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IHHOBALIII B CYTHOBYIYBAHHI TA OKEAHOTEXHILII XVI MixHapoaHa HayKOBO-TEXHiYHA KOH(EPEHLIis
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B 'A3OTYPBIHHIA CUCTEMI HA OCHOBI AMIAKY
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2VHiBepcuTeT HayKH i TexHOorii npopinmii 1{3saucy, KHP

L1 poboTta mocmipKye MOKIMBOCTI 3aCTOCYBAaHHS aMiaKy SK HajMBa JJIsl HU3bKOBYTIICHEBUX
riOpUIHIX €HEPTeTHYHUX CHCTEM HACTYITHOT'O TIOKOJIIHHS, 110 MICTATh TEXHOJIOT1IO Fa30BUX TYpOiH.
['0JI0BHOIO METOIO € OLIHKAa €MICIHHUX XapaKTEPUCTHK KaMepH 3TOpSHHS ra3oBoi TypOiHH, L0
Opaiioe Ha amiaky, 3a JIOIIOMOTOI0 JICTaTbHOTO MOJEIIOBAaHHSA XiIMi4HOI KiHeTuku. Jlns
MOJICTIFOBaHHS OKHCHIOBAJILHOI MOBEAIHKN aMiaKy B YMOBax ra30BOi TypOiHM BUKOPHCTAHO YOTUPHU
Pi3HI MEXaHI3MH peaKilii, sSiki MicTATh Bix 71 1o 286 enemeHTapHUX peakiii. Pe3ynbTaTu € miHHUM
BHECKOM JIJIsl PO3POOKM HOBHX KOH(QIrypariii kamep 3ropsHHS ra3oBHX TYpOiH, CIIPSIMOBAaHHX Ha
MIHIMI3aIlil0 BUKHIIB OKCHIY a30TY, OJHOYACHO CHPUSIIOYH BUKOPHCTAHHIO amiaky SK YHCTOTO
€HEProHOCis.

KurouoBi ciioBa: amiak; ra3oTypOiHHHIA ABUTYH; Kamepa 3TOPSHHS; aJbTePHATUBHE MaJIHBO;
MO/ICITIOBAHHSI.
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Abstract. A study of the working processes of different types of anode-gas afterburners for the
ship's hybrid energy system "solid oxide fuel cells — gas turbine" has been carried out.

Key words: solid oxide fuel cell; gas turbine; marine power engineering; hybrid system;
afterburner.

The design and research of hybrid energy systems combining solid oxide fuel cells (SOFC) and
gas turbines (GT) are relevant for the comprehensive provision of electricity to ships and marine
infrastructure. Such energy systems allow not only to improve the energy efficiency and reliability of
equipment, but also to significantly improve the environmental situation in the areas of their
operation.

214



IHHOBALIII B CYTHOBYIYBAHHI TA OKEAHOTEXHILII XVI MixHapoaHa HayKOBO-TEXHiYHA KOH(EPEHLIis

Afterburning of exhaust gases of fuel elements, which have a high temperature but very low
calorific value and are ballasted with water vapor, in such hybrid systems must be carried out in
special afterburners (combustion chambers), which can use various technologies for burning
combustible components [1; 2].

To determine the most effective exhaust gas afterburning technology, a three-dimensional CFD
method of working processes analysis was chosen.

A mathematical model of the exhaust gas afterburner has been developed based on solving a
system of equations that describes the convective and diffusive concentration transfer for each of the
components of the reacting mixture in a turbulent system. A detailed description of the mathematical
model is given in [3; 4].

When performing calculations, a scheme of combustion of chemical reagents was used, which
contains 58 chemical reactions with 18 chemical components: CH4, H2, CO, Oz, H,O, CO», H, O,
OH, HO,, CH3, HCO, CH», CH, CH>0, H>0>, N, N> [5].

Two structural schemes of the exhaust gas afterburner were selected as objects of research (Fig. 1):

a) traditional diffusion-type scheme, based on the use of the principles of turbulent combustion
of hydrocarbons in gas turbine combustion chambers;

b) a scheme with preliminary formation of the fuel-oxidizer mixture in the channels of the front
device of the afterburner, which was proposed and considered by the authors in [6; 7].

Fig. 1. Structural schemes of the exhaust gas afterburner:
a — traditional (diffusion) type; b — proposed by the authors

In the first case, the fuel cell's exhaust anode gases are directed to the afterburner chamber
nozzle and flow through a series of holes into the combustion zone, where the primary oxidant
(cathode gases) is also supplied through a vane swirler and radial holes in the flame tube.

In the second case, the anode gases are directed through special pipelines to the area of the front
device of the afterburner, where part of the primary oxidant (cathode gases) is directed for the
preliminary formation of a fuel-oxidant mixture. Then this fuel-oxidant mixture is mixed with the
second part of the primary oxidant at the outlet of the axial swirler and directed into the flame tube
for final afterburning.

Calculations of exhaust gas burnout in afterburners of various types were carried out for a
combustible mixture of the following composition (mass fractions): H2 = 1.177%, H20 = 38.876%,
CO =17.064%, CO2 = 52.883%. Oxidant composition (mass fractions): O2 = 16.53%, H>O = 3.84%,
CO2 = 0.52%, N2 = 79.11%. The oxidizer flow rate after the cathode section of the fuel cell was
2.8254 kg/s, its temperature was 1193 K; the exhaust gas flow rate after the anode section of the
SOFC was taken to be 0.4077 kg/s, their temperature was 1193 K.

As a result of three-dimensional calculations using the Ansys Fluent software package, data on
the working process of two different exhaust gas afterburners of solid oxide fuel cells were obtained.

215



[HHOBALIIi B CYJTHOBYJIYBAHHI TA OKEAHOTEXHILII XVI MixHapoHa HayKOBO-TeXHIYHA KOH(EpeHLIis

Fig. 2 shows the distribution of temperatures and mass fractions of combustible components
(CO and Hy) along the length of the fuel combustion devices. It can be seen that in the diffusion-type
afterburner, when exhaust gases flow out of the nozzle at a high speed, which is determined by the
diameters and number of holes in it, the combustible elements are concentrated on the axis of the
chamber and the degree of their burnout remains low. Thus, the traditional gas turbine combustion
chamber of the diffusion type cannot be used as an afterburner of exhaust gases for solid oxide fuel
elements without appropriate modification of its front device, swirler and nozzle.

In the afterburner with the preliminary formation of the fuel-oxidizer mixture, the combustible
components burn out intensively almost after the swirler. The concentrations of carbon monoxide and
molecular hydrogen at the outlet are practically zero, which indicates the high efficiency of the anode
gas burning processes.
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Figure 2 — Distribution of temperatures, K (a, b), mass fractions of CO (c, d) and H> (e, f) along the
length of afterburners, respectively, for the diffusion and proposed types

Fig. 3 shows the oxidizer track lines, the working fluid velocity vectors and the distribution of
water vapor mass particles along the length of the proposed afterburner. Due to the intensive swirling
of the oxidizer in the main part of the afterburner flame tube, a zone of reverse flows is formed, where
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mainly hot products of complete combustion circulate, which provide reliable and stable ignition of
fresh portions of combustible components of exhaust gases.
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Figure 3 — Oxidizer track lines (a), working fluid velocity vectors (b) and distribution of H>O mass
fractions (c) along the length of the afterburner

Conclusions:

1. To calculate the working process in afterburners of various types for the SOFC—GT hybrid
system, a mathematical model was used, based on solving equations describing the convective and
diffusive transport of component concentrations in a turbulent reacting system.

2. Three-dimensional calculations of the aerodynamics of flows and burnout of exhaust gases
from SOFCs in diffusion-type afterburners and afterburners with preliminary formation of a fuel-
oxidizer mixture were performed.

3. It was determined that the afterburner scheme proposed by the authors with the preliminary
formation of a fuel-oxidizer mixture ensures complete afterburning of the combustible components
of the exhaust gases of solid oxide fuel cells.
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JOCIIIZKEHHSA POBOYUX NMPOLECIB JOITAJIIOBAYIB AHOJIHHUX TI'A3IB
I'BPUJIHOI CUCTEMM SOFC-GT

Cepoin C. 1., IIatnaituyk O. B.

HamionaneHuit yHiBepcuTeT KopadbnedyayBaHHs iM. aqm. MakapoBa, M. Mukomais, Ykpaina.

AHoTanis. BukoHaHo nocmikeHHs: poOOYMX MPOLECIB PiI3HUX THITIB JONATIOBAYiB aHOTHIX
rasiB CyZHOBOI TiOpHIHOI €HEpPreTWYHOI CHCTEMU «TBEPIOOKCHIHI MaJMBHI €IEMEHTH — Ia30oBa
TypOiHa.

Kiro4oBi cjioBa: TBEpJOOKCHIHUH MATMBHUI €IEMEHT; Ta30Ba TypOiHa; CyTHOBA EHEPTeTHKA;
ribpuaHa cucTemMa; ToNaIlfoBad BUITYCKHUX ra3iB
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AHoTanis. Po3risiHyTO MUTaHHsS HEOOX1THOCTI MepepoOKH HaBUAIBHUX MPOTPaM MiJArOTOBKU
1 migBUIIEHHsS KBamigikaimii CyJTHOBMX MEXaHIKiB, MOB’S3aHiI 3 MEPCIEKTUBAMHU BIIPOBAKEHHS
TEXHOJIOT1M BUKOPHUCTaHHS aMiaky Ha cyaHi. [IpoaHanizoBaHo po3yMiHHS, HAaBUYKH, TIEPETIK 3HAHD,
SIKUMHU TTOBUHEH BOJIO/IITH CYJHOBUHN MEXaHIK.

KuarouoBi cioBa: (BUKOPUCTaHHS aMiaKy Ha CyJHI, MIJTOTOBKAa CYJHOBHUX MEXaHIKIB,
HEOOXI/IHI CTIeIiaJIbHI 3HAHHS eKIMaxy).
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