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4

Work, Heat and | Law of
Thermodynamics applied to
Closed systems

Learning objectives:

1.

Total energy of a system is defined as the sum of internal energy, kinetic energy and
potential energy. i.e. on a unit mass basis: e = u + C*/2 + g.z where C is the velocity, z is the
elevation from a datum.

Energy crosses the boundary of a closed system either as Work or Heat, or as both.

3. Both Work and Heat are ‘path functions, i.e. inexact differentials.

10.
11.

In Thermodynamics, Work is said to be done by a system if the sole effect things external to
the system can be reduced to the raising of a weight.

‘Boundary work’ for a simple compressible system is given by:

1'.1-- 1: - I:l d"n-

Similarly, other types of work, viz. electrical work, shaft work, paddle work, flow work, work
in stretching a wire, work due to surface tension, magnetization work, free expansion etc.
have to be considered, if need be.

‘Heat transfer’ is energy transfer due to temperature difference only.

Conduction, Convection and Radiation are the main modes of heat transfer. Heat transfer
may occur in one of these modes or, in some cases, one or more modes may be present.
First Law is a statement of conservation of Energy.

First Law for a system undergoing a cycle, and for processes in a closed system are considered.
Different processes for an ideal gas in a closed system (as in a piston-cylinder device) are of

special interest.
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics

Thermodynamics: Part-I applied to Closed systems
4.1 Formulas used:
41.1 Work:

Work = Force x distance, N.m (= 1 Joule)

Work is a ‘path function’ i.e. an inexact differential.

4.1.2 pdV- work or displacement work:

dW = p-dV
V2

Wiy = pdVv .__Integration performed on a quasi-static path
Vi

413 pdV- work in various quasi-static processes:

(a). Constant pressure (isobaric) process:

Wiy = p(V2 - V1)

(b). Constant volume (isochoric) process:
Wip=0

(c). Faor a process in which pV = const. .. Isothermal process:

£ o1
Wi, = plVid 2L
12 |5
\p2)

(d). For a process in which pV" = const.__reversible adiabatic or isentropic process:

— 1

. plV1-p2V2 Ry TI-T2) plVi (py 7
W 2= = = 1= =
= | =1 n—1 Lpl)

9
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

Also, for a perfect gas:

pv=RT
And for isentropic process, pv' = const., we have:

T-v' = constant

2 _ (w1

pl  L+2)

(v
1 \v2)

r—1

2 _(p2} '
L | pl)

(e). For a process in which p\™ = const.___polytropic process:

n—1

1.Vl — p2V2  pl-VI fp2y
T.R'12=p P =I:I -1—:p—'

n-1 n-1 I\.‘_I:l]._‘,ll-

R-(T1- T2)

e Wiq=
12 n—-1

Also: for a polytropic process:

pl _ Cv "
pl  L+2)
(vt
T ()

n—1
2 _(p2) "
1 | pl)
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
applied to Closed systems

Thermodynamics: Part-I

For a perfect gas:

pv=ERT du= cv-dT
c
P
= c, —c,.=FR
i |'_‘"‘_ p a*
_ E
.8 c, = - "

Then, heat transfer during a polytropic process (for a perfect gas):
Q=(w2-ul)+ W= (T2 - T1) + R(T1 - T2)

Simplifying, we get:

0 _1—-n R(T1-T2)
pnl}-“_ﬁ_l' a1

: Te-n_
=3 Qpnl}-'= :'“pnl}-'
Polytropic sp. heat:

-1

Falytr. sp. heat: L=,
11 %
l-n

Mean Effective Pressure (MEF, or p_):

'Mea—nf—hdmamr—dmgrm-lc _..where k = Spring constant.
Stroke lenzth

MEP =

Indicated Power (IP):

Py ALN . _ .
= ———  kW.__for atwo stroke engine._where pm is in kPa, Ain
&0 m*2, Lin m, Nin RPM.___ this is IP for one cylinder

Note: Put N = N/2 for four stroke engine
Brake Power (BP):

2ENT uhere Nis RPM. Tis Torgue
G0

EPF =

Mech. efficiency:

_ EFP
Nmech = E

11
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

414 Other types of Work transfer:

1. Electrical Power:

Weot= B

2. Shaft Worl:

W pan= T-@ -..where Tis Torque. o is angular velocity

3. Paddle work or Stirring work:

4. Flow Work:

Wogw= PV -Per unit mass

5. Work done in stretching a wire:

~2

—J JdL  ..where Jis the tension, dL is expansion of wire
1

W

6. Work done in changing the area of a surface film:

W= —J odA ..where g is the surface tension N/m)

7. Work done in magnetization of a paramagnetic solid:

2
W= —J Hd ~where H is the field strength and | is the component of magnetization
i field in the direction of the field

8. Work done in Free expansion:

W

free expn = 0 ...since there is no resistance to the fluid at boundary

12
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

4.1.5 Heat Transfer, Q:

Q is positive while flowing intfo the system;
W is positive if work is done by the system.

Heat Transfer Q,,:

Heat transfer is a path function.

Q= J Tds ...where Tis in K, sis entropy

Specific heat, c:

It is the amount of heat required to raise a unit mass of substance through a unit rise in temperature.

c= 2 UkgK
- At

o
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For a gas, for a constant pressure, reversible non-flow process:
d=m-c_-dT
Q P
For a gas, for a constant volume, reversible non-flow process:

dQ = m- Cyr dT

4.1.6 First Law for a system undergoing a cycle:

IW=IJEQ ..foracycle.J=1in S.I. Units.i.e. 1 N.m = 1 Joule.

417 First Law for a closed system undergoing a change of state:

Q- W= AE
0r:

Q=AE+W

4.1.8 First Law is a statement of conservation of Energy.

Energy is a property of the system; it is therefore, a ‘point function.

Considering only the kinetic, potential and internal energies, Total energy is:

E=EL:_EIJ_UjIIt

419 For an Ideal gas:

Internal Energy U is a function of T only.

We write:

dQ = dE + dW
e dQ=dU+ dW

ie. dQ = dU + p-dv  ...when only pdV work is present
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics

Thermodynamics: Part-I

Enthalpy, h:
h=u+pv Jkg

For a perfect gas:

h=c, T+RT=|c + R_}-I: ep'T

4.1.10  Fist Law for non-flow processes or for Closed systems:

For reversible, const. volume process:

-

Q= (ul-ul)+ W .. where W= j pdv

~..But, W=10, sincedV =10
Therefore:  Q=uwl-ul=c(T2-T1) ...Jkg
For reversible, const. pressure process:

"

Q= (u2 - ul) + W .__where W= j pdv

—..But, W= p.v21)

Therefore: Q=h2-hi= cp(T2-T1) kg

For reversible, Isothermal process:

"

Q= (u2 - ul) + W __where W= j pdv

Therefore:  Q=c (T2-TH+ W=0+W

e Qmplvit 2= prvi BL)
& Qeplviin T=plvtinl 5 kg

For reversible, adiabatic process:

-

Q= (u2 —ul) + W __where W= j p dv

But, @ = 0 for adiabatic process.
Therefore: 0= (u2-ul)+ W

ie W=ul-u? . _forany adiabatic process

15
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

And, for rev. adiab. process: p-VT = const

P e
And: we PITITP2Y2_ R(TI-T2)
'{—l ?._1

4.2 Now, let us work out a few problems with EES:

“Prob.4.1. A perfect gas is undergoing a process in which T is proportional to VA(-2/5). Calculate the
work done by the gas in going from state 1 in which pressure is 100 bar and volume is 4 m~3 to the state
2 in which volume is 2 mA3. Also calculate the final pressure. [VTU-BTD-Dec-06-Jan-07]"

EES Solution:
“Data:”

P1=100E05[Pa]
V1=4[mA3]
V2=2[mA3]

With us you can
shape the future.
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Www.eon-career.com
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“Calculations:”

“We have:

T = k1 * VA(-2/5); But, PV = RT for perfect gas.

i.e. PV /R =Kkl * VA(-2/5)

i.e. PVA(7/5) = k where k = k1 * R, a const”

P1* V1A(7/5) = P2 * V2A(7/5)

k = P1 * V1A(7/5)

Work=integral(k*VA(-7/5),V,V1,V2) “...using the built-in integral function of EES”

“Note: In the above, we calculate Work as Integral of P.dV. So, P is expressed as a function of V. V1

and V2 are limits of integration, i.e. from V1 to V27
Now, hit F2 to calculate.

Results:
Unit Settings: 51 K. Pa J mass deqg

k = B.954E+07 F1 =1.000E+07 [Pa] F2 =ZB39E+07 [Pa]
Yo=2 [md] W1 =4 [md W2 =2 [md

Work = -3 195E+07 [J]

Thus:

Work = -3.195E07 W ... negative sign indicates that work is done on the system....Ans.

Final pressure, P2 = 2.639E07 Pa = 263.9 bar ... Ans.
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

Additionally, plot the variation of Work and P2 as the final volume varies from 0.5 m”3 to 3 m~3:

First, compute the Parametric Table:

(Note that we have written the absolute value of Work done, i.e. without the negative sign).

E Parametric Table

Table 1 |
- - ] s

b V2 Work P2

b [m?3] ] [Pa]
Run 1 05 1297E+08 | 1.838E+08
Run 2 1| 7411E+07 | 6.964E+07
Run 3 15 4804E+07 3 948E+07
Run 4 2 | 3195E+07 | 2 639E+07
Run & 25 | 2068E+07  1.931E+07
Run 6 3 1220E+07 | 1496E+07

Now, plot the results:

x 107
14
13
Work vs V2

12
11
10
9
E 8
7
g 6
= 5
4
3
2
1

0 4

0 02040608 1 12141618 2 22242628 3

V2 [m?]
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics

Thermodynamics: Part-Il applied to Closed systems
x 107
20 T ]
18 \ P2 vs V2
16
14 \
— 12
[y
o 10
= \
l 'B
Li]
4 i
T
2 [
o .t t 1 1 1 [ 1 [ 1 |4
0 02040608 1 12141618 2 22242628 3
V2 [m¥
>
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“Prob.4.2. An engine cylinder has a piston of area 0.12 m/2 and contains gas at a pressure of 1.5 MPa.
The gas expands according to a process which is represented by a straight line on a p-V diagram. The
final pressure is 0.15 MPa. Calculate the work done by the gas if the piston stroke is 0.3 m. [VTU-BTD-
July/Aug.2004-New-Scheme]”

v

[
h
-

Fig.Prob.4.2

EES Solution:
“Data:”

P1 = 1.5E03 [kPa]

P2 = 0.15E03 [kPa]

A =0.12 [mA2] “...piston area”
L =0.3 [m] “..stroke”

“Calculations:”

DELTAV = A * L “[mA3]”
Work = P2 * DELTAV + (P1 - P2) * DELTAV/2 “[k]]”

Solution:

Unit Settings: 51 C kPa kJ mass deg
A =012 [md] AY = 0036 [m?) L=03 [m] F1 =1500 [kFa]

Pz =150 [kPa] Wark = 28.7 [kJ]

Thus:

Work done by the gas = 29.7 kJ....Ans.
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Thermodynamics: Part-I applied to Closed systems

(b) Plot the variation of Work as the final pressure P2 varies from 100 kPa to 1000 kPa:

First, compute the Parametric Table:

E Parametric Table g@@

Tahle 1 |
i = fl

2 P2 Work

1..10 [kPa] [kJ]
Run 1 100 28.8
Run 2 200 306
Run 3 300 324
Run 4 400 3.2
Run & 500 36
Run 6 600 T8
Run 7 700 39.6
Run 8 800 414
Run 9 800 43.2
Run 10 1000 45

Now, plot the results:

a0
Work done by gas vs final pressure, P2
45
— 40
5
=
z 3
=
30
25— : : : : - - - 4
100 200 300 400 500 600 700 800 900 1000
P2 [kPa]
21

Download free eBooks at bookboon.com



Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

“Prob.4.3. A spherical balloon of 1 m dia contains a gas at 200 kPa pressure. The gas inside the balloon
is heated until the pressure reaches 500 kPa. During the process of heating, the pressure of gas inside
the balloon is proportional to the cube of the diameter of the balloon. Determine the work done by the
gas inside the balloon. [VTU-BTD-]June-July-08]”

EES Solution:

“Data:”

P1=200[kPa]

D1=1[mA3]

k=200 “....since P1 =k * D1A3”
P2=500[kPa]

“Calculations:”

P2=k*D2A3 “...finds D2”
V1=(pi/6)*D1A3”[mA3]”
V2=(pi/6)*D2A3”[mA3]”
Work = integral(k*6 * V/pi,V,V1,V2) “[K]]....Note the use of built-in integral function of EES”

“Note: In the above, we calculate Work as Integral of P.dV. So, P is expressed as a function of V. V1

and V2 are limits of integration, i.e. from V1 to V2.”

*I studied
English for 16 P
years but...
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speak it in jus
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Jane, Chinese architect
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before and after my
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

Results:

Unit Settings: 51 C kPa kJ mass deqg

D1 =1 [m9 D2 =1.357 [m] k=200 F1 =200 [kFa)
Fz =500 [kPa] Wo=1.309 W1 = 05236 [m~] W2 =1.309 [m?)
Wilork = 2749 [kJ]

Thus:

Work done by the gas = 274.9 k] .... Ans.

(b) Plot the variation of Work as the final pressure P2 varies from 300 kPa to 750 kPa:

First, compute the Parametric Table:

E Parametric Table E]@[’S__q

Table 1 |
= EZ b d

b P2 Work

1.10 kPa] (k]
Run 1 300 65.45
Run 2 350 | 108
Run 3 400 157.1
Run 4 450 2127
Run 5 500 274 9
Run 6 550 | 343 6
Run 7 500 4189
Run 8 650 500.7
Run 9 700 539
Run 10 750 | 684

23
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Now, plot the results:

700 ——

Work vs P2

600 |

Work [kJ]

I ﬂ,,:'
300 350 400 450 500 550 600 650  TFOO VRO 800

P2[kPa]

“Prob.4.4. A spherical balloon of 1 m dia contains a gas at 1.5 bar pressure. Due to heating, the pressure
reaches 4.5 bar. During the process of heating, the pressure is proportional to the cube of the diameter
of the balloon. Determine the work done by the gas inside the balloon. [VTU-BTD-Feb. 2002]”

EES Solution:
This is similar to the previous problem.
“Data:”

P1=150[kPa]

D1=1[mA3]

k=150 “....since P1 =k * D1A3”
P2=450[kPa]

“Calculations:”

P2=k*D2A3 .. .finds D2”
V1=(pi/6)*D1A3“[mA3]”
V2=(pi/6)*D2A3“[mA3]”
Work = integral(k * 6 * V/pi,V,V1,V2) “[K]]....Note the use of built-in integral function of EES”
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Thermodynamics: Part-Il applied to Closed systems

“Note: In the above, we are calculating Work as Integral of P.dV. So, P is expressed as a function
of V.

V1 and V2 are limits of integration, i.e. from V1 to V2.”

Results:

Unit Settings: 51 C kPa kJ mass deqg

D1 =1 [m7 02 =1.442 [m] k=150 F1 =180 [kPa]
F2 =450 [kPa] Wo=1571 W1 = 05236 [m] W2 =1571 [m7]
Wiork = 3142 [kJ]

Thus: Work done by the gas = 314.2 K] .... Ans.

“Prob.4.5. A spherical balloon of dia 0.5 m is initially at a pressure of 100 kPa. Due to heating, pressure
increases to 400 kPa during which the inside pressure varies directly proportional to the square of the

diameter of the balloon. Determine the displacement work during this process. [VTU-BTD-July-2007]"

DUKE
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i
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EES Solution:

“Data:”

P1=100[kPa]

D1=0.5[mA3]

P1=k*D1A2 “...determines kK’
P2=400[kPa]

P2=k*D2A2 “....determines D2”

“Calculations:”

V1=(pi/6)*D1A3“m3”

V2=(pi/6)*D2A3“m3”

Work = integral(k*(6*V/pi)A(2/3),V,V1,V2) “K].....using the built-in function integral of EES”

“Note: In the above, we are calculating Work as Integral of P.dV. So, P is expressed as a function
of V.

V1 and V2 are limits of integration, i.e. from V1 to V2
Results:

Unit Settings: 51 C kPa kJ mass deg

D1 =05 [rm] D2 =1 [m] k =400 F1 =100 [kPa]
P2 =400 [kPa] W= 05236 [m] W1 = 0.06545 [m~] W2 = 15236 [m7]
Work =121.7 [kJ]

Thus: Work done by the gas = 121.7 KJ .... Ans.

“Prob.4.6. A quasi-static process occurs such that P = (VA2 + 8/V), where P is the pressure in bar and V

is the volume in m~3. Find the work done when volume changes from 1 m/3 to 3 m/3. [VTU-Jan.2004]”

EES Solution:
“Data:”

p=(vA2+8/v) “bar”
vl=1"mA"3”

v2=4"mA3”
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

“Calculation:”

W=10A5*(integral(p,v,v1,v2)) “J....uses the built-in integral function of EES”

Results:
Unit Settings: 51 K kPa kJ molar deg
p=18 [har] w=4 [m7] vl=1 [md] w2 =4 [m

W = 3.209E+06 [J]

Thus: Work done by the gas = 3.209E06 J .... Ans.

(b) In addition, plot Work against V2, as V2 changes from 1.5 m/3 to 5 m/3:

First, compute the Parametric Table:

i Parametric Table E|@E|

Table 1 |
e [

b 2 W

- [m?] ]
Run 1 15 403540
Run 2 5 787857
Run 3 25 | 1.221E+06
Run 4 3| 1.746E+06
Run & 35| 2 398E+06
Run 6 4| 3209E+06
Run 7 A5 | 4.207E+06
Run 8 5| 5421E+06

27
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Thermodynamics: Part-I applied to Closed systems

Now, plot the graph:

x 10°
6000

Work vs V2

5000

4000

3000

W [J]

2000

1000

15 2 25 3 35 4 45 5
v2 [mY]
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“Prob.4.7. 1 kg of air at 15 C and 100 kN/m~2 is compressed isentropically to 600 kN/mA2. Determine
the final temp and the work done. If the air is cooled to 15 C at constant pressure, calculate the heat
transferred. Take gamma = 1.4, cp = 1.0213 kJ/kg.K, R = 0.287 kJ/kg.K. [VTU-Jan. 2005]”

EES Solution:
“Data:”

m =1 “[kg]”

T1=15+273 “[K]”

p1=10A5 “[Pa]”

p2=6*10A5 “[Pa]”

gamma=1.4 “...ratio of sp. heats,(cp/cv) for air”
cp=1.0213*1073%[J/kg.K]....sp. heat”

R=287 “[J/kg.K]....gas const”

“Calculations:”

T2/T1 = (p2/p1)~((gamma-1)/gamma)®...temp ratio for an isentropic process.... determines T2”
W_ad=R*(T1-T2)/(gamma-1) “Adiabatic work”
Q=m*cp*(T2-T1) “[J]....heat transferred, when cooled to T1 from T2, at const. pressure”

Results:

Unit Settings: 51 K kPa kJ molar deg

cp=1021 [Jhkgk] v=14 m =1 [kg] p1=100000 [Pa]
pe = BO0000 [Pa) O =196632 [J] Ro=287 [Jkoy] T1 =288 [K]
T? =4805 [K] W'ag =-138141 [J]
Thus:

Final temp T2 = 480.5 K .... Ans.

Work done = -138141 ] .... Ans. negative sign indicating work done on the system

Heat transferred in const. pressure cooling, Q = 196632 J ... Ans.
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(b) In addition, as p2 varies from 100 kPa to 1000 kPa, plot the variation of T2, W and Q
against p2:

First, compute the Parametric Table:

Table 1 |
i il B Bl a8 ™

P p2 T2 Woq Q

e [Pa] K] 8 V]
Run 1 100000 233 1] 1]
Run 2 200000 3511 45257 4415
Fun 3 300000 394 2 76196 108459
Run 4 400000 428 100426 142948
Fun & 00000 4561 120640 171721
Run B 00000 480.5 138141 196632
Run 7 700000 q02.2 153666 218730
Run 8 00000 8217 16T76TT 238675
Fun & Q00000 5396 180433 266910
Fun 10 1000000 556 192319 273750

Note that in the above Table, we have taken the absolute value of Work, with the understanding that

it is the work done on the gas during compression.

Now, plot the results:
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“Prob.4.8. 5 kg of Nitrogen at 100 C is heated in a reversible, non-flow, constant volume process till
the pressure becomes three times the initial pressure. Determine: (i) final temp (ii) change in internal
energy (iii) change in enthalpy, and (iv) heat transfer. Take R = 0.297 kJ/kg.K, cv = 0.7435 kJ/kg.K.
[VTU-Jan. 2004]”

EES Solution:
“Data:”

m =5 “kg”

PressureRatio = 3 “pr. ratio= p2/p1”
T1=100+273 “K”

cv=743.5 “J/kg K”

R=297 “J/kg K”
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“Calculations:”

T2 = PressureRatio * T1“..finds T2... since p1/T1 = p2/T2 at const. volume”
cp - cv = R “.for Ideal gas...finds cp”

DELTAU=m * cv * (T2-T1) “J... change in internal energy”

DELTAH=m * cp * (T2-T1) “J... change in enthalpy”

W =0 “.since it is a const. volume process”

Q=DELTAU +W “J.. from I law for a closed system”

Results:

Unit Settings: 51 K kPa kJ molar deqg

cp=1041 [Jfkgk] ov = 7435 [JkoK] AH =388TE+06 [J]
Al =2 773E+06 [J] m =5 [kq] FressureRatio =3
0 =2773E+06[J] R =287 [JfkgK] T1 =373 [K]
TZ =1119 [K] W =0 [J]
Thus:

Final temp, T2 = 1119 K, Change in Int. energy, DELTAU = 2.773E06 J,

Change in enthalpy, DELTAH = 3.881E06 J, Heat transfer, Q = 2.773E06 ] .... Ans.

“Prob.4.9. 1 kg of air contained in a closed system at 100 kPa and 300 K is compressed isothermally till
the volume halves. During the process, it is also stirred with a Torque of 1 N.m at 400 RPM for 1 hour.
Calculate the net work done on the system. Assume R = 0.285 kJ/kg.K. [VTU-]July 2003]”

EES Solution:
“Data:”

m=1 “kg”

p1=100*10A3 “Pa”

T1=300 “K”

p1=0.5*p2 “...since pl.V1 = p2.V2 at constant T

N=400*60 “Revolutions in one hour”

»

T=1 “N.m.... torque”
R=285 “J/kg K
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“Calculations:”

>

W_iso = R* T1 * In(p1/p2) “J.... isothermal work on the systemy’
WI1=-2*pi * N* T “J.... stirring work on the system”
W_net=W_iso+W1 “J.... net work on the system”

Results:

Unit Settings: 51 K kPa kJ molar deqg

m =1 [kq] Moo= 24000 [rew] p1=100000 [Fa) p2=200000 [Pa)
F =285 [Jfkok] T =1 [MNm] T1 =300 [K] W =-1R0796 [J]
Wieg = -RE264 [J] W'y = -2 10061 [J]

Thus:

Net work done on the system = -210061 J.....Ans. Negative sign indicating that work is done on the

system.

“Prob.4.10. 1.5 kg of a gas undergoes a quasi-static process, in which the pressure and sp. vol. are related
by the equation: p = a - b.v, where a and b are constants. The initial and final pressures are 1000 kPa and
200 kPa respectively. The corresponding volumes are 0.2 m”3 and 1.2 m/3. The specific internal energy
of the gas is given by the relation: u = 1.5 p v - 35, where u is in kJ/kg, p is in kPa, and v is in m"3/kg.
Find the magnitude and direction of heat transfer and the max. internal energy of the gas during the
process. [VTU-Jan. 2005]”

EES Solution:
“Data:”

m=1.5 “kg”

“u=1.5*p * v - 35 ..... internal energy”
p1=1000 “kPa ... initial pressure”
v1=0.2/m “m3/kg . initial sp. volume”
p2=200 “kPa ... final pressure”
v2=1.2/m “m3/kg ... final sp. volume”
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

“Calculations:”
“To find a and b:”

P1 =a - b * v1“..initial pressure”

P2 =a-b*v2“.. final pressure”
“To find W, Q and DELTAU:”

DELTAU = U2-U1 “J ..... change in internal energy”

p=a-b*v“.. reln. between p and v, by data”

W =m * 10A3 * integral(p,v,v1,v2)“]..... using the built-in function ‘integral’ of EES”
Q=W+ (U2-Ul) “T... by I Law for a closed system”

Ul =m* (1.5* pl * vl - 35) * 10A3 “J..... internal energy at state 1”

U2=m* (1.5*p2 *v2 - 35) * 10A3 “J ... internal energy at state 2”
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Results:

Unit Settings: 51 K kPa kJ molar deqg

a=1160 h=1200 | AU = 60000 [Jkg]| m =15 [kg]
=200 [kPa] pl=1000 [kPa] pZ =200 [kPa] Q = GE0000 [J]
U1 = 247500 [J] U2 = 307500 [J] w=0.8 [m] wl = 01333 [m3

w2 = 0.8 [m3] Wy = B00000 [J]

Thus:
Q =660000] .... Ans. It is positive, indicating that heat is transferred to the system.

U2 = max. int. energy = 307500 J .... Ans.

(b) Plot Q, W and DELTAU as final pressure p2 varies from 500 to 100 kPa:

First, compute the Parametric Table:

Table 1 |
i ™| el ] 4 ™

2 p2 W Al Q

o [kPal] ] [J/kg] ]
Fun 1 500 458750 318750 787500
Run 2 450 45938438 2990683 797500
Run 3 400 525000 270000 795000
Run 4 350 543433 231563 730000
Fun & 300 568740 183750 752500
Run & 250 5359343 126563 712500
Run 7 200 F00000 E0000 FEO000
Run 38 150 F10933 -15933 595000
Fun 9 100 518740 -101250 517500

Download free eBooks at bookboon.com



Next, plot the results:
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Note that after p2 = approx. 160 kPa, DELTAU becomes negative.
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Note that after p2 = approx. 425 kPa, Q decreases.
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“Prob.4.11. A piston-cylinder mechanism containing a fluid has a stirring device as shown. The piston
is frictionless and held against the fluid by atm. pressure of 101.325 kPa. The stirring device is turned
10000 revolutions with an average torque against the fluid, of 1.275 N.m. The piston is 0.6 m dia and it
moves by 0.8 m. Calculate the net work transfer. [VTU-July 2002]”

08m

&
Y

P=101325kPa

EES Solution:
“Data:”

N=10000 “revolutions”
T=1.275[J]

d =0.6[m]

L=0.8[m]
p=101.325E03[Pa]

“Calculations:”

W1=-2*pi * N* T “T ... stirring work done on the system”
W2=F * L “J...boundary work done by the system”

F=p * A “N...force exerted on the piston by atm?

A=(pi/4) * (d)A2 “mA2 .... area of piston”

W_tot = W1+W2 “J....net work”

Results:

Unit Settings: 51 K kPa kJ molar deqg

A = 02827 [md] d=05 [m] F=26649 [M] L =05 [m]
N =10000 [Rev]  p=101325 [Pa] T =1.275 [J] W1 =-80111 [J]
W2 = 22819 [J] Wigt =57191 [J]

Thus: Net work done = -57191 J, negative sign indicating work done on the system.
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Work, Heat and | Law of Thermodynamics
applied to Closed systems

Software Solutions to Problems in Basic
Thermodynamics: Part-I

“Prob.4.12. A closed system undergoes a cycle composed of 4 processes 1-2, 2-3, 3-4 and 4-1. The

energy transfers are as tabulated:

Process Q(kJ/min.) W (kJ/min.) AU (kJ/min.)
1-2 400 150 -
2-3 200 - 300
3-4 -200 - -
4-1 0 75 -

(i) complete the Table (ii) determine the rate of work in kW [VTU-Jan. 2004]¢

EES Solution:
“Data:”
“Process 1-2:”

Q_12=W_12+DELTAU_12 “kJ/min”
Q_12=400 “KkJ/min”
W_12=150 “kJ/min”

“Process 2-3:”

Q_23=W_23+DELTAU_23 “kJ/min”
Q_23=200 “kJ/min”
DELTAU_23=300 “kJ/min”

“Process 3-4:”

Q_34=W_34+DELTAU_34 “kJ/min”
Q_34=-200 “kJ/min”

“Process 4-1:

Q_41=W_41+DELTAU_41 “kJ/min”
Q_41=0 “kJ/min”
W_41=75 “kJ/min”

Q_12+Q_23+Q_34+Q_41=W_12+W_23+W_34+W_41 “.. .First Law for the whole cycle”

“Net Heat and Work in cycle:”

Q net=(W_12 + W_23 + W_34 + W_41) / 60 “[kJ/s]”
W_net = (W_12+W_23+W_34+W_41) / 60 “[k]/s]”

40
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Software Solutions to Problems in Basic

Thermodynamics: Part-Il

Results:

Unit Settings: SI1 K kPa kJ molar deqg

Ay =250 [kd/min]
Algq =75 [kdfmin]
Q4= -200 [kd/min]
Yo = 150 [k/rmin]
VWt = 75 [kJimin]

Thus:

AUsg =300 [kJimin]
Q2= 400 [kl/min]
Qa1=0 [kdmin]
YWg =-100 [kd/min]
Wt = B.6E7 [KWW]

Following is the completed Table:

Work, Heat and | Law of Thermodynamics

applied to Closed systems

AUszq =-475 [kJimin]
Qpg= 200 [kdmin]
Ot = B.BB7 [Ki]
Wag = 275 [kd/min]

Process Q(kJ/min.) W (kJ/min.) | AU (kJ/min.)
1-2 400 150 250
2-3 200 -100 300
3-4 -200 275 -475
4-1 0 75 -75

And, W_net = 6.667 kW .... An

S.
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“Prob.4.13. During a reversible, constant pressure process in a closed system with p = 105 kPa, properties
of the system change from V1 = 0.25 m”3, t1 = 10 C to V2 = 0.45 m~3, t2 = 240 C. Specific heat at
const. pressure, cp is given by: cp = (0.4 + 18 / (t + 40)) kJ/kg.C. Assuming the mass of the system as
1 kg, determine: (i) heat transfer (ii) work transfer (iii) change in internal energy, and (iv) change in
enthalpy. [VTU-Jan. 2003]”

EES Solution:

“Data:”

p=105 * 1013 “Pa”

V1=0.25 “m3”

V2=0.45 “m3”

t1=10 “C”

12=240 “C”

Cp=(0.4+18/(t+40)) * 1073 “J/kg.C”

“Calculations:”

Q=integral(Cp,t,t1,t2) “J....finds heat transfer”

W =p* (V2-V1) “I..... finds work transfer”

Q =W + DELTAU “....by I Law for a closed system”

DELTAH = Q “J...change in enthalpy for const. pressure process”

Results:
Unit Settings: S| K kPa kJ molar deg

Cp = 4643 [Jfko-C] |AH = 123011 [Jpkep] AU = 102011 [Jjkeq] p= 105000 [Pa]
|0 =123011 [Jkg]| t =240 [C] 1 =10 [C] 12 =240 [C]
W1 =0.25 [m3 W2 =045 [m3 |w=21unn [J,fkg]|
Thus:

Q = 123011 J/kg, W = 21000 J/kg, AU = 102011 J/kg, AH = 123011 J/Kg ..... Ans.
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(b) As t2 varies from 200 C to 400 C, plot the variation of Q:

First, compute the Parametric Table:

Table 1 |
1 ™= [

3 t2 Q

- [C] [ikg]
Run 1 200 104236
Run 2 220 113677
Run 3 240 123011
Run 4 260 132253
Run 5 280 141414
Run 6 300 150506
Run 7 320 159535
Run 8 340 168508
Run 9 360 177431
Run 10 380 186309
Run 11 400

Now, plot the results:
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“Prob.4.14. A system receives 200 kJ of heat at constant volume. Then, it rejects 70 kJ of heat at constant
pressure and work done on the system being 50 kJ. If the system is restored to the initial state by an
adiabatic process, how much work will be done during the adiabatic process? Calculate the change in

internal energy for the above mentioned processes and draw the p-V diagram. [VTU-Feb. 2002]”

EES Solution:

“Let:
process 1-2 : constant vol. process,
process 2-3: constant pr. process,

process 3-1: adiabatic process.”

/ 1

Adiabatic

=Y

“Process 1-2:”

Q_12 = 200“K].... heat transfer, by data”
W_12 =0 “kJ ... for const. vol. process”
Q_12 =W_12 + DELTAU_12 “..by First Law for the process”

“Process 2-3:”

Q_23 = -70K].... heat rejected, by data”
W_23 = -50 “KkJ... work done on the system, by data”
Q_23 =W_23 + DELTAU_23 “..by First Law for the process”

“Process 3-1:”

Q_31 =0 “KJ..... since adiabatic, by data”
Q_31=W_31 + DELTAU_31 “...by First Law for the process”
DELTAU_12 + DELTAU_23 + DELTAU_31 = 0 “...since it is a closed cylce”
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics

Thermodynamics: Part-I

Results:

Unit Settings: 51 K kPa kJ molar deg

AUqs =200 [kJ] AUsg =-20 [kJ] AUsq =-180 [kJ]

Qyg=-70 [kJ] Qay=0 [kJ] Wio =0 [kJ]

Wap = 180 [kJ]

Thus:

Work done in adiabatic process, W_31 = 180 k] ... Ans.

Change in internal energies: AU , = 200 kJ, AU, = -20 k], AU, =-180K]J ....

applied to Closed systems

Qqz=200 [kJ]
YWag = 50 [kJ]

“Prob. 4.15. Consider the system shown in fig. Initial conditions of the gas are: V1 = 0.1 m~3, p1 = 200

kPa. Ambient pressure: 100 kPa and the spring exerts a force which is proportional to the displacement

from its equilibrium position. The gas is heated until the volume is doubled, at which point p2 = 600

kPa. Determine the work done by the gas. [VTU-Aug. 2001]”
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p = 200 kPa
V=01 m"3
/
/ s kx
p_atm =
100 kPa

EES Solution:
“Data:”

p1=200 “kPa”
V1=0.1“m3”
V2 = 2*V1 “m3”
p2=600 “kPa”

“Calculations:”

W_tot=((p1+p2)/2) * (V2-V1) “kJ”

Results:
Unit Settings: 51 K kPa kJ molar deg

Pl =200 [kFa] pe=h00 [kFa] W1 =01 [m7] W2 =0.2 [m?]
Witgr = 40 [kd]

Thus:

Work done by the gas =40 K] .... Ans.

“Prob.4.16. A fluid is heated reversibly at a constant pressure of 1.03 bar until it has a specific volume of
0.1m~3/kg. It is then compressed reversibly according to the law pv = constant to a pressure of 4.2 bar,
then allowed to expand reversibly according to the law: pv/1.2 = constant to the initial conditions. The
work done in the constant pressure process is 820 ] and the mass of the fluid present is 0.2kg. Calculate

the net work done on or by the fluid in the process and sketch cycle on a p-v diagram.”
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EES Solution:
Data:

pl = 1.03E05 “Pa”

p2 = pl®...const. pr”

v2 = 0.1“mA3.... sp. volume”
w_12 = 820

p3 = 4.2E05 “Pa”

mass = 0.2“kg”

“Calculations:”

p2 * (v2-vl) = w_12 “gives v1”

p3 * v3 = p2 * v2 “gives v3©

w_23 = (p2 * v2) * In(v3/v2)“J...work done in isothermal process 2-3”

w_31 = (p3 * v3 - p1* v1)/(1.2 - 1)“].... work done in polytropic process 3-1”
w_net =w_12 + w_23 + w_31“]...net work done in the cycle, per kg”

Work_net = w_net * mass“J...net work done in the cycle for mass = 0.2 kg”

Results:

Unit Settings: 51 C kPa kJ mass deq

mass = 0.2 [k pl=103000 [Pa] p2 =103000 [pA]
pad= 420000 [Pa] w1 =0.09204 [m] w2 =01 [m?]
w3 = 0.02452 [~ Worker = -1911 [J] wz =820 [J]
wiog = -14477 [J] wap = 4100 [J] Wigt =-9557 [J]

P

Y

Polytropic ,
T
3 Isothermal
v
Thus:

Net work done = -1911 J .. negative sign indicating work done on the system....Ans.
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

“Prob.4.17. A fluid system undergoes a non flow frictionless process from V1 = 6 m”3 and V2 =2 mA3.
The pressure and volume relation during the process is given by following relation, P in N/m2 where V is

in mA3. Determine the magnitude and direction of work transfer during the process.[VTU-Sept. 2009]”

EES Solution:
“Data:”

P= (15/V) + 2 “...relation between P and V”
V1 =6 “m"3”
V2 =2“mA3”

“Calculation:”

W = integral (P, V, V1, V2) “I....work done ...using the built-in integral function of EES”

Results:

Unit Settings: 51 C kPa kJ mass deqg

P =95 [Pa] Y o=2 [md] YW1 =6 [m] W2 =2 [m W = -24.48 [J]
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Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

Thus:

Work done = -24.48 J....negative sign indicating work done on the system.....Ans.

4.3 Now, let us solve a few problems with TEST:

Prob. 4.18. Nitrogen at an initial state of 300 K, 150 kPa, and 0.2 mA3 is compressed slowly in an

isothermal process to a final pressure of 800 kPa. Determine the work done during the process. [Ref.1]

TEST Solution:
Let us solve this problem with The Expert System for Thermodynamics (TEST):

Following are the steps:

1. Start TEST after logging in to www.thermofluids.net. We get the following Greeting screen:

-~
: Tha E arf Sircfe o Thao = Pod= T
= e EXpert System for THermoa)namics e
¢ P . . X
g : ] - nal
— . P(Omsg\o
Login Message: You are now logged in using your personal ficense (valid untif Thu Dec 17
thermofluids.net 4 | 554 5). If you encounter any problem in accessing a resource, please write to us at
Mirrar 1 support@thermofluids.net.
Mirror 2
Miror 3 o As an educator, you can now acquire a group license (from the MyAccount page) and distribute =
it TEST accounts to your students who can use TEST from anywhere, not just from within the
¥ campus. Please take a look at the key problems in the Problems module. If you assign
| | supplemental homework from the Problems module (students, of course, cannot see the
answers), TEST can monitor progress, do the grading, and generate a detailed report.
Videa Intro Greetings, Dr. Muliya, registered user since 2005
mu;?: "Thermodynamics is a funny subject. The first time you go through it, you
don't understand it at all. The second time you go through it, you think you
\ y A i T
Hnie Cenvarker understand it, except for one or two small points. The third time you go
I:l through it, you know you don't understand it, but hy that time you are so used
i ' "
B} to it, it doesn't bother you any more. - Avaold Soimmeineld
sbles & Charts YT
Welcome to TEST - a visual platform to analyze thermofluids problems, verify hand
calculations, pursue what-if scenarios, visualize thermal systems, and engage in a
life-long journey to master thermodynamics.
Desktop Calc,
If you are new to TEST, click on the Animations tab and select a slide from Chapter 9 ~

Dagmons RlAs Property Tables Animations Problems Tutorial Forum MyAccount E Version:10.505g; 1

vour cemputer to the latest version every month (by going to www.java.com and clicking the Free Java Download button). Visit the
infarmation oo dasmoo:

must update Jgua o

~

RIAs Property Tables Animations Problems Tutorial Forum MyAccount Version:10.505¢; €
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Software Solutions to Problems in Basic
Thermodynamics: Part-I

Work, Heat and | Law of Thermodynamics
applied to Closed systems

2. Click on Daemons at the menu bar at the bottom to get the following Daemons Map:

|
I | I
Basic Tools System Analysis States & Properties
[ | l .
Closed Open U:;:;:,m
. | : C
| l | l
Unsteady Process Steady State Steady State Unsteady Process
| | (cycles) | |
Generic @ Specific Generic Specific
|
[ ]
Reciprocating Cvcles  HVAC/Psychromelry Comb. & Equilibrium
I I [ 1
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
[ [
Single-Flow @ Non-Mixing Multi-Flow Mixing Multi-Flow ?
[ [ [ I |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cvcles Cycles Psychromelry Dynamics & Eguilibrium

3. We can choose the States and Properties — Uniform system to get the states 1 and 2, and

then calculate the work for Isothermal process, OR: go to System Analysis — Closed -

Generic — Uniform system to make the direct analysis of the process. Choosing the States &

Properties — Uniform System, we get:

o o
LR
€p =const

Pure Gas: A pure gas has a fixed chemical composition across space and time.
Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
the simplest gas model which obeyes the ideal gas equation (pv = RT) and assumes

PG Model

*  |Launches the PG Model

Generic, Uniform System, Closed process Daemon

e constant. [n the IG (ideal gas) model, specific heats are assumed
emperature only. The RG (real gas) model uses generalized

N
bl

RG Model

1G Model

compressiblity charts and is useful for gases near the critical or super-critical
conditions for which PC-model data are not avaiable.

Examples: Air is compressed in a piston-cylinder device from a beginning-state to a
final-state with no possibility of a phase change. For specific examples, dick on the
help icon at the bottom margin of the daemaon.
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4. We choose for the Material model: the PG Model, i.e. cp = const. Clicking on it, we get the

following screen. Now, choose State 1, Enter p1, T1, Voll in proper units as given in data:

System State Daemon: Perfect Gas (PG) Model

thermofluids.net > Daemons

i |
' 1EsT Ml

fi= kJfkg [Specific low energyl

& Mixed Sl  English >| W HelpMessagesOn  Superiterate

State Panel |

Formation Enthalpy:

5. Click on Calculate and state 1 is calculated:

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

& Mixed 81 English ﬂ v Help Messages On Super-ﬁexatel Super-Calculate m Super-Initialize

State Panel | 10 Panel
Calculate No-Plots v Initializ Formation Enthalpy: 8 O
¥ pt ¥V T m ) m
- S~ PSS | S s s v
W Vo Vel ¥ z1 ] e T8
phit o psit o M Voit MM
i ans | e B e v

e vl

R1 ki
S T o ] - A TR > e )

6. Similarly, choose State 2, enter p2, T2 and m2. Note that we wrote T2 = T1, m2 = m1.

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

#Mixed S| CEnglish  <[Case-d v »| ¥ HelplessagesOn  Super-ferate

State Panel |

| hikg | [zm1 kg i
R2 k2

c p2 c V2
7 S T TR 1 e TP - A TS| v S
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7. Click on Calculate. State2 is calculated:

m2=m1=10.33678132 kg [System mass] :
# Mixed  §I O English ﬂ ¥ Help Messages On Super—ﬂeratel Super-nitialize

State Panel I {0 Panel

| < [estater v > Calcutate | No-Plots |

¥ p2 ¥ T row

TR ¥ ve2 M oz

e - ] __ m_ m_
phi2 psi2 Vol2

| LI lirg v __ poars [ 4 DM

R2 ¢ p2 c V2 Kz

8. Draw the p-V diagram: Select Plots-p-V diagram:

State Panel | 110 Panal

H @State-2 v | Calculate [}

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...
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And, immediately, following plot with the two states marked, is presented:

TEST: p-v Plot (PG-Model)
! Connect States | Grid | Draw E] E E ﬂ m =2 linesfor [all States | [
xiin: [0.0894  xMax: [06 yMin:  [90.88289  yMax: [1561.0 ! ﬂ
Use mouselstylus to write ‘
Mote: You can use the zoom buttons (+-) and drag the plot around to resize. To scribble on the plot by mouse drag, click the pen button first.
p. kPa (log Scale) (0,368, 3070.445 )
1561.0
R
o
90.8829
0.0854 v, m*3/kg (log Scale) 06

You can format it further, connect the states, draw different lines such as p = ¢, v=1c¢, T = c etc. (see
the top line in the above screen shot), and change the axes limits too if required. In the following T = ¢

is executed:

p, kPa (log Scale) (0721, 3235302 )

1861.0

90.5529

0.0334 v, m*3/’/kg (log Scale) 06
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9. Now, that States 1 and 2 are fully known, we can calculate Isothermal work by going to the

I/O panel: Click on Super Calculate and go to I/O panel:

*Mixed ( Sl ¢ English j Case-0 j v Help Messages On Super-lterate | Super-Calculate |

State Panel ‘

Clicking on I/O panel, we get:

oot ANALYST: Dr. Muliya; TEST License: Professional*****

# Solution logged at: Dec 11, 2013 9:26:29 PM
Fommmmm oo Start of TEST-code ----==----m -
States {
State-1: N2;
Given: { pl= 150.0 kPa; T1= 300.0 K; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.2 mA3; }
State-2: N2;
Given: { p2= 800.0 kPa; T2= “T1” K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1” kg; }
}
oo End of TEST-code -----====mmm oo oo oo

# Evaluated States:

State-1: N2 > PG-Model;
Given: pl= 150.0 kPa; T1= 300.0 K; Vell= 0.0 m/s;
z1= 0.0 m; Voll= 0.2 mA3;
Calculated: v1= 0.5939 m~3/kg; ul= -87.171 kJ/kg; h1= 1.9075 kJ/kg;
s1=6.7313 kJ/kg.K; el= -87.171 kJ/kg; j1= 1.9075 kJ/kg;
m1= 0.3368 kg; MM 1= 28.0 kg/kmol; R1= 0.2969 kJ/kg.K;
c_pl=1.0311 kJ/kg.K; c_v1= 0.7342 kJ/kg.K; k1= 1.4044 UnitLess;
State-2: N2 > PG-Model;
Given: p2= 800.0 kPa; T2= “T1” K; Vel2= 0.0 m/s;
z2= 0.0 m; m2= “m1” kg;
Calculated: v2= 0.1114 m~3/kg; u2=-87.171 kJ/kg; h2= 1.9075 kJ/kg;
s2= 6.2342 kJ/kg K; e2= -87.171 kJ/kg; j2= 1.9075 kJ/kg;
Vol2= 0.0375 m/3; MM2= 28.0 kg/kmol; R2= 0.2969 k]/kg.K;
c_p2=1.0311 kJ/kg.K; c_v2= 0.7342 kJ/kg.K; k2= 1.4044 UnitLess;

H O O OB O OH OH OH O OH ¥ O O W W

fommmoee- Property spreadsheet starts: The following property table can be copied onto a spreadsheet (such

as Excel) for further analysis or plots. ---------------
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Thermodynamics: Part-Il applied to Closed systems
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)

# 1 150.0 300.0 0.5939 -87.17 1.91 6.731

# 2 800.0 300.0 0.1113 -87.17 1.91 6.234

#

oo Property spreadsheet ends------------- oo e

#

#00*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-hl1);
‘= sqrt(4*A1/PI)] etc.) and press the Enter key) et
#

#Isothermal Work done: W = p1*Voll * In (Vol2/Vol1)
=p1*Voll * In (Vol2/Voll)
p1*Voll * In (Vol2/Voll) = -50.21929300715014 kJ = -50.22 k] .... Ans.

# Alternatively:
=m1*R1*T1*In(vol2/voll)

m1*R1*T1*In(vol2/voll) = -50.21929300715015.... same as above.
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Alternatively:

Use the System Analysis — Closed — Generic — Uniform System Daemon for the Process analysis.

This is direct method, and is preferable since in addition to work and heat, it calculates exergy and ‘lost

work’ too.

1. Select the appropriate daemon for process analysis as shown below:

BasiclTnols System Analysis States & Properties
[ l l

Unit DeskCal Tables & Uniform Uniform

Converter Charts CIOISEd Oplen System Flow

| 1 I |
Unsteady Process Steady State Steady State Unsteady Process
{cvcies) | |
Generic @ Specific Generic Specific
|

[ [ l
Reciprocating Cvcles  HVAC/Psychwometry Comb. & Fquilibrium

l l l

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

2. Clicking on Uniform System, and choosing the Perfect Gas Model with cp = const. gives
following window. Fill up the known parameters viz, p1, T1, Voll for State 1, and click on

Calculate. We get:

Generic, Uniform-System, Closed Process Daemon: PG Model
thermofluids.net > Daemons > Systems > Closed > e eric > Uniform

N o <

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

& Mixed ¢ S| { English < > ¥ Help Messages On Supe'r—}:e(alel

Supernitiaiize

State Panel | Process Panel | Exergy Pane| | liQ Panel
:
v pt | N 1 I i
= M Vel Vo oz1 el 1
‘phit’ psit _ E mi v Volt Hhdt
! e | CTRNN0] - nCH] - [EEN| e E

c_pt g vl

Ri kt
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3. Fill up known parameters for State 2, click on Calculate:

Move mouse over a variable to dispiay its value with more precision.
# Mixed © SI ( English < ﬂ ¥ Help Messages On Super-iterate Super-Calculate m

State Panel | Process Panel | Exergy Panel | 140 Panel

No-Plots nitialize Formation Enithalpy:

Vo op2 VT2 I T T
T T e TR e ] (D
| | 52 I Vel2

V22 w T [
oo TSR] [CTEEENEY) NN TR TR

_pii2_ s

Vv m2 B Vol2 M2
1 e PSR B Y]
R2 ¢ p2 e v2 k2
oo~ O s T o< | O i v

4. Go to Process Panel. T_B is already checked there; also check W_O (i.e. other work) as zero.

Click on Calculate and get the following results:

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

@ Mixed ¢ SI ¢ English < > ¥ Help Messages On Super-terate Super-Calculate m
State Panel | Process Panel | Exergy Panel 10 Panel
F m
! < |Process—M1—2] ~ Initialize !T:conslam
e I' w.o
™ Sgen n ? |

Note that we get: W_B = Boundary work for this Isothermal process as -50.22 KkJ;
Also, the Heat rejected Q = W_B = -50.22 k] for Isothermal process, as it should be.
5. To make exergy analysis, we should first choose ‘dead state. This is State ‘0] take it as

p0 = 100 kPa, T_0 = 25 C. Go to States Panel and fill up these parameters for State 0,

and click on Calculate:

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

~ Mixed Sl  English < > ¥ Help Messages On Super-terate Super-Calculate m Super-nitialize

State Panel | Process Panel | Exeray Panel | 110 Panel
H ©State-0 vf | Calculate Mo-Plaots & Initialize Formation Enthalpy: @
1 v0 1 u@ ]
__ _ _—m _ e v _ ang ]
s0 M Veld

_ [ __ __ __ __

phi0 I~ om0
[ [T _\# I ~

RO g vl
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6. Now, go to Exergy Panel:

@ Mixed ( 81  English jéc.e-lse-.ﬂuv _:J [v Help Messages On Super-lterate Super-Calculate m Super-nitialize

& Pane | ans | Exergy Panel ‘ J
Initialize |Exerg‘-,- Analysis for Process - A
Delta_Phi Wu 1 S_gen.urniv W rev
33 65961 1 v |[3396020 & | 030960 [ | [ooot04 s v [3365861 [k E
w W_atm Qo VooQ1
-50.21929 [0 v | Fie2s I | [-5021929 K v ~ | S = v
Iv T1
e -

Observe that I = TO0 * AS = 0.30969 is the ‘lost work’.

7. Click on SuperCalculate to generate the TEST Code and to get a record of all calculations,
and go to I/O Panel to get TEST code etc:

o OUTPUT OF SUPER-CALCULATE:

# Daemon Path: Systems>Closed>Process>Generic>Uniform>PG-Model; v-10.bb05

RAND
MERCHANT
BANK

Adivision of FirstRand Bank Limited

YO l | I I I N K Traditional values. Innovative ideas.
| |

YOU CAN WORK
AT RMB

Rand Merchant Bank uses good business to create a better world, which is one of the reasons that the country’s top talent chooses to
work at RMB. For more information visit us at www.rmb.co.za

Thinking that can change your world

Rand Merchant Bank is an Authorised Financial Services Provider

X
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States  {
State-0: N2;
Given: { p0= 100.0 kPa; T0= 25.0 deg-C; Vel0= 0.0 m/s; z0= 0.0 m; }

State-1: N2;
Given: { pl= 150.0 kPa; T1= 300.0 K; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.2 mA3; }

State-2: N2;
Given: { p2= 800.0 kPa; T2= “T1” K; 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; }

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

block 255 55 6 6 % %k

# Evaluated States:

State-0: N2 > PG-Model;
Given: p0= 100.0 kPa; T0= 25.0 deg-C; Vel0= 0.0 m/s;
z0= 0.0 m;
Calculated: v0= 0.8853 m~3/kg; u0= -88.5292 kJ/kg; h0= 0.0 kJ/kg;
s0= 6.8453 kJ/kg.K; e0= -88.5292 k/kg; j0= 0.0 kJ/kg;
phi0= 0.0 kJ/kg; psi0= 0.0 kJ/kg; MMO= 28.0 kg/kmol;
RO= 0.2969 kJ/kg.K; c_pO= 1.0311 kJ/kg.K; c_v0= 0.7342 kJ/kg K;
k0= 1.4044 UnitLess;
State-1: N2 > PG-Model;
Given: pl= 150.0 kPa; T1= 300.0 K; Vell= 0.0 m/s;
z1= 0.0 m; Voll= 0.2 mA3;
Calculated: v1= 0.5939 m~3/kg; ul= -87.171 kJ/kg; h1= 1.9075 kJ/kg;
s1= 6.7313 kJ/kg.K; el= -87.171 kJ/kg; j1= 1.9075 kJ/kg;
phil= 6.2086 kJ/kg; psil= 35.9014 kj/kg; m1= 0.3368 kg;
MMI= 28.0 kg/kmol; R1= 0.2969 kJ/kg.K; c_pl= 1.0311 kj/kg.K;

HOoH O H OB OB OH OH OH OB OB OB OH OH K OB R
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# c_vl=0.7342 kJ/kg.K; k1= 1.4044 UnitLess;

# State-2: N2 > PG-Model;

# Given: p2= 800.0 kPa; T2= “T1” K; Vel2= 0.0 m/s;

# z2= 0.0 m; m2= “m1” kg;

# Calculated: v2= 0.1114 m~3/kg; u2= -87.171 kJ/kg; h2= 1.9075 kJ/kg;

# s2= 6.2342 kJ/kg K; e2= -87.171 kJ/kg; j2= 1.9075 kJ/kg;

# phi2= 106.1536 kJ/kg; psi2= 184.0973 kJ/kg; Vol2= 0.0375 m~3;

# MM2= 28.0 kg/kmol; R2= 0.2969 kJ/kg.K; c_p2=1.0311 kJ/kg.K;

# c_v2=0.7342 kJ/kg.K; k2= 1.4044 UnitLess;

R Property spreadsheet starts: The following property table can be copied onto a spreadsheet (such

as Excel) for further analysis or plots.

u(kJ/kg)
-88.53
-87.17
-87.17

h(kJ/kg)

0.0
1.91
1.91

s(kJ/kg)
6.845
6.731
6.234

# State  p(kPa) T(K) v(mA3/kg)

# 0 100.0 298.2 0.8853

# 1 150.0 300.0 0.5939

# 2 800.0 300.0 0.1113

#

e Property spreadsheet ends--------------=-- oo
# Mass, Energy, and Entropy Analysis Results:

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

# Given: W_O= 0.0 kJ; T_B=298.15 K;

# Calculated: Q= -50.21929 kJ; W_B= -50.21929 kJ; S_gen= 0.0010386907 kJ/K; n= 1.0 UnitLess;

# Delta_E= -0.0 kJ; Delta_S= -0.16739765 kJ/K;

# Exergy Analysis Results:

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

# Given: Q= -50.21929 kJ; T_0= 298.15 K; Q_1= 0.0 kJ;

# T_1=298.15K;

# Calculated: Delta_Phi= 33.65961 kJ; W_u= -33.96929 kJ; I= 0.30969 kJ;

# S_gen.univ= 0.00104 kJ/K; W_rev= -33.65961 kJ; W= -50.21929 kJ;
# W_atm= -16.25 kJ; Q_0= -50.21929 kJ;
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Thermodynamics: Part-I

Prob.4.19. A mass of 1.2 kg of Air at 150 kPa and 12 C is contained in a gas-tight friction-less piston-
cylinder device. The air is now compressed to a final pressure of 600 kPa. During the process heat is

transferred from air such that the temp inside the cylinder remains constant. Calculate the work done

during this process. [Ref. 1].

TEST Solution:

Use the System Analysis — Closed - Generic - Uniform System Daemon for the Process analysis.

Following are the steps:

Work, Heat and | Law of Thermodynamics
applied to Closed systems

1. Select the appropriate daemon for process analysis as shown below:

[
Basiclluuls
l | l

I
System Analysis

Closed Open
| |

|
Unsteady Process

Generic sﬁlv

Specific
|

I
States & Flﬁroperties

| l

Uniform Uniform

l I

Steady State Steady State

{cvcles) I

Generic

Svstem Flow
l
Unsteady Process
! s
Specific

i
Reciprocating Cvcles

HVAC/Psychrometry

I

Comb. & Equilibrium

l

l
Non-Mixing
Non-Uniform

Uniform
Svstem

I
Semi-Mixing
Non-Uniform

l
Mixing
Non-Uniform

[
Single-Flow {?

I

Non-Mixing Multi-Flow

I
Mixing Multi-Flow

¢

[ ]

I

l l

Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychromelry Dynamics & Equilibrium
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Thermodynamics: Part-Il

2. Clicking on Uniform System, and choosing the Perfect Gas Model with cp = const. gives
following window. Select the gas as N2, Fill up the known parameters viz, p1, T1, Voll for

State 1, and click on Calculate. We get:

Generlc Uniform- System Closed Process Daemon: PG Model

Super-Initialize

| 0 Panel

# Mixed ( Sl ( English ﬂ ¥ Help Messages On Super-terate

State Panel | Process Panel | Exergy Fanel
No-Plots + lize Formation Enthalpy: @
ut W
__ _— __ — _ COH
st v Velt
—muﬂ _— __—_—_
phit psit Volt [
! e — — e

R1

360°
thinking.

Deloitte.

© Deloitte & Touche LLP and affiliated entities.

Discover the truth at www.deloitte.ca/careers
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applied to Closed systems

3. Select State 2, enter the known parameters, i.e. p2, T2, m2. Click on Calculate:

Move mouse over a varable te display its value with more precision

® Mixed © s8I  English ﬂ ¥ Help Messages On Super-lterate Super-Calculate

State Panel | Process Panel | Exergy Panel | 10 Panal
H aftate2 v > | | Calculate No-Plots v Initialize Formation Enthalpy:
r w2 r h2
_— __ __ __ e v
852 V Veiz e2 r
_ __ __ _ LT | _

c p2 c v2
) s SR

4. Go to Process Panel, enter W_O (i.e. works other than boundary works) as zero,
click on Calculate:

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

 Mixed " SI  English ﬂ ¥ Help Messages On Sups;—.lté«aiel Super-Calculate m m

State Fanel |

Process Panel | Exergy Fanel | /0 Panel
! < | Process-A[1-2] ~| > b-State:’ ':' | FState: ,f', p Calculate

| w.B ¥ Wwo i3
[FEoEsEEN e v eSS v/ _
1 S gen | S Delta E Delta S

Note that for this Isothermal process, Boundary work, W_O is calculated as -140.85 KkJ. (Ans.)

Negative work indicates work done on the system. Obviously, heat transfer Q is equal to W_B and is
negative, i.e. heat is leaving the system in this Isothermal process.

63

Download free eBooks at bookboon.com



Software Solutions to Problems in Basic Work, Heat and | Law of Thermodynamics
Thermodynamics: Part-I applied to Closed systems

5. Plot below shows the States 1 and 2 on a T-s diagram:

T. K {6527, 210026 )

310.0

255.0

6.0 s, kd/kg.K T.a

<

&N 3 .J.“ z" =
[} \i e ¥ x !

y .
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6. Click on SuperCalculate to produce the TEST code, (with which we can regenerate these
calculations later by loading this TEST code in the I/O Panel and clicking SuperCalculate).
Now, go to I/O panel to view the TEST code and other calculated States. Only part of the

I/O output is shown below:

Fommmm v OUTPUT OF SUPER-CALCULATE: (
# Daemon Path: Systems>Closed>Process>Generic>Uniform>PG-Model; v-10.bb05
Fommmmmm oo Start of TEST-code -~ mmmm oo
States {
State-1: N2;
Given: { pl= 150.0 kPa; T1= 12.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 1.2 kg; }
State-2: N2;
Given: { p2= 600.0 kPa; T2= “T1” 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=298.15 K; }

}
Bommmm oo End of TEST-code --------mmm oo oo oo oo
Hommommo Property spreadsheet starts:. ---------------
# State  p(kPa) T(K) v(m~3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 150.0 285.2  0.5645 -98.07 -13.4 6.679
# 2 600.0 2852 0.1411 -98.07 -13.4 6.267

Prob. 4.20. A vessel having a volume of 5 m”3 contains 0.05 m~3 of sat. liquid water and 4.95 mA3 of
sat. water vapour at 0.1 MPa. Heat is transferred until the vessel is filled with sat. vapour. Determine the

heat transfer for this process. [Ref:2]

TEST Solution:

We shall use the States & Properties - Uniform System, with PC (i.e. Phase Change) Material model

for Water, and then calculate the heat transferred in the I/O panel, using it as a calculator:
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Following are the steps:

1. Select the System State daemon:

Work, Heat and | Law of Thermodynamics
applied to Closed systems

Psyvchrometry

BasiclTunls System Analysis States & Properties
I ] l .
Unit DeskCal Tables & Uniform
Converter Charts CIO?Ed Oplen Flow
I | I L
Unsteady Process Steady State Steady State Unsteady Process
I (cycles) | I
Generic @ Specific Generic Specific
I
| I i
Reciprocating Cycles  HVAC/Psychwrometry Comb. & Equilibrium
[ I [ ]
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
[ I [
Single-Flow @ Non-Mixing Multi-Flow Mixing Multi-Flow @
[ [ [ I [
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Dynamics & Equilibrium

2. Choose the PC model for Material model. Following daemon presents itself. We shall call
the sat. lig. As State 1, sat. vapour as State 2, and the combined liq + vapour as State 3. So,

Fill up the known parameters p1, x1 and Vollfor State 1:

System State Daemon: Phase-Chan

thermofluids.net > Daemons 5

rrs? W]
=

TEST

e (PC) Model

m > PC-Model

NE= fraction [Quality of saturated mixture]
“wea Csi CEngisn  <[camd v|o| @ Heptlessageson  Supectete
State Panel | li0 Panel
| <[state1 v | Calcuiate | No-Plots Imﬁa;lz_e--unknown Fhase Hz0 e
¥ pi W ¥ x I (R
[100 KFa || wgc  v|fo fraction [ fraction v || m3kg v
" I r s : ¥ velt F oz
et o - phit psit L mt
I g v kg v kg ] kg ] e~
v Vot M
[oos 3 ~| | kghmol v
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Note that in the above dryness fraction x1 is zero since it is sat. liq. state. Now, click on Calculate and

we get:

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

* Mixed ¢ §I ¢ English ﬂ ¥ Help Messages On Super-iterate super Calculate m m
State Panel | D Panel

| <|ostate1 v > | | caicuiate No-Plots Initialize -Saturaled Liquid -HEO v.
¥ pt T T T Tt
N - - S e e R e O e v
ot [ h st Vo Vet I
s~ s~ e~
" e T [ ohit psit r  mi
EEEN e v e ] (CZ R lmg | SN ¥
i~ Vol M1
I s
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Observe that m1, T1 etc are immediately calculated for Sat. water at 100 kPa.

3. Now, enter known parameters, i.e. p2, x2 and Vol2 for State 2:

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

# Mixed ¢ SI © English = ¥ Help Messages On Stmer—.l(eca‘lel
State Panel | 0 Pane| |

| Calculate itial Unknown Phase -H20 v\.

¥ p2 T F ook e i

|100 Pa =l deg-C vi[1 facion | | |mmction || _ :

r o : (v I s2 Vo Vel2 i o

| ] P 3 e

r e o phi2 psi2 C m2

| kirg || kirg v kg )| wimg v kg v

¥ Vo2 M2 _

|4 95 3 ~ l kakmol v

Here, x2 = 1 since we are dealing with sat. vapour. Click on Calculate, and we get:

Move mouse aver a variable o display its value with more precision

“ Mixed Sl { English = ¥ Help Messages On Super—ketatel Super-Calculate

State Panel | lio Panel

H Calculate Initializ Saturated Vapor -HQO - .
a0 rom Foox2 i "
I 5 [ e | e
row r m =2 M vel2 ¥ z2
I e2 [ . phi2 : . psi2 r m2
BEoBGET e | BRI [0 v]] [ | lng v |[EEEOETTN ]
v Vol2

hahd2
I - | (e ]

Note that m2, u2, h2 etc. are immediately calculated for sat. water vap at 100 kPa.

4. Now, enter State 3. This is when the entire tank is filled with sat. water vap. i.e. x3 = 1, and of

course, Vol3 = Voll + Vol2, and total mass m3 = m1+m2. Enter these parameters for State 3:

3= kJ/kg [Specific Tow energy]

© Mixed ¢ SI ¢ English ﬂ ¥ Help Messages On Super-lterate Super-Calculate m
State Panel | Vo Panel
m_-Unknown Fhase -HQQ v_.
r 3 T |
| o - e
M Vel3 F 23
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5. Click on Calculate and we get:

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

 Mixed ( SI ¢ English ﬂ ¥ Help Messages On Supss’-}té(aiel Super-Calculate

State Panel | o Pansl

| Calculate Initiali Saturated Vapor -HZO _«.
" pd | ¥ x3 o o
O | O > N ) [ < R ¢
W 1 S I s V Veld WV z3
s | s | s - .- -
T a G i3 psi3 ¥ m3
C ] — | o
Vv Vol3 M3

[ PO O e O

6. Get the T-s plot where States 1, 2 and 3 are shown:

T.K [-3.637, 200792 )

T12.02

205.83

-1.68 5, KJ'Kg.K 11.71
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7. Click on SuperCalculate to produce the TEST code and other calculated results. Go to I/0

panel to see them. Part of the output is shown below:

Frommmmm OUTPUT OF SUPER-CALCULATE:

# Daemon Path: States>System>PC-Model; v-10.bb06

Fommmm e Start Of TEST-code ~===--- == m oo oo
States {

State-1: H20;

Given: { pl= 100.0 kPa; x1= 0.0 fraction; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.05 m~3; }
State-2: H20;

Given: { p2= 100.0 kPa; x2= 1.0 fraction; Vel2= 0.0 m/s; z2= 0.0 m; Vol2= 4.95 m~3; }
State-3: H20;

Given: { x3= 1.0 fraction; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m1+m2” kg; Vol3= “vol1+vol2” mA3;}
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oo Property spreadsheet :

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)
#01 100.0 372.8 0.0 0.001 417.34 417.44 1.303
#02 100.0 372.8 1.0 1.694 2506.06 2675.46 7.359
#03 2026.13 486.2 1.0 0.0983 2600.47 2799.74 6.336
#

#0*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-h1);
‘= sqrt(4*A1/PI); etc.) and press the Enter key)* 0

# Calculate the heat transferred in the I/O panel, using it as a calculator:

Q =[(m3 *u3) - (ml *ul + m2 * u2)] .....heat transferred, since it is at constant volume
ml*ul + m2*u2 = 27329.407721629643 kJ

m3*u3 = 132261.66395801632 KkJ

#Therefore:

Q =m3*u3 - (m1*ul + m2*u2) = 104932.25623638667 k] = 104932.26 k] .... Ans.

In addition, note that the masses of sat. lig. and vapour are:
ml = 47.938637362598115 = 47.94 kg .... Mass of sat. liq.
m2 = 2.922078117838602 kg = 2.92 kg .... Mass of sat. vap.

And, total mass m3 is:

m3 = 50.86071548043672 = 50.86 kg .... Total mass

Prob.4.21. A cylinder fitted with a piston has a volume of 0.1 m”3 and contains 0.5 kg of steam at 0.4
MPa. Heat is transferred to the steam until the temp is 300 C, while the pressure remains constant.

Determine the heat transfer and work for this process. [Ref: 2]
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TEST Solution:

We use the System Analysis - Closed - Generic - Uniform System Daemon for the Process analysis.

Following are the steps:

1. Select the appropriate daemon for process analysis as shown below:

Basic Tools

System Analysis

|
States & Properties

|
[ 1 i "
Deski hle Uniform Uniform
ter CIOISEd Oplen Svstem Flow
| l | l
Unsteady Process Steady State Steady State Unsteady Process
| (cvcles) | |
Generic &{? Specific Generic Spedcific
|
[ [ 1
Reciprocating Cvcles  HVAC/Psychrometry Comb. & Fquilibrium
[ I 1
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Nen-Uniform Non-Uniform
[ I [
Single-Flow @ Non-Mixing Muliti-Flow Mixing Multi-Flow @
[ I I [ I
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psvchromelry Dynamics & Equilibrium

2. Clicking on Uniform System, choose the PhaseChange (PC) Model for Material Model since

we are dealing with Steam/Water.

Generic, Uniform System, Closed Process Daemons: Select a Material Model

thermofluids.net > Daemons
3- Home oF
ETEST

> Systems > Closed > Process > Generic > Uniform

& o

Select a material mode] to Jaunch the daemon.

o compressed liquid table for better accuracy.
ﬂ— Working fluids such as H20, R-12, NH3, R-134a, N2, C02, etc., should be treated as PC fluids if there is any
PC Modal possibility of a phase transition.

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

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.
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3. Fill up the known parameters viz, pl, m1, Voll for State 1. Click on Calculate. We get:

Generic, Uniform-System, Closed Process Daemon: PC Model
thermofluids emons > Systems > Closed > > Uniform > PC-Model

Home of
i 2 o o

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

© Mixed Sl C English < = ¥ Help Messages On Super-lterate super-Calculate m Super-nitialize
State Panel | Process Panel | Exergy Fanel | IO Panel
eState-1 v | Saturated Mixture
% o
__ __ __ _ s~
hi 51 v Velt 2 =z
—_ _ _ B -
et . psit ¥ omt
_ _\_ I wrg | LR [P
v Volt Rdhd?
- [EE o ]

4. Select State 2, enter known parameters, i.e. p2, T2, m2, and click on Calculate:

love mouse over avaniable to display its value with more precision.

& Mixed ¢ si  English m ¥ Help Messages On Superterate Super Calculate
State Panel Process Panel | Exergy Panel 110 Pansl

H ©Etate-2  w Calc ] . hmalw-supemeaied Wapor - H20 v.

i3 J 1
u2 Vo Vel2
_ _:I_ v/ -~ __
phi2- pei2 ¥ m2

_:I _I_Ii larg v} g v N ]
e — T

5. Go to Process Panel, enter b-state and f-state, enter W_O = 0 (i.e. works other than pdV
work), and click on Calculate. We get:

W_B=909656 kI [Boundary work of pdV kind]
& Mixed  SI ( English < ﬂ ¥ Help Messages On Superterate Super-nitialize

State Panel | Process Panel | Exergy Panel | |0 Parel
I I <'IProcess-A[1-2] m:_t o [stae1 v - BN w  Initialize | ;j;;:cmstam l ”[
I Q I w B Vo Wo I T8
o TN PG [FEEEEE [
I S gen Delta E Delta_S

Lo [ CEEEEEC) - [TEEEEED

Thus: Boundary work, W_B = 90.9656 k] and the heat transferred Q = 771.41 kJ....Ans.

Note that Work is positive, i.e. work done by the system.
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Heat transfer q is positive, i.e. Heat transferred into the system.
6. On a T-s diagram, the State points are shown as follows:

T.K {-3.808, 815.717 3

ramaEnNy

-1.69 5, KJ/Kg.K 11.71

712.02

2059.83
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7. Click on SuperCalculate to produce the TEST code, calculated State properties etc. Go to
I/O panel to see the code. Part of I/O output is shown below:

# Daemon Path: Systems>Closed>Process>Generic>Uniform>PC-Model; v-10.bb06

Hommmmm oo Start of TEST-code ----------mmm oo
States {
State-1: H20;
Given: { p1= 400.0 kPa; Vell= 0.0 m/s; z1= 0.0 m; m1= 0.5 kg; Voll= 0.1 mA3; }
State-2: H20;
Given: { p2= “p1” kPa; T2= 300.0 deg-C; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1” kg; }
}
Analysis {

Process-A: b-State = State-1; {-State = State-2;
Given: { W_O= 0.0 kJ; T_B=298.15 K; }

# 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= 771.41223 kJ; W_B= 90.9656 kJ; S_gen= -0.7952037 kJ/K;
# Delta_E= 680.44666 kJ; Delta_S= 1.7921257 kJ/K;

Prob.4.22. Air at 1.02 bar, 22 C, initially occupying a cylinder volume of 0.015 m3, is compressed
reversibly and adiabatically to a pressure of 6.8 bar. Calculate: (i) Final volume (ii) Final temp, and
(iii) Work done. [Ref: 4]

(b) In addition: If State 2 is reached by a polytropic process (n = 1.3) instead of by isentropic process,

find out the values of Work and Heat transfers and their direction.
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TEST Solution:

We use the System Analysis - Closed - Generic - Uniform System Daemon for the Process
analysis.

Following are the steps:

1. Select the appropriate daemon for process analysis as shown below:

BasiclTools System Analysis States & Fl’roperties
[ ! l ’—‘—‘ } !
Unit DeskCal Tables & Uniform Uniform
Converter Charts CIO?Ed Oplen Svstem Flow
| l I |
Unsteady Process Steady State Steady State Unsteady Process
I (cycles) | |
—— Generic % Specific Generic Specific
|
[ I l
Reciprocating Cycles  HVAC/Psychrometry Comb. & Equilibrium
I I l
Non-Mixing Semi-Mixing Mixing
Non-Uniform Non-Uniform Non-Uniform
I [
Single-Flow @ Non-Mixing Multi-Flow Mixing Multi-Flow @
[ I I l l
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibrium

2. Clicking on Uniform System, choose the Permanent Gas (PG) Model for Material Model

since we are dealing with Air. Enter parameters p1, T1 and Vollfor State 1, click on
Calculate. We get:

Generic, Uniform- System Closed Process Daemon: PG Model
thermofluids.net > Daemons > Systems > CIo=~

neric > Uniform >

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

% Mixed sl ¢ English :WJ ¥ Help On  Superfferat

State Panel Process Panel |

| Calculate

m Super-nitialize

Exergy Pans| | lic Panel

p1 I i iy 1 W
E— -
m VM Vet |7 z1 l_ et

phit _ psit Vol M1
[ lemg | I—I_ ___
Rt

c pl g vl
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Thus:

3. Select State 2, enter p2, m2 = ml, and s2 = s1 since it is an isentropic (i.e. reversible,

adiabatic) process. Click on Calculate. We get:

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

CMea Csi Cengisn < © b lessageson _spertet|

Cas

State Panel Process Panel | Exergy Panel 1i0 Panel
[[esmez v 5] herics Fomatonennapy: w0 [
4 P i T2 I e B u2 i h2
— e PR v R e R R e

I Vel2

phi2 psi2

o 41——_——@

4. Now, go to Process Panel, enter b_state = State 1, {-state = State 2, and Q = 0 since it is

adiabatic process; click on Calculate. We get:

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

& Mixed ¢ Sl © English :' ¥ Help Messages On Super-lterate

State Panel | Process Panel | Exeray Panel | 0 Panel
o=t 5 ] =
o [
< /- RN < -

Final volume, Vol2 = 0.00387 m~3, Final temp, T2 = 234.62 C.... Ans.

W_B = boundary work =

1. Plot the States 1 and 2 on the T-s diagram:

T.K (5074, 5544711
558.55
© 2
Dy
265.64
6.18 s, kd/kg.K 7.56
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(b) If State 2 is reached by a polytropic process (n = 1.3), what are the values of Q and W_B?

Let the state after the polytropic process be designated as State 3. Note that State 2 and State 3 are identical:

1. Select State 3 and enter p3, T3 and m1. These are essentially the same as for State 2.
Click on Calculate. We get:

Wove mouse over a yariable to display its value with more precision.

# Mixed O S| € English | ¥ HelpMessageson  Super-terate |

Supernitialize

State Panel | Process Panel | Exergy Panel | 110 Panel
H I Calculate Formation Enthalpy:
V' p3 i 13 r r w3 (N
[Fag i3 Vel3 I z3 I e3 03
phi3 :  psid : ¥ m3 I~ Vvol3 MM3
T g 3 O[T EOOL e T

R3 ¢ p3 G V3 K3
pass OO (o< v [ERGSTN (hox | [AGHSANY viess V]
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2. Now, go to Process Panel. Enter b-state = State 1, f-state = State 3, n = 1.3 and Other Works,
W_O = 0. Click on Calculate. We get:

Move mouse aver avariable to display fs value wﬁlmmepredsm

@ Mixed ¢ S| ( English < I@Case-ﬂ v > ¥ Help Messages On Super-lterate m Super-nitialize |

State Panel l Process Panel l Exergy Panel l /0 Panel

<[Processan-a ]| [state1 v |state-3 v Initalize polyiropic
I I owB ¥ wo ¥ 1B
foaza1e e v [Ee e VN 2 - 0
T  Sgen Ivain Delta E Delta_ S
[o-00308 lure | v | SR [ FE |

Note that Q = -0.922 kJ, W_B = -3.674 KJ..... Ans. Negative sign means: Q leaving the system,
W_B done on the system.

3. Click on SuperCalculate to generate TEST code and get all calculated results. See them on
the I/O panel. Part of the output is given below:

# Daemon Path: Systems>Closed>Process>Generic>Uniform>PG-Model; v-10.bb05
oo Start of TEST-code -----------mmmm oo
States {

State-1: Air;

Given: { pl= 102.0 kPa; T1= 22.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.015 mA3; }
State-2: Air;

Given: { p2= 680.0 kPa; s2= “s1” kJ/kg.K; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1” kg; }
State-3: Air;

Given: { p3= “p2” kPa; T3= “T2” K; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m1” kg; }

}

Analysis {
Process-A: b-State = State-1; f-State = State-3;
Given: { W_O= 0.0 kJ; T_B= 298.15 K; n= 1.3 UnitLess; }
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#DETAILED OUTPUT:
# Evaluated States:
# State-1: Air > PG-Model;

Given: pl=102.0 kPa; T1= 22.0 deg-C; Vell= 0.0 m/s;
z1= 0.0 m; Voll= 0.015 mA3;

Calculated: vl1= 0.8304 m~3/kg; ul= -87.7146 kJ/kg; h1= -3.0105 kJ/kg;
s1= 6.8709 kJ/kg K; el= -87.7146 kJ/kg; j1= -3.0105 kj/kg;
m1=0.0181 kg; MM1= 28.97 kg/kmol; R1= 0.287 kJ/kg.K;
c_pl=1.0035 kJ/kg.K; c_vl= 0.7165 kJ/kg.K; k1= 1.4005 UnitLess;

State-2: Air > PG-Model;

Given: p2= 680.0 kPa; s2= “s1” kJ/kg.K; Vel2= 0.0 m/s;
z2= 0.0 m; m2= “m1” kg;

Calculated: T2= 507.7737 K; v2= 0.2143 m~3/kg; u2= 64.6319 kJ/kg;
h2= 210.3562 kJ/kg; e2= 64.6319 kJ/kg; j2= 210.3562 kj/kg;

Vol2= 0.0039 mA"3; 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= “p2” kPa; T3= “T2” K; Vel3= 0.0 m/s;
z3= 0.0 m; m3= “m1” kg;

Calculated: v3= 0.2143 m/3/kg; u3= 64.6319 kJ/kg; h3= 210.3562 kJ/kg;
s3= 6.8709 kJ/kg.K; e3= 64.6319 kJ/kg; j3= 210.3562 kJ/kg;

Vol3= 0.0039 m~"3; MM3= 28.97 kg/kmol; R3= 0.287 kJ/kg.K;
c_p3= 1.0035 kJ/kg.K; c_v3= 0.7165 kJ/kg.K; k3= 1.4005 UnitLess;

H O ¥ OH OB B O O H OB OH OH OB OH O OH OB OH K H OB B

# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)
# 1 102.0 295.2  0.8304 -87.71 -3.01 6.871

# 2 680.0 507.8 0.2143 64.63 210.36 6.871

# 3 680.0 507.8 0.2143 64.63 210.36 6.871

#

e Property spreadsheet ends----------=-----omoommmmm

# Mass, Energy, and Entropy Analysis Results:

# Process-A: b-State = State-1; f-State = State-3;

# Given: W_O= 0.0 kJ; T_B= 298.15 K; n= 1.3 UnitLess;

# Calculated: Q= -0.92218256 kJ; W_B= -3.6739995 KkJ; S_gen= 0.0030930154 kJ/K;
Delta_E= 2.751817 kJ;

# Delta_S=-0.0 kJ/K;
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“Prob.4.23. 5 kg of Nitrogen at 100 C is heated in a reversible, non-flow, constant volume process till
the pressure becomes three times the initial pressure. Determine: (i) final temp (ii) change in internal
energy (iii) change in enthalpy, and (iv) heat transfer. Take R = 0.297 kJ/kg.K, cv = 0.7435 kJ/kg.K.
[VTU-Jan. 2004]”

Note that this is the same as Prob. 4.8 which was solved with EES.

Now, let us solve it with TEST:

TEST Solution:

We use the System Analysis - Closed - Generic - Uniform System Daemon for the Process analysis.

*I studied
English for 16 P
years but... -~
...I finally

learned to

speak it in jus
six lessons”

Jane, Chinese architect

OUT THERE

Click to hear me talking

before and after my

unique course download
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Following are the steps:

1. Select the appropriate daemon for process analysis as shown below:

Basic Tools System Analysis States & I?roperties
| i l ’—‘—‘ } ]
Unit DeskCal Tables & Uniform Uniform
Converter Charts Clolsed Oplen Svstem Flow
I 1 I l

Unsteady Process Steady State Steady State Unsteady Process

i (cycles) I I
Generic % Spedcific Generic Specific

|
| [ ]

Reciprocating Cycles  HVAC/Psychromeltry Comb. & Equilibrium

l l l

Non-Mixing Semi-Mixing Mixing
Non-Uniform Non-Uniform Non-Uniform
I I
Single-Flow @ Non-Mixing Multi-Flow Mixing Multi-Flow @
[ I I l l
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dvnamics & Fquilibrium

2. Clicking on Uniform System, choose the Permanent Gas (PG) Model for Material Model
since we are dealing with Air. Enter parameters m1, T1 and Voll (= 1 mA3....assumed) for

State 1, click on Calculate. We get:

Generic, Uniform-System, Closed Process Daemon: PG Mode/
thermofluids.net > nons > Systems > Closed : ic > Uniform >
_#& Home oF
& TEST

v1=02 m"3kg [Specificvolume]
& Mixed ¢ SI ¢ English ﬂ ¥ Help Messages On Super-iterate

State Panel | Process Panel | Exergy Panel | {0 Panel

r pt W oTt r v r o o
TN | [T e EETRC - e TR - e )
r st WV Vel ¥V ozt [ ef w

phif psi1 ¥ mt W Vol 1Ak
I | w7 - B e v

e pl kit

R1 c vl

Note that, in calculations, we will be using the built-in properties for R, cp and cv, as seen in the

above screenshot.
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3. Select State 2, enter p2 = 3 * p1, Vol2 = Voll, m2 = m1. Click on Calculate. We get:

Move mouse over a variable to display its value with mare pr

& Mixed ¢ s8I { English ﬂ ¥ Help M

State Panel | Process Panel

Super-nitialize

c_p2 c V2 k2

R2 |
T TR | e (TR T

4. Go to Process Panel, enter W_B = 0 since it is const. vol. process, W_O = o, since there is
no other work interaction. Click on Calculate. We get:

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

@« Mixed ¢ Sl ( English ﬂ ¥ Help Messages On Super-tterats Super-Calculate m m

Sfate Pane| | Process Panel | Exergy Panel | 13 Panel
! = I"F'rocess—A{T—z] itiali
L Q v wB i wo I TEB
LTI o O
I Sgen i ) . Delta F Delta_S

5. States 1 and 2 are shown in the p-V diagram:

p, KPa(log Scale) (0174, 8208.732 )

3488.9
o2
B
294 5472
0.1703 v, m*3/kg (log Scale) 02
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Thus:
Final temp, T2 = 846.3 C=1119.4K.... Ans,,
Heat transfer, Q = 2739.57 KJ .... Ans. Work is done by the system.

6. Click on SuperCalculate to get TEST code and calculated results. Also, calculate the change
in internal energy and enthalpy in the I/O panel. Go to I/O panel. Part of the output is::

I OUTPUT OF SUPER-CALCULATE:
# Daemon Path: Systems>Closed>Process>Generic>Uniform>PG-Model; v-10.bb05
R — Start of TEST-C0de ~==cmmmmmm e e
States  {

State-1: N2;

Given: { T1= 100.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 5.0 kg; Voll= 1.0 mA3; }

State-2: N2;

Given: { p2= “3*p1” kPa; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1” kg; Vol2= “Vol1” m~3; }

}

DUKE

8 THE FUQUA
SCHOOL
OFBUSINESS

i

BUSINESS HAPPENS

qua.duke.edu/globalml

Learn More »
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Analysis {

Process-A: b-State = State-1; f-State = State-2;
Given: { W_B= 0.0 kJ; W_O= 0.0 kJ; T_B=298.15K; }

}
B End of TEST-code ~---===--==mmm oo
Bomommee- Property spreadsheet starts:
State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 553.99 373.2 0.2 -33.47 77.33  6.568
# 2 1661.98 1119.4 0.2 514.45 846.84 7.375
Fommm - Property spreadsheet ends--------------=-- oo oo

# Mass, Energy, and Entropy Analysis Results:
# Process-A: b-State = State-1; f-State = State-2;

# Given: W_B= 0.0 kJ; W_O= 0.0 kJ; T_B=298.15 K;
# Calculated: Q= 2739.57 kJ; S_gen=-5.155695 kJ/K; Delta_E= 2739.5671 kJ; Delta_S= 4.0328584 kJ/K;

#*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-h1);
‘= sqrt(4*A1/PI); etc.) and press the Enter key) ¥t

# Change in Internal Energy: AU = m1 * (u2 - ul)

ie. AU=ml* (u2 - ul) = 2739.5670715475585 = 2739.57 KkJ... Ans.
# Change in Enthalpy: AH = m1 * (h2 - h1)

ie. AH =ml * (h2 - hl) = 3847.5560358332727 = 3847.56 K] .... Ans.

Compare the above results with those obtained with EES:

Unit Settings: 51 K kPa kJ molar deqg

cp=1041 [Jfgk] ov = 7435 [JfkgK] AH = 388TE+06 [J]
Al =2 773E+06 [J] m =5 [kq] FressureRatio =3
0 =2773E+06[J] R =287 [JfkgK] T1 =373 [K]

T2 =1115 [K] W=0 [J]

It is observed that results match very well.
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Thermodynamics: Part-I

Prob.4.24.A piston-cylinder device contains 0.8 kg of Nitrogen initially at 100 kPa and 27 C. The nitrogen

is now compressed slowly in a polytropic process (P.VA1.3 = const.) until the volume is reduced by one-

half. Determine the work done and the heat transfer.[Ref: 1]

TEST Solution:

We use: System Analysis - Closed - Generic — Uniform System Daemon for the Process analysis.

Following are the steps:

1. Select the appropriate daemon for process analysis as shown below:

Basic Tools

l l

I I
System Analysis States & Fl—’roperties

| l

Uniform Uniform

|
Unsteady Process
|

[
Generic ,Q?

CIOfEd Dplen System Fiow
l | ]
Steady State Steady State Unsteady Process
(cveles) | |
Specific Generic Specific

I
Reciprocating Cycles

[ l
HVAC/Psyvchwomelry Comb. & Equilibrium

Uniform
Svstem

Non-Mixing

Non-Uniform

1 1 1
Semi-Mixing Mixing
Non-Uniform Non-Uniform

i

| |

angre-f-'.'ow@;? Non-Mixing Multi-Flow Mixing Multi-Flow ?
l l I I l
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cvcles Psychromelry Dynamics & Equilibrium
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2. Clicking on Uniform System, choose the Permanent Gas (PG) Model for Material Model since
we are dealing with N2. Enter parameters p1, T1, m1 for State 1, click on Calculate. We get:

Generic, Uniform-System, Closed Process Daemon: PG Model
thermofluids.net > Daemons > Systems > Closed > Process > Generic > Uniform > PG-Model

i X o

* Mixed ¢ SI ¢ English < | case-0 vi] ¥ Help Messages On Superterate Super-Caiculate | @l Supernitialize |

State Panel ] Process Panel I Exergy Panel I 10 Panel

¥ ot ¥ Tt [t r ot

[ s1 v Velt V. ozt 1

fEEEE (e v GO~ | CODNN - - |[EEoeest e v|[BEE g ]
phit psit Vo omt Vot fatd 1

I (ke v] [kt | NN v|[oFiesE SR [itmo ]

Rt ¢ pi

e vl k1
[029893 | gk v mﬁ Klikg K v/ m RS v m |unitess v
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3. Enter known quantities for State 2. We have: m2 = m1 and Vol2 = 0.5 * Voll. Click on

Calculate, but the entered data is not sufficient to make all calculations:

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

* Mixed ( SI ( English > ¥ Help Messages On Super-lterate Super-Calculate |

State Panel | Process Panel | Exergy Panel | |0 Panel
< |estatez v > | caicuiate No-Plots v
rop2 i w w2 | h2
I | e | [FHASEEN [2rs ] s v kg v
s V¥ Vel2 ¥ oz ez [
I ICCIENEE] 020 O 0 D) [ma ]| Kita v
phi2 psiZ ; Vo om2 M Vo2 M2
| g ] wo v /R EON e v

¢ p2

R2 G v2 k2

4. Let us proceed to the Process Panel and enter n = 1.3 (i.e, polytropic index), Other Works,
W_O = 0. Click on Calculate. We get:

W B= kd [Boundary work of pd¥ kind}
& Mixed ¢ Sl ( English > ¥ Help Messages On Super-terate | Super-Calculate |
State Panel | Process Panel | Exergy Panel | 110 Panel

T — A — B — T 5 T N -
o T wB V¥ Wwo V T8
| - el i ~ ] 2l [
T Sgen ¥ on Delta £ - Delta_ S -
I o vz [umess ]  er— [rr T

5. Since iteration has to be done with reference to other states, we have to click on

SuperCalculate to complete the calculations. Then, we get:

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

“ Mixed ¢ 51 ¢ English < j ¥ Help on Super-iterate Super-Calculate |
State Panel | Process Panel | Exergy Panel | 10 Panel
e === i 7 == 7 == Er 5 i — - |
= | Process-A[1-2] | = b .-‘1 W i kki_jaﬁgg ;}pumrupic
o L W B ¥ wo F 78
T TR ee— R
I S gen ¥ n Delta E Delta S

Thus:

Work done, W_B = -54.93 k]J.... Ans. (Negative sign means work done on the system)

Heat transfer, Q = -14.19 k] .....Ans. (Negative sign means heat rejected by the system).
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6. Now, go back to State Panel and examine State 2:

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

SWsea 5 CEngish  <[Cws0]>| O Mmoo  Ssitas]
State Panel |

Super-nitialize

Process Panel I 110 Panel

Exergy Panel |

< |estate v 5 | Calculate

c_p2 c V2

We see that values of p2 and T2 are now posted for State 2.
Thus:
P2 = 246.23 kPa, T2 =96.38 C .... Ans.

7. T-s diagram showing States 1 and 2 is easily obtained:

T.K

(7.32,407.788 )
450.0

250.0

6.0 s, kd/kg.K 70
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8. Go to I/O panel to see the TEST Code and the calculated values:

~~~~~~~~~~~~~~~~~~~~~ OUTPUT OF SUPER-CALCULATE (starts from your inputs)
Daemon Path: Systems>Closed>Process>Generic>Uniform>PG-Model; v-10.bb05

-------------------- Start of TEST-code -------===mmmmm oo oo
States {

State-1: N2;

Given: { pl= 100.0 kPa; T1= 27.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 0.8 kg; }

State-2: N2;

Given: { Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1” kg; Vol2= “0.5*Vol1” mA3; }

}
Analysis {

Process-A: b-State = State-1; {-State = State-2;

Given: { W_O= 0.0 kJ; T_B= 298.15 K; n= 1.3 UnitLess; }

}
---------------------- End of TEST-code ------===mmmm oo oo

N
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fommmeee- Property spreadsheet starts: The following property table can be copied onto a spreadsheet (such

as Excel) for further analysis or plots. ---------------

#

# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 100.0 300.2 0.8912 -87.06 2.06 6.852
# 2 246.23 369.5 0.4456 -36.13 73.6 6.799
R Property spreadsheet ends--------------=-- oo ommm oo

# 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; n= 1.3 UnitLess;
# Calculated: Q= -14.185789 kJ; W_B= -54.93416 kJ;

# S_gen= 0.0050608176 kJ/K; Delta_E= 40.748367 kJ;

# Delta_S=-0.042518552 kJ/K;

Prob.4.25. A quantity of air at a pressure of 100 kPa, 27 C occupying a volume of 0.5 m~3 is compressed
to a pressure of 500 kPa and volume of 0.12 mA3 according to the law pvAn = const. Find: (i) the value
of index n (ii) the mass of air (iii) work transfer (iv) heat transferred during the process, and (v) change
in entropy. [VTU-BTD-]July 2007]
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Thermodynamics: Part-I

TEST Solution:

Following are the steps:

ms in Basic Work, Heat and | Law of Thermodynamics

applied to Closed systems

1. Select System Analysis-Generic-Uniform System:

|
| | I
Basicl lools System Analysis States & I?roperties
i i i } ]
} sk [» Uniform Uniform
ter CIO?Ed Dplen System Flow
| l I |
Unsteady Process Steady State  Steady State Unsteady Process
| (cvcles) | |
Generic Q?, Specific Generic Specific
|
l [ l
Reciprocating Cycles  HVAC/Psychrometry Comb. & Equilibrium
I [ ]
Uniform Non-Mixing Semi-Mixing Mixing
Svstem 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 Cvcles Cycles Psvchrometry Dynamics & Equilibrium

2. For Material Model, select ‘Perfect Gas' (PG) Model:

SL Model

. . . e e
solid/liquid (5L) model. Beside a wide selection to choose from, a new solid or liquid can be created by
assigning custom material properties.

Warking substances such as steel, iron, copper, aluminum, wood, water, oil, etc.,, which can be assumed to

maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analvzed
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.

RIA: 5L Process

Process Simulation by RIAs: These rich internet applications (RIAs) can be used to interactively explore 3
process where a system goes from a beginning state to a final state under some given constrain (say, the
temperature remains constant) Unlike the daemons, the RIAs do not require a thorough thermodynamic
background and can be used to to gain practical insight alongside learning the underlying theory.

Simulator . .
Examples: Watch the temperature rise as a block of copper is heated from a beginning-state to a final-state.
For specific examples, click on the help icon at the bottom margin of the daesmaon.
Pure Gas: A pure gas has a fixed chemical composition across space and time.
o

Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is

-

L

c,”=c5 Launches the PG Model
Generic, Uniform System, Closed process Daemon

s model which obeyes the ideal gas equation (pv = RT) and assumes

PG Model ‘

o0 be constant. In the IG (ideal gas) model, specific heats are assumed
to be function of temperature only. The RG (real gas) model uses generalized

remnmraemiklibg choeke snd e e afol far anmae mame Has mribieal ae comae eribiea]

%o g on®

By 'aRT
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3. State 1: Enter p1, T1, Voll. Hit Enter (or click Calculate).

Generic, Uniform-System, Closed Process Daemon: PG Model

m Super-initialize

WO Panel

#Mixed sl CEnglish  <[Cased v|=| 7 HelpMessagesoOn Super-ferate |

State Panel | Process Panel | Exergy Pane|

] vl ] ]| h

e o GO o= c | [FEEESINN o v [BEASR0BNNN (ke v EOOSSENIN [ v
M ozt [ ed e
DO s B
i mt I Vol1 M1

wha kg | (SR | v S e v
R1 6 pt el k1
[ e TR T - T

4. State 2: Enter p2, Vol2, and m2 = m1. Hit Enter (or click Calculate).

“mxea Cs Conouen  <[ossd v|o| ¥ bepmessaeson  Supectrs [Loec]

| 10 Panel

State Panel | Process Panal | Exergy Panel

Formation Enthalpy:

u2
__ __ _ __ __
I Vel2 e? iz

phi2 B | p2

R2 ¢ p2 e v2

5. Goto Process Panel. Enter b-state and f-state. Click W_O and enter W_O= 0. Click on Calculate:

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

# Mixed ¢ SI ¢ English ﬂ ¥ Help Messages On Super-lterate Super-Calculate

State Panel I Process Panel I Exergy Panel | 13 Panel

! = I Process-A[1-2]
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6. Now, click on SuperCalculate. Go to States Panel and see:

Wove mouse over 3 variableto displa s value wilmors precisio,

* Mixed ¢ SI  English <|@Case-[] vj ¥ Help Messages On Super—lterate]

State Panel ! Process Fanel J

1 [ing v | [z00ses ) [iig v

T (S

v| v/~ ~If DI = E I
i | mi i Volt A1

(kg v|[oEs0as. e~ N~ Jkorcnat ]

c_wt

| Kkt
(kg v| W g v m\ [untiess  w

SMS from your computer
...oync'd with your Android phone & number

Uy N T Coptmehins 0, H43 1514 PIT
Ohcoat @

™ — gt BrowserTexting.com
r:“mmmmm;;:«emummmn am testi

and start texting from
your computer!

@ BrowserTexting
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And State 2:

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

@ Mixed  SI ¢ English i@J ¥ Help ges On Super-t "‘l Super-Calculate m

State Panel Process Panel I Exergy Panel I 10 Panel
| < |estate2 v | Calculate No-Flots v
1 " h2
———m_ = I
52 ¥ VerR e2 T
_ [ [ __ _ BRI (s ]
phi2 psi2 _ I Vol2 a2
| wre || g v _- _ [ T

R2 c_p2 e vl

Thus:

Index, n = 1.12776

Mass of air = m1 = m2 =0.58046 kg

Work transfer = W_B = -78.27 k] (Work done on the system, therefore negative)
Heat transfer = -53.3081 k]

Entropy change = (s2 - s1) = -0.2789284256081599 = -0.2789 kJ/kg.K

Total change in entropy of system = Delta_S = -0.16191 kJ/K .... Ans

T_s diagram:

T. K (5954, 397 627 )
395.2
2
1
27014
5.95 5, kd’kg.K 7.58
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And the 1I/0 panel shows:

# Daemon Path: Systems>Closed>Process>Generic>Uniform>PG-Model; v-10.bb05
oo Start of TEST-code ------====m-mm e
States {

State-1: Air;

Given: { pl= 100.0 kPa; T1= 27.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.5 mA3; }

State-2: Air;

Given: { p2= 500.0 kPa; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m1” kg; Vol2= 0.12 mA3; }

}
Analysis {

Process-A: b-State = State-1; f-State = State-2;
Given: { W_O= 0.0 kJ; T_B=298.15 K; }

}
Fommmm s End of TEST-code -----===mmmmm e oo
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 100.0 300.2 0.8614 -84.13 2.01 6.893
# 2 500.0 360.2 0.2067 -41.12 62.25 6.614
oo Property spreadsheet ends-------------omoommm oo

# 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= -53.3081 kJ; W_B= -78.27469 kJ; S_gen= 0.016890267 kJ/K;
n= 1.1277552 UnitLess;

# Delta_E= 24.966587 kJ; Delta_S= -0.16190599 kJ/K;

Prob.4.26. Determine the amount of heat which should be supplied to 2 kg of water at 25 C to convert
it in to steam at 5 bar and 0.9 dry. [VTU-BTD-Dec. 2007-Jan.2008]
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Software Solutions to Problems in Basic
Thermodynamics: Part-Il

TEST Solution:

Following are the steps:

Work, Heat and | Law of Thermodynamics
applied to Closed systems

1. Select System analysis — Generic — Uniform System from the Daemon tree:

|
| I I
Basic Tools System Analysis States & Fl’roperties

[ l l
Unit D al Uniform Uniform
Converter Charis Clolsed Clplen System Flow
| l | l
Unsteady Process Steady State Steady State Unsteady Process
| | (cvcles) | |
Generic a@ Spedcific Generic Specific
|

l I l
Reciprocating Cycles  HVAC/Psvclwrometry Comb. & Equilibrium

1 l 1
Non-Mixing Semi-Mixing Mixing
Non-Uniform Non-Uniform Nen-Uniform

Uniform
Svstem

l l l

Single-Flow @ Non-Mixing Multi-Fiow Mixing Multi-Flow @

| | I [ l
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cvcles Cycles Psychromelry Dynamics & Equilibrium

2. Select Phase Change (PC) for Material model, since we are dealing with Water:

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

o comnreccad linnid tahle far hetter accuracy.

{:K Launches the PC Model

Generic, Uniform System, Closed Process Daemon| 13 H3, R-134a, N2, CO2, etc., should be treated as PC fluids if there is any

PC Model 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 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.

o

;{;':'E Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed to
————— d_ " maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed
SEMe with the 5L 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 dasmon.
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3. Enter parameters pl, T1, m1 for State 1; click on Calculate. We get:

Generic, Uniform—System Closed Process Daemon: PC Model
thermofluids.ne en > Sy 2 eneric > Uniform > PC-Model

A
A

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

<Jscasen v »| @ Hopessemson  superorse| [ ETERETETERY

State Panel | Process Panal |
< [esaer v
¥ p1 Vo1t T
_“__wC | facton 5
ht . af i 4
_—_—_—
it - = a
___I_II

o

# Mixed sl

" English

Supernitialize

Exergy Fanel | 110 Panel

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

& Mixed ¢ SI  English ﬂ [¥ Help Messages On  Super-lterate

State Panel | Process Panel |

m Super-initialize

Exergy Panel | 10 Panel

EState-2 vf Calculate No-Flots v Initialize -Saturated Wixture Hz0 v

__ __ __ __ _—
u2 4 Vel2

_ __ —_ - __

W phi2 : psi2 : V¥ m2

sssozis T e | _I—I I R

I Vol2
-

5. Go o Process Panel. Enter b-state and f-state, and W_B =0 and W_O = 0;
click on Calculate. We get:

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

# Mixed ¢ SI { English < ﬂ ¥ Help Messages On Sixper—&‘remlel m SuperInitialize

State Panel | Process Panel | Exeigy Panel | 110 Panél

. < IFroces_s-AIT-Z] vl >

]
I Sgen Delta E Delta S

Note that: Delta_E = 4528.298 kJ .... Ans.
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6. Draw the T-s diagram. Constant pressure lines are also shown (in blue):

T, K

T12.02

209.83

-1.69 5, kd'/kg.K 11.71

The Wake
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Low-speed Engines Medium-speed Engines Turbochargers Propellers Propulsion Packages PrimeServ

The design of eco-friendly marine power and propulsion solutions is crucial for MAN Diesel & Turbo.
Power competencies are offered with the world’s largest engine programme — having outputs spanning
from 450 to 87,220 kW per engine. Get up front!

Find out more at www.mandieselturbo.com

Engineering the Future — since 1758.

MAN Diesel & Turbo

Click on the ad to read more

Download free eBooks at bookboon.com


http://www.mandieselturbo.com

7. Click on Super Calculate. TEST code is produced, and see it in I/O panel:

# Daemon Path: Systems>Closed>Process>Generic>Uniform>PC-Model; v-10.bb06
Fommmm - Start of TEST-code ------===mmmm oo oo
States {
State-1: H20;
Given: { pl= 100.0 kPa; T1= 25.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; m1= 2.0 kg; }
State-2: H20;
Given: { p2= 500.0 kPa; x2= 0.9 fraction; 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_B= 0.0 kJ; W_O= 0.0 kJ; T_B=298.15 K; }

}
Fmmm e End of TEST-code ~--=mmmm e e e e
# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#01 100.0 298.2 0.001 104.88 104.98 0.367
#02 500.0 425.0 09 0.3385 2369.03 2537.75 6.326

# Mass, Energy, and Entropy Analysis Results:

# Process-A: b-State = State-1; f-State = State-2;
# Given: W_B= 0.0 kJ; W_O= 0.0 kJ; T_B=298.15 K;
# Calculated: Q= 4528.298 kJ; S_gen= -3.2710671 k]J/K; Delta_E= 4528.298 KkJ;

Delta_S= 11.916918 kJ/K;

# Verity:
m1*(u2-ul) = 4528.298 kJ.
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4.4
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5 | Law of Thermodynamics
applied to Flow Processes

Learning objectives:

1. In this chapter, we consider ‘Steady Flow Energy Equation (SFEE)’ and ‘conservation of
mass’ for a control volume.

2. These two principles, viz. Conservation of mass (i.e. continuity equation) and the
conservation of energy (i.e. First Law) are applied to a number of practically important
devices such as Nozzles and Diftusers, Turbines and Compressors, Throttling devices, Heat
Exchangers and Mixing chambers etc.

3. Transient processes such as filling a tank with a fluid or discharging from a tank are also

considered. These are known as Uniform State, Uniform Flow (USUF) processes.

5.1 Formulas used:
511 Steady Flow Energy Equation (SFEE) for a control volume:

For unit mass flow, i.e. m =1 kg/s:

Let: 1 -inlets, 2 - exits

h=enthalpy kl'kg V= velocity m/'s

z= height_above datum m A= area of flow m"2

q = heat_transfer k.l w= work_transfer kJ

Heat going in to the system is positive, work done by the system is positive.

Easier way is to remember: Energy going in = Energy going out, in steady state:

V.2 vt
g +h+ —+zy=w +hy+ + 21 —...eqn. (5.1
_ WVa — Tl_ .
ie. qp-wy={hy-hy)+ ——— |+ 2{z - 7] ..eqn. (5.2
le. gy -wy=Ah+ Ake+ Ape  ..where all terms are for unit mass flow rate.._eqn. (5.3}
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When mass flow rate of stream is mj kg/s:

T2 ) [ 42 )
| ' 2 | . .
Q+mpihy+ — + g {=Wimplhy+ — + g2, | __ifthere is one stream
\ 2 e 2 -
. J . / only..__eqn. (5.3-3)

Note: If there are more than one stream, add additional terms for each stream to take in to account
respective enthalpies, K.E. and PE.

5.1.2 Mass balance:
Prra;Vi=prA, W2 o kgfs. o eqn.(b.4)

ALV AL,
or: = —

....kgfs/_._ where v = sp_volume ... eqn.(5.5)
“.'1 ]

513 Examples of Steady flow processes:

1. Nozzle and Diffuser:

From eqn. (5.1), we have:

V.2 1.31
+hi+ — +gzy=wy+hy+ — + = ~..eqn. (51
GUth+r - FEHR=ET Ty —+ e an- (5.1)

Here, g1 =0 w1 =10

Therefare: If change in P.E. is zero and velocity of approach W1 = 0, we get:

...eqn.{5.6)

V= [2{hy - hy) mis___exit velocity
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2. Turbines and compressors:

For Turbine, it can be taken as insulated, flow velocities small, and K.E. and P.E. terms neglected:

Then, SFEE for a turbine becomes:

hy=hy+w ..forunit mass flow
. W .
le. w= —=h;-h for unit mass flow rate._eqn.(5.7)
m 2

Similarly, SFEE for an adiabatic pump or compressor:

W
hy=hy-w=h, - o
e, w=hy—hy .forunit maas flow rate.._eqn.(5.8)
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3. For Throttling device:

Here,q =0, w =0, and changes in P.E. can be neglected.

Then SFEE reduces to:

'1'1_ '1'-3._
hy + =hy + — _..eqn.(5.9)

3 3

Often, pipe velocities are small. If we neglect changes in K.E. we get:

hy=h, ..eqn (510}

4. Heat Exchangers:

When the two streams do not mix, as in a normal HX or condenser:

Let: ¢ — cold stream. h — hot stream; 1 - inlets, 2 - exits

Here, @ = 0. W =0, and SFEE hecomes:

m_h g+ my by =m_oho+my by —.egn.(5.11)

When the two streams mix, as in a de-super-heater or cooling tower, or mixing chambers:

Here, q=0 w=10.
Mass balance:

my + my = my —...eqn.(5.12)
SFEE:

my-hy + my-hy = my-hy neglecting changes in P.E. and K_E..._eqn.{5.13)
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514 Uniform State, Uniform Flow (USUF) process:

ex: filling closed tanks with a gas or liquid, discharge from closed vessels etc.:

Let:
1, = heat entering the control volume

W, = Work leaving the control volume
i = inlets to control volume

e = exits from control valume

m, = initial mass in control volume

m5 = final mass in control volume
(m2-m1} = net mass that enters or leaves the control volume
h = enthalpy

W = velocity of fluid

u = internal energy

z = height from datum

1 - initial conditions

2 - final conditions

Then, for a time period t, the First Law for USUF process is:

3 Y i« 3

( V.o i | V. | | Vs

Qc‘.'_z e : _g'zi'=z Byt — +2Z, + My my+ —
inlets - B g ams“ h . ‘ -

...... eq.(5.14)

-

+ 87 |- my Uy +

2

As an example of applying the equation (5.14), consider the following:

Variable flow process: Filling or emptying a tank:

1. Filling a tank:

YWe assume that changes in P.E. and K_E. are negligible.

Then, we get:

Let:

m1 = initial mass in tank

mé = final mass in tank
{m2-m1) = mass that enters the tank from the pipe
(2 = heat transfer =0

W ="Waork transfer = 0

h_p = enthalpy of fluid in pipe
YW _p = velocity of fluid in pipe
u = internal energy

1 - initial conditions

2 - final conditions
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Making an energy balance:
-

v
myug + (my - mlJ"'. + -
. R

27
P [= : _egn (515
1) My iy gn.( )
If, initially, the tank is empty, then m1 =10
Then,
L2
"P

+ — = ceqn516). . ifml=10
hy, 5 =W gn.(3.16)

Also, if pipe velocity (i.e. KE) is negligible, then:
hp: 1y ....eqn. (8.17) .. if KLE. is negligible

MWote: For an ldeal gas, h=cp. T, u=cv.T
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2. For emptying the tank:

Iml - m::-. h_pn'me + ﬁ | - Q= my-ug — myly .-eqn.(5.18)

\, e £

where:
h_prime = sp.enthalpy of leaving fluid

W prime = velocity of leaving fluid

5.2 Problems solved with EES:

“Prob.5.1. A Nozzle is a device for increasing the velocity of a steadily flowing stream. At the inlet to a
certain nozzle, the enthalpy of the fluid is 3000 kJ/kg and the velocity is 60 m/s. At the discharge end,
the enthalpy is 2762 kJ/kg. The nozzle is horizontal and there is negligible heat loss from it. (i) Find
the velocity at the exit of the nozzle (ii) If the inlet area is 0.1 mA2 and the sp. volume at inlet is
0.187 mA3/kg, find the mass flow rate (iii) If the sp.vol. at the exit of nozzle is 0.498 m~3/kg, find the
diameter of exit section. [VTU-July 2004]”

— e

Fig.Prob.5.1

EES Solution:
“Data:”

h_1=3000E03 []J/kg]“...enthalpy at inlet”
C_1=60 [m/s]*...inlet velocity”
h_2=2762E03[]/kg] “...enthalpy at exit“

A_1=0.1 [mA2]“..area at inlet”

v_1=0.187 [m3/kg]“...sp. volume at inlet”
v_2=0.498 [m3/kg]“...sp. volume at exit”
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“Calculations:”

m_1=A_1*C_1/v_1 “kg/s...finds mass flow rate”
m_1=m_2 “..continuity eqn”
m_2=A_2*C_2/v_2“..finds finds area at exit”
A_2=pi* D_2/2/4 “....finds diameter at exit”

Q-W = DELTAh + DELTAKE + DELTAPE “.. .First Law for Open system”

Q=0 “...by data, for nozzle”

W=0 “..by data, for nozzle”

DELTAh = h_2-h_1%[J/kg]“
DELTAKE=(C_2/2/2)-(C_1/2/2)“[J/kg]“
DELTAPE=0"..by data”

Results:
Unit Settings: 51 K kPa kJ molar deqg

Aq=01 [md] Az=002307 [m?] C1=60 [mfs]
Co=EH2.5 [mfs] Ah =-238000 [Jfki] AKE =238000 [J/kg]
APE =10 [Jfkg] Do = 01714 [rr] hy = 3.000E+06 [Jikg]
ho = 2 762E+06 [Jfkg] mq = 32.08 [kgs] my =32.08 [kg/s]
Q=0 [Jkg] w1 = 0187 [m3fko] wo = 11.488 [m3fko]
W = [Jfkg]

Thus:

Velocity at exit = C2 = 692.5 m/s ... Ans.

Mass flow rate = m1 = 32.09 kg/s ... Ans.

Dia at exit = D2 =0.1714 m ... Ans.

“Prob.5.2. 12 kg of air per min. is delivered by a centrifugal air compressor. The inlet and outlet
conditions of air are: V1 = 12 m/s, pl = 1 bar, vl = 0.5 m/3/kg, and V2 = 90 m/s, p2 = 8 bar, v2 = 0.14
mA3/kg. The increase in enthalpy of air passing through the compressor is 150 kJ/kg and heat loss to
surroundings is 700 kJ/min. Calculate: (i) Power required to drive the compressor, (ii) ratio of inlet to
outlet pipe diameters. [VTU-Jan. 2003]”
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Centrifugal
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Fig.Prob.5.2

EXPERIENCE THE POW

FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER..
RUN EASIER...

Click on the ad to read more
Download free eBooks at bookboon.com


http://s.bookboon.com/Gaiteye

EES Solution:

“Data:”

]

m=12 * convert(kg/min, kg/s) “[kg/s]’
C_1=12 [m/s]“...inlet velocity”

pl = 1075 “Pa ... inlet pressure”
v_1=0.5"mA3/kg ... sp. volume at inlet”

C_2 =90[m/s] “..exit velocity”

p2 = 8E05“Pa .... exit pressure”

v_2 =0.14".m73/kg ... sp. vol. at exit”

Q= - (700E03)/(m * 60)*...J/kg”

DELTAh=150E03“ J/kg.... change in enthalpy®
DELTAKE=(C_2/2/2)-(C_1/2/2)“]/kg....change in K.E.
DELTAPE=0.. change in PE”

“Calculations:”

Q - W = DELTAh + DELTAKE + DELTAPE “...First Law for open system”
A_1=m *v_1/C_1“.finds area at inlet, m/2”

A _2=m *v_2/C_2%..finds area at exit, m"2”

D1byD2= sqrt(A_1/A_2)%..finds dia ratio”

W_act =W * m “..finds Work required, W”

Results:
Unit Settings: S| K kPa kJ molar deg
Aq=0.008333 [m3 A2=0.0003111 [m? Ci=12 [mfs]
Ak =150000 [Jkg] AKE =3978 [Jikg]
m =0.2 [m/s] pl=100000 [Pa] p2 = 800000 [Pa)
w1 =05 [m3kg] wp = 0.14 [m3kg] W =-212311 [kg]
Thus:

Co=190 [m/e]
APE =0 [Jfka]
Q =-58333 [Jka]

W any = -42462 [i]

Power required for compressor = -42462 W ... Ans. (negative sign indicates power input to system)

Ratio of inlet to exit diameters = 5.175 .... Ans.
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(b) Plot the variation of Power required as the heat loss varies from 0 to -8000 J/kg:

First, compute the Parametric Table:

Table 1 |
i ] - ™

2 Q W,

I [Jkg] [W]
Run 1 0 30796
Run 2 -1000 -30996
Run 3 2000 31196
Run 4 3000 31396
Run & 4000 31596
Run 6 5000 -31796
Run 7 6000 -31996
Run 8 7000 32196
Run 9 8000 32396

Now, plot the results:

Compressor Power required vs heat transfer
-30.9

-31.3

-31.7

Wt [W]

-32.1

-32.5 £
-8000 -7000 -6000 -5000 -4000 -3000 -2000 -1000 O

Q [J/kg]

Note that as the heat transfer increases, compressor power required also increases.
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“Prob.5.3. Air flows steadily through a rotary compressor. At entry, the air is at 20 C and 101 kPa. At the
exit, the air is at 200 C and 600 kPa. Assuming the flow to be adiabatic, (i) evaluate the work done per
unit mass of air if the velocities at inlet and exit are negligible (ii) what would be the increase in work

input if the velocities at inlet and exit are 50 m/s and 110 m/s? [VTU-Jan. 2005]”

EES Solution:
“Data:”

DELTAKE=0
DELTAPE=0

Q=0 “...since adiabatic”
T1=20 “C*

T2=200 “C*

p1=101E03 “Pa“
p2=600E03 “Pa“

R=287 “J/kg.K .... for air”

gamma=1.4 “for air”
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“Calculations:”
“Case 1: Inlet and exit velocities are negligible:”

cp = R * gamma/(gamma - 1) “.. sp. heat at const. pressure, J/kg.K”
DELTAh = cp * (T2-T1) “J/kg ... change in enthalpy“
Q - W = DELTAh + DELTAKE + DELTAPE “...by First Law to Open systems”

“Case 2: Inlet and exit vel. not negligible:”

Q1=0 “...since adiabatic”

Q1- W1=cp * (T2-T1) + (V2A2-V142)/2 “...First Law for Open system, including the change in K.E”
V2=110 “m/s ... exit velocity”

V1=50 “m/s ... inlet velocity”

Results:

Unit Settings: 51 K kPa kJ molar deg

cp=1005 [Jkg-C] Ah =180810 [Jkg] AKE =0 [Jkg]
APE =1 [J/kg] v =14 pl=101000 [Pa]
p2=600000 [Pa] Q=0 [Jkg] Q1 =0 [Jkg]
R =287 [Jkg-C] T =20 [C] T2 =200 [C]
W1 =50 [m/s] W2 =110 [m/s] W = -180810 [Jkg]

W = -185610 [Jikg]

Thus:

W = -180.81 kJ/kg when K.E. and P.E. are neglected...Ans.
W1 = -185.61 kJ/kg when K.E. is not negligible ...i.e. an increase of about 5 kJ/kg... Ans.

(Note: negative sign indicates work input in to the system.)

“Prob.5.4. In a gas turbine unit, the gases flow through the turbine at 15 kg/s and the power developed
by the turbine is 12000 kW. The enthalpies of the gases at the inlet and outlet are 1260 kJ/kg and 400
k]/kg respectively, and the velocities of gases at the inlet and outlet are 50 m/s and 110 m/s respectively.
Calculate (i) rate at which heat is rejected by the turbine (ii) the area of inlet pipe, given the sp. vol. of
gases at inlet is 0.45 m/3/kg. [VTU-Jan. 2005]”
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EES Solution:
“Data:”

h_1=1260E03 “J/kg ... enthalpy at inlet*
h_2=400E03 “J/kg ... enthalpy at outlet”
C_1=50 [m/s] “..velocity at inlet”
C_2=110 [m/s] “..velocity at outlet”
v_1=0.45 [m~3/kg]“.sp. vol. at inlet”

m_1=15 [kg/s]”...mass flow rate”

“Calculations:”

m_1=A_1*C_1/v_1 “..finds area at inlet, mA2”

Q - W = DELTAh + DELTAKE + DELTAPE “...First Law for Open System .... finds Q”
W = 12E06(]/s]/15 [kg/s] “J/kg.....work output of turbine, by data”

DELTAh = (h_2-h_1) “J/kg...enthalpy change”

DELTAKE=(C_2A2/2)-(C_172/2)“]/kg ... change in K.E”

DELTAPE=0..change in PE”

115
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Results:

Unit Settings: 51 K kPa kJ molar deq

Aq=0135 [m2] Cq=60 [ms] C2=110 [m/g]

Ah =-860000 [Jkg] AKE =4800 [Jfkg] AFE =0 [Jfkd]

h1 =1.260E+06 [J/kg] hz=400000 [JMko] mq =15 [kogs]

Co=-55200 [J/ko] wy =045 [m%’kg] W' = 800000 [J/kg)
Thus:

Heat rejected by turbine = Q = 55200 J/kg....negative sign indicates heat going out of the

system....Ans.

Area of inlet pipe = A1 = 0.135 m~2 ... Ans.

“Prob. 5.5. In a steady flow system, 50 kJ of work is done per kg of fluid; values of sp. vol., pressure and
velocity at inlet and exit sections are: 0.4 m”3/kg, 600 kPa, 15 m/s and 0.6 m~3/kg, 100 kPa, and 250
m/s, respectively. The inlet is 30 m above the exit. The heat loss from the system is 8 kJ/kg. Calculate

the change in internal energy per kg of fluid. [VTU-July 2003]”

EES Solution:
“Data:”

Q = - 8E03 “J/kg ... heat rej”
W=50E03 “J/kg .... work done by fluid”
p1=600E03 “Pa ...inlet pressure”
v1=0.4 “m3/kg... inlet sp. vol”

C1=15 “m/s .. inlet velocity”
p2=100E03 “Pa ... exit pressure”
v2=0.6 “m3/kg ... exit sp. vol”

C2=250 “m/s ... exit velocity”

Z2=0 “m ... exit datum level”

Z1=30 “m ... inlet datum level”

“Calculations:”

Q - W = DELTAh + DELTAKE + DELTAPE “.. First Law for Open System
DELTAKE=(C2/2-C1/2)/2 “J/kg ..., change in K.E”
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DELTAPE=g * (22 - Z1) “J/kg ..., change in PE”
g=9.81 “m/s2 ... accn. due to gravity”

DELTAh = DELTAu + (p2 *v2 - pl1 *v1) “....from h = u + pV ..... finds DELTAu”

Results:

Unit Settings: 51 K kPa kJ molar deg

C1 =15 [mfs]
AKE =31138 [Jfka]
=981 [mis9]

(1 =-8000 [Jfkg]
Wy = BO000 [Jfko]

Thus:

Change in Internal energy = DELTAu = 91157 J/kg ....

C2 =280 [m/s]
APE =-2843 [Jfk]
pl=600000 [Pa]
w1 = 0.4 [rn3fki]
Z1=30 [m]

Ans.

Ah =-88843 [J/kg]

AU =91167 [Jkg]

p2 = 100000 [Pa]
w2 =06 [rmafko]
Z2=10 [m]
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(b) Plot the variation of DELTAu as heat rejected Q varies from 0 to -10 kJ/kg:

First, calculate the Parametric Table:

Table 1 |
i |- ™
[> 2 Al
11 [Jikg] [Jikg]
Run 1 0 99157
Run 2 1000 95157
Run 3 2000 97157
Run 4 -3000 96157
Run 5 4000 95157
Run 6 5000 94157
Run 7 6000 93157
Run 8 7000 92157
Run 9 8000 91157
Run 10 9000 90157
Run 11 -10000 89157
Now, plot the results:
x 10°
101
; DELTAuvs Q
99
97 |
S |
|
= [
< [
93
91 |
89t

0 9 8 7 6 S5 4 3 2 1 0
Q [J/kg x10°

Note: Negative sign for Q only indicates that heat is being rejected.

Download free eBooks at bookboon.com



“Prob.5.6. Air flows steadily at a rate of 0.5 kg/s through a compressor, entering at 7 m/s velocity, 100
kPa pressure and 0.95 m~3/kg sp. volume, and leaves at 700 kPa, 5 m/s, and 0.19 m~3/kg. The internal
energy of air leaving is 90 kJ/kg greater than that of air entering. Cooling water in the compressor
jacket absorbs heat at a rate of 58 kW. Compute the shaft work input and the ratio of inlet to exit pipe
diameters. [VTU-July 2002]”

(7 o
s W
Air, Out — 4+— «+— Air,In
1L C
Compressor
/
i
i
s
/
“j_
Q
L]
Fig.Prob.5.6

EES Solution:
“Data:”

m=0.5 “kg/s .... mass flow rate”

Q= - 58E03]/s ...heat rejection rate”

p1=100E03 “Pa ... inlet pressure”

p2=700E03 “Pa .... exit pressure”

C1=7.0 “m/s ... inlet velocity”

C2=5.0 “m/s .... exit velocity”

DELTAu=90E03 “J/kg .... change in internal energy”
v1=0.95 “mA3/kg ... sp. vol. at inlet”

v2=0.19 “mA3/kg .... sp. vol. at exit”

“Calculations:”

Q- W =m* (DELTAu+(p2 * v2 - pl * vl)) + m * (C2/2-C1A2)/2 “...by First Law for Open system...
finds W”

Al=m * v1/C1 “mA2 ... inlet pipe area”

A2=m * v2/C2 “mA2 ... exit pipe area”

D1byD2=sqrt(A1/A2) “..diameter ratio”
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Results:

Unit Settings: 51 K. kPa kJ molar deg

Al = 0.06786 [m9] AZ =0.019 [md] Cl =7 [mfs]
C2 =5 [mfs] D1byD2 = 1.89 Al =80000 [Jkg]
m =05 [koss] p1=100000 [Pa] p2 = 700000 [Pa]
Q0 =-53000 [ w1 =0.95 [m¥kg] w2 =018 [m¥kg]
Wy =-121994 [

Thus:

Work input to compressor, W = -121.994 kW .... Ans.

Diameter ratio = D1/D2 = 1.89 ... Ans.
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“Prob.5.7. A centrifugal air compressor compresses 5.7 m”3/min of air from 85 kPa to 650 kPa. The
initial sp. vol. is 0.35 mA3/kg and final sp. vol. is 0.1 mA3/kg. If the suction line dia is 10 cm and the
discharge line dia is 6.25 cm, determine: (i) the change in flow work (ii) the mass rate of flow, and (iii) the
velocity change. [VTU-Aug. 2000]”

i R out
| |
Qv | — |
. — I
[ - !
| ) e S |
] -\"'-\-\._\_\_ e - |
I - !
I e I
| R |
! I
Centrifugal I
compressor |
— I
LW I |
I _— !
I P I
| T |
| T |
I = |
I+ i
| |
b ] |

Air in
Fig.Prob.5.7

EES Solution:
“Data:”

V1=5.7/60“m3/s .... volume flow rate”
p1=85E03“Pa ... inlet pressure”
p2=650E03 “Pa .... exit pressure”
rho1=1/0.35"kg/m3 ... inlet density”
rho2=1/0.1“kg/m3 ... exit density”
d1=0.1“m .. inlet dia”

d2=0.0625“m .. exit dia”

“Calculations:”

m = V1 * rhol“kg/s .... mass flow rate”
Al=pi*d172/4 “m2 ... inlet area”
A2=pi*d2/2/4 “m2 .... exit area”

121
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“Change in Flow work:”

DELTAPV=m * (p2/rtho2 - p1l/rhol) “J/s .... change in flow work”

“Velocity change:”

m = Al * C1 * rhol “.. finds inlet velocity, C1, m/s”
m = A2 * C2 * rho2 “.. finds exit velocity, C2, m/s”

Results:

Unit Settings: 51 K kPa kJ molar deg

Al =0.007854 [m?] A2 =0.003068 [m] Cl =121 [m/s] C2 = 8.847 [m/s]
d1=0.1 [r] d2 = 0.0625 [m] APY = B5BE [Jfs] m = 0.2714 [kg/s]
p1= 85000 [Pa] p2 = 650000 [Pa] thol = 2857 [kg/m3]  rtho2 =10 [kg/m]

W1 = 0.085 [mi/s]

Thus:

Change in flow work = DELTApv = 9568 W ... Ans.
Mass flow rate = m = 0.2714 kg/s ... Ans.

Velocities: C1 = 12.1 m/s, C2 = 8.847 m/s .... Ans.

“Prob.5.8. A steam turbine receives steam with a flow rate of 900 kg/min. and experiences a heat loss of
840 kJ/min. The exit pipe is 3 m below the level of inlet pipe. Find the power developed by the turbine if
the pressure decreases from 62 bar to 9.8 kPa, velocity increases from 30.5 m/s to 274.3 m/s, internal energy
decreases by 938.5 kJ/kg, and sp. vol. increases from 0.058 m»3/kg to 13.36 m~3/kg. [VTU-Feb. 2002]”
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EES Solution:
“Data:”

m = 900/60 “kg/s”

Q = - 840E03/607]/s”
Z1=3“m”

Z2 =0 “m"

pl= 62E05 “Pa“

p2 = 9.86E03 “Pa‘“
C1=30.5 “m/s”

C2 =274.3 “m/s”
DELTAu = - 938.5E03 “J/kg”
vl=0.058 “m3/kg”
v2=13.36 “m3/kg”
g=9.81“m/s2”

“Calculations:”

Q- W =m* (DELTAu + (p2 * v2 - pl * v1)) + m * (C2A2-C172)/2 + m * g * (Z2-Z1) “...First Law

for Open system”

Results:

Unit Settings: 51 K kPa kJ molar deq

C1 =305 [mfs] 2 =274.3 [mfs] Au =-938500 [
m =15 [kois] pl = B.200E+0E [Pa] pe=9860 [Pa)
w1 =0.058 [m3,-"kg] we =13.36 [mg,-"kg] Wy = T EAZE+07 W]
Z2=10 [m]

Thus:

Power developed by turbine = W = 1.692E07 W .... Ans.

g=9.81 [m/s9
G =-14000 [
Z1=3 [m]

“Prob. 5.9. A fluid flows through a steady flow system at the rate of 3 kg/s. The inlet and outlet conditions
are: pl = 5 bar, C1 = 150 m/s, ul = 2000 kJ/kg, and p2 = 1.2 bar, C2 = 80 m/s, and u2 = 1300 kJ/kg. The
change in sp. vol. is from 0.4 m"3/kg to 1.1 m~3/kg. The fluid loses 25 kJ/kg heat during the process.

Neglecting potential energy, determine the power output of the system. [VTU-Dec. 2006-Jan. 2007]:”

Download free eBooks at bookboon.com



EES Solution:
“Data:”

m = 3 “kg/s”

P1 =500 “kPa”

C1 =150 “m/s”

ul = 2000 “kJ/kg”

P2 =120 “kPa”

C2 =80 “m/s”

u2 = 1300 “kJ/kg”

vl = 0.4 “m3/kg”

v2 = 1.1 “m3/kg”

q = -25 “kJ/kg....heat loss”

“Neglecting Potential energy, determine the Power output:”

“Write SFEE for 1 kg:”

q-w = (h2 - hl) + ((C222 - C172)/2)*107(-3) “...First Law for Open system...all quantities in kJ/kg”

h1l =ul + P1 * v1“kJ/kg ... inlet enthalpy”
h2 = u2 + P2 * v2 “kJ/kg ... exit enthalpy”

“Power output:”

Work = w * m “kJ/s”

Results:

Unit Settings: 51 C kPa kJ mass deq

C1 =150 [m/s] C2 =80 [m/s] h1=2200 [kl/kg]
m =3 [ka/s] P1 =500 [kPa] Pz =120 [kPg]

ul = 2000 [klikg] uZ = 1300 [kdikg] wl = 0.4 [m3kg]

w o= 751.1 [kdkg] \Wark = 2253 [ki]

Thus: Work done by the system = Work = 2253 kW ... Ans.

he = 1432 [kdik]
0 =-25 [kJika]
w2 = 1.1 [m3fk]

“Prob.5.10. A fluid flows through a steam turbine at a steady rate of 5000 kg/h, while energy is transferred

as heat at a rate of 6279 kJ/h from the turbine. The condition of the fluid at the turbine inlet and exit
are: hl = 3153 kJ/kg, C1 = 60 m/s, Z1 = 6 m, and h2 = 2713 kJ/kg, C2 = 185 m/s, Z2 = 4 m. Find the
power output from the turbine. Comment on K.E. and PE. changes. [VTU-Dec. 08-Jan. 09]”
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EES Solution:
“Data:”

mass_flow = 5000/3600 “kg/s”

q = (-6279/3600) / mass_flow “k]J/kg....heat transf. from turbine”
hl = 3153 “kJ/kg”

h2 = 2713 “kj/kg”

Cl =60 “m/s”

C2 =185 “m/s”

Z1=6“m"

72 =4“m’

g =9.81"m/s2”

“Find the Power output from Turbine and comment on K.E. and P.E. changes:”

q - w = DELTAh + DELTAke + DELTApe “.First Law for a turbine....all terms are in kJ/kg”
DELTAh = (h2 - h1) “kJ/kg”

DELTAke = ((C2A2 - C1/2)/2) * 10A(-3) “k/kg”

DELTApe = g * (Z2 - Z1) * 10~(-3) “kJ/kg”

Work = mass_flow * w “kJ/s”

Results:

Unit Settings: 51 C kPa kJ mass deq

C1 =60 [mfs] C2 =185 [m/s]
Al =-440 [kfled] Ake =158371 [kdflg]
Ape =-001962 [kdfkg] =981 [rm/s<]
h1=3153 [k/ko] hZ =2713 [kfko]
Massfay = 1.389 [ko/s] q=-1.256 [kfko]
wo=47235 [k/ko) wiork = BEET [k
Z1=6 [m] Z2=4 [m]

Thus:

Work done by turbine = 588.1 kW .... Ans.

DELTAke = 15.31 kJ/kg, DELTApe = -0.01962 kJ/kg .. both are negligible compared to the enthalpy
difference DELTAh = -440 kJ/kg .... Ans.
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(b) Plot the variation of Work as heat loss q varies from 0 to -4 kJ/kg:

First, compute the Parametric Table:

Tabie 1 |
b 3 w

9’ q Work

i [ll/kg] [kW]
Run 1 ] 589.9
Run 2 -0.5 5892
Fun 3 -1 885
Run 4 -1.5 587.8
Run 5 -2 5871
Fun & -2.5 5a6.4
Run 7 -3 5857
Fun 8 -3.5 5585
Fun 9 -4 584 .3

Now, plot the results:

290

Work vs heat loss for turbine

289

288

Work [KW]
©n
[5a]
=~

4 35 3 25 2 15 4 05 0
q [kJd/kg]

Note: Negative sign for q only indicates that heat is being rejected from turbine. As the heat rejected

increases, work output from the turbine decreases.
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“Prob.5.11. The working fluid in a steady flow process flows at a rate of 220 kg/min. The fluid
rejects 100 kJ/s of heat passing through the system. The conditions of fluid at inlet and outlet are:
Cl = 220 m/s, pl = 6 bar, ul = 2000 kJ/kg, vl = 0.36 m~3/kg, and C2 = 140 m/s, p2 = 1.2 bar,
u2 = 1400 kJ/kg, v2 = 1.3 m~3/kg. Suffix 1 indicates inlet, and 2 the outlet. Determine the power capacity
of the system in MW. [VTU-BTD-June-July 2009:]”

EES Solution:
“Data:”

mass_flow = 220/60 “kg/s”
q = -100/mass_flow “k]J/kg”
C1 =220 “m/s”

P1 = 600 “kPa”

ul = 2000 “kj/kg”

vl = 0.36 “m3/kg”

C2 =140 “m/s”

P2 =120 “kPa”

u2 = 1400 “kJ/kg”

v2 = 1.3 “m3/kg”
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Basic Thermodynamics: Software Solutions
Part Il

“Determine the Power capacity of the system in MW:”

| Law of Thermodynamics applied to Flow Processes

“Apply I Law to Open System: Energy going In = Energy going Out:”
(ul+ P1 *vl1) + (C122/2)/1000 + q = (u2 + P2 * v2) + (C2A2/2)/1000 + w “...where w is work done in

kJ/kg”
Work = w * mass_flow /1000 “MW”

Results:

Unit Settings: 51 C kPa kJ mass deq

C1 =220 [mfs] C2 =140 [m/s]

F1 =E00 [kPa) F2 =120 [kPa]

ul =2000 [kJiko) uz =1400 [kJko]
we =13 [m%’kg] wo= 6471 [kdfkg]
Thus:

Work done by turbine = 2.373 MW ... Ans.

Massmy = 3.667 [ka's]
q=-27.27 [kdfko]
w1 =036 [m¥fkg]

Wark = 2.373 [Mw]

(b) Plot the variation of Work as heat rejected q varies from 0 to -50 kJ/kg:

First, compute the Parametric Table:

i Parametrid lablé

Table 1 |
b b
4 Work
L [kJikg] [MW]
Run 1 0 2 473
Run 2 5 2 454
Run 3 A0 2 436
Run 4 45 2 418
Run & 20 2 399
Run 6 25 2 381
Run 7 30 2 363
| Runs 35 2 344
Run 9 40 2326 §
Run 10 45 2 308
Run 11 50 2 289
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Now, plot the results:

248 —
' Work vs heat rejected g for turbine

244

P
I

2.36

Work [MW]

232

s 40 30 20 -0 o0
q [kJ/kg]

Note: Negative sign for q only indicates that heat is being rejected from turbine. As the heat rejected

increases, work output from the turbine decreases.

“Prob.5.12. A turbine operating under steady flow conditions receives steam at the following state:
Pressure = 13.8 bar, sp. vol. = 0.143 m~3/kg, sp. int. energy = 2590 kJ/kg, Velocity = 30 m/s. The state
of steam leaving the turbine is: pressure = 0.35 bar, sp. vol. = 4.37 m"3/kg, sp. int. energy = 2360 kJ/kg,
velocity = 90 m/s. Heat is rejected to surroundings at the rate of 0.25 kW and the rate of steam flow through
the turbine is 0.38 kg/s. Calculate the power developed by the turbine. [VTU-BTD-June-July 2008:]”
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EES Solution:
“Data:”

mass_flow = 0.38 “kg/s”

q = - 0.25[kJ/s] / mass_flow “k]J/kg”
Cl =30 “m/s”

P1 = 1380 “kPa”

ul = 2590 “kJ/kg”

vl =0.143 “m3/kg”

C2 =90 “m/s”

P2 = 35 “kPa”

u2 = 2360 “kJ/kg”

v2 = 4.37 “m3/kg”

“Determine the Power capacity of the Turbine:”
“Apply I Law to Open System: Energy going In = Energy going Out:”

(ul+P1 * v1) + (C172/2)/1000 + q = (u2 + P2 * v2) + (C2/2/2)/1000 + w “.finds w, where w is work
done in kJ/kg”

Work = w * mass_flow “kW”

Results:

Unit Settings: 51 C kPa kJ mass deq

1 =30 [mis] C2 =130 [m/s] Massgy = 0.38 [kg/s]
F1 =1380 [kPa) P2 =35 [kPa) q=-06579 [kdkg]
ul=2590 [kdfkg] ug = 2360 [kfkg] w1 =10.143 [rndfko]
v2 = 4.37 [m3fkg] wo= 27071 [kdfkg] Wtark = T02.7 [ki]

Thus: Power developed by the turbine = 102.7 kW ... Ans.

“Prob.5.13. Air enters an adiabatic horizontal nozzle at 400 C with a velocity of 50 m/s. The inlet area is
240 cm/2. Temp of air at exit is 80 C. Given that the sp. vol. of air at the inlet and exit are respectively 0.2
mA3/kg and 1.02 m~3/kg, find the area of cross-section of the nozzle at the exit. Assume that enthalpy
of air is a function of temp only and that cp = 1.005 kJ/kg.K. [VTU-BTD-]July 2006:]”
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EES Solution:

“Data:”

T1 = 400+273 “K”

C1 =50 “m/s ... velocity at inlet”

Al = 240%107(-4)“m2 ... area at inlet”
T2 = 80+273 “K”

vl = 0.2 “m3/kg”

v2 =1.02 “m3/kg”

cp = 1.005 “kJ/kg.K”

q = 0 “..since adiabatic”

w = 0 “..since there is no work output in nozzle”

“Calculations:“

DELTAh = cp * (T2 - T1) “kJ/kg... change in enthalpy”
q - w = DELTAh + ((C272 - C1A2)/2) * 10~(-3) “.. First Law for Nozzle ...Finds Velocity at exit”
Al *Cl1/ vl =A2*C2/v2 “Finds A2, area at exit”

Results:

Unit Settings: 51 C kPa kJ mass deq

A1 =0.024 [m9] A2 =0007616 [md] C1 =50 [m/s]

C2 =8036 [m/s] cp=1.005 [kfkogk] Ab =-32106 [kdikg]
=0 [kdfkg] T1 =673 [K] T2 =353 [K]

w1 = 0.2 [m3fk] w2 =1.02 [m¥kg] w =0 [kdikg]

Thus: Area of cross-section of nozzle at exit = A2=76.16 cm/2 ... Ans.
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“Prob.5.14. At the inlet to a certain nozzle, the enthalpy of the fluid is 3025 kJ/kg and the velocity is 60
m/s. At the exit of the nozzle, the enthalpy is 2790 kJ/kg. The nozzle is horizontal and there is a heat loss
of 100 kJ/kg from it. Calculate the velocity of fluid at nozzle exit. Also find the mass flow rate of fluid if
inlet area is 0.1 mA2 and sp. vol. at inlet is 0.19 m/3/kg. [VTU-BTD-July-2007:]”

Fig.Prob.5.14

EES Solution:
“Data:”

h1 = 3025 “kj/kg”

C1 =60 “m/s”

h2 = 2790 “kJ/kg”

q = -100 “kJ/kg....heat loss from Nozzle”
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“Calculations:”

Al =0.1“m2”
vl = 0.19 “m3/kg....sp. vol. at inlet”
q-w=(h2 - hl) + ((C2A2 - C172)/2) * 10/(-3) “First Law for nozzle, neglecting PE .... finds C2”

w = 0 “No work done in Nozzle”

“Mass flow rate:”

mass_flow = A1 * C1/ vl “kg/s”

Results:

Unit Settings: 51 C kPa kJ mass deg

Al =01 [md C1 =60 [m/s] |2 =5231 [mys] h1=3025 [kl/kg]
h2 = 2790 [kl/kg] massjoy = 3158 [kgjs]|  g=-100 [kJjka] wl = 018 [m¥kg]
w =0 [kJikg]

Thus:

Exit velocity, C2 = 523.1 m/s ... Ans.

Mass flow rate = 31.58 kg/s ... Ans.

“Prob.5.15. An air receiver of volume 6 mA3 contains air at 15 bar and 40.5 C. A valve is opened and
some air is allowed to blow out to atmosphere. The pressure of air in the receiver drops rapidly to 12

bar and then the valve is closed. Calculate the mass of air blown out. [Ref. 4]”

EES Solution:

“Data:”

Voll = 6[m~3]

P1 = 15E05[Pa]

T1 = 40.5 + 273 [K]

P2 = 12E05[Pa]

R_air = 287(]J/kg-K]“...Gas const. for air”

gamma = 1.4 “..ratio of sp. heats for air”
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“Calculations:”

T2/T1 = (P2/P1)A ((gamma - 1) /gamma) “.for isentropic expn.... finds T2 (K)”
m_1 = (P1* Voll) / (R_air * T1) “ kg ... initial mass of air in the receiver”
m_2 = (P2 * Voll) / (R_air * T2) “ kg ... final mass of air in the receiver”

mass_blown = (m_1 - m_2) “kg ... mass blown out”

Results:

Unit Settings: 51 C kPa kJ mass deqg

v = 14 MB35 hlown = 14.74 [kg] my = 1od [kg]

mz = 85.29 [k F1 =1E00E+06 [Fa] F?2 =1.200E+06 [Fa]
Figi = 2687 [JkgK] T1 =335 [K] T2 =2941 [K]

Yall =6 [m7
Thus:

Final temp of air in the receiver = T2 = 294.1 K ... Ans.

Mass of air blown out = 14.74 kg ... Ans.
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English for 16 P
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(b) Plot the final temp and mass blown out as the P2 varies from 6 bar to 12 bar:

First, compute the Parametric Table:

E Parametric Table

Table 1 |
e — o -
> P2 T2 MasSpjgwn

e [Pa] [K] Ll [kg]
Run 1 600000 2413 48.04
Run 2 650000 2469 44 98
Run 3 700000 252 2 41.99
Run 4 750000 2672 39.06
Run 5 800000 262 36.18
Run 6 850000 2665 33.36
Run 7 900000 2709 30.68
Run 8 950000 2751 27.85
Run 9 1000000 2792 2515
Run 10 1.050E+06 2331 225
Run 11 1.100E+06 286.9 19 88
Run 12 1.150E+06 290.6 17.29
Run 13 1.200E+06 294 1 14.74

Now, plot the results:

300

T2 vs P2

290

P2 [Pa] x 10
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“Prob.5.16. A tank has a volume of 0.4 m~3 and is evacuated. Steam at a pressure of 1.4 MPa, 300 C is
flowing in a pipe and is connected to this tank. The valve is opened and the tank is filled with steam until
the pressure is 1.4 MPa, and then the valve is closed. If the process takes place adiabatically and K.E.
and PE. are negligible, determine the final temp of steam in the tank, and the amount filled in. [Ref.2]”

EES Solution:
“Data:”

Voll = 0.4 [mA3]

ml = 0 “..initial mass, since the tank is evacuated”

P_pipe = 1400[kPa]

T_pipe = 300[C]

h_pipe = Enthalpy(Steam_NBS,T=T_pipe,P=P_pipe)“kJ/kg .... note the use of built-in Function for
enthalpy of Steam in EES”

“Let the final temp of fluid after filling in in the tank be T2 deg.C”
“Then: h_pipe = u2 by First Law;”
u2 = IntEnergy(Steam_NBS,T=T2,P=P_pipe) “kJ/kg ... since tank is filled to a pressure of the steam

in the pipe”

Download free eBooks at bookboon.com



Basic Thermodynamics: Software Solutions
Part i | Law of Thermodynamics applied to Flow Processes

“Note the use of built-in Function for Int. energy of Steam in EES”

h_pipe = u2 “..finds T2”

v2 = Volume(Steam_NBS,T=T2,P=P_pipe)“m~3/kg .... sp. vol. of steam in tank”
mass = Vol1/v2 “kg ... mass filled in the tank”

Results:
Unit Settings: 51 C kPa kJ mass deq

hpipe = 3040 [kJ/kg] ml =0 [ko] mass = 1.697 [ko] Pripe= 1400 [kPa]
T2 =452 [C] Tpipe = 300 [C] U2 = 3040 [kJk] w2 = [.2357
Yol = 0.4 [m]

Thus:

Final temp of steam in tank = T2 = 452 deg.C.... Ans.

Amount of steam filled in the tank = 1.697 kg ... Ans.

DUKE
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“Prob.5.17. Let the tank in the previous example contain initially sat. vapour at 350 kPa. Now the valve
is opened and the tank is filled with steam until the pressure is 1.4 MPa, and then the valve is closed. If
the process takes place adiabatically and K.E. and P.E. are negligible, determine the final temp of steam
in the tank, and the amount filled in. [Ref.2]”

EES Solution:
“Data:”

Voll = 0.4 [mA3] “.volume of tank”

P1 = 350(kPa] “..Initial pressure of steam in tank”
x1 =1 “..sat. vapour”

P_pipe = 1400[kPa] “...pressure of steam in pipe”
T_pipe = 300[C] “...temp of steam in pipe”

“Calculations:”

ul = IntEnergy(Steam_NBS,x=x1,P=P1) “kJ/kg ...Int. energy of steam in the beginning”

vl = Volume(Steam_NBS,x=x1,P=P1) “mA3/kg .... sp. vol. of steam present initially in tank”

m1l = Voll / vl “..initial mass of steam in the tank “

h_pipe = Enthalpy(Steam_NBS,T=T_pipe,P=P_pipe) “kJ/kg ....enthalpy of steam in the pipe”

“Let the final mass in tank be m2, temp of fluid after filling in the tank be T2 deg.C”

“Then: (m2-m1)* h_pipe = (m2 * u2 - m1 * ul) ... by First Law;”

u2 = IntEnergy(Steam_NBS,T=T2,P=P_pipe) “kJ/kg ..int. energy of steam after the tank is filled to a

pressure of the steam in the pipe”

v2 = Volume(Steam_NBS, T=T2,P=P_pipe)“m~3/kg .... sp. vol. of steam in tank, after filling up”

m2 = Voll / v2 “kg..mass of steam in tank after filling”

(m2 - m1) * h_pipe = (m2 * u2 - m1 * ul) “...By First Law for filling process”

“Mass of steam flowing in to the tank:”

mass_to_tank = (m2 - m1) “kg”
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Results:

Unit Settings: 51 C kPa kJ mass deq

hpige = 3040 [kJfkg]

Massg tank = 1.264 [ka]

m1 = 0.763 [kg]
P1 =350 [kPa]

m2 = 2.027 [kg]
Ppipe= 1400 [KPa]

T2 =341.8 [C] Tpipe= 300 [C] ul = 2549 [kJfko]
uZ = 2855 [kdikg] w1 = 05243 [m3k] W2 =0.1973 [rm3kg]
Yall = 0.4 [m x1 =1

Thus:

Final temp of steam in tank = 341.8 deg. C ... Ans.

Mass of steam entering the tank = 1.264 kg ... Ans.

Prob.5.18. A balloon initially contains 65 m/3 of helium gas at atmospheric conditions of 100 kPa and
22 C. The balloon is connected by a valve to a large reservoir that supplies helium gas at 150 kPa and 25
C. Now the valve is opened, and helium is allowed to enter the balloon until pressure equilibrium with
the supply line is reached. The material of the balloon is such that its volume increases linearly with

pressure. If no heat transfer takes place during this process, determine the final temp in the balloon. [Ref:1]

T,=25°C
P, = 150 kPa

P, = 100 kPa

T, =22°C

Fig. Prob.5.18

We use eqn. (5.14):

- 3 I - &Y I - &Y I -
v - 1 { 7\-_.‘— 1 | v 1—

{ '\-_ I}
;hi_Tl_g'Zi_,'=Z :he——:—g-ZE;— myuy + : —g-Z:Il.—ml-:ul—

T Te% )|+ Wey

Qu:'r )

Jra—y
inlets exits

...... eq.(5.14)
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Here, we have: all K.E. and P.E. changes are negligible, Q_ = 0, use ‘h’ for gas flowing, and ‘v’ for gas

confined to the control volume. Work done is positive since the boundary of balloon is expanding.

EES Solution:
“Data:”

P1 = 100 “kPa”
T1 =22+273 “K”
Voll = 65 “mA3”

P2 =150 “kPa”

Vol2 = Voll * (p2/p1)“mA3 ... since volume is proprtional to pressure”

P3 = 150“kPa”
T3 = 25+273“K”
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“Calculations:”

Q+m_i*h3 =W + (m2*u2 - m1*ul) “First Law for this case of filling a control volume, see Eqn. 5.14”
h3=Enthalpy(Helium,T=T3,P=P3)“k]/kg”
ul=IntEnergy(Helium,T=T1,P=P1)“k]J/kg”
u2=IntEnergy(Helium,T=T2,P=P2)“k]J/kg”
m_i = m2 - m1“kg.... mass entering the c.v”’

vl=Volume(Helium,T=T1,P=P1)“.mA3/kg ... sp. vol. in state 1”
v2=Volume(Helium,T=T2,P=P2)“.mA3/kg ... sp. vol. in state 2”

m2 = Vol2/v2 “kg...mass in state 2”

ml = Voll/vl “kg...mass in state 17

W = ((P1 + P2)/2)*(Vol2-Vol1)“k]...work done by the c.v., since Vol is proportional to pressure”

Q=0 “...heat going into the c.v. is zero”

Solution:

Unit Settings: S1 K kPa kJ mass deq

hd =-0.2842 [kJfko] ml =106 [ko] m2 = 21.08 [kg]
rm; = 10.44 F1 =100 [kPa] P2 =180 [kPa]
P3 =180 [kPa] Q=0 [k T1 =285 [K]

T2 =3336 [K] T3 =288 [K] ul =-6281 [klfkg]
u2 =-508.9 [klfkg] w1 =6.131 [rako] w2 = 4622 [rmkg]
Woll =65 [ Wol2 = 875 [m] W = 4063 [kJ]
Thus:

Final temp, T2 = 333.6 K ... Ans.

Work done, W = 4063 k] ...Ans.
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(b) If the final pressure P2 varies from 120 to 150 kPa, plot the variation of T2 and W against P2:

First, compute the Parametric Table:

E Parametric Table

Table 1 ]
1 bl B b S 2
3 P2 T2 W
| o [kPa] K] [kJ]
Run 1 120 315 1430
Run 2 125 3189 1828
| Run 3 130 3224 2243
Run 4 135 3256 2673
Run 5 140 3285 3120
Run 6 145 3311 3583
Run 7 150 3336 4063
Now, plot the results:
335 E—
T2 vs P2
330
g 325
(']
|_
320
120 125 130 135 140 145 150
P2 (kPa)
145
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“Prob.5.19. A 100-L rigid tank contains carbon dioxide gas at 1 MPa, 300 K. A valve is cracked open,
and carbon dioxide escapes slowly until the tank pressure has dropped to 500 kPa. At this point, the
valve is closed. The gas remaining inside the tank may be assumed to have undergone a polytropic
expansion, with polytropic exponent n =1.15. Find the final mass inside and the heat transferred to the

tank during the process. [Ref:2]”

EES Solution:

“Data:”
P1 = 1000 “kPa”
T1 =300 “K”

Voll = 0.1 “mA3”
n = 1.15 “...polytropic index”

P2 =500 “kPa”
Vol2 = Vol1“mA3”

T2/T1 = (P2/P1)A((n - 1)/n)“[K]...finds temp after polytropic expansion, state 2”

“Calculations:”
“Note: Enthalpy of CO2 exiting goes on varying from state 1 to state 2.
So, we take the average value of enthalpy:”

h1=Enthalpy(CarbonDioxide,T=T1,P=P1)“k]/kg .... enthalpy in state 1”
h2=Enthalpy(CarbonDioxide, T=T2,P=P2)“k]/kg .... enthalpy in state 2”
h_avg = (hl + h2 )/ 2°kJ/kg ... average enthalpy of exiting CO2”

Q=m_e*h_avg + (m2 * u2 - m1* ul) + W “...First Law for this case of filling a control volume, see
Eqn. 5.14”

W = 0 “.no work done, since volume is const”
ul=IntEnergy(CarbonDioxide,T=T1,P=P1)“k]/kg....internal energy”
u2=IntEnergy(CarbonDioxide,T=T2,P=P2)“k]J/kg ... internal energy”
m_e = (ml - m2)“kg.... mass exiting the c.v’
vl=Volume(CarbonDioxide,T=T1,P=P1)“.mA3/kg ... sp. vol. in state 1”
v2=Volume(CarbonDioxide,T=T2,P=P2)“.mA3/kg ... sp. vol. in state 2”
m2 = Vol2/v2 “kg...mass in state 2”

ml = Voll/vl “kg...mass in state 17
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Results:

Unit Settings: 51 K kPa kJ mass deqg

hl=-7.942 [kJikg] h2 =-25.75 [klikg] havg =-16.85 [kJikg]
m1 =1.858 [kg] m2 =0.9993 [kg] me = 0.8587

n=1.15 F1 =1000 [kPa] P2 =500 [kPa]

0 = 2456 [kJ] T1 =300 [K] T2 =2741 [K]

ul =-61.76 [kdikg] u2 =-75.79 [kdikg] w1 = 005382 [rmfkg]
w2 = 01001 [m¥kg] Wall =01 [ Waol2 = 0.1 [m

Wy = [kJ]

Thus:

Q =24.56 kJ .... Heat transferred .... Ans.

m?2 = 0.9993 kg .... Final mass inside the tank ... Ans.

T2 = 274.1 K ...Final temp of gas inside the tank.... Ans.

(b) As the final pressure (P2) varies from 300 kPa to 600 kPa, plot the variation of T2, m2, and Q
with P2:

First, compute the Parametric Table:

E Parametric Table

Table 1 |
1 ]z ™= 4 [
3 P2 T2 m2 Q
il [kPa] [K] [kg] [k]
Run 1 300 266.4 0.6352 3218
Run 2 350 261.6 0.728 3067
Run 3 400 266.2 0.8195 28.72
Run 4 450 270.3 0.9099 26.71
Run & 500 2741 0.9993 2456
Run 6 550 275 1.088 22 31
T R A YA KL )
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Now, plot the results:
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53 Problems solved with The Expert System for Thermodynamics (TEST):
Nozzles and Diffusers:

Prob.5.20. Superheated vapour Ammonia enters an insulated nozzle at 20 C, 800 kPa, shown in Fig.
below, with a low velocity and at a steady rate of 0.01 kg/s. The Ammonia exits at 300 kPa with a velocity

of 450 m/s. Determine the temperature (or quality, if saturated) and the exit area of the nozzle. [Ref. 2]

Fig.Prob.5.20

TEST Solution:

1. Start TEST by going to www.thermofluids.net, enter the required e-mail address and

password and, we get the greeting screen. Locate the Daemons tab at the bottom of screen:

@.

Thess xpert S /..J! erm, for: THerm, Jel /ﬂ__rfﬂj —\
dB
d 1y - ‘ona\ Woce

Greetings Dr. Muliya, registered user since 2005!

. Login Message: You are now logged in using your personal license (valid untif Thu Dec 17

Mirror 1 2015). If you encounter any problem in accessing a resource, please wiite to us at
Mirror 2 - | support@thermaofiuids. net.
Mirror 3

thermofluids.net

— | As an educator, vou can now obtain a group license and distribute TEST accounts to your

b students, who can use TEST from anywhere, not just from within the campus. Please take a

| | fook at the key problems in the Problems module. If you assign seme of those as homework
(students, of course, cannot see the answers), TEST can manitor progress and generate

m homework report.

Videe Intro

¢- A[FRaI:m’ 10.06 | ;x| 0.67 |

Unit Converter

Mitiur 4

Tables & Charts

=l At
n-octane #

Deskrop Cale. AIR q r

ich | X
Dasmons, Property Tables Animations. Problems Tutorial Forum MyAccount M Version:10.505e
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2. Click on Daemons tab to get the Daemon tree to select the required Daemon:

Ijas;i:_'lloolfa System Analysis States & ?fr‘()pfﬁ!“i’l'ﬁ‘:ﬁ
I 1 1 ’—‘—‘ ] 1
Uniform Uniform
CIo;sed Dplen A Flow
[ l I l
Unsteady Process Steady State  Steady State Unsteady Process
: (cvcles) | |
Generic k‘-“fv Specific Generic Specific
|
l l l
Reciprocating Cvcles  HVAC/Psvchrometry Comb. & Equilibrium
l l [ 1
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
l !
Single-Flovws, Non-Mixing Multi-Flow Mixing Multi-Flow @
cht
[ I I 1
Vapor and Gas Refrigeration HVAC Gas Combustion
Power Cycles Cvcles Psvchrometry Dynamics & Equilibrium

The Wake
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152 Click on the ad to read more

Download free eBooks at bookboon.com


http://www.mandieselturbo.com

Basic Thermodynamics: Software Solutions

Partll

| Law of Thermodynamics applied to Flow Processes

3. Hover the mouse pointer over System Analysis - Open - Generic - Single Flow shown

above. We get the following description screen:

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

an open steady system

steady systems.

Single-Flow Steady Systems: Analyze

and a single exit. Examples include
turbines, compressors, pumps, nozzles,
diffusers, throttling valves, etc.

Chapters 4 and 6 deal with generic open

with a single inlet

We see from the description that this is the daemon to be used for calculations regarding turbines,

compressors, pumps, nozzles, diffusers, throttling valves etc. i.e. for most of this chapter, we will be

using this daemon.

4. Now, click on Single-Flow. A window appears where we have to choose the required

Material model. In the present case, we deal with vapour/liquid Ammonia; so, we choose PC

(i.e. Phase Change)

=B

model as shown below:

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-liguid sub-model, except for species with an asterisk (H20* as opposed to H20), which uses
compressed liquid table for better accuracy.

Launches the PC

Model ’ZO, R-12, NH3, R-134a, N2, CO3Z, etc., should be treated as PC fluids if thera is any

PC MUdE{ Generic, Single-Flow, Open-Steady Dasmon
14

T T ransition.

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

Pure Solid and Pure Liquid: Constant density and constant specific heats (¢, = ¢y = ) characterize the
solid/liquid (5L) madel. Beside a wide selection to choose from, a new solid or liquid can be created by
assigning custom material properties.

e
;;_:_;:i: working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed to
S - | maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed
Bt Made; with the SL model.
Examples: Liquid water is pumped steadily from a given inlet-state to a given exit-state with no possibility of
a phase change. For specific examples, click on the help icon at the bottom marain of the daemaon.
Pure Gas: A pure gas has a fixed chemical composition across space and time.
~ Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
;’p;c;ns‘i the simplest gas model which obeyes the ideal gas equation (pv = RT) and assumes
-l specific heats to be constant. In the 1G (ideal gas) model, specific heats are assumed
PG Model ~ i :
5"' ;goqj: to be fun;tlon of temperat.ure only. The RG (real gas) mo.d.el uses genere.all.zed
71 Y compressiblity charts and is useful for gases near the critical or super-critical
S (. RG Model conditions for which PC-model data are not avaiable.
L# "om
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5. On clicking PC model, we get the following screen, where we have chosen Ammonia
as the fluid. We have also filled up the data for State 1 as p1 = 800 kPa, T1 = 20 C and
mdotl = 0.01 kg/s. Vell = 0 by default. Click on Calculate and rest of the calculations for

state 1 are completed in the screen shot shown below:

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

% Mixed ¢ 51  English _=] ¥ Help Messages On Super—lteralel Super-Calculate | Super-nitialize

State Panel | Device Panel | Exergy Panel l /0 Panel I

| < |ostate1 v > | | calcutate No-Plots [ |Superheated Vapar -AmmOHia(NHE) v.

¥ p1 F. I o
I S | .
r ] Mo Velt Vo oz
phit psit ¥V mdoit
T en| - Y

I Voldot1

FooET s v

M1
(v ] RS ]

6. Similarly, choose State 2 and fill in the given data, i.e. p2 = 300 kPa, Vel2 = 450 m/s and
mdot2 = mdotl. Click on Calculate:

Move mouse over a variable to display its value with more pr
# Mixed ¢ SI ¢ English > v Help Messages On Super-iterate | Super-Calculate | Super-nitialize
State Panel | Device Panel | Exergy Panel | 110 Pane| |

BR[|

m2 | kglkmol v

Note that no new calculations are made since data is not enough; however, we will return to this State

after entering other data:
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7. Go to Device Panel and fill in the known data, i.e. Q = 0, Wdot_ext = 0 for a Nozzle, and
click on Calculate. We get:

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

% Mixed ¢ Sl ¢ English j [ Help Messages On Superterate | Super—{:alculatef w
State Panel | Device Panel | Exergy Panel | 0 Panel |
[Jomnia - SRRNEETRE N .- T

% Qdot ¥ Wdot ext CA I~ Sdot gen

CEET T o
Jdof_net S{k‘l’l‘_ﬂef

e — ST

8. Now, the important step: click on SuperCalculate to update all related States calculations.

We get:

# Mixed ¢ SI  English < = ¥ Help Messages On Super—ﬂeratel M
Siate Panel I Device Panel l Exergy Panel I 0 Panel
<[Deicenrra v > | istate: TR o sl v | Calcuate | iniialize |
¥ Qdot ¥ Wdot ext ¥ T8 ™ Sdot gen
Jdot_net Sdot_net-
e — C—)
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9. Now, go to State Panel and see States 1 and 2:

State 1:

Move mouse over a variable to displ

# Mixed ¢ 81  English < j ¥ Help Messages On Super-lterate Super-Calculate m Super-nitialize

State Panel I Device Panel Exergy Panel | 110 Panel |

H I 2 + - | Initialize -Superheated Vapor -Ammoma{NHE) v-.
¥ pt WooTt 1 ¥t
- | B Y| o | == —_
I out I~ w T M
_ uy __ g ———@

phit psit ¥ mdott

__ _;II kg | (rg | .~
r Voldot1 At M

B - S

State 2

-6 m"2 [Flow area]

# Mixed © S| © English < j ¥ Help Messages On Supawtefatel Super-Calculate | Super-nitialize

State Panel | Device Panel Exergy Panel |fQ Panel

H @State-2 v | Calculate No-Plots (s Initialize: -Salu{aled Mixture -Ammoms(NHB} v.
y2

h2 52 Vo Vel2 z2
______
o2 ¥ phi2 psi2 ¥ mdot?
R s ) o] s | R

] Voldet2 A M2

- | ) e ]

Thus: A2 = 8.5668935E-6 m/2 = 8.567 mm~2, T2 = -9.259 C, x2 = 0.94729......Ans.
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10.Draw the indicative T-s diagram after choosing the required plot from Plots tab:

T. K (1148, 545036 1

A446.0

145 .96

-1.72 s, KJ/Kg.K g.38

11. Now, go to the I/O panel and see the TEST code which can be used to regenerate the
calculations at a later date, and also other calculations such as property values at different

States etc:

B s o s i OUTPUT OF SUPER-CALCULATE (starts from your inputs)
OPERATION (for further iteration use SUPER-ITERATE)~~r~~~~mmmmmmmmmmmmm i

oot ANALYST: Dr. Muliya; TEST License: Professional ¥+
# Solution logged at: Dec 20, 2013 9:43:40 PM
#rooeATEST-code: To save the solution, copy the codes generated below into a text file. To reproduce

the solution at a later time, launch the daemon (see path name below), paste the saved TEST-code at

the bottom of this I/O panel, and click the Load button.
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Part Il | Law of Thermodynamics applied to Flow Processes
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PC-Model; v-10.bb06

# Start of TEST-code

States {

State-1: Ammonia(NH3);

Given: { pl= 800.0 kPa; T1= 20.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; mdotl= 0.01 kg/s; }
State-2: Ammonia(NH3);

Given: { p2= 300.0 kPa; Vel2= 450.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }

}

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; }
}

# End of TEST-code
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#oeeerDETAILED OUTPUT:

# Evaluated States:

# State-1: Ammonia(NH3) > Superheated Vapor;

# Given: pl= 800.0 kPa; T1= 20.0 deg-C; Vell= 0.0 m/s;

# z1= 0.0 m; mdotl= 0.01 kg/s;

# Calculated: v1= 0.1614 m~3/kg; ul= 1335.6714 kJ/kg; h1= 1464.7263 k]/kg;
# s1=5.1321 kJ/kg K; el= 1335.6714 kJ/kg; j1= 1464.7263 k/kg;

# Voldot1l= 0.0016 mA3/s; Al= 161.4154 m/2; MM1= 17.031 kg/kmol;
# State-2: Ammonia(NH3) > Saturated Mixture;

# Given: p2= 300.0 kPa; Vel2= 450.0 m/s; z2= 0.0 m;

# mdot2= “mdot1” kg/s;

# Calculated: T2=-9.2592 deg-C; x2= 0.9473 fraction; y2= 0.9998 fraction;

# v2=0.3855 m~3/kg; u2=1248.0526 kJ/kg; h2= 1363.4763 kJ/kg;

# s2=5.1985 kJ/kg K; e2= 1349.3026 kJ/kg; j2= 1464.7263 kj/kg;

# Voldot2= 0.0039 m~3/s; A2= 0.0 m”2; MM2= 17.031 kg/kmol;
Homommeo- Property spreadsheet starts: The following property table can be copied onto a spreadsheet (such

as Excel) for further analysis or plots. ---------------

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#01 800.0 293.2 0.1614 1335.67 1464.73 5.132
#02 300.0 263.9 0.9 0.3855 1248.05 1363.48 5.199

# 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: Sdot_gen=“6.64382E-4” kW/K; Jdot_net= 0.0 kW; Sdot_net= “-6.64382E- 4" kW/K;

Note: In the above calculations, j=h + VA2/2 + g.Z,and e =u + VA2/2 + g.Z
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(b) If the exit pressure varies from 100 to 500 kPa, mass flow rate remaining constant at 0.01 kg/s,
plot the variation of T2 and A2 with p2:

The procedure is quite simple:

Go to State 2, change the pressure p2 to desired value and click Calculate, then click SuperCalculate.
All values are updated.

Do this for all desired values of p2 and separately tabulate p2, T2 and A2:

P2 (kPa) T2 (K) A2 (mmA2)
100 239.5 24.74

200 254.3 12.68

300 263.9 8.567

400 271.2 6.472

500 277.3 5.2045

Now, we can copy these values to EXCEL and draw the graphs:

T2 vs P2 for Nozzle

280 ~

275 -

240 -

235 T T T T T 1
0 100 200 300 400 500 600

P2 (kPa)
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A2 vs P2 for Nozzle
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Prob.5.21. A Diffuser shown in fig. has air entering at 100 kPa, 300 K, with a velocity of 200 m/s. The
inlet cross-sectional area of the diffuser is 100 mmA2. At the exit, the area is 860 mm~2, and the velocity

is 20 m/s. Determine the exit pressure and temp of air. [Ref. 2]:

Alr =

Fig.Prob.5.21

TEST Solution:

1. Go to the Daemon tree and locate System Analysis — Open — Generic - Single Flow:

|
I | |
Basic Tools System Analysis States & Properties

[ l l

Uniform Uniform

Closed

; Oplen System Flow
| | I l
Unsteady Process Steady State Steady State Unsteady Process
| | (cvcles) | |
Spedcific Generic Specific

Generic @
e |

[ I l
Reciprocating Cvcles  HVAC/Psychromelry Comb. & Equilibrium

1 I i l
Uniform
Svstem

Semi-Mixing
Non-Uniform

Mixing
Non-Uniform

Non-Mixing
Non-Uniform

l I
Non-Mixing Multi-Flow Mixing Multi-Flow

o

I

I

I

l
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2. Select the Perfect Gas (PG) Model (cp = const.) for Material model, since air is the
working substance:
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

s compressed-liquid sub-model, except for species with an asterisk (H20* as opposed to H20), which uses
compressed liquid table for better accuracy.
PC Model Working fluids such as H2O, R-12, NH3, R-134a, N2, COZ2, 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 (¢, = ¢, = c) characterize the
solid/liquid (SL) model. Beside a wide selection to choose from, a new solid or liquid can be created by
assigning custom material properties.

Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc.,, which can be assumed to
maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed

BiMogel 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 daeman.
Pure Gas: A pure gas has a fixed chemical composition across space and time.
~ Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
. : ; :
cp the simplest gas model which obevyes the ideal gas equation (pv = RT) and assumes
Pé % d“ Launches the PG Model ttats to be constant. In the IG (ideal gas) model, specific heats are assumed
2°%| Generic, Single-Flow, Open-Steady Daemon [+ion of temperature only. The RG (real gas) model uses generalized
[ P T W : 2 5
(3 SR compressiblity charts and is useful for gases near the critical or super-critical

EXPERIENCE THE POW
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RUN FASTER.
RUN LONGER..
RUN EASIER

163 Click on the ad to read more

Download free eBooks at bookboon.com



http://s.bookboon.com/Gaiteye

Basic Thermodynamics: Software Solutions
Part i | Law of Thermodynamics applied to Flow Processes

3. We get the following screen after clicking on PG model. Now, choose Air as the Working
substance from the drop down menu. Then, enter known values of P1, T1, Vell and A1l for
State 1. Click on Calculate. We get:

Generic, Open Steady, Single-Flow, Daemon: PG Madel
thermofluids.net > Daemons > Systems > Open > Steady > Generic > SingleFlow >

B B o @

|ue with more precision

=| ¥ HelpMessagesOn  Super-fterate super-Caicuate [Jll Loaa Sl Superinitiaze |

State Panel | Device Panel | Exeray Pane] | lio Panel |

# Mixed S| ¢ English

Note that mass flow rate is calculated as mdot1 = 0.02323 kg/s.

4. Now, go to State 2, and enter A2, Vel2 and mdot2 (= mdotl). Click on Calculate. We get:

&Mixed S TEnglish  <[Cased v|>| [ Help on

State Panel | Device Panel |

m ‘:‘u;:ier—rru'ﬁah;LE.-_=

Iig Panel |

MNo-Plots »

I o 2 ul o

I kPz. v i kdikg v l likg v

I M Vel2 el 1 EE

| lomgx | GO - ] _I_I I lrg v I 2
ohi2 psi2 V¥ mdof2 Voldot2 A2

|- ) | s

R2 k2

2
B

klikg K v

5. Go to Device Panel, enter b-state and f-state as State 1 and State 2 respectively as shown.
Also, enter Qdot = 0 and Wdot_ext = 0, since heat transfer and work transfer for diffuser are

zero. Click on Calculate. We get:

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

& Mixed Sl ( English elcaseo v = ¥ Help Messages On Super—lteratel Super-Caiculate Supernitialize
Stale Panel | Device Panel I Exergy Panel | 110 Fanel |
< | Device-n [1-21 vl s - [state v|  |state2  |w m  Initialize
¥ Qdot ¥ Wdot ext Sdot_gen
[ [ [ _I—II x .
Jdot_net Sdot_net
e — [ —
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6. Now, click on SuperCalculte. We get:

@ Mixed © S|  English < j ¥ Help Messages On Super—neratel Super-nitialize
State Pans | Device Panel | Exergy Pansl | lio Pane |
< | Device-a11-21 e istote. ERTEEN| =~ [stae2 v i caicuiate | Iniialize
¥ Qdot ¥ Wdotext ¥ TB e
el Sdot_net
e —(C—

7. Now, go back to States panel:

And, observe States 1 and 2:

State 1:
Move mouse variable to dis| s value with more precision
 Mixed Sl { English M ¥ Help Messages On Supe!—ueratel m Super-nitialize |
State Panel Device Panel | Exeray Panel | 1 Panel

e - N

___: __ _IE _

¥ Velt
_m | [ __ __ __
phit psit ™ mdott ™ Voldot!
I [kimg o] LA | v S | L _—

MMt R1 c pl & vl

State 2

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

@ Mixed ¢ SI ¢ English < ﬂ ¥ Help Messages On Super—neratel Super-Calculate | m Super-Inifiaize |

State Panel | Dievice Panel | Esergy Panel | O Panel |

Calculate No-Plots

M Vel2 Vg2

phi2 psi2 v I Voldoi2 VA2
| e e e

hdhd2 R2 ¢ p2 c v2 k2

Thus: Exit pressure, p2 = 123.93 kPa, exit temp, T2 = 319.73 K ... Ans.
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8. Draw the indicative T-s diagram from the Plot tag, after choosing T-s plot:

T. K (7.957, 365.437 )

381.7

270.0

6.2 5. kJ/kg.K 7.528
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9. SuperCalculate also produces TEST code and the detailed property output etc. in the I/O

panel. Part of the output is shown below:

e TR R OUTPUT OF SUPER-CALCULATE :
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PG-Model; v-10.bb05
B Start of TEST-code -------===mmm oo
States {
State-1: Air;
Given: { pl= 100.0 kPa; T1= 300.0 K; Vell= 200.0 m/s; z1= 0.0 m; Al= 100.0 mmA2; }
State-2: Air;
Given: { Vel2= 20.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; A2= 860.0 mmA2; }
}
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; }

#oXDETAILED OUTPUT:
# Evaluated States:
# State-1: Air > PG-Model;

Given: pl= 100.0 kPa; T1= 300.0 K; Vell= 200.0 m/s;
z1= 0.0 m; A1=100.0 mmA~2;

Calculated: v1= 0.861 m~3/kg; ul= -84.2395 kJ/kg; h1= 1.8565 kJ/kg;
s1= 6.8929 kJ/kg K; el= -64.2395 kJ/kg; j1= 21.8565 kj/kg;
mdotl= 0.0232 kg/s; Voldotl= 0.02 m~3/s; 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: Vel2= 20.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s;
A2=860.0 mm~2;

Calculated: p2=123.9268 kPa; T2= 319.7311 K; v2= 0.7404 m~3/kg;
u2= -70.102 kJ/kg; h2= 21.6565 kj/kg; s2= 6.8952 kj/kg.K;
e2=-69.902 kJ/kg; j2= 21.8565 kJ/kg; Voldot2= 0.0172 m~3/s;
MM2= 28.97 kg/kmol; R2= 0.287 kJ/kg.K; c_p2= 1.0035 k]/kg.K;
c_v2=0.7165 kJ/kg.K; k2= 1.4005 UnitLess;

HOoH O H OB OB OB OB OH OH OB OB OH O B W
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Homommeee Property spreadsheet:

# State p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
1 100.0 300.0 0.861 -84.24 1.86 6.893
2 123.93 319.7 0.7404 -70.1 21.66 6.895
oo Property spreadsheet ends----------=-----omoommmmm
# 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: Sdot_gen=“5.472404E-5” kW/K;Jdot_net=0.0 kW; Sdot_net=“-5.472404E-
5” kW/K;

(b) As A1 varies from 50 to 300 mmA"2, plot the variation of mdot, p2 and T2, other quantities

remaining unchanged:

The procedure is as follows

Go to State 1, change the pressure Al to desired value and click Calculate (or, hit Enter), then click

SuperCalculate. All values are updated.

Do this for all desired values of Aland separately tabulate A1, mdot, p2, and T2:

A1 (mmA2) mdot (kg/s) P2 (kPa) T2 (K)
50 0.01161 61.96 319.73

100 0.02323 123.93 319.73
150 0.03484 185.89 319.73

200 0.04646 247.85 319.73
250 0.05807 309.82 319.73
300 0.06969 371.78 319.73

Note that T2 does not change; but, mdot and P2 vary with A2.

Download free eBooks at bookboon.com



Basic Thermodynamics: Software Solutions
Partli | Law of Thermodynamics applied to Flow Processes

Now, plot these results in EXCEL:

mdot vs Al for Diffuser
0.08 -
0.07 -
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mdot (kg/s)
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P2 vs A1l for Diffuser
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Prob.5.22. Carbon dioxide enters an adiabatic nozzle steadily at 1 MPa, 500 C with a mass flow rate of
6000 kg/h and leaves at 100 kPa and 450 m/s. The inlet area of the nozzle is 40 cm/2. Determine (a)
the inlet velocity, and (b) the exit temperature. [Ref. 1]:

\
/

%
H |
_l,

Wq__

Fig.Prob.5.22

170

Download free eBooks at bookboon.com



Basic Thermodynamics: Software Solutions

Partll

TEST Solution:

| Law of Thermodynamics applied to Flow Processes

1. Go to Daemon tree, choose System Analysis - Open — Generic - Single Flow as shown below:

Basic Tools

|
| | I
System Analysis States & Properties

[ l l
Uniform Uniform
Clolsed Oplen System Flow
| 1 I l
Unsteady Process Steady State Steady State Unsteady Process
i | {cvcles) | |
Generic “%, Specific Generic Specific
|
[ I l
Reciprocating Cvcles  HVAC/Psychrometry Comb. & Equilibrium
I I I ]
Uniferm Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
[ I

Single-Flo Q?

Vapor and Gas
Power Cycles

Non-Mixing Multi-Flow Mixing Multi-Flow

®

I I I 1
Refrigeration HVAC Gas Combustion
Cycles Psychrometry Dynamics & Equilibrium

2. On clicking Single Flow, we are led to Material model:

Pure Solid and Pure Liquid: Constant density and constant specific heats (cp =, = c) characterize the
solid/liquid (SL) model. Beside a wide selection to choose from, a3 new solid or liquid can be created by
assigning custom material properties.

- aieeind Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed

_{)_:_FE to maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be

SL Model analyzed 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.

Pure Gas: A pure gas has a fixed chemical composition across space and time.
=, Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model
cp;cam is the simplest gas model which obeyes the ideal gas equation (pv = 8T) and
T assumes specific heats to be constant. In the 15 (ideal gas) model, specific heats

PG Mode : 5
iﬂ‘; f'zﬁj.' ars assumed to be function of temperature only. The RG (real gas) model uses
A Sy ] generalized compressiblity charts and is useful for gases near the critical or
= .,", RG Model super-critical conditions for which PC-model data are not avaiable.
e Launches the IG Model s: Helium expands steadily in a nozzle from an infet-state to an exit-state
G M Generic, Single-Flow, Open-Steady Daemon T g . .
Q o possibility of phase change. For specific examples, click on the help icon at
H the bottom margin of the daemon.
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3. Choose Ideal Gas (IG) model and select CO2 as the working fluid. In IG Model, sp. heat
is taken as a function of temp. Enter the data given for State 1, i.e. P1, T1, Al and mdotl;
click on Calculate (or, hit Enter). We get:

Generic, Open Steady, Single-Flow, Daemon: IG Model
thermofluids.net > Daemons > Systems > Open > Steady > Generic > SingleFlow >

?Hcmeof
TEST

value with more precision.

™

% Mixed © Sl ( English il |¥ Help Messages On Super—ltefalel

State Panel | Device Panel |

m Supernitialize

Exergy Panel | 10 Panel

FormatonEnrler. #

¥V p1 V T [T thot o [ G
I - | EO -~ B s | A )
I ht | r vet TR | e
P s | B x| o -~ s
" ohit psit ¥ mdott I~ Voldott
o | e B | Y

VAt

M1 R1 T S
O - G oo R o) e

Note that Vell is calculated as Vell = 60.86 m/s.... Ans.
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Partll

| Law of Thermodynamics applied to Flow Processes

4. Enter data known for State 2, i.e. P2, Vel2 and mdot2 = mdotl1. Hit Enter. We get:

Move mouse over avariable to display i ue with more pri

& Mixed ( S ¢ English > ¥ Help Messages On Super-iterate Super-Calculate m Super-nitialize

State Panel I Device Panel | Exergy Panel | 110 Panel

. No-Plots 1w i Formation Enthalpy:

T2 | rho2 row

¥ p2 i |
N ] doc v ko3 v mang v kdikg v

)i h2 H 82 v Vel2

[ i "
I kmg ] lwsox | O~ -~ lme v
g2 phi2 psi2 ¥ mdot2 I Voldot?
[ kg v kg || kdikg v | RGN = vl mass v
o AZ .

cp2

-
kg K v | Kdikg K v

5. Go to Device Panel. Enter State 1 for b-state, State 2 for f-state, and Qdot = 0, Wdot_ext = 0.
Click on Calculate. We get:

Move mouse over : able to ue with more pr
 Mixed ¢ SI ¢ English _a_l ¥ Help Messages On Superlterate Super-Calculate | m Super-nitialize
State Panel | Device Panel | Exergy Panel I 110 Panel

T L | EZm e
V' Qdot W Wdot_ext I 1B ™ Sdot gen
e — - — (e L —

Jdot_net Sdot_net

[ T LS

6. Now, click on SuperCalculate. We get:

Sdot_gen = 0.4 [Entropy generation rate inside the boundary]
~ Mixed  §I { English ﬂ ¥ Help Messages On Super-terate l m
State Panel l Device Panel | Exergy Panel l 1/0 Panel
<[oewerrra — v[>| it |
i3 Qdot 1 Widot_ext I3 B I Sdot_gen
Jdot_net
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7. Go back to States Panel: We get:

State 1:

Move mo avariable to display i

 Mixed  SI { English < = | ¥ Help Messages On Super-iterate Super-Calculate m

State Panel | Device Panel | Exergy Fanel | 110 Panel

__ __— i ___ T

ht 51 ] Velt
r phit psit ¥ mdott I~ Voldott
s e v | — | . —-
=

cipl

v At it R1
- e

And, State 2

Move mouse over a variable to displz value with more precision

“ Mixed ¢ SI  English < ﬂ ¥ Help Messages On S1mer4terate| Super-Calculate

State Panel | Device Panel | Exergy Panel | 110 Panel

_- __ —m————
I h2

_— kg __ __ __
w2 phi2 Voldot2

r

c p2

A2 M2 R2
R - | s ) R

Thus: Inlet velocity, Vell = 60.86 m/s, exit temp, T2 = 412.76 C ... ans.
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8. Plot the indicative T-s diagram:

T. K [ 5.792, 925984
Be047
1
2
617.32
4.84 s, kJ/kg.K 5.24

<

. N i
¥ 4 A !"

T WANT TO CHANGE DIRECTION,

ND THE WORLD,

|

GOT-THE-ENERGY-TO-LEAD.COM

We believe that energy suppliers should be renewable, too. We are therefore looking for enthusiastic
new colleagues with plenty of ideas who want to join RWE in changing the world. Visit us online to find
out what we are offering and how we are working together to ensure the energy of the future.

RWE
he energy to lead

—
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9. The I/O panel gives TEST code and other details. Part of it is shown below:

B it s s s o s o o it e OUTPUT OF SUPER-CALCULATE :
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>1G-Model; v-10.bb05
fommm s Start of TEST-code --------mmmmmmm oo
States {
State-1: CO2;
Given: { pl= 1000.0 kPa; T1= 500.0 deg-C; z1= 0.0 m; mdotl= “6000/3600” kg/s; Al= 40.0
cmA2; }
State-2: CO2;
Given: { p2= 100.0 kPa; Vel2= 450.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
}
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; }

}
Fommmm s End of TEST-code ~=-------mmmmm oo oo
#ommomee- Property spreadsheet starts: #
# State  p(kPa) T(K) v(m~3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
# 1 1000.0 773.2  0.1461 -8600.73 -8454.67 5.379
# 2 100.0 685.9 1.2958 -8683.64 -8554.07 5.677
R Property spreadsheet ends------------- oo oo

# 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: Sdot_gen= 0.49769834 kW/K; Jdot_net= “-2.1262167E-5" kW; Sdot_net=
-0.49769834 kW/K;
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| Law of Thermodynamics applied to Flow Processes
Prob.5.23. Refrigerant 134a at 700 kPa and 120 C enters an adiabatic nozzle with a velocity of 20
m/s and leaves at 400 kPa and 30 C. Determine (a) the exit velocity, and (b) ratio of inlet to exit area,

A1/A2. [Ref. 1]

TEST Solution:

1. In the Daemons tree, select System Analysis — Open — Generic - Single Flow as

shown below:

|
I I I
Basic:l'r'uuls System Analysis States & Fl’roperties
[ l l i .I 'I‘
) k niform Uniform
CIO?Ed Dplen System Flow
I l I ]
Unsteady Process Steady State Steady State Unsteady Process
I (cvcles) I |
Generic st];r; Spedcific Generic Specific
|
l I I
Reciprocating Cvcles  HVAC/Psyciwometry Comb. & Equilibriuem
i I l 1
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
[ I
‘? Non-Mixing Multi-Flow Mixing Multi-Flow @
o I [ [ |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psyvchrometry Dynarics & Equilibrium
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2. For Material model, choose Phase Change (PC) model, since R134a is the working fluid:

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

g compressed-liquid sub-model, except for species with an asterisk (H20* as opposed to H20), which uses
compressed liquid table for better accuracy.
Launches the PC Model = it PP g -
PC MOd‘-{Generic, it o, DR ready Daaman Eﬁ{tinlz' MH3, R-1343, N2, C02, etc., should be treated as PC fluids if there is any
oSO o e 5

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 dasmon.

Pure Solid and Pure Liquid: Constant density and constant specific heats (¢, = ¢, = ¢} 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.

m o
i(_,_:_é Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed to
e - | maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed
oL Moded with the SL model.
Examples: Liguid water is pumped steadily from a given inlet-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.
Pure Gas: A pure gas has a fixed chemical composition across space and time.
- Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
Zp':cang? the simplest gas model which ocbeyes the ideal gas equation (pv = RT) and assumes
Lo W specific heats to be constant. In the 1G {ideal gas) model, specific heats are assumed
PG Model X i :
Seaent to be function of temperature only. The RG (real gas) model uses generalized
Evg?,‘:‘,n“i{ compressiblity charts and is useful for gases near the critical or super-critical
= (_ RG Model conditions for which PC-madel data are not avaiable.
et
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3. In the Window that appears, select the R134a as the substance and enter the data for State 1,
i.e. P1. T1 and Vell, and click Calculate (or, hit Enter). We get:

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

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

Bl =5 o & e

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

& Mixed ¢ SI ¢ English < |Cased (v > ¥ Help Messages On Superterate Super-initialize

Exergy Panel | 1i0 Panel J

Initialize -Superheated Vapor - R-1343 v .

State Panel | Device Panel

E yt
T [frection v ||
r ht r st ¥ ven Vo
e G e D e | O - GO - Y
Lt phit psit " mdott

T R | o | B

™ Voldot? o

. i / [T
| o we | BB e ]

4. Similarly, fill in data for State 2, press Enter:

Move mouse over

# Mixed ¢ SI ¢ English ﬂ ¥ Help Messages On Super—neratel Super-Calculate | m

State Panel | Device Panel Exergy Panel I 1O Panel

@Stata—z v > Ca\cu\ate- MNo-Flots Initialize -SuDemeatedVapor -R—‘ISAE v.

¥ p2 v T2 i oy
e =)

w2
klikg v

=
[

I8 h2 I Sed P Vei2 V. oz

I - .

psi2 V¥ mdot?

kg v i:mdon kgls “

5. Go to Device Panel, enter Qdot = 0, Wdot_ext = 0; press Enter:

Move mouse over a variable {o display its value with more precis

@ Mixed ¢ S| ( English = ¥ Help Messages On Super—lteratel Super-Calculate | Super-nitialize |

State Panel | Device Panel | Exeray Pane | lic Pans|
<[osveeara v[-] O s o]  coicusac | iz |
¥ Qdot M Wdot ext ¥ 1B I Sdot gen
e —n e —" TR
Jolot_net Sdot_net
| P | s v
State-Null:

Single-Flow Steady Device - A

: e It indicates that

Mass: M=l il a port is closed.

Energy: O:m(l__jg)+Q_W’m
e

jm i
Entropy: O=rils, — s, )+2+ S
B

WinHip:
Work in negative
Heat in positive
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6. Click on SuperCalculate. Go to States Panel:

State 2:

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

~ Mixed  SI (" English =1@Ca5e—0 v_>_! ¥ Help Messages On Super-terate | Super-Calculate | m

Super-nitialize |

State Panel J Dievice Panel J Exergy Panel I 1 Pane
i ~l Initialize .Superhealed\-’apur -R—‘I34a v.
roy2 m
[Fcton v (eecion ™ | R~~~
fel W 22
e ] ]
M2 ohi2 ird mdot2
:\»;Jrkg - 1358_0698 | kiikg v ] | kg v ] | kirkg v”:mdot‘l ks v
B A2 M2
[ | m2  v|[0208 [
Thus: Exit velocity = Vel2 = 409.53 m/s ... Ans.
7. Use the I/O panel to calculate A1/A2:
We have: thol * A1 * Vell = rho2 * A2 * Vel2.... By mass balance
ie. (A1/A2) = (1/v2)*Vel2/(Vell * (1/v1))
i.e. (A1/A2) =15.578 .... Ans.
8. Also, from I/O panel, copy the TEST code etc:
Frmmmm v OUTPUT OF SUPER-CALCULATE
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PC-Model; v-10.bb06
Fommmm - Start of TEST-code ~-----==mmmmm oo
States {

State-1: R-134a;

Given: { pl= 700.0 kPa; T1= 120.0 deg-C; Vell= 20.0 m/s; z1= 0.0 m; }
State-2: R-134a;

Given: { p2= 400.0 kPa; T2= 30.0 deg-C; z2= 0.0 m; mdot2= “mdot1” kg/s; }
}

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; }
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s Property spreadsheet starts:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#01 700.0 393.2 0.0433 327.57 357.89 1.189

#02 400.0 303.2 0.0569 251.46 274.23 0.99

# 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;

#0*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-h1);,
‘= sqrt(4*A1/PI)) etc.) and press the Enter key)*++xt*

#(A1/A2) = (1/v2)*Vel2/(Vell * (1/v1))

(1/v2)*Vel2/(Vell * (1/v1)) = 15.578052777777797

By 2020, wind could provide one-tenth of our planet’s
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
ication. We help make it more economical to create

Therefore we'need the best employees who can

eet this challenge!
Tr?f Power of Knowledge Engineering

_

o

Plug into The Power of Knowle‘ngineering.
Visit us at www.skf.com/kn0w1ec_l"g_!§#
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Prob.5.24. Air at 80 kPa, 27 C, and 220 m/s enters a Diffuser at a rate of 2.5 kg/s and leaves at 42 C.
The exit area of the diffuser is 400 cm~2. The air is estimated to lose heat at a rate of 18 kJ/s during this

process. Determine: (a) the exit velocity, and (b) the exit pressure. [Ref. 1]

TEST Solution:

1. Go to Daemon tree, choose System Analysis - Open — Generic - Single Flow as shown below:

Alr =

Fig.Prob.5.

24

Basic Tools

|
l l

|
System Analysis

|
States & I?roperties

I l

Generic @
T

Uniform Uniform
CIO?Ed Dplen Svstem Flow
| l [ l
Unsteady Process Steady State Steady State Unsteady Process
I | (cycles) I |
Specific Generic Specific

l

Reciprocating Cycles

HVAC,/Psychrometry

I

Comb. & Equilibrium

l

I

I

i

l

Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
I i
) Non-Mixing Multi-Flow Mixing Multi-Flow @
|
" [ [ [ |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psvclwometry Dynamics & Equilibrium
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2. For Material model, choose Ideal Gas (IG) model, where cp is taken as a function of temp.

(PG model also will give almost the same results):

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 (cp = ¢, = €) 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.

Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed
to maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be
SL Model analyzed with the SL model.

Examples: Liquid water is pumped steadily from a given inlet-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.
Pure Gas: A pure gas has a fixed chemical composition across space and time.
- Oxyagen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model
g,,”=c5nsl~ is the simplest gas model which obeyes the ideal gas equation (pv = RT) and
¥ ¥ assumes specific heats to be constant. In the IG (ideal gas) model, specific heats
PG Model o o i
5; —"ER'?'" are assumed to befurjctlon of temoergture only. The RG (real gas) quel uses
5 adal generalized compressiblity charts and is useful for gases near the critical or
.‘":- ‘.’. RG Model super-critical conditions for which PC-model data are not avaiable.

v
£ jEael-lnr;:r:l:essﬁzz\Ie(?FI\\l‘:vdall}pen-Steady Becion ‘wp\es: Helium expands steadily in a nozzle from an infet-state to an exit-state
1G - -

” ” Wit no possibility of phase change. For specific examples, click on the help icon at

tha hattam marain of tha dasman

3. Choose Air as the working substance. Enter given data of P1, T1, Vell, and mdot1 for State
1. Click Enter:

Generic, Open Steady, Single-Flow, Daemon: IG Model
thermofiuids.net > Daemons > Systems > Open > Steady > Generic > SingleFlow > IG-Model

B &5 = & EX

Move mouse ove alue with more precision
 Mixed ¢ Sl ¢ English .i] v Help Messages On Super-lterate I Super-Calculate | Supernitialize
State Panel | Device Panel I Exergy Panel | 110 Panel

Vo Velt

i oy

psit v mdott | Voldat1
I Eeng

kifkg K v

kg K ~

Note that in addition to properties such as ul, hl, s1, volume flow rate Voldotl and inlet area Al are

also calculated.
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4. Similarly, enter data for State 2, i.e. T2, A2 and mdot2, and click Enter:

Move mouse over a variable to displ s value with more precision
# Mixed ( Sl ¢ English < ‘>_] ¥ Help Messages On Super—\terate! quer{:alculate_: m
State Panel | Device Panel | Exergy Panel | 110 Parel
[ Jesaez v > [N eris ~ I nare [
o Fi 2 " o2 I a2 I
e s | wits v [
H h2 I 52 o Vel2 I3 z2 J i e?
flos ]| wwgk V| ms /-~ Eos
e phi2 psi2 ¥ mdot2 I~ Voldot2
| | o] oo ) G > | s
R2 [~ S

I A2 M2
B - B

|CETIEY)

kd/kg.K v

5. Go to Devices Panel, enter Qdot = -18 kW (negative sign since heat is leaving the system),

Wdot_ext = 0. And for i-State = State 1, b-state = State 2. Click Calculate (or, hit Enter):

Sdot_gen = KWK [Entropy generation rate inside the boundary]

& Mixed Sl ( English j ¥ Help Messages On Super-terate i Super-Calculate | Super-nitialize |

State Panel I Device Panel | Exergy Panel | !0 Panel
< ’ Device-A[1-2] ~ :] State-1 v State-2 v m Initialize
. Qdot ¥ Wdot ext o " Sdot gen
O I EE - | o>
Jdot _net Sdet_net

[i8a- (X ~| e v
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6. Now, click on SuperCalculate:

Go to State-1 and 2:

State 1:

variable to display its value with more precisi

~ Mixed ¢ 51  English < ﬂ ¥ Help Messages On SupeMeTatel Super-nitialize
State Panel | Device Panel | Exergy Panel | {0 Panel

Calculate

k1 51 ¥ Velt Vo ozt

T phit psit V¥ mdott i | Voldot1

pEzse T e ] g ] g | - | EESTANN:  ]

I At i Rt y c pt

7 S TR |~ s TR TR . S PTI

State 2:
rho2 = 1.0069549 ka/m"3 [Density]
FMixed si CEngish _-J © Hopessages on _ Supatert o]

State Panel Device Panel | Exergy Fanel | 13 Panel

T

W e v2 I w2
iGN . ] _____"‘“3’kg 3 —
-

h2 s2 I vez e2
(20 S TR _ (2 R __ —
Vo2 phi2 psi2 ¥ mdot2 I Voldot?
[asess s || g | wro | GG v | PSS s V]

R2 T ep?

v A2 M2

Thus: Vel2 = 62.07 m/s, p2 = 91.07 kPa.....Ans.
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7. Draw the indicative T-s diagram:

T.K (6370, 363.601 )
346 .67
2
1
27014
6.26 5. kJ/kg.K 767
8. From the I/O panel, copy the TEST code etc:

Frommmm v OUTPUT OF SUPER-CALCULATE:
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>I1G-Model; v-10.bb05
Fommmm - Start of TEST-code -------==mmmmm oo
States {

State-1: Air;

Given: { pl= 80.0 kPa; T1= 27.0 deg-C; Vell= 220.0 m/s; z1= 0.0 m; mdotl= 2.5 kg/s; }
State-2: Air;

Given: { T2= 42.0 deg-C; z2= 0.0 m; mdot2= “mdot1” kg/s; A2= 400.0 cm/2; }

}

Analysis {
Device-A: i-State = State-1; e-State = State-2;
Given: { Qdot= -18.0 kW; Wdot_ext= 0.0 kW; T_B=298.15K; }

Fommm s End of TEST-code
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Part i | Law of Thermodynamics applied to Flow Processes
s Property spreadsheet starts:
# State  p(kPa) T(K) v(m~"3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)
1 80.0 300.2 1.0767 -84.12 2.02 6.957
# 2 91.07 315.2 0.9931 -73.35 17.1 6.969

Prob.5.25. Argon gas enters steadily an adiabatic turbine at 900 kPa and 450 C with a velocity of 80 m/s
and leaves at 150 kPa with a velocity of 150 m/s. The inlet area of the turbine is 60 cmA2. If the power
output of the turbine is 250 kW, determine the exit temp of argon. [Ref. 1]

P1, T1, Vell, A1

Fig.Prob.5.25
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Partll

| Law of Thermodynamics applied to Flow Processes

TEST Solution:

1. Go to System Analysis ---Single Flow daemon as shown below:

Basicl'l'uuls System Analysis States & Properties
[ l l +
deskCal Uniform Uniform
Converter CIO?Ed Oplen Systent Flow
I l I l

Unsteady Process Steady State Steady State Unsteady Process

i | {cycies) | |
Generic @ Specific Generic Spedcific

|

[ 1
Reciprocating Cvcles  HVAC/Psychrometry Comb. & Equilibrium

l l I !

Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
[ I
Single-Flo @ Non-Mixing Multi-Flow Mixing Multi-Flow @
I [ I 1
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cvcles Psvchrometry Dynamics & Equilibrium

2. For Material Model, choose Perfect Gas (PG) model, and select Argon for the working
substance. Enter the data, viz. P1, T1, Vell and A1 for State 1, and click on Calculate
(or, hit Enter). We get:

Generic, Open Steady, Slngle Flow, Daemon PG Model
7 p = =

& Mixed ¢ Sl ¢ English < I@Casa—(l _| ¥ Help M On Superterate |

state Panel Device Panel | Evergy Panel | o panel |

_Ikpa ——M@mm 22112788

et

phit psit I mdott ™ Voldot1
I s ] EZE m __ _|:
M1

R o~ BN i QA s~ S ] N i

Note that additional properties at State 1 and mass flow rate, mdot1 are calculated.
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Part

3. Enter given data for State 2, i.e. P2, Vel2 and modot2 = mdotl; hit Enter:

riable to display its value with mare precision

| Law of Thermodynamics applied to Flow Processes

# Mixed ¢ SI ¢ English < ICase—D “ Ll ¥ Help Messages On Super-lterate Super-Calculate
State Panel | Device Panel | Exergy Panel | /0 Panel

Super-nitialize

HH Calculate |

No-Plots |

Initialize ._

4. Go to Devices Panel. Enter Qdot = 0 and Wdot_ext = 250 kW. Enter State 1 and State 2 for

b-state and f-state respectively. Click Calculate:

ariable to display

Mass: i, =1, =1

e

5. Click SuperCalculate:

Eneray: 0 —m( _fe)+Q_Wen

Jra :
tntropy: 0=rit(s; =5, )+ =+ 5,
—_—

B

@ Mixed C 8l English | HolpMossagesOn  Superiterats |
State Panel I Uevice Fanel | Exergy Panel | 1O Panel ‘
oeimana 5] T Em
7| adt 7| Wt ext 7| 18 | sdot gen
Jdot_net ISt
e C—) e
Single-Flow Steady Device - A State-Null:

It indicates Lhal
a port is closed.

WinHip:
Work in negative
Heat in positive

Move mouse over avariable to displa;

alue with more precision.

Super-nitialize |

| et lEa
Jdot_net

[ [T

Wit ext

KK

* Mixed ¢ SI " English < > ¥ Help Messages On Supy—lteratel Super-Calculate |
State Panel | Device Panel | Exeray Panel | 16 Panel |
Device-A[1-2] v ;] State-1 v State2 v w m

| sdot gen
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6. Now, go back to States Panel, see State 2:

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

# Mixed  SI  English < l@Case-U v > ¥ Help Messages On Super-lterate M Supernitialize |
Device P = 0 Pane|

Panel I 7 Exer |

State Panel |

- EE :C alculalej m‘

.,

| g2 | n W . n2
S v | [267.74028 [gegc  ® m B v | 1354582 Ky | 12598573 [kiikg v

_] 52 ‘i] Vel2 _"J z2 ‘_J e _"J i2

A0SR e v| OG- v O - - RSe[|
phi2 nsi2 LJ mdof2 _J Voldot2 _] A2

J lrg | (rg | UG o~ PN | SR o2 ]
g2 ¢ p2 ¢ v2 k2

R2
jpass |[tgmar | 0Bl g v (95208 (wnge v | [PERR9 gk v [BERBINNIIN ntiess v |

Observe that T2 = 267.14 deg. C.....Ans.

*I studied
‘English for 16 P
years but... *
...I finally
learned to
speak it in just
six lessons”

Jane, Chinese architect

OUT THERE
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unique course download
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7. Indicative T-s diagram, obtained from Plots tab, is as follows:

T, K {4744, BT4E12
795 45
1
2
486 .26
a4 5, KJ'Kg.K 4 .81
8. The I/O panel gives the TEST code, and other details:
e e e Taaad OUTPUT OF SUPER-CALCULATE:
oo Start of TEST-code ----------mmm oo
States {
State-1: Ar;
Given: { pl= 900.0 kPa; T1= 450.0 deg-C; Vell= 80.0 m/s; z1= 0.0 m; Al= 60.0 cm~/2; }
State-2: Ar;
Given: { p2= 150.0 kPa; Vel2= 150.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
}
Analysis {

Device-A: i-State = State-1; e-State = State-2;
Given: { Qdot= 0.0 kW; Wdot_ext= 250.0 kW; T_B= 298.15 K; }
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Basic Thermodynamics: Software Solutions
Part Il

| Law of Thermodynamics applied to Flow Processes

# State  p(kPa) T(K) v(m~*3/kg)
# 1 900.0 7232 0.1672
# 2 150.0 540.3 0.7496

u(kJ/kg) h(kJ/kg)
70.63 221.13
13.55 125.99

s(kJ/kg)
3.882
4.104

Prob.5.26. Air flows steadily through an adiabatic turbine, entering at 1 MPa, 500 C and 120 m/s and
leaving at 150 kPa, 150 C and 250 m/s. The inlet area of turbine is 80 cm/2. Determine (a) the mass

flow rate of air, and (b) the power output of turbine. [Ref. 1]

TEST Solution:

1. Choose System Analysis ..... Single Flow daemon as in previous cases:

Ba.ﬁ'i::l lools
l 1 1

System Analysis

Closed
|

I
Unsteady Process

l

Steady State Steady State
|

Uniform

Oplen System

States & Properties

Uniform
Flow

l

Unsteady Process
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{cvcies) | |
Generic E{?;l Specific Generic Specific
|
[ [ 1
Reciprocating Cvcles  HVAC/Psychrometry Comb. & Equilibrium
1 I [ 1
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
[ [
Single-Flo & Non-Mixing Muiti-Flow Mixing Multi-Flow @
| I
[ l [ 1
Vapor and Gas  Refrigeration HVAC Gas Combustion
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Basic Thermodynamics: Software Solutions
Part i | Law of Thermodynamics applied to Flow Processes

2. For Material model, choose Ideal Gas (IG) model, where cp is a function of temp. (We can

choose PG model also; results will not be much different):

PC Model ‘Waorking 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, dlick 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/liquid (5L) model. Beside a wide selection to choose from, a2 new solid or liquid can be created by
assigning custom material properties.

Working substances such as steel, iran, copper, aluminum, wood, water, oil, etc., which can be assumead
to maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be
analyzed with the SL model.

Examples: Liquid water is pumped steadily from a given inlet-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.
Pure Gas: A pure gas has a fixed chemical composition across space and time.
Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model
is the simplest gas model which obeves the ideal gas equation (pv = RT) and
assumes specific heats to be constant. In the 15 (ideal gas) model, specific heats
ESMadel P e 6 to be function of t ture only. The RG (real gas) model
Bo teagt are assumed to be function of temperature only. The real gas) model uses
¥ Y generalized compressiblity charts and is useful for gases near the critical or
:'.- f;.' RG Model super-critical conditions for which PC-model data are not avaiable.

i hes . —
4 .]Eiun';m Stihn:\gl:’l'g?udec[)pen—steady Par "nples: Helium expands steadily in a nozzle from an inlet-state to an exit-state
', .

_1(; Prroorer | | wiuT no possibility of phase change. For specific examples, click on the help icon at
tha hattam marain of tha dzeman
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Basic Thermodynamics: Software Solutions

Part i | Law of Thermodynamics applied to Flow Processes

3. Choose Air for material, enter data, i.e. P1, T1, A1, Vell for State 1; press Enter:

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

thermofluids.net > Daemons > Systems > Open > Steady > Generic > SingleFlow > IG Model
Home a7
P TEST

lue with more precision.

j ¥ Help Messages On Super—l‘teratel Super-calculate M Super-nitialize

Move mouse over a variable to displ

« Mixed ¢ SI ¢ English

State Panel | Device Panel | Exergy Panel | 10 Panel
©State-1 v No-Plats

o1 v 78] l_ rhot T . ut

|7 Velt Vo ozt et
phit psit ™ mdott I Voldott
mEm |

v FE e | e v
i3 At jtitE R1 - c pt
[ TRl s TR - e Tl )

Note that mdotl1 is calculated as 4.327 kg/s .... Ans.

4. Now, enter data for State 2, i.e. P2, T2, Vel2, and mdot2 = mdotl. Press Enter:

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

© Mixed ¢ SI { English < = | ¥ Help Messages On Super-lterate Super-Calculate m Super-initialize |

State Panel | Device Panel |

| < |estate2 v = | Calculate No-Plats

Exergy Panel I 110 Panel

fi T2 |_ rho2 vz w2

¥ Vel2

Vo z2 [
___““@" v -~ “__mmQ &

phi2 psi2 mdot2

Voldot2

EM| i 5 8 I_I__“_
A2

Note that A2 is calculated as 140.11 cmA/2.

5. Now, go to Device Panel. Enter State 1 and State 2 for b-state and f-state respectively. Also
Qdot = 0. Press Calculate:

Move mouse over :

lue with more pr

& Mixed ¢ S|  English < L‘ v Help Messages On Super—liermel m m
State Panel | Device Panel | Exergy Panel | 1IC Fanel
[ < Device-A [1-2] w_‘j . |state v‘_. e-Stats State-2 v m Imﬁaiazel
V¥ Qdot Wadot_ext [ ™ Sdot gen
__ m_ __ b “_\m( v
Jdot_net Sdot_net
[T o | [ v
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Note that work output is calculated as: Wdot_ext = 1495.3 kW .... Ans.

6. Indicative T-s diagram is as follows:

(6.440, 344673 )

85047

380.84

6.41 s, KJ’kg.K 7.94

7. Clicking on SuperCalculate gives TEST code etc. in the I/O panel:

Hm o s s s s s s s i s s OUTPUT OF SUPER-CALCULATE:

# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>1G-Model; v-10.bb05
 nnEE R R Start of TEST-code ~--------mmmm oo
States {

State-1: Air;

Given: { pl= 1000.0 kPa; T1= 500.0 deg-C; Vell= 120.0 m/s; z1= 0.0 m; Al= 80.0 cm/2; }
State-2: Air;

Given: { p2=150.0 kPa; T2= 150.0 deg-C; Vel2= 250.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
}

Analysis {
Device-A: i-State = State-1; e-State = State-2;
Given: { Qdot= 0.0 kW; T_B=298.15 K; }
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Basic Thermodynamics: Software Solutions

Partli | Law of Thermodynamics applied to Flow Processes
fommmeee- Property spreadsheet starts:. ---------------

#

# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)

# 1 1000.0 773.2  0.2219 274.45 496.33 7.215

# 2 150.0 4232  0.8096 5.24 126.68 7.125

#

fommmee- Property spreadsheet ends----------=-----omommmmm o

#

# 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= 1495.2935 kW; Sdot_gen= -0.3899593 kW/K; Jdot_net=

1495.2935 kW; Sdot_net= 0.3899593 kW/K;

Prob.5.27. Steam flows steadily through an adiabatic turbine. The inlet conditions of steam are: 6 MPa,
400 C and 80 m/s and the exit conditions are: 40 kPa, 92% quality and 50 m/s. The mass flow rate of
steam is 20 kg/s. Determine: (a) the change in K.E. (b) the power output, and (c) the turbine inlet area.
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Special Christmas offer:
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Basic Thermodynamics: Software Solutions

Part i | Law of Thermodynamics applied to Flow Processes

(b) Plot the Power output and exit temp against the exit pressure as exit pressure varies from 10 to 200
kPa. [Ref. 1]

—

Fig.Prob.5.27

TEST Solution:

1. Go to Daemons tree and choose System Analysis.....Single Flow as shown below:

|
| | I
Basic Tools System Analysis States & Properties

S 1

Uniform

Uniform
Closed Open ol

{ aris Svstem

| 1 ! ]
Unsteady Process Steady State Steady State Unsteady Process
I {cycles) |

| - ! |
Specific

Generic

Generic @
»

Specific

l
Reciprocating Cycles

I
HVAC /Psvchromelry

l
Comb. & Equilibrium

I
Uniform
Svstem

1
Non-Mixing
Non-Uniform

l
Semi-Mixing
Non-Uniform

l
Mixing
Non-Uniform

Single-Flo

I

‘% Non-Mixing Multi-Flow

]
Mixing Multi-Flow

o

I

I

I l

Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psyvchromelry Dynamics & Equilibrium
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Basic Thermodynamics: Software Solutions
| Law of Thermodynamics applied to Flow Processes

Part
2. Choose PC model for Material Model, since Steam is the working substance:
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-liquid sub-model, except for species with an asterisk (H20™ as opposed to H20), which uses
compressed liquid table for better accuracy.
PC Modat Workina fllids such 33 H20, R-12, NH3, R-1343, N2, CO2, etc., should be treated as PC fluids if there is any
Launches the PC Model sition
Generic, Single-Flow, Open-Steady Daemon B
Examples: Analyze a steady steam turbine with ane inlet and one exit. For specific examples, click on the help
icon at the bottom margin of the daemon.
T
3. Choose H20 for working substance, enter data for State 1, i.e. enter P1, T1, Vell and mdotl,
and press Enter (or, Calculate):
We get:

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

thermofluids.net > Daemons > Systems > Open ady > Generic ingleFlow > PC-Model

=i SEE e
- TEST =
<|Case—0 v Super-lterate Super-Calculate | Super-initialize

State Panel | Device Pa /o Panel |

# Mixed  SI { English ¥ Help Messages On

Note that Turbine inlet area A1 is calculated as: A1 = 0.01185 mA2 ... Ans.

4. Enter data for State 2, i.e. P2, x2, Vel2 and mdotl = mdot2. Press Enter (or, Calculate). We get:

Move mouse over a variable to display its value with more precis
State Panel | Device Pane| | Exergy Panel | o Panel |

H " Calculate | Initialize Satmixture: Lig.+vap. -H20 v.

ﬂ p2 _! T2 il % J ye J w2

N - - EEE e e V] ocon | B s ¥

J h2 J 52 _"_I Vel2 _"J z2

s v S e | O - - -
phi2 psi2 | mdotz

| o G
M2
S Y]
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5. Go to Device Panel. Enter State 1 and State 2 for b-state and f-state respectively. Also enter
Qdot = 0, and press Calculate. We get:

T_B=29815 K|

# Mixed  SI ( English jCase-D R j ¥ Help Messages On Super-lterate Super-Calculate

| Device Panel | E 2 | Fan |
< | Device-A 121 vl > | State-1 v State2 v
| adot | ot ext | sdot gen
oo |EX v 14558326 i ~ | [11.08808 [ v
Jdot net Sdot_net
14856.325 KW v [195809 KV ~
Single-Flow Steady Device - A [ Seate- Nl

It indicates that

Mass: i, =Hi, =}
a m,=m, =m a port is closed.

Energy: O:m(_j!. —je)+Q-—W}e,¢
bl

> 5 ['WinHip:
bl <
T T Work in negative
Enropy: O=m(s,—s, )+ T * S Heat in |mr,c_|lt|\.fc-
B R ' —

Note that Wdot_ext is calculated as: 14558.3 kW = 14.558 MW = Work output of turbine... Ans.

Also: Vel2 = 50 m/s, Vell = 80 m/s, and therefore, change in K.E. = (Vel2/2 - Vel1A2) / 2.

N

# BUSINES‘}
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i.e.

Vel — Vell™ 307 - 807

2 2

=-195x 100 JIkg .... Ans.

6. Click on SuperCalculate and go to I/O panel to get TEST code and other details:

Fommmm s OUTPUT OF SUPER-CALCULATE:
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PC-Model; v-10.ca08
oo Start of TEST-code ~---------mmmm oo
States  {
State-1: H20;
Given: { pl= 6000.0 kPa; T1= 400.0 deg-C; Vell= 80.0 m/s; z1= 0.0 m; mdotl= 20.0 kg/s; }
State-2: H20;
Given: { p2= 40.0 kPa; x2= 0.92 fraction; Vel2= 50.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
}
Analysis {

Device-A: i-State = State-1; e-State = State-2;
Given: { Qdot= 0.0 kW; T_B=298.15 K; }

}
R End of TEST-code ~---------mmmm oo
e Property spreadsheet starts:
# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#01 6000.0 673.2 0.0474 2892.81 3177.14 6.541
#02 40.0 349.0 0.9 3.682 2304.23 2451.18 7.139

# 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= 14558.326 kW; Sdot_gen= 11.966095 kW/K; Jdot_net=

14558.326 kW; Sdot_net= -11.966095 kW/K;
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Basic Thermodynamics: Software Solutions
Part Il | Law of Thermodynamics applied to Flow Processes

(b) Plot Power output and T2 as P2 varies from 10 to 200 kPa:

The procedure is quite simple:

Go to State 2, enter the desired value of P2 and press Enter. Then, press SuperCalculate. Read the value

of T2 and Wdot_ext and tabulate the values. Results are shown below:

P2(kPa) Wdot_ext (MW) T2 (deg.C)
10 15.717 45.81
30 14.815 69.08
50 14.354 81.31
80 13.907 93.48
110 13.59 102.3
140 13.345 109.29
170 13.143 11517
200 12.972 120.23

Plot the above results in EXCEL:

Wdotvs P2

155 -
15 -
145 -

14 A

Wdot (MW)

135 A

125 A

12 T T T T 1
a 50 100 150 200 230

P2 (kPa)

201
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Part Il | Law of Thermodynamics applied to Flow Processes

T2vs P2

130 4
120 -
110 -~

100 -

Lo
]
|

80 -

T2 deg.C)
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60 -

30

4':' T T T T 1
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Basic Thermodynamics: Software Solutions

Part Il | Law of Thermodynamics applied to Flow Processes

Prob.5.28. Air enters the compressor of a gas turbine plant at 100 kPa, 25 C with a low velocity and
exits at 1 MPa and 347 C with a velocity of 90 m/s. The compressor is cooled at a rate of 1500 kJ/min

and the power input to the compressor is 250 kW. Determine the mass flow rate of air through the

compressor. [Ref. 1]

TEST Solution:

1. Go to System Analysis .....

Fow
— - Py
T 7/fL-]rl

" ik ok ok ik oy
-_L'T“. ;
i
2=
]
1]
i

Fig.Prob.5.28

Single Flow daemon, as in the case of previous problems:

|
I-_’:asit:lfuuls

|
System Analysis

[ l l

Closed Open
| |

|
Unsteady Process
|

States & I?roperties

[

Uniform
System

l
Uniform
Flow

l |
Steady State Steady State
(cyvcles) |

[
Generic @
s

Specific

l
Unsteady Process

Generic
I

|
Reciprocating Cvcles

i

Specific

HVAC/Psvchrometry

Comb. & Equilibrium

I

I

[
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Basic Thermodynamics: Software Solutions
Part i I Law of Thermodynamics applied to Flow Processes

2. Choose the Ideal Gas (IG) model, since we are going to use Air as working substance:

:_‘—!—‘—F Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which
fi(_:_- can be assumed to maintain their condensed (solid or liquid) phase when a system
SL Model undergoes other changes, can be analyzed 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 dasmaon.

Pure Gas: A pure gas has a fixed chemical composition across
space and time. Oxygen, nitrogen, and air are examples of a pure
gas. The PG (perfect gas) model is the simplest gas model which
obeyes the ideal gas equation (pv = RT) and assumes specific
heats to be constant. In the IG (ideal gas) model, specific heats

i A are assumed to be function of temperature only. The RG (real
fav.,:’a.ﬁi." gas) model uses generalized compressiblity charts and is useful
i e for gases near the critical or super-critical conditions for which PC-
- RG Model 4 : e
.. model data are not avaiable.

Launches the IG Model

i Examples: Helium expands steadily in a nozzle from an infet-state
Generic, Single-Flow, Open-Steady Daemaon B P v

to an exit-state with no possibility of phase change. For specific
examples, click on the help icon at the bottom margin of the
daemon.

1G Mo

3. Choose Air for working substance, enter data i.e. P1, T1, Vell for State 1 and press Enter:

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

thermofluids.net = Daemons > Systems > Open > Steady > Generic > SingleFlow >

iitd 5 o E

TEST

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

& Mixed ¢ SI ¢ English > ¥ Help Messages On Super-terate SuperInitialize

State Panel l Dievice Panel | Exergy Fanel | /0 Panel

[ cacutae|

1G-Model

W p1 I & I~ rhot row I

I v~ B e R v | v
" hi 5t Mo Vet s =zt "
RO | o« | N -~ - SR v
I it phit i1 o mdoi1 u Voldot!

pst
g o] Jedikg || Kdikg “l| Kals. | mfs 5
M1 R1 r  cpt

4. Enter P2, T2 and Vel2 and mdot2 = mdot1 for State 2; press Enter:

Move mouse over a variable to d lue with more precision.

* Mixed " SI ( English i‘ ¥ Help Messages On Super-iterate Super Calculate
State Panel | Device Panel | Exergy Panel | 110 Panel
SState-2 v : Mo-Plots

W p2 | o2 row
) S | s Y
I o W Vel IF z2 | e
C T Tl el B
m i 3 V¥ mdot2 " Voldot2

kg | [zmdott kgis ol mais v
I Enk
[T - (T
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Basic Thermodynamics: Software Solutions
Part i | Law of Thermodynamics applied to Flow Processes

5. Go to Device Panel, enter b-state and f-state, and also Qdot = 0, Wdot_ext = -250 (negative

sign since work is input to compressor), press Enter:

Move mouse over a variable to displ lue with more p
& Mixed ¢ Sl ¢ English L‘ ¥ Help Messages On Super—lteratel M SuperInitialize
State Panel | Device Panel | Exergy Panel | 0 Panel
< | Device-A[1-2) v\.j 20 State . e-Siate State-2 =~ w m Initialize
v Qdot v Wdot_ext 2 Azl I Sdot_gen
Jdot_net Sdot_net
[T [T

6. Now, click on SuperCalculate to up-date all calculations:

Go to State Panel, State 1:

Move mouse over a variable to display ue with more pre

@ Mixed ¢ SI ( English < = | ¥ Help Messages On Super-iterate Super_Calculate | m Super-initialize |

State Panel | Device Panel | Exergy Panel | 1D Panel

¥ opt |7 T1 |_ rhot I G
F7 Velt Vo ozt [ et
phit psit WV mdott ™ Voldott
“I—II CZ e limg v |[oBessoss e | EEEMNN e ]

M1 R1 I~ cpt
- ) B ) v v

And, State 2:

Move mouse ove

& Mixed 81 English = j ¥ Help Messages On Super-lterate | Super-Calculate m Super-Initialize

State Panel | Device Panel | Exergy Panel | 110 Panel
[ Cacuatc [T
v p2 |7 T2 |_ rho2 F v2 |_ u2
2 Vel2
m— mm - __ “M
j2 phi2 Dpsi2 v mdot2 Voldot?

s ] - o
[ 2 R2 G p?
- B S R

Thus: mdotl = 0.6699 kg/s .... Ans.
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Partli | Law of Thermodynamics applied to Flow Processes

7. Indicative T-s diagram is as follows:

T.K (E.714, 711,968

BE217

265.34

6.2 5. kd/kg.K T.63
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8. From the I/O panel, get the TEST code etc.:

Fromm v~~~ OUTPUT OF SUPER-CALCULATE:
#
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>1G-Model; v-10.bb05
Fommmm - Start of TEST-code -------===mmm oo
States {
State-1: Air;
Given: { pl= 100.0 kPa; T1= 25.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; }
State-2: Air;
Given: { p2=1000.0 kPa; T2= 347.0 deg-C; Vel2= 90.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
}
Analysis {

Device-A: i-State = State-1; e-State = State-2;
Given: { Qdot= “-1500/60” kW; Wdot_ext= -250.0 kW; T_B= 298.15 K; }

}
oo End of TEST-code --------mmmmmm oo
e Property spreadsheet starts:
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 100.0 298.2  0.8557 -85.55 0.02 6.887
# 2 1000.0 620.2 0.178 153.86 331.83 6.978
#
e Property spreadsheet ends----------=-----omommmmm o

# Mass, Energy, and Entropy Analysis Results:

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

# Given: Qdot= “-1500/60” kW; Wdot_ext= -250.0 kW; T_B=298.15 K;

# Calculated: Sdot_gen=0.14507116 kW/K;Jdot_net=-225.0kW; Sdot_net=-0.061220754
kW/K;
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Prob.5.29. A compressor operating at steady state takes in 45 kg/min of methane gas (CH4) at 1 bar, 25
C, 15 m/s, and compresses it with negligible heat transfer to 2 bar, 50 m/s at exit. The power input to

the compressor is 110 kW. Using the ideal gas model, determine the temp of the gas at the exit. [Ref. 5]

TEST Solution:

| Law of Thermodynamics applied to Flow Processes

1. Go to System Analysis ... Single Flow daemon as shown:

|
| | I
Basic Tools System Analysis States & I'I’roperties
I l l } ]
Uniform Uniform
CIO?Ed Dplen System Flow
I l | ]
Unsteady Process Steady State Steady State Unsteady Process
i (cvcles) I |
Generic @%J Spedcific Generic Specific
|
| I l
Reciprocating Cyvcles  HVAC/Psvchwometry Comb. & Faquilibrium
| | l 1
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
[ I
) Non-Mixing Multi-Flow Mixing Multi-Flow @
| |
" [ l l l
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycies Cycles Psvchrometry Dynamics & Equilibrium

2. Select IG model for Material model:

SUNL QLI (L) IUUTE, BSOS O MIUT SSISLLIUE LY LIS U, @ IS DU U LI Lar DS L S aLTsT Ly

assigning custom material properties.

Warking substances such as steel, iron, copper, aluminum, wood, water, ail, etc., which can be assumed to
maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed

ol
€ =const
+ 4

Aol with the 5L 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 daesmon.
Pure Gas: A pure gas has a fixed chemical composition across space and time.
- o Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
“ .

the simplest gas model which obeyes the ideal gas equation (pv = RT) and assumes

specific heats to be constant. In the IG (ideal gas) model, specific heats are assumed

PG Model ”—“’;’R:?‘" to be function of temperature only. The RG (real gas) model uses generalized
évsi,;,a compressiblity charts and is useful for gases near the critical or super-critical
g RG Model canditions for which PC-model data are not avaiable.
pv=RT

S ‘JLaunches the IG Model

Generic, Single-Flow, Open-Steady Daesmon

: Helium expands steadily in a nozzle from an infet-state to an exjt-state with
ility of phase change. For specific examples, click on the help icon at the

‘ bottom margin of the daesmon.
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3. Choose Methane (CH4) for working substance, enter data for State 1 (i.e. P1, T1, Vell and

mdotl), press Enter:

Generic, Open Steady, Single-Flow, Daemon: IG Model
thermofluids.net = Daemons = Systems > Open > Steady > Generic = SingleFlow > IG-Model

il T WK B e
¥ TEST B

ouse over a variable to displz

alue with more precision.

# Mixed (¢ SI (" English = ¥ Help M on Sup Super-Calculate | Super-initialize

State Panel | Device Panel | 10 Panel
< [ostate-1 | > | Calculate | nitaiize e

] | | o [ n
I R R e s R v
n | et | ven < | [
e ure v SR (orex | (G v - - [ v
| o phit psit 7| mdott | voidott
| = ) I e

At M R1 | ept

Az~ v [ e PR v B ek ]
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4. Enter data for State 2, (i.e. P2, Vel2 and mdot2), press Enter:

Move mouse over a variable to display its value with more precision
# Mixed ¢ SI  English < I Cased v il v Help Messages On Super-terate I Super-Caiculate Supernitialize
State Panel | Device Panel | Exergy Panel | (/o Panel |

| < [estate2 v > | il calcuiate | No-Plots v | Inttialize [{

“| p2 m | iho2 n ” | |z
200

[ee ] e ] lhoms || mag v g v
n | e | ver d - Ve
l lwirg ] o | EOOT v - ) Kk ]
_] 2 phi2 psi2 v | mdot2 _| Voldot2
| oo | oo o] o | R E
N itz | ep2
| e T s

5. Go to Device Panel, enter for b-state and f-state, and also Qdot = 0, Wdot_ext = -110 kW

(negative sign since work is done on the system in compressor). Press Enter:

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

* Mixed ¢ SI ( English =|Case—0 v = ¥ Help Messages On Super-terate Super-Calculate m Super-nitialize

State Panel | Device Panel l Exergy Panel | 110 Panel I

| adot | ot ext 7| 18 | sdotgen
[ @ 9 el € ] Iz v
Jdot_net Sdot_net

0 — e

Single-Flow Steady Device - A State-MNull:

It indicates that

Mass: i, =H, =¥ :
mo=m =m a port is closed.

‘—j«—’ O WinHip:
nd - . .
: o Work in negative
Erbmpy: U= (S" 5L )Jr T SS‘*” Heat in os%rive
. + ]}3 g P

Move mouse over a variable to dis

State Panel | Device Panel | Exergy Panel | 10 Panel |

phi2

M2
(w2 S
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Thus: T2 = 87.02 deg. C ... Ans.

7. Indicative T-s diagram is as follows:

T.K
396,149
2
1
268.34
10.46 s, kJ/kg.K 12.86
8. 1/0 panel gives TEST code etc:

fommmmmm v~ OUTPUT OF SUPER-CALCULATE :
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>I1G-Model; v-10.ca08
Fommmm - Start of TEST-code -----=====mmmm oo
States {

State-1: Methane(CH4);

Given: { pl= 100.0 kPa; T1= 25.0 deg-C; Vell= 15.0 m/s; z1= 0.0 m; mdotl= 45.0 kg/min; }
State-2: Methane(CH4);

Given: { p2=200.0 kPa; Vel2= 90.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/min; }

}

Analysis {
Device-A: i-State = State-1; e-State = State-2;
Given: { Qdot= 0.0 kW; Wdot_ext=-110.0 kW; T_B= 298.15 K; }
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s Property spreadsheet starts:

# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)

# 1 100.0 298.2 1.5454 -4822.36 -4667.82 11.619

# 2 200.0 360.2 0.9334 -4711.78 -4525.09 11.694
fommmem- Property spreadsheet ends---------------oomommmm o

# Mass, Energy, and Entropy Analysis Results:

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

Given: Qdot= 0.0 kW; Wdot_ext=-110.0 kW; T_B= 298.15 K;
# Calculated: Sdot_gen= 0.056342352 kW/K; Jdot_net= -110.00039 kW; Sdot_net=
-0.056342352 kW/K;

Prob.5.30. Helium is to be compressed from 120 kPa, 310 K to 700 kPa, 430 K. A heat loss of 20 k]/kg
occurs during compression. Neglecting K.E. changes, determine the power input required for a mass
flow rate of 90 kg/min. [Ref. 1]
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Basic Thermodynamics: Software Solutions
Part Il

TEST Solution:

1. Go to System Analysis ... Single Flow daemon as shown:

| Law of Thermodynamics applied to Flow Processes

[ I
Basic Tools System Analysis

States & Properties

Svstem

Non-Uniform

Uniform Uniform
Clolsed Oplen System Flow
I 1 I 1
Unsteady Process Steady State Steady State Unsteady Process
(cvcles) | |
Generic @]y Specific Generic Specific
|
[ 1 1
Reciprocating Cycles  HVAC/Psychwomelry Comb. & Equilibrium
1 ! I 1
Uniform Non-Mixing Semi-Mixing Mixing

Non-Uniform

Non-Uniform

Sing.‘e-i-‘%@

Non-Mixing Muiti-Flow

1 i
Mixing Multi-Flow e

¢

1 1 1 |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibrium

2. Choose the Ideal Gas (IG) model for Material model, since Helium is the

working substance:

to maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be
analyzed with the 5L 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.

Pure Gas: A pure gas has a fixed chemical composition across space and time.
~ Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model
;n"=c3ns; is the simplest gas model which obeyes the ideal gas equation {pv = 8T) and
il M assumes specific heats to be constant. In the IG (ideal gas) model, specific heats

PG Model -
;; _o,;ﬁ* are assumed to be function of temperature only. The RG (real gas) model uses
2 8 e generalized compressiblity charts and is useful for gases near the critical or
S RG = super-critical conditions for which PC-model data are not avaiable.
2¥=RI : s
¥ - s Helium expands steadily in a nozzle from an infet-state to an exit-state
16 MD4Launchesthe IG Model —— h = . | Jick e hik E
Generic, Single-Flow, Open-Steady Dasmon |POSSibility of phase change. For specific examples, click on the help icon a
The bottom margin of the dasmon.
e g
éﬂ ety Binary Mixture: The mixture of two gases, A and B, is expressed in terms of the
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| Law of Thermodynamics applied to Flow Processes

3. Choose He for working substance, enter data for State 1 (i.e. P1, T1, mdotl = 1.5 kg/s), press
Enter. We get:

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

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

ZEE N e T

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

“ Mixed ¢ SI ¢ English > | ¥ Help Messages On Super-lterate m SuperInitialize

State Panel l Dievice Pane| | Exergy Panel | /0 Panel
ostate-1 v > | | caicuate
¥ p1 VT |_ rhot |_ vl |_ ut
v Velt
_— m@ - ] __ _—
phit psit V¥ mdott Voldott

mlg| Cr— I_I__ -
At R1

4. Enter data for State 2, i.e. P2, T2, mdot2 = mdotl. Press Enter. We get:

alue with more precision.

* Mixed ¢ S1  English LI ¥ Help Messages On Super-lterate

m Super-inifialize

State Panel | Dievice Fanel | Exergy Panel | 10 Panel
< [esuez v _
vV  p2 v i I rho2 I 7 't w2
E— |
¥ Vel2 Vo oz2 |
m— mm - - “m
phi2 psi2 V¥ mdot2 Voldot2

_Imﬂ_ll (irg ]| I_I___
Mhf2 R2 c p?
-

5. Go to Device Panel. Enter Qdot = - 20 * mdotl and click on Calculate, and SuperCalculate.
We get:

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

 Mixed ¢ SI  English ﬂ ¥ Help Messages On S{}per-lte(atel Super-Calculate m Supernitialize
State Panel | Device Panel | Exeray Panel | 1fQ Panel
| < |Device-A[1-2] v ﬂ istate: EEuEl. - state2 v m [ :ni‘u‘aﬁzg[
M Qdot Wdot_ext !7 8 Sdot_gen
Jdot_net Sdot_net
e e Cr—
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Thus: W = - 965.37 kW ... Ans. (negative sign, since work is done on the system in compressor)

6. Indicative T-s diagram from Plots tab:

(35.871,522.215)
4730

279.0

2648 s, KJ’kg.K 34.53
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7. 1/0 panel gives the TEST code and other details:

Frmmmm v OUTPUT OF SUPER-CALCULATE:
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>1G-Model; v-10.bb05
oo Start of TEST-code -----------mmm oo
States {

State-1: He;

Given: { pl= 120.0 kPa; T1= 310.0 K; Vell= 0.0 m/s; z1= 0.0 m; mdotl= 1.5 kg/s; }

State-2: He;

Given: { p2= 700.0 kPa; T2= 430.0 K; 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: { Qdot= “-20*mdot1” kW; T_B=298.15 K; }

}
oo End of TEST-code ~=------mmmmm oo oo
fommmeee- Property spreadsheet starts
# State  p(kPa) T(K) v(m~3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 120.0 310.0 5.3695 -582.75 61.58 31.389
# 2 700.0 430.0 1.2768 -208.59 685.16 29.424
#oee- Property spreadsheet ends----------=-----omommmmm oo

# Mass, Energy, and Entropy Analysis Results:

# Device-A: i-State = State-1; e-State = State-2;
# Given: Qdot= “-20*mdotl1” kW; T_B= 298.15 K;
# Calculated: Wdot_ext= -965.37134 kW; Sdot_gen= -2.8472614 kW/K;

Jdot_net= -935.37134 kW; Sdot_net= 2.9478817 kW/K;
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Prob.5.31. Refrigerant-134a is throttled from the sat. liquid state at 800 kPa to a temp of -20 C. Determine
the pressure of the refrigerant at the final state. [Ref. 1]

TEST Solution:

Note that this is a problem on throttling. The daemon to be used is still the same as used earlier, viz.

Systems>Open>SteadyState>Generic>SingleFlow>IG-Model:

1. Go to System ... Single Flow daemon:

Download free eBooks at bookboon.com

|
I | I
Basic Tools System Analysis States & Fl’roperties
[ | l 'I ]
Uniform Uniform
CIOISEd Oplen Svstem Flow
| l | l
Unsteady Process Steady State Steady State Unsteady Process
I (cycies) I |
Generic ;?, Specific Generic Specific
I
i | l
Reciprocating Cvcles  HVAC/Psychvometry Comb. & Equilibrium
! I I !
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
I I
Non-Mixing Muiti-Flow Mixing Multi-Flow &
|
I I I l
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psvchvometry Dynamics & Equilibrium
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2. Choose PC model for material model since R134a is the working substance:

Generic, Single-Flow, Open-Steady Daemons: Select a Material Model
thermofiuids.net > Daemons > Systems > Open > Steady > Generic > SingleFlow

B S 2 R -
TEST

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 guite accurate. Sub-cooled liquid is

ey modeled with the compressed-liquid sub-model, except for species with an asterisk (H20™ as opposed
% i to H20), which uses compressed liquid table for better accuracy.

PC Modell| 2unches the pe Model ,R-12, NH3, R-134a, N2, CO2, etc., should be treated as PC fluids if there is
Generic, Single-Flow, Cpen-Steady Daemon [fransition.

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

Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed
to maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be
SL Model analyzed with the SL model.

Examples: Liquid water is pumped steadily from a given inlet-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.

EXPERIENCE THE POW
FULL ENGAGEMENT...

RUN FASTER.
RUN LONGER -
RUNEASIER..
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3. Choose R134a for working substance and enter data for State 1, i.e. P1, x1 and press Enter.
We get:

Generic, Open Steady, Single-Flow, Daemon: PC Model
thermofluids.net > Daemons = Systems > Open > Steady > Generic > SingleFlow > PC-Model

B 5 o E N - [N

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

* Mixed ¢ SI ¢ English = | ¥ Help Messages On Super-iterate Super-Calculate m Supernitialize |

State Panel | Device Panel | Exergy Panel | 13 Panel
BIETEIOE oo
¥ pt I I7 X I_ yi |
I I_ ht F Velt Moozt
phit psit " mdot!
“_ _\—I I CZ 2R [ime v los v

Al

r —|,  —

4. Enter data for State 2, i.e. T2, and h2 = hl since it is throttling process. Click on Calculate

and SuperCalculate. We get:

riable to display ue with more pre
@ Mixed ¢ SI ¢ English j ¥ Help Messages On Super-terate m
State Panel | Device Panel Exergy Panel | 110 Panel
m No-Flots v Initialize -Sat Mixture: Lig. +Vap -R_ﬂ 34a v .

e

y2
l“ h2 |_ Vel2 i z2

e2 phi2 psi2 "1 mdot2
__ _I_II kg v | lirg v s v
I~ Voldot2 A2

| i - ¥

Thus: p2 = 133.7 kPa ... Ans.
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5. Indicative P-h diagram is easily obtained from the Plots tab:

b, kPa (log Scale) { 200,945, BT050 213 3

93293
1
2
1.5206
-34 4% h, kJ/kg 308.52
6. 1/0 panel gives the TEST code etc:

B OUTPUT OF SUPER-CALCULATE:
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PC-Model; v-10.bb06
fommm oo Start Of TEST-code -~ mmmm oo
States {

State-1: R-134a;

Given: { pl= 800.0 kPa; x1= 0.0 fraction; Vell= 0.0 m/s; z1= 0.0 m; }
State-2: R-134a;

Given: { T2=-20.0 deg-C; h2= “h1” kJ/kg; Vel2= 0.0 m/s; z2= 0.0 m; }
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Homommeee Property spreadsheet:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
#01 800.0 304.4 0.0 8.0E-4 94.0 94.68 0.351

#02 133.7 2532 0.3 0.0487 88.16 94.68 0.378

Prob.5.32. A hot water stream at

80 C enters a mixing chamber with a mass flow rate of 0.5 kg/s where

it is mixed with a stream of cold water at 20 C. If it is desired that the mixture leave the chamber at 42

C, determine the mass flow rate of the cold water stream. Assume that all the streams are at a pressure

of 250 kPa. [Ref. 1]

TEST Solution:

1. This is a problem on mixing chambers. So, choose the appropriate daemon as shown below:

Basic Tools

[ l l

System Analysis

Closed
|

[
Unsteady Process

Generic g

l

Steady State Steady State

(cvcies)

Specific

Open
|

States & Properties

Uniform

Svstem

Uniform
Flow

l
Unsteady Process

I
Generic

s
l

Reciprocating Cvcles

[

HVAC/Psychrometry

1

Comb. & Equilibvium

1

1

1

1

|
Specific

Uniform
System

Non-Mixing
Non-Uniform

Semi-Mixing
Non-Uniform

Mixing
Non-Uniform

[
Single-Flow &

I

Non-Mixing Multi-Flow

I
I

1

1

Mixing Multi-Flow @
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2. Hovering the mouse pointer on Mixing Multi-Flow brings up the following:

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

Multi-Flow Mixing Systems: Analyze a ®

mixing open steady system with two i
inlets and a single exit. Examples include e [

a mixing chamber where two non-

reacting gases are mixed or two different ==

phases of a fluid are mixed at steady “__E

state.

Mixing chambers are covered in chapters * -"E l

4, 6, and 11. @

3. Choose Phase Change (PC) model, and choose H20 as working substance:

Two Identical Fluids

et =
%E; 2poe®

Launches the PC Model
PC Mod|Generic, Multi-Flow, Non-Mixing, Upen-Steady Daemon Py l‘
i AT
YA
2 o 2 RG Mudel
K . 0
= L
SL Model 1G Model

The system has two separate flows
congisting of two identical fluids, say,
H20 and H20, which can not mix. Two
inlet and two exit states - i1, i2, el
and e2-states - are necessary to
describe the non-mixing device. The
two fluids can be chemically identical.

Examples: Cold liquid water and
steam are mixed in a steady-flow
mixing chamber to produce hot water.
A steady flow of refrigerant is
separated into flows of saturated
vapor and saturated liquid in 2
separation chamber. For specific
examples, dick on the help icon at the
bottom margin of the daemon.
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4. Enter data for State 1, i.e. P1, T1, mdotl; click on Calculate (or, press Enter). We get:

Generic, Open Steady, Multi-Flow, Mixing Daemon: PC Model
thermofluids.net > Daemons > Systems > Open > Steady > Generic > Mixing > PC-Model

B 6 o &5 B B s 4

Move mouse over a variable to display ue with more pre
* Mixed  SI ¢ English ;l ¥ Help Messages On Super-iterate | Super-Calculate | m Supernitialize
State Panel | Device Panel l 1i0 Panel

State-1 v > | No-Plots v Initialize -Subcouled Liguid - H20 w .

il yi

v pt F T |

_H’a “_IMI I_II g“m
4 Velt z1

m—m——m——

phit psit W mdott
m—m 3l —— Y
| Voldot1 A

L _;II e

5. Enter data for State 2 (i.e. cold stream entering), i.e, P2 and T2, press Enter:

Move mouse over a variable to display its va

& Mixed ¢ 51 ¢ English i‘ ¥ Help Messages On Super—Jteraiel Super Calculate m Super-initialize |

State Panel | Device Panel | 1/0 Panel I
@State-2 v Calculate No-Plots Initialize -Subcooled Liquid -HQO v.

| | x2 | | ¥2 | | v2
__ _I_I I racton || [oction | [EBORN m3xs ]

57 |7 Vel2 V¥ oz

phi2: psi2 ™ mdot2
__ “I—I I CR (e v kos v
Voldot2 M2
| mys v | mz || kgkmol ¥

6. Now, enter data for State 3 (i.e. state after mixing), i. P3, T3, mdot3 (= mdot2 + mdotl),

press Enter:

Move mouse over a variable to displ lue with more pri

% Mixed ¢ S| ¢ English = ¥ Help Messages On Super-lterate | Super Calculate m
State Panel | Device Panel | 110 Panel |
| < |ostates v » | | cacuiate Initialize Subcooled Liquid - H20 i .
¥ p3 v 13 s | w3
E— - E— ] s e | 20|
f~7 Vel3 F z3
phi3 psi3 ¥ mdot3
m—m | ot | Bk [-rman (68
H Voldot3 M3
| mas v | w2 v | kgkmol v
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7. Go to Device Panel, enter State 1, State 2 and State 3 for il-state, i2-state and el-state

respectively. e2-state is maintained as Null-state since there is only one exit.

Press Enter, and also SuperCalculate:

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

& Mixed Sl  English il [¥ Help Messages On Suptherme'

State Panel | Device Panel | /0 Panel |
In&::ia}]zel il Calculate | © Non-Mixing % Mixing Device
e st

V¥ Qdot ¥ Wdot ext F 1B I Sdot gen

o —]

Jdot net

8. Now, go to State 2:

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

“ Mixed ¢ SI ¢ English _>l ¥ Help Messages On Super-lterate Super-Calculate | M
State Panel | Device Fanel I i Panel I
HH I Calculate | [subcooled Liguid H20 -
e w2
e | rocor OO oY)
Mo Vel2 a2
' - -
psi2 N mdot2
kg || kdikg v [08642205  [kgis &
kg/kmol Ars
Thus: mdot2 = 0.864 kg/s ... Ans.
9. Go to I/O panel to see TEST code etc:
s s s i sttt s OUTPUT OF SUPER-CALCULATE:
# Daemon Path: Systems>Open>SteadyState>Generic>MultiFlowMixed>PC-Model; v-10.
bbo06
R nnEE R Start of TEST-code --------m-mmmm oo
States {

State-1: H20;
Given: { pl= 250.0 kPa; T1= 80.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; mdotl= 0.5 kg/s; }

State-2: H20;
Given: { p2= “p1” kPa; T2= 20.0 deg-C; Vel2= 0.0 m/s; z2= 0.0 m; }
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State-3: H20;

Given: { p3= 250.0 kPa; T3= 42.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; mdot3= “mdotl+mdot2”
kg/s; }

}

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; }

}
R End of TEST-code ----==---mmmmmmmm oo
Homommeee Property spreadsheet :
# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#01 250.0 353.2 0.001 334.86 335.12 1.075
#02 250.0 293.2 0.001 83.96 84.21 0.297
#03 250.0 315.2 0.001 175.92 176.17 0.599

RAND
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| |
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# 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= 0.023273543 kW/K; Jdot_net= “-2.842171E-14" kW; Sdot_net=
-0.023273543 kW/K;

Verify:

#*CALCULATE VARIABLES: Type in an expression starting with an ‘=" sign (‘= mdot1*(h2-h1);
‘= sqrt(4*A1/PI); etc.) and press the Enter key)*++x

(mdot1*h1+mdot2*h2) = 240.3336599692044
mdot3*h3 = 240.33365996920443

# i.e. Energy balance is verified.

Prob. 5.33. Steam enters the condenser of a steam power plant at 20 kPa as sat. vapour with a mass flow
rate of 20000 kg/h. It is to be cooled by water from a nearby river, circulating the water through the
tubes within the condenser. The river water is not allowed to experience a temp rise above 10 C. If the
steam is to leave the condenser as sat. liquid at 20 kPa, determine the mass flow rate of cooling water

required. [Ref. 1]

TEST Solution:

This is a Non-mixing multi-flow type problem. i.e. the steam and cooling water do not mix.
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1. Choose the daemon suitable for Non-mixing, multi-flow problem, as shown below:

| Law of Thermodynamics applied to Flow Processes

Basic Tools

|
System Analysis

I
States & I?roperties

l l

Uniform Uniform

. Clolsed Dplen Sostens Flow

| 1 | l

Unsteady Process Steady State Steady State Unsteady Process

| (cvcies) | |

Generic @ Specific Generic Specific
|
[ [ l
Reciprocating Cycles  HVAC/Psychrometry Comb. & Equilibriien

I

[

I

l

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

2. Hovering the mouse pointer over “Non-mixing Multi-Flow” gives following window:

Click to go to page: TEST=Daemons=5Systems=0pen=5teady=Generic=Multi-Flow Non-Mixing Systems
Multi-Flow Non-Mixing Systems:
Analyze a non-mixing open steady GF
system with two inlets and two exits. A
co-flow or counter-flow heat exchanger
is an example of such a system. The :
working substances can be different for !

|

Flow

Dhireciion
the two flows. :é &
@ _________ iy
Heat exchangers are covered in OCaFiow @ Counte Flow
chapters 4 and 6.
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Note that this is the daemon required to solve parallel flow and counter-flow heat exchangers:

3. Choose PC model under ‘Two Identical Fluids’ as shown below, since water/steam is the
working substance:

Select a material model to laun

non-mixing mufti-fiow daemon.

Two Identical Fluids

""" 3 s s . e
l.g_?‘ S Launches the PC Model ‘ ‘e =50n53 g = RT
BC Mod Generic, Multi-Flow, Non-Mixing, Open-Steady Daemull‘1 PG Model R

The system has two separate flows consisting of two identical fluids, say, H20 and H20, which can not mix. Two inlet and

= two exit states - i1, i2, el and e2-states - are necessary to describe the non-mixing device. The two fluids can be
s 0n®

ﬁvﬁ"zgi" chemically identical.

LE T 3
RG Model Examples: Heat is exchanged in a counter-flow heat exchanger between a flow of cold liquid water and hot steam. For

specific examples, click on the help icon at the bottom maragin of the dasmon.

Two Different Fluids

The system has two separate flows consisting of two phase-change (PC) fluids, say, H20 and NHZ2, which can not mix.

Two inlet and two exit states - i1, 12, el and e2-states - are necessary to describe the non-mixing device. The two fluids
can be chemically identical.

PC Model 2 (i2), and one of the exit states, state-3 (e1), are completely given. For state-4 (e2 state), set mdotd=mdot2, set up
e I\jl- el the device panel with the known value of Wdot_ext(=0) and Qdot (=0, if adiabatic), and click Super-Calculate to
odel

Examples: R-134a and H20O are the two fluids in a heat exchanger. Suppose both the inlet states, state-1 (i1) and state-

evaluate State-4, If T3 and T4 are both unknown, but related, iterative solution is necessary in which Qdot is left as an

unknown, T3 is guessed until Qdot approaches the known value. For specific examples, click on the help icon at the
bottom margin of the daemon.

360°
thinking.

Deloitte.

© Deloitte & Touche LLP and affiliated entities.

Discover the truth at www.deloitte.ca/careers
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4. After choosing H20 as the working substance, enter data for State 1, i.e. P1, x1

(= 1, since sat. vap. is entering the condenser), and hit Enter:

Generic, Open Steady, Multi-Flow, Non-Mixing Daemon: PC Model
thermofluids.net > Daemons > Systems > Open > Steady > Generic > UnMixed > PC-Model

Home af ~ T
iy TEST _4

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

< |Casel || =

= Mixed sl

¥ HelpMessagesOn  Superierate | [ ate m Supernitialize

" English

State Panel | Device Panel | 10 Panel
@State-1 W Calculate Mo-Plots w Initialize -Saturated Vapar - Hz0
¥ pf |_ T |7 x1 |_ y1 )
Vo Vel Mo ozt
__ __ _m - -
phit psit v mdot
__ _I—I I L kg v | [ EEUGGORGO0M > |

I Voldot? AR

| [ ___ ot

5. Enter data for State 2 (i.e. sat. liq. leaving the condenser); i.e. enter P2, x2 (=0.0), mdot2 =
mdotl. Hit Enter:

Move mouse over avariable to display its value with more precision

# Mixed ¢ SI  English = | ™ Help Messages On Supef—ﬂe{atel Super-Calculate m Super-nitialize

State Panel l Device Panel | 110 Panel |

@State-2 v | caicuiate No-Plots . iali Saturated Liguid H20 v
v p2 l_ T2 !7 x2 l_ y2 w2

M Ve M 22
m— __ —m - -
j2 phi2 psi2

W mdot?
m— | e o o ¥
Voldot2 2

m— m—— U

6. For State 3, enter data for river water entering the condenser; hit Enter:

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

* Mixed ¢ SI ¢ English l‘ ¥ Help Messages On Super—lteratel Super-Calculate | m
State Panel | Device Panel | 110 Panel I
< |estates v > | | cacuate | i [subcooled Liquid -Hzo v.
V¥ b3 = o - I g
E— o — ] | o | G s
Vo Veld W 23
_— __ _m [ [ [
phi3 psi3 I mdot3
__ ml_l I Kmg v lmg v los v
| Voldot3 A3 M3
I mas v I m'2 ~ | kakmol v
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7. State 4 is river water exiting the condenser; enter the data, i.e. P4, T4, mdot4 = mdot3,
and hit Enter:

Move mouse over a variable to displ: ue with more precision.
* Mixed ¢ SI ¢ English < > ¥ Help Messages On Suner—lte‘ratel Super-Calculate Super-nitialize
State Panel | Device Panel | 10 Panel
BState-4 W | Calculate Mo-Plots » | Initialize Subcooled Liguid - Hzo .
VvV  p4 v T4 o oy
E— — ]| e
|7 Veld ¥ 24
ed 4 phid psid V¥ mdot4
T | e e

Voldotd M4

MMMI_II ol v |

Note that exit temp of cooling (river) water is 10 C above the inlet temp.

8. Now, go to Device Panel, enter i-1 state, i-2 state, e-1 state and e-2 state as shown. Also,

Qdot = 0, and Wdot_ext = 0. Press Calculate, and SuperCalculate:

cientific calculator that recog 3 2-h1, p1*(Vol 1ol 2)
& Mixed ¢ S| ¢ English LW_I ¥ Help Messages On  Super-iterate m
State Panel | Device Pane! | 110 Panel
Iniialize | B | cacuate | & Non-Mixing  Hixing Device
s st s s T
¥ Qdot M Wot ext ¥ T8 I Sdot gen

Jdot_net Sdot_net

AN v

Multi-Flow Non-Mixing Device - A

State-Null:
It indicates that
a port is closed.

Mass, Energy, and Entropy Equations:
Wy =Ly Mg = M)

0= 1ty Jy + 1t fip )= (Pt + 1,5 f0 )+ Q— W,

WinHip:
i : ;
5 , aa ) 1, Work in negative
0= [m:'lsil it msz&z) _(mslsel 15 )‘*’ T_+ ng Heat in positive
- B
SDI'
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9. Go to State Panel.

See State 3:

Move mouse over a variable to dis ts value with more precision
“ Mixed s English = ﬂ ¥ Help Messages On Super-iterate Super-Calculate | m Super-initialize |
State Panel I Dievice Panel | 110 Panel
Initialize -Subcuoled Liguid H20 -
T 75 cad
fraction v | | [fraction_ + m’ |
- MV Vei3
phi3 psid V¥ mdoi3
[org <] | kikg v kikg  v|[B1348685  [tem v
a3
fmz ] (oot | |

We see that: mdot3 = 313.49 kg/s ...flow rate of cooling (river) water required... Ans.

L

|
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10. To see the TEST code etc go to I/O panel:

B it OUTPUT OF SUPER-CALCULATE :
# Daemon Path: Systems>Open>SteadyState>Generic>MultiFlowUnmixed>PC-Model; v-10.
bb06
Hommmmmm e Start of TEST-code -------===mmm oo
States {
State-1: H20;
Given: { p1=20.0 kPa; x1= 1.0 fraction; Vell= 0.0 m/s; z1= 0.0 m; mdot1= “20000/3600” kg/s; }
State-2: H20;
Given: { p2= 20.0 kPa; x2= 0.0 fraction; Vel2= 0.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
State-3: H20;
Given: { p3= 100.0 kPa; T3= 25.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; }
State-4: H20;
Given: { p4= “p3” kPa; T4= “T3+10” deg-C; Vel4= 0.0 m/s; z4= 0.0 m; mdot4= “mdot3” kg/s; }
}
Analysis {

Device-A: i-State = State-1, State-3; e-State = State-2, 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: pl= 20.0 kPa; x1= 1.0 fraction; Vell= 0.0 m/s;
z1= 0.0 m; mdotl= “20000/3600” kg/s;

Calculated: T1= 60.062 deg-C; y1= 1.0 fraction; vl= 7.6516 m~3/kg;
ul= 2456.7214 kJ/kg; h1= 2609.708 kJ/kg; s1= 7.9086 kJ/kg.K;
el= 2456.7214 kJ/kg; j1= 2609.708 kJ/kg; Voldot1= 42.509 mA3/s;
Al= 4250896.5 m"2; MM1= 18.0 kg/kmol;

State-2: H20 > Saturated Mixture;

Given: p2= 20.0 kPa; x2= 0.0 fraction; Vel2= 0.0 m/s;
z2= 0.0 m; mdot2= “mdotl” kg/s;

Calculated: T2= 60.062 deg-C; y2= 0.0 fraction; v2= 0.001 m~3/kg;
u2= 251.3691 kJ/kg; h2= 251.3895 kJ/kg; s2= 0.832 kJ/kg.K;

HOoH O H OB OB OB OH OB OB OB OB R
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# e2= 251.3691 kJ/kg; j2= 251.3895 kJ/kg; Voldot2= 0.0056 mA3/s;

# A2=565.0207 m/A2; MM2= 18.0 kg/kmol;

# State-3: H20 > Subcooled Liquid;

# Given: p3= 100.0 kPa; T3= 25.0 deg-C; Vel3= 0.0 m/s;

# z3= 0.0 m;

# Calculated: v3= 0.001 m~3/kg; u3= 104.8785 kJ/kg; h3= 104.9788 kJ/kg;

# s3= 0.3673 kJ/kg K; e3= 104.8785 kJ/kg; j3= 104.9788 kj/kg;

# mdot3= 313.4869 kg/s; Voldot3= 0.3145 m~3/s; A3= 31447.955 m~2;
# State-4: H20 > Subcooled Liquid;

# Given: p4= “p3” kPa; T4= “T3+10” deg-C; Vel4= 0.0 m/s;

# z4= 0.0 m; mdot4= “mdot3” kg/s;

# Calculated: v4= 0.001 m~3/kg; ud= 146.6718 kJ/kg; h4= 146.7725 kJ/kg;

# sd= 0.5052 kJ/kg K; ed= 146.6718 kJ/kg; j4= 146.7725 kj/kg;

# Voldot4= 0.3154 m~/3/s; Ad4= 31544.615 m~2;

#oome - Property spreadsheet starts:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#01 20.0 3332 1.0 7.6516 2456.72 2609.71 7.909
#02 20.0 333.2 0.0 0.001 251.37 251.39 0.832
#03 100.0 298.2 0.001 104.88 104.98 0.367
#04 100.0 308.2 0.001 146.67 146.77 0.505

# Mass, Energy, and Entropy Analysis Results:

# Device-A: i-State = State-1, State-3; e-State = State-2, State-4; Mixing: false;
# Given: Qdot= 0.0 kW; Wdot_ext= 0.0 kW; T_B= 298.15 K;
# Calculated: Sdot_gen= 3.9177132 kW/K; Jdot_net= 0.0 kW; Sdot_net= -3.9177132 kW/K;

Prob.5.34. Air enters an adiabatic horizontal nozzle at 400 C with a velocity of 50 m/s. The inlet area is
240 cm/2. Temp of air at exit is 80 C. Given that the sp. vol. of air at the inlet and exit are respectively 0.2
mA3/kg and 1.02 mA3/kg, find the area of cross-section of the nozzle at the exit. Assume that enthalpy
of air is a function of temp only and that cp = 1.005 kJ/kg.K. [VTU-BTD-July 2006:]

Fig.Prob.5.34
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TEST Solution:
This problem is the same as Prob.5.13 which was solved with EES.

1. Go to the Daemon tree and locate System Analysis - Open — Generic - Single Flow:

Basin:l lools System Analysis States & Fl’roperties
[ l l ’—‘—‘ } l
Uniform Uniform
C|0|SEd Dplen Svstem Flow
| l | l
Unsteady Process Steady State Steady State Unsteady Process
| | (cvcles) | |
Generic “? Specific Generic Specific
|
l I l
Reciprocating Cvcles  HVAC/Psvchromelry Comb. & Equilibrium
i [ l ]
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
I I
& Non-Mixing Multi-Flow Mixing Multi-Flow @
|
- [ I [ I
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psvchrometry Dynamics & Equilibrium

2. Select the Perfect Gas (PG) Model (cp = const.) for Material model, since air is the

working substance:

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 guite accurate. Sub-cooled liguid is modeled with the

o compressed-liquid sub-model, except for species with an asterisk (H20™ as opposed to H20), which uses
? i‘ compressed liquid 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 Liguid: Constant density and constant specific heats (¢, = ¢, = ¢} charactenze the
solid/liquid {SL) model. Beside a wide selection to choose from, a new solid or liquid can be created by
assigning custom material properties.

e,
E{_J;_Ei: Working substances such as steel, iron, copper, aluminum, wood, water, oll, etc., which can be assumed to
----- d_ _'I maintain their condensed (solid or liguid) phase when a system undergoes other changes, can be analyzed
H=Mody 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.
Pure Gas: A pure gas has a fixed chemical composition across space and time.
~ o Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
cﬁ‘:.;.}.g" the simplest gas model which obeyes the ideal gas equation (pv = BT) and assumes
pé I\-‘; du Launches the PG Model Eats to be constant. In the IG (ideal gas) model, specific heats are assumed
20%| Generic, Single-Flow, Open-Steady Dasmon +ion of temperature only. The RG (real gas) model uses generalized
[ v e 1 e ) : 2o
Y ] compressiblity charts and is useful for aases near the critical or super-critical
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3. We get the following screen after clicking on PG model. Now, choose Air as the Working
substance from the drop down menu. Then, enter known values of T1, Vell, vl and A1l for
State 1. Click on Calculate. We get:

Generic, Open Steady, Slngle -Flow, Daemon PG Model
- " 0 o

@ Mixed ¢ SI ¢ English ii ¥ Help Messages On Super—neratei @ Supernitialize

State Panel | Device Panel | Exergy Panel I /0 Panel |

| No-Plots
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4. Enter data i.e. T2, v2 and mdot2 = mdotl for State 2, hit Enter:

Maove mouse over : able isplay alue with more pre

% Mixed ¢ SI © English ﬂ ¥ Help Messages On Super-lterate I Super-Calculate
State Panel | Device Panel | Exergy Panel | 110 Panel
v v u2
“_ __ __ m_ “_
Vel2 e 12
mmn s v _\_I I g v I kg v
phi2 psi2 Voldot2 |

I kg ]| I_l_ _I_II EI
M2 R2 G p2 G V2 k2
2 PTG - TP -~ VU] /- VTS| e e

5. Go to Device Panel, enter State 1 and State 2 for i-state and e-state respectively;

enter Qdot = 0 and Wdot_ext = 0 for the nozzle and click on Calculate. We get:

Generic, ODen Steady, Single-Flow, Daemon: PG Model
sb en

Move mouse over

& Mixed  SI ( English ﬂ ¥ Help Messages On Supef—ne(atel Super-Calculate m Super-nitialize

State Panel | Device Panel | Exergy Panel | 2 Panel |
M Qdot W Wdot ext ¥ 1B Sdof_gen
[ e 00 [t 0 [ _—
Jdot_net Sdot_net

6. Now, click on SuperCalculate. Go to State Panel. We get:

State 1:
Move mouse over a vari: ue with mare pre
% Mixed ¢ SI C English < ﬂ ¥ Help on Super-terat Super-Calculate m Superinitialize
State Panel | Device Panel | Exergy Panel | li0 Panel |

C‘alcu\ate- MNo-Flots
m— __ __ mm m—
Vo Velf v
mm EN - - - m—
phil psit " mdott o Voldot1 VAt

I g ] ko | EENNN o ][N e ] - v
M1 Rt c pt c vl ki
[ PR - - S TR - [ FETSN] - S FTR ] e
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And, State 2

Move mouse over a variable to disp lue with more precision.
# Mixed ¢ sl ¢ English < _ﬂ v Help M on Super-terat Super-Initialize
State Panel | Device Pane| | Exergy Panel | 0 Panel |

HH I Calculate | Formation Enthalpy: @ [+ 3

i A o2 i r:

“m—m—mmm“
172

_mm___ml_lﬁmﬁm [ ¥

phi2 psi2 V¥ mdot2 ™ Voldot2

I (B | I—I_____M

M2

R2 ¢ p2 ¢ v2

Thus: A2 = 76.22 cm/2 , Vel2 = 802.95 m/s.... Ans.
Also, p2 = 99.36 kPa, mdotl = mdot2 = 6 kg/s ... Ans.

7. Indicative T-s diagram for Plots tab:

T.K (5.9, T2E.748 )

74046

317.83

6.35 5, KJ/Kg.K 7.76
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8. 1/0O panel gives the TEST code etc.:

# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PG-Model; v-10.bb05
oo Start of TEST-code ~--------mmmm oo
States {

State-1: Air;

Given: { T1= 400.0 deg-C; v1= 0.2 m~3/kg; Vell= 50.0 m/s; z1= 0.0 m; Al= 240.0 cm/2; }
State-2: Air;

Given: { T2= 80.0 deg-C; v2= 1.02 m”3/kg; z2= 0.0 m; mdot2= “mdot1” kg/s; }

}

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; }

By 2020, wind could provide one-tenth of our planet’s
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
ication. We help make it more economical to create

Therefore we'need the best employees who can

eet this challenge!
Tr?f Power of Knowledge Engineering

_

o

Plug into The Power of Knowle‘ngineering.
Visit us at www.skf.com/kn0w1ec_l"g_!§#
RE

Y
1 A
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Basic Thermodynamics: Software Solutions

Part Il | Law of Thermodynamics applied to Flow Processes
#ommmmme- Property spreadsheet starts: #

# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)

# 1 965.92 673.2 0.2 183.13 376.31 7.053

# 2 99.36 353.2  1.02 -46.16 55.19 7.058

#

Prob.5.35. Steam at 1 MPa and 250 C enters a nozzle with a velocity of 60 m/s and leaves at 10 kPa.
Assuming the flow process to be isentropic and the mass flow rate to be 1 kg/s, determine: (i) the exit
velocity (ii) the exit diameter. [VTU-BTD-Jan./Feb. 2005]

Steam —|-L- 3

s
Fig.Prob.5.35

TEST Solution:

1. Choose the System analysis ... Single Flow daemon as shown below:

Basic Tools

|
l l

|
System Analysis

Open

States & Properties

Uniform

Uniform

Clolsed i System Flow
| l | |
Unsteady Process Steady State Steady State Unsteady Process
I {cvcles) I I
Generic g%, Specific Generic Specific
l
[ 1
Reciprocating Cvcles  HVAC/Psychwometry Comb. & Equilibrium
I I I !
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Nown-Uniform Non-Uniform Non-Uniform
I 1
Single-Flovgg Non-Mixing Muiti-Flow Mixing Multi-Flow @
1 |
I [ I 1
Vapor and Gas Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psvchrometry Dynamics & Equilibrium
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| Law of Thermodynamics applied to Flow Processes

2. Choose the PC model for Material model:

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 liguid and vapor phases. Based on the
saturation and super-heated tables, the model is quite accurate. Sub-cooled liquid is modeled with the

g compressed-liquid sub-madel, except for species with an asterisk (H20* as opposed to H20), which uses
compressed liquid table for better accuracy.
Launches the PC Model 0, R-12, NH3, R-134a, N2, CO2, etc., should be treated as PC fluids if there is any

PC MOdJGaneri:, Single-Flow, Open-Steady Daemon| '
po=somey oo preseoransition.

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 (¢, = ¢, = c) characterize the
solid/liquid (5L) model. Beside a wide selection to choose from, a new solid or liguid can be created by
assigning custom material properties.

Waorking substances such as steel, iron, copper, aluminum, wood, water, cil, etc., which can be assumed to
maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed
with the SL model.

Examples: Liguid water is pumped steadily from a given inlet-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 daesmaon.

Pure Gas: A pure gas has a fixed chemical composition across space and time.

~ Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
c‘:,,'=c;nsl‘ the simplest gas model which obeyes the ideal gas equation (pv = RT) and assumes
Pé N;od;\ specific hegts to be constant. In the IG (ideal gas) model, specific heats a.re assumed
~ to be function of temperature only. The RG (real gas) model uses generalized

compressiblity charts and is useful for gases near the critical or super-critical
conditions for which PC-model data are not avaiable.

3. Select H20 as working substance. Enter data, i.e. P1, T1, Vell and mdot1 for State 1.
Hit Enter:

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

= Daemons > Systems > Open > Steady > Generic > SingleFlow = PC-Model
i S R e I
TEST = ] dt AT

Move mouse over a variable to displa alue with more pn

& Mixed ¢ SI { English ;! v Help Messages On Super—lteralel Super-Calculate m

State Panel I Dievice Panel l Exergy Panel | 10 Panel

|Superheated Vapor -HZO v.

thermofluids.net

oyt o
fraction v | |
M Vet ]
w0 -
phit psit ¥ mdott

| o] o o O~
WRA1
EZRT| e P
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4. Enter P2,s2 = sl (since isentropic) and mdot2 = mdot1 and hit Enter:

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

& Mixed ¢ S| ( English j ¥ Help Messages On Super-lterate Super-Calculate | Super-Initialize |

State Panel I Drevice Pane| I Exergy Panel I |iC Fanel

Initialize -Sat.l.ulixture Lig.+Vap. -H2O v.
I
|
v s - vei2 W oz
] ) S e
J phit2 psi2 V¥ mdot2
| g v|[oaazer2[ma o] 2R kg | RS-
Voldot2 B A2 N2
N meais || m2 v I kokmol v

Note in the above screen shot that immediately other parameters for State 2 are calculated.

With us you can
shape the future.
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Basic Thermodynamics: Software Solutions

Part i | Law of Thermodynamics applied to Flow Processes

5. Go to Device Panel, enter State 1 and Styate 2 for i-state and e-state; also, enter Qdot = 0
and Wdot_ext = 0. Hit Enter:

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

« Mixed ¢ SI ( English _>I ¥ Help Messages On Super#teratel Super-Calculate Supernitialize
State Panel | Device Panel | Exergy Panel | 110 Panel |
| < |Device Al1-2) w ;[ T sate1 ) SN state 2 [ m Initalize |
¥ Qdot ¥ Wdot ext ¥ 1B I~ Sdot gen
Jdot_net Sdot_net

6. Now, click on SuperCalculate. Then, go to State Panel.

See State 1:

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

& Mixed ¢ 8| ¢ English < > v Help Messages On Super—llera’lel Super-Calculate | m Super-Initialize
State Panel | Device Pangl | Evergy Panel | 1I0 Panel
< |estate1 v | No-Flats v Inifialize -Superheated Vapor - H20 v .
I m
_ _I—I | froction v || facton | [BZEBSTRNNNN ke |
W Vel o z1
m_ mm “m - -
el phit psit V' mdot!
s v ml‘m—l | R e | s~
] Voldot 1 1
72T m_ E o ]

And, State 2

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

# Mixed  SI ( English < ﬂ ¥ Help Messages On Super—lteralel Super-Caiculate | m Super-Initialize

State Panel | Device Pang]

Exergy Panel | /0 Panel |

@State2 v | No-Flots v Initialize -Saturated Wixture - H20 v .

Vel2
m—mm—mm———
e2 V2 phi2 psi2 ™
P S | wo v S

| Voldot2

[z e v m— _mmv
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Thus:

exit velocity, Vel2 = 1225.31 m/s,
exit area = 0.01002 m~2 = 100.188 cmA2
Therefore, exit dia = d2 =11.29 cm

7. 1/0O panel gives TEST code etc:

Fommmn OUTPUT OF SUPER-CALCULATE:
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>PC-Model; v-10.bb06
Fommmm - Start of TEST-code ------====mmmmm oo oo
States {
State-1: H20;
Given: { pl= 1000.0 kPa; T1= 250.0 deg-C; Vell= 60.0 m/s; z1= 0.0 m; mdotl= 1.0 kg/s; }
State-2: H20;
Given: { p2= 10.0 kPa; s2= “s1” kJ/kg.K; z2= 0.0 m; mdot2= “mdot1” kg/s; }
}
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; }

}
oo End of TEST-code ~--------mmmmm oo
e Property spreadsheet starts:
# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#01 1000.0 523.2 0.2327 2709.89 2942.57 6.925
#02 100 319.0 0.8 12.2762 2070.91 2193.67 6.925

#000*CALCULATE VARIABLES:

sqrt(A2 * 4 /pi) = 0.11294417026465142 m

# i.e.d2=11.29 cm ...Ans.
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Prob. 5.36. Air flows steadily through a rotary compressor. At entry the air is at 20 C and 101 kPa. At
exit it is at 200 C and 600 kPa. Assuming the flow to be adiabatic, (i) evaluate the work done per unit
mass of air if the velocities at inlet and exit are negligible. (ii) what would be the increase in work input
if the velocities at inlet and exit are 50 m/s and 110 m/s? [VTU-BTD-Ja./Feb. 2004]

/

Rotary compressor

Air, In

Fig.Prob.5.36
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Part Il

TEST Solution:

1. Choose the System analysis ... Single Flow daemon as shown below:

| Law of Thermodynamics applied to Flow Processes

|
| I I
Basic Tools System Analysis States & I?roperties
I l | } l
g Uniform Uniform
CIO?Ed Dplen Svstem Flow
| l | l
Unsteady Process Steady State Steady State Unsteady Process
i (cvcies) I I
Generic @? Spedcific Generic Specific
|
| I l
Reciprocating Cvcles  HVAC/Psychrometry Comb. & Eguilibriuem
| I | l
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
[ |
‘% Non-Mixing Multi-Flow Mixing Multi-Flow @
- [ [ I I
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cvcles Psvchrometry Dyvrnamics & Equilibrium

2. Choose the IG model for Material model:

=R

1G Model

~
c,,”:c;nsl
PG Model
P
Wk
st uild RG Model

Pure Gas: A pure gas has a fixed chemical composition across space and time.
Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
the simplest gas model which obeyes the ideal gas equation (pv = 7) and assumes
specific heats to be constant. In the 1G (ideal gas) model, specific heats are assumed
to be function of temperature only. The RG (real gas) model uses generalized
compressiblity charts and is useful for gases near the critical or super-critical
conditions for which PC-model data are not avaiable.

Launches the 1G Model

Generic, Single-Flow, Open-Steady Daemon

m expands steadily in a nozzle from an infet-state to an exit-state with
phase change. For specific examples, click on the help icon at the

bottom margin of the dasmon.

A. When velocities are negligible:
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3. Choose Air as working substance. Enter P1, T1, mdot1 for State 1. Vell = 0 by default. Hit
Enter. We get:

Generic, Open Steady, Single-Flow, Daemon: IG Model
thermofluids.net > Daemons > Systems > Open > Steady > Generic > SingleFlow > IG-Model

Jd i A WD
& TEST CH

T1=20.0 deg-C [Absolute temperature]

* Mixed ¢ 51 ¢ English < > ¥ Help Messages On Super-terate | Super-Calculate m Super-initialize |

State Panel | Device Panel | Exergy Panel I |0 Panel |

ostate ! v > | Caicuiate | Na-Plots v
v ot |7 T I vl

?-7 Velt i et

phit psit ¥ mdott I Voldott

m T e

At

4. Enter P2, T2, mdot2=mdot1 for State 2; press Enter:

Move mouse over a variable to display ifs value with more pre:

~ Mixed ¢ S| ¢ English <|®Case~n vﬂ ¥ Help Messages On Supermmtel Super-Calculate m

State Panel | D

pce Panel [ 110 Panel I

ez~ N EEED
V. p2 VT2 I rho2 o o
— I — s — % —
v Vel2
m g m— - _:m—
ohi2 psi2 I Voldot2

m 5 o —:“:
R2 )

5. Go to Device Panel, enter State 1 and State 2 for i-state and e-state respectively.
Also, Qdot = 0, Wdot_ext = 0. Click Calculate, and SuperCalculate. We get:

Move mouse over a variable to disp alue with more p

“ Mixed ( 81  English < ﬂ ¥ Help ges On Super-lterats Super-Calculate m Super-initialize
State Panel I Device Panel | Exergy Panel | 110y Panel
< | Device-A[1-2] v j ST state-1 v Sule BRI m Initialize
¥ Qdot ™ Wt ext o ™ Sdot gen

]  —

Thus: Work done on unit mass of air = -183.08 kW....(negative sign indicates work input since it is

a compressor)..Ans.
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6. Indicative T-s diagram:

T. K (E.A01, 521034

52047

263.83

6.16 5, KJ/kg.K .85
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»
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7. 1/O panel gives TEST code etc:

B it s s s o s o o it e OUTPUT OF SUPER-CALCULATE :
# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>1G-Model; v-10.bb05
fommm s Start of TEST-code --------mmmmmmm oo
States {
State-1: Air;
Given: { pl= 101.0 kPa; T1= 20.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; mdotl= 1.0 kg/s; }
State-2: Air;
Given: { p2= 600.0 kPa; T2= 200.0 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: { Qdot= 0.0 kW; T_B= 298.15 K; }

}
SRR End of TEST-code ~--------mmmmm oo
fommmeee- Property spreadsheet starts:
# State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 101.0 2932 0.833 -89.13 -5.0 6.867
# 2 600.0 473.2  0.2263 42.29 178.08 6.842

B. When Vell = 50 m/s and Vel2 = 110 m/s:
The procedure is:
i) Enter the Vell value , Calculate, and

ii) enter Vel2 value, Calculate, and then

iii) SuperCalculate.
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We get:

State 1:

Generic, Open Steady, Sing[e—FIow Daemon: IG Model

thermofluids.net > Daemons = Systems > Open y >G ic > SingleFlow > IG-Model
=i = W D i
TEST

Move mous r a variable to displa with more pr

& Mixed ¢ SI  English < i‘ ¥ Help Messages On Super—lteratel Super-Calculate m Super-nitialize
State Panel | Device Panel | Exergy Fanel | 110 Panel |

< [esmer v 5]

¥ pt vV T |_ rhot T (e T (RS

|7 Velt |7 z1 |" et
it psit ¥ mdot? Voldot1
_\_II kivg | kmg v __ “_

Rkt

R1 c pt

State 2

& Mixed ¢ §I  English < ﬂ ¥ Help ges On Super-lterat | super Calculate m Super Initialize

State Panel | Device Pane| | Exergy Parel | 110 Panel |
vV p2 el 32 I tho? r v [
_ L —m 2 TN > e EETE ] - (N
77 Vel2 17 z2 |_ &2
phi2 pst2 v Voldot2

mlww_ll g V] I_[__m_
a2 R2 c p?
e o e e

Device Panel:

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

© Mixed ¢ SI ¢ English < > ¥ Help Messages On Super-lerate Super-Calculate | Super-Initialize

State Panel I Device Panel | Exergy Pane! | 10 Panel |
| < |Device-A11-2) v j [State-1_|v State2 v m Iniiaize |
M Qdot Wdot_ext Sdot_gen

Jdot_net Sdot_net

| [ ([T

Thus: Work done on unit mass of air = -187.88 kW...when inlet and exit velocities are

considered...Ans.
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Frommmmmm s OUTPUT OF SUPER-CALCULATE #

# Daemon Path: Systems>Open>SteadyState>Generic>SingleFlow>IG-Model; v-10.bb05

Fommmm e Start of TEST-code ~-----==mmmmmm oo
States  {

State-1: Air;

Given: { pl= 101.0 kPa; T1= 20.0 deg-C; Vell= 50.0 m/s; z1= 0.0 m; mdotl= 1.0 kg/s; }
State-2: Air;

Given: { p2= 600.0 kPa; T2=200.0 deg-C; Vel2= 110.0 m/s; z2= 0.0 m; mdot2= “mdot1” kg/s; }
}

Analysis {
Device-A: i-State = State-1; e-State = State-2;
Given: { Qdot= 0.0 kW; T_B=298.15 K; }

8 THE FUQUA
SCHOOL
OFBUSINESS

Learn More »
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Partll

#ooee*DETAILED OUTPUT:

| Law of Thermodynamics applied to Flow Processes

State  p(kPa) T(K) v(mA3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
1 101.0 293.2 0.833 -89.13 -5.0 6.867
2 600.0 473.2 0.2263 42.29 178.08 6.842

Prob. 5.37. Steam at a pressure of 1.4 MPa, 300 C is flowing in a pipe. Connected to this pipe through

a valve is an evacuated tank. The valve is opened and the tank fills with steam until the pressure is 1.4

MPa, and then the valve is closed. The process takes place adiabatically and K.E. and P.E. are negligible.

Determine the final temp of steam. [Ref. 2]

TEST Solution:

This is a problem on charging a tank. i.e. Uniform State, Uniform Flow type of problem. See eqn.

5.14 at the beginning of this chapter.

1. Select System Analysis — Open — Unsteady Process daemon as shown below:

thermofluids.net > Daemon Map

ﬁ Home &7
2 TEST

Basic Tools

|
l l l

System Analysis

States & I?roperl‘ies

[

Uniform

Uniform

l

Generic @
.

Clolsed Dplen Sntesn Flow
I 1 |
Unsteady Process Steady State Steady State
I (cycles) | ]
Specific Generic Specific

I

Reciprocating Cycles

HVAC /Psvchwomelry

Comb. & Eguilibrium

l

|
Uniform
Svstem

[
Non-Mixing
Non-Uniform

l
Semi-Mixing
Non-Uniform

l

Mixing
Non-Uniform

[
Smg.'e-!ﬁ".'owg?)

I

Non-Mixing Multi-Flow

I
Mixing Multi-Flow

°

I l

I

i
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2. Hovering the mouse pointer on ‘Unsteady Process’ brings up the following message window:

Click to go to page: TEST=Daemons=Systems=0pen=Unsteady Processes

Open Processes: The open
system Is unsteady; moreover, !
only the beginning and final E
conditions are relevant so that H
the instantaneous changes can E
be integrated out. However, i
i
i
1
i
]
I
i
1
I
]

unlike a closed process, the open

process equations also involve

the inlet and/or exit state(s). 200 kPa g

ELED S
x = 100%

Examples (chapters 4, &) include s g s i
charging and discharging of

cylinders, inflating a tire, a

pressure cooker discharging steam, etc.

Choose PC model for Material model since Steam is the working substance:

Open-System Unsteady Process Daemons: Select a Material Model
thermofluids.net y >

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

e compressed-liguid sub-model, except for species with an asterisk (H20™ as opposed to H20), which uses
compressed liquid table for better accuracy.
Launches the PC Model
PC Model Bher = oty Pro i R-12, NH3, R-134a, N2, COZ, etc,, should be treated as PC fluids if there is any

PUSSIONLY UT & prigse orarrsition.

Examples: Saturated water vapor escapes from a pressure cooker. To determine the heat transfer during
such an open process. For specific examples, dick on the help icon at the bottom margin of the daemon.

4. Select H20 as the substance and enter data, i.e. P1 = 0, m1 = 0 (since tank is evacuated),

and Voll, for State 1. Press Enter:

Open Process Daemon: Phase-Change (PC) Model

thermofluids.net > Dﬂnmum stems > Open > Pmcus:. > PC-Model
o W5 R 4
TEST
Move mouse over iable to dis ue with mare pre;
@ Mixed ¢ SI  English i‘ ¥ Help Messages On Super-lterate Super-Calculate m Super-initialize |
State Panel | Process Panel | O Panel

eState-1 v Calculate No-Plots v
¥ pt l_ Tt l_ x1 l_ yi o

!7 Velt M 21

phit psit Vo omt

it
i Vol1

Saturated Solid H20 M
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5. For State 2, enter P2, and m2 = m3, not known yet. Press Enter:

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

© Mixed ¢ Sl ( English < ﬂ ¥ Help Messages On Super-lterate

State Panel | Process Panel | /o Panel |
Calculate | |Unknown Phase H20 o

vV p2 - m g2 m
] o oter | | ETIE
Vw2 o T T ¥ vei2 [F: 22
—— | o~ - -
e - phi2 psi2 ¥ m2
| kg “] falikg ~| klikg | | kg v |[zm3 kg ¥
I Vel2 M2
| m3 v | kgkmal v

Move mouse over a variable to display salue with more precision.
# Mixed ¢ SI ¢ English < ﬂ ¥ Help Messages On Super-lterate Super-Calculate | Supernitialize
State Panel | Process Panel | 110 Panel |

Calculate No-Plots w
T3

o

7. Go to Process Panel, enter i-state = State 3, e-state = Null, and State 1 and State 2 for b-state

and f-state respectively, as shown. Also, Q = 0, W_ext = o. Press Enter:

Move mouse over a variable to dis value with mare precision.

& Mixed  SI  English ﬂ ¥ Help Messages On Super-iterate _Supe(-c.alculale: Super-hnitialize |
State Fanel | Process Panel | /0 Panel |

<__F'rocessz[}1‘2] vﬂ —
S S State-3 w =

Open Process - A

Mass: (m — ): (m —m )
o h 1 ]
WinHip:
Work in negative
Heat in positive

Energy: (mfgf—mggb): (mzf: _mefe)"'Q_ Wen
W e
p¥] T o
Entropy;(mfsf—mas' ): (ms, - ms, )+ =
Leed  h T IR S

—

'nut
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8. Click on SuperCalculate. Go to State Panel:

State 2:

Move mouse over 2 variable to display its value with more precision.

+ Mixe nglisi < ase-0 w| = v p Messages On uper-lterate Super Calculate uper-nitialize
# Mixed ¢ SI ¢ English ©Case0 v| v Help M O Super-lterat Super-Calculate | Super Initialize |

State Panel | Process Panel ! O Panel I

B ©State-2 v | = §| Calculate | MNo-Plots  + | Initialize -Superheated‘v’apm -Hzo v.
T oy2

p2 | | ™ o x

~| |Faction || [fraction

v Vel2
p5i2 v m2
| g ]| o~/ Y
’I kgfkmol v

Thus, T2 = 452.1 deg. C .... Ans.

9. 1/O panel gives TEST code etc:
o s s s s s s s e e OUTPUT OF SUPER-CALCULATE:
# Daemon Path: Systems>Open>Process>PC-Model; v-10.bb06
fommmm oo Start of TEST-code ------=--mmmmmm oo
States {

State-1: H20;

Given: { pl= 0.0 kPa; Vell= 0.0 m/s; z1= 0.0 m; m1= 0.0 kg; Voll= 0.4 m~/3; }

State-2: H20;

Given: { p2= 1400.0 kPa; u2= “h3” kJ/kg; Vel2= 0.0 m/s; z2= 0.0 m; m2= “m3” kg; }
State-3: H20;

Given: { p3= 1400.0 kPa; T3= 300.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; Vol3= “vol1” mA3; }

}

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=298.15K; }

254

Download free eBooks at bookboon.com
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Partli | Law of Thermodynamics applied to Flow Processes
Homommeee Property spreadsheet:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)
#01 0.0 0.0 0.0 Infinity 0.0 0.0 0.0

#02 1400.0 725.3 0.2357 3040.33 3370.3 7.459

#03 1400.0 573.2 0.1823 2785.14 3040.33 6.953

# 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=298.15 K;

# Calculated: S_gen= 1.1094596 kJ/K; Delta_E= 6671.911 kJ; Jdot_net= 6671.911 kJ;
Delta_S= 16.368185 kJ/K;

# Sdot_net= 15.258725 kJ;

Prob.5.38. A 1 mA3 tank contains ammonia at 150 kPa, 25 C. The tank is attached to a line flowing
ammonia at 12300 kPa, 60 C. The valve is opened, and mass flows in until the tank is half full of liquid,
by volume at 25 C. Calculate the heat transferred from the tank during this process. [Ref. 2]
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Basic Thermodynamics: Software Solutions

Partll

TEST Solution:

| Law of Thermodynamics applied to Flow Processes

This is a problem on charging a tank. i.e. Uniform State, Uniform Flow type of problem. See eqn.

5.14 at the beginning of this

chapter.

1. Select System Analysis — Open — Unsteady Process daemon as shown below:

thermofluids.net = Daemon Map

.3: Home &7
2 TEST

|
Basicl lools

I I
System Analysis States & I?roperties

[ l l JI l
] : doc & Uniform Uniform
= Clolsed Dplen System Flow
I l |
Unsteady Process Steady State Steady State
I {cycles) I I
Generic @ Specific Generic Specific
I
| ]
Reciprocating Cycles  HVAC/Psyvchvometry Comb. & Equilibrium
[ [ [ l
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
| I [
Sing.'e-F.fow$ Non-Mixing Multi-Flow Mixing Multi-Flow a?
[ [ | I |
Vapor and Gas Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dvnamics & Equilibrium

2. Choose PC model for Material model since NH3 is the working substance:

Open-System Unsteady Process Daemons: Select a Material Model
> Systems > O

thermofluids.net > Daemons

Launch the open process eaemon by selecting a sutiable material model.

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

e compressed-liquid sub-model, except for species with an asterisk (H20* as opposed to H20), which uses
compressed liguid table for better accuracy.
pC Madel Ezgnc_gittgfnﬂigggi Brocess Dasman | F-12: NH3, R-1343, N2, CO2, etc, should be treated as PC fluids if there is any

DUSSIONCY OT & prigss Tartsiton.

Examples: Saturated water vapor escapes from a pressure cooker. To determine the heat transfer during
such an open process. For specific examples, click on the help icon at the bottom margin of the daemon.
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3. Select Ammonia (NH3) as the substance and enter data, i.e. P1, Tland Voll for State 1.
Press Enter:

Open Process Daemon: Phase-Change (PC) Model

thermofluids.net = Daemons > Systems > Open > Process > PC-Model

EEEE B o @ @R 4

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

* Mixed  SI ( English > ¥ Help Messages On Super-lterate SuperCalculate | Supernitialize

State Panel | Process Panel | D Panel |
ostate1 v > | e No-Plots + Initialize -Sunerneateu vapor -Nnmoma{NHa} v_.
¥ pi MooTt I i vi
_ wa ¥ _Ideﬂ_*l I I.‘—VII |raction “_
51 I Veit ¥ ozt
m— mm “m - -

phit psi1

r mi
m—m - | CT] - S Ca—
v Vol
e el o

4. Enter the data, viz. T2, Vol2 = Voll, and y2 = volume fraction = 0.5 for State 2; press Enter:

ver a variable to

& Mixed 81  English ﬂ ¥ Help Messages On Super-terate | Super-Calculate | Super-nitialize |
State Panel | Process Panel I /0 Panel
H ©State2 v e| No-Plots Initialize -SatMlxture Lig.+Vap. -Ammoma(NHB} v.
x2
2 Vel2 2 zZ
mm m_ “m - -
ohiz psiz. r om
m— mlww_ll 27 (g | FEEEGREIN ]
o Vol
e ] oo

5. Enter data for State 3 (i.e. fluid flowing in the line), i.e. P3, T3; press Enter:

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

“ Mixed ¢ SI ¢ English > ¥ Help Messages On Superterate Super-Calculate Supernitialize

State Panel | Process Panel | {0 Panel
H @State-3 v'- ] ulate No-Plots itiali |Superheated Vapor -Ammonia(NHz) v.
¥ o3 ¥ T3 I %3 I 3 3
E— - — on | e ——
¥ Vel
_— m— _m | [ _
phi3 psid ¥ m3

m—m 2 s | e v o]

Vol3

I Ig__
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6. Go to Process panel, enter State 3 for i-state, Null for e-state, and State 1 and State 2 for

b-state and f-state respectively. (See the fig. below). Press Enter, and click SuperCalculate:

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

¢ Mixed ¢ SI ( English < |Case-0 % = ¥ Help Messages On Super-lterate M m Super-Initialize

I Process Panel I {0 Panel I

e 1_;] M Initialize

< | Process-A [g:1 2]
T see s v [ statenull v BN State1 v =N state2 ||
G v W _ext v g T Sgen
e TT— TR TR iT—
Delta E Jdot net Delta S Sdot_net
|93208.055 [k | 47285338 [ | [z512871 [kan | [15938472 [k v

Open Process - &

Mass: (mf —mb) = (mz- —mg) .
WinHip:
Work in negative
Heat in positive

Energy: (mfef —m;,%): (‘V‘V‘l]'JTJ' _mefs)+Q_ .
—_—

P¥; T o
Entropy: (mfsf —mé,sb) = (ms, - m,s, )+ —
, e T

"Sm'

Thus: Q = -379647.3 K] .... Ans... (negative sign indicates that heat is rejected).

7. 1/O panel gives TEST code etc:

Fommmm v OUTPUT OF SUPER-CALCULATE :

# Daemon Path: Systems>Open>Process>PC-Model; v-10.bb06

fommmmm e Start of TEST-code --------mmmmmm oo
States {

State-1: Ammonia(NH3);

Given: { pl= 150.0 kPa; T1= 25.0 deg-C; Vell= 0.0 m/s; z1= 0.0 m; Voll= 1.0 mA3; }
State-2: Ammonia(NH3);

Given: { T2= 25.0 deg-C; y2= 0.5 fraction; Vel2= 0.0 m/s; z2= 0.0 m; Vol2= “voll” mA3; }
State-3: Ammonia(NH3);

Given: { p3= 1200.0 kPa; T3= 60.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; }

}

Analysis {
Process-A: ie-State = State-3, State-Null; bf-State = State-1, State-2;
Given: { W_ext= 0.0 kJ; T_B=298.15 K; }
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# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(k]J/kg) s(kJ/kg)
#01 150.0 298.2 0.9557 1380.43 1523.78 6.113
#02 1003.2 298.2 0.0 0.0033 309.85 313.14 1.171
#03 1200.0 333.2 0.1238 1404.74 1553.27 5.236

# Mass, Energy, and Entropy Analysis Results:

# Process-A: ie-State = State-3, State-Null; bf-State = State-1, State-2;

# Given: W_ext= 0.0 kJ; T_B=298.15 K;

# Calculated: Q=-379647.3 k]J; S_gen=30.783335k]J/K; Delta_E=93206.055 kJ; Jdot_net=
472853.38 kJ;

# Delta_S= 351.2871 kJ/K; Sdot_net= 1593.847 KJ;

N
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Part Il

Prob. 5.39. A 0.12 mA3 rigid tank initially contains refrigerant R134a at 1 MPa and 100% quality. The
tank is connected by a valve to a supply line that carries R134a at 1.2 MPa and 36 C. Now the valve is
opened and the refrigerant is allowed to enter the tank. The valve is closed when it is observed that the

tank contains sat. liquid at 1.2 MPa. Determine (a) the mass of R134a that has entered the tank (b) the

amount of heat transfer [Ref. 1]

TEST Solution:

This is a problem on charging a tank. i.e. Uniform State, Uniform Flow type of problem. See eqn.

5.14 at the beginning of this chapter.

| Law of Thermodynamics applied to Flow Processes

1. Select System Analysis — Open — Unsteady Process daemon as shown below:

thermofiuids.net > Daemon Map

?_ Home ey
= TEST

| I
Basic Tools System Analysis

|

Closed COpen
| |

|
States & Properties

Uniform
System

Uniform
Flow

| 1 I

Unsteady Process

Steady State Steady State

I Unsteady Proc‘essl

i (cvcles)
Specific

I
Generic

Specific

Generic @
e

[
Keciprocating Cycles

I

HVAC/Psyvchrometry

Comb. & Equilibrium

l

[
Semi-Mixing
Non-Uniform

l
Uniform
System

l
Non-Mixing
Non-Uniform

Non-Uniform

l
Mixing

I
Non-Mixing Multi-Flow

I
Single-Flow {%;

Mixing Multi-Flow

I

o

1
HVAC
Psychrometry

[

Vapor and Gas
Power Cycles

I
Refrigeration
Cycles
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Basic Thermodynamics: Software Solutions
Part i I Law of Thermodynamics applied to Flow Processes

2. Choose PC model for Material model since R134a is the working substance:

Open-System Unsteady Process Daemons: Select a Material Model

Launch the open pr

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-liguid sub-model, except for species with an asterisk (H20* as opposed to H20), which uses

=
compressed liquid table for better accuracy.
Launches the PC Model &
PC Model e i Rty Bro (s ,.R—12, NH32, R-1343, N2, CO2, etc., should be treated as PC fluids if there is any
DUSSIOMTY OT 5 PrIEsE raTTSIton.

Examples: Saturated water vapor escapes from a pressure cooker. To determine the heat transfer during
such an open process. For specific examples, click on the help icon at the bottom margin of the daesmon.

3. Select R134a as the substance and enter data, i.e. P1, x1and Voll for State 1. Press Enter:

Open Process Daemon: Phase-Change (PC) Model

Move mouse over a variable to display its value with more precision.
“ Mixed Sl ( English i‘ ¥ Help Messages On Super-lterate  Super-Calculate M Super Initialize
State Panel | Process Panel 110 Panel l

Ostate-1 | > | caicuiate No-Plots v Initialize -Saturated Vapor -R—134a v .

M p1 1. yi l_ vi
W |7 Veit T~7 z1

phit psit

o 7 Tl r—
v Volt it
[ el

Observe that mass m1 is immediately calculated.

4. Enter P2, x2 and Vol2 = Voll for State 2. Press Enter. Immediately, mass m2 is calculated:

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

 Mixed ( SI C English ﬂ ¥ Help Messages On Super-terate | Super-Calculate | Super-nitialize

{0 Panel |

State Panel | Frocess Panel |

eStale2 v Calculate | No-Plats v itiali {2aturated Linuid - R-134a - .

¥ p2 M oox2 Ty i o
T o2 B W F o over I 22
i i psi2 I m2

kg ¥

261

Download free eBooks at bookboon.com



Basic Thermodynamics: Software Solutions
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5. Enter data i.e. P3, T3 and m3 = (m2-m1) for the State 3, i.e. the R134a flowing in the line.

Press Enter:

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

& Mixed ¢ SI  English j_c-ase-ﬂ_:ij [¥ Help Messages On Superiterate Super-Calculate i m Super-Initialize

[ U@State -3 | J m f“Nmo_-I-;‘i;)is—E‘E irlnilialiae I :'JSlmcanlea Liquid | R-134a vl |

State Panel |

B § I~ w3
segC v | | raction v-| [fraction | v | [BBES [T

L h3 =3 ¥ 23
T N e

[i082268 i | lm.asm
V¥ m3

nhi3 psi3

I~ e3 o

[0002268T T (as v |[idDs4E T [ns v g | (v | s~
r Vol3 MM3

fo.11032 w3 || |kgmal v
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Basic Thermodynamics: Software Solutions
Partli | Law of Thermodynamics applied to Flow Processes

6. Go to Process panel, enter i-state = State 3, e-state = Null; and enter State 1 and State 2 for

b-state and f-state respectively. Also, W_ext = 0, and press Calculate and SuperCalculate.
We get:

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

# Mixed © SI  English < -(-Iase-l]__v_.iﬂ W Help Messages On Super-lterate Super—calculate| m Super—!riﬁaiize|

| Process Panel I

;IiF'I’OCESS-;Qi M Initialize

f i-State : state: gr-State-NuII ~| b-State: ':iState-‘l B -State: -}ﬁ:tate-z lf'

]| Q v W_ext v EB | S gen

CIEC T N | B < ~ [Tz Cra—
Delta E Jdot_net Delta S Sdot_net

[14084.179 I v |13062:673 Kl v | [5116198 | i v [47.82618 = ~|

Open Process - A

Mass: (mf —mb):(ml.—me) e—
WinHip:
Work in negative
Heat in positive

Energy: (mfef _mf:eb): (mu’r _me.n’e)"'Q_ Weo Ts

Y] ot o
Entropy: (mfsf —My )= (ms, —ms, )+ =
B e

201

Thus: Q = 1031.51 kJ (going in to the system), m3 = mi = (m2 - m1) = 128.25 kg .... Ans.

7. Get TEST code etc from the I/O panel:

Fommmmmvmn v OUTPUT OF SUPER-CALCULATE:

# Daemon Path: Systems>Open>Process>PC-Model; v-10.bb06

Fommmm - Start of TEST-code -------===mmmmm oo
States {

State-1: R-134a;

Given: { pl= 1000.0 kPa; x1= 1.0 fraction; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.12 mA3; }
State-2: R-134a;

Given: { p2= 1200.0 kPa; x2= 0.0 fraction; Vel2= 0.0 m/s; z2= 0.0 m; Vol2= “vol1” mA3; }
State-3: R-134a;

Given: { p3= 1200.0 kPa; T3= 36.0 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: { W_ext= 0.0 kJ; T_B=298.15 K; }
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- Property spreadsheet starts:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(k]/kg) s(kJ/kg)
#01 1000.0 3125 1.0 0.0204 250.17 270.55 0.913
#02 1200.0 319.4 0.0 9.0E-4 116.05 117.12 0.421
#03 1200.0 309.2 9.0E-4 100.82 101.85 0.373

# Mass, Energy, and Entropy Analysis Results:

# Process-A: ie-State = State-3, State-Null; bf-State = State-1, State-2;

# Given: W_ext= 0.0 kJ; T_B= 298.15 K;

# Calculated: Q=1031.5059 kJ; S_gen=-0.12388586 kJ/K; Delta_E= 14094.179 kJ; Jdot_
net= 13062.673 kJ;

# Delta_S= 51.161983 kJ/K; Sdot_net= 47.826183 kJ;

Prob.5.40. A 100-L rigid tank contains carbon dioxide gas at 1 MPa, 300 K. A valve is cracked open, and
carbon dioxide escapes slowly until the tank pressure has dropped to 500 kPa. At this point the valve is
closed. The gas remaining inside the tank may be assumed to have undergone a polytropic expansion,
with polytropic exponent n =1.15. Find the final mass inside and the heat transferred to the tank during
the process. [Ref:2]

Note that this problem is the same as Prob.5.19, which was solved earlier with EES.
Now, we shall solve it with TEST:

TEST Solution:

This is a problem on discharging a tank. i.e. Uniform State, Uniform Flow type of problem. See eqn.

5.14 at the beginning of this chapter.
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1. Select System Analysis — Open - Unsteady Process daemon as shown below:

thermofluids.net > Daemon Map

ﬁ Home &7
& TEST

Basic Tools

l l

|
System Analysis

Closed Open
| |

Uniform

Svsiem

|
States & Properties

Uniform

Flow

|
Unsteady Process

l [
Steady State Steady State

I Unsteady Process I

{cvcles) |

|
Specific

Generic g Specific Generic
T |
[ I l
Reciprocating Cvcles  HVAC/Psvchromelry Comb. & Equilibrium
I [ I l
Uniform Non-Mixing Semi-Mixing Mixing
System Non-Uniform Non-Uniform Non-Uniform
l ! I
Single-Flow g Non-Mixing Multi-Flow Mixing Multi-Flow &
I |
[ [ [ | |
Vapor and Gas  Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibrium
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2. Choose PG model for Material model since CO2 is the working substance. Select CO2 as
the working substance and enter data, i.e. P1, T1 and Voll for State 1. Press Enter:

Open Process Daemon: Perfect Gas (PG) Model

thermofluids.net > Daemons > Systems > Open > Process > PG

Bl =56 o @

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

# Mixed ¢ S| ¢ English ﬂ ¥ Help Messages On Suoer—neratel

SuperInitialize

State Panel | Process Panel | 0 Panel |
©%tate-1 v I Calculate No-Plots v
¥ pt L r w rout T
(GO - | OO < | v |[ESSEFERLLN e v|[BSEBEEIIN [k v
I i M Velt Vo oz ] N I
[T TN NN TR
i et

I mi WV Volt Mt
[ | S — ) -
R1 c pl c vt

Note that m1 is calculated as 1.76449 kg.

3. Enter P2, T2, Vol2 = Voll for State 2; press Enter:

Maove mouse iable to value with more prec
& Mixed ¢ S| C English > v Help on Super-lterat Super_Calculate m Super Initialize
State Panel | Process Panel | IO Panel I

©3tate-2 v | Calculate | No-Plots |+
¥ p2 |7 T2 | v2

Vo Vei2 V22
_m - _ __ m_
phi2 psi2 W Vo2
| || e v —_ | [ _

R2 c p2 ¢ V2 K2
2 T T - 2 ECRT) - TERED) - =)

Note that m2 is calculated as 0.96573 kg.
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4. State 3 is the state of gas flowing out. Its enthalpy goes on changing during the ‘flowing out’

process. Let us take the enthalpy as the average of that at the beginning and end of flow, i.e.

h3 is average of h1 and h2. And m3 is equal to (m1 - m2). Press Enter:

Move mouse over a variable to displ

# Mixed ¢ SI ¢ English < :I ¥ Help Messages On Super-terate

State Panel | Process Panel

BE Calculate

m Supernitialize

/0 Panel

Veld

e S-S
phi3 psid Vo m3 . Vol3 M3
| — s | v e

d

klkg K - kllkg K - kg K ~

5. Go to Process panel, enter i-state = Null, e-state = State 3; and enter State 1 and State 2 for

b-state and f-state respectively. Also, W_ext = 0. Click on Calculate and SuperCalculate.

We get:
Move mouse over a variable to display lue with rmre prc.i-sicnn.
# Mixed ¢ S| { English il ¥ Help Messages On Super—rleratel m
State Panel l Process Panel | 10 Panel
<[Prmesaiiz |- | e

Open Process - A

Mass: (mf 7mb) = (ml. 7mg)

WinHip:
Waork in negative
Heat in positive

Energy: (mfef —mbeb): (m”r! _mef;;)"'Q_ W, Tg
2
Ty

AF Fret
Entropy: (mfsf — S ): (m,s,- - m,s, )+
¥R B n PG Sl

Sar

Thus: Q = 20.13 kJ (heat transferred in to the tank), m2 = 0.966 kg, T2 = 274.1 K .... Ans.
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6. TEST code and other details can be seen in the I/O panel:

Frommmmvmm v~ OUTPUT OF SUPER-CALCULATE:

# Daemon Path: Systems>Open>Process>PG-Model; v-10.bb05

fommmm Start of TEST-code -------mmmmm oo oo o
States {

State-1: CO2;
Given: { pl= 1000.0 kPa; T1= 300.0 K; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.1 mA3; }
State-2: CO2;
Given: { p2= 500.0 kPa; T2= “T1*(P2/P1)A((1.15 - 1)/1.15)” K; Vel2= 0.0 m/s; z2= 0.0 m;
Vol2= “Vol1” mA3; }
State-3: CO2;
Given: { h3= “(h1+h2)/2” kJ/kg; Vel3= 0.0 m/s; z3= 0.0 m; }
}
Analysis {
Process-A: ie-State = State-Null, State-3; bf-State = State-1, State-2;
Given: { W_ext= 0.0 kJ; T_B=298.15 K; }
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e DETAILED OUTPUT:
# Evaluated States:

State-1: CO2 > PG-Model;
Given: pl=1000.0 kPa; T1= 300.0 K; Vell= 0.0 m/s;
z1= 0.0 m; Voll= 0.1 mA3;
Calculated: vl1= 0.0567 m~3/kg; ul=-8996.771 kJ/kg; h1= -8940.098 kJ/kg;
s1= 4.4304 kJ/kg K; el= -8996.771 kj/kg; j1= -8940.098 kj/kg;
m1= 1.7645 kg; MM1= 44.01 kg/kmol; R1= 0.1889 kJ/kg.K;
c_pl=0.8437 kJ/kg.K; c_v1= 0.6548 kJ/kg.K; k1= 1.2885 UnitLess;
State-2: CO2 > PG-Model;
Given: p2= 500.0 kPa; T2= “T1*(P2/P1)~((1.15 - 1)/1.15)” K; Vel2= 0.0 m/s;
z2= 0.0 m; Vol2= “Voll” m~3;
Calculated: v2= 0.1036 m~3/kg; u2=-9013.751 kJ/kg; h2=-8961.977 kJ/kg;
s2= 4.4851 kJ/kg.K; e2= -9013.751 kj/kg; j2= -8961.977 k/kg;
m2= 0.9657 kg; MM2= 44.01 kg/kmol; R2= 0.1889 kJ/kg.K;
c_p2=0.8437 kJ/kg.K; c_v2= 0.6548 kJ/kg.K; k2= 1.2885 UnitLess;

State-3: CO2 > PG-Model;
Given: h3= “(h1+h2)/2” kJ/kg; Vel3= 0.0 m/s; z3= 0.0 m;
Calculated: T3= 287.0334 K; u3= -9005.262 kJ/kg; e3= -9005.262 k]/kg;
j3= -8951.037 kJ/kg; m3= 0.7988 kg; MM3= 44.01 kg/kmol;
R3=0.1889 kJ/kg.K; c_p3= 0.8437 kJ/kg.K; c_v3= 0.6548 k]J/kg.K;
k3= 1.2885 UnitLess;

H O ¥ O OB H O O H OB OH OH O H OB OB OH OB OH W OH OB R

e Property spreadsheet starts:

# State  p(kPa) T(K) v(m~3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
# 1 1000.0 300.0 0.0567 -8996.77 -8940.1 4.43

# 2 500.0 274.1 0.1035 -9013.75 -8961.98 4.485

# 3 287.0 -9005.26 -8951.04

Fommme - Property spreadsheet ends----------------omommmmmm

# Mass, Energy, and Entropy Analysis Results:

# Process-A: ie-State = State-Null, State-3; bf-State = State-1, State-2;
Given: W_ext= 0.0 kJ; T_B=298.15 K;
# Calculated: Q= 20.132648 kJ; Delta_E= 7169.9126 kJ; Jdot_net= 7149.78 kJ; Delta_S=

-3.4860783 KJ/K;
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Prob.5.41. A rigid tank has a volume of 0.06 mA3 and initially contains two phase liquid-vapour
mixture of H20 at a pressure of 15 bar and a quality of 20%. As the tank contents are heated, a pressure
regulating valve keeps the pressure constant in the tank by allowing sat. vap. to escape. Neglecting KE
and PE changes (a) determine the total mass in the tank, in kg and the amount of heat transfer, in kJ,
if heating continues until the final quality is 0.5 (b) plot the total mass in the tank, and the amount of

heat transfer versus final quality, x, ranging from x = 0.2 to 1. [Ref. 3]

TEST Solution:

This is a problem on discharging a tank. i.e. Uniform State, Uniform Flow type of problem. See eqn.

5.14 at the beginning of this chapter.

1. Select System Analysis — Open — Unsteady Process daemon as shown below:

thermofluids.net > Daemon Map

?._ Home o7
W TEST

L’;asic:l lools System Analysis States & Fﬁroperties
[ l l ’—‘—‘ L' .} .l,
niform Uniform
C|0|56d Oplen System Flow
| 1 [ ]
Unsteady Process Steady State Steady State I Unsteady Processl
| (cycles) | |
Generic “1.}, Specific Generic Specific
|

[ [ l
Reciprocating Cvcles  HVAC/Psyvchrometry Comb. & Fquilibrium

l l l l

Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
[ I l
S:‘ng.fe-!r".‘ow{?} Non-Mixing Multi-Flow Mixing Multi-Flow E?,
I I l I l
Vapor and Gas Refrigeration HVAC Gas Combustion
Power Cycles Cycles Psychrometry Dynamics & Equilibrium
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2. Choose PC model for Material model since H2O is the working substance.

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 liguid is modeled with the

g compressed-liquid sub-model, except for species with an asterisk (H20® as opposed to H20), which uses
compressed liquid table for better accuracy.

Launches the PC Model = i o e
PC MDdEIGeneric, Sincle-Flow Onsn-Staady Daamon'zo, R-12, NH3, R-134a, N2, C0O2, etc,, should be treated as PC fluids if there is any
B

TOTTCy o= T r=nsition.

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 (¢, = ¢, = c) characterize the
solid/liquid {SL) model. Beside a wide selection to choose from, a new solid or liquid can be created by
assigning custom material properties.

Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed to
maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed

St adal with the SL model.
Examples: Liquid water is pumped steadily from a given infet-state to 3 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.
Pure Gas: A pure gas has a fixed chemical compasition across space and time.
L Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
g,,"=c6‘nstv the simplest gas model which obeyes the ideal gas equation (pv = RT) and assumes
Sl W specific heats to be constant. In the IG (ideal gas) model, specific heats are assumed
PG Model ~ : -
55 ;vna; to be func.:tlc.m of temperature only. The RG (real gas) muc!e\ uses generalized
o S ) compressiblity charts and is useful for gases near the critical or super-critical
RG Model conditions for which PC-model data are not avaiable.
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Basic Thermodynamics: Software Solutions

Part i | Law of Thermodynamics applied to Flow Processes

3. Select H20 as the working substance and enter data, i.e. P1, x1 and Voll for State 1.

Press Enter:

Open Process Daemon: Phase-Change (PC) Model
thermofluids.net > Daemons > Systems > Open > Process > PC-Model

T
¥ TEST i

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

“Mied S CEngisn  <[Cased v | ¥ HobessasOn _Supectrt

| /0 Panel |

State Panel | Process Panel

©State-1 v Calculate | No-Plots w I Initialize SBT Mixture: Lig. +vap. -HQO - .
|

_| _| _| J
J uf J hi J s1 _I Vel1 _I
(oSSR (o | [AESER v v EAGE o ~] R ] __
_l ef _| bil phit. psit

| m
[ASSEI (e | [ESS e v ]] S (eio | GRS ]

> e

4. Enter P2 = P1, x2 and Vol2=Voll1 for State 2, press Enter:

Ve mouse over a

“ Mixed ¢ 81  English j ¥ Help Messages On Superlterate | Super-Calculate | Super-Initialize

| 170 Panel |

In |Sat Mixture: Liq +Vap -Hzo v.
[ | » M [ =
O - | S e~ DR v~ R e | RO s
| we | he n | ez B

| ez | e phiz g | me
[ TR T e (T p— R C—

State Panel I Process Panel

5. For the fluid flowing out, it is State 3. Enter P3 = P1, x3 = 1 (since, by data, it is sat. vap.)

and m3 = (m1-m2). Press Enter:

* Mixed ¢ Sl ¢ English > v Help on Super-lterat Super-Calculate | m Super-Initialize

10 Panel |

State Panel | Process Panel |
Saturated Vapor - H20 PV .
_l '3 J vi
I [EE7 ] [ e TN < e T
Veld * | 23
~| - -
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6. Go to Process panel. Enter i-state = Null, e-state = State 3 (i.e. fluid flowing out). Also, enter

States 1 and 2 for b-state and f-state respectively. Enter W_ext = 0. Press Enter. We get:

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

 Mixed 1 SI  English < -(-Iase—l]_—v_.é_sj v Help Messages On Super-lterate Super-{‘.alculate‘ m Super-!riﬁalize|

| Process Panel I

< [FossAiizv]> |  Cacsae | o |
[ S [Statenui v 0 stmtes v st v D stz v
J Q ﬂ W_ext Y| TB J S gen
25455485, I [ [ [T
Delfa E Jdot_net Delta S Sdot_net
[-1072 5034 K v|[=81815 K v | 295245 IS v| 835173 [ v
Open Process - A
Mass: (mf—mb):(mi—me) —
WinHip:

Energy: (mfef _mbeb): (mzfi _mefs)"'Q_ W

Work in negative
Heat in positive

47 73 o
Entrapy: (mfsf —mg,s*b) = (ms,—m,s, )+ =
SO e

'S’mf

Note that Q is calculated as: Q = 2545.65 KJ ...= heat supplied.... Ans.

7. Click on SuperCalculate: Go to I/O panel to see TEST code etc:

Frommmmvmm v~ OUTPUT OF SUPER-CALCULATE :

# Daemon Path: Systems>Open>Process>PC-Model; v-10.cb01

oo Start of TEST-code -------mmmmm o oo
States {

State-1: H20;

Given: { pl= 15.0 bar; x1= 0.2 fraction; Vell= 0.0 m/s; z1= 0.0 m; Voll= 0.06 mA3; }
State-2: H20;

Given: { p2= “p1” bar; x2= 0.5 fraction; Vel2= 0.0 m/s; z2= 0.0 m; Vol2= “voll” mA3; }
State-3: H20;

Given: { p3= “p1” bar; x3= 1.0 fraction; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m1-m2” kg; }
}

Analysis {
Process-A: ie-State = State-Null, State-3; bf-State = State-1, State-2;
Given: { W_ext= 0.0 kJ; T_B=298.15K; }
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#ooee*DETAILED OUTPUT:

# Evaluated States:

HOH ¥ O B OH O O H OB OH K H OB R

State-1: H20 > Saturated Mixture;

Given: pl= 15.0 bar; x1= 0.2 fraction; Vell= 0.0 m/s;
z1= 0.0 m; Voll= 0.06 mA3;

Calculated: T1= 198.3066 deg-C; y1= 0.9662 fraction; vl= 0.0273 m~3/kg;
ul= 1193.3645 kJ/kg; h1= 1234.291 kj/kg; s1= 3.1409 kj/kg.K;
el= 1193.3645 kJ/kg; j1= 1234.291 kJ/kg; m1= 2.1979 kg;

MM1= 18.0 kg/kmol;
State-2: H20 > Saturated Mixture;

Given: p2= “p1” bar; x2= 0.5 fraction; Vel2= 0.0 m/s;
z2= 0.0 m; Vol2= “vol1” mA3;

Calculated: T2= 198.3066 deg-C; y2= 0.9913 fraction; v2= 0.0665 m~3/kg;
u2= 1718.751 kJ/kg; h2= 1818.4697 kj/kg; s2= 4.3799 kj/kg.K;
e2=1718.751 kJ/kg; j2= 1818.4697 kJ/kg; m2= 0.902 kg;

MM2= 18.0 kg/kmol;
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# State-3: H20 > Saturated Mixture;

# Given: p3= “p1” bar; x3= 1.0 fraction; Vel3= 0.0 m/s;

# z3= 0.0 m; m3= “m1-m2” kg;

# Calculated: T3= 198.3066 deg-C; y3= 1.0 fraction; v3= 0.1319 m~3/kg;

# u3= 2594.395 kJ/kg; h3= 2792.101 kJ/kg; s3= 6.445 kJ/kg.K;

# e3= 2594.395 kJ/kg; j3= 2792.101 kJ/kg; Vol3= 0.1709 m~3;

# MM3= 18.0 kg/kmol;

oo Property spreadsheet starts:

# State p(kPa) T(K) x v(m3/kg) u(kJ/kg) h(kJ/kg) s(kJ/kg)
#01 1500.0 471.5 0.2 0.0273 1193.36 1234.29 3.141
#02 1500.0 471.5 0.5 0.0665 1718.75 1818.47 4.38
#03 1500.0 471.5 1.0 0.1319 2594.4 2792.1 6.445

# Mass, Energy, and Entropy Analysis Results:

# Process-A: ie-State = State-Null, State-3; bf-State = State-1, State-2;

# Given: W_ext= 0.0 kJ; T_B=298.15 K;

# Calculated: Q= 2545.6465 kJ; S_gen= -3.1388645 kJ/K; Delta_E= -1072.5034 kJ; Jdot_
net= -3618.15 kJ;

# Delta_S= -2.9524584 kJ/K; Sdot_net= -8.351734 kJ;

(b) Plot m2, Q against final quality, x2:

The procedure is simple: Go to State 2, change x2 to desired value, press Calculate, and then SuperCalculate.
All calculations are immediately up-dated. Read the values of m2 from State 2, and Q from the Process

panel. Do this for all desired values of x2 and tabulate as shown below:

x2 m2 (kg) Q (kJ)
0.2 2.19789 0
0.3 1.486 1398.07
0.4 1.123 2112.21
0.5 0.902 2545.65
0.6 0.754 2836.7
0.7 0.648 3045.63
0.8 0.567 3202.9
0.9 0.505 3325.56
1 0.455 3423.9

Download free eBooks at bookboon.com



Basic Thermodynamics: Software Solutions

Part Il

| Law of Thermodynamics applied to Flow Processes

Now, plot the results in EXCEL:

Mass of H20 | tank, m2 (kg)

2.5

15

0.5

m2 vs x2

0.1

02 03 04 05 06 07 038
quality, x2
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Heat transfer, Q (kJ)
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Prob.5.42. A well insulated rigid tank of volume 10 mA3 is connected to a large steam line through
which steam flows at 15 bar and 280 C. The tank is initially evacuated. Steam is allowed to flow into the
tank until the pressure inside is P. (a) Determine the amount of mass in the tank, and the temp in the

tank , when P = 15 bar (b) Plot the quantities in part (a) versus P ranging from 0.1 to 15 bar. [Ref. 3]

TEST Solution:

This is a problem on charging a tank. i.e. Uniform State, Uniform Flow type of problem. See eqn.

5.14 at the beginning of this chapter.
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1. Select System Analysis — Open - Unsteady Process daemon as shown below:

thermofluids.net > Daemon Map

j: Home o7
B TEST

|
| |
Basicl lools System Analysis States & Properties
[ I 1 "
] £ ) Uniform Uniform
e Clolsed Oplen System Flow
I 1 | |
Unsteady Process Steady State Steady State Unsteady Processl
(cycles) | '
Generic @ Specific Generic Specific
|
[ [ l
Reciprocating Cycles  HVAC/Psychromelry Comb. & Equilibriiam
l [ [ l
Uniform Non-Mixing Semi-Mixing Mixing
Svstem Non-Uniform Non-Uniform Non-Uniform
[ [ [
Single-Flow ? Non-Mixing Multi-Flow Mixing Multi-Flow g%;
[ [ [ l l
Vapor and Gas Refrigeration HVAC Gas Combustion
Power Cvcles Cycles Psychrometry Dynamics & Equilibrium

2. Choose PC model for Material model since H2O is the working substance.

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.

=z

Launches the PC

PC MOd4Generi:, Single-Flow, Open-Steady Dasmon
=4

Model ’ZO, R-12, NH3, R-134a, N2, CO2, etc., should be treated as PC fluids if there is any

T T r=nsition.

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

Pure Solid and Pure Liquid: Constant density and constant specific heats (¢ = ¢, = c) 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.

X
;f;-:_(-:i: Working substances such as steel, iron, copper, aluminum, wood, water, oil, etc., which can be assumed to
S 3l maintain their condensed (solid or liquid) phase when a system undergoes other changes, can be analyzed
5t Mddel 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 marain of the daemon.
Pure Gas: A pure gas has a fixed chemical compaosition across space and time.
~ Oxygen, nitrogen, and air are examples of a pure gas. The PG (perfect gas) model is
;ﬂ"zc;nslo the simplest gas model which obeyes the ideal gas equation (pv = RT) and assumes
. 0 specific heats to be constant. In the IG (ideal gas) model, specific heats are assumed
PG Model - : :
2e s aan to be function of temperature only. The RG (real gas) model uses generalized
?,“g?,?.{ compressiblity charts and is useful for gases near the critical or super-critical
= (. RG Model conditions for which PC-model data are not avaiable.
=t
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3. Select H20 as the working substance and enter data, i.e. P1= 0, m1= 0 (since evacuated
tank), and Voll = 10 mA3 for State 1. Press Enter:

Open Process Daemon: Phase-Change (PC) Model

thermofluids.net > Daemons > Systems > Open > Process > PC-Model

EEEEd 5 o 5 R =4

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

& Mixed ¢ S { English > ¥ Help Messages On Super-lterate Super-nitialize

State Panel | Process Panel | 0 Panel |

Calcu\ale: Imliahze

J ut _| B J 51 | ven Ll z1

_J et J i phit psit il mi

[ TP o PR o [P | [TORN  [E
7| Vot

handt
-~ EE o -

4. For State 2, enter P2, Vol2, and u2 = h3 for filling an evacuated tank (see eqn. 5.14 at the

beginning of this chapter). Press Enter:

Move mouse over a

ue with mare precision.

S ges On | Loaa [ super-ininaize

Process Fanel | |/0 Panel

@ Mixed ¢ Sl  English

State Panel

[esaz v o]

Calculate | No-Plots +

I [me v [ore ]
i| Vol2 M2,

| o

5. State 3 refers to the fluid in the line. Enter P3, T3 and m3 = m2. Press Enter:

Move mouse over a variable to disp value with more precision
# Mixed C 51 ¢ English < j IV Help Messages On Super-iterate Super-Calculate | m Super-nitialize
State Panel | Frocess Panel | WO Banel |

|Superheated Vapor -Hzo v-.
¥3

_] v3
Irocton | |G | 0 ]
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Part i
6. Now, go to Process Panel. Enter i-state = State 3, e-state = Null, and enter States 1 and 2 for
b-state and f-state respectively. Also, enter Q = o (since the tank is insulated) and W_ext = o
(since no external work). Press Calculate:
Q= J [Net heat transfer]
# Mixed  SI ¢ English j ¥ Help Messages On Suptheratel m
State Panel | Process Panel | 115 Panel |
B Tl
Open Process - A
Mass: (mf —mb) =(m;—m,)
} WinHip:
Energy: (mfej TG ) = (mz.f'z M, )+ =W Work in negative
= 7 Heat in positive
; o i ¢
Entropy: (mfsf —mys )— (s, —m,s, )+ =
ST T e T
7. Now, click on SuperCalculate. Go to States panel. We get:
State 1:
Move mouse over a variable to display alue with more precision.
# Mixed ¢ 81  English j ¥ Help Messages On Supev—lteratel Super-Calculate | m
State Panel | Process Panel | IO Panel |
] Calculate | | Saturated Midure - Hz20 v .
LI pt _I 1z _] x1 J y1 _| vl
B - e R e R e R
| e o | st | veit ol
J ef _I 1 phit psif | mt
*| Vol 1
]
State 2:

Move mouse over avariable to disp lue with mare precision

& Mixed Sl ( English _ﬂ % Help gesOn  Super-lterat

m Super-Initialize

O Panel |

Process Panel |

| Initialize |

State Panel
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We see that: T2 = 423.99 C, m2 = 46.46 kg ... Ans.

8. 1/0O panel gives TEST code etc:

B OUTPUT OF SUPER-CALCULATE:

Daemon Path: Systems>Open>Process>PC-Model; v-10.cb01

Given: { pl= 0.0 bar; Vell= 0.0 m/s; z1= 0.0 m; m1= 0.0 kg; Voll= 10.0 mA3; }

0.0 m/s; z2= 0.0 m; Vol2= “voll” mA3; }

Given: { p3= 15.0 bar; T3= 280.0 deg-C; Vel3= 0.0 m/s; z3= 0.0 m; m3= “m2” kg; }

Hommmmmmm - Start of TEST-code
States {
State-1: H20;
State-2: H20;
Given: { p2= 15.0 bar; u2= “h3” kJ/kg; Vel2=
State-3: H20;
}
oo End of TEST-code
s Property spreadsheet starts:
# State p(kPa) T(K) x
#01 0.0 0.0 0.0
#02 1500.0 697.1
#03 1500.0 553.2

v(m3/kg)
Infinity
0.2107
0.1626

u(kJ/kg)
0.0

2991.81
2747.96

h(kj/kg)
0.0
3307.88
2991.81

s(kJ/kg)
0.0
7.341
6.834
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(b) Plot m2, T2 against final pressure P2:

Procedure: Go o State 2, change P2 to desired value, and click on Calculate, and SuperCalculate.
Immediately, all calculations are updated. Read the values of T2 and m2. Repeat this procedure for all

desired values of P2. Tabulate the results as shown below:

P2(bar) m2 (kg) T2 (deg.C)
0.1 0.315 414.05
0.5 1.577 414.31

1 3.154 414.65
2 6.31 415.32
4 12.63 416.67
6 18.95 418.01
8 25.27 419.35
10 31.60 420.68
12 37.94 422.0
13 41.11 422.67
15 47.46 423.99
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Now, plot the results in EXCEL:

m2 vs P2

m2 (kg)

0 2 4 6 8 10 12 14 16
P2 (bar)
T2 vs P2
426
424
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S 420
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()]
I
N 418
416
414 -
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