CHAPTER (2)
FLUID PROPERTIES

HOMEWORK (1)

2.11,. 2.20, 2.33.2.54




Problem (2.11 ldeal Gas | aw

Situation: The application 18 a helhum filled balloon of radius » = 1.3 m.
p = 0.89bar = 89kPa.
T =22°C=2952K.

Find: Weight of helium inside balloon.
Properties: From Table A 2, Ry, = 2077 J/kg-K.

| APPROACH I

Weight 15 ziven by 1" = mg. Mass 13 related to volume by m = p+Volume. Denaity
can be found using the 1deal gas law.

| ANALYSIS I

Volume 1n a sphere
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Ideal gas law

I
P = R®RT
89 000N/ m?
(20777 ke - K) (295 2 K)

= 0.145 kg/m"

Weight of hellum

W = px Volume x g
= (0.145 kg/m") x (9.203m?) x (9.81m/ %)
= 13.10N

Weight = 13.1 N
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Problem (2.20)

y - - - - - - : 5 - ) i — iy {
Situation: Kinematic vigcosity of methane at 15°C and 1 atm s 1.59 x 107" m*/ =,
Find: Kinematic viscosity of methane at 200°C and 2 atm.

Properties: From Table A2, 5 =198 K.
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Problem (2.20)

2/7/10/2010

| APPROACH I

Apply the 1deal gas law and Sutherland’s equation.

ANALYSIS

Ideal-gas law

Sutherland’s equation

2 473 + 198

1.252

1 /473 %% 288 4 198
238

1.252 % 1.59 x 107" m*/s

1.99 x 107" m?/s




Problem (2.33)

PROBLEM 2 33

Situation: Glycerin 1s flowing 1in between two stationary plates. The plate spacing 15
B =5cm.
The velocity distribution 13 F

1 dp Y=12mm 5cm
e - Y
TR b |
where the pressure gradient 1s dp/dz = —1.6 kN/ m? —
Pressure gradient X-direction

Find:
a.) Velocity and shear stress at12 mm from wall (1.e. at y = 12mm).
b.) Velocity and shear stress at the wall (1.e. at y = 0mm).

Properties: Glycerin at 20°C from Table A4: u=14IN- s/ m?.

APPROACH I

Find velocity by direct substitution into the speaified velocity distribution. Find
shear stress using 7 = p (du/dy), where the rate-of-strain (1.e. the dervative du/dy)
18 found by differentiating the veloeity distribution.

| ﬁ}JALYS]SI
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a.) Veloaity (at y = 12 mm)

= 9 2
SN o (—1600N/m?) ((0.05m) (0.012m) — (0.012m)*)

0.258 T—

5

uly=12mm) =0259m/s

Rate of strain (general expression|

du
dy
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Rate of stran (at y = 12 mm)

N
— —1600— | (0.05m — 2 x 0.012
( 2(141N- s/ m?) m3) (0.05m . m)

147557

Shear stress

du
I dy

(1_41 il 'f) (147557

m

20. T98 Pa

T(y=12mm) = 20 8 Pa

b.) Velocity {at y = 0mm)

S (160N ) ((005m) (0m) = (0m)’)

0.00=

S
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uly=0mm)=0m/s

Rate of stramn (at y = 0 mm)

5 - () (@)e-w

1 N _
(_2{1.41N- y mﬂj) (—lﬁﬂﬂ mL) (0.05m —2 % 0m)

28 375"

Shear stress (at y = 0 mm)

du
e dy

N. \
(1_41 ;‘) (2837571

m

4000 Pa

Ty =0mm) = ilﬂ.l]Pal

| COMNMMENTS I
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. As expected, the velocity at the wall {1.e. at y = 0) 15 zero due to the no shp
condition.

2. As expected, the shear stress at the wall 1s larger than the shear stress away
from the wall. This 15 because shear stress 13 maxamum at the wall and zero

along the centerline (1.e. at y = B/2).
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Problem (2.54)

PROBLEM 254

Situation: A glass tube 13 immersed 1n a pool of mercury—details are provided in the
problem statement. ~

Find: Depression distance of mercury: d

| APPROACH I

Apply equilibrium and the surface tension force equation.

|ANALYSIS| Surface tension=pressure forces

Td®
OsAs = PA.s cosbrdo = ﬁh’}fT

Solving for Al results in
_dcostlo

Ah =
vd

Substitute 1n values

4 « cosdl x 0514

(13.6 x 9810) = 0.001
0.0118m

Ak =11 8mm




THE END
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