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h i g h l i g h t s

� The purpose of this paper is to estimate the thermal contact conductance in exhaust valve.
� The unknown parameters are estimated with inverse heat conduction problem.
� A neural network algorithm proposed to predict the unknown parameters.
� The results showed that the LM algorithm provides the best performance.
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a b s t r a c t

Exhaust valve temperature increases significantly due exhaust hot gases obtained from combustion fuel-
air mixture in combustion chamber of internal combustion engine. In order to avoid the damage of the
combustion chamber and the engine itself, heat must be taken away from the valve. This can be done
when the valve in contact with the seat and the periodic contact heat transfer takes place. Therefore
study of heat transfer contact between the valve and its seat is important and necessary. In this study
back propagation neural (BPN) network has been used to estimate two parameters to determine the heat
transfer rate through the valve and its seat due the complexity of thermal contact problem between the
valve and its seat. This thermal contact problem is solved to obtain the required information for design
the neural network using inverse heat transfer method (conjugate gradient method using a two search
step sizes). The results show that, between the different algorithms, Levenberg Marquardt algorithm is
produced the best model for estimating the unknown parameters.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Exhaust valve is one of the important components of internal
combustion engines that is mentioned as a gorge of engine. Since
the exhaust valve temperature extremely increases due the exhaust
hot gases of combustion, cooling of valve is essential work. It is clear
that the only way to remove heat from exhaust valve when it is in
contact with the seat and heat transfer process is periodic contact.
So exhaust valve heat transfer problem as one of the most impor-
tant practical problems of periodic contact heat transfer can play an
important role to control temperature of valve and improve engine
performance.

In the past, the problem of heat transfer between two periodi-
cally contacting bodies has been the subject of a number of theo-
retical and experimental investigations [1e3]. Investigation of heat
transfer in the exhaust valve has always concerned by some re-
searchers. For example, Wisniewski carried out an experimental
study to determine the heat transfer coefficients to measure the
temperatures and heat fluxes in the exhaust valves of a diesel en-
gine. He conducted a series of experiments to measure tempera-
tures and heat fluxes in the exhaust valve and reported them as a
function of engine speed and torque [4]. Hornik et al. studied the
determination of temperature distribution, temperature gradient
and thermal stresses in exhaust valve. They used different
geometrical models of valve that covered by carbon film thickness
under different conditions [5]. Paradis et al. proposed a nonlinear
dynamic model for the analysis steady and transient heat transfer
and periodic thermal contact in valve [6]. Effect of contact pressure
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and frequency on contact heat transfer between exhaust valve and
its seat was studied by Goudarzi et al. [7]. They indicated that the
contact thermal conductivity can be decreased by increasing fre-
quency. Shojaefard et al. studied contact heat transfer coefficient
using system identification techniques [8]. Their study focused
more on linear models and their results show that between
different models ARMAX can be predicted transformation function
of with an acceptable error.

Most studies have related to the calculation of heat fluxes and
thermal stresses on the exhaust valves and few studies have
considered estimating and calculating the temperature valve and
heating transfer rate at the contact between the valve and its seat.
So far, a suitablemodel hasn't presented for predicting heat transfer
coefficient, calculation heat transfer rate at the periodic contact and
finally predicting temperature exhaust valve. Moreover use of
electrical and control systems to improve engine performance re-
quires estimation of parameters such as heat transfer rate between
the exhaust valve and seat, contact heat transfer coefficient and
valve temperature [9]. We need to provide an appropriate model
for estimation such parameters to achieve this important goal.
Between used methods, use of neural network models is a suitable
method to achieve this goal.

In the seventies of the twentieth century, application of artificial
networks in internal combustion engine was begun. But in the
Nineties its prosperous has been started. Use of neural networks for
modeling dynamic systems such as engine has been increased with
development in high speed computers. Kangas and Greitzer were
designed and performed a network that has the ability of predict
heat transfer from cylinder walls and piston of an eight cylinder
diesel engine [10]. Thompson et al. trained a network using
experimental results that combustion time is input and torque and
exhaust gases are outputs of network. These researchers used the
network to determine optimal combustion time for operating en-
gine [11]. Heister and Froehlich suggested the use of neural
network modeling in calculation pressure inside cylinder at
different engine speeds and times [12]. Recently O�guz et al. pre-
dicted diesel engine power with biodiesel using neural networks
[13]. The rapid development of artificial neural network technology
in recent years has led to an entirely new approach for the solution
of inverse heat transfer problems [14e19]. Likewise, the topics of
interest to researchers are to present the favorite model for esti-
mation the parameters such as the exhaust valve temperature and
the contact heat transfer rate in internal combustion engines.

In this paper, we present an application of Artificial Neural
Networks in the estimation of the exhaust valve temperature and
the thermal contact conductance in the exhaust valve of internal
combustion engine. The inverse heat transfer method is used to
determine the input and output parameters of the network,
because exhaust valve temperature cannot be measured directly
and boundary conditions of problem are unknown.

2. Heat transfer between exhaust valve and its seat

The result of the researches done in the field of contact heat
transfer between the valve and its seat show that this process can
be considered similar to the heat transfer between two cylindrical
rod, as at one of the non-contacting ends is placed hot reservoir
(heat source) and the other non-contacting ends is placed cooling
reservoir (heat sink) is placed. In this study, two rather long cy-
lindrical rods have been used. To achieve more accurate results and
the actual results, the problem of heat transfer in three-
dimensional (axial symmetry) is considered. In this study conju-
gate gradient method is used for estimation heat transfer co-
efficients. The advantage of the conjugate gradient method is that
this method has a high accuracy and fast convergence and the

regularization method is used thus tries to deal with the ill-posed
problem. In addition no priori information is needed to deter-
mine the unknown quantities.

Conjugate gradient method which is based on use of distur-
bances principles converts inverse problem to solve three easy
problems (direct, sensitivity and adjoint problem) with gradient
equation. Algorithm of conjugate gradient method is based on this
principle to solve the considered contact heat transfer problems
[20].

Fig.1a shows the exhaust valve and its seat that specify heat
paths. Fig.1b shows the schematic of the geometry of the problem.
Two cylindrical specimens similar exhaust valve and its seat are
located in contact with frequency f (period t). hc(t) is the contact
heat transfer coefficient and hg(t) is the heat transfer coefficient of
the exhaust gases. One of the non-contacting ends contact water
with temperature Tw and the other non-contacting ends hold at
variable heat flux q(t).

Since heat condition has main contribution of heat transfer in
this problem thus the governing equation, boundary conditions and
initial condition are given by Equations (1)e(12).
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Assuming constant thermal properties, above equations are the
direct problem.Where Cs is the heat capacity per unit volume; kS, rS
and cS are the thermal conductivity, density and the specific heat of
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