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THERMO COMBUSTION | Technical & Educational Software

Software developed for combustion processes’ characterization.
Major application to industrial combustion processes, such as
combustion heat or electricity generation processes; whether they
take place in steam generators, gas turbines or stationary engines,

andin industrial furnaces (with or without fire contact).

| Data  Mass | Fuel | Air | Flammability | Flame
INDEX
Characteristics Software capabilities
X +  Thermo-chemical analysis
+ Solid technology
* Mass, energy and exergetic
+  Precision

balance

Easy handling Energetic flow and Grassmann

Intuitive interface diagram

Input variability Thermal and exergetic efficiency

Applicationin several industrial
systems

Combustion diagrams
Sensitivity analysis

Pollutant emissions control

Characteristics

Applications

Improvement of combustion process design,
comprenhensive study of main variables effect in the
combustion, whether reducing irreversibilities or pollutant
emissions; or performing several sensitivity analysis that
Thermocombustion facilitates by default.

Main application in industry for process optimization or in
academia (technical studios).

Software algorithms are based on up-to-date bibliography and the latest
defined and solid technology. The software hasbeen set up with an intui

Input variability

The user can choose the composition: mixture of
hydrocarbons, aviation fuel, by empirical formula, etc.

B Gravimetric (1 kg of fuel]

mathematical models, which in conjunction result in a well-
tive interface thatallows easy handling.

Application in several industrial systems

Combustion chamber, industrial furnace, steam boiler
or combustion turbine (internal or external).
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Internal Combustion Turbine Cycle .

Gas turbine cycles can be studied. There are essentially two types of gas turbine cycles. The simple cycle, where the gas
is exhausted directly to atmosphere. The regenerative cycle, where the exhaust gas is used in an exchanger
(regenerator) to preheatthe compressor discharge air prior to the combustor.

PRODUCTS ‘ " )
Internal Combustion Turbine

Internal Combustion Turbine Cycle

Basis Cycle (no regenerative)

[ Regenerative Cycle

‘ —Regenerative Heat Exchanger
‘ Pressure in the exhaust TG
AIR kPa
FUBL (e
Tothe @ embm———— Temperature in the exhaust TG
Ambient <= L oC
From th y
- Comr;“preisor * " L *
—COMPRESSOR ( oc o e = To the Combustion
Isoentropic effidency Regenerative cycle Regenerative Chamherp .
ressure
() = Cooling temperature Gas turbines intercooled by water spray Heat Exchanger Cea %
_ (compressor inlet) injection systems have recently entered Eifectiveness [ % Hot-Side
r Spray C.O_OI'”.Q (e service. ThermoCombustion permits to study
Humidification this effect to be evaluated and compared with ¥ Convectional Regenerative Cold-Side
SN conventional cooling techniques for a range of .
AAAAA cycles.

External Combustion Turbine Cycle

Steam turbines are external combustion. They don't have a compressor like a gas turbine has, instead, water is boiled in a

separate boiler (external to the turbine) and then fed to the turbine where it pushes against the turbine blades and spins
them. 7

External Combustion Turbine Cycle * Basis Cycle (no reheat)

Single Reheat (two-stages) Cycle
|: Double Reheat (three-stages) Cycle

The advances in steam pressure and temperature led
to the development of the reheat cycle, where steam is
exhausted from the high-pressure turbine at reduced
pressure and temperature and is then returned either to
a section of the boiler or to a separate boiler to be
reheated.
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.. Teaching activity (Not available in industrial version)
The teacher can design a teaching activity that the student will solve using
the software and the score obtained by the student, results and student Name (teacher): ( Joaqun Zueco Jordan )
responses are generated immediately in a pdffile no-editable. @ Twme control
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Software capabilities .

Combustion charts

Ostwald, Grebbel, Bunte and Kissel combustion diagrams allow fast and accurate combustion calculations. In order to get an
analysis closer to reality, it is possible to work in ‘dissociation’ mode; it facilitates the combination of the most common chemical
reactions in this processes.

Combustion processes are characterized by the presence of unburned, these substances are generally carbon such as soot, CO,
H2 and smallamounts of hydrocarbons used as fuels may also appear.
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Software capabilities .

Combustion Products Composition n
Thermo-chemical analysis

¥ Onwetbass [ Ondrybass

[" mol/kofuel [ ko/kofuel  Mole % Mass %
As a first step, a mass balance of combustion products can be obtained. €0; | vomeses | 2seseoss | samzss | 10.5443677
Strict analysis on whole range of fuel .properties: calorific powers, gpecific Bl [ oo 0.0065398 | 0.0271522 | 0.0270834
heat, enthalpy of formation, chemical exergy, entropy, including the
flammability diagram. Bl ozen 19783577 | 126737308 |  8.13085
Exergy analysis Np | | 1swosie | 1roismss | rasorazzt | 7asaad0

From second law evaluations
(entropy or exergy B oo

00002021 | 00115724 | 0.0008305

|
|
[
DO [ 1o [ umnmy [ essews [ zzooens
|
|
[

evaluations) it is generaI.Iy NO | o.o0s3ssss 0.1037987 | 0.3992215 | 0.4265020
known that thermodynamic

losses of boilers and -[ 0.0000776 00001832 | o0.00048% | 0.00074%
furnaces are much higher TOTAL ( 16.0027695) ( 24.3315088) [100.000) %  [100.000) %
than the thermal efficiencies

do suggest Mass balance interface

Sensitivity analysis

Analysis of main variables involved in the combustion processes’ study. Graphical display of main results, energy balance, mass
balance, pollutants, temperatures, efficiencies, exergy balance, etc

Combustion Products -> Mole % W Onwetbasis | Ondry basis
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0.39965 == =T
””,—” Tdis=1600°C} ___——
””,— —___—_'________,__.——'—
0.31861
”’ -"""'__'-___'_'_
’—” _—-'—""_'_'_'_.
/__/__/
0.23757
P ——
I
,..—-'—"_'_'_F_'_
/
0.15653
1.100 1.160 1.220 1.280 1.340 1.400 1.460 1.520 1.580 1.640 1.700
Air Excess Coefficient
Combustion Products -> Mass % ¥ Onwetbasis [~ On dry basis
15.10800
\ & oo, * H:0(g)
11.54965 \ & o * 4
T—
~
h\——__.______
7.99130
—
—
h_—___———_
4.43295 -
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Graphic representations of sensitivity analysis
Pollutant emissions control / Sulfuric acid dew point *
Gaszous dir paliutants
Includes critical pollutants as carbon monoxide (CO), C0; 50; NO NO;
nitrogen oxides (NO, NO2, N20 y N204) and sulfur dioxide Global Warming  AckRain  Smog and Ack Rain  Smag and Acid Rain

(S02) among others.

mhwnfid [ g60796) [ o0000) [ 168509) [ o.0316543)

To prevent sulfuric acid condensation problems in industrial

facilities that burn fuels with the presence of sulfur, it is Lt EEEED )

4680.81 ) 8.79265 |

(
(
ag1454)  ( 0.0904408)
(
(

necessary to know the dew point temperature of the sulfuric ipkwhekcriaty | 459417) [ oom) [
acid. An exhaustive analysis of the chemical reactions
involved until reaching the fomation of sulfuric acid is ) decraty  (127e15.845) [ o0000) [ 13Eag) 5.124)
carried out. - -
mafmass) [ 144457) | o) [ 417958) 7.851)

Pollutantemissions



.. Energetic analysis

Includes flow diagram with energetic efficiency
obtained by different methods.

Indirect Method: Stack Loss Method [ i ]

Boiler/Furnace Efficiency

Dry flue gas loss B 10,310 ) % .f'\-" aa
« fieac) { /_'\‘ Diry Flue gas loss
_ il H2 loss
Presence of H in fuel ﬂ 0.000 | % i [ . el
(Latent heat) '_" ‘h_fumun' in air
Unburned fuel B 2.627 | % Surface loss g O loss
Moisture in fuel B o.000 | %

Surface loss (radiation, convection)
& unaccounted losses

100 - 3 loss %

Industrial fire tube/packaged boiler
-« @

Energetic analysis interface by indirect method

-Heat of Combustion (FUEL)

[T Experimental correlations (mass fractions)

Boie: C,H,0,N,5 j

ie: C.H, 0 M
Channiwala & Parikh: C,H,5,0,M, Ash
Dubbel: C,H,0,5
Dulong: C,H,O
Duleng {exp.): C,H,0,5
Dulong & Petit: C,H,0,5
D "Huart: C,H,0,
Gumz: C,H,0,M,
Mahler: C,H,0,M
Patary; C, H, O, M LI

Heat of combustion of the fuel by means of
experimental correlations

. Flammability *

A ternary flammability diagram gained a popular position in industry for guiding
dilution and purge operations. The advantage of a ternary diagram is that all data are
directly readable and oxygen enriched atmosphereis allowed.

Estimation of the flammable limits Temperature Dependence

|Thermocombu5ti0n database j |Zabet3kis et al. (1958) j

[ 25,005 °c [ 50,005 °c

I 5.0000 %  LEL(lean) | 4.9099 %
|15.DDDD % UEL (rich) |15.27D4 %

Limiting Oxygen
B I 10.0000 % Concentration

. Interchangeability of gaseous *

| 0.8197 %

Fuel gas: availability to predict interchangeability of a fuel
gas for another gas or a gas mixture. Use of Dutton
method, Yellow Tip, Wobbe index, AGA and Weaver indexes

FUEL

99.60%

and others.
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Exergy analysis

Based on Second Principle, it provides information
about irreversibilities generated in each device of
the installation, including the internal of the
combustion process.

28.30 % 228% 2.58%
0.40%

Stack losses
T41%
Condenser (5.61 %)

and pump  (0.03 %)
5.64%

7 Exergy efficiency
iy, 33.78 %

Adiabatic Heat Transfer Adiabatic|
combustion to Steam turbine

Results visualization using a Grassmann combustion diagram

Devices
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Ternary flammability diagram

—Wobbe Index —Yellow Tip Index
@D upper M3 N B
Lower MI/Nm?

—Maodified Wobbe Index B

B Upper MI/NmK2 Knoy "s Constant

Lower @ M1/ Nk lrﬂ  camm 1)
Weaver index method
Flashback , 1z

—Delbourg Index

—Combustion quality

Heat rate ratio ,J
B Upper ' 107.

Primary air ratio,J, rellow tipping, J;

Lower E

Lifting ,J, Incomplete Combustion, J;

Interchangeability analysis interface on fuel gas
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Applications

In summary, Thermocombustion provides a complete solution of combustion processes; analysing the effect of the main
variables that participatein the process, through the possibility of performing a graphical sensitivity analysis.

Whole range of software capabilities facilitates an improvement in combustion process design, an exhaustive study of main
variables effects, and the possibility to reduce irreversibilities or pollutant emissions. A final report (set up by the user) can be
submitted, containing graphs and predictions.

Major application for process optimization in industry or combustion processes study in academia.

Application specifications

This software’s capabilities are appropriate for combustion studies in academia. The features explained above are highly
useful; however, some additional ones should be taken into consideration. Thermocombustion include an integrated database
with thermo-physic properties annotated from a wide range of chemical compounds. Moreover, a prediction of
thermodynamic properties of combustion products and equilibrium composition can be obtained.

An integrated database on software with more than 100
(for industrial version) chemical compounds with thermo-
physic properties annotated. Available to combine at least
25 compounds as an input mixture to analyse.

EDIT VALUES

Thermodynamic state
Cas number:
I Liguid [+ Gas
Molecular Weight 55.0791 ko/kmol

Enthalpy of Formation 218500 kI/kmol

Internal Energy of Formation 212303 kKI/kmol

’7
’7
’7

Standard Gibbs Free Energy -156.6 KJ/mol
’7
’7
’7

of Formation

Helmholtz Free Energy 150,403 k3/mol
of Formation

Standard Entropy at 1atm 295.3 kKI/kmol K

Standard Chemical Exergy 1798.44 kI/mol Theoretical determination of the equilibrium composition and
thermodynamic properties of combustion products, related to
temperature and pressure, as well as the dosage used or the
fuel gas mixture, according to chemical balance and
dissociation.

CHEMICAL EQUILIBRIUM REACTIONS
Temperature (400°C<T<5000°C)

z.C:.: & g || AdabatCT? (e B[ mwoec I ProdusTs
Leo D g6 a5

[” Consider adiabatic process: T(products)=T(adiabatic) n n Kajkmol kol kakmol K
g C0: == C0+1/20; [ 2mi)baowry) umeas) moms)( sem)
f HO = H:+1/20: (‘00053000 ao0zzons)| 7as.1) 37ses0) o)
11020, =0 (n.oze1st0) p.ooosze0s )| 1238040 2s5250.4)( st
“ 1 1/2 H: = H (novsszase) poosszaa | we7sna)[ zsmns)( smaan)

“L12 N, = N l (oo sasten) semmsa) w7 sewi)

FORMATION OF NITROGEN OXIDES o

& 1/2N+1/20: = NO (vsamatz) paseesme) essie7) nsozs)( 12ee4)

& 12N + 0: = NO» I (‘0.o008ss1 ) p.aooossee) | ssawstt)| semons)( -s9se4)

g NO +1/2N,5= N,0 I 00000318 0.0000837 ) 1589351 -1296.9) 817130

* For industrial version only m Composition analysis of combustion products on chemical equilibrium

Industry version

/ For product-related and techical questions:

\"I,'s J, ThermoSuite

Technical Software Suite
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