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SIMULATION OF THERMAL DAMAGE TO INTAKE VALVES IN 
AUTOMOBILE ENGINES WITH VALVE TIMING CONTROL 

 
Experience in studying the failure causes in a large number of automobile en-

gines [1] shows that among the causes of valve damage, those that cause thermal 
damage to the valve heads are quite widespread. However, in practice, damage 
from thermal overload of intake valves, unlike exhaust valves, is rare. Moreover, 
some of the damage that is typical for exhaust valves was not noted at all to the 
intake valves. Practice, however, shows that overheating of the intake valves as a 
result of thermal overload cannot be completely ruled out [2]. This can be especially 
true in modern engines with variable valve timing, when the duration of opening 
of the intake valves can be reduced along with their cooling by incoming air. 

In accordance with this, the purpose of this work is to study thermal damage 
to intake valves, clarify the causes and signs of such damage, as well as supplement 
the known data on damage to valves of automobile internal combustion engines in 
terms of intake valves. To achieve this goal, it is necessary to simulate the thermal 
state of the intake valve head as part of an engine with variable valve timing when 
operating in various modes. 

Let’s consider a typical design of a special cam mechanism for changing intake 
valve timing (Fig. 1), with the function of changing the lift and duration of the open 
state of the intake valves [3]. 

The valve timing is changed stepwise according to a control program in which 
both intake valves open simultaneously, but can close at different times depending 
on the engine operating mode (Fig. 1). Switching of the open state of intake valves 
from low lift and short duration to large ones is carried out with increasing engine 
rotation speed and load. From this we can assume that one should look for breakage 
of the temperature state of the intake valves when there is a system fault, when at 
increased speeds and loads the switching of the intake valve lift from low to high 
does not occur. 
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Fig. 1. Diagram of the valve timing mechanism of the engine under study (left) 

and its control program (right): 1 – camshaft, 2 – housing, 3 – movable cam 
block, 4 – control electromagnets, 5 – groove for moving the cam block  

 
To simulate the engine cycle, the well-known Lotus Engine Simulation pro-

gram was used [4] and the engine model (Fig. 2) with two intake valves, which 
generally have different control laws, was built. 

 

  
Fig. 2. A model of the engine under study in the Lotus Engine Simulation program 
(left) and a calculated diagram of instantaneous values of air pressure, tempera-

ture and velocity in the intake pipe cross section in front of the intake valve 
(right) 

 
After transforming the heat balance equation written for the valve, we can 

obtain a differential equation for the valve temperature T in the form: 

𝒅𝑻 𝒅𝝋⁄ 	=
𝝅𝒏

𝟑𝟎𝑪𝒑𝒎
	K
𝝅𝑫𝟐

𝟒
	[𝜶𝒓	(𝑻𝒓	 − 𝑻) −	𝜶𝒌	(𝑻 − 	𝑻𝒌	)] 	

− 	S𝝅	𝒄	𝑫	𝜶𝒄	 −
𝝅𝝀𝒅𝟐

𝟒𝒉
W (𝑻 − 𝑻𝒄	)X	. 

where 𝜶𝒓	, 𝜶𝒌 are the coefficients of heat transfer from the gases in the cylin-
der and from the air in the intake pipe to the valve head [5]; 𝜶𝒄	 is the coefficient 
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of contact heat exchange between the valve and the seat [6]; Tc, Tr are the tem-
perature of the seat and guide bushing (approximately taken equal), and the air 
(gas) temperature in intake pipe; Cp, λ, m, D, d, h, c are specific heat capacity, 
thermal conductivity coefficient, mass, head and stem diameters, valve stem 
length, and seat chamfer width, respectively. 

This equation is solved numerically by setting the initial value of the valve 
temperature, sequentially for all points of the cycle [7].  

Results and discussion. Calculations were carried out for all intake valve lifts 
at a rotation speed n = 1000-6000 rpm in increments of 1000 rpm, at full load 
and 3 different intake valve timing options. The results of the cycle calculation 
were presented in the form of the graphs of the dependence of the instantaneous 
air and gas parameters in characteristic engine sections, including the cylinder and 
all pipelines (Fig. 3). 

It turned out that in the intake pipe of a valve with a smaller lift and opening 
duration, a significantly higher air temperature with increasing rotation speed was 
observed. This is due to the short duration of intake and the gas reflux from the 
cylinder into the intake pipe, especially at the initial moment of valve opening. 

From the results obtained, it follows that with increasing rotation speed and 
decreasing valve timing lift and duration, the temperature of the intake valve head 
increases. This pattern of the temperature change is caused by deterioration in the 
valve cooling by air, as well as an increase in the air (gases) temperature in the 
intake pipe in some modes (Fig. 2). 

According to the calculation results (Fig. 3), the temperature of the intake 
valve head at incomplete opening and a frequency above 4000 rpm exceeds 700K. 
This means that the design temperature to which a closed intake valve is heated 
may exceed the recommended temperature range for valve steel [8].  

 

  
Fig. 3. Dependence of intake valve temperature on rotation speed (left) at various 
valve lifts and deformation of the head of one of the intake valves in the form of a 

“tulip” with absence of the adjacent intake valve damage in the same cylinder 
(left) 
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Under such conditions, the valve will be subject to creep, and with significant 
temperature deformation it may completely lose contact with the seat during en-
gine operation. During expert study of the failure of the variable valve timing sys-
tem of a 3.2 liter V-6 engine with direct fuel injection, the confirmation of the 
theoretical data was received [2, 7]. So, it was found that in some cylinders one 
of the two intake valves had a deformed tulip-shaped head with obvious signs of 
overheating (Fig. 3). At the same time, no signs of thermal damage on the intake 
valves located next to the damaged ones in the same cylinders were found. 

Conclusions. The reason for local deformation of the intake valve heads due 
to material creep in engines with variable valve timing may be the operation of 
the intake valve with reduced lift and duration of the open position in the event 
of control system failure. Such failures concern cases when timely opening of the 
valve is not ensured with increasing speed and load. In accordance with this, an 
effective way to prevent creep deformation of the intake valves and engine failure 
is to use engines equipped with timing control mechanisms, in addition to more 
reliable designs, intake valves made of more heat-resistant steels.  
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