Vortrag 1: Erscheinungsbild von Verbrennungsvorgangen
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Vortrag 1: Erscheinungsbild von Verbrennungsvorgangen

Work and Kinetic Energy

» Abody of mass m (a closed system) the velocity of the center of mass of the body is V.

» The body is acted on by a resultant force F, ¥

where V = ds/dt.

Rearranging and integrating from s, to s, gives .
v,

mV dV =

(" &2

F,ds

.-\""_ o 5
V. v,

2 1 5 1 5 5 . —
mv dV = Emv-} = Em(Vj — Vi) The change in kinetic energy,
Vi

J VI
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Work and Kinetic Energy

[ 52
W= ‘ F-ds
J 5
I 5
—m(V2— V3) = ‘ Fds
2 Js,
— -
Potential Energy
» Abody of mass /mthat moves vertically from an elevation z to R
an elevation z, relative to the surface of the earth. T i
» Two forces are shown acting on the system: a downward force _'\':_f,\’ B
due to gravity with magnitude /mg and a vertical force with g |
. . . z 4
magnitude R representing the resultant of all otherforces acting
on the system T Earth’s surface
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Potential Energy

1 5 [ o

EW(VE — V) = ‘ Rdz — ‘ mg dz
oI JI

The second integral M5

‘ mg dz; = mg(zg - Zl) The change in potential energy

rearranging 1 [
sine Em(\z’% — V;) +mg(z — 7)) = ‘ R dz

» The macroscopic energy of an object changes with velocity and elevation
1 7 1 2
Em'\.’2 + mgz, = EmVT + mgz,

The sum of the kinetic and gravitational
potential energies remains constant.

CONSERVATION OF ENERGY IN MECHANICS
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Internal Energy

» Internal energy is defined earlier as the sum of all the microscopic forms of energy of a o
system.

» Itis related to the molecular structure and the degree of molecular activity and can be viewed
as the sum of the kinetic and potential energies of the molecules.

s
vl ~ s
® > . 4 @
@ v g e Y.
s
\ oV a
v,
Molecular Electron /
translati Molecular translati Molecular
ranslation rotation ranslation vibration Nuclear
spin
6;{ » The internal energy associated with the phase of a system is called the
£ latent energy
vy & » The internal energy associated with the atomic bonds in a molecule is
e . called chemical energy
Electron . ; -
spin » The amount of energy associated with the strong bonds within the nucleus
of the atom itself is called nuclear energy
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Mechanical Energy

» The mechanical energy can be defined as the form of energy that can be converted to
mechanical work completely and directly by an ideal mechanical device such as an ideal
turbine.

» Kinetic and potential energies are the familiar forms of mechanical energy.
» Thermal energy is not mechanical energy.

» The mechanical energy of a flowing fluid can be expressed on a unit mass basis as

2

P F
=—+ — + gz

€ o 7

mech

and
11d E . - E . E o
mech — ME€mech — M f-) 2 82

and

: . [Py — V% — V]2
AE . on = mAe ., = m + +g(z, — zy)

P
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Heat and work

» The only two forms of energy interactions associated with a closed system are heat transfer
and work.

» An energy interaction is heat transfer if its driving force is a temperature difference.
» Otherwise it is work.

» A control volume can also exchange energy via mass transfer since any time mass is
transferred into or out of a system, the energy content of the mass is also transferred with it.

/ ;‘I)em System boundary

..V T T T T T T T T |
/\/Ac - V7 = Heat
LY v = pAYL
Ip| | = Pt CLOSED
| o Work

(m = constant)

\/ ) >
v
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Energy Transfer by heat

» Heat is defined as the form of energy that is transferred

Room air

between two systems (or a system and its surroundings) by 25°C

virtue of a temperature difference. Hoben R e
> Temperature difference is the driving force for heat = (\Qj \'t

transfer. The larger the temperature difference, the higher ‘S(..l | Sord .‘ Sords

is the rate of heat transfer. Tle | o e "—
» Heat is energy in transition. It is recognized only as it - -

crosses the boundary of a system

» A process during which there is no heat transfer is called an adiabatic process.
» There are two ways a process can be adiabatic:

i.  Either the system is well insulated so that only a negligible amount of heat can pass
through the boundary, or

ii. Both the system and the surroundings are at the same temperature and therefore there is

no driving force (temperature difference) for heat transfer.
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two states (states 1 and 2) is denoted by @,,, or just Q.

Energy Transfer by Heat
> Even though there is no heat transfer during an adiabatic Insulation
process, the energy content and thus the temperature of a CTTTTTTTTTTTT
system can still be changed by other means such as work. i Q=0
> The amount of heat transferred during the process between i A ne
|
|
|

» Heat transfer per unit mass of a system is denoted gand is b
determined from

q= " (kJ/kg)

> The heat transfer rate is denoted ¢} , where the over dot stands for the time derivative, or
“per unit time.” The heat transfer rate () has the unit kJ/s, which is equivalent to kKW.

> When ¢ varies with time, the amount of heat transfer during a process is determined by
integrating () over the time interval of the process:

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan g
Tel. +962 6 535 5000 | 22888

-
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Energy Transfer by Heat

L

0= Q dt (k]} The net rate of heat transfer

Ju

» To perform the integration, it would be necessary to know how the rate of heat transfer varies
with time.

When Q remains constant during a process,
0=0Ar  (K)
where At = 1, — 1, is the time interval during which the process takes place.

» Heat transfer /infoa system is taken to be positive, and heat transfer from a system is taken as
negative.

Q = 0: heat transfer fo the system ©Q < 0: heat transfer from the system
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Energy Transfer by Heat

» The value of a heat transfer depends on the details of a
process and not just the end states.

» Thus, like work, heat is not a property, and its
differential is written as 0Q, i.e. Path Functions have
inexact differentials.

» The amount of energy transfer by heat for a process is
given by the integral 2

Q=| 50

1

» Insome cases it is convenient to use the heat flux, q which is the heat transfer rate per unit
of system surface area,

0= | gdA

JA

where A represents the area on the boundary of the system where heat transfer occurs.
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Energy Transfer by Heat

» Heat is transferred by three mechanisms: conduction, convection, 0, = —kA—

tral 2 i
and radiation. -

»  Conduction is the transfer of energy from the more energetic
particles of a substance to the adjacent less energetic ones as a result |'
of interaction between particles. I
|
|
|

» Convection is the transfer of energy between a solid surface and the AN
adjacent fluid that is in motion, and it involves the combined effects
of conduction and fluid motion.

» Radiation is the transfer of energy due to the emission of
electromagnetic waves (or photons). Q - s:rrATﬁ

Cooling air flow
Ti<T,

F— 0. =hA(T, - T))

Ve
i
Wire leads
nt | University of Jordan | Amman 11942, Jordan "
Circuit board

T o= -

Transistor

Energy Transfer by Work

» Work, like heat, is an energy interaction between a system and its surroundings.

» Then we can simply say that an energy interaction that is not caused by a temperature
difference between a system and its surroundings is work.

» Therefore, if the energy crossing the boundary of a closed system is not heat, it must be work.

» More specifically, work is the enerqy transfer associated with a force acting through a
distance.

» Examples are : Arising piston, a rotating shaft, and an electric wire crossing the system
boundaries are all associated with work interactions.
» The work done during a process between states 1 and 2 is denoted by W/,, or simply W.
» The work done per unit mass of a system is denoted by wand is expressed as
1%

w=— (kJ/kg)
m :

The work done per unit time is called power and is denoted W kJ/s, or kW.
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er by Work

[tz [
W= [ Wdt = [ F-Vdr
W < 0: work done on the system l
W = 0: work done by the system W=6KkW

w=15kJ/kg

Heat and work are directional quantities, and thus the complete description of a heat or
work interaction requires the specification of both the magnitude and direction

» Work is also Path functions have inexact differentials, sw.

-2

oW = W, (not AW) and  &Wis not W, — W,

1
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Energy Transfer by Work

Expansion or Compression Work

»  As the gas expands its pressure exerts a System boundary
normal force on the piston. Area=A  Average pressure at

the piston face =p

»  pdenote the pressure acting at the interface /*\: “““ m
between the gas and the piston., Ais the area | | GZ:;—A-P ;
\ I L 1
of the piston face. w liguid
»  The force exerted by the gas on the piston is ‘_b.\' _JI

simply the product pA,
Py P % For a compression, dV is negative.

»  The work done by the system as he piston is
displaced a distance dxis

oW =pAdcx =y oSW=pdV

dV is positive when volume increases.

(¥

=) W= | pav

v
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Energy Transfer by Work
P = Measured data
-« Curve fit
- 1
‘Sz'_, N
e, N £
9, é
o
14 2]
p For simple compressible substances
I A in reversible processes, the work
W\ done can be represented as the area " v .
\:\ . | Volume |
\| under a curve in a pressure-volume | |
N di m—
. B diagram TGasor |
\\*é\ . | liquid !
....__1____'_3_., 9 [
Area = work | |
for process A X X
X -
v
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Moving Boundary Work

» Quasi-equilibrium process: A process
during which the system remains nearly
in equilibrium at all times.

» Moving boundary work (P dVwork): The
expansion and compression work in a piston-
cylinder device.

oW, = Fds = PAds = P dV

T

F

» W, is positive — for expansion
» W, is negative — for compression

(kJ)

the pressure at the inner face of the piston.

The moving

The work associated with
boundary

a moving boundary is
l called boundary work.

I A gas does a differential
amount of work oW as it
forces the piston to move
by a differential amount ds.
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Moving Boundary Work

P
The boundary work done during
a process depends on the path
followed as well as the end

|

|

|

|

|

[ 2

! : states.

| |

v —»i i~—dV EVz v

| | |

i =] |

= I P

| .

' = : The net work done during a
The area under the process cycle is the difference between
curve on a A- Vdiagram the work done by the system
represents the boundary and the work done on the

5 5 system.
Area = A = J dA = J PdVv

1 1
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Wy =10kJ
Wp=8kJ
We=5k

e I e S

%}
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Polytropic, Isothermal, and Isobaric processes

P=cCcv™

W, = J PdV = J C
1 1

mR(T, — Th)

1 —n

b

W,

2

W,
1

VrdV=C—

Vq_“+| . Vl—rr+l B PEVE _ P|U]

Polytropic process: C, n (polytropic exponent) constants

Polytropic process

—n+1

Polytropic and for ideal gas 1 # 1

1

5

constant-volume process?

What is the boundary work for a

Schematic and P-V/diagram
for a polytropic process.
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GAS

PV"=C = const.

5000 | 22888

P

Pt

1—n

J‘_PdU = J cVlay = Py ln( U”) When 7= 1 (isothermal process)
V
1 1

J PdV = P, J dV = Py(V, — V) Constant pressure process

PVj= PV3

PV" = const.

S e B
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Example

A-rigid tank contains air at 500 kPa and 150°C. As a result of heat transfer to the surroundings,
the temperature and pressure inside the tank drop to 65°C and 400 kPa, respectively. Determine
the boundary work done during this process.
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A frictionless piston—cylinder device contains 10 Ibm of steam at 60 psia and 320F. Heat is now
transferred to the steam until the temperature reaches 400F. If the piston is not attached to a shaft
and its mass is constant, determine the work done by the steam during this process.

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan g

Tel. +962 6 535 5000 | 22888 a



Vortrag 1: Erscheinungsbild von Verbrennungsvorgangen

Example

A piston—cylinder device initially contains 0.4 m?3 of air at 100 kPa and 80°C. The air is now
compressed to 0.1 m? in such a way that the temperature inside the cylinder remains constant.

Determine the work done during this process. .

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan 5
Tel. +962 6 535 5000 | 22888 .

A gas in a piston—cylinder assembly undergoes an expansion process for which the relationship

between pressure and volume is given by
pV" = constant

The initial pressure is 3 bar, the initial volume is 0.1 m®, and the final volume is 0.2 m®. Determine the work for the process,
inkl,if (a)n =15, (h)n= 10, and (¢c)n = 0.

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan ﬁ
Tel. +962 6 535 5000 | 22888 a



Vortrag 1: Erscheinungsbild von Verbrennungsvorgangen

Example Cont.
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The piston/cylinder setup shown contains 0.1 kg of water at 1000 kPa, 500°C. The water is now
cooled with a constant force on the piston until it reaches half the initial volume. After this it
cools to 25°C while the piston is against the stops. Find the final water pressure and the work in
the overall process, and show the process in a P-vdiagram
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Example Cont.
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Summary
For a closed system: PV" = constant

P_(W)

Pl V2
Expansion/Compression (Moving Boundary) Ideal Gases ONLY:

Work (Ideal Gas OR liguid):
T P (n-1)/n (n-1)
2 2 _| 2 —|
IP-dV:M,(n;&D T, (F’lj [Vz]
— N

1
5 y ."P.dvzw,(nil)
[P dv =RV, In| 22 | (n =1) ' "
1 \A V.

P C— N

P~dV=mRTIn[
V
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er by Work
Shaft Work Boat
» Aforce Facting through a moment arm rgenerates a
torque T T

T=F — F=—
’

This force acts through a distance s,

s = (27@r)n

» For a specified constant torque, the work done
during nrevolutions :

T
W, =Fs = (?)(Zﬁﬂi) = 27nT

» The power transmitted through the shaft is the shaft
work done per unit time,

W, =2maT

Torque = Fr

Wy, = 2mnT (kW)
where 7 is the number of revolutions per unit time.
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan "
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Energy Transfer by Work
Electrical Work
I
W, = VI W,= VI R v
where VI{, is the electrical power and [ is the current Z j:jR —l'

the electrical work done during a time interval At is

)
W, = J Vidi (k)
1
When both V and [ remain constant during the time interval Az,

W, = VI At (kI)
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er by Work
Spring Work
» When the length of the spring changes by a differential
amount ax under the influence of a force £, the work done
is
BWSpﬁng = Fdx Rest -
position dx
For linear elastic springs,
F = kx (kN) l
X F

‘ H’.\prmg = %k H% - ‘_h

where x; and x, are the initial and the final displacements of the spring,

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan g
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Energy Transfer by Work

Work Done on Elastic Solid Bars
» For solid bar under tension.

» The bar is fixed at x =0,
» The force Fis applied at the other end.

F=cA,

Where A is the cross-sectional area of the bar and o is
the normal stress acting at the end of the bar.

» The work done as the end of the bar moves a
distance dxis given by . .

W,muc = J Fdx = J U'”A dx
1 1

e
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er by Work

Work Associated with the Stretching of a Liquid Film

Rigid wire frame

» Aforce F needs tobe applied on the
movable wire in the opposite direction to

Movable

wire

balance this pulling effect. -
|
> The thin film in the device has two surfaces | F
(the top and bottom surfaces) exposed to air. |
The length along which the tension acts in I :
R . |
this case is 2. . | '
F = 2be, | =
L /l dx
- -
2 "" .
Wsurj'ucc = Ty dA %
| F
o a,
W = Force * Distance = F Ax = 2bo, Ax = o, AA Liquid film * Wiee
where dA = 2b dx is the change in the surface area of the film.
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan g
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Energy Transfer by Work

» Work is said to be reversible if and only if the work done in moving dx is exactly recovered
if the motion is reversed.

Forward:  dWjorpara = F(x,v)-dx
Reverse:  dWieyerse = — @Wiorwara = F(x,—v) - (—dx).

Quasi-static

—x
Rapid compression and
— expansion ofagas © .~
F » An important feature of a reversible process
- is that, depending on the process, it
represents the maximum work that can be

extracted in going from one state to another,
or the minimum work that is needed to
create the state change. F
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Summary

Both are recognized at the boundaries of a system as they cross the boundaries. That is, both
heat and work are boundary phenomena.

Systems possess energy, but not heat or work.

Both are associated with a process, not a state. Unlike properties, heat or work has no
meaning at a state.

Both are path functions (i.e., their magnitudes depend on the path followed during a process
as well as the end states).

Path functions have

Properties are point functions have . . . .
inexact differentials (&)

exact differentials (o).
2

2
J dV: ‘\/2 - ‘\/1 - AV J 8W: W12 (l’lO[ AW)
1

1

J 80 =0, (not AQ))

1
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Summary

Heat vs. Work P

v

Both are recognized at the boundaries of a
system as they cross the boundaries. That is,
both heat and work are boundary I
phenomena.

Systems possess energy, but not heat or
work.

Both are associated with a process, not a
state.

Unlike properties, heat or work has no
meaning at a state.

Both are path functions (i.e., their ) 3
magnitudes depend on the path followed 2m’ 5m 4
during a process as well as the end states). Properties are point functions; but heat and

work are path functions (their magnitudes
depend on the path followed).
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Examples

A candle is burning in a well-insulated room. Taking the room (the air plus the candle) as the
system, determine

(&) if there is any heat transfer during this burning process and
(Insulation)

o Heat is recognized as it crosses the boundaries.

o Since the room is well insulated, we have an adiabatic
system and no heat will pass through the boundaries

Q = 0 for this process.

%}

(b) if there is any change in the internal energy of the
system.

During the process just described, part of the chemical energy is converted to sensible energy.
Since there is no increase or decrease in the total internal energy of the system

AU =0
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Examples

(Insulation)

OVEN > Energy transfer is a temperature difference,

Heat

this is a heat transfer process. System boundary
POTATO * &
25°C e — Tt ——————n
» If the entire oven, including the

Electric oven

heating element, is taken to be
the system

200°C

Heating element

This energy transfer to the oven is not caused by a temperature \

difference between the oven and the surrounding air. Instead, it is jE___J
caused by electrons crossing the system boundary and thus doing
work.

» If the system is taken as only the air in the oven without the heating element.

» No electrons will be crossing the system boundary at any point. Instead, the energy generated
in the interior of the heating element will be transferred to the air around it as a result of the
temperature difference between the heating element and the air in the oven (heat transf
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