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NREL’s Insulated Catalytic Converter Slashes Automotive Air Pollution

REGULATED EMISSIONS FROM A GASOLINE ENGINE
Data in Grams of Pollutant Per Mile
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Phase Change Material
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LCVTPRYFRY—DUMR—k (2012/6) 24
Thermal Benchmarking of the Nissan Leaf and Chevrolet Volt

LCVTP Low Carbon Vehicle Technology Project

Sponsor Advance West Midlands, European Regional Development Fund
Participants: Company :Jaguar Land Rover , TATA Motor European Technical Centre

Engineering : MIRA LTD, Zytek, Ricardo, WMG
Universities : Warwick, Coventry

Two vehicles studied in detail to better understand the current level of EV/HEV

Nissan Leaf ‘and |Chevmlet Volt

Engineering activities
« Aerodynamic
+ Braking
* Thermal
- Body Leakage
- Installed Airflows
- HMI
- Subjective Appraj
- Climatic Wind Tu|
- Cooling’ syste
- HVAC
+ Ride & handling

i/ 2" international conference Thermal Management for EV/HEV
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HAMRET 2L X —RKAHABOENFIAIC L 528 =% « CO2 HEHENE E W Hih=—X
EERELT, FILWEEMTH D AQSOA (77 V7)) ZBAR Uiz, Tz W =m sk
LT v H Y FERBAIZEA LTV,

AQSOA [Fpgiu4 CTH Y, ZORIIHRR2EA T A N REMME DO KELZREM TH D,
IR CHA OkZH) TEr2 e, MAMERDH D Z EBNEMTHD, b e =
T10HEL LWAENIZEHFE L7z b O T, B OIEBEE TITRES - NEDO OffiBhé& %% ), F¥E
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HEolZ LT,

ETHEBEEETRIN TS L IIC2o0EELZ LY, 211 0.73nm & 0.38nm D
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FRIREERFERES VO LM TH D, (EROEAT A4 Folifi (FR) IXEENE-T
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PR EFRPHOH T, 28O HeO Z{KIRTHE LERCTHRETDHZ LN TE S,

HLWAERBBERED Y A 7 VOIBESRMTHE L7-25GE6. AQSOA OWEEITT U b7
DRI 45D 5,

MAPEIZ DWW TR, g « A E2 T D R L CHMERIK TIEN 5% 27 e, B
Hige & LCiE 20 HEIOHA 7 Va2 R THITE A EHERMMET LA,

WS RE ] % 2 AQSOA % FIH 3 2 IZIINER D BAZ Hik Tl BB B LD, £
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ToH LW SN AE 42 & EROWIN Tl e ) 2 9 012 88 EDIRK RS ME TH
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(T DIEAMEICZ Ldvo 7o, kLTI LWEERTIL 65 < SV OIRK TER I3 H 5,
DL EI1X AQSOA-Z01 ShFEIZ L 5 b D720, Al EAERTIE AQSOA-Z05 dhfE % 1@ H L 7= AHP
ZEERRZEIRICE L, & BIZIRE DRV 60°CLL FOEK CTIRIEERH NS Z L #5EREL
TW5,

BREEMEIC DWW T, WAL, PERAE (L 5 - D BRM B 2 £ 5 55 12X TEIHE
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595,
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Ao TR TE o 72, D5 B ZZEME Tl g O E LT, 74 v E v TR
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B fags il 95 CHEE X NMITE D, WEE RO 10 kW O 5 5% % P
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SR Ko TEET 50, HHBOBZWREIE RO b O L g LT, %2 ~ 350
PEREZ FEHL L=, —J7. SCP (kW/kg) T2 &, VU B FNVEZHIRD 4 (5025 6
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X597, ar v F— b TCHAKNRZSTWVWDEZARLIIELE ST, ZDIENITITH
MR CHEKIC L 2MAEAITHL = D UHEBRIH AT 5 2 LB 2 T 5,
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Adsorption Isotherms of AQSOA™

AQSOA adsorption Isotherms change sharply
S-shape dependent on water vapor pressure.

| ¥-type Zeakis |

AQSOA"-FAM-Z0O2
Z01: AFIEAIPO
Z05: AFIEFAPO

A*FAN-Z01

‘ [AGs0A*-FAM-ZOE

Activated Carbon

0.1 02 04 0.4
Ralative Vapor Pressure™ [=] 202: CHARISAPO

=1 Amourt ol lam:vmnmu- mmo‘u\am A W, T S R
g arur the adiore

Amount of Adsarplion®’ [kgikg]
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Applicability of AQSOA™-Z01 as AHP adsorbent

AQSOA"® coated heat exchanger

Case-1 02 d?l e = =
Regeneration temp. (Th) 0.18 >l e 1 - Temparature dependency L.
=60°C (333K) e T W Rapid ads. and des. at low humidity
Adsorbent temp. (Tm) g Sous We have to increase heat transfer
—30° H
=30°C(303K) Zion SoEam to add heat and to remove heat.
Low temp. (T1) =5 01 =0.16g/g
=10°C (283K) ES0s .
l 'EX éﬂ.!.’IlS
- o u£>
Adsorption relative pressure 002 y
(91)=0.29 " e
Desorption relative pressure 000 005 000 015 020 025 030 035 040 Conventional method
(92)=0.21 — Coat AQSOA onto heat exchanger
[ 303K ads 333K des lica gel 298K c N | AHP
onventional
looopioz  ——yram — HHI:“ > AQSOA-Z01-HEX
. . - Around 0.1kW/kg Max. 1. OkW/ke
AQ of AQSOA-Z01™ is 4 times that of silica gel.
Increase heat transfer by AQSOA® coated HEX
14 16
Merits of AQSOA Adsorption Heat Pump
Heat Source _ Solar Energy Save energy for effective uiilzation of waste heal.
@ Be environmentally-Iriendly, neither CFCs nor HFCs is neaded.
- Make ittle noise and litthe vibration, because of no need of compressar.
Exhaust Thermal Energy of Factory Ba easy for oparation and maintenance.
# Performance of AQSOA™—FAM—ZX01 adsorption heat pump compared
Gl npas - P . .
e i e with silica gel adsorption heat pump and absorption heat pump.
FETN - Expected Parformance Ratio of The Heat Pumps with Decreasing Regeneration Temperatura,
- 1057% i ptrTn i et a0 e, 31 € for kg waer an s 1o rasising ek i,
- = [Sianars Speaoabons Paim
i i ] - HOSOW Adsoriion
= 1 - P — Pl | =
5 o sirpiinn Heat Pump
" i /
i : L AGISOA” Heat Pump shows best
PA— E ¥ performance below BSC
g¢m 7 !
Ac Amoar e or | ]
G e SO T S ST B T I
RO B DTSRG, o R CUSe Ry oy Rregenecstion Wt Tempaar [ ]
D01 PN o€ Tho RSHOTEGN hadt PUM it SUShisHie o 1 Bt o Duneing 3qram of IV Bramiss.
#Performance of AGSOA" adsorpiion heal pune is evaluaied on the bass of AGSCA™S Isotherm.
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BRI 9kWﬁ&AHP§Q1ﬁ§
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WM RAHP: fERD 2 MM RHE ||
L 12 10KWHRAHP

MURBAHP: BRI BB AS | |
EFAH D 10KWHRAHP 1}

RRBBRIMER

SCP’ (kW.~2-HEX) Hr#%

AKHORE °C
SCP'H 7.8~8.1 | 103~05 ] 118~120
SBKADBE C

(=) 75 70 65 75 70 65 75 70 65
oo | 19 21) - | 23 23] - | 19| 22| -
§ w | 24 22/ - | 19 22| - | 26| 24| -
% a | 20] 27 - | 23| 23] - | 20| 30| -

* EROBIE=PARLI-$HMIMIBSCP’ /HEEDMITMBSCP’
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HERAHP (10KWHR ) & D T RE LB

[Maker Union Industry Tnvensor Tnvensor Sortech Sortech
[Model Prototype _ LTC-09 LTC-10 ACS08 ACS15
[Adsorbent AQSOA-Z01 AQSOA-701 AQSOA-701 Silica Gel Siica Gel _|
[German Standard]

(Cooling Capacity (kW] 17 9 10 8 15

72-27-18-15 [C]

[(German Standard]

coP[-] 054 061 06 06 06
72-27-18-15[C]
L [mm] 1.260 1.300 1.100 7,060 1340
H [mm] 1,150 1,650 1.370 940 1,390
W [mm] 800 650 750 790 790
[Weight [ke] 550 370 330 265 530
Volume [m3] 12 14 11 08 15
[GICP/weight [kW/t] 309 243 303 30.2 283
LG 359 (102 (80) (1 00) (100) (93)
[GICP /volume (kW/m3] 147 65 102 102
HGER S (44 (64) (87) (100) (100)
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R (RRIFXKXT RFFIZEMAR £8R)

200 ~ 400 CHEE DR, Tl Do nbOHREICER L, TOAMFIHAEME L
T PRS2 R U 7o BRI O FTREME A2 it L T b,

HE)H ClIE = 2 D ELPEEAN > T\ 5, B HBIEIZE > T LAWDIZ L TZEH
BICAT RN —ZETHRREE 2> TW0D, B, hIF¥OT—X % | L A
%L 100km EDBEBXEEBEOLE, BEHOHBHEMEAICZL Y 30% K 70km, &5 THiviR
B2, BRI, BHIZZ2 EI2 XV 40%ID 60km LAEILZR, Z ORI ERS X229 — R L X —
ThHO, VFULAL LI EMTHDRTNIEWNT 2y, L LEliZe ) F 7 AA 4 Ehz
o CRE., BEEMETL2DIEE 720, 2O Z L7t B T N—TEEE
KEBHIIZ 5O TIE W, £ ZICEBRHENZRHHALZWEZE X TV D,

—F. WRT YU, REOBEHEH L TWD, = Z L E—IUE TIEREI R H oo %
X —Z 108 L35 &, EITITIT 2 ERRE LvEbILT, B0 o 8ETHLTH S, KA
Jen 3Bl BEIKIBLE 3B, BF 6 BIREDOEEZYH L TWA T, KHEMCLY 2h
HOPERAZRIL LFIAT 5 2 ENEE Ly,

ZZ T =~ e ATV R e T4 —T )L NWIEBOHEZEZ TND, BFEONAT Y v
RECIEIRTEI O HCm BN ) 2 Bk e < BRICE 2, BAEFAT A Z L THA= 2 EH
LTW5, 7=—X[E070 850, BUCB L CTHRERIC. REIRZE 2 2EENHIR,
VBRI CRA G T 2 2 LN TE S, 20k ) REREENFZERSTITHAWVWEE S,

BEREERE L U CORFESFIIC, E0 X9 REINREN S D0k b, X —4Fy MEHh
BEATH D, DAREOLENS D 200°CLL EOH ZAHBL., AARDET ZAHEEE D 30%I2F
WD, TI/EAX—05EZD L, 2000CLL EOBIIMEREWO T, Z OHEEE FH 3R H
TEL L) RENBMETHAH, BHEXETIIHAOZ XL E—BIZRE VN, 1FEA
X 100CLLTFTHY, =7 AX—MiiImd C LR EIRENTWD, —F, (LFFEE
PR E TIX 200CLL EOPEBN L, D ZFIHT 5 Z LIZAARLERICHERDH D, Lo
T, ZOREBICBNTEZ LEM, BRT HHENBILETH D,

PERITBRAAL, WERELNER STV, TS 3B k72 O THEA FHE CE Mk
LEWDOTIASER LTS, —FH, {LFEEBIETEHFE vEAL TN, L LIEFEL
IR L T f X —FENE <, BEROD 2 WEHBOEBN iR, 5 F
KRV AL N TEIURERICENE R = f VX —IPREE IR D LB X TS, Al
7L ROE N HIUE, @mEE R L X —I7E - BN TELR@ERSH LD T, 2212
HEH L TR BRI BR S & SRR e 2 D T D,

{EZZEBO L 5 — OO A FEMEIIIEENRE TH 5, KR (100 ~ 300°C) 2%, fHE(L
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http://www.phonon.t.tokyo.ac.jp
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75—Lv F/HF RYT—8H
e . EREE
FW-S I
..::' c BMERBRIFILF—EBRGER, K
* ON/OFFZARAYF
2RTT 3RTT N S
- o BEAA—F, TH/ZuHR
757> RIETHE HAYEN
x T f
n s e
Moot
Je =
Vo a
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u(t.r) Wave picture (normal modes) Particle picture (phonon gas
Uy, ky) @ wyky
ey kz) + .
o™ 3 QJ\/\[WM
WW VK woks

« Phonon: quantized lattice vibration (quasi-particle)
< State of phonon is defined by

— Frequency: w

— Wavenumber : k

— quantum number: n
« Energy of phonon with frequency w : nhw
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Phonon gas model

R
@ <0 5 O/ RAOEEE T OMAEENR  RATUDR
ZC XCq. P XA

o -t 048 S "3 S
\Ob T Capacity Velocny Mean free path g e

oo -0 2 5 I : w
: Phonon scattering — Thermal resistance

T/lattice constant

*Nonlinear interaction of phonon modes

optical

branch ; —WW—
o K RET+/2 A WETH/ME DA/ OBE B
acoustici K K
branch ( )\/V\A> <ﬁ> AN~
| K K

— e g 49 N ( )
CNTDFMRE SN ITFLY (MIT
FIILCNT LG 245a7741% FII7AR
Cross
Measurement | Multi/ | Length | Diameter [inner] | Growth | Tempe [Thermal conductivity| o
Authors | Year | "5 ihod  |single| (um) (om) method | () | (WmiKY serfr‘r:?)" F TEMR
Steady state
Kim etal | 2001 | Eo 00 | i | 25 140 lArc discharge| 8370 3100 gl -
Steady state 3.7/1.89/ 9.8[5.1)/16.1[4.9]
Fujii etal | 2005 f’;‘ [)y/pse)" muti 377 [123112[4.2][ | {arc discharge| 100320 | 2069/1550/500 | wdgia |
3w
Choi etal | 2005 | (coy honing) | MUl | 1471 | 42(26)as(27) cvD RT. 830/650 Td2l4
Choi, etal| 2006 (Self heating) Multi 14 20[10] CcvD RT. 300 md 4
Electrical )
Pop, etal| 2006 | Fletred Isinge| 26 17 cvb | 300-800 3500 bd R [Py ver———— Draw ratio
ED © Hanckiben
|Aliev, etal| 2010 (Self heating) Multi 10 10 CcvD RT. 600 - H
5
% waf &
CNT, E L
Cross L] 1
Measurement |Multi/| Length |Bundie diameter| Growth | Temp [thermal 3
Authors | Year single| (um) | [CNT] (am) method | (K) | (WmK?)@RT. Sf:r‘rjz")" E oo
Steady stats
Kim, etal| 2001 Miw ’;:wc:) Multi | 2.5 80/200(14]  |Arc discharge| 8-330 1300/330 Td, 214 i
Shi, etal | 2003 | St€adstate |0l o 66 101148 cvo | 20-300 140/3 Td 24 =
(Micro device) WO 3N 3M 400 SO0
Hsu.etal| 2009 | Reman _|Single| 117123 74103 cvo RT. 118-683 a4 -
laliev, etal| 2010 w Muti| 10 120-150[10] cvD RT. 150 - B RT—ILTYTHE :
(Seft heating)
922 S. Shen etal Nature Nanotech. (2010)

| — kg iy | =
T MR ZERBU T RE AR CNTEMB ORI GE
Single-wall CNT: ~$100/g Single [Film thickness|D lignme| Growth [Temp| _ Thermel Filling
i ko e SCNT ! Authors | Year conductivity
&t EEAR Multi-wall CNT: ~$10/g Method | /multi | flength(um) | (nm) nt | method | (K) | i bt 0
N o o Steady state Arc
— CNT/AyE—_—/$— Hone, etal | 1989 single | 5000 14 |Random| ¢ A |8-350 35 )
—_ CNTEE I'a] E Yi, etal 1999 (self i:a\mg) Multi 1000-2000 30 Random| CVD [10-300| 25 15
Steady state Magnet | Laser
Hone, etal 2000 Single 13/5 14 [L0-410| 220 70
aligned | ablation
Yang, etal | 2002 re;’;i‘;":’ce Multi 1050 40-100 ‘a’ﬁ‘;"“ce‘j PECVD | RT. | 15 (200/tube) | 7-8
. EHAM | Nanocomp tec Wang, etal | 2005 | Photothermal | Muli 20 100200 | el pecvo | RT. [0.15 (27.31ube)| 05
- Vertical
Wwai, etal | 2005 | Steady state | Mult 15 10 cvb |RT.| (1400/tube; -
- MR —, F/54EK) v aligned ¢ )
Hu,etal | 2006 3w Mult 13 1080 | Vericall peeyp | 295 74-83
~ BEAEHTH (P BB VO ey sor—su g conmms ™ e T
. st Tong, etal | 2007 re";g‘"“w Multi 100 2030 aﬁgnce‘: cvp | RT. 250 10
Thermal c)t(mductivity Shaikh, etal | 2007 | Laser Flash | Muli 200 10 ‘a’ﬁ‘;"“ce‘j oo |RT. 83 -
. ) Steady state o[ verticar
P Mechanical compliance Pal,etal | 2008 wuii | agao0 | 1070 | YRR cvo | RiT| 0.8 (37ube) | 2
X panzer, etal | 2008 | ghem | Sgte 28 12 ;?;‘r“i‘:j‘ PECVD | RT. 8 12
Electrical CXOI‘IdUC'[IVIIy akoshima, etal| 2009 | Laser Flash | Single | 1000 s |yeea| ovo |RT.| 1o2mbe) | 3
: - . Vertical
Chemical Slablhly Ishikawa, etal | 2011 Raman Single 1-17 2 aligned cvD RT. 2 16
12/22
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CNTEMzEDO/NZ R

IntriRSic resistance

Kondo,Yamamoto etal (2006) Chang étal. PRL'3 (2007)
Nishimura etal, APEX 2 (2009) Nishimura etal, JJAP 51 (2012) 015102

0.2 0.3
Inter-tube distance /nm

T B PR D2 0 — F

km/day furnace

Fiber spinning

IUOMHE

CNTRE QEMERARE, BEOBVEIEEFESLIZLLT,
NLOMTH>TEBRWBMEEARE TEH LN

Dr. Krzysztof Koziol and Prof. Alan Windle
Materials Science & gy, Macr Laboratory

d

7 /IR (Nano particles,

Buongiomo etal, “A Benchmark Study on the Thermal Conductivity of Nanofluids”,
Jounal of Applied physics 106, 094312 (2009).
BAKFE-FREAIZLIRVFI—Y

ﬁl’he nanofluids tested in the exercise were comprised of agueous ancﬁ

nonaqueous basefluids, metal and metal oxide particles, near-spherical and
elongated particles, at low and high particle concentrations. The data analysis
reveals that the data from most organizations lie within a relatively narrow band
10% or less about the sample average with only few outliers. The thermal
conductivity of the nanofluids was found to increase with particle concentration
and aspect ratio, as expected from classical theory. There are small systematic
differences in the absolute values of the nanofluid thermal conductivity among
the various experimental approaches; however, such differences tend to
disappear when the data are normalized to the measured thermal conductivity
of the basefluid. The effective medium theory was found to be in good
agreement with the experimental data, suggesting that no anomalous
enhancement of thermal conductivity was achieved in the nanofluids tested in
his exercise.”

=1L, TAnomalous] TRLASENST, MIEAZLL VD IFTIEALY.
B, MO BOREELEDELICHD

Multi-layer graphene/Epoxy

3 I = 25| ¥ GraphensMLG-Hjend Epary A {a)
J I & Graphens-NLG-Hris Epary I ¥
S b = W CraghiteEpary Comzaaie %
E " §2D + ComonBuckEpoe Composte  § B
s i ¥
Wi z?
10 "
Pt Eposy
3 0.2 VoK
E 5 / x
& bt .
E biw etem ¥ *
Er 012345678810
Ve Praciee . Valume Losding Fraction (%)

Marconnet etal, ACS Nano, 5, 4818 (2011)

Ay AR, EXGEHEAE R
R SOUABEEIERRT 7K. R7— LTy

Shahil etal, Nano Lett, (2012)

Sal—Yy3aVEiiOxER

Intrinsic defectsl!) Environmental effectsl®4! Films!s!

Deformation(?!

[1] Kondo, Yamamoto etal (2006)
[2] Nichimura etal (2012)

[4] Ong etal, Phys. Rev. B 84,165418 (2011)
(3] Hida etal (2012) [5] Volkov, etal, J. Appl. Phys. 111, 053501 (2012)

7T /BEEl

Nanograins

Hochbaum etal, Nature 163 (2008)

Poudel etal Science 320 (2008) Holey structure (Silicon)

Precipitated nanostructures

Q-dot Nanowire  Nano-vacancy

AN <=

Tang etal, Nano lett. 10 4279 (2010)
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Zheng, etal, Nature Comm. 2 (2011)

Locally mass loading CNT with
heavy mass (UC-Berkley)

Physics world (2008

Chang etal Science 314 1121 (2006)

Li etal, Review of modern physics 84 (2012)
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EEARAREND, —TF EEMT V=20 REH e — PR THEORMARD TR L F—
BEER D = — XNHET D12 DIITEE NS TRED LA /L AR 1T DR BMIEHE ) 24 2L
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ZEHHTZ ENTER, EWERE DRI 2210 LIZEE 5,

ILITERHRIE 100 L EOMEDOBES RN H 5 00, (KIRE LTl o K ig i
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D, F ORI IEE - TR,
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