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8 Auvailability or ‘Exergy’
and lrreversibility

Learning objectives:

1. First, ‘Availability’ (or ‘Exergy’) and its importance in IT Law analysis of systems is explained.

2. Available energy referred to a cycle is explained next.

Nt

Decrease in Available energy when heat is transferred through a finite temperature
difference is studied next.

Availability in Non-flow systems and Steady flow processes are discussed.
Helmholtz and Gibbs Functions are mentioned.

Important concept of ‘Irreversibility” or ‘degradation’ or ‘dissipation’ is explained.
‘Effectiveness” of a process with reference to II Law is elaborated.

‘Exergy balance’ with reference to processes is studied.

O © N e

Concepts of above topics are consolidated with some problems worked out with EES and
TEST software.

8.1 Definitions, Statements and Formulas used:
8.1.1 ‘Availability’ or ‘Available energy’ or ‘Exergy’[1,5,71:

Consider a high temp source at temp T, and the environment (sink) at T . Then, a reversible heat engine
between the source and the sink will deliver max. work output. However, we also know from II Law
that all the heat available can not be converted to work, and some amount of heat is necessarily to be
rejected to the sink. So, the amount of heat rejected is the ‘unavailable part’ of the energy and the W__

obtained is the available part’ of the energy.

Thus, by definition: ‘A system delivers the max. possible work as it undergoes a reversible process from
the specified initial state to the state if its environment, that is, the dead state’. This is the ‘useful work

potential’ of the system at the specified state and is called ‘Exergy"

Exergy of heat: If heat Q is supplied at a source temp of T, and the environment is at T, the exergy or

the max. work output is:

-

{ Tn
Whas=0Q- 1 - — | —eqn. (3.1)

L II_:*_.
8. Wga= Q- Tpas  ....egn (8.2)

where As = entropy change in the process
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Also, the unavailable energy (or ‘anergy’) = TO .As

Exergy of Work: Exergy of work is work itself, since there is no Thermodynamic restriction on

its availability.

Exergy of Kinetic Energy and Potential Energy: Again, the exergies of K.E. and PE. are the respective

energies themselves.

8.1.2 Decrease in Available energy when heat is transferred through a finite temp. difference:

Whenever heat is transferred through a finite temp difference, there is a decrease in the availability of

the energy so transferred.

Consider an amount of heat, Q1, supplied at temp T1, the surrounding being at T0. Then the availability
of this heat Q1 supplied at T1is: A=W __ = (T1 - T0). As

T &
a1
1 ol e » | N
L (IIIE =01
T2 p====- B 1
Qrej_2
"""" + | o ~ Increase in
0 1 ////{/%’f unavailable energy
i

e
*.

e —— e

il 55:

¥

Now, if the same amount of heat is supplied from the source at T1 to the engine through a finite temp
difference, absorbing heat at a lower temp T2, availability of heat as received by the engine at T2 is
calculated as follows:

We have heat supplied: Q1 = T1 .As, = Q2 = T2.As,

Since T2 < T1, we have: As < As,
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And the heat rejected in the second case: Qrej_2 = TO . As, which is more than the heat rejected in the
first case, i.e. Qrej_1 =TO . As,

Therefore, available energy lost = W1 - W2 = T0 . (As, - As,) .... Eqn. (8.3)

Note that greater the temp difference (T1 - T2), greater is the heat rejection Qrej_2 and greater is the

un-available part of the energy.
If heat is supplied at varying temperatures, i.e. at constant pressure:

Then, Available energy is easily calculated as follows:

TE) A

2
T1
/ﬂ Available energy =
1 87 Area 1-2-3-4-1
T2 s
b 4 3
TO
5 6
-
o s (Jke K
As (kg K)
Mote that:
Heat supplied = cp * (T2-T1} .._J'kg = Area 1-2-6-5-1
Unavailable energy= Area 4 -3 -6-5-4=TpAs= 1'3-::1::-]11; % l.J.f'kg

Avalable energy=Area 1 -2-3-4-1

i.e. Available energy = Area 12651 - Area 43654

: T2 .
I.E. Available energy = cp-(T2 - T1) - Tpcp-ln E i Jikg

Note that in the above equations Temp should be in Kelvin.
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8.1.3 Availability (or Exergy) in non-flow systems [5]:

Remember that max. useful work or max. available work is the theoretical max. work of the reversible

engine minus the work done on the atmosphere by the expanding boundary.

Let the closed system considered be the fluid behind a piston inside a cylinder, at conditions: p1, T1.
Now, let the state change from State 1 to the ambient or ‘dead state’ (denoted by p0, TO).

Then, we have:

Max. work available = (ul - u0) — T0 . (s1 - s0) - p0.(v0 - v1) ... eqn.(8.4),

where u = int. energy, s = entropy. And p0.(v0 - v1) is the work done on atmosphere.

(Note: when the fluid undergoes a complete cycle, the work done on the atmosphere is zero).

We write eqn. (8.4) as:

W__=al-a0...eqn. (8.5)

where, a = u + p0.v — TO.s (per unit mass) .... Eqn.(8.6)

is called the non-flow availability function.

Note that ‘@’ is a composite property of the system and its environment.

8.1.4 Availability (or Exergy) in steady flow systems [5]:

Let the initial conditions of the flow system be p1, T1, Z1. Let this state be reduced to atmospheric or
‘dead state’ denoted by p0, T0, Z0 (= 0), through an ideal process. Then,

- c1- | _
Winar=|h1 + — + Zlg{ — hy — Tyy{s1 — s ...eqn.(8.7)

In many systems, changes in K.E and P.E. can be considered as negligible. Then,

Wnas = (hy = Tgesg) = (hp - Tgesp) = b - by __.eqn.(8.8)

u

where the property, b = h - TO0.s (per unit mass) is called the steady flow availability function.

Note that ‘b’ is a composite property of the system and its environment, and is known as Keenan function.
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8.1.5 Helmholtz and Gibbs Functions [5]:

Work in a non-flow reversible system is given by:

The term (u - T.s) is known as Helmholtz function.
If the work against atmosphere is p0.(v0 — v1), then:
Max. available work =

Wnar =W — pgivg — vi)

But. W= {uy-Tsy)~ (ug- Tsp

Therefore:  Wyae=1h; - T-s1) - |h

=)
|
=
A
=

(-3 Whax=21- 20 ----eqn.(8.10)

where

g = (h - T.s) is known as ‘Gibbs function’ or ‘free energy function.

Now, max. available work when State changes from 1 to 2, is given by:

Wmar=(21-20) - (m2-20)=g1-22  -eqn(8.17)

Similarly, for steady flow system:

Winax = (g1 - 22) + (KEq - KEp) + (PE; — PE) _eqn.(8.12)

Note that Gibbs function, g = (h - T.s) is a property of the system whereas availability function ,i.e.

a=(u+p0.v-TO0.s) is a composite property of the system and surroundings.
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Basic Thermodynamics: Software Solutions
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To summarise:
a=u+ pypv— Tjs
b=u+ pv—- Tpys

g=u+pv-T-s

When State 1 proceeds to ‘dead state 0”:
a=b=g

8.1.6 Irreversibility [5]:

Irreversibility is defined as:

I= Wi = W 2QN{8.13)

Irreversibility is also known as ‘degradation’ or ‘dissipation’.

(]
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For a non-flow system, between states 1 and 2, for unit mass:

I= Ty Asgys + Asgyrr) = To-Asgen ...eqn.(8.14)

e, Iz0
For a steady flow process, per unit mass:

: ¢ | | o2 Vo ¢, | | ¢ \
I= (Wpae - W)=| by+ — + 221 - b+ — +gZ2|[-| hj+ — +gZl - hj+— +gZ1 +Q

IE I= IEII_J‘EE‘;E e _\EEmT_: - 1_3'_";55311 Eq|-||815]

Note: Expression for Irreversibility is the same for both the flow and non-flow processes.

8.1.7 Effectiveness [5]:

‘Efectiveness’ is defined as the ratio of actual useful work to the max. useful work.

Useful output of a system is given by increase of availability of the surroundings.

Effectiveness. = = Increase of availability of surroundings _.eqn.(8.16)
Loss_of awvailability of the svstem

Wiseful

e e — —.eqn.{8.17)

Winax_usaful

Note: Effectiveness of an actual process is always less than unity.

8.1.8 Second Law efficiency, nll [4]:

Second Law efficiency is defined as:

mininum_exergy_intake to perform_given task

nm= .
actual exergy intake to_perform same task

ie. r]::—m -eqn.(8.17)

where A is the availability or exergy.
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A power plant converts a fraction of available energy A or W__ to useful work. For desired output of
WA =W and A = W_ .

Mow: I= Wy — W  and, T]H=i ...eqn.(8.18)
1;'.l;“-fli'l.a.':{
Now, I Law efficiency is given by:
W W W

= = —_—= - ....eqn.(8.19
M= W 1 Meamor qn.(8.13)
] NI = i ..eqn.(8.20)

Necarnot

Remember: If work is involved, A_. = W (desired) and,
if heat is involved, A_. = Q.(1 - T0/T)

8.1.9 Exergy balance [1]:

For closed systems:
For unit mass:
I_xm - 3“-:&1.1[_-:I — Xdestroyed = Jﬁsys klikg ... eqn.(d.24)
where x = exergy
Note that for a reversible process, exergy destroyed = zero.
Also,

Adestroyed = T0-Sgen --eqn.(8.25)

For Steady flow systems:

For unit mass:

| TDM‘" )
Z: 1- . [l — W+ W] — W2 — Hdestroyed = 0 klikg ... eqn.(3.26)
; e . : 3

16
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where
heat transfer per unit mass, q = Q/m and
Work transfer per unit mass, w = W/m, and

V is flow exergy per unit mass and is given by:

2
y= I[h - hﬂ.} - Tq}-{s - 51}} + % +zz —..-eqn.(8.27)

Remember, on unit mass basis:

=0 'Irl 0 f heat
=0 1- — ....exergy of hea
theat L T ay

ok = Wieaful -..exergy of work

Emase = MW exergy of mass flow
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8.1.10  Enthalpy-exergy diagram [6]:

Enthalpy-exergydiagramsareveryusefuland convenient to makeaSecond Lawanalysis of Thermodynamic
systems. Exergy is plotted on the y-axis, with enthalpy on the x-axis. So, exergy changes are measured
as ordinates in this diagram. Fig. below shows an enthalpy-exergy diagram for helium, drawn by the

author, which was used to make an exergy analysis of a helium refrigerator [6].

In the enthalpy-exergy diagram, other lines shown are: const. pressure, constant temp, constant density,

and constant entropy lines.

| Fig 4 Enthsipy — saergy disgrem for befium

e

o cal gt

™
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Awiid wwn

[

# o waie
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]

F s mais

Another way of writing the exergy balance for components of a steady flow system, such as compressors,

turbines, throttle valves, heat exchangers etc is as follows[6]:

18
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Remember:

Exergy of heat:

Exergy of work:

Exergy of work is that itself since there is no thermodynamic restriction on its
availahility.

Exergy of flow of mass flux:

ery={hy - hy) — Tp:(sy - sg)  kJikg. . per unit mass

Exergy balance is written as:

ef] + eq] + W1 = ef) + g2 + W2 + Ae _..eqn.{g.28)

where, 1 represents inlets and 2 represents exits, and Ae is the exergy loss.
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As an example, for & compressor we can write:

gf] + W= e + Ae
If the compression is adiabatic: q =0, and eq =0; and if it is reversible, e =0
Therefore:
W ef) — ef]

If the compression is adiabatic, but irreversible, then:

w=lep - Eﬂ_.:l + Ae

For an isothermal compression at ambient temp T0, we can write:

W= ep — ef]

since though an amount of heat q is evalved during compression, its exergy
eq = 0, compression being at T0.

Similarly:
For an expander, insulated, and with inlet at 3 and exit at 4, we can write:

ej=eg+ W+ Jenp

iE. Segyp = (o3 - E# J—
And, if expansion is isentropic:

jeﬁp= 0

20
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8.2 Problems solved with EES:

Before we solve problems with EES, let us first write a few useful Functions in EES, which will make it

very convenient for us to solve problems:

EES Functions:

1. To find exergy of heat Q, when heat is supplied at a constant temp. T (ex: condensation,
evaporation etc. TO is the ambient temp.):
$UnitSystem SI Pa C ]

FUNCTION ExergyofHeat_ConstTemp(Q,T,T0)

{$ExergyofHeat_constTemp

This function returns the specific availability of a fluid in J/kg as a function of

Q[J1, T [C], TO (C)

ExergyofHeat_ConstTemp =Q * (1 - (T0 + 273) / (T + 273))
END

2. To find exergy of heat Q, when heat is supplied at a constant pressure (ex: cooling or

heating of a fluid between temperatures T and TO, at a constant pressure):
$UnitSystem SI Pa CJ
FUNCTION ExergyofHeat_ConstPressure(cp,T,T0)

{$ExergyofHeat_constPressure

This function returns the specific availability of a fluid in J/kg as a function of

cpl)/kg.Cl, T [C], TO (C)

ExergyofHeat_ConstPressure = cp * ( (T - T0) — (T0+273) * In((T + 273) / (TO0 + 273)))

END
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3. To find the exergy of mass flow, for an Ideal gas (i.e. enthalpy h is a function of

temp only.)

$UnitSystem SI Pa CJ

FUNCTION Exergy_massflow_IdealGas(IdealGas$,T, P, V, Z,T0, P0)

{$Exergy_massflow_IdealGas

This function returns the specific availability of IdealGas$ in J/kg as a function of

T [C], P [Pa], V [m/sec], Z [m], and ‘dead state’ PO (Pa), TO (C)

Ideal gases: Air, Ar, CO, CO2, N2, O2, H2, He, H20, CH4 etc. See Optios-Function Info-Fluid Props-

Ideal gases.

g :=9.81 “m/sA2”

h := Enthalpy(IdealGas$, T=T)

s := Entropy(IdealGas$, T=T, P=P)

h0 := Enthalpy(IdealGas$, T=T0)

s0 := Entropy(IdealGas$, T=T0, P=P0)

Exergy_massflow_IdealGas := (h - h0) - (T0+273) * (s —=s0) + VA2 /2 +g* Z

END

22

Download free eBooks at bookboon.com



Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

4. To find the exergy of mass flow, for Real Fluid (i.e. enthalpy h is a function of temp

and pressure.)

$UnitSystem Sl Pa C J

FUNCTION Exergy_massflow_RealFluid(RealFluid$,T, P, V, Z,TO0, P0)

{$Exergy_massflow_RealFluid

This function returns the specific availability of RealFluid$ in J/kg as a function of

T [C], P [Pa], V [m/sec], Z [m], and ‘dead state’ PO (Pa), TO (C)

RealFluids: Air_ha, Acetone, Ammonia, Argon, R12, R12, R124, R125, R134a, R23, R13, R22, Steam,
Steam_NBS, Steam_IAPWS, Sulphur dioxide, Water, Xenon .. etc.

See Optios-Function Info-Fluid Props-Real Fluids.
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g :=9.81 “m/s"2”

h := Enthalpy(RealFluid$, T=T, P=P)

s := Entropy(RealFluid$, T=T, P=P)

hO := Enthalpy(RealFluid$, T=T0, P=P0)

s0 := Entropy(RealFluid$, T=T0, P=P0)

Exergy_massflow_RealFluid := (h - h0) - (T0+273) * (s = s0) + VA2 /2 +g* Z

END

5. To find the entropy change for an Ideal gas when the state changes from p1, T1 to
p2, T2:

SUnitSystem Sl Pa C J

FUNCTION Entropy_change_Idealgas(cp, R, T1,T2, p1, p2)

{$Entropy_change_Idealgas

This function returns the entropy change of an ideal gas as state changes from p1, T1 to p2, T2, in J/

kg.K as a function of

cp[J/kg.C], T [C], p (Pa), R (J/kg.K)

Entropy_change_Idealgas = cp * In((T2 + 273) / (T1 + 273)) - R *In (p2 / p1)

END

24
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6. To find the entropy change for an Ideal gas when the state changes at constant pressure:
$UnitSystem SI Pa CJ
FUNCTION Entropy_change_Idealgas_ConstP(cp, T1,T2)
{$Entropy_change Idealgas ConstP
This function returns the entropy change of an ideal gas as state changes from T1 to T2, at const. pressure,

in J/kg.K as a function of

cplJ/kg.C], T1, T2 [C], R (J/kg.K)

Entropy_change_Idealgas_ConstP = cp * In((T2 + 273) / (T1 + 273))

END
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7. To find the entropy change for an Ideal gas when the state changes at const. volume:
SUnitSystem SI Pa C J
FUNCTION Entropy_change_Idealgas_ConstV(cv, T1,T2)
{$Entropy_change_Idealgas ConstV
This function returns the entropy change of an ideal gas as state changes from T1 to T2, at const. volume,

in J/kg.K as a function of

cv[J/kg.C], T1, T2 [C]

Entropy_change_Idealgas_ConstV = cv * In((T2 + 273) / (T1 + 273))
END

8. Exergy of a closed system:

$UnitSystem SIPaCJ

FUNCTION Exergy_ClosedSystem_ldealGas(IdealGas$,T, P, TO, P0)

{$Exergy_closedSystem_IdealGas

This function returns the specific availability of IdealGas$ in a closed system, J/kg as a function of

T [C], P [Pa], and ‘dead state’ PO (Pa), TO (C). Changes in K.E. and PE. are neglected.

Ideal gases: Air, Ar, CO, CO2, N2, 02, H2, He, H20, CH4 etc. See Options-Function Info-Fluid Props-

Ideal gases.

26
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u := IntEnergy(IdealGas$,T=T) “J/kg”

u0 := IntEnergy(IdealGas$,T=T0) “J/kg”

s := Entropy(IdealGas$, T=T, P = P) “J/kg.K”

s0 := Entropy(IdealGas$, T=TO, P = P0)"]/kg.K”

v = Volume(IdealGas$,T= T,P=P) “m~3/kg”

v0 = Volume(IdealGas$,T= T0,P=P0) “m~3/kg”

Exergy_ClosedSystem_IdealGas := (u - u0) - (T0+273) * (s — s0) +p0 * (v - v0) “J/kg”
{W_useful_ClosedSystem_IdealGas := (u - u0) - (T0 + 273) * (s - s0) “J/kg"}

END

“Prob.8.1. In a certain process, vapours condensing at 400 C transfer heat to water evaporating at 250
C. If the ambient conditions are at 30 C, what is the fraction of available energy lost due to irreversible

heat transfer at 250C?”

T .
Q1
- . I Q2 = Qf
T2 f----- |

v
E R

Increase in

Y] N 1 7/////%” unavailable energy

.
.

e As; s i

- As; ———————p|

Fig.Prob.8.1
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

“EES Solution:”

“We shall find out the exergy (or available energy) at 400 C and 250 C, using the Function already written

for heat transferred at constant temp. Assume the heat supplied as 100 ] and find the difference in exergy:”

“Data:”

Q=100 “J”

T1 =400 “C”

T2 =250 “C”

T0 =30 “C”

e_ql = ExergyofHeat_ConstTemp(Q,T1,T0) “J ... exergy of heat supplied at T1”
e_q2 = ExergyofHeat_ConstTemp(Q,T2,T0) “ ... exergy of heat supplied at T2”
Difference = e_ql - e_q2 “J.... difference in exergies of heat supplied at T1 and T2”

Fraction = Difference / e_ql “Fraction of difference as compared to exergy of heat supplied at T1”
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Results:

Main | ExergyofHeat ConstTemp ]

Difference =12.91 [J]
Fraction = 0.2349
T1 =400 [C]

bain  ErerguofHeat_ConstTemp l

Unit Settings: 51 C Pa J mass deq

Bql =54.98 []
@ =100 [J
T2 =250 [C]

eqz = 42.07 []
T =30 [C]

Local variables in Function ExergyofHeat_ConstTemp (2 calls. 0.00 sec)
Q=100 [J]
T0O =30 [C]

ExergyotHeatrgnaTepmp =42.07 [J]
T =250 [C]

Thus,

Fraction of available energy lost due to irreversible heat transfer at 250 C = 0.2349 ...Ans.

In addition:

Plot the variation of Fraction as a function of the temp of heat supplied , T1 varies from 300 C to

400 C:

First, compute the Parametric Table:

Table 1 |
ol ™
T Fraction
1.1 [C]

Run 1 300 0.1073
Run 2 310 01241
Run 3 320 0.1398
Run 4 330 0 1544
Run 5 340 0.1682
Run & 350 0.181
Run 7 360 0.1931
Run 8 370 0.2045
Run 9 380 0.2152
Run 10 390 0.2253
Run 11 400 02349
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Now, plot the Results:

0.24

Fraction of Available energy lost

0.22
0.2
0.18

0.16

Fraction

0.14

300 320 340 360 380 400

“Prob.8.2. In a certain process, steam condensing at 106 C transfers heat to increase the temp of 400
kg/min of oil (cp = 3 kJ/kg.K) from 30 C to 80 C. If the ambient conditions are at 7 C, what is the loss

in available energy in this heat transfer process?”

! A 4 Available energy of steam:
Tl — - Area 1-2-3-4-1
T3 6
Available energy of oil:
T2 L3 Area 5-6-7-4-5
T, 4 3 7
-
<> 5
As steam
-« —»
As oil
Fig.Prob.8.2
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“EES Solution:”

“We shall first, find out the latent heat of steam condensing at 106 C, and then determine the amount

of heat required and the amount of steam required to heat 400 kg of oil.

Then, determine exergy (or available energy) of steam at constant temp of 106 C and exergy of oil at

constant pressure, using the Functions already written for these cases.”

“Data:”

m_oil = 400 “kg/min”

T1 =106 “C”

h_g = Enthalpy(Steam_NBS,T=T1,x=1)

h_f = Enthalpy(Steam_NBS,T=T1,x=0)

h_fg = (h_g - h_f) “J/kg.... latent heat of steam at 106 C”

cp_oil = 3000 “J/kg.C ... sp. heat of oil”

T2 =30 “C”
T3 =80 “C”
TO — 7 “C)’

“Calculations:”

Q=m_oil * cp_oil * (T3 - T2) “ J/min...heat gained by oil”

m_steam = Q / h_fg “kg/min ... amount of steam required”

“Method 1: Using the EES Functions written earlier”

e_q_steam = ExergyofHeat_ConstTemp(Q,T1,T0) “J/min ... exergy of heat supplied at T1”

e_q2 = ExergyofHeat_ConstPressure(cp_oil,T2,T0) “J/kg ... exergy of heat supplied at T2”

e_q3 = ExergyofHeat_ConstPressure(cp_oil,T3,T0)"J/kg ... exergy of heat supplied at T3”
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“Therefore: exergy change of oil:”

e_q_oil = m_oil * (e_q3 - e_q2) “J/min”

“Therefore: Loss in available energy:”

ExergyLoss = e_q_steam - e_q_oil “J/min”

Results:

M ain l E werguofHeat_ConztTemp ] EwerguofHeat_ConztPressure ]

Unit Settings: 51 C Pa J mass deqg

Cpgi = 3000 [JfkgK] Exergyloss = B.992E+06 [Jfmin]
Bqz = 2bBE [Jiko] gz = 24390 [Jfkg]

B0 = 3.641E+0G Bqateam = 1.567E+07 [J/min]

hi =444409 [Jikg] hig = 2.241E+06 [J/kg)

hg = 2.685E+06 [J/kg] Mgl = 400 [kofmin]

Misteamn = 26.78 [ko/min] Q =E.000E+07 [J/min]

T =7 [C] T1 =106 [C]

T2 =30 [C] T3 =80 [C]

tain  ExergyafHeat_ConstTemp l E:-:ergyu:ufHeat_Eu:unstF'ressure]

Local variables in Function ExergyofHeat_ConstTemp (1 call. 0.00 sec)
ExergyotHeatrgnaTemp =1.567E+07 [J/min]

0 =B.000E+07  [Jfrmin]

T =106 [C]

TO =7 [C]

b aify ]Egerg_.,..;.fHeat_E.;.ngtTemp ExerguofHeat_ConstPressure

Local variables in Function ExergyofHeat_ConstPressure (2 calls. 0.00 sec)
cp=3000 [Jfkgk]

ExergyofHeatr onatPressure =43390 [ikig]

T =60 [C]

TO =7 [C]
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Thus:

Exergy Loss = 6.992E06 J/min .... Ans.

Alternative method:

Find out the Total Entropy change of the system (i.e. steam + o0il) = DELTA_S_tot.

Then, Exergy loss = Irreversibility = TO * DELTA_S_tot

Following is the EES program to do this:

“Data:”

m_oil = 400 “kg/min”

T1 =106 “C”

h_g = Enthalpy(Steam_NBS,T=T1,x=1)

-~
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

h_f = Enthalpy(Steam_NBS,T=T1,x=0)

h_fg = (h_g - h_f) “J/kg.... latent heat of steam at 106 C”

cp_oil = 3000 “J/kg.C ... sp. heat og oil”

T2 =30 “C”
T3 =80“C”
TO — 7 «C”

“Calculations:”

Q =m_oil * cp_oil * (T3 - T2) “ J/min...heat gained by oil”

m_steam = Q / h_fg “kg/min ... amount of steam required”

“Method 2:”

“Entropy change of steam:”

DELTA_S_steam = - Q/(T1+4273) “J/K ... entropy decrease of steam”

“Entropy change of oil:”

DELTA_S oil = m_oil * cp_oil * In ((T3+273) / (T2 + 273)) “J/K.. entropy increase of oil”

“Therefore:”

DELTA_S_tot = DELTA_S_steam + DELTA_S_oil “J/K ... entropy change of (oil + steam)”

“Then: Increase in unavailable energy: or, Loss in exergy:”

ExergyLoss = (T0 + 273) * DELTA_S_tot “J ...Loss in Available energy”

34
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Results:

Unit Settings: 51 C Pa J mass deqg

Cpgi = 3000 [Jig-K] Ag o= 183282 [JK]
AS steam =-158311 [JK] Ag ot = 24971 [JK]
Exergyloss = B.A92E+0E [fmin] b = 444409 [Jfkq]

hig = 2.241E+0E [J/kg] hg = 2.685E+06 [Jfk]
Mg = 400 [koimin] Msteam = 26.78 [kg/min]
0 =6.000E+07 [Jfmin] TO =7 [C]

T1 =106 [C] Tz =30 [C]

T3 =80 [C]

Thus:

Exergy Loss = 6.992E06 J/min .... Ans.

Note that Exergy loss is the same by both the methods, as it should be.

However, Method 2 is easier.

“Prob.8.3. 450 kJ of heat from a large source at 900 K is supplied to 2 kg of a gas initially at 2 bar and
350 K in a closed tank. cv = 0.86 kJ/kg.K for the gas. Find the loss in available energy of the system.

»

Surrounding temp = 300 K:

“EES Solution:”
“Data:”

Q = 450E03']”

T _source = 900 “K”
m_gas = 2 “kg”

P1 = 2E05 “Pa”

T1 =350 “K”

cv = 860 “J/kg.K”

TO =300 “K”
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

“Calculations:”

“Final temp of gas, T2:”

“Applying I Law to the closed system:

Q=dU+ W.

Here W = 0 since vol is const. and dU = ¢v * (T2 - T1).
Therefore:”

Q=m_gas * cv* (T2 - T1) “..finds T2, in Kelvin®

“We shall calculate the entropy decrease in the Source and entropy increase of the gas. Then, find net

entropy increase, and then find loss in availability from: Loss = T0 * dS_net”
“Entropy decrease for Source:”

dS_source = - Q / T_source “J/K .... negative, since heat is leaving the source”
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“Entropy increase for gas:”

dS_gas = m_gas * cv * In (T2/T1) “].K ... entropy increase of gas”

“Therefore, dS_net:”

dS_net = dS_source + dS_gas “J/K... net entropy change of (source + gas)”

“Therefore: Loss in availability:”

Loss = TO * dS_net “J ....Loss in Availability”

Results:

Unit Settings: 51 C Pa J mass deq

ov =860 [Jikog K] A5 5a: = 9601 [JK] dAS e = 46007 [J7K]
5 uree = -000 [JK] Loss=138027 [J] Mgas = 2 [ka]

F1 =200000 [Pa] O =4R0000 [J] TO =300 [K]

T1 =380 [K] T? =E116 [K] Tenuree = 300 [K]
Thus:

Loss in Availability = 138.027 k] .... Ans.

In addition:

Plot the variation of Loss in exergy as the source temp varies from 500 K to 1000 K, the amount of

heat Q remaining constant:
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First, compute the Parametric Table:

Table 1 |
1 ™= [

D Tsource Loss

1..11 [K] [J]
Fun 1 500 18027
Run 2 550 42572
Run 3 600 63027
Run 4 650 80334
Fun & 700 95169
Run 6 750 108027
Run 7 800 119277
Run 8 850 129203
Fun 9 800 138027
Run 10 950 145921
Run 11 1000 153027

Now, plot the Results:
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

“Prob.8.4. A system at 500 K receives 7200 kJ/min from a source at 1000 K. The temp of atmosphere is
300 K. Assuming that the temp of the system and source remain constant during heat transfer, find out:
(i) the change in entropy during heat transfer (ii) the decrease in available energy after heat transfer.

[VTU - BTD - June-July 2008]”

“EES Solution:”
“Data:”

Q = 7200E03"]/min”

T _source = 1000 “K”

T_system = 500 “K”

T0 =300 “K”

“Calculations:”

“Entropy decrease of Source:”

dS_source = - Q / T_source “J/K per min”
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“Entropy increase of system:”

dS_system = Q / T_system “J/K per min”

“Net increase of entropy:”

dS_net = dS_source + dS_system “J/K per min”

“Loss in Availability:”

Loss = TO * dS_net “J/min”

Results:

Unit Settings: 51 C Pa J mass deqg

A3 e = 7200 [JfK-min] A3 cnuee = 7 200 [JfE-rmin]
dSs_l,lstem =14400 [JfK-min] Loss=2160E+06 [J/min]
Cr =7 200E+06 [Jfmin] TO =300 [K]
Tsource = 1000 [K] Ts_l,lstem =500 [K]

Thus:

Net change of entropy = dS_net = 7200 J/K per min..... Ans.

Loss in availability = 2.16E06 J/min .... Ans.

“Prob.8.5. Two kg of air at 5 bar, 80 C expands adiabatically in a closed system until its volume is doubled
and its temp becomes equal to that of the surroundings which is at 1 bar and 5 C. Determine: (i) Max
work (ii) change in Availability (iii) Irreversibility. [VTU - BTD-June-July 2009]”

“EES Solution:”
“Data:”

m_air = 2 “kg”

T1 =280+ 273 “K”
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

P1 = 5E05 “Pa”

P2 = 1E05 “Pa”

T2 = TO “...by data”

PO = 1E05 “Pa .... atm. pressure”

V2=2*V1

T0 =5+ 273 “K”

R_air = 287 “J/kg.K .... Gas constant for Air”

gamma = 1.4 “ = (cp/cv) for air”

“Calculations:”

“Initial Volume, V1:”

P1* V1 = m_air * R_air * T1 “...finds Volume V1”

“Applying I Law to Closed system:

Q=dU+ W~

“Here Q = 0 since adiabatic and dU = cv * (T2 - T1).

Therefore:”

cv = R_air / (gamma - 1) “..finds cv, sp. heat at const. vol.....since R = (cp - cv)”

dU = m_air * cv * (T2 - T1) “..finds change in Int. energy”

“To find change in entropy of air:”

dS_air = m_air * (¢cv * In (T2/T1) + R_air * In (V2/V1))"]/K”

“Change in entropy of surroundings:”

dS_surr = 0 “..since adiabatic”

41
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Basic Thermodynamics: Software Solutions
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“Net increase in entropy:”

dS_net = dS_air + dS_surr “J.K...net increase in entropy”

“Therefore: W_max:”

“W_max = (Ul - U2) - TO * (S1 - S2)...from definition of max. work or availability”

W_max = -dU - (- TO * dS_air) “J ..Max. work”

“Change in Availability:”

“Change_in_availability = (U1 - U2) - TO * (S1 - S2) + P0 * (V1 - V2)”

Change_availability = -dU - TO0 * (-dS_air) + PO * (V1 - V2) “T”

“Irreversibility:”

Irreversibility = TO * dS_net “J ... Irreversibility for the process”
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Results:

Unit Settings: 51 C Pa J mass deq

Change avaiabiity = 52424 [J] ov= 7175 [JfkgK]
S 5= 55.12 [J/K] dSpet = 5512 [JK]

AS gy =0 [JK] dl) =-107625 [J]

v=14 Irreversibility = 15324 [J]
fige=2 [k] PO =100000 [Pa]

F1 =500000 [Pa] P2 =100000 [Pa]

Rl =287 [k T =278 [K]

T1 =383 [K] T2 =278 [K]

W1 =0.4052 [m7] W2 =0.8105 [m7]

Winge = 122949 [J]

Thus:

Max. work = W_max = 122.949 KkJ ... Ans.
Change in Availability = 82.424 kJ ... Ans.

Irreversibility = 15.324 kJ ... Ans.

“Prob.8.6. Calculate the available energy of 30 kg of water at 85 C with respect to the surroundings at

15 C, pressure being 1 atm.”

“EES Solution:”

“Water may be considered as being brought to ambient conditions in very large no. of steps, heat rejected

in each step being supplied to a Carnot engine, which rejects heat to a sink at the ambient temp.
We will use the EES Function written earlier, viz.

FUNCTION ExergyofHeat_ConstPressure(cp,T,T0)

This function returns the specific availability of a fluid in J/kg as a function of

cp[J/kg.C], T [C], TO (C)
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“Data:”

T=85C"

TO =15 “C”

cp = 4180 “J/kg.K”

m_water = 30 “kg”

Exergy = m_water * ExergyofHeat_ConstPressure(cp,T,T0) “J”

Results:
M ain l E:-:ergyafHeat_EnnstF'ressure]
Unit Settings: 51 C Pa J mass deqg
cp=4180 [Jfkog-k] Exergy = 920325 [J] Miater =30 [ka]
T =85 [C] TO =15 [C]

Main  ExergwofHeat_ConstPressure l

Local variables in Function ExergyofHeat_ConstPressure (1 call, 0.00 sec)
cp=4180 [Jfko-K]
ExergyofHeattonstPressure =30678 [J/ka]

T =85 [C]
TO =15 []
Thus:

Available energy (i.e. exergy) of 30 kg of water at 85 C, with respect to ambient at 15 C is:

Exergy = 920.325 K] .... Ans.

“Prob.8.7. Four kg of Iron ingot at 900 C is dropped in to an oil bath at 65 C containing 20 kg of oil. cp
of iron and oil are 0.4 and 2 kJ/kg.K respectively. If the atmospheric temp is 27 C, determine the loss in

availability after the materials reach an equilibrium temp.”
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“EES Solution:”
“Data:”

m_iron = 4 “kg”

T1_iron = 900 “C”

m_oil = 20 “kg”

T1_oil = 65 “C”

T_0=27 “C.... temp of ambient”

cp_iron = 400 “J/kg.K”

cp_oil = 2000 “J/kg.K”
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“Calculations:”

“Find the final temp, T_f after equilibrium is reached:”

(m_iron * cp_iron * T1_iron) + (m_oil * cp_oil * T1_oil) = (m_iron * cp_iron + m_oil * cp_oil) * T_f

“.determines final temp, T_{”

“Entropy decrease of iron:”

dS_iron = m_iron * cp_iron * In ((T_f + 273) / (T1_iron + 273)) “J/K”
“Entropy increase of oil:”

dS_oil = m_oil * cp_oil * In ((T_f + 273) / (T1_oil + 273)) “J/K”

“Net increase of entropy:”

dS_net = dS_iron + dS_oil “J/K”

“Loss in availability:”

Loss = (T_0 + 273) * dS_net “J ¢

Results:

Unit Settings: 51 C Pa J mass deqg

CRjron =400 [Jfkg-C] Chgil = 2000 [Jikg-C] dSiran = -1846 [J/K]

d5ner = 1785 [JK] dS g = 3631 [JK] Logs=5635R45 [J]

Mirgr = 4 [k3] trigi = 20 [kg] Tiran =300

Tl =65 [C] Tp=27 [C] Tp=9712 [C]
Thus:

Final temp = T_f=97.12C ... Ans.

Exergy loss = 535.545 kJ .... Ans.
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Alternatively:

Apply the Exergy balance before mixing and after mixing:
Following is the EES program:

“Data:”

m_iron = 4 “kg”

T1_iron = 900 “C”

m_oil = 20 “kg”

T1_oil = 65 “C”

T_0 =27 “C.... temp of ambient”

cp_iron = 400 “J/kg.K”

cp_oil = 2000 “J/kg K”

“Calculations:”

“Find the final temp, T_f after equilibrium is reached:”

(m_iron * cp_iron * T1_iron) + (m_oil * cp_oil * T1_oil) = (m_iron * cp_iron + m_oil * cp_oil) * T_f

“.determines final temp, T_{”

“Initial exergy of iron:”

e_1_iron =m_iron * ExergyofHeat_ConstPressure(cp_iron,T1_iron,T_0) “J .... Using the EES Function

already written”

“Initial exergy of oil:”

e_1_oil = m_oil * ExergyofHeat ConstPressure(cp_oil,T1_oil,T_0) “J ....... Using the EES Function

already written “

“Therefore, Total initial exergy:”

e_1 total=e_1_iron +e_1_oil “J”
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“Final exergy of iron:”

e_2_iron = m_iron * ExergyofHeat_ConstPressure(cp_iron,T_f,T_0) “J”

“Final exergy of oil:”

e_2_oil = m_oil * ExergyofHeat_ConstPressure(cp_oil,T_f,T_0) “J”

“Therefore, Total final exergy:”

e 2 total=e_2_iron +e_2_oil “J”

“Now, from an exergy balance:

Total initial exergy = Total final exergy + Losses”

“Therefore:”

e_1_total = e_2_total + e_losses “...by an exergy balance..finds exergy losses”
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Results:

b ain l ExerguofHeat_ConstPressure ]

Unit Settings: 51 C Pa J mass deqg

SPiran = 400 [Jikg-C]
81 ol = 08834 [J]
ez i = 284227 [J]
Miiran = 4 [ki]

Tl =65 [C]

b ain E:-:erg_l,laneat_Eu:unstF'ressurel

cpgl = 2000 [Jfkg-C] &1 jron = 742302
21 total = 831747 [J] 82 jron = 11369 [J]
B2 tatal = 235536 [J] Blosses = 538545 [J]
Mg = 20 [ka] Tian = 900 [C]
To=27 [C] Ti=497.12 [C]

Local wariables in Function ExergyofHeat_ConstPressure (4 calls. 0.00 sec)

cp=2000 [Jkg-C]

ExergyotHeatconstressure =14217 [Jkn]

T =87.12 []
T0 =27 [C]

Thus, we see that:

Final temp T_f=97.12 C ... Ans.

Exergy Losses = 535.545 kJ ... Ans.

Note that exergy losses are the same by both the methods .

“Prob.8.8. One kg of O2 at 1 bar and 450 K is mixed with 1 kg of H2 at 1 bar and 450 K by removing
the partition, which separated the gases in the chamber. Determine the loss of availability if the ambient
is at 300 K. Given: Gas constant, R for O2 and H2 are: 270 J/kg.K and 4160 J/kg.K respectively”

“EES Solution:”
“Data:”

m_02 =1 “kg”

T1_02 =450 “K”

m_H2=1 “kg”
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T1_H2 = 450 “K”

T_0 =300 “K .... temp of ambient”

R_O2 = 270 “J/kg.K”

R_H2 = 4160 “J/kg.K”

p = 1E05 “Pa”

“Calculations:”

“Initial volume of 02:”

v_02=R_02*T1_02/p “mA3 ..initial vol. of 02”

“Initial volume of H2:”

v_H2 =R H2*T1_H2/p “mA3 ...initial vol. of H2”

“Therefore: final volume after mixing is the sum of initial volumes. Final volume is the same for both
02 and H2”

v_final =v_02 + v_H2 “mA3 ... final volume”

“Entropy changes:”

“Entropy change for 02:”

dS_02=m_02*R_0O2 *In (v_final / v_02) “J/K”

“Entropy change for H2:”

dS_H2 =m_H2*R_H2 *In (v_final / v_H2) “J/K”

“Therefore: total entropy change:”

dS_net = dS_O2 + dS_H2 “J/K .... net entropy change”

“Therefore: Loss in available energy (or exergy):”

Losses = T_0 * dS_net T .... exergy losses”

50
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Results:

Unit Settings: 51 C Pa J mass deg

dSy2 = 2616 [JK]

dS e = 1017 [J/K]

Losses = 305096 [J]

p=100000 [Fa]
Tiyz =450 [K]
Viinal = 19.94 [md]

myz =1 [ko]
Rz = 4160 [JkgK]
Tigs =450 [K]

vz =18.72 [m?)

Availability or ‘Exergy’ and Irreversibility

dS0o = 755.4 [J/K]
oz =1 [kg]
Fnoz =270
Tg=300 [K]

vz =1.215 [md]

Thus:

Loss in exergy due to mixing = 305.096 kJ ... Ans.

“Prob.8.9. A closed cylinder contains 10 kg of air at IMPa and 60 C. Determine the work potential of

this air if the environmental conditions are 100 kPa and 27 C”

EXPERIENCE THE POV

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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“EES Solution:”

“We have to simply find the Exergy of air at the stated condition.
Let us use the EES Function for Exergy of a closed system, written earlier.”

“Data:”

IdealGas$ = ‘Air’

m_air = 10 “kg”

P = 1E06 “Pa”

T =60 “C”

PO = 1E05 “Pa”

TO =27 “C”

Exergy = m_air * Exergy_ClosedSystem_IdealGas(IdealGas$,T, P, T0, P0)

Results:

Mait | Exergy ClosedSystem_|dealGas ]

Unit Settings: 51 C Pa J mass deqg

Exergy = 1.139E+06 [J] ldealGas$ = 'Air' Mgir= 10 [k]
F =1000000 [Fa)] pl=100000 [FPa) T =60 []
TO =27 [C]

tain EHergy_l:lnsedﬁystem_ldealﬁasl

Local variables in Function Exergy_ClosedSystem_ldealGas (1 call. 0.00 sec)

ExBroyriasedSystem |dealGas=113883 [Jfkg] ldealGass ="Air'

P =1000000 [Pa] PO =100000 [Pa]
5=5150 [Jfko-K] s0=5706 [Jkg-k]
T =60 [C] T0 =27 [C]
u=238143 [Jkg] ul=214429 [Jfkg]
w=0.09562 [m3fkg] +0=0.8615 [rm3kg]
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Thus:

Work potential or Exergy of Air = 1139Kk] ... Ans.

“Prob.8.10. In a parallel flow heat exchanger, 1 kg/s of oil (cp = 2.5 kJ/kg.C) is cooled from 260 C to
90C, thus heating the water stream from 60 C to 85 C. Temp of surroundings is 27 C. Determine the

loss in availability.”

L
T1_oil
oil
T2_oil
T2 water
/ﬂter
T1_water
5
Fig.Prob.8.10

“EES Solution:”

“Data:”

m_oil = 1 “kg/s”
T1 oil =260 “C”
T2 oil =90 “C”

T1_water = 60 “C”
T2_water = 85 “C”
T_0=27“C"

cp_oil = 2500 “J/kg.C”

cp_water = 4180 “J/kg.C”
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“Calculations:”

“Find the flow rate of water by heat balance:”

m_oil * cp_oil * (T1_oil - T2_oil) = m_water * cp_water * (T2_water — T1_water) “...finds the mass

flow rate of water”

“Decrease in entropy of oil:”

dS_oil = cp_oil * In ((T2_oil+273)/(T1_oil+273)) “J/kg.K”

“Increase in entropy of water:”

dS_water = cp_water * In ((T2_water+273)/(T1_water+273)) “J/kg.K”
“Change in availability of oil:”

e_oil = m_oil * (cp_oil * (T2_oil - T1_oil) - (T_0 +273)* dS_oil)"J/s”

This e-book Y o N
ismadewith SETASIGN

SetaPDF h Y 4

\7\‘ PDF components for PHP developers

www.setasign.com
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“Change in availability of water:”

e_water = m_water * (cp_water * (T2_water - T1_water) - (T_0 + 273) * dS_water)"]/s”

“Therefore: Loss in availability:”

Loss = e_oil + e_water “J/s”

Results:

Unit Settings: 51 C Pa J mass deqg

Cpgj = 2500 [Jikg-K] CPwater = 9180 [Jkag-K]
A3y ate = 3026 [JfkoK] Bl =-136911 [J/s]
Lo=s=-81103 [Jfs] mgi=1 [kats]
T1g =260 [C] T uater = B0 [C]
T2pwater = 85 [T Tp=27 [J]
Thus:

Loss in availability = - 81.103 kW ... Ans.

dSg) =-960.3 [Mhkok]
Eater = 25808 [Jfs]
Myater = 4067 [ko/s]
Teg) =390 [C]

Alternatively:

Let us solve this problem by Exergy balance method:

We have:

“Exergy going in = Exergy going out + Losses”

“Exergy going in = (Exergy of water going in + exergy of oil going in):”
“Exergy of water going in:”

RealFluid$ = ‘Steam_NBS’

P1_water = 1E05“Pa .... assumed”

P2_water = P1_water
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P1_oil = 1E05 “Pa ... assumed”

P2 oil = P1 _oil

P_0 = 1E05“Pa”

V =0"m/s ..... velocity”

Z=0"m ... datum”

“Exergy of water going in:”

e_1_water = m_water * Exergy_massflow_RealFluid(RealFluid$,T1_water, P1_water, V,Z,T_0,P_0) “J/K

... using the EES Function written earlier”

“Exergy of water going out:”

e_2_water =m_water * Exergy_massflow_RealFluid(RealFluid$,T2_water, P2_water, V, Z,T_0,P_0) “J/K

... using the EES Function written earlier”

{Remember: Exergy_massflow_RealFluid := (h - h0) - (T0 + 273) * (s —=s0) + VA2 /2 + g* Z}

“Exergy of oil going in:”

e_1_oil=m_oil * (cp_oil * (T1_oil - T_0) - (T_0 + 273) * cp_oil * In ((T1_oil + 273)/(T_0 + 273))) “J/K>

“Exergy of oil going out:”

e_2_oil=m_oil * (cp_oil * (T2_oil - T_0) - (T_0 +273) * cp_oil * In ((T2_oil + 273)/(T_0 + 273))) “J/K”

“Then, by Exergy balance:”

e_1_water + e_1_oil = e_2_water + e_2_oil + Losses “..finds exergy loss”
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Results:

Unit Settings: 51 C Pa J mass deq

cpg = 2500 [Jfkg-K] CRwater = 4180 [Jfkg-K] 81 il = 167446 [J]

e water = 29030 [J/s] ez ol = 14535 [J/s] 82 water = 00130 [J/5]
Loszes =80811 [Js] Mgl =1 [ka's] Myater = 4.067 [kals]

F1gi =100000 [Pa] F1pater = 100000 [Fa] FZzui =100000 [Fa)
F2yater = 100000 Fg=100000 [Fa] FealFluid$ ='Steam_MBZS'
Tl = 260 [C] T ater = B0 [C] T2 =90 [2]

T2pater = 85 [C] Tp=27 [C] Wo=0 [mys]

Z=0 [m]

Thus:

Exergy Losses = 80.811 kW ... Ans.

Note: Here, the sign of Losses is not negative, because of the way we wrote the Exergy balance. But,

remember that it is an exergy loss in the heat exchanger.
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“Prob.8.11. Steam enters a turbine at 3 MPa and 450 C at a rate of 8 kg/s and exits at 0.2 MPa and 150
C. Steam is losing heat to the surroundings at 100 kPa and 25 C at a rate of 300 kW. Changes in K.E.
and P.E. are negligible. Determine: (i) actual power output (ii) max. possible power output (iii) Second

Law efliciency (iv) exergy destroyed, and (v) exergy of steam at inlet conditions [Ref: 1]”

Steam. In Q

Steam. out

Fig.Prob.8.11

“EES Solution:”

“This is a worked out example in Ref;1. However, it is reworked here using the EES Function for Exergy of
mass flow for Real Fluid:”

“Data:”
P1 = 3E06“Pa”
T1 =450 “C”

m_steam = 8 “kg/s”
P2 = 0.2E06“Pa”
T2 =150 “C”

Q_loss = 300E03 “W”

PO = 100E03 “Pa”

TO =25 “C”
V=0“m/s”
Z - 0 ((m))
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“Calculations:”

“For exergy of mass flow:

we shall use the EES Function already written:

viz. Exergy_massflow_RealFluid(RealFluid$,T1_water, P1_water, V, Z,T_0, P_0) ... J/kg”
RealFluid$ = ‘Steam_NBS’

“Exergy at Inlet:”

e_fl = Exergy_massflow_RealFluid(RealFluid$,T1, P1, V, Z,T0, P0) “ ... J/kg”
“Exergy at exit:”

e_f2 = Exergy_massflow_RealFluid(RealFluid$,T2, P2, V, Z,TO0, P0) “ ... J/kg”
“Reversible work, or Max. possible work:”

W_rev = m_steam * (e_fl - e_f2) “J/s”

“Actual work output:

By I Law applied to turbine:

m_steam * ( hl- h2) = W_actual + Q”

h1 = Enthalpy(Steam_NBS,T=T1,P=P1) “J/kg .... enthalpy of steam at inlet”
h2 = Enthalpy(Steam_NBS,T=T2,P=P2) “J/kg .... enthalpy of steam at exit”
“Therefore: actual work output is found from”

m_steam * (h1- h2) = W_actual + Q_loss“W .... actual work output”
“Then, Second Law efficiency:”

eta_II = W_actual / W_rev “..Second Law effcy”

“Exergy destroyed:”

e_destroyed = W_rev - W_actual “W .... exergy destroyed”

59
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“Alternatively:

Exergy destroyed = T0 * DELTAS_gen”

s1 = Entropy(Steam_NBS,T=T1,P=P1)"]/kg.K ... entropy of steam at inlet”

s2 = Entropy(Steam_NBS,T=T2,P=P2)"]/kg.K .... entropy of steam at exit”

dS_steam = m_steam * (s2 - s1) “W/K ... entropy change of steam”

dS_surr = Q_loss /(T0 + 273) “W/K ... entropy change of surroundings”

dS_gen = dS_steam + dS_surr “W/K ... entropy generated”

e_destr2 = (T0 + 273) * dS_gen “W ... Irreversibility or exergy destroyed”

360°
thinking.

Deloitte.
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Results:

Unit Settings: 51 C Pa J mass deqg

dSgen = 25873 PW/K] A5 team = 1567 [W/EK] dS gy = 1007 [/K]
ni = 0.6485 Bdestrz = /0BEET [ Edestraped = 7OBEES [vy]
ep = 1.238E+06 [Jfko] ez = B03877 [Jika) h1 = 3.344E+06 [J/ka]
h2 = 2. 769E+06 [J/ko) Mstearn = 0 [KO/s] FO =100000 [Pa]
F1 = 3.000E+06 [Fa] F2 =z00000 [Pa] Djgss = 300000 ]
FealFluid$ = 'Steam_NEBS' g1 =7083 [JikoK] 52 =7279 [JfkoK]
TO =25 [C] T1 =450 [C] T2 =150 [C]
YWo=0 [mfs] Waotyal = 4.304E+06 [dY] ey, = B.OVTE+DE D]
2=0 [m]

Thus:

Actual power output: W_actual = 4304 kW ... Ans.

Max. power output: W_rev = 5071 kW ... Ans.

Second Law efficiency: eta_II = 0.8488 ... Ans.

Exergy destroyed: e_destroyed = 766.889 kW .... Ans.

Note that by the alternative method too,

we get: exergy destroyed = e_destr2 = 766.889 kW ... same as earlier.... Ans.
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“Prob.8.12. In a turbine, 1 kg/s of air expands from 8 bar, 650 C to 1 bar, 250 C. 9 kJ/kg of heat is lost
to the surroundings, which is at 1 bar, 20 C. Neglect changes in K.E. and P.E. Determine: (i) decrease in

availability (ii) Max. work (iii) actual work, (iv) Second Law efficiency, and (v) Irreversibility”

Air, In Q

Ajr, out

Fig.Prob.8.12

“EES Solution:”

“This is an example of using the EES Function for exergy of mass flow for Ideal Gas:”

“Data:”

P1 = 8E05“Pa”
T1 =650 “C”
m_air = 1 “kg/s”
P2 = 1E05“Pa”
T2 =250 “C”

Q_loss = 9E03 “W”

PO = 1E05 “Pa”
T0 =20 “C”

V=0“m/s”
Z - 0 ((m’)
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“Calculations:”

“For exergy of mass flow:

we shall use the EES Function already written:

viz. Exergy_massflow_IdealGas(IdealGas$,T, P, V, Z,T0, P0) ...J/kg”

IdealGas$ = Air’

“Exergy at Inlet:”

e_fl = Exergy_massflow_IdealGas(IdealGas$,T1, P1, V, Z,T0, P0) “ ... J/kg”

“Exergy at exit:”

e_f2 = Exergy_massflow_IdealGas(IdealGas$,T2, P2, V, Z,T0, P0) “ ... J/kg”

“Reversible work, or Max. possible work:”

W_rev = m_air * (e_f1 — e_f2) “J/s”

’f""-.
g

W [
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“Actual work output:

By I Law applied to turbine:

m_air * ( hl- h2) = W_actual + Q”

h1 = Enthalpy(,Air;T=T1) “J/kg”

h2 = Enthalpy(,Air T=T2) “J/kg”

“Therefore: actual work output is found from”

m_air * ( h1- h2) = W_actual + Q_loss“W .... actual work output”

“Then, Second Law efficiency:”

eta_II = W_actual / W_rev “..Second Law eftcy”

“Exergy destroyed, or Irreversibility:”

e_destroyed = W_rev - W_actual “W .... exergy destroyed”

Results:

Unit Settings: 51 C Pa J mass deqg

11 = 0.9585
h1 = 958215 [Jfkg]
PO =100000 [Pa]
T0 =20 [C]

Bdestraped = 4901 [W]

ef = 489527 [Jkg]

ep = G1628 [Jkg]

h2 = 527217 [Jkg]
P1 =800000 [Pa]
T1 =650 [C]

Wactugl = 922938 [W]

W, = 427099 [W]

Thus:

ldealGas$ = "Air'
Fz =100000 [Fa]
T2 =250 [C]
Z=0 [m]

Decrease in availability = (e_f1 - e_f2) = 427.8891 kW .... Ans.

Max. power output: W_rev = (e_fl1 — e_f2) = 427.8891 kW ... Ans.

Actual power output: W_actual = 422.998 kW ... Ans.

Second Law efficiency: eta_II = 0.9885 ... Ans.

Irreversibility = Exergy destroyed: e_destroyed = 4.901 kW .... Ans.

Migir=1 [kas]
Cljgze = 3000 W]
Wo=0 [mys]
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“Prob.8.13. Refrigerant R134a enters compressor at 150 kPa, -10 C and is compressed to 1 MPa.
Compressor has a Second Law efficiency of 75%. Determine: (i) actual work input, (ii) isentropic

efficiency (iii) exergy destroyed.”

EES Solution:

“This is an example of using the EES Function for exergy of mass flow for a RealFluid:”

“Data:”

P1 = 150E03“Pa”
T1 =-10C”
m_R134a =1 “kg/s”

P2 = 1E06“Pa”

PO = 1E05“Pa”
T0 =20 “C”

V=0“m/s”
Z - 0 ((m))

eta Il =0.75

“Calculatons:”

“For isentropic compression:”

s1 = Entropy(R134a,T=T1,P=P1)"]/kg.K”

s2 = sl “..for isentropic compression”

“Therefore, find T2:”

s2 = Entropy(R134a,T=T2,P=P2)"]/kg.K ..... finds T2 (C)”

“ Now, Exergy at Inlet and exit .... using the Exergy Function already written:”

RealFluid$ = ‘R134a°

e_fl = Exergy_massflow_RealFluid(RealFluid$,T1, P1, V, Z,TO0, P0) “ ... J/kg”
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“ And, Exergy at exit:”

e_f2 = Exergy_massflow_RealFluid(RealFluid$,T2, P2, V, Z,TO0, P0) “ ... J/kg”
“Therefore: Reversible work = minimum required work:”

W_rev =e_f2 — e_fl “J/kg ... rev. work”

“Actual work is determined, knowing Second Law efficiency, as:”

eta_Il = W_rev / W_act “... detrmines W_act, the actual work required”

“Then: Exergy destroyed or Loss:”

e _loss = W_act - W_rev “W”

“Isentropic efficiency:”

h2s =Enthalpy(R134a,T=T2,s=s2)“J/kg ... enthalpy at exit if compression were isentropic”

“h2 is determined from: W_act = h2 - h1”
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((anen:))
h1 =Enthalpy(R134a,T=T1,s=s1)“J/kg .... enthalpy at inlet to compressor”
W _act = h2 - hl “..determines h2, enthalpy at exit for actual compression process”

eta_isentropic = (h2s-h1) / (h2 - hl1) “... by definition of Isentropic efficiency”

Results:

Unit Settings: 51 C Pa J mass deg

i = 0.75 |--isentmpi,3 -0.75 | |er1 - 10780 [J,."kg]| |er2 - 51795 [J/ka]
Bloss = 13673 [W]] h1 = 246081 [J/ka] h2 = 300771 [Jkg] h2s = 267089 [J/kg]
ME1a4a= 1 [ko/s] PO =100000 [Pa] P1 =150000 [Pa] P2 =1000000 [Pa]
FealFluid$ ='R134a'  s1=966 [JkgK] 52 = 966 [JkgK] TO =20 [C]

T1 =-10[C] T2 =5405 [C] Vo= [mys] Wact = 5691 W]

Wy = 410715 [W]| Z=0 [m]

Thus:

Actual work required = W_act = 54.691 kW ... Ans.
Isentropic efficiency = eta_isentropic = 0.75 ... Ans.

Exergy destroyed = e_loss = 13.673 kW ... Ans.

“Prob.8.14. Air is throttled from 900 kPa, 70 C to a pressure of 200 kPa at a rate of 0.5 kg/s in an

environment of 25 C. Neglecting the changes in K.E. and PE. determine the power potential wasted.”

“EES Solution:”
“Data:”

P1 = 900E03 “Pa”
T1=70“C"

P2 = 200E03 “Pa”
PO = 1E05 “Pa”
T0 =25 “C”

»

m_air = 0.5 “kg/s
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“Calculations:”

“Exergy loss is easily calculated as: TO * S_gen, (remember: TO in Kelvin)”

h1 = Enthalpy(Air,T=T1) “J/kg ... enthalpy at inlet to the throttle valve”

h2 = h1 “.since enthalpy remains constant during throttling”

s1 = Entropy(Air,T=T1,P=P1) “J/kg.K ... entropy at inlet”

s2 = Entropy(Air,P=P2,h=h2) “J/kg.K ... entropy at exitt”

dS_air = m_air * (s2 - s1) “W/K ...entropy change for air”

dS_surr = 0 “..since Q = 0, W = 0 for the throttle valve”

“Therefore: entropy generated:”

dS_gen = dS_air + dS_surr “W/K .... entropy generated”

“Therefore: Exergy loss or, power potential wasted:”

e_loss = (TO + 273) * dS_gen “W”

“Second Law efficiency:”

“eta_II is defined as:

eta_II = (e_f1 — e_loss) /e_f1”

IdealGas$ = ‘Air’

V=0m/s

Z — 0 «m”

e_fl = m_air * Exergy_massflow_IdealGas(IdealGas$,T1, P1, V, Z,T0, P0) “W”

“Therefore:”

eta_II = (e_f1 — e_loss) /e_f1

68

Download free eBooks at bookboon.com



Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

Results:
Unit Settings: 51 C Pa J mass deqg

dS i = 215.9 [WK] S gen = 2159 [W/K] dSgr =0 [AK] nit = 0.3265
ef =95514 [J,-fkg]| |em=54325 [W]| |h1 = 343838 [Jfka] h? = 343838 [J/kg]
dealGas$ = 'Air Mg = 0.5 [ka/s] PO =100000 [Pa] P1 =900000 [Pa]
P2 = 200000 [Ps] 51=5210 [JkgK] 52 = 5642 [JkoK] TO =25 [C]

T1 =70 [C] v =0 [mis] Z=0 [m]

Thus:

Power potential wasted = exergy destroyed = e_loss = 64.325 kW ... Ans.

Second Law efficiency = eta_II = 0.3265 ... Ans.

(]
B By 2020, wind could provide one-tenth of our planet's

ra I n p O W e r electricity needs. Already today, SKF's innovative know-

how is crucial to running a large proportion of the

world’s wind turbines.

Up to 25 % of the generating costs relate to mainte-
nance. These can be reduced dramatically thanks to our
stems for on-line condition monitoring and automatic

jcation. We help make it more economical to create

Therefore we'need the best employees who can
eet this challenge!

T@f Power of Knowledge Engineering

-

_

Plug into The Power of Knowlé: ngineering.
Visit us at www.skf.com/know1edg.\¢.

69 Click on the ad to read more

Download free eBooks at bookboon.com


http://www.skf.com/knowledge

“Prob.8.15. Air is flowing through a pipe and the temp decreases from 600 C at inlet to 590 C at exit,
due to heat losses. Neglecting pressure losses, determine the exergy lost per kg during the flow. Take cp

for air as 1100 J/kg.K, and ambient temp as 27 C”

T A 1

T1
K// Available energy =
2 Area 1-2-3-4-1
T2
B 3
TO 4
-
< As > 8
Fig.Prob.8.15

“EES Solution:”

“Data:”

T1 =600 “C”
T2 =590 “C”
PO = 1E05 “Pa”
T0 =27 “C”
m_air = 1 “kg/s”

cp_air = 1100 “J/kg.K”

“Calculations:”

Q_lost = m_air * cp_air * (T1 - T2) “W ... heat lost at constant pressure”

dS_air = m_air * cp_air * In((T1+273) / (T2 + 273)) “J/kg.K .... entropy change during the heat loss at

const. pressure”

e_loss = Q_lost — (T0 + 273) * dS_air “W”
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Results:
Unit Settings: 51 C Pa J mass deqg

Cpair = 1100 dSgp = 1267 K] Blozg = ¢ 198 W] mgr=1 [ko/s]
PO =100000 [Fa) Cljggt = 11000 TO =27 [C] T1 =600 [C]
T2 =530 [C]

Thus:

Exergy lost or energy degradation due to heat loss in pipe = e_loss = 7.198 kW ..... Ans.

8.3 Problems solved with TEST:

Prob.8.16. A piston - cylinder device contains 5 kg of R134a at 0.7 MPa and 60 C. The refrigerant is
now cooled at constant pressure until it exists as a liquid at 24 C. If the surroundings are at 100 kPa
and 24 C, determine: (i) the exergy of the refrigerant at the initial and final states, and (ii) the exergy
destroyed during this process.[Ref:1]

TEST Solution:

Following are the steps:

1. Go to www.thermofluids.net:

Ble Edt W¥ew Hitory Bookmarks Tools Help

‘ :: Expert system for thermodynamics - a cours.. | e ‘

& & thermofiuids.net W e;igvf I ;‘I} ¥ i

(2] Most Visited @ Getting Started (5 Latest Headlines | | Expert system for the .. | Engineers-Excel.com: .. & Excel Tutorial | Excel .. Gmail: Email from Goo..

THENEXpertSystenorieriiog) yﬂéjfﬂfﬁj@
o :

b= Guest wod®”_J
TEST [0 '

To take advantage of all resources offered by TEST, please log in. You can create & free account
thermofiuids.net & | cooa the fink below) to check out TEST in seconds.

A

Mirror 1

Mirror 2 Log in or create an account [ Forgot password? Change password 1

Mirror 3 __ Login id (e-mail address): Password: (login required even with site license.)

Mirrer 4 2 | | Logln [Icheck site License

To test if your campus/corporstion has a site license, select the Site Licznse cheddbox,

= I ¢ a/Fratio] 1006 | [ 0.67 |

Video Intro

Quad | n-Octane
k) Btu

Unit Converter
1A AIR mmm)
n-octane q

Tables & Charts

Desktop Calc,
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2. Fill in the e-mail address and password; you get the personalized greeting screen:

=

TEST

thermofluids.nar A
Mirror 1
Mirror 2
Mirror 2
Mirror 4

Video Intro

Greetings Dr. Muliya, registered user since 2005!

| As an educator, you can now obtain a group license and distribute TEST accounts to your
b students, whe can use TEST from anywhere, not just from within the campus. Please take a

. - O : e 4 <A
| THieExpert Systen Tor Thermog| ygz!;f‘,uwﬁ,@' .
i | riversity wss'\onﬂ\ “wd}‘

of. S. B
i~ it pro

Login Message: You are now logged in using your personal ficense (valid untif Thu Dec 17
2015). If you encounter any problem in accessing a resource, please write to us at
support@thermofiuids.net.

look at the key problems in the Problems module. If you assign some of those as homework
(students, of course, cannot see the answers), TEST can monitor progress and generate
homework report.

Quad
kl Biu

Unit Converter

Tables & Charts

Desktop Cale,

¢ A/FR:

nCctane

ﬁol 10.06 | k| 0.67 |

L
J

) alance Reactions  19. Equil. Analysis
AIR # -

n-octane ﬂ

a
-

. Equilibrium Mixture 22. Emissions RIA

_Rich

Daemons

|5

RIAs Property Tables Animations Problems Turtorial Forum MyAccount - Version:10.5054; ¢

With us you can
shape the future.
Every single day.

For more information go to:
www.eon-career.com

Your energy shapes the future.
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3. Click on Daemons at the bottom of screen above. We get the Daemon tree and click on

System Analysis-Closed-Uniform System as shown below:

thermofluids.net > Daemon Map
_# Home of
& TEST

I

l

I

]

Basicl'ruols System Analysis States & Properties
[ | l f
Uniform Uniform
nverter CIO?Ed Dplen System Flow
I | I |
Unsteady Process Steady State  Steady State Unsteady Process
i (cveies) | I
Generic @ Specific Generic Specific
|
I I ]
Reciprocating Cycles HVAC/Psyvchrometry Comb. & Equilibrium

Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform  Non-Uniform
| | l
Single-Flow @ Non-Mixing Multi-Flow Mixing Multi-Flow @
| I I I |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psvchrometry Dynamics & Equilibrium

Hovering the mouse pointer over ‘Uniform System’ brings up the following explanatory pop up:

Click to go to page: TEST=Daemons>Systems=Closed=Process=Generic=Uniform Processes

Uniform Processes: finalyze a closed

process involving a system that can be
described by two unique states, one at
the beginning and one at the end of the

A b-stale

. ] acpst -
process. Select a material model that : ) —rt
best suits the working substance to : ‘,’
launch the daemon. " f-state

I

S

- -
- -
LT

Chapters 5 and & cover analysis of closed
processes involving uniform systems.
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4. For Material model, choose OC Model since R134a is the substance:

Generic, Uniform System, Closed Process Daemons: Select a Material Model
thermofluids.net > Daemons > Systems > Closed > Pro 3 eric > Uniform

=
Z TEST =2

Select a material model fo launch the daemon.

Pure Phase-Transition Fluid: The phase-change (PC) model can be used to determine states of sub-cooled
(compressed) liquid, super-heated vapor, and saturated mixture of liquid and vapor phases. Based on the
saturation and super-heated tables, the model is quite accurate. Sub-cooled liquid is modeled with the
compressed-liquid sub-model, except for species with an asterisk (H20* as opposed to H20), which uses

- compressed liquid table for better accuracy.
Warking fluids such as H20, R-12, NH3, R-1343, N2, CO2, etc., should be treated as PC fluids if there is any
PC Madel possibility of a phase transition.
Examples: R-134a vapor is compressed in a piston-cylinder device from a beginning-state to a final-state. To
find the work transfer if compression is assumed isentropic. For specific examples, click on the help icon at the
bottom margin of the daemon.
Pure Solid and Pure Liguid: Constant density and constant specific heats (g, = ¢, = ¢} characterize the
solid/liquid (5L) model. Beside a wide selection to choose from, a new solid or liquid can be created by
assigning custom material properties.
Bt
= ': Waorking substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed to
B _d:l maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed
SLliis with the SL model.

Examples: A block of copper is heated from a beginning-state to a final-state. To find the heat transfer
necessary for the process. For specific examples, click on the help icon at the bottom margin of the daemon.

5. Select R134a for the substance. Then, enter for State ‘0’ the ambient conditions, viz. p0 =

100 kPa, TO = 24 C. This will be required to make exergy calculations. Hit Enter. We get:

Generic, Uniform-System, Closed Process Daemon: PC Model
hermofluids.net > Daemons > Systems > Closed > Process > Generic > Uniform > PC-Model

S o .
2 TEST & 88 <

Move mouse over avariable to display its value with more precision.

% Mixed { Sl ¢ English < = ¥ Help Messages On Super—lteratel Super-Calculate m Super-nitialize

State Panel | Frocess Panel | Exergy Panel | 10 Panel

H ©5tate-0 ots v I Initialize Superheated Vapor
0 L]

7| 0 7| 10 ¥ | w
- - ] Cam e

| w0 | e | s 7| vew 7|
o o PR P e TR W (R
J el J jo phig psil J m0
S B R S

Vol0

| 1O
| [ms | [OZGEN ot v]
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6. Now, go to State 1, and enter the data, i.e. p1 = 700 kPa, T1 = 60 C, m1 = 5 kg. Hit Enter.

Immediately, all State properties are calculated:

p1=700.0 kPa [Absolute pressure]

“ Mixed © SI ¢ English = ﬂ ¥ Help Messages On Super—lteratel Super-Calculate m Super-nitialize

State Panel | Process Panel | Exergy Panel | 10 Panel

Vol1

7. Now, go to State 2, enter p2 = pl (since i-2 is a constant pressure process), T2=24C,m2 =
ml. Hit Enter. We get:

Move mouse over a variable to display its value with more precision.

# Mixed ¢ S|  English < = ¥ Help Messages On Super—lleratel Super-Calculate m Super-nitialize

State Panel | Process Panel | Exergy Panel | /0 Panel
EState2 v Subcooled Liquid
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8. Now, go to Process Panel. Enter State 1 and State 2 for b-state and f-state respectively. Also,
W_O (i.e. other work) = 0. Click on Calculate , and also on SuperCalculate. We get:

Use the I/0 Panel as a scientific calculator that recognizes

state properties (e.g. 3.14*9.5*2 h2-h1, p1*(Vol1/Vol2)*1.3, etc.)

& Mixed Sl  English < ﬂ ¥ Help Messages On Super—lteratel Super-Calculate Super-nitialize

State Panel |

. < IF'rocess—A[ﬂ—Z] v‘ > [

Process Panel | Exergy Panel | 110 Panel

Q | W
| sgen Delta E Delta S

Uniform Closed Process -A

Mass: e =m,=m
WinHip:
Energy: m(ej-—e,,):Q—(W,,+WO ) Waork in negative
— _ Heat in positive
AL=1 ki, Wt
Entropy: m(k r _Sb) :g-l- Sgc“
—— T W =Wy +Wos Wo=W,+H,
AS=5,-S, 20
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9. Now, go to Exergy Panel. We see that the exergy calculations are made:

W_rev=-84.39915 kJ [Reversible work]
% Mixed ¢ SI ¢ English < = ¥ Help Messages On Super—lteratel Super-Calculate Super-nitialize

State Panel Process Panel Exergy Panel 110 Panel

I L':alculate : I Ir\it\:alize | Exergy Analysis for Process - A
Delta_Phi S_gen.univ W _rev

il T
e

Exergy Balance for Process - A (dead state: State-0) T

oxt n?

0.

T e _ .
m(¢f—@)=g[l—;“}—(nc+f) R
\ﬁ/—} 1 \_;‘Vv_m_/ “__-.‘

W, =W, +W,=W, +W,; Or:d WinHip:

Work in negative
Heat in positive

Desired exergy output .
Required exergy input W 5

W, =W, +1; 1=T,S

e g.\,lunv’ ’i’n =

10. Thus, we see that:

Entropy generated = S_gen_univ = 0.06026 kJ/K

Irreversibility or exergy destroyed =1 =17.906 k] ... Ans.

Exergy difference between states 1 and 2 = Delta_Phi = 84.399 kJ.

Also, note that reversible work, useful work, heat transfer Q_0 etc are available.

Now, exergies at Inlet and exit:

At State 1:
Phi_1 =ml * {( ul - u0) - TO * (s1 - s0) + p0 * (vl - v0)} = 123.725 KkJ.... Ans.

At State 2:
Phi 2 =m2* {(u2 - u0) - TO * (s2 - s0) + p0 * (v2 - v0)} = 207.595 KJ.... Ans.

Therefore: Phi_2 — Phi_1 = exergy difference = 207.595 - 123.725 = 83.87 kJ.

This closely matches with the value of Delta_Phi = 84.4 k] ... Ans.
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11. Get the TEST code etc from the I/O panel:

B o o s ottt o 1t 0 o OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Closed>Process>Generic>Uniform>PC-Model; v-10.cb01

fommm oo Start of TEST-code ---------m-mmmmm oo
States {

State-0: R-134a;
Given: { p0= 100.0 kPa; T0O= 24.0 deg-C; Vel0= 0.0 m/s; z0= 0.0 m; }
State-1: R-134a;
Given: { pl= 700.0 kPa; T1= 60.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 5.0 kg; }
State-2: R-134a;
Given: { p2= “P1” kPa; T2= 24.0 deg-C; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1” kg; }
}
Analysis {
Process-A: b-State = State-1; f-State = State-2;
Given: { W_O= 0.0 kJ; T_B=298.15K; }

#oeee*DETAILED OUTPUT:

# Evaluated States:

State-0: R-134a > Superheated Vapor;

Given: p0= 100.0 kPa; T0= 24.0 deg-C; Vel0= 0.0 m/s;
z0= 0.0 m;

Calculated: v0= 0.2373 mA3/kg; u0= 250.7312 kJ/kg; h0= 274.4655 k]/kg;
s0= 1.0992 kJ/kg.K; 0= 250.7312 kJ/kg; j0= 274.4655 kJ/ke;
phi0= 0.0 kJ/kg; psi0= 0.0 kJ/kg; MMO= 102.03 kg/kmol;

State-1: R-134a > Superheated Vapor;

Given: pl= 700.0 kPa; T1= 60.0 deg-C; Vell= 0.0 m/s;
z1= 0.0 m; m1= 5.0 kg;

Calculated: v1=0.0349 m~3/kg; ul= 273.3402 kJ/kg; h1= 297.7901 kJ/kg;
s1= 1.0229 kJ/kg.K; el= 273.3402 kJ/kg; j1= 297.7901 kJ/ke;
phil= 25.0523 kJ/kg; psil= 46.0094 kJ/kg; Voll= 0.1746 mA3;
MMI= 102.03 kg/kmol;

H OB ¥ O B OH O OH OB OH W H B
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# State-2: R-134a > Subcooled Liquid;

# Given: p2= “P1” kPa; T2= 24.0 deg-C; Vel2= 0.0 m/s;

# z2= 0.0 m; m2= “m1” kg;

# Calculated: v2= 8.0E-4 m/3/kg; u2= 83.6551 kJ/kg; h2= 84.2337 kJ/kg;

# s2= 0.3162 kJ/kg.K; e2= 83.6551 kJ/kg; j2= 84.2337 kJ/k;

# phi2= 41.9322 kJ/kg; psi2= 42.4281 kJ/kg; Vol2= 0.0041 mA"3;
R Property spreadsheet starts:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
#00 100.0 297.2 0.2373 250.73 274.47 1.099
#01 700.0 333.2 0.0349 273.34 297.79 1.023
#02  700.0 297.2 8.0E-4 83.66 84.23 0.316
#

# Mass, Energy, and Entropy Analysis Results:

# Process-A: b-State = State-1; f-State = State-2;

# Given: W_O= 0.0 kJ; T_B=298.15 K;
Calculated: Q= -1067.782 kJ; W_B=-119.35648 kJ; S_gen= 0.04820816 k]/K; Delta_E=
-948.4255 KJ;

# Delta_S=-3.5331502 kJ/K;

# Exergy Analysis Results:
# Exergy Analysis for Process — A (Dead state: State-0)

# Given: Q= -1067.782 kJ; T_0= 24.0 deg-C; Q_1= 0.0 kJ;

# T_1=298.15 K;

# Calculated: Delta_Phi= 84.39914 kJ; W_u= -102.30556 kJ; I= 17.90641 kJ;
# S_gen.univ= 0.06026 kJ/K; W_rev= -84.39914 kJ; W= -119.35648 kJ;

# W_atm= -17.05093 kJ; Q_0= -1067.782 kJ;

Prob.8.17. A rigid container with 200 L volume is divided in to two equal volumes by a partition. Both
sides contain nitrogen, one side is at 2 MPa, 300 C, and the other at 1 MPa, 50 C. The partition ruptures,
and the nitrogen comes to a uniform state at 100 C. Assuming the surroundings are at 25 C, find the

actual heat transfer and the Irreversibility in the process. [Ref: 2]

TEST Solution:

We shall use TEST to find out the properties at States before and after mixing and then make simple

calculations to find out heat transfer and exergy loss.
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Following are the steps:
1. From the Daemon tree, choose States & Properties-Uniform System daemon:

I_’;'dsi::l Tools
l l l

|
System Ana

Closed
|

l

Open

lysis

Uniform
System

States & Properties

Uniform

l

Flow

Unsteady Process

[
Generic @
T

Specific
|

Steady State Steady State

(cvcles) |

Unsteady Process

Generic

Specific

l

Reciprocating Cycles

HVAC/Psychrometry

I

Comb. & Equilibrium

l

I
Uniform
Svstem

l
Non-Mixing
Non-Uniform

l
Semi-Mixing
Non-Uniform

l

Mixing
Non-Uniform

[
Single-Flow &
|

Non-Mixing Multi-Flow

I

Mixing Multi-Flow

I

®

l

Vapor and Gas
Power Cycles

I

Refrigeration

Cycles

I
HVAC
Psychrometry

I l
Gas Combustion
Dynamics & Equilibrium
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Hovering the mouse pointer on Uniform system brings up:

Click to go to page: TEST=Daemons=States>Uniform System

System State: A system state is an
extended set of properties that describe ol
the equilibrium condition of a working
substance inside a fixed control volume.
Select a material model to launch a
system state daesmon. To calculate a
state, select a working substance, enter
the known properties, and click
Calculate. Display the state on a
thermodynamic plot for better insight.

28 5, klkgK 1.0

System states are the building block of
most closed system daemons.

Chapters 1, 3, 11, and 14 deal with properties of working substances in equilibrium.

2. For material model, choose Ideal Gas (IG) model.

N T L I S | R T 1 e e S D e S e G e ] s i i S
material properties.
Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed to maintain
= d_ I their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed with the SL
Ha i model.
Examples: Evaluate the change in entropy of a block of solid as it is heated from a given initial temperature to a
given final temperature. For specific examples, click on the help icon at the bottom margin of the dasmon.
Pure Perfect Gas: The perfect gas (PG) model is the simplest gas model. It obeys the ideal gas equation of state
(pv=RT); moreaver, the specific heats are assumed constants. Noble gases, He, Ar, Ne, etc., are genuinely perfect
- o gases. Beside a wide selection, new gases can be constructed by assigning custom material properties. A perfect
» : i 4
CF;CSHS‘{ gas can be considered as a simplified ideal gas.

PG Model Examples: Evaluate the change in entropy of a fixed volume of argon, heated from a given initial pressure and
temperature to a given final state. For specific examples, click on the help icon at the bottom margin of the
daemon.

Pure Ideal Gas: Anideal gas (IG) is a gas that obeys the ideal gas equation of state (pv=RT). Specific heats are
e~ temperature dependent. As a result the IG model is more accurate than the PG model when variation in
2 ”RI.' temperature is significant. Choose from an wide selection of gases.
A

16 Model Examples: Evaluate the change in internal energy of a fixed volume of carbon dioxide, heated from a given initial
pressure and temperature to a given final state. For specific examples, click on the help icon at the bottom margin
of the daemon.

T T
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3. Choose N2 for substance and enter for State 1, p1, T1 and Voll. Hit Enter. We get:

System State Daemon: Ideal Gas (IG)

thermofluids.ne emons > States
TEST P

Move mouse over avariable to display its value with more precision.

% Mixed { S|  English = ¥ Help Messages On Super-lterate Super-nitialize

State Pansl |

Model

7| ot 1 | ot | v |

D e O e RS o O v v s

h1 | st 7| veit 7| 2 et
| o phit =i | m 7| Vait
F e ) o EN I
M1 R1 c_p1
B

Note that mass, m1, Int. energy, ul, entropy, sl etc are immediately calculated.

4. Similarly, for State 2, enter p2, T2 and Vol2. Hit Enter, and we get:

Move mouse over a variable to display its value with more precision

+ Mixe nglis = | Case- | > v p Messages On per-lterate Super-Calculate Super-Initialize
* Mixed ¢ 81 ¢ English Case-0 [ Help Me: o Super-iterat Iculat Initial

State Panel | 110 Panel

©5tate-2 W C ate e Formation Enthalpy: -

7| ez 7| | oz vz u2

| ez | verz E - | e
| e phi2 psi2 | ome | voi
e | FTR o ST [

M2 R2 J ¢ p2
[ TS S TR - o TS

Note that mass, m2, Int. energy, u2, entropy, s2 etc are immediately calculated.
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5. Now, enter for State 3, the state after mixing. Enter T3, Vol3 and m3. Hit Enter. We get:

Move mouse over avariable to display its value with more precision

 Mixed ¢ S|  English < |@Case-0 v|=| ¥ Help Messages On Super-terate Super-Calculate Super-hnitialize
g

State Panel | 110 Panel

Calculate I Initialize Formation Enthalpy: @ o N2 v
J p3 ﬂ T3 J rhod J v3 J u3d
R O - e v R v s Y
J h3 J 53 ﬂ Veld ﬂ z3 J el
ST v e v - Ea s v
J i3 phi3 psi3 ﬂ m3 j Vol3
[ T | o G S

i3 R3 J ¢ p3
B fove v I s v W

6. Now, hit SuperCalculate, and go to I/O panel, where we get TEST code etc. I/O panel is also
used as a calculator. The advantage in doing so is that the variables can be directly entered

in calculations. See below:

#To find Q:
#Q=dU+Wand, W=0
=m3*u3 - (m1*ul + m2*u2)

i.e. Q = m3*u3 - (m1*ul + m2*u2) = -141.336 kJ ... Ans... heat rejected to ambient

DUKE

= THE FUQUA
SCHOOL
OF BUSINESS 7

BUSINESS HAPPENS

Learn More »
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# To find S_gen: S_gen = dS_sys + dS_amb
dS_sys= m3*s3 - (m1*sl + m2*s2) = -0.27312 kJ/K
#dS_amb:= Q/T0

dS_amb = 141.3363/(25+273) = 0.474283 kJ/K
#Therefore: S_gen:

S_gen=-0.273120+ 0.47428 = 0.20116 kJ/K
#Then, exergy lost = Irreversibility:

I = (25+273)*0.20116 = 59.94568 k] .... Ans.

TEST code etc are given below:

B~~~ OUTPUT OF SUPER-CALCULATE
# Daemon Path: States>System>IG-Model; v-10.ca08
#
oo Start of TEST-€Ode -~ =mm oo m oo oo
States {
State-1: N2;
Given: { pl= 2.0 MPa; T1= 300.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; Voll= 100.0 L; }
State-2: N2;
Given: { p2= 1.0 MPa; T2= 50.0 deg-C; Vel2= 0.0 m/s; z2= 0.0 m; Vol2= “Vol1” L; }
State-3: N2;
Given: { T3= 100.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; m3= “ml+m2” kg; Vol3= “Voll+
Vol2” L; }
}
oo End of TEST-code ~=------mmmmmm oo oo

#0000 DETAILED OUTPUT: All the computed properties and variables are displayed on this

block 5 55 5 6 06 6t

# Evaluated States:

#
#
#
#
#
#
#

State-1: N2 > IG-Model;

Given: pl= 2.0 MPa; T1= 300.0 deg-C; Vell= 0.0 m/s;
z1= 0.0 m; Voll= 100.0 L;

Calculated: rhol= 11.7519 kg/mA3; vl= 0.0851 m~"3/kg; ul= 119.7472 kJ/kg;

h1= 289.9318 kj/kg; s1= 6.6439 kJ/kg.K; el= 119.7472 kj/kg;
j1= 289.9318 kj/kg; m1= 1.1752 kg; MM1= 28.0 kg/kmol;
R1=0.2969 kJ/kg.K; c_pl= 1.0828 kJ/kg.K;
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# State-2: N2 > IG-Model;

# Given: p2= 1.0 MPa; T2= 50.0 deg-C; Vel2= 0.0 m/s;

# z2= 0.0 m; Vol2= “Vol1” L;

# Calculated: rho2= 10.4218 kg/m~3; v2= 0.0959 m~3/kg; u2= -70.5156 kJ/kg;
# h2= 25.4368 kJ/kg; s2= 6.2448 kJ/kg.K; e2= -70.5156 kJ/kg;

# j2=25.4368 kJ/kg; m2= 1.0422 kg; MM2= 28.0 kg/kmol;

# R2=0.2969 kJ/kg.K; c_p2= 1.0347 kJ/kg.K;

# State-3: N2 > IG-Model;

# Given: T3=100.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m;

# m3= “ml+m2” kg; Vol3= “Vol1+Vol2” L;

# Calculated: p3= 1.2284 MPa; rho3= 11.0869 kg/m3; v3= 0.0902 m~"3/kg;

# u3= -33.418 kJ/kg; h3= 77.3809 kj/kg; s3= 6.3331 kj/kg.K;

# e3= -33.418 kJ/kg; j3= 77.3809 kJ/kg; MM3= 28.0 kg/kmol;

# R3= 0.2969 kJ/kg.K; c_p3= 1.0432 kJ/kg.K;

#

fommmeee- Property spreadsheet starts:

# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
# 1 2000.0 573.2 0.0851 119.75 289.93 6.644
# 2 1000.0 323.2 0.096 -70.52 25.44 6.245
# 3 1228.41 373.2  0.0902 -33.42 77.38 6.333

Prob.8.18. Two flows of air, both at 200 kPa, of equal flow rates mix in an insulated mixing chamber.
One flow is at 1500 K, and the other at 300 K. Find the Irreversibility in the process per kg of air flowing
out. [Ref: 2]

TEST Solution:

We shall assume the two flow rates as 0.5 kg/s each.
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Basic Thermodynamics: Software Solutions
Part IV

Following are the steps:

1. From the Daemon tree, choose System Analysis-

Availability or ‘Exergy’ and Irreversibility

Open-Mixing Multi-flow daemon.

Basic Tools

:

Closed
|

System Analysis

Open
|

|
States & Properties

I
Unsteady Process
|

l
Steady State Stead

(cvcles)

[
Generic @ Specific
|

Uniform Uniform
System Flow
| I
y State Unsteady Process
|
| I
Specific

Generic

[
Reciprocating Cvcies

|
HVAC/Psychromelry

]
Comb. & Fquilibrium

l

l

[

l

Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform  Non-Uniform
[ | |
Single-Flow @ Non-Mixing Multi-Flow Mixing Multi-Flow @
[ [ I I |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibrium

Hovering the mouse pointer over the Mixing Multi-flow gives the following explanatory pop up:

Click to go to page: TEST=Daemons=Systems=0pen=Steady=Generic=Multi-Flow Mixing Systems

Multi-Flow Mixing Systems: Analyze a
mixing open steady system with two
inlets and a single exit. Examples include
a mixing chamber where two

......

non-reacting gases are mixed or two
different phases of a fluid are mixed at

steady state.

Mixing chambers are covered in chapters
4, 6, and 11.
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

2. Choose PG model for material model, select Air as the substance, and enter p1, T1 and
mdotl for State 1. Hit Enter. We get:

Generic, Open Steady, Multi-Flow, Mixing Daemon: PG Mode/
thermofluids.net > Daemons > Systems E Open > Steady > Generic > Mixing > PG Model

' TEST

Move mouse over avariable to display its value with more precision.

* Mixed ¢ Sl ( English ﬂ ¥ Help Messages On Super-terate Super-Calculate Super-nitialize

State Panel | Device Panel | 10 Panel

| Calcu\ate :5; No—P\ots v ] Inifialize |

. .. o J Tt J v . vl . b

_—_ v | 2522 kg v |7?556946 wrg  v|[izoe0dea lone v
| s | i1 . i

230003 Kilkg K _ _ |??556946 klfkg ~| [1206.0403 klikg v
phit psit J mdotf J Voldot1 J At

\ kg ~] kg ~ | S s ~ [ro7e2 s ~|[107619.95 m2 v
M1 R1 ¢ pt c vl Kkt

|28.a7 kgkmol v | [0.28699 kJikg K v/ [100349 klifkg K ~ | 071651 klikg K v | [1.40054 UnitLess v
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Interactive Online programs

Special Christmas offer:

enroll by December 18th, 2014
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vVvyvVvyyVvyy
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

3. For State 2, enter p2, T2 and mdot2, and hit Enter. We get:

& Mixed ¢ Sl ¢ English j ¥ Help Messages On Super-lterate | Super-Calculate m Super-nitialize

State Panel | Device Panel | 110 Panel |

4. For State 3, enter p3, h3 = (m1*h1 + m2*h2)/ (m1 + m2), and mdot3 = (mdotl + mdot2)
and hit Enter. We get:

Move mouse over a variable to dis

 Mixed ¢ Sl ¢ English < ﬂ ¥ Help Messages On Super—\teratel m Super-nitialize

State Panel | Device Panel | 110 Panel [

Note that temp after mixing, entropy etc are calculated immediately.
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

5. Now, go to the Device Panel. Enter State 1 and State 2 for il-state and i-2 state (i.e. two
inlet states) respectively. For e-1 State enter State 3 and for e-2 state, enter null, since there
is only one exit from the mixing chamber. Also, Qdot = 0, since chamber is insulated, and

Wdot_ext = 0, since there is no external work. Hit Enter. Also, press SuperCalculate. See the

fig. below, in the Device panel:

Sdot_gen = 0.2949202 KWIK [Entropy generation rate inside the boundary]

" Mixed ¢ 51 ¢ English < > ¥ Help Messages On Super-lterate Super-Calculate Super-nitialize
nel o ne

Steady Multi-Flow Mixing Device - A
Mass, Energy, and Entropy Equations:

0= (s + i )= (i + 7y

0= (m:'l Ja "'mﬂfﬂ)_ (melfu +f,0 ks )"' Q-W,,

J,

0= (milsil it msz?sz) = [mslsel + M5, ] + Tg‘*' S_gm
7

5,

‘not

5t | Device Panel | 110 Panel ‘
< |Device-A[1,2-3] v ﬂ Calculate " Non-Mixing & Mixing Device
tat State-1 hd State-2 b el State-3 hd = State-Mull +
¥ | Gdot Y| Wdot ext G J Sdot_gen
Jdot_net Sdot_net
[o0 K | [0:29402 KUK v

State-Null:
a port is closed.
WinHip:

Heat in positive

It indicates that

Work in negative

Note that S_gen is calculated as 0.29492 kW/K.

Calculate the Irreversibility as shown below:

#Exergy lost = Irreversibility: = TO * S_gen

i.e. Irreversibility = (25+273) * 0.29492 = 87.886 kW ... Ans.
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6. Go to I/O panel to get TEST code etc:

B OUTPUT OF SUPER-CALCULATE (starts from your inputs
# Daemon Path: Systems>Open>SteadyState>Generic>MultiFlowMixed>PG-Model; v-10.ca08
Hommmmmmee s Start of TEST-code -------mmmmmm oo
States {

State-1: Air;

Given: { pl= 200.0 kPa; T1= 1500.0 K; Vell= 0.0 m/s; z1= 0.0 m; mdotl= 0.5 kg/s; }

State-2: Air;
Given: { p2= 200.0 kPa; T2= 300.0 K; Vel2= 0.0 m/s; z2= 0.0 m; mdot2= 0.5 kg/s; }

State-3: Air;
Given: { p3= 200.0 kPa; h3= “(m1*h1+m2*h2)/m3” kJ/kg; Vel3= 0.0 m/s; z3= 0.0 m; mdot3=
“mdotl+mdot2” kg/s; }

-~

R N |

| EHHE R

# BUSINES"}
SCHOO!

FINANCIAI. TIMES

- T
& \ -‘-—-—
MASTER IN MANAGEMENT Al : - " &

:5

Because achieving your dreams is your greatest challenge. IE Business School's Master mManagement taught
in English, Spanish or bilingually, trains young high performance professionals at the beginning of their career
through an innovative and stimulating program that will help them reach their full potential.

Choose your area of specialization.
Customize your master through the different options offered.
Global Immersion Weeks in locations such as Rio de Janeiro, Shanghai or San Francisco.

Because you change, we change with you.

www.ie.edu/master-management mim.admissions@ie.edu £ W lin YouTube

Click on the ad to read more

Download free eBooks at bookboon.com


http://s.bookboon.com/IE

Analysis {

Device-A: i-State = State-1, State-2; e-State = State-3; Mixing: true;

Given: { Qdot= 0.0 kW; Wdot_ext= 0.0 kW; T_B= 298.15 K; }

#eoeeDETAILED OUTPUT:

# Evaluated States:
State-1: Air > PG-Model;
Given: pl=200.0 kPa; T1= 1500.0 K; Vell= 0.0 m/s;
z1= 0.0 m; mdotl= 0.5 kg/s;
Calculated: vl= 2.1524 mA3/kg; ul= 775.5695 kJ/kg; h1= 1206.0493 kJ/kg;
s1=8.309 kj/kg K; el= 775.5695 kj/kg; j1= 1206.0493 kj/kg;
Voldotl= 1.0762 mA3/s; Al= 107619.95 mA2; MM1= 28.97 kg/kmol;
R1= 0.287 kJ/kg.K; c_pl= 1.0035 kJ/kg.K; c_v1= 0.7165 k]/kg.K;
k1= 1.4005 UnitLess;
State-2: Air > PG-Model;
Given: p2= 200.0 kPa; T2= 300.0 K; Vel2= 0.0 m/s;
z2= 0.0 m; mdot2= 0.5 kg/s;
Calculated: v2= 0.4305 mA3/kg; u2= -84.2395 kJ/kg; h2= 1.8565 kJ/kg;
s2= 6.694 kJ/kg.K; e2= -84.2395 kJ/kg; j2= 1.8565 kJ/kg;
Voldot2= 0.2152 mA3/s; A2= 21523.99 mA2; MM2= 28.97 kg/kmol;
R2= 0.287 kJ/kg.K; c_p2= 1.0035 kJ/kg.K; c_v2= 0.7165 kJ/kg.K;
k2= 1.4005 UnitLess;
State-3: Air > PG-Model;
Given: p3=200.0 kPa; h3= “(m1*h1+m2*h2)/m3” kJ/kg; Vel3= 0.0 m/s;
z3= 0.0 m; mdot3= “mdotl+mdot2” kg/s;
Calculated: T3=900.0 K; v3= 1.2914 m~3/kg; u3= 345.665 kJ/kg;
s3=7.7964 kJ/kg K; e3= 345.665 kJ/kg; j3= 603.9529 kj/kg;
Voldot3= 1.2914 mA3/s; A3= 129143.945 m/2; MM3= 28.97 kg/kmol;
R3= 0.287 kJ/kg.K; c_p3= 1.0035 kJ/kg.K; c_v3= 0.7165 k]/kg.K;
k3= 1.4005 UnitLess;

H OB O H O O H OB OB OH W OH OH O H OB W O OB OH OH O H OB OB OH B B
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- Property spreadsheet starts: #

# State  p(kPa) T(K) v(m~3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
# 1 200.0 1500.0 2.1524 775.57 1206.05 8.309
# 2 200.0 300.0 0.4305 -84.24 1.86 6.694
# 3 200.0 900.0 1.2914 345.66 603.95 7.796
e Property spreadsheet ends----------=-----omommmmm oo

# Mass, Energy, and Entropy Analysis Results:

#

# Device-A: i-State = State-1, State-2; e-State = State-3; Mixing: true;

# Given: Qdot= 0.0 kW; Wdot_ext= 0.0 kW; T_B= 298.15 K;

# Calculated: Sdot_gen= 0.2949202 kW/K; Jdot_net= 0.0 kW; Sdot_net= -0.2949202 kW/K;

Prob.8.19. A steady stream of R-22 at ambient temp 10 C and at 750 kPa enters a solar collector. The
stream exits at 80 C and 700 kPa. Calculate the change in availability of R-22 between these two states.
[Ref: 2]
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Basic Thermodynamics: Software Solutions

Part IV

TEST Solution:

Following are the steps:

Availability or ‘Exergy’ and Irreversibility

1. From the Daemon tree choose System Analysis-Open-Single Flow daemon:

|
I | |
Basi(:l lools System Analysis States & Properties
[ [ l r{
Uniform Uniform
CIOlsed Oplen System Flow
I l I ]
Unsteady Process Steady State Steady State Unsteady Process
(cvcles) I |
Generic E?, Specific Generic Specific
I
l I l
Reciprocating Cyvcles HVAC/Psychrometry Comb. & Fquilibrium
[ [ [ 1
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
I [ [
Single-Flow g, Non-Mixing Multi-Flow Mixing Multi-Flow Q?a
|
[ [ [ [ I
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibrium
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

Hovering the mouse pointer over Single-Flow gives following pop up:

Click to go to page: TEST=>Daemons=Systems=0pen=5Steady>Generic=Single-Flow Systems

Single-Flow Steady Systems: Analyze
an open steady system with a single inlet
and a single exit. Examples include
turbines, compressors, pumps, nozzles,
diffusers, throttling valves, etc.

Chapters 4 and & deal with generic open
steady systems.

2. Choose PC model for material model:

Select a material model to launch the single-flow open-steady daemon.

Pure Phase-Transition Fluid: The phase-change (PC) model can be used to determine states of sub-cooled

(compressed) liquid, super-heated vapor, and saturated mixture of liquid and vapor phases. Based on the

saturation and super-heated tables, the model is quite accurate. Sub-cooled liquid is modeled with the

compressed-liqguid sub-maodel, except for species with an asterisk (H20™ as opposed to H20), which uses
e : compressed liguid table for better accuracy.

PC Model Working fluids such as H20, R-12, NH3, R-134a, N2, CO2, etc., should be treated as PC fluids if there is any
possibility of a phase transition.

Examples: Analyze a steady steam turbine with one inlet and one exit. For specific examples, click on the help
icon at the bottom margin of the daemon.

Pure Solid and Pure Liquid: Constant density and constant specific heats (¢, = ¢, = ¢) characterize the
solid/liguid (SL) model. Beside a wide selection to choose from, a new solid or liquid can be created by
assigning custom material properties.

j,= cl: Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc.,, which can be assumed to

S:L_I\-'I"d_ I maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed
odel

with the SL model.

Examples: Liquid water is pumped steadily from a given infet-state to a given exit-state with no possibility of
a phase change. For specific examples, click an the help icon at the battom margin of the dasmon.

3. And, select R-22 for the substance and enter p0 = 100 kPa and T0 = 10 C for State ‘0’

(required for exergy calculations). Hit Enter:

Generic, Open Steady, Single-Flow, Daemon: PC Mode/

thermofluids.net > Daemons = Systems > Open > Steady > Generic > SingleFlow > PC-Model

B S o E N e

Move mouse over a variable to displ:

& Mixed ¢ SI ¢ English < > ¥ Help Messages On Super-terate Super-Calculate m W

State Panel | Device Panel | Exergy Panel | 110 Panel |

I Iculate Imti:a\ ]
o Y = T o
ST o T ) - -
| w | ro | s | vew 7| 0
EESETo: RGeS - M -
| e | w phid osi0 | mdeto
B <R e < R B e
| voidoto | a0 M0
| ) v s

lue with more precisi

Superheated Vapaor
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Basic Thermodynamics: Software Solutions
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4. For State 1: Enter pl, T1 and mdotl as shown, and hit Enter. We get:

% Mixed S ¢ English < j ¥ Help Messages On ~ Super-lerate Super-Calculate Super-nitialize

State Panel | Device Panel |

Exergy Panel | 10 Panel

Initialize Subcooled Liguid

J y1 J vi
| oo OB )
J ﬂ Velt ﬂ zt

phit psit ﬂ mdott

J e J it

J Voldot1 J
[T -IQI [otml ]

Note that all properties such as hl, sl etc at State 1 are calculated.

5. Now, for State 2: enter p2, T2 and mdot2, hit Enter. We get:

Move mouse

# Mixed Sl  English

< |@Case-d v = ¥ Help Messages On Superterate Super-Calculate
Case 0 v

Device Panel | Exergy Panel | 10 Panel

©State-2 v Calculate No-Flots + Initi:ahze Superheated Vapor

4 - M e e | o
_-_QI mcton v [rezin ™ v 0 ¥

State Panel |

w2 | r | = | ve | 2
erseuEs e vifmseae e v _m-__-
| e e ohi2 psi2 | maot2
EE s SN R - R -
| vior2

J A2 M2
[ TN )T T

Again note that all properties such as h2, s2 are calculated.
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

6. Now, go to Device Panel. Enter State 1 and State 2 for i-state and e-state respectively. And,
Wdot_ext = 0. Click on Calculate and SuperCalculate. We get:

Move mouse over a variable to display its value with more precision

* Mixed ¢ Sl ¢ English ﬂ_@Case—U_ vﬂ ¥ Help Messages On Super-lterate Super-Calculate Super-nitialize

< |peiiceanal v |State-1 v State2  v|
| adot 7| wdot_ext | 18 | sdot gen

| Device Panel ‘

249387 [k B[ v oS < v/[o0z233 ]
Jdot_net Sdot_net
249387 I v |[oi8sers [ ~|

Single-Flow Steady Device - A ' State-Null:

e R It indicates that
Mass: m, =m, =m a port is closed
Energy: Ozm(j!.—je)+Q—FVm .

——— . WinHip:

T Q
ntropy: 0 fils 5 Waork inr egative
MR ( g ) S Heat in positive
o & 2 - §

St

Note that Sdot_gen and Qdot are calculated. Qdot is +ve...means that heat is entering in to the system.

The Wake
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Basic Thermodynamics: Software Solutions

Part IV Availability or ‘Exergy’ and Irreversibility

7. Go to the Exergy panel. Note that all calculations are available here.

Move mouse over a variable to display its value with more precision.

" Mixed ¢ S| ( English < I@Case—[] v ¥ Help Messages On Super-lterate
State Panel ‘ Device Panel | Exergy Panel | 0 Panel ‘
[Exergy Analysis for Device - A
Psidot_net Wdot_u Idot Sdot_gen,univ Wdot_rev
|-6.22395 K /o0 I v | [-6.22308 K v 002198 i v| Fa.223% | v
Qdot 0 0 /| Qdot 1 H
B - N O S v
Exergy Balance for Device - A (dead state: State-O)"/T:‘ :
77 Sl WinHip:
— . — 1220 {7 47 - fls Work in negative
0 m(w! Y. )+Q1 {1 ]I } (W; +1 ) ") A 10 Heat in positive
\i’[m‘- -ren W .
j = TDnglniv; 7 1, | Exergetic Efficiency )
0 : ; ; L mmee e k_[ﬁ_‘_ Desired exergy output
W=W -H =W : = =0+ Vo= = Required exergy input
u ext % ext Q Z QC g—)ﬂ Q 2]
Note that exergy difference between inlet and exit is Psidot_net = -6.22396 kW .... Ans.
Remember: Exergy difference = mdot * {(h2 - h1) - TO * (s2 - s1)}
8. 1/0 panel gives the TEST code etc:
Frommm s~ OUTPUT OF SUPER-CALCULATE
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PC-Model; v-10.cb01
fommmmm s Start of TEST-code === mmmmmmm oo
States  {

State-0: R-22;
Given: { p0= 100.0 kPa; T0= 10.0 deg-C; Vel0= 0.0 m/s; z0= 0.0 m; }

State-1: R-22;

Given: { pl= 750.0 kPa; T1= 10.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; mdotl= 1.0 kg/s; }

State-2: R-22;

Given: { p2= 700.0 kPa; T2= 80.0 deg-C; Vel2= 0.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
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Analysis {

Device-A: i-State = State-1; e-State = State-2;

Given: { Wdot_ext= 0.0 kW; T_B=298.15 K; }

B End of TEST-code ------==mmmmmm oo oo
fommmeee- Property spreadsheet starts:

#

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#00  100.0 283.2 0.2675 237.6 264.34 1.126

#01  750.0 283.2 8.0E-4 55.92 56.52 0.217

#02  700.0 353.2 0.0456 273.95 305.9 1.076

#

# Mass, Energy, and Entropy Analysis Results:

# Device-A: i-State = State-1; e-State = State-2;
# Given: Wdot_ext= 0.0 kW; T_B= 298.15 K;
# Calculated: Qdot=249.387 kW; Sdot_gen= 0.022330081 kW/K; Jdot_net=-249.387 kW;

Sdot_net= -0.8587782 kW/K;

# Exergy Analysis Results:

# Exergy Analysis for Device - A (Dead state: State-0)

# Given: Qdot= 249.387 kW; T_0= 283.15 K; Qdot_1= 0.0 kW;

# T_1=298.15 K;

# Calculated: Psidot_net= -6.22396 kW; Wdot_u= 0.0 kW; Idot= -6.22396 kW;

# Sdot_gen,univ= -0.02198 kW/K; Wdot_rev= -6.22396 kW; Qdot_0= 249.387 kW;
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Availability or ‘Exergy’ and Irreversibility

Prob.8.20. Steam enters a turbine at 25 MPa, 550 C and exits at 5 MPa, 325 C at a flow rate of 70 kg/s.

Determine the total power output of the turbine, its isentropic efficiency and the Second Law efficiency.

[Ref: 2]

TEST Solution:

Following are the steps:

1. Choose System Analysis-Open-Single Flow daemon:

I I
Basic Tools System Analysis

|
l l l

Closed Open
| |

I
States & Properties

Uniform
System

Uniform
Flow

I l |
Unsteady Process
| (cycles) '

Steady State Steady State

l
Unsteady Process

[ I
Generic @ Specific Generic

I
Specific

|
| l
Reciprocating Cvcles  HVAC/Psyvchrometry

Comb. & Equilibrium

l

| I |

l

Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Nen-Uniform
I I I
Single-Flow % Non-Mixing Multi-Flow Mixing Multi-Flow @
| I | | |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cvcles Psychrometry Dynamics & Equilibrium
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2. Choose PC model for material model:

Select a material model to launch the single-flow open-steady daemon.

Pure Phase-Transition Fluid: The phase-change (PC) model can be used to determine states o
(compressed) liquid, super-heated vapor, and saturated mixture of liquid and vapor phases. Ba
saturation and super-heated tables, the model is quite accurate. Sub-cooled liquid is modeled w
compressed-liquid sub-model, except for species with an asterisk (H20* as opposed to H20), v
1 9 :‘ compressed liquid table for better accuracy.

PC Model Working fluids such as H20, R-12, NH3, R-1343, N2, CO2, etc., should be treated as PC fluids if t
possibility of a phase transition.

Examples: Analyze a steady steam turbine with one inlet and one exit. For specific examples, cl
icon at the bottom margin of the daemon.

Pure Solid and Pure Liquid: Constant density and constant specific heats (¢, = ¢, = c) characte
solid/liquid (5L) model. Beside a wide selection to choose from, a new solid or liquid can be cre:
assigning custom material properties.

P= ci: Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be :
------ 3 maintain their condensed (solid or liquid) phase when a system undergoes other changes, can
2 eis with the SL model.

Examples: Liquid water is pumped steadily from a given infet-state to a given exit-state with
a phase change. For specific examples, click on the help icon at the bottom margin of the daem

TURN TO THE EXPERTS FOR
SUBSCRIPTION CONSULTANCY

Subscrybe is one of the leading companies in Europe when it comes to innovation
and business development within subscription businesses.

We innovate new subscription business models or improve existing ones. We do
business reviews of existing subscription businesses and we develope acquisition and

retention strategies.

Learn more at linkedin.com/company/subscrybe or contact
Managing Director Morten Suhr Hansen at mha@subscrybe.dk

SUBSCRYBE - fofle fifur
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Basic Thermodynamics: Software Solutions

Part IV Availability or ‘Exergy’ and Irreversibility

3. And, select H20 for substance, enter for State — ‘0" values of p0, TO (for exergy calculations).
Hit Enter:

Generic, Open Steady, Single-Flow, Daemon: PC Model

thermofluids.net > Daemons > Systems > Open > Steady > Generic > SingleFlow > PC-Model

Bk S < SR e

Move mouse over a variable to display its value with more precisi

* Mixed S| ( English & ﬂ ¥ Help Messages On Super-lterate | Super-Calculate m

State Panel | Device Panel | Exergy Panel | 11D Panel |

@State-0 v | cacutate No-Plots + [ initalize Subcooled Liguid

Move mouse overav lue with more precision.

% Mixed © SI  English < > ¥ Help Messages On Super—lteratel Super_Calculate m m

State Panel | Device Panel |

Jeseer >

B | [ u T B
J_—J_IglJ ;I le_

J J phi1 psil ﬂ mdot1

Exergy Panel | 10 Panel |

Superheated Vapor -H20 v.

Move mouse over a variable to display its value with more precision.

* Mixed ¢ S|  English < = ¥ Help Messages On Super-lterate | Super-Calculate m

State Panel | Device Panel | Exergy Panel | 110 Panel |

Batate-2 W I Calculate Mo-Plots » I Initialize Superheated Vapor
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6. Have a State 3 where we get properties if the expansion in the turbine is isentropic. i.e. Enter

for State 3: p3 = p2, s3 = sl and mdot3 = mdotl. Hit Enter. We get:

Move mouse over avariable to display its value with more precision.

# Mixed ¢ SI ¢ English < » ¥ Help Messages On Super-lterate M Supernitialize

State Panel | Device Panel | Exergy Panel | 110 Panel |

T D |

7| s n | s |y |

_ 11Pa v |[295.11388 degt (v facton v || fraction | [0.04452 kg v

| s | ns 7| s3 | e | 2

T ST TR TR R e
e3 J i3 phi3 psi3 ﬂ mdot3

25 TR VTR v - e TN TR

| voldots | a3 3
[3.11645 3l ~ | [311645.16 2 v |1s0 kghkmol v

Note that if the expansion were isentropic, h3 would be: h3 = 2906.832 kJ/kg

DO YOU WANT TO KNOW:

What your staff really want?

The top issues troubling them?

How to make staff assessments
work for you & them, painlessly?

How to retain your
top staff

FIND OUT NOW FOR FREE

Get your free trial

Because happy staff get more done

102 Click on the ad to read more

Download free eBooks at bookboon.com



http://s.bookboon.com/performancereviewpro-bookboonlp

Basic Thermodynamics: Software Solutions

Part IV Availability or ‘Exergy’ and Irreversibility

7. Go to Device Panel. Enter State 1 and State 2 for i-state and e-state respectively. Also,

Qdot = 0. Click on Calculate and then SuperCalculate. We get:

Move mouse over avariable to display its value with more precision

< ,>_I ¥ Help Messages On

Device Panel 1

Super-lterate M @I Super-nitialize

| 10 Panal |

e |
J Sdot_gen

& Mixed Sl © English

Exergy Panel

State Panel |

< | Device-A[1-21 v j

7| 18

LI Qdot

| ot ext

oW | 2] 0 CEE) T T
Jdot_net Sdot_net
237408 K v | [-1066475
Single-Flow Steady Device - A _a_atc;Null: g
. : . It indicates that
Mass: = = 1
ass o=, =n a port is closed.
——e— WinHip:
E 0= s Q S Work in negative
ntropy: O=st(5—8 I+ =+ o
pY ( i ﬂ) o &n Heat in positive

e B
St

Note that Wdot_ext = 23740.8 kW ... actual work output .... Ans.
8. Go to Exergy Panel. All calculations are available there:

Move mouse over a variable to display its value with more precision.

Super-nitialize

—
Exergy Balance for Device - A (dead state: State-0) 1]

WinHip:
Work in negative

O=r(y, ~w. )+ Q| 1-2 |- (W, +1 ) 55
(WJ Ve ) & 7 £ & Heat in positive
. aa Wrer I’V
I= jTDng,miv; t : [ Exergetic Efficiency )
o a o a ey e Desired cxergy output
7 B T P 1Y — Jri o 3 i i Required exergy input
W,=W, - W =W, @=20=0+ e

Note that Wdot_rev = rev. work = 26920.32 kW. ... Ans.

Indicative T-s plot drawn in TEST is given below:

Here, 1-2 is actual expansion and 1-3 is isentropic expansion.
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@ Mixed Sl ( English P ,’_] ¥ Help Messages On
State Panel | Device Panel | Exergy Panel | 110 Panel
M M |Exerg'y' Analysis for Device - A
Psidot_net Wdot_u Idot Sdot_gen, univ Wdot_rev
|26920.32 K v | [237408 K v | [317952 K v [1066416 KV | 2892032 K v
Qdot 0 70 ¥ | Qdot 1




890548

209.83

-1.69 s, kdikg.K 11.71

Therefore:

By definition, Second Law efficiency =eta_II = W / W_rev = 0.882
Isentropic efficiency = eta_iso = (h1 - h2) / (h1 - h3) = 0.791

9. From the I/O panel, get the TEST code etc:
Frommmmmm s OUTPUT OF SUPER-CALCULATE

# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PC-Model; v-10.cb01

States  {
State-0: H20;
Given: { p0= 100.0 kPa; T0= 25.0 deg-C; Vel0= 0.0 m/s; z0= 0.0 m; }
State-1: H20;

Given: { pl= 25.0 MPa; T1= 550.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; mdotl= 70.0 kg/s; }
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State-2: H20;
Given: { p2= 5.0 MPa; T2= 325.0 deg-C; Vel2= 0.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
State-3: H20;
Given: { p3= “P2” MPa; s3= “s1” kJ/kg.K; Vel3= 0.0 m/s; z3= 0.0 m; mdot3= “mdot1” kg/s; }
}

Analysis {
Device-A: i-State = State-1; e-State = State-2;

Given: { Qdot= 0.0 kW; T_B= 298.15 K; }

#ooee*DETAILED OUTPUT: #

# Evaluated States:
State-0: H20 > Subcooled Liquid;

Given: p0= 100.0 kPa; T0= 25.0 deg-C; Vel0= 0.0 m/s;
z0= 0.0 m;

Calculated: v0= 0.001 mA3/kg; u0= 104.8785 kJ/kg; h0= 104.9788 kJ/kg;
s0= 0.3673 kJ/kg.K; e0= 104.8785 kJ/kg; jO= 104.9788 kJ/kg;
phi0= 0.0 kJ/kg; psi0= 0.0 kJ/kg;

State-1: H20 > Superheated Vapor;

Given: pl= 25.0 MPa; T1= 550.0 deg-C; Vell= 0.0 m/s;
z1= 0.0 m; mdotl= 70.0 kg/s;

Calculated: v1=0.0127 mA3/kg; ul= 3017.4932 kJ/kg; h1= 3335.5854 kJ/kg;
s1= 6.1764 kJ/kg.K; el= 3017.4932 kJ/kg; j1= 3335.5854 kJ/kg;
phil= 1181.8214 kJ/kg; psil= 1498.6414 k]J/kg; Voldotl= 0.8907 m~A3/s;
Al=89065.76 m"2; MM1= 18.0 kg/kmol;

State-2: H20 > Superheated Vapor;

Given: p2= 5.0 MPa; T2= 325.0 deg-C; Vel2= 0.0 m/s;
z2= 0.0 m; mdot2= “mdotl” kg/s;

Calculated: v2= 0.0486 m~3/kg; u2= 2753.2876 kJ/kg; h2= 2996.4312 kJ/kg;
s2= 6.3287 kJ/kg.K; e2= 2753.2876 kJ/kg; j2= 2996.4312 k] /kg;
phi2= 875.7846 kJ/kg; psi2= 1114.0653 kJ/kg; Voldot2= 3.404 m~3/s;
A2=340400.72 mA2; MM2= 18.0 kg/kmol;

H O ¥ O OB H O OH OB O H O OH O H OB OB OH OB OH K H OB
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Basic Thermodynamics: Software Solutions

Part IV Availability or ‘Exergy’ and Irreversibility
# State-3: H20 > Superheated Vapor;

# Given: p3= “P2” MPa; s3= “s1” kJ/kg.K; Vel3= 0.0 m/s;

# z3= 0.0 m; mdot3= “mdot1” kg/s;

# Calculated: T3= 295.1138 deg-C; v3= 0.0445 m~3/kg; u3= 2684.2283 kJ/kg;

# h3= 2906.832 kJ/kg; e3= 2684.2283 kJ/kg; j3= 2906.832 kJ/kg;

# phi3= 851.7362 kJ/kg; psi3= 1069.888 kJ/kg; Voldot3= 3.1164 m~3/s;

# A3=311645.16 m/ 2; MM3= 18.0 kg/kmol;

R Property spreadsheet starts:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#00 100.0 298.2 0.001 104.88 104.98 0.367
#01 25000.0 823.2 0.0127 3017.49 3335.59 6.176
#02  5000.0 598.2 0.0486 2753.29 2996.43 6.329
#03 5000.0 568.3 0.0445 2684.23 2906.83 6.176
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Professional CV consulting & writing assistance
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# Mass, Energy, and Entropy Analysis Results:

# Device-A: i-State = State-1; e-State = State-2;
# Given: Qdot= 0.0 kW; T_B=298.15 K;
# Calculated: Wdot_ext= 23740.8 kW; Sdot_gen= 10.664163 kW/K; Jdot_net= 23740.8

kW; Sdot_net= -10.664163 kW/K;

# Exergy Analysis Results:

# Exergy Analysis for Device - A (Dead state: State-0)

# Given: Qdot= 0.0 kW; T_0= 298.15 K; Qdot_1= 0.0 kW;

# T _1=298.15 K;

# Calculated: Psidot_net= 26920.32 kW; Wdot_u= 23740.8 kW; Idot= 3179.52 kW;

# Sdot_gen,univ= 10.66416 kW/K; Wdot_rev= 26920.32 kW; Qdot_0= 0.0 kW;

Prob.8.21. Air is compressed by a compressor from 101 kPa and 27 C to 400 kPa and 220 C at a rate
of 0.15 kg/s. Neglecting the changes in K.E. and PE. and assuming the surroundings to be at 25 C,

determine the reversible power input for this process

(b) Also , plot the reversible power against compressor exit pressure p2, as p2 varies from 200 to 600
kPa. [Ref: 1]
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TEST Solution:

Following are the steps:

Availability or ‘Exergy’ and Irreversibility

1. Choose Open steady Single Flow daemon from the daemon tree:

BasiclTuuls System Analysis States & Properties
[ | l ¢
Unit DeskCal Tables & Uniform Uniform
Converter Charts CIO?Ed Dplen System Flow
| | | l
Unsteady Process Steady State  Steady State Unsteady Process
I | (cycles) I |
Generic @ Specific Generic Specific
|
l [ l
Reciprocating Cycles  HVAC/Psychrometry  Comb. & Equilibrium
I I I ]
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform  Non-Uniform
| I |
Single-Flow @ Non-Mixing Multi-Flow Mixing Multi-Flow @

l l l l l

Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dyvnamics & Equilibrium

2. Choose the PG model for material model, and select air as the working substance. Enter
p0 = 100 kPa and T0 = 25 C for State ‘0. (This is required for exergy calculations.). Hit
Enter. We get:

Generic, Open Steady, Single-Flow, Daemon: PG Model

Move mouse over a variable to display its value with more precision.

* Mixed ¢ Sl  English < = | ™ Help Messages On Super—\leralel Super-Calculate Super-Initialize
State Panel | Device Panel | Exergy Panel | 110 Panel

Initialize

Calculate

7| po 7| m | ow | w | o
[ EWES TSI e CERR - MYR) s

J s0 ﬂ Velf) LI 20 J el J 0
phio psi0 | mdoto | Voidoto | a0
R ] R p ) I

RO K0

M0 ¢ p0 ¢ vl
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3. For State 1: enter p1, T1 and mdotl as shown below, and hit Enter. We get:

p1=101.0 kPa[Absolute pressure]

% Mixed ¢ S|  English < _>I ¥ Help Messages On Super-lterate | Super Calculate m m

Exergy Panel | 110 Panel |

State Panel | Device Panel |

< |estate1 v > | | caicuate No-Plots [ iniaize
v | p1 i | v |t | m
[T R s EETR s (TR s T
| st 7| veit 7| 2 [ ] B

ek O - S e v e s v
oo
Mt R1 ¢ pf c vl k1
S P o (NPT o [T] - TR e

Note that all properties at State 1 are immediately calculated.

EXPERIENCE THE POWE

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

4. Similarly, enter p2, T2 and mdot2 for State 2, and hit Enter:

Move mouse over a variable to display its value with more precision

% Mixed S| ¢ English < ﬂ ¥ Help Messages On Super—lteratel Super-Calculate m Supernitialize

State Panel | Device Panel | Exergy Fanel | 1i0 Panel |

i
Hk |

52 | Vel2 i
L (]

M2 R2 c p2 c v2 K2

Note that all properties at State 2 are immediately calculated.

5. Now, go to Device panel. Enter State 1 and State 2 for i-state and e-state respectively. Click

on Calculate and then SuperCalculate. We get:

{ [Entropy generation rate inside the boundary]

# Mixed ¢ S| { English j ¥ Help Messages On Super-iterate | Super-Calculate
State Panel | Device Panel | Exeray Panel | 110 Panel
Tt
| adt | wet ext 7| 18 | sdot gen
| a— . — ] -
Jdot pet Sdot net

T TR T —)

Single-Flow Steady Device - A State-Null:

It indicates that

Mass: M. =H = i
t € a port is closed.

Energy: (= m(]}_ 7JQ)+Q -W
e WinHip:

Work in negative

Heat in positive

L ;
Entropy: 0=ria(s, -3, )+2+ S
-
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6. Now, go to Exergy panel. There we see that calculations are already made:

Sdot_genuniv=___ KWK [Entropy generated in the system’s universe]
* Mixed ¢ Sl ¢ English j@j v Help Messages On Super-lterate
State Panel | Device Panel | Exergy Panel | 1/0 Panel |
|Exerg‘y‘ Analysis for Device - A
Psidot_net Wdot_u Idot Sdot_gen, univ Wdot_rev
-24.43249 i v 2 v [k | KWK v | 2443249 K v

Qdot 0 | adet 1 | Tt

TEL
| o | < O e -

Exergy Balance for Device - A (dead state: State-0)'1/

J o N [ WinHip:
7 = :
0= _ o 1=-20 |— (W a7 ) 5 iz Work in negative
2 (WJ Ve ) & 7 : L 14 Heat in positive
o Ha Hy i ! ' )

= jTDng,miv; u N 2—; 1y [ Exergetic Efficiency )

T T T it | Desired excrgy output
ﬂ'j; = pj;fem 2 % = u’jrem 2 Q — Z Q( — @ + Q, Lo 2 yi S Required exergy inpui

-y
Thus:

Reversible work =-24.4325kW ...Ans. (-ve sign means that work has to be supplied to the compressor)

Remember: W_rev = change in Exergy between inlet and exit of compressor = Psidot (See the above

screen shot.)

7. 1/O panel gives the TEST code etc:

Fommmm v OUTPUT OF SUPER-CALCULATE (

# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PG-Model; v-10.ca08
fommmm s Start of TEST-code --------mmmmmmm oo
States {

State-0: Air;

Given: { p0= 100.0 kPa; T0O= 25.0 deg-C; Vel0= 0.0 m/s; z0= 0.0 m; }

State-1: Air;

Given: { pl= 101.0 kPa; T1= 27.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; mdotl= 0.15 kg/s; }
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State-2: Air;

Given: { p2= 400.0 kPa; T2= 220.0 deg-C; Vel2= 0.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }

Analysis {
Device-A: i-State = State-1; e-State = State-2;

Given: { T_B=298.15K; }

This e-book Y o N
ismadewith SETASIGN

SetaPDF h Y 4

\7\‘ PDF components for PHP developers
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#ooee*DETAILED OUTPUT: #

# Evaluated States:
State-0: Air > PG-Model;
Given: p0= 100.0 kPa; T0= 25.0 deg-C; Vel0= 0.0 m/s;
z0= 0.0 m;
Calculated: v0= 0.8556 m~3/kg; u0= -85.565 kJ/kg; h0= 0.0 kj/kg;
s0= 6.8867 kJ/kg K; e0= -85.565 kj/kg; j0= 0.0 kj/kg;
phi0= 0.0 kJ/kg; psi0= 0.0 kJ/kg; MMO= 28.97 kg/kmol;
RO= 0.287 kJ/kg.K; c_p0= 1.0035 kJ/kg.K; c_v0= 0.7165 k]J/kg.K;
k0= 1.4005 UnitLess;
State-1: Air > PG-Model;
Given: pl= 101.0 kPa; T1= 27.0 deg-C; Vell= 0.0 m/s;
z1= 0.0 m; mdotl= 0.15 kg/s;
Calculated: vl= 0.8529 m~3/kg; ul= -84.132 kJ/kg; h1= 2.007 kJ/kg;
s1= 6.8905 kj/kg K; el= -84.132 kj/kg; j1= 2.007 kj/kg;
phil= 0.0052 kJ/kg; psil= 0.8581 kJ/kg; Voldotl= 0.1279 m~3/s;
Al1=12792.922 mA2; MM1= 28.97 kg/kmol; R1= 0.287 kJ/kg.K;
c_pl=1.0035 kJ/kg.K; c_v1= 0.7165 kJ/kg.K; k1= 1.4005 UnitLess;
State-2: Air > PG-Model;
Given: p2=400.0 kPa; T2= 220.0 deg-C; Vel2= 0.0 m/s;
z2= 0.0 m; mdot2= “mdot1” kg/s;
Calculated: v2= 0.3538 m~3/kg; u2= 54.1539 kJ/kg; h2=195.6813 kJ/kg;
s2= 6.9938 kJ/kg K; e2= 54.1539 kJ/kg; j2= 195.6813 kj/kg;
phi2= 57.5958 kJ/kg; psi2= 163.7414 kJ/kg; Voldot2= 0.0531 m~3/s;
A2= 5307.278 mA2; MM2= 28.97 kg/kmol; R2= 0.287 kj/kg.K;
c_p2=1.0035 kJ/kg.K; c_v2= 0.7165 kJ/kg.K; k2= 1.4005 UnitLess;

HOoH O H OH OB OH O O H OB W OH OH OH OFH O H OB OB OH O H OB W OH OB B

Bomomoee- Property spreadsheet starts:

# State  p(kPa) T(K) v(m~3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
# 0 100.0 298.2 0.8557 -85.57 0.0 6.887

# 1 101.0 300.2 0.8529 -84.13 2.01 6.891

# 2 400.0 493.2 0.3538 54.15 195.68 6.994
e Property spreadsheet ends----------=----omoommmm oo
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# Mass, Energy, and Entropy Analysis Results:

# Device-A: i-State = State-1; e-State = State-2;
# Given: T_B=298.15 K;
# Calculated: Jdot_net= -29.051151 kW; Sdot_net= -0.015491056 kW/K;

# Exergy Analysis Results:

# Exergy Analysis for Device - A (Dead state: State-0)

#
# Given: T_0= 298.15 K; Qdot_1= 0.0 kW; T_1= 298.15 K;
# Calculated: Psidot_net= -24.43249 kW; Wdot_rev= -24.43249 kW;

(b) To plot W_rev against compressor exit pressure, with the exit temp maintained at 220 C:

To do this, following are the simple steps:

a) Go to States panel, select State 2.

b) Change the p2 to the desired value

c¢) Click on Calculate, and then SuperCalculate

d) Go to Exergy panel and read the value of W_rev

e) Repeat this procedure for other desired values of p2

f) Tabulate the results, i.e. W_rev against p2.

p2 (kPa) W_rev (kW)
200 -15.536
300 -20.740
400 -24.432
500 -27.296
600 -29.637
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Now, plot these results in EXCEL:

Note: -ve sign in W_rev is removed, since it only indicates that work is supplied to compressor.

W _revvs p2 for compressor
35
g 30~
E| 25
=
E 20
2
E 15 -
1':' T T T T T 1
100 200 300 400 500 600 700
Exit pressure, p2 (kPa)
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Basic Thermodynamics: Software Solutions

Part IV Availability or ‘Exergy’ and Irreversibility

Prob.8.22. Air enters a compressor t ambient conditions of 100 kPa and 17 C with a low velocity and
exits at 1 MPa, 327 C, and 105 m/s. The compressor is cooled by the ambient air at 17 C at a rate of 1500
kJ/min. The power input to the compressor is 300 kW. Determine (a) the mass flow rate of air, and (b)

the portion of power input that is used just to overcome the irreversibilities.[Ref: 1]

TEST Solution:

Following are the steps:

1. Choose Open steady Single Flow daemon from the daemon tree:

Basic Tools

[ l l

I
System Analysis

States & I?roperties

[

l

Generic &
¥

i
Reciprocating Cycles

i
HVAC/Psvchromeltry

I

I

l l

Comb. & Equilibrium

Uniform Uniform
CIO?Ed Dplen System Flow
I l [ l
Unsteady Process Steady State Steady State Unsteady Process
| (cycles) I |
Spedcific Generic Specific

Uniform

Non-Mixing

Semi-Mixing

Mixing

System Non-Uniform

Non-Uniform

Non-Uniform

' [ [
Single-Flow ? Non-Mixing Multi-Flow Mixing Multi-Flow @

l l l l l

Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibrium
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2. Choose the PG model for material model, and select air as the working substance. Enter
p0 = 100 kPa and T0 = 17 C for State ‘0 (This is required for exergy calculations.). Hit
Enter. We get:

Generic, Open Steady, Single—F\ow Daemon: PG Model

thermofluids.net > Daemons > Systems > Open > v > Generic > SingleFlow > Ph Model
= e :
TEST =
p0 =100.0 kPa [Absolute p re]
* Mixed ¢ SI ¢ English < 3 v Help Messages On Super—lteratel Super-Calculate m
State Panel | Device Panel | Exergy Panel | 110 Panel |

M _I J J J
e _I velo _I J J

phif psi0 _I mdot0 J Voldot0 J A0
e v| e o[ ey

MMO

3. For State 1: enter pl, T1 as shown below, and hit Enter. Note that mdotl is not known, and

so, not entered. (However, it is automatically transported to State 1 after the calculations are

completed by ‘SuperCalculate’) Hit Enter. We get:

Move mouse over a variable to display its value with more precision

* Mixed © S| (" English < > V¥ Help Messages On Super—lteralel Super-Calculate m

State Panel | Device Panel | Exergy Panel | /0 Panel |

BRI oo |

[ T e e C
Mt R1
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4. For State 2, enter values for p2, T2, Vel2 and mdot2 = mdotl. Again, value of mdot2 is not
yet known. Hit Enter. We get:

Move mouse over a variable to display its value with more precision.

@ Mixed ¢ SI ¢ English ﬂ ¥ Help Messages On Super-terate Super-Calculate m m

State Panel | Device Panel | Exergy Panel | /10 Panel |

Mo-Plats Inm:ahze Formation Enthalpy: @

[ TR (PR | = R | v ] P
M2 R2 c p? cv? K2
A T e TEES] - (TETS] : Se [TERC] 7 e T

360°
thinking.

Deloitte.

Discover the truth at www.deloitte.ca/careers © Deloitte & Touche LLP and affiiated entities.
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5. Go to Device Panel. Enter State 1 and State 2 for i-state and e-state respectively. Enter
Wdot_ext = -300 kW (negative sign since work is supplied...remember: WinHip ... see

screen shot below), and Qdot = -1500 kJ/min. Click on Calculate and also SuperCalculate.
We get:

Move mouse over a variable to display its value with more precision.

* Mixed { SI { English < = ¥ Help Messages On Super-lterate M Supernitialize

State Panel ‘ Device Panel I Exergy Panel | /0 Panel
< | Device-A[1-2) v =] State1 v State2 v Calculate
7| Qdot 7| Woot ext “| 18 | sdot gen
Jdot_net Sdot_net
[-2750 KW | |-0.05951

Single-Flow Steady Device - A State-Null:
It indicates that
a port is closed.

Mass: rfz:. — mg — 1

Energy: O:M(_j:_ —je)+Q—W-/m

E oS A,

WinHip:
| Work in negative
| Heat in positive

JII& %
Entropy: (0= m(sz_ -5, )+ g_;,_ ng
R

iy B

6. Now, go to Exergy panel. All calculations are available there:

Wdot_ext =-300.0 kKW [External work fr:

* Mixed ¢ SI ¢ English < ,>_] ¥ Help Messages On Super-lterate M m Super-Initialize

State Panel |

Device Panel | Exergy Panel | 110 Panel |
m‘ M |Exerg'y' Analysis for Device - A
Psidot_net Wdot_u Idot Sdot_gen, univ Wdot_rev
[-257.7335 K v| |-z000 Ky | 4228851 K

| [0.14587 KK v |-257.7335 K v
*| Qdot 1 dl

e
iR RN R o

Qdot 0

WinHip:
Work in negative
Heat in positive

1y [ Exergetic Efficiency )

Dresired exergy output

Required exergy input

Note that Wdot_rev

-257.73 kW whereas actual work required was Wdot_u = -300 kW.

And, Irreversibility = Wdot_rev - Wdot_u = 42.27 kW .... Ans.
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7. Now, go back to State 2 and look for value of mdot2:

Move mouse over avariable to display its value with more precision.
“ Mixed ¢ SI ¢ English < > ¥ Help Messages On Super—lteratel Super-Calculate Super-nitialize
State Panel | Device Panel | Exergy Panel | 0 Panel |

I Initialize

Jeswez <> D

] | |
[ ENNG o TRl e TR
phi2 psi2 o] mdot2 _J Voldot2 J A2

T -2 S (TN | - = ORI O e N | - e
M2 R2 G p2 c v2 k2

Thus:

Mass flow rate = 0.8686 kg/s .... Ans.

Power to overcome irreversibilities = Idot = Irreversibility = 42.267 kW ... Ans.

8. I/O panel gives the TEST code etc:

o OUTPUT OF SUPER-CALCULATE

#

# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PG-Model; v-10.ca08

Fommmm - Start of TEST-code ~-----==mmmmmm oo oo
States  {

State-0: Air;

Given: { p0= 100.0 kPa; T0= 17.0 deg-C; Vel0= 0.0 m/s; z0= 0.0 m; }
State-1: Air;

Given: { pl= 100.0 kPa; T1= 17.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; }
State-2: Air;

Given: { p2= 1000.0 kPa; T2= 327.0 deg-C; Vel2= 105.0 m/s; z2= 0.0 m; }
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Analysis {

Device-A: i-State = State-1; e-State = State-2;

Given: { Qdot= -1500.0 kJ/min; Wdot_ext= -300.0 kW; T_B= 298.15 K; }

}
Frommmm s End of TEST-code —-------mmmmm oo oo
#
#ommmome- Property spreadsheet starts: #
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)
# 0 100.0 290.2 0.8327 -91.3 -8.03 6.859
# 1 100.0 290.2 0.8327 -91.3 -8.03 6.859
# 2 1000.0 600.2 0.1722 130.82 303.06 6.928
e Property spreadsheet ends-------------o-mm oo
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# Mass, Energy, and Entropy Analysis Results:

# Device-A: i-State = State-1; e-State = State-2;

# Given: Qdot= -1500.0 kJ/min; Wdot_ext= -300.0 kW; T_B= 298.15 K;

# Calculated: Sdot_gen= 0.14335933 kW/K; Jdot_net= -275.0 kW; Sdot_net= -0.059508912 kW/K;

# Exergy Analysis Results:

#

# Exergy Analysis for Device - A (Dead state: State-0)

# Given: Qdot= -25.0 kW; T_0=290.15 K; Qdot_1= 0.0 kW;

# T 1= 298.15 K;

# Calculated: Psidot_net= -257.7335 kW; Wdot_u= -300.0 kW; Idot= 42.26651 kW;
# Sdot_gen,univ= 0.14567 kW/K; Wdot_rev= -257.7335 kW; Qdot_0= -25.0 kW;

Prob.8.23. Refrigerant R134a enters an expansion valve at 1200 kPa as a sat. liquid and leaves at 200
kPa. Determine: (a) the temp of R134a at the exit (b) the entropy generation and the exergy destruction
during this process. Take T0O = 25 C. [Ref:1]
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TEST Solution:

Following are the steps:

1. Choose Open steady Single Flow daemon from the daemon tree:

Ba:sic;l lools System Analysis States & Fl’roperties
: l | ’—‘—‘ } ]
Uniform Uniform
CIO:‘SEd Dplen Svstem Flow
I l | l
Unsteady Process Steady State Steady State Unsteady Process
i (cycles) | I
Generic @ Specific Generic Specific
I
I i i
Reciprocating Cvcles  HVAC/Psvchrometry Comb. & Equilibrium
i l I l
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
' I [
Single-Flow % Non-Mixing Multi-Flow Mixing Multi-Flow %
[ I I . l
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cvcles Psyvchrometry Dynamics & Equilibrium

2. Choose Phase Change (PC) model for material model, since R134a is the material.

Select a material model to launch the single-flow open-steady daemon.

Pure Phase-Transition Fluid: The phase-change (PC) model can be used to determine states of sub-coaled
(compressed) liquid, super-heated vapor, and saturated mixture of liquid and vapor phases. Based on the
saturation and super-heated tables, the model is quite accurate. Sub-cooled liquid is modeled with the
compressed-liquid sub-model, except for species with an asterisk (H20™ as opposed to H20), which uses
compressed liguid table for better accuracy.

PC Model Working fluids such as H20, R-12, NH3, R-134a, N2, CO2, etc.,, should be treated as PC fluids if there is any
possibility of a phase transition.

Examples: Analyze a steady steam turbine with one inlet and one exit. For specific examples, click on the help
icon at the bottom margin of the daemon.

Pure Solid and Pure Liquid: Constant density and constant specific heats (¢p = ¢, = c) characterize the
solid/liquid (5L) model. Beside a wide selection to choose from, a new saolid or liquid can be created by
assigning custom material properties.

= CF Working substances such as steel, iron, copper, aluminum, woad, water, oil, etc., which can be assumed to
------ | maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed
sLinaid with the SL model.

Examples: Liquid water is pumped steadily from a given infet-state to a given exit-state with no possibility of
a phase change. For specific examples, click on the help icon at the bottom margin of the daemon.
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3. Choose R134a for substance and enter TO = 0 on State ‘0’ i.e. ‘dead state’ This is required for

exergy calculations.

Generic, Open Steady, Single-Flow, Daemon: PC Mode/

thermofluids.net > Daemons > Systems > Open > Steady > Generic > SingleFlow > PC-Model

B 56 o o EE v

Move mouse over a variable to display its value with more precision.

¥ Mixed Sl { English ﬂ |+ Help Messages On Super—lteratel Super Calculate m m

State Panel | Device Panel | Exergy Panel | 10 Panel |

I Caiculate I Initialize

bookbooncom
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4. Now, for State 1: enter values for p1, and x1 = 0 (for sat.liq.). Hit Enter. We get:

Move mouse over a variable to display its value with more precision.
% Mixed ¢ S|  English j ¥ Help Messages On Super—lteratel Super-Calculate m Super-nitialize
State Panel | Device Panel | Exergy Panel | 10 Panel |

H I Calculate Saturated Liquid
ﬂ pt J Tt ﬂ x1 J yi J vt
| | o | et | veit EH
[ R 7 ] T G e

| e N ohit ek | mott
P s ] o

J Voldot1 J At M1
| mss ] e T e

Note that properties such as temp = T1, entropy = s, enthalpy = h1 etc. are immediately calculated.

5. And, for State 2: enter values of p2 and h2 = h1 since throttling is an isenthalpic process.

ue with more precision.

% Mixed " S| { English = ¥ Help Messages On Super-lterate | Super-Calculate m Super-Initialize

liO Panel |

Move

State Panel | Device Panel | Exergy Panel |

- [
/| 72 | = T e T T e
[0 [l e S| = G e TR - e LT

7| k2 7| veiz | =z

J u2 J 52

| e B phi2 psi2 | mdot2
7 (TR | ] o

| voldot2 n M2
| | i | w2 v [020 o v

Sat Mixture: Lig.+Vap.

Immediately note that temp after throttling, T2 is calculated as:

T2 =-10.22 C ... Ans.
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6. Now, go to Device Panel. Enter State 1 and State 2 for i-state and e-state respectively. Also,
enter Qdot = 0 and Wdot_ext = 0, since in throttling there is no heat or work transfer. Click

on Calculate and SuperCalculate. We get:

Move mouse over a variable to display its value with more precision.

@ Mixed ¢ SI ¢ English < ﬂ W Help Messages On Super-lterate M Super-nifialize

State Panel I Device Panel | Exergy Panel | 10 Panel |
< | Device-A11-21 v > | Sfate-1 v Sate2 v Calculate

| adot 7| wdot_ext 7| 18 Sdot_gen
O N 020 /S ] i
Jdot net Sdot_net

| kW v| KWK v

| State-Null:
It indicates that
; a port is closed.

Single-Flow Steady Device - A °
"
Mass: H, =1, = °

Ry Ozm(-}z _.je)+Q-_p-Vex1.
e

L R | WinHip:

T (@ :
Entropy: Q=is.—5 1+=+4+ 5 = | Work in negative
4 \L&;‘_g); T en TB [J— | Heat in positive

7. Now, go to Exergy panel. Here, exergy calculations are already made:

T_B=298.15 K1

“ Mixed ¢ SI { English < > [+ Help Messages On Super-fterate Super-Calculate Super-nitialize
Device P

ice Panel | Exergy Panel | 10 Panel ‘

State Panel |

Calculate |Exerg‘f Analysis for Device - A
Psidot_net Wdot_u Idot Sdot_gen,univ Wdot_rev

|a 55602 i v oo ki | [a55602 P v/ 003205 KK | [a 55602 K v

| Qdot 1 - [

Qdot 0

T0

Exergy Balance for Device - & (dead state: State-0)

T =0 ___ _—= | WinHip:
O=mly — L = —(W JL JE ) iz Work in negative
M 2 7 2 =l Heat in positive
- Yo B i
I=105, i u I n, (Fxergetic Efficiency )
__________ et Desired exergy output
W = W -7 : = W : Q = Z Q; = Qj + Q oY = Required exergy input
U et atm  ~ "ext* ® [ ?/

Thus:

Temp at the outlet of expansion valve = T2 = - 10.22 C .....Ans. .... From State 2
Entropy generation = Sdot_gen.univ = 0.03205 kW ...Ans.... From Exergy Panel

Exergy destruction = Idot = 9.556 kW .... Ans....From Exergy Panel
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8. 1/0O panel gives TEST code etc:

Frommmvmvn v~~~ OUTPUT OF SUPER-CALCULATE

#

# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PC-Model; v-10.cb01
Fommmm oo Start of TEST-code ~--------mmmm oo
States {

State-0: R-134a;
Given: { p0= 100.0 kPa; T0= 25.0 deg-C; Vel0= 0.0 m/s; z0= 0.0 m; }
State-1: R-134a;

Given: { pl= 1200.0 kPa; x1= 0.0 fraction; Vell= 0.0 m/s; z1= 0.0 m; }

(]
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world’s wind turbines.
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State-2: R-134a;

Given: { p2= 200.0 kPa; h2= “h1” kJ/kg; Vel2= 0.0 m/s; z2= 0.0 m; }

Analysis {
Device-A: i-State = State-1; e-State = State-2;

Given: { Qdot= 0.0 kW; Wdot_ext= 0.0 kW; T_B= 298.15 K; }

#ooee*DETAILED OUTPUT:

# Evaluated States:
State-0: R-134a > Superheated Vapor;

Given: p0= 100.0 kPa; T0= 25.0 deg-C; Vel0= 0.0 m/s;
z0= 0.0 m;

Calculated: v0= 0.2382 mA3/kg; u0= 251.4964 kJ/kg; h0= 275.3165 kJ/kg;
s0= 1.1021 kJ/kg.K; e0= 251.4964 kJ/kg; j0= 275.3165 kj/kg;
phi0= 0.0 kJ/kg; psi0= 0.0 kJ/kg; MMO= 102.03 kg/kmol;

State-1: R-134a > Saturated Mixture;

Given: pl= 1200.0 kPa; x1= 0.0 fraction; Vell= 0.0 m/s;
z1= 0.0 m;

Calculated: T1= 46.2914 deg-C; y1= 0.0 fraction; vl= 9.0E-4 mA3/kg;
ul= 116.0502 kJ/kg; h1= 117.1239 kJ/kg; s1= 0.4215 k] /kg.K;
el= 116.0502 kJ/kg; jl= 117.1239 kJ/kg; phil= 43.7369 kJ/kg;
psil= 44.7212 kJ/kg; MM1= 102.03 kg/kmol;

State-2: R-134a > Saturated Mixture;

Given: p2= 200.0 kPa; h2= “h1” kJ/kg; Vel2= 0.0 m/s;
z2= 0.0 m;

Calculated: T2= -10.2226 deg-C; x2= 0.3873 fraction; y2= 0.9882 fraction;
v2=0.0392 mA3/kg; u2= 109.2846 kj/kg; s2= 0.4536 kJ/kg.K;
e2= 109.2846 kJ/kg; j2= 117.1239 kJ/kg; phi2= 31.2484 k]/kg;
psi2= 35.1651 kJ/kg; MM2= 102.03 kg/kmol;

H O O H O OH OB OH O OH OB O H OH O H OH OH OH OB OH K H OB
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- Property spreadsheet starts:

#

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#00 100.0 298.2 0.2382 251.5 275.32 1.102
#01 1200.0 319.4 0.0 9.0E-4 116.05 117.12 0.421
#02 200.0 2629 04 0.0392 109.28 117.12 0.454

# Mass, Energy, and Entropy Analysis Results:

# Device-A: i-State = State-1; e-State = State-2;
# Given: Qdot= 0.0 kW; Wdot_ext= 0.0 kW; T_B= 298.15 K;
# Calculated:

# Exergy Analysis Results:

# Exergy Analysis for Device - A (Dead state: State-0)

# Given: Qdot= 0.0 kW; T_0= 298.15 K; Qdot_1= 0.0 kW;

# T_1=298.15K;

# Calculated: Psidot_net= 9.55602 kW; Wdot_u= 0.0 kW; Idot= 9.55602 kW;

# Sdot_gen,univ= 0.03205 kW/K; Wdot_rev= 9.55602 kW; Qdot_0= 0.0 kW;

Prob.8.24. A freezer is maintained at -7 C by removing heat from it at a rate of 80 kJ/min. The power
input to the freezer is 0.5 kW, and the surrounding air is at 25 C. Determine (a) the reversible power,

(b) Irreversibility, and (c) Second Law efficiency of this freezer. [Ref: 1]
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Part IV

TEST Solution:

Following are the steps:

Availability or ‘Exergy’ and Irreversibility

1. Choose System Analysis-Closed-Steady State (cycles)daemon from the daemon tree. Note

that we use this daemon when only an overall analysis of a Heat Engine, or a Refrigerator or

a Heat Pump is to be made:

Basic Tools

1 T

System Analysis

|
Unsteady Process
|

|
States & Properties

Genleric @

Uniform Uniform
Cloised Oplen System Flow
| | l
Steady State |Steady State Unsteady Process
| (cycles) | |
Specific Generic Specific

i
KReciprocating Cycles

I
HVAC/Psvchrometry

l
Comb. & Eguilibrium

[
Uniform
Svstem

I

Non-Mixing
Non-Uniform

I
Semi-Mixing

Non-Uniform

l
Mixing
Non-Uniform

l

I

Single-Flow @ Non-Mixing Multi-Flow

[
Mixing Multi-Flow Eﬁ};

l I l

I

HVAC
Psvchromeltry

Gas
Dynamics

Refrigeration
Cvcles

Vapor and Gas
Power Cycles

|

Combustion
& Equilibrium

Hovering the mouse pointer over ‘Steady State (cycles)’ brings up the following pop up:

Click to go to page: TEST=Daemons=5ystems=Closed=5teady Systems [launches daesmon]

Closed Steady Systems: The system is closed and its
thermodynamic picture does not change with time. With both
the transport term and unsteady term dropping out, the balance
equations assume very simple forms.

Simple examples {(chapter 2 & &) include a light bulb, a gear box,
etc. Heat engines, refrigerators, and heat pumps, can also be
locked upon as closed steady systems for the purpose of overall
analysis. Second-law analysis of a light bulb can shed light on
the mechanisms of entropy generation {thermodynamic friction].
Similar analysis for a heat engine leads to the famous Carnot formula
possible efficiency.

for the maximum

L)
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2. Click on ‘Steady State (cycles)’ and choose the Refrigerator Radio button in the window that

appears. Enter T_H = 25 C, Qdot_C = 80 kJ/min, T_C = -7 C and click on Calculate. (It is
instructive to see the figure at the bottom of this window).We get:

Closed Steady System Daemon: Overall Cycle Analysis

thermofluids.net > Daemons > Systems > Closed > Steady

Rate of irreversibility (Idot=Sdot_gen*T_C=abs(Wdot_rev-Wdot_net)) = 0.3396894 kW

Analysis Panel I

Calculate

/0 Panel I

Initialize " Heat Engine s Refrigerator

" Heat Pump
vV TH l7 Qdot_C ¥V TC I' Wdot_net
" coP [ COP_carnot
l % vl 2 | Nounit v| | Nounit v|
[~ Sdot gen I~ Idot I~ etan

| |

o __C L :
COP,, = =¢ -_=¢_. COP : A b
i W Cu—Ce Fom e I,Vf‘;_.__
W= Qe e COFpi
- COPCM\OLR@ i COPCﬂmﬂ..Rﬁﬁl
e e Su. jo TS =W W, Refrigerator
o Ix

With us you can
shape the future.
Every single day.

For more information go to:
www.eon-career.com
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Thus:

Reversible power = Wdot_rev =0.16031 kW .... Ans.

Irreversibility = Idot = 0.33969 kW... Ans.

Second Law efficiency = eta_II = 32.06% ....Ans.

Prob.8.25. Air at 5 bar and 20 C flows into an evacuated tank of 1 mA3 capacity until the pressure in

the tank is 5 bar. Assume that the process is adiabatic and the temp of surroundings is 20 C. Find (a)

the final temp of air (b) net entropy change of air entering the tank, and (c) the irreversibility. [Ref: 4]

TEST Solution:

Following are the steps:

1. Choose System Analysis-Open-Unsteady Process daemon from the daemon tree.

‘ i l
Reciprocating Cvcles HVAC/Psychromelry Comb. & Fquilibrium

l l l l

Basi(:l lools System Analysis States & I?roperties
[ | ] ’—‘—‘ ].lr l
Uniform Uniform
CIO?Ed Dplen Svsiem Flow
| | I |

Unsteady Process Steady State Steady State Unsteady Process

| (cycles) | |
Generic a%a Specific Generic Specific

|

Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
| I [
Single-Flow Qfg Non-Mixing Multi-Flow Mixing Multi-Flow @
| | | l |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cvcles Psychromeltry Dynamics & Equilibrium
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Hovering the mouse pointer on ‘Unsteady Process’ brings up the following explanatory pop up:

Click to go to page: TEST=Daemons=5Systems=0pen=Unsteady Processes

Open Processes: The open
system is unsteady; moreover,
only the beginning and final
conditions are relevant so that
the instantanecus changes can
be integrated out. However,
unlike a closed process, the open

process equations also involve
the inlet and/or exit state(s).

200 kPa ILTK

ELED 4
x = 1002

Examples {chapters 4, &) include e T S e i o
charging and discharging of

cylinders, inflating a tire, a

pressure cooker discharging steam, etc.

2. For material model, choose IG model:

Pure Perfect Gas: The perfect gas (PG) model is the simplest gas model. It obeys the ideal gas equation of

state (pv=RT); moreover, the specific heats are assumed constants. Noble gases, He, Ar, Ne, etc., are
:‘: (o genuinely perfect gases. Beside a wide selection, new gases can be constructed by assigning custom
Cé’ =Eonit material properties. A perfect gas can be considered as a simplified ideal gas.

PG Model . . i

Examples: Air enters an evacuated chamber. To determine the final temperature after the filling process. For

specific examples, click on the help icon at the bottom margin of the daemon.

Pure Ideal Gas: An ideal gas (IG) is a gas that obeys the ideal gas equation of state (ov=RT). Specific heats
T are temperature dependent. As a result the IG model is more accurate than the PG model when variation in
pp": RT temperature is significant. Choose from an wide selection of gases.

. o 8
1G Model Examples: Air enters an evacuated chamber. To determine the final temperature after the filling process. For
specific examples, click on the help icon at the bottom margin of the daemon.

Pure Real Gas: Based on the generalized compressibility chart (pv=ZRT), the real gas (RG) model can handle a
~ large number of fluids in their liquid, vapor or gaseous states. But generality comes at the expense of
évz,;:ﬁ{ AcCCUracy.

RG Model Examples: A propane tank is filled from a supply line. Note that use of the PC model will produce more
Gases: accurate results. For specific examples, click on the help icon at the bottom margin of the dasmon.
T T T
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3. Select Air as the working substance, and enter values of properties for State 1. This is
vacuum state. So, enter m1 = 0 and pl = 0. Do not enter Voll even though it is given as 1

mA3... since, vacuum has no volume of air associated with it.Hit Enter. We get:

QOpen Process Daemon: Ideal Gas (IG) Model

thermofluids.net > Daemons = & ms = Open > Proc»ﬂ:.

i o B
T EST ey
< ﬂ ¥ Help Messages On Super—lteratel SuperCalculate m m

state Panel | Process Panel | 10 Panel |

hMove mouse over

% Mixed " Sl ¢ English

J h1 J | velt z1 et
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Basic Thermodynamics: Software Solutions
Part IV Availability or ‘Exergy’ and Irreversibility

4. Now, enter for State 2. This is the condition of gas in the volume, after it is filled up. Enter
p2 = 500 kPa, Vol2 = 1 mA3. Hit Enter. All properties are not calculated since data is not

enough. However, they are calculated at the end when SuperCalculate is clicked.

Move mouse over avariable to display its value with more precision.

& Mixed © Sl { English < ﬂ ¥ Help Messages On Super-lterate super-Calculate m m

State Panel | Process Panel | 10 Panel |

| calcuiate ' Formation Enthalpy: @

Mk J J J J

| we J 52 7| veiz _| 22 J e2

R e e I I e v
| e phi? 55 | me | v

[ s~ ] TR0 T [
M2 R2 J c p2
[ FTE 77  TT -h s T

5. Enter for State 3. This is the condition of gas flowing in the pipe line. We enter p3 = 500
kPa, T3 = 20 C, m3 = (m2 - m1), since this is the amount of gas that flows in to the tank..
Click on Calculate (or, hit Enter). We get:

# Mixed ( Sl { English < ﬂ ¥ Help Messages On Super—lteratel SuperCalculate m Super-nitialize

State Panel | Process Panel | 0 Panel |

Formation Enthalpy: [ ]

deg-C

| ves I I
———m———— —m
J phi3 psid | m3 J Vol3

— gl R o
R3 |c_p3
-
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6. Now, go to Process Panel. See the schematic diagram in that window. Enter i-state = State 3,
e-state = Null, b-state = State 1 and f-state = State 2 carefully. Also, enter Q = 0, W_ext = 0.

Click on Calculate, and also SuperCalculate. We get:

Delta_S = 28717085 kJ/K [Change in entropy of the system]

@ Mixed ¢ SI ¢ English < ﬂ ¥ Help Messages On Super-lterate Super-Calculate

State Panel | Process Panel |

<[Ptz |

: State-3 W L State-Null v | t cate
ﬂ Q ﬂ W _ext ﬂ J S gen
Delta E Jdot_net Delta S Sdot_net

Open Process - A

Mass: ( ) ( )

Energy: (mfef mbea) M, = g, )+ Q=W TB:
\—,—z

WinHip:
Work in negative
Heat in positive

Entropy: (mfsf—mbsb) (m.s, - msss)+—
NCEARL ki o

ant

|-21.20305 W v |-21.20308 K v | [2871700 ki | |27.25089 K v

Go to States Panel and in State 2, see the value of T2, the temp after the tank is filled up. Also, m2, the

mass that has flown in can be read.

Thus:

Final temp of air = T2 = 409.22 K .... Ans.

Net entropy change of air = Delta_S = 28.717 kJ/K ... Ans.

Irreversibility = TO * S_gen = (20 + 273) * 1.4362 = 392.083 KkJ .... Ans.

7. TEST code etc can be obtained from the I/O panel:

B OUTPUT OF SUPER-CALCULATE
# Daemon Path: Systems>Open>Process>IG-Model; v-10.ca08
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States {
State-1: Air;
Given: { pl= 0.0 kPa; Vell= 0.0 m/s; z1= 0.0 m; m1= 0.0 kg; }
State-2: Air;
Given: { p2= 500.0 kPa; Vel2= 0.0 m/s; z2= 0.0 m; Vol2= 1.0 m/3; }
State-3: Air;

Given: { p3= 500.0 kPa; T3= 20.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m2-m1” kg; }

Analysis {
Process-A: ie-State = State-3, State-Null; bf-State = State-1, State-2;

Given: { Q= 0.0 kJ; W_ext= 0.0 kJ; T_B= 20.0 deg-C; }

#oeeeDETAILED OUTPUT:

# Evaluated States:

# State-1: Air > IG-Model;

# Given: pl= 0.0 kPa; Vell= 0.0 m/s; z1= 0.0 m;

# ml= 0.0 kg;

# Calculated: T1= 298.1341 K; rhol= 0.0 kg/mA3; vl= Infinity m"3/kg;
# ul= -85.5605 kJ/kg; h1= 0.0 kJ/kg; s1= 0.0 kJ/kg.K;

# el= 0.0 kJ/kg; j1= 0.0 kJ/kg; phil= 0.0 kJ/kg;

# psil= 0.0 kJ/kg; Voll= 0.0 m/A3; MM1= 28.97 kg/kmol;
# R1= 0.287 kJ/kg.K; c_pl= 1.0035 kJ/kg.K;

# State-2: Air > IG-Model;

# Given: p2= 500.0 kPa; Vel2= 0.0 m/s; z2= 0.0 m;

# Vol2= 1.0 mA3;
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# Calculated: T2= 409.224 K; rho2= 4.2574 kg/m~3; v2= 0.2349 m~3/kg;

# u2=-5.0014 kJ/kg; h2= 112.4404 kJ/kg; s2= 6.7452 kJ/kg.K;

# e2=-5.0014 kJ/kg; j2= 112.4404 kJ/kg; m2= 4.2574 kg;

# MM2= 28.97 kg/kmol; R2= 0.287 kJ/kg.K; c_p2= 1.0212 kj/kg.K;

# State-3: Air > IG-Model;

# Given: p3= 500.0 kPa; T3= 20.0 deg-C; Vel3= 0.0 m/s;

# z3= 0.0 m; m3= “m2-m1” kg;

# Calculated: rho3= 5.9432 kg/mA3; v3= 0.1683 m~3/kg; u3= -89.1315 kJ/kg;

# h3= -5.0014 kJ/kg; s3= 6.4078 kJ/kg.K; e3= -89.1315 kJ/kg;

# j3= -5.0014 kJ/kg; Vol3= 0.7164 mA3; MM3= 28.97 kg/kmol;

# R3=0.287 kJ/kg.K; c_p3= 1.0035 kJ/kg.K;

#ommmoee- Property spreadsheet starts:

# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
# 1 0.0 298.1 Infinity -85.56 0.0 0.0

# 2 500.0 409.2 0.2349 -5.0 112.44 6.745

# 3 500.0 293.2 0.1683 -89.13 -5.0 6.408

e Property spreadsheet ends----------------ommmmmmm oo
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# Mass, Energy, and Entropy Analysis Results:

# Process-A: ie-State = State-3, State-Null; bf-State = State-1, State-2;
# Given: Q= 0.0 kJ; W_ext= 0.0 kJ; T_B= 20.0 deg-C;
# Calculated: S_gen=1.436198 kJ/K; Delta_E=-21.293053 kJ; Jdot_net= -21.293053 kJ; Delta_S=

28.717085 kJ/K;

# Sdot_net= 27.280888 kJ;

Also, change in Availability from State 1 to State 2 is:

Ae= 1 — 2= (ul — u2) + pl{vl — +2) — TD-(s1 — s2)

Form the above Table, we have:
ul =-8556 klkg w2=-3 klkg
s1=10 k\_l'lkgK sl = 6.743 kJ"kHK

vi=0 m'Ikyg +2:=02342 mrikg
T0 =283 K pl =100 kPa
Therefore, change in Availability:
Ae = {ul = u?) + pl-{vl - +v2) — TO-(s1 — 52}

ie Ae=1872x10° kJ/kg....Ans.
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Prob.8.26. Steam is to be condensed on the shell side of a heat exchanger at 50 C. Cooling water enters
the tubes at 15 C at a rate of 55 kg/s and leaves at 23 C. Assuming the heat exchanger to be well insulated,
determine: (a) rate of heat transfer in the heat exchanger, and (b) rate of exergy destruction in the heat
exchanger. Take TO = 25 C. [Ref:1]

sat. steam, 50 C

= —== water, 23 C

\A/ATA

N (A (D —

2 —=— water, 15 C

i
'

sat.water, 50 C
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Basic Thermodynamics: Software Solutions
Part IV

TEST Solution:

Following are the steps:

Availability or ‘Exergy’ and Irreversibility

1. Choose System Analysis-Open-Non-Mixing Multi-flow daemon from the daemon tree.

l l l l

Basicl'l'uuls System Analysis States & I?roperties
[ | l } l
nit skCal Tables & Uniform Uniform
i it Cloised Dplen System Ploi
I l | l
Unsteady Process Steady State  Steady State Unsteady Process
I (cycles) I |
Generic q? Specific Generic Specific
|
i [ l
Reciprocating Cvcles  HVAC/Psychromelry Comb. & Equilibrium

Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
l I l
Single-Flow @ Non-Mixing Muiti-Flow Mixing Multi-Flow @
[ [ I I l
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibrium

Hovering the mouse pointer over Non-Mixing Multi-flow gives the following pop up:

Click to go to page: TEST=Daemons=Systems=0pen>Steady>=Generic=Multi-Flow Non-Mixing Systems

Multi-Flow Non-Mixing Systems:

Analyze a non-mixing open steady
system with two inlets and two exits. A

[

!

co-flow or counter-flow heat exchanger
is an example of such a system. The

I

|
working substances can be different for ; phade

| reciton
the two flows. j?l_—,
Heat exchangers are covered in 0o Fiow

chapters 4 and 6.

@ Countar Flow
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2. For material model, choose PC model since we are dealing with Steam/ water.

Select a material model to launch the non-mixing multi-flow daemon.

Two Identical Fluids

- | - >~
= CE c,’=cSnst pv'= Rl:
PC Model SL Model PG Model 1G Model
The system has two separate flows consisting of two identical fluids, say, H20 and H20, which can not mix. Two
2 inlet and two exit states - i1, i2, el and e2-states - are necessary to describe the non-mixing device. The two
pv_é'zﬁr fluids can be chemically identical.
RG Model Examples: Heat is exchanged in a counter-flow heat exchanger between a flow of cold liguid water and hot
steam. For specific examples, click on the help icon at the bottom margin of the daemon.
Two Different Fluids
The system has two separate flows consisting of two phase-change (PC) fluids, say, H20 and NH3, which can
not mix. Two inlet and two exit states - i1, i2, e1 and e2-states - are necessary to describe the non-mixing
R device. The two fluids can be chemically identical.
r
\f\_’\ Examples: R-134a and H20 are the two fluids in a heat exchanger. Suppose both the inlet states, state-1 (i1)
PC Model and state-2 (i2), and one of the exit states, state-3 (e1), are completely given. For state-4 (e2 state), set
i mdot4=mdot2, set up the device panel with the known value of Wdot_ext(=0) and Qdot (=0, if adiabatic), and
PC Model click Super-Calculate to evaluate State-4. If T3 and T4 are both unknown, but related, iterative solution is

3. H2O is the substance selected by default. Enter p1, x1 = 0 for State 1, i.e. exit of steam
condensed in the sat. liq. state. Also, enter for mdotl = mdot3 * (h4 — h3) / (h2 - h1), where

States 3 and 4 are inlet and exit of water. Mdot1 is unknown, as of now. But, it will be posted

back here at the end, i.e. after all calculations are made by SuperCalculate. Hit Enter:

Move mouse over a variable to display its value with more precision.

* Mixed ¢ SI ¢ English < > v Help Messages On Super—lteratel Super-Calculate M m

State Panel | Device Panel | /0 Panel |

| < |ostatet v | | iculate No-Plots v Saturated Mixure

| /| xt J yt J vl

ut h1 51 | Vel + |
_| m [ ] =

J et i phit psit ¥ | mdott
T | o e e
| voidott At Mt
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4. For State 2, i.e. sat.vapour state, inlet of steam to condenser: enter T2, x2 = 1 for sat. vap.

Also, mdot2 = mdotl, unknown as of now, but will be posted back later. Hit Enter. We get:

Move mouse over a variable to display its value with more precision.

 Mixed  SI © English < = ¥ Help Messages On Super—lteratel Super-Calculate m Super-nitialize

State Panel | Device Panel | 110 Panel |

H Calculate Saturated Mixture
J p2 LI T2 LI x2 J y2 J e
| J J LI vei2 _|
_m _— _m _—_—
J e? J j2 phi2 psi2 _I mdot2

7o (TR g vl g ]| arg v|prrmeeeas v

5. Now, for State 3: i.e. inlet of water stream in to the tubes. Enter p3, T3 and mdot3. Hit Enter.
We get:

Move mouse over a variable to display its value with maore precision

& Mixed © Sl  English < > ¥ Help Messages On Super—\teratel Super-Calculate M Super-nitialize

State Panel | Device Panel | 10 Pans! |

| < |ostate2 [v] > | | cacuiate Initialize Subcooled Liguid
| e | | o s |
B E— recon ] e e
| | n | s | ves EH
_— _m _m _—_—
| e | B phi3 e | maots
——— |l S e e
| voldets | A M3

B o ROET < ot |

6. And, for State 4: i.e. exit of water stream from the tubes. Enter p4, T4 and mdot4= mdot3.
Hit Enter. We get:

Move mouse over a variable to display its value with more precision.

* Mixed S|  English < > |+ Help Messages On Super—lteratel Super-Calculate Super-Initialize

State Panel | Device Panel | /0 Panel |

©State-4 v Calculate No-Flots Initialize subcooled Liquid

ﬂ p4 LI T4 _I x4 J yd J v
E— - — | ructan ] s 5
J ud J J LI Veld _I

Besizie s v —m —m [ [COE _—
J ed J IEs phid psid LI mdotd

o TR TR v v RGO v
| voldots | A 14

o v B | [Zome
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7. Now, go to Device Panel. Enter: il-state = State 2, el-state = State 1, i2-state = State 3 and
e2-state = State 4. Also, Qdot = 0 (since heat exchanger is insulated) and Wdot_ext = 0.
Click on Non-mixing Radio button. Then, click on Calculate and SuperCalculate. All

calculations are now made:

Move mouse over a variable to display its value with more precision.

# Mixed ¢ SI ¢ English < I@Case—ﬂ ﬁﬂ W Help Messages On Super-lterate Super-Calculate Load Super-i!ilialize

State Panel | Device Panel | nel
< |Devies-A12.3-1,41 J Calculate @ Non-Mixing ¢ Mixing Device
|state2  |v| State3 v ~ State-1 State-4 (v

| adot 7| wdot ext 4 | sdot_gen

[ [ [ _ v [o6osa [k v
Jdot_net Sdot_net
|oo [k | ko609 (s ~|

Multi-Flow Non-Mixing Device - A =
State-Null:

It indicates that
a port is closed.

Mass, Energy, and Entropy Equations:
Py = Py = gl
0= (mzlle +m:2J=2) (mglf.gl + M0 e )"' Q- "WinHip:
Work in negative
| Heat in positive _

ot

0= (Mg + 11,55, ) — (8,45, + M58, ) + g + ng
b

-

Go back to State 1 or State 2 and look for mdotl.
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Thus:

mdotl= 0.7737 kg/s = steam condensation rate.....Ans.

Rate of heat exchange in the heat exchanger = mdotl * (h2 - h1) = 1843.5482 kW ....Ans.

And, Rate of exergy destruction: I = TO * S_gen = (25+273)*0.6099 = 181.75 kW....Ans.

{Also, verify:

Heat transferred in HX: Q = mdot3*(h4-h3) = 1843.5482 kW .... verified.}

8. Get the TEST code etc from the I/O panel:

P OUTPUT OF SUPER-CALCULATE:

#Daemon Path: Systems>Open>SteadyState>Generic>MultiFlowUnmixed>PC-Model; v-10.cb01

States  {

State-1: H20;

Given: { T1= 50.0 deg-C; x1= 0.0 fraction; Vell= 0.0 m/s; z1= 0.0 m; mdotl= “mdot3*(h4-h3)/
(h2-h1)” kg/s; }

State-2: H20;

Given: { T2= 50.0 deg-C; x2= 1.0 fraction; Vel2= 0.0 m/s; z2= 0.0 m; }

State-3: H20;

Given: { p3= 100.0 kPa; T3= 15.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; mdot3= 55.0 kg/s; }

State-4: H20;

Given: { p4= “P3” kPa; T4= 23.0 deg-C; Vel4= 0.0 m/s; z4= 0.0 m; mdot4= “mdot3” kg/s; }
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Analysis {

Device-A: i-State = State-2, State-3; e-State = State-1, State-4; Mixing: false;

Given: { Qdot= 0.0 kW; Wdot_ext= 0.0 kW; T_B= 298.15 K; }

#eoeeDETAILED OUTPUT:

# Evaluated States:
State-1: H20 > Saturated Mixture;
Given: T1= 50.0 deg-C; x1= 0.0 fraction; Vell= 0.0 m/s;
z1= 0.0 m; mdotl= “mdot3*(h4-h3)/(h2-h1)” kg/s;
Calculated: p1= 12.35 kPa; y1= 0.0 fraction; vl= 0.001 m~"3/kg;
ul= 209.3175 kJ/kg; h1= 209.33 kJ/kg; s1= 0.7038 kJ/kg.K;
el= 209.3175 kJ/kg; j1= 209.33 kJ/kg; Voldotl= 8.0E-4 mA3/s;
Al=78.2984 m/A2; MM1= 18.0 kg/kmol;
State-2: H20 > Saturated Mixture;
Given: T2= 50.0 deg-C; x2= 1.0 fraction; Vel2= 0.0 m/s;
z2= 0.0 m;
Calculated: p2= 12.35 kPa; y2= 1.0 fraction; v2= 12.03 m~3/kg;
u2= 2443.5295 kJ/kg; h2= 2592.1 kJ/kg; s2= 8.0763 kJ/kg.K;
e2= 2443.5295 k] /kg; j2= 2592.1 kJ/kg; mdot2= 0.7737 kg/s;
Voldot2= 9.3076 m~3/s; A2= 930760.56 m/2; MM2= 18.0 kg/kmol;
State-3: H20 > Subcooled Liquid;
Given: p3= 100.0 kPa; T3= 15.0 deg-C; Vel3= 0.0 m/s;
z3= 0.0 m; mdot3= 55.0 kg/s;
Calculated: v3= 0.001 mA3/kg; u3= 62.9933 kJ/kg; h3= 63.0934 kJ/kg;
s3= 0.2244 kJ/kg K; e3= 62.9933 kJ/kg; j3= 63.0934 kJ/kg;
Voldot3= 0.0551 m~3/s; A3= 5505.5005 m~2;
State-4: H20 > Subcooled Liquid;
Given: p4= “P3” kPa; T4= 23.0 deg-C; Vel4= 0.0 m/s;
z4= 0.0 m; mdot4= “mdot3” kg/s;
Calculated: v4= 0.001 mA3/kg; ud= 96.5122 kJ/kg; h4= 96.6124 kJ/kg;
sd= 0.3392 kJ/kg.K; ed= 96.5122 kJ/kg; j4= 96.6124 kJ/kg;
Voldot4= 0.0552 mA3/s; Ad= 5515.1255 m~/2;

HOoH H OH OB H O O H O OH W OH O OH OH OFH OH W W OH O H OB W OH OB H K R
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- Property spreadsheet starts:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
#01 12.35 323.2 0.0 0.001 209.32 209.33 0.704
#02 12.35 3232 1.0 12.03 2443.53 2592.1 8.076
#03 100.0 288.2 0.001 62.99 63.09 0.224
#04 100.0 296.2 0.001 96.51 96.61 0.339

# Mass, Energy, and Entropy Analysis Results:

# Device-A: i-State = State-2, State-3; e-State = State-1, State-4; Mixing: false;
# Given: Qdot= 0.0 kW; Wdot_ext= 0.0 kW; T_B= 298.15 K;
# Calculated: Sdot_gen= 0.60990053 kW/K; Jdot_net= 0.0 kW; Sdot_net= -0.60990053 kW/K;

Prob.8.27. A well insulated shell & tube heat exchanger is used to heat water (cp = 4.184 kJ/kg.C) in
the tubes from 20 to 70 C at a rate of 4.5 kg/s. Heat is supplied by hot oil (cp = 1.8 kJ/kg.C) that enters
the shell side at 170 C at a rate of 10 kg/s. Neglecting the heat loss from the heat exchanger, determine:

(a) exit temp of oil (b) rate of heat transfer in the heat exchanger, and (c) the rate of exergy destruction.

hot oil, 170 C
10 kg/s

It 2 —== water, 23 C
- ——)
N =
/{' A
= -
Pl s
> 1)
!r'[ -
\ S water, 20 C
4.5 kgls

-h

hot oil

Download free eBooks at bookboon.com



TEST Solution:

Following are the steps:

1. Choose System Analysis-Open-Non-Mixing Multi-flow daemon from the daemon tree.

|
| I I
Basic Tools System Analysis Si ] |
l 1 l l ]
Closed Open gl i
| |
| ] | ]
Unsteady Process Steady State Steady State Unsteady Process
| (cycles) | |
Generic @ Specific Generic Specific
I |
[ [ l
Reciprocating Cycles  HVAC/Psvchvrometry Comb. & Equilibrium
l l I .
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Unifoerm
[ I l
Single-Flow g Non-Mixing Multi-Flow Mixing Multi-Flow &
L T
l i i l 1
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibvium

R N |

-~

|

# BUSINES"}
SCHOO!

FINANCIAI. TIMES

EHHERN

]

i

-h—-

‘{q 1 = g
i 1 - i ‘ ‘

-

Because achieving your dreams is your greatest challenge. I Business School's Master inManagement taught

in English, Spanish or bilingually, trains young high performance professionals at the beginning of their career
through an innovative and stimulating program that will help them reach their full potential.

MASTER IN MANAGEMENT

Choose your area of specialization.
Customize your master through the different options offered.
Global Immersion Weeks in locations such as Rio de Janeiro, Shanghai or San Francisco.

Because you change, we change with you.

mim.admissions@ie.edu £ W lin YouTube

www.ie.edu/master-management

Click on the ad to read more

Download free eBooks at bookboon.com


http://s.bookboon.com/IE
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2. For material model, select SL/SL model since we are dealing with water / oil.

| | steam. For specific examples, click on the help icon at the bottom margin of the daemon.

| Two Different Fluids

The system has two separate flows consisting of two phase-change (PC) fluids, say, H20 and NH3, which can
not mix. Two inlet and two exit states - i1, i2, el and e2-states - are necessary to describe the non-mixing

Pe— device. The two fluids can be chemically identical.
M Examples: R-134a and H20 are the two fluids in a heat exchanger. Suppose both the inlet states, state-1 (i1)
PC Model and state-2 (i2), and one of the exit states, state-3 (e1), are completely given. For state-4 (e2 state), set
ar mdotd=mdot2, set up the device panel with the known value of Wdot_ext{=0) and Qdot (=0, if adiabatic), and
PC Model click Super-Calculate to evaluate State-4. If T3 and T4 are both unknown, but related, iterative solution is

necessary in which Qdot is left as an unknown, T2 is guessed until Qdot approaches the known value. Far
specific examples, click on the help icon at the bottom margin of the daemon.

-
= Same as above except the solid/liquid (SL) model is used for the two flows.
| |
SL Model Examples: A heat exchanger with liquid water and oil being the two fluids. For spedific examples, click on the
5 help icon at the bottom margin of the daemon.
SL Model

3. For State 1: Select water. Enter p1 = 100 kPa (assumed, but it does not matter, since it is
a liquid), T1 = 20 C, and mdotl = 4.5 kg/s. Note that sp. heat value is built-in. Hit Enter.
We get:

Generic Open Steady, Multi-Flow, Non-Mixing DaemonS' SL/SI_ Model

thermofluids emons > Systems > Open > Steady =

2 B e
TEST =
 Mixed ¢ SI ¢ English > ¥ Help Messages On Super—lteratel Super-Calculate m Super-nitialize

State Panel | Device Panel | /0 Panel |

z1=0.0 m [Elevation ab

y S Water(l )

_ ] L]
J Y| mdott J Voldot1 J M1
__ L [COEEO] [CE ___

Model1

4. Similarly, for State 2, exit of water: enter p2, T2, mdot2. Hit Enter. We get:

“ Mixed ¢ SI ( English =| ¥ Help Messages On Super—lteratel Super-Calculate Super-nitialize

State Panel | Device Panel | 110 Panel |

Water(L} v m WateriL) £V .

| g2 M o2 J

| re | e il Vel2 _| J
m ﬂ mdot2 J Voidof2 J
Model2
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5. For State 3: Select oil. Enter p2, T3 and mdot3. Note that sp. heat value is built-in. Hit Enter.

We get:

p3=100.0 kPa|Absolute pressure]

* Mixed ¢ SI ¢ English < ICase-U ﬂj ¥ Help Messages On Super-iterate
State Panel ‘ Device Panel | O Panel
| < |estates v > | [T nitaiice | S oiir) v ] oil) I
ﬂ p3 j T3 rho3 v3 J u3
_Fpa ~ | [T [¢=s-c | o100 kg3 v [ooo11 [ 3kg ~ | [z50.88864 klikg v
J h3 J 53 ﬂ Vel ﬂ z3 J el
[s0.99854 | kike ~| [p71338 (g | = ~| o | [eeugeges | kg |
J 3 j mdot3 J Voldot3 J A3 M3
|260.09854 klikg ~| OO s v |[o:07088 [mars ~ [1092.9011 B ~|[i120 [kghmol 1w
c v3 Model3
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Basic Thermodynamics: Software Solutions
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6. For State 4: Enter p4, mdot4, and T4 = T3 - (mdotl * c_vl) * (T2 - T1) / (mdot3* c_v3).
Hit Enter. We get:

Move mouse over avariable to display it:

& Mixed ¢ 81 ¢ English < @Cas&o v ¥ Help Messages On Super-lterate Super-Calculate
g

State Panel | Device Panel | 110 Panel |

H Calculate ¥ iialize : B = oilL)

- I
| ne J s4 7| veis _| 24 J ot

e s C— o

| 7| mdote | voldots A4 M4

B s R R P
c v Modsi4

N e v

Immediately, we get: exit temp of oil, T4 = 117.7 C..... Ans.

7. Now, go to Device panel. Enter: il-state = State 1, i2-state = State 3, el-state = State 2

and e2-state = State 4. See how the schematic at the bottom of the window adjusts itself.
Also, enter Qdot = 0 (since the HX is insulated) and Wdot_ext = 0. Click on Calculate.

Immediately, we get:

Use the IO Panel : cientific calculator that recogn tate properties (e.g "2, h2 )
& Mixed ¢ Sl © English < j ¥ Help Messages On Super-terate Super-Calculate Super-nitialize
State Panel | Device Panel | 110 Panel |
< | Device-a[1,3-2,41 vﬂ m & Non-Mixing 1 Mixing Device
i1-State:  EueiCHl b i2-State:  RarliEK] b C S-S C State-2 v el-State:  KieI R0 >
7| adot | Wdot_ext | T | sdot_gen
e T— [ —
Jdot_net Sdot_net

0 TR [ S

Multi-Flow Non-Mixing Device - A

Mass, Energy, and Entropy Equations:
Wy =M Py = g

0= (mufal"'m;zfaz) (meljsl+me2js2)+Q
;

not

O (m’ls’l i mlzgﬂ)_(mclssl +M,25, )+ T§+ Sgﬂ
&

"S’mw

Daemon Path: Systems>Open>Steady State>Generic>MultiFlowUnmixed> SLISL-Model; v-10.ca08 Copyright ® 19982014 5. Bhattacharjee;

8. Do the required calculations in the I/O panel:

#Heat transferred, Q = c_v * mdotl * (T2 - T1):

Q = 4.184%4.5*(70-20) = 941.4 kW ....Ans.
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#Exergy destroyed:

Note that entropy gen. rate = Sdot_gen = 0.70457 kW/K

Then, exergy destroyed = Ae = T0 * S_gen

i.e. Ae =TO* S_gen = (25+273) * 0.70457 = 209.96 kW ....

Availability or ‘Exergy’ and Irreversibility

Ans.

Prob.8.28. 70 kg of iron at 80 C is dropped in to an insulated

tank containing 0.1 m3 of water at 20 C.

Find out the final, equilibrium temp. Also, what is the entropy generation and the exergy destruction?

Take TO = 20 C.

TEST Solution:

Following are the steps:

1. Choose System Analysis-Closed-Non-Mixing Non-

Uniform daemon from the daemon tree.

| |
Basic Tools System Analysis

l l

I
States & I?roperties

l l

Uniform Uniform

—— Generic @
i |

CIDISEd Dplen Syvstem Flow
I l I l
Unsteady Process Steady Stale Steady State Unsteady Process
| | (cycles) I |
Specific Generic Specific

l i
Reciprocating Cvcles  HVAC/Psyvchrometry

l
Comb. & FEquilibrium

l
Semi-Mixing

i
Uniform

Non-Mixing
Non-Uniform

l
Mixing

Svstem Non-Uniform Non-Uniform
[ [ I
Single-Flow ? Non-Mixing Multi-Flow Mixing Multi-Flow %
[ [ [ ‘ l
Vapor and Gas Refrigeration HVAC Gas Combustion
Power Cycles Cvcles Psvchromeiry Dvnamics & Equilibrium
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Hover the mouse pointer over ‘Non-Mixing Non-Uniform” and we get the following pop-up:

« to go to page: TEST>=Daemon

Non-Mixing Processes: Analyze a closed bi-state « &
process involving a composite system ) _/-F‘ I
that can be described by two unique F AR fE:

states at the beginning and two at the . elain " o Sataie
end of the process. For each subsystem, |

evaluate the anchor states i ‘bB-ﬁtate
independently. Select the material model L,_________________, i

S

combination that best suits the working
substances to launch the dasmon.

Non-mixing processes are analyzed in chapter 5. |

2. For material model, select (SL model + SL model) as shown below, since we are dealing with

Iron / water.

The system has two uniferm sub-systems, each with the same working fluid (say, H20 and H20). While the two sub-systems exchange energy, they
maintain their individual identities as they do not mix. We will need two states, bA and bB, to describe the composite beginning-state and two
states, fA and B, to describe the composite final-state.

Examples: Two tanks, one containing steam and the other containing liquid water at two different states are brought in thermal contact without any
possibility of mixing, resulting in two new equilibrium states. For specific examples, click on the help icon at the bottom margin of the daemon.

Two different working substances

The system has two uniform sub-systems consisting of two blocks of solids, two liquids (different or identical), or a
solid and a liquid, which do not exchange any mass at any time. The liquid has no possibility of a phase change
allowing the use of the SL model. We will need two states, bA and bB, to describe the composite beginning-state

‘,:II and two states, fA and fB, to describe the composite final-state.
SL Mc]del Examples: A block of aluminum is brought in thermal contact with anather block of copper. The bA and bB states,

o State-1 and state-2, are completely given. Suppose we are to find the equilibrium temperature and the entropy
SL Model generated in the process. For state-3 (fa state), enter m3=m1, and leave T3 as an unknown. For State-4 (fB state)
enter md=m2 and T4=T3. Set up the process panel for the known value of W(=0) and an unknown Q (even if Q is
given). Now guess T2 and Super-Calculate T4 and Q. Repeat with better guesses until Q=0 (or the given value).
For specific examples, click on the help icon at the bottom margin of the daeman.

3. Now, for State 1: choose Iron (Fe). See the yellow background color. Note that sp. heat value
is built-in. Enter T1, m1 and hit Enter. We get:

Generic, Non-Uniform System, Non-Mixing, Closed Process Daemon: SL/SL Model
thermofluids.net > Daemons > Systems > Closed > Process > Generic > UnMixed > SL/SL

B b6 = « i = =

Move mouse over avariable to display its value with more precision

© Mixed ¢ SI ¢ English > ¥ Help Messages On Super-lterate Super-Calculate m Super-nitialize

State Panel | Process Panel | /0 Panel |

@Stat&ﬂ v Calculate No-Plots + "9 Selecta SolidiLiq. & v 0 ron(Fe)

| T s 7 |t
| R B S e A v
| | st | vert H | et

J i | mi1 J Vol M1 c vl
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4. Now, for State 2: Select Water. See the yellow background color which indicates that water
is the selected fluid. Enter p1 = 100 kPa, T2 = 20 C, and Vol2 = 0.1 m~3. Note that sp. heat
value is built-in. Hit Enter. We get:

# Mixed ¢ SI ¢ English j.base—ﬂ v ﬂ ¥ Help Messages On Super-lterate Super-Calculate Super-nitialize

State Panel | |

j@state-z v ﬂ Calculate | No-Plots | [ Water(L) | Iron(Fs) v
| p2 7| tho? V2 | we
OO > | OGHNNN =c v |[eere [k v][0008 [wang | [EI0BTGININ [0 ~]
| m | s 7| ver 7| 22 | ez
2092133 [ kiikg v | [z81204 (kg Rl BB | [ - v | [2102183 klikg |
_|IEE | me 7| Vo2 M2 cv2

-20.92133 '.i;j,'};g” _'v 0997 '_i;g_ v_rrr‘3 _'v 18.0 -k_g_.-"krr.':;l v 4184 LJng v
Model2
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5. Next, for State 3: Select Iron. (see the yellow color). Enter m3 = m1, and T3 = (m1*c_v1*T1
+m2 *c_v2 * T2) / (m1* c_vl + m2 * c_v2). Hit Enter. We get:

T

“ Mixed ¢ Sl ¢ English < ﬂ ¥ Help Messages On Super—lteratel Super-Calculate Super-nitialize

State Panel | Process Fanel | 110 Panel |

Mo-Plots + Init . W ater(L) | ] =3 Iron(Fe)

7| 13 tho3 V3 J u3
| m J 53 _| Vel3 _| J
| (g v|[foasTel [wrox | [N~ _— _—
[ | ms | vos
| ARl [FEEECD 0 EEEEEY _M _m
Model3

B

Note: Equilibrium temp, T3 = 24.213 C.....Ans.

6. Now, for State 4: Select water, see the yellow color. Enter p4 = 100 kpa, T4 = T3, and hit
Enter. We get:

@ Mixed ¢ Sl ( English = |@Case-d | > ¥ Help Messages On Super-lterate Super-Calculate Load Super-Initialize
g J

State Panel | Process Panel | /0 Panel |

W \Water(L)

| pa | rhod o | w

| m | s | Ve K .

EEEE e ] _m - _— _—
| | me | vou

_— [ [CEEEIT LT _m _m
Model

e
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7. Now, go to Device Panel. Enter: State 1, State 2, State 3 and State 4 for bA-state, bB-state,
fA-state and fB-state respectively, as shown below. Also, Q = 0 (since the vessel is insulated),

and the external work, W_ext = 0. Click on Calculate and then SuperCalculate. We get:

Use the I/0 Panel as a scientific calculator that recognizes state properties (e.g. 3.14*3.5%2, h2-h1, p1*(Vol1Nol2)*1.3, efc)

& Mixed ¢ S| ¢ English < j ¥ Help Messages On Super-tterate Super-Calculate M Super-initialize

State Panel | Process Panel | 0 Panel

bA-State:  RueiHl bi-state:  furI0rd fA-State:  RueiOc RN SHEIEA State-4 (v

_I ﬂ W ext ﬂ il J S gen
______W 2

Delta E Delta_S

[F TR Cr—

Non-Uniform Non-Mixing Process - A

Mass: My, = Mgl My = Mol

Energy: (mﬁié'ﬁq ) (Mostsa+ Mygesp )= O~
5 Y

Entropy: (m ] +mﬁsﬁ)—(mmsu+m”sw) T_+ S
B

45

8. Go to the I/O panel to see the TEST code etc. Also, make the required calculations in the
I/0O panel:

# Exergy destruction: Ae = TO * S_gen:

i.e. : Ae= (20+273) * 0.53576 = 156.978 KJ ... Ans.

See the TEST code etc in the I/O panel:
B OUTPUT OF SUPER-CALCULATE :

#Daemon Path: Systems>Closed>Process>Generic>NonUniformUnMixed>SL/SL-Model; v-10.ca09

States  {
State-1: Water(L), Iron(Fe);

Given: { T1= 80.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 70.0 kg; Modell= 2.0 UnitLess; }
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State-2:

Water(L), Iron(Fe);

Given: { p2= 100.0 kPa; T2= 20.0 deg-C; Vel2= 0.0 m/s; z2= 0.0 m; Vol2= 0.1 mA3; Model2=
1.0 UnitLess; }

State-3:

Water(L), Iron(Fe);

Given: { T3= “(m1*c_v1*T1 + m2*c_v2*T2)/ (m1*c_v1+m2*c_v2)” deg-C; Vel3= 0.0 m/s; z3=
0.0 m; m3= “m1” kg; Model3= 2.0 UnitLess; }

State-4:

Water(L), Iron(Fe);

Given: { p4= 100.0 kPa; T4= “T3” deg-C; Vel4= 0.0 m/s; z4= 0.0 m; Model4= 1.0 UnitLess; }

Analysis {

Process-A: b-State = State-1, State-2; f-State = State-3, State-4;

Given: { Q= 0.0 kJ; W_ext= 0.0 kJ; T_B=298.15 K; }

#oeeeDETAILED OUTPUT:

# Evaluated States:

H O O OH OB H O H OB OH OH O H OB

State-1:

State-2:

Iron(Fe) > SL/SL Model;

Given: T1= 80.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m;

ml= 70.0 kg; Modell= 2.0 UnitLess;

Calculated: rhol= 7840.0 kg/m~3; vl= 1.0E-4 m~3/kg; ul= 24.7371 kJ/kg;
s1=0.565 kJ/kg.K; el= 24.7371 k]J/kg; Voll= 0.0089 m~3;

MM 1= 55.85 kg/kmol; c_vl= 0.45 kJ/kg.K;

Water(L) > SL/SL Model;

Given: p2= 100.0 kPa; T2= 20.0 deg-C; Vel2= 0.0 m/s;

z2= 0.0 m; Vol2= 0.1 mA3; Model2= 1.0 UnitLess;

Calculated: rho2= 997.0 kg/m~3; v2= 0.001 m~3/kg; u2= -21.0216 kJ/kg;
h2=-20.9213 kJ/kg; s2= 3.812 kJ/kg.K; e2= -21.0216 kJ/kg;

j2=-20.9213 kJ/kg; m2= 99.7 kg; MM2= 18.0 kg/kmol;

c_v2=4.184 kJ/kg.K;
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# State-3: Iron(Fe) > SL/SL Model;

# Given: T3=“(m1*c_vI*T1 + m2*c_v2*T2)/ (m1*c_vl+m2*c_v2)” deg-C; Vel3= 0.0 m/s; z3= 0.0 m;
# m3= “m1” kg; Model3= 2.0 UnitLess;

# Calculated: rho3= 7840.0 kg/m~3; v3= 1.0E-4 m~3/kg; u3= -0.3672 kJ/kg;

# s3=0.4876 kJ/kg.K; e3=-0.3672 kJ/kg; Vol3= 0.0089 m~3;

# MM3= 55.85 kg/kmol; c_v3= 0.45 kj/kg.K;

# State-4: Water(L) > SL/SL Model;

# Given: p4= 100.0 kPa; T4= “T3” deg-C; Vel4= 0.0 m/s;

# 7z4= 0.0 m; Model4= 1.0 UnitLess;

# Calculated: rho4= 997.0 kg/m~3; v4= 0.001 m~3/kg; ud= -3.3958 kJ/kg;

# hd= -3.2954 kJ/kg; sd= 3.8717 kJ/kg.K; ed= -3.3958 kJ/kg;

# ja= -3.2954 kJ/kg; md= 99.7 kg; Vol4= 0.1 mA3;

# MM4= 18.0 kg/kmol; c_v4= 4.184 kJ/kg.K;

fommmeee- Property spreadsheet starts:

# State  p(kPa) T(K) v(m~A3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 353.2 1.0E-4 24.74 0.565

# 2 100.0 293.2 0.001 -21.02 -20.92 3.812

# 3 2974 1.0E-4 -0.37 0.488

# 4 100.0 2974 0.001 -3.4 -3.3 3.872
fommmm- Property spreadsheet ends--------------ommomm oo
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# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1, State-2; f-State = State-3, State-4;
# Given: Q= 0.0 kJ; W_ext= 0.0 kJ; T_B= 298.15 K;

# Calculated: S_gen= 0.535759 kJ/K; Delta_E= “-4.5474735E-12” kJ; Delta_S= 0.535759 kJ/K;
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