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A reaction mechanism describes the combustion of a surrogate fuel and 50.24 | i 2
accounts for chemical and physical properties of the commercial fuel. The 5022 g
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use of complex detailed reaction mechanisms in 3D Computational Fluic 2. 502 <
Dynamic (CFD) simulations can lead to a high demand of computationa 7 50,18 g
costs. One possible solution to reduce these costs Is to use tabulatec T s916f | — g
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chemistry methods. In this work, two applications predicted using the 5914 " {47 4 WALTIT Y Y | - - A | |
detailed chemistry solver SAGE and the tabulated combustion progress soaz) il | | = R | | T Sement |
variable (CPV) approach are presented. Good agreement between the two 0.1 - - - - | oi - - S
models are found for a diesel engine sector case and the Spray A from the Time [ms] Time [ms]
Engine Combustion Network (ECN) Figure 1: Comparison of the predicted pressure and liquid penetration length using SAGE and CPV versus experiment.
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The CPV model 3 - 3
The CPV model assumes that a progress variable C can be used for the 12 E 12
reconstruction of the thermo-chemical state on the whole reaction i _
trajectory. C Is defined as a function of the chemical enthalpy h,gg [1]: | — fix mesh
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The look-up tables were generated with LOGEtable [2] using adiabatic 28 28
homogeneous constant pressure reactors. The generated table replaces 32 32
the chemistry solver in the CFD code [3]. " .
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GzD Code \ Table |Ook_up GDV Model \

Tranqurt of .parameters /C()mbustion\ /SOOt \ Figure 2: Temperature and O,-mass fraction profile of SAGE (left) and CPV (right) at 0.2 ms, 0.425 ms and 0.725 ms.
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. Mixture fraction 7 Well-stirred || Method of Figure 2 shows the temperature and O2-mass fraction profile of SAGE and
+ Mass fraction EGR Ygqn :ﬁgg:r[g . g/'nodmﬁ?ts Mo CPV at three different time steps. The overall behaviour is similar. The
» Species for Update of sources || with SOUICE (10,11, 12] ignition beh_awour IS unexpected. Both cases Ignite next to the spray cone,
thermodynamics e Hyop Z, Year terms from not at the tip of the spray. The CPV predicts higher temperatures and less
* Emissions _ Species / the CPV NO, O2 in the same regions. A possible reason for this discrepancy is the
Z‘ga output species are emission update |\ table )| Thermal NO thermodynamic treatment within CPV, where only 19 species are available.
gned as passives . . . . .
\ / K / This treatment will be investigated further in future.
Only 19 CPV species are transported and used to calculate the thermo- Figure 3 shows the prediction of the pressure and rate of heat release
dynamics of the gas phase. (RoHR) for the engine sector case for both EGR levels and combustion
models. The prediction of both combustion models agrees well. As
Table 1 Used reaction schemes and CPV table ranges. expected, a higher EGR amount leads to a lower mean pressure and
n-dodecane [4] n-heptane [5] RoHR. The temperature profile (Figure 4) shows an owerall good
Species 487 121 agreement.
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Property Range Grid points Range Grid points - S—— >0 — sace eor
EGR [%] 0.0 — 40.0 5 0.0 — 40.0 5 o A\ . | —Shcenozer |
Equivalence ratio [-] 0.2 - 10.0 25 0.2 - 10.0 25 e 250 | ,
Pressure [bar] 1.0 - 200.0 18 1.0 - 200.0 24 = o0 5 61
Unburnt temperature [K]| 250.0 - 1500.0 101 300.0 - 1500.0 89 > N T o
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The Spray A from the ECN [6] is modelled using the 3D CFD : | | | | o 0. b | N T — |
Code CONVERGE [7]. The chosen geometry is a cube with 2 > CrankAngle [deg] ' Crank Angle [deg]

an edge length of 10.8 cm. The turbulence Is predicted using
the Reynolds Averaged Navier-Stokes (RANS) model. To
different combustion models are applied: the SAGE detailed
chemistry solver [7] to solve the chemistry on the fly and the
CPV model [3].

Further, a diesel engine sector case (137 mm bore, 165 mm
stroke and 263 mm connecting rod) is modelled. The engine
operates at 1600 rpm and the fuel Is Injected as single
Injection at 9° CA bTDC. Two different cases with no EGR
and 30 % EGR amount were compared.

Figure 3: Predicted pressure and chemical RoHR of SAGE and CPV for different EGR amounts (no EGR: 0%; EGR: 30%).

Figure 4: Temperature profile of SAGE and CPV for no EGR (left) and 30% EGR (right) at two different time steps.

Table 2: Comparison of CPU times SAGE vs CPV and 487 species vs 121 species.

_ _ Number of species SAGE CPU time [h] CPV CPU time [Nh]
Results and Discussion 487 169.98 13.74
Figure 1 shows the predicted pressure of the detalled chemistry solver 121 7.66 /8.23 2.00/2.16

SAGE and the CPV model versus the experimental pressure for Spray A.

The pressure Is well predicted by both combustion models. The first
differences occur at 0.2 ms, where the first liquid parcels leave the fixed
cell cone. The deviation between SAGE and CPV may be caused by
differences in the mesh refinement and time stepping.

Conclusions
The tabulated combustion progress variable approach leads to good and

reasonable results compared to the SAGE detailed chemistry solver and
the experiment. The tabulated approach decreases the CPU times by factor
13 for the n-dodecane mechanism and by factor 4 for the smaller n-heptane
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