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Abstract  Turbulence kinetic energy and dissipation in suction stroke air inside a cylinder has been 
computed with five different compression ratios at 1000 rpm in a four stroke IC engine. The results 
of the computational works  shows that turbulence kinetic energy in suction stroke starts increasing 
from the suction valve fully opening timing at 200o crank angle after top dead centre (the reference 
TDC at 180o) till the middle of the suction stroke at 255o crank angle in all  compression ratios and 
then  found to decrease till bottom dead centre (BDC) when suction valve starts closing near 
bottom dead centre (at  crank angle 340o).The increase of compression ratio provides a  predictable 
increases of the peak  turbulence kinetic energy. Energy dissipation is also found to increase 
similarly from suction valve fully opening timing (at crank angle 200o ) to a peak value  at the 
middle of suction stroke (at crank angle 240o) when piston moves downwards and then found to  
decrease till  the end of suction stroke when suction valve closes and follows a similar variation of 
turbulence kinetic energy generation. The increase of compression ratio also increase the energy 
dissipation  of suction air inside the cylinder.  
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INTRODUCTION 

 
   Air and fuel mixing in suction stroke of an IC engine 
depends on physical and chemical properties of fuel and 
flow property of the air and fuel also. Air fuel mixing 
depends on air velocity and turbulence.  Several 
investigators computed the flow property of air in 
different models both in computational and 
experimental works. Normally turbulence and rotational 
motion called swirl is generated on the intake air-fuel 
mixture during suction stroke. Near the end of 
compression stroke, two additional mass motions are 
generated:  
 
squish and tumble 
Due to high speed of the engine, all flows into, out of 
engine cylinders are turbulent flows. The exception to  
those flows are in the corners and small crevices of 
combustion chamber where the close proximity of the 
wall dampens out turbulence. As a result of turbulence, 
thermodynamic transfer rates within an engine are 
increased by order of magnitude. Heat transfer, 
evaporation, mixing, and combustion rates all increase. 
As engine speed increases, flow rates increase, with a 
corresponding increase in swirl, squish, and turbulence. 
This increases the real-time rate of fuel evaporation, 

mixing of the fuel vapour and air, and combustion. 
When flow is turbulent, particles experience random 
fluctuations in motion can be super-imposed on their 
main bulk velocity. These fluctuations occur in all 
directions, perpendicular to the flow and in flow 
direction. This makes it possible to predict the exact 
flow conditions at any given time and position. 
Statistical averaging over many engine cycles gives 
accurate average flow conditions, but cannot predict the 
exact flow of any one cycle. The result is cyclic 
variations in operating parameters within an engine (e.g. 
cylinder pressure, temperature and burn angle). 
 
   For supersonic flows with shocks-induced three 
dimensionality, a great deal more research has been 
performed, although very few turbulence data have been 
reported. Yanta et al. (1982) and Ausherman  et al. 
(1984)  tested a 7o  semi-vertex angle sharp cone for 
angles of attack of 0o , 2o , and 4o  at a Mach number of 
3. A laser Doppler velocity meter (LVD) was used to 
measure all tree velocity components and full Reynolds 
stress tensor. They found that the u ′ 2 turbulence 
intensities were little affected by the roll angle or angle 
of attack, that is with increasing three dimensionality. 
The v′ 2 turbulence intensities were relatively constant 
across boundary layer on downward side and showed 
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some increase with roll angle while w′ 2 was insensitive 
to changes in each roll angle or angle of attack which 
has also been found in subsonic studies of three-
dimensional boundary layers (Bradsaw & Pontokos 
1985). The other two shear stresses were very small and 
only the ρu ′ v′  stress exhibited increases near the wall 
when roll angle and angle of attack were increased. 
 
   Turbulence data were also obtained in a Mach number 
2.85 in a cylinder flow by Kussoy et al. (1987) and 
Brown & Kussoy (1988). The three-dimensionality was 
generated by setting the cone at different angles of 
attack relative to the upstream cylinder. A strong shock 
was formed which separated the boundary layer. The 
LVD data include u ′ , and  v′ , measurement for two 
different angle of attack as expected, higher angles of 
attack lead to stronger shocks and turbulence kinetic 
energy was amplified accordingly. 
 
   Turbulence is the most difficult, unsolved theoretical 
problems in fluid mechanics. Nevertheless, there are 
different approaches in dealing with engineering 
problems. The simplest way  is to take so-called 
turbulent viscosity or turbulent diffusivity as a constant 
property which was used in some earlier hydraulic and 
combustor flow predictions, Lixing.  
 
   A number of different models for turbulence can be 
found in fluid mechanics, Hinze (1975), which can be 
used to predict flow characteristics. One simple model 
uses fluctuation velocities u ′  in the X direction,  v′ ,  
in the Y direction and w′  in the Z direction. These are 
superimposed on average bulk velocities of U, V, W in 
the X, Y, Z directions, respectively. The level of 
turbulence is then calculated by taking the root-mean-
square average of u ′ , v′ , and w′ . The linear average 
of u ′ , v′ , and w′   will be zero.  
 
   There are many levels of turbulence within an engine. 
Large-scale turbulence occurs with eddies on the order 
of the size of the flow passage (e.g. valve opening, 
diameter of the intake runner, height of volume 
clearance, etc.). These fluctuations are random but have 
a directionality controlled by the passage of flow. On 
the other extreme, the small scale turbulence is totally 
random and homogeneous, with no directionality and 
controlled by viscous dissipation. There are all levels of 
turbulence in between these extremes, with 
characteristics ranging from those of small-scale 
turbulence to those of large-scale turbulence. The role 
of turbulence in internal combustion engine has been 
examined in a great deal and highly recommended for 
more in-depth study, Heyhood  (1988). 
 
   To maximise air flow in the engine, the inside surface 
of most intake manifolds is made as smooth as possible. 
An exception to this concept is applied to the intake 
manifolds of the engines on some economy vehicles 
where high power is not desired. The inside surfaces of 
these manifolds are roughened to promote higher 

turbulence levels to enhance evaporation and air fuel-
mixing. Though turbulence enhances  evaporation and 
combustion but negative result of high turbulence is that 
it enhances the convection  heat transfer to the walls in 
combustion chamber. The high heat loss lowers the 
thermal efficiency of the engine. 
 
   In finite volume technique, a mesh of quadrilateral 
elements can be used. The unknowns are not computed 
at the apices of those quadrilaterals but at  their centres. 
To obtain a discretized form of a system, that system 
can be integrated on each element.  MacCormack 
(1976) initially proposed an explicit scheme with 
splitting of the space operators to discretize the 
differential equations for solution of Euler equations. 
That  scheme as well as the boundary conditions used 
on the air-foil surfaces are fully described by J. A Essers 
(1981) . This technique has been successfully applied to 
transonic flows around lifting airfoils. Results obtained 
for two different airfoils  were compared to the same 
mesh by  Baker (1975) and Rizzi (1979) respectively 
using non-conservative over-relaxation and a finite-
volume time dependent technique for solution of the 
unsteady Eulers equations. The agreement is quite good 
especially with the results of Rizzi (1979). The 
difference in shock position observed by Baker (1975) 
is probably due to the fact that he uses a non 
conservation discretization. 
 
   Turbulence intensity in the suction stroke enhances  
atomization, vaporization and mixing of air fuel mixture 
for better combustion in IC engine.  
 
Objectives of Research Investigation 
 
The present research work has the following objectives. 
 
(i) To compute the turbulence kinetic energy and 

dissipation at different crank angle or at 
different time steps in the suction stroke of an 
IC engine. 

 
(ii) To compare the effects of compression ratio on 

the turbulence kinetic energy and dissipation in 
suction and exhaust stroke of a four stroke IC 
engine. 

 
(iii) To model combustion chamber for  better 

combustion efficiency. 
 

MATHEMATICAL MODELING 
 

   In the opinion of many fluid dynamists, the only 
practical method for engineering predictions in this 
century is method of turbulence modeling based on 
solving the Reynolds time-averaged equation or the 
transport equation of correlation terms. Turbulence 
modeling of Reynolds average equation is still 
considered as practical engineering tool. All presently 
known turbulence models have limitation; ultimate 
turbulence models yet to be developed. One of the most 
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frequently used two-equation models is the k-ε  model 
first proposed by Harlow and Nakayama (1967). The 
description of this model are followed by  Jones and 
Launder (1972) and Launder and Spadling (1974). High  
Reynolds (Re)-number form of k-ε  model has proven to 
be a powerful tool for the prediction of a wide variety of 
turbulent flows. However there is the necessity of 
introducing the so-called “wall-functions” to bridge the 
viscous and buffer layers in proximity to the solid walls 
so that the direct influence of viscosity is neglected. 
 
   Several investigators have compared predictions of 
the k-ε model with experimental observations. For 
instance, Ayad and Mankbadi (1988) used k-ε to 
calculate fully developed, turbulent channel flow. El-
Mehlawy & Mankbadi (1990) considered sudden-
expansion flow, Mankbadi (1989), and Schoenung et al. 
(1989) developing flow in a duct. The fully developed 
duct flow  shows good agreement between the 
calculated velocity profile and the experimental data of 
Hussain and Reynolds (1975). The dependence of the 
centerline mean velocity on Reynolds number was 
compared with the data collected by Dean (978). The 
comparison  indicated that the model becomes less 
accurate at low Reynolds numbers. 
 
   For a sudden-expansion flow the k-ε prediction of the 
mean flow was compared with the data of Smyth 
(1979). The heat transfer is compared with data of 
Zemanick and Dougall (1970). The comparison shows 
good agreement between computation and prediction, 
with a predicted reattachment length, which is close to 
the experimentally determined one. 
 
   The exact transport equation of Reynolds stress can be 
obtained in the form of two terms on the left-hand side 
expressing the rate of change in convection due to mean 
motion respectively and five terms on right hand side 
expressing diffusion, stress, production, dissipation, 
pressure-strain correlation respectively. The summation 
of three normal stress components  is related to the 
turbulence kinetic energy from where transport equation 
of turbulence kinetic energy can be derived. from  u ′ , 
v′ , and w′  ..   
 
   In fact, not only  the turbulence kinetic energy but also 
other turbulence properties are transported in the flow 
field.  For example length scale has its own convection, 
diffusion, production and destruction. The stretch of 
large eddies (energy containing eddies) leads to the 
formation of small eddies and dissipation of small 
eddies (Kolmogorov eddies) leads to the formation of 
large eddies. Spadling and Launder (1972) summarized 
the second turbulence parameter as Z= km/n , proposed 
by different authors. There have been different forms of 
two equation, such as k-f (Kolmogorov, f= k1/2l), k-ε  
(Zhou, Harlow, Nukayama, ε= k1/2l), k-l ( Rodi, 
Spadling), k -κl ( Ng., Spadling), k-w ( Spadling, w= 
kl/2) equation.  A vast amount of predictions indicate 
that all the two-equation models give almost the same 

results. Among them the well known k-ε  model is most 
widely used. 
 
Physical Problem  Description 
As reference datum of crank angle, the bottom dead 
centre when exhaust valve  opens has been assumed to 
be at 0.0 degree in exhaust stroke and top dead centre at 
the start of suction stroke has been assumed at 180 
degree in suction stroke. The inside cylinder diameter has 
been taken 80 mm where piston moves in 1000 rpm. 
 
   The flow is entirely assumed to be turbulent and driven 
by the motion of the piston through intake and exhaust 
port over respective  valve. The physical condition of the 
engine valve is transient (position is time dependent) 
which can be represented in CFD by dynamic-mesh 
feature namely ‘event handling’  moving grids and cell 
attachment/detachment) by setting up and solving 
simplified port-valve piston cylinder problem. The fluid 
inside the cylinder is assumed to be air and initially at 
room temperature and pressure commencing from BDC 
(bottom dead centre) and  continues for  3600   rotation of 
crank angle  in each cycle starting from time step 0.0. The 
inert scalars with physical properties of air are used to 
track the intake and exhaust valve. 
 
The Model Equations 
Particularly k-ε model is used for high Reynolds 
number to fully turbulent incompressible or 
compressible flow, El Tahry  (1983), Warsi (1981), 
Launder and Spadling (1974) and it allows to some 
extent  for buoyancy effects Rodi (1979). The transport 
equations are as follows: 
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Where 

σε, Cε1, Cε2, Cε3, Cε3  are further empirical coefficients 
whose value  can be taken from experimental works, 
Launder and Spalding (1974), El Tahry (1983), Warsi 
(1981).  
 
Modeling Strategy  
Movement of the piston and valves of IC engine can be 
represented by moving mesh and changing cell 
connectivity  to keep the dynamic parts of the grid so that 
cells can easily be changed  during the transient phases. 
The mesh motion  can be  formulated in this problem by 
two conceptual steps. The first  deals with connectivity 
changes  i.e. cell removal, cell addition and reconnection  
which are defined  as ‘event’. The second step is to 
specify the grid vertex position as a function of time by 
supplying a  set of   grid manipulation commands to be 
executed at each time step.  
 
   The initial mesh contains all the cells which are used in 
the analysis of interest. Thus the overlapped cells at valve 
bottom position and valve top position should be  initially 
represented in the grid construction. When cells are added 
(activated) they are still deemed to be reconnected to the 
neighbours  and  follow the process of deactivation by  
removal of  cell from neighbours. Thus sequencing  
constraints of activation and deactivation are  followed. If 
any part of the solution domain becomes separated from 
the rest of the flow field during transient  phases, (e.g. 
intake port after intake valve closed) the cell material type 
there must be changed. So all material types are defined 
initially in the initial set-up. 
 

RESULTS AND DISCUSION 
 
   The variations of  turbulence kinetic energy of intake 
air for five different engine  compression ratios have 
been computed and  presented in graphical form  in 
Figure 1 to Figure 5 and their comparison has been 
shown in Figure 6. Similarly the variations of energy 
dissipation are represented in Figure 7  to Figure 11, and  
their comparisons are depicted  in Figure 12. 
 
   The results of the computational works (Figure-1 to  
Figure 5)  show that turbulence kinetic energy in suction 
stroke starts  increasing   from the suction valve fully 
opening timing at 200o crank angle  after 20o  of the top 
dead centre (TDC at 180o) till the middle of the suction 
stroke at 225o crank angle for the both compression ratio  
and then  found to decrease till bottom dead centre 
(BDC) at  crank angle 340o when suction valve is 
completely closed near bottom dead centre. The 

comparison of peak turbulence kinetic energy for five 
different compression ratios as depicted in Figure 6, 
shows that the increase of compression ratio from 7.5 :1 
to 13.5: 1 provides a  predictable increases of the peak  
turbulence kinetic energy from  2.06E+00 m2/s2 to 6.9 
E+00 m2/s2 . 
  
   Dissipation energy  is also found to increase (Figure 7 
and Figure 11) similarly from suction valve fully 
opening timing at crank angle 200o to a peak value  peak 
value  at the middle of suction stroke at crank angle 
230o when piston moves downwards but found to  
decrease till  the end of suction stroke at crank angle 
340o when suction valve completely closes and follows 
a similar variation  turbulence kinetic energy generation. 
The Figure 12 shows that  increase of compression ratio 
also increase the peak value in dissipation of suction air 
inside the cylinder.  

 
NOTATIONS 

 

ijδ           Kroneker delta =1 when  i=j                         
and zero otherwise. 

 k Turbulent kinetic energy (TE) 
 κ Empherical constant. 
ε  Dissipation-rate.  
µ  Fluid viscosity. 

tµ  Turbulent viscosity. 

eµ  Effective viscosity. 
τ  Shear stress. 

ijτ     Stress tensor components. 

tν  Eddy viscosity. 
σ  Prandtl constant. 

εσ  Empirical constant. 

C 1ε ,  Empirical constants 
C 2ε  …  Empirical constants. 
l Length scale. 
g   Standard gravitational. constant   
ρ  Density. 
ρo          Reference density. 
t Time. 
ui Asolute velocity component    
               in direction   xi.  
uj Absolute velocity component  
               in direction   xj. 

ju~           uj –ucj, Relative velocity between fluid and 
local (moving) coordinate  frame   that   moves 
with  velocity ucj. 

ui' Fluctuating component of ui. 
uj' Fluctuating component of uj. 
sij    Rate of stress tensor.   
sm  Mass source. 
si   Momentum source  comp. 
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CONCLUSION 
 
(i) The increase of compression ratio increases the 

turbulence kinetic energy and      dissipation in 
suction stroke. 

 
(ii) Turbulence kinetic energy and energy 

dissipation increase during  the suction valve 
opening time at  200o to middle of suction 
stroke (225o -230o) and then decrease till 340o 
when suction valve starts closing. 

 
(iii) After complete closing of the suction valve the 

turbulence kinetic energy and energy 
dissipation sharply decrease. 

 
(iv) Higher compression ratio in a engine enhances 

the turbulence kinetic energy helping better air 
fuel mixing and better combustion efficiency.  
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Fig. 9  C rank angle Vs. D issipation  for 
com pression ratio 10.5
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Fig. 12  C om parision of energy dissipation 

at different com pression ratios.
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