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Abstract : The advanced method of temperature control using a physical model has been developed in order to achieve a
more stable temperature control while DPF regeneration mode is active. To apply this new control strategy, the exhaust gas
temperature has to be precisely modeled at first. On the engine side, the combustion efficiency model was constructed using
an experimental study so that the unburned fuel from the cylinder could be estimated for various conditions. On the catalyst
side, the thermodynamic law helped calculate the exothermic energy from the unburned fuel. In addition, heat transfer and
energy equation are used to determine the temperature behavior at both slice and gas side in the channels of the catalyst.
Lastly, heat loss in the pipe between LNT and DPF was modeled by using heat equivalent equation. The model-based
temperature control can be realized by the reverse of the temperature model. The demanded post fuel quantity was calculated
from the demanded temperature profile inside the catalyst. The accuracy of this new control method was fully validated in
various vehicles driven on real roads.

Key words : Diesel engine(T] & 2l171), DPF(w| 91 3 % %)), Temperature control(<>= #]©]), Temperature model(=== = 2),
Catalyst model(Zvl] = 2), Model based control(=. 2! 7|1t A1)

Nomenclature
oy - heat transfer coefficient, W/(K-m?)
Q : heat transfer or thermal energy, J )
) Achy : total surface area of all component channel walls, m
m  :mass flow rate, kg/s .
ng : number of slices, -
T : temperature, K

C, :specific heat capacity, J/(kg-K) leonp  : length of component, m

e Asee :cross section area of component face, m>
At :unit time step, s \ace p ,

Cs  :substrate heat conductivity, W/(K-m)

N : conversion efficiency, -

M. - combustion efficiency, - Agsr :outer cylinder surface area, m’

4rg  :unburned fuel quantity, kg/s Riwa : thermal resistance, (K-m’)/ W

drotar : total fuel quantity, kg/s ke : correction factor for heat conductivity, -

H : lower heating value of diesel fuel, J I3 : calculation factor for the calculation of heat flow, -
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Subscripts

€xo : exothermic reaction

cond/ conv/rad : conduction / convection / radiation

Gas, Wall : exhaust gas side, catalyst wall side
K /k-1/k+1 : current slice / previous slice / next slice
S1 : slice
old : previous time step
DS/US : downstream / upstream
ax : axial direction
add / loss : from gas to tube / from tube to ambient
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Fig. 1 Schematic of model-based DPF temperature control
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Table 1 Design of Experiment for modeling unburned HC

Variables Range
Postl Timing ATDC 30~70 °CA
Stepl Post2 Timing ATDC 120~160 °CA
Inj. Quandity 1~Max mg/str
Step2 EGR +10 %
P Equivalence ratio Air mass £50 mg/st
Step3 Engine speed 1000~4000 rpm
°p Engine load BMEP 1 bar~Full Load
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Fig. 2 Test results obtained for conducting unburned HC
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Fig. 3 Combustion efficiency model according to inj.
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