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Fig. 1.1 Heat exchanger core composed of flat tubes and wavy fins; (a) schematic view
of heat exchanger, and (b) cross-section of flat tubes.

Tube Crack

Fig. 1. 2 Cross-section at intersection of tube and tank after thermal stress test.
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Fig. 1.3 Example of periodic structure.
u*(x") ()
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Fig. 1.4 Example of periodic unit cell Y.
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Fig. 1.5 Schematic view of plate-fin structure.
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Fig. 1. 6  Finite element model of unit cell of plate-fin structure [8].
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Fig. 1.8 Schematic illustration of unit cell of fin.
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Fig. 1.9 Schematic illustration for bending test; unit cell size is not small compared to
thickness of beam.
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Fig. 1. 10 Schematic illustration for bending test; unit cell size is small compared to
thickness of beam.
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(Laminated direction)

(Laminated in-plane direction)

Nou
(a)

VS, / Plate

(b)

Fig. 2.1 Unitcell Y of fin sandwiched by plates of flat tubes; (a) front view and (b) side
view.
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Fig. 2. 2 Portion of tube-fin structure in intercooler.

Fig. 2. 3  Side view of tube-fin structure in intercooler.
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Fig. 2.4 Cross section of inner fin of intercooler.

Fig. 2.5 Enlarged view of brazing fillet.



F2E T 4 VB AT RE AR AL T 1A D BR % 29

12.16

12.16

(b)

Fig. 2.6 Front view of unit cell Y of outer fin with size in mm; (a) designed shape
(1,200 nodes, 480 elements) and (b) real shape (1,776 nodes, 712 elements).
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Fig. 2. 7 Front view of unit cell Y of inner fin with size in mm; (a) designed shape
(1,200 nodes, 480 elements) and (b) real shape (1,752 nodes, 700 elements).
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Table 2. 1 Homogenized elastic stiffness of fin layer (unit in MPa).

Designed shape Real shape

[185.0 221 704 0 0 0 [230.8 -6.0 764 0 0 0

221 25740 8827 0 0 0 —-60 593 181 O 0 0

. 704 8827 42449 O 0 0 76.4 18.1 46593 0 0 0

Outer fin 0 0 0 423 0 0 o o0 0 05 0 0

0 0 0 0 13531 O 0 0 0 0 14733 0

e 0 0 0 0 118.2] | O 0 0 0 0 122

[5286.0 979.2 107.3 0 0 0 [5100.1 24.1 106.2 0 0 0

979.2 28757 4.4 0 0 0 241 780 -7.1 0 0 0

. 107.3 44 3112 0 0 0 1062 -7.1 3195 0 0 0
Inner fin

0 0 0 16815 0 0 0 0 0 15853 O 0

0 0 0 0 287 O 0 0 0 0 07 O

0 0 0 0 0 166.6 | 0 0 0 0 0 163.
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Fig. 3.1 Shape of 2Tube-10fin connected piece with size in mm; plate thickness of
tubes is 0.45 mm; (a) full-scale model with designed fin-shapes, (b) full-scale
model with real fin-shapes, and (c) fin-homogenized model.
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Fig. 3.2 Finite element division around top corner of outer fin in 2Tube-10fin

connected piece; (a) full-scale model with designed fin-shapes, (b) full-scale

model with real fin-shapes, and (c) fin-homogenized model.
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Table 3.1 Total numbers of nodes and elements of 2Tube-10fin connected piece.

Full-scale model

Full-scale model

Fin-homogenized

(designed fin-shape) | (real fin-shape) model
Total number 417,397 773,647 6,672
of nodes
Total number 329,504 593,824 5125
of elements
Uy
12222
e o%
7 e OZ
7 /A\ Z
y 0 o%
‘ 0 oé
QO
z X 7
(a)
Uy
. 12222 >
/O O
O o/
0 0
O 0
y O 0
O O /
l_>x / 7
(b)

Fig. 3.3 Loading condition in analysis of 2Tube-10fin connected piece; (a) full-scale
model and (b) fin-homogenized model.
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Fig. 3.4 Relation of load F, and top surface displacement U, in analysis of
2Tube-10fin connected piece; (a) designed fin-shape and (b) real fin-shape.
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Fig. 3.6  Compression test of 5Tube-40fin laminated block.

Fig. 3. 7  Testing machine used for compression test; EHF-50kN.



44 F3E  JEMEAM I D RREE

332 fRMTEHE

JERER BRI I T B A RESRE T2, X 38 IR T ARERET MIZL VT T,
TTIZ 32T, 74 UEICHEN LI ECEDERAMIZR T D% S EITHEES U
7=DT, 74 o BELET NVERRERZET VITHW . STV A REREY
1 77 A% Abaqus (Ver. 6.10) Toh 5. fEH L7 A MREFR TR m NN 2 RN
HEEEL LTEE L 3o 8 fimdklaZR (C3D8I) Th, Mimlks sk
BIXE 2 26,420, 21,555 Th 5. T TIEL, K39 ITRT L OICHARERET IV
DEE CHIE T AEN Y, 2FE L, BEICEREMU, (0)& —kRic G 2. 74>
J& DEVEACTEPERIE I DOWTIE, 7 4 UREBROGETET TR KRR OSGE
(F21) bMFELE.

333 ERRUEBR

5Tube-40fin 7 11 v 7 DR & MRHTIC L VG DALY, LA F, ORISR Z[X3.10
2, Fe bbb 3MHEOT UE—T 4 VIR S FEEOT A LAE F, OB E X
BALITRT. TNHDOMOFERERE D &, F, 23 0.7kN 125250 T, U L F,
DB LOT U E—7 4 VOS2 & F OBIRNRE LRI Lo > T D,
ZOIEBIET, K 312 IR T I ENG IEA & 4B DT U X —7 ¢ VICHHE
RIEJERAELCTZTDTH Y, WINEREZRE LT A EORMNESNTH D, £ 2T, %
BRAE R CIFBIEMEDS NS WEVNIZE B T2 &, ARERBITORIRIL, 71 L EDY)
BEALFPERIME DYy & L CHRBIRICES EZ VT ERFER L L 8T 228
Ponn. ZHUSH LT, 74 rORERICESS D, 2 WD &, 74 VEDHE
S5 IARIE DY NEIIROBAE L AR TS TREL D720 (F 21), AIREFEM
HrofERITEBRER L F o< & LRV, LER-T, AFETRBR LT 22—~
-7 4 UHEEROSS, 74 VOERIRICE S 7 4 VIEBOY BN KERETH D
it CX 5.



H3F  JEMEAM X D MREE 45

Tube

Outer fin
Inner fin

y
z X

Fig. 3.8 Fin-homogenized model of 5Tube-40fin laminated block (26,420 nodes,
21,555 elements).
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Fig. 3.9 Loading condition in analysis of 5Tube-40fin laminated block.
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Fig. 3. 11 Relation of load F, and average strain in third outer fin layer in 5Tube-40fin
laminated block.
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(b)

Fig. 3. 12 5Tube-40fin laminated block after compression test; (a) overall view, and (b)
enlarged view of buckling portion.
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(@)

(b)

Fig. 4.1 Shape of 2Tube-10fin connected piece with size in mm; plate thickness of
tubes is 0.45 mm; (a) full-scale model with designed fin-shapes, (b) full-scale
model with real fin-shapes, and (c) fin-homogenized model.
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(@)

(©)

Fig. 4.2 Finite element division around top corner of outer fin in 2Tube-10fin
connected piece; (a) full-scale model with designed fin-shapes, (b) full-scale
model with real fin-shapes, and (c) fin-homogenized model.
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Table 4.1 Total numbers of nodes and elements of 2Tube-10fin connected piece.

Full-scale model Full-scale model Fin-homogenized
(designed fin-shape) [  (real fin-shape) model
Total number 1,823,231 2 446 964 16,912
of nodes
Total number 1,482,888 1,984,500 12,320
of elements
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Fig. 4.3 Schematic illustration of loading condition for bending analysis of tube-fin
layered plate; (a) full-scale model, and (b) fin-homogenized model.
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Fig. 4.5 Contour map of o, on the z-direction mid-plane in tube-fin layered plate
with designed fin-shape under F, =- 0.15kN; displacement 50 X ; (a)

- -

-170 -85 00 85 170
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Fig. 4.6 Contour map of o, on the z-direction mid-plane in tube-fin layered plate
with real fin-shape under F, =-0.15kN; displacement 50 (a) full-scale
model, and (b) fin-homogenized model.
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(b)

Fig. 4.7 Tube-fin specimen; (a) 1Tube, (b) 2Tube-10fin, and (c) 3Tube-20fin.
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Fig. 4.8 Four-point bending test; schematic illustration for 3Tube-20fin specimen

Fig. 4.9 Testing machine for four-point bending test; AG-1S10kN.
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Fig. 4. 10 Finite element model for four-point bending analysis.
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Fig. 4. 11 Loading condition for four-point bending analysis using a quarter of
fin-homogenized model; schematic illustration for 2Tube-10fin specimen.

Table 4.2 Total numbers of nodes and elements in a quarter of fin-homogenized model.

1Tube 2Tube-10fin 3Tube-20fin
Total number 9520 21,148 32,776
of nodes
Total number 8.085 18,480 28,875
of elements




WA WFPAMCRTARE 63

433 HERRUER

FBREFRITIC L VSO NTz ™, g™ LA E— A2 MM ORE, 3
DRBRIKICHONTEN TN A412~414 17T, FROERFEREZ LS L, HESH
T2OTH AT E— A FOBRIE, ROTHEBETIXIZEAERETH D2,
BOTHMEE CIXERE L 2o TS, BT X —7 0 VEEAT HREBRK
(2Tube-10fin, 3Tube-20fin) TIIFFMIEHIMOZET N KR E B2 D, Z ORI
X, AR LT 2 — T OB TOBPHERST 4 v OIEREERICERT 2 &
EZOI, BN EEEZIRE LT A RORNGN TH D, £ 2T, IR
BT & DIROT B HE CEBAE R 2 AR R & i T 2 &, 3FHORBRAEOWT N
WCBWTHERMERIZT  VOERREBE LIRS RE LB LTWnWHZ &
Wb, LeinoT, 74 rOFEBREBELHEMFEERMEZ B, &
a2—7-7 ¢ VRBRIROFEMEIT AT T 4 VEEACET VT K0 R X T TE
HEEAD. 7B, 1Tube REAZHRL &, BN <lef™| LiroTi Y (K
4.13,4.14) , @FEOIMITHEROME L ITER D, 2, KREIORE TR X9
2, 4 FHFICE o THIFE—A 2 M ZRBRIKICARTL, 22o—fkiiFE—2
N OVEFHER 53 3 FEB LN 2 & I2 K S

WIZ, 7 4 CTEIRDBO DTS RN RIET B OV TR 5. 208,
1Tube FRERIKTIZIZE A E RV (X 412) , TUX—7 4 Vgaha+ 5K
(2Tube-10fin, 3Tube-20fin) TIEFE L (X14.13,4.14) . £ Z T, 3Tube-20fin 5k
RO 1A R b COETARIEZ & AW OT 5y, DA L & HITIK 4.15(3), (b)IC
RY. BARFE— A FM P 10.93kKN-mm & 7o 72 L X DOFERTH L. Z DXL
ENREI, TUX—T7 4 VBT, X —A-FA4F7—DRE (EEHTIZY
DEFFHFAHLBRICEE2WEITEREZ S ZOFLRICEE TH Y T 5 L0 IR
E) WAL LTV, ZhuE, 7 U X —7 ¢ UEomAIE L AKIRITE D), 23K
ZANSWiz (F21) , ZOENICIK 415@a), (IR T K eRk&E /Ry, NELZD
Ik D, TUE—T7 0 EOD;, OfEIE, KEKEERRTIZZENE N 42.3MPa,
05MPa ThH VY (%21) , ERIROLGEDITH/NIW. LIeBoT, TUF—T 1
JEAICAE LTz, ODREE, TROLANX—A A T —DIEDRIRALEL, 7 4
¥ DFEFRNTIES S WEALFRIT OBE O 738 K Z vy (1K 4.15(a), (b))

top0
gx




64 A4 FE T RIS D RREE

30 _
—o— Experiment 1
= 25 |~ - - Experiment 2
c —— Design shaped fin-homo
- 20~ —— Real shaped fin-homo
4
s 15
€
2 10
o
= s
0 | | | |
0.00 -0.02 -004 -0.06 -008 -0.10
Strain &% [%]
(@)
30 _
—e— Experiment 1
= 25  ->- Experiment 2
c —— Design shaped fin-homo
= 20 Real shaped fin-homo
4
s 15
€
g 10
o
= s
0@

000 002 004 006 008 0.10
Strain £2'™° [%]

(b)

Fig. 4. 12 Strain ¢, at surface center of 1Tube specimen subjected to bending moment
M; (a) top surface, and (b) bottom surface.
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Fig. 4. 13 Strain ¢, at surface center of 2Tube-10fin specimen subjected to bending
moment M; (a) top surface, and (b) bottom surface.
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Fig. 4. 15 Contour map of y, —on the z-direction mid-plane of 3Tube-20fin specimen at
M =10.93kN-mm; displacement 50 X; (a) design shaped fin-homogenized
model, and (b) real shaped fin-homogenized model.
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Fig. 4.18 Contour map of & in the real shaped fin-homogenized model of
3Tube-20fin specimen subjected to (a) vertically opposing compressive forces
and (b) surface coupled forces into which four-point bending forces are
decomposed ( F, /4=-109.3N); displacement 50 <.
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Table 5.1 Test conditions of constant strain fatigue test.
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Fig. 5. 11 Relation of number of cycle and applied stress with A £=1.00% at 25°C.
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Fig. 5. 13 Relation of number of cycle and applied stress with A £=1.00% at 100°C.

200
E 100 = s—a—a—a—t—a—a—a a—t—i—h
=,
wn
S o}
>
©
et
=3
2_ - 3
—— Maximum stress
—=— Minimum stress
_200 1 IIIIIIII 1 IIIIIII| 1 IIIIIIII 1 L1 1111l
10" 10’ 10> 10° 10"

Number of cycle

Fig. 5. 14 Relation of number of cycle and applied stress with A &=1.00% at 160°C.
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Fig. 5. 17 Hysteresis loop at N, /2=940 with A&=1.00% at50C.
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Fig. 5. 18 Hysteresis loop at N, /2=1,420 with A ¢=1.00% at 100°C.
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Fig. 5. 21 Hysteresis loop at N, /2=265,000 with A&=0.25% at25°C.
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Fig. 5. 22 Hysteresis loop at N, /2=11,000 with A &=0.50% at 25°C.
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Fig. 5. 23 Hysteresis loopat N, /2=3,900 with A&=0.70% at 25°C.
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Fig. 5. 24 Hysteresis loop at N, /2=137,500 with A £=0.25% at 190C.
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Fig. 5. 26 Hysteresis loopat N, /2=2,000 with A&=0.70% at 190°C.
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Fig. 5. 29 Relationship of creep strain rate and applied stress at 190°C.

56 X—IJMRITERERDLLLE

SAEI TR LTz, A8 —27 —F2KETFTNVOMPTHER LY, TRBOF 2—7 4
DR OT BRBEIMTHLH ZENTHSNTZ. 22T, TREOFT 22— 7R
EIZERL, X=X 7EE O AHMRE O M 22 iftr 217 > 72, K530 IZA—3 &~
TIRMT CRHW DR O A RER E 2 EIC L-ARERET VERT. HLE
AIREZIL, 7 87 2REF(CIDIO)TH D, X531 ICTF 2 —7fHREE S HITHEK
LTARERSEZRTN, Fa—THHO R IR OA 517 1 Ly M
AEETETCHEY, ZOARERFENITDETHDLLEZD. 0T HOFHMEAL
1%, K56 CRLIENE & —EIEDD, Fa—T 8 X7 OFNRES D5 0.5mm
DEiRTHD. ZOHRICB TS, Fa—TEFHMOT e 2okl Liz. fEHTIC
ITILHABRESEE Y 7 - Abaqus (Ver 6.10) 2 H L7-. #BELSHERERKIZIETNE
1 544,979, 306,986 Tdh 5.



98 %5 8 WEAEE WA 2 — 0 —F OBUL ) FET AT

ZOFRERET MK L, REIRER R ORARRERORE DA &5 Lz, &
HIZ, A= U7 HEBOEER BIZ, BT TR O ERRMELHREM E LTEH
212 MERT A —% 1%, 55 8RR L7z O-W HINC X 2 HsErERE s Al 2 vz, X
— X U TIRITIZE T b i i@l J OV AR DT 24T\, WIfiEAT & 0 45 Bz O
FTIMEDEE OT HHHHA e, & L TR L7z.

A= VTN K DB ONT2OT i A e, 2 F2B & i L 7o R %, X156.32 1
R Fa—T LARICKL, 4 @HTOMBRAIMPELET D720, X 5.32 Otk OVE
BROEECI, 4 FEITOMBATIZIEIT 20T AHMHOMKRE R LTS, 2O
BAEERT S L, EROOTHEFN 0.165%\2xF L, T OO B 4601 0.193% T
HY, TOMEINIT%TH Y, EROICITHO2EE TOFAHHZ PRITE 2L
EBERD. AL/ ONTOT B L, FEBFER LG O EHRE & ik
T2 & T, BYLIITKT DI TR DEHMERIEA FEETH D, LERY, Fa—
7T 4 UREER OB T BN AL CE I RO D N TERE L E XS,

Displacement obtained from
analysis of intercooler

Fig. 5. 30 Finite element model of zooming analysis.



99

BEAGIEEZ AW TeA ¥ — 7 — T OBUS R Ht

755 %

/ \%\ Av
\\QS‘\N«‘ Wi “
7.l

Vi

7l

i
i

)

&\, ¥
: »1

0
0
0.
0
0

[06] *2 v abues urens

‘ AN
NSV
N
vgh
Fig. 5. 31 Finite element division around brazing joint of tube and tank in zooming
model

0.0

Analysis

Experiment

Fig. 5. 32 Comparision of strain range between zooming analysis and experiment.



100 %5 WEAIEE WA 2 — 0 — T OB )RR

57 E&8

%5 ETIE, WHEEET 2—7-7 ¢ UEEICHEAL, (v ¥ —7—T2kEf
REFET ML, ZOETME, BYSTRABRKEOEIRE S ME2 5252 LT
BUS TN 21TV, FEBRFER LB L7z, T ORER, MR O IS4 L
ZOT AL, FEBRE MR CEMEMZBEMIT - L TWAH R, EEMIIE L e
Sl ZiL, ARERMBTICBNT, Fa—T X7 OMREBICEIT 5 HRE
FoENL, Fa—T7ADO R IBRLAIMN T 4Ly FE2BELTELT, FFEHICH
SETMELTWD720THDLEEZD.

Z 2T, BEEHTICB T 2R ROTHIESMTH D TARE OF = — 7 (IREICHE
RL, A= ZEIC K DHRELEEE OFE R T 21T > 7. ZDd, Fa—T7 0
R OFEM AR AR ERET VEER L, ET7 MRS OBERSEME, 12 —7
— IR EET AL LT L VSO ENE 525 L L b, BESMME L
itz Fh Lz, 612, Fa— 7 HMREITHEERECTH 5 L& 2 b, (FREO
FEHPEIRAE A B [ RTRE AR MR R R Mt L7z, & 2 CF o — T M OMEEBR 21T\,
FEBRAE R A B O-W HIIDOR BT A — & ZRE LTz, O-W HINZ IS < MEH#E AR %
N2 =2 TR AT > TR R, BRI A 2 O A & 2B & bl
D&, FEMETHK 1T%DFEEL 20, FEHBNTIT A5 20K B CRESTHEIN 2B T &
Tl EBERD. KEFICKL O EONTZOT 2z, FEBRER KGO M B
ST 5 2 LT, BUSTHITHT DR I7 I OE M IRFEDS TRETH 5 .



W5 WEEE WA B — 7 — T ORISR 101

>

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

& X

FFIEE %, IEMIE CAE e BEfE, 2006, HEHENT O 72 DA BRERIEER
Y R7 v 7. FRALHR.

M. Yokoyama and S. Sasaki, 1987. A basic study of the accuracy estimation of
structural analysis by the zooming method : 1st report, finite element analysis of the
transverse bending of thin flat plates. Transactions of the Japan Society of Mechanical
Engineers, Series A 53, 916-925.

M. Yokoyama and S. Sasaki, 1988. A basic study of the accuracy estimation of
structural analysis by the zooming method : 3rd report, two dimensional elastostatic
stress analysis by the finite element method. Transactions of the Japan Society of
Mechanical Engineers, Series A 54, 1371-1375.

P. J. Armstrong and C. O. Frederick, 1966. A mathematical representation of the
multiaxial baushinger effect. CEGB Report RD/B/N731, Berkeley Nuclear
Laboratories, Berkeley, UK.

J. L. Chaboche and G. Rousselier, 1983. On the plastic and viscoplastic constitutive
equations, Part I: rules developed with internal variable concept. ASME Journal of
Pressure vessel Technology 105, 153-158.

N. Ohno, 1990. Recent topics in constitutive modeling of cyclic plasticity and
viscoplasticity. Applied Mechanics Reviews 43, 283-295.

N. Ohno and J. D. Wang, 1993. Kinematic hardening rules with critical state of
dynamic recovery, Part I. formulation and basic features for ratchetting behavior.
International Journal of Plasticity 9, 375-390.

N. Ohno and J. D. Wang, 1993. Kinematic hardening rules with critical state of
dynamic recovery, Part 1II : application to experiments of rachetting behavior.
International  Journal of Plasticity 9, 391-403.

M. Abdel-Karim and N. Ohno, 2000. Kinematic hardening model suitable for
ratchetting with steady-state. International Journal of Plasticity 16, 225-240.



102 %5 WEAIEE WA 2 — 0 — T OB )RR

[10] M. Kobayashi and N. Ohno, 2002. Implementation of cyclic plasticity models based
on a general form of kinematic hardening. International Journal for Numerical

Methods in Engineering 53, 2217-2238.



103

F6E
*a A

AWFFETIX, F2—7-7 4 UREERICEEAEZ B U 72 BUS 7R Bl 2 BR 3
THOOREIT-72. £F, FIMEDR T ¢ VB F FTEE e BB LT 7 ik
ZPHFEL, 74 CEOHEALFIENPEZ S Lz, RIZ, B LY 4 B0 EAL
BPERIME 2 BREET D720, T a—7-7 4 VIEEROE ST V& AW, JEAEA R
KON ARV T, FEREMITREROE 2T o7, 612, BEMEEZEHL
A= =T RIROFRBERET NEERL, 02— 0 — T BROEIE it %
Fha L7z, AFRICLVBONTRRIT, ROXOICEEDHLND.

W2 ETI, Fa—T-7 4 RO T 4 VBICHEEZETS5REA, T4
VIEIIREIE T I IR A LW, 16RO 3 Rt EEZ A3 256 OBk
SPERIE ORI 2 T O FMATE V. 207, 3RITHAYMEEZS Lisn
A VIEZE R W RE R S EAVIT T E R R T M EN D H. £, Fa—T DT L —
FORESIL, @, 74 CORBIZHASTHZICREVWDT, 74 &Fa—T 0O
AT EERSRUEDR O SO EE L2, 2O —KRERLMEEEE L U108
BV Z B AUTEHR LR R, 3 ot AME RO EMIENERFMETZT 2 EE
THUE T 4 VOB EOFRICE I T& 5 2 L AR LT, WIS, B L
VEIREEA VB — 0 —TDT OX—T A —T 4 AL, 74V ED
BYEABRPERIE 28 U=, 2 OfEE, 7 4 VEOBELERIEL, T X —T ¢
EAUT=T 4 DELLDOHRETYH, BN KREELL, Mk & FERRKE



104 H6E i

2 & RRCFERE T m O MERIE & moh o AWRPER K& < Be b Z L Rbho
7o LI2do T, 74 Y EOEELHMERITEZ BRI E-S < & fied TR IZFEAT
THZEIILRY, T4 DOEBREBELTY 4 VEBOWENEITOLERHD L5
2%,

3 ETIX, 52 mCEH LB EAHERIMED S A REET 5720, Fa—T
-7 4 UREEROE T N EHNT, EMARMICK DREEEITo72. £T, A
— T AN ETFa—T 2 ETUE—T 4 1 By FEEIN I EERE S Z,
Z DEMEATRNT 2 AIRFEHRIEIC L VAT o7z, ZO/RE, 74 VEEZHEM LT 4
VHBACET NI 4 VIBIREEDEEBE LT NAVR T —LET L EIRIEE Uk
Ruehbz, 74 VHBELETAVOZEEN RSN, RIZ, FERRRGEE LT, £
— 74 UMFEFa—T 5T V=T s ABNORDEFET vy 7 OFERE A
JEMERER 2 Ehid 5 & &b, shaT o AMRERMTZ, 71 L BEBELIZAIR
BLRET ML VAT o7, ZORER, 7 14 DOFERIRICEED < BJEALGRMERIMEZ v
D L B MRERMNT ORERITFERFER & LK< —BL, 74 VOERREHENTEET
DT EDOEEMENPIRINT.

AT, B2 B THM LB EAEMERIMEO R YA REGET 720, Fa—7
-7 4 UHEEROE T VRN, IIFAMICE AREEE{ToT2. T, Fa—
T2RETUE—T 4 LENL R DTEERE B 2, £ O RN &2 A REHRIEIC X
DIToT=. TORER, 7 4 VHEEAET VXTI NVA T —LET L EIRIEE URERE 5
z, 74 VEBECETNANOZEWEN RSN, ZhuE, TRE TR E R ET
HEESSHPELLT 2 —T DT L— MR AEL, 74 VEILET L TIEZO
Wy EWEAAET, TOFEEBELIZILICLD. KIS, 3SEEHOT 2—7-7 4 ik
iRz A 2= =T B a7 b0 ML, 4 5B E T 5 & LB,
74 UHEILET VT K D ARERMT AT o7, ZORRE, BB L s T
i RETHE LR FHOT H L Al I — 4 > s OBRBBIEE > TIE 7
(4 Y DOEREZBE LTI EEMRTIC L VBE LTI SR, 70 VELET L
DEZEERERIC b RSNz, £, 74 OERBREZDOHEIZB N TERET
52 EOEEMELRENT. S5, 74 VBT T MK D 4 SR O R
ERELIZE A, T X —T ¢ VRTINS E L AW D S RE NS
B, NINR—A -FA T —DOETENRNL LI E b7, FRCT 4 VN ERIR



105 H6E A im

DIFE, N —A-FA T —DIREDRRILEIIRERE L, TOMKRE LTALN
HIFE— A b TFa—TORBUTIFTHGIT L2 DR LN LRI Z OB
FRIZFERRAE R T H MR Sz,

%5 ETI, WHEE T 2—7 -7 o UEEICERL, A v X —r—T2kER
[REZRET VAL L. ZOFT IS, BUS TR O ZRNRE M E 52 5 2 & TH
JETTIRMT 24TV, EBRAE R & e L7, Z R 8, (HRERITEE O SFEHENIC A L0
FIE, FEBR LT CEMEA AL B L2, EEICIE B Lo, Th
X, ARERMBHTICBNT, Fa—7 X7 OMNBEICEIT 2 ARERSENL, &
2a—T7 MO RBRLAIMF 74 Ly FEBELTELT, EFITHSET /MELE
O ThHEEZD. £IT, BIEMITIZBIT 2R KOTAHBEMBTHSH 7TARED
F o —THREIZHEIR L, X—3 > ZIEIC X D HREGEBE O T 21T - 1. %
DIz, Fa—T7 ORI OFEMRARERET VAR L, 7 /Wi OBEN 5
iz, 42— —I98KE2ET L LTMIT L0 Gon-2MNEz525 L LI,
A & 5 2 b 2 FEhE L7, & IS, (R OIEFMIRIE 2 2 8 v Re 72 A BHE Ak
Rzt d 5720, Fa—T7HMOMBRBREZITo 72, EREREID O-wW AlZES
TEMBR ST A — 2 2 RTE LTz, O-W HINZFED < MPEHERAINZ VT, X — X vV fighT
AT S TR, SIS AT 2 0T gl & 25k L g7 2 &, SEEIE TR 17% D
FRAEL 7Y, FEHENCIT 0 RS B CRAT BN S B CE T LB X D AMITIC LY
BONTOT AL, EBRAERLVEOIIAMERE & g9 5 2 & T, BUsIiicxt
29I RE OEEMERGEDN WRETH 5.

AWFFE TR SN2 TF 22— 7 -7 4 EEIRITE T FTRe e B AT 71X, 5 5
BCORLIELIWCA v Z— =T BB a7 ICE &, 41 ¥ —07 —F2KEET L
B LEZBUS T CE A S Cnbd. F72, Fa—7-7 ¢ UG, 7V x—4%,
t—&a7y7, mNRL—Z R EOMBBREABGHSR TEH I TV DD, KOH5E
THA%E LT BEALIRMT TIEDS, A% bR THND Z LRI EN5.



ESJipt:

Na

).

n|]|-

107

E X &

i 3

Keisuke Iwahori, Nobutada Ohno, Tomoya Muraki, Dai Okumura, Susumu Miyakawa,
2013. Homogenized elastic stiffness of fin layer in tube-fin structures: Evaluation and
verification. Transactions of the Japan Society of Mechanical Engineers, Series A,
Vol.79, No.797, pp. 89-99 (%5 2 & « 5 3 &)

Keisuke Iwahori, Nobutada Ohno, Kohei Matsushita, Dai Okumura, Susumu Miyakawa,
2014. Homogenized elastic stiffness of fin layer in tube-fin structures: Verification for

bending loading. Transactions of the Japan Society of Mechanical Engineers. (% 4 %)

EffZF=HER

D).

(2).

Keisuke Iwahori, Nobutada Ohno, Dai Okumura, Tomoya Muraki, Susumu Miyakawa,
2013. The large scale finite element analysis of a charge air cooler using a
homogenization method. SAE 2013 World Congress & Exhibition, Detroit, USA,
SAE Technical Paper, 2013-01-1212. (5§ 5 &)

EYRREAY, EIE, L mEE T, BRI R, KEHME R, 2011, WEALEE WA v

B — 0 — T DRBUREESRYT . A V2 — 27 — T ~Oi . BEhHis 2011 &

KL, /37 ¢ afiik, JSAE Paper No, 20115032,

WA, MR, BAK, I, KE{EHE, 2011, F o —7-7 ¢ U
BT D7 4 ARy OBYERIPERAR. A= M&M 2011 #5007

7 LA, UM T3 K%, CD-ROM.

H



108

).

(4).

AYRFEIT, RIS, BAR, =), KREEE, 2012, Fo2—7-7 ¢ SR
BT D 7 ¢ G OFPERIPERHm. B AR Y2 M&M 2012 #1EL )50 v 7
7 LU A, BEERY, CD-ROM.

FURFEAY, KEFEE, BT, BAK, BIE, 2014, F o —7-7 ¢ UAIER
BT D7 ¢ BOYELBYERIME (S ARICR 2EE) - B AR RS
M&M 2014 ¥ )50 o 7 7 L o A, R FH R, CD-ROM.



109

i

RE L, FHDRRSHT > =BT ERR O b b, AR RY
B LA Ze Rl % WIRRARIC 2012 45 4 A L0 3FEMITEY L, 4 iR KRFRZR L
WFZERE REFHEREER O TGO T THER R Z £ L O b DT, REHR L ITFE
FHPWAFL3EH D 2008 4 3 H L 0 AR L SETIHE, Fa—7-7 4 UHEERD
BYEACFRATHAN 2 IR TR 35 2 &3 T& £ L72. 2008 7> b BIE £ THI 7 -
THREHE, HEiHR 2 LT TERMMEEDOH 2 XRELXE2 =02 THW &
BoTBYET. LDIVEGHELTBY £7.

Fo, TZICHITEPPDOLTRBILOEED I > TIHLS & &b, HxrDE
HARAZEREZBY £ Lic T BRY M —20%, v bFagdz, WA RMEBRIC
RAEHOBEZRLET.

SIT, PFHThT RAA ZAZTEE £ Lo A TFHMBBICEHB L 5. M0n
BBV ETHNW ERHEL FHIREIC O L TR0 £9. KPR EOREE
ThHEHELERITIEL, AREZRETZ 008X THEEH L TRV £7. FHLL<
AT 8 DR AR MARLHL M2 DR T35 AR TS ST 2 1 80 5 2 TTH &Sk L
Tk £7.

ZL T, AELHRRBRATZOWSZ 52 TS5 L L b, RFFEOZIT R A
DLV FELDITH L IHELTHE £ LIRS T v Y —OEHIENEE, §KEH
ER, MERZER, TIERA, SARAEERE, 1LHEP YR & OB R
WEOERFITOLLEVEH - LET. o, KRR EZZITTHI2H70 T 1%2Td
TELLTHEES A, FIIEEZEIAIDEHEL 7.

%I, ICHATED LTINS BSFo T il & 2 CRITEH L%
N

20154-1 A JE¥E T



