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Mean value model creation

» System representation (naturally aspirated/gasoline)
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Mean value engine model

* Origin of air flow is induction into cylinder. | o 1 e Hh e |
* Airflow is throttled. ! !
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* Volumetric flow is given; L H— L-{}*,é |
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* Mass flow (speed density equation); V4R RN
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Mean value engine model — volumetric
efficiency

* Volumetric efficiency, n

Pnan Vaisp 0.5<n < 1.2
RTman 120 eng Max is =1 for Naturally aspirated

m=mn

* Modifies the speed density equation

* Depends on;
* Intake and exhaust geometry
Intake and exhaust manifold pressure
Engine speed
Valve timing
Acoustic and inertial air effects
etc

* Perhaps the most important parameter in all of the mean value models!
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Throttle

Can be modelled as Laval nozzle of variable throat area (projected cross
sectional area).

P
* For-=*% > (0.528 mass flow depends on P, and By, gn;
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* For——%* < (0.528 flow depends on P,;,, alone (sonic/choked flow);
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Projected Open Area Equiualent

/5 NozzleThroat Area
Throttle £, —> ®

 Throttle effective area

nD? cos 8 21 a 1 cosf a cos 0 1
Ay = — {(1 — ) + —[ (cos? 0 — a? cos? 0,)2 — sin™?! ( 0) —a(l—a?*)2 +sin™?! a]}

4 cos 6, 7 Lcos 6 cos 0 cos 6

* Where d i

a=— '
b i cos 6
cos 6
* Throttle max occurs when °

0,max = c0s 1(acosBy) D
Closed Open to angle §
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Throttle

* Model is valid for frictionless, adiabatic flow
through smoothly convergent-divergent nozzle
only!

* Discharge coefficient, C,; is used to ‘correct’ for
reality i.e.

* (4 is not constant it depends on;
* Throttle position, «

* Throttle pressure ratio,

amb
* In reality this tends to be mapped for a specific
throttle using a flow bench
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Intake manifold

Can be represented as open system of constant volume.

and T.
* Mass balance; 4
m _ . .
I Min — Mout
* Energy balance;
dE : i
dt mmho moutho ¢ + 0
* Where; _ u?
hy = CpT + -
And the energy within the volume is;
mu?
E =mc,T + —tmgz

System stores mass and energy, represented by state variables P

(1)

(2)
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Intake manifold

* Making some assumptions
* GPE changeis O
 KE changeis O

.
* So that; E=me,T +——+mgz
-’H:%
ho = CyT += C,T (3)

* Taking the derivative of E = mc, T wrt to t;

dE am
—=c, ] —+c,m
dt v dt+”

ar
dt

(4)

* And by substituting 1, 3, 4 into 2;

. . dT . . :
cyT(Miy — Moye) + cm—= MinCpTin — Moyt CpTour + 0 (5)

dt
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Intake manifold

* We can now couple the energy and mass balances using the ideal gas law;

PV
m = E (6)

e Taking the derivative wrt to t;

dm V dpP PV dT

dt - RT dt  RT? dt (7)

* Substituting (1, 6 and 7 into 5) and assuming T, = T;

And;

ar [ - : : dQ] RT
ap [ - : dQl R
dr _CpminTin _ CpmoutT + E] a/

dq
dat = hAyau(Twau —T)

(7)

(8)

(9)
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Torgue model

e Torque produced is a function of;
* Spark advance

* Inducted air mass flow
 AFR

e Data is usually obtained experimentally and incorporated within a
regression model.

* Friction torque is deducted (imep — bmep) to establish output
torque.

* Fmep [bar] is calculated; 2

N
= 0.97 + 0.15 (—) + 0.05 (—)
fmep 1000 1000
* And;
N N \?
 fmen [o.97 +0.15 (1595) + 0-95 (1505) ] Vo
Tf - 41 B 41T
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Parameterisation effort

* Model has 5 unknown parameters, Cq, yo1, h, V and V.
With n,,; = f(P,T,N,IVO,EVC)
Nyor 1S Obtained by experiment at some P, T, N, IVO, EVC. Recall;

12 Omactual

deiSpNeng
C,4 is also experimentally obtained (usually on flow rigs)

TI:

Obtaining h in reality is very difficult and this is normally one of the tuned
parameters.

* V and V5, are obtained relatively easily but can also be used to tune the model
response to match reality.
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Garrett VNT15

. . 260(
Other considerations

* Adding a turbocharger complicates matters
significantly and introduces a causality loop.
* The loop is normally broken by a delay (not physically
correct).

 Heat transfer from the exhaust manifold has a
significant effect on the turbo performance. ¥ 0

* Errors in the ‘turbo loop” are accumulated within -
the |Oop- 6A::7((Z)?JRRECTEDTO30'C,96KP;\

] l | T ) T S

oy e | B S
* Each additional volume adds two model states (T " % CoRRECTEDARFLOW, kgmint
and P) increasing significantly the computational -

burden.

* Volumes of very different sizes result in stiff
models i.e. slow and fast dynamics.
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Crossley and Cook Model

Engine Timing Model with Closed-Loop Control

— crank speed
valve timing (rad/sec)
¢ I edge180 N [« P@
1
1000 | Desired rpm i
) Throttle Ang. L P Throttle Ang. mass(k) ———» Air Charge rad/s
speed_setpoint N s Tng to rpm
—» Engine Speed, N mass(k+1) —P{mass(k+1) EngineSpeed | |
— N N 30/pi > >
Controller ) trigger
trigger Combustion —»{ Tload
_ EngineSpeed
Throttle & Manifold Compression 2 Engine
Load Dynamics
drag torque
LoadTorque
Simulation Inputs | |
ThrottleAngle '

Simulationlnputs
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Crossley and Cook Model

Throttle

Throttle Angle,
theta (deg)

f(theta)

()

2.821-0.05231*u + 0.10299*u*u - 0.00063*u*u*u

Cd

(@)

Manifold Pressure,
Pm (bar)

®

Atmospheric Pressure,

Pa (bar)

P X
maka d(pratio)
.| pratio
min P 2*sgrt(u - u*u) —>—\
>+ >
P X
10— Pl
Sonic Flow
0 u

flow direction

)

Throttle
Flow, mdot

(9/s)
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Crossley and Cook Model

Intake Manifold

mdot Input
(g/s)

Q 0.41328 ]
S

RT/Vm

p0 = 0.543 bar

(2)

N (rad/sec)

>(2)

Manifold Pressure,
Pm (bar)

f(u) . >@

Pumping mdot to
Cylinder

(9/s)
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Crossley and Cook Model

Torque Generation

®

fECharge — | 181.3 +379.36"u[1] + 21.91*u[1]/u[2] - (0.85*u[1]*u[1])/(u[2]*u[2]) + 0.26*u[3] - 0.0028*u[3]*u[3]
Torque Gen
Stoichiometric Fuel q
15.0
Spark Advance > 0.027*u[4] - 0.000107*u[4]*u[4] + 0.00048*u[4]*u[3] + 2.55*u[3]*u[1] - 0.05*u[3]*u[3]*u[1] Torque

(degrees BTDC) Torque Gen2
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