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Fundamental Study on the Viscosity Measurement of Molten
Metals by Oscillating Crucible Method

ﬁ***

Zen-ichiro MORITA, Yoshikiyo OGINO, Takeshi 1BA
Tadao MAEHANA, and Akira ADACHI

Synopsis:

Knowledge of viscosity of liquid metals and alloys is valuable pratically and theoretically, and accu-
rate data should be particularly important on the consideration of the structure of liquid metals and
alloys. An accurate measurement of viscosity, however, especially on high temperature such as on hiquid
iron is quite difficult and most of the data having been obtained may be dcubtful in their reliability.
For the purpose of carrying out precise measurement of viscosity of liquid metals and alloys at high
temperature an improved apparatus for viscosity measurement by oscillating crucible method was
made, and through the experiments using this apparatus some fundamental prcblems on the viscosity
measurement were analytically examined and discussed.

The main results obtained are summarized as follows:

(1) TFrom an analysis of the oscillation modes on distilled water, n-heptane and liquid mercury, it
was concluded that oscillation periods shorter than about 4 seconds should not be employed for the
measurement because of the occurrence of the irregular flow in liquid. The most reliable result was
obtained at the periods of about 7 seconds on present apparatus.

(2) The atmosphere used in the viscosity measurement is very important factor affecting the
accuracy of the measurement especially at high temperature. Although Ar was inadequate for
this purpose on account of its large disturbing effects on the oscillation, in He atmosphere these effects
were remarkably small. Therefore, the use of He was considered to be preferable.

(3) From a series of experimental analysis, it was confirmed that under the suitable experimental
condition it was possible to measure the viscosity of liquid metals and alloys at high temperature with
sufficient accuracy using the apparatus presented in this pager.

(Received Mar. 19, 1970)
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Fig. 1. Outside view of the equipment for viscosity

measurement.
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Fig. 2. Schematic diagram of the oscillation system

for viscosity measurement.
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@® Sintered alumina tube
® Silicon packing
@ Water jacket
@ Molybdenum heater .
® Sintered alumina sheath for thermocouple
® Porous alumina tube
Fig. 3. Schematic diagram of Mo-resistance
furnace.
(m*w (z)
——291
: 27—
‘ 22
' 0 Q ;
L
| \ 25
: ;
(c)
—30—
22
Al
P
K
i 8 . :
H l '
= i
Unit = mm

Fig. 4. Crucibles and T-type suspension rod.
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Table 1. Relation between interdistance of bi-filer

and oscillation period at room temperature.
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n-heptane ﬂ 10'78H 7-18 I 3-79 | 2-57
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Table 2. An example of the reproducibility of
logarithmic decrement at room temper-

ature.
Mercury : Blank crucible
7 (sec) A X103 = T (sec) i A x 103
6-23 774 7-20 1-64
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624 7-76 7°19 1-64
6-24 7-75 7-20 1:65
6-24 774 7-20 1-65
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Photo. 2. Some examples of oscillation modes on copper and iron on melting and freezing.
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D, TOBEORDEMIT 10-71sec (B DIT) ~
931 sec (BUBEHAR : 33:7cc) Th o, TohollES
ROV TRAGR D EROEELRRTH 5.
BFIEHEHR X D672 Q—2) & BHEER & OBtR% Fig.

Cu, on freezing

Fe, on melting

Fe, on freezing

x1 (5/7)
H (mm)

81 163 244 325 407 488 548

| 1) 1l i L T
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Fig. 10. Relation between (i1—2;) and volume or

height of liquid specimen (Hg) at room
temperature.

10 WRT. Tisbb (A—2) OEEHEHERE tbic
EEANTIL L, & <IZEURHAREY 20cc BT S
FEAEMREIZELDOTHY, MHREEEOL{LITR
BHBOZILEIT D E3b»r5b. —F, sk
fii%y 20cc AT Cid, ZOBRIREZ R ERMAGRX
VREE L, TORBERBERTFENRDOZARBITO2PhTK
£, (A—2) OFEHEH 0 cc ~DIIHEEIZ0 11T
Lo, T T xd, FEHATE 20cc LUTF Chkaik
(3-2-1) ORENERED * = A H AFEBBbASZ LT
IB3DLF2HN, L TZDXd LEHEDL &
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TR HBSE R A AT H D LT D, OEEERE
L, DT oES TEAlERE TilkE% 3 ~T 30cc 127
%X oL THiERE 2 TR,

2T, WREE 20ce Dl ClEA BB ERICAT o
DA Z 2D RANRELEHT L ENTE, ZOHEIEK
WRERITHEARRD S VIEEEE S Il TEET S
T EMG, EBOMAERIRZEL 4V ICd & O i
BOEAABRDTELFTIEMTES.

%X_XOL=7 ‘;L(q)
Lio-o CEBHEESZE{L L, BRI E(L B
5 XA, Co(T)RARAVTHEIREEOE
HHET D EMNTESD. HRDFERICE T, O
BFRE2FAE L O EEOWIER TR D7,

56 RPERCIDEHIPOEIL

T (5-5) ORUEHARE &k HOREE & DBtk 2R O
HEBICENT, KREZ Oce 25 33 7cc ¥ TZA(L
XgBHIrickbh, BEROERITK1300gH»5 1750
g FTELL, iz i bis DTIREERES 10°71sec
B 9 3lsec FTLTILLI-. T TCZOBRIZL LD
%ﬁﬂﬁiaﬁ@l%»wﬁﬁ AEELTHD I LT
% .

STIRBEAM « LBEFOERE M L OBREFKIIARRO
(HRTL2TLHALNAED. RERTEHIEME— 2
F I =5000g cm? MEMHORES ! =40cm, R
BEE e =0"6cm THH,DH, INOLOEE(S)HIZK
AL, FOWmI @ﬁﬁ%k@“ﬂfﬂ@

i

__1 | 1 _Lq
log r =— 5 logM—!—klog‘l Fis + 9 log ot
_—__%1ogM+2-476...........................(8)
AAME L, log z & log M X DORJICERE
L, #0aftx —1/2 bz BHFSh
L. FTHEIOEBR TELNERART & Fig. 11

¥
O
=
S;Z‘

1-020 \o\

1000

T~

0980 S

log 7

0960

0940 1 I 1 1
FICO 3120 3140 3160 3180 3200 3220 3240 3260

log M

Fig. 11. Relation between log - and log M.

SLlimiey, logr r log M roORICRIFNDHE
WEREEAE LN, COMRERTEDLT &
log 7 = —0°4678 log M +2-485.--.cccvoveveve oo (9)
b, ZOFEBRXTIE log M OFENI(8)RKic kT
D XD B EASLR/NE VD, KEKITHS STl X
CAIBLTWEHDEEZTEIVTHAS.
6. FMRIERCET SERAMRE

?ﬁtﬁ&tiﬁagﬁammﬁﬂiﬁﬁ%ﬂﬁb,
FOEE LIS DV TR RN A, AEEE
WUERIC S5V D HRIR G B DR N 'J/tfbrl“%—lﬂt:fdbg
TEEFERR L. LIATHIRLIZT & KHEREEDD
DX EIEEIR BN X itk oftEilERS R, HlEH
X THARDENDDLLS THDH. Tk LT Ak
OFEHIZE L CIEpEsk Table 3 105R T X 9 92372
ENTVED, ZNHOFERITE Fig. 12 [ZRT X 5iC
HEZHC X OTHERICKRESHEERSD L. CORREE
BTDEEFTEIEZLLND DL, Table 3107
h%&?k%“&ékiofw ESEMEBREOTWE Z
ETHD. TmEXFREBOHELOZ EZMILTD,
ME@ﬁyﬁm,Mmﬁ %, MEE—2 b, 52EF
ok, B EREL MDD RELENDHD, bR
%ﬁwm@@%étwviOTWE%%kAﬁi wE
BELTVHLDLEATRNTHSS.

* BaRFIELD et al”

: Samarin 'Y

: VaTouin et al'*

© WENLI- SHIN et ol
: Sarto et al?

: FROMBERG et aI',“
: ScHenck et al?

: Sarvo et ul's’

i Kawar et al®

: NariTa et al?

: Lycas™

: CAVALIER'®

* THIELE'®! N

\h-

!
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-
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Fig. 12. Viscosity of liquid iron reported by
previous investigators.
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Table 3. Conditions for viscosity measurement of liquid iron adopted by previous investigators.

B .Temp.“r;‘nvge: )

Crucible

Investigators ccy . . Atmosphere Heater | Remarks
BARFIELD ct al® ' 1540-1855 | ALO, Na(+Hs) Graphite Error : +29;
(1955) ‘ Temp. {\'V—Mo
: measure. : Pt209,Rh-Pt409,Rh
THIELE® (1958) | 1450-1 750 |
WEN LI-sHIH et al.® I 550-1 670 | Al,O, ! Ar Graphite| Error : +109,
(1961) I.D.:20~22mm' Oscill. period : 4-8-5-0sec.
h : 70 mm , Temp. measure. : Pt-Pt.Rh
Samarin'®  (1962) | 1600-1700 | ALO, He ‘Graphite| Temp. measure. : Pt-Pt.Rh
ScHENCK et al.® 1 540-1 650 | AL,O, Ar Mo Oscill. period : 67 sec
(1963) .

VaTOLIN et al.1® 1 550-1 700 | Alundum He Graphite . (W-Mo
(1963) ITemp. measure. : {Pt-—Pt. Rh
CAVALIERID 1500-1 750 ; Al,Oy Ar(+Ho,) Mo Temp. measure. : Optical pyrometer

(1963) | I1.D.: 22:6 mm|
Lucas!d . 1 536-1 700 k Al Oy j Ar(+Hs;) = Mo |Temp. measure. : Optical pyrometer
(1964) I.D.: 226 mm: . i
FROHBERG et al.1® 1 540-1 620 | Al,O4 Ar Mo  [Oscill. period : 6-60~6-66sec
(1964)
Sarro et al.® 1 540-1 700 | Al,O,4 10-3 mmHg Graphite Error : +29,
(1967) I.D. : 26 mm Oscill. period : 9:0~9-3sec
A ;150 mm Temp. measure. : Pt625Rh-Pt309,Rh
Saito et al.1® 1 550-1 750 | Al,O4 10-2 mmHglGraphitf:| Temp. measure. : Optical pyrometer
(1966) I.D.:12mm |
NARITA et al.® 1 536-1 650 L Al Oy | Ar Mo Bi-filer type,
(1967) ! I.D. : 28 mm Oscill. period : 7sec
Kawar et al.® 1550-1 650 | ALLO, 53x10-¢2 Graphite| Oscill. period : 20°2sec
(1967) FT.D. : 25 5mm mmHg Temp. measure. : Pt625Rh-Pt309,Rh
; k2 100 mm
ST, ZRHAESRGOR CIREEAMS JCBIEFE OB E.

Sl EVRHMEAIE LE DD THETHH LI prbE T
TNGIBET ZEMLIMETERIE LA RSN TY
. T TEELIPHHERFRL, BRCKTB
RSB ORMRIE 2 KT 21Kkl b, Th bt
E FOEBIMESE & ) DTRET L.
61 WHBERLCHLEITRBABLSCICBIRE
OEE
FEERIERORBFAMIZELOCERTHS. REE
5 E LD TE L BNE—RITREORENCELNEZ AT
Btz mELisks. 1b5AZDOFNCENE
ST HRARIEERLHEDO L A 2 v Xl E O
WED2TREDH, ZOSEAL TRIEROHIZE TIRIE
EAEBREN TR LT, KIEERAIEEL CURED
BN p<7cboRHEEL LHlEEZTED TS %

—HUERDHBEDIT LB & log(Po/ou) & n & DR
DEMBFRIZLT L HIBRRIRDOLH b2 TR¢
T LA 2T DX S IR R CIRBRE
BBRbh5. FORKEIC 2V TS 2F OEEEREIRIC
1T 5Btk OBYEL, KR T 2 ORIROFEE I EHs
Ez2bNB, WThiEE X 20X 5 kB ClRE#ET
E HEIEERENRI. T TEESIR LS 2T
%~ HHIRTE R T B LIETIRBIE M S O IR
BOEBTOVWTRI L.

6-1-1 HEEFHEE

A FhMERIE L B3 “bi-filer” B TH D, BEmLE OLRAEE
BT T 5 L X WIREAEARE A5 LB TE,
DT LT D2WTIET CIZRHTE (6-2) THETL, Table
‘l®ﬁ%%ﬁk-%CTK%%TH@Q)@&%&@E
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¢ : 10°94 sec

r : 720 _sec

r : 2°60 sec

Photo. 3. Oscillation modes on blank crucible in various oscillation periods

at room temperature.

x1 (5/7)

7 :9°58 sec

r : 6°24 sec

7 13728 sec

r 1 2°20 sec

Photo. 4. Oscillation modes on liquid mercury in various oscillation periods

at room temperature.

DOEEHE AV, FERCIESRHED D & T Table 1 1278
ENELFRRCOVTEEZ LS TS5 & & biT—[F
DIREN T B 27 wIHRIE I o TR ER 2 IE T
HZEICX D, EOREE LIREFAM S X CHHRIRIE &
OEFHRE L 57z,

6:1-2 ERERBEIUCEER

(1) WEZEHEIRSFEE & ORIk

25 O1F, KR, ZEHEK, n-~"TF R IOV TORE
FHEEEEFE EEIE £V F L Photo, 3~6 TRT. ZE 5

x 1 (5/7)

DIIEDOH AV Photo. 3 2D hdbdrd & 5L, IREAE
7% 10°94sec 725 2:60sec 1TZHLL T b WEZEBITIX
MBHFRRAMESRL ST, WiFhd BIF 5 E8ERL
TV 5. RIT/AKSREE O 4171% Photo. 4 255 ddoh>
X5z, FEAA 958sec, 6°24sec DBEATIEARE
RO RERLONTREFLLIEEZRL TWHH
FEIRRAS 3-28sec 1705 LB ARHERESY BHbh, &
DICFEERAME L A 2°20sec I/ B L REIRE) T SRR
TR OLEEER AT D, JOBRELEENIFEEADORK
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7 : 1078 sec

r 1 7'16 sec

c:3'78 sec

¢ 2°56 sec

Photo. 5. Oscillation modes on distilled water in various oscillation periods
at room temperature.

x1 (5/7)

z 1 10°78sec

e :7°18 sec

1379 sec

¢ :2'57 sec

Photo. 6. Oscillation modes on n-heptane in various oscillation periods

at room temperature.

AN EE LRI DDDEEIOLNS. ThE
BAREEIR n-~F Z o DOF AT Photo. 5 XU 6
»Hdbr5L5E, AMEZELIETCIRELMLE
REBoNT, BFLIBEEFHEZRLNS.

(2) =R L HAIRE & ORBf%

EBRER» S, £HOE, K, EHK a-~F i
KOWTORBBER I LPBIRE ¢ 0BGREX
nEh Fig. 13~16 wird. Thbbywi nomEhc
DWNTh 2 DEIZREFIEL2ENHLLNEH, WM

x1 (5/7)

REORFEZIZZA LN EFZ XTIV, TR
REBOWELDET, B ED 6~8 sec DFWTR
Thb2ebA7 <, 0sec DLEDOFABTRLLAETK
EL L BFMPRDLND. ZTNIRAPOHEII,
FHRROHERRE D EORBETEELEX5T
EEBDDEEXLND. Liho THEBAIESRE L
TRHBBLOBEID LB A, BROBEITHEE
FESELLY, HECIREORDAMBHEET S C
EBEZOLND.
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'z 1
Ko @ (T:10'94 sec)
’O" "0 —4-...’7—..‘_1_325_—_5_._._ —— E
x . @ g 0989 |
£ 08 ; |
N ~C o9 [@ee508— o — 0728 (7: 720sx)
g o6 - L
| Sl sl ad ol |- a(7:383sec)
T o4 2t IV N S L. L7 PN
< Tq® T 0374
o2 (z:2:60 sec)
O [N alal O NN
20 40 6C 80 100 120 140 16C 18C 2CC

Initial amplitude, $o (mm)

Fig. 13. The logarithmic decrement of blank crucible
related to initial amplitude.
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’ =]
— — —|— — —|To—— |4 4 —— F-—s—g258

42 B (7: 958 sec)
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34 °
&— B -1 ——gw— —1——— 3366
(7:624 sec)

32

L log for$,)%10°
[0}
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A
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26 (7: 328 sec)

—— —|—a-*4,—a—t — —|— —~ - — 2530
A a

!
24 !
40 60 80 100 120 140 160 180

Initiol amplitude , ¢, (mm)

Fig. 14. The logarithmic decrement of liquid mer-
cury related to initial amplitude.

Pk, ZR—EOER TRINBIREROBIRE R LU
BV, WIENOBEOEED 6 ~8 sec DIRBIFEIICEH
WTELBRIFTHLH I bbb D7.

(3) FEWEE LIREEAM & OB

WITHERER IRBE & O BMRE & /L TAH &
5 . THresHY |I Roscoe!™ OR % % &2 L TR DES
MR E OEROBHESs SERFERL CEiE L, £
D34 TuresH FIEPEEHREZRRICE > TS 272 7

bbb,

'8 8 I |
@ (7: 1078 sec)
- -4 F— 1647
- 1'6 Cos -
x 14
o (T: 715 sec)
;§ 12 _.-_a——’@__.f—_ﬂ-e- ——2- 1230 I
8
- IO (7:378sec)
n J I DR a_|l A_.A_ .
G [ ar s 3 - 2 ppSeet bl
{z:256sec)
06 i i
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Initial amplitude ,¥o {mm)

Fig. 15. The logarithmic decrement of distilled
water related to initial amplitude.

]
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) ao 8- .
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X e t 1
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g T : |
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- 08 a4 B TAZIL _ o7se
= 3 0| 58— 2 ~T 8- ———°-069s
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. The logarithmic decrement of n-heptane
related to initial amplitude.
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40 200
Hg
A/

°

T

e 30 n 150

- 2!

H rd

=

' =
S T
2 29 / n—hep;one 1100 w9
g / / o ‘5
% p p ///’

O

o Blank

=~ / E/ crucible

oy ). o :

S I0 50

o / /
k /

0 : L 0

6 8 10 12

7 (sec)

. Relations between logarithmic decrement
and oscillation period on various speci-
mens and blank crucible at room temper-
ature.

A ERRADRPOLEFEEK ZRERITEFELIC

ZELVIEXRHLNTWVWSSD, YRA1LTRREIVZEL
TEETTHD, LR TIDESEBERMD 22

ol 22 R TR LT ENIER S ZBH M b ioh
WMERTTREIN, ¥R Z2ET5AEc OEETERL
5 BIEATIX ZIIEREBRY, 2EH13 22 Lo Lo/
VX EAEBIRS N T 5123 Th 5.

X T CHREHZER (Fig. 13~16) X hskdregilils
XUOE L DIEDOIIREE LIREFE & OBz RT &
Fig. 17 o+ {itis. §bbEs 204 icid
Z2RAMEDUDROBEE I BRLTVS. ThitK
L CTIKER, 7R, n-~F & TlL, WwWFd 6 sec B
L ORAMOBETIR A XOBFES X S HILL TV B
FAMBELRY 3sec AT EAB E, WTFhi(UDRD
BfRrbRTN T 5 :p8br 5. ZIIEEELENS
BOWEASRERBEROKNCENEET S 2 L RETS
BDLEXBND. L THEEYSS DO, FBO
Photo. 3~ 6 DERP L IO, X 51T, KEBOES
32D Fig. 17 OFER EBEIRGOREZES) & BxHGT
D8, HEIK, -T2 UOBSTRME LRV T
H5. O LI, ¥EEER, REOBREZESHNR—R
FRFZRL T2 X5 B4 TH, BRHEAHOEY
BETRBREOMENCENZAEL - - OEERRIC8E

ZERLEREDD D L2BHhRTH. T OHED
5, ERDOPIFRITH W URBAMOE W EIE R RITT,
FHEOS CHMERS D X > cBbhs.

& T ATHRERHOEN 2% 2 B354, RBimELiKos
REMFELTVA 2 VMBI 5 2 2835, —
fRizv 4 2 WX RRTELEINS.

Re=0T _ 2

n b

Re: v4 v X¥

v iR ODEE
o : AR DERE

T BHBERENEES
7 R ORE MR
v kOB REL

FThbbr A 7 WAEPHEIERIE (—TIE Re=
1160) x5 LMBcENEETHE B abhT
50, ()R X VAL XS KIREAELE L ius
vHBIRELD Re XA L, Fcf—RAYTH R
DENFEMEREL v 2N ZTHE Re b3k E Y, ELFEOME
MIEKRELES. Lch > THR O X 5 A —EDOER
TUE, JEMA2~3 sec TRV TIEKER, K, n-~TF
2 oHREE D Re SR LIKENCE R L U &I
0, ERF—A T KEO BRI LR v 12 Table 4
WRT X5 IWHEK, n-~T &2 ooxrnFhiy 1/7, 1/
SBEETHH, LhoT ReFkEKkD, 39K,
n=NFZ XD LEMOBRAIBKEL LD DD EELS
ND. ERBESROTMEREOERMEE X >TRx
5755, BEMIEE CRAKERNK, -~T 2 UGBV ER
LBHLEEZLNBDT, DI EHLEINIE, BHD
FEHRIEDF ST WTH, 12D 3sec DLTFOEWRE
BNEAER AT 5 C LICEMESS B LS5 Bbns.

Bk O3 B FE R & WIHIIRIE 3 X CIRBIB I OBRIC
DWTORFERE S LT LT, DEOERTIHETR
B & L THy 6~8sec AT BT LTl 7.

62 RURBRCHLETBRAIBLCREOT S

BROHBEZET S TR ELP THIES LIRS 2
EWBHEFLVWZLRZOERE LAV, TihhbbEZER

- (12)

Table 4. The standard values of density, viscosity

and kinematic viscosity of standard
liquids.
Standard liquid | 7 (cP) |p (g/cm?®)} v (cSt)
Mercury 1-52 13-5;* 01127
Distilled water 0-86; 0°99.% | 0-8676
n-heptane 039, 0-66:**%| 0-5790
*:18) **:19)
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TRFARN 2 DR ERE OEEES 5 \WIEE o
HGIL EDLEN L, —[CRIF L 28 BN FHTE
L. LS ULEME, 72k XEE8kO X 5 &R T ORHER
ETH, MEFEBOER, i kWisE T oh&EBEER
WEBLZOMESZELD2DT, BEZEH TOHIEIRE
O THETHS.

DX S IRt SIEROEIR TORMEEIE ISV T
1, BE, 7T, NV OAREDIKEEIREE
FHRSBERAINTE . LrLInbofaiciz b
DHFEFARI L 2HMAEZEC, HIEEEEE T T
REERH L. & HTIOEORMRIEOFMIICET
DRFTEMRIZEAERINTEE T, b 3 » il
5D DR H DT ER. T D i & uE
Table 3, Fig. 12 AL 56N % X 9 HEEFH LKA Z
FEHICXOTRELD, ISEEROBIEBEICKSRER
BEUI—HELEZEXDIENTELS.

T CEE O INEORER LIRBEAR OB R E D
ERLT, SHLTHKRBREREFHEIEOBGBEBRITL
7z,

6-2-1 FEEREE

AEBORERIC R TEACS L REORE 2 L 65~
Dz, FE—E, F—IREENOL & T, BrOER

K[EEICIRE THBRERLAE L. b biREO
HEMZET /0 BRI (257¢) A L 727 v
25 oFEA, IKREIEW 7-55sec THRlER 77D
7o, EREML L TCOFEMKIIEZ (10-5mmHg), &

AXOENTTO Ar HA (1, 1/2,1/4, 1/8,1/16atm),
latm @ Ar QE®, latm ¢ He #H A, latm o
He Siidh T, AFEEKAD D & TE{E(14~20°C), 600°,
800°, 1000°C il Tl 2T o7 M OBIE LM
RANEOER ERRTH 5. 2
6-2-2 FEERFER i
(1) REREEHCRETEHIAS LOCEEORE
Photo. 7 [T BT HEI1TS Ar EHK(L/16,1/2, latm)
TORBEZEBORHETT. TibbloHaIVFh
ODENDH & TH RFHRBEEFEHEZRL TS, UsrL
600°C LL k- DiEEEIC 7t % & Photo. 8 ~9 iTH BB X
5, /2atm DATOBET TRRRIFADEEERE R
T3, latm OBHBEICEIHA, [URVTHOEES BEF
HHBEREREILLA LS. DX D Ar FHKDE
&, BETTREETLRHFLLBEFEERZ T T, |1
atm 278 % EHA, [PV I OBE S BIRCHESE
B ABMAIES RN TL 5 2 bbbz, ZOFE
AlfElE, Ar S FIREEPKEL X OO HE IR TIIES)
EMAEAL, WMEHREDVCEOTREESICEELZE
2B EIRET AL 0EEZLND.
iz latm o He ZFES (AL kT HEE
ZFE) L BE L oL Photo. 10 KRT. Z DA,
600°C , -800°, 1000°C W FH OIREEIC 25\ T 4 BiF7s
BREFEETRL, AED Ar FERKOHEICALNS X
SIMHEORTEEINIRGS Nig o, o Bl
He (3 Ar XD HHEEN/NTLIY > GEE)E D/ EL

1/16 ztm, Ar enclosed
1/2 aim, Ar enclosed
1 atmr, Ar enclosed

- 1 atm, Ar current

Photo. 7. Oscillation moces of crucible with solid copper as a weight in various pressures

of Ar atmosphere at room terperature.

x 1 (5/7)
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10-5mmHg, vacuum

1/8 atm, Ar enclosed

1/2 atm, Ar enclosed

1 atm, Ar enclosed

1 atm, Ar current

Photo. 8. Oscillation modes of crucible with solid copper as a weight in various pressures
of Ar atmosphere at €00°C. X1 (5/7)

1/16 atm, Ar enclosed

1/2 atm, Ar enclosed

1 atm, Ar enclosed

1 atm, Ar current

Photo. Y. Osciuation modes or crucibie with solid copger as a weight in various pressures
of Ar atmosphere at 1000°C. x1 (5/7)

BIRICFVTIABMRERICARELEELSE 2w & FRtEYRdH 0, BETRAVWEZZLND. ZHZRLT
REBHDEFEXLND. : He 23 54113, 7L % latm THOTH LD
Doz & bEihiE, BIRLET5EEEEOH  AIEEORE,ZE At KIELTELDTIIVHDE

HHlEFRERSELT latm @ Ar 2FEVWAESIEE, @ EXTIVWTHHS5. .

EDLDTHREP LABREROVW TIRHEZECLF (2) ﬁ&ﬁﬁ$&%@ﬁs;@ﬁ£&®%%
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620°C

800°C

1 000°C

Photo. 10. Oscillation modes of crucible with solid copper as a weight in 1 atm of He

current at various temperatures. X1 (5/7)

RIEFRFHFFTE X DS iEE 2 LIRE & OBtk
FEBERSICOWTIRTE Fig. 18 oLtk 5.
i 2 LEREKEOBGRLLCIBIEEDES D E D
EARBEZ 7242t L THTE Fig. 19 0Z&<KC
%5h. $ibbE%E (10-°mmHg) DFEICIE 2 DR
EREEIIE LD TN L, YROZ EANE 1 OfF
LR H/HEV. 1 atm He ZFEAKTREEA, [PV
NOEE L b T CBRERTFEAS2 L, 1 REE
HEELITITFERICHEALTVS. Mk 1530°C D
{EV B A AV TERCETH 5. /o Ar FFER
DA 2! OER LI T DIRERGFHEIT He O
Hrhdkx<, Fofgmix 1/16 atm 5 1 atm ~
LEEENTHLCONTAREL LD2TVS. Fic 2’

DIEDIE S 2 E LDV CTIHIBET £7213 He FRERDOH
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FEREATIIELLAKRERELPEZRLTVD. ZDZ
LREREEEBOMEEIERZ Ar FEKH TR S B
AT, BIERESEEN TR EbDTRKELBREY
Thldsrhidh, £/o—F He FEHAOFRTREF
KEREREEZDTHAI T EEMEP>TS.
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Fig. 18. Effects of temperature on logarithmic decrement, 2', in

various atmospheres.
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Fig. 19. Effects of atmosphere on logarithmic decrement, ', at various temperatures.

Table 5. Atmospheres adopted for viscosity meas-

urement of liquid iron by various
investigators.
Investigators Atmosphere

BARFIELD et al.?2(1955)
WEN Li-sH1H et al8>(1961)
ScHENCK et al.?®> (1963) Ar
- FrOHBERG et al.12 (1964)
NarriTa et al.® (1967)
CAVALIERIO (]1963) }
Lucasi® (1967)

Sarro et al.®> (1967)
Sarro et al.1%> (1966)
Kawar et al.® (1967)

Np(+Hoy)

Ar(+H2)

Vacuum (10-3mmHg)
Vacuum (10-2mmHg)
Vacuum (5 10~2mmHg)

NTWDLZEBMETHS. HEDOBIETH ZNICET
LRFAEIALLNTIIV S, BonaBEBiconT
BATFLDWBRBEDDTH B Vv, EFZE T
HERERFOIRBAM & RS LB 2 i s
Thd, TN DOBRIPEBERIC AT EINE» %
BT 5720, TRl ~5 X5 REBRYTeo- 7.

6-3-1 ZEBREH:

FEZRERAR E L Ui O 5 X O BEMOK
$, BEARBIVHEACTRES Y k. HIER2
DELLTRETRDO7 NI F 5 ERFEA L. 2+
BRI Tsec TH Y, TOMOBIELBGIIFTEOE
BLRKETHOR. 0I5 LT He EESHTES
DI, JKER, HEKCOVTRERT, T7B0BA

400, 500, 600, 700, 800, 900°C 6 DDEETFN
TIREIRD S T RIRTERE KD D & L biT, BED
7o Ar BEIAOD S & T LI OIS E RV T
HIRB SR BBRERRL RO THE. Lk, BECHW
THABOBEEL AV CHREESEINEZ ko, (7)ROB
FERAV T BREROBEL T2/ ERBRIC
B ORUEFEE S XUHEEE & L Tid RoTHWELL!®Y Off
RV,

6:3-2 ERERBLIVER

I atm He FHGPICETS 2232 L Vo p LD
% Fig. 20 WiR¥. FihbblEsiy F Wb fesk
DRI ALNILNE S L EbDTRIFR HEBELHE
BLTHY, 3)ROBEERESERECRLL, BlELt
BRI TH DL EERL TV S. REEEDLD ]
atm Ar FEFEKAPEITD 12372 & V7 9 L OEGES
Fig. 21 Ry, MaEHT Fig. 20 ofEBEe2TRT .2
DGE, WIRC KT HREIEEL, kD Ar F 2 D,
HEORELS T TEROBRERI VD LS TEBL,
ERNXZDELDELHELDTKREL, BIEEHSHBET
TWZ EaRLTW5D.

BEX Y, REEEBITSWCRELL Tsec, NI
LFERTRHELZTR S BE, BREBVTIEDLDT
BREDD LIKEIEBTLbNETHSH 5 T LHEEmE
. EREEIERE, 5 0IER SUNTKEREIZOW
TORBROLTHREIEREDD LREBEEREZREL
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Fig. 20. Relation between 2A7/2 and 1/p07 on
standard liquids in He-atmosphere.
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Fig. 21. Relation between 4732 and 1/p7 on
standard liquids in Ar-atmosphere.
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7. #® iE
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EEBMELT, L oEEERREIZUR MR E R E 2 3 UF
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HlEk BT 2 EREREC > ERETLE. TOER
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AR E DRERIT S S 2y — NV HR TEHEIC 7 4
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BIRBEEEBORMEZBIET S LTS5,

(2) /KR, FEIGKBIO® n-~"FZ2 oA TRE
FE L IRBEL & OBRERAT LR, NEBRCKT
DEEIREE LYY Tsec THD, § 4sec LLTOER
M TRBREEENCENE LT, &7 10sec DLEDREIAE
THAMIREROEMES 2L EHMEE T2 2 &hboh
7.

(3) ¥HHlEREILRET LR, Ar T2FH
KR THIEZITE 5 54, MIBKEVTIE Ar 2B
ORI D T-DWEF IS RHRAITL Y, —F He
FEIP TR RREZESELOND Z LB HLrE
ot LI oTHERSE L OMEEICL>TEAZh
T&7 Ar 7 2ERHRIERASE L C ol 4 Tk
<, He #2DEMAPEEL V.

(4) AYlEREORBERE T LHER, Bk
BFHAKY 7sec, He FRADO S & TR EZbOTHEDSH
VHREHSESH, Ol bAEB L) SRR
SEOHMLERECD LITIET S Z LBFRETH D
Z EBbiro7.
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BB TS SV & 2 LRSI RS
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B ZHABh D F Ui TN B U PR
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