Problem 1.C10

A popular gravity-driven instrument is the Cannon-Ubbelohde viscometer, shown in Fig. C1.10.
The test liquid is drawn up above the bulb on the right side and allowed to drain by gravity
through the capillary tube below the bulb. The time t for the meniscus to pass from upper to
lower timing marks is recorded. The kinematic viscosity is computed by the simple formula

v = Ct, where C is a calibration constant. For v in the range of 100-500 mm?/s, the
recommended constant is C = 0.50 mm?/s?, with an accuracy less than 0.5%.
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(a) What liquids from Table A.3 are in this viscosity range? (b) Is the calibration formula dimensionally
consistent? (c) What system properties might the constant C depend upon?
(d) What problem in this chapter hints at a formula for estimating the viscosity?

Bulk modulus Viscosity
Liquid p. kgm® p, kglm-s)  Y,Nm* p,Nim? K, N/m? parameter C¥
Ammonia 608 220E—4 ZI3E-1 O.1DE+5 182E+9 1.05
Benzene B8l 651E—4 LERE-2 1.01E+4 147 E+9 434
Carbon tetrachloride 1590 96TE—4 270E-2 1.20E+4 1.32E+9 445
Ethanol 789  120E-3 228E-2 57 E+3 109 E+9 572
Ethylene glycol 1117 214E-2 484E-2 12 E+1 305E+9 1.7 "
Freon 12 1327 2.62E-4 — — 795E+8 117 Table A.3 Properties of CijEDn
Gasoline 680 202E-4  216E-2 S551E+4 13 E49 16 Liguids at 1 atm and 20°C (68°F)
Glycerin 1260 1.49 633E-2 14 E-2  435E+9 28.0
Kerosene B4 1.92E-3 28 E-2 3.11E+3 141 E+9 5.56
Mercury 13,550 1.56E-3 484E-1 1.1 E-3  2B5E+10 1.07
Methanol 791 598E-4 235E-1 134E+4 103 E+9 463
SAE 10W oil B0 14E-13 36 E-2 — 131 E4+9 157
SAE 10W30 oil 876 LTE-IF — — — 14.0
SAE 30W ail g1 29E-1F 35 E-2 — 138 E+9 183
SAE 50W ail 902 8.6E-1* — — — 202
Water 998 1.ODE-3 T2RE-2 234E+3  219E+9 Table A.1
Seawater (30c) 1025 1.0TE-3 T28E-2 234E+3  233E+9 7.28

*In contact with air.
FThe viscosity—temperatures varation of these liquids may be fitted to the empincal expression

H 03K
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with accuracy of +6 percent in the range 0 = T = 100°C.
1Representative values. The SAE oil classifications allow a viscosity variation of op to =50 percent, especially at lower
temperatunss.
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