The First Law of Thermodynamics




Lecture 4 ‘
The First Law of Thermodynamlcs
Definition

The first law of thermodynamics, also known as the conservation of energy
principle, states that:
Energy can be neither created nor destroyed; it can only change forms.

['Tmal Energy } [Tﬂtalenergy ]_(Changein the total J

entering the system / | leaving the system / | energy of the system

Ein=Eout = ‘ﬂEsysrem (kJ)
—_— — —
Netenergy transfer Change in internal, kinetics

by heat, work and mass  potential, etc., energies

In the rate form, as:

dE

: : B system
_E in"E out - dr (kW)

Rate of netenergy transfer p.o ¢ change in internal,

by heat, work and mass kinetics, potential, etc., energies
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Lecture 4 '
Energy Balance for a Closed System

4 Sign Convention 1: No sign convention!
Just take care of energies in and out.

Qou
Qr'n + W’n‘l'E in— Qﬂut'l'wﬂm'l' E out e ’"E
Q Sign Convention 2: Heat added to the system is positive | * s
Work done by the system is positive i I 8 : C
(QEH' Qﬂm‘) +(Win- Wﬂm‘)= AE system O
Qm?t,in - an‘,am = AE system
or Q- W= AE

O For stationary system:  AKE = APE =0, AE = AU

The Ist Law: Q- W=4U
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Lecture 4 ‘
|
A) Constant-Volume Process

The 1st Law: Q —-W = AU

Where W =PAV =0 Q W=0
Q=AU T T

T3
Q=AU =U,—-U,= [mC,dT =mC, (T, —T))
T

1

B) Constant-Pressure Process:

The 1stLaw: Q-W =AU AW >0
Where W = PAV el
Q=PAV + AU
Since P is a constant: PAV=A (PV) 0
Q =A(PV) + AU = A(PV+U)= AH -1
Q=AH

)
QO=AH=H,—H, = [mGdT=mGC,(T,—T))
T,

|
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|
C) Isothermal Process:

The 1t Law: Q-W =AU
T = constant, then since U = U(T) for ideal gases:

AU =0
Q=W
where W = APdV and PV = mRT (ideal gas)
V. mRT % e
Q=W = jdeV = mRT 1n(2J
Vv, 1

D) Adiabatic Process
The 1t Law: Q-W =AU
Q=0
-W=AU

(Adiabatic)
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( lecturesa | |

: The First Law of Thermodynamics
nerqy Balance for a Control Volume \
_— T

O The energy content of a control volume can be changed by mass flow as well as
heat and work interactions.

: : dEsvsrfm
EEM_EGM - - (kw)
Rate of net energy transfer b

Rate of change in internal,

by heat, work and mass N . : Heat i
kinetics, potential, etc., energies loss Oy heating
. g /elem_enl
my = '"l—lr _____ ’_ _: W,
1 For steady-flow systems (AE e, = 0): “Hot — |
water :
out | :
. . : CvV |
_ ! :
Efﬂ = :Eﬂ HF; i (Hot-water tank) :_ m
Rate of net energy transfer  Rate of change in internal, [ B Cold
walter
by heat, work and mass Kinetics, potential, etc., energies -
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Lecture 4 ‘
The First Law of Thermodynamics

O For a general steady-flow system:

‘
o — 15t sign
“{l’;n + z m‘igi‘ - Qm.-r ﬂm + z m E or COI"I'JEI"ItiDI"I
. [ 2
. W
“};n - Z m'f[ hf"TI"g‘_'f [ - m.r! gm‘ + Z -‘}” 'i‘e +£ e |
For eat.;:rh inlet For each exit

and

O Let, 0=0,-0 {Q:}O heat input to the system

O <0, heat transfer from the system

W=w —W

ot

{W >0, work output from the system

W <0, work done on the system

W (1Y, | 2 sian
0- Zm[ ] Zm‘[‘ 2 gr::!J convention

For eath exit For each inlet

Dr. Ismail Mahmoud Metwally El_Semary 7 12/14/2015



Lecture 4 ‘
The First Law of Thermodynamics

O For single-stream steady-flow systems i

: : L viov?
(H’ti = i"}’le) o-W :ril{he—hﬁ?"—?”rg(zf—z‘ }

O In terms of unit mass:

qg—w= Q—E—Ah—kﬁke—kﬁpé
o m

Q IfAK, = 0,AP, =0

g—w=Ah or
The Ist Law: O — W = AH
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Lecture 4 '
: The First Law of Thermodynamics

A

Steady-State Engineering devices:-
Some common steady-state devices are:

1. Nozzles and diffusers
Turbines, Compressors, pumps, and fans
Throttles
Mixers
Heat Exchangers

ko
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Lecture 4 ‘
Diffuser and Nozzle: —

Nozzles and diffusers are commonly utilized in wind tunnels, jet engines,
rockets, space-craft, and even garden hoses.

Nozzle: it is a flow passage of varying cross section area in which the velocity of
flow increase in direction of flow.

Diffuser: itis a flow passage of varying cross section area in which the velocity
of flow decrease in direction of flow.

Characteristics:
*0=0
L] W = 0
* Ape=0

e Ake#0

2

Q+Zmi'(hi +V?1+ gZijz\N +Zm{h€ +V?e+ gZe]
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T i The First L fTh d [
Turbine and Compressor and Pump:

O Turbines:-

it is a device in which work done or developed as a result of
flow of gas or liquid passing through a blades. They are widely
used in

» vapour power plants,

» gas turbine power plants,

» aircraft engines.

» Superheated steam or a gas enters the turbine and expands
to a lower exit pressure as work is developed. As the fluid
passes through the turbine, work is done against the blades,
which are attached to the shaft. As a result, the shaft rotates,
and the turbine produces work. The work done by turbines
IS positive since it is done by the fluid.

» In hydraulic turbine, water falling through the propeller
causes the shaft to rotate and work is developed.
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The First Law of Thermodynamics
0 Compressors

it is a device in which work done on gas passing through them in order to raise the
pressure.

» Different types of compressors are available such as reciprocating, axial,
centrifugal, etc..)

v’ Reciprocating compressors

Inlet

Qutlet

v Axial compressors
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Lecture 4 ‘
0 Pumps —

it is a device in which the work input is used to change state of the following liquid.

> Different types of pumps are available such as reciprocating, piston, axial,
centrifugal, peristaltic, etc..)

Piston pump

Lift pump
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-
Turbine and Compressor and Pu

Pr———

Characteristics:

W — mé(hi o he)

Note:
Turbines are devices that produce work. But compressor, pump and fan are devices that
require work.
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ermodynamics

O Throttling Valves

It Is a device that causes a significant pressure drop in the fluid. But Unlike turbines, they
produce pressure drop without involving any work.

> are flow-restricting devices that cause a significant pressure drop in the fluid.
» Unlike turbines, they produce pressure drop without involving any work.
» Some familiar examples are:

(a)-ordinary adjustable valves T
(b)-porous plugs X
(C)-Capillary tubes (a) An adjustable valve

N S

(b) A porous plug

(¢) A capillary tube

» Application: Pressure drop in fluids is often accompanied by a large drop in
temperature, and for that reason throttling devices are commonly used in
refrigeration and air conditioning applications.
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Lecture 4 ‘
The First Law of Thermodynamics

Characteristics:
°0=0
*Ape=0)

® Ake=0

Inlet Exit

Partially open valve 'Y W ~ 0

2 2

Q+>m hi+V31+gZi =N +>m; he+vze+gze
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Note: ermodynamics

ote:
»During the throttling process, h of a fluid remains constant. But internal and

flow energy are converted to each other.

Internal Energy + Flow Energy = Constant

u, + Fv, =u, + P,v, = constant

——

E

(]'ﬁ".ﬁ Illl |rI':=|rr|_

if Pv,>Py,=u <u,=T <Ty; TT E).um r ry=T, (%

if Pv < Pv,=u,>u,=T,>T,; Tl

> If the flow energy Pv increases during a process, It can do so at the expense
of internal energy u. As a result, u decreases, which is usually accompanied by a
dropinT.

> If the product Pv decreases, u and T of a fluid will increase during a throttling
process
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Mixing Chambers —

»Mixer chambers (a pot, vessel, section,....) are devices where two moving
fluid streams exchange heat due to mixing.

» An ordinary T-elbow or Y-elbow in a shower, for example, can serve as the
mixing chamber for the cold and hot water steams.

Characteristics:
o Amgy, =0
eAE., =0

" o *Ape=0

T T, — * Ake=0

, e «0=0

fH/n—( (T-cll‘m\\' L4 W -_ O

waler

2 2

Q+>m hi+vzl+gZi =V +2>.m, he+vze+gze

e

>mh =xmh,
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ermodynamics

Heat Exchangers

»Heat Exchangers are devices where two moving fluid streams exchange heat
without mixing.

» The simplest form of a heat exchanger is a double tube (also called tube-and
shell) heat exchanger (b,c).

» It is composed of two concentric pipes of different diameters. One fluid
flows

In the inner pipe, and the other in the annular space between the two pipes.

» Heat is transferred from the hot fluid to the cold one through the wall
separating them.

o e e
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The First Law of Thermodynamics

H“i(l B CV boundary Fluid B CV boundary Characteristics:
r', ‘.
s — \ e Am, =0
—— o
= *— Fluid A 0—‘:: Heat 8 *— Fluid A ® Ape = 0
: Heat : e Ake =0
- =
\\ I:\ I 2(a)Qpy =0
() System: Entire heat (b} Systemy: Flwid A (Q 20} = {b) Q.:v =0
exchanger (Qqy = 0)

2 2

Q+Ym hi+V51+gZi =N +>m; he+V§e+gZe

(a) mA,in hA,in + mB,in hB,in — mA,out hA,out + mB,out hB,out

(b) Q — rnA,out hA,out o mA,in hA,in
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