TS
:

ORI D IERRERREANDT 7 a—F>

THERMAL SCIENCE ano ENGINEERING



\\

2320 CPk 5 4F)E) &R E

& E ) — B (E K)
g 2 kK ] R (R k)
fif O (ABET)
£ oK R LX)
(w4 ) o 'R i s (e )
t & A C AN R ft = (= & K)
[ Y I N Ju M by B2 & (L L R)

T (ER=RAT A2 )
1 ] ) o kOF E 5L (R x)
R R LM EREE 8 i -—HE (db K)
S = n 42 x (5 F K) dekefEik ¥ W\ W ok (B I k)
¥ FZ 5 (EARZEH) BOoROR B (B R
(i %) ek R nO® H B O (REIK)
Mo Hik (koK) WOR MR (EHEA)
B $ s (O E oK) i O = I O S = T 2y
7 & H 2 kR (AERIR) ZEOW % B (2R
i oF (/NG Ti+E E R (#HALEN)
FO(H ) O TBRR (RKH )
#HOM (R db oK) B # B b E o)
(L B BE) o M o® (H i)
B (R <) oW o= (B2 k)
— (v #4) woAT =S @ e PN
B (Tbek) H o & R (R &6
— (B K K & T (B K)
*(® L oK) o % (R x)
— (B ) FH B (R TR
iE (R O L wm (BHEITR)
: = (EEEML) it ' (% LK)
v B (% N (TVR (O A 4 x)
m PR (= #W"A) R BRI B KR
oW oo H oK) VTS A M CER N
B e (RBRTTR) A (R )
i K (IhEg oK) WA HETES (E AT
+ BB (R R BOH B OE (M R
2 (TR o B (/N7 H L)
¥ R B OR) MoE O (F IR K)
e H(E B X 7B Oz (k4 oK)
& E (R K oK) AN FE & (. R)
it = (Fe & K) woR OB T (ZFEHEIT)

F'Thermal Science and Engineering

F—T7TT 4 - /) H#E (R )



Vol.32 1993
No.126 July
fz # W %

H x
L BRRATIT B 77 o T wreeeeremrneeeseniinnanaen W LE i A K )ereenns 1
GRGRIRIZ B 72 5 T rereeeesin B SR PETHR B (4 W A 3

<G 5 MHABRFER D
SDHZL\TT‘ ”é;\;_;]gig—l”c ....................................... 1}}@3}%3’@%(% j() ....... 5
HAG# 2 E 22H L T
.............................. B TER - SRUEIEE - AR - SRHESET (S R H)- 6
HARRBF 2FIRE 2 ZE L T e HEP RS LK) - I FRZE (2R ) e 8
AARBEHME 2 ZE L T
Bk LSRR S LD - IS AOLK) + BIOEY (S EER) 10
OMRBE | JERIEBRSRANOT 7o —F>
@ifh({i{;?ﬂmjli%ﬁiﬁﬁi)ﬁéfj ....................................... TEEHIE’T‘ %Kl;%ﬁj(%%lj() ...... 12
S LD IGBETFIR +veerveeerremosseessnesesessases s e sttt e AN B ) 21
> AT L DHRD 88— EBLR DY oo P2 E— - HEEECL k)30
ALt REOREESTERLND 77 7 F Ll - pAELE - L B2 (& FADRREEEE 42
G300 B AEE RO 7 LGRS
B30[E O A (B2 > H D 7 ARl il A F30 2T
........................................................................... %H gﬁk(ﬁ%]:k)so
New Tides of Ileat Transfer Research in U.S. A
............................................................... Wen-Jei Yang (3 & #'> k)51



CESOE HARHL VRV T L)

F30M HAILELL » RO T LR Z T e #fEEEE AIHEE (B )6 k)68

5

AT Y= R . 1t I PR BMER FHA—E B )70

THR=F—HR Ly v a Y DRITIZ DT e EIHER & BEE G K)-T71

(FR=F Lty a i)

BLAMRBDFTRMFE (32— a3  ERT ) 2 7)) s KB (H TOK)-73
FLITHRBA D TR (BRI & BB ) «oeverrrererenen e SEARMEH(E k)75
WAL EROBAERT B (SEAT L) -oeeeeeeeees TR FECRIER) -« I FE— BRI e 77
SHFHR B D BEEF B (FIIRIFTL) rorvveerrersmreemnmemnnesneenieaan, RIRELZ (L K)-eee-79

BREMIED A 7 = XL L ETIL v Himlabal - PR k)-8

<R HURBERED RN

BT S TR OB - IR A b B 3 7 o R
LB (BFR D HIFRM 2 7 2 fB8) 12D T e MRE—RR R k)83

BRBERAL oo MRETFTE,) 32 R H &R AR k)84

TRV — 7 R HERAD

AEFEGR TFJE 70— 7 000 19034 T (Akk e 3 (BHIL) HREE oo 85

<BHSED

FEFBC A SRIL D 72 d D BAREE ) 12T 2 THII OB o 87
BIPEREZE 70— 7 (o] MR 3 J-  BRERZEIN -ooeerrrererneesonreonnneanie et 93
REIGETTE 7L — 7 el P HERS 3= fHE BRI e 95
EOlAIERS LD 72 O DM 42 T F—  BIHZSP] covveeeerrrerrrraesmmnnirrree st 97

19934F JSME-ASME 877 = 7L ¥ — [ 2 BIIEIRI cveevererrereememeeeei, 98



THEEFHI S > A7 2o BEMHLGEIN covverreerreesemes st mr et 99

7

‘(‘F'>ﬁﬂ'§f7‘i}b*7oﬂ—}@ H 4&'7 1) \/t&ﬂ“’b N ﬂ—,, Eﬁﬁrﬁéquj ................................... 101

av’? 3 @JEH{@H%@{RE@% & ]"j‘%’{%\ v j—j DN r‘] ..................................................... 103

KA B 2 T AL XA b 3 P BRTRIN oo 105
HAE RIEOWIKFHUBN -~ HAE LI (EBEZ)— BIEER ooevrermerennennes 106
BL B % 17 [ BT EE oooeesssseeeeeeesss oo 108
CO FEAL & = L % B FU R BT 2 BB S > 2 7 2 BRI wooeeeeeeneeoos 109

%‘2 @1ﬁk*\‘,1t/~/;}—j/ 7 I\ 5;]1;;%‘%] ................................................................. 110

Elzt\’fi;%’%ﬁwiﬁ%ﬂjﬁﬂ (75%44'5;»@ g@%gggﬁk ..................................................... 111
%E%Eﬁ‘ B ) LR e e e e e ettt e 113

A A A n R



Journal of Heat Transfer Society of Japan
Vol.32, No.126, July, 1993
CONTENTS

Being Appointed President
Ichirou TﬂnaZaVVa(UniV. Of Tokyo) ............................................................ 1
Acknowledgement to All of the Members

(s

KUHIO FLlJlf:‘(Shlnl’nayWa) ........................................................................... 3

< Heat Transfer Society Awards>
Nomination of the 5th Annual Award of the Heat Transfer Society of Japan

Takehlro ItO(KYUShu UHIV) .................................................................... 5
On Receiving the Heat Transfer Society Award for Scientific Contribution

Yujiro Hayashi, Tsunenobu Teranishi, Akira Takimoto,

Kanji Haneda(Kanazawa Univ.): e 6
On Receiving the Heat Transfer Society Award for Scientific Contribution

Toshiro Makino(Kyoto Univ.), Kunihiko Kaga(Mitsubishi Electric)-----------+-++-- 8
On Receiving the Heat Transfer Society Award for Technical Achievements

Satoru Kotoh, Goro Yamanaka(Mitsubishi Electric),

Tadahisa Katayama (Kyushu Univ.), Michiaki Chichu (Mitsubishi Elec.) ------ 10

< Special Issue: Approach to Nonlinear Phenomena >
Nonlinear Vibration of Superheated Liquid Drop

Naoko Tokugawa, Ryuji Takaki(Tokyo Univ. of A. and T.)-----rreeemremmeeees 12
Pattern Formation in Crystal Growth
Ryn K()hﬂyashi(Ryl]kOkll I]nlv) ............................................................... 2]

Pattern and Reduction of Phenomena in Nonlinear System

Shouichi Kai, Satoru Nasuno(Kyushu Inst. of Technology) -=---rreememmmeeees 30
Fractal Structure of the Isovelocity Set in the Turbulent Boundary Layer

Tkuo Nakamura, Yoshiyuki Tsuji(Nagoya Univ.) «-ocooroorrmmmeeees 42

<Special Lecture Session Commemorating the 30th Anniversary of Japan National
Heat Transfer Symposium >
On the Special Lecture Session

Sadanari Mochizuki(Tokyo Univ. of A.and T.)---ooooeeermeee 50
New Tides of Heat Transfer Research in U.S.A.

Wen-Jei Yang(Univ. of Michigan) .......................................................... 51



<The 30th Japan National Heat Transfer Symposium >
Chairman’s Report of the 30th National Heat Transfer Symposium

Masanobu Maeda(Keio UNIV.) -+« 68
As a Secretary of General of the 30th Naitonal Heat Transfer Symposium of Japan
Kouichi HlShlda(KelO UniV.) ..................................................................... 70
How We Arranged the Rapporteur-Directed Sessions: a Memorandum
Yasuhiko H N[OI‘I(KGIO UHI'V,) .................................................................. ’71

<Reports from Rapporteur-Directed Sessions>
A review on Element Process in Turbulent Heat Transfer—Simulation and Modeling
Yasutaka Nagano{Nagoya Inst. of Tech.)---rrrrromre 73
A review on Element Process in Turbulent Heat Transfer—Turbulent Structure and
Transport Mechanism
Nobuhide Kasagi(Univ. of ToRyo) - 75
A review on Numerical Analysis on Forced Convection
Hiroshi Kawamura(Tokyo Science Univ.),

Shuichiro Hirai(Tokyo Inst. of Tech.) «worororrrrre - 77
A review on Numerical Analysis on Natural Convection

Hiroyuki OZOe(KyUShU Univ.) .................................................................. 79
A review on the Mechanism and Modeling of Transition Boiling

Masahiro Shoji, Shigefumi Nishio(Univ. of Tokyo) oo 81
<Introduction to New Research Fund> - 83
<POStSCI‘ipt by the Ed1t0r> .............................................................................. 84
<Report on the Local Group Activities > oo 85

<Ann0uncements> .......................................................................................... 87



LEMIEIZHI>T
BHIR—BER (R

%tl, RRTCHELNEBE 3 0B HAERY YR Y AOKIFTOAKRGHRFEEREOR
T, SHOARRCHBWEEEE L, KEZEBRCLTHI LA, EEERTLHS
LOEBIBDTHBEIERF LE LI

BRELCEND L DI, BAGRESR (RERIEAGARER) ONREREAHERF
ZEHIG - BHEPRFEFFEO/MEAEETH D . F2HRERITBRIROBMNORESE &
L CHARBICERZIRILMNERSEETH D Lz, Bk, BMIABWERICESZET3 1 ADA
LBLEBICRNTZONEDbYTTS, TOBEHE2ERLETE. DAOERTIZORE
OERZOLOEMDTVE LS LRELEZET. 23U SHOBROGRMAEORES
. ThoHLEDH L 2L T 5% OWRE - BHNEORM OB NOEAIENBE LK
AELDTHHLEXET.

Lz AT, BREHRERISAESAERNCHY T, MRAFRNZBEOEP>fz2h
F TORBEEAMEL £ ENOIBIES, FIHIRELSRBICEKILL TEND E L. EA
LD r=Dizid. ZRAOMBEBLEILTILELHVETH. ZOLDOEESEESSEDT)
BHBESAY - LI L IFERLCENOLBYTY., 3R] 1AS. 4A8RZYOR
ETBOPOIVWEET2LI. BAREOH 22 SQHS BRI P2 OBICEL TBD &
T, DEFPSOEELIEDOSNT L.

FEE. 201 0FEFYIAZL0EBRKRLYESLTE6T. AR EIMEROLTHMSH
KEBEEREDb- 228 TARRBREBEAMNOBE LFEF SO LIEB>ThbHEY
ATUR., FEERKIZ, BERERKOENTEARESIRI B LD TEHF LV EV L 212,
BEOERORY DRI A2H > TREU><{ VL ELL.

FE, HEEZUIREAKKROBEIHEBNSR. KEREROHHELLE. ROEBAL
. UIREREEREE L OFEOF 2 OTRAL L VIERICEDSNTHEV ET. OB
EFERUTTEARP TR EAMATERIY, AFEROBERZED2OIZHAILEZNVER-S
TBVET,

BEOWELE B2 Lo, BROEHHARBFLFEERE RERIIICH D £ 7. RIRIL
NWAWARFETHRI > TWETH, FICHEELZREZ= 23 EREIF24 5, — 2 RMEFEOHA
OZRTHY. bI—DIHEHRER - FBOZRIALTHY. E5IHI—2iE I 7 ZHOR
BreBnzd, cod REEoRRRIE. HEOBERIESI AN Zb DL HEZ SN

{RBLAFSE Vol. 32, No.126



BTL&IH, OO IMEERICLET. 1 OFELHIO MEMIF%E] 2. Lz
B EDOSEOERDHEMBO—2IE Micro Heat Transfer THHELWHBEDZ L EZEIr N
THY, WL FOTBRREABTLLEY, ZOLED MicrodXFELBYIIuY - - -
PENEY A - LOREVRBEELTOVE Lz, REDIZ0EME. chiE sz
T VONSVETF - AFLAVCETE>THEY, ChBRICIZELAETEADZ L TL
oo SBRATFINFOLGEMEANOEAZETETHESD . XSRETFHROMANEHEA TN

CHOLBWETH, O LRRTEEVBEN/MIEREOTHEL RROHIZ L L
REAEEBNET.

EEMRONBOEZALIE. ERTLFOERRBEAL22HE L LEETIEIHV A
By b=, LIESLHIPSERY VRUD A -HFA X Rty VavdBBiFon., #
OB T O, BFESENE, FH N FTL2EDLILHLWT - v BEBHICHS
REND LIRS T L ORELPFHARZ>TVAOTRAEVWDPLEVE T, EHEND
HBEE T EENLZHLDTHY ., ZORRILTHAEHATHIT. BETE - (EFETELRELN
S R FEBORE B TR S TRILLI20DTT, 2O &> LM E2EL U BES,
WABWNWA RSIREIHIC BT 3L T - T3~ HFA X Ry va v BERVWET., 4§
HBEXSIREL DHF LWAH TOEGRRMRS., BRTbh e 2#HFLET.

RIEMEROBREHY Y RY Y MBI 28MEBER. BRAXHHL2 LT, BES8AITK
ETiTHoN 5, ASME-AIChE-ANSEAEIC & 2 KREUZBAEICITH T 20D TT. MEOKELE
Wit ZOEBHICHZLBVET, 2LT, BRGEEROSEHORROHHO—D bEE
fLENWS e TIRENWTL & D9, FEROEANMEZ. BRGHREESH C hd SHROEH
ROFLHEEABEL TWS LTELDTERELCLETHY. MLBSHLLKBOEROT
BHENEENT, 2RO 6L 2BEOEBE DL ABRIULENVEEXTBEVET.

(1993%6R)

{5852 Vol. 32, No. 126



ERBELCHEST
BEILHH CGHmFn

FIWOERICHMEL T, EX—EXRBL, BREICHE-T. —FIREHLETL
EFES. 20 ERERBUE-THETE. ARLLTEROEBEALETHEL UE, BB
EBBLOEDDOEESOREERBICKHBLT, TORICERLLTRBIRELEN, FWIC
o EEURLTRYERA,

LEMBESYTIIEEDEAMIE., BE<T2~3E%RsbhThY, HaMEEALT 2
EOOEGBHEORO, F4EEMICEATBUELEN. XHEOERNREFBOERIC
EoTC. BABICAERZGRRABEIRTAERLRNWZ IR EZREBTYT., BALD
BESZBEELUT. £482,00FHU LD, BXEDORITNZIINET., ZOHICELT
., MIBIEEEREF - TJIT4 A - LT, RECHBMIGEAN D, ULAVENHE
THAT A EE R FHEE LT, 2REFUREMIFE) & 3 30 5 (THERMAL SCIENCE and ENGINEERING)
OffERERELUCEE., A1 ARTOGHREROFLEIEHREENIOELET 22 LHAT
EELE,

EHKEALOERG L UTH2EHEBTOBRBLEAFEHFEOEA DY, $£TEY
e RERINY ., SE-BOBMAZBNCICHISEOEBANEOREL 22U £7,
LZEOBRIAVICRFROMBEEBRILONLEE L ZTHMEHE, FELRAFZTNEIEEICAR
ERHOTE2LED2BHVWHLET.

FEHEAMEAISOMBER. 2RO REZXLIE, MEOUI#EIDPLRTROHIT L
THY, CETCREBEFBIC R EZRICENL, 2LTELEBRICEDEEAIPEZA DL
BOWELT, BARVICBALTSYVELEN, IARTCHEDHF 2ANRZ &, T4 &M
LTBYET., LAL, BE2FRENTEHRXOMREBERILHSHOEBED L 4, T
HEEERBEADOHFADIHH, TEBICIVELT, KELAMSHEASEENZL LE
EELEHBVWELELEZZA, SETCREBIVWHECERPEET > TV EIDICHVTS
Y. ZHE., CHHEEEULERESMIC. OALELHLEL ETFTET,

—F. UECEE2NFL LEES L6 ANOHBHLELEN, THOREANREREE
. EFZEABRENAREETE, HEZEE., RBHEYZE, RHEYZEO A AICERERT
EHEBMILETNH, ZR2O0RREZAHEN AW 2RHF>T. AV-MIHETEELET &
2. KAULKBHWHULET,

AFEAFHEKREREFOZLETCOIBE, ZHERBICE- T, HBAICRBLTEWY EL
EXN, BEKE RBEELITICEWL Y. BELALEEELOHEMS L, AT LD THFE
BEARVWOMPBERTHUET, KEBADOYYRYTLDORBIIOVWT L, #HEERD

CEZICHRAT. BEEARERIEHFESMTLT, LFLLBVWELEN. FHOMRAT

3 {ZEAT5E Vol. 32, No.126



ERUTCHSE., B#HPLLTET,

S, FEEBEAMU. —EERELTEDICE,. REBRSAOHEORAEET LA
AEATHYETH, SHOHSEEIAWOEERLERNL T, 2RO BERNH I TS
D, FHERICHET TEZROEREZRVICHBTEEY., B, 2EB3IAOIH IR ER
THEOWHEL EFET, -

BRICRYELEDN, CO-EHEOSHOREXATTFEVE LUEFBEEERE, H £ RER
2RI CHEE, BFE FREVCKERBACOLECEDLoE, ZLO0HAILELLY
HILBULET., BEOZTHREBEHULET,

o

{REBTEE Vol. 32, No.126



B5HHAERFEQHEEZEELT

G BEOLKI)

FETRCOEIRTDBEREIPAVEBLI VL EBVWETY, AERERBESOLE
Ho3D6ABTHNEIRADD, BREACEENBILEELET.

CEHOXIRALORNERBEIHEE, BANERESFIGEET, WHLSICHA
FEy v ESYATRESNEANBIVCZENOEMCHLTEEIE Y. RXHERA
HEVHAXTRE LIS, BWERBEWNA2EET L -TRD N, RECEHE
WAERBRLEHRYMIC LV BEZELTEEE5TY. ¥2HRCHITIHAFTSPEZNHAR
3, BENEEREOEBIc > VW ITRBRONARS DI CADY, RATREIEIVERTR
WEBBEINTE LS TY.

EE%EH,K%NH%TQ%L,ELﬁ¢ﬁ@ﬁWD,EXE%VV%VﬁAﬁQ%é
THRE -BETHEVIBRRVIEE-TED 7.
SEEEBRECLPPORBETHNELL. SESNCIAXEOBEER CEBFEVWRLRS,
1 EADOHBARBSE FEAVETLIFLELEYS. BRI, SHORBIKL, KBHE
EHBTI -4 BLUVREREEZRALCZASMcELL BILFELEYS, REHESMLOH
KOTHEBEHRD T,

{Z8ATSE Vol. 32, No. 126



FSHAARHREREMELZTELC
OB (SIRAT)

AR, BETRBLASE CHRES N E0R AR ERESBRITIBVT, BEARE,
FHEES, WRHTHEEB & LH1C, ESOAHRERESFELRENELE (FEFTHBL
I L. REBECHZY, BUEEWLZ0WEES L STICEEIC D> TR ED 10245
HoORTREL TN BRERER I L, A2 BUTESHILELETE Y.
REONERE p ol [ ZRANEERSHEORNEHEZICHET 2% 13, EILTED
SFHHDMIEOBFEE I AHEFE L198TFICHEE 2 D DT, ZNLROLFM5RET
T, ZOM, 19905 5 19924E 1213 T F )V ¥ — FHE IS [ 2V ¥ —FIHORAL]
HIZHLARA TV E W20, BREICL ThAO SEMEBTICT - 72 23V F — 5D
—RE LTAMREZETT AL TETE L. HIEOFEMIE, BESWY 2% TEB
W,58 54558 TENE T EELT, TITEHAMEDAE O, HEHEERE, &
BbhaBHROFH, BEL PRI LicwiLET.

BHRRETEWITETED L WRA BRSO, ek, AMEEICBIT 2HmEK
DIHE - BRI, KEROGEMIBRIIBIIEHERBACLL NI TN, S5 ICIRE
BReHVDLIEILE 2BEARBOBENIERE, 70 A2 Foxfg e+ (0% T
FOFETHE AT TE T L, b, &4, PERABRTAVF-OEHFH BN
C, B R ARROTEERE K2 COBBWE L M, WEERILT XU 4 7 0%
E—FRYTHA I NVOBEEREL L)L TIEZFHIDHY, TNICOWTIEEADIHK
BREDL OWMAFPREN 2 DOTT.

ZHESDBREVERNTHMBEREN THN, 0 L) RRAELVERENET 52813
BB g BB EO SRS RTICA OGNS BIROBEHEE 3FLRL2) 9. KU, &5
B D 2 EALIR T — K ROEEDO MO R r v FRRL2D DT, BETOEEEE
T E AT A KT 5 72 % BEHIRAEIC A C, KEBBWEOZTINT AR 5 R OB/
PHREIFELRT LTV AHF2HY £3. —REME) T2, BETOEIREE
RoO&HE L, TNENEMOMBS CIIERERELE 223005, HECAEWLTH S
CEFMBORIMBNOERCEAL, TOM/KR, FIREERO EMEHEALIETVS
borEZEY. 7, VY AROBM/NEOFAE ., REELD GEHESRE I — 5N
LTWwR ZE2BEFTTwaIEIcdb T, DLk, ZRSTERRAREAD B,
BHREOEREKDFHIRDP O HEMBETERE LT 45, KFPREICLY, BEIRK

fEELF5E  Vol. 32, No.126



FEEAM IDBEEMA A DICH OB L R TEEZBERK T L, MAHORE —KE—#
ROBZREEIHRY BRI N &R 3. BIL, ZHROBREEDOWE Y — X, %
HUBSHT & 3% 7Ki% 2> & 72 5 film-standing drops, i MER % P ) film detaching drops, il
DEEFLAERTH & 2 ) FRWE LK EBFHIRITBINTH T % separate channels®D =27 /¥
s YIKAIENDI LD F . KB, BITORGOMES BT L, HHTR
ETOREDORRLBERZRERL T L RE NS — > ZHBRALZERETVEZRRL, %€
¥, Westwater 5, ’Aker>s & Tunner, Polley ©, Bernhard5 2 & o THFTHIZERLE S LTz
COMBICH LT, HEOMRLND KWL RME52 b0 BT, 20Kk, T
DEFZEIE, IS CHERT b\ AR BESUE % ) B, BOTRBo
BERTHHMAEGHENOENE, HAL=AF7 1 VROFET7 4 2 b OBMERTO
BeE, S OICREBRBRBOMENLEBHALTWET S, EROoXEIZH S [ LROHESL
BUCESMENERICER L] 2289 DTS TT.

EHLIIINTIT, WOPOMELEME) EEMELIY o TRE Lz, B
CRWTIE, MEWE 2R LRAEL2EH TL 08— 2D 9%, MHEMLE
initiate & § 2 AT BESHSKIZ L TL T ) BHEMEICB Y T, E3RERERD
9 TY. [ZRAROHEMMECTEL DN 2 ) BEER 2 L, HEW - WHEN B - it
PEBIF DO ETE 2 o TWIETH, FERPEREA 7T —IVOI 7 Ut THEOARE RS
AN WIBEITE, BRAaRHEL SMEFN 2GR EbOBEE L b0 e
A ,

BB T LN, EFBOREHREOWF U EIEL L ICHEERLAEICBILRL
ki, RBEORELVWZLITT.

film-
detaching drop

\ \\ .
\. standing-water
drop

| channel

Bl HEEMOKRBEBEE T

{REIFSE Vol. 32, No.126
—7—



HARBRFSFEMEERELT
CBERE (HKR)  MERE (SEER-THK)

BNEEAGRS v ¥ Uy AOREK BV T HARRFSRBERERNEE VAR EE LT,
RUANARBICEY, XFEBDREVLLELE. RELE, SCHBEED, EBobl
WO EHIEBIFE ARSI CEE LADT, COLHIBHLVRAEERTTWLEWLLEED
LB VTS, CHETE -AEEFCEILBELEFSE bR, ChETOY Y HPY
LEBULTCHRESEBTCCTE -~ RFRRADH L CBEH O LET.

BEOMR L > LRI,

EZRTERAOREICLDEFMELIS S OWREIC KT 2 5 CHOMEL H21H
HARR Y v £ Yy AHERXE, (1990), pp. 382-384; HAWBMFEZMXER, 58
#5535, B#E. (1992), pp.2827-2833.

THDET. COWER, RERFEORELOMRETIT>C& e "EREARBEORS < bt
HEOME O0—BERTSOTTY, JITR, TOHEOBRRERLT, ERAMFES L
BYBETYOMEO—REBNSE TSRS,

2 < Bt (radiation) i, BRKOBHTH Y KVEKTOREEL X T. BRIFECKLFED
BH - EROBERBRFOZALEANTEVOT, S HEROFMIEROMBOIFOTH
RHERTEDRENB D TH>THLVWRTTY. LI58, EEick, BiEobIERE
ME D 3. { SHE (radiation characteristics) BHETER W HIC, HMTHFNERD
hic, BEoTOWOMERYHEEZRLAL I LICBRBIEBBLIBDERA. T/, DL
COLDIREROEREFVETOBERLTLES L DR B VTS,

COTYNS AR, EBOSHEEABRAOHE TSI LRERLE Y. BEFOR
FRBAES S RERBBDA TV T SH BOTY. 2%, KEDCO2LHADCO?
LREILSDTEY, ClibrEREFOHEBBoOFEE~Z L8R, CLAR-HY
BREICYTFEEIRDONET. 35k, TORAREARPIERBOERE T CRR k4%
AICbTLEE. TLT, COBMR BE LWIHEOIRWE SO TR YEMED 1 4
PLUEZ2EAELET. MAOTHOIHERERTRSZEELEHTH 2 LK IR T TH,
SHMEREEARETTOT, COSKRIDHRIEARANTRVERA. FOKH
K (emittance) 2 EMHF IHTRELEVIERE T I OMEEREFEUHFIHTTREL L
SEEmHAIC bHIELE T,

WEZOPEHE R, SHESLBREROERIOEEBEENRE LT Y (properties) %

1E3EFZE Vol. 32, No.126



HOPIU B HOLEHERLE LAY, —F, GRFObAbhOBFI—FiHEL
ThEEA, HARLPIEEZBORRE T CEH»oBENR b0 0—Hic, ook s)
FHELAVSHES I DI, VEFELER-FL L TCOMEIESLBLRTDET,
HADHBIZ 25 ->T, —2iF, FHENABFEOTULABEDL BT, $I3—2iF, WF
OREILS S COKRAEIRODWTOBHIDIEHEZZ &M EEVE S, EE5 KRk T
é‘:bi‘,‘ WEEWAEBERBRIOFZOHED RF v 7ROVTCOHDTHY £ L7,

HESREANICERETTOT, ITREARAMO —AEEZERNIKBE-TRSEKLE
L, EBREEEZHAMEL, KREOHSF R AFHEAVLRRE TORLEL LD o VRIS
TEIBETOSFHEOHB L EH-THE L, TOHBEE, Aicbicd > TREHH

BEDOTHDEL, A7 PARERBAMICENAL, ZOEMERBICATICHERINE
Lic., ZRERERAO—RIESEORFERES, NEXX7 PVOBEARTHSLRS
B odhiE, RENIERHAOHRLERZZ, L3 RMTLBRVERERZLL. o

MR, fido—EOMAOHRERICAD E L.

TZORMEROBRKEERT, S5VWEARAOS{ HUHEEEZBHIAFO~— 2L T
EVH/HI>ICRBMETAELIVOLEZELOSNSLIAREDE Lz, FVIKLT, Yo
bOMFARITE, BABPEVLVKEE ST, 7v 4 YR b= VI TELRENTETL
Tl RESPZTOHESHBHINRAREL S, BROBMBNETEROERNHEEN ICIEA
7, BOHLWZRAO SRTHERR, WhicLTHgETE 520 e, FUIAHEBLE L7,
RAERLKEFa—7 2> TERCHEZVSEVWCHWT, 3K REFELE-BDT
T, BENRETI - T {(BETORRIRLVELEOTLE., TETLES &L, EFLOT74
FA4TRE-TY Y7 VRSDT, ThERPTL20HP v~ PR—HROBRTTHHRbOTH
DELA. bEAANMAZEZZTRT 270DICRELOHANGHBETLREY, ZoHXoKRFico
WTR, BREBRBI—F—TH-mRBEEVA, FONAT v F—TH->DTTH, BE
Li:REOEF LS, XS HEEOE®RMNIBUNLTOEEREA Y 2L EDOTHE B &
BbhrDELA, INWBZELACHFERHRETT.

GREBIL, RERLKREHMIZEI>UHROTAF 4 7ERENEEEH - T E S, 3¢
HYMHEETR, tmOA—SOREEESDHHE, BLymot — S OMEOKE % BE
LETOT, P&THIE, ZTITOHER- TALURAELET AP VOO EEbOMDL
TEH, 25 TR VERA. HPLVOR L MEVWIHHOKRKEEITE-T, HBIIZTITH,
EHI D THT D, BEFNE D IIEEFNTLOBEE LVEE-TWES,

ET, IH9FBVTLBLERb- LSS LVWOTEY, BMBIRAELT, £, kKiho—Ff&
ChFABEALO>WERBECb0 s, AR L LD, Z0HFFLELTHDRWVWSE
DOTE. DT}, BEORIFELEVWAKSE, LUANATR ST onE Lz, &5 —HHEDL
EBTENREEB IVET. BOWEITTVELR.

9 {EEAFFE Vol. 32, No. 126



S MHAERZRNEZRELT

die B (ZZRE)  URER (CEEH)
FIlE A (Juik) ﬂZﬁW(E%%&)

1. Ztdic

IO, FEH D OAGREROE S HHAGRESHNEE, b sMEHIETAS
FETHEXNZE3 ONHABRY VRAYT LABERCBWTES, REA—-RAZRE TS L
I, BRICERCALTED Y. HHEEBD 3 U#tE fcE BHoRERLET.
BRFEHE» S, BRERY VR YY) LREBRFRORKUNFETHY, 22 TOHRNE
COWMADEMEM>RAEAL 2D EEL, RHOMREICLEHEICLZ2BMEIFUNITS
NEF. ZOEKRM S D, SHOBMEOREIENERTHV ET.

2. FELEHEORESN

XT, BEONGE THHBEERY I 2L —va Vi 2B BRERETHEN L BEY
W AQEFENBO RN BERERM 1 H2 THHARERY VR VY AHEHERXE, HAEH
HOMNE (BHR) ST#543%5 (1991) THOET.

B, EVHERZEARE, VOB TEBRIMICRERNS VYV 2RITCRET
DENEMULTVWET. EORETICBWT, BEEAERE N GERTHESRX) oFifisE
BUABABEFEOHEDNBENAAROBRETHOET. OBV, BHECN & OFE#N
FHCHEL, EOWRWNEBORS V/FICRES N EHENGE - FREREWS F 5T
VERETZENBERIN, ZETEOHMO 2OIEHTIC STV EFATE BHM L 20
FERMOMESRDOENE L. BT, ZHhETHETERBREY I 2 V- a VEFR
BREFHTAHELLD LY, ZHESKEVWEFCTFHOEYICLZETOAZVWDIOLR
DE L.

BRARy 32 b—va VEEH U ZAESRERETHOME, JhE TORERKTE F
STNHELZENNND, FARRCESWEREENERESEOREL FSTVEED
BVeWn) ENBREREFHERREE © > TR ED E Uiz, BRI, ENVOBITEN
CENVEFORECEAROEHREESOEBRREMELT, YIab—vavOoTilks
EORGEE TIHOENTE, HRREOHTO TERT OBMEERED T HFHE%L 5 200K
ZOBERMBERGIENTEE L. £, RIB4FOHMFO IS TLHRELTES
T, BRE—-FHELE22S TEREOEMTE %Y.

7z, ARMCEY, CVORBRETOENMEOHFTIRE FHIL T, REFEBOMES

{E3EFSE Vol. 32, No. 126 0



REFICF v 7 U, BFESHNIERE LFORBRERITD & WIH LWEERENL S,
X HIAMFEEREE LTOW - SEREBEZRE LRWERENAERERMNICOBEROKE R
HeoTBHET.

3. REICBI MR ERE LEHROEL X

Fabdk, S 1 OERD W, KB 5H-> T S e BIRHEIERT i 5 e x w2 &
Hiz, PEOPICEBEI WS EOIEL RG22V LT TS ELE. ZOHRT, BE
OB L5 R, RN LAIFHROREN—RLTED, SRICHT3RINA F—
Y—D&HCBADNE LhEHA. LML, RENTHEFZEKRE LEFREEOEHMNIE
BIZHE LS, HEERS-TBOREHL2ESVWEE, 2hP oML THETERL LS 2
BEAATEONBEEXAOHIEHEBENTWEHEBLNDILEVWEY. 22T, 20
BEBED LT, BREBUAMITEFARL LEMRICE L T—FRBRIETHEFET.

FOE D - T3 BEABHTICES T, DR TR EEROTEHEREIEEICHE LWL EN
9. BRARIFOMEICES REL &, REEHOBKNRETH BB LT PRSCT S
ERMRICHENICELS, N—FIZ7OH% - R TEHEN TR TLEWETY. 2
L, V7 b7 OlFPEAFEAEREENEICE L TB M2 B3 TT. —5, N—F
YI7OMRCEERE L, BLOFEREVWLDE D USABHORX R W LD ®,
BEEEICETTELRAMFERICEONLTT. F0LD, BEE I /iR T 551
BBE, STELBENERBRT -y OB ICITEFEED, RORAT Y TOMBIREDOKEICR
BRRA—LASVvEFITTICFREE VKRBT LEVWET. f#oT, N—F7x7 &R

LTWAHEOMIAL TORBIHESWEN—FY L 7OHIREEZITOELFICRHEICEE 2
B, BRERIRE EREY—LE LTHAL, £S5 LTHADLRWEEBHEETE, #
7= 2 BRI O R P ERM OB E EO T A & LT ML L WO EMNLE L
ZDET. 2O &E, BIERNOBEROHASFICN L ULERATEEEAN, Pl

BRABEE AR LTWA L3 BRTEONBHICH LTRE[TE SRR TT.

BLEIGRAR =8 LWR, ZOBRERRBEEICEPNEREL WS HRIZWED S E,
MR W REEHOEN L KL LT, BrOBERWRI—F v P HERZTHEEEL
WA RBICET2ENTELZDOTT. ZOHRXBWTH, EOHFSFSMCETIZhET
OR2BEFBEVHE N, BEICHT2BB-BAEWbD LD X L.

3. Bbhic

BRI D & U228, Ao BMABEmRIT T 350, AR ORECWED &
TORRRE T EHOBEHEBRLEDOBY RMEELS LTREVRERATLE. E=, <
OF 2 DEB I HTIBE LTRAREICEIBERITEERATLE. 2OBEBMHEHILT
BHOBEERI 2L, AFEEZRCERZH LWHIRT -V DAV EVWET .

oy {RELIFSE Vol. 32, No. 126



W EIR T D IR T IR E)

WINEF, BAER GRERLIKE)

1 BU®HIC

300°C BEEICMBA LI EIS/DEAEEAZDOE S &, IRMO TH TH LD ERME X
THRN=7 57 bDEHITHEE LX), EEMBRICHEMUSD, WO TICTX A0
ZLEOBZEIIPI OO T, HWHOTHEIZ. B &L D IKEICRI N, BREISHEBLT
LEHZEREBL. b UINAEOBRENRMOB ALY DT DE L DTS LLERIE
BISF, BIEMBAEICEMUTTICIERLTLE S, BFE LSBT Eho
ER TR B, BZICINIE, ZOBMIZEMIC. EEENZ AT OMFEE R
£ BB EIED ., B2 ICERUTHERT 3ETO LIS OMEBIIEFT 3 (1, 2, 3]
(K 188),

M 1: EKOERBOBES (n=2) 4

MBI TOBRTBEDEENI T 54/ D LETEHEAFEETHRON, BIRHENRET
Hb. UL ZOIRHOWEICIT, EHENIZLBRNICOHAISN T ERLH, K
Wico20TE K1 IKRLI“D 2V —E=V X8 OIREIZIF T, K2 IKRT LD
123 DOMERD “BICXDEY OIREIP. 4 2% 6 DO ERF ORI bEIET 5,

1EBUR%E Vol. 32, No.126 -



ZZT. FEEDN n MBICK AR AT M n OREYE LI, KIZDWTEESD
T ERTIRE— Fin 292 ~ 8,10 DIRFBIEEINTHS ,

Z DBIAIT Leidenfrost R E L THLMNSM SN TS, Leidenfrost ZhE &1Z. Ik
HLICEIMNIEBR MBS B ER > THEEAHRLEE I U LiICBIcZABIRE
bEDO—DEEI LN,

2T —RRISEBORII DO TOMRE S DB ->THAL . Rayleigh (33L&
UCHBEEED ) —<I)VE— FOARBEELUTO L 5 IZ#HWH 5, 6],

/ 1\ s ' )Y
(n —1)n{n+2)o

wi = e ERHH, (1)
To P

w2 = (et Do @
To p

ZITo & pRThThERENFREEETH 5, HEORBIIEAEEZEPICEHTHE
M9 52 &2k D, BRIBRGIEHMN & R CBEERF BN DR SOOI FIZ I
WX ETHEIND, MOWEPITPINZHEINIERIEHRHIL, Trinh 5B EITL -
THEINTVS [1] . [FEFOSE TR, BARPTThromE Lif 3 A0 LICEM NI
WO EEINT (8.

ALERISIC L DI NREY T ABR b FET D, B 0 LBA Y T LEBD LICTEEO
HFIZIkERE AN & &\ IRERPUREI EIBD D Z LEIE IS, COBA. MEEPMIERD
ISR AR ICBAIE L. EOBEMEBKERLD LD 52 LIck - TERERN
DEALUREIDEI NS LEZEZ 6NT5E, ZORTIE BEZEDBIHOD MY A—
ELTS BRICK > TKEREBREOHEBRKMICHE I LEDNDH S [9) (K 3BH),

B, FFEOBMEE L UTOIRAN S, WMORBIIH I LEROMNRIZE -7,
COWETGEENL, BERTH AR TEIBEMITUHEERF D &0 S1RE I NIRRT,
R EWRELT, € UTHEAR, BAROBHEERT S LTEELHRAZRIL
72 [10, 11]o

BHEIR B OWRENIRZR L. Holter 5 [12] BLIUEEDS [4, 13] (LT KEHANTHESR
iSRRI NI, T, FEHOBBILUERE. BR. THVIT OB ERC- R ([1] (K
3B, J—<IVE— NI 2] . BIUFE-FBBIIODVLWTOEFIVY I ab—Y gy
[3] t)ﬁ? T(l‘%o

W & R OBEZEIC X ARAEBENEM SOOI T IVF—0EAIN. IREDH G,
T 5EEZ o005, &ZAT, BRERHIONTEHBIRE 15D 20 &0 9 MEIRH
FRIBHINTOED, YT TR FEFSOIT - L EROBREE PN, BEREE DR
B OWTHHT 5,

1EEFZE  Vol. 32, No. 126



WALA Z (O3 :n=4, Ny :n=3,5) 1]

K 3: Bk~ IS H ORI DO BIEH]

fREAFIISE  Vol. 32, No.126 .



2 FERGEBLHER

WA XN LD IO TNICMAITFAREZMEA L. €D RICER KO HEZE X
HRICHRINZEESEEE Uz, BT ZAOBEREER. bLUBRAKJTHEAILK
FAUBARNERREEE TR LY S ZAHRNICEHRE BN

BEERICOOCTEA SRS — FABRINS Z L LTl X ST EEREN
2 Eio. FAR RSB NCERS Re TR DI EREUAREINED LT EICE
BOE— FORA IKET B,

FlE LT, MBHEREANCH 5 —HOHBTORMICH L TOIE OFia4-6 Lk
HOFEMOEDOHEFER 41RT . FHEIEDTIEEE ro (3. AR S IC OO THIFHIZ
W Utz B T I3 REIVNE (R BICDRBIZEBATEN, 2 ETATE— MDD
RITBEIISEB L. AR REUHEICEY BURD Uk, BR. Ak EoE—-F
KB THIBIZRUEARNOEE & -2 EH RIS, $5 1 DOBREE— NOEME L.
Hicise— FOIRBVEHE NS E TOM. WL T v FLERE Ui, ©— FEBIC
DNTIRRIZEEL BB,

ool 104
r
b
_ 006 hey | 103 &
» . ™ —_
N L, 3
T N IR [\F.
n=5 == n=4 T
n=3 - |
002 : : : : 0.
0 5 10 15 20 25

t (s)
K 4: —EOEBTOTEEE ro LMW T OZE(L Gl [

BEIET I T BIREE — Fid. AR OME. MBMKOERE., BHOKRX X, &
BOVWEMIEET b EEODIToICHRTIIEFKTIEE— Fin =2~ 8,10 A8
mahtodt, LIELEBNZDIZ. n=2~4,6 Thoto 7 /- IVTlE FEALEDH
& =273 BEINI, WEBRETIIn=6,5,4,3,2 DF— R, EETldn=5,3,2
DE— KPR, TIVT Y Tidn=>54,3,2DE— FMNRLIZEHNL,

WUz ®— REMBUROEE LEEO /5 7iIcFay bULLbD%E, K 5, 6125737, E
BEORMIZ, FHUE— FOREID RS LIcEROBEHEZRT, ZBKICB L Tid. ik

{ZEF5E Vol. 32, No. 126



DEEE T > 330°C « HOHEE 2r < 15mm OFRTIE, n#3 DE— FNT VFLICHRN
720 FERUSNOEIRTIHIZEAEDE S, n =2 ODE— KRB hik, =¥/ —ILTiE &
BIlrlod 2r > 8mm OFERTRn=20F—FIMN 5<2r <8mm Tld n=3 DE—

FOBNT.
,7 o né:<> (‘ e ‘T;:p ) 1
R o o TP o T
- 3 4 | ‘ 5 ] ]l Ys ]
] G —]
| &
_E_‘ - I | T s f“%@;““““”l“ -“.
& 5 6 T . g& ]
- i ]
_<' ’ b i 4‘2 ‘@ é\g_‘_
S o .
g8 9 10 r :

o 1L 1

250 300 350  T[°C)
K

3 ( 7
"= 3
L9t :
2 3 ]
] =
T i :
£ - -
Cg:x . ;\ {‘“. ? :
o L 1 ]
T[°C]

300 350
x4 )=

K 5: €— F#R [4]

WEDORANZ, R UE— FOREIDFR L EEOHH

2T

{EERFFE Vol. 32, No. 126

WREREAOICER
Tl BEICLST, 42>
r>39nm TiEn=50
F—FH, 39>r>1.7Tmm
TlEn=30DF—-F 17>
r>09mm Tldn=2D%F
— K8z, 2L T >
150°C « 3.0 > r > 1L.5mm
DOHEHETIEn=6~2 0D
T FOT V7 LB T
BWEBEEHRET VI /T
. BEEEETRANTY
s, BN RBOBRE
MEoEIIZIERUE—F
E UIRE CHA, FE
DINE LI B IT DN CHAL
B—FR¥in DINELHB
AN A RICHB U T
[RY A

T4 /=3, BHhb
- FEEIZIER U TR
BIEELU TR E TR
ALHREYUTN S, Ui LS
Hhlce— Fid. FEHUD
XL BBIEO>NTARELLR

-:xf:c,



EKTH, Bhae—

IR @ERL -7,

NS BIONTE= K

g -TTE BOOS ALK & OIRBDHR
. g MBS - 7z0

J1E 4@ PUEDS, E— F#iR

i DRFAAB ORI X S

& D RSN

‘ THIENbh T, ThHb

e R b, C OBETIE HEHER)

d (o
K6 E— FBR GREEE) [14) DA A= LIKE L HS

. T ADRBEMEICIERFITEND

@%@%Emi\ @ U€— FOIREIDFH: U 7- BROHP Lo A TOREMIREN
T BB BB,
—H. BHE— NOEROEEPHEICBURICIREET 5, FIAIE, BEDPEFOBD
B, HBICKRZEOEOVREERLEBEBETIZADRELUEND -7c. ZTNSDORMEIC
DNTRENERBRTH S,
ZFEOBBAREZEROEHNR =5 DE—F 15 n=3 DE—FNIIBBTI T, Y
Uk EFAOLZBREOEE AT Ea—F —TUEE LB Uz, EELSHBONIEFED
BEA 7 — ) 2R LU TEKRDI. B— FOZRRY MV HOBRBZEAER 7T IK7T. -h
o, Bflidn=5&,n=20F—-FRFAUL SVOBETHELTHRDON, KREICH
FOWHMBHEL n =3 DE— FORBIBBHREXN T2 &I B, n=53Ln=2
DE— FPRFICFET L. ZOFRER LI FMICTIXETEIN 5 AR ELS,
I EBROFEHEREOBRERII—T 35,

E— Pl n DBHOHRBIT. FLOPSOEE R ZHE 0 OMEE L TEDLT I ENT
x5,

Ro(0) = R, exp(+inf) (3)

n=5&n=20F- FOHFBEHEEHOHELRAIHIZ, 2 2DE— FOERED
B, THLEERBE R, OBEME-THDEE, RODEIITn=3, n=T7DE— FHH
h3,

Rs(0)R:(0) = RsR;exp(+i50)exp(+:20)

17 {RETSE  Vol. 32, No. 126



(Franc ta,1
Ttsec)
2544) 4,74 L e e e /(- T T r————

(2344) 4.24

2174 3.81
2049 3.50

(1844) 2.99

.

(1544 2, ZA_N A x.'ﬁ,__

A0 1.80——" -« - o Tl L0

=0 1 2 3 4 5 6 7 8

K 7 WAERORTEEDO AR pVEL  [3]
_ { Rs R, exp(+:30) A
" | RsRpexp(Li70) ()

HBBIZIEn=3 DFE— RPHEN n=7 DF— NIBENEH DT, TOFZXRETTIR
THOBATE ZDFTIRIEOVD, T— FHOBBIO L DHOIREE — NOIEREAHESE

EB3b0THLZ LdIRIN G,

KO L U BN OEEE, BENEAOTAE Uz, £ DB MBMHROIEI
320°C < SWICEE Uy BESOMEIZEIEOPLICEIE Ulce TORER. WO L&k
HDEREE 90 ~ 80°C « WETIZ 95 ~ 90°C . TOEETIE 100°C THoTo 2F D,
WREOEFOREN—RETIIH NI EDHEID S, REEID—HETIIIL O DITHKRE)
NEE XN B AlREHAVRB I hie (K 88H),

m%\ﬁ%ﬂfﬁ%wmbio&Té&ﬁﬁ#%iéhtbia@f\ﬁﬁﬁﬁfmm
Eafiddoniihois

3 THERMEVT

ADET A HRHRBIO A 7 = X L& Ui TR SERBITIZ . EHE ST -
TSI U B Cld. T2 LR IO OB &RGE Uy BkilEiim. 9/ab b, it
HROEHAEBKBORE R ERE Ul BWIETORNIIIEER TS L. RF
vy VSRR Ui,

Z OEUBRICE S S PIRIED ) — < I)VE— RS, Bk —BT5E2OWE
ﬁﬁ@ﬁﬁﬁiﬂi¢—®@#ﬁﬁf®ﬁi01W6Jf$éhmfbé ZEMEwRINI
112U oM EIERHORMNH S 2]

{ZELFZE Vol. 32, No. 126 i3



L Y upper

- J 1
. —=— “surface 1

2 3 4 5

!

Hight fron the hot plate [m]

A

8560 9 100 105

Temerature )
B 8 WROBENESE (4

D T

BT RIVF—EADA XL E UTIE, W EMAEDOHOESEDOHNDE
. WHETOBEMOEMIC L BERBENORBOD 2 DVEZL SN D, MIBREN
BIFOHERN TRELBOFENOEHIC L VIRBVEHEI NS Z EBE0, b LR
EEICHD T BENSD -T2 [15]e —H RERAOEHICEL > TREMBHES NS L0
SEZFWEHNTHB I ENHAHHEEFIMNICL D RINTS [13]6

4 b

EUEIICIE. RO ARBEEO A 1= X L3, HiE & EROREZIC X 5 KIES DR
AW EDOREBLT, TRAF-NEAZN, REDERINFHT S EEZ 5N D,
Z2OERT. FTFERBICRAZBNARTHED | 2OHTH S, LI L., BEHREO
2417 A H Z X LAROERIBHIN T, 208 HIE. SORRITITES, BE,
KEENDERHIEALTE Y., 3 SICBIITROIFFERBIIO T, FITrWENIC b
BT IR S ThH D, ChhSOREVNMFINS, /L. HBOBIE
I HBHE TR TOTHREE UL, 10 ~ 30Hz { SWLORBIEOT, EFAICR&EL
7. ZF—=F£B LTBhIE L. HB3VIEX boREHTHE. FUNSEL Lk
BOBBRNTE S, ZLOANBELUTELUENRLIELEDIL,

{ZERRFSE Vol. 32, No.126



L% 3R

(1] K. Adachi and R. Takaki : J. Phys. Soc. Jpn. 53 (1984) 4184

[2] R. Takaki and K. Adachi : J. Phys. Soc. Jpn. 54 (1985) 2462

[3] R. Takaki, A. Katsu, Y. Arai, and K. Adachi : J. Phys. Soc. Jpn. 58 (1989) 129
[4] N.Tokugawa : Master Thesis, 1992

[5] Load Rayleugh : Scientific Paper (Cambridge Univ. Press, 192) vol. 3.

[6] Load Rayleugh : Proc. R. London 29 (1879) 71

[8] A. R. Nelson and N. R. Gokhale : J. Geophys. Res. 77 (1972) 2724
(9] HEE— : BEEROBFNNE SCBARMEMBESRAIRA %30 FRERKES
[10] C.Y. Wong : Phys. Lett. 61B (1976) 321

]

[7] E. Trinh, A. Zwern and T. G. Wang : J. Fluid Mech. Sci. 115 (1982) 453
]
]

]
[11] T. M. Corrigan, F. J. Margetan, and S. A. Williams : Phys. Rev. C14 (1976) 2279
[12] N. J. Holter and W. R.. Glasscock : J. Acoust. Soc. Am. 24 (1952) 682

[13] N. Tokugawa, R.Takaki : Proc. KIT Workshop, 1091, cd. S. Kai (World Scientific, 1992) 211
[14] R. Takaki, N. Yoshiyasu, and K. Adachi : Forma, 7 (1992) 47

[15] #IEF-, WARKET : E%#H THECNICAL REPORT OT IEICE. NLP'93-9 (1993-05)

{Z3F58 - Vol. 32, No.126 20



HROWAETRK
A KEHRTEE
VAN N

1.1 0 DI

R LR TR0 FO RN E o CHEIE L <EHI L TTEZERTH B, LT,
ZRNRBROBEZOEFICL LTI EVWLDTH b, KEREFIIEMRR BT HZ
KEBEZTLNDL, VYA VERSIOHPLRREL  Eozb, WoltnEI LT
LEIDODPRYELODRV, €9 V) BRCHEEIEITEMIEECERLRFENR T
D, BEDOKEZELZOOBELBMFREINTYD, Lol #LdFHOE,
WMOTMPORRETEIC LI SWCEXTEMZEMI, [E)LT. CALZENTE
720?21 w3 bDE oD TR LWESL) D, LT TR, COFRMNZEMITOVWTE
ZTHIv, Thbb, FRLVWIbOE, BRI [B] 2IEVHTIEDOTELY
AFLELTELZTABILIZLED,

M 1EERICAR SN LR E/HED
FRLERTHTbDTHDE, ZDLH

L YR
ﬁ%?%g BN EHIBFNEOLETHELNL DR
Qﬁ§<~
l

12 Ne. N BROIED I o BO NS e ERRS
FEATWTTROEAZEE S ETRR,

ETHBSTWBDELI By ZIERT:
ChB1RE, BOREGIIEMTER L2
LTwa, L2L, HELEOREIMED
N5 EZEOBENRZALITERTHS LT
B2hwv, B, FLASKEezZROF
Ty L CERRGFANSLRHDED
DIFEL TV LW BRERCESR
BDTHAI . T, T0LI%—
REMICRZ ARESEOTICCZ, B
X MESHUE AT AN =X a0 EN
Bl #enBid. (6% 9ER) TVEDREEZR{TERLRY, FE

2 35S Vol. 32, No. 126



Mizdh, L) RBBROEHLE L LERIBA R IATEEINDS (K2-
M4) o SHHIEFEUBEROBRLZVoTHIRIBVALNAETH S, Tz, —#EICH
BEHVTRVELPEDIE, FAVEY FRKRED L) CEN VRS EEDORE LIz
BTh2) (H5) o LTFTHE, 20L) EHE#EED ERNER] SFED LI
LTTEDZDOPEEZTHL I,

{2 H2v /=M NoBeRR > % (100)
HENDHEREE, RRDBEHTOXFy
TVav bRERADETH 5,

([71& b #=4R)

H3 BARTTORERER. BLASF0 L%
LEEETL CNRHBEEL2OTEIE L
BEZoTW5, (H)IFEMREL)

M4 BEESKER R FVEORET M5 KREDOSEEER,
| OBHIC L o TRE LEEREE .
([81& b 5d#R)

(11— BB K32 48E)

{E8REE Vol. 32, No. 126 99



2. BBDORER

RREOBIZIPEREEERD 2B 2°H 5, FHEE L IIFESSAE & BREM & 58T
B EEIZEE L2 s W) RET TV E A2 TH S, ORI —EERBOREIR
BIAVF—RBMITLEV)EMEPLET ), REZAVF —BEICRGESFE
L SHEEO & S 2RI R D, B2RED EOMIORFUIFET A
SHEEL 257259, Thid, BENCIESEBO—ETHY, ThEHELILILE
D FEBHFETLEV) LLATHE, LPBIT,. ERBLZERICBWCEFERICE
ETAICEFEFICRVCEEMEEL, REMLURHEPERBICROZ L IERLR#ETH
b Fhwi, BADVBRTAEHMZERZIFHEETE R, ) —HOEERTH
BEEZTEV, BRELEV) DI, FATFEOZE (BEDPERT ABRIZBVTE
WMENEEDOIETH D,

FTRCHOEHRU L ERPRER TH2E VI T ki, BROBRERT LN T L
i, BREBEOBEFDLDRBBTAILITIEI LRV, LWHIBELFEEL TR
LTWw3, Engzrnid, HEOBORBEICEIAREHIC [BE] 7"8FhTnT, £5
BEZEOTNABLIVEVW) BESIZIIRLTOREWVEWVW) T ETH D,

BT, BEPRET L LIV oTh, ZOBBICIIHA LEEND 5, FIZIET
REDFEETI, SRR ATNEREKGTIEEREOERF TIIAERICE-T
Wh, ZOX)ICBERICBVTERCHRIATNEREGTIERRL LTHEELTY
5 &) BEEHRRNETMEER V). 72, BREMEEROF THEETFOIRMET S LW
Db TRIAEEHERBEEE LTINS, ChODORMEE & BREEIR, B
EHPRETHIOLBETHLEDL NI EVEH L5, FHRHICMYIAThLREGTF
PREMOFTHBEIIHMLTVDLE L) ATUr Lo ZREMATH L (BBREET
BEBREMOIILEALZBEESFTLODOATEY, BESTRAEETH L L ITE
H) o TR L, KFHE- TRICE B LD, BERTHITTW 2B HL &b ICE
KR BEVSTBEREZ THAE ), TUHR VDO AEELE WHOILAERTH 545,
AP CTOFBEEL V) T L TRIBRE L bIFEN 5, MEERICB VT, BREM
WA ATNEIREGT VLM EIZIIFRAICEECTHAELTEY ., REMTE
ETh5,

WO L L 218 L, BEPERET S LV 25T, FIIMTrRELRE
CYRODBENTHLETTH S, £, FHERICBVWTRIEROBHEANETH
D, BEEECBVCTRBEEOBBAETH) . BERECBVWTILARETH L, £
LT, fEPRET A7:0E, BEMPHET & Vo B NFENLRETIN, HAHEHE
BRI CHERICEESNE I LV BELDTH S,

23 {EBFFE Vol. 32, No. 126



3. ZEABER LFSEEESA
SHEERPBEREIL L > TEONAERE. FOLEAETHINZEETH S
ZEDHV, HREOBEL VI DD FOFMIKFET 505, FEFER D 55
LERREOBRRELIFHINAE CTHIN TS, HRAL IHHEICWI &, FFIF
0T o TVTHRESFIMY AT, T2LLEEEENL ) DI/NEWET
b, bLEEEEDNIVEEL, REREOREIVETHIN KRN D125,
BEEEDICEEREORKEVEIIHEL T, HAIREREO/NSWRERFETHINS
E9C %k, TOZEE, HEAVSEROBERo THETH I E2RIRETARYE
L, Ll SEREEOHEN T2 B8ME IR, ACEROMNEDHFFEOTRLD
bREVOFEBETH S (WNVIFIR) o LTI, HREIEo THREDHRE N —
BTV E, 822575y FeE PR TRET A ICIIAPEBS 2 TIE %R 2 v,
DL RBETH-OIC, FHBEHOD ETOERRENED L) 270X AT
CHEDOREMEISRE ). ¥, MEEICAFLAGFRILEL(HEREELEZSI Lo
PRAT Y TOEWSICIYATN, FRIZE - TAT Yy THEICH > THBEIT 5, €L
CAF Y TIREETEAY 4 — 7T 52 L I2E W BREISTF—RBORET 2 bIF 7205
bEAALIREAYT A =T L20H) V) OTRERIRETELRVOT, MEMIZ
5 THRMIET LD 2 RTEBAEFRL L CABME Voo AW Z A LAPLETH b,
CDEIATF Y TOMBERAT Y TOEIH o LB &2 L o TR ARRIZBEHEER
LI TV B, ERE T, H TV BEHEISKECRVEY, 27 v THIBOA
H—haAihs, MERE I - BENEORY —% X ¥ VeV LT, MREOREEE
FELEKT—RIC LA LEICLEIETE (B7) o THITE T, F—RABEME

ASt BEFH
JUTIE BEIAE A BRAIEE /S
Aﬁ ____izzg§E§j~ﬁjI—_ﬁz%y7%&»
S e
‘ L J [
58 e«@ ATy THEMN ATy TEEK
>

M7 BREAEOMNSVERTR, KEVEHTIC
"R, ATy TOEITEREWNS (AT Y
THEETIATEY., 20 25T ORR
AREHSEV, ITIIREREHFAL TRV
ThHoHH, ERMCHERERIIILALTS
v b THB,

ATy T OEFHE

H6 HEHECASLA-SFIEELRS L
B, —BBIRRZF Y TOF o IBICRD A
TN, —BIXEESSBHRT S,

1EEAME%  Vol. 32, No.126 o



DFOTIBWTL, FEAEEIETIZREL) 5D TH 5,

FRIZHLT, 2. H3REBOERICEONA LI, MERETEONLESR
i, FETH(HEC L > TEINZ308—BHTH A, BBERETIIZ {DEA.
BERRELSSTF LV TRREATN T, REMEPORHBEHLIEZELLFTHEOSET
EBICERAMICNVATINE L WHARTHEENRI 5. 0L 2RRIIMAERRL
ER TV 5, FERETIE., BREIEBCHEROBICHESNLOT, HAHIE
SEETH CHEICZ2DTH 5,

4. R ROBEHAL

M1-412A605 X0, HEIHRLLEEELEELED ) b, TiE, 2E¥ID L)
MRS ERICELTLADES ), TRLOERIE, KELRELANVF R
FlEBEoTVAILIIHENPTHH, CHP2bLT, 208 hERBRIHEICHE
ENBENI) ZEE, FIRHEROBREERNMSEIMAMOPDOERIFEL TS L
ZrxhiEnbiv, ERF0ERL G, HRE2 LD HHH] 20TH %,

IO BEENICERTE-ODOED I WHEIL, B4 TDLA (Diffusion Limited
Agregation) D705 5 L% Eo THELETALI ETHSH, DLARIESFHEIIH 21T
RKOEI dDTHbB, 2REDEFTEESBONTHI VLo F—2 LTw5
Yt h, FLTHDIFLCHSE 120 VEZTHIERLLTWEE LT, HTFHFZD
EVICEET 2 VICR o TERD, 2 TEONTIIERICIIATNG Z LITT 5,
HYsAEhiz=o, FO5F L1 DHFREDELSEY ITHEL TR 5. BTRARIC
LT, TTICHRMLL TV EIVICHETAMET TR o TERFIIHERIIMY AT
N, ZOSRBEDALLBETAEVI LRV ELTEHELZED S, JhT [#EIC
WYRAENEREGFHFECL VREMHTBH L, SREICHET LI LTINS
REFNBEIA] EwHTeh, XFBEYVTEBICYIaL—- LD DTH S,

M8 2RTEESKTFLOT Y FAD+— 1L BDLANS — ¥, EBHRC L D . BOEERO LY
DRFHEEDH M THREHT: ) ORFHEL ) B ONET L hb,

25 =352 Vol. 32, No. 126



M8IEZNLHIZLTOL o 2DLADKEBRERLAbDTHEH, ME&DTDH
DOFRFOFAHICEE LTWRE &V, DELURHRICEIELS L, HERDHED
AN A K FHEALTETEDAR—AREDS LD ICHET 2HF L D ik, &F
THROEHBIES N TEFIXMELTCLEINTFOFFELPICEL R BDTH L,
IO L, Vot AELTERHEASED D, SHEKRL W ERE b O LR
BHKL CVD, COEBERIRED, RO B S SEERRE ST (E ) T REH
Lo TWADTHI, ZZTORFDOT V¥ ay+—2i3, BEMICBTHILEHD
EOWHETH S EBLT LV, T2bb, SHAKECERRRE CRERRSEESF O
BT, BERE THEEHICHB LTV S, WTFhoRaed, BEREn L ) (K

ST 41 - -H. H
EOE| FREMPLERICE o THERECEE THIBATICAHIN L LI K

ERRTHY., C0L) R T TRBBROZEREFTEL) 5bITTH %,
FEOEROT TR, H4ICR5N2 bOPDLAEFEIZEVE R LTV 225, i
DOBER B THIBZ 0 b DIEDLAICIIB T Wi v, ZHEDLATIRILBOFUN DO B
HAT S 1o TuhWAL T, BEOEREPEL L L X313, YRMOERDERE L2
FuZe b v, LAL. WTFROBAITEWT b HERBROBHADOFEEI N IEDLA
PRTDDLALTH S, TAHRERLHEBNE T, ¥ ICDLA L FARICEREMA P 518
BHIAE L OND EVIBRTHREIF 525, HEICRR L) ICH T ) BEMBEL
KE LRI NIIEFERA R F FHERIARET S, 220 ABNEYND HHERES
Wrar, bR 75y M BRERERSAZT, APBRLOEINS L) TARE
fLPHE T B, THPELR EOBEREROKETH 5910
FRCE L. BEREOBAICIIKHNLT2EB)OREE—F5d5 (H9) o —F
IDLA & AHO RRICHED A T, BHEBEF CHEIEEL TV E-FTHY,
% @ COBAICIER2PRI IR LR

589 LR BRERIGFELON S,
b ) —J5 3B 2 TG EE o UKL
TkEEL LEDE )T, BRIEM
THRFHERAE L TR TD
Rt WwH) r—AThHH, 2Dk
) RBA IR L CHEBROE
HALIZRS 5 20w Th b, EE.
WRE 25 K &P K ZRY I
LTHhBEFRIZERVRAVIH

®9 (1)’(‘61%@’(‘%5‘5Lf:ﬁ%&iﬁﬁ#ﬁ%iﬁbf%?s’éh\ BT, L w) REBIIBED
@TRESHEBLTHRESNS, OTRFERRZ HB5,
REEAT 25, QTREENT %,
{ZBUFZE Vol. 32, No.126

B ARy [ | Bl ERL TV,
w FRTORESME > RBHOFHERL TV 2,




5. AR ENEFTY LT EVIaL—Ya Y

BEIC, MWEOMBERRICBT IMBEREDETVERALTB I ), MWEOR
BEECBVWTRERE?ETLI2ERIZ, REICBTHBWELERERNERTETDH
LeEZLNL, WETHRR/ZL) I, BEEHSNMBEORTE 2FHRRICBW
T3, BEBIESEEREARELTE2H B, b LIOEROAL»MEL 2 51E,
REIRIEA EABMHL LIEE TP VEEMMEO N Z L X729, LDLE
BICREEBENVFEETAHOT, DT VML VEEOBRIIIH IS, hb 201
RREBROEHALE REEDLOTROIEEL 77275 —ThHAH, ThHZIFTIE
BEOKROBZERTHILIATEL Y, ELIKRORFRLZER L 2T IR
LZWOTH5b,

CIT, NS REBRBIANLERDEIBETNVEEZ B,

1
T %tfi =e'Vip+p(l-p)p- 5t m(T,—Vp))
ar %P
—=VT+=
x T
7272 4
m(T,v)= —gTan’l(}fo'(v)T), agv)=1-8(1- &{)
4 IVl

COEFNE I 2~ R T A—NVEFEFNEFTNEEFVO—ETH B, 72 —R
74— NVEFEFVORFROERE. BREERDO S par,)2E 2 (p=0sHH%Z, p=1
PEMERT) « BRFAEL pr,dDVELFFEITIRCAEBBEICL > TRETAHZ L
Thb, £1ORIIFAFEDEH HERXTH Y. cubick BFUEN ow)IZLoTHE 2 LN
TV B, 82 DXITEEIC & 2O RETFZRICANCBRESRTO,HDOHERTH L,
2T, ThHDHFBRNRIODVWTHLIERT IO E DI SWA, BRZBHLO
FRBETB0][111%5 %2 SREN V., TOFRAROZLHE 3RTOKMEY I 2L —
VavERALL ), I, I TRBERBEORAMEL VI DDA, WRITHEEFIC
B BB 525060 ER T Ial—YarvE@BLTRTWAREEZY, 10
. BIASG T CORGHREIC L 2BHBROBRELZ Y I 2 b— b LIBRELORIZH
BETH D, BHEIL {2 WORFERIZEBNOTIE, O L S 2RO ERHPES
b, BHMEDD HIREL LBV G)@)S) TIEIBEIROERFF O, ZolfEofEE
AR BBUBEIEEL TVWEDNbMREELS,

{EEAIFFE  Vol. 32, No.126
7



H10 3RTEOMBREY I 2l—¥av, (MOOFHETR, REMMENTY NO—115 21—y ThHY,

HOFSTDNG 2= L EoTH B, (NTREFKRIZOTHY QB SEN I TRFMAHE -
Twa,

{EEAIF2E Vol. 32, No. 126 28



6. 8bVIC
HOEbDERELTAD L, HRAFICIIHA L ] MEHENL TS Z L%
5o ARE, REOTDLYISBEELETHORIEINTLEbRW L) IC, EETEH
LRERIDHT LA ENCOb WOV HBEL TN TWAE L), 2 THlAMLE
FHEEHOZEL FOLIRLPTO—D2IF ¥ LI LD THA, TIUDICHRRS L
2 TEI LT, FARTEHNTELZD? ] L) FALERZHLED 208 25 1L,
BRIZFAZIZWSSTOIBL LAVEELZ5 LT NEDTH b,

SEH

(1]
[2]
(3]
(4]
(5]
[6]
[7]
(8]

[91
(10]

[11]

"ERIAEE TV, BHESE, 4 12 A (1984)

"WEREE", RIER, EEE (1977)

"& B DEME", B.Chalmers (A AR, ALFE (1971)

J.S.Langer, Rev. Mod. Phys. 52 (1980), 1

"Dynamics of Curved Fronts", ed. P.Pelce, Academic Press (1988)

"ZDILT x A TN, IRAELE, LB ERE R ETIITR (1983)

S.-C.Huang and M.E.Glicksman, Acta Metallugica 29 (1981), 717

M.Matushita, M.Sano, Y.Hayakawa, H.Honjo and Y.Sawada, Phys. Rev. Lett. 53 (1984),
286

E.Yokoyama and T.Kuroda, Phys. Rev. A41 (1990), 2038

R.Kobayashi, "Pattern Formation in Complex Dissipative Systems", ed.S.Kai, World Sci.
Publ. (1992), 121

R.Kobayashi, Physica D63 (1993), 410

1E3LHF3E Vol. 32, No. 126



FRE v 27 LoD c sy — v LR ORI

M TEXRFTHEHBER T¥ER
HEE - ABIREFIE

lo BUDIC

AHRFRICEBEALR s — v P& 5, FIAE. oaFHORAERL &, WKk - T
EBLBERELOFHEOGEVCEEES, oD, EEREFZ LB 0N BEROZOFP. B
EPRERITCESASNZA PS4 TRODOMY sy — v REFLELIEHE HlTH S, £ L
Ty CHSREREODEPRET CRA LRI 1ERRICED - TIT o 720 T LEDb-T
L IATR. BBRAOKBROBEKEMIc N TIE-THEL &, R IADRKZOESESHIIE
LWy — v 2 20T IENHE, 20E P HREKRONZ 09— FHORMH
O, HOEOE., BEROEEL EHAVNBT VR ED s — v BEHEEFETHIE2L, #0 5
BEABHCHEBEIZ Y — v ThH-720, FRECHBERL S~V THo1t DT B, CHHD/vy—V
BEDEIRLTOEN, BBVREDEICLTRBENEIDTH A I Do BICHE ITRE
HIASEH 2D A3,

COEIRERBFERORRPIB D SBRRBBEESLHK Y 27 4, EERB Y X7 L7 EI
Hohd s —vEROBETS 3. S IRFEREFRERRE T, L CHABE 27 £ 1T
Bz, VY PURF4 27V d—va v, MEBRERRM - H (H) ORMNLEE (BE s
— ) OB HBNBEE L X7 L4 Th0. s —vEREERCh L. BBEEERILTY
5, Chid, RERHEEZR2G - VY RAFALDBBELIBEORET, PEHOBHEDOAD v X
FARBROWRWEREE (VY by, Rfa, #@RE) 2HBASE. ThooMHEERHCX2A
B, V- B REERBE 0T (K1) o ChoOBMEE. A%, BEOHEROR
NORHCAZ LB EDOTRHRL . AEEZEBT DRIV HDOEERT » THLETH
%, SIEBTCHETED, YIalb—va v THERINZ L, BTVWA DB VWOWERTE
28 DRB-T, BOEREBAZHMICLTLE I LU, BT L b, TBYOARE (Y1)
EHBLTOAILRRNBOBOWI ERERTRETHS I,

2, HEWOHK

BEOy — VEROKBENZI DRV, k2 RN, L L AEREFERPZOE
BRI L L TCOMNMEERRNIC k- Trey—vZ2HERBLESELTVWE, 2hid, —> OIEHEY
B77a—FThHo, BEALIOBA» SOEBNAESIDTLTH 2, FILE. RENTENSE
TR, RIBFEREZ1 96 9FDO=a—2 V- %04 by FABR, XFaU—FV Y. 2 Fa
7— FPERBRCET O, BE, S0 KE(RBLODH B,

R Vol. 32, No. 126
— 30—



Bl st B o3 KEHEF : KL
RAROT, RBERTFEEZRL S & KT 0
FRICWALEREART I EBTE S, 7272
KEEBFOBECIEY &> T REVICE
BL. EFMCHAERVEL TS, RiaH
HWROR 74 TIREAMEBEL, ST 0L T
BTshid, B4 0RMEEBICHEBEREL
T57 -2 NTFELTEADIENTE S,

REEOEDL D ICRASELTOVBER, L -
BB Licn#iniznd 3 it THRE
WHERNE 8 (B4 CiMROBESELB)

TOEA « $N—VOBHAELU LTV (
HROFERE IR 6 ORHEESBR) ,

M2 : FHo—Fl : EhSRBIE GEVWES

a #® 15
DHEE) . MHENFE (RE—E) . RBEH%. & ”"\_//“
HOKIZ, &4 ZREPIICZ 7 — L D/PE VFEWD =) ~
EHEHELE-T, BEEERL-1W - {h&lL
TLERER. PEIVRBREADOAETMOE LS E) * 0 =R *
DTHbBo b 11
[ I
=
%
-
0 x 0 X
C & i
& ra
b
g
-
d u * 9 [
-

3| 1EELIFZE Vol. 32, No. 126



ST, COBWERBENICREDIIBEDFVTES I do BAKER 2 IKRLT, ThE,
ZRA PRI WEBHRBELE-T. HELE I ET 2R 7~ VOBRPHROAZMD 2
LT, TOEHOREETCBRL LD ET2IETH B0 L, COSVRWYW-L D ELLEFHR
HWAWEHDSOBEELNTI>FTVEIOT, fibVWEHEHIMET I LELVEAE B SR
Vo ZITHAVWEBHE2W - D LEEHDSUIVBLTHEL, 20REW - D LAEHOD
FAF w7 AEERT A ERORBICHETNTIZ20ITHS (KI3) o CORIEZTI DI
By YRFABIZJuBATyr—Ah o2/ oAy —VETOMIER - -BEEDL S ZBEN
EohoTwRVEEH LV, COMBHER. 53X 7 ok, HUNBEI»VES LHBO X7 —
VOPETHROILLPBRE, ThERBEKE(EHA LRy — VRV IULSEARBH D L3 LI,
BWHOZr —VORE - -HABBEAEN - WEE VS BEME BRI G SR a2 r —
AWMLY, BRHEPNS 2 VWR 77379 MTHHEVI. Lo T, BHRBRERES
BELIKRLIEVISOTRAEV, ELVHEHZET 201, BROYB A N =X L2HH
BLTBLMLENS D, ABKYT, ABRBEIEH TS ATITI TEBRYITEH %0

3. HEH &ty —v

BOBFAICE > HEEZBRE VWY, BEE2 L2 LEMECEDLD, AL »2H7L
B2, CHEHMEHEREWI, T, [KBEEHPT WK, CNRKUE - BIEHES &I
Hha, COHoL<HMONLEH Y RFATOMHEETH L, COLIBHEBEVWIHRL vy
— VR ECBELABETH 5, L L, CCTRBOFEEHAK (BUR) v 2 7 4 DMHER
HERAEL DT 5N b, —2REBHESF (B sy —») | $RLEREBORAZMAIH
. bO— o REM- sy - vEBRT AEEE T 2, &0 b RHEKT GRE) ki T
25 Al RENT., FPHERES X F LA EBE ST IEER I —7—Thbo —H. Ees
— VOFRERLT L HHR Y R F A HFOBHR TR TV,

Py 27 AOHEBICR IR (EORTR : BEMEE) &—KR (BEOKUE - KiEFEE) O
ZEMH B, TREBTHE. 2V AT ARKENICE-EELZIENTE, BBy —i3EL
B, CicH LT, —ROMEB TR, BLE» SRE~NOLERER T, BF/ 54 -5 — (
Pz, BEHOBBOER) O —UMBERMIEL. /22— 2BKT 5, Chid, HILWVHME
OBAERPH LOEEHEARKER HOHOBESTORBOFRE (R FASHE) LLTHS
hTWh, JCTh. HRBEOEE B A7 XD b+G/MEVEDELT, RKEAR» SOFLZE
ETRERRE>TRIENTE, CHb—2OFPETH %o

—HOIFEPEHHE Y 27 L OBEBEE b > EEERFIEZME > THEMICBNE I WERI4 DX
Sy RE—ADOBM e A —FAAT VT ERAIDYRAF LAERbo AE—N—bTA4 7
bHBMVWEIEEEALObDET B, AE—W -, 4 7 OBOHBBE—FICL, T¥7TORY
a—ASFEAERECLTFTH L, FHHOMBEREFLERMRBick - THIEL, ~o v v (R
B) 2AE I LI B, ThAEDEBRR (—FoMES) v, BHTE—RED SBRNAE—

1ZBEFFE  Vol. 32, No. 126 1



FEx - —> REAER > EBER 2 REAETER
R b7 R

(B AN

X3 : R CEEHHEOERFERNEHAUS 2 2 r—1v0a 2R E L HBRRCERL TV,

CITHERSFBROMLLC, Tz 2 -y 2FBREBFCVBN, LOF LT -2 b
VA B = ==l 2 223 b Y A o R ER - PR N 1= s of P P R A T e s SR Z2 B b 2 B = el
Y AJJIEINDN EKidA U I Y TP E. — =2 A JITEINS BT I S GIENG b OaER) O 1ELN C
&5

B4 : ERERIR 276312 E2E—7
—EMVWELET, Ty 7OR Y a—u4 Fif
3R (~v Y 2ELE, COx L
AUMEIAT—, tl. t2%ky bE B, &

DI 4~ —DEEIBVIERTEOEEEZYT
%,

FANNV %>

K5 :®F v i a-b—ocDFEF
vy VERAT (BEPER) 2LX3EE
Hanzd, bkbed3ELEVEDECARHE
L, COEINEF Vv VIR RO
B. B2VRR—1—7YF L ANBIETH B,
didEzF Y ¥ 2ERL. —ROHEEB., 53 f
WRY T Y F A AANRRIC ST B, é

33 {285 Vol. 32, No. 126



K, >E D OBy R 720 b >HHEAEBTRIR (Y X4{L) T35, COLE, FYa—a
EHFHEVIRMER., B R F A TRONIMIGRBRECREEZTF S LiclE L, @
WORIBE R BHEROLE, FRRLLCORZIRICHYT 5, £, BREE (RIB) IRIES
TRERMILOKESEHI B, BRACTEY 2 —2%—Fltl, w47 &R E~h— DR OHERE
BESHCH. HEEETHELEL S KRIEPEE 5, chid, BRIEBPRE - BREES T ETH
F (DT BEMEEASE. THROBENEEADCERHYT 5, ETTREAT HHERES
HIBILBIHELOEIDTH B, L. By X7 L OMEBREHRITHESS D . B
DLEOOFENIREMNHZH, 7I v P —PHATHIEPE YR F AR ELTOL S RREHI
W EEBlh LTEL,

4. HFEHRFLBERcRonde —v

DL Y~ yOBRRBALER., FEHREUHVTWS, £7F ¥+ VOFET 5 v
2FACHNE. BRICE - T—REFLOUEF Yy VBBIT 2, WERSIKRTKIBET
Ve VIREZ X X O, BWHIZ s — v EBR T ABRFEORES (RIE : —RIKChERFE LT
o L7 Y TOFITRRIRBEICHE D) 2F T A=0RF—VEBVLETSE, TOF—NVIE,
(a) TRBEOA=0REECTEEO. COLEHFEMRL, g —YREELRV, (c) T
. F—Nid. A=+ ALITHRIN (B) EHRZDT, ZEBTVW-TE BT 5, RIBVEROET
BORETHEMSH. (¢) OBARII. 8-V (30 X4) BERAIENSE, COEMR.
BEAUT A — 9 —REZBERLE>TRCD, HEBD S VWEAEARLETFEINE, DR
FYveNERIFTAF I 97 RRTDGLAERRCEEN S,

CokSic, HRO LY A - BBREH (K5d)  $3VREEAO Y F— (”6c) Tg
— UBRETAIDPREF v VORI LB, ZRBEORWY X ADRERRRIIOLIRESF
Yy e VOEABVWTHIATER AN, UXATRREMEHHESAE TH EEM/ 9 - OBE
i, TOLEETH S, M5 c 0BE0 LS KEHEIB/MINRT - T e RPCFOE]L
BRID, IhEsy—VEREV D,

Ximont, Ko@ETrLE» 5 EFHET ZHEME (L—Y — - <> —5Fii) ZIFFTER
By zFARONEZOHEPITH B, FUREHFESBRBETORONE, BRTR, BEEE
RICEAD ERHRERIT EBTE, BRIRBNENACLER LTINS (K6) o BEDCRKRD
DIRBRTavin—Lahafed, BETEDLY, HETERPLLT. BESLI VIR L s
— VR Y XLADOHEZEITI Ldlc-» THEABZ VL, BHE. REREBHBEORRE L THbOATY
25,196 0 ERKOERERN C OWMAMBIENREEIEE > TV o Zhit, BREH
Mg 2 EFRE LIy — 2R BET202MALALSDOR s fed, CITRRBLHUE
Boy—PRBEBALTVERELE, BHOWREFRL BV 2B VTV,

CORKRERE CR, BREMT EL b, ReEFEhO 9 - YBBVEDLD, BRAICIEI+
ARFELULARSREST 2, ChE2BRREB LTV, HOFEF ¥ v + VORICBERDIEPE S C

{E384F%2  Vol. 32, No.126 2



ey avd avde LSS S s
— l +l ‘
— ~ 2
. OE E & EFo’ |_
o N\ ® n |/ ©
OF el — = @—06@
© "ﬁ* ® —_ S) +
? @ @ ® 4
+ I 2
+ ]
® <~ ) é Ji— ®
® © ® +
® o< W
® [\\E, ) E, // ® _
@ £r © £g 9,
- I

6 : BLRAHEENFUALER, : 1 00 uniBEOBEED N 5 A BB EHEYT 2. CON 5 AKMHEK
BEBLE_SOBHBBIEST SO TV I, COMRADHEERFRZ b2 F v ZHEEHA
T 5, COMBERMESB LD, SO LHBERREEM/TC—FHRICITIE. £DFHE (x)
CREDF 4 L7 5 —REFTIiis, COF 1 V75— PHNRST OREHE %R BAL~ 2

v, TR TEDLTVWA, BRABLLEBEMENSEZ & RVWERTHLETOWSLH X
BEMEMBETT AP IEIL TW b oW, H3HICE2 L. BEREOREEL /qcx b

1oL EOBFIBBINBELE R - TRET A LIICB 2, COBBRIKROL I CHHEEN S, VWE,

LEWMEDPDL ETqcOBEOW S EBELRELE ). BROEEELHIIET. ZMEHRF
4 V25— -TEDECHEN (Ix) oL > RAMEMENSHEZERT 5, COBRICE
S TXHRARBRExDSFESEL., AXRBERE=Ex+Ez0BERENE, Fav 79—k, AOFRR
FHOrC OARBRICEEICASE. FEDALF—BRNCE B, ORE, £UIEE%
BRSQEFHELLD &5, FLHEY, EREFGSZBERICI SHFE oML DILL - TE
LAB@EOXRvzR& > TR 5, COMBOFRIC & » THEFEWILH /7 — » BIRKET %o C
NERYOBRBEOLH AL >TH — - ~ANVT VY » bFHREE, COBBICL->TRYICR + 5
A TR 4 VT AX R AL VRN AHFH 9 — vy BEREN S,

{RELIF5E  Vol. 32, No. 126
35—



LIk -THELZELTHHEEN S, LAEB-T. DOV, AN T. SRESEEE
BuYEEELLTEIRHED, (UL, HHEERL— ) —_F—AHMRERBD ., BROE
ERAEC L 2WHEOHEN S S, COBKTIR. BREANFENRLEROEF ¥ v v Vi
LROFEEBERBECBED ., HETHEPL s~ ORRBENES; CITREOLINENESD
FTOMBLRNT., FEED LD, )
Lk, HHREREFEEEAL, A qooE

Mg —VBRPICHRETZODELL S & R

Brey — v oA RMC. 2OKERE G N
ez (M7) o M70aldX5 alcilYL,
WIENOZEREEOREROHTH D, /5 —
VIFELEV, bidqIDBRERNO0 LR, do \qb ‘N

v 4 i34
QDY S EREAIT S C LR, &R, /
INZEqoicHT 2N EEREEL S, —F.,
¢ (H5 ciciY) Tirqadr5qbE ToREE

BEOREREZEL, v FELTKEART
HBo qchMERE (WUMRIB) THONWERS
HBARET2HEETH S, LL, Thiddl
FTHHTETOET. PIAL qedbBRELIED

Y9cp

&, BERAEBCBAIERBRAEL R R7 : 3 8BAHE: BEF v o VEBTTES
BEBRETEONEZNT cROEBPESTRE N3E— FORER, REEHBER SIEZ0F
Vo ZLTERE-HEEE— FERAOKEZ Wores — v RSB ENTE S, c TR

qQah S5 qbE TORKBKETEZ L bbb
SF. BB e o e—D2 D¢y — v BSRIT
N3,

THELICHD, IHBHICBR” FoHX
T THD. s - vBREBEN S, FRERE
Ficks e, CoBic, B vy — V&RE
ZRALERERCTBE LS B, DED,
BRESKEZLZMEEPESORE Y — V2BRBOHETRDZ2 LI b, ZRAKELE
2ABRBCHNE, FILOE- FOREEEZMH - THLVW/Y — V2B, COLIBAKER,
TINR, VTHFT, smAa—b, AFa FNJa—2REELFEEHRE (K8) o &HLT. /

Y FROEE S~ E— FORD SRKOKE S — vt BEETNE, —HELT,. KISDAM
5qficy — YBBRENTOLKBFER Lo BRP T AR BEFHYZ 0T, ERERAE
EHERILT, BEEEI -V qicHZET 3, YI/¥Y 79z " 2B ERNCEVEEDE—
FTHdo CHLT TITHRMEMEA, HEMES 17 3 5 2 2. MORE - LEHEX
TiEhREh s,

{EEMFFFE Vol. 32, No. 126 36



fe q}
HHCRE
B fa
A ERRATS - ’ - l ”
I R Hi"mﬁg"
JIFTERE
-_> <<<<
gl
: T
L 5 ) _
9o qj et
X e—l
t

s eepebcnebbercreabda i a s
b cr b et e eer e g il
fda bbbt rer e t:lmlllilmlu;iiieiilii’
bEy bbb e b e e it s g
TR N T T T T TR
Ubatnbt v et o ppiae el
T R O
T R e T I

K8 : PUREMME 27 N AARLE : RBOHARREREE T, E0L I BFBERLENE D
LIRFHTHEHNEZ LT 0y LA bDOTHE, SREMYZ L &I, TOLRKESEL 2,
(AR BEALEROBMER, Ed S5x 7 2 (BRVECZBH) . 9747, Jur0—),
(FED —RaDOx 7 NZAREEUORE : FRCHEVEBREZ b7 2tV icREHAL,
WiEEE - SE, LOHKAY» SBRELERK Q! (HESRCEBH) it 288%25Fd. i
MEeVOEEEMBREFELVDOTRILYRAFALALEE D, COPTRONZEdco— Nk
HAMBILIERTCTHAD, CORTOMBHLI NAFEEL /qeCh b, COHHNF — s
DAY TAXIFAL 2EFENRTW S,

37 fREAITSE  Vol. 32, No.126



5e /Sy —vDY XA

SAFLEESEEHEPOFL LTV &, LIEORTOBEVER - TR LS, BT
Koy — v SERE NG, CRBBRTH, 7Y 5 K05 — ¥ EFER, SR LRI
EERo-TW3 (F9) » BRABREMALESIE, COEVEFELTVEN, KREHROH
AT E Sk, BE. CORVRBEO—>—oBRHBT L LT, 52EFERIETRYHLT
W3, CDNF— ViR, HEELCH—BIRBORABBERO T, T2 L. F LORF R
X AEEDORIEER B, WE. RBOMELIRBEZERT S L. NS 2 —ERETHIRT S
oRERMEND (K9) o Thid. 198 0F, BYCHHEEF (4. LK) wk-TRVAES
Nite b7 —AOEH, FER2 0 FREFRPDTI Y » Py —vERR LB, TOLER
HUuobIEALTERI Lz, COXIBNy— Y EROEST I ENTERD >t BVEABIO
BE#E b EEHE LN, FABNI—YEDL>TOEILRASTR > Teo BED DY
s —vORENLS, BEAHEHLCHAT 2 LB, WHhKYITH - ZH S5SNI, DY
s TREBFINREZNEN—o ORBF R A BERBOES EMFBLZEL TORPB > TOT,
R OME (ERIC BN PUEEOCHBEBOERERLLTCVELEL SN D,

0.3mm

K9 :7Vy Ky —vidbhby—Fy beg—y i ALIRKERS 7 » by —vHBRS
N2, PLIKBREEESEET 50 —2—2ALTHhD s~ vERBE, TNRSY » F
1y e IR NBERTFIROD NS — VT, — 0 OBTFOH A ZIFH20 polBThHb. ThSHERR
BB CRIFHLTED ., BL D8 — BRSO R CEREEVEBE” BBEhbi” Ra&. kY
ORAEABBEAE LWty —vE2L - T, GMLTOV S, EREER. RECSL2H, HEDHE
C1HMic50—-100ViaBHT 3,

P, RN <y — > OB TH » e, MENFRRBERE WIEMBER-> T 5,
ik s VEERE r—vEVI L, AFREBVEITEESSZVTHS . PHEBHETE
HxhBEMY + 2 OB, B EBEMICHEBIATE LD ON . TR BELSIH
nrEEPEEE., B, ARREARCRLEBCHFET 50T, G TRVERES

{E8F5E  Vol. 32, No.126 38



b, HRAN¥RBOBETES I, COEKBREL AT T2BES 5, —dRAMERT. <N
BEBEEOESSERTS v 5 ARE(RT . &5 —2 R, RIBELF CIRIBSERZE R
SUSACENTEEDTH D, CORBILKICR EHEEEL. —> RAMBEERAE L 004
OERBTEZHERT, 65— >RUMHGERYPNBEETH 2, FHFRIREFEL T > TV B R
AT, B#FERIEMABEA TS 5. FIFHORMER (R10) REROAWEELHL THERT
3, WhHOAFEKESEL L ENPHFEINDL, IR, RS HRNERF EERICHERATD
Bldic, NFERRLTRpOSEMOH LT, TOEHEERT 2 LEERTSE, LAL,
ERicR, REWRRBOEEE &&& L TBicELRAEnTH T, REOADS A ) 197 R
EROMTCEDBE LV 2. RBEAESFRAET 2D CRBANIIRIE S MHEBEr &2 55
ERBdhn, N FROBEBEESETAREELREILENSS (H11) . Chsid, BED
MIcEMIEEBELAEEYX Ty - 54589 (TDGL) FEATRELVL, ok, RIEEK
OREBERII LRI O > TV,

LIAT, WE, bUbIBERCHELLTVIDR, TRERELALAR~NORBI O X
SRBIBbLNEL, BEARLV— FPREORPB 2012550, Zhi3EHHTEZ2D0THA S
b EiRE TRNESRIT20THA I, EVWIIETH B, TORHTEBERTLRES
NTWEWL, BB, BETHE., TARFLEEKO RIS Y 7 FEE. ~— FELRZ LWL 2hD
BENS2EBRVWEEN, AROBESIBRENLIELTWVE, Sliltic B R —mH
bt Wnwi b,

o
I U

MRS

K10 : REGELF : RIRELFE & £ 0 RIBTORMOBOISMEILICE ) D07 —ZX =T b VEIR
Fo —HET. FABMNTH 2 LDBDM B, T —ZXJ PARPROVEMRTH L, THhERT..
sy — yEMBELED, BIEX, ERABLIEVDATOHE LV, KBO /vy — v E/NE.
WAaARIEFED 9 — v THEVRIDDBES, A7 PV TRELICESMd LNATIEVe X7 P

INT] — ZARY RV

\\ ‘ 50

N

1 5 10 50
(107“sec™)

BEHCEHL ORBASHOBEBN Y E— FPHBETHEN, LEAFTFR-IBH-TILS
BADHEOHT, X7 b ADSERD s — v 2BELT20REHTBEERVT, RETH
A3,

39 1EEUFZFS  Vol. 32, No.126



BM11:Rfgosmad: 2 b5 4 TROMFER CHRD RS2 REERD T HE. MNAER
O, MHEEOHAIRIBOER =0 (F) LER=0 (BR) OWHFVWERIABRMEERL S
(ERD) o CHERTFEABLTCEORDOEHELRT 25 4F 3 v 7 RERMHFEE VI &
Tk, FRRmOZ oRERE THHIhTLRL, (J.Lega (1989):Ph.D Thesis)

6e %7 —VIBROBE Ly —DED

LIAT. bEVHERTRRVS/ I — YEBROBEIR2VT, 35D LEAAAREEZL X
3, Wiy R Ak By — BREBIZESRZECHOEBLLE VWS SRS D B, FIAE. 5]
SABEROL I, YR T APRBEBELERBNCERT2CE20 ), Re OBFICRBHRER
oM@k v o ocHillahz, 2 OHSHEB/LIIFE cSHITBIEEE S 5. BU
WMZ5E, FLOBREHMAS LD ICHOHBILL, s -V E2FERTEEEA S, HIAE. V-
)= RF— AHRER P54 TRBOBRD s — Y ERTH, CHRBRY TEHARAREE L -
B E, TOLEORBEDOL ETRAOHERT, MARE T 27DIELLODTHBEFA So
INLEEO—oTH D, TOEM, LIy —vEELTH, B->THBL LHUTERSN,
WhHWBHOHERESRT, COLICHBRRTR, <5 —-rH2VIREHCHERI. AP -
FHFLOEEEES X BRI N L EERX %o

FUNRIBLEDOAA VT v 2 VPBREEAFEH CHE L 2REOBIEE b0, CHIZE
KEDFTHIH, v BEERT A4 0ESFTORER., 2E0OHEIZIEANTIR W,
IR EYBEATEIVEETH S, MIEIEALTHAEMPLS S VWRMMEL THL WRES
B o BEOERYENE S B, BERBENESL ~ T, AERPHEMBE S 5 EED
HEeMBREFRETRBOEBEP > H LOREEE>—H T, bbby 7o%2R5L,
HEOBE S BMAEbLNG, bEAAHEKOBEMII LR F LORBERTHEHEKE L THENHEH
27T, BEMEOR > BENEL ML SRR VWE, FhoBHENSBL-bbbic. BER
iRy 27 ARAERTROBARP > LENZREL. IUPBIEEL LTRAT 2. bL2T L.
COMHBENH L VWEBEORT LMEELTVWADTRE,LS I e LT HIEHNELHIEDORR
G E RO B ERERD S B, L., BEEOFERIPRTE L, AVSEEIEENIKL-T

{ZEMAFFE Vol. 32, No.126 40



ERxn. FENTH D, INPRBNBYEZEE0L I KECNIT o> AHT, FROM
BTH59,

Te BbDIT

bEHEHARRBREZ b TRV, M. FREHRREE SR T PFEHRE, FEERELE
SEAF IR, AREFEHICSHEM - T WD, 2L T, B, BREEVWIRERBILALOES
—FORMICEBERV, BERIXAVEF-—DHFNOBV Y R F L EL . EhhbRbhELS v
27 AERBEOBBICRT ANVF - DN GEFERE) 855, —F. MEFTREREREZ
BIRIE D TH->T. KEELTEBRLTWADL -7 (BEAVRE-) o 2D, FERESSL
CHFLOHEZE S DETLEE > TORD e CHBABETHZ ERBEBINDI KB -7
B, EEH L AF LOMEOEREE, BEF—v, LEZE V) Py RFL420r—va v, #
R LEOBRA () OMEC A RORRICE-TW3, ThdiEbic vy — o Bds
LRGET., s — U BRETEILOIRIR. COXIBBRASZVREPCEHP BT STV,
ZThWwi, s —vOMRF., b EHBOMBTH 2, ChicdL . FEFHOWIT~ORER
HEHOYBOMMANBRERRICESIVWAILE EME VWIS HYETREZE T MR ~DEVAL
BEBNIEB L HIEALS, T LT, WEPHEEH IR ORI, F. EYFE. BE¥, T
FREAEENN RRERFE L LT, PEFOBREMRCMA > 255, T o2 538
DOPEER->TVBOH, BER Y — YERSZVWEECHRBILTS 55, FERNRHESLEMNS C
EEFHOISDTH B,

EEP e
BABLER [ —vER) B8EE (1991),

1REWFZE  Vol. 32, No. 126
—4]—



AFREABOREEFTICRONE T 57 5 )VHE
wH OE i gz (BRI

1. 2ANE

BAEL . ABVEETERTZ 0. KBV TROTHUHEIROIERLPTVOT, &
ABBATHETERLNL . 53 VRBEETAILOTH S, RNTERATAROMEI LA/
WZDERKED TRIACERD OB otz, F1TT Y MHFERBHEOBEEEB O STAHILT
HD. FAS—BORRICIWMBALTE. >ZVBERZIENERE LTRDTHEHTH S,
RICEERORBAEECERTEIIETHSE, TRIRBHBERRE UTORBOEFTERNLET.
Yy, AlFohEE, B, AR, ARELL. 2hoETF Y, Faldey. VA4,
1;&&5;5mﬂ%uﬁbtﬁim§§fﬁﬁbto:nﬁfandwzuBWQLunymx
THABNT, CARTVERTHERNL, B(EH. FHTHRTE, HOTOHAIKTSE
BAA—VEGEICEAEL, BOCERCHROVTOMBERRTE 5, TVDERICH LTS
BHBETFEOWHAKIIOVT., HBVRBEAOFRFTHA. ThEILSATHOIHIZOWN
CHETES, VP TV NAREIIEZEDOLETSH . ELVOLIEEREMCEBTE 5,
T, BLOMAE, BEHFICHEK. HEHN TS, TOME LLER. B0 THEONE, B
SHOOMNTHALTBOALERE. REOHEE., DEOMGK. RRICHE-TRDSILNT
ETHD. LichioTHk, BREBIICER. MOV TAXTHIE., ZOBREIVLDEIY
e OAEBBERIONTH, TOAEER. MORBIODVTHATETH S, LEILHFY
U7 - 3—ny EEIFNOTICRBHONSER. 3AE. 0 UL BHENRE) OHFHF
DEOHETHBELTVS,

EIANERE. CITRAREREEEELTELS L, HYVAIDOEIBREZE OREDN
TWBENE. 3AK. HEE-ea—2 )y FEMFOEXIBRTRMLTH . BRAXH O KA
Th BEYIal—Ya VORTFRANTHEDS I ERTEL, 0k, HETRSBHTE
HAHMbHDEIREZIBRERIVLEBLTHANIRTOIRLON S, THRILO LOMKL
U7oif. 8%, LI LOWMSEVIREEFBLTHHABBIRAYD 2 AR, SHKARRBT
4. KOE. BEORBERIF +IF ¥ LTOEIRIE[NOL EMIRUBRSH DT S KEER
THEDEMTH S,

Mandelbrotid Z OAKDE ., BOH. V7 ARMER. TEHETEHBIUS L LHMBLRIR
B0 ARUSEAE. GERNEBNICANIRTIIT I I I VOLEEL. ThORK—DDH,
TSI NRFEEBNICHTENB I EDOTMREAEI EFRUE CoWlBRITTIFT I I ERIH
MERAESRY U TREE. BARY. 1%, SRENLLEIEEOHAVEROREE L

{RELIFFE Vol. 32, No.126 )
— 49—



EIRFTH 27BN RAELEIRECHOOBICHET A LITKRIILIZ & T, 20H2HK
EORE, TEOWRDO—DDHENAEE> . THiE, TEFITT Ao ZFURIEETHI .
HEL. DOZNICL>THELTREINIBEHOTHEERTE CGR7A4 Ay F) | 2H
HIARBIC URITTEARLI EEZERT S,

FHEHBAENEBEL S — IO OTRLLZIERECHSNAT VS, ZLTTII—LVD
BERBEO TRUSHABIT >0 T, TAPRRS F5] O3 LF—BHEOHKFHBRIIK > T,
e BARERSBEORHUIOBRABFUNEEZ I EEA OGNS, VHEHRUNELWRIZERIANR
Z Rz %D REAEZOI—BOEHERARY MU, HAWEFERARS MVIZU1E5DTHS.
C3EZBE. BAREAIEE D, reproducible TH VNS EF - TREUME KA R AEWEFOE
MITEOPELEREOTHAD D EB/RTE, U, DR PLERD DT EEEEKN
REFALTWES, EBLENS, NF—x. 747 —WEDPOTREIICINPIRILL. F
HERERZIOZBORIAERLIHRALTLL S,

Handelbrot® 7 4 F 4 TIRBRHIIEE o7 P U LEALFERAEOER T - 2 DEZD S
HRIDRZNEZLHD,, SITCREFESOWRICODVTERS,

2. AmEAEOHE

HAEERBC LERUBENS A PEFNLRNVIEA LOENAROLZVEETH S, 20
BT XETHFETCTHEALINTVS, H1RBZO0—WTH B, AMOBRREENBOELFRKRKE
HELREN, FARARSZORNBALTH S, CHIEIHBLOARERBEOTRILTS
0. ROBEDOMRENS ERMZRIRE AL, Fh, 09— VOMIRB VA VIR
BMRBIN, 2RI THECALSE P,

EFOZLOAEOEE. ARERABOFLYEELSHRE 20LITRENS I EMNEALINI,
Thabb, (1) BEREB. vy+s5.(2) Ny 77—fE, 5<y+s40. (3) MNEHAR. 40< y +
<0.26. (4) BREH. 0.26<y<6.TH5, THICHELT, REBAKABBRFRNIEIE 3
DREBOWETH S P, TLARERBOHNEHE LTREL I SHS i EROBRE
(R1izWricBHoh3) &, BSOS MPEETH S, COHBEOEAREBIR 40X
KH-THE @ Z0iEhic, AARERBRIKBIIEANIRIVF—UIORRNEZETH D .

T A
2y T T
N #7Lr
1t oe o
I B R .
207 IR RS,
/ A(9.50¢)
=] s, HE
10p EIE KRR
1(9.48)
y~028 y=¢
ol L 4 N
1 10 10 10°
Fig. 1 Outer layer structure by Prof. Osaka u, ylv
and Dr. Hochizuki(Yamaguchi Uni) Fig.2 Mean velocity profile

13 {ZELIFZE Vol. 32, No. 126



EoiiF A, SADHENFHBEOERMBEE L (RT,

T

i
10-20km

3. EHEHREEDT I /I NHED

EMERBOHE. BICR3DEL IR ARKBOSEHE
BZhB&KXH2HEOEBCHUKEEERZES, Th TR
KB FEBOMMrDRNT7 I Iy NVHEERTIEEHMNE
BEFTEIH, JHIZO20TEAHANSKTHIEY, EH)
BREHIEEDIET. TOHEMI. Tho0HK., BE
Bk EHOBENEST S, COPTERMICHBNES
KESHhZOIERERENO | STORBEEHO HH
BEHTH 5B,

ZofERS(ad), (bUIFRT, B5(adid 1 Yo—7
OHHEBTHD. (DIIEZD2FM, DE hIhz RN
F-ORAFOKBEARTH S, NBESZFIREKRERE
DOHED S 1900mD B TRES NI SOT, BHERE
BUo.=5n/s. BABEXS6 =40mn. Re, =1.4X10*, a0 e do 7MYy — /I z & BATHEE
Ry —=r. 3ENENLSns, 20sOBREOIARETH S 7,

Sreenivasan SD—RIIZDEFSICH LU THFEEEEAULIDOEEX, ZHITOWTIIF ISV
RUEEEDBIEFRELL D HOWRNS5(a)DU =—FERIEM. S TREEBEu.L &
R, FREBEELID LOEEETOREZFIIEEOBROSEEZEI TS, BT HUKERK
MOFBEENRHUEBILINTHEST . KARIICHT IR LBERTEEIHRIN TV B30T, EHS
BEDEEHSDICT IR ET 70T

EBRIT > TF—RERRS (QOEHELSES.. TUOLUBEREHEEFTOR LN
WECAHTEEERGEDVT Ky J RS, REEMBELEA L, REAMEES c ORKE
(Ry 7 A) THEREL, TOHIK—DULOEREEETERy 7 ADHPEN ET5HEN Fe
DEYN=N(e) THD, LIATHEEELELEB.. I

Bip(t)={t | u{t)=u.m) D
EET. tORMTEH (FRT—FE) K-> TREZERRABZN, —KDF—9%EZNIET B
BN(e)@BOKRy 7 ATHDLNS, ERTF -5 ERIDTT 57 ¥ )VRu%Ecknann& Ruelle 14
S THRENICERTS V. TULLEREET oy PLT,

N(ed)et e, Dy =—3& ¢))
OHFENHS e DEMCBRATEDONNEB L RZOWHRTIIIINTHY, BB 0VERTIV S
NHEE2LB. 7579 UVKRT (Ky 7 ZRT. XRERRT) 3D, THAET5, ChiFEEHE
EHORBERBOELFERALTHS, $UOLLBRANCRHHAEIFIBRELTEDS
NENAY | ERMICBTF DT oy PEDREZINZHDELT S,

1EBWFEE  Vol. 32, No.126

Fig. 4 Coherent motion



K6 ZEREREBAREICL VAR—FT, WdL 1.0

HREANED SN ORETERESRANT S S ool | ﬂW@MMW%
v ly
il
2

u(t) /Uy

INHEFOIEERLTVSE, 2T, cDEAE 0.8

i
BAEETH LN, UHORETRNOHEITZH 074 I m®”| ﬂ 1
NEED; DEFNRLSNTOBE T EainiLDNT (a)t
WPBEbaBELOT R =ML pE B, A0

li'f’@ﬁéi)‘é\ Enin=Tk &L/f:o _'ji\elax iz
ZLOF -7 OFHFH S BROIC,
Enax=AVE+RMS/2 €))

(u(¢)/Uo)?

<
<

0 100 200
ZIZAVE, RSB B0 B0 ESHELOEBEO t

(b
FHELr 0. sETHD o ZODEnae REREILAED Fig.5 Records of velocity and energy

T3S NHERTEAEARKBOBE X — L

Tk LHIZ-HT 5, 0.0 M@&
TSI INRADBEEZID—2DITA—5TH B E;—o.s- x

EL:

1. -
Vico ~

‘

KEHE . RRIEDOTHEE . ENIMBOKESO & £ 10l ks
LEDESIHUSKDONEETH S, TOR B -15 .1 .[f
HHOREAKEREOEMOZEMED 5>EL 5 L8 B T
NOOEEyY ICHTIHEBETHBo- NEFNTZON Fig.6 Fractal

R7.8CENLODEREBEEU..OELEEDYE
TRUTH B Ry 7 ABRLI IR EBERFEEBPEIEICLISRTDRLTHD, S oK
BT, HRBEOARITHD > TRITEINELND, SHEESESOBPEIIBI LTS
ZENFNB, HPRBOTZOORARELETEDIRITOEN., BEHEu.. 2TDOFEXTO
FEREISENEICERERESTNTVS, ChiZZTHBZT LI OEBMEBOHOERKESES
K757 VENEBRHIPARTRIBOIER LS, THOBH6DL I BERBSPRZ 20 L
BODITRTERDTOBENOTH S, COZELRERBASNTO LN BHORFIIZINT
WV, COFHEEMEORBORRICOVTERATS S, Eu ., ZEEL.
u(x,y,z,t)=u €Y
Ut BETHE. ZOROHEN U, ERXEE0EE S{x,y, 2| t,unl 25252 &
K15, 745 —DHEEILHERIKD IO &

du Jdu
_8-_1.‘—+U—¢§_;—0' u =g(x-=Ut) (5)

THH, B5(a)DFEHEARBEMECARULTOIEZEZATI O ULEN->TIHIFS LHEHHOD
RERAEBEA TS,

S OBERXFBIBHLIOTHAIFNKIADETIEMPUAy— VB3IV EIOT Xy —
NDA—FTHY KNSELELROBOL SN 3V RBEAEMEDOIILLDTHS S,

e {EELHF32 Vol. 32, No. 126



CHEBANKECERIDLIBHOTHS S, KBRTR
M5(a)0EREEOFHRIEEELTOBSOFHEFL
EofrlENBOAEL, ThdoBNUmICEBIIDhN
TINEL 2T B, IR 9 Du ., ORtE & BRI 5
HORENRDZ, MHETROBOIEIHIEL TS,
EHEAEORERARTHY . FHAFEHRAMN E/H > TV
ZDTZ, MHhSBNBIONT, HBun iCHET %4
EEENEARZTEONDOER B, ThbBuL=U(Y)
Lol BARREEEEANSTETHRLTIS 7 1%
REBVHDEELOND,

H10. IBEAAIRNVE—ZOOTHEHXODTH B, T
bbb

Alt)={t | ul(t)2z2u(t)?} (6) 0g LR

ELT, BRI AN E-HET B EESEEEEDT T D
FURTAERDI, RI0DL S IWREICT 5 7 & VENTFE
L. BIOES B, SBOBIIORTRERNE ST
AFIN |

A(t) DT 57 HIVRTIEB0(t) DbDLHKREL . H5
(@), MDOMOEEEL{EBRLTV S,

Fig.9 Isovelocity structure

A, LA JNWZIES K=RANETIT 2N a2

ARERBENEONE, S5 H 5 LEBEUFHO—DE L 4.0
4 VRIES - TD THBo 777§ VEHIIL LI BAT 0
O SO EHERE WRNSBEFTH B, €2 T ii?
LML EAEEELL S VXIEHT o= () v () L u -
v BEBBE. 1k > TEEH TEST oY o
ZEXMICE > RHTEEES V¥ LBHTEOT, o b N
N BRIZAENIBEOERESEABL(L,H) % Fig.10 Fractal of energy
B(t,H)=Bu{t)S/ (t,H) N
Si,={1:1ﬂ1>H'lﬂT)l’C:’%&B§ e
0: £t 0.7} 0°9.%% 2
SR IR
ELTHM U I IS BEERM.H Wh-—L¥AX 06+ ° ¥,
BT 0'500 05 o:(i
i SROSHESEATH =0 OHAB.(t,H =0, % v/6

BEEEERETS > THIF L, TOKREOMERI2ICR  Fig 11 Change of dimension

{EEMRFZ Vol. 32, No. 126



T, EFEICURIC. EEXERERDT I 7 I NVHIERSE
2 HARE., THOL-TO>0DEMICEL. B,
EIRRBIKEBEUCROI ENGD D, COBRIES
SOHBBOEABBAMBONFEET S 7 4 VHED

BeREHRLBROIOHTH S, 50—1.0~
CCTHMEAEADOERIIINTE o R y/6=030,P=15 "
F slope = 0.39 o
RO S HBMFWBROBEIATOES W 150 |,
FWEEEEEREER. 0 ARMERE L, #5352 —10 Oﬂbgfﬂ 2.0
~ S DEEENT,
Fluw)=08(u,m—u) 8) 0.0 0:i=2 e:i=3
EEFIINREEEREEEH (fine grained pdf) i
EFEN S ERT ——0.5]
<& (um—u)>=1 (uw) ORI
b ROFHERED RS S, LEBSTHS  &10L o o0 s
DV ZFFEREREOu O fpdfD S5 7 LER s slope = 0.45
LTL( . ZOHBEANNSRHSRD L S #Hh #Eio ' dob 0 20
BOTHBESHEAREENRRERD OV, log £
-‘3—f+u.§f+ Lop_ gty

=0 am Fig.12 Fractal and Reynolds stress
at p dx I Usn ' !

LbHEAAZNMRBRHEBEAROERORLOTHETIRESR
B RS HEREOL S THB,

HAEERBOEEL AR DVBHRE L s TET I - k—EOREHN NN - M T, ERER
B BHEE (coherent structure) DEEA DD —>2& LT, WL, B, HEHELE DN
ETEROWENTONTELN., EXTHTERCEH > T0RAN Y, BECOFEKTO LA
JNWVAEND X BRAMBR/ A—A FPORERNHFE THI I LT > T LD HKL
L )NVZIEHR T I T I NVEEEBRBLTVENE, N—ZA TS/ 7 NVOHEENEEHZI NS,
EHORCHICEBRL.. BB ARHOBSERIN LT S—A Y753 72 VOBBRNENMIEFET
BIEERLEDTY® . 2ZTEO—HERNTS,

NeZ FOBBESICIIREORRIVITAIEL 4 RBAHETH S, ETA4HERAEEITL -
THRHBENZN—Z b, QN—RMERRIERTE KL TEHTHONILEREIEEGDT
S I NEEFE~ONEI ). THE. WAOHERZOBAELRARICIERICHRIZT S S
SHEZQNA—Z R, 2FED LA/ VXEHDOREVERITEL, ZRUADOENN - MK
Rzt U, —BVITABBRIC L » THRIBENIN—Z P, VA—ZX FERFRIEINTSE, KL
TRISIZVHEELETTI 7 NVEERRIIM) KRTEIIKRL2CSETEIIEETET. R
ROEDBNRRND . RITA—Z PHRECTOIHMBR L, TITHNEE0EEBS—Z ME

47 fEETZE Vol. 32, No. 126



FRYa(t) D1 ERZHERAIHTOTS 75V HERy 7 AETHND LR, (DD L FiTh
B, ZhEhQN—-2 MEZEBHEI TS ISV THY VA~ MVEEBYITZ > THLI EHBH 0
B3, THbLE, QXX MHANTTIINMICREL ., DOTOERKHNOSHESLENT
FIINTHB,

hdrs VA ) WXIEHE.

uov ,jfdyfu¢d|a=nduuv' an

flu,vla=) RQN—Z MREBO U, v OFHNEARBEEBHR. 0L IIRINBI LI
%5, flu,vla=1)BLBOI&ENET T 79 VBECRHRTHEOIT T INITO>OTER
EFEANXTOD, £, 7I779 VD35 Y PVEE RV TFIVT o—SE50 & 5 IT—REHIIH
FRAEEAHE S0/ ARENDONH B, OF HRolmogorov-Chaitin®FE R TIE S V5 A TR
BOEEZLONIBEND D, ChDSERXZEVA I/ NVABHICHE L LRENRTFIIILTH
BPILEBIOFTRTRBUBZE LS LNTFHEIND, AEERBOS VI LGN EHO M R
EEICBHMANERTHEFCL GEYUTES 0 OV THIHEE L. VITARICE 5/8—- 2+
ZRHEDENCENTHEIK-LER CIRL > T ERTEEIENFThTNE OO O,

5. L3V
ZOLII. HAKRBOSHELEAIHIRWHTII /I NVHERL. Lhb a4/ VXE
HEBRBIZBHELTOWAIEBMNEE ok, L L. SLREREOT7 S 79 VR b - EEHD

R ZE

0.0 00r ”‘h"no
."'
®e
S -05 ) 0.0 f 900003, e
S Q:' L]
Q;O 0 oy *
< 10} 1.0 o,
L
~15 ‘l ‘ J N —20 ‘ . ©
~10 00 10 20 30 -0 o0 Lo 20
| log £
og ¢

Fig. 13(a) Fractal in Q-burst

Fig. 13(b) Fractal in V-burst

4.0 4.0
- Y =55.94 = 5504
3.0 O&O\:\O 301 eees,
3 r @ L o..
=20 2 20} ey,
80 o .
i) r 3 .
Quad. Lech. N .
1.0} VITA.tech. 3
1.0 slope = 0.58 \\ - ITA.tech "
000w ool N
-2.0 0.0 2.0 4.0 -2.0 0.0 2.0 1.0
log € log €

Fig. 14(a) Fractal of Q-burst
defining function

Vol. 32, No.126

Fig. 14(b) Non-fractality of V-burst

defining function



REICBRNSETRIN, ZORTBINFNBEORBEDO—D LA LSO TRIADOIEE X 5ITFHM

KT EREEND, ZORIS. WFRBROTBETFNRPONMIAR-TL B DD EZFZI o0,

FhREBOUFREETFTLOERICOEHELS D,
AROMERICBEFERFHFHRRLRICHBHITHN ., ECHEEXRT S,

X R

(1) Mandelbrot.B.B.. Proc. R. Soc. Lond A 423(1989). 3.

(2) FHHE, FHHERHELE4S, Sk (H2W) , 54.

(3) Terada, T.and Hattori,X.. Some Experiments on Motions of Fluids Part IV. HEFEEH A%
MAPIEmEE. No.26 (Bg2) ,287.
XFXEFNEAEARTRRKAIFLICEIZING. /o, KESR, FHE, FAIESFMEHE,
NHK7 v 7 X (Bg50) , 153.

(4) Nagib,H.M., et al. Coherent structure of turbulent boundary layers. ed Smith, C,R.,
Lehigh Univ(1978), 372.

(5) Brown,R,A., Analytical methods in planetrary boundary layer modeling,
Adan Hilger(1974).

(6 i, EFWMR, #FAFE(1992), 199.

(T i, &W, A@, F#, BRB, 57-540(1991), 2554.

(8) Srccnivasan,K.R. and Mcneveau,C. J.F.M. vol. 173(1986), 357.

(9) Eckmann, J.R. and Ruelle,D.,Reviews of modern physics vol.57, No.3(1985), 617.

(10) Mellor,G.L., Int.J.Eng. Sci, vol. 10(1972), 851.

(1) i, 4, feE, BB, 58-547(1992), 706.

(12) Robinson, S. K., Aon. Rev. Fluid Mech, vol. 23(1991), 601.

(13) i, &, {HE, BB, 58-553(1992), 2722.

(14) Tsuji, Y., Honda, K. , Nakamura, I., and Sato, S., Phys. Fluids A, vol. 3(1991-8), 1941.

(15) Tsuji,Y.,Honda, K., Sato,S., and Nakamura, I., J.Phy. Soc. Japan, vol. 61(1992-1), 10.

(16) t&H<2, BHERFZFMRN(1993)

(D 4, WM, i, R, REHRTEFR, vol. 28, No. 1(1993), 27.

49— 1EEAF5E  Vol. 32, No.126



FI0EARGERY VRV LESERE - R/ A P30 -KOVWT

BAE#YLEE-MMXEY ZAAR RRIX- D)

BAEHY v EVYLREEZEAIOEIVBEEBA L. CNERILT. BI0EBAR
My UAEYY LERREELS L HAERFLMEHMEAE /N — 7L OREAREO S LIZ. £
5A25H (zBiy v RV Y LORH) MEMMBTLSRFCSVWTIRERESVHME S, T
OHEALE IR, JAEEFRSNHREHESERCTMIBRCERE IS -0 LRy~
BYOLOBERLEERE LED TORMEMXHE S NV-T . GERY F VY L 30 B
AEEHELEDTOAELODOEEROBIBICERL TOWAERY VRV Y LEHEBS EMN.
BEWEBHT A2 LIV ERINALDDTH %, BHSONEE, EHRDHVRIINF—
MEATIC B AMEOSROBEPHROERFEORERL LHRICETIHEELL. RAD
EZUPMRES LUFEIBOEEFRECHBBERE L. (RBR), BERFHR2EL SF
BTHICE TCRAEDOTH 20, BRETROLEEET ZEVALBSL LD S S SNHH
LPEHRLDLLOEN - ),

COBHELOEBRIBLTR., ERY L EVY LEEREL (FEARIHEERISERER) ©
Fa, ELRGEICELTHRBOAOHERESRL I URXBEMIEL TRAIL CBIEAD L
RAEHEBREZAFTRBUHETIHRBICHIERV L, . —HBMOKBUCERL TR
HARO/MIERES L CBBERITEFTORTERICBMBICL > 7o &<y MIEEBIC
MoV 7ETAbAEEEIIG LERERSZVRIBHEBRMATHEL Z&ITLD ., #EE
DD PT NSO LTHEW . MRBMICHLERLETIRETSH B,

# B & =] * i
KEIZ BT BRI ORI W.-J. Yang (Univ. of Michigan)
3 LENF-FH VAT LOFERIZLITT OB (THbeE T RBRmrgIa)

s byyiem . 3 g T. N. Zolotoukhina
V—¥-bLURHBRTE Lé%ﬁ"ﬁ% (a ¥ 758) (Belarus Academy of Science )

MNESBUER S DL S I ERIRIcEE T B g | - Straub

(Technische Universitit Miinchen)

Coo DHR E YR Juligk  (FHEAR)
RTREOBEREIC B Oh A H 4+ A F EEH KRR

EEK - ERIREY - FEEEEE T 5 EOBEHzMRT | HILEE  GHERY)
YBEEHICHB BH LT 5 X< HEf M GORTERT)
EHRAFIT & B H AR R WML (TR AT

{EEAIFSE Vol. 32, No. 126



NEW TIDES OF HEAT TRANSFER RESEARCH IN U.S.A.

Wen-Jei Yang

Department of Mechanical Engineering and Applied Mechanics
Ann Arbor, Michigan 48109, U.S.A.

I. Critical Technologies

A variety of technologies have resulted from a better understanding of heat and mass
transfer. Table 1 lists the major engineering accomplishments between 1964 and 1989 as assessed
by the U.S. National Academy of Engineering. Advancements in these areas are clear
demonstrations of the significance of thermal engineering. The last decade of the 20th century
concerns the state of our technology and our environment. Tables 2, 3, and 4 present critical
technologies indicated by the U.S. Department of Defense, the U.S. Department of Commerce,
and the American Society of Mechanical Engineers, respectively. In almost every category, heat
transfer plays a role, often a dominant one. It is therefore evident that the welfare of human
assessment of global and regional impacts of these technologies on the environment also requires
improvements of our knowledge of thermal engineering.

II. Major Technologies in Thermal Engineering

In 1991, the Heat Transfer Division of the American Society of Mechanical Engineers and
the American Institute of Aeronautics and Astronautics found the major technologies in thermal
engineering:

(i) Aerospace

(ii) Bioengineering and Biotechnology

(iii) Energy

(iv) Heat Exchangers

(v) Environment

(vi) Digital Data Processing

(vii) Manufacturing and Materials Processing

This list corresponds to comparable lists of the critical technologies which drive economic growth.
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II1. Critical Cross - Cutting Issues in Thermal Engineering

Next, the critical cross-cutting issues are identified. A cross-cutting issue is defined as a
major research area in which an advance in knowledge influences virtually all seven technologies.
The following five topics were identified to have the greatest impact on the critical technologies:

(1) multi-phase thermal phenomena

(2) thermal processing of engineering materials

(3) dimensional and operational extremes (including nano- and micro- technology)
(4) thermal measurements, instrumentation and controls

(5) coupled systems (including chemical reactions)

Note that nano- and micro-technology was in the original group of major technology areas.
Since it also appears as a major cross-cutting issue, it has been dropped from the listing of
technology areas. Thermal properties, reactive flows, and modeling (simulation) methodologies
provide the basis for research in all five of the listed areas, and are included therein.

Tables 5 through 9 present examples of the cross-cutting issues associated with each of the
major technology areas. Tables 10 through 13 provide general treatments of some cross-cutting
issues.

IV. ASME Position Paper on Thermal Engineering

In 1993, the new ASME position paper on Thermal Engineering Research [4] was released
an as outgrowth of the NSF funded workshop on emerging technologies and critical phenomena in
thermal engineering. The major critical technology areas are reduced to:

(i) Energy and environment
(ii) Manufacturing and materials processing
(iii) Bioengineering and biotechnology

The cross-cutting technical issues are defined to be:

(1) Multi-phase thermal phenomena
(2) Thermal processing of engineered materials
(3) Ultra large and ultra small scale technology

Examples of these cross-cutting issues associated with each of the major technologies are presented
in Tables 14 through 16.

V. Some Specifically Suggested Research Areas

(i) Transport Phenomena in Electronic Manufacturing

The process of manufacturing microelectronic chips includes many types of material
deposition, cleaning, etching, etc. It currently involves more than 200 steps, and will soon
increase to 300 or 400. The science base of most of the processes rests in transport phenomena,
namely fluid dynamics, heat transfer, reaction engineering, separation, thermal plasma, and others.
For example, the deposition processes which produce electronic components and circuits represent
the most active part of electronic manufacturing. The most important deposition process is thermal
CVD (chemical vapor deposition). This is a temperature-sensitive surface-reaction process and is
somctimes diffusion-limited, for which the control of surface temperature and the convective
pattern of gaseous reactants are essential. Due to ever-decreasing size and ever-increasing
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complexity in electronic chips, the key to success lies in rapid thermal processing in order to
minimize solid state diffusion, which degrades the devices.

(ii) Thermal Design of Microelectronic Chips

The ever-increasing power density in an electronic chip resulting from an ever-increasing
density of the packing of electronic components has greatly exacerbated the thermal management of
the chip. The new challenge is in internal heat transfer, not to be alleviated by external cooling. It
is important to note that the submicron features, i.e. smaller than the phonon, electron and photon
mean free paths and wavelengths, render the classical equations of heat conduction and radiation
invalid. This problem requires micro- and nano-technologies for its solutions.

(iii) Thermal Processing in Structural and Magnetic Materials

The last decade has witnessed a slow revolution in materials processing, due primarily to
increased understanding of alloy solidification processes and the increasing availability of precisely
controllable heat sources such as the plasma jet, electron beam, and more importantly CO, ND-Yag
and dye lasers. The most significant development has been various forms of fine grain or
amorphous, rapidly solidified materials, in commercially viable quantities, including the new tape-
cast magnetic materials, super-alloys, directionally-crystallized alloys, and metal and ceramic
composites. This trend will continue under collaboration of thermal science and materials science
researchers.

(iv) Rotating Systems

A fluid in rotation is subjected to two additional forces, namely the Coriolis and centrifugal
forces. These phenomena are abundant in nature. In industry, most power generation and
refrigeration cycles involve rotating systems. [5] reports gas turbine research activities throughout
the world. The research in rotating systems is continuing, accelerated due to a need for thermal
design to enhance the thermal efficiency of rotating systems.

(v) Reduced-Gravity Environments

The effects of the capillary force become prominent in fluid systems with free surface under
reduced-gravity conditions. The associated transport phenomena are important to manufacturing
and materials processing in space.

VI. Final Comments
Recurring themes have been haunting the ASME Heat Transfer Division [7]:

(i) By far, the most frequently and strongly stated theme is that its publication does not serve
“industry”, the practical engineer, the designer, etc. An often expressed perception is that
HTD publications, most notably, The Journal of Heat Transter (JHT), were more frequently
meeting the needs of the authors, for their promotion and tenure, and a small group of closely
aligned fellow researchers, rather than the broader heat transfer community. It is common
among some younger faculty to publish in JHT those papers which had aiready appeared in
the ASME conference proceedings, just to claim publications in an authoritative journal. The
main criticism is with regards to the focus (hard to follow) and relevance (how the work might
be used) of the papers. As the Senior Technical Editor remarked, “You can only process what
you get.”

(i) A second theme is a strong need to perform and publish research which begins by asking what
important heat transfer questions exist, and then seeking to answer them.. There is a call for
more open-ended research and more open-ended dialog in the literature, rather then doing
“safe” research and writing “safe” papers.
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Researchers in those countries which admire and imitate the United States should take

extreme caution in avoiding these pitfalls.

VII. Sources of Information

1.

9.
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Washington D.C. (October, 1992).
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Science Foundation Workshop (edited by H.A. McGee, Jr. and M.K. Burka), December 2-4,
1992.

“Thermal Engineering: Emerging Technologies and Critical Phenomena - Executive
Summary”, U.S. National Science Foundation Workshop (edited by H.R. Jacobs and J.P.
Hartnett), 1992.

“Thermal Engineering Research: An Essential Ingredient to U.S. Critical Technology Policy”,
A Position Paper, ASME Heat Transfer Division, New York (January 1993).

“1993 Technology Report - Land, Sea, & Air”, International Gas Turbine Institute, ASME,
Atlanta, Georgia (1993).
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Table 1 Ten outstanding engineering achievements: 1964-1989*

1. Moon Landing

2. Application Satellites

3. Microprocessor

4 CAD/CAM

5. CAT Scan

6 Advanced Composites

7. Jumbo Jets
8. Lasers

9. Fiber Optics
Communications

10.  Genetically Engineered
Products

*National Academy of Engineering, 25th Anniversary
Celebration (from American Society of Mechanical

Engineers, Engineering 2000. A Look at the Next Ten
Years, June 1990, Exhibit 2-4).

Table 2 U.S. Department of Defense critical technologies*

Semiconductor Materials Software Productivity
and Microelectronic Circuits

Parallel Computer Architectures Machine Intelligence &
Robotics

Simulation and Modeling ] Photonics

Sensitive Radars Passive Sensurs

Signal Processing Signature Control

Weapon System Environment . Data Fusion

Computational Fluid Dynamics Air-breathing Propulsion

Pulsed Power Hypervclocity Projectiles

High Energy Density Materials Composite Materials

Superconductivity Biotechnology Materials

and Processes

*U.S. Department of Defense, Critical Technologies Plan, March 15, 1990, Table 5.
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Table 3 U.S. Department of Commerce emerging technologies*

EMERGING TECHNOLOGY

MAJOR TECHNOLOGY ELEMENTS

Advanced Materials

Superconductors

Emerging Materials

Structural and Functional Ceramics, Ceramic and Metal Matrix
Composites, Intermetallic and Lightweight Alloys, Advanced
Polymers, Surface-Modified Materials, Diamond Thin Films,
Membranes, Biomaterials

High-Temperature Ceramic Conductors, Advanced Low-
Temperature Conductors

Emerging Electronics and Information Systems

Advanced Semiconductor Devices

Digital Imaging Technology

High-Density Data Storage

High-Performance Computing

Optoelectronics

Silicon, Compound Semiconductors (GaAs), VLSI, Memory
Chips, X-ray Lithography

High-Definition Systems, HDTV, Large Displays, Data
Compression, Image Processing

High-Density Magnetic Storage, Magneto-Optical Storage

Modular/Transportable Software, Numerical Simulation,
Neural Networks

Integrated Optical Circuitry, Optical Fibers, Optical
Computing, Solid-State Lasers, Optical Sensors

Emerging Manufacturing Systems

Artificial Intelligence

Flexible Computer-Integrated Manufacturing

Sensor Technology

Intelligent Machines, Intelligent Processing of Materials and
Chemicals, Expert Systems

CAD, CAE, CALS, CAM, CIM, FMS, PDES, Integrated
Control Architectures, Adaptive-Process Control

Active/Passive Scnsors, Fecdback and Process Control,
Nondestructive Evaluation, Industrial and Atmospheric
Environmental Monitoring and Control

Lmerging Life Sciences Applications

Biotechnology

Medical Devices and Diagnostics.

Bioprocessing, Drug Design, Genetic Engineering,
Bioelectronics

Cellular-Level Sensors, Medical Imaging, In-Vitro and In-Vivo
Analysis, Targeted Pharmaceuticals, Fiber Optic Probes

*U.S. Department of Commerce, Technology Administration, Emerging Technologies: A Survey of Technical and

Economic Opportunities, Spring 1990, Table 1.
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Table 4 The expanding role of mechanical engineering: 1990-2000%

Other Interdisciplinary
Areas ME Impact Areas
Materials Major Biology, Chemistry, Chemical Eng.
Energy Major Physics, Chemical Eng., Biology,
Earth Science
Manufacturing Major Materials, Product Specialties
Argriculture & Food Substantial Biology, Farming
Transportation Major Hydrodynamics, Aerodynamics, Electrical Engs.
Technologies Health/Safety, Ergonomics
Space Technologies & Major Physics, Astronautics, Astronomy,
Advanced Aeronautics Ergonomics, Health/Safety,
Transportation
Health Technologies Substantial Materials Science, Biology
Housing & Structures Major Materials Science, Automation
Infrastructure Substantial Materials Science, Electronics, Geology,
Hydrology
Geotechnology & Major Civil Eng., Meteorology, Geology,
Planetary Engineering Biology, Environment
Outdoor Robots Major Environment, Safety, Oceanography,
Mining Eng.
Biotechnology & Major Biology, Chemistry, Physics,
Nanotechnology Materials Science
Mechatronics Major Electrical Eng., Design,

Functional Spec.

*American Society of Mechanical Engineers, Engineering 20!

Exhibit 2-1.
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Table 10 Partial list of advanced materials

Composite Ceramics

Advanced Metals and Alloys

Superconductive Materials

Materials used as Surtace Modifiers (thin films such as diamond, etc.)
Smart Materials (exemplified by materials with memory or materials which
change their behavior in the presence of an electrical or magnetic field)
Biological Materials

Tat o

able 11 Cross-cuiting issues in reactive flows

Reactions Under Limiting Conditions

a) High speed reactions such as extinction, ignition, atomization,
combustor cocling (using the fuel as the coolant)

b) Highly nonadiabatic reactions such as might occur in efficient fired
heat exchangers or in process reactors

¢) Ultralean burning for NOx control (near flammable limits)

Pollutant Reactions and Production Control

a) Reaction mechanisms in turbulent flow

b) Design for environmental control using traditional and alternative
fuels

¢) Particulate formation and control

d) Surface reactions

Safety

a) Extinction due to near-limit operation

b) Flow structure interactions such as swirl, etc.

¢) Large scale phenomena such as forest fires, urban fires, aircraft
fires, oil or gas field fires, etc.

d) Explosions

e) Fire aboard spacecraft, or in reduced gravity

Solid Phase Reactions - Particulate Processes

a) Powder synthesis, nonlinear diffusion controlled processes

b) Bulk material synthesis

¢) Corrosion and erosion in reactive heat exchangers

d) Deposition or scaling processes in reactive heat exchangers

Bio Reactions

a) Slow chemical reactions such as those taking place in living matter,
both naturally and as induced through the introduction of chemicals
into the biological system

b) Radiation tissue interaction (This topic relates to thermal radiation and
various forms of radiation adsorbed in depth such as X-ray, microwave
and gamma rays.)

¢) Bioreactor processing such as fermentation, mitigation, etc.

Supercritical Processes

a) Processes occurring near or above the critical point for one or more of
the reactants. (We lack sufficient knowledge of reactant and product
properties.)

b) Radiation at supercritical pressures

¢) Basic knowledge for formulation of models of supercritical processes

fEBHIT 72
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Table 12 Cross-cutting issues in thermal mechanical phenomena

a) Thermal-mechanical forces in the presence of large changes in free
energy (i.e., solidification, fracture, loss of adhesion)

b) Establishment of failure mechanisms, modes and criteria of thermal-
mechanicai failure

¢) Residual thermal stresses

d) Development of constitutive relationships for coupled phenomena

e) Modeling of complex geometry based both on shape and hetrogenity

f) Variations of properties from bulk to microscopic (thin films, etc.)

g) Thermal-mechanical behavior of adhesives

h) Thermal fatigue, as related to brittle materials

i) Boundary and interfacial conditions for thermal stress, including thermal
contact resistance, spatial variations, and interfacial loads.

Table 13 Cross-cutting issues in simulation methodologies

a) Transient problems

b) Three-dimensional geometries

¢) Multiple scales - stiff equations (such as occur in rcacting flows and in
transient turbulent flows)

d) Conjugate problems for non-homogeneous materials such as composites

e) Turbulent closure relationships (especially for multidimensional and
transient problems)

f) Radiation (including scattering in fluids and interactions with thin films,
etc., at the microscale)

g) Multiphase flow (particularly for dense flows and multidimensional flows,
and closure relationships)

h) Reactive flows (particularly multidimensional, transient and near limit
condition phenomena)

i) Non-continuum situations (plasmas, free-molecular and slip flows)

RISC based workstations with high resolution graphics
Massive Parallel Computers

Supercomputers

Parallel/Vector Programming

Symbolic Manipulators

[ IE =M e W w o -]
N e N e
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