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Abstract: - The intake system sub-model, the fuel dynamics sub-model and the power output sub-model has been 
studied in this paper based on Elbert Hendricks engine mean model. Engine output characteristics using 

computational model is established in MATLAB/Simulink. Parameter of the modeling and simulation process is 

obtained through experiments, and finally, the engine bench test is done, and compared it with the simulation 

curve in same conditions. The results show that the model calculation has smaller error, higher precision, and 

which can meet the basic requirements of the engine modeling in actual control. 
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I. INTRODUCTION 
 The first thing needs to do is evaluating key design parameters and predict performance when design and 

control a new engine. The thermodynamic model is commonly used internal combustion engine as a series of 
controlled volume (thermal system) with energy and mass exchange [1]. Huge amount of calculation limited its 

practical application.The analogy method is mainly used for the comparison of major performance parameters, 

such as The rated power of the engineand the corresponding speed ,etc.Analogy must reference the same type of 

engine. Although the accuracy of this method is high, the practical application is limited[2].Engine characteristics 

estimation method in actual should be required to calculate the parameters relatively smaller, no complex 

calculations in the algorithm and can better describe the dynamic characteristics of the engine. The mean value 

model is employed to evaluate the gasoline engine character in this paper using MATLAB/Simulink software. 

 

II. MEAN VALUE MODEL 
 Typical engine average model is proposed by Elbert Hendricks in1989. Engine parameters described in 

model is the average value of this parameter in a certain period of time. This method not only applies to the steady 

state, but also applicable for transient. This model can accurately describe the engine air-fuel ratio. It has been 

widely used in the development of electronic engine control system[3]. The model is consists of the intake system 

sub-model, the dynamic fuel sub-model and power output sub-model. Algebraic equations and simple differential 

equations are used in each sub-model,so the model expression is simple and easy to understand.  

 

Intake system sub-model 

 The intake system sub-model is core of the mean value model of the engine, and directly determine the 

overall mean value accuracy of the mode and intake air simulation accuracy created by the engine intake pressure. 

[4]. 
The air flow model on throttle.Air mass flow through the throttle is equivalent tothe product on the 

throttle and pressure ratio ,so the original complex flow of variable cross-section can be simplify 

the flow of compressible gas in a one-dimensional steady-state contraction nozzle[5]. So the throttle at the air flow 

can be expressed as [6]: 
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Where： 
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- The intake valve at the air mass flow, g / s; 
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- The throttle body minimum air mass flow, g / s; 

mP - Intake manifold air pressure, kPa. 
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The air flow model at the valve. 

 The quality of the air entering the cylinder directly determines the amount of fuel injection within a 

cylinder, i.e. determines the injection pulse width of the engine ECU, and thus determine the output characteristics 

of the engine. The air flow rate at the intake valve is associated with engine speed, intake manifold pressure and 

temperature, the coefficient of charge etc,. The intake flowcan be used on speed - density equation [7]. 
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Where: 
n - Engine speed, r/min; 

dV - Engine displacement, m3; 

vol - Coefficient of charge,%; 

 

The intake manifold air pressure model. 

In the intake manifold pressure model, the space from the throttle to the intake valve is as a whole.According to 

the ideal gas equation of state in this space, the following equation can be achieved: 
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In the engine intake system, air flows from the throttle to the intake manifold, and eventually flows into the 

cylinder through the intake valve.According to the mass conservation equation,  air mass flow equationwithin the 

space of the intake manifold can be achieved as follows. 


 apata mmm                                                                     (4) 

Dynamic fuel sub-model 

The initial fuel evaporation model is proposed by Rasmussen, hereafterimproved by the Aquino , and ultimately 
collate and analyze more comprehensive film evaporation modelby Elbert Hendricks [8].In order to make the 

cylinder into the fuel flow rate  is equal to a desired target injection quantity , and then calculate the fuel 

injector fuel injection quantity. Let  equal to , the oil film compensation model isgiven in equation (5). 
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Power output sub-model 

Power output model describes the energy flow in the fuel combustion in the engine. According to the law of 

conservation of energy, dynamic model of the gasoline is proposed by Hendricks in 1990, and still in use today. its 

expression is 

   dfibpf tmHPPPnInnI
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Where: 

I  - Inertia of crankshaft and load moment, kg/M2; 

fP + pP  - Friction and pumping losses power, W; 

bP - Load power consumption, W; 

H - The fuel of low calorific value of J/kg; 

i - Indicated efficiency; 

d - Injection to speed response time delay, s, nd /60  
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III. THE OVERALL OFMEAN VALUE MODEL 
 Model of top-level, including three sub-models: the Air model represents the intake system model, Fuel 

modelrepresentative of the dynamic fuel model and thePower modelon behalf of power output model. Intake 
pressure and intake air flow is obtained with the throttle and speed changes in model of Air model. The inlet 

pressure is used for model inputs ofFuel model and Power model, Whichprovides the conditions for calculating 

the fuel injection quantity and the final power output. The final output characteristics of the engine under various 

conditions can be achieved in the entire model by throttle , engine speed , the model shown in Figure 2. 
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Figure 2Overall block diagram of mean value model 

 

IV. SIMULATION RESULTS AND COMPARATIVE  

ANALYSIS OF TEST RESULTS 
 Based on simulation platform of MATLAB/Simulink module, engine power output characteristics, the 

external characteristic of speed and torque-speed characteristics of the engine of Hyundai 1.8L four-cylinderare 

calculated. Compared with the bench test results, torque error of engine power output is small, theaccuracy model 

is higher, and it well predict power of the engine output Characteristic. The graph of the engine power, torque the 

outer characteristics is given in figure 3, the model calculation of the proceeds of the engine maximum torque 

which calculated by model has same values with data given by the manufacturers within allowable range. 
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Figure 3Engines external characteristics compared with the bench test 

 

V. CONCLUSION 
 In this paper, parameters of enginemean value model ,such as the engine throttle opening, and volume of 

the intake manifold, intake air pressure and temperature, intake air flow, the amount of fuel injection is 

research,and the engine power output characteristics predictive model is establishusing MATLAB/Simulink 

module.The simulation results of the model is compared and analysis with bench test data. The results show that 
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the model can be better described engine output power and torque, the curve trend of the curve obtained by 

simulation with the test proceeds is basically the same, the error is small, and this model can satisfy the basic 

requirements of the engine control technology simulation. 
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