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Numerical Study on Co-Combustion in Diesel Engine for
Heavy-Duty Power Generation

DONG-KYUN SEOT, KWANG-BEOM HUR, YEONTAE JEONG, EUI-HYUN KIM
Korea Electric Power Corporation(KEPCO) Research Institute, 105 Munji-Ro, Yuseong-Gu, Daejeon, 305-760, Korea

Abstract >> Recently KEPCO, KOGAS and other institutions are jointly conducting an R&D for the development
and demonstration of the power generation system based on a natural gas/diesel engine on an island. As a

preliminary study, co-combustion in the dual fuel engine, which is expected to produce a few mega-watts of
electricity, was modeled and calculated using computational fluid dynamics (CFD). The applied key assumptions
are 2-dimensional axisymmetric, transient and static volume chemical reaction. Based on the selected blending ratio,

which is the key operating condition, natural gas is substituted instead of diesel fuel (basis of high heating value).
Results showed that as the blending ratio increases, the reaction rate of the combustion increases and thus maximum
temperature is reached more rapidly. For the optimal performance, various geometric or operational studies will
further be conducted.
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Nomenclature E. : Activation energy of reaction r

G, G, : Turbulence kinetic energy due to the mean

A, : Pre-exponential factor velocity gradients and buoyancy
BR  :Blending Ratio HHYV, : High heating value of species i

i : Molar concentration of species j in reaction r k : Turbulence kinetic energy
GG, : Realizable k— e model constant ks : Effective thermal conductivity

. . . .. 2

.m  + Mass diffusion coefficient for species i, m/s ks .k, : Forward and backward rate constant for

E : Total energy reaction r
K, : Equilibrium constant for the 1" reaction

TCorresponding author : dkseo@kepco.co.kr m. : mass of species i
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D : Static pressure

R : Universal gas constant

R, : Source term of species i

S, : Heat sources

S : Mean strain rate

Sy, 5. : Generalized source term

Se, : Turbulent Schmidt number

T : Static temperature

u,u, :Gasand Particle velocity

u” uJ : Mean velocity components

ui, ui : Fluctuating velocity components

z,x;  : Coordinate of directions

Y, : Mass fraction of species i

r : Finite rate/eddy Dissipation third-body rate

€ : Turbulence dissipation rate

n : Ratio of turbulence to mean shear time scale

’r/‘;, " n;m : Rate exponent for reactant and product species
jinreaction r

L : Dynamic viscosity

1y : Turbulent viscosity

v : Kinematic viscosity

p : Gas density

o;,0, : Turbulent Prandtl numbers for k and ¢

(7 ].) gt Deviatoric stress tensor

U v, , - Stoichiometric coefficient for reactant and

product i in reaction r
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Table 1 Summary of Duel Engine specification

Spec Summary

Engine Speed, RPM 720
o 515 [e) =
Brake Power, kW 1,680 g2 Table 29’] SporE HE AAAAS AT
BMEP, bar 17.8 t}. 3}e}k RE-g-E-2 Al4Fsl7] 913l Finite rate T @2 A
Max. Combustion Pressure, bar 130 %8]—93\_71’ o][LH §]:8_‘|]—%_ }\g Aé%( Ri)% 1:]__%9] /g' o7
BSFC, g/kWh 188.6 -
, 5}t
Air flow rate, kg/hr 12,733
Table 2 Governing equations
v,
Continuity |4 (g, )}, )+ p- = m, )
19} 14} bl ou; ~ou; 2 ou 9 [ ——
Z(pu,) + — = T4 L5 |- +F
Momentum ot (W’) o (pulu]) ox; ox; ,u( ox; o, 3 Yoz, o (pu7 u]> s @
0 17 0 oT
Energy o PE)+ Oji[ui(ﬁl%i’)]*gj Reit o, +“z-(m)eff)+ S 3)
. 9 Hy
Gas species g(pYi)JrV e (puY))=v « ((pD +§)VY;)+Ri “)
t
M\ ok
)+ ——(pk + L) 2+ G — pet
ot (p ) 0x; (p u) &L'j . ak)aw] G pet s ®)
Is] 4] — 1o} H
Turbulence —(pe)+ —peu. )= —{( + t) ]Jr = 6
ot () ox; (pe ]> ox; H o, PG PG L+ \/> ©
where, 0, =1.0,0, =12, (f = maX(O 43, +5) G =109, n:S?, §= /25,5 W)
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Table 3 Global reactions and reaction constants for the Duel Engine

k,=A 1" BT

Reaction A: (unit) E: (J/kmol) B Ref. Eq. Num
CioH»+15.50,—10CO»+11H,O 2.59¢+7 1.26e+08 0 10) an
CH4+1.50,~CO+2H,0 5.0le+1 2.00e+08 0 10) (12)
CO+0.50,—~CO, 22e+12 1.67¢+08 0 10) (13)
N ) ) N , / s
- Mw,i;r(ui’,,f ui,,,,)(lcf_y,,]l:[1 [c,]" il (5) 5
&
— (1)
q " (4) @ | §
- kb,r]:[ [ q,1'] ) (8) -IIL 6
j=1
Radius kength
ShE 2F ' Thi
o{7|A, M i T = 3181 9] BX}15F, I'= Third body No Boundary Conditions ;;"(EEIIL:_EHS]
20| Bl Yo z]2~ 4
7:]]T9 G §]— O"] 77 o OL.O ]—l_a 77]7 (1} Side 450
2 GukS- A5 Yepdch ARES A 9 ARk A (2) Axis Symmetry -
S The Ao 77} b 4= Qe B) Roof 450
kj‘r =A7,Tﬂ' —E/RT ©) 4) Piston Head 450
(2) Injection Source 450
by, = 10
b K, (10) Fig. 2 Wall Boundary Conditions
Table 4 Fuel Properties for Calculations
7| A, A +=Pre-exponential factor, 3, = 2L 2] X
o714, 4, P B 7 Fuels Properties Values Ref.
, B2 243 oY A, R 714V, K2 R84 - Diesel HHV, keal/kg 43,200 12)
G A4=0]ch. Table 3-2 E4171 Uj2] wH-8-2]o]] of NG Demsity, kN’ | 0798 |
HHV, keal/Nm’ 9,523
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Table 5 Summary of Operational Conditions

Operating Conditions Values
. . . 0.0, 0.2, 0.5
Blending Ratio of LNG and Diesel (HHV Basis)
Injection Duration (second) 0.03
Calculation Times (second) TDC 0.0 ~ 0.1
Initial Condition
(Temp/Press/Stoichiometric Ratio) 1200K/80atm/0.58
Volume(TDC) 0.00363 m’

Ak A} 717H 0.03 sec 2 714 dlom 34 7]
A} L 0.01sec 7|77HA| & . &k
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Fig. 3 Evolution of velocity vector after injection (B/R:0.2)
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Fig. 4 Evolution of diesel mass fraction after injection (B/R:0.2)
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Fig. 5 Evolution of temperature after injection (B/R:0.2)
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Fig. 6 Evolution of methane mass fraction after injection
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