LAl H AMEBUIIF 22 2222 M - B
T H AR BRI 25000 - I oflRicHh72->T

5 CRPIE @ 9526101 B AR(R# S > Ko L)
. 2RI H AR KT AEKZT
- BRI HA(EBL R AICBITALE L —
= AT=v T 27Fx ~
RAADFHTLFN DI = HHJco
B X filik
~ FHEF——tylarOLEa— ~
(1) KRN F—2 2F LB AERD L o 2 3 LR
Bl 5F
(2) YPET —7t v i a > TBAMEIED Bk 218U T
a§H i - ARG
(3) ToiA F{5dh, iR M
(4) *EfR#IERIZ 351 2 (5, #F —k
(5) ¥t v a e T=f 20{micE, OLEL— MY i
(6) FoET—=twiar T4 2 OfEMT MR i
~ #AHFOLVEL— ~
(1) BRMIAHEC T )~ (V1)

bk
[TE S 1

hobl

H &

=

(2) SIS | oy 2 3 2 W~ N

(3) TEASRME, & TREW - W, Ot arhh
(4) = b4 TORGEEMTRLELZ 2

(5) At v a 2N EST

(6) BEfit v 2 a2 > DHIEM

(7) $26[0] H ARfEPh KoL iRy a >
(8) Fettwar®iiyLT

(9) iHdhMG £ v 2 2 oMM

10 $hicmBo vy aicBmLT

1) fE#hs »HovLniitty L a L2 BE2-T
(12 = 3 ¥ — Rl O BF 7o

(13 At v o a > DREDOWE L i, MmN
(14) Pl v > 3 > OEE & s

15 ikt v a2 > OmE

gD
Thermal Contact Resistance in Space Environment
Kahoru Torii, Jurandir Itizo Yanagihara

R REY 72>
FRRAE K B DRI 0 G- & i |
IEMET, BRREL, BFUCERY, SE P4

s a

Ay

Heat Transfer Society of Japan




HAMEELBE 2528 ] CPRIuHIE) KR

% F o 7o k)
oo B O(EFE D MOEOR A (R AL oK)
(s ) B2 E LT A
L s A A I | & W& F (ALRTA)
* ElS K OHE OEOA (R oK)
Rg Py sk e B (R k)
3 i - S A R C A )
A6 e 15 B G R A CRITIPN
B Vi oEolE R (R k)
hOE Y E WM o9l (E K
L M S il (7L x)
i oo E B (E TR o E A k)
(23%) I SN E O =i SR i S SN PN
Som T A (mEEEA) KW kW (CEEEX)
fiomovE IE (& E W) W PR B OK)
eowr % M EERET) OH O® ¥ OB (ORI KR
o o S (B OE B8 W (4 LK)
WA S R (B RO K) TomoH k(BN K
BB OB M (F 4 x ) #on U E (G F R
SO FE (R x) Jo WM = (FELEER)
oM OB (LB oK) KB — (BB K
X H ik E (R x) A (B W K)
= om OE & (UATHEK)
B4 (24) WOH OB E (K %) EoROE B (R K
B e kR EE i &8 T (BN
o7l B ARG ¥ KU LERERE won 8 B K



°(€°81) TLmAENMY OFHEL "2 2R OFANPFGE L RELHEOHY "0F2N
RN BEF O S "2 LEHFWINVEOUEN B2 c LK (U2 *ZRIANYS NG

FHALN(EGTIY 2 © (1°91) NELGENFSFRIHE QRS WO Y VEE T @Y 2 H2ZR N
(0.1 S-FHEE WD) “s/ug TEEINE % 08FTUXEY "0.C + & ENZAZ

E-a =04

(P9x ) HEOVEN 781

L—NEYE—FANET
Wz Hiofrop i R =



Vol.28
No.110

WS EMEIZH 72 5 T
BT SR AZBITTSICh7-T

R 1 [E] H ARBIT SR 2P E - HhED
FTHARGEFI RSN E - BINE ) ORIKICHZ-T
T H ARSI 7 R A - BT ROV E 3D
F 1A RN RERTFMELZELT
HA GBI 2 KR E 225 L <

AR 260 A ARMREL Y RU T LD
2600 H AR > K7 LRI H 72 - T
MRETE, H2sHIREEE R
B26MHAMBEL L RO T LR Z T
LR RO 2B HBHLAb NI N
ZCEHE#C > K AR E TR <
F26M HAZE L > K2 7 ASHRE KT
goolm (i) E& > EYTAICEMLT
26l HAGE#Y > KT a2 EML T
26 0 ARR# Y > K7 22EML T

~AT= TV I F v~
FoE O FHEEAE OB - MR
s E - flE

T
A

H T

EE B GATRH) -
FRHE 7 (5 H ) -
REEHAETR (I B oK)
WS HEHE (S H R AR

MRER B (BB
R AT (AL R L)
K H AT GRIE AR )
B EAk (RAL K T) -
I BRI KRT)
KIFH L (AT L)
NERRE(T A X > )
bRl K BE)--

ER—Z (T

(1) RERZFANX =2 AT LICBITBEBDL Yy L 3 HERE

Bl sF(H kD)

- AR R (FLR T -

(2) BET—<ry gy TBYEREOHHM, 2HEL T
--------- B E(MAK)
(3) F,:4' jﬂ{ﬁ%&J ..................................................

(4) HAKMEIC BT 2155

FIR— BB (B F 2L B ) -

Jo)ee
T BRI -

WO
WIASEEE (AL KL )

1989
July

10

12
13
15
16
17
18
19
21

22
28

32

35
38
41



<HFE

(5) ¥l vy g -Ted 7ufREF DL E 22— - AN HE(ER K I 44
(6) WET—2Xyrar =4 7 0REF) e MR FEORTRT) - 47
~EZrHENLE 2 —~

( 1 ) ?ﬁi%ﬂﬂ'?fst(l )~(Vl) .......................................... ﬁ‘f‘}%\{%(% & j:) 50
(2) M i T oy g VI~ XA e B (i E K L) - 52
(3) TEMME L TRH - RIE ) Dy gl e B E (FE K TD) 54
(4) b by 7OFECHCTEL 22 8 e a3 (Ju I oK)+ 56
(5) HBEMR Ly a v BIRDIE - T e ot = (BEHAR) - 58
(6) HEHit v 29 2 OEAR coeeerreeniriee e 2% [0 R (JLABERD) - 60
(7) 26l HAGRES > KO 74 Ly 2> P RS CRORAERERF )+ 62
(8) Militde v g v BIHAL LT oo HSIAE(AERTA) - 64
(9) WEEA » 3 3 > DR e B T (I = ) 66
(10) BAHER D2 v 23 VIZBINL T voverevrmnsenees KRBT (ZEEHTH)- 68
(11) B8 > KO LD v 5 VI & - T A IWIEBEEEIEK) 70
(12) »I‘Z }1/3‘( ;F[Jfﬁy)ﬁﬂi gj]]ﬂ ................................. T&*;j’%ﬁa(ﬁ]ﬁl&*{,j‘) 72
(13) %t v 3 > DRROME LS, BB e K bgE— (% & k) T4
(14) BMZE 2 v 3 Y OB LA oo FHEFRUE M oK) 75
(15) :/i‘H(ntL.’b/I/fi y@ﬂ%%ﬁ .................................... Eﬁﬁ%ﬁ&(% %) 7’7
BN
Thermal Contact Resistance in Space Environment

---Kahoru Torii, Jurandir Itizo Yanagihara (Yokohama Nat.Univ.)-ereceeeeeees 79

FEY 72>

jo%l%ﬁmﬁ.r@fr\%?M#‘l‘i@?Hﬂﬁ EERRI] e ToEEEETE . B HEBLL(REETT)

PPy, RS (ERERR)-- 100

G2 — A iEEERG Y

BOHITGE 7 0L — FEEBE S oo LS (4 K)
A = (EAERAIAK) coeeeereens 110

BOTEMT I3 I B AL cevvvenee e B RE (FE )

AR B (BEER)
EIRHEYE (B Q) errereerenns 111

<BRILE

BERIEETE £ 0) TZR cevrrenmtnnini 113
BEBT A FSE 7L — 7 BRI I D 0) DB reverrrrrrrr e 114

Al 77— FEBh Az 3 ) — THRIA eeeeeeeeeseeeee st 115



BEVEEF4C 70— 7 RELSH I B 2

Fusg | B fRBTIE ZALATE b L A uag  rrreerreesreemree e 116
JUNITZE 7L — 74 U8 1 DJUHBRAEBBT TR E DR vrg oo 119
%10@ H 4\@#@‘[4*7 R LT T 7§A ................................................... 123
gﬁ' ZET/TQL#%I&%%:;&KW .................................................................. 125
FETHIZBIT DA — 8= Ea—F 4 > PHEEELFHE R e 126
BB BRSO 7 — 7 O LD BB oeeeeee e 131
BTEFED T A B2 A 2 A f T 73 g 3 erererrrrrsisisii i 133

AR BT T B AR B By AE  —eeemeerremssenmsensesmssnrs s 135



Journal of Heat Transfer Society of Japan

Vol.28, No.110, July, 1989

CONTENTS
New President’s Address -«--r---evoo Tetsu Fuii (Kyushu Univ.) rooreeremrormereenees 1
Many Thanks to All of the Members
............... Masaru Hirata (Ul’liV. Of ’l‘okyo) Certteetrstaunentereneseeaacancasatrttannn 2

< Heat Transfer Society Awards >

Foundation of Awards from Heat Transfer Society of Japan
............... Masaru Hirata (UniV.()f T()ky()) [ S P 4

The Details of Selection on the 1st Heat Transfer Society Awards

--------------- Kenji Fujikake (l'oyota Central Kesearch Dev.Lab.,Inc.) - 5
Impression of Receiving the Heat Transfer Society Award
for Scientific Contributions supported by Yasuo Mori.

............... Masaya Kumada (Gifu Univ.) «-eeeeermrmmremmmms 8

On Receiving the Heat Transfer Society Award for Technical Achievements
............... MaSaO Fll]ll (NIELCO) 10

<Special Issue : The 26th National Heat Transfer Symposium of Japan_ >

Introduction of the special issue on 26th National Heat Transfer
Symposium of Japan

............... Ken Hattori (NUT) R T T 12
The 26th major Heat Transfer Symposium of Japan was Successful
and Well-attended,” Supported

............... Nobukl Nagai (TOhOkU UniV.) e s e e ettt ettt ettt ey 13
A Note on Works for Organizing 26th National Heat Transfer Symposium
of Japan

............... Terukazu Ota (’l‘ohoku UniV.) e e iaeeseciacaaaenaaintesacscctenoaranane 15
Impression of the 26th National Heat Transfer Symposium

............... l\dasaaki Kurokawa (T()h()ku UniV.) et ecitteracanet st cetettbenaanns 16
Circumstances of the 26th National Heat Transfer Symposium

............... XIUtaka Ilori (Tohoku UIliV.) e itedcesitetasaaiiaen et ree s eeeatannsenents 17
Impression of the 26th National Heat Transfer Symposium in Sendai

............... TOShiO Ohara (Nippondenso CO,Ltd) e eseceaitteeasaneisetranntonannans 18



Impressions around the 26th National Heat Transfer Symposium of Japan
............... Katsuhiro Kawabata (Dalk]n) et teeetatseesssstetesasantaanassaasssantsoes

Impressions at the 26th National Heat Transfer Symposium of Japan
............... Yasuyuki Ikegaml (I{yushu UniV.)

~ Evening Lectures~
Current Status of Space Utilliazation and Materials Processing in Japan
------------- Kazuhiko Kuribavashi (ISAS) --rrrommrmmsemseeeeeenenee

Dreaming, Fluctuations and Creation -=«orowreeeeeee
--------------- Mitsuaki Yamamoto (Tohoku Univ,) --o-eoemrerrmrmrmmmsreeeerees

~Reviews on the Special Sessions~
(1) A review on the session: Heat Transfer in Next Generation Energy
Facilities. «oreeoeeeseeees Mamoru Akiyama (Univ.of Tokyo) -roorrrrrrerrrermmmmmremerenes

(2) A review on “New Techniques in Thermophysical Properties Measurments”
------------ Tadashi Makita (Kobe Univ.), Hirosi Kiyohasi (Tohoku Univ.) -

(3) Bio-Heat Transfer
............... IChirO 'l‘anasa\va (I_I.S.’Univ. T()kyo) [ T T TP

(1) Heat Transfer in the Living Tissue
............. Kazuo Tamshlta (KeiO L]niV.) S R R R Y

(5) On the special session “Micro Processes of Heat Transfer”
............... SUSUmU Kotake (UTOkyO)

(6) Special Thema Session "Micro-Heat Transfer”

............... AtSuShi K'anaVVa (TI’I‘) R R LR
~Reviews on the Technical Sessions~
(1) Forced Convection (I )~ (V)

-------------- Tamotsu Igarashi (The National Defence Academy) oo
(2) An Impression to Forced Convection Papers: Session VI ~Xi

............... Kunio Kataoka (Kobe UNiv.) s e
(3) Thermophysical Properties and Measuring Techniques

--------------- Yoshihiro lida (Yokohama Natl. UniV.) «orooeorrrereremesmeeseeeseeee
(4) My Feeling of Some Papers on Heat Pipe and Thermosyphon

............... Osamu Tanaka (K.LT) -
(5) Natural or Free Convection

............... Kenzo Kitamura (TUT)

(6) A Review of the Condensation Sessions
............... Hiroshi H()nda (Kyushu [:niv‘) R R R

[S%]

<)
oo



(7) The 26th National ITeat Transfer Symposium of Japan: Boiling Sessions
~~~~~~~~~~~~~~~ Shigefumi Nishio (IIS,Univ.of Tokyo) «rorreermrerrseeee 62

(8) Review on the Session of Thermal Radiation

~~~~~~~~~~~~~~ Kimio Kanayama (Kitami Inst. of Tech.) =-rorereereereee 64

(9) Impressions of Fluidised Bed Session

............... Masaya Kumada (Gifu TINIY.) +orrrremreeesssmrrssssenees s 66
(10) Heat Exchanger :=-ocoeeeeeee Tetsurou Ogushi (Mitsubishi Electric Corp.) -+ 68
(11) A Witness of the Presentation of Combustions in the Symposium 89

-------------- Masaaki Takeuchi (Toin Univ.) = ()
(12) Trends of energy utilization research

............... ’l‘eruyoshi lJInemUra (NUT) T R R R R R 72

(13) An Epitome of Discussions and Comments on the Papers Presented
in “Vaporization” Session
............... KOlChl l\/lizukami (Ehi]’ne I]niv') R R TR 74
(14) Impression on Heat Conduction Session
............... TetSUO Hirata (Shinshu UIliV.) [ LR E R R TR 75
(15) Review of Two Phase Flow Session

............... '1‘al{a0 IShiZuka (T()Sh]ba) T R R R R R 77
< Engineering Contributions™>

Thermal Contact Resistance in Space Environment
-------------- Kahoru TORIIL, Jurandir Itizo YANAGIHARA
(Yokohama Nat.Univ.)---ovrreeeeee 79

<_Topics >

Evaluation and Improvement of Heat Transfer Performance of

Surface Condener

----------- Yuhei KATO, Katsuhiro ONDAD (Chubu Electric Power Co.)
Tadashi NOSETANI, Yasusi HOTTA (Sumitomo Light Metal Co.) - 100
< Report on the Local Group Activities > - 110

<Ann0uncements> .................................................................................. 113



gl oEMFTCHhic - T

BB (LR

=2
N

A Er HE

V= T

#A fahi Ll A0 —BoREILEMT ~(H
N+ 2EETT, BEOKLOERHITILML, FRELEBLALEXK
FHeé T EMBEeMET 28 BITRELAEETEBIN22H
DEFT, TNEFELFESE, TET L EBEGWOLFLEEXT
B0 Ed, FOHE - EREEHAESABHIECoVWT b <F
53 L. BELBLEVEMOHTTEELTCBOM K8 OH 4
THEENTWETDO T, BEZRAE b0 EEVWET, &2BK
Lo lHAOeBEWLI L & T
BHHAZLDODAABTFRELTWE I ERMOLOH L WER Ok
Td, RAGAWREORMETL. BROZ(LOBLDAD—D &
LT TEEFOWMA) Pbooid, E-B - EPTNTnIENE%
REL->D, 2oBNhdsFHRITELAICE>TERBEROIETT
MEARICOVWTER—BOBIEENERINE T, BIFEFLZEVWEHD
LEINE AN, RN, S—ELTHANREELZ LI BT
NTHMEBILAFLEFEEZ WL L TE—RBROYIREEICET?
HLAEHCEDLIBBEO -2 EEVWE ST, TOENKAL DOHWR
EADOHZTEALSHTH, HILLHREHMIEY 512 BHR
%%Ettf@%@%aﬁ@%ﬁ&%@hbt%ﬁﬁ Eamg) i R ER
DEBPERENT T, A2k, HFRAFRICHODVWTHIRMEICOVT
bEWAHAHToOMEZEOER THED. PoOoZENICHHRITZHS = &
STVWEFTOT, FILLVEERIECHELTWE S, INsD0l &>
SERMABLODEIHIREEDLTEBVWTWLEZES I VWERVLIE

e
[=E
A3

[S%)

8

o

§
(

Bt

T o

3 {£#40F% Vol .28, No.110



FUHSRZBEST 5ICH->T
EoH OB (EX

KEZEBRINSEOBREBZILTRL BIESBETLE »fto BRARRHAKIOXNKOER
s A ESFMA B EBERALEES B LBEBALSETZER/RE WV,

Eis3EL O AL OB T 2 BHBEERSET Y (REBFVol. 27, No. 105, p. 1~
SBRR) OEROLBIC. —BOREET <L, B BEFHRSREZEI LS. BEOER LK
KMAEET B, REZBETZ2EHWTEROEIDPEHOFBLTA Y,

1) MAESHOERILE 20D OUKER

EXOE#E I F—2SHBROTELEL. MIF S V—T L ORERYWEREIEHEDS
h. WEE I V- TEREOF - - Hv— - X7 — 0 [BERETE : FriHtozxks (19
89ETH 24~25H) R EBRE SN, FROMBREBLENOLEMASHFEL I D RV
T, I F—BEOLDOBMIL. HHFERBREORELRBELZED T, —EHERME 7
V—7OBHBBERIEES L E LT,

2) NEEEESE O CEER

19894FE6 H 28~ 30 H iICALIR TR p - SR EHBEEAEK » v R Y v A0 L 3 TH/NEED
ERLSHOBEELEMT A0, ZLOBHLOTHGTETH 0T, LEEXBRES IR
B5c&& Lo

3) SEDHEH

ERTEIARE, BASBRI055%. FASB8E. #EBARH (520) TH L., £2BHXT
FLUY FELTRO LS DRBSHMMERMIS 3 BUBEMEE FaBtoFicSoud T,
COCLREERECETHY, MERENEHT 3 ENRTTEHS S0

4) BESEBONIRE. BEERKOBRE
BESHEOLHOBRERBSULSLHOPBVOFIBLEL-TVWB I LiCHESL. SHBE
&T, AESREICLAEEREHENTEEEER L, LrLIok I BAARME Y
N TEHOERLICETTA2BEN 65D, RRBVFEIAORELEHEL TEEZED S
ZE&lio

{ZET Vol .28, No.110 o



5) FWHE. BWNEORKE

BELEHER(Lo-ic, JIEEBEO X 5> RERT, 521TH» S HACRHARLDFENE,
FIEREEBRBET AL EL., BL2DFELETHE L, BEEEHHLTTE e FIEL
HWILEHLETF 2, SEEE-0F &L THERBODIE{ ORENFE LN B EEH

2 TW3o

DlEsgnt ezl diskiuh-72d, RHMAE., BI&E (BEFR) iz, hhTH
BWELEFTWAERFE LK)  HEMEE RIEX) EeEEB8A3 5 C 8K, 4
HERENESEREHENERER (ETK) b ryBEsh, BEOHMEL » o
LBOEBO—BOHXE. BEArEHEVEL LY. BARRNE2O0ITEITOREEN
oo, BFOREEEETIES,

—3— {REARFYE Vol.28, No.110



| HAERHASRFWE - RIWE | OARICHI»T

FHLE EH OB (EK)

NG ESH I AMEEIc LY. HAGRRMEAFITHAERFEREEP 6. THERRREBITS
REMROETTETORELZHE BT L] . RRARET BN FRARAXOXREZEI
£33 TXREFH] oREoBHLHEZ T, PRTLD, LI REOFEELFCHL
TWhHFELT, BHEHBHERIBHED Lico 49, AL, ST, 1) FNFOLRZARLA
Wk, i) AXRERESETIERETEILDOREMET S L. REDHEZF RSN T
fols, BREBREIESROME N LD, BHEQOREEOFTABSI» o, BEIICFE
RITELH O [RAMHFR ) L RRE NI AFEEM (Vol. 281 No. 108 p. 197) O & S BB
FLEoto AMELICE-TCRDTOIETHEH D, SHMBOLTEZRFHEINI b0
O, BEFEBTIEEEVEDITCTH B, BRI, FIFEE. &2 REOHAH L D FHHHEV
TEAM]) TEES, BWEGHRI 2L EL, BOTHEI LWED OFRLAVRLSE LA
HENFELEATV S,

Eficd X5, FWMEOHRIE., [FEHELTHRERY v EY 9 ABVTHRKE N,
ENADEEDS 2 XECEBINERBERAMFHRI] &L, EEMER TRAMEL
T BARRY Yy RO LA BOTRRINWLESRERERN £ 435, EEZR. BEFHOR
LERXEHET S, BlEIZ, ZRIZ0 TEEEERRE] (ENUE) 2R LT, 8
VTHIRBEHEISEWEERBE LR - T, ZHOLEOT» ST 0528, 20K L.
MXEEECEREE., EEFCHRSM S i

HRF16 34F B H A BB ST RS A
FRHMS (RBEA) \ WHEE (RETH) . OPHe] (HAHE) | EHER (K&
A) @ T&EN & R 7 o TENE RO BRE O B 5T

FIEWE -
BN (ST ( BNH (Z2E8H) . LPERS (28 - (20687«
YERWIERREGR ]

SEFRBENBEHKGS . FWEHRIGOS TH - 7odd, REELGRIHERECHES
BlEEENTVE,

5%, COXINRBEOREPA ., HOHMELEALAHEPLT I EPHRATEL LV,
ZNEWE-DTER- T, FRMROBEENEFTETEELTIT CEWHIFREN 5,

fEBAIFE Vol.28, No.110



THERGHFARFHMHE - BINH) EFEOnwEaD

RYREELHER TH BHET

SO, ZHE c BNEOARCHVETRASTELLT, TORECHEDOEDT, €
DVEI D DODNWTHBICARRESE T EEL,

£, [BEHFFV0L. 28, N0108 (89%F 1H) mik bLic#B@a iz THARLAFASFMNH - £
WEICBET2EAE oW TP LA TEEE L, 88F SAORERIIBVT, FHERE

. T Rhgea | pEf
YV, BEREEPIUERFR—E4osBLHIC LY, #HE - ENEZARLEVDLhoR

Ehnah, BREBTEAINRE -2, ZAEZTTEBRICSVWTEAETENMER SN,
AHBFCBTILADHERICEL>TRAMENE, TUT, ZAORERTIHBXBHEILH
ABRCODVWTOBRHEOBRABASN, AL VERRHRA RSN, TOEELHHS
=1EN

i) BENRRUS S CHBEHAGHRS VRO T LTRESINEDOTHD I L>YRE

LT, BEDHDZLOBNEHBRENERLTH I LDOBEEICDODNT e KR,
HAETR TFEAL LTERITEED S SREICHEBS Lz 1 AT LHIE
BB TWALKTHRWI kit >,

i) BENRBUYBLCEWORBRS VAR I I LTORKREICONT e 4B &
Lz TcEzoRHERELRVWZ LICR - E,

i) BENREHSFERET 22 LICDOT e RonzaFicEDRnd D, B
RETLOEGFENRET D LI E,

v) HCBEOBAZOBEZMITDZ LI0D0T e SBOZELH TRV E
it atk,

BETHoE, BEFRBLSCOVTRERBY, B2k (BEM) 2XHLL, 814, £
BAXRTHAL, % BEHEIEERELN TEE - EEHERAR 2EHT. Zhick
TR S ZENRRBELEN, EROL) ~v) KOV THTLBERO—HEHEDOI TR
oo, LAL, 89 1HOGRHRE LICEABLENE - BNHABROREEHRL A
WEL B TOEEY VRIS LICERICED LR W E W FFRHICIER ICEPREE £ o 2 REUC
HoE0T, PUELIZAORERE, 2R, Bk, BEEER0IE, AENBEZOR
REMWBELLAS, BECIYRATEREBLEL, LYHATERRRIC THAGCRFART
WHE - EWECETAEAE) LLTERTLLLEIC, 8F 2ANRELTEREREED
Zrhickor, BHIMICHREE>THELEEA, BERXTERERL WO AFRETED

5 {EFF% Vol.28, No.110



EZEIDVT, BEOBRICHELEBY TESBSBTRLLETEY,

LAO%ELE, FELCHELILZBLIUEZSREEAZICDOVT, ¥BBRENT, &FL
VETRETE, POWRSF, B 2BLUVHRERESEVLIICAEL, THEE, 8
BLEOHREBT. TNFhOFICEERE® BBV L. REFBE, Fok%, TE. B
ENBEL T, BENLEE - BEZOFEICOVWTORELENL. YHAR, B#BI2RD
EEEBE.

UEOREE - BEREOAE, BE - BECHT 2HEHMIEREN>EON 2ALETHS
. i<, AERTSREL, BHET ZEToORMABA R, RYYRELTLE-
EEODONEELREFHELTH D,

—%, SHKXKHOEHE - BHERBAEORYH £ TICENET ORIAEE 50 A0E
Thok, LI, SARGARADELCEAZT L AFOSEVERNERET, 280
BRICICEBLTWEETRWLEZAB S22 LALVWL, 2EICEAMPRVABELN
BEAIEVHZET, HULALT, HERIVFEEICIRLoLLEICED TENERER
KusRliesdor,

F, PERKOMTBE TCICHENEBRIL LTI, BNERMBIGL2ROHEL VWEE
Wi, ZoEICIE, BEREAOHBOLEE WEZNERGS L, BWNEBRBE2HNEENT
Wd, ¥HEOIEEIFHCRZ LBENFE 3, BRWIM2, B2, Bl L. S<H1.
BMTHBALLSAFICDOEST VD, T, BNEBEIIFHRA L, AR, Lo
BE#ilThor,

ABORERBICI LR¥EHE. HNKo—EX, #ES, #x—A% 48 LEIC&EML,
HEAODAELBEEEZBBOLE, TORERLRE MFROEE - BEHENHRL &Y, #
WELAI~3 06, HHE L~ 2IcoWTOAFTENEFERERLE (14 1ETRM, #
YE4, BNOBAESEA) &Y, EEZTIEKVEEVE, FHREE LU TLA~3MIC
FES N ERIBBECEFL, TEEHRBCOVWTRALOREN —HL TEHLFHE= =
B H ok,

BREEZ, COREROFEOEL 2 DO EEL BIENH# LR, SRR
BB ORI L WO RBELTRE ., BANLHRIEN D L ICERMFEICL Y, BKHH
LOWEIRZB TV ATERE*Z50ICRBMAG LN END Z LT, BHERF (KRX) |
AR (KBETH) | BeRE (BXRER) . B (KRBL) o #ERE 25 v 7Ef
EERCHT2REROBBICHT 2R ARFE o5&, BRKMI, KFRICOVWTORER
DML RET DL L~ h=HErR EETH -2, BYOBFICOVWTE,
MNEMRLBLTHoEABEN DTS W LS SEIRERE 1 hore LE (BAE
KR 2HEEELRS>TWD) ,

SFI, BREICOWTRERMROBAERIC & o T, GEMECRBN - ZAKOB VR

{REFF5E Vol.28, No.110 6



TRBEFHBLEL U TEEEDS —HL TE <AL Z=£BROBEHERE., TR, (LUFIE
B T%ILeH T4 VEROERGRAE LRE-E (BAFCR IHEELL-2THD) ,
FHHE - BmEORER, BEDICTHESR, BRESRCHKEL, RERSLUHORIERZ
BEWLE, 4AKOZLTH2E, BOBEFRIRIROLHEEICKRERBBRZHOE,
CDBET, WEOGRHS YRV ITLCLZBHERN B 228D, BAERHAREOF
WH - BENECHELOERESOFEREN o2, ZOWEIEWEEEAS PRV I EHH5 T,
MY OBREADPDIOE, TOEDICYT CENETE—HEEELTOED, TAZIYEL

TH/RETHLILALBLRVWEICEb2E,

BbUic, EWEEE I UEARELE, BEFEESIUCECTRICIbomXEEEL T
WEEWEEESEROA L, BBETRICH LHRNB>LEIEOREICEL BHLHL LTS
LEBIL, TOHDDEN DL DOEBAHREENCHRMEZE2RER L LY, HROEH
WREPARBESEDZL2HRELEN,

—7— {EEAFFSE Vol.28, No.110



FINEBXERAWNRZFHERZHEALT
REMH MR (AT

SHOWEWR. fiRlaROBHIALIIVREOHARAMREHFERRFHHELES X
heErOZTEEBREVE, TORUEFTEARRIELEEY. ARRBRWUAXRETT.
SEXTHES5EBEY VRV I LZHFEORERFT. AEZER XU EBVWERIERR
Cobhitdhk, Fhll. ESUTHREBOEIRMARFETEZTEFERELTV S
LOBBEINLDOEEIDEVIRMTHLHVELR. UL, TOBEBHEHMSHED
R REMAREOREE S MK BB NEZ2ThEEVLIMEVOEKEEREX 3
RARD ok, BALEOHEERZBAVUTVLITADT. dUBRTHIEVIZ L
THhUEBFULEZRL, UDUEBRATREIh., FEEFOBMOOBETERH
X, FTFITZOXLBWLUELVL, UEDNREZERIVELETRELE LD
CHEBEPELSETOXEERARFTT .

BEb0REOHNFRR>RARX - WEE. TREEHX AV FT7TENBEBORIRER
BOWFE) TIH. COMBLREDIEBZOBHEIL. SPBIRXIOL>RBRRIR
BEUBROEDLRPoROTIN, HEAESO TI<HRERNELLERABEOR
RSB EEIEOME) (5K, 52-481,8(1986),3353.) DM TY. ZDMILE-
BEEZAYFTOULEH - ANSELAEFOZBAEELI VLT, HEKRZ X - THNER
REEATZCERE>THINLBENESEFORZEES LY. “WEMERHET
2H—" OBRBHRERARERL/MHRIKEL. ThEERNEROI VY LARBHER
AR T A2 R > THRETHEABESEDI NS EV S, KLV BERE
EORMTEHBECKE LTV RIOABOMERENNBRERS 2 5 &0 5 Al
RMETUL R,

—F. BRI R AT YV SRR HEERCE T SHECT. BREX
HEOREEELMHIENEER L > TELIZEVIFREB TV RIEEBEL
T LREBITOFMBOZYHCHBEL2L L. Th2BRT 2 LDBEANLKEMNREE
ERNHRFINLIEEHORVWERORGEHRIEZHAEL. TLESHBES S LR &
STRHEMMWBEERAFHRIEL. BHEAOBHEOMBAR SV THRALULAED
SEOWNEAXDELZDDTHVEIT, TOHEIWLRFERE. BRAOWH - HYSE
RORRIBH TCZRANT. ZORBMBEERMMUBANESOBHIC L > THEY

{ZHH5 Vol.28, No.110 g



WEALT 50, TORAAMBELEHBOIR - B o EmkeHEL LANEEE
TEZERRKOBMENERBEEZROMESKATHENESAO1I AF Yy TR L
RHBT A EOBEREDPHEIPIR LI ETT. Pih- FRXTETHENI
NERTHHVIFAL. TR ERFEIBLOHBRERI L LHAEDSVET DT,
BaL Y — MR EHREREL2H > TVEBRHTHV EUT, FMRRBLURTN
ODZRTAEHEOMNELEDTEREBE LV TCOIFETT .

COEDRHBEE. EEHCUEFHIUVSAFRERGTE2REESIZE VIR BOMREDS
FTOMERBORF YUy L 2EARVERGRRAL VBN DOTTH. WLT
WAKEDHRLERET ZMERE VO EHEPRVEREEABULDDOTHY T,
Lidi-Ts PHO0BEEZTOWEOHRLAZGDVELOEKUET. SBILRIRE
PBEWRAWLLC. AEDHEALELSUBVLVTLOERZALELLIZOBERELSLVA
EUVERBUCLET, BUALEBOMBRZOEL3F@DBEMHBRENRBAEETLD
B, CORBOWEF - Y OMBIUEN. ALY -BOFINTORENE
KXW TVABRRAEES S, UAL. COLIRFEFLEHXZONIBEREE2VEL
EREXEREHTIAEEDE, SBEBOENELTWD2BHYTHYVET,

VWTERRUTH. BRIV SNUEEIOOEHRY Y ROMTHH Y. BH
2TOMBEIESCL R,

—9— {XEARFSE Vol.28, No.110



HAEHMAGTRHE L RELC
AR (ZKEH - Pot)

ZOERKIHLBIEAHAEARRAEGEMEEREILTHEE, R2HNHVEH> T
WE LA, ZEEEZRRLILT. BRLPLEEBRMOERACESIBILHL TR
BC, RBoOMBERDE LI TBHAEBY « YERAWLERRAER  CELELT,
FETIRMWLLEY, RFZoEfoBERIE LERICOWTARET,

HRELOFBELTWETHEOWDPOMAREORIC

(1) BLFREPLZAICHVLNZFEERERL Lo FERRLIEIBHAFN O
2, ZETRA) o®r.
(2) ZFEBBICBITLIRATHBOSHERL.

BHDET, TRLERRT A FEL LT BL A 2NV ABBTORBNFERELED
RRIBEBEIhTWE L,

Bergles & ‘UOEMREEEONIEELBPOTEVEI LT, FHEEFEORBRL TV
WEBBHERIHT IS | VAL - IREEBL ) B DE L, £27C, INEHANLTEHICE
EATHIEEIVPEESEVZRLTWREIS . AN F 2 U—FEEBF0WELNTDITT
T

TSV BT A RBETCHERRZERE . BEMY ILVWTHREDHEADTHOT
71

BRIDTAFTRRET D0, MR ULEK - S/ RSB L BILETIED . 3
ERREERUEETRIOL L ZA . TR TORERICRERRNEKT B
SEBbRYE LI, 2R BB L KRB L VBBNI X -2 DRk -
HEABENOBELYRDI L, 0

T, BHTY,

HERFOMAIREB/EOMAEZHELT. L0H2T . TOGREEENH LS
EHGHLELRH D S, 22T, IHEROAATE 2B FREA A A BRARAETIE
AL, 2ABB7 vORATEERELE UL, 2

e, ZEHERGBREANDGEREZ LI L, U EFOFHREREL PO E L
. BEALEANE BERET R T,

B2i3L S 1 HRBBADBRAFITE, #RDFHPR7 « VLT, £DRE SR

{E3IF5E Vol.28, No.110 — 10—



FPREgeTs, GRERELOTEREFERSAI LA, 0

FLWERERE S REMCERESNTL, 2oZRbE s L. BEE, BELEL
ERga R ERL LS. ThyrRlTasicid, TEILTLRARLTRS) EWS
BahERangy,

BREO L ZARBAERITL. L 0HITRINCHEL R - RBBRAFECHTLE
wmBEEAERE DR L, UL, TOGRREEREL. BWAAR - REELOH
ReFRBAREDELLNETH. FlEZEZSHBTEHNEILA.

St LAERARELOISHEHOBRA L BEOBHERITTVW2L0TT. 28%
MOZTEEE SHRBORLD LIBEWEL 2T,

BHEOETELDEAPLBROEEXERLE LA, RYLPLEATHEEL
fr, REWBEOERLD LSBT MRTE LI, GRAMRAVEZRETLZILEL00S
Harbeble, RELLBMATRPOITH. RALTWERLVWEZZTENET,

AYBloHDWPE S TEINWE L,

(UNIT: mm)

Bl BHEB7 4 B2 LSIFZmik#AE (4 LSIAE)

(1) A.B. Bergles, R. L. Webb, G. H. Junkan, Energy Vol.4, (1979), 193

(@) T, B, L, B2 3EMAKRERS VKT AHER, (1986), 346

3) M, MBI, b, B, 53-493 (W6 2) , 12829.

(4) B, WTF, (b, B2 AEHAMERS ROy AR, (1987), 519

(5} M. Fujii, Y. Seshimo, G, Yamanaka, Int. J. Heat Mass Transfer, 31-1 (1988),
135

®) Wi, T, LT, Lh, #3%, 54-503 (BB63) , 1749

(7) FEH, WT, i, SH, HARE, B2 SHERERY VFES T LR, (1988),
169

Q) B, P, NE, B2 6 EHRERY VRS LR, (1989), 358

— - {EZELRFSS Vol.28, No.110



F20MBAXRGRY VRV LAOERIZEEST

TRERse ) BBHIREZAER WMRE (BEREHX)

LEORP»ZRBEOD L. B2 6HEHY YRV LARXEXTHESIHA31H~6H4
2HO3HMMEHROERE - R TVTH#EZL, FAFZHIZXOMIIBRTUEL A
IZlznwiLH. BEHERROHIERFRIMEEEZIICD. & - EBIchEohH

FHEAEEFOREGUBHOBRPREIILET, YHOSDORET—TEy Y ars
Evening Lectureb#FFTHD ¥ L &,

SEDOERHRY YRYTATHERRXES3SMIZRD 2 LA BXEOTMILITME
., RIRTOB20MEHY YR ILADPBHBE-ARZ LTI ZOZ LI ED
ERMBEOBRBOELZWEICHE->TWET. COYUYRIYTLAREEOEHRHATIC
Ehorher—Hical. TOMERRZLERL, FHRERLSTETED 9, HFFIC
hPETOGEEMEOHMEZHNIEELZERKEZF>BTHHD 4, LrL. 300K
EBEIERNICHZHEI I LREBETR R, B0 FL > THEOHMED ~ iz
MONZRATH. YOoFRIVLADERERETLE O L2 —2T52 ik TEH
M B TETEIEELREICR > TELWER LS LEbAET,

ABRYUVRIVLOBRE LTI IHEDOHIZEWETREIRELAE, Ty a
e LTI phESBEOL Y2 —2ZhTNZOEMOAF 2 IZBEBHWLEL A,
RN RIEBEBPEZELCEPOEDTB ARV a—ZBEHWT LA EIZLEL
o BEEYYa BRI —BHEOABHEXERBEIATWAWI EDH - T,
B YarDlla—7~0h* AR EEBLy Y ar EDEHFHLIENTWE
E<&DIZLUE LA, Evening Lectureld MO RE N ERAREIOXBEHU L S
R F 4 7OREFEZBEBNWLA2LOTY, Z2ho0EER2E L TEHMECEBE. b
Z2nWRYUYRYILAOERREHATWEAETREEFWTHD 9.

SHOBEZERR Y UYRYVLOE¥HG6H2HIZRELE LA, BERBEILE
FORFLZERAIRBRTINY, EVWHAERBRESROERL TR CEHE L HAWEET
¥9., HIFRERBOXIHFHPE S VR D LOMEH Z L T7 ARTOMRKRT. B
CTHEEHOMIZAE, REXKEPSY VRY DA, ZLTEBOREVEZFLWHET
BDELANMN, RELEZOMBROGF IR IBHIBEEASORITICED R L A,
RLUTBHLHUL LIFET,

(REAFSE Vol. 28, No.110 — 12—



B2 O6MHAEHY VRY T LERRT

F26@Y VEYY LRBRAR
A F B (HdERE)

®W26MEyVEYILIE. DA31H~6A2AD3AMiIchAED. MIEHERE KTV
D5 &BEFE-> THEINE, 2HPBMEIRTIIREB X, BURORIEERN B > THIEE
Rz atim & BFE LR IO,

F-AOBENICHHE LOLENSMU A LIXHADERAROREARTDOTHY.
LERLOBRBEOH 7, FEEBERBUVISNERMOIERL IBNICL > TRBRIHT
TEEzElH L, EEOPSHILBL LT BRBTH .

HAMEIN—THRBEES2EB L. KAEEREEPFLLLEERTI—F TN —
THEREFROGHAFE L CHBICEFLEOR. HEOHE2OMMY VRITLNERTLE
BETH-> 7. WERBRSHET4EBELZSDT. RE3NOEREEN L. FEBEDE
BIROBBLLFAT. Y URIVARCEARFHEZBRD AUV EERZRHNREL 2> =,
D—F VTN —TIERIAGE b TR AER. MERHELZITTEREETIBL
Two R,

26ROBERABE DL IR LY VRV ATRSAM. HXBOMMCEI ML 215
BrofRREGw, BLISNBICE > THLhATEEARZY., BEEREIMVEH LU THERL
RIFNER6RWE L ORBANPERILTWE,

LPEZITWERFORERIIA I F—O-OFRAATAREER)., TROLHIERITWT
WOV ERBEOSBARRETIZEPREL 2O, BHRFTFVEHAT I LICRLE. 218
EhoFEBRBE-FFME. Tl BEZOEN L. LERY—EANBEONIDT. ¥
HBENINBIZEROIANF—2BPINB I e 2 BEHSEHRICHEITE A ANSL»
EL. AFLMEY —EAREBEBIZOWTLHEAMNRBHEELEF 2 2OT, PR
BHRFHLIZFIFRCTETHEEIEI LN TEE,

SR LTU TS LOFRERYEORELEREERTH > 2, #BFEOY VRIT LT
B EiFehznsnws 2 ALLERE LU EAGE. SERREROLY ¥ a RIS &L DFH
BEOEMC. BAOFECHTZMFNZEARFRZID LT T, SHEORET—VEY ¥
FUARBRIT. XBICENEEORDD I, GHReEETIoROERRBEL L2017 2
STVIF 2T EEDRATL,

BYEICHOWTIR, SMEOFEAREL T -HIIcffWwair 33 aMe L. FREICE

— 13— {Z#ABFE Vol.28, No.110



BOROEEBHALTTFYA v HEXAZLicLE, HYE—-EIIHBMAITHhHLELE X
TWaD, ZFNOFHIE D EEOESL S,

HESCBORELEEIMEFRE LTHME IR 3 HEIR- 2, 7ANA MEER
ZBLBI3EERL. BE1E2BEECH T, BEP X L—XR{Tbh3LOBEL. R
R-ZARFEHROH 5 1 2BERMOSKBH TR, HEEOMBAEAL > >HEENLBFEA
W26, FREFRIEM EARETES ESICLE,

BHORBENLERPERVWAL VARV M TH B, BRBEEZIULAIELAZHSZO
HEAZEDTWO 2, TRV EDVDHEEBTLIBRVWEHIZHT I &2 00T, 22
W (?) SBTHREDBHNRDZLOIB LR, YEIZB0ZULORBEN D> TERL R
DEBLWRN TH 5,

LHHNAEDPBELRELLEIAELI N -TOBGRE—FIZ. F-LT2MdeFE
BEOMBEEFBIZE-STho 72, EWHEIEMAIZOBML TWTLERZZHEAERPTRVDT,
TN—THEXIMENBZEZATHEN. FNY VR LREBICHEZ->TH, BHiFEX
DAYN—P—FEARETEZBAITR>TWE, FRREARI N —T X TEFD IZEWE
OLHE, FEEICROZHI W] EWIBERGHEDPH 5. chidsfi@, REFLVE->TE
ZLOTHN., SHEFAUN—FHAICHELITHITZZ P TEZERICIE. REOE
EHDOIHFEEHE TIDOERPEPIRTVWEZLEZERLEN,

B2TEY VRY Y LARREZRERBCHHEZINLZZLICh 2R, ERBEARRZOTWAY »
B LTRSS AN, RE. &Y. 48, PEELCREIIHLVWHBE2EA3LIICE
TWBILIEETH b, REIN—TRFEERZOEZII N o OEHES R L TLRE >
VR LELE, ETEREZBOLEBEL TV, RIEHRINV—T P oz — N %% £
To

{EELIFFE Vol.28, No.110 — 14—



1mERS 5N 32 7 2 R FEFEH 25 35 F1 Z AT
AKEER (FERE

SRTOEVEAAGHRY vHO Y LBERBICHEZIWAREL T IOHE L ZRE W
ETOY YRV LHBEHERISEL WIAELHOBMETKRERATLE £, iiE
CEDAETCTCUWEDTDORTF LN EOMOERIZLED, TO-HTFEAPSKRFATO
B2z LELEX. EFTENE IMVFMICBILTHWE, 100G ANITEELS
S, JHMEEN YD REEFALENWSHFATETCOLEBL UL 2, A HERI NI LEE
72CETABLTVWEIBDORROMENED., BEIITEL. 2H60%GFRIEBLT
WEEWEON, SHOLHE Lo FERE-FRTNTE S, TORMBRERALSLEAL L
FATITS>2k,

KOBBEIRAERSHOBHALICBUIRETH S, B TERREELSMENEHRF
TAEAXTHUAZXIOMNBELBEOAE TC)ORAEBETH S, ThiIZLTESNEOREIZ
LHiIcZOBWEDPLZ VL, HEOYHAMIENER L WIXTLOEWALH B,
BHHFHLAAEYHR LS CBETVWIORESDEDLHLAZNEL., FEETHO
FETHABEEECEIE2BT. Bl - SROSMELNPOSHEN YU TRELZVWTFRAI
FEEREEBTATNICBEWT I LICT 5, BBOPHLBRZOWIRTNIOELEL
&5 ECICHE., ChIZELAYORMEBDPLEEZW>TH WS LAEWA LY
T

AfErSEED2IDTAFERTIADIC. EH 66— —FY VI REEL. ZmMEN
WoED EHEKXLTEHLS LI RERETIH, RERLREIRBENWILOHDIHMT 5,
FOLERLLTIBG6DIS5HLOENPLHEIZAZIZ W,

SPORE - FERBFORHBEEBORE AV AERAMICIRICLTEAWE, 7073
A BXEMRRTOYI L c AERYORERAHAETLREMEI T TRELZILE, 8
2R RVWAKTRNLLDLUTHWE, LIASEBEBELEFE Y,

SHMZALh#H BB, MERIBILNTE, B HEZ2HWESROKETS.
AN REEEEROBIAXCHILBLLETET,

— 15— fE#LE Vol.28, No.110



B2 OREGEMY VAV Y LHELFHELT

21 Bk Rk

SEOHE2 CERIBRERY VAR Y Y AT, FHERCEFR LY FCHL I ETHEEEL
ko HARUHPHEBorAEREOEHE TRVWEE > T CABBEM kB2 HE
THZEW>TLEVEL 2, BERTEOHEK (NETHER) B, WARE- LT
LEdN? HEFEOSRTORIELRLER. F¥4 Yol L 2 HEHBHEICY
(THAIEHBTOE LIS, PHEMPBEREEC, ERELAZTOEREREROME
BRBECEETDIZ LR HE>TLEVE L, ZOHE. 1) Y YRYY LOEENS
HETHAZ L EBMEHEFEOELERL CINMET DI L, 2) RIEKTY A Vi, X
FERNEL, DTN ETIIEFERDEL 2, 1) & Bk, RIFOIEHEN
Y 51E (REMICE, ThhRVEETH o) TTAE LR 2) OXRIKT
YA UL T, BOMEEER Y AEED L O2FCFEEEOHFARCID, KXEL
ZETHIEERDEL L, (6K MATOERMY VRY Y ATRHAXEDOE L L TRE
DEER (EH?) TLLA EROFECHZENER Sz b icie (iaikh
BOER) 7B LELR,

EC, MAEOREETORBE, MEEERL TN DTL &30, ZORER,

- SendaidA = Lx b, SEERBELTWED2LDTT, SKRZRVIERRVWERBWET

Mo . Zhik, KOKFAENEASROBAERBITHER T, Ra~10* OFHEOFRHT
T, FFEWE. BFCREUsinple HERAWTWE T, BHEEIE., TEME, E@ESHEL
MEEERE > TE T, COEREHT TR, GHEY, ER/D, RUPRLO EHREE
EOTRAED SBEOMBE— NRFAET Db, EEDORFEMNEL 24 KEHOY
HCERD ORFRE S X T0VET,

BEFCHDFLLED, | HXEOSBEAKCAE, SHEIMCR> T D EOME:
LY THBEBOPF LI E 2K EREDY TRECRL LY EY,

{EBBF% Vol.28, No.110 — 16—



%2 QREIHREE S v EY Y AESB{REERT

e g (FixD)

S5HH¥HE ——— £BTHHIEME—RTAETRCE»T D, MATE, REAR

DR ERFERI DRV, BB ROEEFRSERRCISEEREHTI5L WA, £
DLBREROFERE VDI Z T, BEOY VYRS Y ASFEORTLUMEFHFRIREDOI B

3
|
3
{
%
g
=
re
tH
T

Lz,

5AS0H —— 2EHRKOSBMAEERL L. SBEER. BEEOH L TEA
T ARCERBECHEROHE AN E1T - A4 BRI CRIAMGEG T & BER RO ERIK
BT L X FORBTLI Lk, EREBCR) DPUERZ Lind TRRLRE
STl Eo0z, BB, FABHNY THEERITo L, 2HMIEL 22> TL v, B&E
BETLEOMRFR] LA > TLE ok, 5. FROVOZEFBIRELC &
THHERLTLEL, KOFERIERLTLE-RERS,

5A31H —— YYARYYLYH. FHHRE. EZOSXBRELEL L TRMCE
STWEA, FEOEREHECTSED OHPEFOFBENFLAETCHY, AT1FD
HFOLER VD, BIHEOHERERECETHo T, LE, EETRAI Y —VH
ORI NE L, FRBEMMRTH DD, KBORSHOMEHEC R, A7V
—VHRRZL VWL DERSTLE> R I EMNEETH >, F—HEOREOHET—<
tyvavik, BEOBRACILROAL BT AVDIZEDENRTH > Iz,

BALA ——— ZAX—0FBMMNE{ RN, DT TETALATOA-—N—LERNK
AL ENT =Y TS o d, BLTEEY Va VIRFIEBCKRT L TWo Tz, 7N
FEAR, BTTARICHS QMBI CEHENOMBE R L ZRL T hdhdh, 25ERE
FEEOMIFERIEAERL, o D ERAEZHC I ENTE R,

BA2H ——— Bty aViETH, WMEFEELTI. FEREEFELD, YUK
LB ED oA OBYENERE N, TN, PEEREDHEEH oL

ol A% ERREER, ZEELBVLVWDLDTH- A,

HE, BEBER s > EEREYATRCENTCAE L, SRV VYRI Y ALK
HEECRTCELOR, BEROAENT LWL vifaHE, sMBEoRHEOEBHIC LD bD
Thh, BRECEVHELPR L TEPEELVERVET,

— 17— fREAIFYE Vol.28, No.110



w2 6E (i) Ev YRSy LIZs8mLT
AEEHR (BHRELE)

ZHENSEBEFRREELFBRAIROMUE . FHTRELILSATH IR, 7R3
BRICBA~EIE L, BEREEBDNH, FRIFSIIDRLULD -7, THBYHTERSIEL
FRE~OBREOIC DL, KEERTOLBRICEFTEx, EZHOA - P0HE, BE.
THLHE DN NEBEFBRE S S BICRMIIAE /2,

MEFENHEN, BADTERY VEIS Y AIEMLAON, §ETODOHTH S,
Yk P AMICAM LTS ROET. EFl0 S TEBMEDE—& AR T ALK&
Shh, —ATEML, TOBEHEILITH -, CBROE-BTERINLIFELLE
AFABOUDICLTRET AL EHIC. BROIEHODN ENICESARLZBDTH S,
FLTAENG, BICE Ty VYR TATOPD TOREDHE L -2 ET, X HICHIRE
Bl o7, SAEDPHBESLNIMOREZIERL TV TH, RED IOV RY T LD
KOS AHABESIIIEETHD, REFTREEL .

“HEROBELSLERATH -7, TEEBOLHIHXE LA, KFEEIAEIFNEN
DG EREAIAFICT NS CBNSNARASEDBFEICIELSE o0, K.
BAEEITIT ThRBEOMEIATEEROERII I DT ThL, ARAREXN, BEREES
Ay —LAEREED., SBRAFELCEDHEAE L TOREA R ZRIEK SN, & &
Shhfc, HRESDIIEERERL S, DT OHFIEREAREDPERSNIHE, T
SUNEBIGEIIE S TAEEETHALES,

T, AEOER vEY Y AP EES LORRIZEE N, ASEBMOARAATIE
HALERE LT, RDOSNHUARBY  ERIZAEE. FEIOATZHREE. L e /BRI,
LR H S5 7k, BEOBTHEESEAS AL ERHNEHATHNTE DS ZRAEHN
iz, Fiol EENOIEEOLSLDOFIINTI T, FEEELOEAITHAHBBRPEES
OEWIGIRER, B2, BHE. RMEEEOEEL CELHERNNSBIRE S LAY
HREEBENICORINCADHIEHRNEI -7,

BRIC, AEOES Y RSy LORFEEE IS SN EFTRSOEKE, Kot
BfREDH 2 IO oREER L EiFET,

fREMIFSE Vol.28, No.110 — 18—



E6EENRE R D AICEMLT
NG R (F 1 F 2 #H55)

SAXRCEHMENEVEIBVWTUARTO Y DRI GLICHELE LE, EBLETO
. MO TERZD2HDICEML TERBPORICERERZI. ThETICHEVWERE
& RIRFICBANUX T #2528 L = O Y RBFIS6EC DD W TERHES - E18E ARG >
RIETLTH 2D HTT. ZLTHE2WEBZRCHTEUI THRABICKRILES, &
DEDL PRI LD ER. ED —HMREELTOES. BSEEHH &4 - &
e - - HALETICRVEOCOHE LN SERELTHENET,

ET, EEFHRMEDH ) AICOVWTRICE OIFETHRR LUBORELESHDE
Ry BIZANDEIELNELEDN. PORTDITLADSNEEIDO—IRTH D LWV S
BEIC AT, REOEFARELELTOSNMDSH Y . H2VRBSEICHT 2 EY
BEXDWTHLEBEALT2EBTHA, BTSHEFEERERLVOHEFEHZD
HI)EBRHENTOIEEBFLYVSERLTVWET, 20LI 28A» 5SED
PORTVOLIZEMUTE LA EEBVWHET3EFFICUTICHENEVWEBVWET,
BAHO L ICPEOHMREZ DBE. HAMHRERECEEL TWVWA 0. S0,
BHICRROBRICERES. ARZOMAEDOHHICL > THIBED FHESTET,
MESS I I3FERT THTBMBO LYy 3 > TRRIE TV ELCHBEEEETLE
. RBRTDIDPOICETEDILTRES LOWRBRE LLD EERXL Y IO T 1
DHNTT, CITRESLVWREREGBEALDLDDPEICEbL Y ELAD ., BT
HEEE N0, TOBRFEEH IV EENEL-EEDICHhPHET, <L
LD ER. B, WHRE L TAEETH W EREERNdE AL > REEICDWVWT
BEAECERITANZ THD EEATVWET, D%V FNMNERELY O LA E
EROBEMFEROARAMEE RET 2 2 EFMEOSIMICE W I3 EEO—DO T HE VDY
ERUTVWET, EDREDL SDORFRAREPH T LA ENrEEENRD
HDEBWET, 22V RIILIZE T 2 LEAOREK. SMYEMERICH 3 &
BWA, FLEFEDPEVERICAEDIIEREETT, CEORIHIEZ W T YRDE
POEDNEMEOIEBA. DR ILBSUEICEHEENBTCL LS, ELICEHRS
CRIZDLDA A - T EFMOTEEARORFI BN, — RO LERAREC
ESTRBMULICKWEN S ERBVET, LY LENS—ATIRL2EN GRS
W—BIZT28N. 7THAFI v 7 4FER. BREZLCTES LLWRIBISNE

19— TRELIESE Vol. 28, No.110



CEoTKRELBEHTHIZEWTFEIPVWHBUELA, BIZDLED L{EEEED L
ELETRELPSOSMIEA. FPVWICERTERTH#OBEENE. RO KD
GLARALKCTES L0WHDICEBEBVWET,

ZTD—DDFHRE LTty a3 OMICEERDY > ORMBEREDSH 5 W IEHIC
iﬁmwaw&%mo%tﬁéxittv>a>®§%ﬁ%15niTo?%6&5
HRAZ—ty o a OLIICLHBERLN 77 VICERTE2HDIRVERN
TFT, 2O LAZZOREICKE. BEORRTE+SLEHGEI T2 LVWERRYH 2 2
5TT,
FABRECOWTTTH. A RBEEORTICHERCEALEL > THERLTWVE
To EVVETORENNDT —YOHBEICHILOME. H5VIEF LWV T —vREL
o&ﬁéxaEﬁ%@%ﬁéﬂﬁbtuﬁ%%ﬁ&éﬂ%?To%5w5%%Ttt
AEBWETFETH > TH. HEORICENOMICTENEEL S 2EXLOFAPE
CoWT—, ZAMHIMATEFhERERBROEEL > ERFIERVET,
ZhDPOBRPSICHBLTRLBIIETTHY. HEIEUS OREKEOMEER L
HIE->THALEE LEVWERBSTH, 6P EDPZOE - UID DL T . HEBER
RANOBL2EQERICEONADPODRN BIERLIIEPHYET, TITH
CBFELRETHULRIEVELAN BEORBICTHEFMHEREATOT — T
F—DOHRTECZERFTELEWVWTLLI D, 2O THEMELL EEZORE A
ERRFENTEEThTLR3ES LR TIOTTH,
MEBFELSEE2BVWDOLKEFICRALENTEE L, RFFFTOIEEFLTS
W BEICEYELADPSEOY RISV LDERBEEZICHRACZEVWE LAE
FBEODHLICBHNELE T ERICKREEORIEDL W BHIBRLETET,

{ZBUIT% Vol.28, No.110 —20—



wsR AFREMS ORI TAZEMLT

WwE ®Z UHARBEETL)

ADERY VRIZBMT2DIE. FIRICBWT ZEBTHEH, —BENVIINTA N
FOBWY VRV AE Lk, B HLOWAHTHOR&D AT AL EHS. KEWN
BIERREE > TEFOREENGEDL>TLBBRPH -2, SEDEHS VKRTIE, AHE
BLTWEviaryP¥3ob-7t, &7, AOBERBXHEINTWS FnALX—FIH .
B LTO TERE & T . TRERET— <y a D R4 70EE#¥) THS,
FIT.MZESTHIRIZE- 12 2P LE > TALZN,

¥B—HE. 8OOBETF—tvia vyt IS 7oE#%E 3. BHETAY
ENLWEDBRTHD . BL<OWRERZDF—QREFCLBELPRRL LTEb->TEL,
PFRIEMREDOFXAEFT ZIILO, TRITHE HE- AN L L ERFEEZE HRTY—
RLTZ bR EEFTFERESBEEIN ChPLDGER EOWTOBERLHRERT
Wi e HLWERZORE*BUFICRWSR -7, e DEy 2 LI LR, 20D
WEDY—F—2 w72 NTWAIMBEDSUDEOBICELNIZETHS., BIER
ERELTRARRRZOSATWAEZIRZHLBHFEZLLZLBH P, TOT—IZHATS
BAERHECHETE LK SABRILTTIVW L Ebh,. RUTHRRNIRIZEER T,
LpL. I3 LHBEOARREBRA L Y TERLTREF L BEVWTCELDL I DOIR#S
KOBHTHE, 2Dy a YOFET/IMIEED . CORROREL L LI, "Zhpb
COE S GEROBMBEIIH LTY 7 M aHEWRRERBRL A LABRLTLOWEW, "LE
oY (RAR=E T/N=IE 3D PARCR AN

PeEME) & TR v a TR, BRIV VTELIDbLWERTHRFH D . REFH
D'TOEER L. MBEORREEBRBRLL. £LT. EHEATEHOBRERD S Lo
72,

HOBFRHILD Ry 3 THDH TTALX—FH IHEZHATHH. Ldb, HRED
BEO7O7 5L TH-T., —EBORREZRRTIRFOBETHEH . ZORBETIIHES
EHVEVOTIZ L WP L EFORESRH -7, Ll DELZASLTFRULEIEZLS . Bk
DLy avEDH T SADBEEEFDNBELL, 3L, BHOWRIIHTEE
KOADBELEEIITRES L. REEANDNRT—FHFENTEL,

BigIZ. BRI TR IRAT S o R BHREBLDBLELEF LI LBIBL EIFXT,
g7 SEEIBHAEPSRCRESN. FRREDOV-ZI 0P LWRRZHEL TN
YEBEBELWEBWSE T,

— 2= fEEIFSE Vol. 28, No.110



BYE O FHRIZH A OTR L MBI

1. BLoic

BNENRREEME T v 2 2 AT 3RS BT RONIO—FAR AP STH S Db,
ANR—RZ ¥ v PVEFTTIEE . NASADMSFC (Marshall Space Flight Center) &Lewis Research
Centeriz & % #& P LA (KC-135) OBWARITERA L TH ¥ 7 h O i hih ¥ 0 &8 o iy
BREAVCITRbh T MERBRE L TRERAS(Ga 50%31) ©¥ 3B ASMSFCO B T i%
THASNTOVI, WIFNOH/NENORRIEMIEEL, CLRBETETIEDTH LD+
BERBEBBONTORVIEREIETHR L, Ao LI KSR IcR, 72 YA, =
—mysf, AFS, HAOKERIC L 2FHAMMBER IR LI ELTWE, L LENS
WNENRRZEFEHCHAT 200F M, NEHHSORKOEARETE RO LSD
THH, HMARETHORUITRAZEVIHERFHBRENHORHN EARCE RS
EIEHRTH VDL WAL, RPFERBOV T HEHEBEASIBEVIEARRKOEFED
BEEBBAEED SN TE D, FHBMAHOLHOTHERE LTRbE LD, BHPTCHER
BNENBRIREZFAHE LAERPIEOIRARRR RS2, ChooMIMENREOFATFR OB
B, ~HTRPEOFHRBNAHONAANERZC ARSI ILEEE LSRN, TOK
KRBEVIEHPLHRLSESOMBEAZRA TV S, MPENREIME I 2icB LiF
TEHECOVWTRFLWHREAK-F, [ THRIROANH] (WA FE AE)ZBML THE
CELT, FRTREHSEOFHREFHOBRRK EMHER ML ToBER >V Tiih %,

2. BOEOFHERNHORK

F1URSEOFHREHAHE 70 v - 7 P OBEREFRL TS, SHEEH UM 34
AP SERPEEEN 2, MERIMEEOMICH 5, HEREIN TV AERBERIFHE
HIDEAMN (~30E)ERAEZLELH, BE LI IME RV, HHRB Z>EZ 51 3,
—ORBERCEENIVI L, 5 —2RIFERD T — v 2WHRICH CEPERBVWI LT
Hbdo CNRRFEFREECE > TRERNTH b0 MBS KFORARDT 754 EF 4+ —BK
RRFECHIEIABBEL, LEBS->T—20MER2~5F2HIETEh5TH S, &
FHEMFARCIRCONIBRBTFEEXZX 2 LMAEPBETI L VI ELS &
BTERV, FHEHGEIFIFREINTURSHETEFREY LB VERSES VS 301
CONAVICRERB S 2 6D EEbn 2,

{REATFSE Vol.28, No.110 99—



#1 FHESEAE#HE 227 b LANVAb—

1987 1988 | 1989 1990 1991 1992 1993 1994 1995
BARE
JEMBR E M
PFM
£ m %| memt TRt | At i st
8RR A
me et ML ER
xR —e -
H : & A
WERER ; = -
XA
ak . FER ! - -

JEME fFE CHBERKEE S L CHBERBN ORI b ED SN TV 50 BKNISRBRRE
BETRRH COEBORNIBZARERTIIS 225, IEMOEF 3 BEREEOBEBLET
HLAICHETERD 2, LB EREN & IFHAMENA L ZBRICEN kD o H
DHHTHY. PFIARREOREELHHEH. AROBRFEEETH 6o SJRUD o EREREOH
FAEFBREILTEY., FNo0EBOBEZRARKR. BRI BERNLTERELZRITE b - THE
AN s, B g, FTEBH I EOHECRFAHFEFTH 2URFEORAMRKRENITF T
BoBWwl, $h20RHICIMELEBOWITESR. MAKHERZICHILS 2468 PH5C
Al R AN

FWRILLINSORMBAFROH LI, XMFOFHEMBABRERE., M¥ERWTO
B REAREEEE ~— 2 & LAEWHESEICHBEEN TV 2, &SRO FHBRTEOME
FIA%EELAMEOR IS, ROPEOFHRENAKI LI P I >0l wi b, K
1 REPEOFHEEFAERNERL TV, K¥ERETY I B SEFHMFERRRICRT S
NEFHEMAARE Y 7 — B Lo FHEMAREREL b L CERRFOMD T LH L
FHAHOBE Y vEYY A(FRHAIMAY v Ry M) EX/E LTV D, Riiid o OREIFH
BIERREE Y s — (ISP BEORERT LIS, $LBATFHERY 2 7 AFREE
(USEF) 1219935 icHT 5 LB TFEIN TV ABAFTHERE (7 Y ~7 5 1 v —) OHF. &M
BN B LB D, IRBENOZIME LTRARTS 7075 EF (LA¥EORE
DBESN, BEOELIAELRIHAESL LI OIEH. AL L~ 20 TFHER. REH
Fo. SOICRERORMA SBBIICMES 2 HEICE > TV D, HERED L D REEBER
Bd50hTdHo

— 93— {EEMTSE Vol.28, No.110



FHARERS

FHbIREEFH (NASDA)
AZESF B BOATBR FEAT
; - S
] X B H FEHEHRFR (1SAS) FERHAARS > 5
| TR
| ERR BRSO
‘ FEREAE LY 5~ (JSUP)
| mmER T3 i ——WAFEER Y 2 7 AFIABIREE (USEF)
RRRETAHZEA ——FRREFIHAAST (ST C)
BF AT HFRENE R Y 5 —
AR LR
| F—mmmmﬁ
[E W —i kR R
ln & ®
KT
KR 5 —
BB g BT

T R
| e - eI

1 IRHE T HREA R &S]

T ESEBRICHE T N EERSE

IHMETCEREINTOVIFHMBERIRNTWERI 2 0L > caBah . REOEH
D oEmEROER. o BFELE. ABENHSOMNENRREEZENCHAT 2L00E
FZEWEEL2E T, ZEXAONETRTPRESNTVEEV-THEBRE TRV, FEAEHD
Pz z L MHERCBRLLZ I —n 9 ST HEROEBRMBITEOAGE & ATV S HH.
WAOHEPOER, B2 E LAFECEE 22553 cRE SN 5, FHERS
LETHEIRBECR—EEARSHEEZA 125 L 0VDIEA D Dy

FEHEEEZAMH LAMBERZ, $5oh02 5 —JiED o b, H—EM/PEEEE X
EDEINRGOTHINEMNL O OEBENZERTH . R BEFHTIcL0Tab
N K CHIREIT BIAUERII Chicigtd 2, B3 MIPENRBIcXDIIEEIEN S
FRROWYPCTHY, =7 T =23, BRATOLEEDOEAE. THEMEHEVS ik
PR EEMENEREVWZ 2, FZEHLWIE. HILWELE 7o+ 2 BRI BT 2 &
DTHD. i)&ck’f) ZOMFENERPZTORBELLIERES>TTER L, RBEOERIRK
F. Bicibxfe k> icfAs OFAFEROBMESEITLTCVWERETHD . FIHEFH B2
HEIERBEL VLB, 1oL, HAOMRNEVPEBIFHICT /7R TELLBEVHEL, Y5
BEELTE_OMFNRERETBEL CHNENRELZEE T 2LENHEA I, COLIRH
HhOoINEFTOEREMD IS, BLAER TAMPVOBDEIES | L WS I EICFIR%E

fEBUWIYE - Vol. 28, No.110 — 04—



- i fik
Nemnh R — B
75T =3tk

ETTEE S

;R R

— Wk

] —— W
~~—{u o IR — A L B R S X UREE S
FHHRCONEE - BER

5 AN R B O RE @ 14
BEERRIC B 5 B ik
- LR

o L

B 1 o e b
A5 15 B O BRI —
18325 2 B 22 0

R

 YaMGR - BBk
- HEtk &A%
7Yy Y=k

Bikh» oo 7R—F 4 VIS
4% % —— Bk

x|

B M

[

#oE W

i S0
4 R

K[t oD

e ® -

A e

1 1 3x-t3i492 —lg

e B2 A (A

FHRMEH

FalSNMRF—H
i R Bk 0%

FESRY VY- -
/N €

By i
WAz ey + o ~g

58 ik
{4 SUHT b0 it 25
{2 UM R B
BFHT 4k

RRAE
EAmAER
TENT 7 2AE5E
W MiEs A
W& # K

WAL - ERIE 5 2
€331y 5 RARE

- JUES B

- ZTEi R

ZILks R

77 R
etk & 5 7
Rk

2. FHHBEROERL

_ o5 {485 Vol.28, No.110



BWTWiz, LOhLANSZOHBFRIEL 0ATEIOATERLLVWZL E, IHRRBRENERK
Fllicm &0 i3, FHERBRRBIEZC 2 Z PBELP2EVHSBEHICEROZ BH -
ek diEbn b, M NENRREENAT 2 EBRARMBRA TS - & bRET LI
TERV, [HAHRBMICL2EREEE] © [HOSHESE08LE ] LV - MR, FRifsk
NOFE, HIBEA A = X 2FORBHFORERREMEEZ /) v - X Lo REEZEAZBOE. &
OO BEREZITRICLREL>T, RUDTHELEOBMORBI LB TELEVWL K I,

bW bDEfES | EWHIRBEERXSL CEE, FHEROAHTE2EAL2 L& 5,
EERREEN TEHN] ML S TEREN] MEA~CED. $EREE S BETERF» S
ETVWHHRERBHCIRA S [ OBBEK] WFEEZHAALDNEE >TL %0 Bl Lo

1H R | 2 ke B P Lils 1 - ye LI o e

[ % oD =1 FH L’IF’)/uﬂ‘GlﬁlZLLLWﬁ/"fﬁ’) CETT T 2 DI THENPRONEFD
HRBZ WS, RETOSHEOEY ., HHP ORNOLENIn situTH~oN 5, £/
GLORELRA 2 2 W TEBHF L TRERESNEE /DT VTR, MEEELT 0N
HBEETVSIEVA LI, FHBIR LETH 2 P E O BER I EBRFE i FHr kD 5
MEEFE WV, CULAELA OB, S OEHRMPEAS 5 &5 WA L ERER I8k
BBENETHELEVSONEHDOFIETH 5,

4. SFU(7Y—-754%-)ZHMHL iz 0BRBIEER

SFUR., FEHHE¥MER (I SAS) BT, FHEBAA. AXBAUSobOHL
WERE LT, DIATL 0 BBERMENITRONTE L, ¥ 27 A BEPHE O ORINE
EZMBPES iR Bictbv, 198THEEPSISAS.MITI, NASDADOZHEOAR 7w
Val bE ULTEHERRBART SIEVEL 7DD TH b0

S FUDBFTE TR, AEY 2 F 20O IMATY v v a YEBEOHFAESMITL CitED
LR TVB, MEERSZO—>TH Y. &E. HREEEDZ OBBEHOEHER OBMREE
TH->TWwh, M3 REDHOTHIMIEREBM TH 5. AEKE . RIBEFHILESR
WEEE v U~V vy RERBELMATCEETHREMESELMA T, EREMOBIE DI
SRR OREM O RE SREOFERNBBESTEAS LD BRI R>TW3, @E0"
EH(w o Y = v F—E)THICER L TBE» OREICH, V—F—ke 574 —&
DLRBEOFTOTEEIBONIARKESED 5, BEHT2ERE LT, RPEOH X
BORF e VBBWHEHKZEFAVYEBOEBEARKR L CWS, ATHHEMBEE R TEHR
i B 3 LEEREROMBITEC SR &, FROXEE ., BE. LREKEO T OB
DENBERBMICRZ b0 LHHEINTV S,
FHEMEFNHLAACOBOZOBPEERELTE. VY —Fy 75—t 3RNDOH
®, I vbic k BKBEOBERNENHEIcd 5, £/, A—F—ay v PEFHLE
BEREBOEEBEERIBALLEITLTEY . RPEOFEMBER I 0B chE L

fZBLATZE Vol.28, No.110 — 26—



LI LLWEBBIBED 22546 EVHIODPBKREVI X Do

5. Bbbic
FEHMEERICOWT, EHOMM ERAEE R~ 7, HukiE, #iLHZTEHITQEE VTS %0

M3 = oBEENTHRMEREE

o7 {EBUHFFE Vol.28, No.110



BR-0LE - AE
A (ALK - T - 17#)

1, i

FTRTOMBRIIWLERHT S, EHRCLEKk TREEZENREHRNRLIEFH. sl
WIEHLEEILLLWLEFHELT VS, HICTDOHRTL, N —ARY MVEEST7 —Y L3
HROFBBICHAT2LI%1/QLELRFN 2L ERHRUL. LEDL S LHERRLTTLL.
ARABRPFERL LD ILEABEPLLAEINTWAS,

ZIT. HREDH LW R EMOBKREEIL. BWLVWTWEHARENL L TEFEL2TT
ZILTharEEbLNS, A bIIERENLDHRZIEBI ELREANDHDE W BHRICBWTHS
POMBRTEEFECLO>TTREL LGV, TP TELL>LEWMDBIERTE-TLEST
WsEERL D,

FHLE BOSWLEOL LABRMCELNS WEHHO—BTHEH. £FENLHITEZT LD
TEEL7OEITII LS I ERMIEEZTWE, RXFEFETIE. JhsBELNMFL3O2DX
—T7—RKREDL D b oTOEPIEIVTREEEDLSFSLRNTHLN,

2, BRLER

BROERZU DL LWY, HAbMBERZERRE->TWARKECL, MITNL YNEHEKE
BHorrEITVWS, FRETTEL, B2RTVIBOARBENRKBIIFERCLII LEER
RERLBRGLFETLELSND W, HHLZBBLHLAKBLEE>TLAETER V.

FECRYCHMOBFRBIZEDLICHEI LB TEZPICOWTHIAL LS. BRI,
HMOKMEEORE. L LXOBALSHTWLIHER,. TICRREGHELE. D350
EERETRIE. ABZEOLENBHNNBRRBERATL LA TES,

TTEER. SMORNMEEDRMEE TERIRE" L 0BT AHN BTSRRI (%< #10H:
3IT) ¥ EATWS, CREIKKMEEFBESHRBICHLERTHLEEILATWS, HEL
TWEH L YRHEMLRREHLERTH 5. )

LIAN, BRICASL ERRIZ—ETS. 29 KKIE "SROBE" LI, RITEER
FIEB IS B DB R LU TOERBER S ¥ kT2 L 50C% 5, JNETAMEESET
FEHALSNAEREEZ SNT WS, S0, BRADIILLEEELIES LODRKUIEOTEE
THWEHESIZIIE AL RONAW, i, KATVELDERAEREN, 0L 3 TRRHAREE />~
LABERE —BICHEATWS, $REREERL LR, J0/ Y LABRNLIESHSE, K
me LCHRNESHIIFLICELE (T4bbME) L. ARREDOKREIIH P LEEL TS

1E3T2E Vol.28, No.110 — 28—



DEILRIEDEEROREE 2B, Lirb, ok s 3HIRKEE) (rapid eve movements; REM )
EIHEN 2B L WIREES S TRHR L BRER TE L DKAZL D T3, I OBREN S L
¥LABEL ATV, BoTWAEZLPPLLTEEZRLE A0 I3 LBHRNFALNEZNT
FHREBRELETTONTWE, REIOLLABRECBWTKBERLERFESOBI 32 L5
ABUZOWTHLKHARSNTEB Y., KizoWikets, /YL A-LVLABBRIA~SEERORINEHE
BZBZELbPH>TWE, BBICBWTL, FED3ONETHLMY AL EBHTHAELT
B, LEP->THLLBERLINTHSI LIS S, L5 LEHATL LAEBEKIINES R
BELFTR TN,

3, BRAOMZEME

L ABRAEDOROFEFEICBT2HARLEHTLILICL Y. BREAKOAAZXALLZDONWT
HEREDIEFHRBSAT WS, 27, BETLIHEBICONWTERNTEI S, B (R)»SLKE
HEHREF (O)CELh#h A, SMUBREK(G) L BEN 2 RELBENEET H. SRIRHS
OREHFMIR>G-0LHFNRTWL, —H. LABRFICEI Z2ED THERNALBRRUCPGOR
EHEN 250055, ITHEHFROTITHRCH B (PI)0SELGONETR TV
KDESTHS., Proliz/oldPGORKESLEYH LINEORERKEPOIS LIRS L
ELIL6NTWE, LEH->T. GRBITAPGORIIHBE N> T 2 HEFROTHES L B
MIha, LeLiahs, BERTHIVRICHBLLE LN TS 2HERIGRMFOENTIT L.
ESOMBEOACHD, CNPGRKBVWCHIBOEREFTABKEICELI LD L5,
PLLULTARBMRETIE, ¥RLA "2 DANESEHL0PLEHRFELLORERERTH 0D L
SICAHM L. AEOIBEMLE OREMEXIFFARINETH S5, ZORRL LTEHERIZEE
HELZVEEEEBEBRBLCA X—UPARREICERINLZ LIZL b, IRHN—N—-FK
¥DJ A HobsonfHIC X 2 F ROMREBENHATH S, ZHLTAZLBRLIILABRSIC
HoHbn b AHMEREE PP GOMIEHICHE L HRAEFZHERO—DIZTEL W, Ll
L ABREBEORMIT., AELERLLTHN., WAWALHERIILEILRE->TnE L3 ICEbh
3, 27, BRESRGHOHRETHL0HY Z2BREY XA LFHAMEL., ROZEFHE—2 XK
Wtk S %Ah3E0nkLTNS,

4, VLABBRANKE—Z2—0ViEE

BB 2HRAM— > — 2P H— " -0V 2B TWVE, ZOEH L ITHBEEORERS
THD. 1 IYBREONSLAEBORFE LTERNCEANZI NS, TREEEA UL ZHR
ALy, MOPZIIERD -0 B EET S, BIRKICZNEABEDL I U ERHDIE 2
WELTWALEEZBIIMN W, 2802 2—a 20 THANRL I EITTEL WY, LR
LM s P DB—Z 2 — 0L BOMEAL LIV AR ERANRL I LETE L, ZDRDICHST
Hid, EENF0~0I 70 0LEMNERZ A 2DORICHEAL, fIROKEEZIILHET L

09— fE#BFSE Vol. 28, No.110



EEBRLLHL, BREOYE—Z2 -0 FHELRL TALHLITHE. BWCRALDIEH
Bk LIRS TH S, ZIiE. RADEDHHE EVCHROZITELEZLTWS
ZionTna, LAHF->THRERROL I CHESHICRIRRL OBES 85 8L AR
BUTH S,

LVABRPDE— 22— Y EHORENLEZWT L bbb (53 v 7 X2 EWLTGERE S,
RN, RO R—Z - — 0 EHRBEMICRRLHEROVLE LRI, /@56 E LT
SIEMRENL, ZhUIHL, /Y VABBRHIIAGBREROVLE LT, ThbEEELD
2—RrEHLL D, CRLHOBREBAN I —HO a2~ BEBRVWTAEIO=Z 22—
BCHEOHETHE L LI L LEARPO SN, I<—BOAILIZ. Za—0riEFBnY
LERHMTELHOCHEELTVWSGLELNE 2 —0rBTHE, BT L LAREHTOBEE
REEBLHETIRAFEHOWLEL, H—22 -0 EFHOU/MLECLETLDL LN,

5, VABROEERE

BthREL L. FUHFERLLBORRBENLTH S, LLBROEGRETLOEESK
FHRICOWTEELZARYD S, 2hiul. EHHD 2 —CTHRLAE 2 LR Fhoh THREZ
EBLILBH. BINL. BEALVABRTEILTWALWIEETHS, MERMAL HE
ERPTESHF>T< B LV LRBRIIFEAL, W2/ VL LABBEREISHENT S LI 243, 2
DR IAT BRIV LABEALRCE->TWEEWIZETH B, ARTIIRENDRERT
LAk /L ABBBOBIEIZHNN%THE L nwhbhd, o ABRTIELILDTELELEY
FPTREIETTICREZLTB), BLDOPOLBELLAZSDL LAEBRBETHZ L Ebh TS, A
Bomé, B> THLH0BIELLERIE->T WS, COBHICOWTEERVD DL
ShTwa,

6, 2B

LABRTAbLEROBUNCOWTAEEBELTAL Y. ¥, OMEBIILRIFEF
TRLEERTLIL QBFRE—Z2—DUEHLALTABLU/IWLENRLNEIE OL
LB L IIHOBRPBRCHFEDLDOTHEL LWL, J2T. RORPERE . FrtmiEn
BEMERENZ LV BRTASARTHZ L B3 % 5IE. TRIEDLDITIZN/I0 6 ¥ LT
EWIEREMEBLIBILHFTELLICED. UT. COEMHPELVLOLE LTHMZRA
3.

29 RORME PRIEY WD 70 & RGFEBE M T (plasticity) X W EETE
EPRBIEHTELI, 23T RMOTERICE > TU/OLEELBRAETHIENIZ L
%55, TETLLEDRLEHRRIFAHEER/ELTCAHL D, Thit. MOEBICBWT—5F
DANBHBWEENPEELS I L 2 BkL, ZORRL L TN (habituation) X IIFh HEH
BI2LDLBEING, ZNIEhS, BME—Z 21— EHN/0L XikROFTRROES

{ZEFSE  Vol.28, No.110 —30—



PHEUDLHD—ERDOFMEMBT2NOEHFRETH 2L 5ICBbhd, HICRMBRIZHD
BROBTIEFDZI LWL EITH S, ZRBANKTL, FRIZL > TR INEG L ED
PRAVELLNBLRED,

7. BbHIZ

HWELOH HOLEMOBREEN, FOLVWTWIERBENL L TEREBT N EE
LoD aleTHreda40il, RIBETHERR TILHLEO2RICHEFTHEZLO>TIH7%
i 22w, ZoB. LABRIZHHBBROQUG NI, BROBECEMEEAREFNLDOT
HrLALNED. TBELOBECL. FRIEZBBOELRW S EICHEIET B /O EMHETE
Tk %A ) L #ERIT A, Thbb. L ARRER, KIZERNICHEROREELCE THL, /19
LEZHLBARIY. AEHENEE-TWEPDLITHE, DL NOLEIZMERELCL > TH
WROBEFRLWZ 3L LAENREGW, DLECED. #lEDLHIZIE. HdnidEFNLDHITE. A
NOERD 1 DDBEFRL LTAY TR 222 L BP0 RESH 2 W T oBOERITTELLIEH
BTaLoThs.

— 3] (EEABESE Vol.28, No.110



RERZAALF - RFALBHBEHROE » v 3 v MK
B SFGEK - I

Oty vyaYyTIIMHDRE, HEAF. BIUESHMMECELC, s oW REX
N - To

AMITF 4 R BFEAAMHDREERNOBERRIC BT 2 REE : SNBREIREH
T). BH EHEGEIARLHEID IR, 2y v E—HBHEEQL D BATNILREWVIM
HDREBEOHRALHLERETIMAZELSORKRTHY ., SEKOVFO—RBoEmLEENEL
T HNK EVWIBROHEHFEE (v — FPAD 7VIT Y HX)D SER - BBE~OHRREED
BE}LEBELIIELILbDTH 5,

COWETH., vy— FEALMBHMS LA VFy P 7o - GERE)HFOER - HBRE DB
ﬁﬁmmwf\%%%wu%@@ﬁk@u@iéc&%me%mt\%%%@%%%Wﬁ&ﬁ
HHORT, BAHEEMoOBEBEE Lo — vy Yy Hic L 28R EAoRBES., ChicEs
CHERABHECc L b0 EHRL TV S,

AMELBIZLIOUBERRICBVWC, F0LHIBEEORHBEIEZOPIEO>VWTOHRMY
B oM, AR T LARNOREZ S IR -RAATELIBIREANE ., ~BEWKI
BRZERYPBERTELZLABIR, HEOMRR 2TV > T HAI LR L SN, HHEE
HERLTOWA AT A5 CERICERHARINE CEAHFL WV,

AN 7 5 A= L BEBEAMHOKE:— FEK : B #REBEXHN)E»IE MEDXR
OEBETCOMMT — I/ D OBERT -7 ~OHMEE - FEBER- DT, ¥~ FADKE
A Z(2400K | HESOn/s) EHB BB ICH S, HMBEEE 3 v b o — 2 LABSEBORK
FEIMCAEL VS, TORERCIAE, BIMBESENT 2 EHM7 -7 L bIcERXK
T—OWBEATIZLIOLREN, BHEOFMOX <7 P VRERE T, Licd-» THRAEER
&ﬂ?&%Ct\it\Ek?—?mﬁm7~7M&%@%%@%@if%ﬁbt@@?%%
S5ELTWA,

COMFEL TR, 5%, 7—2 0K - BEAMNSKFNEEEZHEARTWIE. B
G, CLRENOREEZEALF -2 LB 8, SHLLRETORBLIZEELERET
BIE, REVNBIASDOTRIEVAEDI AV FBEHED, REFELSOLELEFTDOHETHED T
W3 EDEERH > MBEAZX 7o -v—F—Tb, HBLXCHEPLRESECH LT, 5
NOREXBS THBCEEST I EHHELER - T, AWROSHORKREICEE L 2\

A EEFHBOSHRAERACHET TR MKE LR (MBHERE) . RE x4 (R

{EE4F% Vol .28, No.110 —32—



BAEET)] d. 10M/n2 DEOBFERAMER U 2 EHESN I RBAEFRE TR THAS

0. BRAREAEBRNCHANSZ L. BEENAHF LOWHBRX(TRIBEEOIRE
BISHBEIFEBATESLILERLALGDOTH 2, RRBRICRIE3mm. RX10cnDFEHRME
ARV, HEVWESD -G8 - BEGECTTF 728 TVW5, ORI IAIEEN0. THPa, HE
EEE20Mg/n2s IREE L T HIF. H40MW/m2 P WS HESICERIRTSRAN AP akkTch .. B
s> THEBROBWIEREEILERL SN,

COWEOSBHREENZILELTR., HCO b ERAFKAHNOMREHE S Sl
Hl, $hR20MBEL2LIOVEOHICTEIE, EWERETTTF— 7 2ERBL THMBEELZ XS
KEHTWCIE, BEBBET o5,

AlUMTEEESE I 2 RHOBREESYE : BNERKGEERI), FHEHCGEIERI)IEH»]
B, COMRECHRXPSRELCETCVIRBALE IR VL 2ERAFHEROKIMEL WS,
BMEOAFRNCHETIMEDO—BETHY., SAORKRTCHERATOEROLELZEDTERER
BTWVWB, HEEBICRF PYYLAEFERAL. 12X rPRFOBERMOEREEI 1~1% . mREE
RO EHCTERETL> TV 5, TORR, CHETOERImMOEREICLZERT
. BEREAEREL, BEES—REES AL SHOEGETCRBERREISERS L
TR ZHEBAHIERZIFINCETE I EHBPELMICEATV S,

BHESBI A PAHNEEBEFREOGHRATEOBRBLEAHLEL I EF2HAR. FHFK

A=2— 7 BERTHO., FLEE. BFLSFESMFaN L0, FErRE LK 6/¥7 4
—SHEE S SEBRVAATHELWEE I, ThAd S, 12 FOREH - ZEROTo 2,

.

ot 77 3FCSHEBLTBOMFEVWEZEASNDI DT, 2y EEa—F ¥yiab—-va ¥
BREOHEDEN., 5B b-> EBALTRDILE I EEHEF LAV,

AUSIKEEFEZENAAICL E2RENORFEMNRBEE : ZLFE-LGEERI). BERE
TR E»IR. EHEFORBRAEZETIFEL»SEELKRET I DO, ~Yhraq VE
DRLBEBIET 2 HBIAE LD BEEHLH B2 LIIHINEHTTCOMRBEHF>EERNICTAX.

EHEMHEOREDO FCBFCRTREMRITET R > BRELBEL, FfLiLdDTH 3,
KEEOHBEAFROBAR ¥V PHIS>WT, EREBINOERMERE LTRC—HLTH
b, ol eho, RO HEREIARERZHIZBREORAFEL . FEHEROREDOT
T, tABRECHBECELZ LV, BERERIEMNL TV S,

ChiellLTl, REOWSERSDVWTHBSS -0, RFFL2ELHL IGO0~
HMEBRICETHREZLRT TEELAVWE, AOERHFERBEPEELRAVWEDI X v EM¥H - Fo
Az 5MERS2H. FBERBRICHED, BLELRERILETHSL ), HE. AR
ERUEOHBERERSHASERCR A-XCAHLTVWIoEH LT, EREICREL oMY
TTW20R, WhWaHIPVWKRARFECRET 2L TRBIN. HrEETIRFAMKLT
WHWAEIh, S TEHEAWEES,

33— {EE4HF5E Vol. 28, No.110



DlEd. BREXZOELHLIOHRTH L. SHEOEHAY v XYy 20Oty v a vyOd
Kb, RERZ A VF— v 27 8 CHELLPRARKRB S 2 b oL IEE I, 2L L
T AYCHFAVRBFHREESOTHENITELL, HFNICs RO v 77 5 X OB E
STWVWBLICRFZFF SN, Ihbdkd, EELAEEK I Y Ea - BB 7 VIZE
AanhT, BRORH LK - FHEOWMBOEHS LI 0M(ER L, FEETHL OB T
K TEEEB WV,

HHRIAALF - RFLOFHER. ARX->TELENSZEE> D, AN FELERE%E
BlL, ERASMBELRZLI>RKRBRzAAVF -0 27LE L TR, KELRKE->T. KO X
SHLOBBEFLAZOTERBVES S b, .

TRbLE, BARCHL CREIRHERBKE (SRR - SRERTHE. Hi/hBEEKF), AT
R. BEA 2P, GEBBEF. BRETFF(FEA. §FEFREFLE). BT, 1y v 7
BEVAFABRENZUTETHS 5. BHBGRBELTR, ThfhoFLARNEHE L.
REEEPOEMFRCOLELIERBORMEAVSHRLENLE I, Thbd. KITTHBEEP
EMEBEBHF A —bC v, HEI XA VF LR CEMHD., EFD, ¥x7u2—VL—%— K=
FNF-—FRERE FECHLTES PSS (FHABRE)CPFHG ., 2oz 2 v ¥ -0
R-HE MNACELIF A7 a2ZL05 5,

—H. FERPREN - BHEIP»FTVELTRER - BE - SRAHN. XEH - EER - ¥
T, HECHFoR L, XLt HERL., FIREYE - FIMSHEECLINEL N S,

CYEVYAOMEE, UEOLIBHR AT ALHN BN F T VDT MY 7 R
5T WK o OFEFBROVWTHBAELE. —2T00, e TS5 HOREBRLONES
HZ2RBL26DTHED. BOAREO O, BRNWCBANELROSN., Lrb+RIcBE
EhTwiRRw, BFELIE->TLE -1,

FHREEAZFAVF -y XA FLA0@BETRBT VL ES, XETRFLORMZEENL Y » b
VEMED 1 AKWEKFOZROHI00ELI L) Ews | BEREET 2L BTEERAETOS
MFHAE ANS(Advanced Neutron Source) DEFEMELEEH T WD, A —2 U » SHERICH
Eah, TOoOMACEBMLT,. REFREHI W LHEKEE(NRBEEL)MEBCES LD T,
KRBES—EBHVL. FHEBBELEHEMLECHES I ENTEL,

ZFOBFELORT, BARCKL2MAARKEDN LOMARETHER Ganbi  HKDOEHTH T
TELN, bS5 ER. BRI SHBEORABRATFOMRCH LT, 34 v POFHEHE -
Tl EBHY, EEA—I Y v PEFBLALLERR, BAVTIHEPRCERETH » 1208,
ANSOBBHDOEHOPTHEBELE B THOTLWILEHVWT, BORHEEZTLODTSH
2 1o

oo, sEHocEEZESI N, KEEEREHFO SN FHSEE (HIERKI)Z R LD 4
ZESPEHEROF A k. Tt bE LTECBILBEL EFE 9,

fREITSC Vol.28, No.110 — 34—



RETF—<tyvay BIMAEORBN £FRLT
BHE OE (MFX) - 2 TR GRIEX)

. BL®ic

Bt BB RO REHORINIC RA R O BB ERT 5 2, W 2P 0 INERREE £ R
T BFENINY &L THFHRVIIED OBEYDH D TENCIREORITCEHBELETHSZ L LD
. TREOSE QM - sH - S - B0 2 » ORBENEHE LT AEETH S, LEds T
EEHHOBREILICE S T ERSIEMERSh3 s &bz, WEROEMOERILL. 4E
EINABECHEHOBEHE LN . FLOBAIEFOMRBOPNEREEOH ENEINONTIN S,
Kby ya iz THROBEND /2, oo TN EFEEc RO SEICHET AL

O BAH¥ME (FHWE) -FkOP VTR &, FkO 1 &, BEikokH 1 #.

@ WEME CEEEWE) - aRUEOMEEE | . EROBEEE - B8R 1 #,

@ EHHE - ERoSERSCHE IS AL ORBNE) .

DI oTWB, TIT THEH) &3 08D 208, HARSIHLOERBE S
AEE CRRE) ERH- 079, CROAEZRORE. MEYERCAERBONIR. FEOM L
BEADELTC, e OBIBTAMPES A TCOTEHKRFEOIRETH - X,

2. BANE ORTEER

P ORME LT, SYRCHLTEBOMEENEREINTH O ST LHBRPNLEAS
FEBHWIZINTORY, 205 A, JEVWFH - BiiaB cBENMTOA. BEOHBOHE -
BOBRENRZ 210, XBECASBZERMRONS L&Dy, HIELWEZHCD
birod. ‘WMOBEHL” THEN. TNEFCAEOHBSPELAOHAMSINTLE 0L
B, HBOFEORZAMEEERAOCELENTHE. 20 "HosZHE" HIZED S
CEVWETHBETTHB, S olBRMmOREEETIRMBALEUERLIEONTD, Kby
Yo VERHBIARAESRZ. DTN LAEEROEEPHREORICHFARBEENI L F O
DEET. FAEHEORELHNOHPEL o, FRLTELVLIDOTH -7,

B OMERBEICERINIEZHLNNET L. ROXIBLENERTH S,

(1) WEFOFE. &30 IIEAEARESSE GRE - BN TRECRION,.

@ WEROEHE GRE - FEN - @R oRESEEZ0BRHBEREICK > TV 3D,

) EEFER GHE - ®Rov) MERRHIZXOZELLEVN,

@ EBOBEIEOBREEM TH D, HAILTORBRPBEETE SN,

_ 35— fRELIFYE Vol.28, No.110



6) EEWH LB L OHEER (REPER) MAIFOLEBTR 40,
6) MTEREOMES - MEBEZRL TV 30, AECER. “ZAZE" HXUBEH,
) BHASESFEAE D, BEOIBE. TS 2ERYEND 25,
8) HMEOHEX (L) PHEBMISOEED, MASIERS GEE) 3&9h.
Q) ZAohA3BEOBERIEDL S BAIH DM
10 AFEBOHBLEL, - TOB0, BEOBFTH - SEBTHEOMESCEO. RDEE
WHFHRRE LD AN, "BAE OBESEINONTV B,
Bood g3 iifinta T, BEABVBE3LA0H 30 EE) M BRI EH o
BRO—H%£iTE. GHETCEI3EREOF -5 OEREIUIOTH D, £ ThOOHEEMN

Kby Va VERBETIPFEELATH LI LBFDHEY,

£1 HAOPVTEGRORER
(P:EAD, T8, VK8, nEE, 0B

W) EERE VEHOBHCHEEAN

3. HKOBHFMHR

HELRLSCAORENDY, L PR
PV TH () ORI 3MOF A ERATVENE,
BAK T ERRKES . TAEALRACS (g Burnettﬁﬁﬂﬁﬁi'"—ﬁ'f’@v1.53%1@%?“;? ”
SNTHY. WREHERETH - . @ ESEIER—ET b O E AL

% LR EEINC AL PV TEIRON RO O B s
EBEEDY R, SHRRINLIBOWET 6 WEAMH-RETCBOERAAD O
RERaFEIE I bOTH D, Cl4l 12 g%ﬁ?%ﬁiéﬁ?ED
OERBETHD. AR~u—ZTONERE (CLds WR5)

LEZBH L5 v ATRBT2HETH 2, ¥

&2 REOEEILHAROAER
BEuld~o—- ot BEC X AAERE

1) BEXAETE-REHCHEER/L L,

ZENBEOMREFT DD EELOND, EHCIA L CRE LR
C142 DIEBEETH A &KL 1) B EREL TOp% HH,

BEREY - SRR T,
i 0 BB ORE THE - R @) FoBXBETE- AR RS
EELGHIC L0 DBORKETHE - R & %\%%T%&gi%\

WETE. EROTRMOBHAENW0 MPat AL & HO DR & i
R BLOCpa W,
200 MPa FCHIRL T3, C143 ORXE (Cl4d HemEo)

AR
ERHARRRERORER R E A, B ) SECRRARRIEE (50

BROMRC BRI CREASRE 50T, 1L 52; %gg‘:'gggé%g%jﬁle—l‘homson%ﬁ
VEBOEGRICDBATEL b O L Bbn DHIFE L b ETH,

A0, BHAORAPUEHELHET 20 TREVAIRICLDLLIATH S,

iz, FAROLBRBMHAED > BELHLOEINTV D, HA ALK 2RT LD B
ZOFENEEINTV S, Cl44 SEBFERER 7o —An) 4 -5 2FH UBECHERS

‘|ILEATERS NS,

fRERIFFE Vol.28, No.110 — 36—



4. B & UTREE ORI %3 EROMENE - REEEEONTE
Aty va YORFCIER2HLARE T )

SR
LBpE N, ThOORIIEONET | (1SN

CREELEEREE IS A
AR & ORI & BEEAKE a. Pl ST

(e & BMEEORT N C@gnzy O TR EREEHGE IS Al412
g N B L Sl T TP . S TEEE X RE
HCHY. SUOREHBADBOONER b asir B ilic & 5 hisliE
Chh. DARMERREOBESMOMY o KERRAGL - UmES
Povavy AT BROREERS LT e EEoORE

S B B ERAGSHT bOW o Th e s

b\ HLLMEROER O i, S BEEHR IR i
B GRER) oaAvbickde. gggﬁgEMﬁ&
BFAXZRE. A5, Skl BHM I BF WERRERE

L0, BHTT. RO €53 v Al TEMRE

o V2 BEGDTISHIME SN TV S, (HBFIG0F3IH) 1wk B)

Cl145 BH LOERC L A e R A BERFRFCAIES 2 0% R T EEFRESE
EROAREAEHRC L RENTETH 5, AFRESHR T, B HlETE . TRVIREKR
CHETE SRS D, BEOFRI DO TEHLVBIMTOR TSN, 50 & 2 HIERHL
PROVBEVNERENTTEY. SEBOBEONM ENEENE,

C146 (iR ORI A 2 RXFIC I cRES 28 L 1 ) —HERL X2 AEX TH 5,
AEHE L HEHRIC A S SHZOH 2 REEORIEHENDEORK CHRMICITA 2L
Lzo ERFRO LV, & <i21000~1500 KOFR T LA HOBEEE NI (T HLDRE
#50.1 K DTFTHEINTV S, (EHETS 230RMENE . B &R0 RIEE v zE
FABBINPERI N T 3 kD FTZANE & BB > TH ARSI 5,

CIAT WA F » 7HRMEC L 208 (JUOBA vy Y AR OREBFEORIEEAFIE LT, &
OREEOF — ¥ RO BEFR OB £ITV. REHB{LMTTTRLEEEORETH 5.
R, GBI L3RBT oFR03H. FHREHOBER CRHEOERIRESINT
W, $l. AETERRBCORMZERAFEEETRBOMLOBTHILORINTN S,

5. BbhiT

B O EEMA O AT WEOERAB CERINTE . QEKC SEHOBENTOATY
3, Kty va VICREONLSEI S OB RIBINLENS O ABHEFAOFUINS SBETSH
53, LM LKEHOHE S0 . THTHFBHBEIATATH - LICED, bHLHARED
FETHH 20D, AFRORBIBROLILLELL,

—37— fRXFAIESE Vol. 28, No.110



TNA FIR3
IR —BR (BRAKHE)

1. NAFp# L T mH

NA 7 (bio-) i dh (life) & B Wik EH) (living things) 2#BW T 2HEETH Y. LRE
MERTEY Vo5 blos) CHRT R LW, LMo T INA FEH FERERLHIVIE
EMEIPPDLIEMFEL N T LTS, KETYBio-Heat Transfer 22 FESF LN T
(AP
EHREHINVIEYFEORRIL. ARLOVPELE XL - 2ENICHY Ah. BBRL-S
D, BoBBEERMEXETWL LI RIZHBED,. INAFZEI IZBTSZ TNRNAF] . &
EILBEDODLD, HAVWTEABGH S ETEHRLLTWS, flald, B PESHMITICSIT S
BEHBEECOLIRIEED TN AR OFiE&EEND. £, KRPEFIBEFRT 28
HEEME. B BRIRE L OBEMELZED TNA FEZH] ORETH 3.

2. BERIZBT 2 [XA 8] OBRK
FEE8ERLELTELSEE, BRSBTS TS FE8] OBRIZROL>CEHTE
3,

(1) BREGEHY VRV APAAERFRORTERERLLICBT 2 INAFER] O
STHOMERRIELD T LN, ThETR. ARRHLARLOBORMEGE. K
fROMENE, B OBBERE. AL, EERWEOBMMEERIE 2 CICHT 258K
BRENZD, 2RRHTAEERFIES 1B LD L2 DEN,

2) BARBHUS VRO YA (SETIOEE) Cik. BLIELOEE - &8 - Koty
Va VAREEhERBEORRSHZ, LU, MROEHHLANEHLTULE
<z,

(3) AR -#MBERYVRSY A (HET1T 3EE) TlF. AMERLHAFBE L OBOIZ
#. ABofREE. KR - EECBIAREREZLEOTF - TEE» LY OBOFE
EBHY. HRLERTHS. BFEOLRXVOEHEITENEEEL VWS, BER
MEEE6T - b%BWN,

—H. EEERLE LEHBEZEABAVRAATNE LI RLDLHY D5, ThOSDOHE
DOHRREZHOVWTE LT3R OMBAEREIFRLELE TRV,

B2 Vol.28, No.110 — 38—



3. kREIZBT BH|IR

K EEE L (ASME) O 2 B D43 ( National Heat Transfer Conference B X Tf Winter
Annual Meeting ) Tlt. Heat Transfer Division#SEiJh (3 %) Bioengineering Division
v 4#) T. Bio-Heat Transfer Dt v ¥ a VA AETZZ L BEWN., T — ik, FHERE
T oMl R ORI, HREEDEOSMMEAE, FEREOMCERHEIC L 2E
HRIMKBROEE. BEEAARZY., FHEIZOLDTHATHLLEIENRR WY, WODER
—EOENER->TNBLIEDOOS.

4, SRIOYVERY D AIZOVT

VYR ARBEREPS (INAFEH] Ly vavDF—HF A F—REKESINTEH
Booz bt BERASOAT—REEICLE 2 —#HFEEBBEWL 22 LT &RIZEAT
xEEscLicLiz, BERTTHIERBINLHRREREAELTITHTLLRMBICHE
BT2LOTHoT2. FCTNIVREELZEHKT, EFEFLEVRERERZTOI LKL
fz. FORBOBBBIIROLEBYTHS.

5. (N4 A8 OFkOFEMEICONT

HRICHE L R EMIFROT - v LTRSS ZLOBE L oN DA, REGRIHRE
BETONTNET —BLURREELLDZ2>42F -2V AMT vy TUTRHIRO LD
FLHTHz. 3SEHEOY-7 (0, O, A) BRT—IRANTVEH, ThoBREDT
—TROVWTHIAEDERIOEAVWEREL., BEEERZ W THFROFHAEELE. WTh
LEZDQEANHM THIERLHVOI2LRD,

BROF -2 LT, EFZFERBEEYDEOBRKRFOMEAEELZ A TWS, FiTEdH
FEFELUCEBBERL. BTEEROEARMOMRER. HEZMHBRLANZEEE->T
WaH, bLURKESZWIZEELALTORENE CEETIE. BY - £HY¥ - FERZLON
HCORMBEHFICHEONCLOLRAETHA D, ThLL, FIATEFXOSBTRESE X LE
BEFTOOBLAMEBEOSFICBT 2—oOAX 2EEAL, BWRELBELLTWVWIAE
LI L OBEE - BRI IV IOTH LS T BESED LDZITAZNEND
TeTHB. bURBOBMRESERTNE, RESNEHBLNVICRELTBE, &
BIZIGUTHZEL, BELTHATAC ST 22, COBGOREM EOMBERIRD L
BUVTH5.

(0) MEXHESE 2BRT. MEEERL TV BHIBAIKRBTE 24, ZhBKRELHK
ET 2 MIABICEEE52%. LSBT, KEBROVKRELZSRNK D LGS
EEROWRIFThIE RS2,

(b) MBAPIZKENTEZ L., HMIENEOBREOBRENSE 25, itk > THREIZHE
EPRCHARESD S,

— 39— {RFFJE Vol.28, No.110



(¢) BEMNI>EL o LT, MEOBETKER S 2HRECHRESED>Z2. L2
BoT. BEARBRAHEEROUILESH S,
() WThORBLHL2EEOERAE->TVW5., FHEOBEL. BEDCBEGL. Z0OBERE
2BELTLESIZABRANRBTHELNZ L> LTRSS LN,
ZhoenT i obhsLHil. EROFBRFCICHBEOEEZaY bu - VPLE
THbp. LPbErOBREICITER - BfF - RoBRERL2ESEARENTBY. BREDPY
T BE HER . LBELLCOMBLAARTHZ. LAL. BROT - LTEDLYD
THAINLZLOTHZ2LITELTHS.

F-< (EFXR) HEOWME| BEEE B =&
AKIZET 240

* AL (H A35H) A @)

* ATH&Ss. i A @)

* R R A @)

* 2RNE SR (®) @) T

* AE— S REZH @) O

* (KB E @) @)

* Atk #dH A A B SR E &

* BB ETRI A (@) 8 5 0 5

* KR - EE (@) O

* HR KB F 14l @) A

* NiEG ©) O

* Rl O @)

* HRERE (BB LURE) O @) REM
ABDSAOEHICET 20D

* R (@) O ABORHA

* (R IR AR (@) O

* B A A

* FAERTF O (@)
B - BKEY

* S A @)

* FEERE O (@)

% 57 M O O

* 1L 7 vt 2k @) O

{ZHHF% Vol .28, No.110 — 40—



LR HBICBIT 558
#F —HX - BXHET

1. BU®Ic

Sz BT A ABENL. BERE L TONBPEEZEEHEZHELCTWAOT, £
ROBRBEHEZRDD 2D, MBICLAHELHRICTILEND S, CORICEL
TRADEZAFERZZEIO7 70— FRRAGN TN S, REHBHBECLEBEOHE
BXFERBOIREL, 2ARORBIHEZERAETIZLEREOLCAFEICE
LWOT. $TE—-IETARIIFE»FMA TR SUBOMANTRbAT NS,
BERHEBHOFMICIE. MEPHEOHEZEEDEREGFEEILBELERL0T, FHHK
DEWAEFREERR LT, AADEORMUEZEFL ST 2-EOWMEI B2, £D
BEsAAHBOEYHRCER ISR NRROFEEELOT. RrU0EE L THRY
BRENHETL %, BRZREPTORDEELP SMROHLBEHMIZLBAETD D,

2. REHEBICB T AEBEET N

2.1 Pennes®OEERABHOK

SRR OBRBE ORI, HEBN MEERBORED 29 554, fEKPennes iz &k
nEsh etk EioR (Biocheat Equation) EELRBZIRANFNT Y ADHM &
CHWwshE., ZhiFMCEFERIC, WEERICL > GEEhARNEANLBRE %
LTwa2ti2EbdvHEHE, KB 28RBREOHEMAAZDOTH L. ZOXREDT
HELRFRATEL-DHBRNOBBHERDLIEVCAEAIZHANWSATWS. LidL AR
25, MEMOBHREZEMEZOBRPLEROMBERORELZEEL TWaEWED, §
NI A S OMOBBHREFEELSREL TWLIHOTREEW.

2. 2HEBANOLEHICBIT 2HABE

MEFERBZICB I A2HBHIIAVOERELD BHWAERCBWTHESTH 25, ®h
MBROEMAFOEENERTE), IVEWIHELW., T2 TETHRILIAALER
EFNIEBWIHREEZREIRAM S5, HBACEBESCHOEFBESONE L —
EOHEMAEBTTAHLTWSE LT, Chen and Holmes 2’ ki@ OREELH, AEOD
HEBE ORGEOARIC LD TREDLWOREDD L IZ, BRAOKWALICH L s %
HEX TR, TORE, ERAZHRIE, AZENMN0. 2~0. SmiEEOHWIEKRT
BEFBENS. ZHIFERBTHBIZEDHVEMOLE LAV TITRDAZETFEIATH
FRBLEZDBEKECERTES.

4 {E34HF Vol .28, No.110



2., 3Weinbaum and Jiji‘® lz& B4EEKNM#BE DN

Weinbaum &, HMBAOKBEHEZ LHRICTET 272DIRERBIMMEOAKEZIDPERER
Wicd 2 RENBEDE LTI F¥OROMBEBBOWEET N, ZOKE, Bl
HrEZBORRIEBELCIPRTWEZ LR, ZBEFAEZRELA, FTRBLE
WHIBESRAL CIEAE3 OO umBEO IR RS LenZ LB TBEWIZHEEE & 5
Edi—HERBLTIWS., 20—-OBBROMTHMEMRZTESBTRbATWS., il
BTk, AES O umUToOMEEXAHLTENSILERFAORNERZT LD H
k2., PHEBOMBFE TIXmMELHELORTIERERSALBEFHIELTCWDIEEIGN
5. AUOBRREBETONEHETS 3. LURARBH OO MREREZEDLTEHIE, £
MM TITMEEHENIFLALHREEHITZL TWA ADBDT/AIREIcR 52 %
BEL, EAARBEOXDOMEER 2RO TEHOZ LMHEICD W TER 2 BIF T,
Weinbaum and Jijilkamific & 2RZBOBFHOHBANORBH I ELEEEX 5L LTH
ROMBEZZEBRAREHUCVEGHBBHOLEZRBLA. UrUe25, a8
EHLUWEEARBEOXEE A0 Icid, MEHORAZNBRBBETD 52 L2505
BTHHEOMELRHETER V. MERHOMEHEEEERLZDOL LTRIDT
DHRATHD TEEIZMET 2. Weinbaum andJijii oKz oW TIE, HFRIRECHEBEDOR
ERERHELUTERFEBRATED, ZOZUHIZOVWTREIHSZBFIKITOATW S,
2. 4 Arkin B Uik 2EEABRBEHORX

Arkin SikPennesdXizBEIhTwhWwiifick 2 E %, Weinbaum and JijiDEE
THLPEBEREVWE ) DHECEEOSIKECE U AR TRDLE.

WIFhiZLTH, Pemes OEEARBHOLOXRMBEHESIH LW KiIcoW T, EED
HgonEMoMEMEE e, MREELEZRBITErsZ2hThoBizowTEG
PHELUTITRENSELDT, SHEKNLERT -y L OLBHIMBLELEbA
5.

3. B OB R CHEE
3. 1EAMEOHRYEEORE

—BICEEDEREFHTAYEEEER > TWVWIDT, FONOREZDRATr—LVT
REBDEIPIZE > THWHMOBEHRNE Do THRL S, I5IIMBLRNLTIK, #HlkE
FKicB I AREGEICMA CTHNERRICBITA2MERY Y NERTCHEBANTORENI &
BRODFFER, RBICLHHRE, REZFEIHELERIIBWIET IRRBRESE
FHBRTORBHOERLR-TE D, FAHBOBELRENBCEWTEELREY
ZRLTWS, -7, EFHBATOREARIE, MBANRATF—NLOBLTELTNW S
TEEERDLEMPEOBE, HERWEOBAO L S hHRRHMHEIR AR
EEY, BIHERORXy—VRWEFE, FERMICL > TRESZRPIFO (apparent)

(B3RS Vol.28, No.110 49—



F kB (pseud) TEMEE L TER LA ZS W, ORI TORMMWHEEIR,
FERBAOTHME UTERTSE 528, BEAEAEZ —RICEELABOTRL, 7O
—TIEWEFOBMOMENREIRBRL TS . o THEABEMNNEIWE, To—-7
LHBEOREORFPRESHETIOT, 70—7 ML THEHLAR K ZIOHEAHE
ERDESTILENDD.

RIEROHECHBIIEFRATRELZRELTWAZ L2 E X B LKA (in vivo)
TORENRLZ L, UL, £, SHHEROEE RS ¥ TRBEOREZ LIEs <
HESEARBTHETIHAGr vitrOo bbb 5. XHIERATERELHBZELED

12, MIET 2L ICEoTRFDOBEZEL L WEDICT AL0EYNE 2, LAHB IS

TR NS S ¥ L V2R RE < = T o 4+ ML AKX ¥

e bIcRBPEML TS ZOTHERERMTRET SE2LENS 20T, BHEIEE
HENZECRAINTW S, o B hMlkiE. 2<A-DLOREELEV, ALAED
HTHEAENBLOT. BRAUKOUENRE2ZBAL LTOBERBIRENBL W,
o THIEN R 2 2 EEHBSNED L ST REOLO», EEA»SHEZhE DT
BhE, EQLSRFETHBINAD L T o ORFMER L & OB RER 82
HTH b,

3. 2K E OB HEAEORE %

(DRBERIH#*

(1) e EH ik

CAONAVI S 32"

(2) Je R EAY 15 74

(1) B & I IR

(11) RH # ik

(&% 0#]

(1)Pennes, H.H., J. Appl. Phsiol., 1(2), 1948,93.

(2)Chen, K.M. and Holmes, K.R., In Thermal Characteristics of Tumors, Proc.
Conf. N.Y.Academy of Science and National Cancer Institute, 1879, 137.

(3)Weinbaum, S. and Jiji, L. M., J. Biomech. Eng., 107, 1985, 131.

(4)Arkin, H., Holmes, K.R., and Chen, .M., J. Biomech. Eng., 109, 1987, 346.

(5)Tanasawa, I. and Tanishita, K., Int. J. of Thermophysics, 5, 1984, 149.

— 43— {ZELF5E Vol.28, No.110



Aty yay: v o0E#iolbEa -
T (EK)

A 7UEH] 2WIEERIEVBROLZVWOTHEDZNWI LI LTWAEY, &
Hbwyg Y OGHEKBINAELENIDEdDICR2>TWEDT., Y URI T LDORE
Mbwyay (94 0E#HR 2TV 70GE IOV TOMRERRIETNWERE
ezt 3,

SEOEHY Y RI I LAOEN Yy ¥ a ik, BillO&IRIZE LT well organized
ThHPoBELWHIOPEARLLTOFRMTEL . Bl tvra o THEHN IZEDL
SHBUYAEDBAEZIELEOPDLRWY ., B EF-oARIERTA - F 1 XT2DT
R BRI F - HFIHF I T LTHEBHICE - VF X LAEAENTEN) O
BHPECHE IO SR TH D, L L. T 7uE#%E cBLTE. Tvs 70
@Mﬁ@mémé%é@f\%@ﬁaamﬁ%%éﬁw_%éﬁmM@%&i—ﬁff
AHFERTHRVWOPD Lhind,

LpL. SO Tv s 70E8 Bty yaryTtuaBEWEAOR. ATIRE L D
CLLT. BMEOBDEXTH oA, LOOAMEALEBIZN > TETWS AR,
2. 3EFOZOFFHIHTIZHLOEAWP B E THBNMTELIRFETERL S &,
T4 2B Ens THINMBEWDTEMEDHLDARY PLBHFEDL 5%
OPTeRWH, TIL70EFEH1 LW DONEAL ONENWSIHELLE TY1 7D
Z#, 2000 IHTsELEEONEIDOEELR L, DL EERRELVWIEHR
BV AU RETH L0, BIBEELRE L WHI VYV ORENLEMEEZEALTLE
s TP Iv 0 b2 FRLATREZLRIG2TLE
FOTHL. DFHRTERELVWOIEEZ DL HTHEN, BRTZZOHOIEDEDE
DTVRNTORRE ZOHBPEEFNRTWIOTHE-2T. WEILHEWHT LSRR
ETdbhnhdbHNE W,

TER THESFT® 12 THTFHRLZE I RELVIZEETVWHLTWDEN, 0WE
OHIZBEEL WS HARXEDL L WORTEOEXFTRI>OM»? KH. JAR
BREZXhTHE-, 2L, U

r 20?2021

TWEDEMETCHIAZIEHMBETELRWES S, Bk wnihy
XLEBOARREOBREDOEETH S, XTHWI. KREFFICGEHROBEAZWRS
NTHWED, ZRATHZOL IR ABEMBMBEPMEE 2o T2 25 CHEND
%o

Ak, HORENRFAFOPDEC L2 HRTHERE. TOWHEEZHRT 2RFIT

{RERAIFFE Vol. 28, No.110 — 44—



OEBICIEHEND, LPL., TOEHRIELOETFTTOHMWELEYD 2 EMHEFICZ2
OHEOERIIERY B2, LEF2T. BB LI23HROEHMERHORZIZIDORT
AN EDLT LB TERWELPD TR, ZAFROERIZEEOZCASD X 7 -
NVWOREXEZRDZTFARERS R W, BBLEBELANEIWAT-VOEMEE LS L E
k. BHEATY -V ZFhEBR U THEERE> FEEREZEEZ2TRERL2 V. T
Thb, TVURBRTEREILBIE A TWAERTILOBMEP I THEKE R IR
Woe COLITANBTT A0 & T I0p# CORKANIHEBTZLIAT.
BETHHAMLERIZEBRITEEWSHMANEATE ZOBRTBORKETIZEZNZ N
A2 THUA2HUREREZHEBI LN TEL, ChIZHLT., BIETREZD
WRTEOMEPROTLEWELTERWEZDIE, BERTHOMENEKP 2 H% O
BEEF—D—DHBELZIREZLEZ N,

BiRo T#ER ) OB LTH. MERILIEFSFORBLZOBEOREIN
FoebhsezhbicbU-BHETCORT FOEHEZBMBEICILRZTAERLSRZ W,
TR EFEOAFREEABRDELERMNEOD TFOEBHIIOWTHRAKTH 2. EROSF
OFEFRHIhOEROSTOEH L ERRBERIIBW TR AL, HERLTWS
BROSFOEESHLZ2ONMOXTOEFHEE2HETH T, COLSEHH - EHR 7
- VATOLUROSFOEHEZMBEIZLRTAE RS2 W, 2OLDIZHERXZE. Th
SOMBEIH LT MO LMEEIEET L ERHFTERN,

LML, BESPERTILEIREVWEWSI 2, Hiic, —20HEP o MOBEENH
HTERWEIBBEEEZS S ARIZHEEPFERICLI2EWSIZ2ETH D, REAUHK
RERTHAPROCLZDPOPOBVWEWSIELANBLZIETHD. WEEZHUELL
N - MESHUBTRERP T ELW TEERE ) CEREAC RV LAZWY,
BASENPERL A EZELREAHVWHAEN IO IO L TW2E2nWELEAZATH
PHETHETHELLE A S,

BEEOMREEPLFEN LYY a ORI LE2 -2 LTHLWEEREINZOT.
TYDFERHRILEDVWTEL2TWEZIEERBRRESEHABLR, 28 MREEN1 0
LEE TXoELoEZDT, EB32LAZEDN I 2850 ENLRPFOTHR
WheBbhbhs, BRIZCOZEIZOWTHRENL,

V-FhEfioaERESICED . V-FREFEFERBELDORZDEH AR LR Y
NEMEZTLWHDTREERODEN > TWLIHELERE>TWE, LHPL, 2OLRNLF -
LRV MR- AR ETRALNF - DEEE AL LT, EBOICHHETLERIICEL
THIEHICEREN TS ALEZDICTEN) oty YyaryZ2R{nWiPcoRibr oo
g ad HESTBERK. MHE, 7IRFLRAEZWSEEEP»D ChH- 7
HHLAEOBWIANLNF -PHHARTELZ LSRG TETWEZOTHLPE, Z
NoABBOICHMBIL2HUWERTIEZSHEPLEF > THRVWOTER WP WD K
HARETHELEWSIDHHODERTH 5,

— 45— {EHFSE Vol. 28, No.110



HEwilcik., THoOBRETBE2EFRABaIIV I P T ORBOHEARZWETF
Ly 1 REEWIEEZBIZT AN, BRYVRIILATIOSUEEREZHEBETED
EOBMEEFRLAZEEZW, 2OES5% mn 25 nn QEROIANF -BX%E
EDT. nn OF - Y OEMTMBRHALAD BA2VWIEHEGAERRLEOHEEZSEE
NFB2LE. CADPLELDIESBTERINECLETH D, ROV I OREH
BEWTHISLAZER., HEPHBOMERBE CELTWABRERTH 2. 2h
SEHBEBHICHBUANRMALAND TR LA AP BEZWRETE R &,
chpreld,. COLACEABBHICHBALZ LI WEMATAFRICANSIZETH S
V. ZOE—-OTHMEREVWERTO "1 TH55, 2O TR BEOREER (2N
F- ) IEoTEFEFSFOMBEWES RGBT e TEZEEDIZ, ZOH
EREBRELOALETLIENTEL, 22T, DO2FEOEIRBID HHE
OEIDTEFOAEMBELAEDBRHALEDTAZEBEBTHD . Fathz b #
EEBIVWEHEMEG. BN EERLEBEORREES VW IRILEREZ L. KD
ZEBOWEF -—vMHEEFATWSE, COBHH 22 1 HHOBEHRIATTIZ. BX T{Z

BES ) PHREY - FI 2B 2H\BLTWBEDEN. . . .. o
nm B um A mm m
1 1 L i 1 1 1 1 1 )
T T ) LS
10° IARNLF - 1 hy eV 10 10
----- Rot.
----- Vib.
------ Elec

Lrni )
RIS

131t
ma HEk
BUEE AREH

EHHERGE 3% 4R E B {5 B RETRNF-H@
ERuE SR WhEER
R-R

T Tl Pt

» s Yt

EEEE Ev g VIV

35 T 15 #

{ZBUF5E Vol.28, No.110 — 45—



BET -y iay IvA 7Bzl

iR # (RIX)

18 (5 A31H) DlE»S1TE20FTEZRRBENWT., 94 70| LT 55 E
Ty varaBIigol. UTIZ. By va WA ey va ikl v 7 oinfy
WE 2 EICHOVWTHEICEN S,

z tyiaVAR
1 Jau-7
RREKZO/MIERELZ. REBTEHOABRIATWAYA 7ufpi, BREKERE,S Y
FAF—HBRZBIBAHNZXARLIRODVWTEBFELWLEEWR, 208 &, L-YEHOEK
HBRICONVWTE., REAFZLRISGHFLH> THNNEWIBRELNLEWN,
2 FERE
(1) RERBABNERRTFORGECH T BHIE- - ThH. Rig., BN (HRILXK)
EHEORICBI2RARTOBHEESOHEBERIC L AEHIHFETCE 2., EBREFE
PORET LIz, ZOBR, MMNERKTOHEBRCRERE L. AROEENARmICBT 2%
NEYVELLREWCEDRENL., £, RAZETHEEEH 2HALCO>VWTHHREL, F
v TOFHEE LREIRAETORRREICLZ L AR,
(2) KRS FHSOENXEBNEENIOIEMERE------ LB FH. mE. BE RX)
UViks I #TFICHBHL CEALRAEIEZ L. FOHEARY MUVBEHCEKET 2.
ZOZEEAALT, WERORFMEN#IFEMETHET 2 HEABEELR. 22T, R
A 342.5 nm F7=i% 505 nm DML PR 431 nm OB L OEBFIC L > TEIBT
2PERTRL. COEFHLTENARDZZ L %RL I,
(3) HBEXEPZBPNIT + VHPOSOMGE (BEEVI2L-YavEVTFHLOFETLS
g@*ﬁ-) ...................................... ${E%\ UUE (Eék) . Ez; (%j()
HHATERCBPNLT  YHAORESHEEHE Y I 2L -2 a Y EY T HALTHETRD,
ERCHBUBRS L., B> HREEIE. 22 -V BOEHICL T 0.0579» S 3225
TH3, FECBEVTiE. REHFEBOBBZ Y — LI Eh %50 BHRREELORER
—LVERRBERLUTHERA LB TALEDTREL 12,
(4) ZUHY) EEOER - BEEEIBDOYI 2L -y 2. AR Al (dEX)
FTERRTORERE - BEESTORBERBMIILTEFTMEL, Y2 2L -2 aVvitE%

— 47— LEMIFYE Vol. 28, No.110



BZhotz. EXICHEAEESRTIR, AVR2EHOBEORNCL > THBICEEN TS
ZeBERE N,
8 L-—9MBACL2EE - FEBETFIIAY-OFER------- - BAR. /MY (HK)
HEZRICEEABE2EE, 2L - PREZBHEHLUTERESY, 2529 - £ERXE3
RBEBIholz. TORRBL TV, BRIILX - O/NSWPETEZ 725 ~E/
BHELSBIRONB B, LALEEMIZE. RORN-Ef-ER-EEO
BABRICIRET 2L O ABRINT,
(6) L —mEIC L 2 E&ERE - AFLHEEML- - R, MVE (KD
V=R L-> CTEEAER - ERSEAHRICOVWTHETHAN . BEMICIE. BEE
FRIFEIORB =AU ¥ - PEELI LY - OE% 3 FENENICHEEL. L Y%
¥ — b BRI TR T ORELBREFHNR:.
3 Tru-7
VA IERZEONTOA A —I LTI XTEMMIONWTHRBEL L, 79 XYL
20Tk, BRSOV ES. BHEOH 254, BEHBEOHAH5ACHT. #hFhoMY
ZRU Tz,
4 NRRNVT4AAvay
TNRTOTVEYFAarofehl, RRECNRS —ER-THWEEE, REE
BERICEE2B o1, £, BB EERNLBATREB -1,

7 oty iaViRE
ty a3 TFELLTUSSAEY, LIRLEEYy Y a VRBROIEFR THAR. &
BB EDABEMEN, U->TWEHbEONT. CORTTOBRLOEXARTHLDL
bnhs,
HRQERICHEEIN, RRELADOCL-IBEA2 3Nk, HHOBBIE LT 40 ~
50 RT 10, BRS—ABRIT TR AELOEEOERIEE L o THABREL L. B
HHBR T E2RETH- 2, COBRTHEIHZ Ly VavBEoreE2TNA,
I, ENEFNOMBERKSHEICHEBEREDB D2, 2OROMERFHE O R B
PizpoltbBbhd, Thdb, TOVA ZUZBRBHLWAHTHY £ 2@V EEICE -
BoTNBEZLREBEOTEHEEB/BLZNT L EEONEH, FNFNOWEBE 2 M~ D5
WMICR>TLE->REIRHBIIE->TNWS,

i

T A0 U ERERE

VA 7 ORBRERMHPENDI L IZEL T, ARV EDEELSZEZA A -VEIIT
PLBXTHIZN, 742080 >2LiE "BOTNEIN" CETHBH, DL SUVAX
{EELITSE Vol.28, No.110 — 48—



pEVZE. ChETCORRAORXPEEZOERICAZVWNEWEH THLILNWIZLETHA D,
COEIRINXXOEEEABEL- LT, P2 UEREZROLEHDICSELTEZTCASLZ L
275,

1 ZERgYPB<S o0
ZHROMEMHSHEMIZEBD TN —ATH S, BIZERTHORZRE2/NEL T3
B THESRRSAMBETX RN BEz NS, BEEEMEL LTou-—X7v7Xh
TWAEBEROBH (FRREERD 2-1 HBhCEY) . EEMEOREY bu- Lk
EHZOREIANTHNWTH S S,

2 EEARERSTS 20

EBBHHEEZIOSND. FIAE. BRECAIZLY -OHACEBRZERZLYE. 270
BENELLOLEETILEVHLTHS D,

3 mEEHYA U

/OB EZORETEZOESLZNWEATL. YA 7UMBEOIRALF - L>TH
IXLV¥-OBESEZONS., CNIEEOERITHRLFE 258, B—HREREEPEHR
HERRNORESRDONZZLITHVB LS.

4 fEREREBA 70

EL OEMREPEEBTEZONTNEY,. BF - FHF. 2728 —. 44> - EEFL®
HFH =Y - THEBEZERAT L L bPBEIIL->TETN S, PRERD 2-2 »5 2-6
BrhIrEZET A,

5 BRGS0

b TN BERES RHEEORD TES ZHEL. BEXhH 5%, ZhIZiEH
LR - RREPLETHS .

PE. T4 208 Oty ravikfle, 4 70BN TOA A - YRR
EBRTES. Y AUBRBORRIIBNT., 24 284 B0n-oL 222 8HLTRLT
B, BELEERBCHLTEABSEEEHV TV ARMA R > TS, UL, HILLS
Bitn-ob. Mo XMRBREL SHIZHHELENDSEELZDTHE-T. ZOHBIZBNTL

FRERIPES LERRERSELL . FRFLOMEESENFNOIE CRERICE
ATVREBIAUEVWODEIRES., CLACOLIREFZIBERZCLITL>T. ZOHR
YA TUERAEDOD vy VA HBREH->TLBTHSD.

WTFHIZLThH, A4 2 BB SHEATHWCHRT, BT far». B 2L ¥ —-0BE
FEPEND e, REZMELLTHIDODNTL 3LHRZBOLOATERS L,

— 49— (RELIFSE Vol.28, No.110



MHNE (1) ~ (VD) vy ar
AtE & (BEX)

WENEIZL 1y vy avicamrh, A5 b HORERENATICEW I3 HMIchED
fibh#, EHEFHREHORHICtyYay (1) ~ (V) DLbEa—FA3SBA %S 5
LI LOREEREP 6 OEBEZT, BThBZWEDZ L THERIERETHS.

WHNRE OB THRXOABREBITDED, TusIadty v ar & idRMEE
RHSBEULEI LAY, YIOMFPRYEST, 70V I AR TEBELZRREWN,

(1) B2DOROFITEPREAREDL) OFRB L MEEICHT 2 EROFARTH S, ALLL
BELERHICEM N ER S ORIMEE 2R <200 OBE TR TWaH, BFMGE
EHRNIBOFENE EFN B, AUJIKBBERICEIPNAZKEAEEH) OFEEEHICRIFTHE
FHORB L2 ERNBEPSHSPIILADOT, TEMICHEELRNRLE TWS, Al
KEMEE DD O~ BREITHIEIFN G2 BKT/XT5 A H —6rd* /Nud Red® TH X T
5. COMRINTI A —OWBUBERAESPICTAZ L E2EAEN. AMZERNKRE —
BEPEETIHRICEIPLEAEAEED) OMEEL RNBEMZ FHBsHCEIDBHOMIZL
Twa, AUSIKERRBBEOES 2 B W T EHEMAEVSEEB LUK #2840
TROMEOMZEREEZRL TS,

(D) BZERERELOAROMEELEEDL) OMCEICHTIDOTH S, AMUIETF
BBOBMBE BT LERT — Y 4285 BN T ERBHEEAE B h = kT AKEORR
PIZEREABE S ML TS, ARIZAHEORRT, A—RHET TRy LUV ZIIYIcE
SELABBT2~3EOEMRELB TS, BEANBEXTERZ2EL D30V EANTH
DLOEMPH -, MRRAREAB I CHFEFEI L ABREOE A4~ = RTERLL
LTEE, ZEBLUFRLEOMEGE L REFENBEOhEN, SHOEBEFHFERS,
Al23I37 4 V2B T 2RBEEORGET, RECHEIBEMETFORRELEHR W, AL25
BRAKEL Y BIUHRETRL VY4BV TEBKNTFHCBIrN SR T D) Ot L
RFBREERE L ANEERREEHRETNVARBL WS, SROEBYELATH S,

() 1< 8 - BRBAFORAEZHNHLLEDOT, 3HFRRAERT v TRhOER
BIUBMERNTCH 5. ABLIBRRBORHEZEL 1 2 VAKTHRARTWSN, BED
YURIT ATENBROV R VWELFREBOBREN S, AROBHELUHICT 24BN
b5, AMB23BRFRAT v T ANBERORMENSIGEE2F00 57 4 TRz ko THILL,
HEEEZHOMICL, BREATy THRNOBEIHEZHARE5 2 LD THEMBTE S,

fEEFZ Vol.28, No.110 — 50—



AL L AL KB ORI E MIZRORKMBHB TH 5. FHEINEOZRTHEVWOERT
FFEEZRAFETH 2. L1/ WIROBINC & 3335k ND» SERHRAANDOELL LU
ZRLORFMGEER L EROBINVE I 5. RERMECEREIIRETIRATYTAED
FELZHOoMIL TS,

(V) , (V) % OBARNORE L #I52ICHT 3 RERTE LU EBRNARTH 5.
A2 E R EEEEEA, A215 2 A22 ik ) MBREREh L G2l T 2 RIERNTH 3.
WFNLELERBRNICBWT, 215 4O ZRKFENOBBAZH®ELTWA. LAL 4
BIEEREICEEEIRTWY, FARRBERBTRENICRAILWIBRELH D, EBW
BANPLHETH S, BEMHT LIZHEkS 2HEL TSN, TH¥OICERELMERDOES Sh,
FHRX b M, RBHRE. FEERELEIC2RE4ROZRZIBOONE W, A224i3 8
NWDERBRNOTEREBROWROHBEREZ L2 —L TS, 214, A216TIZH#HDH
BB FURRESNRBOHE LU REBP ZRTHEARN - SHELERAWTBIXN
. A2 CVDHF A2y Ial—bULATHEHNBROKEEFEENILRESFRICE T 28R
OEREMEMBICEIDRBLED LT ERBIMATH L. ZHhIIKEFEIC—RIBES T
#BAZHEMELTED, TENARPHLIEELT—VTHD, SHORBLHFT 5.
A2 —RTERICBIIARE7O Y FOBBMBELY (S —BRELBREAEVWDIIFTEE
FEEBRBLTWS, L LBEAOREEIZERIETWAY, AGEEZEEL TWARWOR
MELES. ALBRRLBREROTSREL ZBHRBREELE> TWaEH, Byl b
ENWRICR D WO EEEWEREF TV, 223 RREBOANE D &G R NP % 21T
EBRAOBRIHELEA A ERL HBk-e EF M6 LTS, ARSTIRAT Y —OEIE
RFPEBEIE AT BEHERMMEBOERIBITVITbhE. SEOREVHIFEINS,

(VD) (TEBADRB L HBBICHTIIOT, RENSORENV AEL - EZ LITAEE
BELWZeTHS. XY URO T LNDTOSNALADH D, SHROFBBICHFL 2n. #ic
A2 EABLETIRICB T 2 UWBEANOBEBBITIECELZ 6 TROT—TH BN, KF
ETOMETF—VOREICE>THLTRERIIEAZEDOLRE D, EAABIOFFIFT v FAFKEHL
OBEBEREREEHPABOESRABORBRRFEZEPEXTBEATEZOATNWS
M, T=HONTIX%EZ 5L H- LWHEY, RENCOP) BWERLZBICELHZI TR
DRBTHHERD. ALNIHEEFOMGEABRBEEH W THEL T a5, B/ L gk
HEOLRTAFEOFE I OWTORBHIEL L.

BEE&Yy v a v BERBERHEBITDONRE, ChoD—848BN L, EEOLBEME L
BARBFETH-> N, MEAPREEOTEBIETWEEL.

Zofl, TEOFRKHODWTRIEBITL TWAEEE AL, BHEEXICELALET.

© HBUTPTALIY bEBEGIRE ST THMETS.

@ voRTYLOTUY I LBIUMARREREETIONMAEBTEAT 5.

5 {2445 Vol. 28, No.110



ARSI EG#: 2y Y a v VII ~ XI 08
FlE & (MEKXI)

ZOREODE Y Y a Y OBEARIZEFH2 54T, AFABRET VL IRYEHOKIE
RIFOWMEN 1 24, ERICLZMEN 1 64, 20O 3 N RERITE EREMLL, B
HLTW3,

Ly ya VIl OAFOWEGREHL, ¥—t L E. KERD, BEEET, T ICKE
HHBHED R, RENRBEHBEP LI WEITH-#, IREWLZHSEPRROBER
FOMBITIRIEALFANLRBEIE L2010, HRBEMEZETICHREOFEAL K& LH
BEMEICFEELTRBIFLELD T, V- EOMBRIENOHBEL2EUERGHNE
DRFERER LN HE L EEBOMETH 50, HEAELL 2AEBPFENS, RIFR
ﬁ%@ﬁﬁ@ﬂﬁmt—bﬁ478ﬁ&b1&éﬂfhéﬁ\%5&L%®ﬂéﬁﬁkﬁ§?
BIREEOBITIZID Ao TIELY - 2, HEEEEIFHOBIERNT OWTIZREBIEDOA -
EEBOAN) YT LOFEHEHROFER L BFEORCZEFBEXZAVWTROL x SEIIHT IR
ERIZOWTRIFLTW3, £%EP60SME, S EEEFAL EERMBEOERIIOWTH
B o .

oy v a Vo6 FOBEITXCUERICETZLOT, {XVENOHEHEM, BEE
SIAEEEE. R 2EERRGRTE. SREEERGEH B HERORER TR %
¥, LAREHEERCROBBERIT TS > 2. BROBEOHEBIDADIZ. RBNIME LALRK
EFNBEORKBEBITOWMEDF vy THSBEN . SHREDIIBRETFAANLEHTENIDON
THBVEPL A, EAAZENS X, KERMIEEEMIIRETIED, GRTHEHKRDD
32N - (ZHGEEEHENEWEETOEFEOESE L EEEENER. BE (EFN) &
HIZHEBIZ LTV D, EEAMKICBWTH L WAERET VEEAOEPEEZ &N LR
ZTWEDIFTHL . BEBTHEOEFNICINBERITT 2 ICHEENHD . ERIZLD
TEHROBRMPEL W EE D,

rywyayl OSHOHBEIIHNRLTHHENIRLZED, IXTCEFNVOKRTIZHTLIO
THote TFNELTIE k - EF N, BHFEKXEF N, Large Eddy Simulation % &EH
Bt ahTwah, 204 IR T, CABMBORES. KL A /W AKKENSEEEEAN
Fo. BEEE. — AR E TR AN TV D, RIE D TRyo. BT ES D XSS S
JEEENRCLABELEESITEFVOUBD ZENRER S BV, R k -e EF NG
FREDRELZEATHRITINTHL SN, BLWARDETRATOEAYOBIEEN S
3, $r v EARIC. BOBLEGERa DELETS Y MIEAERETLIOCIRRL. BLiRE

{REIFFE Vol.28, No.110 — 52—



FLEENBRDBZEDOERER2 HERETFVIZOVWTIHHINTED k- eEFNT
DEEBOBIFOEFEOH LAFL 20,

tyvvay X D4OBHEITL L TARBEARREXETILEHREOEBRIAATE 5.
BEEILE. BB, NY FWELR. BAKBELESTRD EiFohE, BELEOBREREN-Z TV
Y OREKRFES O4REOES L EE O TRIFY 3 HESBR IR, ELIRMEAERML T
WHEARTWS. IBERTERINARELREROMRIZREHRAMEIZROZEN D2V
M. ABOENOEEEZREVWTH TR ERMOBFBN LT TR L2 3EE2TH50OTHAN
WM B, XY RELRIE ARV FESFRBO2EIZOWTILRAEZ L TWAP, MR
Ik BiENEEOBEENE L W, BKEROBHERETON ARBIL R HIERE ORI K E
RLZBENEL . R BATOERMOLFEEEEZ XA =V iRk 2 REEH OB =» o RN
THERAIEETSH 5, '
tyyvay Kl O6HORBHEIGHRREICHTILDOTH S, RERE L TEETIIHE,
U F—7. Mk, ) oy. ERTUYI7HAVWeh, BBERHEL I RELFIHETS
MEs 1 tkd -7, BRIZHROREAHBE UCEHERBER (EBOTR) L THETIL
ZEHN . ETERMERE ERFFE) oL TARPRAIhE, ALY TF-TREASE
AEF2RRESSHIZEIDEEL LD ETHRDODOTIHHRDOHATHEEE W, V2 J7)
Pl Iz S EC B IC AR g Ic A S R, SRoT CGRER) U RERY 2 b ORE IS KEEE
LLUTEREBEXh, EHCETIEANLBRAENZEATWS, YT DBERBEORER
2k BB SHOMEESMEN 2 Xh, BBEICIDTRILThZRhE/HELTWS, &%
OEFTERMBREROITFREICL B EE A A VRAD 2 KFEAPH BRICRON B
SRS THEIN RO IZBRELE L DEERRORRVELHEML TS, Fic.
Bt B T 2 MDA LR ETFVOBIDFODOKFIZEPLTEN. ava—Fick
BRIERITICH > T b ThOEREASFICHHINAELKERE . HEERLERXN
HZERER T T LLBEOEBRNMEDHFME —HL TWaW, BAEOHEHMELY ¥ a
SR EH X R BB R R I T A ERHREND TH 5. ERED. FICHERRICHE
HTZABOMENHAEKRTZEHY VROBERHNRLy Y a Y IZBWIELEOTHS
DIEETHD, WM. BREFTOEHRE L TEIREROBEN 1S > EETTH %,
BEE S - RERBRSHTOGH. RITWFCHEL ZREREHRRTOLESE - WR
BE. SEEREOCH. BRBEORBEHIEBRE. SRV IAVEHRS R L FERR
LTWwaWhweEbhah, £, &, RBEMREGEL 2D HET 3 2D IRRD 2 kil
ER LI Z T X AN, RREEICEL T, B, 3Tt EEEEOMBESBIE
B ABREICL TV, LIRTRWY ., FEROHEAZERHNETIBE. E02LI2LS
SE{LIC LA BOBOFRKENLENBOMBLIERERETOLOIC X ZTHRR. BE
RENIFHE. BRME,. BUNRIHTHERINZEISIZRBDOTIZRVD,

— 53— {ZELFFSE Vol. 28, No.110



revpbt ) & TEH - JIE ) oy Yaryirs
BiH EE (HWEEKX-I)

%1 HEoFFRCHRENE, T8 & T3l - HE ) okyYary TR EhE
NALSHOMRBEN D -, F1HEHOFRiIFEWI &, A TRRU EFEHIMN
BATWBHOEN, COHBZORYTH-E, RENFTREEECI-TORYES
D, HREEXOREBECRD Z WS h ok LRAKIC, ARETOHR W EMEE
EERTEENETH B, 2T WEROVTHABHESICINY ETCLEa—F5 LK
, HBRABSERLOLUCEBORHKE 2GR, $LBEFOHE - BREBRZN,

BULIISESEME ORELEERCHETZHOTH S, [ HHRRHKLAFED S HH
UVEREGERE, HIEUVERBEEOMICEAEZDSSHENDH S ) L. BiRERE
RICOWTENLEFLERANWTRIELE, LLTWA, AxdBA T OWTHIEM LA
HEOEBETROTNED., HEHROLLBDIRENT, T EHIKEREFTTHLEND
51 LHADTHBDEERATH S, LU, 7 VOB TERESNSBEERIT LIV
FEFNTEIOLNDY, BREGEREFETNTERSLZ LEARERBENZ & TN
. EBDRENEDTHS I, "

BLI2W, 71y OREME & U THEIARRI2ZOBMEEL & JEEH MR THE U 4
RORETH D, BE213~353K, ES1~400Pa THEL T3, ZHhd>OWEOEY
MEAE & BHICRIET 5D A CHERFRTH 5, BKEDL >, KEFTEO RIERE B
+H0.5% L ENBE—FH, BE+1%EIhBMHRBEDT — A E3~4%DHENH > 2
LTH D, CHhICONWTREZNEBRXNS L]IC, HHREMNCERZEY D . B
YHEEE T TR SBERBWEOEZREROMROMBETHAD, UL 7O VEE
BECHREFERGWETHH . REHEEDTHA DO,

RERYYa XRERSMN, BLUSEBI2AIBIRK S E W CIRES 2 ERIIC—ZICH
FULD LT BERWBMRTH S, BLUITIE, WREBRBECBI TR ERITL.,
I & 1808 ORICEROBIBBERA D Y OB EEZT WD T, BHETHETSZ &
b L. BL22CHWAREBIHENEE L EANCIERL. & - BEOEXICAHALS
DABOFERFMICRFLE, RBECREDERE SBENICRLUTNSZ EMNEY
i, AEERILTAZERBRBRIETEENEEZEIALNDN, 0.1~0.2KDEE T—
BIAMETCEZEBIRENEEZOND,

Bll4ix. MWHAEMBOBEE L U CRATOIBBIRREEL LD ETH—HET

{E3LF5E Vol. 28, No.110 — 54—



H5, FEE-HIBS L TEARBETITR->TNS, BREFEOERNER, BEOR
ERE., ZOBONEERLICITRERMENS L HDLEILNEN, FERICEL I
UVEBHLRERBIENIEBRS,

Bl21ik, SHESBH TV VA -S> A0V ey FERGTACHTZ2LDTHS, 20
& O RN ATRGHFRICAZ D EBDNSE S DN, BRI FIZLEE O EBEN C
HY. EABRTFICBNTOHLSFMDERNBBICRSHENH D2 L ERTHR &
2 kD, $habh, UNED AL V7 B/ — 2 — CRIB/NERBEZLC IR L . 258 R
FAERIC X BMIRBICE > TKRERIZTDTH D, RENBFEHENT -2 0OENVER
W SERFOMRBODNLYTHTF IV IRT TN —Feda_<EHch=MEE
HEALD,

Bl123ik, BBEHICCAEZHBAUTREDI DLV ORETH S, EFREDOAMFTHEN &
BlC U TR AREE 2T R>oTn5, BUDRBEI O LOEDICHAT DA
Y, LEHEIRRTCNBD, KL Z EAHNERNENWDI I RBECEHERHC RS
MU,

B124LB120M: THEW | BB F U — NRFEUEAN, &8 HIC K 5 EREE., %
FRBERCEIDBESMUETH S, Rl TR LY ) R2EE Ebh2EEH
FEAGHECEDNED TNEN, ZhBEZO—RTHS D, BL2UIHRS L O3
MEDGREECHETREMEL. WThOBEBMEICLBEEERD TS, FFCH
RRTEDBEICKREN, KFROTF - 2BREHLIBEEEELREDTHS, ULHL, HE
O RO FLEAANDFHRICONTIE, WIS ICE > TOEREI B Y RFHICHRS N T
BY, ZhDDOFR LSO TRIFELBLTUFILY,

B125i%, BBE /L AT Computed Tomographylk % @R L BEHT DR E 4> 4 WIE ([
HUESDOTHB, FUTHRAOMMEEAVERREAEFCLIATHR LB L.
AT 54 EBEEHEEERAL T 5,

EC, TFHE - JE) A TEMM: ) L8O &, BREAFICIHKWERAERKN 2SO
BHNN, SES EOEEEH -k, TEMME ) ITIEBITL BII2A, TFHA - JIE 1 I
B113,B114, B122,B1252% @& L. —75. Blalix T#bfe ) . Bl24iX T HANE ) BT LUE
EOMBEYEL, BL23E TRREEEL TG EE ) OHOBDTH A, LEADIE,

BEH 5B R/VEHLEDE, BRACLDZERENBENEICHTI 24 THo 2, B
HRETHRETKEU TERRORBENETH S, BRAEAVYRSLRLBENE S L
TWBN, BEAREEAHEDTERNESID, FRESTCHEUEY -1 LEHR %
UTHHEVEDICERS,

(BB

s {E#BFS Vol 28, No.110



E— PN TOFFERECTEURZLE

M & Ik I)

BiERERY VRV LARHRT 3BECEThEVATURY, AUSVRIETOZD
U VRV S N BINT E LA 6 3 AMBOBERC I TY VRV AFEOERYPTE > T
WBZERBUSHUVABLEUR. £k, RODULBTAREEEAROBRVLTELD
BORDUE UEY, REEVHSIRLABERVHMLLVRDLRLELE.

T TROBIRU 289 A RO BT E— N4 THEOHRL DV TRDDOV I & LEIRR
BREETVREEET. PRODIEU, L NATOMEBE R TVBZET
ZOHRRZEEH ORI A RVBETHTVETH, ZOHEOHRPZBIR>TVBHIET
Uk,

2N ROEBHFELHVEE— N TOMRRT - & & FI0EFD 1TRHH TS,
FOWMEBEIE 2 oOHBOFRESIHMBIR LRI THOME D> H, B—OFERETIRES
hRVEBHRIEUTITROIAE LD TT. FhINUSEIOWIRIL & 0 StHaE 2 EREH
HOEHLEBUEDDTHSD. LUHPREREEOEILHMUVATHSFVEL SR
BHiHEH 2100, RROERGEE L — N4 TIERTSEOH OOBESIEN DR Y K&
W EDPSPEREUTHEASODERZOLE > pECEVL T,

E— PN TREY AR VTR OBBRT TH S, FRMBOEEDHRIXEL LI
H9 B FikE U THEBICREEM IR B A USRI & A AR W & D BEIETHEZ U e O AT
RENWTVS. ThIIERBOBELHHMU, BRBOEES t— N1 TOMMET S 5 24K
Fie ABHCHEITX3DDTHS. RUDKHROE— INATORBFTTHEIEXR—
IEEBETF YO A R AT 505, ZhBARE> LEENSEZhEVS2—X, EF
M, BEMECHE—EEDPDATCVWSERDNS.

4w Y QEBRRE L — N4 THERAROTEE» 5 DRV Lo h TS, BAKREREK
DLW 4 v 7 OBERBOBBMTILNIR 0 REIITRAON THVKREE EF LWL S5
BEEEANUVTHBVBEKEU VR, RE2L OREBT — Y ROTEEO L — N4 TWRZHAIRA
PIEAH UG ENBTHRO BRI U ELEE I EMBELVEEDNS. 25
UL EWTREEEREBO L — N TAOEEFBOFMO LERN £ &5 7 5 h L
UTH-TW3.

FIFNE—INAT (X)) OMERRTELUAVEBENS -2, BBIZFIHTVS
E— N4 TEEEOERBFIE CRERIET ZRTOCIETHEY, HOFBITERL. &
7o 1 Km¥ 2KnfiiZ 2 GEEE Bhh 3 B2 h U EORIBHORMIXIIBEHEEI 6N TVS. &

{EBAFYE Vol. 28, No.110 — 56—



AP ININE— PN TR ERER AV R D ORO THOITHED 2 W IXREN T
EFZOTRBRVPEVDI ZETEEFAIA TV 3. LEOEME VS O, SEki¥0FE
PEROBF ARV EPVDYWBRE—INATERRBBOTTIHNNE— PN THPE— NS
TEVSETHRINTOVDHDOHEVSIZETUE. BREDEZ OGN >LOMEIDE
hEUkd, ERPOIOZRATUREREZRDOINEUE. RIROLSRELXEVR. &
— I TEWSIZE DG DIXI963ET AV HDCM.GroverE ATV ENSWELATT .

TIBRADKTH > HIERDVEVAD, BRBEINATOILEE— NS TER
VWTLEDEREZENS VY. HETIHeat PipeDZERE—FNLTEVLSTOVETH
JZHETRAEERRUTVET. UkP>TLEOERTIIRY 1 R YD E D TTHRRRRE
FTENLTTURBE—INATERATOVDTRRVTL LIDE. ROFEDOHE TR
RAHE (FIRAKZE) BB EBO I BN E— N T - &8 QO~50EFERT2) Do
BHIEVHNWMEZELRVRUEVTY.

B 4 R Y & S WEHR TAREY AR Y OMZEEEP S EBI BV TL AR F T T
VELR. EVS50RMBIEREL TV EETTH, PH0FENRBOMETREREEDR E
% LD S BRABBREOHHE U T ORHAR AN RO THIAORRERE VD
NEOPREBEE->TLET. OS> TV R0 TUEEY A RYOIRU 0 XIBIFELEHE
F 2> TV BPerkins’systenTd . ZhIIBHO—BORA S TTWRKORIRLEZEERL %
MRS, RN IOWREHMELR2HDTT . OB EBRFERICMHOBY AR THS
Perkins tube’ 3 HOMRFINTLET. LEDSRAEISVELUEDFTDOZI L TT. BET
b OROEABRIXEIRALE X 3FERERICD, HEEUTROH > TOTHEDO N
SZAREOPOTVERA. FUTHIAVT VI AREDL IR L2 2EKELRSEH
OMBEBITROATVET. TH5VHZE2EERSELOAIPERMEIhTOEZERS
HOYIRIIATCRUZZEBTEL L.

57— {345 Vol. 28, No.110



ANy Y a v 2ENDEHST

= (gEEEX)

BAREHOLy Yy a k6D, i3 20OMRREN S -2, FEHIEENORTHN . M
FIxtiR, BEOLY ¥ a VICKRCEHERE AR—ZHEMRTWE, 20D ICEML 2EHH.
D L LMHERTICBRART. BRIMZ 220D 2o EENHSRICES, Zhik, UED
WRIREHIZHBLBEEORWTF —eHFELCEy Y a v AICHARFRAZELFERLTHW 3308
2B flxid. BAMNEOTCETAME, ADTEEH. TIDTIEXAE. BE. VTR
EAER. (VDTIIB, EWSSEN KEY WRD 122> TWB6LWDHN, 2O LH>%5E
WK ZFHEOHFIFRWAB L ZOREEFTTRRWES S, LW L TH 345,
BT REOKRE, B0 LIIZOBAREIWAEENEY 2BEWI 3RETH 3,

AT, SECHARN T LY Y a v TREINAHRZED B> THB L, SANENTIER
WIZLTH, WSOPDOHLWEI SR BETIZENTES, 2OV LWV I TR/
B3 2WI%E (B-231,232,323)TH %, CONHREFIFENLOT. &R OMEREOHEM
ROWTRRIBIZELN . 97 VT 2HBEWIWEETHENFHINBZILOENH
HERFCERAEEOBLIEI 2 BILAORTELELIOND, EE. SHIOSHIC
EHIEL OMBREHEOZFE S 2D, APTEMERICEEWRSES RN I8,
TEMZSETULEICEEENROONZIBFLERLDICER S, tddh, E2L5MED
EEZHFLEVWRBOVLDTH S, FAHERBEROGHABMBEICEEL T 8-324 OHFE
. BEPY T LOBRAFIRETHIBOBEZH LTS, BEZMATICH LRERNE
B LEEICHBEMRAEEY, BELHBOBA LY L. AAMFIIHINBEWIEETL
FREHIZMAREEB TS, COHRE. SREEOH L 6 THGEICB T 5 EREHR
HEcHBEELERERETIIOLEDR S,

BEMAPRIZESELFEAIFIIOWTH 2 2OHEB-313, 2005 - =2, Bi&IZEHR.
EBETORNOFREAEL LV, AERICE 5EE L RELHOMESRLRICEMIL, #
FEIZAFEREAOHBHEEOEEICOWT., TRILEREZRIZHE L TWwB, ELEAARNER
BL k. BRIV —THRERROEBMRL —HY —FLTBD . LILOFEWH#EEDH
BREhTW3, 5770 MV RORL22FEZHVWERE~AEEL TWL Z e HifF
h3. 7K FEEMABNILEEARTIICOWT INSICk 2 HE B RV HETE XN 2 (B-333
Yo BEREZRZED . MEDEBEFHOHENBVWI LHRER 3, SHEROESDAAERORN
BIIEST. SRIOEIBREVPIBRBFRICRABTHES D EWIFRICIT. ERBARREHS
HEREATWAEBERR LFEAFRARTH L OLBRLTEIC 2 DD L RWicHiEIh 3,

ZER5E Vol. 28, No.110 — 58—



MR E BARENEFELE, W IEAENTEIZOWT D 4 DO RFK(B-243, 244,312,
1)AE-7E. TDI3H 2MTIENENMATHEROILRRCELER - BITORE» SR EK
2 TW5, BLFEHNRTHAVWSRTWARMET VA 2D F FEAMRICHEA L TRWD .
EWSHEREILO0, FHRESZOLOOHEHILHAE> T, SHROEENHZFXhBH
TTHH Do 240K TFMBAFIERAD ICRET 2B ARARE M S IEHMATREZRL 2. Wb
ARMBERAREOREEICOWTERE{T> TWa, EROBLITEENFHESECEZWE
SHEBEVReHMIcE I LEDLNBEDOT., T6ICR e RELIFEISSDOERNY 52 3 HEE
OFENDZRTH B, 32,3 FEFF. EFREORAMEICABIEBRERZY . WIFhIEE

THTRMOBARENFEARD o2 OOTH 5, BB T CERARIEL T, #EA
S EoWT . BERGEOLELRITNCANTN 3. EBAOBAEEL AL

¥ FYIZET2ATEOEENEDN. BEINZLARINOFHASMPEIZHTEISIZER S,
¥, ERoEMcSEOEANTEY Y a v OFHE LT, BTFERROEREERET
IZoWT &5 4 O H#iH(B-325,331,335, BN B2 22 2MABIF 63, WIFhOMEDL EHE
BEWAT—NLTOER - BHZT-THE) . HROBERPELSNINBTORERTH > £,
L. B#EEOZL BT LLETFIEZEML L TE 6T, BEMLAELLRVWEED
AHhE, SEOLSIC. BAREOEy Yy s IicllaAheha kD | T LAETIFOEE
ELTBYLEEy Yy avhRRITAFHN, BEE, BEEERAIIETILOBbNh 3,
3L w00, SHEAOEAMEICOW TOWE(B-223,220) LRETOREDERX
ZEZHERE. o LEEHINTULDEIRETH S, REOZILEMAMN L 3 THIEN LD

ZHRDIED I BERDIZA L, PRIBELEDA YNNI MNERERDEIDIREBREREB AN S
HEIRHICkTWE LI ICDELS,

BRMNTONE - GEEZSKRABEFTCLI->THONILED LT ERADSEHOY VERTI Y
LOEE-E#HEEWR S, B222TIRANARNZ LT 22 HETRBEOE AR KA ER
BEEELSIREICEID BN TWS, 72, BT THMEM, LARHNOHERREMA3 K
THAMKLERERBETHEN TS, ZOMICHETERL 728-224,324,333C 3 RN A1T>
TED. ZORISHOEARAT LY Y a VTRESINEEHBINHME L THOXKICL/IEL %
EDTW3, BRTHENEALFROBRMETHNL. ZO50WaL 3SRTHELETY
BERAGEILADNDDOBHZ Lo THBETIELZ W, 2O LRIIBIREICE > THE
ZOR., FEFROEE. WEAOBHEZHET 52 L 0ftuc, ML TH2FITERER
DHETPEPNSTNEEWRDEESD,, —HRBEICE - T, BEOCHERKOES %
Ho TLTHHERITRVWE IR, ALHZLETBR aBOBAMP. FLWHREF ZILH]
RO vTodii. & - BHETOEBRNGES 2 WEZELERGB-3140)2 EITEERNIZF v
Ly LTwW ZepElznsk3icBbha,

— 59— {EZ#UF9E Vol.28, No.110



et v v a v OKME

AHEEE LKD)

B BT 2B oty va VTRESNALLDOEDTCHIRTH 7o TDH
BARPLEI LORET. I RKELSODTH S, MROMEE LTk, EMEHE. EB
OHBHEF LI E - HIBHBASE . BRFRIDTV, Bifity v YORXESHET S
ERDOEHIRE B,

(1) IR & 104
A (CI11-C118). EHN - ZEHE(C121-C128,C132-C134) . SHEE(C131)
(2) M- WtEEHE 1/ Cl)

(8) mkEss 14 (C115)

(4) HEEEMER 1% (C125)

(5) ZEIKIN 1 % (C124)
(1) [EREH

ClLILECLIZBIKE 7 4 Y [EOEHEABE LB LIET 7 4 VIER, THEOBELZHERTL
o BIR7 + Y(MBEREBCBI 2EERA F v 7 — v s YORBN TRAREHRROET N
BEAERVWILENRENTEY, COCLERERLEECH 2, ChoDHFRORKENIR
74 YTEOBRBAATHEZN, 74 vORK I A -5 @BV OT, EENICIOHPWEZNK
FTEHERBES TRV, COMBEIEBLTRBERNFAPERLTVE0T, HWVIFRICR
BEHBEICE-T7 + Y JTEHEEARBET 2 CEMBARICRLEEZLLN S, CLISRBMER
MBRERSAD, RETEOWMMEE 7 4 YR IC & > CEABE REHOREL E D - T
Who LT, HiIFBEYOEFCSVERAMENE STV LM, MEBHER bRIB KT S
LDIETH 2, AHREZERCILAT2BE0EREL T, 4RABE/NOF— 5 braEn
5CEEEB IV, Cl2I~CL23REA HRENAR < B 2 BRI OBKR AT R oW T, EH
FHTOERBLI 70 v RBEEZAHVIEBERZITV. BREEFVICEICBREDOT
MEZREL TV S, SBREAINAFEROZHUZMIEL T, L —Kikos2Hmicsn
5 EEREB TV, CI12BKEEN OB GREZ HRmMA» > —M T 2 2 L2 B L
LTWw3, IRENOERFRIENAM AL ICHEMS 22 itk -» T, BERBCEVWEEIE
WMENZBTFBILHTHFHNICRkD ST, BKEL, EBOERNEHRE CEARRI
LZEAMABRNAMICETZ20T, ZRLKBE BT BT 2BHAIN B L HFLL
Wo CIISB RO RKOKE _EERKPIC BT BEFIC >V, EHBRT. Bk W HERE
EBLFTHRKATEDOEEZLOoNTWS, BMAICBT 2RMMAIEEONEMII. KUK
DHLEEFEEL TROONAFEE LD DB RV, COBEREHOMICT S I ENRR

mELH3E Vol. 28, No.110 — 60—



JREHDI DI ERETH S Do CLMRINY FEFT 2 _EHERBHESO RN R - RHASEEHE
NTNW2, INY FHORBENIBEERHOUSICET 55, BAEERHOEMEBRERI0%ERE
KFEBRVWIEBRENTVE, CBIREVWHERREZEH W TLEBOR L 1/ v Xty
PRFBEEFRBEREL. s RELAEZFHFS OBRBRRXORTELE B I - TV B, ALK
BORHE - CABBEILLI DD > TORVEELIONEDT, ROKBF — 5 CREHE
LOHNEBREOMETHS I,

(2) - WkEEs

ClLIAB B LR EKOHEBEEYM OEMER Eic B 28 EM DK > TW B, MHIF(LKR
FOBBEFCAMLLKEOEHOBRRCESCBBEF VL > T, REBFHES LRSS
TWd, SBRKFHOEGET 2 NFNEEEMASNE I EEEA L,

(8)  miKEEA
ClisREn FEBEEBEGROMRBMEM 0T - Twa, RE(AEREERELEESD

HmRCOREODWTHFEEORELTELI(FHMTESL I LBRINTV S, AHRN B ERE
MOoBVWRBMELERCICHAT 2 HELLTHETH 305, EABORILHET TomKE
MOBBEHEC OV TREENRER bS5, SROMEIRHIF LV,

(4) B HHE AR

Cl25@37KY = » P~OEKOBBEMOEF->TEO., Y= MERXEOALEER X 32 XE
EROHNOF#ZE L AEEREOBICEELTHZEL S5 LB RHBENTY 2, AHKAREE
VF O LYy FRNOEFRREZBHEST 2D ORBHMEE LTIThRTWE Y, BIHED
HEVWEEADLE AMROBEREPEOBREAATE 2 0EMIE S, COMRO>VTOREE
BRTELD - EES,

(5) ZAXBIN

Clzad BB £ 2 MEL R ZFAH L TRIRB OBRER L2 B h > T3, KBS EAHE
TRIGEIEFAED L. MEPH I AREIRBICE S I EHNRINT WS, BB, K ME
&IRINE T O BmE ERK BB OBt A RT LD L THEH, MFREL BU-KBRTH
5 n, KT H06ENDA D,

—gl— {5 #4F52 Vol. 28, No.110



FotEO AR v ECy A BEE ., v v
EREX (HEARFEAEENWIHR)

SERFLERIKOGERER S v ES Y 20Ky v a3 YICET 3RELEL S TV WV,
SHEE, SEFICEATHSBE Y vy # Oy 4T [HBRE B X UBMKRGE) B 2EENLE
OBREEE 2P LEREL2EEHTALY, BKEORE LLORWRIC LY, Mnd &
BTERDP-TBENP S - EETOBREILTCBEL L,

9, BEHRLECOVWTEREERTHE oW, Fhid, BFERTHRAOMELEX L L &
ik, [TEBEWR), TEEWE] BLF TIHAMRK] O32KKHMLTELSL. WOEKT S
AT, BRUIRG TERABHROBEEEETFHE - Banyx] , BEAR B X CEH
AR [HeEEoRBHO L= BETHA] THo, piHES TBHRMTIER], BREI [ BRI
OEHMEAZRIWR] TH 5. MAR, REFHEOB/AYBEY K OEEICH L ICIIIL,
BERMAGEEEYHERR CEBEBEEME, S8R IETEYE O LEHHEHL, ICHDIRR
HEBEHMA~NOY 27 aftithbb-T0E )., EFORFEEHARCE DO L3 >OHRMH
ORBPERLTETVWLILEAEELL L, RARCRBIO3I>OWELSHMPEBETHIR
TEHIEBERENTWE EEDNS, CHLABEA»SELSZ L, BEREORFOERME
ELTOBRBHRAATH A 50, FEHRNFOLERELRBMR OIS, S HIg T HBR,

HHVIEHEEY - Rk - GEBNE - M - FERSQLBRIAROFRIGHEHETIE
AR 2RE - AHRBPLBTVEIICRU TR SRV,

T, WIENNBERBERRLS., SEOEHRY RV ATRT DOHEEEL » v 3 V8
JZUoh, SMFOMABREREINL (HBELy vz YEHAOE Yy v Y THMET 3HRENITH
NTVWEOT, 2RXHO1 /6 BESBEMETSH2LELNLE) . ERXOFM>VWTK
AYELEEESZ LT 20N LELNEIOT, CITRAIBIEE - TVIHRIC>VTOA
fihsgTuiisiown. £, RAARHEOREBK >V TR, ShRSABERCERE NS
BEOHFECER T2 L TRBBLZABMP—HLTELL DD, REESEXET 2HET
H A EET R ICB T 2BBIc >V TIIC813 - C321 & C3TREBHBMN A SN A, BHE TR
—RKJUBOBERAEOSFEICLOER SN 2 RKECHT 2 RAALELEABREE LTV B0
L, RECTR-RJUBOERTEAABOSEICL D (—~RIUMETESE D) KREFRIREE
AE2RELTV0i LS cEBbN . EANKCEFFOLBCEVEBREHE > T3, Wi
LTt AERKBIENOBRERREE - RSl s MROLERSE ENL 5. RIHHEAGE
DWW TRC331, €332, €334, C335QEERBZ LGERILOBHILE»THY, BRHRBROHED
BWRMFEMEC O >WTHCINRETCHERDBA SN, S&%Y 77— VlEREKREELT, R0

fRELIFSE Vol.28, No.110 — 62—



LZFEORE, REEREZSUCERABHEOEROFE (G EENE. BREEREBBEEEKS
croEancERshsKEgERc v TR, HrlFLuESRRBEnas- ok, C2
11, €311, C3BIBAL TP NAHREHMCBY ERBERCHS 2BRPPBTVEE 0 LD
LEY A, 5%, SRAEETORBEMRF L oWME Iy 2 EBEIERE S L EWFHLE
V. COBBEEMICOVWTR, CSUTREAT - BT, RN THERABELDC L SRR
BhFEEaN. BREMHRLIHE - FOBMTLORABICET HAVBREEALCE > TW
Bh, 3B THbATVA LI, MEKROHALR2ED TRELHE - B T o —T & -
BEE A - RERETHUESNZESHREFOBRBKEMEL LML LTV EON ES
PERATZIESYAEELES. BEREARCEERIEMMAICO VTR, €315, E13T EAE
FEOHTERSR SN, BEREMETHEOME, SEALSBRETMTOFZNE & OHIG
CHET 2RIABLELEDbNS, —F, BHENERAKREEZORESNES 5 Z EBERSR
GoRBBLELLESTHEBEEbNIREABEOBEHALE (C213~C216) TR, HEHEE -
EFVORMLBE S Wi ts, BES —F v FOHEREDT T o —FHENKECRED LD
wlbh, BEEMTs -5 > MBS ZERMERETORB I LEEMF{ELAL. Tomhs
SAE, BAYBEEGEOKEIIEY 50211, 21312V TH, I3 LIBAL» S oa@msD
ot DRBETH B, 224, €225, C243, C457 &b VWER - Mgk 1 2 HEMEEC
SVWTik, MEbv] OBRKOWE(LERZ DOy —Y Y 722FEHAF/LALV (COBKT
CIUORFRRBIEATVS EEI) . BERAERE - BRSO RE - HHc>vwTR, EH
Dic & 30221, €222, [KASEUKIC X 50233, BEHICL 224X EBRE S, BEHBPLT

& - f B (E S 2B HEEICAY Y, BEXRELTRIAR DO bOM M -7 LS,
SHEE - FIHEEORBICHENEINE L ENRLD. BHBEELERCETEF + v ER
vF— s BRESNCRIIOVTR, B TERERBCET AEBROVTHEBENS -2 L
bhi0TEOLDIREER~TEE AW, IOHEETIR, EHDIHREAKENGE T 2R
EHoN, CRIOHFIL>VWTIR, (EREXRETRC) BEAADICTOEETSXBEER
DIV mBEREHICHEL, INEMY T L TEBRAREREZR > L b0 L EF T
ETHoHEEI.

B, #Re>uwTRBRLAILE— 2B~ T, ABELA L. IRRRCHET 25H
i, IEoWRCHAMBACHT 2 b0, HROFALCHT 055 VREREKHY
ZHORENBD, EE R IO ATRERGAYVTE 20, AT REMEORALCE LD
MO ERMBEFNRICLVESHICTEZIENEELES. —F, RBECRFARERHIHERS
NTW3., Lad-T, JmcE+2iTi>ienicld, (REHOZLE2ZXhERRBUBAEE
oL WHAHNMBERETH5H) FnE, BEBLLRARLAZIEERG 1 2BETE
EELHBIOIBENTEENETHSETHBERS. Sk, Wity vy (FAIESEOH
o742y vav) BTH, BESHERLTZOED Y v Yy A THAER - BEicodh
SV oM EEY, AHABRESEITI €y va YERBET IO —KTHBEES.

63 {EHAIE% Vol .28, No.110



ettt > o=m -FFH 24 LT
@il AKX (ERIR)

FEFRIUBO L S LHEIVETFRA L. AENEHET L, BRIXITIHES.
P2, BRHEZEHR2, RAE3, HE1BIXUOCRB2TH D,

BHEOEy va iR BEEROHBEI DN TREFREOER LB RRBNE S 5D,
SHRH L EFTHHEN L TRBL, HEEDEIZA40~50BETHY. —EDHEITR
RUDOOHBBUEZIT. UL, BOrHIzd, BEREOABRRELVWHDES D, &
HLOORENRIHLH X -ORBEE LI, K%, SR> SOFAOBZMPHH LD &
ZATHB. UTHRBE THEETHEL LT S,

D111 :KHBEHEHW-REFE CHELRIORMFRTMOBKHRSERMARILE
KRy I VS KponBBTHE, COTRBEOMBICIINFELEBL TH LM, MHF
WA e Uo7, US> THERRE O RMPEGOR L & o X HRE S ORIE
REAPEIATHEIN, BBALEEHEOMENLIVEHIIRZEDEEbhR B,

D112 : B#RoNEHEEALICHBENNI AL S, TRhROVESLEBEORENES
ML, — MRB#OS HPEEEH U, L —F —%(632.8nn) & AS X /- BRNE & 8L
EHDT, BHEHEOS S HPHORER L U THEESD 2. HROBREHE L —F-%oD
BRFZNDHVBEDIOTHRERETOFMHHNRE L, EHTINFONSOEHE~OHER %
mxTELL,

D113 : BREL2S<HEBICACRIEENEEL, FELMERICEIDA=4 umBh
EORESH. =3 pmOKEHESLTLVEHED n HE BT 2BBED 5L HPtENE
B ST h. SROBEE S  HERFEI BERFRLRML -,

D114 : HHREBOEEL2HEIRTD. E0BH. NTH EX. BSXRIUEERET
PTZEBOHNERBERXEM L. KB AV¥-HED DO AHRBEFIrB I 2B0R
BL B HEEREERR L. v

D115: ChETOWRRTCY -5 - Ko FOUBEIRI2ERTIEHRLEASHRRT
HEZELBEMIER, SEREFY FESEoRBEOBEIRFT XN, TOER. /T
BE. BRERYPOHE L TEHEOBEERIKE < RTHIE, HHRIATHORVHERELVE
BORY FTHRO T EBEIMIRD .

D121 : &ELEEORBEPKE BREBEFBENBEDS < HMREHES, SEIZHEH
HEUTHE-TEY, fERVKRBRERIIVEETEZEE2RLTWE, BOEX L RHTE
BEEL L EONFRROEBE I UNBEEORDFH 2 S EGEEEK S X TUEL T
ZHDEBHABHBIFL TR,

D122 : HESAKESHAHEBORKENTHE OB BE S LILEF VRO THEMMBIEREK

Ry
{REAHFE Vol.28, No.110 —ga—



2R, EEBREESLVOBALVERY I 2Ll - YavoRRIIEIZEERLTYVS,
RLEURO LB SFHERILLT 3L ERABEIENZL LTI H. HFHOBEREAR
BEREXNIWEEAFAETEX TS, 20 Ca - A TREKREIT>TREL TS
HOERER D,

D123 : KW Ir2FBLAABORLEIRIIBOT, BiL 5 HICX2MB%EFHH
FHESACTYIal-Yar L Tw3H, AAFzy ) OTERVHENS Ny —YV7 b
AEALTESNHERERELEROODZADOERTOTH VHARFRL L THRHHIRS.

D124 : BERCEFAXRFLZEOY Y 2y NEFRF (1000°C) AL T
BT 1T RE D INER~OAR S HOSERY. Eilh. BS < H 2R TRITL.
IEEABIA 5 5 OB I T A ERBE IR XTI T NMIBL KIMBEEDOHE 2T
W, BIEMEED S ERRTW S, X HIEES 2 HEEOHBET L TRV, B
FOMBI B THROBE CHHABER PP~ RsZ0B. COBEREIES .

D125 : $#liEkKRTFOL VAV BERDOKESRE THEBSIUCBBEHORENT TR
= X DU RIS BB RETBELERL., YV VEEREHOOEEEEREL TS
SHPMBBEMHICEX BHRENFEIIH L THEL TS,

D211: HBEORS. BN, BELESOKFAOEMERERMEIIY T IHELHHERD
BRT, HESHIESRBEL . BETTFVOBRECH Iz VL OBBALFITOR TS
B HREIVECHETEEIKHETEIEAR AV Y MEH D Ebh 5. [HHEBRE]
& BRI YRR DO TRRON?

D212 : 2 BHE% 5 HELBBIT B EREERN T, ERIZE D RERBRZH
PESAFHELTHRESH DL LTS, BIFTRASRBICXIGRIEAL. S<HOHZIT
IREXETVBN, S HBER~OBEOEARE-ED LR,

D213:—EB# - NIFERIXBFHWEARA-VEXEBZ XA MVTHBD, AERESH
FE D 5 DI OMS < i VAR ER 2 A TRMDEEMNICREEE2 5 X5H0T, +
WENOHHBNOHLE L OBYBH 5. THIZLUTBHTANVF -DEEFEL N,

BB, EE2ECTOREERREETHS R 6. WHEORR, SEHOMROTE Y VK
Y ATRBHRERN TS 525, EROKHAHREOM G L HEKD, RAM, BHHZEAEA
BAXROOBBEILTHD, Thbd, FHAER (k- FASUER HhFvr=g)
WHTBRERE (AAAS5TT— %) RSN DHBMMBATE. REIABELRTLD
WS HIERIERELER G, (Z Ny HRICE B4 VU EHEIC LS BABEE) | X SITEFHA
ORFL EBEROBOFTHEKS S, ANHEHL AR FHEORDIPSH 6 XN R
MET. LIAbEEPEELHBORTEMRIRSODERAOIY MAHIPEELT EHT,
Kty a2 UTEIHAT{ERDD, HROERLEF OB EME W,

— 65— fREBIFSE Vol.28, No.110



REELY Y 3y DRM
REH RETR (IR

Oty v aYTUROBIUBIUKERE 1. FAfomEsBE SN L. WTH
OHT2UBHEBBETOEREST LV OEABHICHE T 2 EWOWRT. o 1 PR
BHEOERBERE - FEYTAORBOBRTIRNCET ZEREZTOERKROIE
HAEEMUCHET 2N AWE TS 4. TR EAEUBEBERESBLUERRLN. KEER S
LROSVTFRBEHNO I ICHET 2 AWM TH 2. ChodHeTH—FES
WEBMETET. NENRUEBEECERBUILVLARLORZRERT NS,

FTD1I31OWEE. CABERHCEBUEERETEERARELPEBL TR,
BEHRL U —FERL. BHETEHEFERMUMEL TV 3, BBEHL 1 KOEEH
EREEBXY. BAOFRHRBRBL LYY - B AOL VBB EHBEERB LU ZO
EHBELRD. X2RHFEEFEOWEZRERR R ORFTATIC L Vi EE L ER
VTV 3, HERTER T AFAREH» AW U T, vy Y - OINERRE R EHRELTD
WTOHELETORE BBREERVESTHE. TRLEBRHE. T ARORRE
MRIF-2BLTEE TERMORTFRELBERERULNY -2 ESHL TV 3,

—HD 1320, EREGHBL 2VNOTERNOERLBEEL . FFRES &
TEFERTILIY . BRREERCEREGEON TEHGE2ITL TV 5., HIEBE
BERFATA2LTEERR FRVOMT WL XTI 2mm, 8 Ao Fil YK+
BMERHETO-TR2EHUTV 3. #EERRECACBEESETOWETRET O -
TOHABEEOWREEEARATIRUMERS S, X TO-TOHAER TR S
ORERHEEIEI N TV S, WEFRCHTIHALBI IR TR,

PUED 2B, RHEBCROA DAL RERTZLET. REFTWEOEEL LR

BUTWEH. AERRTFHRBO. REUREEROWEN TR TARRINT -V &l
WE2RLWEHEORLD. MEREKR TFOMERERT I ILUTERY. ULEW>T.
BBV, BEELORHRELVOYPEEL L CHEOSSEL2HEAL. UM
HEFAR > THRTFRIBEENOTSOFMEHI L TLUE- TV S, SBETEY
OEBWHPENLE TN L, —FH. BELUWE. REEZOBRI T -YOUEBELILS

CHTH-TROVTLZOTFTEUREL DL TIRYEET A0 EBbh 3,

1EELHFSE Vol.28, No.110 — 66—



FHRBEZHOMEL. ERLERFOPEBE DLV TOEMEMNKRE S EFHREORERR
DEHEOBERHLS. XD Z2ALOBHEANOBELSH3EEbh 3. #XORMERY

BrREOCEKEEOEKBERBEL OBARHBILTA2ERT. EHFEOR FREWCM
ATEL2ER2ERIZIRINY -V EFORBERE DL TORYBEEEEDh B,

2T UT. DIBBUEAUVRHEOMRTED 55, TOREBBEHIETH
TLERBBHZTB|BOERBBERN - PR Y TAOLHARARETH 3. COBOWED
H=Y P IROBOSEREERLHEIZET TR, - PRYTORAMTOE
oK. HEEETUEBRORAPIERBUBILIEFRRN TR > THBREZ L
AMEHLE®DHET 20D THY. ERPHRB /70 AMOREEDE L 2EHT
RS IMETHS. COWRTR., ERF\IBE VTSN TERMNOEESLIUVEE
EHRSALLNTIY. REREF 7O UMNIBRLTE S, RNTFORPRIIHIEU
PEFEOBFEFAIHT AR TE. RFORBRMOEESIUVRBERESENHPA I MIZE
T3, RFRBOERANOEEEEBIENCEE I N LK PR FORDICEE
TEHIEMBBEE LU THBINA TV S,

HRCDIS3AOHMAR. KPBERELOROREEBRNE COEHFHICHT 53
T KABEOEBERZT PV Y I RF IV LOBEKRBOERBEIT ZKTFH
FRERBOCKRD I LB RTFRBAOADBLUBOBHHE AR T ERAEORE
BEMPYE —~THZ3EUVEREFLOLETHFL. A3 2ARFEAC. RERE{LY
BRRBLEBEULTWS, KIFERNANOKIEETL. IGKDEBENLLBZ TSIV

DELVKZVDNPEVDPRZEIVAEL22ONY - BT oh B2 &, FRiltR
KABBIURTRREZKS - BEAHBOHELHIAIZL. RBRERERIFO R
BRHEERAL TS, SHRKGEBEELLEOBOKFPOESMIC DOV THRF
VLTV 3, BB EREEO-RIFETH P, BERHREBLORTFEL OR
HORFOLTOEEPSELELELN S,

— 67— RS2 Vol. 28, No.110



A RIRBO L L3 v 2BMLT
KR (SHTH)

BUE LD ICERS RO NZEML | Z0BREED  BIZHBOBERIIZBWTLE oL, &
LIRVICBEWT 2HAAER L ORFEEFEL A, FLBADERTFZOMARNEBBTEHESR
TEHLWIHETHh 7, BMEHE (I~NV) Ot v air o0t | £TH#ELZLITTI N
. —HEREPEOSETHWCHEFTEORTREALZE 2L TALY,

BAEWENE Y Y a YERBRLERIITWIIRSHTHEZ b b XA—A—PLOBNMRLE
Wiyl a Yy TliwhkBbhs, SELARMENLERMIBL 3O L. A-h oD
REITHTH- . BBBUELTOGRBREET—DDEIMETH Y | A - OISR HIL
BB TN HPBTH LN, BICKFEMP LOBMBEICL RS2 HOTHHELESERI
Thit, L OKREISEWERDS STV O T Zwrt Ebh s,

Atwl g YOFBERABERLDICHHILEER T L OEDBY THS.

(1) [REEERE

RSB AR OIBE R IEABER TH 5 2 0 2 T BB WT (RN GUEE 118
DPUCHEDWBHEB T E LW EPBUERNTIC X DR3(0221) . F/xy av 2w dEy
AT ADREDBGE AT ERE E O TIT e b/ (0222),

2) 714 EbYodih L MRE

F7€y 7740220, FREMPBIERE DD OmhoFRIIcL ) 7a -8 - iy
HIn, FREA. REIBICVA VAR HIENEK L BEHHRN L ORES EBRMICER
SNz (0223), &7, ZORAEEELCRERNLS LS. WE). MBRICH S L FAOBES
WL P23 N2 (0224), DEITHIR. B LGB A v 27 4 VIZOWTABOERMITOWT
DEBH SEEIISA v ¥ 27 4 VORBERICE LI THEVERMICTHm IR, 22837 M
AOFSHH RSN (0225), ZoohTid, BRBEOTRLIZL —FHRar T 7 4 — HEES
hlns,

(3) WBERH. P HBTMB OIRER T

AZ =Y FLY YD AT B WL, (E8A AP MR ER S imEEE L
BIEWHHRTH LY . ZOPRI I ZEPEHHNERIREREOTIL. 2 Iy M ILVET
M LBV A INVZBEREAL TERT L L THWRTH S I LHRS(D231), RERRBIHR
BB TONERRYP S L ZOEPRIAESINI(0232), X7 - - - FAY 2y MZBWUR
BOkFEE Lo ¥ P4 2 TS 5K EMBIBOBSHEES . SHHHE X R R EEY %
UM X DEHES L. /KB DB 5 B REEO BEH & i S/ (0233),

fEEFZE Vol.28, No.110 — 68—



4 2vo2vr7

BR[O T 77 ) T OERRTH 2 A5 — U 73 BGERBIT L -~ TH - WEiE !ﬁl&
FELEATHE . COBREDIERVBIROBRIIOTZO . BBEA IV 77 L% FHWZEBRNEITOH
HEMICTbRT WS, SEIIREEAIL 77 AOBSIBIES | BEA OB RIE 83 21
A EOPESL. BREREES X CERRREIEZICH T 2 BB ENSEF AL UL,
BEBETES LT TR -V 7 PE L0 E W) JBREWEE RS S5 TW A (0241),
(5) BRFEH (EHD) R L 2RI

EHD 3R 2 MRIHICH T Z L Lk Y AmE etttz M5 5 L $ 58 %RohT. 4
[MIFEFRENOEHE LT, R11 O E 700 TH BMBOBEMREICH T 5 EHDOHEHLH
Ko, EHDOYHRICHT 2 BABEOZELL SN TV 2 - ILVIENOPBENB S 0z X h/z (D
242), 7o ATV —ERN - WE RS - MERRBAOIEHOB-BREL LT, —HoTT
FIREREFE DU 2 ilid %@ 3 B—OKEOEEB S ERE L URITICE DA LR . WD
ESDEHAWEE T ML D) THLGS 2 & ARSI (D245),

(6) 7L — 7 4 YRIAFEROM - WIS

HAFSRRE L LTHESRHWANT ALY — h 7 ¢ YRR 2 RS L LTHA LD
o OmEEEL LT, FHERB L7 o) TS HRO LR E TREGEDE K L MnEg
WIS LI, Y T E R HIRPMEMASIRE X U LRGP TREGE D LB EENI0~T0% S
W EASRENT(D243), Fho. 7L - b7 4 UAKHBBE HARRUZERS L LTUEATAZE
DEFEED IR S L. HARBE RO BT & J2l & DR 4T v (D244),

(1) B — bHr >

ZhE TEER (ERRFEZTLRSCP),KELSRB LUV H FIL KRERRORZE — b
K TADBEIMEOBE DS SNTELA ., AERIRERR ARKRROBAROBRTH 2 &
h FFREEAIICED Shi &MIC I A FRES RSB AN L hiz . ZoBRRINEHE
iR/ ARERRIIE — MR TANDEHPLRHEETH B I L . TR L D ARICER RS
DB EHIRSNI(0251),

(8) #Hs

MEFAAEDZT Y2 T 5 WIOCEREAD . #AZ RFT 97 AN LI L SOWEED
AEIETR P SN S (0252), 70, HET ¢ A VBB RSO RIHES BEE N
BIBIOBAREHTC L D16 ¢ — FRIENC L D S 0(0203) . ZHABARD 7 « E %2
T EATOWT LRSI (0254) & 7o IR FR B AA 2 W IR ERE RO R IR 5
SR RIGHIIRIE OFISZEAL % T 2 O S Rz (0255).

KRIGHS VRT) MEA = —DMFEHIT L » T KT OHRA T L DB < HBERIK o
TS A LI LDRTTH B VEMRD FTEIZOWTDREFH LR L L. WML LDL
ZoTWhb, BEMBEDLL 3 Y ENS A -G~ RDFREL NP ETHBN . KFEDKESHD
R E 2 4% Lw,

— 69— fl\’fhﬁ”?{ \/’01.28, No.110



RE YRy AWy v s VICILBE
TNIEER (HERIER)

NEL MEIEEER - TRico b 0 TS, BBLRIKDE K & PUMAD SIS % fib
ADHFEEN SHDH 1 BENS 20T, 2L OHATE, TOLDICEEOFEEH I
B CREEVWE Lc, TOEVOEKREADTIOWELEN THEL S, i
LEAKETH > T AEBLE 2 —PERRBBOBLVEFTH S L%, HhERT
Birio LTH&EE T,

SHTTHR=Z P —-SNTHH, BERIO—2Dy Vs ViNFDE LT,
FEBRBEMMERAEZ S LRKETIL s DT, 6WHRORKLT0 E Ui, RRIE.
WRRE LRI OHBIB->TWAI LT LET,

i (CUTHSPRES) 1, EEISOMERER OB, K E DRI OBRE THEE ISk
BEICLELIE, BFEDTFu - LI, EREEIGHEOEZNHESH S
FHEHRS LW O RBINIEET, 0% LA —E89icidchal lenging?s
Fe—wdEZ B, B, BEHBEOHBEEE WS O ENREORNIEEEZON, ThE bH
AT L1 DOFRROM, MEICREBEELEVOIHIRNRS 2O TRIEE LI 5,
FTNERBEE VI BREIBRESC L > TELL BB > TRILI KBS, Lol Lx®
ABEMBEE NI & LEOWAREMBT 2EHFNED LS IKHHBOME, B RS
N5V, LI EHHANEBKE V.,

o, KIEBOIREBRE OBIEER ATV, 7 v —PiERBEO KK BT 5
HRZEDEIELTVWS, EFEOBECEIT ORI L, BB ERRTE -7
CUDPEEMDKKDFA VA — N — T BT ITH D, COLIREHHEMHC &,
BROEHNEFz - ) v 3T CieThoMciRs L iREcEsbha L, ¥
i, bLEEK Yy 12—y a v2HMMCLAE TR ERALBLIEDLOVRS RIS
A9, EWVWH T ER EYMRD R =V OBR ORI G TOMERENE % b - &M
BT RE T MO OESE L & > EEABZNENS DL LT,

Ao, RIENDEBNC M AEOHFER IS kK E —REBHNO
FNEHB LU, BRZOANHED BWKRIEZITHE, < OB X 2B EHD
FIROBEFNCARYEEZ b oFT (EE-HoEVAERDOELEI D) , EFh. KHE
DIEHPENE LTHERNOYEBBOMRRECRA 2038 LAWY,

B ok, BB ORE T OPERED SR 2 HEEREZ L, FRICER 3

{EEUT5E Vol.28, No.110 — 70—



138 EERIE LR VRN, BB OB & M BESEERCHENOEH L L O
EHRZWV, THu /MR ESER T OAERET A HENET L »TWw5, ST

LT DL 57 Do It Yourself WA LALES IFCA5RBENTLE - 2Hfd» b L
Nigw, #HE (ERAMERS THFENZOES) LD TKEMSEITbahiv &
SOHETHH L. HRwEKS,

TH G, HEEEHEE LikEORBELER L, B EBRE - WHEEDT F
o O—) 5 OMEBRBEFEN B L Twa, ZEX0ARE S HeEREORERN, KREFTT
BLH->TWbB, BEBHOY 72— —2ERML WD EWS JETHITTHM®SY (£
ALK > THD) . L bEREBRP—BLEERERL TV EEDND &,
7o UL ERSEDZEERWL,

A RIS L > TIROBE 2 FHEE 3 2 2 VvF—HERRE 27 4 (@F v
INVE—BELELNLLOROREL I D) OHESTLZEFEOLRICOWTERL:, &
Blehi2 BB ARRH L sV -l ERT D, SSOERICE S L2 0B
BOT v s VE—flHIcSE L5, 0B E, CHPEOBEERIISHERV, &0
HIDORREEOESHE EE Y, MHOFERT, MBS X ORBEEEZ 21 oM OB HE
ARTNERFELTRBONEEI LI THERPH - EERLTWS,

S EC—MBHRIE L, TSV ryES o AORNTRAE, BRI LoBEL M
AHEH LW TENRRCB > TREES LKL S, FHERIICROROEREFEES S
THF I XA (k25 ?) 2ELATEONLD, WE TRAEKBINHE S WSO
M E TR T 272D -> T 6N L 57, FNETRVEOERKEN SN > o072
EBI,

WolFHCOTHF I XL & REFEORBHRIERNS W E - T BRINZPED
TR RS THERE EWI DY v RV ADBHMEBETLDEA S, BAE.
WA SRR, 23 VF—03FERAEZEI NS SN LDOFEHBLE LT TS,
Ve & LTYHSEEOET VLD LI WIARBBEL TWADOTRIWVWIEA I D,

FNTOLLUAEZAND B, HIHNIREAREMET 20cKELLTLE D, HN
Z LI THLRADORMETERE LT, (PR EFADMEREI0N ] EWIBNREED
Z, IOty va YEHEEIMEIWVWD T ENRNS 72, FLTHONLEDICIR D, 128
AINMELIAIZ b AR U TV ABMERZVWEE), bRV LOESHL] Lo
725, THROICHAAN] EBLDAEZF B4 I 0, ENRIEBE > CHAE LTEHIEH
KBEFEHOH BB S LAV, TDETEHREIDIUTROS £ DED T &M Lo,

— 7 — {EEFYE Vol. 28, No.110



T 3 v F —FIFH OWAE]
M S i (RRBER)

xR VE—HHOEy v Vi, TEOBZIYNEBER IR, CON. 4EIRE I
+255DCHD. 3ERe—+ BV THL I VHEVEAERGECETE2H0TCH B,

1. KT s0

BT 5 4 RWOB/E. WTh b, ERAE ARG LT, ERCERTIOME
23 EEHNBELTVBDTHIN, TNTHOMEOFLNIMHEYRIT > TW3B,

D3NS [WMEHEHO RN BamAER | 3, EYicBZ RN L T ToHFEEL
1ok E, ZHCEYMOEECEROBZICHWS WS =2 F—OFMIFA » 2
FAIETSLOTHD, EREOME T, T OMERESPHREME ORI 2MEER
KHoWT, AV ODEEAFHKKIEE(Ls g & ZoBOBREORBEMET S i
o, AEERLED BEN OBEEBREFHET 2 HHEERL TS, £ LT, EERE
]S BGREEAERS E oI bl B & KA E EHTR Rl OBGRE DO T E
BT3:7. PICERRTT:3& MBI EREZREEREL TS,

D322MEE A MRk & HIEE R EZAA L ESEROWR(Z D) | {1, Lod32l e
Fl LEERE CHREMNOBAI SR L DT, BREOHEESPHRBE LRI
BIBLOMDEE OREETILEHIE Lz, 31EEHE LT, REAEBKEE18C,
AKEEE0°C, £ LT, TRTIE CRERAMBMMELZN/n’KE L. BMETETRKE
BEER0°CE LT, BEWKERNL 2 CRIEEESTTEZT -1, s L EROES
X0 (ZHEOT ORBE X 4300md BB EHEL 2, T/, ASTERICBLTS0N/nLL
LBk LI 28N Bl EIhY 2TAEREREFRL T CAEOHRES P
o FORYEN, MEEMSHECEZEFERL VD,

DIVEAA BB B A@T % & b3 BB o icowT] . BERICH
tEAGEBRECEM NI ERERR ST, AnOd s EEcofchREeEeric
BT X O GERRSSRA) . BB CRINT 4 BOW THEIVAS b 50 @
EPR)EMBHEEZREL TV, 2 TR, BEREAE L RE OAKEE.
CONREBE L@ OAZRBE L oL FT AT, AFIcET 8B L 2BTMEL
OHZERTHIGTHIF LSEAL, Ch SR EBHE DR = v PHERWTE
BT OWHAPCHSTROBETHERL, ERick->TRIEL TS,

DIBIRFEEA [HURAH & KRB RA LA KRB 2 v E—RA v 2 7 AOHF ] .
BEholKicy—5—av sy —-CEDLBEMD Y vy Bl XOEROMEE 21}

{ZEABFS Vol.28, No.110 79



BESBHIEICRIALE D &9 3 boT, IAETNOBEERMERENGRE LY Tarv—va
YTChHB, TAZ 7V R I NIA=EN D ORESHZIRTS LD, &
ORBRESHS L L b, FORMBIETARBOMIORBEMB S 2 v X7 208
TR EEMLIZ, TORER, 21600 DXRRER IOV, 15000 DY —~5 -3V 75
ET000m2D % ¥ I BMBEIR EBh -T2,

2. b= bEVTHA I NBIUKRBGECET 20

BB EETREBI AL —rEV T4 7 VOBEAKE LIt bR 2K, BERAOHL
V£ HEARA LI ORI R/ED. ThThRDEHTH 5,

DIUBAA [EHF/ L bRRO>e—+EYTOHF A 7 48| ik, e — Xy T2EHo
BEICHVWIEHNT, KR OBE LIRRBUORZTHBICERNE L EE, Y17
VEHRED LI BT ADEHAD ELILHLDTHD, CDLED HnEVHOY
B, ZRBTORKBORYD ., BRE~NOMBBORDEKBIICH S M LT,

DIIEMAA TRESBER22+RI4ER VW E— bRy T 25 ADER| 3. —EERRK
ROBAHI A RO & BHEAOHMBAFICB VW TOKE OB TEARRET) - bRV T
YR 7 LEMED . R/RIADBERIEOMK & BFORAEN. v 27 L5 JERHICK
B M Lic, £ LT, BOKRE TR, BERSBRE LD b EBRERECOR
ER BRI D/NE T B0, BRERENETT 25, EREEETLERESKBET
OREIRBRB RT3 EHEELTWS,

DI2EMGA TR H T VHOBBERIAIC L 2B OES L | 1T, KBIRGER
WX ZTHOBEOF v THHB L UARRMEREORVIE > FILWHEOHETH Y. K

D15 0mOBEROH TV EELMET B EROBERE, BKREOBE LI
B lt, TOER, BXOHENRAECRIRE, BREOETHENGMERE L
ZUH O L, £/, BEIOKFEBREDIZ SN, [0nnk D 5andid 5 BEIEB /DL
BV ERSh -7,

— 73— fZBF5E Vol.28, No.110



EREYY aVORROPEL R, BE
KE #— (FEX

ERLyvavE, tyvary¥l, RXEA»SES. 0O B 1 EXEERMA OWEE
I 3HDC, BRCIERTHS. SHOYIYRYILORRHHII280282R LD
ZETHEID O, BETTHET WL, BOHTIEIOLREYVaVTHS.

E131, ®iBmgm LICETULE—OBRBORREECETSMATH 3. ERizE
HOLSIv I ACHE L RMBAE T, SBEETIITOIO0X MEEBLRL, MHEOF
WPELRSB. COMBTCRHBEELIOREELTNZ L REBL LTV S, EBRERWKIL
FORERTNTORY. JFR2HEL, COFREEIPOHEPETE LI LHS6 L
V. BB, RAERAREL CREBEREOHIOEEIMIBAN TV R EHREUERT Y,
EBHZW, FEBEUOLTHEUDRIRL.

E132bBE—fHOBRNEICHIT ZMATHS. LEL, ZOHFZEIEBONETH 3.
—HOBHBTH2EBFEBEGHET, HAOEBTHILBRE LCHEMEE L 7. BLED
M2 s LEESERET 3 O RGVLEBRERELHUTD, BEOTHRCREDTETLE
KHEEEMT 2D, BREPENTIE0S. BEMUESH ZEEBIELIKETS.
EHRBEEOMM T, BE2EL CDIREAED 6 RVY, TREEWRIIETI 5. BWER
HEOBHEL, HoHPRIh TRV, Fhidltddh, BiEi3EHGESETE, 168
FEEH, BUBEATBABRLIARBIH O TCORENAEOEDH RS,

E 133 T, BHOEHORFHITORERERY, AT L -7 vV a BRAEREOMHLE
DRFARFE->TVS. 7, BRBEORFETALE DY, BRPBOFRRA2ELTVLS.
B’OE, ATV —En3KRCERBERZHE L TREKEHRGEURPSERRITR-T, FFRR
FREENINTA— Y ORRERHEL, SARRBRDELE TV 3. EBOSMEEILORD
Fii, BPNOREZOWRGETH 2, ERLCUBREREILEL UL,

MASEAVTEMARZERIET 3HKE, ABNBREORDI, —RIBENES 3.
FCC, R, HEL->THMALRRDIHFEDHRINTVS. E1 34 TREX
NTLBFHULHEDRIETH S, EFRMNERLRBELV TR LT AL, BRBER
BUT, ERENTS. MEESEE S OEMI S {E: THEMT 2 &, BEEHDBNTED
3. REHW, COMBCIEMNA (SOBEIREBEMA) ORICRY oMM RIEMER
B, TAINE—BNEERILBUTRD TV S, MEMBRBS 56, LloOEsRN-C,
BMARRETES. UDU, BitEEMALRET 5ORHAV SRIEHEL, RUOBEKRED
2EHBUTLERETERVWES S ».

{EERIFFE Vol.28, No.110 — 74—



LBy g v OEE L BAR
FH BHER (EHX)

SEQERY VRIIAZBIT S [BEE] Oty var Tk, RORXBREINL. &
Bty aryBlbOT—vRAEINTWROT, 1 7—H)OFRIEEFET S L15.8
ey, MnBELy Va VEBOLTREXZCFINTH- 2. LL, SEOV Y RIT A
THEZSREFET —VE2ERETCELHEATH o 1D, MXARTTNTHhOBREEICSE
DLVBOEDPYTHY, FHH. BoRALFTRL LI NFEEICHARTREL HRERK - 2.
CTTRACELy ¥ a VOIRORITEEEICL D, (1) MEEEME. 2) FHNOMR.
(3) HILEBHOEHEE. (4) BATH, 5) TOMOEABE. I TCERLONETLZHEAL.
EToEMBERRZ L ET S,

(1) MisfmiERE

EER. HELCHESH L HAL LACHBEZI OB LRSS - T Y. Ml
AEECZETAMXEHTS LW, ERIIZSEAERO =Ko ElHEL. L 2250
ZRTIRMAFERICER T 20UREETRL TS, BERRORELRT. BEMLENS
BICEEUL TW30S, CoRE%INAT L. BEERARARUMEL SHBENATNS
ZEMREL AT LR &Y FOZRTREERT 2 C &2 D BBKEN. 1220 BFHEAD
BRERIFFEARELLZLOTH S, 7)Y MEREFICH. 2ho I 7 aigBmERiRo
BHEI L VEEEZSEL. #hSOMEBIIH L TShape FactorDEZ & HL < EA L TEHIREHK
DEESHERDTEY. SHRORESHFEINS. EL2IREEHEBROBERSERMICESHT
BIBEICHONT., BEEBRAAWTHEBERCE S RABEHEL TWa, EEMNLEMNLD
HEBELNEZATH S,

(2) BENOMR

SEOY YR ATIE. BENEIEEACADSHHEEBICE T 2RERELI D - 1258
WHARENEL . EREBEFELOY TSROREBH > 2. RILDKEREZNR L L MR
AT AR OEMBRIC ST AEEREBANIOEELHEFECRILLLDOTHS. BA
I & 2 ARESSEO0BBEICL L L OBRICHL. PLKETEH0TH L DERSD
>1ze Fiz R12IEH T VROEMBERICBNT, BHE. ZH, kR T UBROBEC
DWTEIEHERT> TIN5, TARY MEDBKEL 22 L EANBRORBLHREET 545, C
OREBECE TR LI PEATE AV BEbh s, BEFEICSWTE. 24 Ey
BRERIIT— 2 L OEBSSBE LR . RUTHEEERNOBEMBESH+TJ/IHOTH

75 {ZHARFFE Vol.28, No.110



D, EHZHROBEOBRMRIC L 2REHSHELIC LY. BREROXF N LVICKHE
ENLHHEPAEBMOBARAMFICXMENSGER L FTOoNS T L &R 2. E215EHICA
FANFAEMER D OBBERELMFR -ELRH TR, KOBBAESAKRT 3 L MnER
EES T ARREB TS, KR LASRRAH CHRENECEPBVOT, MARHICLS
EERZLOFRHBRL V. RUTFFREIWLHLVHEFETHS. EEREO»PDLYIC
HEHNICEHOT VY AR EREL TRESGSL2HE I 2 HETHY . BRRIEOILAIKD
WTORLTWS, BEXZ LT 200RFBLETHEBERAMFIOLS.

(3) HILEENOEM
ER1AKEIEBEEEROFEEERTELBRZHLOTHY . FUV—HOEEZHO>NT
BT B, BES16mOH S ARNFREORNE “WETHY o TV A5, LOREONES
THZIEE L HT 20088 2. E222i3 7 ¢+ VAHEARR Y OZLVEERNOEE - A
EEREOITHR TN D, ¥ RAMTERBL LBARE. 8E - BROSIAPREShD Ly
RENTVAY, SILEE CHZEMBESEDT 2120% - BRABINTATEL ZWSEITHEX
WHT D, COEEALYERIABLELEbOS.

(4) BHREM

LR - BRI LR Y & LERATEHCEE L TV 245, E213. ERRHEREROE
BHEHMREL VR S, E213I3EMP15~28COREHE CITON 2B LEBMEA NI L. HEk
BhaFERICANTE - BEBELEAR TS, RROBHREDR L 3R> HFLWRETSH
. BESHIFENS. RBIF IV X VRATAOBBREREZRITLILOOTH S, BOTHA
DL TRHZP, TOL>REBNLE - R ELARIHARSSBRBA I L E2PFLE
W, BROKE_HELEDOREICOH > 12, B—ATLVOERLEETILIH 3 BBHEHICI
AT CNBE R EERRLEL L TOREA TR T 24EBH 5. B—AT MW TIIHE
HMEBEZNIA—FTHZ OO, ATV BEERL REREYSAF—RT» o5 -3
TEbHBZLBAIOSNBZHS5THS.

(5) zofhoBEAME
LITO3WIALREREL L TBKENDLOBH 5. EL24IKE L2 EHBH (D) ORERE
BT AMEEARBLLELOT, BBLE Thl) PREORICESMBIICLVBELRT
32 %&RL. ERBHL TV . SHHEODHEBHS S TRVWEEBE(HEHN TS5 TH
ABHANT—VTH 5. EI25EMOBEEBRIC BT 220986 L HRMB% % IR
ELOTRESBHERORE—ZHOMZLTNE. COMEIR. ASPARLECEARS RO
HEMBOERL 220D TH Y SBRORBESEFINS, 22313 a1 LIROEAREEREZRAWN
THEBRRZHED LI T500T. HEFEERICINI2EEEOBRERESBSNTNS.
ALFBR I T 2B RO ORFT BN B,

{EEARFZE Vol.28, No.110 — 76—



ity raryoRE
aO# B OB (RZ)
THEE Y arTII24MORKY D DEEOH (HE23, -HEE21) EIZR
RALThd, Yty a Y ORFEZEIRTHEH. SEDEREDZTUTOARICSH

HLTA%,
(1) ZHE#HRA L ek 6 (2) FAHABEIOMAEE 5 ¢
(3) ARO[ _HE 2 (4) —HsEsta 2%

(5) WEBABOBWARGER  S# (6) NV EIAGR - B 4%

PIFie ERABICHE-THERERLTAS,

(1) “HRSRRA L BEE ;. BE LR -HRORKREECRITTEDOBEST
5 7 HOWRIBORIEIELFANRT WS (E231 , E232 ) , SWZe - KW
ROVENBRSTEOBANLE 2 H 2 TROTRRSRL ., EHE AR
A WIS 3 HAEMRCHL (E234 ) , ZEORHNT XA —FBHIc kB F—
5y BESERE H S RBRRLFML T2, RERIHFNIHEERLHIEL
WEEO—>TH S, BAESE AL S ZMHRICHL (E325 ) , LRFICHERS
NAPRTOSR. BROFRHBR L LRTHORHRR . BHEZHEL TV
PEBAOBRED S FROBBICOVWTORELEE NS, BRAEFY 7
CEIL (E233 ) . SEMEEMGE NS LBBSEE & RO R | HE
DHFCEE L RVEREH/TWS . BABRES T OAMEEEICHEL (E235 )
L AADERIZOWTIE . BEBBIC X D AMIEESEHOETERELS D . ALY
PRIHTEBELH S,

(2) FATHRBESRES; SEREELOFATHK (E243 ) 3amkre_
HEHFTOSHERBLBA LM T. Fo A FHES RESHERFHE
LTWa, SHERERFMASREEL 5. 55 7 HREAEHOBRERT
(E244 ) TI3HELP LD M LA VA PE2WHPIALLTEHEPPHET. ¥
RICLVHBERRSET VWS, FANIC L 3 ERRINORE L LB, L LEbh
3. SHEENHEB-HEROMEE (EU5 ) TREOREAKL LI REWEIC L
DBEREL L RML . WENGE KIA 77 PRECEIZ S RBBRACHEETS
LLTWE, SEBEOWES = v 2 bREL Bbh b, REROBESIC L 2 BRE
WEHECEL (E323 ) | REOREFHE EFARBL L —F—Kic X D HsE
L. WEEARELFEL TS, ADBATEN M (E324 ) Ak FHRE
RFEDERE HEN R FML . FREAHAE ICERT 2 AEEORS . KD
BRBEATHHATES I LERLTNS,

— 77— {EEUAF9E Vol. 28, No.110



(3) J7ZAAPBAEIMEE: —RHLDTHE XLEE (E321 ) 2/ XVnrE
FEGRBICHREFREL . n2BIZE. EHT7 VY- a— 2B EETN
3, MBIZEDEARBIMET2EERLL., AV T4 AP LORBEEAD
KITHEH (E322 ) TREAREICOWIRERIHEZHBELTWS, K1 KE
HHRLFEHNRFHIZOVWTCUIHRBERNATH ). RWRBRF—IPLETH S,

() ZHFEEHHE; BHFSIATTI 740k B ZHETHA L KA FEEHE (E
241 ) IERERAEIIC L D EEHRORHRANONIE L, EFHKLIHL T,
ZHEA RROMAHETE ABER LA, XERLEEWN % HWwe ZHE®E
(E242 ) TRYFAESREBLETZLHT, FBRIBCH L THS R#
FEHALTVWS, YFEKIID . RBFEBREPLVERICRZ SNEEZRL
T3, HELRS RBORE. HEFESRE,EES.

(5) WEWEZOBML EE; FERFICHEITIRRSBA4EDD . ALARTF V7
EFMCE A BERN (E31 ) QEHENTFHEMCE D | EAREHOILNBES
ML . BEREEREZFEL 2. BRZHEEFOGHBBICEL 26465 .
1IN T GREROEZEMAGENFS 2 SEHORCERENRL L ERIC
EEEL (E312 ) | 3RFEMC L 2ABHEODRER . DHERRERIC
IDRERLO7FOCEHMALTCHRELL (E33 ) . XZHRHRBEHRICL S
E{EE (B34 ) TIRMERESFEkBICH2HE. EREIHmLTEERES
ETAREAALT., 205, ERBMEOUBRELFEL T2, MBR_H
PO EHEFHERNBAOTRE L BxE (E3NS ) ROWTHEREZ X —RUH
miB % EmEL 7.

(6) Ny RLPA{ES - #E); BWRSAEBRICT. BEEBREROBEE (EIS
1) ionT, ERERZEIC. RRBA L RESHOPHREMZ 2B L D EHAE
BENRMESRS TELEERLE, N RIVATORGERKES RE (E332 )
ONWT . AV RARERCERTZ KUY - 75 v 2 ARV FABOKRA
RBIEFETIRBEEAL . FHEXEZRRL WS, =XV 7Fr 20
— KRARICEL (E333 ) . ¥ 75+ VBN CORBHBEHEE 7N 2HRL .
BWRREBRAR THORAS REEBTF— 7 2 HCRVWHHEEREZHLTVWS . &
GBI TORANENE (ES3 ) I22oWT | 4P —2AR—FEFALLAH
AERTENTORERIIT 7 F v ANVEDIXR Ly 7HRICEOAMEL . BFE
BEHRIIBERBOLNELBR-RTLEZFEHLMIILE,

SHTHBROFMBEN 21T 5 LT, ZHEEBEZHLPICT SRR T - P

Ihs,

{EELIT5E Vol. 28, No.110 — 78—



Kahoru Torii and Jurandir Itizo Yanagihara

Department of Mechanical Engineering
Yokohama National University
Hodogaya~ku, Yokohama 240, Japan

1. INTRODUCTION

Steady-state heat transfer across interfaces formed by two contacting
solid bodies is usually accompanied by measurable temperature drops across the
joint because there is thermal resistance to heat flow within the region of the
interflace.

The thermal contact resistance is defined as the ratio of the average
steady-state temperature drop across the contact to the corresponding mean rate

of the heat flow crossing the apparent area of the surface, i.e.
R’ =AT/Q’ )

where the temperature drop (AT) is obtained by linear extrapolations of the
steady-state one dimensional temperature distribulious in the two contacting
specimens.

The thermal contact resistance problem in space environment is one of the
crucial issues in spacecraft and space-equipment design. In the electronic and
power systems of space vehicles and communication satellites, high power
densitics are used in order to reduce vehicle sizes and weights. Here, due to
the vacuum environment, internal heat transfer occur mainly by conduction
through solids. Therefore a knowledge of the thermal contact conductance for
the various types of similar and dissimilar material junctions as well as of
enhancing filling material. junctions is required. On the other hand, the design
of the thermal isolation of cryogenic storage compartments or platform mounted
heat sources must include contact resistance analysis. One of the major
challenges in the design of a heat-management system for future space stations
is the requirement of having to transfer up to 100 kW out of the heat transport
circuit and into the radiator system through a contact heat exchanger. Figure 1
illustrates a prototype flat contact heat exchanger for this purpose. It
incorporates a mechanically loaded dry interface where intimate thermal contact

across the joint is a necessity.
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Figure 1 Loaded-contact heat exchanger
(Snaith et al.(1986))

Many authoritative reviews have been written in the recent years, focusing
on the general problem of thermal contact resistance. Snaith et al.(1986)
presented a review aiming to assist the designers to understand the problem of
thermal resistance of pressed contacts. They discussed topics such as the
mechanisms of heat transfer across the interface, analytical predictions and
empirical correlations. Madhusudana and Fletcher (1986) reviewed the literature
of the decade of '70, covering various subjects which included the advances in
the analysis of single contacts, the effects of large-scale surface
irregularities and interstitial materials, empirical correlations, and some
special topics. Yovanovich (1986) summarized the recent developments in contact
resistance models for point and line contacts and conforming rough surfaces.
Fletcher (1988) reviewed the recent developments in contact conductance heat
transfer with a special emphasis in such a technological areas as advanced or
modern materials, microelectronics, and biomedicine; and selected topics as

thermal rectification, gas conductance, cylindrical contacts, periodic and
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sliding contacts, and conductance measurements. Others reviews in somc special
topics are worth noting. Yovanovich (1987) presents a review of various aspects
of the thermal contact resistance problem associated with microelectronic
equipments. Peterson (1987) discussed the significance of the thermal contact
resistance to the efficiency of energy recovery systems. Fletcher and Peterson
(1986) presented a review of thermal contact resistance in nongaseous
interstitial materials related to the energy industry. In the specific case of
space environment, Fletcher (1984,1972) discussed the use of interstitial
materials as a means of thermal control in spacecraft systems. Snaith et
al.(1984) also presented a similar review on the use of interstitial materials,
with the emphasis being placed on the factors, other than the thermal
performance, which influence the choice of a suitable interstitial material.
The objective of the present review is to discuss the thermal contact
resistance as applied to space equipment. Some generalities about the contact
problem, the existing analytical models and empirical correlations are
presented. Techniques to enhance the thermal contact conductance in vacuum

environment are then discussed.

2. THE CONTACT PROBLEM AND ASSOCIATED HEAT TRANSFER MODES
Actual surfaces are not perfectly smooth but consists of microscopic peaks
and valleys (Fig.Z)..Whenever two actual surfaces are placed in contact,
intimate solid to solid contact occurs only at discrete parts of the interface
the real contact area will represent a very small fraction of the apparent
contact area.
The modes of heat transfer across the interface are:
a) solid conduction through the real contact areas;
b) convection and conduction through the interstitial fluid; and
c) direct thermal radiation exchanges between the apparently contacting
surfaces, which are not in real contact.
The magnitude of the convective
heat transfer rate between pressed
contacts can usually be considered
insignificant because of the narrowness

of the interfacial gap. Also the

radiation contribution is negligible at
near room temperatures. It has been
shown that for metallic contacts the
radiation contribution seldom exceeds 2% Figure 2 Heat flow through
of the overall conductance at a joint

Lemperalure less Lhan 900K.
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Fluid conductance may be important if the contact is subjected to only low
mechanical loading in an atmospheric environment, i.e. when nearly all the heat
is transferred across the air gaps. The proportion of heat transferred through
the fluid to that conducted by the solid contact depends on the thermal
conductivity of the interfacial fluid. In general, the solid conduction
contribution will become more important as the loading increases.

In high vacuum, solid conduction becomes the dominant mode of heat
transfer because the gaseous free molecular conduction is then negligible.

As considered abovc, thc proccss of hecat transfer across an interface is
complex because the thermal resistance can depend upon many parameters of which
the following are very important:

a) geometry of the contacting solids: surface roughness and waviness.

b) thickness of the gap (non-contact region).

c) type of interstitial fluid: gas, liquid, grease, vacuum.

d) interstitial gas pressure.

e) thermal conductivities of the contacting solids and the interfacial
substance.

f) hardness of the contacting asperities: plastic deformation of the
highest peaks.

g) modulus of elasticity of the contacting solids: elastic deformation of
the wavy parts of the interface.

h) average temperature of the interface: radiation effect as wcll as
property effects.

i) direction of heat flow: thermal rectification effect.

3. THERMAL CONTACT RESISTANCE IN HIGH VACUUM
3.1 ANALYTICAL PREDICTIONS
Because thermal contact resistance is such a complex problem, it is
necessary to develop simple thermophysical models so that they may be analyzed
and experimentally verified. To achieve these goals the following assumptions
have been made in the development of the several contact resistance models:
a) contacting solids are isotropic: thermal conductivity and physical
parameters are constant.
b) contacting solids are thick relative to the roughness or the waviness.
c) surfaces are clean: no oxide effect.
d) contact is static: no vibration effect.
e) first loading cycle only: no hysteresis effects.
f) apparent contact pressure is not too small nor too large.
g) radiation is negligible.

h) heat flux is steady and not too large.
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i) contact is made in vacuum environment.

Theoretical studies of the steady-state heat flows between solid bodies
have been based on considering the flow of heat through actual contact spots.
Therefore, the first logical step to determine the contact resistance would be
to estimate the resistance associated with a single contact spot. The
resistance resulting from a single asperity spot is an indication of the
additional temperature drop due to the presence of the constriction. Single
contact spots of non-circular form subjected to different boundary conditions
have been analyzed. The simplest form, and the one from which most analysis
stem, is the circular disc.

The solution of the constriction resistance problem assuming a true
contact disk of radius a, bounded by a semi infinite conductor, was first
obtained by Holm by a direct analytical solution of the Laplace equation on the
basis of the electric-Lhermal analogy, Ry = 1/(4ak). This was obtained by a
direct analytical solution of the Laplace equation on the basis of the
electrical-thermal analogy. The total heat-flow constriction, i.e. on both
sides of the contact spot, will be twice the value given by the previous
expression. This formulation is valid only when the actual area of contact is a
very small proportion of the apparent contact area. A more appropriate model is
the contact disc feeding into or being fed by a semi-infinite cylinder of
o for this model is divided by
the disc constriction resistance,Rd, to obtain the constriction alleviation

radius b (Fig. 3). The constriction resistance,R
factor

g(x) = RC/Rd (2)

LI
ar

for-a<rsa \\

3_T..=o/ a | a
ay

for a <frl<s b b

—

A
ay

Figure 3 Schematic representation of the constriction of the
heat flow to the disk region -a {r < -a.
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An expression for the constriction resistance was first proposed by Roess

(Snaith et al. (1985)) as
g(x); = 1 - 1.40925x + 0.29591x> + 0.052542x” (3)

where a/b = x = {Ar/Aa)O'5. The mean value of the constriction parameter
depends upon a and b; the mean contact spot and associated flux tube radii,
respectively, are determined by the total real and apparent area. Cooper et al.
(1969) proposed a modified expression which dropped the higher-order terms.
More recently, Negus and Yovanovich (1984) and Negus et al. (1985) developed
new expressions for the thermal constriction resistance .

Many alternative contact models had been proposed in the literature.
Williams (1975) treated, analytically and experimentally, a single point
contact, formed between a cylindrical heat channel ended by a cone, and a flat
plane. He assumed that, when a tip of the cone is pressed against a hard flat
plane, it is deformed to a small cylinder. The volume of this small cylinder
(smaller than the = basic cylinder) is the same as of the tip. Madhusudana
(1980) developed a model for the asperities on contacting surfaces surrounded
by a conducting medium or a vacuum. The conical asperity model demonstrated
that the constriction resistance is reduced by the presence of the conducting
fluid and that the resistance decreases with increasing the cone semi-
angle. Shai and Santo (1982) analyzed the thermal conlacl resistance problem
with particular reference to the shape of a single heat channel. This channel
was assumed to have a cylindrical contour whose radius near the interface

decreases gradually to the contact area forming a truncated cone.

3.1.1 Multiple contacts - nominally flat surface
The total contact resistance of N contact spots thermally connected in

parallel can by derived as above
R’ = g(x)/(2Nkya) (4)

where k, is the harmonic mean thermal conductivity and g(x) is the thermal
constriction (or spreading) alleviation factor which depends upon the relative
size of the contact spot.

The uses of eqn (4) or any of other similar expressions requires a
knowledge of the total number, N , of contact spots, the mean radius of these
regions, a , and the mean heat-flow channel, b , which are produced under a
particular applied load. Values of these variables may be estimated from

topographical data for thc contacting surfaces and the mean plane separation
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(u) which depends upon the applied load and the physical specifications of the
material in contact.

First, it is necessary to characterize the type of the contact
deformation. Greenwood (1967) showed that fbr most cases, the deformation of
contacting asperities would be plastic even at the lightest loads. His analysis
was based on asperities of spherical shape. Mikic suggested the nse of an index
which takes into account the microhardness, the Young’s modulus and the
asperity slope. Based on statistical geometry theory, Bush and Gibson (1979)
defined a plasticity index which depends on the first three moments of" the
power spectral density of the surface slope. In fact, the statistical nature of
surface profiles controls not only the number and size of contact spots, but
the mode of deformation as well.

An analysis by Tsukizoe and Hisakado (1972) assuming on each contacting
surface a Gaussian distribution of conical asperilies, which deform in an ideal
plastic manner (i.e. no interference between neighboring asperities occurs) ,
resulted in a set of expressions giving the number of contact spots, the mean
contact spot radius and the mean flow channel radius.

Antonetti and Yovanovich (1985) proposed some simple correlations for
these variables. The constriction alleviation factor can be approximated by the

following power law correlation
g(x) = 0.76(p/H)"0: 027 (5)

where the error is *+ 1% in the range 1074 < P/H < 10_2.
The expression for the mean contact spot radius derived by Cooper (1969) was

demonstrated to be approximated using the following power law correlation
a = 0.77(C/m) (p/u)0- 097 (6)

where error is + 4.5 % in the range 10_4 < B/H < 1072,
A simple force balance at the contacting surface can be used to the total

number of micro-contacts pecr unit arca as
N/A = 1/(Ra?)(P/H) (7)

Mikic (1974) undertook an analysis, assuming a Gaussian distribution of
profile heights, and that the distribution of profiles slopes is independent of
the profile heights, under various deformation modes. Mikic concluded that the
contact conductance is proportional to PD'94 for both elastic and plastic

deformations. He also developed a theory for the increase in conductance,
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including the elastic deformation of the substrate.

The above mentioned work of Bush and Gibson (1979) considered an
statistically isotropic rough surface to evaluate the conductance using the
moments of its power spectra. Expression for the non-dimensional variables,
namely the contact spots radius, the flow channel and the contact conductance
:grg4deduced. Like Mikic, they found that the conductance is proportional to

The expressions derived by Yovanovich (1986) are presented here in order
to provide a set of useful cquations to calculate the contact resistance. A
detailed geometric analysis of the interaction of rough surfaces yields the
following geometric results :

1) Contact conductance parameter
N
S a; /A, = (NZR) L (n/6)exp (-#2 ) (8)

tsd

2) Relative real contact area
x2 = A/A,= 0.5 (ertc(w)) (9)
3) Contact spot density
N/A =(1/16) (n/5)? (exp (247 ) ferfc (w)) (10)
4) Mean contact spot radius
2 = @005 (/m)exp (4 Jertc () (11)

where w=u/VEC and u is the mean plane separation. The surface parameters ¥ and
m are the effective rms surface roughness and the effective absolute surface
slope, respectively. They are the average value of the two contacting surfaces.

Assuming plastic deformation of the contacting asperities during the first
loading cycle leads to a relationship between the relative real contact area
and the relative contact pressure. A force balance on the real and apparent
contact areas gives

P/H = A /A, = x* = (1/2)(erfc(w)) (12)
the relationship between x and w allows one to compute the other surface

parameters. After some manipulations, we obtain the nondimensional contact

conductance,
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(C/m)(C/ky) = [1/(2¥BR) I[exp(-w2)/(1-x)+] (13)

with w:erfc'l(ZP/H) and x= P/H. The complex expression of egqn (13) was

correlated by the following simple expression (Yovanovich et al (1982)):
(§/m)(C/ky,) = 1.25(P/H)°-95 (14)

which agrees with the exact expression to within + 1.5 % for 2 < u/¢ < 4.75.
The above model was constructed based on the concept of isotropic, or
slope invariant, roughness. However, many common machining processes produce
c a
than parallel to it. This anisotropy strongly influence the contact
characteristics between such surfaces. In order to accurately predict the
contact conductance behavior of interfaces composed of surfaces having dramatic
variations in slope with direction (i.e., surfaces prepared by grinding),
DeVaal et al.(1987) constructed a new contact conductance model which includes
such factors.
For nominally flat rough surfaces in a vacuum, it is possible to say that
the contact resistance varies nearly linearly with the load, whether the
contact is elastic or plastic. This implies that the average contact spot size

remains substantially constant with the load.

3.1.2 Multiple contacts - wavy surfaces

The large scale flatness deviation of practical surfaces also affects Lhe
thermal contact resistance (Fig.4).

Holm considered the specialized problem of N identical circular metallic
contact areas of radius a, uniformly distributed over a relatively larsge
circular region (i.e. a macro-region) of radius b’. His result (by applying the
electrical thermal analogy) for the total thermal contact resistance can be

expressed as
_ -1 -1
R’ = (2Nak,) " + (2b’ky) (15)

where the first term represents the self-resistance of the micro-contacts and
the second is a macroscopic interaction term due to the flatness deviation.

Usually, the size and the distribution of contact spots are unknown and
have to be calculated as a function of the loading, the surface characteristics
and the mechanical properties of the contacting materials.

Clausing and Chao (1965) considered two semi-infinite cylinders with
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contacting surfaces, and introduced the appropriate alleviation factors for
both the microscopic and macroscopic contacts terms. They concluded from their
analytical and experimental analysis that the microscopic constriction is of
secondary importance for many surfaces.
Popov and Yanin (1972) presented an
unique approach for predicting the rate
of heat transfer across the pressed
contact between two metallic surfaces
with both waviness and micro-roughness.
The basic multiple contacts (egn (3))
was incorporated but with the ~_

constriction alleviation factor
expressed in terms of the relative area
of the actual contact (Aa/Ac)' The
contour areas, A4,, were determined
assuming elastic deformation of the
waves. The experiments demonstrated that Figure 4 Contact of two convex
the resistance increased when waviness surfaces.

or flatness deviation was present.

Yovanovich (1972) performed an analysis for the thermal resistance of a
contact formed by a hard, smooth, flat surface with a softer turned-finish
surface. The model comprises of a two dimensional heal [low channel, and the
contact was based upon the plastic deformation of a ridge formed by the turning
process, i.e. a continuous spiral-type finish. At relatively high loads
(P/H)>0.05, the contact would be continuous along the spiral whose resistance
alone would be the. thermal resistance. Yanagi and Tsukada (1983) proposed a
model for predicting the contact resistance between contacting sphere and rough
plane surface to account for the waviness influence. Their theory is based on
its previous work (1981) and agrees well with their experimental data for
grinded SK3 (tool steel) surface. However, as their expression requires some
specific topographical informations, its range for application becomes limited.

Attention has been focused to the fact that the macro-constriction
resistance is the dominant contribution to the thermal contact resistance in
comparison to the micro-constriction resistance. In general, the former is
predominant under low loadings whereas the later becomes more important at high

loadings, i.e. after elastic flattening has occurred.
3.1.3 Limitations of the analytical predictions

The analysis leading to eqn (4) assumed (i) circular contact regions,

randomly distributcd and scparated by large distances; (ii) that the contact
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plane was isothermal; and (iii) the heat flow lines were straight and parallel
when remote from the contact plane. In reality, circular contact regions are
rarely found, even at very low loads. The temperature distribution in . the
vicinity of a contact bridge is three-dimensional and the distributions of heat
flux in the abutting solids depends upon the shapes of the contacting members
and upon the magnitudes of the transverse heat flows.

Unfortunately the amount of corroboratory experimental data concerning the
mean contact spot size, a, and the number, N, of micro-contacts that exists is
still limited. tThus the appropriateness of many of the simplifying assumptions
made is difficult to be ascertained. Some of the models are limited by the
assumption of an ideal plastic deformation, which will not occur in practice as
work hardening and material interaction ensue.

The normal technique for surface parameter measurements is to sample
profile heights at regular intervals using a stylus-type instrument. The
parameter normally incorporated to define the surface are the average roughness
and the arithmetic mean absolute profile slope. The latter is strongly
dependent upon the sampling interval employed {(Whitehouse and Archard (1970)
and the former will increase as the square root of the sampling length used
(Thomas and Sayles (1978)). Careful consideration must be given to these
conclusions when specifying and measuring the surface parameters. For the
values used for the micro-hardness of each material in contact, the
conventional models employ the bulk hardness. More recent analyses (Popov
(1976),e.g.) have indicated that this is inadequate and proposed models based
on a surface micro-hardness distribution.

It should be noted that most analytical developments are concerned with
plane pressed contacts between surfaces with micro and/or macro roughness. As
yvet only limited knowledge is available for predicting the thermal contact
behaviors of bolted, welded or riveted joints and the more complex cylindrical
joints. By considering such joints, with combinations of various surface
textures, similar or dissimilar materials, interfacial materials or fluids, one

can begin to perceive the vast scale of the problems still to be solved.

3.2 EMPIRICAL CORRELATIONS

Because the analytical prediction of the contact conductance still
presents a formidable problem, a pragmatic approach which has been adopted
widely is to correlate existing experimental data. It would be convenient for
the thermal design engineer, in need of contact resistance -predictions, if the
parameters involved are few and readily available or easily measurable. What
are considered to be the more usable correlations for thermal contact

conduclance, in high vacuum, are presented here.
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Popov’s (1976) handling of experimental data for nominally flat surfaces
(namely 80 data points - for a variety of materials and finishing process)
yielded

C/ky = 2.7%10% (Pz/35)0 - 9%6 (16)

where SB is the ultimate compressive strength of the weaker material in contact
(Nm'z); and Z is a factor defined by

Z= 12/(hmaxl+hmax2) for 5pm > (hy,1thpay o) > 1pm

7= 20/(hmaxl+hmax2) for 10Pm > (hmaxl+hmax2) > Sym
z= 30/(hmax1+hmax2) for 30um > (hmaxl+hmax3) > 10pm
where h is the maximum peak-to-valley height of the surface profile. A

max
correlation coefticient of 0.947 was found for the equation in Lhe

dimensionless loading range
) -3
3%10 < P7/3SB < 10

There is a length dimension hidden in eqn (16) duc to an assumed value for
the mean contact spot radius. A semi-empirical correlation for assumed
nominally flat surfaces (the condition being that the surface. average roughness
had to be greater than one-tenth of the flatness deviation for this to hold) of

similar materials in contact, by Tien (1968) is
cG/k = 0.55m(p/H)0+85 (17)

The exponent of the pressure (namely 0.85) given in the above equation
based on experimental data differs from the theoretical exponents, i.e. around
0.95. It could be argued that this is due to the combined effects of non-ideal
plastic deformations of the asperities, elastic deformation of the smoother
surfaces and the elastic displacement of the sub-layers, i.e. a more practical
elasto-plastic effect, thus giving rise to a more realistic exponent for the
pressure conductance relationship.

The dimensional analysis of Thomas and Probert (1974) yielded two
dimensionless groups, C*=C’/(G'k) and W =W/(Ck). The empirical correlations
deduced from 350 published thermal resistances for contacts with a broad range

of surfaces (under high vacuum) are
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In(c*) = (0.74340.067)In(K*) + 2.26+0.88 (18)
for stainless steel-stainless steel contacts and
¥) = w*
In(C”) = (0.7240.044)In(W") + 0.66+0.62 (19)

where aluminum allow was used for either one or both of the contacting surfaces
(the non-aluminum metal surface used always being the harder). Correlation
coefficients were 0.915 for data related to eqn (18) and 0.913 for eqn (19).
The experiments of Edmonds et al. (1980) on the contact of optically flat
copper surfaces with stainless-steel surfaces of various degrees of surface

finish obeyed the relationship
c® = 0.26(w*)0-96 (20)

The correlations for aluminum alloy-aluminum alloy and stainless steel-
stainless-steel type contacts were compared by Snaith et al (1985). Their
result for typical material properties and surface parameters demonstrates that

a suitable general correlations cannot be achieved.

4. HEAT TRANSFER THROUGH THE INTERSTITIAL MATERIAL

The proportion of heat transferred by conduction across the fluid space,
compared with that by solid conduction, depends upon the ratio of the thermal
conductivities of the fluid and solid. For a gaseous interfacial fluid with a
thermal conductivity considerably lower than that of the metal specimens in
contact, the heat flows will tend to converge to the solid contacting spots.
However, if the interfacial fluid is a liquid with a thermal conductivity
higher than that of the contacting solid specimens, it may be expected that
most of the heat flow will be across the fluid region.

Owing to the surface irregularities of the contacting specimens, the
thickness of the gap between them which is filled by thé fluid vary across the
apparent contact area. In order to be able to handle this problem
theoretically, an equivalent mean effective gap, g , for the fluid is usually
deduced. If it can be assumed that the heat transfer through the fluid space is
essentially one-dimensional, a value for the effective fluid conductance can be

obtained by
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If the interstitial fluid is a gas, this equation holds true at pressures
above the free molecular region, where the thermal conductivity of a gas is
independent of pressure. However, when the gas pressure at the interface is
sufficiently low, such that the mean free path of the gaseous molecules, L, is
much larger than K (i.e. the Knudsen number,L/x>>1), then the heat will be
transferred by free molecular conduction. For large Knudsen numbers, the
kinetic theory of gases yields the following expression for the steady-state
rate of heat transfer in the free molecular regime between two parallel

surfaces (Yovanovich et al.(1982)):
Qpp = Yapel (841)/(8-1)1 (RAT)0S b, 1)70% 4y (Tp-1p) (22)
where the accommodation parameter is
Opee = [(L/ o) #(Ag1/Agg) (1/0 o = )T (23)

and the free molecular conductance per unit apparent contact area of the

contacting interface is
Cfm = Qfm/AT (24)

Yanagi and Tsukada (1981) proposed a thermomechanical model considering
conduction in the metallic contact and interstitial material. In this
investigation they proposed a model for the plastic and elastic deformation of
contacting asperities in order to obtain the distribution of junction size and
void shape of machined surfaces. The thermal analysis domain consisted of the

contact region of a regular truncated cone and a flat surface.

5., ENHANCEMENT OF THERMAL CONTACT CONDUCTANCE

The success of a thermal design often requires that the heat transfer
across an interface be enhanced, that is, improved over the bar joint
situation. Techniques commonly employed include the application of thermal
grease to the contacting surfaces, insertion of a soft metal foil at the
interface, and coating one of both of the contacting surfaces with a relatively
soft material.

The existence of an optimal filler thickness for minimum thermal contact
resistance is expected to occur when the filler thickness is of the order of
the surface roughness . When ¢<<@, the constriction resistance experienced at
contacting base-to-base material asperities is alleviated by the additional

thermal bridges made across the filler material. TFor filler thickness much
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greater than @, the additional bulk resistance of the filler discounts the
reduction in constriction resistance produced by the filler. 0’Callaghan et al.
(1983) developed an overall thermomechanical model to predict the thermal
resistance for filled contacts. Their theory is found upon the assumption that
the ideal plastic deformation behavior occurs at the interface between randomly
rough surfaces and requires as input the thermophysical and topographical
characteristics of the contacting surfaces. The theory also assumes that all
material within the intersections of the surface plays no further part in
influencing the behavior as normal loading proceeds. If the filler (or coating
material) were fully ductile, it would extrude from the asperity intersections
into noncontact regions, and under conditions of plastic deformation, would
result in lower values of thermal contact resistance than the prediction
suggests. In most cases, however, it is necessary to use filler with a certain
degree of mechanical resistance; therefore the above extrusion does not occur
completely even for very ductile materials.

The effective thermal conductance of contacting surfaces with interstitial
materials is not directly dependent upon the surface finish. In fact, rougher
surfaces in some cases, result in a higher value than smooth surfaces.

Metallic coatings are an interesting enhancement alternative because a
user can avoid the handling problem often associated with soft foils, and the
contamination problem which often makes chemically active thermal greases
objectionable. Antonetti and Yovanovich (1985) proposed a model for coated
contacting surfaces. Their analysis led to a expression similar to eqn (14),
with the necessary corrections in the microhardness, surface thermal
conductivity and alleviation factor due to the presence of the soft layer.

Although it is not possible to describe all of the characteristics of
interstitial materials that might be used in spacecraft applications, some of
the more important characteristics should be mentioned. It is possible to
classify the interstitial materials into the following categories: synthetics
or processed natural sheets, ceramic sheets and powders, metallic foils and
screens, and greases and oils.

Synthetic or processed natural sheets include a widc range of polymeric
materials, such as elastomers, teflon, mylar, and natural materials such as
rubber and mica. The thermal conductivity of these materials may be modified by
including carbon fibers, graphite, metallic flakes or powder, silica, or
various oxides. Many of the materials, however, have limited application due to
their thermophysical properties. Most of these materials are durable, even
after repeated loadings, although some may remain slightly compressed. Some of
the more brittle materials disintegrate after repeated use.

Ceramic sheets and powders include numerous oxide compounds and other
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ceramic compounds such as magnesia, zirconia, beryllia, and alumina. The
ceramics will, in general, produce insulating effects if used. as the
interstitial material. These materials have similar thermal properties and
unique compressive strength and load-bearing qualities. Such compounds are
ideal when high thermal cycling is involved, but they are very brittle and
cannot support shock and vibration environments.

Metallic foils and screens include a wide range of materials from solid
foil to large mesh screen. Hard materials do not deform but form additional
metallic junctions, whereas soft materials deform to the contour of the contact
surface finish and improve contact.

Greases and oils are used in the assembly of a number of structures and
components. In order to modify the conductance characteristics of the material,
greases and oils may be impregnated or filled with various materials, such as
oxides, mctallic flakes or powders. Reccent tests on commercial grease-type
thermal joint compounds showed that the silicon-based compounds possessed good
thermal conductivities and moderate weight losses at operating temperatures up
to 200°C. 0Oils and greases deform to fill the voids between the contacting
surfaces; on the other hand they have temperature limits and no real load
bearing capability.

Fletcher (1972) proposed the following dimensionless conductance ratio to

classify the various interstitial material/base metal combinations
M= (Ct)p/(C8,)y (25)

where C is the contact conductance, t the thickness of the filler material, 50
the equivalent gap thickness, F the junction with filler material and M the
base material junction. It was observed that combinations for which 0<n<10
(e.g., carbon fiber paper) offer excellent thermal isolation qualities and
light weight. Thermal control materials, for which 100<7<1000, enhance contact
heat transfer. Indium foil and filled silicon grease appeared to be the most
interesting materials in this category, although grease may not provide a good
environmental seal. Figure 5, taken from Fletcher (1972), shows the
dimensionless conductance ratio of a variety of interstitial materials. Useful
~ tabulated informations for the effectiveness of various interstitial materials
are presented by Snaith et al.(1984).

Since 1986, the Heat Transfer Laboratory of YNU has conducted a co-
sponsored work with IHI Heavy Industries to evaluate the thermal
characteristics of cold plates used to carry thermal energy out of experimental
apparatus mounted in space stations (Torii et al. (1987), Torii et al (1988)).

One of the objectives of the work is to evaluate the thermal resistance of the
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contact junction between the

experimental apparatus and the cold
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necessary to control the heat transfer
in Jjoints keeping the contact pressure Figure 5 Conductance of Selected
as small as possible because larger Intersititial Materials
contact pressures require more robust (Fletcher (1972)).

components, which mean an extra load to
be carried by the rockets. Careful choice of interstitial materials may improve
the thermal control of various spacecraft components. It is necessary to
consider not only the thermal performance of the interstitial material but also
its strength, density, and durability. Low/high conductance materials may be
used to decrease/increase the heat transfer across the junction substantially.
Much work has been done to clarify and predict the thermal conductance of
a variety of joint materials and conditions. However, it cannot be said that a
general all purpose expression to predict the thermal contact conductance is
available, although there are many useful expressions that can be applied to
some specific situations. Further research is needed so that the thermal design
engineers have the necessary tools to precisely predict the contact

conductance as applied Lo spacecrall syslems. Since Lhe ongoing experimental
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and theoretical analyses have dealt with idealized contacts, more
investigations dealing with real-scale apparatus would be useful. In this case,
the various factors which affects the thermal contact conductance can be
treated simultaneously. Such subjects as the conductance ol rough wavy
surfaces, the influence of the thickness and the properties of the filler in
wavy contacts, or the accommodation coefficient for practical gas/solid

interfaces, are among the research topics that remain to be investigated.

7. NOMENCLATURE

’Aa Apparent area of the pressed contact (mZ)

BN

Contour area of contact (mz)

[9)

Projected gap area of the contact (:A&—AP) (m2)
2
)

NS
oo

b

Real area of the pressed contact (m

Micro-contact spot radius (m)

Macroscopic-contact spot radius (m)

Microscopic heat~-flow channel radius (m)

[

Macroscopic heat-~flow channel radius (m)

Thermal conductance of unit nominal area of contact (Wm_ZK_l)

-

Thermal conductance of pregssed contact (WK_l)

*

Dimensionless total thermal conductance (=C/0k)

Qg O QT T p

Young’s modulus of elasticity (Nm"z)
g(x) Constriction alleviation factor.

H Micro-indentation hardness (Vickers) (Nm
IK—l)

_2)
k Thermal conductivity (Wm™ )
k Harmonic mean thermal conductivity (Wm—lK_l)
Mean free path of gaseous molecule (m)

Molecular weight of the interstitial fluid

C)E =

Combined average absolute asperity slope {rad)

Number of asperity bridges between the contacting surfaces.
Mechanical loading, per unit area (:W/Aa) (Nm-z)

Pressure of the ambient environment (Pa)

Rate of heat flux passing through unit area of nominal contact (Wm_z)
Rate of heat flux crossing the contacting interface (W)

Thermal resistancc of unit nominal arca of contact (KmZW_l)

N O oW v s

Thermal resistance of the pressed contact (Kw—l)
3 Nmkg~1k71)

=1
o5

Universal gas constant (=8.3143 10
Ultimate compressive Strength (Nm_z)

n
.\30:5

Temperature (K)
Thickness of filler {(m)

o
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Mean plane separation between the surfaces in contact(m)

=

Dimensionless parameter, u/V2¢

Normal mechanical load (N)

b

Dimensionless normal mechanical load (=W/0k)

X Constriction ratio (=a/b)

Greek symbols
Nace Accommodation parameter (see egn (23))
Ratio of the principal specific heats of surroundings gas

Mean effective interfacial gap (m)

on oy

-]

Equivalent gap thickness (m)

Dimensionless conductance (see eqn (25))

a3

Root-mcan—-square surface roughness parameter (m)

Superscripts

* Non-dimensional version of the parameters stated
Subscripts

F Filler

f Fluid

fm Free molecular

M Metal
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CALL FOR PAPERS

It is becoming more and more important to introduce the state-of-the-art technologies in various
nuclear applications. The supercomputing is one of the key technologies for the innovation of research
and development in the nuclear field. The conference will bring together not only scientists and
engineers engaging in high speed computations but also in advanced information processing such as
artificial intelligence and robotics in the nuclear applications to report results and experiences, suggest
future directions, and exchange information. It includes a technical program of invited and contributed
papers, research organization & vendor exhibits, and technical tours.

Topics of Interest I. Simulationin Nuclear Field

. Reactor Physics

. Plasma Physics

. Reactor Safety

. Fluid Dynamics

. Material Design

. Environmental Safety
. Structural Analysis

. Others

O NN D WN -

II. Innovative Computer Use in Nuclear Field
. Man-machine Interface

Parallel Processing

. Supercomputers

. New Computational Methods

. Graphics

. Others

GﬂU“bl}JN-—-

li. Design Automationin Nuclear Field
1. Computer-aided Plant Design
2. Operator Assistance
3. Plant Control
4. Plant Maintenance
5. Others

IV.  Artificial Intelligence in Nuclear Field
. Expert Systems

. Neural Networks

. Fuzzy Systems

. Intelligent Databases

. Object Oriented Systems

. Others

AUV H WN =

V. Robaticsin Nuclear Field
1. Robots in Hazardous Environments
2. Intelligent Robots
3. Sensor Fusion
4. Others
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CALL FOR PAPERS

Submission of
Papers

Abstracts should reach the Conference Secretariat by October 31, 1989.
Acceptance will be notified to the authors by December 20, 1989. Full papers will
be due by February 15, 1990.

Abstracts and full papers should be written on special proceedings manuscript
sheets. These will be available on request together with instructions for the
preparation of the manuscript. Authors who intend to submit abstracts should
complete the attached postcard and send it to the Conference Secretariat as soon
as possible.

- Abstracts should be written in English.

~  Abstracts should not exceed 2 pages including Tables and Figuresin
camera-ready form.

- Abstracts should be allocated to one of the subject groups given in the
Topics of Interest.

—  Authors of accepted abstracts should prepare full papers not exceeding
6 pages including Tables and Figures in English in camera-ready form.

Technical Sessions

The Conference language will be English.

Each presentation room will have the following equipments ; a 35mm slide
projector, an overhead projector, a screen, microphones and an electric pointer.

Proceedings

The proceedings of the Conference will be published shortly afterwards ; they will
include the full text of all papers presented.

Research &
Vendor Exhibits

An opportunity exists for research organizations and vendors to exhibit or to
demonstrate their supercomputing technolagies during the Conference using
video tape devices, anline terminals, or small scale work stations. The exhibits must
be innovative applications which represent some of the important technical
directions in the future and not be commercial-oriented ones. Interested parties
should contact the Conference Secretariat by September 30, 1989 to arrange for
floor space.

Participants who intend to make an exhibition of video will be able to use video
tape devices in the exhibition room.
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CALL FOR PAPERS

Technical Tours

Two days technical visits to various supercomputer centers and laboratories are
planned. Furtherinformation will be given in the next announcement.

Reception &
Banquet

Reception and Banquet will be planned. Further information will be givenin the
next announcement.

Participation
Registration

This Conference is open to scientists and engineers from OECD member countries.
Registration in advance is an essential requirement for participation in the
Conference. The registration fee is free. Intending participants should complete
the registration form ( Form A) and send it by January 31, 1990.

Accommodations

This information will be given in the next announcement.

For further information, please contact :

Kiyoshi Asai

Conference Secretariat

Computing Center, JAERI

Tokai-mura, Naka-gun, Ibaraki 319-11, JAPAN

j1666@jpnjaeri.bitnet
( from outside of Japan)
Phone 1 {81)292825611
Fax : (81)292826070
(from inside of Japan)

Phone : 0292(82) 5611
Fax : 0292 (82) 6070
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Typing Instructions for Contributors to
Journal of Heat Transfer Soclety of Japan

Editorial Board for J. Heat Transfer Soc. Japan

c/o Dept. Mechanical Engineering for Production
Tokyo Institute of Technology
Meguro-ku, Tokyo 152, Japan

Manuscripts should be typed single—haif—spaced within a space of 170 x 255
mm, on one side of the page, using A4 (210 x 296 mm) or letter-size (8!/, by 11
inch) white paper and 12-pitch typing letters. The manuscripts must be
typewritten clearly using a black carbon or film ribbon on an IBM or equivalent
typewriter. A word processor may be used with a letter-quality printer. The
printing plates will be prepared by photographing the original manuscripts
submitted. Therefore, it is important for typists to avoid erasers and keep
the manuscripts as clean as possible. The pages will be reduced approximately
14% by the printer so that the data must be large enough to be readable at that
reduction.

On the first page of each chapter, the chapter title should be typed
centered, leaving two lines of space above 1it. The author's name and
affiliation should also be typed centered. Put them on a 1line separate from
the title and the text, leaving one line of space above and two lines of space
below. On the second and subsequent pagés, staft typing at the top of the
page. Each text page holds 40 1lines of type. Using a light-blue pencil,
lightly write the page number at the upper right corner of the page.

Equatidns should be typed if possible. if handwritten, they must be
carefully lettered using black ink, using symbols approximately'the same size
as the typewritten characters. Type the equation and its number enclosed in
parentheses as follows:

St = 0.0287 pr 2’5 Re;'/s (1)
All symbols should be defined in the text. If a nomenclature section is
included to define unique symbols, place it at the end of the text just ahead
of the reference section. All data should be reported in SI units.

Place the table/figure preferably at the top or bottom of a page as close
as possible to its first mention in the text. Typé captions for tables/figures
right abo?e/under them. Leave one line of space between the table/flgure and
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following or preceding text. High quality reproduction of illustrations
depends on the condition of the original artwork. It should be prepared as
carefully as the text. In planning sizes of line figures and labels, keep 1in
mind that the final page will be reduced 14% by the printer. Be certain that
labels and data points will be legible at this reduction. Glossy prints,
photostats, or reprints of drawings may be used if they are of high quality
with sharp, even lines and lettering. Photographs must be sharp black-and-
white glossy prints.

References should be listed immediately following the text. They may be
l1isted either in alphabetical order or in numerical order by text citation. In
the text, reference citations should be either by the last name of the
author(s) and the year of publication or by the reference number enclosed in
squére brackets, respectively. Some sample lists of symbols and references
follow:

NOMENCLATURE
cp specific heat at constant pressure, J/kg K
hX local heat transfer coefficient, W/m2K
Pr Prandtl number
Rex Reynolds number, u x/v
St Stanton number, hx/Dcpuoo
u, free stream velocity, m/s
X distance from the leading edge, m
v kinematic viscosity, m?2/s
p density, kg/m®

REFERENCES
[1] Clark, J. A., 1986, Private Communication, University of Michigan, Ann
Arbor.

{2] Lee, Y., Korpela, S. A., and Horne, R. N., 1982, "Structure of Multi-
Cellular Natural Convection in a Tall Vertical Annulus,” Proc. 7th 1Int.
Heat Transfer Conf., U. Grigull et al., ed., Hemisphere, Washington, DC,
vol. 2, pp. 221-226. ’

[3]1 Sparrow, E. M., 1980, "Forced-Convection Heat Transfer in a Duct Having
* Spanwise-Periodic Rectangular Protuberances,” Num. Heat Transfer, vol. 3,
pp. 149-187.

[4] Tung, C. Y., 1982, "Evaporative Heat Transfer Iin the Contact Line of a
Mixture," Ph.D. Thesis, Rensselaer Polytechnic Institute, Troy.

Note that a long list of references may be typed single-spaced.
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