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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.
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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:

an  (mD?

2
— <1thac _nld )(T—Tc)}.

dT/d¢e =

4h
where a,., ay, 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]; a, 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, A, 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].
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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.

References

1. Greuter E., Zima S. Engine Failure Analysis. Internal Combustion Engine Failure and
Their Causes. SAE International, Warrendale, 2012. 582 p.

2. Khrulev A. Internal combustion engines: Fault expertise and analysis. V.2. Practical
determination of fault causes. Chisinau: LAP LAMBERT Academic Publishing, 2023.
562 p. ISBN: 978-620-6-15367-2.

3. Audi 2.8] and 3.21 FSI engines with Audi valvelift system. Self-Study Programme 411.
AUDI AG, Ingolstadt, 2007. 63 p.

4. Khrulev A., Saraieva I., Vorobiov O., Sokhin A. Evaluation of the possibility of using
mathematical models for expert research of car engine damage. Vehicle and Electron-
ics. Innovative Technologies, 2022. (21), pp. 79-86. https://doi.org/10.30977/
VEIT.2022.21.0.06.

5. Wang C.S., Berry G.F. Heat Transfer in Internal Combustion Engines. New York,
ASME, 10017 85-WA/HT-23, 2017, pp. 1-7.

6. Wishniewsky T.S., Furmansky P. Termal Contact Conductance of Valve Face/Seat In-
terface in IC Engine. Conductivity 24. Joint Conference. Pittsburg, 1999, pp. 97-104.

7. Khrulev A., Dmitriev S. Thermal Damage to Intake Valves in ICE with Variable Timing.
International Journal of Automotive and Mechanical Engineering, 2019. Vol. 16. Issue
4, pp. 7243-7258. DOI: https://doi.org/10.15282/ijame. 16.4.2019.06.0540.

8. ISO 683-15:1992. Heat-treatable steels, alloy steels and free-cutting steels - Part 15:
Valve steels for internal combustion engines. ISO/TC 17/SC, 1992. 12 p.

205



3MICT

Po3gin 1
OCBITA. IIEJAATOTIKA
EDUCATION. PEDAGOGY

Anmontok A.O.,
[TEJAT'OT'TYHA CITAJIIVHA I'. CKOBOPOIU

TA I 3SHAYEHHA JUIT CYYACHOTO BUUTETI ...t eeene 3
Bacwkis C.T.,

POJIb TTOJIIKY/IbTYPHOI OCBITU Y BUXOBAHHI JITEN TA MOJIOL.....vveeeeeee.. 6
Topoiiiuyx H.B.,

OLIHKA EQEKTMBHOCTI BUKOPMCTAHHA [HCTPYMEHTIB
IITYYHOI'O IHTEJIEKTY IT1Jl YAC BUKJIAJAHHSA AHTJIIMICEKOI MOBU
JUIA CTYJIEHTIB TEXHIUHMX CITELIIATIBHOCTEM ......ovocvieverceeeeeseeeeeese s nessessans 8

Henuwuy P.B.,
10 TTPOBJIEMM ®OPMYBAHHA ITI3HABAJIBHKMX IHTEPECIB
MOJIOZIINX HIKOJIAPIB .....cooiiiiiiieeiiiee ettt ettt e st e e s e s snreee s eaeees 10

€Emuyk T.B., Cementok L.B.,
KOHLEIIT «<KOMYHIKALIA» ¥ CUCTEMI IIEAATOT'TYHUX AOCHIIKEHD............... 14

3aiiuesa T.B.,
CYYACHI IIIIXOI ZIO0 OPTAHI3ALIIT MY3UYHOI'O BUXOBAHHS
Y BITYMBHAHIN JOMIKUIBHIN OCBITL ..ovvveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesee e e seeeeeeens 17

Invuyk K.I.,
3ACTOCYBAHHA MYJIbTUMEIVHMX TEXHOJIOI'TH
B OCBITHbOMY ITPOIIECI [TOYATKOBOT IIKOH ... 21

Kupunoxk C.B.,
®OPMYBAHHS MAHOBJIBOT'O CTABJIEHHA
J10 JIIOZEN Y MOJIOAUINX ITKOJIAPIB .......ooovovveevervreeeeeeeeesesieseessessessesses s sessessssanes 24

Koemynosuu B.B.,

BUXOBHA CUCTEMA KJTACY ...ooiiiiiiiiiiiiiiiiitciieccite et 27
Kopwiiiuyk A.B.,

TPUTOPIM BAIIEHKO ITPO POJVIHHE BUXOBAHH ......covoeveeveeiereeeeee s 31
Jlumeun JI.B.,

3ACTOCYBAHHSA ITIPUHLIMIIIB STEM HA YPOKAX XIMII:
TEVIMI®IKALIIA, MOBIJIbHI 3ACTOCYHKH, IOTIOBHEHA PEAJIBHICTD ................. 34

213



Lisiecka A., Hetman W., Lisiecka N., Kosina S.,
Maciejak A., Firlej E., Wojciechowska K.,
SKORNE REAKCJE FOTOTOKSYCZNE ...ttt eecccccciiinrnrree e e e e e e e e e e 190

Po3ain 15
COEPA OBCJIYTOBYBAHHA{
SERVICE SECTOR

Kaniseus B.B.,
AKTYAJIBHUM CTAH TYPUCTUYHOTL IHAYCTPIL B YKPATHI....oeveeeeeeeeeeeeeee, 193

Yepuyxa JI.II., Knanuyk B.M.,
IHTEHCUOIKAIIA BUKOPVCTAHHA MIHEPAJIbHUX JIIKYBAJIbBHUX BO/I
Y CAHATOPHO-KYPOPTHUX 3AKJIAZIAX ....ooviiiiiiiiiiiiniiiiicnicniecicnececsne e 198

Po3gin 16
TPAHCIIOPT
TRANSPORT SERVICES

Khrulev A.,
SIMULATION OF THERMAL DAMAGE TO INTAKE VALVES
IN AUTOMOBILE ENGINES WITH VALVE TIMING CONTROL.......ccccvvvvvrrrvrrrrrrrrnnnnnns 202

Po3gin 17
MI:KHAPOJZHI BIJHOCHUHU
MIXKHAPOJZIHI EKOHOMIYHI BIJTHOCHUHU. MI2DKHAPOJHE ITPABO
INTER-DISCIPLINARY PROGRAMMES AND QUALIFICATIONS INVOLVING
SOCIAL SCIENCES, JOURNALISM AND INFORMATION.
ECONOMICS. POLITICAL SCIENCES AND CIVICS. LAW

Boasancvka B.B., 3anaimua LA.,

[TPOBJIEMU ITPALIEBJIALIITYBAHHSA IHO3EMLIIIB HA TEPUTOPII YKPAIHM .......... 206
T'acina X.M.,

KOMIIEHCALIA IK ®OPMA MDKHAPO/IHO-ITPABOBOI

BIATIOBIZAJIBHOCTI JIEPHKABH ......c.uvveiiiieeieeeciee ettt ettt seave e s vne e e 209

219



Professional
Rectangle


[Migmmicano po apyky 04.12.2023. ®opmar 60x84/16. ITamip obceTHM Oinwii.
TapHiTypa «Charter». J[pyk nudpoBuii. YM. ApyK. apk. 12,79.
3am. Ne 95. Tupax 75 npuM. LliHa forosipHa.
BuxoauTh YKpaiHChKOI0, aHTJTIHMCHKOIO Ta MOTHCHKOK MOBaMU.

BugaBaunTBO «AA TaHzem»
Anpeca: 69006, m. 3anopixeks, Bys. B. JlobaHOBCBKOTO, 27, KB. 69
CBiZIOIITBO TIPO BHECEHHS /10 /lepKaBHOTO peecTpy BuzasuiB: Cepisa JIK Ne2899

BigzpykoBaHo 3 roToBoro opuriHan-makera @OIT MockBsiH A.A.
Anpeca: m. Kuis, Bysi. KupuiiBcbka, 47

[HCTHTYT iHHOBaNiITHOI OCBiTU. HayKOBO-HaBYaMBHU IIeHTp mpukiagHoi inpopmaruku HAH Vkpainu
e-mail: novaosvita@gmail.com; caiiT: www.novaosvita.com

BupmanHs 37ilicHeHe 3a eKCIePTHOIL MiITPUMKHA
HaykoBo-HaBYaJIbHOTO LEHTPY NpUKIagHOI iHpopmaTuku HAH Ykpainu
03680, Kuis-187, npocn. Akazemika [yiikoBa, 40



