Solved Problems and Questions on fluid properties

1. The quantities viscosity y, velocity V; and surface tension ¥’ may be combined into
a dimensionless group. Find the combination which is proportional to p. This group has a
customary name, which begins with C. Can you guess its name?

Solution: The dimensions of these variables are {p} = {M/LT}, {V}={L/T}, and {Y}
={M/T?}. We must divide u by Y to cancel mass {M}, then work the velocity into the group:
G = Gml= 6
v) /T o)
T
hence multiply by {V} = {Z}
finally obtain Ans:

uv ) .
{7} =dimensionless.

This dimensionless parameter is commonly called the Capillary Number.

2.

The specific weight of water at ordinary pressure and
temperature is 9.81 KN/m". The specific gravity of mercury is 13.56. Compute the
density of water and the specific weight and density of mercury.

Solution

9.81 kN/m? ]
Poer = ———T1 = 1.00 Mg/m® = 1.00 g/mL ANS
9.81 m/s* -

= SmercuryYwater = 13.56(9.81) = 133.0kN/m*  ANS
mercuryPwater = 13.56(1.00) = 13.56 Mg/m®  ANS

'}’mercur}'

Pmercury =35

3.
A vessel contains 85 L of water at 10°C and

atmospheric pressure. If the water is heated to 70°C, what will be the percentage
change in its volume? What weight of water must be removed to maintain the
volume at its original value? Use Appendix A.

Solution
AN
_________________ ]A¥
70°C
pﬂ[ﬂl
Hop=85L Vo
Volume, ¥, = 85L = 0.085m?
Table A.1: yio = 9.804 KN/m>, vy, = 9.589 kN/m’

Weight of water, W = y¥ = vy;¥0 = vV



ie., 0.804(0.085) KN = 9.580 +5,; ¥4, = 0.08691 m’
AV = V5, — ¥, = 0.08691 — 0.08500 = 0.001906 m’ at Y70
AV /¥, = 0.001906/0.085 = 2.24% increase ANS

AV .
Must remove (at y,): W(V ) = Y04V
70

= (9589 N/m?)(0.001906 m*) = 1827N  ANS

4. In the Fig., if the fluid is glycerin at 20°C and the width between plates is
6 mm, what shear stress (in Pa) is required to move the upper plate at V [1[15.5
m/s? Note that glycerin viscosity [1[11.5 N - s/m”.

b u(y)

| :

Solution: The shear stress is found from EQ:

e du V¥V
_de_uh
pv 1.5 Pa.s * 5.5m/s

T=—

h 0.006m = 1380 Pa

5. Suppose that the fluid being sheared in Fig. 1.1is SAE 30 oil at 20°C.
Compute the shear stress in the oil if V=3 m/sand h =2 cm.
The shear stress is found from Eq:
N 4
My TR

From Table for SAE 30 oil, p =0.29 kg/(m . s). Then, for the given values of V
and h,

Eq. (1) predicts:

v = 22okI/MSIMS _ p3kgl(m.s?)=43N/m?=43 Pa

2m




® When a vehicle such as an automobile slams on its brakes (locking the

wheels) on a very wet road it can “hydroplane.” In these circumstances a
film of water is created between the tires and the road. Theoretically, a
vehicle could slide a very long way under these conditions though in
practice the film is destroyed before such distances are achieved (indeed,
tire treads are designed to prevent the persistence of such films). To
analyze this situation, consider a vehicle of mass, M, sliding over a
horizontal plane covered with a film of liquid of viscosity, u. Let the area
of the film under all four tires be A and the film thickness (assumed
uniform) be h.

a. If the velocity of the vehicle at some instant is V, find the force slowing

the vehicle down in terms of A, V, h, and p.

b. Find the distance, L, that the vehicle would slide before coming to rest

assuming that A and h remain constant (this is not, of course, very realistic).

c. What is this distance, L, for a 1000 kg vehicle if A=0.1 m2, h=0.1 mm,

V =10 m/s, and the water viscosity is u = 0.001 kg/(m-s)?

sol:
a r=-=#¥
| A Vh
U
~F=—A
il
c. L=10,000 m

7. The specific weight of water at ordinary pressure and temperature is 62.4
Ib/ft3 . The specific gravity of mercury is 13.56. Compute the density of
water and the specific weight and density of mercury.

Solution:
ywater

g

pwater = = 1.938 slugs/ft3

ymercury = S.G.mercury x ywater = 846 lb/ft3

pmercury = S.G.mercury = pwater = 26.3 slugs/ft3
8. The specific weight of water at ordinary pressure and temperature is 9.81
kN/m3 . The specific gravity of mercury is 13.56. Compute the density of
water and the specific weight and density of mercury
Sol:
Ans: a. 1000kg/m®
b. 133.0 kKN/m®



c. 1356 kg/m®

AV A

? ~= _?,r: (2.3a)
'Uz - Ul F’z - F’l
— = - 2.31

At a depth of 8 km in the ocean the pressure is
81 8MPa. Assume that the specific weight of seawater at the surface is
10.05 kN/m” and that the average volume modulus is 2.34 x 10° N/m? for that
pressure range. (a) What will be the change in specific volume between that at the
surface and at that depth? (b) What will be the specific volume at that depth?
(¢) What will be the specific weight at that depth?

Solution
AV
11 9 = 10.05 kN/m?®
8 km Sea water
24 p;, = 81.8 MPa
(a) Eq.(2.2): v, = lp, = gy, = 9.81/10050 = 0.000976 mYkg
Eq. (2.3a): Av = —0.000976(81.8 x 10° — 0)/(2.34 x 10”)
= —341x10"°m¥kg  ANS
(b) Eq. (2.3b): v, = v, + Av = 0.000942 m7kg  ANS

)
(¢) v, = glv, = 9.81/0.000942 = 10410 N/m’ ANS

EXERCISES

1 . If the specific weight of a liquid is 52 Ib/ft> , what is its density? Ans:
1.616 slug/ft®

2 . If the specific weight of a liquid is 8.1 kN/m® , what is its density? Ans:
826 kg/m’

3. If the specific volume of a gas is 375 ft* /slug, what is its specific weight
in Ib/ft> 2 Ans: 0.0858 Ib/ft’



4. If the specific volume of a gas is 0.70 m* /kg, what is its specific weight in
N/m®? Ans: 14 N/m®

5. A certain gas weighs 16.0 N/m? at a certain temperature and pressure.
What are the values of its density, specific volume, and specific gravity
relative to air weighing 12.0 N/m* ?Ans: 1.63 kg/m?, 0.613 m*/kg, 1.33.

6. The specific weight of glycerin is 78.6 Ib/ft* . Compute its density and
specific gravity. What is its specific weight in kN/m® ? 2.44 slug/ft?, 1.26,
40.51KN/m®

7. If a certain gasoline weighs 43 Ib/ft® , what are the values of its density,
specific volume, and specific gravity relative to water at 60°F? 19.79 slug/ft’,
0.05 ft*/slug, 0.69

8. Arigid cylinder, inside diameter 15 mm, contains a column of water 500
mm long. What will the column length be if a force of 2 kN is applied to its
end by a frictionless plunger? Assume no leakage. Ans: 499.974 mm

9. A flat plate 200 mm 750 mm slides on oil (u= 0.85 Ns/m?) over a large
plane surface . What force F is required to drag the plate at a velocity v of 1.2
m/s, if the thickness t of the separating oil film is 0.6 mm? Ans:11333.33 N.
10. A space 16 mm wide between two large plane surfaces is filled with SAE
30 Western lubricating oil at 35°C . What force F is required to drag a very
thin plate of 0.4 m” area between the surfaces at a speed v 0.25 m/s (a) if the
plate is equally spaced between the two surfaces, and (b) if t 5 mm? Ans: a-
7.25N, b-8.436 N

11. Distilled water at 20°C stands in a glass tube of 6.0-mm diameter at a
height of 18.0 mm. What is the true static height? Ans: 12.969 mm.

12. compute the capillary depression of mercury at 68°F (6= 140°) to be
expected in a 0.05-in-diameter tube. Ans: 3.65*10™ in.

13. Compute the capillary rise in mm of pure water at 10°C expected in an
0.8-mm diameter tube. Ans: 0.037 mm

14.

A rigid cylinder, inside diameter 15 mm, contains a column of water 500 mm long.
What will the column length be if a force of 2 kN is applied to its end by a
frictionless plunger? Assume no leakage.

2 kN
L= . Rigid —_,_
500 mm Water Water L,




15.

A vessel contains 5.0 ft* of water at 40°F and atmospheric pressure. If the water is
heated to 80°F, what will be the percentage change in its volume? What weight

of water must be removed to maintain the volume at its original value? Use
Appendix A.
A cylindrical tank (diameter = 8.00 m and depth = 5.00 m) contains water at
15°C and is brimful. If the water is heated to 60°C, how much water will spill over
the edge of the tank? Assume the tank does not expand with the change in
temperature. Use Appendix A.

16.

Table A.1 Viscosity and Density of

Water at 1 atm

T,°C p kg/m®  p,N-sm? v, m/s T,°F  p,slugft® g, Ib- st w, ft/s
i 10HKD 1.788 E-3 1.788 E-6 32 1.940 373 E-5 1.925 E-5
10 1000 1.307 E-3 1.307 E-6 50 1.940 273 E-5 1.407 E-5
20 908 1.003 E-3 1.005 E-6 68 1.937 209 E-5 1.082 E-5
30 006 0.799 E-3 0.802 E-6 86 1.932 1.67 E-5 0.864 E-5
40 992 0.657 E-3 0.662 E-6 104 1.925 1.37 E-5 0.713 E-5
50 h 0.548 E-3 0.355 E-6 122 1917 1.14 E-5 0.597 E-5
60 083 0.467 E-3 0.475 E-6 140 1.908 0.975 E-5 0.511 E-5
70 978 0.405 E-3 0.414 E-6 158 1.897 0.846 E-5 0.446 E-5
80 972 0.355 E-3 0.365 E-6 176 1.886 0.741 E-5 0.393 E-5
90 963 0.316 E-3 0.327 E-6 194 1.873 0.660 E-5 0.352 E-5
100 958 0.283 E-3 0.295 E-6 212 1.859 0.5391 E-5 0318 E-5
Table A.2 Viscosity and Density of
Air at 1 atm
T.,"C  p.kgm®  p,N-s/m’ », m/s T,F poshugftt b - s/t w, ft/s
—40 1.52 1.51 E-5 0.99 E-5 —40 294 E-3 316 E-7 1.07 E-4
0 1.29 1.71 E-5 133 E-5 32 251 E-3 3.58 E-7 1.43 E-4
20 1.20 1.80 E-5 1.50 E-5 it 2.34 E-3 3.76 E-T 1.61 E-4
50 1.09 1.95 E-5 1.79 E-5 122 212 E-3 4.08 E-7 1.93 E-4
100 0.946 21T E-5 230 E-5 212 1.84 E-3 4.54 E-7 247 EA4
150 0.835 238 E-5 285 E-5 02 162 E-3 497 E-T 307 E4
200 0.746 25TE-5 345 E-5 392 145 E-3 A3TE-T 371 E4
250 0.675 275 E-5 4.08 E-5 482 1.31 E-3 575 E-T 4.39 E-4
300 0.6l6 2093 E-5 475 E-5 572 1.20 E-3 611 E-7 5.12 E4
400 0.525 325 E-5 6.20 E-5 132 1.02 E-3 6.79 E-T 6.67 E-4
500 0.457 355 E-5 1.77T E-5 932 0.89 E-3 T41 E-T 8.37 E4




1.17 Clouds can weigh thousands of pounds due to their
liquid water content. Often this content is measured in grams
per cubic meter (g/m*). Assume that a cumulus cloud occupies
a volume of one cubic kilometer, and its liquid water content
is 0.2 ym’. (a) What is the volume of this cloud in cubic
miles? (b) How much does the water in the cloud weigh in

pounds?

(a) Vo lume = /[kkrn)s = 107 m?
Since [m = 3281 [t
3
Vs lume - //01""3) (3251 %fl
(5 280 %103 ff')3
m.'

0.240 /mc'3

3

——

() W = §¥x Yolume |
y=pg=(0.22)007 %) (185 )1 %200
2 =(1.92 x;o"’;w’-\f, Y(10%m?) = 1.9z x10° N

= (/.92 x 0N )(2.248 x10 " -I%) = byl x10° |b




1.20 Water flows from a large drainage pipe at a rate of
1200 gal/min. What is this volume rate of flow in (a) m*/s, (b)
liters/min, and (c) ft*/s?

(o) 3
- m
flowrate = (/200 Qi/ ) (¢ 309 x16° 5 )
Mmin
ga!
min

= 757 )(/0"2 _"’_5’4_3

(L) Since | liter = /Dﬁjfm%

f/owmz‘c = (757 %762 ..”5_”.3)(/0;//;#»‘5) éLﬁ_-‘.)

min
—
' -3 3 .'-f-t’
() Llowrate = (757x15°2° ) (3531 x10 5 _ )
m’
£t s
= 267




.26 An open, rigid-walled, cylindrical tank contains 4 ft*
of water at 40 °F. Over a 24-hour period of time the water
temperature varies from 40 °F to 90 °F. Make use of the data
in Appendix B to determine how much the volume of water will
change. For a tank diameter of 2 ft, would the corresponding
change in water depth be very noticeable? Explain.

mass of water = V5L
Wheve V15 Tne volume and P The density. Jince The

Mass must vemain Constant g5 The Lempersture e hanges

_b;_‘vf/;fo' - —%'K/go" ‘)
= Shegs
Fom Table 5.1 /Jiog%-;—' 1 94» 7—25

_ Slugs
(o @ r = PPl s

ﬂc’mérq fyom Lg.0) Ny
4 (4-£2)(7. 900 ’;}"{J)

h° 1.43) %“‘f’,

731.45, The 1ncvease i1 volume 15 .
Y4 p18l — #o00= & 0186 £t

= %o186 £°

The change 15 twiter depth, A4, 4 ejml Fo

A
e A _ o o8l £

aréa R é‘f-‘l‘)z
7

This small change 17 clepth would not be very
Noticeable. No.

-3 .
= 5,92xP0F£=0.0710in

Mote ! 4 51‘.’},*@ dFHerent value for 8L il be obtaineA
I specifec weignt of wattr Is used reTher Than density .
This 15 due to The fackt Tnat There is Some ancerfuity

in~ The Jourth Significan] frgure of These Fwo values, and
fhe solution 15 sensitive 4o This uncertainty. _



