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Abstract: Elements of the digital twin of a diesel engine were developed on basis of LOGOS software package
for numerical simulation of autoignition and combustion of diesel fuel with regard for nitrogen oxide and soot
emission. The gas-phase flow is simulated using the RANS (Reynolds-Averaged Navier–Stokes) approach with the
SST (Shear Stress Transport) turbulence model. The dispersed liquid-phase flow is simulated using the Lagrange
parcel approach with regard for droplet breakup, evaporation, and collision. Chemical reactions are simulated
by the newly developed overall kinetic mechanism (OKM). Formation of nitrogen oxide is modeled using the
thermal NO mechanism. Soot formation is simulated using the macrokinetic soot model validated against the
detailed kinetic mechanism (DKM) of soot formation and oxidation. The developed computational methodology
is validated against a series of experimental and computational data on 14 operation modes of a diesel engine
including the data on yields of NO and soot.
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Figure Captions

Figure 1 Autoignition delays of n-hexadecane–air mixtures (1 — DKM [23]), n-hexadecane–air mixtures (2 — DKM [34]
and 3 — DKM [23]) and surrogate of diesel fuel with air (4 — OKM in “LOGOS”) at φ = 1 and various initial conditions: (a)
P = 4MPa; (b) 6; and (c) 8 MPa

Figure 2 Soot yield for isothermal oxidation of n-heptane in highly argon-diluted air at P = 10 atm and φ = 2 (a), 3 (b), and 4
(c): 1 — DKM [35]; and 2 — OKM in “LOGOS”

Figure 3 Soot yield for isothermal oxidation of n-heptane in highly argon-diluted air at P = 50 atm and φ = 2 (a), 3 (b), and 4
(c): 1 — DKM [35]; and 2 — OKM in “LOGOS”

Figure 4 Soot yield for isothermal oxidation of n-heptane in highly argon-diluted air at P = 100 atm and φ = 2 (a), 3 (b), and
4 (c): 1 — DKM [35]; and 2 — OKM in “LOGOS”

Figure 5 The statement of the problem

Figure 6 Calculated temperature distributions in the engine cylinder for successive values of crankshaft angle: (a) 719◦; (b) 723◦;
(c) 724◦; (d) 726◦; (e) 728◦; (f ) 730◦; (g) 735◦; (h) 750◦; and (i) 770◦

Figure 7 Calculated distributions of the fuel vapor mass fraction in the engine cylinder for successive values of crankshaft angle:
(a) 719◦; (b) 723◦; (c) 724◦; (d) 726◦; (e) 728◦; (f ) 730◦; (g) 735◦; (h) 750◦; and (i) 770◦

Figure 8 Calculated distributions of the NO mass fraction in the engine cylinder for successive values of crankshaft angle:
(a) 726◦; (b) 728◦; (c) 730◦; (d) 735◦; (e) 750◦; and (f ) 770◦

Figure 9 Calculated distributions of the soot mass fraction in the engine cylinder for successive values of crankshaft angle:
(a) 719◦; (b) 723◦; (c) 724◦; (d) 726◦; (e) 728◦; (f ) 730◦; (g) 735◦; (h) 750◦; and (i) 770◦
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Figure 10 Local temperature and equivalence ratio distribution diagram with soot and NO formation zones: 1 — diesel
combustion [40]; 2 and 3 — NO formation and soot formation zone boundaries [40]; and 4 and 5 — NO formation and soot
formation, “LOGOS” calculation of 5802 diesel operation mode

Figure 11 Comparison of experimental [19] (1) and calculated (2 — LOGOS and 3 — AVL FIRE [16]) dependencies of the
mean pressure on the crankshaft angle for different operation modes of diesel engine: (a) No. 5794; (b) No. 5796; (c) No. 5798;
(d) No. 5802; (e) No. 5804; (f ) No. 5806; (g) No. 5808; (h) No. 5810; (i) No. 5812; (j) No. 5814; (k) No. 5816; (l) No. 5818;
(m) No. 5820; and (n) No. 5822

Figure 12 Comparison of experimental [19] (1) and calculated (2 — LOGOS and 3 — AVL FIRE) dependencies of the mean
temperature on the crankshaft angle for different operation modes of diesel engine: (a) No. 5794; (b) No. 5796; (c) No. 5798;
(d) No. 5802; (e) No. 5804; (f ) No. 5806; (g) No. 5808; (h) No. 5810; (i) No. 5812; (j) No. 5814; (k) No. 5816; (l) No. 5818;
(m) No. 5820; and (n) No. 5822

Figure 13 Maximum values of mean temperature obtained for different operation modes of diesel engine: 1 — experiment; 2 —
AVL FIRE; and 3 — LOGOS

Figure 14 Calculated dependences of NO (empty signs) and soot (filled signs) mean mass fractions on the crankshaft angle for
5804 (1), 5814 (2), and 5818 (3) regimes

Figure 15 Calculated pressure (1) and heat release (2) profiles alongside the assigned diesel fuel mass flow rate (3) vs. crank
angle for 5802 regime

Figure 16 Mean NO yields for different operation modes of diesel engine in experiments (1) and by the end of calculations
(850◦) with AVL FIRE (2) and LOGOS (3)

Figure 17 Mean soot yields for different operation modes of diesel engine in experiments (1) and by the end of calculations
(850◦) with AVL FIRE (2) and LOGOS (3)

Table Captions

Table 1 Overall kinetic mechanism for autoignition of diesel fuel surrogate in air

Table 2 Parameters of reaction No. 1

Table 3 Macrokinetic model of soot formation for OKM

Table 4 Values of preexponential factor Aφp for different conditions in terms of pressure and mixture equivalence ratio

Table 5 First reaction of the OKM for autoignition of n-heptane–air mixtures

Table 6 Parameters of diesel engine

Table 7 Initial conditions for each operation mode of diesel engine

Table 8 Difference in maximum values of mean temperature between experimental and LOGOS calculation results for different
operation modes of diesel engine
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