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FLOW MODELING IN AN EVAPORATOR
OF A NONCONVENTIONAL ENERGETIC SYSTEM

An alternative cooling medium (lithium bromide liquid) flows in a cooling jacket of a combustion engine of a nonconventional energetic
unit. The paper deals with a flow simulation of the working medium in the vaporization container of a cooling circuit of the nonconventional
combustion engine. Consequently evaporation and thermal states at the atmospheric pressure above the nonconventional cooling liquid (solu-
tion LiBr - H20) level in the evaporator are simulated. Limiting conditions for the functionality assurance of the cooling system of the non-

conventional combustion engine were found by means of a simulation.

1. Introduction

A nonconventional cooling-combustion engine uses the part of
energy bound in a cooling system of a combustion engine for pro-
duction of the cooling output applicable in vehicles (see Fig. 1)

12].

An engine cooling liquid is replaced by mixture of the lithium
bromide liquid with water [6]. The solved energetic system is defined
in area of trigeneration systems. The mentioned system is a source
of electrical energy, cold and heat. The engine used in the system is
four stroke compression ignition engine Z8004 with rated power
of 77 kW at 2200 min . The heat produced by the engine cooling
system is pulled into the absorption cooling equipment.
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Fig. 1 Virtual model of the non-conventional energetic unit [2]
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The article shows the flow simulation of the working medium
in this structural shape of vaporization container of a cooling circuit
of the nonconventional combustion engine. The problem with vapor-
ization container was that the off-take wasn’t able to take away the
entire needed amount from the evaporator.

2. Definition of the model and the flow simulation

The CAD software used for the model creation is CATIA V5
[2]. The model of the whole evaporator can be seen in Fig. 2.

Fig. 2 CAD model of the evaporator

For the purpose of simulation we used only one half of this
space because of the symmetry of the geometry which allows for
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decrease in the requirements for the used hardware and computa-
tional time.

Fig. 3 View of the model of evaporator [5]

Fig. 3 shows the mesh in the area of the bottom outlet. Then
the suitable types of boundary conditions are applied to the mesh
model (see Fig. 4). The resulting mesh contains about 480 000
elements [5].
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L-velocity inlet I, 2-pressure outlet I, 3-velocity inlet II, 4-pressure outlet
11, 5-axis, 6-wall, 7-interface wall + velocity inlet II, 8-symetry

Fig. 4 Boundary conditions

Next step was the definition of the computational model.
Values for the boundary conditions were set. The RNG k—e¢ turbu-
lent model was used for the flow simulation. This model is robust
enough and suitable for the solution of turbulent flows and heat
transfer [4]. The renormalized procedure consists of a gradual elim-
ination of small turbulences. Equations of motion are transformed
so that turbulent viscosity, forces and nonlinear members are
modified. Assuming that the turbulences are related to dissipation
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&, then, the turbulent viscosity u, depends on a degree of turbulences
and the RNG method constructs this viscosity with the help of iter-
ative elimination of narrow bands of wave numbers. The following
equation is used for the iterative process [1 and 5]:

dﬂ ff A r
dl 7 ( 1)2
The RNG model derived by a statistical method, averaged, is

formally of the same form as the classical k—¢& model. The equa-
tion for the transfer of motion is in the form:
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Time step was set to 0.001 s. The velocity in the inlet was set
to 0.68 m.s~'. Fig. 5 shows the level of the cooling liquid at the
start of the simulation process (1 cm under the edge of the evap-
orator cone).
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Fig. 5 Coolant level in the evaporator at the start of the simulation

3. Achieved results

The filling of the evaporator ring by the cooling medium is
shown in Figs. 6, 7, 8 and 9. The off-take is able to take away the
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entire needed amount from the evaporator. The simulation shows
that the lithium bromide liquid starts to pour through the edge of
the evaporator cone in the time of about 0.96 s after the initiation
of the calculation. The starting cooling liquid level has the value

100200
. 9.50e-01
9.00e-01
B.502-01
8.00e-01
T.50e-01
T.00e-01
G.50e-01
G.00e-01
5.50e-01
. 5.00e-01
4.50e=01
4.00e-01
3.50e-01
3.00e-01
2.50e-01
2.00e-01

1.50e-01
1.00e-01
5.00e-0g

0.00e-00

I Time=1.0000e+00) Jan 13, 2010
FLUENT 6.3 (3d. pbns, vof, rngke, unsteady)

Contours of Volume fraction Llibr)

of 1 cm under the edge of the evaporator cone. The value of 1 cm
is used because of the decrease in the computational time.

The found value of 0.96 s valid for the 55 % lithium bromide
liquid cannot be experimentally verified by means of simulation due
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Fig. 6 Flow in the evaporator in the time of 1 s
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Fig. 7 Flow in the evaporator in the time of 2.5 s
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Fig. 8 Flow in the evaporator in the time of 25 s
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Fig. 9 Flow in the evaporator in the time of 35 s
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Fig. 10 Turbulent intensity in the time of I s

Fig. 11 Turbulent intensity in the time of 25 s
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to the fact that water is at present time the coolant in the cooling
circuit of the engine.

Figs. 10 and 11 illustrate that the maximal values of turbulence
intensity are situated in the area of cylindrical walls of the inflow
and outflow pipes, edge of the evaporator cone and at the lithium
bromide liquid level in the centre of the evaporator [5].

4. Conclusion

The simulation shows that the cooling medium starts to pour
through the edge of the evaporator cone in the time of about 0.96 s
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after the simulation starts. The inflow and outflow pipes, edge of
the evaporator cone and the area of the coolant level in the evap-
orator centre are the places of the turbulent intensity maximal
values.
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