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An Assessment of Reduction in Capacity of Signalized Intersection
by the Change of Surface Condition in Winter

Kenichi Ishii and Kazuo Saito

Abstract

Intersections are very important areas for traffic operation in urban street. In designing
these intersections, an engineer has to determine the traffic capacity based on the basic
value of saturation flow. 1800 pcu per an hour of effective green time, which is based on
the observations of dry surface conditions in summer, is specified and used for the ana-
lytical procedure of capacity.

Recently the use of this value for calculating the capacity of signalized intersection in
snowy cold region, such as in Hokkaido, has been questioned since traffic characteristics
and vehicular behaviors will be largely affected by changes of surface conditions in winter.
Thus, the authors have made some attempts to observe the traffic behavior at some signal-
ized intersection in Hokkaido under summer and winter conditions.

This paper describes the findings of these observations: the degree of reduction in capacity
and the degree of increase in the passenger-car unit of large-size truck by the change of surface

conditions in winter.
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A Numerical Method for Gas-Particle Supersonic
Flow past Axisymmetric Blunt Bodies

Hiromu Sugiyama

Abstract

A numerical method (inverse method) was developed for gas-particle supersonic flow
past axisymmetric blunt bodies. This method is based on two transformations (von Mises
and an additional one), which are convenient for determining the shock layer flow fields
and the body shapes.

In using the present method, the pure gas flow field around a sphere was first solved
numerically for the freestream Mach number M~=2.0. This was found to be in very good
agreement with the result of Van Dyke and Gordon. Then the gas-solid particle flow in the
shock layer around blunt bodies (nearly spheres) was solved for the freestream Mach
number M~=2.0, with particle diameter d,=2#m and freestream loading ratios @ =0, 0. 2,
0.5 and 1.0, respectively. The effect of freestream loading ratio on the shock stand-off
distance, the body surface pressure and the flow quantities along the stagnation streamline

is shown.
1. ¥ 2 N =

R (EARLF 5 5 W IRER) 2E0mEKUROWRE, FIAE, BEREEEZEW s
v ke ) ZVHOTN, SLENOERKEE, METF2EURK[TERITT2UE T LY O
hORES LBEL, HBELZMESNTNEY?Y, oL BRBAKLEVTR, SEDH
nid, SERERTFORMICEL BTN EBREICE 2 THBORER, MEFA2EETVLDHWYW BH
BSURDB A DTN L IIHRENDLII 0 RIT-TL %,

AT, SMEEYEEZBEE ZMN T 2ECBEERQREZIERS 2, ChicBEEd 265 &
LT3 Chang® O FEHH %o i, KR (=7 0 YW hERITS 2 BMEEH 0 D (R
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T= o "B M.=10% 2HX, BEBAORNICKIZTT—HFEHD loading ratio (K FHHDE
BRE/ SHOBERKE) ORELFDTHLMICL s,

3T, HEWE, VAN, MAEF2300ARSKEOBEERPICE» NI MEE DD DR
NIk B HMEMRITEE BB L 7092 COBEE, TOBBROEREEZ, ZOHEREROR
NEMBTIR AR D % R (inverse method) TH B, AMETIE, TOHESE, #hkF%E
SUBERIROGEITHIR L IERICOVTHRN G, 7, ERNRKEAREAS RINS,

2. EAER

BEBHNOMK T ESCKAEOE LERLT 57D, RORENEINEY,

(1) HF D55 5 EERIEBTNS O OT, B4R TFREOHERIERS N5,

(2) [UALKRTOMOFHIR, K[kEKTFOMOHT] L EHEORREDHLTH S,

(3) KFi3, —HIBKREIDEKTH 5,

(4) HTORIFEFICREVDOT, NFHEITEREKE L TEERDLNS,

ARETIE, BROLOFS (7) BERXRTELR, ZOFSOBVEAIKE, BEXLEEE
He5E9 50 u, vid x, r FAIOEERS (K1), o T, P IXAOEE, RE, F%,
Up, U, Pp, Tp 13HIET BRLFHDIEE TN ZNEKRS B0 KTHDFE 0y 13, 0p=05/ 5= 1M/ Beo
Thbd, TTITn FHAFREYD ORTH, m 3T IECEETH S, IXNTORIIHE
BOERMMOMEERE R, ©, #ERI—RRKOEE U. T, BEI—BRPOSIKOEE - T,
EHE p.0% T, BER U2/C, TERILILENG, CCit, C, IRADELHETH 3,

Shock
wave

Gas
streamline

r=r/R;

Body

Particle streamline

Nose radius of shock wave
R5 =R5 /Rs =1

0 x=x/Rg
B HEEER (x,r)
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EROFEDT TR, BHFEECKUEDOER, HaFrmicnd 2ERAERIIROL S IC
12599, [UEICH LTI

DR : 2 (row) +L(ron) = 0 (2.1)
ox or

EHEOR: w2t o g, (2.2)

67 0x

v ov op '

_— 4+ 2 _Z£

pumo vt =0t F, (2.3)
N . aT oT op op
IRXNVEDR: oucy—— e pvc,,;—ug;— va—= Qp+ (up—wu)Fpz+ (0p— 0)Fp,
(2.4)
Regrr: p=T—1 o7 (2.5)
FFHIC LT,

EHOR: 2 (ropuy) +-2 (rossy) =0 (2.6)

g \Teotts) o (T0p0p

0up 0ty
EHEDORK: /Opupa_+ /Opvpa — Fps (2.7)
ov ov

Pplp ap+p,,v,, ap——Fp, (2.8)
T xIFOR: ppupcsag—+ ppvpcsa;p=—Qp (2.9)

TZit, Cs ZKTYEDHBTH S0 Fpx, Fpr 13, KFICKDBAFEOTAITIEMT 27
HLTD O x, r HAKRATH B0 @ 13, KFPORKITEESNIBARTH D, K (2.4)
b, KR () DR T, MmEE OB &R F 5 2@iEd 5EIcREIcisdLE
CEDEALTE END B, £/, K (2.9) &0, KFORE T, dHMHMOB=ED A
ICE->TEILT BT EHD B,

X (2.2) & (2.3) &b,

p[u ]{u_+v]=—u%f—v%£+uF”+me (2. 10)

Eitkic, R (2.7) & (2.8) &b,
Upa][up+vp]—_uprx‘Uprr (2,11)

CoRED, MNFOEFHT R VFIZ, HHCIEZEFICEI-TDAIEDLE I END 5,
RIRDHLST Fpx, Fpr 13IRR
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Fyx = ng(ad})ConW (up—u) | 2. 12)

For = ni(zd)CooW (9-0) (2. 13)
Kk >THRONE. CTIC, W K LK TORONMHERET, W = [(u—up)?+ (0—0,)?]?
Thbo n I FHEMABRICEINIRTHT, d, IRNTFOERT, Cp B TH B, &
TEDETA, BHTFEEDRRTOT IR I L D> T0ROAEY, ZTTRERAD
Cp=0.48 + 28/R,%% (2. 14)
DESALELES o CTIC, R 3 W& dp ICEFOI VA J VKB, $1505 R, = 54,/
Tdh5b,
K[UR ERL T OB ORIRER, R
Qp=nNundp(Tp—T) (2.15)
THAb6N5, CTIC, P, @75V bABTHY, P,=pc,/k THbo k BREOEEE
FHTH D, NuldX &V KT, ThRRRDL S ITEZ T,
Nu=2.0+0.6PriRe? (2.16)
SUADRMEREUL, AT, kR

A=1.71 x 10-4x [5%]‘"” poise (2.17)
'G%—'Z-.f:o
3. RRRHEER 7, Y) TOEHHFER

%9, [HEBIURFHICHT 2RO O (x, ) BLY Tuly, r), THDDL

ov__ ¥ __ (3.1a,b)
ar_”’”' ox rev . ’
ovr ov

_a;gz 7’,01:“1:,_6;[2:—7:0#”? (3. 2 a, b)

ZBALLD, T oid, #EEoRX (2.1) & (2.6) 2HEMITH T, KIT, von Mises &
BAaBEALY, MEEER (x, 7) TORMWOEBRAERXZHRNEHEESR (¥, V) TOFHIC
EHlLED, TTiC, Y=y TH5b, 5L, EWMEETI

0 _ g 0

5~ Viow (3.3)

9_0 5, 0 (3. 4)

o ov  Vrow :
0,,0_,0 (3.5)

ua-’- 03_7:0517
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LI3BY0, WEBEITS &,
0 _0. 0290 (3. 6)
oY or oY ox .

0 _09x 0 (3.7
v ¥ ox

BEoNB, X (3.5) & (3.6), BLUK (3.3) & (3.7) 2HEKT 5L,

0% _u (3. 8)
oY v

ox _ 1 (3.9)

o rov
HEONE, KX (3.3) — (3.5) 2HWwAE, EBEARER (2.1) — (2.9) BRDLH i
155, ST LTI,

wx%+w,gyﬁ 6Y+z§§+y=o (3. 10)
oot -, 2L p,, (3. 11)

g; g{,’—qf, gqu F, (3.12)
pvcpg§—0%=€?p+(ui,—u)prJr(vp—v)Fp, | (3.13)
P=L;—1pT (3.14)

RFRct LT,

v, g’;j’+%+w,g’;f+;—{u,,;ff +0, ¥} Z‘;j’ Uig_?Jr%:O (3. 15)
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05 (U 2+ 0,7,) gw+ o0 p‘;;’, ~ Fpr (3.17)
05 (up¥ 5+ 0¥, )cs ajq; + PpUsCs %71;, - Qp (3.18)

BHEOHN 5B,

4, BRIESNICRRBEHEERR (¢, 1) TOEBAER

HREAN OB T2 S UK DORNZEMFE (inverse method), T80 LEEHKOIIKETF
D5 Z, ZOBEROWN EMEIIRERD BHETHEITL L5,
BB IRAIT O—HRRIC B 1T B MHOFH B %,
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2
v=2 v,=2 (4.1), (4.2)

LTS, BREANOHENOBTZEZICT 57D, MUEKEROLSIC
y? 2y
E=2» 1=33 (4. 3), (4. 4)

B, T5E, TOEER (6 7) TR, BREREVEERRIZ, 207 7=1.0 L0
IG5, BHREETE, X (4.3) & (4.4) &b

10 _09 70 '
YOy 0¢ Eoy (4.5)
o 10

5117—5077 (4. 6)

L1 B, MMKAEDIBEDBITY IS -T, HBEHAE v, v 15 V, Ve, 3HbDL

=— =2 4. 7), (4. 8
V=g Ve=5 (4.7, (4. 8)

ZEHLE S, 5L, XWAERX (3.10) — (3.18) @KRDXD L s, KM LT,

ou ox oV nop &(10V 10p 1
A B AT B s o (4. 9)
o 8¢ 8y pton p\Vas poct p
ap_E@_ Fps (4. 10)
877 87} 0 2pV
1% axap 1% 1 0p,V Fp 1
e L < ST
Ton 0Edy “0F 20V0F 2 220V (4.11)
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nCh o 007 =¢c &7 5'065 20V 2oV LT oy Fyr (4.12)
10p_10p 10T _
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RFHRIcxt LT,
6up ax 2Vp 6,01, f 1 an Vp 1 6,op 1 Vp
ay afa { ZEV"af {V 8¢V oy 65} oV
(4. 14)
aup LoVpOup | Fpsx
pp{up ZEVP af f pV 6{-‘ +2pV (4. 15)
__ aJClan ppr@_V_p+ pr Vp Fpr 1
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0Ty _ px:Vp Ty, Qp
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ER8 B, BB, EBROFEXZREECE, ROBEFKRK

e 200 (4.19)
$Y Y _ N4 e0%
: 2Cpu—17) 4pV566 (4. 20)
BER SN,

UL TEENTIES REABRRABE -1 $0b5, R 2,4V, 0,T, b up, Vy, 00 BET
Ty, D10MICxT L, R ~EHERL, KX (4.9) — (4.18) 010X TH 5,

5. M1 B % &

BRFEEROFNOERIT, [UECH LTI, BEOKUDEM (Rankine-Hugoniot DB
FHO, KTl TR, BEOEME, kbbb, BHREEEZEON THOERI, HRIGEN
DENEFZLOETEEM, L0KEBET 5,

ERE DA

x=8(r)
L9 5L, BREEROERIY, SFITHL T,

(5.1)

1—c¢ _1_687 _l
N%’ v P

N% 7’
1 1—e¢ r £
0

= + =
rMZ  N?’ r r—1

u=1-
(5. 2)

P

L1180, KTl T3,
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} 59

L=y"73m
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ThO, 7, Ms, B8LU ¢ F, [UAEOHEL, FEEHRICET O I—KRO< v (B~
oy B, BELU—FRFRD loading ratio Th %,
1B, BREAIHOFERNCED 2B FEEUKIRDOLEL r. EFE~ v " M. &

_Trta-p _ A+a)(1 +ap)
G=Tig. g MTMo T 0 (5. 4), (5.5)

L33, TTiT, pRAMEDHEDHE, #=C,/C, TH 5,

6. # B 5 B &

BB ZRAER (4.9) — (4.18) i, WREEK (7=1.0) Of»5, WkERE (1=0)
3T, BHETHE (forward integration method) ! T & » THER ICBE»IN B,

HEHHEOFIERRD &5 K155,

1L X (5.2), (53) 2f-T, n=1HTHHME f™ 2FHRS S, <ic, fm BfE
BORNDOERTH 5,

2. HEWMNICE ST, fm ¢ KBET A My I 2FET S (T, Lagrange
D 5 EHAARBEDNTD .

3. XEWAER (4.9) — (4.18) »5 f™ o9 KT 285 ™ 2iHHT 5,

4. 7 ORONSTISNE (p— A7) KBTS fomen ZRA

= fom — gy . fom (6. 1)

XDOHET 5,

5. A7 v 72 LREIKkIC fFimh A23HET B,

6. 27y 73 LMEKRIC fFimd ZETHT %o

7. fr DFBEEZEFE-T pomen 2RI

femsir = pom ~ 20 pom g pimen) (6. 2)

FOBEUHET 5,
8. 7 DRDNSHMEITHL, RT v 720567 42B0DRT, COBEL 7=0FTIT .
xSAHMELT, 46=0.005 0.01, 49=0,1, 0.2 MEohic. HEHER, oy bRFEH
ZEFHFFCET (UTIAS) OEFEHER IBM 1130 Z{EH L Tirb o
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7. HEHEAM

7.1 #HRREOEE

AEEFEEROZLEET RS20, KRAIC, BRFEZE LD, LHOW SHBESIED
HEERPICE, N YA (B3R $h 0 ORI NI,

18 S 13 SRERMMARIT DB B BIR T, KX

7>=2R,%—B,%’ (7. 1a)
bbb
r*=2%— B’ ‘ (7. 1b)

Kk ->TRBINED, CTit, Ry RERHEMROMELET, Bs i bluntness T,
r=7/Rs, »=%/R, T&h 5,
Bz onf-BEEEER (7.1) it d 2981008, &R

72=2R;(%—4)— By (%—4)* (7. 2a)
ERLS PR2)
r’=2Ry(x—4)—Bs(x—4)? (7. 2b)

K& > TIRBENL SO0, 2TIC, Ry=Rs/Rs BYIROEITHEBEET, By 3WHOD
bluntness C, 4=4/Rs 3R ITHEH
BEliEEBE T B,

21, =R~y " M.=2 O
B0, ESNIFREK (B,~—0.06)
EFBETRE » eWRIIR (K, &ER
BLUOWHMAERT, LEDIHIT, Van
Dyke-Gordon ' O¥fEtEERbREN T
5o AHETKE - MR EB LOF
##1%, Van Dyke-Gordon @ ## & &
C—Hd %,

vk (30 Rl EOENAAEEK 4
(a=0DHAE) ITRT, KFTHEMHEREI,

L EAREL DFEBTIE Van Dyke-
Gordon Dz & X —HT 5755, Yk 0 RZQIIMJLBJ
+OEELDI Tl Van Dyke-Gordon o X )

2 KoFoh BB, HEEE L UOHRR
DFERLEDLIFNTL 2MEBERT, GRS EDEE, Mo=2,7=1.4)

0.6

body shape
(sphere)
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7.2 BHEFEECIHKOBEE
BHFE2ESURAL LT, 772K (5:=2.5g/cm®) 2BVZK (r=1.4, # 2T B=287
m?/s*K) BRI N, BRERE, BRNT2EU5E46, R (1.1) TEAShBEFKEL
foo BARMNICEMEEIRE, RO XD HEMN,
BRIRTH OKUADIERRE + T-=300K
BRHIH OKIADET] + P.=101.3kPa
— RO v N Me=2
HAERE X (FRIEEHROMEER) : R=1cm
W T DB : dy=2um
KFOHE: C=C, (C, IREDERLLE
—BRRICEB T 5 loading ratio : @=0, 0.2, 0.5, 1.0 TiThh’,
B 3ic, RESNI BRI (Bs=-0.06) LFHETKE - MALIRE R, BBmE
BiBEEE X, —BEE D loading ratio ¢ & & HICH/INT 5 C L35 B,
K 4ic, K3 ICRITWADOREET Py 2717, Py i3 o & & bIHAT 5,
51T, BERBITIRITAEDEE v LEE TBIURTOEE u, LRE T, DELETR
To D550 5LHI1C, [EOREIVAETED L ->TWVBED, KFOEERERTH 5,
ThbL, NFEEROEE THRICERL TV L0505, MHOHEEL X PEERSEL
Ve Fbhh, KEBENOTRAIGEE, EREICBL, FEPEREICH S T 050 5%,

Assumed
~ shock
| wave

o Van Dyke-Gordon'®’

Calculated
body shape

0 0.2 0.4 o
X 0.2 - I I | |
K3 RESh-HREBRKE 0 0.2 0.4
HETKRE - AT 4 YEEREOFEHDT Py
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1.5 0.6

—— Gas streamline

=== Particle streamline

0

[ S| AR R A AR N |

B5 I AREIcn S S L0 0 0.2 0.4

WLF DREE & ImBE DEAL K6 EHREHNOKMES LR FORHR

X 6ic, BEENOSALNTFORMERT HF3, BRERERTIEES 505, Wikic
>0 TR L, BHEA 6 (N6I1TRT) TURICEET 5T L0595,

8. ¥ <& &

A B & BN T 28 ORUAOBE ERICH T 5 —BUEMT L (L) PR S
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BERER AR LTV 5 H1CH b,

BNT, AETEERVT, —Kik< v " M-=2 OIS OBE R ICE Hh 7Bk
FhhomnsErnt, TOERIZ, Van Dyke-Gordon!® DT ERFERE L —HT B &
DIRI N, RiC, SEMIE BRiTEW) o OEEMKT (77 28 280200
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AFEO—EIL, EZLCHEENAREEE LT, bo v M REMEFHTER (UTIAS)
ITHEE LTV AR (BBFI564F 9 A~MBAISTES A) I s bDThB, KFFEAED S
My, BRERIBEEZ SN0, FRAREERICH LBIKERL T cZv/z UTIAS
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Relations between Sound Fields near Rectangular
Vibrating Plates and Modes of Vibration

Kohshi Nishida and Kouji Yotsuya*

Abstract

The sound field in the proximity of a vibrating plate is closely related with the modes of
vibration of the plate. The purpose of this paper is to investigate the theoretical and ex-
perimental relations between modes of vibration of rectangular and square plates and
isopleths of sound pressure levels in the scanning planes at constant distances from those
plates. The calculation of the sound field is based on the Huygens-Rayleigh integral by
which the sound field radiated from a vibrating plate in an infinite baffle can be expressed.
The measurement of the distribution of sound pressure levels was performed by using a
sound visualizing device built as a trial.

The results may be sammarized as follows: the isopleths of sound pressure levels
measured in the plane parallel to a vibrating plate show a similar tendency to those of
deflection amplitudes of the plate. Therefore, the measured sound pressure level takes
minimum values above nodal lines. The calculated sound pressure levels show a little

larger values than the measured ones, but can explain the measured results fairly well.
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YRo s 77 4 DISHAY ICENERE € — F2AEOKTFE—EICBEITE 325, HERNROK
SXICHIRH D B0 HOIIE—2DHEEE LT, REBEKREOEESHOERAESRE € - F
IKRGFET B Epb, RIMICAEL LEGOEELV AV HOREZBIET S LItk DIRE)
E- FZRDLITENEZ OGN B,

AHATIE, BEOBEERL L TROLECHAVLN T A ERAENRE LT, EHOEKRY
KX DR SN BIREAFEDEEV Nvnf kB € — F & OBFRAFE & EROME» 5K
L, BUREICK 2IRE € — FOIEBEAMBIEEIC OV TR 21T - 7,

2. RBEEDOESDHE

TV u=Vr BEDHERERE LTHO SN TV AR, 1] 5 HhOIRENIEDEE Thtlk
SN 3 LABOEMICE RSB SN EEPERE NS, CO5E, FROKRmEREDOEHEIC
R OIS € — FICKF L IcisREsEE cBbh 5120, REEHEOES %KD S LI
L0, REE- FEPELSHICT LI ENAGEEELION D, T TRESELIREE— F LD
RERGG B 701C, PN D BIREPRIEICDH 5 & X DIREEF IR SN 5 E5%EFTHICK
DRD B, BRIWESAEEFEROEALEZ, TNTOOEEED OHH S0 58 IR %
BUFEEOAIEMT 5 LIET 5 L, BHESOEERIUTOLS ICitEEINEY, K—
LITRT & D BEERICH LT, ZEOR P (6 7, ) KBPFAEE p 3RATERDbIN 5,
ThEbb,

. Lo
o= pCJ'v(x, 9)  iot=kr)
2r Js 7

(1

TTIT, jIBHBAL, 0 BREZDOEE, ¢ 3EE o MR, LIBEEKT k=o/c=
2n/2 ORRDH B, Ft, v IRALDA (x, y) KBTI BM/NEE ds & PHEEDEHT,
r=nN(E— 1)+ (g — )+ (2)

i
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[oo [/

2a
RK—1 HHOEER

=

(28)



BRI OITEES & iR — F OBk 689

LEDLEND, v IRORFEEOERIRIETH 5, AR TIAHEREER E L, MRAE
ARV a =V O—HICE NV MESLIBEEZERETVEL TV S, TOBADHEK
B OBEREM A BT E L GENT 2 & THDOE & 2a, 2b DEHEROZER R OEA
AR,

mr(x + a) .sin nz(y+b) ejcam,,t
2a 2b

om =2 {(2)+ (2)) /.175”__2_;2_), (m n=1, 2, 3,..) )

ERDLEINB, 2L, ARER, ERIHEERE rERE, o IROBMAEY OEE,
v 3ETY Y HTH B, EBICIBEREMSHEMRE LIRS 100K (4) KX EEARE
BEREMBEICIENEST S LI, D, R (1) KEZFEOHETRIESHIRE
BELTREEEZRAY, £/, R Q) KX RIFEREEHAC S, EH A K (3) DIEH
B L EMIRIBOREB E D ORD B, BEPKE S LZDRDERE LV~ (SPL) Hkic
LOKkE B, LB,

Zmn = Asin (3)

SPLZZOZng& (5)

e, P, 3FEXEIE, P, IEHIEEDORMEMT 204Pa TH %0
EAHERTIE a=b ThH B0, “20BRE->HEHE—F, §4bL,

ma(x+a) nz(y+a)

Zmn(x, ) =sin 5 sin——5——
Cnn(x+a) . mr(y+a) (
— . 6
Zam(x, ¥) =sin % sin—_ )

3% LVEBREEE D, CORBHICEOTRR (6) DZ2DREH € — FAEEDOLAET
HELIBCEERD, VOWAHERBOERICLD, BarikElT— FARED S5, T,
EFEROBE IR (3) OEMBEK,

Z(%, )= Zwn(%, y) cos 7+ Zum(x, y)sin r )
EEDLENBEY Y, T 7 & Zon (%, 9) & Zum(x, y) DIRADEEAEDTMTH 5,

3. REREBERUERAE

EERICTH W IRBIFIIATE i 300 400mm, BEE 3mm OEHEHMK &, 318x318mm,
[E& 3mm OEFEMKRTH 5, K— 2 IR TIREMINIRER I K ov MBS LIt EORNEST
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REE IR AEBED T V) 0 — Y v O—HICIREIR
2RV MESL, AMIED R v¥—hickhEBSmk
THEEEL > TV 5B, RARHRMREEDT /o —Y
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20cm N AVTFTAT VR =7 > (FW200) TH
Bo FIIEATEROIKRALTY 70—V % 3EX 9mm
OB HEEETHER L2 —A1F 10em S a2 VT
FAT YR —7 5 (4L-60) Th b, TOMREE
5 —vr—7ro i onicRE LIchikT 420 L TRESI NS,

R S SN B EHOEE LV AVvAHOREREE LT}, #Ficks LED E&R
- HBEFSIRLEES O 2ACT, FEVAvahEBBICEEL TIEL, EE V5
HOHEREBRIHFEEZH I, COEBEIRIE GR, B B OFENXs 14— F (LED) %
ROftcv4 70k v ABERT S 3MAMICEESE S04 7 ot Y BEEREE,
3EOFKNKT A4+ —F% 5dB TEDHFFEVNVOKE SITHE - TIRRKEAB S 12DD
LED BEREVANVERREBRVEEVNVORE ST > TEILT S5 3BOFEXEIA 4 — FD

[Light emitting diode]

VIBRATING PLATE

M—2 REINIREEE B

Synchroscope
(Iwatsu
$5-5215) Logic circuit
T T P.U.
Vibration (JEIC
pickup TM-10-65) a
amplifier Condenser  [Togarithmic amplifier |
(JEIC 2020) microphon
(B&K 4145)
J;——————-— Level converter
l Precision
Power sound level
amplifier meter
(JEICO301A). (B&K 2203)
Audio signal . %/}d0ctave
generator f:ft pass
(JEIC 0102B) (JEIZ;}OZA)
1 u
1AL
Universal
counter sz Level
(TA¥58A1° @ recorder
5104 (B&K 2305)
Turn table

TUTL TERTRRRTEEERERRRET
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OB AR T 2 D DOBEEBEEBE LD OK > T b,

RERDIEF € — FEHEE LV~ EDRIEBEREFAND 12D D= A 7 vk Vick 5ER L
&, REMREL S —ERBEE SN/ AE TRENCEITASEE E L, K& EEFEE o Bl
ZALSETHIEEITI » 7o T, REIE— F EXHR L 7 R OERME RO EFE L~V 5y
MOREEZRFT 5 720ic, REROPLEBY, ICETREEFENICEVLTHEEL X
NVARDRIEZITIS - 12, RENOEE RSB ORE) € — FIcBd 2 REBIE S MEE
Ty TiCE ot BEVANWERBOAERER— 3 ITRT,

4 HRRUEEZE

RERDO R ©—AIc L BMIRFOITNS ERENRT, AN 1IW TITE->T053, BEAE
REH A S 10mm BNz, BUITETRERTNTOEFE V~VAHOEHRILEER & RS € —
FOBIRY ZR— 41T g, EHRBEIZAEBETH 5. (a) ORIIREMKASEEREIE 273
Hz, (m, n)=(1, 1) OREFE—- FTREL TOBEEADEELV VGG ER LTS, T Ok
R o, RIRICL > TERSNEEHOEEE LV VAR BIEIHROS L WERMRIED
DML L1 -> T B EDbp b, L7chi-T, REAEEORESTOEEE, il
JERUTH % MR L D s DEFERRED & DBEHE ICH KRS B LEZBIENTES,
7z, (b) ORIBEFRENE 754Hz, (m, n)=(3, 1) DIREE— F TR L TV AEEOEFE L

NVGHERL T B. TOGE, KRB 2 KOERICE D =20 EHEAMERIC 3 HElsh,

VIBRATION MODE VIBRATION MODE

(a) 273 Hz (b) 754 Hz
H—4 EAHEREKE ETHRERTDNOEE VNVAH
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[l

“
thr 5y E BRI ER S & PSHEMMETIREI LT 3, D7z, HEICEEL-EETE, 20
MEOFEMHOBHEDOFHICLD, T, RBEMIVNES S FOBEENINE VT Eick

s BEVAVEEABRL VG 15T, FHICRIRE T — FIickE L f8mEsE L 5, KT
3, BIX3FNSNAREGEHERIT (a) ORI LEMREEETE LV v msEMARICELRTY
5, COFEEREVRUVAHDORE LMK € — FOHREA2ERDTEA B LENTX B,
KR OIRBI OBER S 13 B L EE & 0PN D EEZ SN, FlEE < TRER
RIBI/NS <, OB RPREL /NS5, BHROHHROMAMSD T, T OFLE
DEEBHPAEL, HBRROFEETE LV AAVHHICL BEESPREDOED LD PPONEL 5T
W3,

XIT, (m, n)=(3, 1) DIRFE— FTRE L T 2 EHEROTIOAEBY, BHICFETHE
EEBETAOTE VAV HOBIERR AR — 5 1Rd, EimAloNAHE TRE T 2850
S DBHEBTFHICLDEKT 2ELOERENS I BONT VS, £, WEICHEELL F
TFENTOEFELVSVNHBK—4 D (b)) DEHICHEBT ESLLLTRAETE B, REICET
REBFEORED? O DEBENKE 55 L, BHRO—EDEEE L ~vliiRicEE n 55
DRNELY, FROMBELHNT 2008 L < 155, EREHOEMAT, RBE— FD
HiIC K BRED RIS EETEORE D 5> DIBIC OV TAB L, (1, 1) OEHE— KT

)

SPL(dB)

5=

740 Hz

H—5 RAEREROHFOERD RBICEATEEEE
EFHAOEFELV NV (m, n)=(3, 1)
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150mm D TH UM TE 505, A TES (3, 1) DRHE— FOBEAIKIZ 30mm
UTFHELTHS, LivL, COREMEDOMBEIRAEEL ~ VOIS ECOSEE
VAAVERERICHKAET 50 D120, BED 5dB [R% 2~3dB L4575 515, LDEBE
LR E— FARET 5 ENTRETH S S0

EHRRORE TR, BAEHOERENERET 5 & HHNICERRIEIAOBEKO
EHERBKICH L, MR, 6 CEGRBECRA SIEBE— FAHEEL S 52 EI0H B,
LisL, ®oubEEa LEEARROBAIIE, $EBICLS0EFETREE— ¥ HSBEbh 55
EERBKICIESS SN D, EARBRIC & 2K & T35 E A EENOEE L~ 15
HOBIER— 6 IR, [O (a), (b) BREABRASEGREI 207Hz, (m, n)=(1, 1) DR
- FTIRE L TV BIHEICOWT, Kilih 5 OEEAS 10mm, 50mm O & X DFFE L s
HOTULBEOHRATR L bDTH b, RAROEE LRI, SEE L~ VAHRE
TR D %25 (L R I8 O 3 iR & 12 AR IR VB & 72 > TV B[O (¢) 14 (a) DR
ERERICHT 2 HERA I X BHERERER LD THD, SEEL ~VEHSMRIE 15
ATRAEER S ARERNZRLTO S, Lirl, SECTEEEEL ~AVE0 5dB D
MRAHIEME LD AE < H>T0 B, COFERBEME LTE, HEICH O RBIK D5 R

(a)

Bl

207 Hz  L=10 mm, SPL(dB) 1132 Hz L=50 mm, SPL(dB)
(c) (d)
HK—6 EREHREIN & EITERERTFERNDOZE L NV

207 Hz  L=10 mm, SPL(dB)
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AHEMTEE LTV E1), AIRoRBELN e m—m—m e ————————
IRIBSEBLOAREL, Lcd- THEEOR — —

XEHBEINTVE R EEZLNS, KD (d) -E%m

I U EH AR HSEE R B 1132Hz THEH L, E =
(m, n)=(1, 3), 7=0 ITYBIREFE— F &1 -
X-Z plane SPL(dB)

TV A5A0, fHEPS5 50mm OFATFHEHA
B BEELAAAEOREERTHE, N e e
1 SHIF S 1B 2 ROBRDHEDTAT & 755 m
FEMMENTV S, CHRRBROT M E &
BEOHIREN BTN LILkE, L0 e —
g — Fiowhd A ICER S EE A, Y-7 plane SPL(dB)
X—Z Pk Y-Z FENOE SO REEZXK— 1132 Hz, (mmn) = (1,3), y =0

TR, Y-z 2 AomR T 5T BT LARRBROBMENORIEL )
HTHbBo T4 DDIERD OILRKISHUERES
DIRRENHFET X B,

RICIEH TR OFEBIC & 2RE) T — FICHY T 52K — 8 ITRd, KD (a) EE
Bk 1123Hz T, Wi 5 10mm OFTFENTOFEV NV HEAIGULL 6D TH
%o IEHARDHRICILROEZTE LV S VESH 5 T L0, oI TOEEY ~vDy
REEA ZE T 2 EhbEicH S/ DERRICER L cEiRBd 5 b0 LBbh b, MEHEH#R
DHEOLNBEON r=r/4 DEXTHEDT, PPTNK r=92/40 I L TR £ — F25HHE
TEER—9DEIILND, TDEEXDFEEV~VHHAETHEICL > TRD B ER—8 (b) D
913, (a), (b) KT 2 &, FBICAZROFEE VAVAHESFET 5 KT

l

b
il J\\

i

——
———

95 /

L=10 mm, SPL(dB) L=10 mm (m,n)=(1,3)
1123 Hz 1123 Hz, y=9n/40

(a) Measured SPL (b) Calculated SPL
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SIGERLTWA EBb s, HERELSD LB LELENE (2), b) DEUERSE 3
EEZON S,

5. & b O

RO IC & > TR S WA REEEOS R TRORH E — 1 L BHEBESS 5, &
PR CEAARARR E LT, WELEORE T L EELHEHNTOEE L~ VA7 & RS
= F & OB A SIS OMEEATRLAE &5 & 1c X DRET Lo DLEOSERMSKRD L S 13
LR 8 BT,

(1) REMRENICIE L CIERICBT 2FE LV ~vid, ZOSicxbe 58K Fo S o e

BRI & OB I < R Do

(2) R _E OMUNER D S OHERE E—EIRBEICH L, REIOZ OAIcs ) 3 IRBZEA
HIEOKA & SRS 5720, REICEATEALEICE DN SHESE L~ V) 3RS
ROBRIRIE S L O EECRIBIS & AU OB 27T Lidi-T, Kj€— KO
BB L~V - TRObN, FEVAVAHOREIC X D IREIT— F 285
PICT BT ENTE B,

(3) AUZEORFATEER LHGEDICTTERD, W Oh0NE SN EHE
BICH T 5 a0, BREMEIP PRI BEBROBAIC b RBSENAS SN, RO
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L8B30, TNZTNOREBICHIG L2 EEE Vv~ vElEBRIE S0 b,

(5) IRERDEEFR S % BT Rr & 5UE L 72 RERAIBEAN O IREIUC & 2 B EISORIC K
D, KPE- NICHELIFEV SV HEZTTHTEABTE S, UL, B
REIC LD RBIRIEHEE LD, FcHIHT, K& B 57080, FEEVVAHDH
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An Experimental Study on Properties and
Growth Rates of Water Frost Layers

Ikuo Tokura, Hakaru Saito and Koki Kishinami

Abstract

The observation of the frosting process in an early stage of the deposition revealed
that, in the range of our experiments, the process begins with the condensation of water
vapor on the wall in the form of supercooled liquid water droplets. From these obser-
vations, it was clarified that the frost density is affected by the number density of the
frost nuclei and that the formation of frost nuclei is depending on the heat and mass
transfer condtion. Consequently, the dimensional. analysis was carried out to find the di-
mensionless parameters which correlate the thermal conductivity of a frost layer. The
experimental results of the density and the thickness of the frost layer were correlated
fairly well by the parameters introduced by the dimensional analysis for the case of frost
formation on the vertical flat plate in free convection. It was also found that the frost
formation process can be divided into two periods if the frost growth data are correlated

with the dimensionless parameters presented.
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FREMERITHFITH 5, BIAIEF, FBEAOBES LOMEZERDAEICBETZ 0D 2,
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3. EBRRRBIUBE

3.1 EEBORCELLUMERE
FEAERTIBBIL TOXTERINS,

gr=qgc+qwtqr (1)
ar

ge==2() =W(T-=T)) 2)

qw=1’l"l{CP1(Tw_Tf)+L} (3)

gr = fi(F, €)oo (T4-T% (4

LT, qr 3BEHRE, qc THHRERE, qw ZKESHEICK BEEEE, ¢z 135 HEEE
THb, 1, EREER, BONERLEHOBFRLORDZCENTE, RATEREN S,
m = hp(p1=— p17) (5)
gr 3, =7 54 MROBEOEEZE EBREELHOTHEE L, X (4) WD £, (F, ¢)
13, ERNOMEMFENR S LOREERR & EARRERDS  HRIURET 2R TH 5, EBRE
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A Study on the Characteristics of Combustion
and Heat Transfer of a Flame

(1st Report, Radiative Absorption (Extinction)
Coefficient of Stationary Diffusion Flames)

Masayoshi Kobiyama

Abstract

The distributions of the radiative absorption (extinction) coefficient are important
characteristic values for the theoretical prediction of the heat transfer of the flames and
furnaces. In this paper, some distributions of the absorption coefficient of the coaxial
diffusion flames in the steady state were measured with the vertical cylindrical furnace and
combustive wind tunnel and with various experimental conditions and fuels. The experi-
mental results show that the distributions of radiative absorption coefficient are complex

and the values are different according to the experimental conditions.
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Thicxtl, BEOHIKIIOREETMTE S, Lo L, KREEGUHFNOBERIGRED
D, RFTSEEHEEER DS ED» ST 5D CEMTRETIE & % 5, TEMICR L
WHNTV AR TIE HoO, CO78 ED A Rl & & SITRFHLTF 3750 A & OEIA ST
DENE L, HEoRE, REBBOBHIS+AITEONTETVS LEFFHVEE, NERI
ERBRISKRDOPI AR &, BORBIRBDO AT AFN A X DRSO3 SHH T 5 O EE
BEITHB. HITKROBERED SEDNHEWREL TIT CLIITRETH S,) Lk
->T, BEDH, FROBEE « BVzEEE O BUIERTIC B O TS BIRE D 5376 % 4 EE
AT ERE B EBE 0,

L7cds=> T, AT LROYEBIIATE T 5 S RIURE D53 A % B ® 1T & B EEBRTF
KD RDODRT EE BT EITED, CTTRT REBINFRE I NTRRD kT3 E
BN, BEBLURNON L2 b DOKEBLUMEY 2 icxtd 2 (O THo, HEKX
R, BARIFRECBIAETIERG, Lrl, TENCFAINTY 2 KREOROELRN
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IR B FREIER KK TH O, AROFERD ORI RICOVTORHOHEE SN S,
5B, EEOREET 5 BEHEEEORIFHORES ERBHICRET LTh %,

1B, PER, KRB IUMEEN 2 g 2 BERINGREIL, FlRA I LB AR O
HUERS o 10 110 L U CRIESN TR D, RROSEIRHBORMESEICE, 1) KEREt
E SRR 2B 4 3 4k i1) Schmidt # iii) Traversing ZEASH 543, ThoDHFEEE
e D ITHE LAV AT B TR S L CEREIR OB IE DO S RIRE D 53 4 %K oD
BLENTEZITHALEBIUHEEMO L DENREHEVHRETE 2AMEHDH S T
EAMRLTEL, T, FRAMBIOERICEALEOKREEZBE L 72F & LTEHEn
RIRBEDE&IC DWW T 19314 Rosin'® itk D & S NP3 b 5 BRIES RICAHE S0 %

Wy,

3. KIFRDERIEEAXK R OB RIS

3.1 EREBHLLURREH

EELANAER 1K, KFOTEEX 2 IORT, XFERIBEAGETHD, WNE400mm,
B 400mm OETED T vy 7 A EAERDL CLICKDMEEDOR S Lee KA BT ENT
X%, AERTIZ400mm, 800mm, 1200mm O=EREICH FHIEETHE > 1o £12, &7 0

Furnace
Burner

Blower

Surge tank

Orifice

Air regulating valve
Fuel tank (C3H8)
Fuel regulating valve
Orifice

Fuel tank (Kerosene)
Rotameter

Strainer

Integrating flow meter

PO0EBveveveee O

Fuel pump

B SERAEKFEOZEE2ER
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®2 KIFEAE

v 7 BT EERET, ZOMICAEIKER LUFBEOREARB CEHLOICETa Yy 7%2D
DOBEHKRRICHEIL ThH B0 108, FROKEIHIFNEETERET 5 C & &b <7, HE
KO—PATER S, KABEADRELEHT75°C, HOREEK85°CILR-TED, KIFMEE
I ERERBEEARE L, BEHCHL, RIZRAELLTVS, i, KIFD EHICIIANE 35
mm, X 250mm OME B AERL, EEBREBRL, B2 OFRICRIZTRSOEEE
BRLTW5,
BEERESIELOEEBI S — Yy vy, ESEEEBY, £ 7 4 REHOHEEEHR
FLI, K3 (a) WRT VIR DOFERNHE LT, FRNEAT S EROEERLY Y
Z 71T E DT 72N d=60mm, 85mm D) ¥ /i kD &EE L, ZEXEES « 3ER (b)iC
RTAEE 45°, 60° OREERAZAVER S E, 0° DBAICIIERREH VD - T
Mﬂwmfaﬁyﬁxumtmﬂ@&Mm,ﬂlmﬁ?ﬁmﬁwmztt%%%mw,fm
SV A ZIXENBERICED, TREETERY 7O HFRHRICLRERLHAGL, BOBOD
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d
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b
e
i : Air
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i i ; | e 50
s
|
(a) Ktk (b) Z&iHeEH
)
-

For gas fuel
a—
R4 ~—F

FVT7 4R, B=F X =5 ICED ZDOFRBAEBIEL fotk, N—F 2B LIFRMEE L7, X4
CN—F ZRG, 7OV A RAN—F ZHEH A 60° T2.6mm OB A6 FRD SNTH
B KTHA/ N —F IIFESEHERX THEARZEO0.25, 0.40, 0.60mm ObDEMAV, WIN b EEH
13H45° TH B, FHH S OBRBEAZAIE T 2B LPRELHET 5 DICHO D
AR5 IR T, BEtEHds—a v 25 v o VAEREARBRIICRD2BERMTH 5. =
BB L REBOBGRAERD KRR S KCRIEFARICE, BEFOEASLTRIERDK
ELKETHT 2100, B N, #22H L1, 58, ARORMEEH CRBUNET O E LR
ERIZEF—EOMERL o
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Outlet of cooling water
Inlet of N2 gas

Radiometer

Measuring Heat senser
direction . R
) E‘//" Iris ¢9 Iris ¢9
@o®
bi{ec {“ace | Thermocouple
3 g0
> 4 ;
wot NS ° J
o ¥ 50 .

Inlet of cooling water
®b6 BT LTROE

Outlet of cooling water
|

T le (PtPtRh13%)
hermocouple ( Insulator tube

Stainless steal
To vacume pump

=D

5 5 ] £ B
I { —- = “To recorder

For gas fuel

— e

Quartz tube

i
Inlet of cooling water

Thermocouple (PtPtRh137%)
Stainless tube

To vacume pump

To recorder

Quartz tube Insulator tube

50

T

For liquid fuel

K6 W3lEEE

KEEBLOBEESA 2 DEEIIK 6 12783 Pt-PtRh (13%) 2RO BETZH WITHE -
1oo 70NV HZHORGIRETEBREIHEEE L 57D AN0EZAEELAVE > T 5, K
FARRERERICEVT, M6ITRTHAARE TR AZRILTVEE LRV AR Z 2B %
ARE LG EOBEMBEEE T 5 LRG| EESE—CTHNUTHBFICIILALEERELERITA
vond, F/z, K6 ICWRTRELRDDOAEELIITLEEEOUEER TREIEDAH
E—R5RERICB I ATERREICBV T ORSIEREEICBV T EWEERL 1,

KIPD IR TTHEDHER D 129, BHEOBIEAEICHE T 2HERL S SBPE L 7o K7 i35
EREEZECFEEAROUERN TH 5, KEFTRETOERART N, 2BMNICIZIEE—D
BEART, T/, BELGLAIHMA 0 HANIC DOV TR ZEE 2@ % ORIEH A & Him X
ICHREZEITIE > TAHID, MBICREALAERERIBDONT, KROZRTHZIZE
WMEINTVWBEbDEEZ LN D,

EREHERLIURT, 7oV AR, THOTNDOEE GBRBEEARERL—FELEL, 7
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00 ——O— Measured along the
normal direction

—-@-— Measured along the
opposite direction

800 -

600 -

400 -

200 |~

0 100 R 200

®7 EE Tg OxiFrt

®1 EEREH
(a) FuNv B2 OREEEERRR,
Experimental Fuel  Excess Diameter Inlet Length of Heat
Number Flow Air of Air Air Combustion  Generating
Rate  Ratio Port Velocity  Chamber Rate
kg/h A d mm Vair m/s Lce mm kcal/m®h
R 101 1.8 1.2 60 4.20 1200 1. 32 x10%
R102 1.8 1.1 60 3.85 1200 1.32x10°
R103 1.8 1.05 60 3.68 1200 1.32x10°%
R 104 1.8 1.1 85 1.55 1200 1.32x10°
R 105 2.4 1.1 60 5.13 1600 1. 32 x 10°
R 106 1.2 1.1 60 2.57 800 1. 32 x 10°

(b)) AT BABEE IR

Experimental Fuel Excess Diameter Inlet Swirl Length of Diameter
Number Flow Air of Air Air Angle Combustion of
Rate Ratio Port Velocity Chamber Burner
kg/h 2 dmm  Vair m/s « deg Lce mm mm
R201 1.8 1.1 60 3.63 0 1200 0.4
R202 1.8 1.2 60 3.96 0 1200 0.4
R 203 1.8 1.3 60 4.29 0 1200 0.4
R204 1.8 1.2 60 3.96 45 1200 0.4
R 205 1.8 1.2 60 3.96 60 1200 0.4
R 206 2.4 1.2 60 5.28 0 1600 0.6
R207 1.2 1.2 60 2.64 0 800 1.0
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£2 BEOHEK
(a) FaxvyHFz

CaHg CHz(CzH4) CHCH3(C3H6) i-C4H]0 n-C4H10 etc

viv% 94.0 0.1 1.0 1.0 1.0 2.9
(b) 4Tk
C H etc

m/m % 86.0 13.8 0.2

oy A ZDBE, ELEREIRE (R 101, 102, 103), AOZESGEE (R 102, R 104), MEEED
E& (R102,R 105, R 106) 2-¥5 2 — 5 & L, {THDHE, ZSBFHRE (R 201, R 202, R
203), ZE&AEEIAKE (R202, R204, R205), MEED R S (R202, R206, R207) %/¥7 X —
5 & LT, BEIOMAKER 2 ITRT,

3.2 MERRBIUEE

3.2.1 BELHHESREOAERBRE 7oV H BEEREE L CITIREESIC B 1T 548
WA REBE T, BLUBHZERE ¢ ONFHEBOBONE, K IKRT, KHZEHE ¢z (E
BROME) DALY DR 2 IR S ZBRME S 0; 1CHET 52K 7, 105G
FFORIES R D & [E—FHEDKFOFLI» L ZNNDERODEIEZHVRLTH 5,

WBEEM, MEORRICK » TRERDP BV ERL - 10 E2T T, BRIFNTRBES R
D5 BRRIC X BAE AR VKD 7, %@tbh(omwﬂmo%%ﬁ%wﬁbtﬁﬁ%m
HEBHBN—3ERLT. 7, BURZARIBESEOLAA 0, % 0°, 10°, 20°, 30° ITE
ILSHBEGE L foo TR EOHAATORIE ZRER B L ORI ORAENRERIC X D 1T78
WIBE o 1o DT ERBEM D SHME L oo —MRICHOE E THEZAR IEE W EER T H,
LTI HEER D R202, R204, R205 ICALNB EHICHTLHZDRY TR,

kB, INOLORE, BESZSAREIRNAMSIERTH 720, KR L IEEDLICERKTHIS
BREEORNERL 2o KRIBEIOREHE, FHEFRMFICK 5T/ — FEHETRER S5 130
R LD - T,

3.22 HMHERREH BEBIOBHZIBBROSHHLOEDY LIS BRIGRRO 516
EMEOEHEB LUK/ 4 — s BICE EDHRI0~KI5ITRT, KI0~KI123 7 aXv 2%
BELE LICBEORRT, MIORZESERGRE 1, MINEAOESEE Ve, R1213BEED
BE Le Ik B2EMATRT, MI3~153MTHABEE LIBE0#RT, K133 ESEE F
oA, MI4BAOESEDS o, KISIBMEEOES L, KX 3 ELERIRTH 5,

NS DMHEHBINRBO N Hh 5, RO—EHSHER B2, T8b5, FEHRICRES
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DRI N = FICEV B TR B RIGRROZEIL b F B TH D, T OIMTIT KRG
L, FROBESTRICEZ AHEENRKE VYD, KRBIUFHNOBZEDFEITICE VLTI,
P N AR IS I BIUR R E 0 5 C R EBOBR EOERABL—RENE, 7o
sX Y A A BRBER I I O _E TR RO BEOBREE R T A, ZHidsbd LbRKES G
BOIBV, MEHCEZ SN2 EHRBOR X SATHEMREE LIGEIcd, StEMich RO
HEEL, BEMKLDBANGRETESVBHTNRROELZRT LERLE0, Taxvy
Z AR E UIBAIIERESRMIC X &9/ —F 7 4 W5 O BB EERIC U BRINR O
WEABEEL TV S, TOWPITIZIKRIFEELT, KROFLET 5B E T EKR OIS
WA RH DEOE VR EZRTHEEL TV B L Eh 5, RENFILOEELSOHEMKE
EOBBEA ZADBBFERL TVAZEKERLTWE D EEZ 5N, THRERICIZICOR
BRRIGER L T 5 & Bbhh 5 B TRINRE O S O AER & MBESUGIC & 2 Al & DFIRE L
7ZXBNT R0,

RAL DB U BN BRIRRE £ OFIME £mean ZFV, &/¥7 2 — 5 OEEEFHX16

IZiRT
2rg
eg(z)=1~expjo — x(z, rdr D)
Kmean =[I:O{w loge (1 —¢(2) )/27’0} dz]/_[ozodz (2)

[ (a) &b, REREGHTRE—-ESBEIRK 2 0BG, THOoABENEEZRL, WE
DEEITEZBRREBELBDICONKRELE D, T, 7oV FA0BAIKIE A=1.1,
TS EITIE 2=1. 2 fHETRINBREOEEEREKRENL S, T, SROKESITK

g l.0r g l.of el.of . EIO"‘
< E £ .
- = - £
5 5 C3fg = E
eo-er go.8 So.sf S0l
~ o 5 .
0.6 0.6 0.6 0.6
Kerosene Kerosene [_
<
Kerosene
//\ CqHg
O.AVO\D\ 0.4 0.4p —o———_ 0.4l
C3tlg
0.2F 0.2 0.2 02k
o) S S W T, Ol — o 0 \ L o L
1.01.11.21.3 400 800 1200 60 85 0 15 30 45 60
' Lee ™ d mm o deg
(a) (b) (C) (d)

[2‘1 6 J:)_:"W ODH%WW%&ODF‘EH{E Kmean
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L L

0 1(,)0 3(;0 SE)O 700 900 . mmllﬁo
R17 EEHEOTMHE ¢,

REFBED £ ICDH Emean (FEFEL TS EEFROT, HEBHKETH 5 BIERRABICEK 5%
BHRXN1DTH b, EX (b) 25, BEHCEZ SN2 EFHRO/NS VT 0¥ 7 2B
OFEWBHENFE, BEZORIDOEELZIPLTVIEBDMN5E, 7 0/XY 4 RREERICITLF
RS SN B EGOEE IR, BERNGRRONHICIEELEZ 50, ZOVPEEICISE
DEBABZILNTEDNK (¢) KD bhb, T, K (d) &0 ATHMBEER D22 SIERIAE DR
BIKREL, EEA45° [HET, fmean FB/IMEERRT T EDP S FRESEOFEHH
Rep (2) 2 2=1.1, 1.2 DIFAICOEXT 0V 5 ZPRBER & ATHIRBERS & 2 B L, KI17ITR
To THBRBERF D DN —F I TED ¢ (2) 277D, 2=500mm VL& TIEIBEL L PER
BRI LB ERIIHT DN EDDN 5B, [THBREERD ¢, (2) 13 Laiquddin'® 88X T
[JmuidenW X D HE SN TV BHELD D UKV, THIXKFEOFE, C/H OED LD
EXBFELD NIV EITCERLTVEDDEEZEZ NS, T a/XYHRRBERFICEBNT
13, FEHREERETERD AN=F 574 MAD e (2) BEV. THIIAEREFATII, LK
(EERREEICHEY L, (MREZESFAEE =1, 32x10° kcal/m*®h) KB OBERERIS N~ F 4
A WOIRRIBERNICIER SN TVAZ EICLDELKBHRTH R D EEZI SN B,

4. BBERERICK BBRILE AR DM RINFRE D26

41 EBRREBLLURREH

KEREEB 2 AR E2XI8ITRT . MEHCIZ T oy X ZHG, MR ZESUITIHIAS F %
EMickD, =5 v, £V 74 ZERTRRBERERB SN, BEES R (3FH5 8 EH
Kk DBANBEH S NG, MBERRICIZELRORNEER T 2100, BRILER & MRS 4%
0, Fho, KROEHLD I DRIEL L FOMBEE ICIE, AR I5mm D/¥f Ly s 2457 2E
EERALTO S, MEZHABBITKE, BRESNREORMELTEHOMETEIZEERSELL,
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Gases outlet (:;U f

Water
header

Nitrogenk
an

|

.

® : Pressure gauge
@ : Thermometer

X18 MBEREDOEELEN

=3 HBEH

Experimental Inlet Inlet Excess Fuel

Number Air Fuel Air Flow
: Velocity Velocity Ratio Rate

Vair m/s Vfum/s 2 Gfu kg’/h

R301 11.5 22.5 4.0 0.05
R 302 17. 25 22.5 6.0 0.05
R 303 5.75 22.5 2.0 0.05
R 304 11.5 45.0 4.0 0.10
R 305 11.5 11. 26 4.0 0. 0256

ZORICBEIKR AR L, BERE2—EICROL I Ui, /= FIdAE 6. 5mm, 514£34.0
mm OEEERELZDY v 7EKEE Ui, 58, thOERESEICOVTOFME X CHIE
HkZBER® LECTh 5,

EERREM AR 3IURT s AOZEKPGHE Voir BROBEIEEHRE Vs 287 2 -5 &L
ZHNICHIET A EKBEEIRE 2 BLUBEHRE Gru 26T 5. EBES R301,R302,R303
FAOZESEE, R301, R304, R305 3MAEHREIC L 58V A7RT,

42 AERREIUEER

4.21 HMHEZRE, BEELIUVAREROANERR HHIAE ¢ OREZREKI9
T, BRE T, BLTKRIRER20, K21 (FAREBHBRRERSHILLTHS) iTrnd, #l
TEFERDO— AR BER S 1T D EEKRTH 508, ADZEKEE LW UIZRELERE O
=W R302 KU R304 TOKRKITKREIH D T—EEBHEHM L 8-> TV 5,
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BREELEEROERICKENEELBZ 5100, INLOREPERLERTORTTIIEET
»H5o

TSR EREL D 53 4 D 2R ISR IS EE#&E (Nikon FII, F 1.2, & D 5.6, #E 1/8, ASA
100) IC X B KRAROFARICETE D, ZOMEIF £=0.4 I/m BETH S, cnidHicks
BRI (REEEESED) AXEHTHS C EARL, HEE TORZHROREDT
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R BRI DEORIEE, N —F ROV T I dulElh» S BN 7ox— - Y 4 BAIT, KRED
EXoM1/3BELD EATRPLE EITRON TS, T/, BRARIAODOES, B
TEAE < 2B Icoh, #AENICE S, FRGEICHI 72555, BEHBRIFREDO S 2 hic
HoTB, N—FDOEHEERSE, AOZETREPSEL B EICO0, FMERENE S
BT D NV BRI DIE N SRIB S E S > T B,
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ZZT, Q IBHEARBERL, 0, IKRRiCKAEMRTTH 5,
0,=1/{4log.[(1+a:)/(a:— ao)]
@o 13/ RVERAAFOBRE A R I T B —REKDE NV, a; BEWLETH 5,
38, KERTHOICKRIHERALILDOT Thring-Newby 2 ic L 2HIESRAD, B
BRMHERLBLSUD - oo KEABHDIARIZKEDR S OHGEH D Hp S KFEAEE
ETORSE Ir 215 &, 2z0MRBBHE LEUshRKEEZDEINS, TIT, 0,13 kD
Rt oAb & I HEDIETHET, 0° 5K 145° £ TOEE L 5,

1F=[1—{0,35\/1—(91/—1%)10,5}]“,, | (5)

KN & IR £=0.4 1/m FEWVIBAFICAE T 5 A3, KEEHRET B L KK
THARTTIETOEZRERT /YD, TORMIE O, BLF ow 2L, ZOHAE Ik 5 5,
le=1px (1+8,—0p%x58,/145) X {1 + (dy— 1) X sin ) 0=60,=145" (6)

TTT, §,=0.4%(—0.03754%+0.3252 + 0.3) x (—480G%, + 52G, — 0.4)
ow=(0.12%2— 2+ 3.4) x (800G% — 124Gy, +5.2)
—%, N—FELETD £=0.4 1/m OBFHIIREZDEIND,
le=(Lp/2 % co00r+0.5— Lp/2) X Lp 7
CC7T, Lp=0.15x(0.2752%= 2,652 + 7.2) X (933G% — 130Gy, +5.17)
0r=180/35x (fr—145)  145<0,=180°
Pk, R (6) BLURK(T) &V £=0.4 1/m OB lx 218705, Ik 2 F3SHAMBLOHN
ficx U £« ORGEEGZ 5. Ul b, /~—F 2 5 KEEHTD £=0.4 1/m FTOEHD
hRiC £ DRKEESZ, « OBEHE 0.4 THRL v, LT 5EREEDINS,
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Ko ZRG EDPD I T TOEMS Ik, L35 LE—FEDOERDHEH / icxf L EREDER D
B?KOD K %?%60

£ :xo(l—lllku) (9)

5k, Hick (9) 5 £ DEEED [ BREIE B,

l=l/co<1

_ loge—1log. 0.4) (10)

logexo
EERFES R301 2flict v, LIEoaURick 5 & EREE 2 HELRI22 (a) 1IKRT,
ME & KHRERICBVWTENDOBWI EBbP 5, $1z, KEBRMEL £=0.4 1/m OFHE
i & DB AR 22 (b) ITRT o KREIHBOIELUT, BRAROBEICITHEN RV BB
iChb R3304 TREREZRL TS, MMOBRTEPRTOBVEUREB>TNBEZ Eosbh»
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COMEBRESRDOKKELB 1D, KK, KIFOBIZEDENT TIEZ DEEAEILD HED
H 5o
2) BEIORERE, MBESRAIC X D BERINRE O FIE» s D ET 5,
KIFTOFRER GELIRILHUKZ)
D Foxvi 2T, o B TRERIGREIIBREEZR T, Zhidsd LexKR
EE MRS T, HEHEIR O AR ERIC & BRI OE OV EESEET 5, £1s,
T aNYHRBRBETIE, BIFREOSHEEITBRRZEOR IICL 2EEL®L 2T b,
2) STIRBERFICIE, SHENICPZEROBEEZ L, 4L SBBERIGHBABEERR TS
OISR DE AR T SRS 780, Fh, ATHMRBERICIE 7 08y 2 R I 35
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BHONHIFE K KADZESERIA B LOBBEZOR S IC L 2B LR ZT 5,
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A Study on the Charactristics of Combustion
and Heat Transfer of a Flame

(2nd Report, Experimental Investigation of the small
Supercharged Boiler with Gas Fuel)

Masayoshi Kobiyama and Chuji Mizuno

Abstract

A supercharged boiler has been adopted in few cases in spite of its great advantages,
because there are very few studies on the characteristics of combustion and heat transfer of
the supercharged boiler and the safty design cannot been performed. In this paper, the
characteristics mentioned above were investigated with a small vertical cylindrical super-
charged boiler and with gas fuel. The experiments on the heat transfer and combustion
were performed with the diffusion and pre-mixed flames and with various kinds of pres-
sures in the combustion chamber, inlet air velocities, swirl angles, excess air factors and

burners.

1. #

i

IRALIK R D SUERE 13 FFBRSRE SN L D 58 A 2T 5, MEFAK T TOMmEER
PIRHBIICE DRI A SN BH, TOMBEARIZERKRICOHIETE, FLAITHRA T
WISd 5 EMBEERFELERE S, MEZEO/NMNALIKRIIDE L biT, Bh o) —FHERE DO
MBECbET B, L L, MEFHASKTICET 5EHEKRDOMEE « B@Z it icBd 20553,
BEZEK[NE L, IR SMBEENE~DBRELHIET AR THHT 2Ry -
DRBEZICB T PP HEEET, K4 70L& IEBREISFHK MICBOTRIERITIIV,
KK Ip S DBIREEZBBINCHIE 3 5 050 © ORI IR MER & 013, A" %
Br&EDISw. LIchi=T, RTIRER KRAMEREESEZ RV, MESHST TORE 0%
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B BRERUEPO L EL, TORMHICBEREREE2CEE2RL5,

$9, KRTNIOBBARA FEACT oy HRAEREE LTITE - L EROER AR
To BIAKRA FTIIMBEELMEL, MBEEEESD B L L BIT, KRB IUBRBEN X DRSHE
ZHASE, BAAEY D OMREROEMEXK D BHBEITIES D THS, TDIEENKE, #H
EDPOADEBEFASIEEORASEARY —EVOHEMEETHD, F1 5D
HADKES, #R5- VDb OENHNTOKREIBLIVEGHORE, THLEENLBIC
R OLEBHOME 2 FEA L 5 2R EDEMEZ IR TV B XE, KRE&L T 5ICIEKRS1IMH
EREY 2L ELETHREDEROE LTV, Lih->T, BRRA 5 3L oh
HSEOE BREH, H5VEMHOERE LTELTEY, FLBBHRN0OB/ B1EHH
ELTOFAGHRETH D, IHICHR « BTBEEY 1 7 vOFEHE LTHY 5 L FEBFTO#
HBROBFBICREABEILD2TEPMONTN B,

B R A 713 d < i3 Verox K4 7, 2 5%, HLLEMH1SE, 25EIENHD, &
QITHADFHEE L TRV BRAANE B EINTE N, UL, EICHVEEAETEIRA
7 DERFEE OBBCHHABHDOARMIE EIC L D RERDFREBOBIHNDLII IV, Thid,
BHEOFEA SHNEEDOONOREL, TORBETRIERIERSN, Z2KVHELS
NTIT-1eDiH L, BERFA 5 TROREOSO» SRAIEVET D, FREOE{ic Kk 54
ek K OB ERF I OZL S CEBNBTHEROEBRESATDTH D, kLT AHLETHEEET
LOBHEOBARRL TV EKERLTWASDEEZONS, Lk > TR TIIEARN
MEERREAE T A/NAGBE®RBRA 7 28EL, XU FREREE LT, AOZEKRIC
TEEIAESZ 1o & X OBHEL, TSARRROEVICEZEELHAN, T —FOBEE
EZ, MATFREEKRERO, BRI BREFEOUELRA DO TEZORREZTR T,

£ 5
Go: BRIRE kg/h  tg,er: MBEEHO L R RE °C
Go-1: —RZEZHE kg/h vop: BEF X P OBEBRRE v/v
Go-11: ZIRZEKHE kg/h z: MRBEE &l A R mm
Gru: BERE kg/h o 7B EE deg
P: FNE ata 1 ERUERIRE
Qin: BRBEEAGER kcal/m3h ne: WRBESNER
q" : BEMEARN kcal/m?h nec: MBEEZEES
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2. RREBHIUERAE

HEEAKKAER L I, ~—FBUAOHRKA 5 OWERS LCEEREER 2 KR, K
FAKRIRAEET, ~N—F 540, BEEEE, Ny 7 vk KONRERES L DR SN
TBY, N—F 54 rohguc Ty H 2 (HlR LPG CsHs: 94%, CH: (CoHa): 0.1%,
CHCH; (CsHe): 1%, i-CqHuo: 1%, n-CiHy: 1%) 2K ET B ERES S —F2HLTV S,

Gases

outlet
1 Furnace
Water 2 Fuel tank (LPG)
outlet 3 Fuel regurating valve

4 Rotor meter

5 Air compressor

6 Air regurating valve

7 Orifice

8 Cooler

9 Water separator

10 Pressure regurating valve
11 Water regurating valve
12 Lower water tank

13 Circular pump

14 Upper water tank

15 Header

16 Wast water pump

1 ZE2AKX

To stack
20x45 2
prgy
88
JHHHHHH
i £8
8%
~Js100}-
i [ Baffle
o
2 ]
g &
8 -~ . " ]
UE _> -
fr=
_—_éﬁ g
- S K Volume of combustion chamber : 6.57x10® m®/segment
g R-——— | «’o Heat transfer area; Burner tile : 3.74x10°2 m?
0204.7 Side wall of combustion chamber : 2.14x10°% m?/segment
{ _ Baffle : 6.58x1072 m?
ome segment Convective element :57.37x10°% m?
o
S 0 Heee_—— 1 P W Temperature of cooli 5
~ One cooling P ooring Yﬁltg'{’- 65 °C
element X o
- ’j Outlet : 85 °C
Measuring hole Burner Burner tile

B2 KEFEAG
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OB " EERE TR 2 IORTHEIZREZBR L T, MEZME I >OBERD» L —
DDEIT XY PEMKL, T AV P EBAERDEICLOBREORHEAETSC
EHTE %o FANDIKIC BEEE N2 TERER L B O LIZEERIET IV iTisn,
FANEIZIEEICEE LR OBBIck DL TV, S, FRAMRELITE SEAITIIR
BER—IRZER, “REKRBE LML EIERIC I OBE L T B, AERTIE B b
BOFHFIKEB LTV B7c0, BEVKRHRIZEAEA 5 & Ui, FBEAZBAL LB DEKIEA
vy Ky v I~ED, 2 THKERA LR, BUOFOBEAICHN TV S, 56, BEIKDE
BRI 2 Kk0RE, BRKRBREEZ S LICIDEBML T 5,

K4 7 OHEERE, BERBAER D -4 x -5, EXARIEMRAY 7 4 ROFENICKL 515
TEAEDH P UDHERIC 70 /5 4 LTEE, FREEZDLFO>E/LEYE, ZDERB%LE
B, FEL, SEAVTOREERELITREY, BHETIRELXMFICHE S TIT AEE
FoTW0 5, 0k, RIEELREE, HEHKAD, HORENS—ELE -t EEHELAHR
LEIEZTTIE » 1o 2CT, BERAF2HVITEOERCBI S BERLAERE LI
N IS

BEROBEMOMIE, DEL KB EREOBEKDBRE L RE X VRO, 15H, MRS
FEEL KO N—F 5 4 v L TOZEBOM L MHEAE L DA MBEZAEE L2410 5, #
BEZEH O TOA 2 DREREICIIR 3 IR TS RER (Pt-PtRh20%) MW, K 2IiCRd

Gases outlet

Gases inlet Water inlet
= o e D e
l
1 Quartz tube 5 Stainless steel tube
2 Thermocouple(Pt-PtRh13%,40.3) 6 Steel tube 50
3 Insulator tube 7 Terminal of thermocouple
4 Stainless steel tube 8 Joint(rotative) ﬂVIater outlet

X3 &sIEER
x1 BBRA I TOREREAIERDBFK

manupulated controlled value tvpical measured quantit

variable (phenomenon) yP q y
pressure in— change of burning—>1length of flame gas temperature at
combustion velocity outlet of combustion
chamber _ chamber
mixing condition— generation of soot — concentration of combustion efficiency
of air and fuel soot

change of heat———profile of heat —total heat absorption
transfer velocity absorption rate rate at wall faced to
at wall combustion chamber
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SFRIBEIC T Fo /3y 7 it SR WVRIEFL A8 LR RER AR~ UE D LAE ko %
T8 o7 ZOMDETORERIEICIE Y —RAAD CA BEFEAY, FRENAEICIIES
- VRIEE B LTV VERH O EEA RNy 705 50mm L, dulETH
WL ZoEAs0aIcE, #27a<br7 770 (RER: €Ev+a27Y—-75A) 2V,
BB, BESE 7. JIEESRICETNIRGRER vo, L ESBFIRE 2 OWITRTBEFRD
5RD I,

_ 0. 21—voy; R

c = —_—

1—v0, 0.21

3. ARNEIRDEEFHEIVEIBRBHYICLLHE

IEER DEGBRZZAS T IC B 2ILHMBR TR, EXLMBOREE, KL T TOMRBEIC
BOBED b+RTEORTNE, FARED EFITH 5 REEEE OREMASAFERMBEETE  —
WeEiz, ABETIE, EXEMBOREZRET Z2—20D ke LT, ADZESHRICH LR
EH5A BT EERA, BE, MERHEORILZR NI, S5IKIDERE S LICESBER
ROZEBSHNI,

31 RRERBEBIUERREN

REDOEBRTEI S AV b2 3HER, BEEORS% 600mm & L7,

311 EIREAEEZXZEE N FHEXK4ICRT, ADESRICHT 25EEIA «
BERKOEEIROAEEAE X (¢=0°, 30°, 60°, 75°, 727 a=0° OBEHTIZ PR % & 1S
W) 1TSS FRE P IIRBERNR 7 SSBIRICIET L7ZWEET P=1.03~3.03ata &9 5,
FBRRRE Grw 3BBEHOT XBE t,, o OBREEE 900°C BELTET 519 Gy =
1.00kg/h &L, ZZBRRHM 1 & 2 2ZSELERIVBONIROBYLME 1=1.10
95,

3.1.2 ZERBRARHBEEZLBE N4lORTN—FWEHWS, 72720, EEFHED
AER ELORGTICBI 2ERERLD =75 L9 %, KFEAEICH LARRZESBRIFEK
A% 2=1.1&,L, TOBRBREHONXEE 1, . 559 900° CHIRICRFRFTX 2KHRE
BZREEITIE Y. BB, ZXERHFRRIEROBS SPLOMBRREEZ B LItk DEL
S/ 5,
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To combustion
chamber

—

I% To pressure
gauge

Burner

—
’ Burner tile

\72

A
27,

I IIII

| _Swirl vane

v

2%

100

ANNANANRNNNNNNNNN o

Air 20 /)

Fuel
B4 EHAKARESLUONN-F

3.2 EERHERBLUKRH

3.21 EIEEAEEZILIHE

(a) BRBERNZR BICHEE « iIc & BIRBERNER 9, DELERT, @=0° 2KRE, FHRE
P=1.53 ata fHECEHEEA & bHVBMESERERL TS, 7, COFKHTTHE «=60°
DEFPREICTH LESE 2. 2R LTV 5,

(b) MBEEHOF REE K6 IKRBEZHONRBE t;, o 277 ¢ BREULSID

100 g,

80

70

Gp,=1-00 kg/h

ol A=1.10 -
(q1.n=0.543x10E kcal/m*h)

50 1 1 1 1
1.0 1.5 2.0 2.5 3.0
P ata

®6 ZESEEA o ickb g OEAL
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900
b
x
<
o
800
700
600
v
500
400 30
Same conditions as in Fig.5 Same conditions as in Fig.5
300 1 1 1 1 20 1 1 1 1
1.0 1.5 2.0 2.5 3.0 1.0 1.5 2.0 2.5 3.0
P ata P ata
X6 ZEKEEA o Tk BMEEE ®7 ZEXEEES o iC X BMEEE
&D?]Z BE l‘g, ex DE{L ZHEIEG Nee DEAL
2 e HI £
e — [ L o 3
= S P=1.53 ata £ & £
E 5 5| 2 c
2 e ° °
8 5 ° .03 > >
= -7 s £
2.5 _— N\ 2.03 3 z
. ' . 3
4 3.03
_____ 0=75° —
Same conditions as in Fig.5
0 i |g e T

0 50/ 150 250 350 450 550
M8 EEHEES
N tg, ox BIETOBEZETT. CHIRKEDOEGEERKICL BERLICEEbDTH B, T2,
te, ex (THRBERNR & IRBEE N TOBRBINRIC X D ZALT 548, FESICKs 2K 5 i
TR RN RITIRAE Ly 2y, or OFSHEICH L TIRBEIDT B 7 OMBERZBE S 1K L T
%o
(c) BBEEZALE X 7TICHER o« ik 2MBEEIREE 9., OFBLERT. AEBRHE
PANTIR ¢ =75°, P=1.53ata D& EROE 7. ZRL TV B, 1H, a=T75° iIKHT B
BENER 7. 13 @=60° ICH1 5 L D SIEVHS, RELMEEIC & D H3° B K J 35 L OBRIE A 2
DBHES R SEREEREEEMSETOI D EELIONE, Lich->T, INEUER(L
M BBHEA 7 OBFETIE, & RT3 X OBRER D > ORAKIITREINE & S
naELbiz, BRUAROEMEEMENIBRER A T10E > TERBRETH 5 T Ehbh
%,
(d) BEEl 75° LB ZBEMBEMNHG K4 7 0/NURRILOBi) S, AEREET
BHEES «=75" 2R bELAERHETH S &AL, ZOBERBAAN ¢ DS %K 8 I1TR
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P eo I £
£ = =75 g S %
3 5 > wl" ®
N e\ g :
= L~ \ 30 5 3
\, 0 o >
AN T / & 5
ERY So 2] 3
4 : /V NN N\
/ \\ P R |
7 P=1.53 ata N
///Same conditions as in Fig.5 -
0 I 1 Il 1 1 1 . —————
0 50 150 250 350 450 550
z mm
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Studies on Surface Discharge at the Interface
between Transformer Oil and Air

Yoshitaka Nakao and Wakio Oka

Abstract

This paper describes a surface discharge at the interface between transformer oil and
air in relation to the impulse breakdown on the surface of the water, the electric discharge
in oil and the surface discharge in oil.

Experiments have been carried out using a point-plane electrode system above the
transformer oil, a Schlieren optical system, an image converter camera, an image intensi-
fier and a dust figure.

As a result, the several features on the development of the density change and the cor-
respondences of the density change to a corona streamer and a dust figure have been found

out.
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Anodically Oxydized Silicon MIS Solar Cell

Junji Nanjo, Yoshiro Matsumoto, Masayoshi Ozaki, Shigeru Nomura
and Shin-ichi Hara

Abstract

Single crystal Si MIS solar cells have been fabricated by the anodic oxidation methods.
The open circuit voltage of the MIS cell with the insulating layer annealed in hydrogen
increased compared with that with as-grown layer. The interface state densities were
calculated by the method Using the Electrolyte-Oxide-Semiconductor (EOS) system, to
analyze the dark current-voltage characteristics of the cells theoretically. It has been found
that the quality of the insulating layer was improved by annealing. Short circuit current
of the MIS cell with thin insulating layer formed in an aqueous solution showed the large

value. This can be explained by pin-hole model.
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Table 1. Insulating Layer Growth Methods Used in MIS Cells!

Semiconductor Method Time
Si h hot HNOj; 8 min
boiling H,O
10-percent HF in H,O 1 min
Si0; in 40-percent HF 1.5—2 min
anodization

evaporation of SiO

150°C in air 5—70h
400°C in air 5—60 min
620°C in air : 15—30 min
420°C in dry oxygen 10 min
420°C in wet oxygen 5—40 min
514°C in oxygen 12 min
450°C in wet nitrogen 15—30 min
450°C in N2/02 10 min
480-500°C in N2/02 30 min
700-900°C in steam 5 min
GaAs evaporation of Sby03
oxygen plasma 10—20s
anodization in buffered 3-percent H3 PO, 10 min
anodization in acetone/KMnOQOy 1 min
120°C in ozone 20 min
25°C in H20/0;, 50—100 h
105°C in air 70 h
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Rp CoxCH  Rel
CSC
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Rs Csc Cox
(b)

Fig. 1 Simple equeivalent circuit used in
analysis of EOS impedance data.
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Fig. 2 The measurement circuit for EOS system which
thin insulating layer is Si anodic oxide.
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Fig. 3 Light J-V characteristics of 7‘ ! /.
MIS solar cells. A source s / ) )
of light is xenon lamp which 200 400 600
. .. 2
intensity is 100 mW/cm®. Fig. 4 Dark J-V characteristics

of MIS solar cell.
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Fig. 5 Space charge capacitance for as-grown and
annealed oxide/Sibulk system vs. electrode potential.
Measurement frequency; 10 KHz.
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Fig. 6 Interface state densities of as-grown and annealed
oxide/Si forbidden band energy, where zero
position on horizontal axis is valence band.
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Table 2. Characteristics of MIS solar cells. Light intensity; 100 mW/cm?

Voc (mV) | Isc (mA) | F,F (%) n oz (V)
Anodic oxide as-grown 433 8.5 73.0 1.84 0.785
Anodic oxide annealed 525 9.3 63.8 1.97 0. 808
Anodic oxide 6% aq 442 23.4 78.5 1.36 0.876
Thermal oxide 575 24.5 68.7 1.89 0.838

Mott-schottky OB 5 ¥ ) 3 Y EFFENORBEMEESHET LI, ZHEBRER%T
BY BBICBILBIRE 3304, BILEOHFEERE 4 LUEL TV 5, Fermi BALEETIZ 101
A —#—T% 5 mid-gap HREINE - TY v — 71 U ZIRODH %R L, 5D annealed 1R
BED DA as-grown EDO DXV b, mid-gap fHEDI EY b HITRY, mid-gap FfE
TOZNFNOREMEMEE N 108eV iem™? DA — 4 —ThD, Z2IhLIRIRIET—ETH
%o

4. E =

as-grown & annealed MIS £ /VDBMERE ALK L /2354, annealed MIS £V DHHK &
Ve T, B TOERD annealed MIS £ VD HBRAMNIT/NE > TVWB L EMSE
Z T, annealing UBIC K > TBALBEDOEESHE I NERELZE L TOZH+ + ) 7TOHEN
BT ONIEEZ B TR, K—20D ¢ BRELB->TVE T EDPOBEBETES, A
HEMBEEDERD S, SiOx (1<x<2) Ok %EF>EM/LEDS, annealing MIRIC K - TH
AT, REMI»SORIEEZZT LD, KoLFERNTHEKICID, BEAER LS
w788, REMETRBRESARL, ¥ 3 YAEINEEHSEML 7o, REmER ML
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L7chs=>T, HIMANA 720 E LTV ZRONIE (17) RED Jaam ZRETE 3,2 C
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Fig. 7 Theoretical J-V analysis of MIS cell in dark, surface
state density was measured by EOS method.
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Growth of Good Quality Silicon Anodic Oxide Films
and its Application to MOS FET

Junji Nanjo, Ken Kobayashi, Yoichi Kimura, Shigeru Nomura
and Shin-ichi Hara

Abstract

Anodic oxidation of Si has been studied with a view to growing the oxide films in the
IC fabrication process at lower temperature. Anodization was carried out in the constant
current mode, followed by the constant voltage mode, in a non-aqueous solution.

The sample was annealed in hydrogen at temperatures ranging from 450°C to 600°C.
The composition, structure and surface state density of the SiO,/Si interface region have
been evaluated by IR, AES, MOS C-V methods, respectively. To test the applicability of
this Si anodic oxide, MOS FETs, whose gate films were grown by this method, have been

fabricated.
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