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Behavior of (a) solid and (b) fluid, under the action of a constant shear

force.

(a)

Fig. 1.1
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EXAMPLE 1.1 First Law Application to Closed System

A piston-cylinder device contains 0.95 kg of oxygen initially at a temperature of 27°C
and a pressure due to the weight of 150 kPa (abs). Heat is added to the gas until it
reaches a temperature of 6”7°C Determine the amount of heat added during the process.

[P,
]

'
PP
.

"
[P,
’

3
P
]

"
[P,
’

EXAMPLE PROBLEM 1.1

GIVEN:  Piston-cylinder containing O,, m = 0.95 k.
T, =27°C T, = 627°C

FIND: ©,....

SOLUTION:

p = constant = 150 kPa (abs)

We are dealing with a system, m = 0.95 kg.

Governing equation: First law for the system, Q,, — W, =

Assumptions: (1) E = = U, since the system is stationary
(2) Ideal gas with constant specific heats

Under the above assumptions,

P
S
P

—gm
1
{
1
{
{
4
3
4
N

EI = 11.|
) = mc,

-4

(T,




 §

The work done during the process is moving boundary work
¥
Wi = )P = pt¥, — %)

For an ideal gas, p¥ = mRT. Hence W), = mR(T> — T),). Then from the first law equation,

Qu=E, — E, + Wy, =mc (T, — T)) + mR(T, = T))

Qn = m(T, — T))(c, + R)

Q2 = me,(T; — T)) (R =¢c; —ic,}
From the Appendix, Table A.6, for O,, ¢, = 909.4 J/(kg - K). Solving for Q,,, we obtain

D93 kp 5 909 ) . 600 K

Q) = 518KkJ

O1n

kg - K

This problem:
v/ Was solved using the nine logical steps discussed earlier.
v/ Reviewed use of the ideal gas equation and the first law of
thermodynamics for a system.
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EXAMPLE 1.2 Mass Conservation Applied to Control Volume

A reducing water pipe section has an inlet diameter of 5 cm and exit diameter of 3 cm, If the steady inlet speed
(averaged across the inlet area) is 2.5 my/s, find the exit speed.

GIVEN: Pipe, inlet D, = $ cm, exit D, = 3 em e 1 N .
Inlet speed, V, = 2.5 m/s oyt ___:DZ—’
FIND: it speed. V, R g e o e i
S g Control volume

SOLUTION:
Assumption: Water is incompressible (density p = constant)

The physical law we use here is the conservation of mass, which you learned in thermodynamics when studying turbines,
boilers, and so on. You may have scen mass flow at an inlet or outlet expressed as either i = VA/v or i = pVA where V, A,
v, and p are the speed, area, specific volume, and density, respectively. We will use the density form of the equation.

Hence the mass flow is:

m = pVA
Applying mass conservation, from our study of thermodynamics,
pVOAc - pvrAc

(Note: p, = p, = p by our first assumption)
(Note: Even though we are already familiar with this equation from thermodynamics, we will derive it in Chapter 4.)

Solving for V,,

A a4 =V,(l_)i):

A, )] /4 D,
- 4
s \3
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The air resistance (drag force) on a 200g ball in free flight is given by F;=2x10* V?,
where Fg is in Newtons and V is in meters per second. If the ball is dropped from
rest 500m above the ground, determine the speed at which it hits the ground.
What percentage of the terminal speed in the result?

EXAMPLE PROBLEM 1.2 Free-Fall of Ball in Air

GIVEN: Ball, m = 0.2 kg, released from rest at y, = 500 m

. . . " ) S - o) > "”“‘
Air resistance, F, = kV-, where k = 2 X 107* N - s*/m?
= I : (D
Units: Fp(N), V(m/s) Yor— (RS /
N
FIND: (a) Speed at which the ball hits the ground. : Fp
(b) Ratio of speed to terminal speed. '
A
SOLUTION:
Governing equation: 2 F = ma
Assumption: (1) Neglect buoyancy force. ,

The motion of the ball is governed by the equation

e 1V
SF, =ma, = m—
: dt
- : dV dy dV
Since V = W(y), we write 2F, = m——— = mV — Then.
€ dy dt dy
XF, = Fy —mg=kV- —mg = mV it

dy



{ { { { { { { {
i 0 ¢ i i { ¢ i
¢ { ¢ ¢ ¢ { ¢ ¢

Separating variables and integrating,

{ {
1 {
i i

J‘-" J‘V mV dV
el | e
Yo 0 kV® —mg

v

y—Yy = [% In(kV? — mg)] = |

o 2k —mg

Taking antilogarithms, we obtain

") 2K T -,
kV= —mg = —mg elm=Yo)l

Solving for V gives

2

a1 1/2
b {%(l _el;‘-w-.vnn)}f

Substituting numerical values with y = 0 yields

V= = X
s 2x10*N-s> kg-m

V="787mls

0.2kg 981 m m? N 5% [ L 25

4 4 4 A _Ni 4 4 4 4 4 4 4 4
4 4 4 4 4 ! 4 4 4 ! 4 4 4 ! 4 4 4 !
N N N N N N N N N N N N N N N N N




At terminal speed, a, = 0 and zF\, =0 = Ve — mg

1/2 o) 7 W2
g 02kg 9381 “ N:s
Then, V, = {/713} = i 2 X 1124 K S = 99.0 m/s.
k § 2x10 Ny ky-m

The ratio of actual speed to terminal speed is

v
78. -
Y _ 787 _ 5795. or 79.5% V;

v, 99.0 ¢

This problem:
v Reviewed the methods used in particle mechanics.
v/ Introduced a variable aerodynamic drag force.

Try the Excel workbook for this Example Problem for
variations on this problem.
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EXAMPLE 1.4 Use of Units
The label on a jar of peanut butter states its net weight is 510 g. Express its mass and weight in SI. BG, and EE
units,

GIVEN: Peanut butter “weight,” m = 510 g
FIND: Mass and weight in SI, BG, and EE units
SOLUTION:

This problem involves unit conversions and use of the equation relating weight and mass:
W =mg

The given “weight” is actually the mass because it is expressed in units of mass:

My = 0.510 kg — msi
Using the conversions of Table G.2 (Appendix G),
| Ibm I Ibm my
= mg =0510kg { =——— ) =1.121bm .« —
T (().454 kg) ke (0.454 kg) b
Using the fact that | slug = 32.2 Ibm,
| slug - I slug Mac
. == ——— ) = ], |2 e | = ().(0349 ¢ ’ p e
To find the weight, we use
W= mg
In SI units, and using the definition of a newton.
m kg . m) ( N ) Wy
Wy =0.510kg X 9.81 = =500 [ —— -] =S00N v
= $ 5 ( s/ \kg«m/is’
In BG units, and using the definition of a slug,
' slug « ft . §* « Ibi/ft s
Weg = 0.0349 slug X 322 & = | |2 2080 _ 1.12(""", ") (” ) = 112 Ibf Wi
§° s? s slug
In EE units, we use the form W = mg/g,., and using the definition of g,
ft I 16.1 Ibm.fi Ibm « fi Ibf « s* . We
Weg = 1.12Ibm X322 = X — = — = 36.1 : BLAZIE e
B = | - g, g, 52 ( s ) (32.2 fts lbm) l
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