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JOURNAL OF RESEARCH of the National Bureau of Standards—A. Physics and Chemistry
Vol. 68A, No. 5, September-October 1964

Viscosity of a Standard Soda-Lime-Silica Glass

Albert Napolitano and Earl G. Hawkins

viscosity of a soda-lime-silica glass has been measured at the National Bureal} of
Stan’c]l:;lfd: 1;nd seyven other la.borm;ories.g Determinations were made in the range qf %)Oi éo
101 poises. The rotating cylinder was used at the higher temperatures 0(800 tf]): 145 lt)
and the fiber elongation method at the lower temperatures (520 to 658 °C). hleiI resgms
have been critically evaluated and the glass has been issued as Standard Sample No. 710.
This glass is available from the National Bureau of Standards.

See

In order to derive a viscosity curve for each of

| I T T T T 1 LI :
sk I I T | the five glasses, the data points from both the low
temperature fiber elongation method and the high
1 temperature rotating cylinder method were com-
= 4  bined and fitted to the Fulcher equation [18] by a
L 4 least squares calculation. This equation ¢ has the
ks form:
R @ NBS STABILIZED FIBERS T_
O NB = B
B S ANNEALED FIBERS 4 logi 1=A+ 77— (4)
i _ -1,
sl N where T=temperature in °C ..
o L n="vViscoslty 1n poises
w and A, B, and T, are constants.
8 ¢ The fit of viscosity-temperature data for glasses to the Fulcher equation has
~ & been shown by previous investigators to be exceptionally good. For ease of
manipulation, interpolation, and examining data for nonsystematic errors it has
12 — - proven to be very useful. The use of data points from both the low temperature
e \ fiber elongation method and the high temperature rotating cylinder method are
4 [~ = compatible within experimental error. Data to be published from this laboratory
3 Q ~ will show that, in the range 104 to 101 P, the continuity of the two methods can
~ \ - be substantiated.
L. N - BLE S, Fulcher equation constants from the data submitted
n Q - by each participating laboratory
| \
!\ Laboratory Range A B To
=3 \ = .\“) - OC
, ‘ BT eeee- 560-1400 —1.626 4,239 265. 7
10 - \Q — S 560-1300 —1.655 4,271 264. 4
% 580-1300 |  —1.761 4,413 256. 2
o ) - B 800-1350 | —1.584 4,186 266.9
F 800—13(_)0 —1. 586 4,124 281.8
n — G- 1025-1450 -L7 4, 580 226. 8
I 790-1340 —1.473 4,112 268.7
= E g 840-1310 | —1L211 3,711 309.0
g iy e i ' N 1y ol o St L 560-1450 —1.626 4, 236 266. 0
500 550 600 650 ' Dita from samples 15 comibind
° Atg ples 1-5 combined.
TEMPERATURE ,°C 'Data from Laboratories A-E combined—see text.
- . s ; 4,236
FIGUurRE 5. Viscosity of glass after different heat ireatments- log ’7=—1-626+T °(_“’}_266'

-Comparison of temperatures for specified viscosities calculated from appropriate Fulcher equation e
table 8) w3k N
©
Temperature, °C =S+.2 L +5°C h
. Value from © R
Log viscosity Laboratories combined S 4 g
- equation P FYT X
Al B c D E F a H P b& T
S or = .
P . = R RRRRRRE ;
2.00 1434.3 S -ifo% - -lo%
2.10 1402.9 4 o T
g.% - ; 1358.9 "
%:20 - : : : 1292 z : -2 -ség PARTICIPATING LABORATORIES 1
3.00 . i . : 1181.7 1 0 A-LAB s E-LAB
3.50 1002.6 | 1083.0 | 1000.7 000. K 1002.4 2 ® B-LAB ® F-LAB
4.00 : : ; . 10190 a =3f ]
450 ; . 53. 3 4 957.5 B et s et
s ssd | S0z | sold | exe | o9 905, PRI o Poii T K G v NPT
: 4 | .866. 857. 7 T r :
.6.00 821.8 822.4 | '817.5 | 818:8 | 8254 gg? Ig 600 800 1000 1200 150y 160
6.50 787.3 788.2 783.8 | 784.7 1.8 787.8 TEMPERATURE , °C
7.00 757.1 757.9 753.6 . - 757.1
8.00 708.0 708.8 703.2 . - 706.1 . .
18:33 gdog gaeg.g g.g %0: Fi1GURE 6. Diflerences in observed and calculaled viscositi
1100 ot P g oen o of participating laboratories on Standard Glass No. 710,
12.00 576.8 877.2 576.7 ] SRS, D 576.9
! Results from Lab. A are the combined r

esults from five samples.
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Alex — Tony

Problem set numero 0 : Attenuation in the SOFAR zone
We neglect the attenuation due to viscous shear and diffu-

sion of heat. Under those circumstances, the decay scale is
given by

3
P (1)

w2y
Using
2w kHz
107! Pa s

1000 kg m™3
1400 m s~ 1

o v =2 &

(c is relatively insensitive to changes in Pressure/Salinity),
one gets

§ ~ 1,500 km. (2)

More info on sound velocity in seawater is available on
http: / /freespace.virgin.net/sd.richards/speed.html.



