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Abstract: In this paper, we propose a turbine mass flow rate model for a variable geometry turbocharger (VGT) using
an artificial neural network (ANN). The model predicts the turbine mass flow rate using the VGT vane position, engine
rotational speed, exhaust manifold pressure, exhaust manifold temperature, and turbine outlet pressure. The ANN is
used for the estimation of the effective flow area. In order to validate the results estimated by the proposed model, we
have compared estimation results with engine experimental results. The results, in addition, represent improved
estimation accuracy when compared with the performance using the turbine map.
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Table 4 Turbine mass flow rate estimation and estimation error

Engine speed
RPM
[ ] 1250 1500 1750 2000 2250

Neural | Turbine | Neural | Turbine | Neural |Turbine | Neural |Turbine | Neural | Turbine

BMEP network | map |network | map |network | map |network | map |network | map

ar g/s g/s g/s g/s g/s g/s g/s g/s g/s g/s

[bar] [kg/s] | [ke/s] | [kg/s] | [ke/s] | [ke/s] | [kefs] | [kg/s] | [kg/s] | [kefs] | [kg/s]
| 0.0172 0.0158 0.0229 0.0252 0.0286 0.0300 0.0371 0.0449 0.0685 0.0634

. 0 . 0 . 0 . 0 . 0 o 0 o () . 0 . () o ()

(0.72%) | (7.13%) | (1.02%) | (9.00%) | (0.08%) | (4.49%) [ (2.47%) [(17.99%) | (2.12%) | (5.40%)

5 0.0194 0.0165 0.0241 0.0143 0.0314 0.0298 0.0406 0.0421 0.0690 0.0597

. () . () . 0 42.29% . 0 . 0 . () . () . () . 0
(0.47%) [(14.35%) | (2.58%) (0.58%) | (4.69%) | (1.68%) | (2.15%) | (0.33%) |(13.10%)

3 0.0230 0.0237 0.0272 0.0259 0.0342 0.0317 0.0432 0.0406 0.0707 0.0581
(1.00%) | (1.77%) | (1.54%) | (6.18%) | (1.31%) | (3.64%) [ (0.82%) | (6.88%) |(0.03%) |(17.74%)

4 0.239 0.0270 0.0284 0.0266 0.0350 0.0308 0.0462 0.0396 0.0726 0.0570

. 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0 . 0
(2.61%) | (9.97%) | (1.54%) | (7.75%) | (1.97%) |(13.66%) | (0.62%) [(14.98%) | (1.51%) |(22.68%)

5 0.0250 0.0262 0.0295 0.0268 0.0360 0.0345 0.0492 0.0487 0.0757 0.0617
(2.85%) | (1.65%) | (2.31%) [(11.41%) | (4.27%) | (8.19%) | (1.48%) | (2.46%) | (2.38%) |(20.49%)

6 0.0263 0.0267 0.0322 0.0313 0.0399 0.0374 0.0511 0.0487 0.0798 0.0633
(4.13%) | (2.64%) | (3.45%) | (6.40%) | (3.63%) | (9.73%) [ (1.81%) | (6.53%) | (2.86%) |(22.97%)

7 0.0289 0.0287 0.0347 0.0365 0.0422 0.0380 0.0534 0.0481 0.0846 0.0644
(4.65%) | (5.45%) | (3.44%) | (1.55%) | (4.54%) [(13.93%) | (1.63%) |(11.54%) | (2.31%) |(25.60%)
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Fig. 10 Measured intake mass air flow
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