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Abstract

Melting or refrigeration of phase change materials in capsules has attracted much attention from the view point of
latent heat storage technology. In many cases, heat transfer characteristics during phase change have been treated based on
constant surface temperature or constant surface heat transfer coefficient of the capsules. In general, however, surface heat
transfer coefficients on the surface of the capsules are non-uniform and the ratio of the highest to the lowest heat transfer
coefficient can be estimated as three to four.

We have studied the effect of the non-uniform surface heat transfer coefficient on melting of phase change
materials filled in circular cylinders by the comparison of experiments with numerical analyses. Melting process is strongly
affected by natural convection in the liquid phase Rayleigh number in the liquid phase was estimated by an approximate
analysis. The effect of the non-uniform heat transfer coefficient on the melting in circular cylinders of acrylic resin and
copper was studied.
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Key Words : Melting, Non-uniform Heat Transfer Coefficient, Natural Convection, Latent Heat Storage, Solid-Liquid
Phase Change
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Table 1 Thermal Properties of phase change materials.

Water  (L:liquid, s:solid)

T; P C A L
['C] | [kgm] | [KMkeK)] | [WAmK)] | [klkg]
0 917(s) | 2.0934(s) 2.2(s) 330

999.8(1) | 4.1818(1) 0.56(1)
Tetradecane
Ty P Cc A L
[Cl | [kem’] | [kikeK)] | [WimK)] | [kike]
59 817(s) 1.8(s) 0.43(s) 29
772.8(1) | 2.1468(1) 0.15(1)




4. SERURHTICEE-S< BER K O
FIAERN B 2 R At

AT 77 oW Ste=c(T, - T, ) [L3/h& WG, Bz
I8 D MBS I E R AL LTl 2L N TED.
MR EAMRERTIE KT, BREA R 5E
(0, AL BRI RO E PR B3 Z & 8T,
2 WICEMRE DT A W RETd 5 . AN IR - R
FEREL, MENEO TRy Lk B Na % KAT
ERTD.

széimmﬁ)

1

()

TR OBEE SR, R, s 1 ZFAER AN
FHOEETHD . Nuo, Nk 05D &, AEOPNIE

I VL U B AT 0D A R & STRIC LA F 0 &5 1ok
Hibhs 9.

T (12)

Tw—Tf H

T,-T, Nui 1

7, A MRS 13

T-T,  2Nuj, n(R/s) (13)

cee Hots N0 [(D,/D)  In(R)5)
2 A, /1Nu,

ERTT, T R RNAREREL, 4, 13ERENE
B R OV AR SR8 O BUE R4 R Y. W, 1 Ttoh
L WIZEY, KATEALATNS.

Nu; =0.2Ra"> (14)

ERT, Ra =8B (1; T, )[Ry (R f5) [ e 15)

Tho. PMEEOHRDE AN =1L 725

— RN PCM O RS R 361 5 AR M
BTiEe<, Fiz, FAHEASHIIHL TRODIIR TR W
28, PRI RED IS E B L T, MEERSRNOTR
mméuéﬁﬁﬁﬁV4J~@ma%ﬁﬁb,W%E%
KO % T35 . SMBEEG IR D Re e OVE AR >
BshhGzbnd s, X©Q) ~ 1500, MY KL FHE
ko T, T BEOHEND Nui, Ra, %KD LD
T&ED. 20X LT, FABEIZIT D B RS
VxS 2 AR B ARRHTRL AV —3Ra, 3RO E
% . PR B RO MRS 1XRa, (k0 HES 1, Toh V6,
Kuhn? 5125 % & Ra, <10° TIIBVRELELE 725 .

5. FRKXOELE

AP FRUN T2 28R & MRAT O b K OVK oD 6 B s
JE A IR SIS T B SRR A SR O tUF 9835 & oD b
, ML 72 fir= —R ofF kA MEEL 72 @,

248 () & 40(36)mm O 7 7 Y )VAFERNO T~
T T Hh Uk, FREAKIRE 40°C , Re=500 O il <t i T
TRURET D G OMITERE R~ KFOFE KU
ILEL & ZEND 90°8X 128 o fo FFEZR MR E K OVl
BETHD. fime e MHREOXREEPIZRL
7o, BUIEAET (B)(C)(D) (2384) D IR LS & O
FEREREL R 72, Eo, KPISEERNTNG Ko7z
Ra,DfE% /3. t <1500 B> o> il TIELMEHT (B) & (D)
WL REIXIEFE &L, L& BRANkmIREL R~RT.
Innrbt <1500 B TIEAMREXRTHL L B2 b
5. t=1000 2T 5 Ra, ~ TS0 Z 11L&k BAHT TD.
t>150080 TiX, fENT (C)(D) O FAETEERIRE A EH-45
b, K EBGIRE (MAETAUSNORES ) 234F
e b ORBlIEE NS . Z OFEMEAEBRED LA
X EBRIREORITVIIFRIFFCAL TRBY , 2R
RO FEDBNTHD LB ND . BT BEE
(270 % & BARERE (IRE =T,) & IR OEEAMNEIE

Fig.2 |

S AL, PIAEFRmEIRE D B RESEEIE S feoick &
_'(Bi ' T'etr'adéca'lnel, R'e=|50'0, I'30'=4(')m'm Ilz I|g_
L g ¥ i

— X

SO 0 ar 2" e

- ®

e r 6(@ ® ® 1

5 O &2 o ®

S oo W Ra <110000.

g2r ¥ M 'i? Ra, <8000 -

GE, L |:||:|l:| DD i

|_ - @ |
L = i

10F RS *
-I kokFokkkok
0 2500 5000 7500
Time (sec)

Fig.2 Plot of temperature against time during melting (Tetradecane,
Re=500, Acrylic tube, Do=40mm)

‘Wall

Case (B) Case (D)

Fig.3 Velocity vector and the Solid liquid boundary (t=5000sec)

Case (C)



400 T T T T T T

T T
2000sec 5000sec

Fig.4 Distribution of ¢, (Tetradecane, Acrylic tube Re=500,
Do=40mm)

'2000sec 5000sec

1 1
200 300

0 (deg)
Fig.5 Distribution of ¢i(Tetradecane, Acrylic tube Re=500,
Do=40 mm)

HEBEORITONAEL D E BEZXLND. Z OHRIT
1500 ~ 5000 YO TREFEICBEZIE D . +=5000 BTl
Ra, ~1.1x10°L 725 8, Z DL & OEERY b L% FE
JEdkE &I Fig3 (T, M CREEIRIZANS I
WAVTWD . fi#AT (B) IXEMBEMT THY |, I
FUTAFETEL 720 . (B) THBMBERDOIE RO &
E B Ao BRI HES., EHHN LIS TS TWD A, ffAT
(D) TIEEMHOLE~OEF) IZBETIE R, ZHIUTER
HPIZE Y REBMREREOIE—RENTFHOL TN Z
& ERT. MRET (C)(D) T, BAHO AR H R
BRI NA. (C) TIEE S ICEMTEE MAEmO I
1 OB E TS . Z Dt (D) TIHBLES b
v, EARFIRIE, (B) & T (YD) id/h&a <, FRiT
BARGHRICE 0 B CRUEDSHEA TWD ORb1S .
FEFEENE (B) O 7 A% (C)(D) & iRl THI 30% 1FE K&
W

FEBTICE D 155 217z 2000 Y K OY 5000 FORF o> [ AE 44
i K% O\ RN i B R g q; D S8 T 34 %, ZE AL
Fig.4 X% O* Fig.5 (27”7, Fig.4 X MAES i 2k o g, 0 A
ZoRY. BRI & B D FHEETER T AN - 7= f4 B
Toho. fEHT (B) CTIXFFFRREE &b ICRE BT
WICERRAME T 92 2%, (C)(D) DFdr, 2000 Fb&
C 5000 F5C 1 FIRE TE BB o BAE R s K& < KR L,

METEH TS Y L TOARVWOREES WD . fi#
Br (B) DHfy, REREN LT L, RERRIKE OIR
FEZEDO L TR AN D 2 &k, BERIRREE & b
I gwlT 8222 5 Mz R~ @ —J5, (O(D) DFEIC
i3, Fig.2 @ 1500 ~ 5000 F DI BAE RS 11D K9 1T,

BARGHRICE W K & BARED EFAMZ 5 D fEiks
BNTRY , Z OFETHETHOEBNRKEL oo T
WHEEZLND.

Fig.5 (T MAENE AR R g oA & 7597, #elhix fAEm
T BT A SR B SR TR ALL 7. fifHT (B) DA
9w OEFHEE RFEICKORRE &b 1Cikgb —BFFLT
LONRE NS . il (CO)(D) TH, 9wDBAL B H
Mz R, MEESCRmEMET 5. —JF, HET
EIZ B W TEGR RIS 72D 23, EEE MR O M
AU B HARMFIC L D MFFORRE 277, (C) TIX[EH
TERO IRHI KIS T 2 NS g ORRFER D 2 DD KX
M —7 NS RS . (D) TIREMAR DN A FEXRT B
LD, BURHRSS IEME leo TWD . Figd
L Fig.5 D a4k O nAi%E T 5 &, (C),D)EhEh
DopAE, BRXHRIEE AR, HRA B R A RT3,

30F T Tetradecane,Acrylic Tube,Re=6300,D0=20mm T

N
o
T

.........
0

LT

)

-
(=)
T

Temperature (°C)

Experiment ™ @ T Air N
< ¢
Analysis (B) ({) i

1000 2000
Time (sec)

-10

(2) Experiment and analysis(B)

30F T Tetradeca'ne,AcryIic Tu5e,Re=6300,D'o=20mm b

I Atmgs here o
20t _:5&5&@%@5

| PRZER R

®
.
ol 1® / Ra,, <4240
Ra, <620

g . |

C .
4 Analysis © 2 Air

L (D) @ 4

Temperature (°C)

o

-0 . .
0 1000 2000

Time (sec)
(b) Analyses (C) and (D)
Fig.6 Plot of Temperature against time during melting
(Tetradecane, Re=6300, Acrylic tube,Do=20 mm)




500sec

1000sec 4

0 1 1 1 1 1 1 1 1

TR TR R
200 300

0 (deg)

Fig.7 Heat flux distribution at inner surface from numerical
solutions (=500, 1000sec)

HID WO RE S BNRRD Z & BNbind.

Fig.6 [Z4ME 20mm O 7 7 VU VAENOT N 7 T Hh
% Re=6300 O it it N CRIES 7= %6 0 EBRFE R
T OBAB RN B 7. Fig.6(a) | F2BRAE 5 M OBME
HARNT (B) DFEHAE, Fig.6(b) I[ZHRHT (C)(D) D% R%E =
7. KIZIERa, DEL 7RL 72, Fig.6(a), (b) 25, KT
1349 900 FOIZ,  F 72 AT CIIR 600 FPIC PR TR IR B 1
ERUMBDTWD . Fiz, K EHMBESEIINICRD
DIE, AT CTITIZIE 600 £, FEBRTITMABTITAR WA
600 INEE THD. Z b, L EHRRESHIEN
ZOoRTIERIE , PARTAERIRE D ER32 EEICE TOR
—BRED N, REBRA—BTIIRNWE B2 b5,
Fig.2 OfERNS, 2D OBGIIHAEN A AR O
BILELAHLOTHDHEBZZOLND. Z OFEIELDRa, X
620(Ra, (4200 TH Y , Kuhn b 12X ARIIEHEED
LEWElcBL =95 . @lfiEik - CidRa, (X 12000
ZEBTLE ExL N, BRMRRENEE 725 .
Z DA, BREEE T (C) & (D) DZET/IS WS, fEbT
(B) & FEBRKLN(C)(D) & DAL, 30% LA E& 7po TG .

Fig.7 |2, Fig.6 & [FIU §{F D t=500 5 K O 1000 >
FUF 2 FIHE PN i B SR o3 A1 g % BB o T RIS (kL
ToRd. I MEAT (D) O %46 O PR R R T g,
DopAib RL T2, 22 Tldg, b EHIMEICE Y Bk
AR D =500 B TIL, ¢/q, [ EREEIREFOIE—
B 0 B4 RL TW5H DS, AEEREEIT /IS V.
Ra, Y1000 & 725 t=1000 & 725 &, Figd DYH L kL
WZFRBT (C)(D) TIXEVE SR S FAETE R s T R&E < KT
L, AETEHTES o TWVWDH I &, (C)DgikEfxt
HTHDDIZRL, (D) DHBAEIIZMETHTRELIE
KFRE 7o o TWD ORBIESI 1D . 2 iund AERTHEN
P/ fEICIE, FAENmEICBT D BRI EIC TR CA
CTWaZEnRENG.

20| T T T T T T T T T T T T T T T T T
- Atmcisphere Experiment g
o15 .
e Ra< T
5[ Ra, <1350 A <3850 ]
o
310 Ra,<290 i
g L 4
'_ - -
o & ]
I Air 4
¥
L .’ 4— _
0-| :I 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 ]
0 2500 5000 7500
Time (sec)

(a) Experiment

20 T T T T T T T T L T T T T T T T T
: Tetradecane,Copper Tube,Re=400,Do=20mm :
i ) Numerical Analysis ]
;61 5+ |
e [ j
=} L -
s [ ]
[
210 —
£ 0 L i
(0]
|_ - -
ST Ra,<1 R ]
L Ra,,;<290 a,,<1350 a,<3850 .
0 -| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 2500 5000 7500
Time (sec)
(b) Numerical Analysis

Fig.8 Plot of temperature against time during melting (Tetradecane,
Re=400, Copper tube, Do=20mm)

Case (D)

Case (C)

Fig.9 Velocity vector and Solid liquid boundary (t=5000sec)

Fig.8 |24+ (V) £ 20(18)mm OFIMIENDO T~ 7 57
%, Re=400 @ F@ifxtiit FCRfFES EicHa ORED
W2 b% /"9, Fig.8(a) 1L EBREF4, Fig.8(b) 1T%k
TERENTHE B ot SIFFEO A ITIT MRS RN BT
DRERED TS ST FIEFITNS < b . K 3500 ~
4000 FOLARE, S2ER K OVENT (C)(D) T, FERESHIT



T T T T T T T T | T T T T T
Tetradecane,Do=20mm,Copper tube,Re400 -
4000sec 5000sec .

140

120

100

80

qy (0)

60

40

20

TR
200

6 (deq)

Fig.10 Distribution of ¢, (Tetradecane, Copper tube, Re=400,
Do=20mm)

WIZ7 D BIRNBIES 1D . Fig2, Fighh b, Z OFEIK
THARNENBEE IR > TS & EZB NS . BUREMR
Br (B) TiX, Z DIREOHITWVERIIBIES 1L/ .
DRERIED Ra, % 31575 & Ra, ~1350TH 5 .

Fig.9 |Z t=5000 B2 81T 5 (C)(D) O [EAR F O g~
M VRE R KB oD K9 1T, WEO BB L
OHERY b VHIZIE—EL TWD . £z, iliEeEd
MTEICmsI A EERE hD . bbb, Z o6, Mt
FH D I FEBMRE BRI O BB ITIEE AL
ERIFS e EZLND.

Fig.10 |Z Fig.8 DN THD duiz FFEIMUIEE 2R 3
q, 0% . AT (B) IR S &b IR IR
ER—ERIZ ERT5 720, BT —HRIIK T35, —
J7, ( C) (D) TlX, 124000 TAL TWB IREDORIZW
REORD, T OERTIZg 1 XIFE AL ELL Ipne B
b D,

Fig.11 (22 D355 D 4000 £ K& Y 5000 125175 ¢,
DIENE DA Z AT, FE—HRBMRES AL 5 B
BAHT (B) @ ¢ I EMFENT Tl —EkE 225 TWD OR
s . AR (C) & (D) TIE, HERM RO B
23 4000 B CHLIARY, RIEBMRER A D 2N DT
TEHD N qOGAMIEELE KIFL TWD. LaL,
t=5000 > CiX, (C)(D) D g, mAmIxIEIEF—%L, £
[ H N0 = 240°300°1 T 2 DD N E — 2 23EEES
5. 202008 —7 [ZMMHETHIZAL 2 stk 2
HLOTHD. KIREND L5 12, MBELELED g5
EITRIFRE 725 2 & b, S CIEEMRER O I —
PED BT IRIL I TIEE AL BHTH L NTED.
F72, t=5000 B CIE, FEREHEUIMHETEH TIThRT
BY, EEHTOLEEREIT/NES W

-
—

Bz 9HR
2

T T T T T T T T T T T T T T T T T
5 8: 4000sec 5000sec ]
>'_(? o v il
a4 B = = :
< 2}~ Re=400, D,=20mm, Copper tub =
1 6: 5000sec Tetradecane ]
1.2r .

0 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1

0 100 200 300
6 (deq)

Fig.11 Distribution of ¢, (Tetradecane, Copper tube, Re=400,

Do=20mm)

E2N
)

6. fi

D DFERNS LT OfEiaE 1572

1. KPR EAE OO @R K IE 3PS B SRk o 5
B AERRREOREICE Y HrdDZ & N TE
5. bbb, BRMTEORBNEERD L, &
FRED ERITIHES h, &b TR, R BRI
TS .

2 . MEEPE B ARHEY A Y —$ Ra, 1L EURHTIZ X
DRl S Z & NTE D, NEE SRR BEE T
220V AY) =L, BXZERa, >10°TH 5.
DOfEIE Kuhen » P Ik 2 EE 1TIE T 5.

3. 77U VAREOBRAICIE, BFYIENCIE R A
RO RENRIIBE, EHEBRRE ICHEE
IZRND D, BRAHES, BRI SRR 2D &
REPREROIE DO BT IR 2 (TS D .
—J7, SAMFEO LA, RETREN —FRE 725 720,
AR OE T R BMR RO R EILRMR Y S
WTHZELNTED.

-

235 3CHk

FNIER , SERET R, EARAT AT, —BEiidhic
BN EBRE D 7 2L O BEE, G B, 59 &
No.568(1993), pp.3951-3958

1

()

Zukauskas, A., Heat Transfer from Tubes in Crossflow,
Advances in Heat Transfer, 8(1972), 93.

MEAR ORER , RRHLSE, TEENEEN R 7 L o Bl RFMEC
KT ERBMRE RO BT 5 FE, iR B R, 69
% -681(2003), 1233.

INARTEIE , HEAPRER , FRHHRSE, JKEIRENFEZ L E
Rl T T IR — BB RO B, Haim B W, 74 % -
748(2008), 2588

3)

4)



)

()

(N
®)

BRMERE, PRRERE, B, SRS, S O
ST B BRI 5 Ty & — D R RICBT S
7¢, Fam, B i, 42 % No.360(1976), pp.2481- 2491
BREZE, B, m7 ey r—UIcsis 2 MiEE
DY OFEE BYRE, iR, 46 % No.409(1980),pp.1750 -
1759

SUGA CO. Ltd., SUGA Technical Report, NO. 30994 (1994)

Eckert,ERG. And Soehngen, E., Distribution of Heat Transfer
Coefficients Around Circular Cylinders in Crossflow at
Reynolds Numbers From 20 to 500, ASME.Vol.74 (1952),
pp.343-347

©

(10)
an

(12

Schmidt,,E.and Wennner, K.., Geb. Ingenierwes, Vol.12
(1941), pp.65-73

RENTZE0RE, ERTHS 4 Ji p.6]
Itoh,M., Nishiwaki,N. and Hirata, M., A New Method of
Correlating Heat Transfer Coefficients for Natural Convection

in Horizontal Cylindrical Annuli., Int J.Heat Mass Transfer,
Vol.13(1970), pp.1364-1368

Kuehn,T.H. and Goldstein, R.J., J Fluid Mech., An
Experimental and Theoretical Study of Natural Convection in
the Annulus Between Horizontal Concentric Cylinders, Vol.74,
(1976), pp. 695-719



ZH LR R 4% 5 9% Bulletin of Aichi University of Technology ( 2011 %) pp.9~14( 2012.3)

52

D REN FFE D 15

=W a AL 72

B~ A 7 o BEha ARy b O B9 5 BT

(BARy b ORE, THER, I OREEITOERR)
R EL *

(2011 49 H 30 H=#H)

Moving Mechanism of and Control Method for a Micro-Robot
Using the Difference in the Vibration Characteristics of the Legs
(Fabrication of a Prototype Micro-Robot, Preliminary Experiments
and Experiments in Turing Control)

Masahiro Isogai*

(Received September 30, 2011)

Abstract

In recent years, a large number of studies have focused on micro-robots. Moreover, yearly contests have been

held in order to develop micro-robot technologies. As a result of these activities, various types of micro-robot have been

proposed, including motor-type, piezoelectric-element-type, and electromagnet-type micro-robots. The present study

considers a moving mechanism of and a control method for an electro-magnet-type micro-robot that can not only run in a

straight line but can also turn with only one electromagnet coil using the difference in vibration characteristics of the right

and left legs. In the present paper, the control method to change

the turning radius is proposed, and the prototype micro-

robot and its controller are fabricated. In addition, the characteristics of the turning radius are investigated through a number

of experiments.

*—U—K: v raaRy b, @AY, KRS, KB
Key Words: Micro-Robot, Electromagnet Coil, Permanent Magnet, Vibration
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Development of the Monitoring System for Solar Car

Hirokazu Suzuki*, Takaaki Hashimoto*, Hideo Nagata*

(Received September 30,2011)

Abstract

Because the limited energies must be effectively used by the solar car, both saving powers and managing energies

are important in the solar car race. As the first step we developed the monitoring system which could manage the energies

of solar cars, although the general purpose of this study is to improve the technology for utilizing solar energies. With the
vehicle equipped with this monitoring system we participated in the solar car race of FIA ALTERNATIVE ENERGIES
CUP SOLAR CAR RACE SUZUKA 2011. And we could confirm that the developed monitoring system sufficiently

worked.
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A Study on Library Software That Makes XML Data-Processing Easy
in Cooperation with CSV Files (Part 2)
— Conversion of CSV Files with Long Content of Items into XML Documents —

Shigeru Yoshida*, Nobuaki Andoh*

(Received September 30, 2011)

Abstract

This paper describes an improvement of the previously developed software which converts CSV files into XML

documents. XML (eXtensible Markup Language) is the internationally standardized language for expressing electronic

data. XML documents are not only flexible and extensible in applications but also very effective to data-processing. Since

XML technology has huge systematized architecture, it is not easy for the beginners to master the technology and use it

well. In consideration of this point, our previous study developed the library software by which even the beginners can treat

simple XML documents handily in cooperation with CSV (Comma Separated Values) files and can enjoy the convenience

of XML. However, the description of data with long content of the items in CSV files was a problem. Because, the long

content of the items in tens of characters destroys the GUI (Graphical User Interface) displayed table form when it is

arranged with other items. To solve the problem, this study of the part 2 shows an improved format of the CSV file, and

reports the implementation result of the software which converts the newly formatted CSV file into the XML document and

reversely converts them.

¥—U—F: XML 7—% L8, CSVER, = Fa—Parta—74r7
Keywords: XML Data Processing, CSV Format, End User Computing
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<?xml version="1.0" encoding="UTF-8"7>

—— <SBEA—E>
<Al
A E E E F E
oot T A—5 B/ DB
2 |record ) B> REXE/IEE>
3 |elementt |E1E & {delimiter/>
4 |element2 | FD A KEDE>HOBD MIFEOED LFEEhoAH</ LEDF>
5 lelementd | ED AL &ALV <delimiter/>
8 elererts TOW DR EBBEOBEDEOHYEDNEDEEE HDH/
8 |elementd |E0F | _tU)ﬂJ:r?*}JJ‘?‘J>
3 |valu=i 1 xgxe <delimiter/>
10 |value? BROED rUFOED FEERSM CFTOEDHENKFIF BICHRDDO/T DA
11 [values  [EXOLEOAVTONFOEEEESA <delimiter/>
12 |valued iR FIZ EIcHhoD TR EHFINE>HOMZELTIEOPIZHNA DD/ T DA
13 |values hirZ&bTIZoRIchihoD EHBED
14 |valusé %“k(DEH(DI?:"tUI:?J?)é{'JﬁfJ\E@E?fE’EEL\T; EO iEA Bt T <delimiter/>
15 |valuet 2R E = - = =
16 oy EEET Eﬁﬁi%b S0 BHOROBADELYICHIRNEDEREE N, E0
17 |values 125 d EF T O FB0L A= ~D WBAEPHVDOT.RAOKOHBIEEITEFALTLIENIYTH S,
18 |valued  |HFFTTEH ROEE <SEBRD
19 |values CABIFTTABEDSE </ 61>
20 |valusé ENAE T EI - TLE5LL, BT S5 He B HRE T 4 <>
|<91< \’mh’:m iy A ldA A [ [ Jli]ﬁ <ﬂ§>2</ﬂ§>
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3 |elemertt |ES w5 FF <{delimiter/>
4 lelemert? |BHH BRI >ERT—EXN—ZADHRBAELT, BULLDIEEAN/ BB
5 |element3 ﬁ*ﬁﬁﬁ <{delimiter/>
? E:emeﬂt; %iﬁggg GERER DBRMEMIC, BHEELTOEZLS, LO—FEMLE---
elements |1% <delimiter/>
oeementd B CGEREE DT —AERELTERRATS. RMERALARETRAL, -+
10 |valuet 1BARF — 5 —2 ¢delimiter/> . . - s
11 |value? Faﬁf%i’-*—ﬁ”\*—i‘\@ﬁﬁﬂﬂtbf, i@@]ﬁ:ﬁ%@mé <1§*Rﬁ§ 3>|/:|—|‘Fﬁﬁo)¥ﬁ.¥ggf%§y 'J/O’EFH L\T:T_g*ﬁmfi"'
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14 |value5 L O—F RO R TEEE, Vo SFREWT -2 {delimiter/>
15 |value6 |l O—F RO 3 FRIEE, U OFFELIT —2 EESEREK 2</BE>
16 [value?  |@iRE2 | <R
17 |text i i U eyt s C{textDkkkkokskkokskkokskokkkokkkkkokkkk</text)
18 |valuet s2F—= <R LD
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Selection of Cooling Method in a Cabinet for Electronic Equipment

Nobuaki Sugiura*

(Received September 30, 2011)

Abstract

This paper presents the concept for selection of cooling method in an enclosure for electronic equipment. The

cooling performance is an important issue for designing an electronic system. The cooling performance for each cooling

method is evaluated and shown the available domain with the common enclosure condition. The acceptable domain is

100W for a sealing enclosure, up to several hundreds of Watts for natural convection, up to several kilo watts for forced

convection and over several kilo watts for air-water cooling. In case of using some equipment for cooling, such as cooling

fans for forced convection, we must consider power consumption for operating the equipment for cooling.
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key words: Enclosure, Sealed cabinet, Open cabinet, Cooling performance, Selection of cooling method
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Wind Energy on the Campus of Aichi University of Technology
and Making Use of Wind Turbine with Sail Wings

Takaaki Hashimoto*, Hisahiro Inoue** and Yasukazu Hasegawa*

(Received September 30, 2011)

Abstract

As the reproducible and dispersive energy, the importance of wind energy will become greater and greater. A

preliminary measurement of the wind energy on the campus was carried. The characteristics on the wind turbine with sail

wings were experimentally investigated using the small wind tunnel.

It became clarified that although the energy level was not so high, the useful wind energies existed on the campus

in the winter season. It also became clarified that the performances of wind turbine with sail wings did not change so much

according to the wind velocity, the wind fluctuation and the load, although the efficiency of wind turbine with sail wings is

inferior to the one of wind turbine with propellers. The authors think that the wind turbines with sail wings are suitable for

the local small scale power generation system by the adoption of larger sail wings and the devices of increasing rotational

speed.

Key words: Wind Energy on the Campus, Wind turbine with Sail Wings, Small Power Generation
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Abstract

Environmental impacts of light weight vehicles ( made of Al or CFRP ) and electrically powered vehicle (EV)
were studied comparing with gasoline vehicle(GV). based on Life Cycle Assessment(LCA).

Global warming gas emission during life cycle will be 20% reduced by lightning and 44% by electrical powered.
In the case of EV, CO, emission during running stage may be reduced to 1/3, caused by lower ratio of fossil fuels in the
primary energy and higher energy efficiency. Especially collecting of kinetic energy at the time of braking is considerably
effective.

F—U =R BREERE, LCA, MR A, 7 = AW, CFRP #, BXAHBIH
keyword: Env1r0nmental Impacts, LCA, Global warming gas, Aluminum vehicle, CFRP vehicle, Electric vehicle
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Table 3-2  FERFOFMAERKE AR

=4 GBRE | LE | BAE [29597% |HEY
(kg) | (%) | (ke) |£8(ke)| (%)
£ 8% 14.8 303 155 49.0
8 4R (i ) #4 89.0 49.0
EAIE 8 AR 17138 264.4 92.6 65.0
7 I 8 AR 153.3 2359 82.6 65.0
s | BRI HAR 54.3 83.6 29.3 65.0
S| 3R AL EE B AR 250.3 3989 148.6 65.0
|20t GRE. BEEE) 217 272 55 80.0
At Ry T R L 139.1 2839 144.8 49.0
AT UL R, it #EE 211 26.4 53 80.0
(E4a 8 . 05260 254 317 6.4 80.0
T Dt (PSSR L) 8.9 99 1.0 90.0
INEE 9498 | 688 | 13921 4423
F (7IzhE 842 131.6 474 64.0
EREEY: 204 226 22| 900
% 4 Hh & 8.7 97 1.0 90.0
& |ERiE 7.4 1.4 40 65.0
o) INEE 120.7 8.7 1753 54.6
PUR 18.4 19.4 1.0 95.0
PVC 19.7 20.7 1.0 95.0
= |PE 10.0 10.6 05 95.0
4 |ABS 8.6 9.1 05 95.0
F |PP. DA RAEE 52.0 54.7 2.7 95.0
M PA. 70 fth & 4% e st A 9.0 95 05 950
# R EE R 19.1 51.0 31.9 375
=PN | 55.1 787 23.6 70.0
e 1919 | 139 | 2536 61.7
HSAHE 426 60.8 182 70.0
HEHERE 3338 356 1.8 95.0
Ty 15.9 159 00| 1000
g KFR&LE 155 155 00 | 1000
w |RETOUHFC-134a) 038 08 00| 1000
Z0Hh 9.1 9.1 0.0
IVEE 117.6 85 137.7 20.1
|t 13800 [ 1000 | 19494
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TR e e e | | e | | | B R R

HERER () | 90 | 1100 | 1010 | 630 | 1777 | 760 | 2400 | 2730 | 1360 | %0 | 740

I%R IR

8 [ 160 | 9 110 160 100 200 20 | 40| 8 10
(km)

BEAREW] 96 [ 16| 9 |00 | M | 103 9 | 48 |1584] 96 | 101
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R k) | 011 ] 0.00 | 010 | 009 | 005 [ 010 | 004 | 015 |01 | 0.1 | 014

=

Z B[ Vkm], BRHABHEO = R LX — T EE
B[ kwh/km] & EFEL TULFRLL =

HYY v HEEO W

THA S a Z LS AV Y v BB O fik E R
RO RIRA Fig.3-1 12779, A%, BREMEICHT5
T X FEATIIE R B T T D WER B D Y, T2 Tk
BRABH( BURTIIEBRT —% OFRBAHGD) & D

BPELLIE D 72912 100 15 B —F 12K 5 B4 L 7-.
Z oEFHRITESE, fEkHE, 7L H, CFRP #HOBA
e HHIL 72,

R H B W E

WEEGHEL L TR HE - BXEB®EDY b, #
MEREE BEROT—F OBRE LTS B, 3L O
7 —# R CE =) — ( BISKE) Y, AUT —
YRV(EHMTRKY) O i F, #lmERs UiE

Table 3-3 %L L KEOMN TEBICRIT S =3 VE —fEHE M/ A)

& & | S L
ZHEEHFREEHRR
ftRE 8| — | am| 1219 22| 58| 1619| 307| %8| 1124| 356| 93N
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EREHE | 14| — | sm| 129 22| 3| — | 07| 76| 1124| 3586| 775
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Table 3-5 VU YA 7 VEFETOWEINE

BEO [a] 4% ASR [#E#H. BE o
M H EHME= |BELE|EBIT)| LB (%)
(kg) (%) (%) (%)
£ 8 958.8 98 2
FILZ 84.23 95 5
o) 20.39 61 39
o) 8.71 94 6
& h 7.4 85 15
1 g 136.8 2 98
=N 55.12 47 53
i 4 33.78 0 100
HSR4E 42.55 0 100
NyT—& 4.17 100
DAY Y—R& 2.9 100
SUVI—4RK 8.44 50 50
g% 15.88 100
HFC — 134a 0.81 24 76
&t 1380.0
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Table 3-6 FHEXGE L FHHL FD LCI 7 —4 (kg)
BB
PERE(RF—)L- AV E) FILZE CFRPE EXREEE
*H S itptentl = TIRE FH CFRPE = "%@;’D
ek 148 sk 14.8| |#sk 148
SRR (i) #4 89.0 SR (3) ¥ SR (i) #4 89.0
VISR 171.8 VSR ISR 57.1
TSR 153.3 ISR TSR 153.3
ey |EORIEER 54.3 S48 201.8 | | EERAHR EBRAIHIR 54.3
| REOEER 250.3 RELEESHR FREIESR 250.3
ZOM(HE. HEElEL) 21.7 ZOM(HE . 1 21.7| | DA (EHE, #gL) 21.7
R, SE5E, HREIEE 139.1 R, S, HRA| 79.8 | | BeRe. S5, HRAIEE 139.1
RTILAER, THER 21.1 AT UL RS, itz 21.1| | RTUL RS, THESH 13.1
[Eeet N 254 [$4a8H, BH524E 25.4 | $4afi. Eh52ER 25.4
Z DM (BEEEL) 8.9 Z DA (BEkEARL) T (L) 8.9
et 949.8 et 201.8 et 162.8 NGt 827.2
TV 84.2 | | 7ILE=DLs 293.6 | | 7ILEthE 66.4| | 7SS 71.9
BRUR 204 | |EX4R 204 | [EX4R 204 | [EX4R 29.9
e 87 | [sase 87| s 87| st 87
) eptthd 74 | | Eptthd 0.0 | | FEsatthd 74 | |Esnithe 7.4
TR Ls 36.7
ANt 120.7 Nt 359.4 NGt 102.89 INET 117.9
PUR 18.4 PUR 17.2 [ [PUR 184 | [PUR 18.4
PVC 19.7 PVC 184 | [PvC 19.7 | [PVC 19.7
PE 10.0 PE| 94| [PE 100 | |PE 10.0
i ABS 8.6 ABS 80 | |ABS 8.6 | |ABS 105
'E‘m,jr PP, ZMAtA At 52.0 | |PP., TR 48.6 | |PP. ZMDAtiFLAERE 52.0 | [PP, ZDMAA#EAE 52.0
PA, TS HRESE 9.0 | |PA. ZDAhEHERERRE 8.4 | |PA. ZDHEHERERL 9.0 | |PA. ZOAIEHEAERHE 9.0
ZHL AR 19.1 FH HER 171 | |28 HEER| 191 | | 284, ER| 19.1
SL5E 55.1 IL5H 493 | |9L5E 55.1 | 3458 55.1
et 191.9 et | 176.4 Nt 191.9 et 193.8
HS5REE 42.6 SR 38.1 | |HSRE 426 | [HSRE 426
e 338 LR 30.2 | MR 33.8 | |HHHEE 33.8
AAIVEE 15.9 FAILEE 14.2 | A58 159 | |(AMILEE 15.9
%%Jﬂt KF&EE 155 IKFRHE 13.9 | [kRinsE 155 | |KFRHLE 155
HKETOUHFC-134a) 0.8 | | &0 HFC-134a) 0.8 | [AE 7O HFC-134a) 0.8 | |0 HFC-134a) 0.8
ZDhth Z0hh 9.1 | |[ZDith 9.1
T 108.5 NG 97.2 NGt 117.6 NGt 117.6
= 1380.0 | | &5t 834.8 | |CF/EP 630 | |UF LA Eih 411.3
*EES ) B EE1505ke% 1380k | |CF/PP 1820 | | &% 1667.7
g~\LLAIHHIE a5t 820.2
B EESEROILRILY—
B3 ERE B EFRE Bif ERE B3 ERE
B L 89 | |IBHH 74 | |18FH 89 | |1B%H 5.8
KTid L 237 | |XTsd 196 | [KT:d 237 | |KTid 15.6
B L 53 | | &85 44| |8 53 | |85 35
AEH L 637 | |AEH 527 | |[AEd 637 | [AEH 41.8
BEH L 03 | |BEH 02 | |BEh 03 | [BEH 0.2
CEH L 17| |CEh 96 | |CEh 17| |CEHh 76
FALKSEH L 02 | | bk 02 | |RALKSEH 02 | |ALKEH 0.1
LPG kg 360 | [LPG 298 | [LPG 360 | [LPG 23.6
BHI—IRX kg 01 | | BHa—9R& o1 | |BEla—oR 01| |[BEEE—YX 0.0
A ke 383 | | AR 317 | [Am 383 | | Ak 25.1
REaA—IA| kg 178 | [ARa—VR 147 | |BRa—9VR 178 | |BRaA—YR 11.7
LNG kg 18 [ ILNG 15| ILNG 18 | [LNG 12
HHAR m3 732 | |&RHAR 606 | [HHAR 732 | |EBHAR 480
By kg 17| |[Ber1v 14 | | B\ 17| |BERAY 1.1
EH kwh 23652 | | EH 19566 | |EH 23652 | |EH 1550.7
ETHOIRIN T HES (4 EEITIERE10Tkm)
FRER (L/km) 00793)| | A% (L/km) 00466| |34 % (L/km) 00457| | #EE (kwh/km) 0.1285
PREE (kL) 126| |#9E (kmv/L) 215| | A& (knv/L) 219| |4 (km/kwh) 778
EEAVEER(L) 7930| | HEEAVVEEE(L) 4660| | EIEHV)HER (L) 4570| | EEEHEE (L) 12850
* WREEE: y=6E-05x-00035 (T*thaO41EIZLS) EEREEHE 15120

v HRE (L/km) x: EEEE (ke)

* WEHEE: y=3E-05x+00785




4-3 A 237 b GRS R =72
4-3-1  FeMAbRESR CL, : B73V —ArF gy lr—4 (FEHERIC
(1) HERED b~ 5% BT D FetEAb G R
FEEE T, ﬁ*@%ﬁﬁr"ﬁﬁ WAZHY ES N DO BR CF,, FEEACAR S (W s DBREERERICBE L1
BEAMWWEDN, S BElc kT T HSEOENEE T EHGHE)
FEL T, B R 403 B E T BRI A B I OV CRHI 5 LCI, A R_RURN) HEERYE( WE s OB
ZOFEIL, TICEHLU 24 XU b U GRS & BEAfaE)
MAefREE TRz kv 1795 . AAES LT, Bl IERERIIC T D fERIERE(LO FF
ML A R4 Table 4-3 DL D IZ720 , B L
= > CF xLCI, - @) I3 CO, D, HF72A5 CH, N0, HFC-134a |2k
1
LEELHDH L Nbns.
Table 4-1 {EEH( AF—be HY ) VE) DA v XU b Sk Table4-2 EXHEBHEDOA > XY AR
aan 2Ty (] e | me | @A | me [FUFN e 2T e e | me | mm | me |[FLCF
AIGETR kg | 1.21E+02| 1.35E+02 —143E+01 A(ER kg | 1.21E+02| 1.32E+02 —1.15E+01
C{&® |ke | 637E+00| 631E+00 590E-02 Co(&iR) | ke | 1.08E+01| 5.49E+01 -441E+01
Cu(&R) |ke | 156E+01| 234E+01 ~7.87E+00 Cr(&ER | ke | 1.22E+01| 1.22E+01 537E-02
Fe(&R |ke | 144E+03| 1.38E+03 5.71E+01 CuER) | ke | 5.44E+01| 6.71E+01 -1.27E+01
Mn(&R | ke | 988E+00| 9.88E+00 355E-03 Fe(&R) | ke | 1.58E+03| 152E+03 557E+01
H Ni(&R kg | 284E+00| 284E+00 -3.75E-05 L(ER kg | 1.27E+00| 6.48E+00 —5.21E+00)
E SEEER| P(ER | ke | 621E-01 4.10E+00 ~348E+00 i Mn(&JR | ke | 883E+00| 8.83E+00 322E-03
= U(ER kg | B30E-02| 313E-02| 1.16E-04| 1.61E-03| 266E-07|( % | . — NiCER ke | 8.23E+00| 8.23E+00 -3.66E-05
Zn(&B) | ke | 871E+00| 8.10E+00 6.10E-01 al’ Po(&iR) | ke | 5.95E-01| 1.08E-01 487E-01
—h&iR ke | 100E+03| 1.12E+03 164E+00| -347E+01| 3026-03|| U(ETR kg | 205E-01| 7.33E-02| 1.29E-01| 1.82E-03| 494E-07
RE R kg | 100E+03| 9.65E+02 3.92E+01 Zn( &R kg | 1.27E+00| 3.37E-01 9.34E-01
BM(ER) | ke | 665E+03| 830E+02| 585E+03| -451E+01| 156E+01 —h%i% kg | 307E+03| 1.62E+03| 147E+03|—248E+01| 561E-03
KRAR | ke | 289E+02| 290E+02| 6.18E-01| -1.68E+00| 141E-03 [T kg | 1.09E+03| 1.05E+03 414E+01
C02 kg | 268E+04| 812E+03| 1.92E+04| -501E+02| 4.98E+01 FUR(ER) | ke | 143E+03| 1.11E+03| 273E+02| 1.90E+01| 2.89E+01
As kg | 301E-05| 281E-05 951E-08| 184E-06] 253E-10 KARAR | ke | 129E+03| 6.05E+02| 6.84E+02| 255E+00| 261E-03
CH4 kg | 6.23E-01| 104E-01| 5.19E-01| -250E-04| 297E-07 C02 kg | 1.80E+04| 1.12E+04| 6.74E+03|-308E+01| 9.24E+01
Cd kg | 249E-06| 233E-06| 7.86E-09| 152E-07| 209E-11 As kg | 1.93E-04| 6.79E-05| 123E-04| 197E-06| 469E-10
Cr kg | 547E-05| 512E-05| 1.73E-07| 334E-06| 4.60E-10 CH4 kg | 318E-01| 1.69E-01| 1.44E-01| 525E-03| 550E-07
HFC-134a | kg | 600E-01 6.00E-01 Cd kg | 1.59E-05| 5.62E-06| 1.02E-05| 1.63E-07| 3.88E-11
Hg kg | 363E-05| 340E-05| 1.15E-07| 2.22E-06] 305E-10 Cr ke | 351E-04| 1.24E-04| 224E-04| 359E-06| 853E-10
X5E | N20 kg | 6.35E-01| 344E-01| 309E-01|-1.88E-02| 801E-04 HFC-134a | kg | 6.00E-01 6.00E-01
B | NMHC kg | 662E-02| 620E-02| 209E-04| 404E-03| 556E-07 Hg kg | 233E-04| 820E-05| 148E-04| 2.38E-06| 566E-10
NOx kg | 650E+00| 6.32E+00| 6.15E-01| -4.35E-01| 1.25E-03 N20 kg | 7.75E-01| 492E-01| 2.92E-01|-1.07E-02| 1.49E-03
NOx (F&En5¢| kg | 4.19E+00| 238E+00| 159E+00[ 190E-02| 204E-01 X&E | NMHC kg | 424E-01| 150E-01| 270E-01| 4.35E-03| 103E-06
Ni kg | 6.15E-05| 576E-05| 195E-07| 3.75E-06| 5.17E-10 B [ Nox kg | 1.00E+01| 750E+00| 2.81E+00|291E-01| 231E-03
=) Pb kg | 144E-04| 135E-04| 456E-07| 8.79E-06| 1.21E-09 NOx (768 %| ke | 429E+00| 3.09E+00| 7.93E-01| 289E-02| 3.78E-01
5 S02 kg | 850E+00| 9.06E+00| 261E-01| -8.18E-01| 588E-04 Ni ke | 394E-04| 1.39E-04| 251E-04| 404E-06| 959E-10
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The Practical Controller Based on Simplified Adaptive Controller
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Abstract

The controller for practical system is usually composed of the tables for feed-forward compensation and PID
controller for feed-back compensation. To bring out the required performance on all of the conditions by using this
controller, the many tables are required, and further more it takes a lot of time to calibrate the many tables and PID
controller.

To correspond to these problems, the various theories such as the robust control and robust adaptive control are
proposed. In this paper, the practical controller based on the modified simplified adaptive control is written, which makes
it possible not only to meet the required performance but also to eliminate the try and error calibration of tables and PID
controller.

Key Words: Servo Motor, Controller, Robust Control Adaptive Control,
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Abstract

Three types of Home-built antennas adapted for right-hand polarized APT wave and kit-built FM receiver with
the frequency range modified was used in addition to the general coverage receiver. Weather images were reproduced by
WXtolmg software. Observed Electro-Motive Force (EMF) from the antenna output was about 0.3uV when the NOAA
elevation was 0°, and increased up to 51V at the maximum elevation of 90°. The image quality degraded when the satellites
elevations were below 10°, corresponding EMF below 0.64V. Image resolution pixel-size was found to be 3-4km for
longitudinal-direction and 3.08km for latitudinal-direction. It is easy for the junior students to construct the setup and to
reproduce weather images. Satellite NOAA can be used in the wide field science education program.

¥—U —F . [EE, NOAA, HBEE
Keywords: Weather Satellite, NOAA, Science Education
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The Proposal of the Observation Method of the Damage which Occurs
in the Side Edge of CFRP Material by Ultrasonic Testing

Hisahiro, Inoue*, Kazuma, Uchida**, Masaaki, Uchida**

(Received September 30, 2011)

Abstract

On measuring the internal damage condition which occurs near the side edge specimen, it is very difficult to get the

clear image by ultrasonic testing .This paper proposes the new observation method to get the clear internal damage image

which occurs near the side edge CFRP specimen by ultrasonic testing.

Keywords : Ultrasonic testing, CFRP, internal damage, side edge of specimen, Abrasive Water-jet Cutting
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Access Analysis of Aichi University of Technology Website
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Abstract

Nowadays, a website is one of the main information-sending tools. However, when visitors can not find attractive

contents on the website, they go to another websites quickly. In order to provide useful information to visitors, it is

necessary to analyze access to a website and to recognize the current state. In this paper, we report the access analysis of our

university website using ‘Google Analytics’.
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Electromagnetic Theory based on Coulomb’law and Theory of Special Relativity
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Abstract

In this paper we derive Maxwell equations from Coulomb’s law by applying theory of special relativity.
Because of measuring errors, it is impossible to confirm laws of the electromagnetic phenomena perfectly
by experiments. Therefore, if there are only few electromagnetic laws that should be inspected by
experiments in order to build up theory, it is clear that electromagnetic theory based on that few laws has
robust bases. Things in this paper can be considered to rebuild electromagnetic theory as axiomatic one and

also reconfirm grounds of electromagnetic theory.
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Abstract

By finding the roots of the cyclotomic polynomials within the elementary mathematics, basically solving some

quadratic equations, I have studied the problem to draw the regular polygon with a ruler and compasses. Two cases of 5 and

17 regular polygons, for examples , are analysed, and the procedure of drawings of 17 regular polygon are given.
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Keywords: Regular Polygons, Cyclotomic Polynomials, Fermat Primes, Quadratic Equations,

Relationship between Roots and Coefficents
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Some Basic Problems of Thermal Stresses in Bars
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Introduction

The concept of thermal stresses is introduced for the simple case of homogeneous bars subjected to thermal loads.
Basic one-dimensional equations associated with thermal stresses, such as the heat conduction equation, the relationship
between strain and displacement, Hooke’s law and the equilibrium equation are stated. Using these equations, some basic
problems relating to thermal stresses are solved.

Keywords: One-dimensional Thermal Stresses, One-dimensional Heat Conduction, Thermal Elongation, Framed
Structures

Governing Equations expansion, respectively. The stress is the average force per

. . . . unit area on an imaginary surface within a body on which
In the absence of heat generation, one-dimensional transient

L . . internal forces act.
heat conduction in a bar with a small cross-sectional area

o= internal force Q

takes the form . “4)
) unit area A
2
E;_T = KZ f The internal force Q must be equilibrated to an external force
t X

P as shown in Fig.1.

o=pP Q)

Then, the stress is given by use of the external force P

where T is the temperature at time ¢ and « is the thermal dif-
fusivity. The relationship between strain and displacement in
a one-dimensional strain field is given by

5=t @ °T ©
Ox

. If the internal force can be determined using the equations of
Hooke’s law under a mechanical and thermal load can be

static equilibrium, the problem is said to be statically determi-
expressed as

nate. If they can not be determined, it is said to be statically
3 . . . . . .
&, :EO} +ar ) indeterminate, in which case the statics equations must be

. supplemented by equations based upon deformations of the
where 7, ¢, 0,, E and a denote the temperature change, strain,

o ) body. Since thermal stresses are induced when deformations
stress, Young’s modulus and coefficient of linear thermal

due to temperature changes are constrained, problems involv-

ing thermal stresses are statically indeterminate.
Imaginary surface

\

Free Expansion of a Bar

0 P The simplest case to consider initially is the free expansion
of a homogeneous isotropic bar of length /, subjected to a
thermal load only, as shown in Fig.2. When the temperature

Fig.1 Internal force acting on an imaginary surface of the bar rises from an initial value 7}, to a final value T, the

Department of Mechanical Systems Engineering, Aichi University of Technology, 50-2 Manori, Nishihasama-cho, Gamagori, Aichi 443-0047
Japan
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Initial state

Final state

4—
| —

Fig.2 Free thermal expansion of a bar subjected to a change in
temperature from 7y to 7,

final length of the bar / after thermal elongation is given by

I=[,(1+ar) 7)

where 7 denotes the temperature change (7 =7, - T ).

Using Eq. (7), the strain is then given by

1-1,
£ = =ar ®)

X ZO

and from Eq. (3), the thermal stress is
o =0 (©)

Thermal stress in a clamped bar

A bar with a coefficient of linear thermal expansion a and
length /, as shown in Fig. 3 is constrained to just fit between
two fixed supports when temperature 7=0. If the temperature
is increased to 7 at the left end and to 7 at the right end, ther-
mal stress results. The one-dimensional steady heat conduc-

tion equation in the absence of heat generation is given by

TO T]

Fig.3 Perfectly clamped bar subjected to linear temperature

change along the axis

2
Zf:o (10)
X

The boundary conditions for temperature are
T= T('J on x=0 (1 1)
T= TI on x=/ (1 2)

The solution of Eq. (10) is

T:clx+c2 (13)

where ¢; (i=1, 2) are integration constants. By using boundary
conditions (11) and (12), the temperature satisfying these con-

ditions can be obtained as

X
T=L+0-T)7 (14

From Hooke’s law given by Eq. (3) and the temperature dis-
tribution given by Eq. (14), the displacement « at a position x

is expressed by

U= J.OX g.dx = IOX (%o-x +art)dx

o, X’ (15)
PR a[Tyx + (T, ~ TO)Z]

where t =7, since the initial temperature is zero along the

length. The boundary condition for displacement is

u=0on x=0,/ (16)
and using this condition we obtain
0, =-al(T, + =) =~ X1, 4 1) (17)

Substituting Eqs. (14) and (17) into Eq. (3), the strain is
expressed by

1 a X
£, = o rar =20+ 1) +all, + (I ~T) 7]
a /
=7(T1—To)(x—5) (18)

Substituting Eq. (17) into Eq. (15), the displacement is

obtained as follows

—a(T +T 2
w="201) i 1]

=%(T1*To)x(x*1) (19)

In the special case in which the entire bar is heated uniformly

(r=T,=T,) , the displacement, strain and stress become

— 110 —



u=¢,=0, o, =—afkEr (20)

Thermal stresses in partially restrained cylinders

A hollow cylinder surrounds a solid cylinder and both
are subjected to different temperature changes t; (i=1, 2)
along their lengths. Their ends are connected to rigid plates
as shown in Fig. 4. Therefore, both are heated or cooled the
same amount. We consider the thermal stresses in these cyl-
inders resulting from the temperature changes. Let us denote
the cross-sectional areas, Young’s moduli and coefficients of
linear thermal expansion by 4,, E; and ¢; (i=1, 2), respectively.
From Hook’s law given by Eq. (3), for temperature changes t;

(i=1, 2), we have

1
g =—o0,tar, & =—0,+a,r, 21
1 2

Since there is no external force applied to the bars, the equi-
librium of force is described by

O-IA] +O'2A2 =0 (22)
Since the elongations of the two cylinders due to the tempera-
ture changes are the same,

1 1

EO']IO +arl, = EO'ZIO +a,7,l, (23)
The stresses in the two cylinders are determined by Egs. (22)
and (23) to be

aEr(-a,r, /o)
' 1+EA/E,A,
azEsz(l —ar / 0!22'2)
1+ E,A | EA

s

24

2

The strain can be obtained from Eq. (21)

T, o, Ey, A

Fig.4 Two cylinders with same length

—e = aErd +a,ET 4 (25)
EA+EA4

Thermal stresses in two bars attached to each

other

The two bars shown in Fig. 5 are attached to each other in
series. They are placed between rigid walls and are subjected
to different temperature changes 7; (i=1, 2). We consider the
thermal stresses produced by the temperature changes. The
combined elongation of bar 1 and bar 2 is

ol o,l,

1
arl + _E +o,7,l, +
1 2

=0 (26)

Based on equilibrium of the internal forces in both bars, we

have

0,4, =0,4, 27

Solving the simultaneous linear equations (26) and (27), we
obtain
aEr(1+La,t, /o)
: 1+ AEL /| AE,l
o, E,r,(1+ ez, / La,rt,)
1+ AE)] | AE]

>

(28)

2

Barl T, a, El; Al Bar2 T, O, Ez, A2

Fig.5 Two bars attached to each other

Thermal stresses in three pin-connected bars

Consider the pin-connected framework shown in Fig. 6.
The three bars are stress-free at the initial condition. When
the temperatures of bar 1 and bar 2 are raised by 7, and T,
respectively, both bars expand to the positions shown by the
dashed lines in Fig. 6 and thermal stresses are induced. From

equilibrium of the force at joint B, we have
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o, B, AT, [

o, By, Ay, T, I

S
a

Fig.6 Three pin-connected bars

0,4, +20,4,c080 =0 (29)

From the right-angled triangle BCB’ shown in Fig. 6, the rela-

tion between the displacements of the three bars is given by

0, =0,cos6 (30)
and the displacements J; (i=1, 2) due to the temperature rises
are expressed by

O,
6, =¢l, :(E]+al]-;)lla

1

i 31
0, =6l = (+ o, ),
EZ
Substituting Egs. (31) into Eq. (30) yields
1 1
(Fz +a,T)I, = (Ei +a,T)] cos@ (32)
From Eq. (29), the stress o, is expressed by
L 33
? 24,cosé (33)

Elimination of o, in Eq. (32) using Eq. (33) then yields

O, Al

- 2A4,E ,cos@

o
+a,T)I, = (E‘+ aT)lcosO (34
1

Because the deformations of the system are small, the basic
geometry is essentially unchanged and the following relation
between /,and /, must hold

I, =1,cos0 (33)
Solving Eq. (34) using Eq. (35), we have

aTE(1-a,T, /T cos’ )

o, = 3 (36)
(+A4E, /24,E ,cos” 0)
From Eq. (33), o, is given by
aTE(-a,T, /T cos’0)
; 17171 272 171 (37)

T 2(4, / A)cosO(1+ AE, | 24, cos' §)

Thermal stresses in a clamped circular frustum

Consider a clamped circular frustum shown in Fig. 7. The
bar is initially stress-free. Let us calculate the thermal stress
produced in the frustum when the temperature of the frustum
is uniformly raised by 7.

The diameter d of the frustum at a position x relative to the

left end is
X
d:d] +(d2_d1)7 (38)

The cross-sectional area A4 at position x is given by

A=rd = 1d + (dy = d) 7T (39)

The strain at position x is expressed using the internal force O

as

£ =—0, +aT:g+aT
EA
- 40 +aT (40)
7Eld, +(d, —d, )?]2
The displacement at position x is
u= IO g.dx
[ 49 —+allds
7Eld, +(d, _d1)7]2 41)
40x

= < +alx
nEd[d +(d, - d1)7]

The boundary condition for the displacement is

Fig.7 Clamped circular frustum
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u=0 on x=0,/ (42)

which leads to

_ maETdd,

=" 43)

Stress and strain are obtained from Eq. (40) as

aET dd,
o, =——— (44)

[dl + (dz - d])%]z

e—__ oTad, . (45)

) [dl + (dz - d])%]z

Thermal stresses in vertical bars

A rigid bar AD is supported horizontally at a pin joint 4 and
attached to bars BC and ED as shown in Fig. 8. All bars are
initially stress-free and their weights can be neglected. The
temperature of bar BC is cooled by 7 and that of bar ED is
raised by 7. Let us denote the cross-sectional areas, Young’s
moduli and coefficients of linear thermal expansion by 4; E;
and ¢; (i=1, 2), respectively. We now consider the thermal
stresses in the bars BC and ED. As shown in Fig. 8, the con-
traction (-d,) of BC and the elongation (J,) of ED have the
relations

_52 — (13 +l4) 51

. (46)

e 1,

Ba \L@
D’

Fig.8 Thermal stresses in vertical bars

where 0, and J, are given by

O,
o, =¢l = (Fl —a i,

1

(47)
o
0, =6l = (FZ*’ a1,
Substitution of Eqs. (47) into Eq. (46) yields
O_Z (13 + l4) O—l
—= nNHl,=——"—"*%(=t-aTl
(Ez +a, 1), L (E1 oI, (48)
The equilibrium of the moment at the point 4 gives
O-IAII3 - 0,4, (13+l4) =0 (49)

Solving Egs. (48) and (49) simultaneously, the stresses o, (i=1,

2) are obtained as

o - AEE,T(1,+1 )L +1)a, —Lla,]
[AIEIZZZ; + AZEZZI (13‘”4)2]
— A1E1E2T13[11 (13 + 14)051 —12]30{2] (50)
P [AELE + AEL(+1,)]

s

Thermal stresses in wire and vertical bar

A rigid bar BD is supported by a wire AC of length /, and
by a bar DE of length /, shown in Fig. 9. The weight of the
bars are negligible. When there is no loads acting on the bar
BD, it is horizontal and the wire and bar DE are stress-free.

We consider the stresses o, in the wire AC and o, in the bar

Fig.9 Thermal stresses in wire and vertical bar
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DE when a constant distributed load w per unit length applies
over CD in the bar BD, and the wire AC is simultaneously

cooled by 7. The equilibrium of moment at a point B gives

—0,41, cos 6+ wl, ([, +%“) +0,4,(,+1,)=0

(51)
The elongations of wire and bar DE are given by
8 =el =2 —al)l, s, =cl, =221,
E, E, (52)
The relationship between the two elongations is
L 4
13 +l4 : cost (53)
Substituting Egs. (52) into Eq. (53), we obtain
oo B 0
1213 cosd E‘1 (54)

Solving Egs. (51) and (54) simultaneously, the stresses o, (i=1,

2) are obtained as

_ WELLLQ2L +1,)cos0 + 2E 4, EL (1, +1,)°aT
: AAELL cos® @+ A,El (I, +1,)*]
o = TWhl (s + 1)@+ 1) + 24 E (1 +1,)cos T (55)
? 2A[LIE cos® 0 +21,(I, +1,)*]

>

Transient thermal stress in a clamped bar

We discuss the transient thermal stresses in the perfectly
clamped bar shown in Fig. 10. The temperatures of the both
ends of the bar are kept to zero from the uniform initial tem-
perature 7). In this case, the temperature, displacement, strain
and stress at each position along the bar change with time.
The one-dimensional transient heat conduction equation in the

absence of heat generation is given by

TO TO
(#=0) (#=0)
—

Fig.10 Transient thermal stress in a clamped bar

oT o'T
=k

56
ot ox’ (56)

where & is the thermal diffusivity.

The boundary condition is

T=0 on x=0,/ (57)

The initial condition is

T=T, at =0 (58)

We use the method of separation of variables, and assume that
the temperature can be expressed as the product of a function

of x alone and a function of ¢ alone,

T=f()X(x) (59)

Substituting Eq. (59) into Eq. (56), we obtain

1 df 1dX_

kfdi X di p (60)
Equation (60) gives

L d

o B (61)

X +B8X=0

dx’ (62)

The general solution of Eq. (61) is

=4 for =0
f=Be™" for f#0 (63)

The general solution of Eq. (62) is

X=A4+A4x for =0

X =B cosfx+B,sinfx for f#0 (64)
Thus the general solution for temperature is given by

T=A4+A4x+ e’“’z'(C1 cos Bx + C, sin fBx) (65)

The boundary condition (57) gives

A =4,=C =0, /;’E% (n=0,1,2,) (66)

The general solution of the heat conduction equation given in
Eq. (56) which satisfies the boundary condition in Eq. (57) is

expressed in series form as
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xin?

-3 Bsin e 7
T—; B”sm(l x)e ©7)

From the initial condition given by Eq. (58), the following

relation must be satisfied
T,=> B, sin(%x) (68)
n=1

Using a Fourier sine series for odd functions, the Fourier coef-

ficient B, has the form

27, o1, | |
B, = lj (—x)d l;{cos(Tx)l )

=2y
nw

Substitution of Eq. (69) into Eq. (67) gives the temperature:

[1- ( DR
r== ; in(=-e (70)

1

Next, we analyze the transient thermal stress of the bar. The

one-dimensional equilibrium equation in the absence of a

body force is given by
do, _ 0
dx (71)

Using the Hooke’s law given in Eq.(3), Eq. (71) reduces to

dx dx (72)

where 7 =T —T,,. Substituting the relationship between
strain and displacement given in Eq. (2) and Eq. (70) into
Eq.(72), we obtain

2 wrn® Krn”,
d-u ZaT 7 2o (73)
dx’

By integrating Eq. (73) twice, the displacement u is obtained

as

wrn’

2aT; —(=1)" _L hr 7
] ;[l DMz cos(=~x)e 74

u=Dx+D,+

where D, and D, are integral constants. From the clamped
boundary condition for the displacement given in Eq. (16),

integral constants D, and D, are determined.

20T & i 2 B K”inzt
D=~ e s ;[1—(—1) ]z(nzﬁ2 e !
Y (75)
2aT, N S
D, = 7 Z[ -(=D ]( ) !
n=1

Thus, the displacement can be obtained as

2 S O -y - cosEge
/2 n d ! (76)

u=

The strain and the stress are also obtained from Eq. (2) and

Eq. (3).

Ou
e =X
oo
2aT -(- 1)”]+n7rsin(?x)}ei L an

=1

2aET = P
= ;7[1—( )'Te ! (78)
or alternative forms are
4aT, & 1
£ =— -
: S (@2n+1)y
_ xrt@n)? (79)
x {2—(2n+1)7zsin(@x}e N
O- B S(ZETO © _ /rz([22n+l)zl
. — (2n FTE (80)
Summary

Framed structures are supported by skeletons, or frames,
made of wood, steel, reinforced concrete, etc. When these
structures are subjected to a change in temperature, even
though the change in size is small, this can, in some situa-
tions, induce considerable stresses. Hence, it is necessary
to analyze the thermal stresses to ensure the safety of these
structures. This article focuses on the basic understanding
of one-dimensional thermal stresses. The bars contract or
elongate according to the change in temperature and, if these
deformations are constrained, thermal stresses are induced.
As mentioned before, the problems for thermal stresses are
statically indeterminate. The lack of the equations from stat-

ics are supplemented by equations based upon the thermal
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deformations. After the analysis of thermal stresses for each

framed work, calculations using actual physical properties,

such as Young’s modulus or the linear thermal expansion are

performed for safety assessment.
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