRNEEE

ﬁo

o gk

3

=

1

5]

EE7 5 A ZE 2 A

p—

Al E Ao Al A A<

A2 <l 20061, 20084, 20099, 20104, 20124,

I
LA

5ol
0134 A&H o2 £EANAE A LA

o &
H

Ho

4

A ZAEely 3}

- 2009

el
Hlo

-

O A&zt (M= A=x)

o

il

—~

[a]
jmiat
m o

{
!
ol
B

.
;OO

9

| Foll A 22ol= &FA

9

=3
"o

o

3

=
[¢)

O 3Agd 7+

bl el A

)

W gl v

9]
= 9] Smartway partnership”|s X =Z 1A A&

o

ki3

g 9

o A

|

3lo
=

tﬂ_

o T Hg oo o
O 20208744 LAk WEL 15%HFA 7] 9

tol ol 4 A 5-(DOE) ¢}t £7 F-(EPA)

S

Aol Ba A SAA QT 2000

=1

o - E
[*)



oA AZE A 7|HkS Fof EYEHe EddelE /dstE SuperTruck Z 2 4
=7k A4 AY Folv, FTAYLL B3 J1EM Lol P
Energy
Management
Waste-heat Parasitic
Recovery Losses
<33 1-3> SuperTruck ZZHE Jjgt 7z
- 71E UM A8 BE 50% S HER sto], MR <X AA, AAe] A st
a1k Fd A 3 Fa A9 B4 FYL FaAY] 9% TG
AA s 22 ATE Y T
- FRAJM AT WS ol&ste] A ATHERE YA 5E, A8 &R 5&, adu
oJAtEEs ME HastE 9 NG d7E 3
e Jbe 84 AR 2AE ol §F A AP we FYAFE 2E A
Ak A Ve A
O Ax T35 492 Hurk NRCO 35 Omx9m) T5olM 4 A+7F 7hs
- A=A o] Folxl HiRE e Vs Jide] EdE EfdY HFE P 9l
of, el ol Abgsta U= s ARt Gl adE HITetL WHEA
Ee T 2 dud deaE tedl e AeR ddd

3) "= AUXA SuperTruck A7) A& Alo]E



A2d, AT g 2 W9

. . |
Trailer side f olpjo| HIZ Ajolo m7io| ZI|MES Zol= AFE B

E
A

| o
A

2 5
o] =22 Mx|5t0{ A2 SIFOIAM WA= ZI|XE &

=

skirt
(TRL 8) " — ek

E0l= 7=

Boat tall Ez|dy TchRo RE&sts F===2M4 7Sl (flow separation)
(TRL 8) of 7|¢lsto] wst= ofFet SV7|MES HaAlF= 7|s
Gap fairing b““ ' of Ealga] Alol2| gaps ZHEORM Aol 2
(TRL 8) ; 2 FMAFID AFE NMNUAFI= Y=
Vortex
2| AR ZHEZof ofF LHMEAXE 235l tF %
generator wos ML J|a
(TRL 7)
[railer aero. Ez|ale| MAol side skirt, boat tail, gap fairingE stF, FTHE,
full package L
(TRL 8) MHRol| 2zt 37|Xe & bRE NMNUAII= 7=

O uﬁ—%_]— %ﬁﬂ /\] ?_.IEJ__{\__E_% Xﬂﬁ'% 5;’4:_ 58_7]x1§>]_ 7E][_ 7% P J/]‘Zﬂ./] ‘?i EH/QJ‘% /\]—
olE AAE, HE HAR 77t ASo] dste] FEAPN FAHHL Fa HA
o NAES AFsh=d 1 HHo]

= orak
Ne Ba A45d 948



2>

AR EFE 9 Edde Alole] Izt AAPEHE s AMAA A5 ARFEH

AYA AnE AzFstal 5o FAAE %

Vortex generator’} 3t=2F 37148 Zadd vAE A=

generator®] Aibo] F71A Friol| w A=

HAsE s A8 Eddy Ao SHF ek oY

AR olUA] AME Azt 3 b FAY

Trailer aero. full packag’} st==F E#dd el 3714 Fhe vA= d¢S &

21831 Abol= Trailer aero. full packag® d4 W3l wE AF H7ME

Asty e == o, AAE WE&s 7Ive R s

8} Trailer aero. full packagEs 7| 2 W& dste] 438t
2

StEAt 28 Al d2LE2E2 HZUS 9Ist

- ax MW Y HE

- AbOIE A EO| HBHEh 2%
BE Yol Mpet A% M Y HE

ool tet x| |

Vorttex generatoro!

»
!
_(')h
B!
2
¥
%
o
o
0

= QMJAE ST 3D 22
L S 2| =GRS B,
- AolE AFE MA Y HZEH
- HE HY dA 2 A=
- AHolzl MA 2 AR
- Vortex generator A 2 A =}
» ESAEE St MEzE AHS
- AO|E AFIE ESAE
- HE HY E54E
- dd™olgl MA 2 A
- Vortex generator A 2 A =t
FxsiMeS S5t Mz AS
- AOIE AFIE FX|6HA
- HE HY x50
- dEofd X6l A
- Vortex generator =%| 3l A
= AHo = M5
- AO|E AFE =AM}
- BE B Y 2zt
- dEoigl =™st

- Vortex generator =X s}

—

S

oA

>

oY oo
oM Ha
o

» SFES AN E A=
- AO|E AFE AlXMZ HZ
- HE HY AME A=
- o> AME =
- Vortex generator AlMZ A &t

Al E
LRt
HEAIY

S

=M™ HE

’

- Mg 7Y 9 A 7e, o
- HAEHE 29 HZE £

o
40 0




2. 472 @A (TRL)

(6]

7h s wd A dRAEES A A% IAERA Ve AN E@A

!

(1) Side skirt 7|&= A7/ A

O w9 7|/|e7]|EEL Smartway partnership U54& F3ste] A F] Age 4
A AHE7Esd AT dRHAASH FA =l ool A 7]%7}1‘%0] 283
274

- T FEoRE A gdaAsl%), BHE HA1%), Aol 2AEMU%), EdL] B
E HL (%), Atel= 2AEGR)E 7D

Aghy EHEEZo|A A Yok E% gAIF0 SAE J 1321

e A, AAGZeNA e ANdRrtE $9 FEAT

N of
ol

O

s

o

T =7 CHAlY MY
TARL 1 O
dESRa=g 0|2 APt
TRL 2 0
7l M oy
TARL 3 0
<8 o HEH 3F o
TRL 4 O
MY YY) b
TRL 5 O
NEEZE e G| RANEE AIE G
TRL 6 O
TRLG A 7|EAIY T
TRL 7 O T _ ~
Agst o L7 AAEZE ATE G2 o
e " TRLE | AIHIE 2 L MEAE o
A B CHH| TRL 9 0 TRLY  HEHE/AYEE}EHA

4) n= 3F RIS www.epa.gov

5) Smart way partnership ¢35 :SAE J 1321



|

@A

1

=]
=

(2) Boat tail 7|& <70

Njo
gt

o

0

Jjo
—_

SAE ] 12527t 49

THE

=z
=S

EEREE

=

R

o u}

B

Ho

3

e} %

71 o A

=K

ﬁo

o

oH

=
=

13 Al2 TRL 77

el
ot

o
Ho

3

3

I3
=

A ol A o] Al

3

=

A
EHAY 4y

E o= o

HYH /A S CHA

TRL 9

v

S

TRL 1
TRL 2
TRL 3
TRL 4
TRL 5

M
=

TRL 6
TRL 7
TRL 8

TRL 9

- Boat tail
1-4> Boat tail TRL

<i

ud

Hio
KT

ud

o
31

7K
4
el
.ﬂo

—

N
Ho

ki3

(3) Gap fairing= &

—

o

(TRL 8)7}4]

=

o

"
T
=
)

~
o

Nlo

Ho

i)
o

ey

p—

o)

&
o
vze)
o)
NH

_—

TP
—_—
Mo
ol
o
ofy
<
o
i+
=K

ot

o
Ho

B

3

O

A =

Azkel wx

=

B

=1}
=

g

71 A

o

(TRL 5), T&3 A4

J(TRL 4), Gap fairing©]

= frAF S A

PN
T

T T3 (TRL 3),
H] !

_]
=~

~

I3
=

6(;:

&

4r

il

AR(TRL 6), 7|4

A ZE A ZHTRL 7) A A

3¢

A

A

==

[¢)

#

B

el
T

N

X
<

w



<¥ 1-5> Gab fairing TRL A X

T2 7| EtAlE MY
TRL 1 []
Il = chA o|2x incHy
TRL 2 D 71E= HERY oA
TRL 3 R
AlE ChA 0 MEE T o
TRL 4 0 HEY 45"
TRL 5 ] TR FAFENE AlE CHA
Al &RFE C}
|=r& e TRL 6 0 TRLE  SAMEE 7| AlE Al
TRL?  AHIEZ AIE o2 oA
TRL 7 [] —
AMEZ3F A TRLS  AIKIE EX L ASAR CH
TRL 8 [ |
TRLe  HEEE/ArEECHA
Al sh chA TRL 9 []

(4) Vortex generator2 &3+ 3 <t4A 34 7=

Az &3 4S5 (TRL 1744
o

- Vortex generator F X7} F7|A & 2 o}F Ao vX= 4&FS FAF 34
A& (TRL 5)

- ZTFY FAHNAAM FE5A] FA7F FEE sEA Rl 5 2 F5=
A

gl tal 7= AE(TRL 6)

T2 7| CHAY MY
TRL 1 ]
71 Z=A7 el 012 AL
TRt 2 - P AEHE A
TRL 3 T
Als| | 0 HEH 5T oAl
TRL 4 [ HEH 95T EA
TRL 5 [] g FARERE AIE cHA|
Al RFE C}
IHE TRL 6 ] TRLe  SAHEZ 71 A B
Wz AMEZEALE O o
B} TRL 7 [ Ay =
28t e mes  AHE 4K 2 AEAE o
TRL 8 O = )
mLe  HTEE/AIYSHEHA
At 3h CHA TRL 9 L]

B:3XEE & 2E SE TRL

_10_



(5) Trailer aero. full packageS =3+ &

O & <= A%4 AH(TRL 3)FH AT
(TRL 8)74#] st A= 2 Ao uh&

i

A=) =

- 3d % A EXEE Trailer aero. full package® 7]

A4 A+ 3 (TRL 3), T5 2¢

<X 1-7> Trailer aero. full package TRL & H

3T

EE

A2 A ﬂ(TRL 7)“ Xﬂ <473

H
52 gFete WA A4 F9S FF A%

TC

s i

4% 3

D FAEA S
Aol Ayt =& 2 v =3 (TRL 4), Trailer aero. full package”
T A Aol A Al k! (TRL 5)

A%

EF AR

2
L

&
=3 F7) A&

F
A

ol sl 7= %

= =37

A

*_a

24
D\!
Lo

2L o
N

v
<)
[}

T

]
S|
sl

IR Ed it g

TE ®7| ChAE 4Y
TRL 1 []
EI =Y o] 2 HACH|
TRL 2 D e HanY o
TRL 3 A =
NPTy [ AEE S o
TRL 4 [] BN Y5}
TRL 5 0 Gl AR AIE oA
Al &FE C}
|%r& ol TRL 6 ] TRLG  SAIEHZ 7|2 Al oA
TRL7  AIHIEE AIRE o2 oA
TRL 7 O] e =
Al 25t cHA TRLS  AIMIE A% 2 MSAIE S
TRL 8
u TRLY HIEEE/AIYSECHA|
Al sl A TRL 9 ]

M :3xdx 2 2F =F% TRL

_11_

o|N

ol\
ol

o, rir

ol

o
—

2

(

AV

~ ol

il /‘1 A (TRL



_12_



uK

]4
xl = A O].__: A?—]E J
= A
—
=2






H2Z AO|E AFE Al M o M7

A1, FHY 7128F/5T B4
1. Z7F AFNLAYG =3

O @A, Ta71A I AAAAFANA Ad 2789 FARA T 7F A H AL 5

<E 2-1> 37|Me M7l FAL AT

24y N SRt H| 10
R, = Elile = » 37|t Edg mst FHAHEHE
=4 | ArstodZE7) ZHE7|Ho 2 EXE =X air sooiler 7H &
' orer e _ - . .
il | B7IMEAISE 2= Air Spoiler N . arol .
R=Es e e St » IR M E ol8F E=ZEl air
spoiler 7H &+
azlst & » S8 Myt air flapzt FEF Mo 7|
x| Al 22 A| AE| Ces VTMS 28 07| = (synthetic jet, wake blowing) 7H gt
M5 At 2l ceF e = =l MZH AR AA HA MA Y 2y
7| =) et gl 7l g

4 B I s

O Fel ATES FF o 2 W, 2o ¥V AY Age 8] FAANHow A
2o gl =R 4Uh Mg A3, 7] AyE FANAA ATe] Few APHQ
Adgo] EEHol YA, A4 APAdele] wa A @ 1T o] FoNA @
& AF7F divkgrolr] wiitel, ARl EA Qe B FS ==k dHR el
o] o
AT

O Yol Aud P& B FAsM ol wol AYPHAUA T, A Azst B A9
Aol o HAstE Fado] g@d AT BF

o A A ATt Al ol A sk

Mol A AR webd @)
e o]

U =9 Ve A
O National Research Council of Canada(NRC)ollA R &3t Al S =2 9m X 9m F 5ol
A A g2 FHAAAANEY] g3E A4S T wel. ofyrix dEH A7 A
59 g=H3 A A5 AH] g e A s 7hte s A Ay =&
O =r9ole] Egol x| Ao #Ast AFES T EH, Ao dFE A8 237}
AT GTS, GCM % Ahmed body A4S o]&3ste] AAS 33 AS & F A



7T

B

i

ol

O RANS?] o &

g A

3

Stobn ] )

=

7]

O B0 9]

o] A&

o
.

qge o4 gl

s

3418

}1, LES=

J|

GCMS AEAAA R T4

23] 719 o

Ay

ki3

u], NRColl A %3}

Sl&) o
\:lt}sy\e

=
©

ol
il

i
B/
N
B/

mK

o

]

v 7ha ol ] 2Asle] Ae A golEE

&)

o

O 7 #Holg, HE HY, ~AE A¢uiy Holdg S

.roo

o
il

o =9 7

. “Aerodynamics” 2 #AME

[AH

=z
€}
=

14970 2
2o,

j=0e)
RUN

iAoz 71%
“Resistance reduction”(Gd)o.2 1 HE 9l

=
pu

“Drag reduction”(5271)3}

=

o0
S o

i

o)

l

—

oH

N
)

L2 I s s I B e

<
ofp
Nfo

ol
HH

)
g

&

ojp
R

El

—_
file)

28

Ho

- =el A5 2000 T o]

O

sk g2A JA7EA

SR

i

o] F& o

g
H)

s
&

o] 7V weow

N
e

g
%

T

~
;.OO

Bop oo A ATt Y

7]12kQ1 2001 F-H 2010

G o9den o= 2001 d 5 H 2010 Ale]

fsig
=

]

o] 7|zbell b W AT ol FAHE

o
- 1980t o] HdHH HIZHA S AT F

3}
ol

ol

2 A G27)7F 7F

5}

O 7|19z Ay RS o

_16_



P lot, =9

2

Al A7}

of Fule] =i A5e] Aolw mol w9 A7t Fujnc)

fIfe)

-
1

Al7lel ook A =il A

;OL

T

XO

\

A7} 7

FH27A =9

E]

il

guvl

O 2001

7

py
_,oo

Ho

il
K
N

3. WY #A T F

EERE

ToR

=K

7] (embryonic)

o

Ao dFd

e
=g

vt 7}

A& 2016 o] %

7Y s

2

3

=

o
o

0K

Q o =
W u ol —
S |IRR a
e a
o E
~
ol
Hr
o
o
©
o
= N = ok
© ni0 X =)
M <0 u
K ol o)
(N ]
il © r ..
B 80 ~
| _ <
N 2 KIr
&) =
o
ol g -
2 all %0 &
5 I
3
N
r —
=3 2
(@)
>
X o
< =
~o :._| /E
3=
) 10 %
w
i Ky
KH F e
of < dro B
<+ < - <R
o | M o
el N o=
100 ~ N gl = ~ g
) r ) n. T 5
r — oo
K m_x _n_._|

i
IH

KK

19 7120 Hi7l% ByFe Mo oty

9|

O AAAS=

il

i/

pa—

0

4r

3} 7

=13
=

S0t F-E A A A Q1 N

A

- )=o) AEv)Ee] Al vhehy

E'_]:

=

O #d 7Ie alolA A2 AtEZE A9 flod, =A-A Al stel] upef

o

K

ol
\L._
o

X
HH

)
A

0
i)

iat
™
w

oS

_1’7_



A2A. NAHZA 2 Ags A
1. U Al 2 A& XA}

7L =71Y 5%

O TH=FUS7IHS 7oz, =l =77199 wWEd& 26x 1,669 A4(C12d 4
b 71E) el 347 ST el Hit e A2 7,678 dd

ZoN(QB71F)0] FUEAN S EAAe] 22 11.08%, 187% %
% : :

(cHel @ uigh 21 %)
T = = el a2 F X ol Y A oo
20114 19,005,693 4,902,614 23,908,306 703,185
20124 21,112,335 4,994,240 26,108,575 767,840
M| S7H2(%) 11.08 1.87% 9.19 9.19
1) 2822 350

HRASE QIS SFAMY HEUES =4 SFIIY0l 2R HASXEH2 X
=
o

2) HASIHR HE2 2011 41.62 f0lA 20124 46.29 ZAHAZ 11.1% SISIA2LE, &
- 1l

£ oF=(11808/ 10822 /$)01 et |3t JIE S8 1.87% SI0t0l O &
iz TEEERIIY 95 &, , S=nsH7R, 2013.10, p.96

O EFwl=d E7F 10009 € o]l 57) FF=FUAS7IA T 3 7192 F 6,754

- AR SRR AFAR)F AFH/AY AFER) W& 212 74%, 26%)
- AgdEE RIS W, 1738 vWh ZpEFo] 41.9%% b Wi, 12 o)A A

(24.7%), Edl el 40ft(14.2%)7F 1 o= Ba

_18_



® o o
T
= = S il o) 2\
: M. X o = ol Lo1 ﬂw o o% o}
: o2 ° — — ) —
IR P F N RS 5 % @ = F 0 =n
B R B P e Rt - - o o 7 i .m0
) — — R —~ N T
W B T S T P N
o T e 0 ~ o] T D
il lo o B ~ i
— ) R e) —~ 2 o ~
b 0 iy - o\ _por o ~
M]E ojy ~o i° 3 ™ :.L N o) H &
ﬂul_‘_&.w 3 o o o ol NJo A : m
T |0 m 7o) 1] I N - N ~ o o
=88lr|2s|218)28/12 8k A - i ]
al ®| L8| =5 RO TS of w = iy E N B <
<3 w < ¥ culiped G (2 N =% B
H Ao o K _ — e Lo o,
22 i Z2 04 & E o Fa o
2 M = o9 It @ T i J ERCANE Ny
= -~ B o — N o T g A
(@] N ~ | = UT.C D\ 7_I
.&%%22267 oly 3 MFEO o B ° ﬁﬂﬁ} YN o -
__sﬂ1m2123n4u400mana_mﬁ Xﬁﬂ,Al ] ,MEAT MHT_ 1@ :i&o ‘wu ~
Y L mhy I oy B ~ T 0 < o =
5 o gl R He g Mo 3
s 1o L ~ ! o
© & T i TE xRy I
R ) O — — = N
= = o = o Jn o o NS B N o
10 W R o Njo B R BE MVT B ojn m o L w_utu No "X w
iy —_ — a7 0 — ) ~ —
° %mm&&5wm1gswrg - K TW ﬂo% 5 SN O N o T
oF X |8|e RN |25 1% =2, & Ne Mo e Ao do 5 W8 = =R B L o
H 0 .muo x ﬂd ol ofy g S K h= = B m ek iy i
o = i aly)| al I A — 1
d oT © x° ﬂmm %% ) B oo, B < = R Br_
; 8 FEDEECIEI ST TEETE
- ol S o} o) (S = ) ! N
il ol 4o T any B d GRS B S R
= o —y X of )
~ I e e P o s o LRt o T B e 2 S o
N Jnitﬂaufrmmﬁ_ | s mn MR i o Y .
of ] ot ol e e A R N N I A (- %O_i go A L B
Kk IH| T sl7 o ||| & o B S ol PR Nd o T
e R B 0ok Y wmEoaaom S Gy = o =
A %?ESWVQEOIE@_%@QD = ® T = w o mEE i R SCHC
nA_/__. o], N H_.__._.H_ m.__._q = wl Ar 0 T e oS o0 T o)) X m,_ of m =N TR
_ = Hul| |- - o | 5 oA o W gl o @ F R AR
N_w_ K- Em A o O 0 ! [
TA

} 2 (48.8km/h)o] 7}

X
- 19 -

BCT #F=¥(49.4km/h)¥} 71 H o] 4

P& =

_
RS



4

: km/ ¢, km/h)

J|EtE= A

=

Bz
3.3
3.5

43.9

44.9

29

3.1
40.3

36.4

x|
S

7} 1

3.6
3.8
47.6

47.5

B3 22|

2.8

3.2
27.7

35.8

BCT

3.6
3.6
47.0

49.4

e ol

3.2
3.3

49.4

48.8

H
Bl

2012

2013

2102
2013

il d

H
ar
oM
it

H0

Z24dH, 2013, p.76

FAlet 20ft E el H&

= -
= A

40ft Elde17F 90795%

1
T

O =l &3 9 Eddd

06 Bl 20 7kA] o] 43}

EESE

3z
=

A TESCO(F

bbel

S

O =Wl et 7Y =

£
™

_XD

Ho

N
hin

N

"
o
ﬁo
B
o
Nfo
il
ﬁo
e
A

~NA

A 50%

1

Gl

A (CO,)

o, PB(A-A}

s}
ol

)

T
e

o)

=y

=
%
el
)

o

ofy
ﬁo
=

‘09

O ol

tel o= Aae

S REL

gal

ojn
R

™

—~
o

i+
o
Nlo
=

~

;OL
NR

dl 21 Al o] & %] (engine control unit,

5o

3

[e)

L
R I

Eco-drive system<

TESCO+=

1
ECU) ¢}

Ea]

(@)

i

il

o

—_
file)

_20_



CHS
N )
o ' o S
F o N © =
=~ o X Wm o o - I 1r
m A iy B Ro X 2
L.A X N KE EE —_ oﬁ =N
X0 al = /W — Y W o0 (@]
o e S = A < o
_1 ] L M# Br — N
gl k T B g - % Mo
—~ T ~ o B o o N o
o) T N_.o OT _— . e E.a —~ ZT 1:0
= O 5 E % T ) KW 'S W%
9 o° o T = T - - N o
N y = 5 3 ~ i mhy = nl =
- = oy = = Jn_wu 0 ) ﬂM " @ do m_
ﬂﬂ% o GV == i3 = 2
~0 o . A~ 7o J.HW ,%M _ ~ _ =
ﬂnofdﬂ ﬂﬂ@ EO_WWM = :iw M:N.VM OFA
TwT 2 Moo B = F M 53
100 o o) < o — T =N H =
X K X - = oy =
—_— 8o dl * ‘mﬂ ‘_ImL ‘_ﬂmﬂ_ m H o E# f.ﬂ
" ~ w5 S F = G F =T
.:..—l_. i 0 ) 5o X No o} or o A+ =X o LS
s 23l iz LR AT
—_ ~o Mﬂ <7 9 U..* P —_ H;l J N E._o ‘_ﬂ&v
& = i AR G i) y oy w
ol ol o < oy Njo s T N ol o
010 o N do T e 2 = X 0 A T g
<l Hin NRE b M mu MR Gy ol K 7 He
T Ry L) W l 30 N : = D
ol < TR = £ @ 2 W fIRR SN o
0 G B = T 7o ° o < 1) o T
—_ oK ojn T T |- © 5 = il = | T o
— o o o = I ol T o o7 o o m s <
(! oo o % o O N CL BN G A ok ! 0 w ° e = T
i+ s gX =" ® T o Lt Pz b X oo LT 4
O "N ~ M NR & 3J T X Mno Uo I <! ﬁ o o = 0~ o
1Y T 5 & woo N N o O o o = |2 = i 3 W = © T = He
‘_ﬁu X N S <0 o] o = 3 . s
L BTG o X B Sl oo 2 Ul wm B s T
Al 1__/| O E#E ﬁTl T 0 H;l ™ E# ,ﬁl X .__.mo|_q|__. I_.AI N - ~a X.._ _ U,._ M,A ,IJI ‘.:L
& S A — a <+ i 5 ool = 1l N  EF 5 T K
IS n mo T o = K- g T N > e oR
o Toad R X E X S o o gl e BT
® o * m = M N0 zl omﬂ_ Pmﬁ% o= nom'
- N - ) il
© 0 C e 5o ~u o i B T
5 A IEO = W i+ K oo oy o oy A
iy T oW e 1 = o
& 51T ik 2 20 o X B o Ul T
L G - X E i =
_N_\L = 3 WO 4 = - = 7 = Ko = mr
. T2 K35 e = pEr
T : T oF W ol o
. © Ll rE o
O _ ‘_uau OL
o)

- 21 -



il

=
=

EIEIE

w4l

Tdstal 317H620 v T 880

7N

i

]

O 24 T R&D A+ AHFx2AE &8 AE3}F °]

R84

3l 7

ol BHestr] 9

¢l R&D7}5

7HA
a}k
=

=
¥

tol 271591 7}

S

Wagow

JJo
—_

7

- @A At a7F el o

goll st HA s dATA

Al
=

O =4

7l (SAEJ1321)

>
71 7o)

ol A
&

o3 7] A

70
=0

0
)

DN
No

Njo

)

jmt
N
B

T
23!

Nlo

=K

Njo

1
of

wr
1

Hxa Ago] &

)
°

e
LOL

ml

il

I IR

O A&A< R&D AT A

Ton

Jo
—_
~O
o
ofp
oy

_22_



22!

EK

A34.

]

2

714

RETA

o

, 18 wde] B2 s wat

H

]_

s

&)=<l Smartway WE U4

RTA

|

PN
T

H

K

a =z

gl

(EPA)eI A

e

J

8

%
3}

<

T2

hy

e

¥ AY
- (1] =) Smartway
2-7> Smartway ProgramZ2}

<i

o | .
= ™
B
=
il
_ln_
™
Hl
- | &2
P N~
2
@
=
N
ul
)
— | =< W
K I.IIS_/I
20 |
K ol

= Ul A A

A

Eeg

!

B

2~

=

)= Edde] Apol

=
[€)

=

ojn

R

R

—
fIfe)

=
B
L

NI

Tor
B

Mo

2

ol

o
it
W

i
<

i

3} ogife Frhe

2

o

Aot 714

3
A

st
w

ol
Y

79

L]

wl
=

~
o

i)
ol

,_._mo

~
;OO

N
Ho

1

=]
=

70

=
HE =

]

= A

=35 o]

=
=

“gel

Al
=

7 9}

A A

=

_23_

=

8}aL 7hol

o

b = 3}

)

7|8k 2
tel 4 &

°

KN
=

W&
W Eol o

il



# 2-8> AO|E AFHE J|=7H

AlO|E AHE J|= 7
CH A e He
A s AN MY 2 AT
- - AO|E AF{EO AMESH &/ MY 2 MZ
ax » AMHE S5 3D 2
“;ﬂ » 7= AMA Y OHE
= - AO|E AFHE MA 2 HME
Ao . %_%%'E% %EF g‘éE%‘ a5
A= » =Xl MES ST AHAn HS
= » U A™o St= FHA™HF
» BFEY AIME M E
AlHE » MR Tz g
bSES= = AX EEAE
ESINE- -HE VY H U, e, 2" dF
- H2AEHE 249 AZE 7 2 EXNE HAE

_24_



O ARE7I<ed 84 84 7€ 2 A&
H 2-9> MEY|IsY A 24 T ¥ His
AlO|E AFE 7| 74t
sy x| EHTdU=
» JlEOY 2N
- AN T1E Y eTAle 2A
- A 3 $RShM S o83 RS AT 2A
TEIM. T2t E A% MY 2 M2 7|13 - FHlEAA
» DEHM - DZE A MY 2 HME s . HMEE Ea| 2 AO|S AHE A|HE
= 3D AAMA AS ol x &+ e =H= - == =
- = =2 3 = - . 01/\47;” /éls_l El:él
» EP YU AlOIE AFE E| X3 MA U -
EAT I = J|Et Hats
= = =
_ A al = A pbed ol o
- Ail;HA‘IR 71x|_ AHA.|7|/\ Exl = 'ITX|E_|_ Jnll'n_ HT]'E
T e S L ono| - SBl(@71E, AIE BR)
= A2 HO R EAIM ALEO| JtsT 2LEY S EALEA
. MM = A B =iy e g ™
skt 271 1= AR B 9 MBS MBI
- RS HMS(FRAGHA L M)
- 2RI HEEON
- BEHE
(1719 A9 A 8 47|<
H 2-10> 7|=29 dolet iy av|s
N& 7189 A 247|&
= DEN.-DZE AX ME 2 HE J|s
- MEed ME Y ZY|HE NS "oF MY s
- 94HE Sst 3 2L D=
_ i - AE 29 HE
Edelel Aols AAEE stEXMEA Eadd| L0 00 S oa
= == T = = =
Bio] ofel sictol RABORM ARIRE 8% 0o
- . | (=] =
Haw T sl - LES AMREHA 7|5
» AHE A F MAT|=
- At2F Ho B EAIY ALEO| Jhset 2EF skirt
M7=

_25_



2. AT ZEA
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2. 2¥FA 2 TH

7}. POSTECH ot &% &%

@)

A st 7]E oA AALe| dojye=
= <9 3-1>

¥ 4 & (closed circuit) 2.2 HAAZ7] ¥o] 6m, & 14m, Z°] 3Tm= 7} <219 3-2>
Al H(test section)] o] 15m, & 1.8m, Z°] 4.3m

HAEE bm/s, AUFH 75 m/s

T 911

W7 = (turbulence intensity)+ 0.2%, 9% (flow uniformity)i= 0.25% % =5 A
s Ao A FF

=

<18l 3-1> POSTECH ol2% ZE AlgE U ¢
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Q
0 7S 1.70 | 420 Jl 2.90 b1 07
| .
% T
< i AN
N - o ¥ - ) ! ) - RE

L7

0 93

>4 =48 external balance
Az 2AC) AEE A muES e FHE =AY A= Ao 2LE)
= F35e AL A Ao oF &

FE2E o}SEFFo] AR external balancet 5L (DLR) Braunschweig
5 =48

o2 AAsE 7-component balance

IUel A 7HE ol Ab&ske e AtE Akl 5, 15%, 40ft EYS o R, A
fFrEAlol g FAFAE A AA

3} = P AA 3 (pressure form drag), 2FA| 3
7R, gl 2 Fu)Fe A @ AstE fsdkE] o] 7)Q1d FIAFES Alofgh
= 5

=4
Sl A 7bg el gAWI Y HAS 5E, 158 E2 % SA] A0ft Ed Y
ApeFe] g AAZ SAsIY] A GAAIStE o R 329U@3ED) RES A
T olE nigo g FF AP o A& (blockage ratio, &2 @A A & &



ot

of g Aol A H&)o] 71F olat e av)e &

a
of FAAS dH %S4 vE, ANES <29 3-3>0 dERY

|
&3
£

A =S
213 A Ston 15ton 40ft
= B0 Mega Truck - $4LH Trago Xcient :SCANIA G440
A
27Im) 10X 25B) X3.1(H) 120X 25B) X3.3H) 18 X 2.5 (B) X 4(H)
HE DY
%IS% ?% 1/6 1/8 1/8
cale
HAME 7.9 % 4.7 % 5.7 %

<33 3-3> A tfet st=x 22 3 Atk

4. 15€ 3t=x7F 2dd g3 4 23

O &7 A&FE Zol7] A7 A ES FHeA &L 718 AAE ddew I55
o]
-

3 J
718 SFA4sta, dHASF(Cp, 5 wet FTUteteE T4 g e 2715 yelg &
AF)E & <19 3-4>

O &4 ZA3, 16E Efo el &8 F&Ho] Tl wel &9 Aol
stol 2 Bl FHAFCHE 07128 Ed A4 5 A =go)
Z|Ee AT Aasd & dAF AVA FHAFCp)= vhad 2ol Aeold

o, Dritgforce
L
2PV

O 25m/s (=90km/h) o]4te] F& ZHoMHE FZd A#gle] Ao dAI &g
THS 7FES ol ol B A =
number)Zto] 1.176.3 X 10°21d], =2 =2
=25 99 (7100 Yol 91#!@& Z=A3tE= F&ol

O} O O = o
Wz ss & A=

_36_

WSA A 7haA 2A O 7t A= 371 A @2 (Drag force) ] =



Drag force

250 T

200 - 0.9 -
=
[T} 4
'S
%0 g 081 ‘\'_"\‘O—Q—Q—Q_H—-.
-
o 4
o
100 %ﬁ 0.7 4
5 | Re=3.0x 10°,
0 06 - Cp=0.712
0 - v T T T T T v ] 0.5 T T T T 1
5 15 25 35 a5 55 5 15 25 35 a5 55
Velocity (m/s) Velocity (m/s)
<38 34> 250 wE 158 =4 DA Mo 7| (£) &
A (H)e Hat

%59 2 =9 (angled flap) Alo]l= ~2AE F 3}

E B8 mdoA chavl (safety band AT F, Alo]= A2AEZ G
gk FEAG Wwsts <19 3-5>¢ YER

Y

g Abol= AAEAEI 20cm, °olsk SEOoE x7))o A5, dA o=
H= A o] shAubzt g™l 7| B wdd nlE dHA ¢ 288% o). &

o] & A3 15em7HA Wil A-(olst LPo= x7]), FHAF
442% = SFPol| Hl& g7 A o] AA FoAHm

Lo
Y
b
i

Aol 2AEE e Hw A koA St SR(FE sEw u W
gox AgEelNt 58)9 AMS AT 53 telojs AAE Aeld £
wol F7]A g o] Fojmt Qow wY

A3 A, A4 16emollX E97 6§=45°,6,=0°,65=45° 2.2 ZJg A5 <2
3-5>0 A L(45°,0°45°) % %7]), &=HAF(Cp)akel 0674=, txntr
Edo nlsf 5.2% ==

ﬁd
ol
=
)
N
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Cj, Reduction (%)
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N SN g 15

) o' 3 ) & AN N oY

& & oF oF oF NS A SR

O 9 2 o o X SR Y

vVe g Yy §
SN AR SR

<17 35> EEE U B AO|S AzEo| g UL 5

t}. Ho]2l(folding) Alol= A7

1m
_E

O Aol A (folding) Abo|= 279 A% <17 3-6>0] UEhd npeh 2ol
(30°, 45°, 60°)ell whet Fr) AR o] Fojmi Tt vhEAl e

O Atel= 27 ES] Zo] oo w W2 LF(AZIL 15ecm)e] 4+ @A A2
= SH(AE 20cm)el vl FHAFE Eol= &3 A L}E}%Jﬂ,
(30°, 45°, 60°)5 WA AL A3} 60°c A FHAFTE 7HE %S

- 27ES Y AT ASTA A4 Ff(old A== 6259
Z 712 2d i FHAS7E 514% 74 Eol &

Flat L type

0 ° o
L S 30 45 60° L

* Center o

161 or 156
Cp Reduction (%)
w

H

A3 2AES] A5, A s %ilﬂ %%}f& TExEE §7
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=
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=
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71
gFow g = 55)9 Ads 9A
ol F7|A3HEHo] Fojri= AHoFE H

E} otz o0 72 AAE ZtE(§)RE o] Eol&
E9 A, EAES)ES 23l wEl 371 g o]
Z

- A% Ax A 15emolA EUZE §,=45°, §,=0° ZFo A¢<aY 3-9>0lA
L(45°00%2 ¥%71), &EAF(Cp)gte]l 074302, ordAnprt ztd 7]8 2
4.65% =%

- o3 A= 597o] ¢l
AG7F Z2oE AL 7F oF 32.9% A E QS
1 Zo] Etolo] FbolA AHEH= G FHE
N BAEE SFE Aolo 7RISt A S

g Alol= 2AE (S(0°,0°,0°)¢F HlaLste] 3
2 = YEHE. o] A2 Afol= A7 ES A
A e, Aol AFEQL Z ¢
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@ ggow w

°
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Cp Reduction (%)
“2
)

t}. Hol4 (folding) Alel= ~AAE &3}

O AHold Apel= AAEe] A% a7 9ol e wheh o] HE ZE(30°, 45°,
60°6257)°0 Wl Br1AEe o] Folmt R A vhehd

O Atol= 27ES] Fo] Fujdow g LI 15em)e] 4% @4 Al )
= S& (X4 20cm)ol Hl%ﬁ FeAsE Sole §_J_’+7]' =Rl %E}kkﬁml, A3 A=
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350 1

300 ?;
o 2
E 30 @ —_ e —
= aq:, 05
%'3150 U o
ES 100 g?

B ¢
5 = l Re =3.0x10° Cp: 0.701
0 0 ¥
1 15 200 25 a0 35 40 45 50 55 1 15 2025 an 35 40 45 50 55
Velocity (m/s) Velocity (m/s)
<3J% 3-10> 50| mE 5ton ZEOIMe a3 3 F2HA s HEt

U, 2+ 9 E9 Aol= (angled flap) =2AE 53

O 7]¥ 58 EZ RdoA chdnl(safety bar)E A| AL Ao]= A~AE
S-o] dist FEAS WetE <19 3-11>° YERY

O X7 Alol= AAE(XAI 20cm, 3k SPoz B AL dA Uwrxoz
Sy = Ay o] ekdniyt & s mde wlE] FH AR 494% A, A
7NES] & A 16em7HA WRl A9-(olst LEe=w #7)), FHAF Fas
5.27%= S3ol na] &7|A 3ol AA ZFo%

- A% Ad, A 15emelA S99 6,=15°6:=0°6:=15° 2.2 =F3 A5 <2
3-11>l A L(45°,0°45°) = 3%7]), = AF(Cp)kel 0.662%, Hddntrt Fard 7]
Edo Hl3] 57% =5

A%} 06 GHHALE eI RS Aol= AAES 7
Q1 Ego] grolo] FelM YHHE FFE MG, AolE sAES B AF
N ARHE G Aolo] /sl AFL FA PFOE WolF P& W 1)
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Hol2 (folding) Alol= ~AE &3}

(@)

Aol H(folding) Atel= ~AES A4, 27 17¢] JERH whel ro] 7l ZFE(
=30°,45°,60°61.2°)°l wet 7A@ e o] Folus Favh b2 vebd

AfolE ~AEQ Eo] AuH oz Y L (A 15cm)e A5 dA Al#s
T SH(AE 20cm)oll v3) FHAFE Folv a7F A vEsed, 3 7
(30°, 45°, 60°61.2°)5 WSIA AR A3} 2FH97HA] A4S 7§T<6:61.2°>oﬂ*1 Bl
AF7F b S

- 2AEE TS fAS ASFAA AAde F9(0=61.2°) FHAFE 0.667=
713 29 div] FE AT 5,09% 74 Fol&m

m{

- A=A QAT AAES A, AA] sl fA% 533 FREEd §7] BF
o] Helsm AgEolA= s @ WA A Y vUEES dLEA 7]
oz Hol, Al Ale]= AFE AE(S, Flae] 7143 Hes 25 4=

of Hlal °F 3.1% /HAdd ZH7F vEhd

6 Flat Angled flap Folding
~ 3 (81, 82, 83) o —
S P—
g 4
b
= 3
=
U
& 2
S
1
0 o o o o o = — i e
\Qp,@@g@ : ,\‘51 g,“lmu&\ 0=30° 45° 60° 61.2°
i 5 ) el
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A2, FAANE 5% F/19%8 A5H
1. FA&4 By

[] o EA} (large-eddy simulation)

- FAY e E 9 Ag HFo|E Navier-Stokes equations ©]&3tH, A& t}&x
a3

o
E u
ou;
8xi_
ou ou;u 9 9 ou ou
= S ()
ot ox; ox; 0 ox; 0w,

O Aua 4

- 919 Navier-Stokes equations ZH #3slo] Foft(large-eddy)= 25 AAFsa,
Ze AP ot BT

- Filtered Navier-Stokes equation ( :ZE <2h)

ou;

=0
ox;
ou; Oduu, Py ou; du, o1
e o (o ) -
ot ox; ox; 0 ox;  0x; ox;

O FA3A 7IH
- Incompressible LES solver
- Unstructured solver
- Fully-implicit fractional method®ll 7]¥FeF A7+ Z
- Crank-Nicolson method& ©]-&3 A7t Akt

- 2nd-order central difference® ©]83+ ¥ 7+ 2&

- Dynamic Vreman global equlibrium subgrid-scale (SGS) model

- 4ol 344m, ¥°] 12m, & 244m Q1 2A| A7 FAHY T A R AL



- Local refinement?] ®WHoz 3JEAF HT AA(grid) ZHEEE
N
=

13007160057 <]l A

O AAxHN 4L 4

- Inlet velocity: 90km/h (25m/s)

— QOutlet: local acceleration + convection = 0

- Wall(z5 99, 3}&%} 3£H): no-slip condition
- Kinematic viscosity = 1.568 x 107

- CFL(}+2k€ Al7HzkA) = 5.0

<% 3-12> FAlshA ES2 dAZxH oAl (15ton == AHE)

AH

U]
J¥
>

P

=

o we A AR e AR A% A4

kel

B

1

<E 31> Y Axje| 4 S

i
fales

15 =2

i

40ft =& 52 2

-

A I o 15002t

o 16002t °F 13002t
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2. 15€ 3t&=ak 2dd i sA)4 49 234

7},

(1)

=3 (angled flap) Alol= ~AE &3}

53 B4 A

O Az Fd "3 8% 23

O

(45°, 0, 4502 A AP Abo|= AL §59] Ao|= EE sjo], onj
Sl A wAsE vt fEo dFe oA Abol= 2AE ol A 200% WS
A zEel 43 FuolAe FPPe w5

<32l 3-13> 7|2 Zdo| AlZt W ot Z
(AlOlE AFHE =0| 20% XIA™E S X|Lt= ZFo| ==&§ ®Ho| contour)

<% 3-14> Z3 (angled flap) AO|= AFHE B poo| AlZF B otad %t
(AlOlE AFHE =0| 20% X|HE S X|Lt= ZFo| =2s "®He| contour)
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O A% 32 #5%F $539 #5% 2

O (45°, 0, 457)= A% FAR Alo= ~AEE §59) o= TS ol ohnH] F
ol WAEE wE G5l A oAl Alol= AAEe ofldlA 20% AHE
A 750 FAS AR 52T SEFS wA

<37 3-15> 7|2 Yol A7t BE SEYE ST
(AtOIE AHE £0| 20% XFES AL ZF0l =3 Heiel contour

<32l 3-16> 23 (angled flap) AOIE AFHE H=xb mdlo| A7t HA F&5utst ST
(AFOlE AHE =0] 20% XM E XLt ZHo| F=2lst HHe| contour)

(AN 37 x 33 vorticityd §5% A3

O Alol= 2AE] ofgfo A 20% AHS A= ZFo FAS FHAAe x W
vorticity S =A| 3}

O 71¥ 2d 2 7o) x W vorticityoll HlE] Ale]l= AAEES RAG md 24
sht-el x W vorticity 7F ¥ Ar @A FAE O] g F AlolE 27ES 2R
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9| contour)

71E =0| 20% XHEE XLt

= A

(AtO]

71

=RPN
(Afo|= AHAE =0| 20% XHEE XHe ZFo

3-20> =% (angled flap) AlO|

9| contour)

(] ANz B z B3 vorticityd 5% 23

obgfoll A 20% AFS A=

= 27AEQ

O Afo]

vorticity S =4 3}.

O z W38k vorticitye] =7]7}

_—OU
i

el

Fol A z W& vorticity 7k

7

] 3]

6(')]:

B

A

4

BK
el
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<4

(AtolE AH

<Ogl 3-22> =

(AlOlE AFE

@ FEAS W

O 90km/h & F3

ol 20%

(angled flap) AFO|E AFE F&F 2E
=0| 20% X|MES X|Lts 7=0f

<E 32> 155 32X AlO|E AFES RO

21> 7|2 oo AlZ} A zutst
AN™EE KL= 250 5

L

|o

-

okl

=
A
T

L

r

49| contour)

™ z2eF vorticity
2| contour)

158 =t=*t HAT(AE) YA T (R o) At

72 =24 0.712 0.710 0.3%

AfOlE AFE F3 2Y 0.674 0.674 0.0%
gEHAT a8 5.3% 51%
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3. 40ft stEX 2dd O FX3A A A

O (0, 4692 A FRY Aol= 2AEE FE9 slol= GTS shel, Shuba] Fof
A mgstE whe FE9 9L oA Aol= 2AES ofdelM 20% AFL A
= 25 £4% Bl FHFL wA5

0 /¥ AN FE] FFsh AT ¢Y Aot FAAY WA, Apol= 2AES
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(Cp)gtol 0.674=, Stdnbrt Az 7] 2ol Hlal] 52% Eolw
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- Aol AFEQ Zo] AFor W L F(XNAL 156cm)e AF A ATEH
AE S FHAL 20cm)ol Hl& FHAFE Fole Tt AA vEehtoen, H3
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37m

m, < 14m, Z 9]

6

]

1.8m, 2] 4.3m

o

7] =

O #H#3 (closed circuit) 2.2 A A

3
=

| 1.5m,
75 m/s

o] o

O AAMES: 5m/s, AES:
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9:1

A
¢
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= 1=
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<38 4-2> POSTECH ot2& =&

gA Aol Aelt Y mAss ge UL 2487 s A AFgst

O X8 o}l&&EZ%o] A% external balance® EY3}F-FATH(DLR)

Braunschweig #4004 252t 38=A 802 A 23k 7-component balance
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=
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=
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o
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Wind tunnel test section

Upstream velocity . .
(10-55m/s) Side vew

-15°

2/ 8t

<12l 4-3> Yaw angle =& & #

turn table 7=

ol= A7 E(side skirt), BE H U(boat taill)¥} £ FEAo]& F7}
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FHARY B 4P PE 2 =Y

O &A= A G Ao s dol7t do] FFe ggo] A fFol 7|ds AE
(flow-induced vibration)©] WAsle] =3 ok Ao] AT 4 &
O &30 gt&Exte] Bojev= HIE HASIY F& vlgded A A ¥ turn tables ©]

o op

A % °
6}04 yaw angle(®)& +15°7 ~15°7kx] WEIAIA 7PN 2ol del= sH54d W

= B9 S
= FEAs

HEOY 2E

Al CHA 15 ton S4CH Trago Xcient :?ZfziNIA G440
AR 27| (m) 12(L) x 2.5(B) x 3.3(H) 18(L) x 2.5(B) x 4(ID)

=
et
o
oot
Y ]

f‘ i . S
i S (fan) ) g =% ' ‘;\ <
| \:\ = \“\

Force measurement 1/8

B & scale - 1/8
PIV experiment 1/15

HMe Force measurement  4.7% 5o

(Blockage ratio) PIV experiment 6.5% e

-

<OE 44> MY U 2R DY U ARY

2 QA #Holx= F(Reynolds)

2 S ¥E 25m/s(=90km/h)Z 31 3te], 33
B A% dolgE BA Azlste] Hitgk

(o=}
=
TEke ARl

N

O stz A= FH(Fp), FHAF(Cp), 58 ([Fs), 5945 (Co)= U3 2ol
]

™ . ™
Fp=F,X cos(@ﬁ) +Fy X sin (P—=)

C, = Dragforce

1
2pV A

x _m
F=F, cos(® 180)+F”” X sin (@ 180)

| Side force |

L o
2pVA

G =

[] Yaw angle(®) ¥H3}lo] & 158 3 Ex2 THEA B4
2]

O Yaw angle ®3}ol] wt& &= (Fp)el ¥3tet FHAFHU(Cp)=s <™ 4-5>0 e

- Yaw angleo] Z7Fstell wel zpsFo] Wb gEo] AW, V]EFH Alo]l= AFAE
(standard side skirt) % flap-type side skirt (0,30) &2+ A] yaw angle +15°~ -15°
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Drag force (N)

A G oA o] Zol=

- AtolE AAE HR Al SEA O] FH FAEEY e SHo] SnpFrp
© g8€S Fola, SutF oA WA= ezt Aste] sy A &4 o]
asto] e glo] Fol&m

- Flap-type side skirt®] A-¢ 0=0°ZANA 6.1%° A7} E3=S H olAL
7128 Afol= AAE(3.05%)00 Blal AHATEAE oF 100% FdE A4Sl

- Flap-type side skirt®= ®=7°ZZo|A 11.9%¢° &= A7 a3= HIY

- olg F3l Alol= AAE FF A FFo] Eo] & uwf, Aol AAHEE wAEdh

Zg-o vl 2] AHE A FEAE F deS AT
O Yaw angle W3lo] m& S0 Wsle} 35 SEATHES <19 4-6>¢ HEY

- Yaw angleo] ARl weh, FFS W 2= WHo] FUFstar, o]o] upe =g o]
=7t

- Aol AAE Gz Al AlolE AAE w2k xpEkol] HlE)] FEo] Frhetal ¥
ZHATE F7Hs

- Aol AAE FEbo] 7]Qlete] SHE @A o] SouA FH o of o]k 3k
< A TAH

- Flap-type side skirt &= A,

A Rl A 20% ol Al vERE

- E3] =7 27194 7]|E Alo]l= AAE H]

(a) Drag force

100

“8= Reference

9
== Standard side skirt -”’f‘-

“#= Flap-type side skirt

60
50
40

30

Yaw angle (degree)

<&l 4-5> Yaw angleoll 2 155 slEXtzko| 25t (a)ehH

Drag coefficient (Cp)

718 Alol= AAE FF o] usle] FF=EHAF

S ¥ AN} 313% @

(b) Drag coefficient

=& Reference
“% Standard side skirt

“®= Flap-type side skirt

0.8

0.6

0.4

10

15

Yaw angle (degree)

=1

(Fp)

bet=A=2l(c, Hat
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(a) Side force (b) Side force coefficient

170 0.6
150 "® Reference —_ “® Reference
5 _e P
(30 " Standard side skirt p— = “o Standard side skirt
— “®= Flap-type side skirt éfi, E “® Flap-type side skirt
' 110 2
S o
@ 90 =
= <
o 70 =]
4 o
2 0 §
@2 | 39 £
¥
10 E
172

Yaw angle (degree)

<% 4-6> Yaw angleol| 2 {5
HA T (0g) 2

A

[] Yaw angle(®) H3ld] W& 40ft E Lo FHEA 4

O Yaw angle 3}l w& = (Fp)e] Wt} qHAFZHCp)S <19 4-7>0] YEE
- Yaw angleo] F7}gholl wep xpsfo] W= o] AW J]EEY Aol AAE
(standard side skirt) % flap—type side skirt &2 A] yaw angle +15°7 -15°% <3

o oM = gho] Fol&m
E Az Al stk vk 8 fAEEY] e " Sl sinkg sy
=olal, sutF oA HAst= FEue 7l Agtete] sy A S o

dasto] Fegtel Eol%

Y

- Flap-type side skirt®] 7% o=0°Z7olA 76%2 FHAT &34E HIT o] AL
7128 Alo]l= AAE(BL1%)O Bls] °F 50% FdE ZIE HERY

- Flap-type side skirt®= O=7°Z 7oA 54%29] &4 A7 a3= HY

Al
1
Al
J
-

- olE T Alolm AAE AR Al FFo] Bo & u, Aol AAEE w A
Aol Hls] xare] dAnE FA FHAZL F ASS T
O Yaw angle ¥iste] w2 S Wslel 3% SEAFTEES <29 4-8>¢ YE

- Yaw angleo] Aol wel, ¥ Wi A% wHel Fem, oo W Zol
Fhe

L

- Side skirt A2 <18 Eol}= wind-facing WA o] #&d= IF =4S IF
ZHAFE B3 v s e

- 71838 Alol= O=
28%° AF=HEAFT AgaHE E%]

- Flap-type side skirtZ &2} 3 A9 0=12°F oA Alo|= AAE w|HF2s 23S
of Hl3] 3% AFTSHHAST APads 2y



Side force (N)

140 - 21
-8 Reference Q @ Reference
[45) 1.9
120 o standard side skirt — “0- Standard side skirt
“® Flap-type side skirt E 7 “®- Flap-type side skirt
100 )
§7 1.5
80 % 1.3
3
6 A 11
S 09
40
R 0.7
20 0.5
0 5 10 15 0 5 10
Yaw angle (degree) Yaw angle (degree)
<3 4-7> Yaw angled| (2 40ft Edl ol &Est= (@ (F,) ¥ O)EHAT(C,)el
M =}
(a) Side force (b) Side force coefficient
140 - 05
%]
=8 Reference U “@ Reference
120 —
=% Standard side skirt 'E' 0.4 “&= Standard side skirt
100 “®- Flap-type side skirt ,2 =% Flap-type side skirt
o
EE 0.3
)
=)
5]
o 02
2
40
=)
= 01
20 g
0 2
0 5 10 15 0 5 10
Yaw angle (degree) Yaw angle (degree)

Drag force (N)

(a) Drag force (b) Drag coefficient

S 50y 2HA)
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v

2. #AHNNE B 3 Y B}
AN P

[] 2992 AL (large-eddy simulation)

O ;(]HHHL;(OJ}J 1;_; _/':‘13]]}\4 H]—lﬂuj

fe) b | 1 le)
- FAY % 2 AL BEE Navier-Stokes equation 1&3h, Ae ey s
ou;
81'2' -
ou ou;u 9 9 ou ou
R (7] LS )
ot ox; ox; 0w, ox; 0w,

O AulA A

- #1°] Navier-Stokes equations ZE @3sto] Zolt(large-eddy)= 2% AbshaL,
A 2ALY Y 2dd

- Filtered Navier-Stokes equation ( :ZE <4h)

ou,
=0
ox;
ou Bu,u; an 9 ou ou oT
i Sy 1) -1
ot o0x; ox; 0 ox;  0x; 6xj

o FAHH 71

- Incompressible LES solver

- Unstructured solver

- Fully-implicit fractional method®ll 7]4¥FaF Al 7F A 7

~ Crank-Nicolson method& ©]-&3 AJZF bt

~ 2nd-order central differenceE ©]-&3% &3 2

- Dynamic Vreman global equlibrium subgrid-scale (SGS) model
[ X384 =vdd

O FANH =l 4

- 4ol 344m, ¥=°] 12m, = 244m <l A A =Z7|o] A F

of
03;

L A 5

- Local refinement®] W o® 3}Ex= B AxHgrid) FEEE =9, °F 130071600

gl Wele] e = AR A
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O ZAAxd B =

- Inlet velocity: 90km/h (25m/s)

— Qutlet: local acceleration + convection = 0

- Wall(zs 99, s}&%} 3H): no-slip condition
- Kinematic viscosity = 1.568 x 10-5

- CFL(FA A1Z3E4) = 5.0

DS
=

s

Nl

)
i
ol

|
|
)

e

5

e
e T T
Ny

= e ]
“’4

0
o
AL

Wi
bl
6:0“

N

-

O <E 4-1>% g2 A AFE AL AR A4 44

B 4-1> 299 ZHxie 4 A%

15 2

L

40ft =&

-

M o7h °f 15002t o 19002t

O 4o 344m, =o] 12m, % 244m A AA 27| FA A F5 A D ALt 3

- Local refinement®] WwWeoz 3IlEaAEF BT AA(grid) FHEES . 9
15007190097 Wi el o] AS zt= Az A

. 16 stEAEY 8 hAAd Hot
[] Yaw angle°] 10°4w 15ton =2 +9 %

O Alol= ~AE(flap-type side skirt (0,30)& H2s 158 IJEAE AUs 59
SbFTZ (FE PlpU, =—0.12] SYHE o] &35} T

- <a¥ 4-10>Atel= AAE AR A ko] umbe] FZolA ek (flow
separation) = 213+ Z&-ot](eddy) &7 7+Z27F A HEH T4
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- AblE AAE FEH A, e olr]e] AR A $EHIUA £l Fof

il

O Alol= ~AE(flap-type side skirt (0,30))F-23+ 15& SEAE Aves 59 G

A R
U 020 012 043 075
<37 4-10> Yaw angle ®=10°=Z 0l M
AMOIE AHE 0|22 5E =Xt
olRTx(a) ¥ AO|E AFE EES 15
stEAe| ebF T =(b) Hl W

rim

(b),

0s

yH

as

<% 4-11> Yaw angle ®=10°=Z10llA| AlO|E AZF{E oO|F &}
158 StEAte efFF=(a) ¥ AIOIE AFE FESH 158

st=Ate| RS0l () Bl L

o} 40ft A H oY stExF Rde] F8 kA HU}
[] Yaw angle°] 10°¥d o 40ft EXE AYEsE §F

O Alol= =HAE(flap-type side skirt (0,30)& F=3F 40ft st=x&E AUe 52 9
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- A0ft BEAS FSE AolE AAES s HY, SR v oA @
well AYSE e olvlel hFTEL Y FLIS <Y 412004 el
g Qe oA AtolE AAE B we; {549 (flow separation)®2  Q13k
Aedtse] adele] g LEAUA £d0] Fafe e
(a) Without side skirt (b) With side skirt
X.020 0.42 043 075
<& 4-12> Yaw angle ®=10°=7Z10i M
ALOIE AHE oO|ZHEFSE 40ft 3HE AFC)
IR =(a) ¥ AOIE AFHE EEFSE 40ft
stERte| efFF=(b) HlW
O Alol= ~AE(flap-type side skirt (0,30))E &=t 40ft =25 AUes 52 W

FagoldA

=
- R UA 7L ZEAEte] AlRbel wE 40ft StEAE Av= fEe] WErh zehA.
= |

<32l 4-13> Yaw angle ©=10°=Z10A AlO|E AFHE
o| &H=Fsth 40ft tEXte] R ESolUX|(a) & AMOIE AFHE
ZHEFSE 40ft EFEALS| RS0 X[ (b) Bl
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AF|E Rxof o3t cheix| Z7t2 olsto] W@ SHS AIE AFE FE A 1.26
KNOlA{ AFO|= AF{E ZFRE = 1,04 KN 2 B8 <8 4-14(b)>

=2{o| A& Zt(root-mean-square) 2 AIO|E AFE ZHE M 373.38 Noil A AlO|=E AHE ZF
ES A1 NeE Zas <O8 4-14(c)>

stExfoll 2&sts 5o MMMl F7|= S7t6kx|gt, o 7|elet stExte HE(TS)

Time (s)
(b) , (¢)
1.94 kN 37338 N

2.00E+03 4.00E+02 30241 N
1.S0E+03 L26KN 3.50E+02

1.OOE+03 3.00E+02

S.00E+02 2.50E+02

0.00E+00 2.00E+02

W/O side skit W side skirt W/O side skirt W side skirt

<38l 4-14> Yaw angle ®=10°=Z10M AlO|E AHE F=E M T 40ft
stEXto| ZEst= FHe AMS(a), AIOIE AFHE ZHEE M = 40ft
st=Xtof| ZEst= F=He| Yottt A Fak(c) Hlu
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A2d. 44 5EH

1. 4834 H 49

b A8 A

- 199953 F¥H F2d ofgdE FXCo HfH(closed circuit) O E Al E H(test
2 (0.72m, Z°] 6.75m% <19 4-15>

wn

(@)

S
o

2
Lo
1
N
rir
e
o
(@]
D
‘B

- A ETE5LS 40 m/s o], FFA = (turbulence intensity)E 0.08% % 5 T9 &
A

= —— . = T

= e %

- — B NE — = ijﬁ;\ N
=2 i 5 e v i

A
Leamodaloam .l 5T i R '...\.I

/ TESCRIPTION OF BYCILITY : CLOSED CIRCULT TYFE
TEST-SECTION $072W 5 06H x 6.5 m)
TYPE OF DRIVE SYSTEM & A~ Fan, 22¥

MAX. VELOCITY 1 dimA

TURBULENCE INTENSITY *LESS THAN 098 FERCENT

<&l 4-15> POSTECH ol2& 5 AlgR 2 E2
(2) 322 35 5 A s W
O Alol= 2AE J&Z HdFo A 3F f5 55 #AFstL ol Fdl A7t
s A= FeTtERE A ‘%‘EE,E’—E gketstr] 9t AA SR e
PIV (Particle Image Velocimetry) 71 < o] &3slo] #2413+

O PIV system T4 vS3 23 <19 4-16>

- 200m] NdYAG #elA, 4Kx3K CCD 7hvieh, dAAEA, 574 (delay
generator) 5O & TAE PIV A]~d€o] ALgH

- FAJAEE SEE Y-S A (YA A7) 1-3um)
- Imm A9 #olA HwZ(ight sheet)S FTEAIHE ZFHS S8 FEYIoz
- Two-frame cross—-correlation PIV algorithmZ o] &3le] &3S =&3F
- 7 g} =E A2 0.1ms
- Interrogation window=7]+ 64x64 pixel®]™ 50% over-lapping 3}%1<
O A F& 21 (U=10m/s)A 28 F3)
- F% 230 e delwx FE(Re = 1.8x100)%

O Mfol= 2AE RF f/Fo] whE HEA HP FES AN



Wind tunnel test section P Laser

1/15 scale-down model

| " ] Data processor

Delay generator . = %

4K CCD camera | l " |~
<O 4-16> 1/15 2AHLE F2E 15ton 2t=4A 28 3 PIV A& ZA
IHEFE

(3) FEx YA BA A3 Fx L A

O g&EA oA TAstE 2 AdoA A €& il ddo= &5 &
o] o
P2 =]

- stEA A EHY ] oknpF Alolo] f1x|stH, wAgE 9o FTAS ARG
d(heat source)S AA8to] Afol= ~FAE KA o] mhE SEA} S-S 2%
Hels 54 <a¥ 4-17>

- 9 A (heat source) 2.2 Al-§ % heating pads= 2 g]& A2 9 silicon rubber heater &
AC220V/90W Z7 o)A 253

— Thermo-swithchE %3l heating pad W% %25 150C=Z AASA FX319 =

O =AM EZE k-type thermocouples A}-8-3F
O sl=x¢9 ZHeolY WHE&E &3l 2% A A (thermocouple)E DAS (data

A
acquisition system)¢} 44 & PCE 5] 2% =3 2 dolg 3

- 2% 3 13 2701 scan/2 sec) W2 o2 HolE =4

S18 A4 3 108, S3el BN A AA Al AuE s e =
Al A =43 F, Aol AU sl ex MekE Fastm A Aol F3t
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DAS (data acquisition system)
<% 4-17> Aol AF8E 2E25H ZX| 2 heat source

(b) with side skirt Side skirt

o =
S &=

O Y oA 7FA o] 351 9= HAMY 15E Ege 98E 1/15 scale® =49
28L& A% <19 4-19a>
Ao AgE Alol= AAEE #Holx HwZ(light sheet)o] B 3= A=
F AEE T3 olad R AF <19 4-19b>

<18 4-19> (a) 1/15 32Xt rendering 22 2 ZEHALA (p) AEo
AZ2El AO|E AFE A

o
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Ae FEe

g

2

250 9lom, Bha

S|
=

sol &

il okubd] Fojoll A fr& whe7F dojuym oo 7]<]

EEEEEE

2ol o

=
=

ni
oH

<Y 4-20>
- TS vk Ako] FE)9]

o

|

el
N

e
Nfo

= A

Wl Ate]

<
T

Foj A oz A

A
o

0SS

I

o
e
Ho
o
mJ

o
ﬁo

_—AI

il

AET}

o1
=

0SS

o)
N

4

Tr

‘.m.O

1
4

il

Alo]

R Uolztel e Apol= 27

S

5ol

o
=
N/

ar
o

.

IH

- Aol

ojn
0%
+
o
-
o

K

|

o
4
N2
o)
T

~
;OO

J))

7 el
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(a) without side skirt
o ;

FRRE
oo
- -]

<% 4-20> st2A 28 sStF2l, HbH
Hll, (a) AlO|E AFE O|&

s <19 4-21>

- Aol AAEE hubF] el A wAshs e E4L skl sheiA = Y
& H2AA Aol AAES] ojFoA BAst= e AR FRAA A
Aol S daAe 928 s JoR YEd

(a) without side skirt

(b) with side skirt a5

o

i

<O8 4-21> S EX YHt7 T T B, (a)
AOIE AFIE O|R3, (b) AOJE AFE 23




O ¥ <Y (heat source)®}

1l

FARE ZA 2 2

S

- &Y (heating source) W =%+ 150C=Z UA

=]
=i

§ostol

o]

Yragae <

}

pA

o o

=

2k

w}

1

e

47}

B ApA] 9
i

Mo

T
T

X

W

Pyl

A

o
IT

g

—

HEETE

B

B
ﬂul
ﬁo

3

o)
=

600 700

500
(heat source)

|

HeE s 84.4+0.82T=

400
[=)

Ay A
it

300
Time (sec)

200

100

100
90
80
70
60
50
40
30
20
10

<8 4-22> AlZhof wE A

10m/soll A & ¥ (heat source)?]

<19 4-22>

U

I 2~
i

s

—

0

_Zﬁl

ol
o=

Gl

B

E

el
4-2>

-
It

Chl, Ch2ollA Alol= 27

1

0]
yul

tol &7}

Al o]

A}
.

T

T

e} 914

171 A
El

) o A
4-2>

X

<

7}

)
it

<

=

o

Ch3¢]

3 £%=7 01°C

5

o

K

A (chl,2,3) A <
B %7}
of H]

[e)
149 %4277k £01Te]

3

b e 2

°

)

Z(_'

XO}

=

=

)

)
o
a®
o)
4r
ofF

o

A

—_

Nfo

fite)
N
Nlo
ar
7o

)
J)

ol

el

N
<R
Nfo
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1
A

Al

_o]i

31

30

29

28

Temp. (°C)

27

26

25

<33 4-23> Ato|E AFE FE0| AlZbol wE StF 2L Hstol| o|x[=

(@A EAAHE D[ F & (D)AIOIE A7

Atol= 2AEE FEASH FE FASS wet 45 AN A sE
WEAA HEE AT 2 Eoloje] WS Astds A
= Ho® BHY
(a) without side skirt (b) with side skirt
a1
30
29
3
~ 28
=9
5
= 27
——ch3 26
25
0 200 400 600 0 200 400
Time (sec) Time (sec)

<E 4-2> dlo| sFE& MEjoA AlO|E AFHE FE F/F
of w2 =Xt stF XM 2% HEE
Ch 1 (TC) Ch 2 (C) Ch 3 (C)

A = A 1=

MUT%;;L 296 + 0.1 284 + 0.1 286 + 0.1

A = A 1=

Mg_ Z2AE 297 £ 0.1 285+ 0.1 282 + 0.1

3
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A3, FAHHS T HAH 3
1. AF3 WY E

[] Surrogate Management FrameworkE ©] &3 3 A3 24
gasoe A4 e

O AAl &A1 & F3t7] g AL == A3 v &o] I
Hl =3k JEjE 7HA = g &8 ot ezl g d4E olgste] HA 9
S z+= WS Surrogate Management Framework(SMF)o]2fa. gf

—
29
bal
-
—

=

Al
—

ALtE SoH0] 20| M 3t 2
Ofl Chist &

H HolH =53

off

mk

oL@

HOo[HE ZHOoIE

<33 4-24> Surrogate Management Framework<]
ot E_| =
= [m]

_86_



2. 158 3B} Alol= 2AES @ HHE A
b Apol= AAE 7w zde tg SMF A48 B4 A

O 15% FBA9 A= AAEY i AFW A= AAE WEd 4§ 75
AA g

- Alol= ~AES Zh) oF §,=30, §,=10°Y w 2 FES Adojdl 4 9lA| vyt 5=
stE2Le] A9 Atol= vh(bar)E Al 71918ke] AW Alol= AFAEQ ZbEi= §=0°

- ol W} Al sAES] Zhws,7) oF 2000l A 30°%rel A Ao @ g

k>
ih)

(b) i Sumgmemode{hxwlamamﬂl.
0,834
40 0832
1083
0 0828
02 082
20
L0824
0822
10
082
00 0818
5 10 15 20 25 0 B 4 45 50
ol

<8 4-25> 15& StE A0 ZEFSE AO[E AFE
Ztzof thek ZAE(a) 2 158 SFEAMS| Surrogate
Management Framework(SMF) | & 3} & 2H(p)

. 61=0°, 62=30" HZA Alol= AAES] Bl e 5 A3 (15 3t=Ah)

O AfoE AAEE HAF 5E F2AE AUE 459 dRTE (E PpU.-—0.1
o BWe ol gdte] fE9 ShFTRE A2
<Y 4265004 B B & %ol Aol= AAES FAW 4%, sEA 5 v

st
F F-Zo A FserE]l(flow separation)ol 7]elgk #& o] o}FF+ 27}
=

=
- slubal R2e) e ote] a@e e Ryl Boo 4 et gad
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(a) Without side skirt

(b) With side skirt

tFT=(a) °F 2H AtolE AFEE FE e 158 = AtS
etF =) =l

£ 8u2dE EeAUE 4%

o,
Pl
=
')
4
ry
1o,
o,
EY
0
i

o= 2AEE 4R 1

a1

O A

K

-

- 529 gte PlpU BEES -0.1594 005410l & 307 SuHL ol gate] <1
4-27>0] LFER

- A5 Abol= AAE(5=0", §,=30° )% HuA 4F ¢ (upstream pressure)
7 35 98 (downstream pressure)Q] 2Fo]E 93lA] 7| wlF o] 2L3l= FA A
3H(form drag)S 7FAaAF

- 158 sHEAke sl Age 34 A% Agow s AAH Feol Gad

(a) Without side skirt

= U

PY% .45 -0.09 0.04 0.02

<" 4-27> AO|= AFHE 0|EZ 158 3= Ate| AHER
22 o) 2 AN AOIE AHES FED 15

st=Ate| SHtR £ 22 E(b)H|
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H

3. 40ft SER Aoj= AAEC g HH 3 B

- SMF#4] 432 5 Afo]l= A7 ES] Zhkrh oF 6=30°U ] Ha s dojud
T = AR YER, ol we flap angleo] ©F 30°91 Abel= AAE A
A4

(a) _

s
\
\
\w
N~..

Surrogate model in xy-plane at N=6

0925
20
~N
P
K]
2
092
10
: 915
% 5 10 15 2 2 30 35 40 45 50

<& 4-28> 40ft =t S| =
AFE ZtTof ofst 2AlT(a) 2F 40ft St=Xte|
SMF z[XMst 24 ZI}pb)

=
N
<
—
ot
it
R
=2
(oF)
2
(-]
>
©
[
>
)
[m
il
o
By
o
o
o
1o
Jo
offl
o
iy,
_V_l‘

- <™ 4-20>5 B 40ft FERF] AlolE AAEES e AL = 9 oup
#A FgolA Feurel= Qe 22 oo ok FTxR A Fe] AA HAE

e 4
- 15E SEASE AR A, AolE AAE RHoR R fEutele] AoE
A o] Bage st
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(a) Without side skirt (b) With side skirt

. T
2 I

> .0.20 0.12 043 0.75
<32l 4-29> AIO|E AHE O|F = 40ft stE A2
R T x(a) °F X AlO|E AFEE FES 40ft M2 X2
QbF L Z=(b)H|

O Alel= 2AEE FA3F 40ft 3HEAS YA

rr

FEe sube P2l BE @

- B39 g™ P/pU2 EEE 015904 0054019 & 3071 TS o] &3] <19
4-30>0 FERY

- HAsLE(6=30") Alol= ~2AEE S8t 9 4F e (upstream pressure) ¥ 3F
= (downstream pressure)2] =FolE stAl7|H nlF o] &3t A A (form
drag)S #a AlF

- 40ft stEAFe] SubFdll #gsh= A Ao Aom As AA AL o] 7Had

- 15% 3238} FASHA, Alol= AAEZ) 40ft 3= Ak B9 AF 4 Y
sk tE el Aols &siA A

(a) Without side skirt (b) With side skirt

L
PU

-0.11 -0.08 -0.05 -0.02

<O 4-30> AlO|E AZ{E O|FZF 40ft et=Ate| SH F2
&A@ ¥ FAH AtOlE AFEE ZHESE 40ft EHE A



Drag force

T7NAES Fol7] Y3 HIMEAES AR g2 VE AFAE gFoE FTES
107 55m/s Aol WstAlA 7FAA ZA ) 7l A= FEHAFChE S-S 23
<9 4-31>

15& Ego Ztalix]&= & o] Aol vl st St

of HO Zxo] FUEH we &%
3 dHAS(Cpe 07122 EZE Ao U 7129 aF AnsS3 F dx 8
oA 71 FEAF(Cp)= 3t #Zol F9+H

Dragforce

Upy=25m/s (=90km/h) ©]/e] F& oA F&dd dagle]l A 443 &4
TS JHEES Fgel. B Ao sdsleE dolsmZF(Reynolds number)#t
1.1-63 X 10°Z A dols=4 (C10°) Buk AA olrnth wWE FHoMes &Y
T7F WA &

250 e
200 w 0.9 4
=
2 1
o
0 & 084 .\'_"\O—Q—Q—Q_H—-o
o
[=] 4
&l
100 e 0.7 -
X | Re=3.0x 10,
S0 06 - Cp,=0.712
0 T T T T T T T T ] 0.5 -+ T T T T 1
5 15 25 35 45 55 5 15 25 35 45 55
Velocity (m/s) Velocity (m/s)

<O 4-31> 50| W 158 ==X oMol ST (E) X

1
el 52 Ha

—_

% (standard side skirt) ¥ &% (angled flap) Alol= 2AE 3 v

T Eg R <t} (safety bar)E AAT F, Alo]= AAEE 23
ek FE AT WstE <17 4-32>¢ e

F5G Alol= 2B 20em)e] B, dA @ bR 29 e B
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)
=2
=
:oL_',
ot
1
)
i
N
)
o
0
2
it
2
it

>
hl
[m
lo,
NI
o
N
o
=
—_
ol
(@)
8
N
N,
ar,
ol
o,
o
o

Cy Reduction (%)
Q b [S] w 5 w
]
|
[ ]
[
|
]

5 3 SN SN Gl Y N ™ SN o
IO AR N A K
DT D3 &7 7 B >R o SRR

: N g & & T W
SR & &0 & LS CRC S !
o &

MR LR LA AN QX

SMF #H23} BA A3yl alol= A7 Ee] zes) 6,230, 6,-10°¢1 Ao A Ha 3
g8 A 4 9AW 15E BEA9 B3, A0 2950l A AN At =
Aoz A gate] AW Alo]= ~AES ARE 52 % DRHAS

oo el Atol= ~AE Sd7te] 7R (8)7F o 20°730°F- 2ol Al HAH el g 3
22 AL 5 AL

O Flap¥ side skirt (0,30) 23}

- SMF A3} &4 A3s 48319 flapd side skirt?] EUZH616.)2 (03002 &
/3 A9 FqEAF(Cp)rte] 0.658%, 7] mdo Hla] 6.1% A2 AS <19
4-33>

-olel@ Ant 5970 ft EFF Aol AAE (S0°0°0°)¢) 459 s
of FEAG izt 2 A% FHANSS vhehy

- ol|d gHUa aE A Bl Brolo] T4 A4EE SFE oAt
Aol= ~AES B oA AR g Aolo] s)ad FHE GFom
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2 49 (low pressure zone)oll A e ¢S =ol7] fF e dgkow FnjiR
obel %ol ~xdel Welel LIADE F7h ¥3atgl e

- A TR ofg R ~xde] FHE 92 4% =389 LIAD (Lower Inclined
Air Deflector) S F7}2 F23to] 24 8l 52 G H oz Aojdle] THE 9

Se e wolud 3

[

- LIAD®] ol HEHY] Aol 1/2 o, s&Exte] AW o|F= 7=
30760°= 4743
(c)

(a) (b)

<Oz 7-5> EE HY ZE g)7|& 2 b)Gap repair?t FIIE EE
H 2, c) LIAD(ower Inclined Air Deflectorn)7t F7t=l EE H A

- & 9 el 94e A BAste] RE A B A8e9g 71E
dz2e #39s RE gHAd HlE A4 T 2o gyHow Aoldtd] A
g Zolm FHPAIHS Folu @

- E‘a %%% “ﬂ'%-]'%‘ HE Eﬂc‘?z] HE Eﬂo] [e) ?H]B’]— ﬂ_mx]_”
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- Yaw angleo] S7bebol wheh Aol b= @Hgre] Srbstw, LIAD7E S7hd HE
Hds gAd 25 H2EZ Yaw angle  99olM @=Hke] =owm <Ld
7-7>

- HE HA FAA sb=a FrRelA e fewtErh 23, wseluA Sl gha
skl R AT7E F

- 59| yaw angleo] O=-7°Z4, 143%°] & AFaI}E B

- ol AyAaE Fell LIADZE 7 REHAS AR S0 WA, Ao
AvE A FIANE 7 A

O Yaw anglecl] & Z3(Fy3 43 SHAF(C)e] M3k <8 7-8>

- Yaw angleo] AR wel, =FS& 9= zpefo] g A o] Holu}, olo wgl xpA 9
e = FYo] S7kg

- 3% FEASE AP yaw angle A A 20% o] EFote 29 E HS
t}. £3], yaw angle ®=-7°F oA 187%2 =% A7a¥= w9 ol# 3 A=
B oA Ay 7E BEEFC 12%E 23 A= R
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(a) Drag force (b) Drag Coefficient
100.4 - 16 T

90.4

. ~14
— 804 ()ﬂ
Z 704 = e
S os k5
& 504 lé 1
%" 404 §
a , 08
04 "~ Reference %P =8~ Reference
204 ) B s
104 =@= LIAD boat tail =8~ LIAD boat tail
0.4 | 04 ‘
15 10 ) s 10 1 1 10 = 0 5 10 135
Yaw angle (degree) Yaw angle (degree)
<2 7-7> Yaw angleoll w2 15& 3tZ X2k 225H= (a)8hd (FD)R (b)edAls (CD)e
B 5}
(a) Side force (b) Side force coefficient

120 045 -,

04

f0 -8~ Reference

10 - LIAD boat tail

Side force (N)

0.15
=@~ Reference

-80

== LIAD boat tail 0.05

-120 = 0 T T T T 1
-15 -10 5 0 5 10 15 -15 -10 -5 0 5 10 15

Yaw angle (degree) Yaw angle (degree)

<@l 7-8> Yaw angledl| 2 {58 3tEAIZF
By

- A 2Hrd B E H Y(Sinusiodal boat tail)®] A-$-, ©=0°°1 A
sto] g9 AzF adrt 4oy 87to] EAY AS Y A

A FANA BRA el vlske] FF AL} 20% oY AAHE &

- 27 9 & 3AS AA Ewuste] 339 gds VHAE HRE HAdS s
kol Aels AEAF(Cp)et (vaw angle) ©=7°04 =43 == A+ (Co)oll of
skl A <y 7-9>

2 5 £
ATE 464% NAANZIE Aoz Jed & 7€ #4398 HE gYd
1A A=} v 5ze) 3
g7 Hold Aoz Ve
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(a) Drag Coefficient

-o- Reference
~o- Normal boat tail
=== LIAD boat tail

=+ Sinusoidal boat tail

Drag coefficient (Cp)

(b) Side force coefficient

0.4

-e- Reference
== Normal boat tail
=+ LIAD boat tail

=+~ Sinusoidal boat tail

Side force coefficient(Cg)

8 12

4 6 10

Yaw angle (degree)

14

8 10 14

12

6

Yaw angle (degree)

<& 7-9> Yaw angled| 2 158 3= AtEo| Zel= (@A (CD) 2 h)E S
£ A 5(CS) ¥st
<E 7-1> MA ZeHYE HE HYS STINEAHT E BF FHAST A2 HlW
| 3715 2E g=E£H
AFQE (15 ton SHEXP) = ° = =
oA ZL2E  SHA=S A
18 27E &
(Cp) (ACy/Cp) (Cs) (AC4/Cy)
Reference 0.711 = 0.167 =
JEEEHE EEHY 0.680 436 % 0.156 6.7%
MY pHts 5 E HY 0.678 -4.64% 0.131 22.61%
[] Yaw angle(®) H 3o w& 40ft EFe Zdo FHEA £4
- Yaw angle©] S7}gtol| wgl xaFo] whi= - gho] Tr1stH, LIADYF F71d HE
HdS 42 45 H2ES yaw angle d @A FHgko] Fom <149
7-10>
- HE "< FFA FEA FulRdae fEutErt 25, 5oy A £l fa
sto] E A7 EoH
- 40ft EFdy mde 158 3tEx 2y H|sle] AR Eyde] Alold EA
3l 2 gap &1tel 71¢lsle] HE HLY 33H A7 vt A4 Jebg
- Yaw angle©] ®=7°Z A A, 63%2 &4 A7a3}sS B
- ol# 3 AFAE E& LIADZF #7189 REHYS 43 49 ZFo g3 2=
o] AnE ZA MAAZ F Y
O Yaw angled W& = (Fy 35 SH9A53(Cy) W3 <29 7-11>
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- Yaw angleo] ARl we}, SFS we o] WA o] Soju, old uwkep XA o
Qe Zee] F7h

- LIAD RE H< Z2A], BE HAdS F2sA &= 7]& 2ol vl 53o] 3t
233 HE ZYAFE 24 oy

- 8% S9A7s APe yaw angle d THA Fol=e BIE HYH 59,
yaw angle O=7°Z231A 134%°] SHAF AP EHE B, o83 da= & 3
Aol A 7E HaEAQ 12%E 29 G4 FAY

(a) Drag force (b) Drag Coefficient

140

—=@= Reference

=8= LIAD boat tail

0 5
Yaw angle (degree)

<32l 7-10> Yaw angleol =

40t Efdefof| =&

Drag coefficient(Cp)

=@~ Reference

=8- LIAD boat tail

£ 0 5
Yaw angle (degree)

H 5}

(a) Side force
120

Side force (N)

-8~ Reference
=8- LIAD boat tail

10 15

E 0 5

Yaw angle (degree)

(b) Side fm ce coefficnent

=

=@ Reference

=8 LIAD boat tail

0.15

Side force coefficient(C,)

¥ —

=1

<2 7-11> Yaw angleoll 2 40ft Ezf|efo| Z&35t= (@EH(FD) & h)E=
ZSHA (CS)e He
4. A& A= H7}
O zA4 " ¥ (displacement) * 3} %
- EXTACH jit: Vibration tachometerZ ©]-&3lo] 15% 3l&Ex 2o HE HY %
2k ol W xbeF ok W i (displacement) W3R 54
- Ae 27 &% 25m/s, yaw angle ®=0°, data acquisition time 300sec
- LIAD RE HY, AA 29y RE HAdS &3 Al Hit displacement ¥ 3}Fo] zh
ZF 11.1%, 26.7% 7423t displacement RMS(root-mean-sqaure) % 3}ao] z}z}t

- 167 -



8.9%, 37.5% a3t
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- FFT(fast fourier transform)< o83 A~HAEYH FA Ay A =2ty

ZA2A| e Falg: g oA amplitude’t A FAdS gl
5 B8, HE HYES FARFoEN sEAF st AEs A
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(a)"'"' — Reference

T — LIAD boat tail

E o —— Sinusoidal boat tail

E 0

g

» ”‘ "IM I h 'l,. W

£ Ao A

- I

2 1 Tifne-(g;) ; m o 3
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<@ 7-12> displacement H 3t2F

— Reference
— LIAD boat tail
— Sinusoidal boat tail
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O Awkzgal & x84 By
- FAe e H U A HFo|E= Navier-Stokes equations ©]-&3H, 2]& the
z5
ou;
ox; B
ou ou;u 9 9 ou ou
—L=— Py (—+ D)
ot ox; ox; 0 ox; ox;
O A uj=g 2
- #19] Navier-Stokes equations ZH @3t Zolt](large-eddy)= A AAkskar
22 AL of= ndd
- Filtered Navier-Stokes equation ( :ZE <14}
ou; —0
ox;
ou, duu; 5 8 ou, du, o7,
e R () -
ot ox; ox; 0, ox;  0x; ox;
O FxA 719
- Incompressible LES solver
- Unstructured solver
- Fully-implicit fractional method®l 7]¥Fsk AJZF A %
- Crank-Nicolson methodZ ©]-&3F A7} 2}&
- 2nd-order central differenceZ ©] &3+ &7+ x}&
- Dynamic Vreman global equlibrium subgrid-scale (SGS) model
O FA&f4 =9l
O x4 =l A
— Z9o] 344m, =°] 12m, & 24.4m 1 AA A7 SN FT& AE Z AL 73
— Local refinement®] WHoz 3FEAHF HFF Ax(grid) ZEE=E =Y. oF



13007160077 el dE zte= AR A4
O AAZxA X 4

- Inlet velocity: 90km/h (25m/s)

Outlet: local acceleration + convection = 0

Wall(F5 <49, st&E2F M) no-slip condition
- Kinematic viscosity = 1.568 x 10-5
CFL(F#Fd A133k4) = 50
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O <HE 7-2>3 2L A AFE AAE AN A2 A

# 72> 299 AR 4 A%

158 24 40ft =&

A i °F 15002t

12

1

(o]

002+

O #Z9] 344m, ¥=°] 12m, & 244m 2 AA A7 FA &Y T& AP L A +=3
- Local refinemente] ®¥H o2 3&Ex= B2

Wl usle] Ae Zhe Ax A

A (grid) 22=5 =9, °F 150071900

2. 16€ F}EAFY 3 I H7L

[] Yaw angle ©=10°¥ 9 15ton 3} =3}E Y= FF5FE4Y
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O LIAD XHE H<Y& HFZ3 158 gEAE AYvyes Fsod dF+x2 (4H
PlpU, =—0.19] SHHE o] &3l FT2E AlZs}h) &4

- LIAD HE H<Y & A, stEx9 FuF Zdox A= fEukE (flow
723}

separation)°l 7]
- LIAD ®RE HYES F&stA =HH

o &
(a) Without boat tal

U 0.20 0.12 043 0.75

<22 7-15> Yaw angle ®=10°=Z10llA 2 E H o|F=f
158 ik%?’tr—l bF T x(@ % =X LIAD EE HYUE

<o 158 stEAte tFF=(b) HlW

1
J

|'0
-|o

sl A

O LIAD RE & B3l
o U ] (turbulent

- LIAD RE HY
kinetic energy)7} #Z4ste] EAE S sol delA Agbel] wE W
s Aads 29 & 5 dE

- UREEBAUAT gast
Z I

=
of o7k MFo] Haes
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(b)

<32l 7-16> Yaw angle d=10°=Z0lM HE H o|F%t
158 stExtel HR23olHX(@) % LIAD EE HY=S
ZHEHSE 15E EHEAN Folo RS0 X|(b) Hl
3. 40ft AH oY E=e F3 AAFAH F7}
[] Yaw angle©] ®=10°Z A A 40ft JEX}S AUE F5E4
O LIAD RE HYS F&3 40ft =25 Aves 59 F+%

Al
ax

M

(a) Without boat tail (b) With boat tail

/%020 0.12 043 0.75

<3 7-17> Yaw angle0| ®=10°€ o, LIAD £ E
H Y oS 40ft 3t2xte] b =) 2 =& LIAD
HE HYS Z=ast 40ft stEXte| etFT=(b) Bl

- BE HI GH A, FEAe] gl g2y BAse ety 7)Rlste] 2
A el ehirz7t AA Fad
- LIAD RE HY Z2 A, 2& ot]e] 28R s SEouA &40 24 Zolm

O LIAD RE H<YS F23E 40ft =2t +9 F&o drsdydA
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£ o] 4 A (turbulent kinetic
energy)’b ZHaste] stEak 9 frEo] Aol wE Wstyh FopA A He g9l

EEI R )|
<%l 7-18> Yaw angle 10°Y wj LIAD 2 E H Y £z Mo
40ft StEXte| HR2s0dUHX|(a) & EE HY F2 Fo| 40ft
stE Ao R 230U X|(b) v
4. LIAD RE Hd & g &8 AeuHs &4
sELEREZ L EES
el FwHo] v FAAATEgY ddEs=He s A7 g 32 yErd
Hi 892 HE HdS A &2 A5 1.26 kNolA Alol= ~AE 3 &
1.17 kNO. & 73t
O =99 A3 3Zk(root-mean-square)= Alol= A~AE A= A 373.38 NojlA| Ao
~AE Az 3 30576 No.& 74
O slEAbol #gst= S Ao S 713 &Y W (Xg)o] BT A

- 173 -



2000

(a) | | | | | | | — Ref .

200 [

—— Boat tail

Time (s)
(b) (¢)
1.26 kN 37338 N
1. 30E+03 4.00E+02 LS
ISELNT
LA 1.17 kN 3.50E+02 305.76 N
| . 20E+03
LISES03 3.00E+02
L e 2.50E+02
1.OSE+03
|.OOE+03 2.00F+02
WO boat tail W boat tail W/O boat tail W boat tail
<33 7-19> Yaw angle ®=10°=ZdlM EE HIS Z= ™M T 40ft st=Atol
ZZst= 8o MS(a), HE HY HE M T 40t st=Xt0l| &8st £2Ho|

Yoixb)et A =dxic)el vl

A3, HEHLA g HH 3 dA

1. REH Y Zo| & Zx W e 3qd Ay 27

[m

- A SHE-frEe A4S Fol7] HEl, A Fu|Fo A FHRR e s f5S Al
ost7] ¢J8 ~¥dy ol t+x2E(bottom, ©]3F B2 X7])S Fuji olgZo]
b2 A Ay, 7|2 Bl HlE] dE AT 81%7HA] FolEE a9E AU
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C, Reduction (%)
N w B w (3] ~l oo (Ve ]

1
Ll =
L S S @ S
%q
W= 55° 8s° 90°
* L type: Az} 715 110cm, S type: fé‘i]— 7} = 90em G = Gap repair, B = Bottom

<d8 7-20> 2E H Lo & Mz &1 HlW

O &Y A5 FHfo o] Azt oloj A, xpiFo] Fa gl wel SHE fE

Fo], ke otd o9 (Jow pressure zone)o] AW, o] ot
= fros BEd FHE FSAA AA
=

S = olo
oée‘l‘»/lu

O LIAD deflector7} aF5 vlg iz} o] F= 7|2 Z%)7) 45°d ], H U FHASFE
8.92% AZA7I= &7}t YERE

(a) (b) 10

N 4" 6

<38 7-21> LIAD &=xl2| 7|2e =7t g0 ojxl= 21t



O 40ft Edld# e ZHolHe o] WFoR o] ME FH AAste 4971 B
of 2 o= AE ¢ == diFEe] 4% AW corrugated surface®z -4 = o]

o] o
DA

O Corrugated surfaceE 7} ZAH oYU E 7Sl 40ft AE| oY 2o A corragated
¥Ho] ko] Fe EAd nze= I EMS ¢ corrugated S FE3E 40ft
container x}=Fol dojx HE HYY IHA4A 3E vl #2413

50° \

38rd riblet for 1/8 scale down model

<agl 7-22> corrugated M-S JHEl 1/8 scale?l 40ft container st=Xt2F 2 &

(

O Corrugated %o AHo]H7} BE H Ao &AL gato] nA=

R

3 S|

=]
RN |

[0}
o
1%

- Casel : ¥Wo] corrugated® Z1Hl°]Y . Case2: 1M 7}+A] corrugated ¥ Z1H oY

3], Z”olu e $IW7FA] corrugated EHOE2 FAE A $-(Case2), AH oY 4

= Fr L
F o bo =

Drag Reduction{%)

[
ta

Smooth surface Case 1 Case 2

<33 7-23> 40ft Et=Xte| container?l corrugated
EMHo| 2 EE H Yol X olx=

i

-

ol
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O HE HUS e =3 79 A4 25S ##Esta ol B8 &9 A7gaze
AdEE SEIzE AIHozw woldry] Y A FTuFo ITE O HGES

O PIV system 742 o] 283 2
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- Two-frame cross—-correlation PIV algorithmZ o] &3le] &3S =&3F

- 7hl gt =EA17HE 0.1ms

- Interrogation window=7]+ 64x64 pixelo]™ 50% over-lapping 3}%1 <
O dA% T& 2AU=10m/s)oll A g 43

- F% el Ak dHelEx Fe(Re = 1.8x107)%
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O
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o
e
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Wind tunnel test section

U=133m% |0, 7m 1/15 scale-down model

Ston st=AF 2 H PIV A& EX|
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H8%. Gap fairingS S8 28 HHM M J|%

A14. Gap fairing®] =
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1. =7 @7/0EAE &%

O &Al, T2719H T AADAFAA Al 271 FAFAT7F 2183w &
<E 8-1> S7|ME M&I|= A AF
£ 9 At g ahA| H T
n DJ|HEIM EMS st = MslE
. L | =msplol te gag x|l 5/UNH S8 mHE AHAE
o MetAzZ S| = Do HEASE 2H= Ar Spoil air spoiler 7H &
7| 7N SoAEATS = AT SPOIRTL, Sime axjz olgst A2l ar
7N .
spoiler 7 &

s =24 3 i k=3
qalst = oio?—l x._‘I.té-all’ flapzt T% | of
~n 7| = (synthetic jet, wake blowing) 7H

x| A TESAAH L= sy 2 317 0f 7| 2 ar
%’X‘"—?— A._"g%ﬁ =S58 VTMS rSR=] -”O'I |E = ] o ~
ol » XM33H X2 AMM g@A AAH 2
B sga 71z g
2. ¥4 Vs 8 4 &
7o o=l Vs A%

- Fe ATES A 2 0, 229 ¥ AY AL A3l FANgoR 3
28I Qi =R 7 wS A, 7] QWY FAHY AT FEE ALFHA
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=9 I A AR AY] A d3] HAA S Vvt w ARA Ay EE

- o] EEY A Mo #st AFES FTHE KW, A9 diFEE 2d Ao}

+ GTS, GCM % Ahmed body ¥7< o]&3to] AAS Fast AL & F A&



373l

A

1 T

9]

_(H

EHE dolH 7]

7]

L ERE

47 gl

o
g

GCMS AEAARAR F+A 3,

=y
1Xro
—_
N
o
=n
1
it
1)
~
;OL
Fow
Zl ‘NL
=)
=
o 3
o2
S
L, A
;Ow_ -
o B
W o
o]
Tm R
-  No
o o
U
< Ik
< B
I
)
B
oW
n_mo
il
)
uloo
|

tel 497 HolE

N ZA}E

9]

-

==
[}

- Holy, HE HY, AAE, Agniy] #Ho]Y

alg

o
ﬂ_mo

Bo

)

ﬁo

3%k

)
=

A%

shl ot

—_—

o

o

ran
o
<

it

iod

olp
°

A
o

—_
fils)

_foo

o
il

R LR

. “Aerodynamics”= AAH

I Lo

A7

=
o

“Drag reduction”(527)3}

1
o

worow,

iAoz 71%
“Resistance reduction”(5A)o. 2 1 F

=il

Gl

—

0

i+

I
oK

]

Bl Al o] dAA

olp
0%

™

—
o

Mo

- =iel A9 2000 o]

A7+

oh7h 2006 o]

@)
-

Ze g2 AxA P

- wee
2 ggen 4

|

O =9 A4 FA=

s
J)

Bl
ol

T

o

By ool A AT Y

Od 7]zkel 200158 2010

o oglon elw 2001 H-E 2010 Alol

—

&}

T2 F7A

o, 2000 ] ©]

KeN
=]

HanAe A7 %

- 1980t o] M H-H

A5 FAGL )

U
pry
R
~
U

g AAaG22)7F 7HE Aol

5}

- 184 -



A A7 A E Ao, =9

o el =8 A4e Aolw mel we| AT Furh o

-
T

A7Vol oleh ThE Al F el A

ki3

o

HantA e A7 3

O 2001 H-E

)

w7

2000

K
NR

3. e #A T F

s
=

Jt.

ol
e
&

= ol 21740%

N

2l

ol

=K

7] (embryonic)

1o

O =ul 7less % 7

2015 ol F-ollu 75

e
T

a4

7tEY V)=

3

=

=
1o

0H

o o
&  of B
=) N 2
e a
5 =
DN
ol
i
2
o
©
o
= < = ok
© nl0 X )
M <0 u
K ol o)
| 2 2
" (@] Al
ol © r ..
=2 0 =
NN — <
-~ (@]
N k= KIr
&) =
] o
] o .
2 all %0 il
=) <N
5 ®
2
IN
r —
T 2
S
R o
S £
PR
S ol =
w
ik
R T S
o o= an ow BT
5 nH T 5m
T S =
ﬂ m.x _n_._|

g
IH

KK

W o% volg

%
80 oh

0

g 71ee Hirls
- vl=e] JETlEe] A WERd

9|

O AAAX =

il

B A A

=]
T

Ae

TR
o

"

n g

atl7] o

5 A=Ak

!

Wste] weh =

=
T

el A ArE AbEZE A flev, SAIAR]L A

2~ 0
=

A 7]

@)

B

1l

ok

¢+

o

-

il
<R
o

N

il
—_

B

5

ofpy

A
R

=
A

J)J
AL

0
i

,o]

w

B AT Ao Aae] wpe we

ke
T

O dd7<=

TH
)
)

w

- 185 -



A2A. NAHZA 2 Ags A
1. U Al 2 A& XA}

7L =71Y 5%

Aol wE=He 263 1,0669 H(12d 4

=X
=2
i
12
rlo
~
(@))
g
(0/¢)
12
d(_;{
jules

I el FAE el 247t 11.08%, 1.87% <

(THe| @ sk 2 %)
T = = L H 2l 5l 2 =X ol ) A o
20114 19,005,693 4,902,614 23,908,306 703,185
20124 21,112,335 4,994,240 26,106,575 767,840
MAd] Z7H2(%) 11.08 1.87° 9.19 9.19
= 1) HASEXHQIO S2AIY HEHS 2 28|20 EQE HAEXHCIO 282 S50
ANBIAS
I¢OoLt, &

gel0lAM 2012 46.2% €2 11.1% SIto
tet ot JIE SItES2 1.87% S0l 13

g els gy, e=2usSdHE, 2013.10, p.96

o]

4o F THY T 1886H ¢

O BRWE FRA 10009 U 0¥ 57 FEFRFAZANY F 3 19 F 6,754
9o AFS BEHT U
- ARG SRR AFRR)G AFHAY AFER)] 0 27 74%, 26%

5
=
- AbgdEE RIS W, 173 vWh ZpRFo] 419%% b Wi, 12% o) A"

(24.7%), Ed D7 40FT(14.2%)7} 1 t}go 7 we

- 186 -



o0

J._-
10

NEs
2013

o] ¥= Ed<de A% BCT 2=

013 H),

4

oI e

0l

40l 2

X
[=}

Nl wl|w|w0w|w ||| w0l
1 N B S e B = N IS N - I
L____5.9.1.6.0.6.7.7.27.m
I | o | ST~ |d|—|FIJ[SFIT|—|F
0| m < DO | O[O |
ol | N ™| | ™| -
1o ol — ~— | ©
o L0
H_._%92226M N
=2 N[~ | N[ ™~
— [ee) D
Flo T vl ovikl28/2 A
SN o ~ ™| & =<
H_._ = — NP Tm ||~ =
0

|-

IR

[m] —_—

e =
IH i wl|C|w|w =
|y | W - B
+ 5804Q=_._2._oeoe i

HlE|Rle|Y T

= wl | wl

Az G 2

=
T

i

U

(]
=

J

!

: ESEHS Edigele B 1112 MHESHH 128 014 1=

2
- A

=
ES
=2
=

P

A

ojn

o

}

(9

7}

=

[¢)

[e)

Y=

Skl

}_

S

7}

[}

=

3.5km/ ¢ o] = ZAddiH] 0.2km/ ¢

1
-

355.7kmo] il

-

I H]

e

-

A

449km/h=2 23 iH] 1.0km/h

1

O

|

CRERRLS
b Aol 2 s AHE A

230 % AdoiH 0.1+

t
o

i

o

R

miat

o

|

- A"y A, NEEH Y e Au|7b 242 33km/ 4, 31km/ 4 E MY @Ee

]

o

g

o
=2

&

BCT A+ (49.4km/h)3} 7 elo] A} F(48.8km/h)e] 7}

- 187 -



4

: km/ ¢, km/h)

(et

L R B e =
Sl | QY
._.u__.o < | <
o
ol
T | ol — | 2 X
w | N[ | Q|8
o
N
750
© | 0| | W
Moo | 5|5
m
o
AN
_._._2323
mo
5lslg 2l
| | P |
N
CEEARIE-
H3344
o
H Y282
3 R|IK |~ | S
H
ar
M| = w0
OH
| 3 rE
0
ol

ol

%
s

2 3/420] Dl

HEHH, 2013, p.76

o
=

3 20ft Ed D] H)

27t 90795% & AHA| S

Q)
=

40ft E 9|

-
-

O =l &3 9 Eddy

06 i\ ‘209 7kA] o] Aks}

)=

3z
=

A TESCO(F

betel

S

O = v+t= 71} T

<
™

;.AD

o

e
hin

N

"
]

ﬁo
e
o
o

o
pilg

ﬁo
B
A

A

X

A 50

1

Gl

&4 (COy)

o, PB(AHAL

) 8

hyA
fn Y

T
e

0

5

=H
!
el
)

T
o
vze]

ﬁo
)

¢} MOU(¥

&

B

‘09

O o]9]

ted ofef zpele)

5|

i

ojn
oR

El

—~
o

3

¢
el
Njo
ol

!

N

| (engine control unit,

&=

Eco-drive system

TESCO+=

O

il

—_
fite)

BAGORA o 25 the]

RN

il
i)
%
010
<l
of

=
!

&l

K

A~ %

7F

el

dEEDIEE:

ojn

R

.
el
o
]

iod

- 188 -



$ F=o2A DPWNE 7609 $, UPS9] 22x$ G0l vl A4

- aEFIY

H

N

- 2008 7]

2001 1,343 9k Zofl A 20091 1,498 vF

o

R

TAZGA Y THIAAEFAHEE
7hF

1

o
pal

Eo 7 1.37%9 F7HA

A dz dA stEA F 2919 %7t

1157

ok
=4

=2
[¢)

8-6> 7| A

<i

A4

}7] 0l &=

A

Uk

N

)

ai

—_—

}_

3}

HO

G 7

@)

o

=
[6)

Egdeel g0l 7t

=i
=

st

S
i3
=

9 olue 5E o4k 4
of ZA grhglel AuAAe] 7ol

HH
e

=
o

e 2 2}

S

R

Z27F Ho] AEFS Tl o # ol

A A

b

ki3

A o] A

Pl

il
o

- N

A A A

=]

r

i
i

o

NF

4]

(o)}
H

A)e]

E’_]_—

Tdskal a17H620 RHET830

Cigd i ks
O 24 T4 R&D A+ AHFxAE &8 A1E3F ©]

of B3st7] <l

¢l R&D7}5

74

o2 F

7l (SAEJ1321)

- 189 -



2]

AL
00

e
N
NJo
N

!

file)
o
]

B
Njo

—_—

0
~H

o
_,AO
)

Gyl

—_
file)

=t

N
e
!
o

H

S FANERE

O

Nlo

=K

NJo

=l oist

—_
o

=3
Bl

o

Jo
—
ﬂ.o
o

ol

A

2

o

Qg

IH 2E
2%

, 183 FUe] £=2 3A et

(e
%< Smartway FFEU 4 F7]A
| 3l

7

P
T

H
=

A %k
2 :=H

o

=
i

H
=

!

(EPA)°l A

A
x Z
2%

4

_]
Smartway

8

7}

D%
o

1
e

]

R

F 44
vE’_'

1)
174 ¢

S

- (Y]=)) Smartway Z 271

gap fairing

A34.
<3 8-7> Smartway Program@} d &

&

o

o
il

o

- 190 -



ojn

R

™

—~
fife)

=
B
—~

NI

Tor
B

Mo

zh

ol

o
it
Wy

mia
<

i

3} shRe 7w

2

7] A &

ar

o

HAEE o]

[}

.

3

3|
A

g
il

<0
T

Mo

=
A

o

Aol
- A

al
=

Al

}

°
pad

Sl 4

}

o
pal

-

s

=

o

- Gap fairing®] 3Ex E#dzie 7]

SIEEER

[9)

E

e
Aok Aol

S

fairing®] ¥ W3l W&
&S 7o s
of o

.
o
s

BK

~

=]
=

3}¥l Gap fairing=S 7

E
=

tef = 3=

S

- 191 -

F3 7bol= AA

IS

bol 745

IS



o
il

oK

<¥ 88 HE HY 7|

2E HY 7l MY

0f0
RI

oK

KO
pa

<

- Gap fairingdll &

I
=t
S

H

=2
al

- Gap fairing A A|

Klo

-

Klo

-

o
K
ﬂ
i

I

K0
8J

K

<

=M HE

=~
o
al
=<

ol

- T

OH

7|
- HIAEH =

cH &

-

N

a

0

M Ko

ol

<

=

ALH|

oK

Kl

- 192 -



oh
=]
X0

oK

HA @4 J|=

SH Al
(=]

[=E]
=

0=

8-9> Al

<i

7= 7HE

ol
=

=

T
il
e
!
™ 0
o Yo o
. OF o oK
o 100 E= &
X0 - oo — 2wl _A__|o
Ko o £ - TN
&) won - m_% o <& %
=z £_ 4z pH
za® 58 B, wID
g L gy K
HN<T %@%%@%mfﬂy
Lol o X R o, N <A
oD <A g .
w.=u_7n_ AEEM_|MO_“_%._M._MO77=§
S AR T R R B E R I I
Wm0 R zu 5 0F of 6l
Ny KN
n n -
ML
N ~
%
o=
A_.___._ m._A -
Rl o oK
> o
a M.__AUEUA_E
o <z
P2l ME@.AW
T w1 KKK
Wz ¥ R
~O
= ol o
ﬁ.._m__”mu_._m
Ny SF S
o gK g
He ok S
- | | n n n

ol
<
N o
N ~
0 R
N Sl
op 10
o zr <4 2
< ol 350 oY
o PRSI < <fu < S
_ N N~ NN
g R NN L
w =_8 ™ X"
A¢i¢4m:fq R _
F__oxﬂl 0ok zn ©
HE W= Dok, K
N3 _ K=K 2
1L X = =
_|h_ _ [} - T < K =
Wm0 S
D um® g ol os
wEl g Ko HE Gk
_ll_ M_._._ | | A_I | | M | |
E3
nH
0l
7o
r
KO
=N~
ol I )
RO ol 53
Pl
% F
ol
H__I K |r_u
— N
X m_:lc =
__o._
X
o N
2 i
5 ¢
T
g
O 10

- 193 -



2. 4% 584

<E 811> HE Y 7|% Jidel MUH 9T SE L HE APSE

X 2F
(==

S

bl

olE |+ BIINEES UAAZIT SATLA LE 5IE ¥I| 9IE stEAe
ol x| aH| X2 7| e

Ezefel EalYe Atole] Bzho| R
9% Fago TZE WA AHe

st= Ak 90km/h 2 Al
LRE 2% old Mas ¢l
S7IME Jls ML (s

1321 AIE 7] %)

- AME M U HEAE MY ASAIE Al
AZY 2M 2 MBS F8 [« £27|Y HAEHE MY 2 siso £ 29
- ATNIT U JIE BE JIE O F

(] 82X SA H2APE H2S A8t gap fairing Jls HE

O “dairg& ARS 93 gap fairing 71E"2 =2 Okn/h <3 A A5 22L&
2% ol AE g VENts ExE 9
- fAEARE AS 913 gap fairing 71E” NS fste] e AFEAT HREE

Gap fairing+= "= SAE J 1321 A @7]+ 2% dA54&E A7t

- 194 -



A 12 Gap fairing A7






MI9Zt. Gap fairingS S¢at 23 oHHM skAl J|= 74

A14. Gap fairing 2 A

1. Gap fairing 4 A A
[] SCANIA 40ft 3}&Ex 299 gap fairing 27

O =uellA 7Hg ol ®dsh= 40ft st=at & T shupl SCANIA 40ft 3t=24HE
- _

[e)
XA TS A2 T x}pefo] @ri= gap fairing A 2

- EdH ¥olE H, EdUdY 208 HE FH9Se 9, gap fairing®] 4%
solt= BB o] Hi BUsh AL, 1% wol sadee Bolal H,
S} USRS AAskel A%

- EdqEs 2d9e e kol AHH, - H)7F 24 97] W] =d A3 P35

= cab-roof fairing(CRF)¢] & ¥+ wjn| st
- vhgholl ogk Wy P uiEo] dojur| P

H~

W~ 2| A E gap fairing A 2

O Gap fairing?] =o] A= <29 9-1>3 &

) /h
— Hl HZ
:, A 4 A4
: 195
<32l 9-1> 40ft SCANIA =t=Xtoll £ ==l gap fairing x|

[] A TRAGO 40ft 3 &x} 299 gap fairing
O Tl 718 @o] Ldst= 40ft =2 =4 F sl Ao TRAGO 40ft 3h&

e A AFRdS A% gk & o]o] gk gap fairing A%}

- EdES EYdy 9 =o] AH(H, - Hp7F Adld o= a7 g, old 7]dst &
71 A &S A7 71 7] Y3 cab-roof fairing T-%7} EZ3E FEj] gap fairing A7)
2 A =t

- EdHe EolF H Ed

ddee] =olE H, cab-roof fairing®] #°]& H3= A9 &,
H, = H + H3 27 & sl

= gap fairing A4 <219 9-2>

- 197 -



<% 9-2> 40ft #cf TRAGO st=Atof| £ =M=l gap fairing &H&|

[] 40ft 3= 249 gap fairing Z°] € Z = A

O Gap fairing®] Zol¢} Zt=o] th3k A A= SCANIA ¥ TRAGO 40ft 3}&Ex nd

TEHo A%

i

O EdE e Eddy Ato] &xbol] 7]Qlste] BAs= FHES o= gap fairing 7=

]

1

E
=

o) whe Aste] EAl7l wASH 2= WA gap fairing®] Dolsh 7w

ol ® o
)
o

rx o (m

HEj ot Ef Ay Alo] &IHe] ZHolE Geolel at3l= i, gap fairing® Zo|G

A7Gy ~ 0.7Gy M= A=

- =AY T Alof gref e F3) hA Ao FEES mAA e WAl gap
fairing®] deflecting angle©& 0°, 5°= A2t (&2 3% A|gtoZ 1} deflecting
angle®= 5° 23 E7})

[

=)

Deflecting angle

Total gap length (Go)
- s

<2l 9-3> Gap fairingel Zo| & Ztz MA

- 198 -



A24. Gap fairing® &7193824d M35 R}

1. 5 2438< 58 =3 ¢ H7

O 19954 &+
%

O A8 (closed circuit) %= A A7]E= Eo] 6m, E 14m, 4do] 3'mY <19
2-5>

O A3 F(test section)®] Z7]& ¥°] 1.5m, & 1.8m, Z2°] 4.3m%Y

O HAZFE: bm/s, AT 75 m/s

PN
-
O WF7 % (turbulence intensity): 0.2%, Y% (flow uniformity)E 0.25% % %A

o 38 Aol AFH F5Y

<% 9-4> POSTECH ot2% &3 Al

oot
Sl
a0
o
=

- 199 -



0 75 1.70 | 420 A 2.90

L—

o
I

N\

-\\—- R M 7 N

i

& A& external balance

Ex2b 2pAld Adele 33 U“*EQ‘r 22 FES 5487 8l AAlA ZEske
%%t (wind load)& A EstA =4

=

S&ZEo] AMAxHE  external balancer E=U3AF-FATH(DLR)

Braunschweig #2404 #52F 38 =AH 802 A 23 7T-component balance$.

A9 X=#500N, Mx=+500Nm, Y=+1000N, My=+600Nm, Z=+4000N

O &35t 0.0IN o]s}

xternal balance ©}#]oll turn table2 A x]&}lo] Ao =Fo] EHo]& 7 $-of thah
s AYE Vs <29 2-6>

- 200 -



I+
5

Hio

L

Side view
Top view

+15°

Upstream velocity
-15°

s

oo

Hges

[e)

=

st=2F 2 4(SCANIA, TRAGO)

O =l A 71 #el

049 =4

Ton

el

247

}(form drag),

<]

& AR

3]

ke

sz 2k A

o

Tor
B

N
Ho

O £ Ao A+= gap fairing?]

A

.ﬂo

A

H]&)o] 8% o©]

T
-

W

]_

S

b

A

2-1>0] e}

dAd] TRAGO®F SCANIA®] 40ft sh&E=ke] <] 3

- 201 -

o] =
PR T
S
—1

=

= o

o

il

(blockage ratio, =% w4

=
=

S R 2
O sEate A Py



<E O-1> Ad iy =st=2x 22 2 A
A a2 3
A 40ft Scania G440 40ft o Trago Xcient
AA A7) (m) 18(L) x 2.5(B) x 4(H) 15(L) x 2.6(B) x 4.2(H)
AL “ o
253 1/8
23 scale s =3 1/8
© PV A 117
= sl =3 329
Ag B =y 5.78% — 032
(Blockage ratio) = ’ PIV Al 8.52%
. 2 B4
(] 40ft 3tEx 2o FHEA
O 37IA&S &ol7] 9% FrHdAEs FReA FS 7 AAE dder T5&
107 30m/s FHolA WA AZIH ZpAol] Zhei A= & 7] A (drag)#ks S8 3k,
FEAF(Cp) #e =Foto] <9 2-7>0 e
- 24 As, 49 2de] AdAE FHe Fhol Frhgel mek Fe) Al
gsto] S7HgHS gl
- FYAF(Cp)E 07767 06862 EHE A9 FAE Fadol tha) 7]Eol AT 2
=3 2 AR g
- Bm/s o149 F& 2ANNE Fo Fuglol A A4 FAAF @ A
S ol 25m/s A9 #olE= F(Reynolds number) #+& 9.1 x 10%°0]w, o] H t}
2 dolsz= & 2ddAe FEAFTE A9 WekA &5 Re = 9.1 x 10°°] 47
dolz= & ¢ F A+
80 10
~ -=-SCANIA
- o W —+TRAGO
Z -
8 -§ Ll s SpaeeeeASs e S W ——mm———a -
= 2
< %‘ L T o e e —y
=3 S
& o
a %}J 0.6
St
0 R s
10 12 14 16 18 20 22 24 26 28 30 3E+0S  SE+05  7.EH05  9E+05  LE+06
Velocity (m/s) Reynolds number (Re)
<38 9-7> &M sto W& F 40ft 2=XHSCANIA, TRAGO) 22 o &= (FD) &
AT (CD)atE2l Hat

- 202 -



[] SCANIA 40ft 8&x 22| & gap fairing &7

- Re =9.1 x 10% yaw angle (®)=0° ZZA|A SCANIA 40ft 3}&=}o] H-23F gap
fairing®] gap length 2 deflecting angle¥3}o]] w2 &A= 9 AdHAF AHE
M3l S shol <19 2-8>

- Deflecting angle 6=0° & wxt} 0=5° 4 uw], AAHoz dHAF AT 237} =

o

j=

- Deflecting angle ©=5°, gap length G/Go=05 & 4%
AW gap fairings F-2shA &2 7|2 Edo H] 3|

FAASCo)7t Axge 7
°F 18%9] FAAF A% &

He B
0.7 20
AQ = ‘;\ B =8 e:OO
“ A e S 18
- 0.68 =
g S 16
E 0.66 g 1
- = 4
3 T
S 5 12
gﬂ 0.64 % - 5 "
F = 10
a =
0.62 8
0.45 0.5 0.55 0.6 0.65 0.7 0.45 03 0.55 0.6 0.65 0.7
Gap length (G/Gg) Gap length (G/Gg)

<78 9-8> 40ft SCANIA E12% 2ol =5t gap fairing2l 2 0|9t ZtE i stof
e S $(CD)9F FMS MY &1

[1 TRAGO 40ft 3}=x Zdo| )3+ gap fairing &3

gap falrmg«] gap length ¥ deflecting angle® 3}o] w& 3z A5 2 ﬁc}e—:‘, A A
e WstE &l <9 2-9>

- Deflecting angle 6=0° & wjxt} 0=5° 4 w], AAHoz dHAAF A7 237} =
o

=

- Deflecting angle ©=5°, gap length G/G¢=0.6 ZANA, FHAF(Cp)7} ALz 7}
AW | gap fairingS F2HebA] e 7|2 mdo] uls] 165%2 FHAGF Azt gyt

g ne)
- Tty Ay 2 FAEAS MY e dEAF 3S Hol= deflecting angle
0=5°, gap length G/Go=0.6 =719 gap fairingS 23+ 7250 el =33t

12} Al & (proving ground)oll A1 TRAGO 40ft &4 %S 7| 1 S )
TSRS, ool wet o]Fo FYMAAY HIE FEiAls AF, FAEAAT
TRAGO 40ft 3}==F = do] st Ayvt v+

rr rulo ru>

- 203 -



0.7 18

Drag coefficient (Cp,)
(=}
A

Drag reduction (%)

0.64 i
8 & a 0-0
—— 6=5°
0.62 6
0 01 02 03 04 05 06 0.7 0 01 02 03 04 05 06 07
Gap length (G/Gg) Gap length (G/G,)

<& 9-9> 40ft TRAGO =t=Xtof| =kt gap fairingel Z 0|2t ZtzH# 5tof w2
A (CD)2F &A= M &1t

[ Extended aero cab fairing(EACF) &3

O Aero cab fairing(ACF) 2 extended aero cab fairing(EACF) A 7

- Aero cab fairing(ACF)> E# Y o] F2 5= cab-roof fairing?} gap fairing<
A Y FREE AARYY F4S A RS A

- ACFS] 33h9l 4 uhrhabael ve] 22 P48 wAbstel 4
E

O

- Gap extender? Zol(G)E EUE} Ed Ay Alo] &F3Fe] Aol(Gpel 60%= A
Al G Fo EAEH Zi} FA3H, deflecting angle> 0=5°%Z 7

- Extended aero cab fairing(EACF)= ACF$} gap extender =55 ##3 74
A7 FAE UERE

- 204 -



(2)

lH1

Deflecting angle

"
>

<% 9-10> (a) 40ft 2= A 2™ Af(cab) MFo| Z=s5t= aero cab fairing (ACF) £H,
(b) EE{2} Ealde] Ato| ZZtoll ZHEFSH= gap extender &4 (c) 40ft a2 Xtoll ACF
2 gap extenderE XE &St extended aero cab fairing (EACF)S Z&H=ksh & Al

D

[J ACF % EACFY 2%

- Re =9.1 x 10°, yaw angle (®) = 0° Z2HdoA ACF % EACFZ 40ft 3} &3 =4
< 2-11>e) BEela, dEAF ALES FA UL

- ACF #2 A, EdE HZ% ¥ ACFE Aoz XA 37 -r]:_ A A%
Tt 48 540 ACFE Ak @2 45-oF valste] @977} 11.1%
A3k

- HY 335 HQ 7|F gap fairing (deflecting angle © = 5°, gap length G/Go =
060 F23 mdo] e 165%° FHAFT A 2945 HAs. vHHdd, EACFE
FAe A9 177%9 FEAT Az 29E Bide 5, 12% F7HAQ AT
A EHRE 95 F ds <a¥ 2-12>
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19
17.7%

17 16.5%

13

11.1%
11

Drag reduction (%)

o

ACF Gap falrmg EACF

HAl+ M

—

kol

<dg 9-12> 2 FE =0

lm
=
o
o

&34

=
Kl

O slExk= 2A @A vls] dol7l do] SHA o] Yo 539 d&FS aA ¢
%o 71213 2% (flow-induced vibration)o] WAsle] F3Y <A A]o] FAE 4
o] o
=]

O slExfd FFo] Bojoe H5E HAeHY] 98l & viedo] AA % turn tables
o] 83} yaw angle(®)S 0°7 15° Alol& WA 7|HA o] A= THEA W
3= 43

O 52 dA ¥eols= <(Reynolds number) ¥4 Y+ 25m/s (=90km/h)= 114
Al713L 33 WEE A% dlo|HE B A st Has AFES

A o] gk
Fp=F, Xcos(@ﬁ)-ﬁ-Fy Sm(@ﬁ)
F
Cp=——"
1 o
2pVA
Fg=F, Xcos(épﬁﬂ-F XSIH(@M)
G = 1|F5|
1 o
2pVA

[] Yaw angle (@) W3} W& 40ft 3 &2 2do FHEA 4

Lo

O Yaw angle Wato]l @e FHAS(Co)st FAAS AEe] W3
=)

- Yaw angle W3} 2 &do] AL &9 gap fairingS H) A5 A 29 Jehgs=
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deflecting angle ©6=5° gap length G/Gy =06 1S % &3 nd9]

- Yaw angle ®W3lo] wE AHAF(Cp)el Wstel dHAF AE WHIE YE

<y 2-13>

Yaw angleo] S7&el wel 7|2 sEA AAIZF B d=EAS gkl F7hshH,
gap fairingS %23k
FHEA G kol ZA 7
Yaw angle d gFollA ¢ 20-30%° FHAGT A7 3E Holw, 53] yaw
angle ® =5° Z 7oA 34%9] 33 A7 a3E w9

i1

Gap fairing 4% A, 2 ARolA wAsts FE5ue Bu ohe =dEe &
dede] Abol gap FrrolA el fA Aol gaste] FAFI AA FoAR
ol @ ATANE

O~ o
AAL 4 A&

F3al 40ft k= Aboll gap fairing 2 Al, A Av|E AA T

0.9 40
— -#-Reference 3
tFas . QN
oy —4— (5ap tainng P P P a E—f
= B g 30
@ 0.7 = —
'5 | E _
& =P
w 0.6 "s
S 2 20
o8 .5 g
E w15 ——Drag reduction
a =

0.4 10

3 6 9 12 15 0 3 6 9 12 15
Yaw angle (°) Yaw angle (°)

<& 9-13> Yaw angledl 2 40ft TRAGO =t=Ate| &= H4=(CD) & &= Mzt g1 #H3)

e
- Yaw angle © ®slo] & F SHAT I3 SEAT ALES YEY <1
2-14>
- Yaw angleo] AR we} S-S B A xH ™o sojubal o]of mel xHA|
of del+= FE% 73
- Yaw angle ® =1° ZZA 3

A ¢7F 135% Eo=+
2ok © el 4o AF B 3

A 5% 5 AA =3 &4

FH o{u
Jm«
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Side force coefficient (Cyg)

0.4

[y
th

--=--Reference

——Side force reduction

[
=]

03 —&— Gap fairing

0.2

Side force reduction (%0)

0.1
10
0.0 15
0 3 6 9 12 15 0 3 6 9 2 15
Yaw angle (°) Yaw angle (°)
<& 9-14> Yaw angleoll w2 40ft TRAGO a4 REo| & E ZHA(CS) & ZHA
ySFagemnly
2. REIIME MEe S8 BU|ASY M5 B

- 19894 F=Fg & 91l g ol xxdE Y olgd FE A (closed
=) i 0

circuit) © 2 A& H(test section)e] Z7]= ¥=o] 0.6m, & 0.72m, Z°] 6.75m% <L
g 2-15>

- AW EESS 40 m/s ©)W, W F 7 = (turbulence intensity)s 0.08% % 54 F9 F
& A A3 FE5d

CESCRIPTRN OF FACILITY : CLOSER CYRCULT TYTE
TEST-SECTION S0.7IW x 064 X675 im)
TYPE OF DRIVE SYSTEM Axial =TFan, 20w
1 dlmsA

MAX. VELOCITY
TURBULENCE INTERSITY *LESS THAN 045 PERCENT

=2 MNEF 2 53
(] 40t StEAF 2d 59 5 7HA13 44
O Gap fairing & A5 A dHF F9 258 #&Esa o]& T3l dy A7t
g3FL HHE GEILXE gotstr] 98] PIV(Particle Image

= i
g3to] A AWFE 9 f& Fx2E 24T
O PIV =4 system9 TAL &3 28 <19 2-16>

- 120mJ] Nd:YAG dolA, 4Kx3K CCD 7t [ EA], 57178 =] (delay
generator) 5O 2 TAE PIV A]~do] ALgH
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3

CREREA)

- 1mm "'IZ"”‘HQ’] ] X1 T‘é hul (hght sheet) & T%/\]@ %tﬂg = EH 40ft ﬂ’%i}- =1

rr
o
to

A (A A7 1-3m)

tlo

- FQAR

- Two—frame cross—correlation PIV algorithmZ o] &3l A dWF F9 329
S ARE F4E

- Zhil g} =& A7 0.1ms

- Interrogation window ZL7|+ 64x64 pixele]™ 50% overlapping 3} <

O dA% & =4 (v, =15m/s)lA 2 3

~

- FE 230 ASEks wolu= £ Re <18 x 107 9
O Gap fairing 7% fr/%-ol wE 40ft sHexk AWF F9 52 AFH o= 7HA5)
Nd:YAG Laser

CCD camera

J]

. . Delay generator Computer
Wind tunnel test section P pi g P

Tractor-trailer model

2 PIV A& set-up?
R ELE IR
O 40ft TRAGO 3t&xt 2o zrg3h= 37 A%
S0t BB Y AuReld wAsE TATE F2 EdE duis s

Egde Alo] gap &itollA A

>
—~

- EdE Aueld AR £5 velw dd 37143 24

[

- EdH EYAY Ate] FHAA A= A3 o 9 (recirculation region)el 7]
A gt A2 gy WA

=

-

O Gap fairing &2 5o wE 40ft 3}&E=F 3 £5=% vl (z-plane, z=2.0)

- Gap fairing &2 A, EdE S} Efde] Abolo] gap & itollA H=rb FA 8] w2
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A4 oA (low-velocity region)°] A%
- Gap fairing®] gap WH2 FUHE WE F&5& Adgo=z i EFAdee dHE
of &3t &% H(momentum)S A FAAZ
- Eddy Al g&te e Y das dEHAF AR a2 JEd
- Gap fairing &2 Al, st=2 SAF NN FedgE AF 5F =4 (momentum
4 Eeig

deficit) == & A 3}

026 052 078 104 13

co
1]
(a) W/O gap fairing (b) W/ gap fairing
0.52 : 0.52 =
Tractor
0.84 (.84
o]
B
116 116
148 4] _ TI‘al.[Bl]' =— 148 .
-0.85 -0.53 -0.21 .13 0.45 _0.85 -0.53 i) | 0.13 0.45
<19 9-17> 40ft st=4F 2] EHE Y EY U] Ato] F3Hgap)ol FAH
589 £x% vlul. (a) gap fairing 7|%%, (b) gap fairing F2F

O Gap fairing &2 F5Fd w2 40ft st==x FW o F(vorticity) ¥Hl 2l (z-plane,

2=2.0)
- Gap fairing &2+ A, EYE e Ed Ly Aol 9

2%

- Gap fairing 2 2], 3}&=

of wel gtEak SR

>

o

o -
ot
oX,
=2
N
[
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w, .

-0.067 -0.033 0000 0033 0.087

(a) W/O gap fairing (b) W/ gap fairing

0.52

Tractor / J Tractor

L e R R N L e I T e B T PR e [ DT e R T T = i
-0.85 -0.53 -0.21 0.13 0.45 -0.85 -0.53 “021 0.13 0.45

<™ 9-18> 40ft 3H=x} 2de] EHE e Efde] Alo] & 7Hgap)d &
529 ¢F(vorticity) Bl 1L, (a) gap fairing 7|5, (b) gap fairing -

O Gap fairing #2# 5o wWE 40ft 3= FH dF ETAYX(TKE) H L
(z-plane, z=2.0)

- Gap fairing 42 A, EE sk Eede] Apo]e] F3helA
7b AAEA AT

L
o
=

&AM IA(TKE)

ey AR geldNe] dReEAUAE FaAA Eddele] FAs
A7)

]

]

- Gap fairing®] W52 FY45E f5S a9z Adsts WA, gap fairing 59
2 W 3

@ + vv)s2v: NN -m

.0.008 0.013 0,018 0.023 0.028 0.034 0,039

(a) W/O gap fairing (b) W/ gap fairing
0.52 L 0.52 .

Tractor Tractor

0.84 0.84

x/H

116 116

148 'I‘raller 148
N B D T | ™ T e ¥ T . R T | I (g
-0.85 -0.53 -0.21 01 0.45 085 053 021 0.13 045

<719 9-19> 40ft 3t&Ex} 2o EUE e Efde] Alo] F7Hgap)el dFAH
5o GF LEUX(TKE) ¥l (a) gap fairing "2k, (b) gap fairing

1=
7
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- fFAe 5 2 AF HEN = v 2 Navier-Stokes equatione ©] 8331
o
=

ou;

=0
ox;
ou ou;u 9 9 ou ou
L= P C(y(—+ D))
ot ox ox ox ox ox

O A uj7d 2
- 919 Navier-Stokes equations HHH3slo] Fot](large-eddy)+= A5 AAbstar,

Ao 2AL ouE muY

- Filtered Navier-Stokes equation ( :ZE <4h)

ou;

=0
ox;
ou; duu, Py ou; du, o7,
e R () -
ot o0x; ox; 0, ox;  0x; ox;

(T =uu,;— Ezu_j )
o FA&A 7
- Incompressible LES solver
- Unstructured solver
- Fully-implicit fractional method®ll 7]¥Fsk A|ZF A %

— Crank-Nicolson methodS ©] &3+ A7+ =}

ri

—

i

g

- Dynamic Vreman global equlibrium subgrid-scale (SGS) model

- 2nd-order central difference scheme ©] &3t &7t

[ A8 =
O A =rl 44
- Zo] 344m, %] 12

m
- Local refinement W o2 & F A (grid) 2EEE =<, oF 1300-1600
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[] Surrogate Management FrameworkS o] &3 33

Al

==

A )= =1

=

EN
=
K

THA =
HFH S Surrogate Management Framework(SMF)©]

ERY

FE) AE AR =AY vgo] YPsne
Wel g Taw, T dY FEE ol
2 g

"

A Hio|

SO TINIH T8

B =%

otL|2

oo

mk

HolHE

gHolE

<& 9-21> Surrogate Management Framework2|

ek
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[] 40ft 3} &2} Gap fairingd] tj3d HZ 3 £
O Gap fairing Zo] ¥ Zt= ZAo| tjsk SMF 23} 4 2}

- 40ft 3}E=}9] gap fairing Zo]& gap Zol7t T E FEAH HF HE 7bs
2 x4 (gap length) & A A

- Gap length7} °F 0.6, deflecting angle © = 5°¢] gap fairingol A & 2o 3=

A3e Aol ¥+ AL

(a) Deflecting angle 8

LT SRR

G

—

Go

L J

i
+*

Gapilength G/G l

Surrogate model in xy-plane at N=15

B~
5
4
59
=
1
[¥] i 3 = S A S
a o1 0.2 03 X 0.6 0.7
&4 {PollySurrogate mogfl in xy-plane at N=15
5.05
5 s
4.95
4859 0585 06 “os05 061

<% 9-22> (a) 40ft st=2Xxtoll ZH=FSH gap
fairing 2ot ztzof st ZAl = gl (p)
Surrogate Management Framework(SMF) %[ 5}
21}

o e 24
[ 40ft & F¥ F5F £4
O Gap fairing &2 §Fo W2 40ft 3=x FH =4 Hlaw (y-plane, y=0.0)
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- Gap fairing &2 A], EEHe} Edde] AWE =AMz F

27k A4

- Gap fairing &= A, EFde] Ao %

- Yy Aurst FEy, Ed9d9 %
Bato] shslAE HEel 7@ fz}a(form drag

s

™ TN e T

d

il \ b

<32l 9-23> Gap fairing2 F&tstX| 22 40ft st=Xte
HEZEHE Xues a2 Al 23 (y-2H,

y=0.0)

<12 9-24> Gap fairingg =
HaHHE XLt a2l AlZtg s 3 (-8 H,

y=0.0)

O Gap fairing &2 5o W& 40ft &= 90 £5=% v (y-plane, y=0.0)
- Gap fairing 2 A], EdEHe E AL Ale] FiHgap) Ao Asd FY

(recirculation region)©] =LAl &%

B
H
q

2l (momentum deficit)

ofr

F &

- EddY ARl feaele A% &

- ole 40ft HEAE AuE FE s3] SEA AL Fol 4

o]

ro,
ol

- 216 -



<2l 9-25> Gap fairings F=&HstX| &

2 40ft st= A9

=
HEEHES XLl 82 AlZtEF S22 (y-gH,
y=0.0)

/\

[= ]

2l 9-26> Gap fairinge F&+sH
7

EH*'*T*‘:'J% ALt= 7352 Al

y=0.0)

O Gap fairing &2 5o W2 40ft st==F ¥ =% vl (z-plane, z=2.0)

Ede et Ede Ate] FtelM Ak 99

- Gap fairingg YF-#sto] we}
(low-pressure region)©] FA ¥

- olo|u}g} gap fairing & A,

Edde AW

1
kY

N

%
ofo
p‘L
rir
2
o
o
A
B~
QL
2
ot
=

)
)
A
N
N
N
N

<3 9-27> Gap fairingg F=tstX| 22 40ft 2= Xt
e ol HZ2tHME KL= 732
(z-2dH, z=20)
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<% 9-28> Gap fairing= =S 40ft t=

ZEolY SHHEHS XLes 73S

O Gap fairing &2 5o mE 40ft stE2 T8

- Gap fairing %
velocity region)e] Al ®

- Gap fairing §2 Al, Edde] S EA oA

7} 2~ 3}

=2 &2 (momentum deficit)o] 743

=2 H 1l (z-plane, z=2.0)

O &L= oo

2 A, EYHS Efd Ale] FelAM AL fE dA(ow

BYSFE FEAL ADH ] &

<&l 9-30> Gap fairinge F&st 40ft st=Xte|

ZEolY SZHHEHE XH= 7S

(z-"9™ z=20)

O =% z7oA, gap fairing #FZ F5Fo we
y

- @ =0° 2 A%} HnLste] gap fairing FE
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Edge Aol Agete gel nok AA 44F
- Gap fairing 4% A, Edlde AuRol Agate de] WA Folm

- EdEY duye FAY, =249
=
|

Ex}o) 7 A= o

-LJ‘ - B S

I S S Y

<@ 9-31> Gap fairingg F=5HX| 22 40ft 2HEAt2|
HaEHE Xues a2 Al 3 (-2,

o O =

y=0.0)

N AL S r"//’/ /‘5..4

HEHHS ALbs RS AZET 22T (-HH,

—

- @ =0° A 2759 vustHE w, gap fairingo] FHHA &S F EE
B B2 A fEurg] vt Bo aA Ay

- Gap fairing &2t Al, EdEHe Edde] dHFE BAZ A B = fE5uke] 7t
A A

- Gap fairing &2 A, EHEH Efde] Alo] FFA 9 A3 A 9 (recirculation
region)®] & &

- Efdy FHEAAME fFEukg]d 7% &% &4 (momentum deficit)o] A

- ol 40ft stEAE AU 2% fFEdd 7|dste] stEAbel vhel A= F ™ol A

e ovig,
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<12l 9-33> Gap fairings F=&stX| &

HEZHHE XL SS9 AlZtH A

O = T o —

y=0.0)

/\

2l 9-34> Gap fairinge F&HsH
EH’Q%'%*E% AL 739 A8 H

y=0.0)

2 40ft =t= Ao

o S5 (-84,

O &% xANA, gap fairing F& 7o we

=10°, z=2.0)

- Gap fairing®] &= A &2 A, & 9

flow symmetry7} 717, o] 2 13 Edde] dAFe 2&st= oY

Edysl 2ol Aol

21t 49 (low pressure region)©] A%

- Gap fairing §-2HA],

- olell we} gap fairing & A, Ed A AwFel #Esks <f

2 A

<% 9-35> Gap fairingE F&5HX|
ZHolH SZHHHE XLe F359
(z-2H™, z=2.0)
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P_AVGLN: 100 089 -0.78 0,68 0.57 -0.45 0.95 -025 0.14 008 005 015 O

<&l 9-36> Gap fairingS F st 40ft st=Xte|
Zeold s2HHHE XL 739 AlZtg o 24T

(z-8H™, z=20)

O =3 z7dA, gap fairing F& FFo wWE 40ft =2 FH £ v (O
=10°, z=2.0)

- Gap fairing®] F&= =] &2 7] A B, SF T o5t E
2 Akl e flow symmetry7} 7037, o]= lste] E#dey HdHFol &= £
wE7F WshE o],

- Gap fairing 72 A, EdH e} E Ay Alo] F3tolA A&HfFE 4
region)e] FJ ¥

12

(low velocity

- Gap fairing F2 A, Eddy A EAgA 2= fFeae] 7t AAso] &
%% £2 (momentum deficit)e] 7FA3gh
- Gap fairing 202 A3 ¢FF Edo] FaHo FF FH

A7kA1 7]

o
i

<32l 9-37> Gap fairings F=tstX| &2 40ft 3t= X+
AHOo|lH FZIHHE XL FEo AlZtEHA &

(z-8H, z=20)

<&l 9-38> Gap fairinge F&Hsh 40ft
HHoOlH SZHHEHEE XLt 7
(z-8 ™, z=2.0)

oH
10
Rl
N
OEI. lolr
EY
I
H1
kal
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O &3 Zx7olA, gap fairing &2 5 & 40ft =3 F+H dF SFdY
(TKE) "2l (z-plane, z=2.0)

- Gap fairing &% A, EHEH-E LY Alolo] ¥t} A AR

S SR I UL
A 3R %ol A (turbulent Kkinetic energy)”} #FA&3%h @il A7 A3t u}
FJEAE T AYrtE 59 W gAss skel & £ 9s

<&l 9-39> Gap fairinge F&H6HX|] 22 40ft st= A2
ZAHOlH B HE XLt 752 HRF2SAH X

(z-4H™, z=2.0)

<32 9-40> Gap fairings F2tst 40ft 3t= Xte
ZHOlH SZ2HEHE XL 732 HR2SMHUHX|

O Gap fairing &2t 5 w2 40ft s}&=9] &3 v
- Gap fairing &3 A, 4% F7E st S8 7|7 S+

- Gap fairing &2 A, 58 WEA4E] RMS ghol 43.6% Azr= o], 2A] 748

-

E Q%0 AEo] B E i

- olm st AAHQ T AL 2o
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Side force (N)
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1500

1000

‘W/O gap fairing
W/ gap fairing

<% 9-41> Gap fairing F2 7570l wZ 40ft == Atof|
Tl Rl = Alzbol| w2 24 5t

2.50E+02

2.00E+02

1.50E+02

1LO0E+02

3.00E+01

0.00E+00

Side force RMS (N)
WO gap fairing W/ gap fairing

<% 9-42> Gap fairing §=F 0o Foi| w2 40ft
st xtofl 7t Xl= =3 fluctuation® RMS Zt H|
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A 12 Vortex generator &7






M[10Z. Vortex generatorE 0|2t 2HOIHM sk J|= Tt

A14d. Vortex generator T 7|=dFH F &4

1. =7 @7/0EAE &%

O @A, Ta71A I AAAAFANA Ad 2789 FARA T 7F A H AL 5

<E 10-1> S7|Me M&Zls FAL AT

XY At E oA o H 1
ny|ldstAd EME2 71 S M SlE
2 M3l7|Ho| e EXE XX » 37| EME west HAMEE
= A A|-3|-O:|:'_57IA — = = [= . | 7|.|l:||-
£ HHASSINS | oo namae 22 Ar Spoller| 2T SPoller 7Y
7193 7o ° - ?HH’EL = JtHE AFE ol E=AEO air
= spoiler 7Hg
SJalst = » ss¥el Y air flap2t =F Ao
x| Al s A A 7| =(synthetic jet, wake blowing) 7H
TS b — = = A
24 HI_":' Afm 2| i{D s3d VIMS &AM o7& ELy
N ot - N3 XY KA €M MH o
B sga 71z g
2. Bd Ve A% 2 TF
=
e B
- Fe ATES A 2 0, 229 ¥ AY AL A3l FANgoR 3
Tota g =R b e a7 AW FAHY a7 AeE FFHQ
dapso] mEHo] XNt Al dgAztete] wal £4 B HTo] o] Fo|AA &
< A%7F digkgrel 7] wZell, A 4 9o, AFd #@e =EFshet JdR ol

- National Research Council of Canada(NRC)ol| A R &3t A}H oz 9m X 9m F&
7

Au)
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<@ 10-1> Vortex generatore| &4t (ZFFE St=ZHEL A2, AIZLY)
[] Vortex generator &°] A%
- Vortex generator?] #=o]+= 54 AAEH= dFEAF 57 69 10-60% H== A

A3 (John C. Lin et al, Progess in Aerospace Science)
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e <19 3-2>
- GFAASTY T4 §2 02, 04, 06 WlZ VG Eol& AAsto] vlu H7)sgh

-6 = 0.072m, h = 0.0144, 0.0288, 0.043Z2m

x=1.3573m = Flat plate turbulent

< 10-2> 47 ZAS T FxsiA 2ot
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A54. Vortex generator®] 37933 Hd35 H7}

1. 5 2438< 58 =3 ¢ H7

O 19954 &+
%

O H & (closed circuit) +Z2 A Z7]E= %o 6m, ¥ 14m, Z°] 3TmY <1¥
2-5>

O A3 F(test section)®] Z7]& ¥°] 1.5m, & 1.8m, Z2°] 4.3m%Y

O HAZFE: bm/s, AT 75 m/s

PN
-
O WF7 % (turbulence intensity): 0.2%, Y% (flow uniformity)E 0.25% % %A
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751 1.70 | 420 2.90

& A& external balance

E2F 2pA o 743]‘” 37} U“*EQ‘r 22 FES 5487 8l AAlA ZEske
%35 (wind load) & AYsHA =4

O X8 o}l&&EZ%o] A% external balance® EY3}F-FATH(DLR)

Braunschweig #2404 #52F 38 =AH 802 A 23 7T-component balance$.

A9 X=#500N, Mx=+500Nm, Y=+1000N, My=+600Nm, Z=+4000N

- A% 0.2% of full scale dX=1N, dY=2N, dZ=8N
O ®3l5: 0.0IN o] s}

O External balance ¢}#]ol turn tables A X|slo] ZAo] ZFo] Eo]& 7 g-of thsh
e AAE Jhed <" 10-7>

off

Wind tunnel test section

Upstream velocity
Side view x
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I op view x

-15°

<% 10-7> Yaw angle =& S 2/t turn table 7HEFE
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S Ao st T8 Hdes NAstax &
- 40ft stExE Bdol A9 ZAH oY vtAE F2 F55l7] dIH oz A8
= oHSY gAY EYdy e 49 H48o] 7t
O 3tExte] A+ A A& (pressure form drag), xFA] st A WA stE 7] A 3
aelal zpA] FwujHo| A BAstE fEukge 7|Q1d T AT S Eﬂ@ﬂi A of 5}
o stEAke] IV A A A7 AL &
O 71938421 dAs 3l s = #Aa vWAYUSS el AA-Y 549
T AA7e=S AN
O B Ao = thakst dAo] vortex generator(VG)Y AdAWSE W3tA|7|AA 3}
Exbol Adee &8y =88 A5t dEHAS(Cp) #Y T ZYAFCE =
=3t
- gl A 7 @o] 3l 9l 15ton EF ] S A= 5 o5 JAMA S
= WA o R 3 A FAE A F FEAPFY #H M E(blockage ratio, &
of G Ao ] Bl WA o] A= H]&)o] 8% oldf HEE ZAWE
AAsta 4 EPS A
O Aol A& A=z mdo] FAA FA4 P 4 vE, ANES <K 3-1>9 Y
E}

<I 10-12> A& of

A}
o

stExt 2 2 A

A4 ed

A 15 ton @f| Trago Xcient
A4 3 7](m) 12(L) x 2.5(B) x 3.3(H)
i
4¥nd {‘3
| \ @
29 scale 1/8
H 85
(Blockage 6.5%
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O &7IA&FS =°l7] 4
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3

=

5t
107 30m/s FGoll A WEA| A7 XA ol
EZ3l <y 2-7>9] UYEY

FEATF(Cp) #F=

I

BAARNES A=A o

7}3l A

-S4 Ay, AF mdd TheiA e Y FE5o] S wel F59 Algel H
gsto] S7HgHS el

- 25m/s o]l F& A E FHol AHEglel A dAE dHAF #E UM
S 892l 25m/s A9 #olE= 4 (Reynolds number) @2 9.1 x 10°¢]w, o]H T}
Z ol F 2ddAE FEAFIE A9 WaA &5 Re = 9.1 x 10°0] 47
dols= T4 & F I+

- 25m/soll Al e FEAF(Cp) = 07112 EFY A 52 fAkgk 230 dis)] 7] &9
A A= & dAF

--m--15ton Xcient

<ag 10-8>

O & AFdAM=

Drag coefficient (C}))

Velocity (m/s)

01t|

8 5t

off 2 15ton Xcient 2

37HA B (st wlE, €

AZshe] 7 VGE US| ol Matd] upe

- Re =88 x 10°, yaw angle(®d) =0°

5 &<
O VG9| =ol&
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O 7} 5719 VGE ¢
O stEAke] Ehel A
BT, wAE B
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Reynolds number (Re)
(FD) & &= A==(CD

ANE uw P

2704 VGE F3el o] ue

BAZ F7 69 02, 04, 0.6 =2 AA3te] nla

= 0.0144, 0.0288, 0.0432m

4 Ao w Ae ol Eet

SFE AR BAANA FVIARS
A = AbsApell =
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(square back)E 7% AS5HA o] EYddd s 37148 A a7t vin|sk
e gdst

- Al 7 VGT dl M= AR BRgle] &
FHAF A7 2H4E 04%2 ohE FHA

- VG =] Wse] e ade AuA A4S 27 olHem, FFA @& Aol
7t Aol @A sy ol %

- VG @4l we A A 295 Aeste] <E 3-2>0 vy

<X 10-13> Vortex generator &A1} 3 7|0l w2 &2 A=(CD) ¥ =HAT MY 22H%)
Type size (h/0) Gy Reduction rate (%)
0.2 0.710 0.1435
Half delta 0.4 0.711 0.0084
0.6 0.711 0.0054
0.2 0.709 0.3248
Wishbone 0.4 0.708 0.4027
0.6 0.710 0.1948
0.2 0.710 0.1141
Rectangular 0.4 0.709 0.2581
0.6 0.710 0.1601

Sv

[J Vortex generator 374 € /|4 & FHEA

O & AYoA = 374 B J (32 e, YA, AAZE)e] VGE Al#tste] 72t 2d
A gl mE FEAST A3 23E v JrkE

e = 88 x 10°, yaw angle(®) = 0° A VGE F23sHA] &2 5ol st
el VGE A&t A9 dEAT ARES g

g

|
=

)
v
il

O VGE ZHolye Edto] HAXA 3o, 7z FA49] vortex generator 7]+ W7
As F7 69 042 =ol& A3t
O VGO 343 /F+E HAstA A7 A7dst A3 =734 g371 vn| s g2l
- A B VGE el 571, HHely dWe 57lE PR A9, 047%9 A7
BEHE Ho t& g9 ARFA S vluste] a37F A oR ufy A5
- VG Mol e 33 43 e AFS Fotry] o8em, 1 g3 Aol

ax syl A7) U5
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- Adelve) dre] VGE Fhe A9, FAH FEASF A3

1 Aol AA ¥

- VG B4 B el wE A5 A 29E < 3-3>°l ZeElste] vEd

fot

1}

ft

Holon

<E 10-14> Vortex generator &4t 3 Jiof w2 A =(CD) & &2 Mzt %)

Type Number Side Gy Reduction rate (%)
2 - 0.712 -0.0865
- 0.710 0.1665
Half delta 3 +3 pair 0.709 0.2649
+5 pair 0.709 0.2790
5 - 0.711 0.0084
3 - 0.709 0.3493
- 0.708 0.4027
Wishbone 5 +3 pair 0.708 0.4198
+5 pair 0.708 0.4765
9 - 0.709 0.2586
2 - 0.709 0.3071
Rectangular
5 - 0.709 0.2581

[J Vortex generator 374 L AX X & FHEA A
O B AFoAE 3714 EslEhE dE, QAR Ax4E)e] VGE A zste] 2w
A= $1A o whE FHEAS AP aHE vl Hrkg

= 88 x 10°, yaw angle ® = 0° 7oA VGE F-Z3}K & 9o 3t z+
2 349 VGE ZFFR3 A5 dHAT ARES I

—E‘:J 1o

- Boat tail®] 4%, dwtd o g AL&3lE 3-way boat tail2 AFE3F$ 2™, boat tailwh
F-=2hsk 73—?‘9} boat tailell F=7F4 <1 VGE F-2st 459 dHAF A 23E ¥
3 713t

FJ

O VGO =z7l= dRrAAS F768)8 04 wolz AAsta 5719 VGE LA
Aoz HHolH o Edte] A
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)
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o
&
e
R
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o
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>
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i
o
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E
=
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)
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)
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s

v
AL EU‘r boat tall«] Zeto] A3 7

- ©]+ boat tailS HZ}?}QE’H A7 A ?§§ A}(square back)A Eﬂj —rE‘rcﬂ A
Ad 2 A (fast back) o2

CEEEE
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- Boat tail Al 5/0e] SIAE EQl VG HA® A9, % S5 FEAF Az
3E wgou, I gol 084%E B FUAS A7E AAEel e FeiAz
EE PR

- VGE B4 % Akl we FUAS AP EdE <E 3-4>¢) Festel v
W

-

<i# 10-15> Vortex generator & 3 Mx| ¢ x|Hstol w2 SHATCD) ¥ AT MU
2 2H%)

Type Position Cy Reduction rate (%)

end of rear 0.711 0.00844

Half delta
end of boat tail | 0.639 0.21641
end of rear 0.708 0.40274

Wishbone
end of boat tail | 0.635 0.84137
end of rear 0.709 0.25809

Rectangular

end of boat tail | 0.638 0.37266

O %ol Bolex= AFE EAte7] fs) &5 vtedel dA 4 turn tables ©]-83}o

yaw angle(®)& 0°7 15°7k#] W StA| 7] A kel 2]

O ¥£2 dA deols= <(Reynolds number) ©

3}0:1, 33] WtE =A 3 fo|lyHE E4 A g5t

%
rir
)
a1
2
©
S
5
=
fru
=
o

O.t.u
o, 192

O &zt A= = (Fp), FHAF(Cp), S8(Fy), FF SEAFCo)e a3t 2
EEET
= T (T
FD—Fx><cos(45180)+Fy><s1n(45180)
Fp
Cp= 1 ;
ngA
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7T . s
Fg=F,<cos(® 180)+Fw Sm(gzﬁ—180)
| Fs|

C:

| %
[] Yaw angle (®) ¥ 3}o] w& 15ton &} Rl FHEA 24
O Yaw angled]l mE 15ton B9 &AHAF(Cp) 2L FHAST A a3
- Yaw angle©] S7Fstel whe} xpaFo] W= FE A Fhel F7FskH, vortex modifier
7b F7t2 AEkd 49 A yaw angle 9l |5+ kol =& <21¥ 3-9>
- Vortex modifier &2t Al 3&ExF ZTujFoA] o] F5utg]7l 11, SFolx &20]
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R
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e
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)
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0.5

0.5 —&— Vortex modifier —+—Drag reduction

Drag reduction (%)

Drag coefficient (Cp)

0.4
0 3 6 9 12 15 0 3 6 9 12 15

Yaw angle (°) Yaw angle (°)

<32 10-9> Yaw angle Histol| 2 {5ton St
O Yaw angle ¥stel & SH(F)d FF SHATRCHe ®3) <
- Yaw angle ®7} A" wg}, =FS W= o] WA o] oy, Ao ZAels=

Zejo] F71%

- Vortex modifier &% A, 7] reference 2ol Hld| =Ho] A3ty IF =

A%E shoby

- % SHATE AP yaw angle A FFell A 2% o) A zHE IR ol gk A
© 2 AAY A Ve FEA 2%E 23 G4 A

0.9 35
~x. 0.8 --u-- Reference =
E- 07 i 0 —+—Drag reduction
*E * —a— Vortex modifier £ 45
2 06 2
;‘E 0.5 2 20
g T
S 04 = 15
@ 03 3
g £ 10
& 0.2 GE
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2 00 “ o

0 3 6 9 12 15 0
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- fFAe 5 2 AF HEN = v 2 Navier-Stokes equatione ©] 8331
o
=

ou;

=0
ox;
ou ou;u 9 9 ou ou
L= P C(y(—+ D))
ot ox ox ox ox ox

O A uj7d 2
- 919 Navier-Stokes equations HHH3slo] Fot](large-eddy)+= A5 AAbstar,

Ao 2AL ouE muY

- Filtered Navier-Stokes equation ( :ZE <4h)

ou;

=0
ox;
ou; duu, Py ou; du, o7,
e R () -
ot o0x; ox; 0, ox;  0x; ox;

(T =uu,;— Ezu_j )
o FA&A 7
- Incompressible LES solver
- Unstructured solver
- Fully-implicit fractional method®ll 7]¥Fsk A|ZF A %

— Crank-Nicolson methodS ©] &3+ A7+ =}
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—

i

g

- Dynamic Vreman global equlibrium subgrid-scale (SGS) model

- 2nd-order central difference scheme ©] &3t &7t

[ A8 =
O A =rl 44
- Zo] 344m, %] 12

m
- Local refinement W o2 & F A (grid) 2EEE =<, oF 1300-1600
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[ ] Two-point correlation

O st=ak 99 Ny 77 AL

FAHN S Fdl Dol FEFE BAS] MEOAMNSL, N SFEES
iso-surface® 7}A| 815t

Ahmed body®] 15~30° Akl 9] slant angle ZxielA 2= F
T A= FA, o G4 EARH. sea gdelde 9
o SRR YoldeE ofF dA o] FelaA.

a7 <10-12> A22 LIEPH =7+ b F Zre| iso-surface (A2 = -105)2] (2)
252 view 2 (of2ll) &M view

O Two-point correlation A4k

Azt 2o RA oA HAFE G5 B3 o FE elste] vortex generatord

AR S LolH 112} two—point correlationsS <=3 3+

Two-point correlation ZA4tE &3 54 & A3} v& & FHAA #F
fluctuation®] F#HAL] HAE=E -13 1Abele] grow HHZ o83 feAHR=
=

Eg oA A= vortex A7 E 7S

Two-point correlation< % 9712] sampling lineS w} AAFE 3 Z; lined 9
A= <29 3-13>° =A]skA . AAIS W59 buffer layer, log layer, ¥ outer
layerell 77 370¢] sampling lineo] XA A o™, Zpzko] golojo] izl 374 €]
sampling linedll A A4tE &S Hskd =

e AR SR AnzRE, 0ed 4% olgdte]l EHoA FAYFoR ¥
A9 AL AR, BAF WY GG TG

u, Az /
A" = - , where u, = L
v P
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-7k oelel sl 3wFe] HEARe W
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=
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(@]
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- Two-point correlatione AAtsh=td] 2920 2 o3} 2o

R(x,r)=

- FAHA WM E e 22 As A SEESALS ALder] o
T EAAE freol EE AHolo 10v] AdE olEst= Atb st HAE #e Al
£

x z z
Origin
v , @, @ Az*=100 (Outer layer)

@
, (& Az*+=30 (Log layer) see 4—x® ©
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a2 <10-13> Two-point correlation Al &toll AFS =0 &l A 3L ZF sampling line2l
2. (2 =i HHAM L X[} () SHoMe £ R
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g I
=
5 08 - -ll'-_
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HAE 3F weF £ 5 ME2 correlation @4

i 5}

- AAFE two-point correlation #FS B O 2 AAMZFE vortex generator(VG)E %+
Ak QA [1]13 [2]18 ==3ta VG &2 & A33% =4 59 1fF +x24
oW o7 4 JdA 2 wds HHo= 3}

“= 171

VGl VG2

C 5.127 4 f » vt \

[ 1\

(a) (b) (c)
y=-0.1,-0.09, -0.08

Ozl <10-17> &ALZHE vortex generatore| A X

I x[-1
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VG2

VG1

y=-0.127

y=0

% <10-18> & ALZHE vortex generator?| A X|
2 x|-2
- A -1 20 Z+ZF AAAE VGE FEsta 55 2SS s 2y dE A
7F Aol WA &S g9l
o= A A EAIE A, iso-surface oFFdANA FHesHd FF7F = T
A BFREZoZ Yotk A AsE T 7] wiEo® FATFHH, o] g4
o2 Aojstr] e VGEAE B 1) fX|o] MAA|stolof & & 3+
ggol Sgd Fx= A7

- wet A, R AAF vortex modifiers dF 207 VG

)
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1A= de 42 peta, TR e
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=
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- 15ton 3}= =} vortex generator 7Y
sl A 3
- /4= = 5, ¥o] h/delta = 0.49] vortex generatoroll 4 A e &=& 7H4A AiE

O~ o
of ¥ 4 9&

‘6}5 - 08 0.4 T 045 "'_n,is
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<& 10-20> (a) 15ton &= Atoll &=FSH vortex
generator 7H=2} =olof st ZAE 2 (b)
Surrogate Management Framework(SMF) Z| & s}
Z

[} )=
o oed B4

a2

[] 15ton &3¢9 F¥H 5% &2

O Vortex modifiers “&23st 15ton st&2ke] ¥ 4= (y-plane, y=0.0)

ot

- Vortex modifier 2 A, E#de] FHo] dAHHE THAM ALY dY

(low-pressure region)2] WAL ol f&FHow F7}

L
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- Vortex modifier &2t Al, Egdy] W JAdH FFAA ALGdd Fe50dd
ol Zol&. o AL Ao AV|7F 2o HS ov|g

P_AVG_p: 0.12 0.1 -0.10 0.10 -0.08 -0.08 007 -0.07 -0.06 0.05 004 0.04 008 002

<2 10-21> Vortex modifiers £&+3s
HEHHE XL F3o AlZtE A

P_AVG_p: 0.12 0.1 -0.10 0.10 -0.08 -0.08 007 -0.07 -0.06 0.05 004 0.04 008 002

F

X &2 15ton == XF9|
A (yv-"™ y=0.0)

<12 10-22> Vortex modifiers 5%t
HalEH g XL 89 AlztE A

O Vortex modifierE 23 15ton 3}& 2|2

=
T

- Vortex modifierE 2o wel, E7 Ly

=olw

- Vortex modifier % A], A<= o

#ol3

U_AVGX_n: 010 0.02 0.14 027 039 051 063 076 086 100

<12l 10-23> Vortex modifier 5 =t5}X|
HaEH g KL= 89 AlztE A
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U_AVGX_n: 010 0.02 0.14 027 039 051 063 076 086 100

a2l 10-24> Vortex modifier £%t5H10 15ton &= AH2|
HEEHE XLs 82 AlZtg s S22 (y-g2d, y=0.0)

A

JP)

O Vortex modifierS =3k 15ton 3t& 2ol ¥ =214 (z-plane, z=2.0)

- Vortex modifiers 2ol wel, Edde S8l Agdde A7 S01Ea,
FHEUF dolw EI FolH

- webA vortex modifier -2+ A, &2 Azl eSS FEAS WIAA o]
(]

4
AR e FFE 5 AS

- E‘DEE
o

<2 10-25> Vortex modifier £&t5tX| &2 1{5ton sl=
AEold &7tHHE XL SS9 AltE A 2 E

z=2.0)

P_AVG_p: 0.12 0.1 -0.10 0.10 -0.08 -0.08 007 -0.07 -0.06 0.05 004 0.04 008 002

I..b.‘\\sw,b o "i “/.\ N wﬁp;: o.,‘%
<12 10-26> Vortex modifier £&5t10 15ton &= A2
Ag ol H2tHHE XL S AlZtE A 2 E (-5 H,
7z=2.0)

O Vortex modifierS %23+ 15tone] 3t&2 ¥ &%= (z-plane, z=2.0)
- Vortex modifierg F-2gtol| wel, Ede] $HdA d7F JAo] dAA Fo&m

=
2
- Vortex modifier F2t A, AegFAq el A7 2053, Frsdde] dol= Fobd
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| ) |
UAVGX 0.0 0.02 018 027 0% 051 055 076 088 100
5
g &= X ( —ud O

<2l 10-27> Vortex modifier F2t5tX| 22 15ton st A+
= 732 AlZtH

ZhEelg x|y
z=2.0)

ZHOlH &
[
: )
. ——
<22 10-28> Vortex modifier £ =5t 15ton st= A2
ZiE o] HHE XL FS2 A|ZHET S (2-"H,
7=2.0)
gk, 73 hAHAd ot
[] 15ton & FHY F53 4
O Vortex modifier 2 5o w& 15ton 3}=x F¥H 43 Hlu (y-plane
y=0.0)
- Vortex modifier &% A, Eddzy] T dAHE FF AL 9 (low-pressure
, f1Fow Fojyd
SRAA AFFAddY F5HT dole= Fo

region)©] o}z, 9
- Vortex modifier &2+ A, E¢dg
oA Ardgde AV|7F FAAHES v

P_AVG_p: 0.12 0.1 -0.10 0.10 -0.08 -0.08 007 -0.07 -0.06 0.05 004 0.04 008 002

5ton =t= X}
-gH, y=0.0)

—
—~

<2 10-29> Vortex modifier
T2

HEEHS x|Lhs
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P_AVG_p: 0.12 0.1 -0.10 0.10 -0.08 -0.08 007 -0.07 -0.06 0.05 004 0.04 008 002

<

fams

o o

O Vortex modifier %%+

y=0.0)

- Vortex modifier

- EYdy ¥

- Vortex modifier
7 gob

o 1

2]

el ool

W2 A Aed 4o

x| Lb=

15ton &= X2
= 79 AlZtEF & (y-HH, y=0.0)
5o wE 15ton =2 FHE £ Hla

=gy ¥

= 5o

U_AVGX ;010 0.02 0.4 027 0.9

< 1

jagsHs
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10-31> Vortex modifier
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=
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b

—

FE2| Al

45X
v |
o

| e
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7 &

—

U_AVGX_n: 0.10 0.02 0.14 027 09 051 08

s 078 088 100

7o T,

N

a2 10-32> Vortex modifier

£ 25t 15ton k= XHe|
HEHHES XLs 3o AHEF S=& (y-"HH, y=0.0)

O Vortex modifier &2 5o wWE 15ton 3Ex FWHe ¢+=€4 dHlaL (z-plane
z=2.0)

- Vortex modifierE H2A] Egde] TFo Agdde ar77t 2olE51, FH5
ko] Aol Zo&m

- webA vortex modifier F-2F Al tEHol 7]¢ld ddHS AH7E= WEoR FEA
o] w3}st
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Y T
P_AVG_p: 0.12 0.1 -0.10 0.10 -0.08 -0.08 007 -0.07 -0.06 0.05 004 0.04 008 002

:. I n; “/.\ N wﬁ?;: 6.,‘%
<% 10-34> Vortex modifier §&5t11 15ton sh= Xt2|
ZH ol SZtHHE XL 32 AlZtE o & (-9 H,
z=2.0)
O Vortex modifier &2 5o W& 15ton =3 FWHe £%=% Hlul (z-plane
2=2.0)
- Vortex modifierE F#A], Ed e 79 97 Jgo] A A &
- Vortex modifier F+2+ A, Aesgddol 7|7 2051 FR59eke] dolrt
2
=
<@ 10-35> Vortex modifier F=tstX| 22 15ton St= A2
ZAH ol SZtHHE XL 32 AltE T S & (-9 H,
z=2.0)
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4
<112 10-36> Vortex modifier £%5t11 15ton &= X2
= Fao AUHERF SEH (2-BH,

ZH ol SHEHE KL= RS2

z=2.0)
up, S3 2 A e T3 bAHA F}
[] 15ton 3}&x FH 53 &4
O Vortex modifier &% 5o wZ 15ton &3 FWHel 4= Hlw (& =10°,
y=0.0)
- Vortex modifier7} F2Z5 A 9 A¢- & = 0°9 A5 Hl3] o =10° =7
o WAool HASA AT
$1 &

A EYLdy 759 AY
- Yaw angle = 0°%1 7499} ®|1L3}4], Vortex modifier &% A S5
gy SHo] 7AE

del= d™ol xobAd ¥

T
)
=
ot
oX,
i,
2
rd
o2
12
1o,
Ho

- Vortex modifier %2}
oo Fel)

5ton st=At2|

i

o

A
2‘
|

<2l 10-37> Vortex modifier £ %5 e
= 7o AlZtgd 4= E (y-3H) y=0.0)

HagHs XNHes 73

zt5t0 15ton SH=E XS
F(y-Z ™ y=0.0)

2l 10-38>Vortex modifier £ %!
HaEHE XLs 82 AlZtE 7 A
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O Vortex modifier &2 5ol

v=0.0)
- Vortex modifier7} 2 A & A% o = 0° 279 vl Eddy] T
ofefol] A= A3 G4 A7V dA8 i
ANesk Y9 Aol7t

Vortex modifier &2+ A,

o
=Y gad 9z

<2l 10-39> Vortex modifier =t a2
FSo AMUEA SEF (y-EM y= OO)

aEEee xUs g5

a2 10-40> Vortex modifier § &5t

<
Ha"MHES XL= 39 Alztg A Al ]

O Vortex modifier &% 5o w& 15ton 3}=EAF

z=2.0)
- Vortex modifier7} FZ&# & AL o = 10° Ao =% g o8] FTH

9] flow symmetry”Z} 743
1%

WA E79 flow symmetryZF 7148

- Vortex modifier %
- oo} vortex modifier F2 A, 2 kA FAHAA I FEE

<12 10-41> Vortex modifier FZtsHX]
stEXte| A Ol 9% WHE XLt
z=3.1)
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—

(e

.°
|

O Vortex modifier &% %o w2 15ton 3tExF FHe £ vl (P =

2.0)

- Vortex modifier’} F2E# o™ & = 10° yaw angle oA =3 o] 9
3 F59 flow symmetryZt 745, o2 <l Edde Fiol #AEdhes = F
327} uk4

- Vortex modifier $-#A] A3k Joo] E8 ] FAF0 72 ol53t

<&l 10-42> Vortex modifier §=5tX| 22 15ton St= A2
ZiHoOlH SZHHHEE X|Lts 82 AUEAF SE2X (z-EH,
z=2.0)
/ /
<32 10-43> Vortex modifier £ =5t 15ton &= Ate| Z1H| 0] L
ZHEHE XLE FEo AlZtEF S2Z (z-HH, z=20)
O Vortex modifier &2 o] W& 15ton Ex}o] AesE =9 v
- Vortex modifier &2 A, vfgo] =F5 &= @H o] Frlste] o] F7ksh
- Vortex modifier &2+ A, =2 fluctuation® RMS gkol 17.3% A 7= o] ZpA|o] 7}

AAE gy @abe] AEo] Fay

- olz s HAAQ F8 AAA
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A}
=1

A

I
=3

A1 2HH ALA






HMl11Z Trailer full aero packageS S8t ¢1H| A 7|& JHw

A14. 15ton =2 =9 full aero. package?] A A

[ ] Flap-type side skirt

O Side skirt™= & oA WA= ofFo AAHS A 53], Eolojet AAE

Aole] 5 552 ol /AT HAHORE Fol%

O Flap-type side skirt= E}olo] W {5 HTF g4 0=2 AT = = 49
oz AAGNS. A dFoRE dAS AE(§)E Ao Eo]2 flaps FF 3
side skirt®] 7%, EUZH6:86:65)8 &3l met 7| Ao Fdt+= a7t b=

A dZde =l <29 4-1>

O Flap-type side skirt®] A%, o=0°ZAoA 61%9 IdHAH &= HY. oA
7123 side skirt(ACp=3.05%)°ll Hl&l &= A7k g37F oF 100% Fdd 2]

- Side skirt 4% A SE gkl Fu FAsF] AT LEF el Huhv
W e Folm, sl wAs fEuEs Aol £EUA £ao]

N

Faste] @e gho] ZolE

ol
fol
i)
Ll
Ho
k
ol
rr

O Full aero packages T3t ot F2E=2 Hol 3714 A
flap-type side skirt(§;=0°, §,=0°, §3=30°)5 A A s}o] 2z}t

Cp Reduction (%)
]
% I
.
[ |

AR N DD N QO
S S HE FTHE S
S & o %&: S & @“” e
> " 3 "
RS 0‘3 TN ¥ A IR RN
1> BEEE 9 ZY Ajo|E AzEol B 22 1)

[] LIAD (lower inclined air deflector) boat tail

O ZHAl shi-oll A el obFel S AT, A Frgel d4" AY D
o (low-pressure zone)2l ¢4H= S S7HA1717] 9938k iAo Ao w A Fw|i

ol ~¥ele] ejo] LIADE F7bz ¥23
o

O A% Frn sl 2xd YuzA QPFoR Ak 1§42 LADE FhE
Batste] A S fES GRAo Aojslel A4 T AW e e g
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= /M7 A o

O LIAD® #Zol= boat tail Zo]¢] 1/2, st&xte] SIW 3 o] F= Zte= 307 60°= A

T -1
g

O 7] boat tail®] W= kAl FH|F-&F offbe] o] x7F EAG & uhg
(flow separation)”} boat tail®] EwH T} 2k7F dul 9] x| A At o o
S AN 9ste] ol# sk o] pole] 7|l WAEE FU|AY FA ME5AHS
gloflar Fwu| oA fEo] FEgA oA =S 3§ g

<Y 4-2>

©
rob
M
2

X,

(a) (b)

<% 11-2> Boat tail 8A. (a) EF=& boat tail, (b) gap repairZt
ZF71& boat tail, (c) LIADZ} F7+=l boat tail

[] Bio—inspired cab-roof fairing (CRF)

O 15ton 3f=2F RHe] A5, EE S} Ae ol ko] Apol(dapol 7]1sto] & 7] A
ol A A wEA stk A Gl A 3kE cab-roof fairing(CRF)& 4

Astn LA FEANE N Ee BYetel BNAFE Bl Ao FLY

7+ @32 /B A7 advanced bio-inspired CRFE A 7]
24
=
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<% 11-3> Bio-inspired CRF2| =o0|, Zo| ¥ Ztx
A A

[] Full aero. package

O B t1pe e s

<32l 11-4> Full aero. packageE F=tst 15ton st2 X}
LR

- 269 -



A24. Full aero. packageZ &3 15ton 3 E 29 F7] Y33

1.

s B7t

TE Ads T 39 AA

sy
—N
Og‘:,"
2
oX,
oX,
ko
i
M
1%

O A& H-(test section)] =7

rlr
H
o,
—
a
B

|
[—y
o0
B

1IN
o,
e
o
=}

ules

O HAFE: bm/s, HAFS: 7om/s
7 % (turbulence intensity)+ 0.2%, 7Y% (flow uniformity)s 0.25% =% %5 A
o] e Ao A FeA
O s&EAk X}Zﬂoﬂ A= 5]# RuEet o FHE FAs7] S8 AAA #HEste
I =] 4
x

external balancet= SYdF¢TAH(DLR)

g S48 o= AZg 7-component balance<.

ok ri

A9l X=#500N, Mx=+500Nm, Y=+1000N, My=+600Nm, Z=+4000N

- A% 02% of full scale dX=1N, dY=2N, dZ=8N
O E3ls: 00IN o]

O External balanceE turn table®} 143}e] MAX|go 2 Ao FFo] Zo& 45
of 3t £ Adx 715 <29 4-5>
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Wind tunnel test section
/

Upstream velocity
Side view x

-15°

Ho
rok
g
-]

o
o
D

=
Ju
H

<32l 11-5> Yaw angle =& &

L 34348 37 49 W4

O Bhzabs 2pal Fol Wl ezt ol FF9

[e}
5 (flow-induced vibration) wWi-ol =3 <A A o] Wold 4 QS

O F30] Bolots A5 EASHY] f18 55 vtgddHo A% turn tables ©]-&3h
vaw angle(®)= 0°7 15° 7HA] RSIAAZIHA Ao A= 3854 WstE 24
Bl

O F£2 94 #ol== F(Reynolds number) Bt} & 25m/s (= 90km/h) =2 LA A 7]
a1, 33 BHE SA43 HiolHE A A st AT as AFESA S

O stEAtd A= & (Fp), FEAFCp), 59 (Fs), 85 FH9ATCo)e Yot 2
o] Aol &

FDZEXCOS(@ﬁ)%-FyXSin(@%)
F
Cp = L
EpVZA
FSZFyXCOS@FﬂO)JrFIXSin(@%)
T
k SpVA
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2 23 (closed circuit) &2 A] & F-(test section)e] =7]

- x2" Ty ol g s F
= ¥9] 06m, % 0.72m, Z°] 6.75m% <19 4-6>

- AW F5E 40m/s o], W F 7 = (turbulence intensity)+ 0.08% % 54 9 #
& WAl Age FE5d

CESCRIPTRN OF FACILITY : CLOSER CYRCULT TYTE
TEST=SECTION F0,7IW x (LEH] x 6750 m)
TYPE OF DRIVE SYSTEM .-\xnl Fan. 22w

MAX. VELOCITY
TURBULENCE INTERSITY : LESS THAN 005 FERCENT

u]

3T Fr =]
=S AR 32 EF

O Al F7< CRF H% d%9 A A
o JFFE A= FETERE AGFHo=R Fotstr] 98] PIV(Particle Image
Velocimetry) X274 FA7|HS ol &sto] A AHFE F9 F5o HE24S =4

St
=

Wy Fg R BRI 0% B Y A
2k

O PIV &4 system® 74 b33 2S5 <19 4-7>
- 120mJ Nd:YAG #eolA, 4Kx3K CCD 7Zhdlgl, GAaAe4dx, 57173 (delay
generator), 7 3H
- FAYAREE 2EE oY (YA A7 1-3um)
- Imm F7¢ #@eolA WA (light sheet)S FAHA 7L FEAFL ZHS E3) 3}
Bk 2El(1/15) AWE FHS g o s xALg
- Two-frame cross-correlation PIV algorithmE ©| &3l 2}x] AW F9 359

AT = S
T ARE AT

- =

- FH g} =EATL 0. lmse 2 A AT

ulleS

- Interrogation window =L7]+= 64x64 pixels®]™ 50% overlapping 3}

O dAF % =4 (v, = 1bm/s)ollA 43 43

- T 20 At dols= Fe Re = 18 x 100 ¢

O Al &7 CRF #2 /%o @& 15ton sHEA HAWH 9 f5s AFHo= 7}

- 272 -



Nd:YAG Laser ’

CCD camera
]7' - - . Del t Computer
' Wind tunnel test section - _f,w.?r 4
J =,
Heavy vehicle model %ﬁé@iﬂ

W s

) | (
I T I I T T T T I I T I T T T T T

5

Nd:YAG Laser

CCD camera
<& 11-7> 15ton =X}t 1/15 2H Y & 22 2 PV AS set-upe
HerE
A8 oy
49 =4
O ol 7} @o] Alg3tE 3&E A2 15ton FEAS Aoz F7AYT A&
7t A E AA A HFete] 38 Aes NAstaxt &
O 3}&Exte] A= A A& (pressure form drag), 2HA] sl A WA sts= 7] A 3
aGelw A FuReld dAss fEutelel e $AAFE s Aol
of stmel BAAFL A ARAT 0A T

A #full aero. packageE HF-2zrste] Ao AeEle &8y SHE FAHsIY &

O B Ao+ flap-type side skirt, LIAD boat tail, advanced bio-inpsired CRF%
T HAf
PN

T(Cp) #HH AFFHAFCo)= =59

- 15ton BHEAE] 9B AEF F, o2 GAAGNE PHoZ 3d AA G
o nol SNFo] 8% o3l HEH FAHE ARHL Fi RIS
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< 11-1> A g theh st=x =29 2 M@

Ad g 1y
AAAt 40ft & rf] Trago Xcient
AA A7) (m) 15(L) x 2.6(B) x 4.2(H)

AR

) O
53] scale 1/8
H| A& (Blockage ratio) 6.32%

O 37IAF AdE FAES F&sA &2 718 AAE Hder T55 107 30m/s
B WA AZPAAM ZA Ol A= F7]A 3} (drag)s SAsHL, FHAF(Cp)
He =ESY <9 4-8>9 YEY

- 25m/s °o]Fe] T4 oA E ALY dAI FHAST S VHHE. TS5 25m/s ol A
=2 < (Reynolds number) <2 9.1 x 10° <l

°l 2
2 golmE ¥l onth FrdueE FEALE WA ¥,

[] Bio—inspired CRF¢] &3}
- Re = 91x10°, & = 0° @4 CRFs & %o wZ 15ton 3E= o] #g
st & % EAg HgE g9 <9 4-8>

- 712% CRF &= 2], 7]+ 15ton 3h2ztel Hls) &H A7 16.7%7F AzHE o3

- Bio-inspired CRF % advanced bio-inspired CRF &% A], 7] 15ton 3}& %ol H|
& @& AF7E A7 17.3%, 20.1% A7HE o1 F
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0.8
—4£— w/oCRF
—A— w/CRF
e — 48— w/bio-inspired CRF
9 &6~ -B._ — 57— w/advanced bio-inspired CRF
= O~
E06-—p g
& 071 N )
2
=
o
o
50 ilﬂx
E L - é"
064 ~= ~—-A— 4
2.0e+5 40e+5 6.0et5 B8.0etdS 1.0et6 1.2et6

Renolds number

<& 11-8> Reynolds T=(Re) gistol| w2 {5ton st=Atoll Zels S=HA T (Cpel st
[] Yaw angle(®) ¥ 3}lo] o} 2 15ton 3 =219 FHEA B4
- Yaw angle ¥ sle] wE FHAFCpet FEAT A &4E <29 4-7> YEr
W
- Yaw angle©] Z7bgtel uhel, o] v &= AG 3ol 73 Bio-inspired
CRFE &&3gt 9, yaw angle d oA 7] 2do vla) A A7 24 7

2%

- Advanced bio-inspired CRF %2} A], yaw angle #

of FHAF A 2oE B

%501

— Advanced bio-inspired CRF &2} A],
g HAAA 15ton S AFEFO]

oyt AFAN= F3 15ton =] advanced bio-inspired CREF &2 A] 9

4 defol A Holw 160% ol
53, 0 = 3 2ANAH FHAZI A 242%9] A
EdE AWY 9 ZuRelA wASE £F

W g W geAs AR FolE

S 2 =y

- 275 -

HE 2 WAAES & 5 A=
1.6 25
(a) B e = (b) —
—A— wCRF e 4 B _
~_ — 83— W/ bic-inspirad CRF -~ — i’ < : E__":---.-"'
Ub & —  w/ advanced bic-inspired CRF - =] A & f Fr/ : ‘t‘{‘
- -~ P s = w / N
= 1.2 1 /-9 f:/ = V. e
2 - a? B20q9 . ol \Ei
2 #* Z 5 / b
- \
202 oo A " ¥
E c-e & E 5 ) N @
a -ﬂ"wﬁ O P ) —A— wCRF N
a-* i — 8- w bhioanspired CRF \&
= wi advanced ho-nspired CRF
0.4 4= . . . _ : :
0 5 10 15 0 5 10 15
Yaw angle () Yaw angle (%)
<J% 11-9> CRFE Z=kst 15ton st=Ate| yaw angleol| e S A (CD) ¥ &A=+



O Yaw angle Wale] }2 Z(F)3} FEZLAFC) el W
- Yaw angle Wis}tol] w& 3o Wslel JFS59A5 S vebd <9 2-14>
- Yaw angle°] ARl weh, ZF& W o] o] Fojvta, olo mal A
o el Zeo] F7)
- Bio-inspired CRF 2+ A], & = 0°7 3°9|A 7|23 CRFe AFT5HAT AFES
Z zolE HolA &&
- Advanced bio-inspired CRF #2} A, &% S A5+ A3 yaw angle A 7%t
ANA FAEA Folm. 53], & = 1° 2HA AFEZHASIF 172% A2
(a) o6 () 20
- —8—= wolRF —&— w/ CRF
i —_dh— W/ CRF —~— L= Tt . o
(&) i ) =) { =-3-- w/ biw-inspired CRF
2y —8~— w/bio-inspired CRF : ?E- 15 4 \ F— W ad\'anwz«l bio-inspired CRF
= 0447 w/ advanced bio-inspired CRF ﬁ =
= # =
S ? B \
& d"s = \
o P S 10 A w
8 02 *” R .
[T i 2] 4 M - S
2 g~ = - "
= - = 2 a8 » .'."_\ .&__,...-—'ri..i
L] w B
_g a.ﬁ" - a —d
2 00] e & e R
0 4 ~&
0 5 10 15 0 5 10 15
Yaw angle (%) Yaw angle (°)
<J% 11-10> CRFE Z=st 15ton 2 At2| yaw angleoll mZ & Z &2 H 5(CS) ¥
EESFEHAT M& 21
o 29 54

[] Full aero. package®] &%

-1, 22ad = AaeEqd

Hekel ¥ A9e 54

- Re ¥W3lo] W& full aero

. package 2

T WEE g <a¥ 4-11>

- Re = 9.1 x 10°, ® = 0° &7 A] full aero. package 5

G50 W2 15ton 2 2Eol

flap-type side skirt, LIAD boat tail¥} 3=}
Advanced bio-inspired CRF& *¥73%3t full aero. packgeES 15ton 3}

3=

o 1

Al

i_ll—

5ol W& 15ton 3%

A wde] §¥ R YA MRS e <1y 4-9>

- Full aero. package &2 A], 713 15ton 3= x}ol] wlel & A 7F 29.3%7F A 7+

442 el

- ol @ APATE
g 27 FHAD 5 A
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wl.

[] 15ton 3}EA mdd 2

1.0
- - Reference

0.9
& —a—Full aero package
< os
"
=
L [ P
S 07 - g - B
=
4]
S o6
&0
®
& 05 A —p P A
0.4
5.0E+05 7.0E+05 9.0E+05 1.1E+06 1.3E+06
Reynolds number (Re)

<% 11-11> Reynolds number(Re) # ztoll k2 15ton
stEAtel &2 A 5(CD)el 3t

FEANG 2PS BH #1994 A% Bt

£

- 15ton &&= EE HdH

o] zH(ekxp)ell 7]¢13F &

- EE AWE BEAgA fEedael2 Qlste] EdEH AR AAAEE Acd
=

(recirculation region)oll 7]¢13%+ ¢t
o)
o

nolq WS FAATE F2 EdEYG Ao &
X=
[e)

- EdE Zuvos Bt

O old AT, 22 d X))ol A flap-type side skirt, LIAD boat tail % %o w&

g% % FURY §E3L YA AAUSH Anstel BAG

w2l A 15ton 2 @9 full aero. packageE TASt= AMEZE F2EQ advanced
bio-inspired CRF #2 5o W& s&Eak diF-o] FEx7 57325 4HEi
2F &

O CRF &% {49 w2 15ton st&E2 ¥ £X% v]1l (z-plane)

- CRF7} &2 & 425, AHolY o & oA A5 (recirculation

- 71238 CRF ## A, CRF W4 ZAgA fFaurel7t @dAsta oo 7]<1sh

5% £ (momentum def1c1t)0] ey

- Bio-inspired CRF &2t Al, 915 dW(z/H =094, 0.83)1 M= &5 &Ho] 7Hast
T o, ok E dH(z/H =079 s frEutelel 71Ae Ak ool A H o

-
[e) 2=
e ool g
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ZH=0.94 Se—
zH =0.88

! e ZH =0.79
e ]
v - |

¥ €0 024 048072086 1.2

" (a) w/o CRF (b) w/ basic CRF (c) w/ bio msptred CRF (d) w/ AD CRF

[ . . 032 043 6«! 0 . .
xH xH xH

<% 11-12> 15ton =4t F2tE CRF &M F2/o dME 752 S22
H| . (a) CRF O|5 2} (b) basic CRF 2} (c) bio-inspired CRF £t
bio-inspired CRF #=t

O CRF ## f%o uZ 15ton 3}=Ea 98 di{ &5 UA(TKE) Hl X (z-plane)

- CRF7F 3334 @& 4%, Adolu Al He Jgeld grdos 2 uf

=y A RS 7

- 7138 CRF &2 A, CRF SH%F REAg oA fsuagd 7|5t ¥ o
A G EEdldA #e 7HE.

- Bio-inspired CRF &2} 2], 1% @A (z/H =094, 0.83)A = 7/ &
25k Wb ol & Wi (z/H =079 = FEurgldl 7191 A3k
Hol & W iF EdAYAgS 7

- Advanced bio-inspired CRF %% 2], CRF
gt G EUATE BE dHAg A A A st

Aol A EA sk ke ol

=
=
Az

- E9H 9 CRF ARl d7F eoldA das d9As A 8342

Eb
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(uu +v'v') /202

(a) w/o CRF
[

(b) w/ basic CRF

._ ZH=094

| 2E=094

WH

0.64 08 016

Ly

o 0.16 032

xH

048 .64

<19 11-13> 15ton sHEAF g F2¥ CRF =

0,002 0.0134 0.0248 0.0362

(¢) w/ bio-inspired CRF
N i

(d) w/ AD CRF

08 016

o

016 0.32

xH

043 064

o

Ry

3 #2900l P98 HE

W F 5 UA(TKE) ¥l (a) CRF #]§-2, (b) basic CRF §-2}, (¢) bio-inspired CRF %-Z},
(d) advanced bio-inspired CRF 5z}
A34d. 40ft 3t=2 E D trailer full aero package? A A
[ ] Flap-type side skirt
O Side skirt™ A& hF-oA EAst= o7 AAAES AT 53], Eolofst ~AE
Abolo] fr& B2 "ol ¥7|Ade] gHom Folm
O Flap-type side skirti= E}olo] T f-&S HU S34 02 Ao = de= A9
oz A S, AA dFoR dAS Ax(§)E Ao Eo2 flaps FE s
side skirt®] -5, EYZH6,=30° 6,=0°)oll we} F7|Ag A a7} £FH side
skirt o} WA A= Sl <29 4-1>
O Trailer full aero. packageE TAst= shF H2AEZ Hd F7|1AF A 2945 &
L38= flap-type side skirt(6,=30°, §,=0°)& A 3s}o] =gk
l§'\ d’\ d‘\. oy ‘;‘\ ™y ‘;"\
\.Q.{" wc?‘ \-\?1 M@'!F w@h »QP& \-@?
<% 11-14> Side skirte| MAH L} T w= s M2t g3 v
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[] LIAD(lower inclined air deflector) boat tail

O

O A2

o]
=
Eal

rﬂ
2

A shF-olA BEstE oFeo TS FaAlTIa, A Fu|Fo FA
(low-pressure zone)®] & zks o]

Eoe] Jee LIADE 27b2 3223

.{

O
N

=
7] 9% dAe] ABow FuR oY%

127
o2

=2

ek Su|E ol & ~x Ay FER 9= AR 71Lo]x LIAD(ower inclined air

deflector) & F712 23l 24 a5 §5S gy oZ Aolsto] xFA] THF

YR G FYS molnd I

O LIAD® #Zol= boat tail Zol¢] 1/2, st&xke] SIWF o] F= Zte= 307 60°= A

4
O 7] boat tail®] ZHF-el= 2HA] Fujiel ofghe] o] xp7p EAjte] & Hie
(flow separation)”} boat tail®] SR} okt AW $14] ]/\1 LAYk ol et A
S ST el ol o] Aolol 7123 FUIAF A HsAE glefa Fm
Fo A fEo] HLE=HA o]ojA == 3}= gap repair 1732 = AX <19 4-2>
(a) (b) (©)
<3 11-15> Boat tail d7l. (a) ZF¥ boat tail, (b) gap repairt
Z7tEl boat tail, (c) LIADZt F7H&l boat tail
[ ] Gap fairing
O 40ft st&xF Rde] A EdE et Egde] Ato]e] 3ol 7]Qlete] 7] A7 o] A
A AL wEbA, shEF AA] @Al H A 3kE gap fairinge AAeta A
SAE Vles Eddte s71ARE Eol= Aol T
O stEake] FYHgdt Aok FH TE& aelste] gap fairing®] Zeol¢t s HF
stetar, EHE S EF el Eo] Ao 7|dlste] WSt AHS ATV el
cab-roof fairing 7+%Z X33} gap fairingS A A &
O Deflecting angle ©=5° gap length G/Go =0.6 & , IFHAF(Cp)7t HAxgES 7HA

W gap fairingS F-2slA] ¥ 71E wdo] Hd 165%9 3= A AR a9s

Bl
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Deflecting angle

e e pr—

Gap fairing lenl((a’)
[ —y

Total gap length (G,)
—

Gap length G /G,

<2 11-16> Gap fairingel =o0|, Zo| & Z}

[ ] Trailer full aero. package

o %?_]_' 7HHE]’HO-]Z] 8]—§x17]. 7(()]_-]
°l 1

faring) <

AN wrae

oYzo] 3t

l':]__

O 3t&EaF AWFe A EdE Eddy Alo] FitoA dAstE F7] AT S
= HE A WAstE 37| 43S gyFoR A
= = = =z

TARE A= As FRE F

<& 11-17> 40ft =t= &t 22l trailer full aero. packagee F&tst =

1 =

In|

o
=
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A44. 40ft 3122 29 trailer full aero. package? ¥7]<¥st

4 4% B

1. 35 4d< 53 39 /A R =3 AdA84 23 4

R

[] POSTECH W9 o}l £5F

O

H 4 (closed circuit) 7+EZZ HA A7|E Eo] 6m, ¥ 14m, Zo] 3'm%Y <1
11-18>

Al & B (test section)®] =71 o] 1.5m, ¥ 1.8m, Z°| 4.3m ¢

L
2

4 bm/s, HUlEE 7Tom/s

=H]: 9:1

7 & (turbulence intensity) = 0.2%, ¥4 % (flow uniformity) 0.25% % %A

7Y Aol 4FF F5

o

oot
Sl
el
o
=

<% 11-18> POSTECH o2& & Al
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0 75 1.70 | 420 A 2.90

—

o
I

N\

-\\—- R M 7 N

i

& A& external balance

Exb ApAe A= P E’““EQ‘r 22 w8s A A& A A&ske
%ol (wind load)S UstAl 43

=

O E~8 of&& FXo AX%E  external balancer EU3}FFATH(DLR)
YA
[e)

g =48 o= A3 7-component balance¥

A9 X=#500N, Mx=+500Nm, Y=+1000N, My=+600Nm, Z=+4000N

O #alls: 0.0IN o]s}

xternal balance ©}#]oll turn table2 A x]&}lo] Ao =Fo] EHo]& 7 $-of thah
s 2YE Tt <29 4-6>
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SSAER

z

Side view L x

A AW T AL T LB BB TS TS EEEEEEEEEEETEE

Top view

el A 78 w@ol AR e stEA F shuel ddl TRAGO 40ft 3HEA &
< WS = trailer full aero. packages *FA|dl Fzsle] FE oS AP

O sEA AP WA Dorm drag), AA] SN WAE BAAY, Lel3 2
A Fo oA WS FEue] A FAAGE ERH O AojFonA 5
gAel FNAGE ARAA 1A T

O H AFo A= trailer full aero. packageES 23l 40ft 3tE&xlo] A= a2 (Fp)
Z8Fe)s 438t FEATCp I3 AT CoE B
- gl 7P wol 3F 1 = dd TRAGO 40ft 3= xke] 93-S A=3)o]
ol 9gAA e WAoo 339 A4S de F FTeAEFY J4]’311%(blocka[cge
ratio, 359 THA tis 3] TwHo] A= H]E)o] 8% o5t H=
Sa¥E A4 * F4 BYS AF

O Ao aAFe] 7A4Q] dd R =4 vE, AMES <29 47> YEd

=
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Ad g g
40ft

Al A
2804 @A) Trago Xcient
AR 27](m) 15(L) x 2.6(B) x 4.2(H)
X
S '
Hd =4 scale 1/8
#|4& (Blockage ratio) 6.32%

<Oz 11-21> A e =Ex 22 2 M

=

[] Trailer full aero package 249 T HEA

ol

2 =4

O T7IAFARE F7HEAESs FFeA F2 7 AAE dAeR 55 107
30m/s FGelA WA AZFH A 7t A= & 7] A&} (drag)el A71E FA AL,
FHAT(Cp) #e =Fst] <2¥ 4-8>¢ YEHd

- =g A, Ag wde slelAE e Edo] Zabgel mal E49) Alme] )

- Bm/s ol & ANMNE Fxol ugel A9 AT FAAF gL A

< g2 T5 25m/s o 2] #lo]== 4(Reynolds number) a2 9.1 x 10° <ld,
ol A #Holmx ¢ BHu & FolBE FHo| olitt TVt st dE IdYAFE
WA 5

[] Trailer full aero package® &

- Re =91 x 10°, ® = 0° Z7A9A trailer full aero. package F2 5o wZ 40ft
stEx mdle] &y 9 A5 HstE &9 <% 4-8>

~ Trailer full aero. package &2 A], 7] 40ft s}&=fol] Hls] IFHAF7F 27.0%7}F
HojHs gl
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70 1.0

-#&-Reference o ~ -#--Reference
60 P i G 0.9

2 50 =~ —&—Trailer full aero. package ’/‘. ~ ——Trailer full aero. package

~ E 0.8

3 >

= 5 0.7 | ®---m

= = Tl g - W - --u-----B

< =

o S 0.6

& 5]

_ %? 0.5 = = Ak A————ah
=
R 0.4

10 12 14 16 18 20 22 24 26 28 30 3.E+05 5.E+05 7.E+05 9.E+05 1.E+06
Velocity (m/s) Reynolds number (Re)

<38 11-22> % tsto] wE 40ft st=xte] &= (Fp) & &= A (Cp)el Hat

e, Fa A ot

O 79944 97 49 B 2 =29

O:

O slExf= 2A] 2o wla] ZHol7l do] S5 g&o] aA Wi, {5 7|Ads I
= (flow-induced vibration) W&ol =3 <t Ao] "Woja 4 e

O &F39] &5 Bojeos A& BEAeY] 98l & viedoe] A X% turn tables
o]-§3to] yaw angle(CD)'% 0°7 15° 74X WA AR Ao duls THAEA W
315 HAs)

O %22 dA #dols= F(Reynolds number) Bt} & 25m/s (=90km/h)Z L7 A]7]
i, 335] RHE 248 dlolHE $A Aste] BEfgS A

O 3}&E A}

= €8 (Fp), &8 A4(Cp), =8([Fy), B% SEAF(Co)e U3 2
o

180 180
Cp = FD2
EpV A
FS—Fchos(@F%) +Fr><sm(@1g—0)
C,= 1|F51
—pV°A

[ Yaw angle(®) H3to] W& 40ft stEx9 THEAH £4
- Trailer full aero. package= ZHUW &8 A7 a3& 7142
(0°, 30°), LIAD boat tail, gap fairing Al 7}#] F+& &
L e
- Yaw angle W3slo] & aHAF(Cp)ot AT A% adE ved <2d 4-7>
| whet, Apsko] Wr= - AG Fhol F7FeEH, trailer full
%

2]
aero. packageE &#3 H-$ yaw angle 2 GGl A reference Edeo| H|ste] I

flap—type side skirts
Ao A ASE

o
ot
i

2

- Yaw angleo] <7}

By ok
ofy
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HAASF7E g

- Yaw angle d oA Hx 27.0%9] 7

7}

A mIE

=i , az
Ao A Hdl 432%9] FHAT AR aHdE B
- Trailer full aero. package &2+ A, EHE AF 35, Zu|fo)xA D= 5
A oA d0ft shEatEe] Wiz e 2 FHAFI A FolE
°] 23t AT A= 23] 40ft 3= x| trailer full aero. package & Al 2}
AU E 2A FIND U9 ek
1.0 45
P -u--Reference
/0.9 <
8 —a—Trailer full aero. package ) 40
- 0.8 e o =
= I PR R
8 07 pommenw T 2
g Q35
= =
= 0.6
2 T
S 05 "‘
of \\_A_/ on 30
£ 04 £ N
a a =+Drag reduction
0.3 25
0 3 6 9 12 15 0 3 6 9 12 15
Yaw angle (°) Yaw angle (°)
<22l 11-23> Trailer full aero. packagege ==tst 40ft TRAGO 2H=At2e| yaw angleol| 2
S A (CD) & AT ME &1
O Yaw angle ®3lo] & Z2(F)¥ T S2A5(Cy) 7o A3}
- Yaw angle Wsle] @& S99 ®stel % SHAT g ved <2¥ 2-14>
- Yaw angleo] 713l wel, SF& e AAFe] mulAo]l gojubal, o el A
of A= o] 7}
- Trailer full aero. package &2+ A, 7|3 Ao H|s] nldo] vtz == T H A0
Frketel 9F Ze FHAY, I3 FUAFE 42T
- 8F FYAF= AP yaw angle d gl A @A A Eo&m. 53], © =1° %
AdA HF SEAFT7F 285% A5 HoAA
0.4 4 —~ 30
@] -a--Reference -~ c\° . .
-’ ~ 15 ——Side force reduction
E 0.3 —a—Trailer full aero. package g
5 = 20
- [#)
& =
® 0.2 T 15
S =
L ¥ 10
2 01 g
=.9 H; 5
= 0.0 = 0
v 0 3 6 9 12 15 v 0 3 6 9 12 15
Yaw angle (°) Yaw angle (°)
<% 11-24> Trailer full aero. packageE & =tet 40ft StEXt2| yaw angleol| s &=
SHATCs) ¥ B FHAT N &0



- fFAe 5 2 AF HEN = v 2 Navier-Stokes equatione ©] 8331
o
=

ou;

=0
ox;
ou ou;u 9 9 ou ou
L= P C(y(—+ D))
ot ox ox ox ox ox

O A uj7d 2
- 919 Navier-Stokes equations HHH3slo] Fot](large-eddy)+= A5 AAbstar,

Ao 2AL ouE muY

- Filtered Navier-Stokes equation ( :ZE <4h)

ou;

=0
ox;
ou; duu, Py ou; du, o7,
e R () -
ot o0x; ox; 0, ox;  0x; ox;

(T =uu,;— Ezu_j )
o FA&A 7
- Incompressible LES solver
- Unstructured solver
- Fully-implicit fractional method®ll 7]¥Fsk A|ZF A %

— Crank-Nicolson methodS ©] &3+ A7+ =}

ri

—

i

g

- Dynamic Vreman global equlibrium subgrid-scale (SGS) model

- 2nd-order central difference scheme ©] &3t &7t

[ A8 =
O A =rl 44
- Zo] 344m, %] 12

m
- Local refinement W o2 & F A (grid) 2EEE =<, oF 1300-1600



T el As Zte A A4
O AAzxA B A+
- Inlet velocity: 90km/h (=25m/s)
— QOutlet: local acceleration + convection = 0
- Wall(F-& 99, g&=x %9): no-slip condition
- Kinematic viscosity = 1.568 x 10~°m?/s

- CFL(-2k AIzE7E4) = 3.0

<O 11-25> Fd otgd "rtoll ASEHOZE Fx[sf A A%}
(40ft =t=Xt)

O <E 4-1>% g 4 AFE AAE AN A4 44

<E 11-2> TR A S AttAXe 4 I

40ft st=X 2E

A 7h = ok 20002t

O #o] 344m, =°] 12m, ¥ 244m <1 A7l A7]¢] FAHY F& A # AL 3

- Local refinemente] WH o=z 3st&Extsd H AxHgrid) 2EEE =<, ¢F 20009
N el AS zh= Ax QA

U F5% A
[] Trailer full aero. packages &3t 40ft 3Ex9 YAFHES AYyEsE F5TF

W3 £
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O Trailer full aero. package & 5ol w& 40ft =2 FH JHY Hw

(y-plane, y=0.0)

- Trailer full aero. packageZE &23t A%, 352 AW gap fairing? 3=}
S R9] hoat tailoll 7]118te] Edy A-FH oA tHGEI FoF

~ Gap fairing® A= lehe] EdE o} =g el Alolo] gapol 4 WAS S orE et
7V Eo5F

<% 11-26> Trailer full aero. package7t F=H=X| &2 40ft
StEAF 7|2 22 tHEHE XLt 732 AlZHEFE &
(y-Z™ y=0.0)

<32 11-27> Trailer full aero. packageE Z&=tst 40ft st=Xte
H2EHMHE XL =9 AlZtE A o & (y_rdl:l# y=0.0)

— -/ o

O Trailer full aero. package &2+ #%o w& 40ft 3= FH £ Hlu

(y-plane, y=0.0)

— Trailer full aero. packageE “2lsld, st&z2te] 1 Jo] A= AT FSA
(recirculation region)®] Z A #ZAS e 4 9

- SEAE AYs fEol gap Y EdHdE W YA fFEe FA49]
smooth 3}A A o3,

— o]d] we} trailer full aero. packageE F-2H3gk 40ft st&E2F A F9lol FA ==
Aol F7198gdoz 4 e s 7HAA Ho F59 &5 <=4 (momentum
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deficit)e] =LA 723

=
=

- o] 40ft sH= A}
ofm g

<22l 11-28> Trailer full aero. packageZt £ == X| 22 40ft
= 7o AlEAF £EF

= T o —

StEX 7|2 2ol g e XL}
(y-"™ y=0.0)

ZASE 401t =h=AHL

<% 11-29> Trailer full aero. packageE % =tst
HEYHES XLl 82 AltEa S5 & (y-Z23, yv=0.0)

w2 40ft stEA FEel dHA Hla

O Trailer full aero. package %2+ 5ol

el

(z-plane, z=2.0)
Holl o] oF=d st &

- Trailer full aero. package &#3H, 3}&3 &
Fzrsle] wet EAE} E A Alo] FIH(gap)oll A
1 Edy W tHo] AA A EolH

gl 2ol

— Trailer full aero. package
Mash Frrel )

Eddele] Aol gree

E il

- sy Fud 2
7 Araso] ¢

g
AL
b
2

N
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2k2 40f

a2l 11-30> Trailer full aero. package?t £&t=| x| &2
= 739 AltE A

|2 2ael zejoly F2HEHS ALt
o2 (-HH, 2=20)

<Jd
b= At 7

fol

—
— TS —

<& 11-31> Trailer full aero. package
Ta2 Al

ZiHol4 SZtgHE x|}
z=2.0)
O Trailer full aero. package & 5o W& 40ft 3}Ex FH =% Hlw
(z-plane, z=2.0)
F-2hel gHEabe] R oAl
Aast o=

_

— Trailer full aero. package “&2t3s}l™, boat tailS

= A <=3F o A (recirculation region)o] 74
THF &
to] sl atel] JejA = dElo] 7hade om

]

- e g

boat tailS A4

1-32>Trailer full aero. package?t £t
A= 732 Azl

<3 1
712 mdHlo| Ao ZSZHHHES
(z-9™ z=20)
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i
Ja}
]

<% 11-33> Trailer full aero. package& ZH=tst te
ZHOIH SHHME Xutes o AMUEAT S5 (-8 H

z=2.0)

O Trailer full aero. package & FHFo wE 40ft 3tE=x FH S4=HA Hw
(z-plane, z=0.33)
- Trailer full aero. package 23, side skirt® H2eh g o] ZHkol 31&E32}9
npF of A E FHE FE AT e

- e SR AAd AdAL GHAs} gaete] HEA AL GPow 2

P_AVG_n: 010101 01-010100000000

<% 11-34>Trailer full aero. packageZ7t F=r=[X| 22 40ft st= Xt
712 2Ho| sIE RS AlZtE A AHE (z-BH, z=0.33)

<2 11-35> Trailer full aero. packages ZH&Hst 40ft & A9
SE RS9 At &HE (-8 ™, z=0.33)
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O Trailer full aero. package &2 ol wWZ 40ft =3 W

(z-plane, z=0.33)

[¢]

i

Aekole W, 3t

— Trailer full aero. package “&=t
Frdol 3748
- olelme AAE A

= abelo] A oy

stz atel 7haiA =

U_AYGX n: 0.1 0.0 02 03 04 06 07 08 10 1.1

<2 11-36> Trailer full aero. packageZ} F=t=X| 22 40ft
slE2xt 7|2 REo| SRR AlZtHEHAF SEE (z-8H 2=0.33)

<& 11-37> Trailer full aero. packages ZAH=rsh 40ft = A2
1, z=0

SRRSO AZMER ST (BY,

0.

. 44 B

[J 40ft S22 F9 F+57 =4
O =3 X7 A, trailer full aero. package &2+ 5o W& 40ft 3}

Hl L (©=10°, y=0.0)

0° ¢l A9} H]uL&}o] trailer full aero. package”’} %3

— @:
& 7

— Trailer full aero. package &% Al, Ed ey AAR AA|d =&

5 olye}l, 53] A #Este bHo] dASA Eo &

- Gap fairing©.2 <l8] EHE SR grele it Edde

i

flo
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%59 5% £ (momentum deficit)®]

1

ol wel Ede] Ayl zgehs bl By AA A
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7}

_‘c_?‘_
M‘fk SH3s Edde] d-+d

<2l 11-38> Trailer full aero. packageS F =X &2 40ft
stEA| HAHHE XLtes 732 AlZHE T & (y-EH,

y=0.0)

<33 11-39> Trailer full aero. packageES =gt 40ft k= Xt2

= T
HEgHS xLte g5 AZETE 2T (-

-

H M y=0.0)

vl

% 27l A, trailer full aero. package &2 5o W& 40ft &2 F+H H=73
Hl L (@ =10°, y=0.0)

o

- ®=0° 9 A} H]ﬂé} S W, trailer full aero. package’} &zt¥# e 7
Edy e Ede dUWF BAE FIolA Feuelrt 2oy A A
2 ARF Aol EA s =

— Trailer full aero. package &% A, E# o
Aol o] gl 7HaA WA E.

B o} EX

Fseg7t AdE. EYde] 3HEE A=
o= =9l & gy VERY F5 v

- Trailer full aero. package &% A, EHE
o] W Egele] FHE A2 o ool

o

1
_Pr
Edde] Apo] &3t A 9

- Edde ARelM R fEuteel 7]dE &

-AeHoR, 919 B8 A4S 40ft FEAE AU sE2e FEeol 7Idste] sHEA



<% 11-40> Trailer full aero. packageE F=tstX| 22 40ft

stEAte] tHEHH S XLts 732 AlZtgd S (-84,

y=0.0)

<% 11-41> Trailer full aero. packa
Ha"mMg KL= 782 Al2HH

(@]
(]

Ml
A T
H
0
<
0!
e
S
(@)
(=)

% ZAoA, trailer full aero. package &2} 5ol wWE 40ft &2 FH LA
B3 (©=10° z=2.0)

- Trailer full aero. package’} F&& A & A3 =T Jof 9osle] EHEH-E
de] Alole] ¢t Ae] HltIAAde] A ¥ oy EE SHFY FdsA &

z
e o] FdE
- Trailer full aero. package FZA], EAE e} E A Alo] FIteAe] gteo] T
A, gt gl Aol dASHA AT
- oo we} trailer full aero. package -2 A
ddy dAuFe] g2 HAste] EFE A -
4 Zol7b FolEo] AHA SR o] i
- EdY 9 Efdele A FHAAY 4 Aol A FF SEATE A

A7)
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<%l 11-42> Trailer full aero. packages F=rshx| &
stEAte| HHOIH FSZHEHE XLt F32 AlZtE T =&
(z-8 ™, z=2.0)

z=2.0)

% Z7A\A, trailer full aero. package &2} 5o W& 40ft =2 FH 2%

H 1L (®=10°, z=2.0)

- Trailer full aero. package’t &2t =] ¢t 7|2 Ao A5, 5%
EdH-E# L Alol9] {5 dFAFo] 7MA. o2 st EHY
st S 27t sty Aol A

- Trailer full aero. package 2 A], EHE S} EGAe] Alo] FIHoA AEHF% o

9 (low velocity region)® =77} <718+

)
I
offt
=
©
~

— Trailer full aero. package %2+ A, Edd# = Ao By eE= &

A Ax o] &% &2 (momentum deficit)o] 7+

e
)
x
5
il

a
— Trailer full aero. package 2o & 23l 5o £2o] 7kin o] 3F

7441
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<% 11-44> Trailer full aero. packages FZH5HA| 22 40ft
stEAe| HHOIH FSZHEHHE XL S5 AMZHEAF &
(z-8 ™, z=2.0)

<33 11-45> Trailer full aero. packageE F=tst 40ft st=X
AH Ol SEUHEHE XHes 732 AltET £

z=2.0)

=3 Z4o A, trailer full aero. package & 5ol W& 40ft 3t&
F5AYA(TKE) H] 1l (z-plane, z=2.0)

HJ

railer full aero. package &% Al, EHH-EH LY Aol F3H3}

} oW dR

2 Suk o WF F oY A (turbulent kinetic energy)’} A3 7

TWE_n: 002 0.04 0.06 008 0,10 0.11 013 0.15 0.17 0,19

<% 11-46> Trailer full aero. packages F=H5HA| 22 40ft
stEAte| HH O FHHHE KL= F52 R 230 HX|
(z-8 ™, z=2.0)
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TVE_n 002004 0.06 008 01 0.920.14 016 0.12 02

S R2bsh 40ft 22 Ak

<% 11-47> Trailer full aero. package
ZHOlH St HE Xts 732 HR 230dUHX| (z-E9H,

7z=2.0)

O Trailer full aero. package &2F 5o W& 40ft ==t == M

~ Trailer full aero. package &2 A, &8 WAFAA T RMS kol 5.0% A=, 2k

.
Aol A= WEe] AEo] g

- o)z ste] AAAL A AL Fhe

‘W/O trailer full aero. package
W/ trailer full aero. package

3500

3000

Side force (N)

2 ]
< %]
=] =
[=1 [=1
LA B B L I L L B

1500

1000

W T
[~
tn
w
)
n
.
.
in
h

<%l 11-48> Trailer full aero. package &=t ®5F0| w2 40ft
st xtofl Zhal| X = AlZHof| w2
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Side force RMS (N)
2 50E+02

2.00E+02
1.50E+02
1.00E+02

5.00E+01

0.00E+00
WO trailer full aero. package W/ trailer full aero. package

<32l 11-49> Trailer full aero. package = 0 2o

k2 40ft st=Atoll 75 X|= =3 fluctuationel RMS Zt
H| D
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4

veel

7A

ALayer= T4

ATDynamicsAte]

SRS

STEE

1o gz

A7 4N E

O

YSEAPN

A

ol
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O LIAD

{a) LIAD (lower inclined air deflector)

< 12-4> LIAD

O Gap repair

Gap repair

<% 12-5> Gap repair
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Stress (f, MPa)
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Trailer full aero package ™

<71 12-14> Angled Flap type side skirt

O LIAD

(a) LIAD (lower inclined air deflector)
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O Gap repair

Gap repair
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<% 12-16> Gap repair

O Gap fairing
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A6d. 1A= A/ B HF

1. GEM(Greenhouse Gas Emissions Model) 249
O 20149 FE =% Tud =] g duAl=E $3k A EdolAd =213

O EPA (Environmental Protection Agency)2t NHTSA (National HighwayTraffic
Safety Administration)= =27t2=9} A5 Av]E Ael7] fste FF4QA T3

b AU A= =)
O NHTSA®] <Iu]qtAlel EPA®] ©]4tsteta (COq, carbon dioxide) wlZ&& 7 4l A
T AsAE Al AR SR
- Combination tractors
- Heavy-duty pickup trucks and vans

- Vocational vehicles

O NHTSA$® EPAX combination tractor®} vocational vehicle 2}#Fel] st A=< &
T2 diRe thsh Alx =<

O EPAY HF =247t~ A= di71 A4S (CAA, Clean Air Act)el w2} 2014 MY
(Model Year)®} shA 4 &

O NHTSA? HEF daxv A= 20073 oyx ¢ 2 <oty
Independence and SecurityAct)ell whebA 20149F 2015 MY+ A4 HojE {535
32016 MYF-H = oFdoz 2§

& A 2 o TUHE A du M 9 27 wEFe U VES
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Shelst7] A Al

O apgfell et 712411 AbF R AW 3 (fuel map)o] W&
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2 slsE PHES AY

L)
=
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O GEMe 93 #2 coefficient of drag, tire rolling resistance coefficient, weight
reduction, vehicle speed limiter, extended idle reduction technology, tractor—trailer
combination curb weight, payload, engine characteristics, “12] 3 drive train for

=

each vehicle type &
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) GEM_sim

Greenhouse Gas Emissions Model (GEM)

— Identification
Manufacturer Name Vehicle Configuration: Date: |
“ehicle Family; “ehicle Maodel Year: ™~

—Regulatory Subcategony————— — Simulation Inputs

Coeficient of &erodynamic Drag:

Steer Tire Rolling Resistance [kg/metnc ton]:

“ehicle Speed Limiter [mph]

Drive Tire Rolling Resistance [kg/metric ton]: | |
|
“ehicle Weight Reduction [lbs]: |

Extended ldle Reduction:

— Simulation Type

O Single Configuration
570 [ Plat Output
5 ) Muitiple Configurations

<22l 12-19> GEM Z 2213 Input data &tH

Translent Cyele Simulation

Spead [mph]
¥ E
e
>
A
T

Time [sec]

55 mph Steady-State Cycle Simulation

60
-
E 40
=3
: 0
# 0
0]
o N—
] 100 200 a0 40 500 600 0 B0
Time [ssc)
65 mph Steady-State Cycle Simulation
an
70 3

Spasd [mph]
& 88

o L] 200 30 400 500 GO0 oo B 200
Time [sac]

<32l 12-20> o|=2] SHYEA HH|FEE 2E
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day cabol ™3t default @t A&

SHE TxE3 He AHERE 23to] folding
7Féte] angled type Alol= AAES oz &

AE A CO, i 2 g/km o H|km/L oAH| M E
Non 7751 347 -
15E EHY
Angled type 754.0 3.57 ek 2.9%
Non 811.7 3.31 -
40ft
Eaol Angled type 792.5 3.38 2k 21%
Folding type 792.5 3.39 et 2.2%
O 15% Ed tist =y A3} angled type AFol= 2AEE 9F 2.9%2] AH] 7hA
O Angled type, folding type< 40ft Edldelo] d-& & A 27+ 2.1%, 2.2% 7|4
O ¥y ArA¥deE FAEY BT oF 19%7F =R FHTS FYste A=

kg gk A
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A7E. 229 = AHAL AR B AT

1. Proving Ground Az} A&

7} &
(1) AlAES] AniA 23 =4S 93 Proving Ground A3
O AAFS FAe HAAE o] &3t 3 Hd5 AF
O US. EPA SAE J1321-Typell A8 ES &3 AuAd a3 Hs5
O Side skirt®} Boat tail 2%l gt Av/HHA 5152 G4 E &<
(2) 1% FP= AA 2 A AKATRD
O 34 :5040m x 1527195 m (E}¥ &)
O TWaF A3 967 m x 2, &3t+7F 411 m x 4, 3457 731 m x 2

O 3k + A% 152 m, =4 7"%F 195 m
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- 15 ton 3EA%F 20 (Based, Treatment§ 2z} 1t))

d

<¥ 12-10> 15 ton == X2k H A

\C/Jorr:.trrl Test Vehicle
o 9 14= enicie
A H xhEk AF7t0
E9 Base Base Side skirt Boat talil Side Sklrt
+ Boat tail
S[ESPNS EtEtCH
ol &I ISM :
B 7| 2 10,800cc _ m
TP 410/1900Ps/
RPM

- 42t EYYY 3= 2 (Based, Treatmentg& ZF 1)

<IE 12-11> 42ft E LD st=AZ HHA

Con.trol Test Vehicle
; 5o E2Y Vehicle
dERY E Side skirt
Base Base Side skirt Boat tail + Boat tail
M| &AL & o X=Xt
oll &I D6CE )
bl 7| ¢ 12,742¢cc “
g 520/1700Ps/
RPM
O A& 7|7k : 2015.10.03.-2015.10.13.
O AAA @ wErdFddE AsAaetAd A Proving Ground(al4 53 =)
O Ay @ 255, F54, AL
O ARz sl=dy AU 9%, dHa FdAT74
O Y3A : AVAFAEY T AYAT, A5 A7
Ay
O 7 3

ko] Au/fME H7HE ¢35k US. EPA Smartway Program® 4v] H7} If
A< SAE J1321°) 7]dtete] AES st om, U AL AH3telA] 2 &
of = FoS Ea) Modifyste] 74S 23} &
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12-12> Table 1 SAE J1321 A& = & =d HE At

SAE J1321 &8 =4 =L MY =2 HZ AR
AE Al HF E20| 1932 kmh
e SAE J 13217} £
olMY AP ME A

e Al 2IF 2 444 T378T
T SAE J 13212 S

SAE J 13212t 3¢

2 1Hz =X
SYHE 0|38 A8 FH SAE J 1321t S
A Al 2&Hz2| 805 km 04 SAE J 13212t S
. it Proving Ground T2 AIEA S
CV, TV SAl & Cv, TV =Atx &4 =.
Al 2 27t
. _ Proving Ground 4 2 £ 4
Rzt =|4742] 4572 m Ol& & _ .
Ak 2k 22| #[iEh }X Axfzte| ZHde=z ¢lsto] Rizf
x
! A /X 271
CV, TV At X2k Mef(Cargo | &2l ofzio| SHAZE AHE0| 21

l
Truck) Z|Ciet St RARRIE 2

0.16 kmhel SHMEE X[H= | 1 kmhel faEE XHe SF
GPS X8 char| g

B ) , Cargo Truck® Full Accel, Tractor | Cargo Truckel Z< Cuise T
A2k = Cruise ZE 0|2

= Cruise M& =7+ RHE
28 & X X XH0[7F 2 kmh
S &S =] = X
@ 5 A% xolh 161 kmh | olalel Tzb 108l EzAl Aay, | 00 Grond 5E & HE 2
2 F X=X ol 7t 2 =1 of | .
ﬁ T = | HAfel ZHo=R olstel A
Ofal dhst A AlH Almj 28 & =2 A=E X0[7t 2 kmjh 25 ox 2o}
=
olatel b A53E EA| A |
28 & 5 Aol = 805 | 28 & L Aol =Y 805 | Proving Ground §4 A =E0|
km/h o|ArY A AE Alaf km/h o|&tel 27+ 0| 7Hx| B¢l | Fot 7|E=A oHE 27}
o2 Amako| 01% SATEE X | sAtE Clelo| MARAl XL
i B | 0.1% OHO_I_E I oHo—l— 109 'I"l | I'—| 'IE __I.LOI A|7| EIJ 7|—7_d| é,l‘ %El'al
H XMg A HNE
_ £ oul7| Ol FHE AR B
AH2F Warm-up 1A[ZF o] &¢ E2 402 F=3(20 km) o _
=35 o JIs

(1) SAE J13219] 2% 33 &A

P P P My o P R
ot
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<13 12-25> Baseline Segment Driving

(5) Test Segment Driving

O Ad &Aoo oAste] TVAf&Fe] /MAEFS A 2hela, CV 252 Baseline Segment
o] .

A NEES AREA G Al A I

% Baseline Segment Driving 28 xS A 33] o]AF wkEsle] o
A

Ql

O A AAZ AAEe] HelHE A58t 38 T £5 HolHE 481, 73

= i
SFE % orIsk dolE 4

O Aol AT FHFVLIE ol gte] A5 ALshe] B4
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<&l 12-26> Data Acquisition

(7) Fuel Efficiency Calculation

O Baseline Segment, Test Segment TS T3] =5 A5 AR Ho]HE o] &3}

Aot
A i i Tartig Fuel Efficiency Calculation
Haseiine Segmant Test Segment T fesult
Gallons or Lbs Gallens or Lbs Mominal tanfidence interve)
Run Test Contgl i\l Rin Test  Comtol TG Fuel Saved 28%% t 148%
1 2451 Bes | L0282 1 n7 | ne | 080 img 193% t 134%
E 256 228 | a0a4L 2 213 | 2186 | 08860
3 43 372 10284 i 349 350 | 09098 Pesgription
4 4 2283 | Me3 | LOOTT This workshael provides an analysis for the comparison of m
3 5 2504 [ 2482 | 10088 between 2 Test and Control vehicle The chosen coniidence
L] Baseline Seyment Dafa ®  lest Segment Dafa The nutrnr@w of an f-test for egqual variance is ued to chags
7 7 tetest for differance in means
] g
] ] Imayructiany
1o i 1) Conduct 3 minmum of 3 3aseling segment runs entarng
1} 1 I the Test and Cartiel columns of The Baseline table T/Cy
12 12
13 13 2 Conduct a minimum of 3 Testseqment runs entering Tesi
12 L in the Tect and Contral calumng of the Testrable T/Cwaiue:
15 15

34 Rundewy tha Fuboct fagide « IF varlansee e il - rhe infn

<38l 12-27> Fuel Efficiency Calculation

(8) Test Pass/Fail Judgment

O Data acquisition systems &3 5% 537 dolyHe} & dolHE #4351
EgAH el 2 AF fAE WA A Ay AyE dAs, A4S S
AZIA gk 2SS A A2 st Add 8
Ay A
A Alg ol whek 1093t A3 AHS Sl ofgiet 2 A3E dE
15% Yutt] EZ] boat tailtt F-23 49 Al A EEFEH V1S 293 9
HZ st AFATe] AE e WoX v Av7F AdE = A0 e g
15% vt Eg 9 side skirt®} boat tails #Zo] F=3sE Ao A= F 45+2.1%9]
AgovdF AEE&S YeEbY, oF 47421%9] v /&S YEY

40ft EF LY Aldo) A= Angled-flap type?] Side skirtF ¢F 3.6+0.1% 1] 7§41 &
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el e Boat taile] &3 vmd Ao ® vEld. o] AL 40ft E ] A
AE Ae oYl corrugated surfaceo] 71918 f-Fukgol o& RHE HU &3}
7F A2 YERA] X3k Ao 8 AR

<IE 12-14> PG AXAI Y ZH 1}

Test . Conf idence
Test Nominal ,
Judgement interval
15ton cargo Fuel saved 1.42 % +1.35 %
; Fail
truck boat tai Improvement 1.44 % +1.37 %
15ton cargo
truck full assy. Fuel saved 4.51 % +2.05 %
. . Pass
(Side Sk'r_t " Improvement 4.72 % +2.14 %
Boat tail)
40ft Fuel saved 3.44 % +0.94 %
tractor-trailer Pass
side skirt Improvement 3.56 % +0.97 %
40ft
tractor-tra”er fu” Fuel Saved 349 % i119 %
assy. Pass
(S|de skirt + |mprovement 3.62 % +1.24 %
Boat tail)
O AANG AT Abol= 2AES] AMAL A% BEA 3 %R} B 356 %2 4
}EEE SHHAS

<FE 12-15> AO|EAFE ZmUfH| M2t

A= NSSE oiH[AIE Za}
A|IE AFHE
. . 3% 3.56 %
(Tractor side skirt)

O 471 Ad 9ol 40ft Edld el ek boat tail T5AH, 15%& Futr] E
g AL AAE @AY S o, AFdEA wonigel EE SR}
%9 tﬂ:@‘rﬂ A 0}04 PG Eﬂ*E ArAIE 23S S

e 2

i

mlo

l

1A B3

O AF dih PG AFE o8 2 A} dA Gl 7|Qdste] Ul oz Algn]|§o] AH
shar, o5 el FAVE 7tk AdlEHEAE ©]838te corrugated surface?]
s wAg F7AEES stz A%
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= |

JIA1

- = 20 879 ME A
FEASAP IS seonnsiomies: __
Jeonbuk Institute of Automotive Technology ~ FaX 063-472-2398-9 E"mall]lamﬂal_l'&kl‘ http:/fwwww jiat.re kr

A
AEE SHNL6

Tel 063-472-2300

Z B1A
4= 32X o8 5 gengs A% 2N & S0I9R
R H2EI Jl=s=e S AXNHAE
| SlAE (F)5I ZHE| cl2ux 2015.09.10
}91210! F A AT AIEA EI1IDI0HZ 269 J| ?J 2015.10.03 ~ 2015.10.13
e - i 2 Mg ¥ IINAF
SEX 2 0 8 22% (8] él‘a M2 A
1. S8
- ‘323 28 F ML S /e N L 3I197 MLEX J=HE M HgSe
Syl J&2E =3
2. A8 R
1) AIEDJ|2t © 2015.10.03.~ 2015.10.13
2) ANEEA : NSeHMBH XS HEAPAA(KATRI) Proving Ground
3) Al 8 E: ZJIHE Y 298 MZAXI(Side Skirt, Boat Tail)
4) MERE : SAE J132100 J|Est B5FsHY| HOt
5) Hl I D SAE J1321 22U AFEN %A =EF
3. Algdn
Nominal Confidence Interval
Cargo Truck Full Ass Fuel Saved 4.51% 2.05%
2 ¥ Improvement 4.7% 2.14%
Tractor Side Skirt Fuel Saved 3.44% 0.94%
Improvement 3.56% 0.97%
- AMEY [ EY 112X
[ 22 ]11. 32X 28 = G HAE A& 2IME L Z2I|2dF HZEX IS e
Zo| AXHAE
= o4 X s8R 2015.10.30 ol It = 2015.10.30
BOMUHHS  JIAT-15-6760
| =]l{a]
AD(9F 20 20 =2 t:ﬁ‘ic_',
2015.10.30 @Eﬂ
= - AL Ty |
AENSHI L=

2 ZAEuAlE ofzlelo| M3Eh Alz-z2iubd Sol tist Znt2o|n|, 7[&do|

5
Hal 2ol

8lol +4

EE URE HARl0l AISE ¥ 4 ©S.

This report is limited of test results for samples, conditions and test procedures provided by the customer and shall
not be revised and copied except in full, without the formal written approval of JIAT

<38 12-28> PGAHAARHAHE DTN (M EXSA | =
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2. AdEEA R
7} s

O AAEFS drAdaEs 2 wjE7ts A &S, Bl &dH] 89 59 AFsE AT
AdEEA A ¥
O 7|Ea7 vl F7IAFADAGA B2 Coast down 74 R thFathsH 7

dul, WE7ts A "ot

O Al@7]%F : 2016.03.18.

O A& @ &71AF B/ &7kt AgA

O Algzak=F : VOLVO FH 6x2 Tractor, 1t

<ZE 12-16> A sSHAIHE A2 M

= Ak A A
Al & A2 FH 6x2 Tractor
| =FAL Volvo
of Al 2008
27| AMT
Hf 7| 2F 13L
HHEH 500PS/1800RPM
o4 H| 37km/LAIH S E S| T)

xohﬂ

. A

[—

jach

O AdiE=A

- AEAE Al BRI FE D we] FRAF AY o5 EARSHe, dAl =
7F obd At EHE AL ol AlEAFe] mrds FHD wof v 2do

SN AP A
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Dynamometer

MEXA-7200D
(HORIBA)
Heavy Duty Vehicle
Emission Measurement
System
CVS-7400T
(HORIBA)

2WD In-Line 540(AVL)

- Max. Test Speed : 150 kph

- Max. Permissible axle load : 25,000 kg
- Vehicle Cooling Fan : 144,000 m3/h

- Max. Pull Down force 12,000 kg

@ Emission Analyzer

» CO low Analyzer

- Range: 0-50-5,000 ppm or 0-100-5,000 ppm
» CO2 Analyzer

- Range: 0-0.5-20%

» THC Analyzer

- Range: 0-10-50,000 ppmC

» NOx / NO Analyzer

- Range: 0-2-2,000ppm or 0-10-2,000 ppm

» NOx/NO Analyzer

- Range: 0 —-10/20/50/---5,000 ppm

» Methane Analyzer

- Measuring Range: 9 ranges

- Range: 0-5-2,500 ppmC or 0-10-2,500 ppm

@ CVS System
» Primary Tunnel
- Diameter: more than 18 Inch
- Effective length: more than 10D
- Calculation of the orifice Reynolds number. Re
> 4,000
» 2nd Tunnel — 2sets
- For EU Regulation
- For CFR-1065
» Particulate Filter Holder
- Filter Size ¢$47 (Sample) x 3pcs
®47 (By-pass) x 1pc(with Cyclone)
- Filter Size $47 (Sample) x 1pc ¢47
By-pass) x 1pc
- The filter cassette for CFR 1065

- 331 -

A EE A FA: B ZF(Inertia weight), 5 &34 (Power absorption unit)
Ao 7] (Controller)

- A" A BEe eE FEE AojEu] SR AYEAAAR wA F el
AR AU AAnEE, 2AVIEMER B AR ARE A Tl ek aA(H
B)(A2015 - 632)° AT A 2EE 2B5CE AMslH, F$= dH] Ao
S Fol7] ke 50%+1% = AlE Aol FEF Ao

<i 12-17> Chassis Dyno. Test Cell Control
Setting Value Measured Value
Test Cell Control Temp. 25T 25+1T
Test Cell Control Humidity 50% 50+1%
<HE 12-18> At SHA FH|HM 2
|y EEET EX-g=7]
- Max. Power : 540 kW from 52.6 kph
- Max. Tractive force : 36,985 N
- Inertia Simulation range : 1,000740,000 kg
Heavy Duty Chassis - Roller Diameter : 1,828.8 mm(72")
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<& 12-29> Xtcf
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O

e e Jhlz =2

O

ol
-

ot
B

il

i
ki
=2
>
rlr
[
B
o

EeAs Asart A4 m2s FPLE o gA, 7k, QS #
A5 FAREE AREet BA T 5 =S AeA)

% BHERA, Aoz 74

Wy

Fake] Pdel lRBae sl Y Y Eat 4P FYshe
of Ao Paish golo] BHFNA 59 daaR AE MGl wet A
£¥AEE JEGRE ABPY F A% 5 ARZ AEHE FURE A%
meag A e Az el we AL

AR WSEAEE FYnsel Ao devolAr, $A4E BUHY

.D Dw

MEIDACS
(Main Control Program)

BJ153]

.z. -

CVS SAMPLING UNIT
481Inch [HE8 ANSHHEN

RHSEHH .
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o By

L

O hPAsate] wj7ldoll s LAE ABARGAA £HE WE7ts B SHAVMAE

O TgYsdS AST Senpate] MEXA-7200D AH&-

O T AT/H B AN BEAE AFoZ 34
Tedlar bagel 24 @S A ste] BAsA sm, 2

)

<32l 12-32> vi7|7tA BMEX

<E 12-19> vi7[7tA MR MY

MEXA-7200D(HORIBA)

THC HFID 0-5072500ppmC

CO, CO; NDIR 0-5075000ppm, 0-0.5720vol%
NOXx CLD 0-1000~10000ppm
CHa GC/FID 0-572500ppm

(WP s
O AR WMENAE B9 HAgtel AeBow ARE AF F & A= A
= T
a o)9zrle EgEE, WIts F AAFEAS N B B
719180 @ ss A7l 10M Dole] B 54

O 34 mM=7t2 & PM2 3MEA EF8HA HM, 2 =9 WE7t=s W
= EYeME 4 2= 21(B2T ofshelM A aAFH7t 7hest=s 22 B

ol &7
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<% 12-33> 3|4 Hd

<I 12-20> 3o HYE M¥

DLS-7200, DLT-18120(HORIBA)

eEefd A DLT-18120 & Ed g18inch I 120m /min
=xtg A SMHOIRE, MR
CVS-7400T 5] 448} 7| 7kA R 2 407120m /min

PMM ZZE ¢70mm F2lAMR0{X|

- CO; ¥ CHyel 542 i}ﬁig—ﬁ‘ Al Al & } o] A=
| WEs = 7t~ é%%“]i—ii = (CVS Constant

- €Ol ASE MAR B0l Jbseht CHLS 4% A48 g 24

<13 12-34> 24t~ 5H
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<I 12-21> M=

el

z
0k
Jo

>
N
[>

CO2

-+ A = 2 CO, HC, NOx, PM

O F3q Az A= AA = 5—?5{— 10 km/h, 20 km/h, 30 km/h, 40 km/h, 50

km/h, 60 km/h, 70 km/h, 80 km/h % 90 km/h
O &Hx F3 A3 ALt
F=puW+ u,Av? MNEASAe HEH & HE A
A=B xH BMNEXNSAHHMZ (m)
HAEAEAS] AA &0 (m)

F:2HE T%l Kt N) B 17.6
w7 ME A (N/kg) TEMEAS: p, =9.8 x (0.00513 + =)
1e'E7| Mgt A5 (N/(m2 (km/h)2)) w
AAIE ISR HE £ By (m3)
wAlE RHEA B2 (kg) S| Me: p,A=9.8 % (0.00299 x 4 — 0.000832)
ViZ A E £ {km/h)

ok A9 A
O AN A A}

- 40ft EY L] x| Alol= AAES HE HAS 22EAUS W, PG teste} H U3
Z74(H 24 90km/h) ol A corrugated surface &S viAISH ¢ 6.6%2 18] 7|A
2395 YER

- Side skirt®] AVATEH 35%E AT 7, boat tail> °F 3.1% A¥] A7t THE

A Aow i

=
r>4

‘U
%
n

- 08 T3 oAk 35% T 58%9 dAnpAERE BoE
- rledEde wjEFe] A, AE5EHQ iﬁ%"é. #6301] e #d=Z NOxM &
o] Tkl oy PMe wl& 42 oF 16.7% A#

A NEA AF QAN A 2

ol
_|_,
nlo

1l

g
o

191 5%HT #=& 66%= AARREE

»
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<E 12-22> XA ST AHZD
s Base A+t 7H A Ap
(kmfry | F-E | COz | THC | CO [ NOx | PM | FEE | CO; | THC | CO | NOx | PM
(km/L) | (g/km) | (g/km) | (g/km) | (g/km) [(mg/km)| (km/L) | (g/km) | (g/km) | (g/km) | (g/km) [(mg/km)
0 4.0831 | 625.11 | 0.1367 | 0.4264 | 3.9048 | 15.85
i gy | 38317 | 694.93 | 0.1444 | 04397 | 3.4723 | 19.037
=2 6.6% |-10.0%| -5.3% | -3.0% | 12.5% |-16.7%
0 4.0122 | 663.25 | 0.1911 | 0.5787 | 5.5487
i gy | 37996 | 70159 | 0.1923 | 0.5572 | 53503 | - -
=2 58% | -55% | -0.6% | 3.9% | 3.7%
7 47247 | 562.81 | 0.2038 | 0.6732 | 4.0315
gy | 45402 | 585.77 | 0.2022 | 0.6636 | 35051 | - -
=2 41% | -3.9% | 0.8% | 1.4% | 12.1%
&0 5.3068 | 500.64 | 0.22 |0.8036 | 3.5681
i gy | 51268 | 51828 | 0.2216 | 08035 | 33792 | - -
=2 35% | -34% | -0.7% | 0.0% | 5.6%

M 3

K

HH[AIYE ZA3f

HEH Y (Boat tail)

31 %

AMOIEAFE + EEH Y
(Side skirt + Boat tail)

6.6 %
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JIAT BB A G o s e .

mardash rtiute of Auiometve Tecmelogy. Fat 063-672-7398-9 E-mnail patfatrokr  htphwwaatre ke

2t BN
USROS J1Y BIIKE ¥ 2)\AR HAFK Q@

i B EMHE] qBEUN 2016.02.02
20IE NBA FOI02 260 (91 @ 2016.03.18
20 S 2eE [ BRI N EIHE BB
1, B3
S mIKHS U RIIBR DRI HIH o UNSBRIY 2Y|, WA &5
2. N® WE

1) AE D28 2016.03.18.
2) AREL : HELEIIEW
3 AEE:BINAR & 2R HERE
4) FYEC : YRB{FIHZEUE) A=
3, HHANHESE0

Buge A1 A N
uE F.E | o THE (i1 W ] FE | R THE vy x FU
(/L) | (gial | Cafn) | to/km) | (efomd | (mofmd | (hevl) | lpdl) | lgfemd | fgdkm] | dgfm) | imgiial

pom/m | 38317 | 694.93 | 0.vas | 04307 | 04720 | 19.097 | 40831 | €52.10 | 01387 | 04284 | 3.0048 | 15.880

B/ | 3o7Ea4 | 0188 | O,1883 | CLEEF2 | 5.l . 40122 | &63.25 | 001811 | O5TET | 5.5497 =

O/t | 4552 | ses.r | 02000 | 0883 | 35951 | - | 47047 | 56281 | 0.7038 | G.8TRR | 4EE| -

B0m/h | 51268 | 518,26 | 0.2206 | 0.8035 | 307R2 | - | 5.%88 | 500.54 | 0.2200 | 0.M05  3.3%E1 | -
4, HZ

BOATAEY AY BY Ve o E((F)IGENE) RBU ANo0 M ME 2F U
HEH EBUE 2R2OL4N B

[ )1, dEnusEH I SIEE & SJ(24F J2EX SHEN
2. #I17(R16-0442)

q 487 B 2016.04.08 Lo B 2016.04.08
HOMERHE  JIAT-16-2358 SR MEs
A% ¥ S0 ETHE K

2016.04.08

HENS =

E @y oM 2epio] MFe AmEN L mol o guEoje], AlEH B 2 Hol £ FE TR RAeld AJHEE W T TS
Tl rasacl ie linlies ©f tesi resulls for samples, cord lions Ang \eal procedurse provided by fhe customar ang shall

ot be rovissd snd coplec excapt Ie full, miihce! the lermal weitten anprava of JIAT

<38 12-35> AN SHAFZIE DN (M SRS A7 & 2)
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AA., 3AdE An|NA Ax A5 A=
1. Proving Ground A=} A&

7} &

O
>,
2
i
o
N,
21_1{
o,
B
il
o,
oo
o,
N
o2
X,
olr
>,
e

(2) s FIA2 A B ALDKATRD
O 7t74 : 5040m x 1527195 m (E}91%)
O Ze : AMFI 967 m x 2, &3 41l m x 4,

O 3k + A% 152 m, =4 7"%F 195 m

A

hid

T7F 731 m x 2
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4 24 s

O 42ft A" ol 3}&E2F=F 2 (Base®, Treatment8 2zt

1th)

<E 12-24> 421t ER L stE A MY

Con.trol Test Vehicle
S E 2 Vehicle
Al & K2k = - ! i i
Al o X2 Ef Side skirt + Side s}<|rt +
Base Base ) Boat tail+Gap
Boat tail L
fairing
| =FAL & o Xt = Xt
ofl &l D6CE
HY 7| ¥ 12,742cc
o 520/1700Ps/
RPM

: 2016.09.28.-2016.10.05.

O ALES] vl AME B Askel Aul B 74
shol Ade WAstRom, T gl HehA
A FAe H45 3
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<E 12-25> SAE J1321 & & =Xzt o{ £

SAE J1321 T8 =H&Hs o 2 M3t AT
PEMSE o|3st ¢ =
(2 RS 222k g e EIIA
O| &3t A 2H|ZF 5 M E(CO, NOy, CO,
PMEH
0.16km/he| AT E X = o o - S
fo - PEMS2| %% dlolEl o|8 | PEMS2| X< CjolEf 0|8
GPS H &
R ARl 01% MES
: oid| O o|E{ o] o| ofu| H|o|Ef o|&
A M2 Ale PEMS oiH| Co|E 0| & PEMS2| oid| Hjo|E o] &
PM && Algt 813 PM &3
2 Ji7 o i EM AN EA
CV TV EA| S CV_, TV ]_ tHo 2 Ffrovmg Ground 4 & S4
’ TR Eu 4t 7}
- 5
] CV TV 15 7tHo= F_’rovmg gar_ound AlE Al E}
Atk 2F B A2l 457.2m *7‘;}7‘* Sul g} s(Alolol SIAF Al R ALRE ZHM o2
ol & FX| T e o ol5to] X2 2+ 2+ R x|
Atk ZH Hel z[ch g /X o
=71
A2k =3 Cruise 2= 0|2 | Full Accel. A" A2k Cruise = &7}
28 & 25 Aol = 28 & &5 xto|zt Proving Ground £ At
8.05km/h o &tel Al Al ZE8.05km/h o] Atel 7t =Z0|
Fail 303 7| Z ¢l ol =AH ohE E7}
. . Eg] 2ulF| oA FAHE H
Xtz ~up 1AIZE OlAF | E 4upR =3 L
Fe Warm-up 1412+ ol astel = 523 ol JHS(KATRI =)
A E} Al235L0] X}2F
SIS AR MY gaix ars siolof olst &= A
X3
CV, TV ¢ &tgF Mo <«
Al Al B S50]
19.32km/h O| A&t A AlY —
Fail
AR Al 28 22X 44T ~ -
37.8C 7 Xl
2|5 &A HolE MEZ
_ <«
=5 =& 1Hz 74X
28 & AL Xto| 7}
1.61km/ho| A grM st A2 <« <~
AlE Fail
Alg Al 28 Hal 80.5km -
ol &
S st A2k

¥ CV : Control Vehicle, Reference Data £ S
TV : Test Vehicle, ZH&Z 2| 7§ 4 E2} Data &
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(1) SAE J13219] A3 & <A

Test | Sving Baseline I s Test Pass [ Fail Fuel Efficiency ! Exhaust Gas
Preparation - Proparation Segment Driving Acuisition Judgment Emission Calculation

L IJ
Segment Driving

<% 12-37> SAE J13212] A& T A

(2) Test Preparation

<2 12-38> Test Preparation

(3) Driving Preparation

O Proving Ground T3 =29 =W Y Fa47 7o) Ay J3Fo] gle=A nlg gl

O F3d82] Grade 35% mWF o] = ALdo] &<l

O F%, &5 5 9F 34 Az H4E 98t 1Hz ©]49 Data Acquisition £%&
A Al A A
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<& 12-39> Driving Preparation

(4) Baseline Segment Driving

O /s s oA &2 A% d Ao CV, TV A&Fs Fdqsto] 3 d 24 A
T dBARY 4
O g 4¥ dRE A2 33 o4 Mo AR &WF 57
<¥E 12-26> Baseline Segment Driving
A H A At MEdY &
Fal A" ™ PEMSS| Calibration2 Zl&5t01 oid|
PEMS Calibration U B E7tA £ 2 28t Zero/Span#te =t
Ak o & Proving Ground& 4Ht7 F&stoi CV, TV At o &
S A[ZHO|IM 12 ZHH2Z TV, CV A2k &%}
Hoz &Y
PN F7tEo=2 Zdsto], ER FHUXE(RDEKE) T2
Al M& Fd(Cuiise REJ} IS8 AT X8)
Proving Ground 175} (85km) =3
FHA RO Rt M A}
PNE=ESPNG — - .
HA = Idle &EfE FXI5t0] 1 &% AlS Off
HBAD2F U HjEJtAHE =X | PEMSOIAM ALE oz Sm2kLiter), i E7A
_ i & ZFHCO2, NOX, CO, PM), At So| HolEl2
Z 3 Eol ESE
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Ui

fmﬁﬂ“’ ¥

IVEH_SPEED
1ENG_SPEED

8506¢

2079

64521576

$433/NOx (g 1278169
5434 kNOX (g) (corrected NOX) 1278169

<3l 12-40> Baseline Segment Driving

(5) Test Segment Driving

O Ad &Aoo oAste] TVAl&Fe] /MAEFS A 2hela, CV 252 Baseline Segment
oF FUstA JNEEES G| &2 AdEjdA A7

O 7| A2 T Baseline Segment Driving A& dAaE A 33] o)A WkEsle] o
5 Ang =4

AAH ANES dolHE ASee] 74 F 5 dolHS PAsL, 7

= Ry
= g g7t voly &4

Lt [y Intiriey LT an trvng

<2 12-41> Data Acquisition
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(7) Fuel Efficiency Calculation

O Baseline Segment, Test Segment T3S 53 =&%H I8 AR HoHE o]&3}
o JEE G wE dv] AdE At

SAE 1321 Data Analysis - Fuel Economy Improvement Testing

Baseline Segment Test Segment Test Result
Gallons or Lbs Gallons or Lbs Nominal Confidence interval
Run Test Comrol T/C Run Test Control T/C Fuel Saved 13.40% F 2.10%
1 1 2a41 | 3013 | osior [improvement | 15.47% + 2.42%
2 2814 29.89 09412 2 23.80 2862 0.8317
3 2534 2681 0.9453 3 Description
4 25.608 27.0866 09461 4 This worksheet provides an analysis for the comparisen of n
5 S 2474 3043 | 08114 between 3 Test and Control vehicle. The chosen confidence
6 6 The outcome of an f-test for equal variance is used to choe
7 7 t-test for difference in means
8 8
g 9 Instructions
10 10 1) Conduct 3 minimum of 3 Baseline segment runs entering
11 11 in the Test and Contral columns of the Baseline table. T/Cy
12 2
13 13 2) Conduct a minimum of 3 Test segment runs entering Te:
14 4 in the Test and Control columns of the Test table. T/Cvalue
15 15

<& 12-42> Fuel Efficiency Calculation

(8) Test Pass/Fail Judgment

Data acquisition systeme &3 F5¥ 9527 dolHet 2% dHolEE #2438
o] 9B AQolo] B AF FAHL wrEAF]

WEATA RE A 4P A
L
O Az Aguel met sdrl 23 AFL F3 b 2L ARE AYS

é
ot
e
N
ol
ol
K
>
>
e
™
Og‘:,"

(1) Gap fairing, Side skirt, Boat tail %+

O <dH] oF 13442.1%°] ARAHF AzeS Yehln of 1565424%2] AH] /&S vk
O CO; oF 11.74+2.2%°] wWiE® A7&s YER™ oF 13.30£2.5%

O NOx °f 8.75£20.34%2] W= Ar&s Weblin of 959+22.29%

(2) Side skirt, Boat tail %

O <dH] oF 43242199 AmAM|=F AE&S YEhv, oF 45+22%2] A4 NAE&S e
O COy of 245+2.1%9 W& AFE&S HEbl™ of 25+2.2%

O NOx °F 4.87£13.95%9] wWi&== A7H&S Webl™ of 512+14.%
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<3 12-27> PG AlXtA|E dd|H 1}

Test Nominal Confidence interval

Side Skirt + Boat Tail Fuel saved 13.40% + 2.10%

+ Gap Fairing Improvement 15.47% + 2.42%

Fuel saved 4.32% + 2.08%

Side Skirt + Boat Tall
Improvement 451% + 218%
<3 12-28> PGAIXIAIH v &7t A1}

Nominal Confidence Interval

co Saved 11.74% + 2.20%

2 Improvement 13.30% + 2.49%

. ) Saved ~7.37% + 5.77%

fgi;l}'zn PM Improvement ~6.86% * 538%

+ Gap Fairin NO Saved 8.75% + 20.34%

P g X Improvement 9.59% + 22.29%

co Saved 18.80% + 44.95%

Improvement 23.15% + 55.36%

co Saved 2.45% + 2.14%

2 Improvement 251% + 219%

PV Saved -2.93% + 9.53%

Side Skirt Improvement -2.85% + 9.26%

+ Boat Tall NO Saved 4.85% + 13.95%

X Improvement 512% * 14.66%

co Saved 10.26% + 40.66%

Improvement 11.44% *+ 4523%

<¥E 12-29> AIO|EAHE = xcfd| Mo}
Mo = SR HAd|AlY Z 3t
Trailer full aero. package
. . . . 5% 1547 %
(Side skirt + Boat tail+ Gap fairing)
Side skirt + Boat tall 3 % 451 %
Gap fairing 2 % 109 %
O A7 oAk PG AFE oAF 2 dxk dA Soll 7|Qlste] iAo ® A §o] A=
star, o el FAV 7Hed AEHAE o]83t9] corrugated surface?)
s WA FAES Jdsr|2 AAE
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o 1]_ =] z]._B_-(',-]-yl % _9__] 54158 FEIEE AN SAIMIZI 6 Tel. 063-472-2300
o H = Fax, 063-472-2399 E-mai, jat@jatrekr http;/Awww jat re kr

Jeanbulk Institute of Automative convergence Technology

23 BUA
S 2 [sEx 2% = dayYs A8 2N L BIAF
HLBX JlEHe H2E ATHAE
A (=)ot ZHE] © i 2016.07.01
Ele = T AEA ZIPIHZ 269 7 2l 2018.09.30 ~ 2018,10.05

e A 4 s =54 & = 3208 2 2095 dZEA

i =2

- 'SEN 2Y 5 g NEE FE SVHE ¥ 30|95 HAEX JEHET DH HeLE2 ol duE 52

2. AE e

1) AIE2IZ 1 2016.09.30.~ 2016.08.05

2] AEEA D nEEZT HEXeIEATA(KATRIY Proving Ground

3 A B B BIHE Y B9 MEI(Gap Fairing, Side Skirt, Boat Tail)
4) AlBFE : SAE J13210| J|gkst &= EI}

5) H 1 BAE J1321 S AEN 2AH =H3

PEMSE HE% ¢l ¥ HEI S HIb

3. AlEZ0 &l

Nominal Gonfidence Interval

- . y . Fuel Saved 13.40% 2.10%

Gap Fairing + Side Skirt + Boat Tail ITGroyeneRt 6.07% 5 am

= . . Fuel Saved 4.52% 2.08%

SEE SRt el el | mer ovemen t 4.51% 2.18%

4. A EE0 &2

Nominal Gonfidence Interval

- . . y Baved 11.74% 2.20%

s Gap Fairing + Side Skirt + Boat Tail Mprovenent 13.50% 5 10%

" . = Saved 2 45% 2.14%

Blee Seinl i Soat Tayl Improvemen t 2.61% 2.1%

P a3 . . . Saved 8.75% 20.34%

- Gap Fairing + Side Skirt + Boat Tail el o 050 o 5

Side Skirt + Boat Tall Baved 4.87% 13.95%

108 SRITE T oAt 14l Inprovement 5.12% 14 56%

aJ[% 20| 20t BENME HEELILL

AAsisel=dd

=2 ZRE DA = ofRRl0| MBS AlzzA-2 Zof thE ZorE0(0, 72 HY 22l glo] #E Ee URE SARI0] AREE & £ glS.
d sh

This report is limited of test results for samples, conditions and test procedures provided by the customer an
not be revised and copied except in full, without the formal written approval of JIAT
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!
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m
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2. AdEEA R
7} s

O AAEFS drAdaEs 2 wjE7ts A &S, Bl &dH] 89 59 AFsE AT
AdEEA A ¥

O 7|&EAE tHl T/ AZAZGA F-2AEe] Coast down 54 3 25 =7
Al W=7t s A7t

O Al@7]xk & 2017. 02. 22. ~ 2017. 02. 23.

<I 12-30> A SHAIHE A2 M

= Atk M
Al X2 ==t vk
N[ESON & O At& At
o4 A 2011
B{Z=7| H420ZF
Y 7| 2F 9960 cc
HAEH 400PS/1800RPM
odd| 43km/L(XtZSEE7|&E)

Al AHZEALE

(i

L Al
(1) 2547

O Agapzt Al mz2iolr FAF weo] FPAL) B o BAS], A =2
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7F obd AdiEH A EH oM AdatEe] s FAYL wek v 2o

2 eARES AAsts A

O Ads#EAe] 4 ¥ F(nertia weight), & & F7(Power absorption unit),
A ] 7] (Controller)

O NG A BFL £xe} $EF Aoy 2R AAEFAAR T4 T AR
A AU A v g g, SAVIAMEE 2 ARAYE AFEH Sl #e TA(HA
EI(A2015 - 6335)0] At A 2EE 25CE Aojsn, FE&= A S99 A
FA4S Eol7] 9ste] 50%+1% 2 AlF Ao FEE Ao

<¥ 12-31> Chassis Dyno. Test Cell Control

Setting Value Measured Value
Test Cell Control Temp. 25C 25+1C
Test Cell Control Humidity 50% 50£1%
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<I 12-32> AS=HA

b

HH| A 2

0

gH|Y

Heavy Duty Chassis
Dynamometer

Heavy Duty Vehicle
Emission Measurement
System

=g

2WD In-Line 540(AVL)

MEXA-7200D
(HORIBA)

CVS-7400T
(HORIBA)

T4
- Max. Power : 540 kW from 52.6 kph
Max. Tractive force : 36,985 N
- Inertia Simulation range : 1,000740,000 kg
- Roller Diameter : 1,828.8 mm(72")
- Max. Test Speed : 150 kph
- Max. Permissible axle load : 25,000 kg
Vehicle Cooling Fan : 144,000 m%h
- Max. Pull Down force 12,000 kg

@ Emission Analyzer
» CO low Analyzer

- Range: 0-50-5,000 ppm or 0-100-5,000 ppm
» CO2 Analyzer
- Range: 0-0.5-20%
» THC Analyzer
- Range: 0-10-50,000 ppmC
» NOx / NO Analyzer
- Range: 0-2-2,000ppm or 0-10-2,000 ppm
» NOx/NO Analyzer
- Range: 0 -10/20/50/-+-5,000 ppm
» Methane Analyzer
- Measuring Range: 9 ranges
- Range: 0-5-2,500 ppmC or 0-10-2,500 ppm
@® CVS System
» Primary Tunnel
- Diameter: more than 18 Inch
- Effective length: more than 10D
— Caleulation of the orifice Reynolds number. Re
> 4,000
» 2nd Tunnel — 2sets
- For EU Regulation
- For CFR-1065
» Particulate Filter Holder
- Filter Size ®47 (Sample) x 3pcs ©47
(By-pass) x 1pc(with Cyclone)
- Filter Size 47 (Sample) x 1pc  ®47
By-pass) x 1pc
- The filter cassette for CFR 1065
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<78 12-44> Rtcf

e

o)

[N

__OU

,_ﬁo
o

X

1oH
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A
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O WEANEAAL AEA A4 22E FAY W A, A%, A%, A5 5
Boli g HuEd 43 FARCE G BA FYT & UES AR
Rehg dolFe BT FYFFA, A2 A

O B Aol meyantes ARAYR FARE 29 FYRER AY

O Abgate] AGdH ARdas flste] SAshe T BEas Agol TS &
A= F-etel, Blolo] Fetantd 5o data® A ARl wheh ALt
ERIEE JEOSRE AFWUN & AF 58 ARE ARSse TEAE A4 w9
23 et Az we At
H WEIES FIYRE Agor s, FxlA= RUHY He=
of Byl A, MEEIE weh £

\\\\\\\\\\\\\\Q\W D)

|

Interface - " MEIDACS
Rack . (Main Control Program)

BIIEII

CVS SAMPLING UNIT
(HS8F NEMFHEN)
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gf. A

L

(1) #j&7F=247]
Y 7t BEF EA7)

O WApER W wel A s ARAYFAN EHE WEIs L edag
A g

O TP HEF FEnlate] MEXA-7200D A&

O =y A7
Tedlar bag?®ll

<38l 12-47> 87| 7t

I>

<3 12-33> Hi7[7tA EMEA| M@

MEXA-7200D(HORIBA)

THC HFID 0-5072500ppmC

CO, CO; NDIR 0-5075000ppm, 0-0.5720vol%
NOXx CLD 0-1000~10000ppm
CH4 GC/FID 0-572500ppm

(@ W 4ed
O ABA MEIAE TG sl JEFoR ARE AR T & e A
5

O WA A WEHE W7 aT} R Bel A E Do £
A ARgrIe BFSE, WtA F AALEAY ARFrIoe BF
1918 s@m2 A7l 108 Zole] HAw 54

fou

O 34¥ wE7hs 5 PME SEEAA HHA Hv, w2 259 WME7tAs
Fohs EfME 94 &% 2UG2T olsholA ARAHATE 7hestEs 24k B
°]- &7t
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<% 12-48> 3|4 HY

<I 12-34> 3M HYE M ¥

DLS-7200, DLT-18120(HORIBA)

e d2A DLT-18120 & E'd g18inch £ 120m /min
ExHRUl SMHOl2E, M RRrAl
CVS-7400T S| MUl 7| 7t A 72 407120™ /min

PMMEZZE o70mm FalMR0{X|

- CO; 2 CHs9 ZAHL Adlsg A Ald
Abste] FE Al w7 BOo R HWiEZEHE JAE A4S
=]

Volume Sampler)2 4 % 1501 Tedlar bag?l

a2
S~

- €08l A AARE B4l FHssht CHel B
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ol | e

A AW (JEOS Calculation)

5}

3 A

=
T

(4)

B
Hr

O

1% A4S otk

A X

Aol ubmn o

, 10 km/h, 20 km/h, 30 km/h, 40 km/h, 50

km/h, 60 km/h, 70 km/h, 80 km/h % 90 km/h

B Ao A
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L EEE

(1) AuAEZ2 3

E e d

=

O
—
[@)]

R g Alol= AAES}F HE HAS F2ASI9S W, PG teste} 5H
ZAFHT S 90km/h)ol Al corrugated surface &3S v A|gE A9 12 A& ol A
10.9%, 22k A& A 15.1%2] Ax] WA EFHE e

)

O AdEUA AWAT, AF AU 4 BEAQ 50T ¥ 151%2 FABE
2 9SS

(2) WiZE7t=A A 0

O tirledE2de el 4, AHH HEdd s3] ne JFE2 NOxHlE ¢
ol 1aF -2.28% Az, 22k 31.44% < 7tstlevt PMe| wj& S 12 - 7.55% A3

22 - 0.52% X17]-°]'}\}\ o

’

<IE 12-37> A SHA S Al Z ot

=
Fuel NO PM 00 THC co
X
AT E Efficiency ‘
(g/km) (mg/km) (g/km) (g/km) (g/km)
(km/L)

BASE 417310 4.50581 6.951 638.69213 0.08687 0.10649
TEST 1 462304 4.40587 6.426 576.20021 0.09241 0.11957
TEST 2 4.80319 5.92608 6.915 554.75603 0.10623 0.12674

<T 12-39> A=z AldHES E5F 1500n EEe| odd|HZt 2 F 0y AldZ T}

dE =% HH[AIYE A3}

Advanced bio-inspired CRF + . ]
Side skirt + Boat talil 5% 15.1 %

Side skirt + Boat tall 3 % 109 %
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= 7.]-52]— '6']-7]%_9__] 54158 M2H2E PAK| SEAM2Z6  Tel 063-472-2300
o B H B T ooy 0634722300 Emal jat@fatreks Mty jatrelr
21 BN
0= HEXIHSEH & 158 EXE SIIHNENAEX ANMS
iy U E Ot
@5 ZHE| oBAR | 2017.01.26
2 NEA ZIITOIUZ 269 | Il 2| 2017.02.22 ~ 2017.02.23
o= 4o gaz| =zomsmzax
1. =
- HEXHSH 4 158 EX2 ZOINSHLRI AIMSS oHIE I}
2. ANEHR
1) AIBIDI2F 2017.02.22 ~ 2017.02.23
2) NERA (WKEXNSHII2Y SHHSTIIS
3) Al B B ZIIMSMAEX(Side Skirt, Boat Tail)
4) NBRCS SAE J1321 Jl8t B =8 o
3. AEZD
Fuel _ .
z e NOx Emission PM Emission 002 Emission | THC Emission CO Emission
Gl (no/k) ) (k) )
g mg, g g g
(km/L)

BASE 4.17310 4.50581 6.951 638.69213 0.08687 0. 10649
TEST 1 4.62504 4.40587 6.426 576.20021 0.00241 0.11957
TEST 2 4.80319 5.92608 6.915 554.75603 0. 10623 0.12674

- MHEY [ 29 11 #X

[ 22 ] 1. HEXHSSH JIvt 15Ton EXE ZIMEEZ AKE 6=} 2.

o 8K =YWR  2017.02.27 ool b AMEE  2017.02.27
BOMSHHS  JAT-17-1153 EEVIPEE

AJIY 20| 2} BDME KE
2017.02.27
- e =
Asisdl=

2 2o IM= oz[olo] MFZE AlE-=74u Sof oigh Zat=2oln, J|sdol HAl &0l glo] 3
This report is limited of test results for samples, conditions and test procedures
not be revised and copied except in full, without the formal written approval of JIAT
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S e BEE T

fairing) 2 PG Al ¥

Trailer full aero. package (side skirts + boat tail + gap
Q1 134% AU A 7HE vk ko] ALk

iih) +

O Bxto] Z-$ side skirts + boat taill 22 7|wro g2 =4 AJd 272l 10.9%
AU A g Hredste] AXE 3ARA R AdiEEAAE A

(1) =de] AA7EA vl

O @A 7} 7] (present value criterion)= AF-&3}e] H]&3 #HJS HwE 7H
WA ZF Axo] WAlE= HoA HES wle £HYS 3 FH, ol £HY
A 7A 9] e FUdteleE FEAIY oY A MY esE ¢
- AbATE o edoel A Wl wgS 727k B9k Gt sk, Ao Bt

S5 = Aol AGAIE & Tdolel sHH, o] AR el wH Y dA VA

- wEA, AR whE A A AR eIy A A el PUNBZE 0 o] dold
olE FdF HAE i, v
o}o} g}
- B3 AR HE oY 7 FEAgely s el s A4S
7= Abgely A Aol gAA 0w Al ool 9
B W ARlely Ao AldHofop dAE AR
= J

742 Abgielnt o] AlYsoof & =4
(2) B/Cwl %] wa

O B/CH]&(Benefit-Cost ratio)= Ab-&3ste] 7 Abgolvp AA S 7t A f-oe= |9
of AAZEA ] 3Fs HIE AATIA Y FOE o] 1 H]Eo] 1o]iolH AY S
Algetal Hrt = 1o]dtolH AY S AldshA] . =, B/CHIE&S th&3 o] Ao+

Bl’
B =0 (1+n)!
c= T C
=0 (1+n)°



B > 1 ZT > ()
Cc = =0 (1+nr)"

B = B,— Ct

C <1 =0 (1+n)?° <0

O o3} #Zo] B/CHIES AH&ste] /i Abdolut A Ao] A3 4 £ ols SAY
LAe] ong sete 4 9l webd o] Alol} Aol A Holof S=AE 7
otd 4 A&

O ey, B/CHI &2 7t A9 S8 Ea %9 E9(scale)’t A2 T & SHS 188~
gels] Wol RselE AR AR UE Ut $0498 Adae
g AeE S e

ovgmeRae A AR

O H|gHIEA ] AA| A2 <y 5-27>0A HE= npel o] 7hesh theke] M A,
g 2 A\l AREA, vg3 A A& gAEA E o) dFE, AFSEH 7L
GAE AA o] FoAAA H.

1A 7hset ool MF

H2EtA Hliﬂjﬂﬂ 42 &4

RISEEA Hljﬁoﬁ@l ME
s

RI4 A oMY H ofdsE
~~

RISEHA A=

<@ 12-51> A dgItel AldEXL

Fgatol vt

O EU(2005, CAFE CBA)®]
ojdste] A 7l edEAE AR &S

)
©

.
12



S
eol
S
Do
(=)
o
k1l
@)
>
&
o]
@)
es]
2
=
N
to

2
i
)
1
<
X
o
%
=

& 71%E Aol = EU2005, CAFE CBA)OIA 38 A57F 7H
A7 dow, olE ntgow sEmrle] &3 AgEe] v EAFT dE =W, E(2014), CE DELFT(2007), 7]l 4

#(2010) S o)t



O 1 o]+ EU2005 CAFE CBA)9 dA+Z23+= EUR002)7Y % 7] AFZAIER
2 3 9E Agel AFEA e EAMHES ALsda gr)ed
o]

=2 A A& E FEAeA FAskar gl7] wWE

A= EMEP 2& o] 7]16ksk o) 7] 84F 2 & (dispersion modelling)S o] -&&fo] <l

]
AR, 52E v 2 material damageS FH A9

O T3 EU2005, CAFE CBA)S A+ EUAY 9 3|59 o

W AFAAE FEEAE Bek olUg #d AFAdA FE, 7, A

*L}%ITEOM A AeEa o olE AT whelk AFA =
]

474 tedm QA B AAY

S
O
HU

- Si(upper bound, VOLY median): 7| 2@ =& 2 olst ol x|z Z sl
high AlLtz| 210

- S2(central, VOLY mean): 7| 2P =& =2 2lst oA
central ALtz 211

- S3(lower bound, VSL mean): CH7| 2P =& 2 It 2l A
low AlLtz|=212)

O EU2005)91 A& SO, NOx, VOCs, NHzoll telr = =A17 F&2 o)zt A9 ¢l

= Ao A s

O &y PMysoll thalM = @A AFol7h dvkar &

O EUQ0S)HIA ANET U= PMysol gk Sl =A%} 522 nxmea o
ou o] & Atold] Fh& Ehdtm 2 & g

O wheha f-2luetel EUR005) +4 = He ofd & FF PMose =A(S3] =
A)ek 2ol I AolE auHste] FHE ot U

O <3t 524>

& st A} AAIEF EU(2005) CAFE CBAS] Alubelow 2 vf7] o g% 2
370 ) o 1]

o oo
2 8ok A9

NS

7) EU(ExternE, 2002)
8) 7]1¥ A= USEPA(2011), Yale University(2007), %= DEFRA(2006) 5 ©]t}.

9) The methodology used here has been developed through extensive discussion and consultation with stakeholders from the
EU Member States, various Eropean Agencies, WHO, industry and NGOs from October 2003 to January 2005.

10) PMys9t 2ol 8-S 5+ chronic bronchitis(¥H4 71#= 1)l 2] 3k Al&-o] high?l 74-9-(250,000-F Z/case)
11) PMys9F @F0] 94&S S chronic bronchitis(7H4 7] #A] <)ol 93k Al&-0] central?l 7 -$-(190,000-F %/case)

12) PMys9t 2 0] 98-8 5+ chronic bronchitis(WH 7] &A1)l 2] 3k Abkg-o] lowSl 7 -$-(120,000 Z/case)
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<I 12-39> ALY tf7|2H

(B R 2/E)
AlLlgl 2 PM NOx
S
(upper bound) 75,000 12,000
5 51,000 8,200
(central)
S3
(lower bound) 26,000 4,400

T PMyg = PMss x 0.6 (ZX: HEATCO)
AtE: EU(2005) CAFE CBA

O of7lel A gke] BUR005) F4AslA 7t kel S28 A
Mol ofa Stz 6o o

RIS

oo 4l Aol EU 81957} tiul Selubebe] QpuE, delg 24
), FEQOI3Y 715)E 77

MNP

O F434
A(Korea, 2013) = B(%& =, 2013) X R,
o171l A,
» PPP(2013) 4y | [ @VSGDA2013) ., | [ 1T E5(2013) 4
lldj - PPP(2013)KOT€(Z (??!?_%GDP(2013)A1LH3L ?__;_rLgE(2013>Korea

PPP: toff2d & 7}X| $=(purchasing power parity)

O f-2upetell tidh #ejold dab= <& 5-25>9 5
<E 12-40> 2|2} Hejo|™ At
AlLtal 2 PM NOx
S2 (central) 277,799 44,666

T 20139 g ehE: 1453568/ RE

3. CO; Mi&%F 7 SAIAHHE +3

O CO WEFS BANANGE B A AFANEE FGeAe] FeAvkeiol Aol

CEEES b

Kol
==

O E AFgAE CO, MiEH ©T AN &13S EPA F4(2013)5 A&

- EPA(2013)2 3% &¢l& AEskar glow o

e

Al e H]-&2 372 2] /ton ]

A

737 2015\l CO, WiEE @9 3

13) &7 COzell o3 HAst= AL A Hl&

(Social cost of carbon) 7| FHslZ Ad] TAst= AA
T AP e 584 F& T8 2T

A% A, sd A
Hok(u] = EPA, 2013).
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AFH A An GFA7AA] wFRE
4 e EN CO, A vainl &5 $37/tons AHSSHAL Sl

O E ATz gollA AAIS CO, AT EH] ol 20133 7| AHT &S A&
ol @l ehel Aelod &
<E 12-41> CO, etAlT|slH|-8 Hlo|™ gk
Holo|™M Zk
CO, stAl =&l &
ol/E
(/= 20134 7|%F) 405168 /=
120139 HdE A =8 1 US =& 1,095.04¥
4 B A7) HEAIRA A3
b (@A) B SRR L edu) 1 A WgHY BA
(D o AldeEl 2
O Alyg e S1
- Ag R EdE-Ed e
- A& Device: Side skirts + Boat tail
- Hagdia 1R
AR 109
ALzl =2 N o ARt X & Device HIdx | A=t
S EME-E T Side skirts + Boat tail 12y 104

O AlYg 2 S1
- 28¥) 8L FREH 450,0009HY 2 G u(F-EHY 3%) 135008 e o=
AZF 463,0000rH o2 F4
o = o &714 =R=2eiEs =H| & INE=o =l HZtEH 8
2 2=
(&) (THcH) (2H) (4) (2HY)
side skirts + boat tall 4,500,000 1 4,500,000 10 450,000
o = = gl
2dd|(d7h) TS%EE ;;tgg | 1 135,000 10 13,500
g A 463,500

o= 2=
=

= =

EU(ExternE, 2005), Stanford University(2015), 9= A4-(2010), ®7]o] A4-(2011), CE DELFT(2008)
232705 U= e AR CO, £ 28.4%5(Mean, unweighted

14) #4 AFEL
olth. &3 Richard S.J. Tol(2009)8 AT2 7]
sample)~40.8$(Mean, weighted fitted distribution)] 7] 3 & 1] -&S A A6l

Z 1 A=
=
o)

]
AR .
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o d| 1 g oztd | ARIHAY | 22 A H] A7 M #
(km/2lH) | FAHE[(km) | Ld=(Y) | (H/2E) | () | JHHE (2Heal/d)
3.87 600 300 1,183 1 0.0451 2,480,500

1) et RSAH2016E EHotA)

ek o

7tet5E(2014-2016F E o) 043% (At=2: SAHE S7tSAEH)
2lE: 55% (RtZ: KDI)

- 2AAY W (2A)e] AATIAE 18486H wHelo]n] B/CH &S 4317 YER] B
A AAA ] B Ao Bty
(chel: Matel)
Al
H e t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9
(104)
H| 2(H =)
o ap o 4,500 4,500
i e B
H| & (H =)
ooyl 135 135 135 135 135 135 135 135 135 135 1350
EH|2(HZ) | 463 135 135 135 135 135 135 135 135 135 5,850
Zmol(l™2) | 2480 2,480 2,480 2480 | 2480 2,480 2,480 2480 2480 2480 | 24,805
ZH| (AR | 4654 | 135581 | 136,163 | 136,749 | 137,337 | 137,928 | 138521 | 139,116 | 139,714 | 140,315 | 589
Zmol(AlR) | 2491 2,501 2512 2523 | 253 | 2545 2,556 2,567 2,578 2589 | 25399
ZH|Z2(AE)
S A 4412 128 129 129 130 130 131 131 132 133 5,588
ZHol(MFH)
S A 2,361 2,371 2,331 2,391 2,402 2412 2422 2433 2443 2454 | 24075
= ol (Al &) A IR 18,486
B/CH| & 4.31

e (ARZhA B SR R S (FSEE]) A HEE oA

(D W AL

- 364 -



O Alygle S1
- 4§ gk EdE-Ed e
- A& Device: Side skirts + Boat tail
- By 1Rk
- ARgAsk 104
Al
- Ag WA TR
- A& Device: Side skirts + Boat tail
- BYg 3u
- AbgAEk 108
AlLtz] & S ol ARt & & Device HEdx | ALS At
S EYE-E Side skirts + Boat tail 19kCH 104
S2 PN Side skirts + Boat tail 32kCH 104
(2) vl& F4
O Alygle Sl
- AQHELS FAEZH] A7F 450,000 o2 =4
o= cHEo14 Bl EH|Z AlEA s | dZEEH| B
SaE
(=) (2+cH) (TH) () (kD)
side skirts + boat tall 4,500,000 1 4,500,000 10 450,000
O Alygle S2
- 2Quge BAEN] A7F 14400000002 F4
o = o &714 B EH|Z ALEA st | dZtSH| B
S E=
(=) (2+cH) (TH) () (THl)
side skirts + boat tail 4,800,000 3 14,400,000 10 1,440,000
(3) HAFHA
O AlyEle Si
- AR A Hele AZF 24805007 o2 FA
odH| 120 o Azl 28714  HZd=x o H| oA 7 M = 2
(km/L) | =82 (km) A =(g) (&/2=) (2HCH) M2 (Brel/d)
3.87 600 300 1,183 1 0.0451 2,480,500
- COy MAHL AT 1272027 o2 F4
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- NOx 7| Hel e ol7k 14283979k9] 0 2 24
) g 25y | Sued | Za0E |, Ko Tal | NO N A& ol
AL -Io
WEAT | iaiem) | gx@) | ) | THE ) wgia) (2kel/d)
3.47 600 300 1 0.0512 44 666 1,428,397
oF <¥F 12-39> &t=x=
- PM /A #JE AxF 159377 o2 FHA
dame | 12 BERE | @0ed [ EaOF | _ ] Kgg @& | PMAAHS
=T AHal(km) oA (Q) | (mHEH) = | H2)9) (2h2d/A)
0.01904 600 300 1 0.1674 277,799 159,377
oF <F 12-39> &t=x
- ool uljAHe L AR ] FAE A3 4195477002 F4 9
O Alygle S2
- AufA T A7 6279075 H o R FA
oTa| EORE: dzted | ZoJid [E=S0% ] 98 | daAdH
km/L) | TEAI(Km) | LH(Y) | (/2IE) | () | HME | (rE/d)
4.8 600 300 1,183 3 0.0472 6,279,075
- CO, AL AZF 11486087 0.7 =4
Hane | 18 BERE | E0ed [EaOE | = N R
=T Hal(km) o4 () | (mhEH) SE (@) CIEVED)
0.5368 600 300 3 0.0978 40,516 1,148,608
- NOx 704 #9le A7k 2318 766RHd o2 F4
i g g7y | gzied (2o Ko Tal | NO N A&
Hi 2= 7 tl o
VEAS | Saiwm) | g2@) | @o) | MHE D uiga@) (BFe1/)
3.94 600 300 3 0.0244 44 666 2,318,766
- PM A AWl A7k 3564000 07 =A
; g g5y [ dued Ea0% Kod =al | PMAIAE S
PEAT | Saiwm | ga@) | @y | THE D dee) (Bh2l/d)
0.00337 600 300 3 0.0705 277,799 35,640
- olabel A AR B AR AR S] AL Ack 9782080l 0% F4
(4) g BA Ax
O AlYglL S1
- B25(side skirts + boat tail)®] AXHAES 10deo =2 At oL &=
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(et

Mokl

(Mg

Al
£
L] o= t t+1 t+2 t+3 t+4 +5 t+6 t+7 t+8 t+9 (104)
H| &(H =)
ooyl = 463 463 463 463 463 463 463 463 463 463 4,630
T o |2|<_7|'
Hol(W=) | 4,195 | 4,195 | 4,195 | 4,195 | 4,195 | 4,195 | 4,195 | 4,195 | 4,195 | 4,195 41,950
H| (&) 465 467 469 471 473 475 477 479 481 483 4,746
Hol(AA) | 4213 | 4,231 | 4,249 | 4,268 | 4,286 | 4,304 | 4,323 | 4,341 | 4,360 | 4,379 42959
H| (A H)
e 441 418 396 375 356 337 319 303 287 272 3,508
S THX|
Hol(AMA)
ST b 3,993 | 3,785 | 3,588 | 3,401 | 3,223 | 3,055 | 2,896 | 2,745 | 2,602 | 2,466 31,759
= ol (A A)HA IIX| 28,251
B/CH| 2 9.05
O Alygle S2
- & & (side skirts + boat tai)e] AXAeS 10do = AN vg dEES 11
gato] cdol(A)e] AAIAE FHse] B &S 4
=275 20201420163 ") 0.43%
&olg: 55%
- FAAY +sH(AA) dAAVIA = 62,168K Aol B/CH] &2 6.230 %2 UEL
B ARe Al ¥ Ao B
(2Hel: Mokel)
A
L=
A t t+1 t+2 t+3 t+4 t+5 t+6 t+7 t+8 t+9 (104)
H| &(H =)
ooty =7} 1,569 | 1,569 | 1,569 | 1,569 | 1,569 | 1,569 | 1,569 | 1,569 | 1,569 | 1,569 | 15,690
— o T
Hel(mMz) | 9,782 | 9,782 | 9,782 | 9,782 | 9,782 | 9,782 | 9,782 | 9,782 | 9,782 | 9,782 | 97,820
H|Z(AZ) | 1,576 | 1,583 | 1,589 | 1,596 | 1,603 | 1,610 | 1,617 | 1,624 | 1,631 | 1,638 | 16,072
Hel(AlA) | 9824 | 9,866 | 9,908 | 9,951 | 9,994 | 10,037 | 10,080 123’1 10,167 | 10210 | 100,164
H| & (A &)
S 7h| 1,494 | 1,416 | 1,342 | 1,272 | 1,206 | 1,143 | 1,083 | 1,027 | 973 922 | 11,881
Hol(MA)
ST b 9,311 | 8,826 | 8,366 | 7,930 | 7,516 | 7,124 | 6,753 | 6,401 | 6,067 | 5,751 | 74,050
THe (AE)H IR 62,168
B/CH| & 6.23
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O Alygl e S1-1
- Trailer full aero package® 74% S1At}#] 2.9
KL

0dez ARsta vs FEES st &

- FAAN =HE(AA)e] AV = 28353% Rt olw B/CHI &2 9328 UERY 2
b AAAel 2e Ao Pt
<E 12-42> AMEH B[ EEHS FA AlLfE[2
7= EdEH-E Y

e cozas 1415 &
et s IfE SEE Sl 4,287,442 2/
o ofH| 2,480,500 2Hed/A
CO» 127,202 Thal/d
NOx 1,428,397 2hel/d

7h A o
PM 150,377 BHel/d
2| By 9,782,089 BHl/HA
g4 10,000 tH
o17h Zaatu| g 450 gl
HE SR o 27wyl 3 ol
B U Tl B 10

B/C Ratio
o Z(MA) BRI} 3,406,517 Bhel
0| (M) K| 7hx| 31,759,919 Bhel
TH (A A)H I IR 28,353,402 THa
S Xtdlof CHEF B/C ratio 9.32
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Wind tunnel study on drag reduction of a 5 ton truck using additive devices

Builae Lee’, BacGeun Hwang”, Jeonglae Kim” and Sangloon Lee”

Abstract. There have been many attempts to reduce the cost of transportation. Especially, drag reduction of heavy vehicles
has enormous influence on energy saving by reducing the driving power of the vehicles. In this study, the effects of
drag-reducing additive devices such as side skirt, boat tail and cab-roof fairing on the drag reduction of a 5 ton truck model
were experimentally investigated The aerodynamic performance of these flow-control devices attached to heavy vehicle was
evaluated through wind tunnel test. Tn addition, flow patterns around the truck model were visualized by using smoke tube
method. The drag coefficient is reduced by up to 5.7%, 7.16% and 22.2% by the side skirt, boat tail and cab-roof fairing,
respectively. The interactive effect of the side skirt and beat tail was also investigated.

Key Words : Drag reduction(3#87H4), Truck(BFE2)), Side skit(Alo]= A7 E), Beat tail( HE HIY),

Cab-roof fairing(ZA 7= He]e)

* 7|54
Fy : Drag force (N)
Cp : Drag coefficient
6 : Angle of flap side skirt
. Angle of folding side skirt
. Angle of boat tail
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COARSE GRID LARGE-EDDY SIMULATION OF FLOW OVER A HEAVY VEHICLE

S Lee! M Kim,' D. You™ 1T Kim* and S.J. Lee®
'Flow Physics and Engineering Laboratory, Dept of Mechanical Engineering, Pohang University of Science and Technology.
‘Advanced Fluid Engineering Research Center, Dept. of Mechanical Engineeting, Pohang University of Science and Technology.

In order to ivestigate effects of grid resolution on lwge-eddy simulation of flow over a heawy vehicle,
large-eddy simulations over the vehicle with coarse grid and fine grid are conducted. In addition, comparison of
drag coefficients with the experimental data obtained by a wind tumel experiment is conducted. Both of the drag
coefficients of coarse grid and fine grid large-eddy simulation show good agreement with the experimental dota.
Flow fields obtained by the coarse and the fine grid large-eddy simulation are compared in the vehicle frontalfuce
region, the vehicle rear wheel region, and the vehicle base region. Coarse grid large-eddy sinmlation shows good
agreement with the fine grid large-eddy simulation in the vehicle fromt face region and the vehicle rear wheel
region, since the flow over the present vehicle is dominated by flow separation which is geometrically
pre-determined, not by the skin fiiction which is known to be sensitive to grid resolution.
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CoARSE GRID LARGE-EDDY SIMULATION OF FLOW OVER A HRAVY VEHICLE
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Estimation of GHG Emissions Reduction and Fuel Economy Improvement of
Heavy-Duty Trucks by Using Side Skirt and Boat Tail
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ABSTRACT

Recently, the need for technology development of commercial vehicle fuel consumption has emerged. Fuel
economy improvement of transport equipment and transportation efficiency, and increasing attention to the logistics
cost reduction measures. Increasing attention to the logistics cost reduction measures by fuel economy improvement
of transport equipment and transportation efficiency. In this study, we have installed aerodynamic reduction device
(side skirt, boat tail) to 14.5 ton cargo trucks and 45 ft tractor-trailers. And the fuel consumption was compared
installed before and after. Fuel economy assessment for the aerodynamic reduction value device was tested by
modifying the SAE J1321 Joint TMC/SAE Fuel Consumption Test Procedure - Type II test in according domestic
situation. Greenhouse gas reductions were calculated in accordance with the scenario, including fuel consumption
test results. When the 145 ton cargo trucks has been equipped with side skirts and boat tail, it confirmed the
improvement in fuel efficiency of 4.72%. One Heavy-duty truck’s the annual greenhouse gas reductions value are
6.86 ton CO, eq. And if applying the technology to more than 50% of registered 15 ton trucks, greenhouse gas
reductions are calculated as 686,826 ton CO, eq./yr.

Key words : Aerodynamic Resistance Reduction, Fuel Seving, GHG Emissions, Side Skirt, Boat Tail
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Table 5. Greenhouse gas reduction scenatios
Category Value
Vehicle fuel economy 35 k'L
Mileage of day 600 km
Fuel consumption of day 171 L
Operation days 300 day
Fuel economy improvement 4.72%
Annual fuel consumption reductions 2,427 L

Annual greenhouse gas reductions 6.86 ton CO; eq.
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Investigating the aerodynamic reduction of drag in heavy vehicles, such as trucks or tractor-trailers, has
considerable significance given the strong influence on related industries. The underbody flow that
passes through the underside of heavy vehicles induces considerable drag while interacting with rolling
wheels and other structures. Nonetheless, the reduction of drag caused by underbody flow has received
less attention than that attributed to upper and forebody flows. Side skirts are common underbody drag-
reduction devices that consist of straight panels curtaining the underspace between the front and rear
wheels to control the underbody flow in the ground clearance. In this study, we propose two different
types of side skirts with flaps or additional inclined inner panels to maximize drag reduction. Effects of
these devices are quantitatively evaluated by wind tunnel tests and computational fluid dynamics
analysis. [n wind tunnel tests with 1/8 scaled-down vehicle models, drag coefficient is reduced by more
than 5% for both side skirts. Effects of various physical dimensions or angle variations on drag reduction
are determined. Large-eddy simulation (LES) estimated similar drag reduction with reduced vortical
activities, loss of streamwise momentum, strength of turbulent kinetic energy and global pressure dif-

ference, compared to the case without side skirts.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The oncoming shortage of fossil fuels have encouraged research
on energy saving, especially fuel saving with effective flow control
methods. Among these issues, the aerodynamic reduction of drag
in heavy vehicles, such as trucks or tractor-trailers, has consider-
able practical significance owing to the strong influence on the
industry and logistics. Many studies have been conducted to
reduce the aerodynamic drag in heavy vehicles (Allan, 1981;
Ahmed et al,, 1985; Hucho and Sovran, 1993; Cooper, 2003). The
drag caused by underbody flow passing through the underside of
heavy vehicles deserves as much attention as that attributed to
upper and forebody flows. The flow passing through the under-
body interacts with complicated undercarriage structures, such as
rolling tires, axles, frames, and various mechanical devices. Hence,
considerable aerodynamic drag is induced by the underbody flow.

* Corresponding author. Tel.: +82 054 279 2191; fax: +82 054 279 3199.
** Corresponding author. Tel.: +82 054 279 2169; fax: +82 054 279 3199.
E-mail addresses: dhyou@postech.ac.kr (D. You), sjlee@postech.ackr (SJ. Lee).

http://dx.doi.org/10.1016/j.jweia.2016.04.009
0167-6105/@ 2016 Elsevier Ltd. All rights reserved.

Wood (2006) reported that the underbody flow of a tractor-trailer
contributes approximately 30% to the total aerodynamic drag.
Wickern et al. (1997) found that rolling tires account for 25% of the
total aerodynamic drag in a passenger car. Drag is significantly
increased when tires of multiple truck or tractor-trailer are
exposed to large ground clearance. Choi et al. (2014) recently
mentioned that large-scale flow structures existing in the rela-
tively high ground clearance of heavy vehicles actively interact
with the vehicle underbody, working as a non-negligible source of
aerodynamic drag. Therefore, the underbody flow passing through
the ground clearance between the vehicle underbody and the
ground needs to be controlled effectively to substantially reduce
the drag of heavy vehicles. Cooper and Leuschen (2005) demon-
strated effective fuel savings of drag-reducing add-on devices
including trailer skirts. The resultant drag coefficient was reduced
about 9.5% with the attachment of long side skirts at a wind speed
of 24.6 m/s and zero yaw angle. Landman et al. (2009) specified
practical limitations in achieving drag reduction of a modern
tractor-trailer by adopting add-on devices, including side skirts, a
full gap seal, and tapered rear panels. Drag coefficient of the tested
side skirts was reduced in the range from 15.7% to 19.9%. Ortega
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Underbody flow reaches the region where the rear side skirts
are installed, after passing the front side skirt region and suffering
obstructions such as rear wheels (flow contour in the rear wheel
region is provided in Fig. 15). Installation of side skirts at the rear
of the vehicle influences flow structures in the underbody down-
stream region behind rear wheels. The adverse pressure gradient
shown in the streamwise direction of the underbody flow inside
the downstream region behind rear wheels of the vehicle without
side skirts (left column of Fig. 14a) is reduced when the side skirts
are installed. In addition, favorable pressure gradients are devel-
oped inside the rear side skirt region and the outer side of the side
skirts (right column of Fig. 14a). Thus, the side skirts on the vehicle
rear and front function similarly, as both side skirts relieve the
adverse pressure gradient in the streamwise direction and reduce
flow deceleration.

Consequently, the streamwise velocity on the symmetry line
and on the outer side of skirts in the right column of Fig. 14b
shows higher velocity magnitudes compared to those of the
vehicle without side skirts in the left column of Fig. 14b. Thus, flow
with higher inertia in downstream is developed by the installation
of side skirts. The turbulent kinetic energy is reduced inside the
downstream region of rear wheels and near the side skirts
(Fig. 14c). Similarly to the reduction of the turbulent kinetic energy
in the upstream of the rear wheels (right column of Fig. 13¢), the
reduction of the turbulent kinetic energy in the downstream of the
rear wheels (right column of Fig. 14c) implies that the underbody
flow has experienced a weakened obstruction by the rear wheels
of the vehicle with side skirts.

Inside the rear wheel region, flow over the outer side of the
vehicle with side skirts has higher streamwise velocity (right
column of Fig. 15b), compared to that without side skirts {left
column of Fig. 15a). This results from favorable pressure gradient
formed in the upstream region of the folded rear side skirts
(right column of Fig. 15a), leading to enhanced streamwise
velocity. The turbulent kinetic energy is reduced in the regions
near the side skirts and the rear wheels, as shown in Figs. 13-15¢.
The front and rear side skirts reduce the blockage effect of rear
wheels and prevent the increment of turbulent kinetic energy.
Therefore, the dissipative vortical activities are reduced in the
region near the rear wheels, and the momentum and pressure
losses of the underbody flow are also reduced. Therefore, these
results imply that the obstruction effect of rear wheels a
weakened.

In results, the side skirts installed at the front and rear parts of
the heavy vehicle reduce the influence of rear wheels on the
underbody flow, which leads to drag reduction. The underbody
flow modified by the installation of the proposed side skirts on the
front and rear parts of the vehicle has direct influence on the flow
in the rear wheel region, where 6.2% of drag reduction occurs as
shown in Table 2. The reduced upstream pressure and the
increased downstream pressure over the heavy vehicle with side
skirts (right column of Fig. 15a), compared to the pressure over the
vehicle without side skirts (left column of Fig. 13a), give rise to
significant reduction in the pressure difference across rear wheels.

4. Conclusions

The effects of the two different types of side skirts proposed in
this study on the reduction of drag in heavy vehicles are quanti-
tatively evaluated through a wind tunnel experiment conducted
with a 1/8 scale-down model. The maximum reduction rates in
drag coefficient relative to the vehicles without the side skirts are
5.3% and 4.7% for the 15-ton truck and 40-foot trailer vehicle

models installed with the tested flap-type side skirts, respectively.
The drag reduction effects are maximized when the flaps are face
forward at §=45°. The maximum drag coefficient reduction rates
relative to the vehicles without side skirt are 5.1% and 5.0% for the
15-ton truck and 40-foot trailer vehicle models containing side
skirt with additional inclined folding panels, respectively. The drag
reduction effects are maximized when folding angle & is
approximately 60°. Meanwhile, the reduction of gap clearance
between the bottom of the skirt and the ground surface by
extending skirt height substantially improved aerodynamic drag
reduction. In LES, the predicted drag reduction of the flap-type
side skirt is 5.4%, which is close to the experimental result. Flow
structures revealed in LES suggest that flap-type side skirts reduce
drag through the combined effects of reduced vortical activities,
streamwise momentum loss, turbulent kinetic energy, and pres-
sure difference between the upstream and downstream of rear
wheels.
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improve driving stability. It could also be used to improve the aerodynamic performance of

high-speed rail vehicles.
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Abstract Aerodynamic drag reduction in heavy vehicles is a very interesting research topic that is relevant
for both the industries and the environment. The underbody flow induces considerable drag as it passes
through the underside of heavy vehicles and interacts with rolling wheels and other underbody structures.
Nonetheless, the drag caused by such an underbody flow has received less research attention, compared with
those attributed to forebody and base body flows. Side skirts are one of the most effective drag-reduction
devices to control the underbody flow. They consist of straight panels curtaining the space between the front
and rear wheels. However, the mechanisms of underbody flow modified by side skirts have yet to be fully
understood. In this study, the drag reduction underbody flow of a scaled-down 15-ton truck model attached
with two different types of side skirts was quantitatively visualized through wind tunnel tests. Results show
that the straight-type side skirt and the flap-type side skirt significantly change the flow structures under the
vehicle model, reducing drag coefficient by 3.1 and 6.1 %, respectively. Farthermore, flow characteristics in
the underbody of the vehicle model with and without side skirts are investigated using a PI'V technique to
understand the associated drag-reduction mechanism.

Keywords Drag reduction - Heavy vehicle - Side skirt - Flow visualization - PIV - Underbody flow

1 Introduction

Finding ways to reduce fuel consumption and greenhouse gas emissions of heavy vehicles is an important
global issue with major environmental significance. Particularly, the drag reduction of heavy vehicles is of
great importance, because it is directly associated with this issue. Many experimental and numerical studies
in reducing the drag of heavy vehicles have been conducted over the past decades (Ahmed et al. 1985; Choi
et al. 2014; Cooper 2003; Cooper and Leuschen 2005; Hucho and Sovran 1993; Verzicco et al. 2002).
The underbody flow passing through the gap between the bottom and ground surface of the vehicle has to
be effectively controlled, because approximately 30 % of the aerodynamic drag is induced by the underbody
structures of heavy vehicles running on a highway (Wood 2006). The ground effect of the vehicle needs to
be examined in consideration of real driving condition. Krajnovic and Davidson (2005) numerically sim-
ulated the ground effect of the Ahmed model using large-eddy simulation (LES) at Re = 2 x 10°. Drag of
the vehicle with moving ground is 8 % smaller than stationary ground. Strachan et al. (2007) observed that
the moving ground forms secondary vortices between the ground and underbody, which was not observed in
the case of stationary ground at Re = 4.7 x 10°. However, most previous experimental studies on the drag-
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(Fig. 9c). By contrast, the attached flap-type side skirt not only decreases the strength of vorticity in the
region behind the rear wheel, but also effectively reduces vortices in the region along the side skirt panel.
Therefore, the maximum 6.1 % of drag reduction of a 15-ton heavy vehicle attached with the flap-type side
skirt can be mainly attributed to the combined effects of reduced momentum deficit, the large reduction of
vorticity, and TKE in the region behind the rear wheels.

4 Conclusions

In this study, the effects of side skirts on the drag reduction and modification in the underbody flow of the
scale-down truck model were quantitatively investigated through wind tunnel tests under stationary ground
condition. The straight-type and flap-type (0°, 0°, and 30°) side skirt attached to the vehicle model reduce
drag coefficient by 3.1 and 6.1 %, respectively, compared with the reference model without side skirts. The
modified flow structures (e.g., mean velocity, vorticity, and TKE distributions) under the vehicle model
attached with two different types of side skirts were analyzed using a PIV technique. The attachment of the
straight-type side skirt reduces the streamwise momentum deficit in the underbody flow and the TKE level
behind the rear wheel. In addition, the regions of strong vorticity formed behind the wheels are reduced. The
maximum drag reduction by 6.1 % is obtained by attaching the flap-type side skirt to the vehicle model,
with further reduction of momentum deficit, vorticity, and TKE level in the region behind the rear wheel,
compared with the vehicle model attached with the straight-type side skirt. The changes in underbody flow
structures of a heavy vehicle model have not been experimentally observed in previous studies, although
they were numerically simulated in a previous computational study (Hwang et al. 2016).

In real operating condition, the various changes in weather, such as rainy condition, would affect the
drag-reduction effect of additive device. However, the effect of splash and spray of water on the drag
coefficient of a heavy vehicle was not investigated yet, because it is not easy to control the rainy conditions,
including the quantity of water, droplet size, and water film thickness. Thus, the experiments are conducted
under controlled condition, including temperature and meisture for comparison of drag-reduction devices.
The present results are useful in the design of the underbody drag-reduction devices for heavy vehicles.
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Abstract : Improving fuel consumption, particularly that of commercial vehicles, has become a global concern. The
reduction in logistics cost has been a key issue in efforts to improve fuel economy and efficiency of transportation
equipment. Typical technologies for reducing reduce fuel usage include air resistance reduction technologies, tire
rolling resistance technologies, and idle technologies among others. Air resistance technology is a highly effective
method that can be easily applied in a short period. As with air resistance technology, several devices involving side
skirt, boat tail and gap fairing have been developed based on an analytical 3-D modeling technique for reducing air
resistance attributed to the vehicle configuration. The devices were on a 45 feet tractor-trailer and the emission test was
done using PEMS equipment. Fuel economy was evaluated by introducing several devices to reduce outer air
resistance. The test was conducted by changing the experimental method of SAE J1321 Joint TMC/SAE Fuel
Consumption Test Procedure - Type II test. As a result, air resistance decreased by at least 15 % and fuel economy
improved by at least 13 %. This study sought to reduce greenhouse gas and improve fuel economy by applying several
devices to a test vehicle to lower air resistance.

Key words : Fuel economy(<1H]), GHG(Green House Gas, < 7}2), Heavy-Duty truck(th & “F82}), Emission
(8] 7]7}22), Aerodynamics(3 7] < 8h), Air resistance(-F7] A &)
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Table 6 The data analysis result of experiment in acceleration

Base segment Test segment Fuel saved Improvement
T/C ratio T/C ratio (%) (%)
_— 0.9956 0.9973
est
[Side skirt + Boat tail + Gap fairing) Liapoe 2547 268 38
0.9978 09321
Test2 0.9956 0.9973
est
. ; ; 1.0006 0.9547 2.60 2.67
[Side skirt + Boat tail]
0.9978 0.9643
Table 7 The data analysis result of total experiment
Base segment Test segment Fuel saved Improvement
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est
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. ) . 0.9453 0.9078 432 4.51
[Side skirt + Boat tail]
0.9461 09127
TFA$) SAE 11321 Joint TMC/SAE Fuel Consumption A5 4ngo] ZasteE AL AP o, F
Test Procedure - Type 119 2]7]5}o] Al2ls}slen, XA Test 194 ] 1547 %2 HAEL
A 2 ol efo] E7)shsich 3] H Test 26] = A 451 %F Mol A&

(T/C),—(T/0),
Fuel Saved(%) = 7
Inprovement(%) = %@%T/C)t

(T/Chy, = (TV fuel consumption/CV fuel consumption)
in baseline segment
(T/Cx = (TV fuel consumption/CV fuel consumption)

in test segment
99 Fi= ANAAE AL 2TH AA
Be £2 P Aol =
5 7ol Fig. 2258 Fig 25% Y-8tk

¥ Data analysis page =

54 E

= AA FF 57

# 7| A& AR A=
A3 2 vaddE

s Fe 2

53 214G ARANE 225
PAYe] a2 As) JhH oz 4
1 590 9] Fhssel 2AA2

>
W -{N

=elslart
2) 7t A B2 A Ao 7 QA 13 F
PAGo =R I3 EYLAo] Fo] AdEE
£ Test 19145 Y 3.68 %, Test 2914 =
260 % A7e 5 A en LA EE A
24988 859,
i R
£47129] €O, CO8) A w3 7
e A8 AW Eo] Zbetn 247k Z
23 AL Fsksh
0 AAos B ARANE Bl
e Asel DAL Do) T 02 FBe)
AuE NAA7 3, 247 E AR E F 9

gkt

3

i

7

£ A7E TRALSY TEATHN 2D EY
AESFATAIGER AR &5 5883 9
=9
=

o lo

T e de] A7, 7AEAR 2 2587 9
Az 7lere Ad Aoz FPHR e

o A=Y

P
=

Transactions of the Korean Society of Automotive Engineers, Vol 25, No.2, 2017 215

EFTZUCHSII | P: 14122393 =+ | Actessed 2017/06/28 10:43(KST)

429



|=]
=

=

=1

15. Salient drag reduction of a heavy vehicle

using

cab-roof fairings

Journal of Wind Engineering & Industrial Aerodynamies 164 (2017) 138-151

journal homepage: www.elsevier.com/locate/jweia

Contents lists available at ScienceDirect

Journal of Wind Engineering
and Industrial Aerodynamics

Salient drag reduction of a heavy vehicle using modified cab-roof fairings

Jeong Jae Kim®, Sangseung Lee”, Myeongkyun Kim”, Donghyun You™", Sang Joon Lee

@ CrossMark

a5

2 Advanced Fluid Engineering Research Center, Department of Mechanical Engineering, Pohang University of Science and Technology (POSTECH), 77
Cheongam-Ro, Nam-Gu, Pohang, Gyeongbuk 37673, South Korea

> Flow Physics and Engineering Laboratory, Department of Mechanical Engineering, Pohang University of Science and Technology (POSTECH), 77
Cheongam-Ro, Nam-Gu, Pohang, Gyeongbuk 37673, South Korea

ARTICLE INFO

ABSTRACT

Keywords:
Heavy vehicle
Cab-roof fairing

Drag reduction
Forebody flow

Wind tunnel
Large-eddy simulation

Aerodynamic drag reduction is directly related to fuel consumption and CO, emission and is thus a main
research interest in heavy vehicles. Approximately half of the total aerodynamic drag is attributed to the flow at
the forebody of a vehicle and the gap between the tractor and trailer. Therefore, flow control devices that can
reduce aerodynamic drag on the forebodies of heavy vehicles offer a siderably practical signifi Cab-
roof fairing (CRF) is one of the most widely used drag reduction devices installed at the roofs of trucks or
tractor-trailers. However, the drag-reducing effect and the three-dimensional flow characteristics around
forebodies as a function of the external shape of CRTs have yet to be fully investigated. In this study, the drag
reduction effects of typical and modified CRF models are quantitatively examined through wind tunnel tests and
numerical simulation (coarse large eddy simulation (LES)). The wind tunnel experiment at a Reynolds number
of >5.5x10° is conducted for a scaled-down model of a 15-tonne truck. The modified CRF significantly changes
the flow structure, leading to approximately 19% drag reduction. PIV flow field measurement was conducted to
figure out the differences in flow characteristics around the forebody of the vehicle with and without CRFs.
Flow characteristics, including vortical structures, turbulent kinetic energy, mean pressure field, and mean
velocity field around the forebody of the vehicle model (1/8 scale) with and without CRFs are numerically
investigated using coarse LES for further understanding of the mechanism associated with drag reduction. The
present results are expected to provide useful information for the design of new CRF models and the

improvement of the acrodynamic performance of heavy vehicles, including trucks and tractor-trailers.

1. Introduction

Economical and eco-friendly vehicles have recently received sig-
nificant attention along with the increased importance of fuel saving
and the strengthening of environmental regulations. Therefore, aero-
dynamic drag reduction in heavy vehicles, such as trucks and tractor-
trailers, is of great practical significance because it is directly related to
energy saving. Sovran (1983) reported that a 3% reduction in fuel
consumption can be obtained by reducing aerodynamic drag by 10%.
Thus, numerous studies have attempted to reduce acrodynamic drag in
heavy vehicles (Allan, 1981; Ahmed et al., 1984; Hucho and Sovran,
1993; Cooper, 2003; McCallen et al., 2004).

Various attempts have also been made to reduce forebody drag
because approximately 45% of aerodynamic drag is induced by the
front face of a tractor (25%) and by the gap (20%) between the tractor
and trailer of a typical tractor-trailer when driven on a highway (Wood,
2006). Gilhaus (1981) experimentally investigated the effect of cab
shape on forebody drag. Numerous forebody drag-reducing devices,

* Corresponding authors.
E-mail addresses: dhyou@postech.ac.kr (D. You), sjlee@postech.ac.kr (S.J. Lee).
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such as forebody convex molding (Garry, 1981), front spoilers (Hyams
et al., 2011), vertical fences (Allan, 1981), cab side extenders (Martini
et al., 2011), and front spoilers (Choi et al., 2014), have been developed
to control forebody flow in heavy vehicles. Cab-roof fairing (CRF)
affixed to the cab of a truck or tractor is the most commonly used drag-
reducing device to control forebody flow. CRF streamlines the step
between the top part of a cab and the front part of a container. A CRF
and a side extender attached on a 40 ft tractor-trailer model reduced
drag by 12% at 65 mph (Cooper and Leuschen, 2005).

However, previous studies mostly dealt with the effect of drag-
reducing devices without acquiring sufficient information on flow
characteristics around the forebodies of heavy vehicles. Numerical
and experimental studies were conducted using simplified vehicle
models, such as the Ahmed model (Ahmed et al., 1984) and GM model
(Han et al., 1996). The flow around a simplified tractor-trailer model
(Osth and Krajnovié, 2012) and a square-back vehicle (Verzicco et al.,
2002) attached with drag-reducing devices were analyzed using large
eddy simulation (LES). Detached eddy simulation was also conducted
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TFig. 16. Contour plots of the pressure coefficient (Cp, left column) and mean streamwise velocity (U/U,, right column) in the y-z plane at x=0.1/H for the vehicle (a) without a CRT, (b)

with a 3D CRF, and (c) with a modified CRT.

aerodynamic performance in drag reduction. The present results will be
useful in designing new CRFs and flow control devices for heavy
vehicles.
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Abstract

A major challenge hindering the advancement of the automotive industry is finding a way to
reduce the aerodynamic drag of transport vehicles, thereby promoting fuel saving and
environmental pollution control. Given that nearly half of the aerodynamic drag of heavy
vehicles arises from the forebody, several flow-control devices, such as cab-roof fairing (CRF),
have been established to reduce the aerodynamic drag exerted on the forebody. Majority of
conventional CRFs with a 2D streamlined curvature have limitations in enhancing the driving
stability with respect to side winds and in reducing the aerodynamic drag at the forebody. In
this study, new CRFs were designed with 2D profile and flow-guiding structures, which have
superior drag reduction, inspired by the external forebody shape of sea lions. To evaluate the
drag reduction effects of the proposed bio-inspired CRFs, three different types of CRFs (i.e.,
basic, bio-inspired, and advanced bio-inspired) were installed at scaled-down vehicle models
of 15-ton and 5-ton heavy vehicles. Wind tunnel tests were conducted to measure the
aerodynamic drag forces (e.g., drag and side-force coefficients) at a varying yaw angle (¢4 =
0°—15°). The advanced bio-inspired CRF considerably reduced the drag coefficient of the 15-
ton and 5-ton models by approximately 20% and 22.4%, respectively. The side force was also
reduced by up to 8% and 9% for the 15-ton and 5-ton models equipped with the advanced bio-

inspired CRF at a yaw angle of X = 3°, repectively. The flow characteristics {e.g., mean
1
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without CRF and with the basic CRF. Furthermore, the bio-inspired CRFs more remarkably
reduced the drag and side force coefficient under the crosswind condition than that under the
front-wind condition (I = 0°). The proposed bio-inspired CRFs offer additional advantages,
such as cost-effective production and easy mounting on heavy vehicles. The salient drag
reduction effect of the proposed CRFs was achieved by modulating the external shape of the
commercial CRF model. The findings of this study provide useful information for designing a
new forebody flow-control device with reduced aerodynamic drag and enhanced driving
stability in heavy vehicles. To further improve drag reduction and driving stability, we intend
to optimize the design of the proposed bio-inspired CRF through a systematic study with

varying morphological parameters in the near future.
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Abstract The improvement of the fuel efficiency of heavy vehicles has received considerable attention.
Thus, various flow-control devices have been implemented to reduce aerodynamic drag exerting on heavy
vehicles. In this study, we proposed noble boat tail with lower inclined air deflector (LIAD), as a passive
flow-control device on attached at the rear end of heavy vehicles. The aerodynamic performance of the
modified boat tail with LIAD is experimentally examined by measuring the drag force, side force exerting
on a real-shaped heavy vehicle model at various yawing angles. As a result, the maximum drag reduction
effect of the boat tail with LIAD (# = 45°) is about 9.02% compared to the result without the boat tail,
although the length of the bottom tail is half of that of four-way boat tail. Furthermore, particle image
velocimetry velocity field measurements were conducted to investigate the modified flow structure are by
the attachment of various boat tails. Consequently, the LIAD effectively suppresses the formation of large-
scale recirculating zone in the wake behind the rear body of the vehicle, as an effective guide of the
underbody flow.

Keywords Heavy vehicle - Boat tail - Deflector - Drag reduction - Wind tunnel experiment -
PIV measurement

1 Introduction

Many attempts have been made to reduce the cost of transportation. Drag reduction of heavy vehicles, such
as trucks or tractor-trailers, has significant influence on the reduction of fuel consumption and CQO, emission,
because the transport of freight using heavy vehicles largely accounts for the cost of transport (McCallen
et al. 2013). One of the primary means to reduce aerodynamic drag exerting on vehicles is to adapt flow-
control devices (Gad-el-Hak 2000). A heavy vehicle cruising at 100 km/h consumes approximately 52% of
the total fuel to overcome the aerodynamic drag. Bradley (2000) achieved approximately 4% fuel savings by
reducing 20% of the aerodynamic drag of a 36 ton tractor-trailer at a cruise speed of 105 km/h. For a tractor-
trailer driving on a highway, the front part of the vehicle causes approximately 45% of the total drag. Other
confributing factors include the trailer base (25%) and underbody flow (30%) (Cooper 2003). To reduce the
aerodynamic drag of the rear part, several boat tails have been introduced as an aerodynamic flow-control
device of heavy vehicles (Hucho and Sovran 1993; Leuschen and Cooper 2006; McCallen et al. 1999).
Most previous studies about boat tails have been conducted by experiments or numerical simulation for
simplified vehicle geometries, such as GM and Ahmed body models (Han et al. 1996; Malviya et al. 2009;
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drag and side force coefficients is 10.93 and 21.92% at a yaw angle of ¢ = 5°, respectively. The effects of
the length and angle (w) of side tail are also examined in this study. Among the tested experimental
conditions for the three boat tails, the maximum drag coefficient reduction is approximately 6.48% for the
boat tail with a small length of the side tail angle of @ = 80°.

The flow structures of the wake behind the rear body of the 3D scale-down heavy vehicle model are
quantitatively analyzed vusing PIV velocity field measurements. The reference vehicle without boat tail has a
large-scale wake region with counter-clockwise rotating recirculation flow attached to the back side of the
rear body. Behind the vehicle attached to boat tails, the flow separation is delayed toward the downstream of
the upper side of the boat tail. Especially, when the modified boat tail with LIAD is attached to the vehicle
model, the inclined deflector suppresses the formation of a recirculating flow zone behind the rear body by
effectively guiding the underbody flow into the wake. These results demonstrate that the large reduction of
aerodynamic drag can be achieved by a simple attachment of the modified boat tail with LIAD.
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Abstract

Reduction of aerodynamic drag of heavy vehicles is the one of main issues for solving fuel
saving and environmental gas emission. In general, 50% of the total aerodynamic drag is
induced from the region in front surface of the vehicle and the gap between tractor and trailer.
Although various forebody drag-reducing devices were introduced for tractor-trailer vehicles,
conventional gap fairings or side extenders have technical limitations in effectively reducing
the aerodynamic drag exerting on the cab-roof space and gap between tractor and trailer. In
this study, wind tunnel tests were conducted to investigate the drag reduction effects of newly
devised gap fairings. The gap fairing devised in this study exhibits 16.4% drag reduction at

maximum with changing gap length and deflecting angle. The aero cab fairing (ACF) which
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