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YK 621.431, 621.43.013.7
MODELING OF DAMAGE TO CONROD-PISTON GROUP DURING
HYDROLOCK IN INTERNAL COMBUSTION ENGINE CYLINDER

Khrulev Alexander

Ph.D, senior researcher
International Motor Bureau
Ukraine

Annotation. A method has been developed for calculating the connecting rod
stem deformation in the process of compressing air with fluid in an internal
combustion engine cylinder. A simulation of the compression process is carried out
and the dependence of the air pressure in the cylinder, the stress and the deformation
of the connecting rod on the filling ratio of the combustion chamber with liquid is
found. The results of the calculations are compared with the available experimental
data on the deformation of the conrods during a hydrolock and verified using the
well-known program for calculating the engine operating cycle, and good accuracy of
the developed method has got. As a result of the calculations, it has been found that
the conrod deformation with a loss of stem stability occurs with minimal combustion
chamber liquid filling ratio of 80%.

Keywords: internal combustion engine, connecting rod, buckling, failure,

damage, hydrolock, modeling, liquid filling ratio.

Introduction. From the practice of studying the failure causes of internal
combustion engines, it is known that the ingress of liquid into the cylinder is one of
the very common causes of severe damage in operation, which causes inoperability
(failure) of the engine up to its irreparability. This phenomenon has received a

common conventional name - hydrolock [1, 2].
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Despite quite numerous references to hydrolock in information sources [3],
they usually do not provide quantitative estimates or characteristics of this
phenomenon. The description of a hydrolock is often limited to only a brief mention
of some of its features, and in most cases it is incomplete. This is not enough to
identify all signs of damage and identify the cause of a particular engine failure.

In addition, in known sources there is no data on the influence of the amount of
liquid on the magnitude and nature of deformation of parts - primarily the connecting
rod buckling. At the same time, known studies of conrod buckling [4] are usually
limited only to the deformation itself and do not address in detail the mechanism that
causes it.

Aim of the work is the study and modeling of the hydrolock mechanism in an
engine cylinder in order to identify the quantitative characteristics of this
phenomenon.

To achieve this purpose, including compiling design equations for the model, it
IS necessary to consider some features of the phenomenon under study. As experience
shows [5, 6], when liquid enters the cylinder, the connecting rod turns out to be the
“weakest” link in the conrod-piston group and experiences significant axial
compressive loads. As a result of which the conrod stem can lose stability (buckling)
and deform.

Materials and methods. To determine the deformation value of the stem
along the length, an indirect method [7] is sufficient - to measure the height of the
carbon deposits in the upper part of the cylinder and compare it with those cylinders
where no hydrolock was detected (Fig. 1). It can be assumed that it is proportional to
the amount of liquid entering the cylinder. However, it remains unclear how much
liquid is needed to cause any given deformation.

The task of determining the deformation of the conrod stem when liquid enters
the cylinder can be divided into several stages. At the first stage, it is necessary to
consider all the geometric and kinematic parameters associated with the movement of
the piston in the cylinder in the presence of liquid. This makes it possible to compile

design equations for the parameters of the air in the cylinder. After that, the desired
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deformation of the conrod stem can be obtained.

Fig. 1. A typical type of connecting rod stem buckling in the direction of the
crankshaft axis during a hydraulic shock in an internal combustion engine
cylinder (left) and expansion of the carbon deposits in the upper part of the

cylinder when working with a deformed conrod stem after hydrolock (right)

To solve the task, you must first make simplifying assumptions that will allow
you to create the appropriate equations, but, at the same time, will not have a
noticeable negative impact on the result. In accordance with this, the following
simplified assumptions were accepted [8]:

1) the liquid entering the cylinder is incompressible,

2) the physical properties of the liquid are assumed to be unchanged,

3) in the process under study, the liquid does not undergo evaporation,

4) ignition and combustion of fuel are excluded,

5) air leaks from the cylinder are not taken into account,

6) the instantaneous air parameters are the same in volume,

7) the crankshaft rotation speed is constant.

Let us now consider the process of compression of air with liquid in the
cylinder from the moment the intake valves close. The geometric compression ratio
Is:

g ="Vn /ch + 1,

where V, = S"/4 D? is working volume of the cylinder, S is piston stroke,
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from where the value of the current air volume in the cylinder will be equal to:
1-¢,
o

V=V (¥g+ =)= Vad, (1)
where: x is the current coordinate of the piston bottom, measured from the top

dead center, D is the cylinder diameter, Vy.is the volume of the combustion

chamber, &, = V"/Vk is the coefficient of filling the combustion chamber with
c

liquid.
According to the 1st law of thermodynamics:
dU =dA - Q,dz, (2)
where dA = —pdV is thermodynamic work, Q,, = a, F,, (T — T,,) is the
amount of heat removed from the air into the walls, a,, is coefficient heat transfer,

F,, = 7mD (0,5 D + x) is the area of the cylinder walls, dU = mC, dT is change in
internal energy during the process, C, is heat capacity of air, m is mass of air in the
cylinder (not compressed changes because there is no leakage from the cylinder).

The expression for dV can be obtained as:

dvV = V,dA, = V,B,dg, (3)

where coefficient B, = 0,5(sing + 4. sin2¢) .

Let us also write down the equation of state relating the pressure p, temperature
T and volume V of air in the cylinder:

pV=mRT, 4
where R the gas constant of air.

After differentiating and transforming equations (2) and (4), we obtain:

dT/d(pz —Tyy

5)
d 6.
p/d(p =-pYy @+
. . o 30a,, Fy, R . __RBy
where the coefficients are: P =1 + —— (T —-T,),y= Ay

System of equations (5) can be solved numerically with initial conditions; the
solution represents the numerical values of pressure and temperature as a function of

the crankshaft rotation angle.
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To calculate the initial values of the parameters, the Lotus Engine Simulation
program was used [6, 7]. When calculating, the type of internal combustion engine
was specified - gasoline one with spark ignition, engine size 83x80 mm, compression
ratio 9.0, operating mode 3000 rpm, intake valve closing 40° after bottom dead
center, wall temperature 390K and other parameters. These data made it possible to
calculate the initial values of pressure and temperature corresponding to the moment
of closing the intake valves. They are necessary for subsequent modeling of
hydrolock by calculating the compression stroke in the presence of liquid (for this
example, po = 0,123 MPa,T, = 363K at ¢ = 220° were obtained).

The relationship between cylinder pressure and connecting rod stability can
now be established. If, for the compression process under consideration, we neglect
the inertial forces acting on the connecting rod (which is quite fair if the liquid filling
coefficient is noticeably higher than zero and the crankshaft rotation speed is low),
then the axial compression force of the connecting rod is determined by the pressure
in the cylinder p and is equal to:

R = (p — po)F, (6)

where F = 7T/4 D? is the piston area, p, is the pressure in the crankcase (to
the 1st approximation, it can be equal to the ambient pressure).

The compression force is perceived by the cross section of the conrod stem A.

Then, obviously, the compression stress in the rod is:

o=R/ =w-po)F/y

Calculation of the process of air compression in a cylinder with the above
initial conditions in the range of crankshaft rotation angles from the moment the
intake valves close (¢ = 220°) to top dead center was performed for various values
of the combustion chamber liquid filling coefficient g, .

The specified values €, = 0 — 1,2 made it possible to obtain a change in
pressure in the cylinder in a wide range of states - from compression of pure air
without liquid to compression of air with liquid, the volume of which is 20% greater

than the volume of the combustion chamber.
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Results and discussion. The calculation results (Fig. 2a) show that the
pressure in the cylinder begins to increase noticeably compared to conventional
compression without liquid only 50-60° before the top dead center, and 10° before it,

with a large liquid filling coefficient, the pressure can increase by tens or even

hundreds of times.
In Fig. 2b presents a diagram of the stresses in the conrod stem, calculated

using formula (7). The diagram shows the value of the critical stress o, above

which the area of buckling is located.

]c,
P, ‘ ‘ MPa
MPa
au n=3000 rom — :
- ae» a» €V:1,2 : 1000
35 - — =10 | l . !
ev=0,8 : : : :
30 — -ev=0,6 800 0
) | 1
€V:O,4 ) ' ] '
25 _ ]
ev=0,2 | ] _ 1l
=0 | 600 —— N=3000 rpm 1t
20 | - cy=12 : |
| | = == gv=1,0 1
! '
15 400 +—- ev=0,8 ]
1
= o ¢gv=0,6 !
: I h | p
10 it = gv=0,4 1"y -
) 20— £v=0,2 1
5 1/ ev=0
/
2/, / ‘
O 0 T T T T T T
220 260 300 340 0,0

220 240 260 280 300 320 340 (pO

Fig. 2. Changes in pressure in the cylinder (left) and stress in the conrod stem
(right) along the crankshaft rotation angle at different values of the chamber
filling ratio (the horizontal line shows the stress value above which the area of

the conrod stem buckling lies)

The results of calculating the deformation of the conrod stem depending on the
combustion chamber liquid filling ratio are presented in Fig. 3. You can see the lines

that show areas of small, medium and severe deformation of the conrod stem, above
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which the engine failure appears (the engine loses workability) due to jamming.

5, )

mm

4.0
ev=1.135/6=3,5 mm >

3,0
20 ev=1,045/6=2,5 mm %

>,
1,0
0,0
0,0 0,2 0,4 0,6 0,8 1,0 &V

Fig. 3. The amount of deformation (shortening) of the conrod stem during a
hydrolock in an internal combustion engine cylinder depending on the
combustion chamber liquid filling ratio [8]

Conclusions. From the data obtained it follows that the hydrolock in the
internal combustion engine cylinder actually occurs under the condition that the
chamber is almost completely filled with liquid, and the onset of plastic deformation
of the conrod stem is observed at 80% filling. This means that for the conrod
buckling and deformation, a sufficient amount of liquid by volume is only 7-8% of
the cylinder volume. The obtained result is important for practice; it refutes
assumptions about the possibility of hydrolock only when liquid slowly flows into the
cylinder at low rotation speeds, since such a small volume of liquid can enter the

cylinders similarly to fuel in droplet form and at high rotation speeds.
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