EES Demo

Equations

Thermodynamic propertie® from tables
Solve

* EES is a calculator with properties.



Objectives

deal gas properties
Real fluid properties
sentropic process

Psychometric properties
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Example 1

Example 2



Example 1:

Given

An adiabatic steam turbine coupled to an adiabatic air compressor and a generator

Find

Net power (MW) delivered to the generator

System
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Example 1:

Assumptions

- Steady state

- One-dimensional flow

- Ignore KE and PE changes

- No heat transfer for turbine and compressor
- Air behaves as an 1deal gas

Basic Equations
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EES can NOT do this part for you!




e Example 1:

Thermodynamic data

(a) State 1: P; = 12 MPa. T = 520°C
Table A-3 for water: 77 > T..(120 bar) = 324 8°C = SHV
Table A-4 for superheated water vapor: h; = 3401.8 kl/kg

State 2: P, =10kPa=0.1 bar. x», =092 = SLVM
Table A-3 for water:

hy=h,+x,(h, —h,)=h, +x,h, :191.83§+0.92><2392.8k£ =2393.2.~
R ) y g g

L

Since air behaves as an 1deal gas. enthalpy depends only on temperature.
Table A-22 for air: h; =295.17 kl/kg at 75 =295 K: hy = 628.07 kJ/kg at T3 =620 K

EES can do this part for you!




Example 1:
Solution

Considering mass balance for steam turbine: m, =m, =m_,_
Considering energy balance for the turbine, power developed by expansion of steam:

W =i (D)= 2558 (3401.8-2393.2) X = 25 215 kW =252 MW

furbine steam 1 S kg

Considering mass balance for air compressor: m, =m, =m__
(‘Unsidering energy balance for the compressor. power required for compression of air:

(hy—h )_mkg (295.17-628.07)- = 3,320 kW = -3.3 MW

compressor (H?
g

Since the steam turbine 1s directly coupled to the air compressor and the generator:

r r

];i}ﬂa'i'bfﬂﬂ — I::pf'ﬂmp?'ﬂ.'i'.ﬂﬂi' + I::Fgﬂh‘é'?'(ﬂ'ﬂi'
Net power dE‘li‘f ered to the generator by the steam turbine:
H}germmmr : Imi;lme _‘H—Cﬂmpmﬂm ;Vgenﬂmm = +21'9 )i[w

EES can do this part for you!




* Example 1:
* 1.type in Given data & basic equation

E EES Commercial: C\Ruoyu\2014Fal\ME3DO\E

File Edit Search Options Calculate Tables

& = & | 58 Bk O v B Given data

@ Equations Window

"Given”

T1=520+27315

F1=12000 : .

i Basic equation (steam)
F2=10

%2=0.92 — 0 _
mdotair=10 I/erbme m steam (hl h2 )

F3=498
T3=295
FA=1000
T4=520

"Steam Turbine (Real fluids)"

"Energy Balance" .
wdotturbine=mdotstear*(h1-h2) The next step is to pull hl

212 value and h2 value




 Example 1:

* 2. Thermodynamic properties for real fluids

* Options—> Function Info

Fi £ES Commercial: C:\Ruoyu\2014Fall\ME300\EESdemo\SP2.EES (e =]
File “Edit Search_ OPUd £ynction Information [? =]
=l e sEE !
[ (’ 8 And TaTs nctinn [ i i e
@ Equations Window Math EES library routines = ” = ” 2 |
it (" External routines =
Given -
T1=620+273 15 " Heat Transfer & Fluid Flow
F1=12000 " Mechanical Design
mdotstearmn=2& ~
P2=10

X2:0'9.2_ (e Real fluids " AIrH20 (" Brines
rndotair=10 )
Pa=03 (" Ideal gases T NASA " Incompressible

;iz%%go ? Function Info ?  Fluid Info

T4=620

111

CompressibilityFactor -
Conductivity [W/m-K]

(4]

"Steam Turbine [Red g\l: [[::if:tg-:é]] 3
" 1 g-
Energy Balanoe Density [kg/m3]
Wotturbine=mdotst |pipole [debye]
M1 -Erthalpy(steam.] e
h2=Enthalpy(Steam,

Steam_NBS
! T SulfurDioxide
' Enthalpy [kJfkqgl SulfurHexafluoride
Enthalpy fusion [kJ/kal T  |Toluene

"Ajr Compressor {Idg [ I"depeadaatBagerties P —

"Energy Blance" ﬁgmgerature [K] J ﬂ ﬁ[essure [kPa] J ﬂ

Wdotcomp=mdotair’
h3=Enthalpy(Air.T=T| Ex: |h=Enthalpy(Steam.T=T.P=P) |

X |Line;:1 Char: 8 Chi: On Corr
i Paste& H D
i ~Click X oone |

n




Example 1:
e 2. Thermodynamic properties for real fluids

* Change independent variables to given values

@ Equations Window

"Given”
(1520427315
P1E12000
mdotstearm=25b
F2=10

w2=0 92
rmdotair=10
P3=98
T3==295
FPA4=1000
T4=620

"Steam Turbine (Real fluids)"
"Energy Balance"

Widotturbine=mdotsteam®ih1-h2)

h1=Enthalpy{steam.T P @



* Example 1
* 1. type in basic equation

F&'J Equations Window
"GEiven"
T1=520+273.15
P1=12000
mdotsteam=25b
P2=10
®e=092
mdotair=10
P3=03 . . .
T3=005 Basic equation (air)
P4=1000

T4=620 .
I/I/co:?';pressor =m air (h’% h4 )
"Steam Turbine (Real fluids)"
"Energy Balance"
widotturbine=mdotsteam™h1-h2)
h1=Enthalpyisteam . T=T1.P=P1)
h2=Enthalpy(Steam, P=P2 x=x2]

"Ajr Compressor (ldeal Gas)"

"Energy Blance" The nEXt Step iS tO pU” h3
wWidotcomp=mdotairih3-h4)

h3= value and h4 value
hd=



 Example 1

* 2. Thermodynamic properties for ideal gas

* Options—> Function Info

@ EES Commercial: C\Ruoyu\2014Fal\ME30O\EESdemo\SP2.EES

File Edit Search Optid

= Hd SE EX Ch

Function Information

@ Equations Windg

" Math and string functions
(® Thermophysical prupenie; >

"Given"
T1=h20+27315
P1=12000
mdotsteam=25
P2=10
wHe=092
mdotair=10
P3=98

T3=2958
P4=1000
T4=620

"Stearn Turbine (Red
"Energy Balance"
YWidotturbine=rndotst
h1=Enthalpy({steam.]
hZ=Enthalpy(Stean,

"Ajr Compressor (dg
"Energy Blance"
Widotcomp=mdotair
hi3=
hid=

(" Heat Transfer & Fluid Flow
(" Mechanical Design
=

i _Res ids

® |deal gases

? Function Info

~

" AiIrH20

NASA

CompressibilityFactor
Conductivity [W/m-K]
Cp [kJikgK]

Cwv [kJfkg-K]
Density [kgfm3]
Dipole [debye]

bl B —
A Fnthalpy [kJ/kal
Enthalpy fusion [kJfkal

Independent Properties

({Temperature [Ki)

(7=

(" EES library routines

(" External routines

(" Brines

" Incompressible

?

Fluid Info

C2H2
CZ2H4
CZ2H50H
CZHB
C3H3
C4aH10
ChH12

Ex: |h=Enthalpy(Air. T=T)

% PSe_| Click

x Done

1




* Example 1
e 2. Thermodynamic properties for ideal gas

* Change independent variables to given values

@ Equations Window

"Given”
T1=520+273.15
P1=12000
rmdotsteam=25
P2=10

¥2=092
mdotair=10

Yoss The next step is check the

=1000 .
@ unit system and run

"Stearn Turbine (Real fluids)"
"Energy Balance"
Wiotturbine=mdotsteam®h1-h2)
h1=Enthalpy{stearm. T=T1,P=F1}
h2=Enthalpy{Steam, P=P2 x=x2)

"Ajr Compressor (Ideal Gas)"
"Energy Blance"

widotcomp=rmdotairil5-h4)
h3=Enthalpy{Air T
hd=Enthalpy{Air T

"Energy Balance"
Wiotturbine=-*dotcomp+wdaotg

X |Line:l Charl Wrap: On | Insert



 Example 1

e 3. check unit system and run

* Options—2 Unit system

Preferences 2| 82 - = T I
Unit System Specific Properties y
I ® Mass (kg) toad | ck
English " Molar (kmol)
Store Fid Equations Window
- : "Given"
Tfﬂmge:a_ture Units Prespsure U:tsb T1=520+273 15
A 2 o [ P1=12000
elvin kPa (" MPa rmdotstearn=25
v o o052
Energy Units Trig Functions He =, ;
- (® Degrees mdotair=10
" kJ (" Radians X Conce P3=98
T3=295
P4=1000
4 Unit System /Stap Crit [Integration [ Optians Display [Equations ;Printer [ Plots { ColE[E T4=620
Eeg Solution o |[@ ] 8
rdain | -
Unit Settings: SI K kPa kJ mass deg
b1 =3402 h2 =23592 h3 =295.4
h4 =628.4 mdotair =10 mdotsteam = 25 |
P1 =12000 Pz =10 P3 =98
P4 =1000 T1 =7932 T3 =295
T4 =620 “Widotcomp =-3330 Widotg = 21912
Wdotturbine = 25242 X2 =082

@ EES Commercial: C:\Ruoyu\2014Fall\ME300\EESdemo\SP2.EES
File Edit Search Options Tables Plots Windows Help Examples

Check/Format Ctrl+K Ei E
Solve . F2 |

Solve Table CIICk F3

Min/Max F4

Min/Max Table F5

Uncertainty Propagation F6

Uncertainty Propagation Table F7

Check Units F8

Update Guesses Ctrl+G

Reset Guesses
Reset Limits

W =+21.9 MW

generalor



* Example 2

* Air enters the high-pressure turbine in a power plant at 25 bar
and 1227 °C (State 1) and expands to 6 bar and 927 °C (State 2),
calculate the isentropic efficiency (%) of the turbine.

T N
Basic equation:

7 o h1 B hz
|sentrop|c hl . h23

S; = Syq P, = Pas

Thermodynamic data (air): P

From Table A-22:
Ty, Py — hy, 845 h —h,

T2 — h2, ﬁ nisentropic = h1 _h =68.9%
P2s: Sps = hZS; %




 Example 2

* [sentropic process
* Pull entropy values, and make them equal

Hg Equations Window
"SP6 High T turbine isentropic efficiency”

Svert Given data
ven
P1=25[bar] /

T1=1500[K]

FP2=6[bar] . .
T2=1200(K] Basic equations

"P1/P2=Pr1(T1)/Pr2(T2s)"

“isentropic Prn{'ijﬁﬁ// p2 pZS
51—!ntr|:| (Air, T=T1,P=P1)
Sp = Sy

h2s= Enthalp}r[AwF' FPds,5=52s)
“turbine efficiency”
h1=Enthalpy(&ir, T=T1) h1 — h2

ho=E i T=T2) 7] == <
Ta=(h1-h2)/(n1-h2s o Thsentropic = h —h
23




Example 3

Psychometric properties

Let p=patm
Choose AirH,0.

@ Equations Window

"Psychrometric Properties”

"Given"
<FI=101.328kPa] >

T=24|C]

rh=0.3

"Find enthalpy. himidity ratio”
h=EnthalpylAird20.T=T r=rh.F=F1)

omega=HumRat(AirH20,T=T.r=rh.P=P1

dpT=DewPointlAirtH20,T=T.r=rh.P=P1)

X |Line:1 Char: 26 Wrap: On

Inse

s

Function Information

Math and string functions

Thermophysical properties

~
i
(" Heat Transfer & Fluid Flow
" Mechanical Design

~

% Function Info

CompressibilityFactor P
Conductivity [W/m-K]
Cp [kJfkg-K]

Cv [kJ{kg-K]

Density [kgfm3]
DewPoint [C

Entropy [kJ/kg-K]

=]

(" EES library routines

(" External routines

" Real fluids f'“ Brines
" Ideal gases NASA " Incompressible
?  Fluid Info

AirH20

FluidTvoes =
Independent Properties
|Temperﬂture [C] ﬂ |Dewp|:|int [C] ﬂ

Ex: [h-Enthalpy(AirH20.T-T.D-DP.P-P1)

. Off



Procedure

Equations

"hermodynamic properties
Jnit system

Run



Note: For thermo combustion problems and
chemical equilibrium problems, set bounds for
variables.

For example, set lower bounds for temperature
to be 273K.

Options-> Variable Information->Upper and Lower
limits



