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The photovoltaic panel alternative that was chosen was designed based on
the losses associated with the results of a simplified CFD simulation,
which resulted in losses of 1.93kWh/cylinder where 76% are due to heat
transfer by convection and 24% by thermal radiation. The design of the
structure was dimensioned through a static, corrosive and dynamic
analysis, which has a minimum safety factor of 1.65. The financial
analysis was able to demonstrate, based on the projection of the proposed
kWh cost, that the use of batteries greatly affects the profitability of the
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The objective of this project is to design an
indirect preheating system for large motor-
generators in order to reduce the operating
costs associated with maintaining the
equipment at start-up temperature conditions,
reducing the use of conventional energy
sources. Based on a CFD (Computational Fluid
Dynamics) simulation of a simplified model of
the Wärtsilä 16V50DF engine, the power
demand of the system, temperature behavior
and losses associated to the process in
different scenarios were obtained. The
formulation of design alternatives was
achieved, and based on relevant design
criteria, the most adequate to the
requirements was chosen. Based on this
design, different operational scenarios were
formulated together with a financial and
related risk analysis, in order to choose the
most appropriate solution.

Analysis of the preheating phenomenon through
CFD simulation.
Generation of alternatives based on simulation
results.
Ranking of the proposed alternatives.
Detailed design of a component of the
alternative.
Cost analysis.
Risk assessment.

Figure 2. Preheating Circuit

Figure 4. Temperature results in 15 hours of simulation for different hot water inlet temperatures.

Figure 3. Cylinder liner temperature distribution for an inlet
temperature of 70ºC with a 2-hour step.

In order to understand the dynamics of the preheating fluid in the circuit and its
influence on the starting conditions of the engine, a CFD simulation was performed using
a simplified model of the engine.  Considering inlet temperatures (65, 70, 75, 80) °C and
volumetric flow of 1.6 m³/h, an air speed of 2.5 m/s parallel to the engine and component
materials analogous to those provided by the manufacturer of the Wärtsilä 16V50DF
engine. 

Figure 5. Power according to the water inlet temperature

Table 1. Maximum peak power according to water inlet temperature

Figure 6. Alternatives considered. In the order shown: solar photovoltaic installation [17], solar
thermal installation [18] and hybrid solar panels [19].

Figure 7. Selected alternative

The generation of alternatives was based on the potential of the
site (Sahagún) for energy generation and compatibility with the
plant's current preheating system (electric heaters), in addition to
not using conventional energy sources, of which solar
photovoltaic, solar thermal and hybrid solar stand out. The
parameters that were evaluated to choose the alternative can be
seen in Table 2.

PERDIDAS POR
RADIACIÓN

PERDIDAS POR CONVECCIÓN A simulation was
carried out for 7
days to determine
the requirements
for necessary

to sustain the temperature in the engine as
an alternative to heating from ambient
temperature. For a total of 1.93kW per
cylinder.

Figure 6. Steady state
loss distribution

Table 2. Alternative selection

Figure 1. Wärtsilä Engine CAD Model

Different configurations were
considered to evaluate the

profitability with the price of
the energy exchange based on

a 20-year projection.
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Figure 8. Static analysis of the structure

Table 3. Risk matrix

Figure 7. Detailed design: Support structure

Figure 9. Seismic probability
Colombia [13].

The most critical points of the panel
structure are the grooves for the bolted
fasteners, these points represent stress
concentrators with a minimum safety factor
of 1.65. A seismic load study was also
carried out in accordance with the
Colombian seismic-resistant construction
regulations in the section on metallic
structures [11]. The C-profiles are made of
6063-T1/T6 structural aluminum.

Table 4. characteristics of the configurations

Figure 10. kWh price projection. Source: XM Figure 11. Behavior of the kWh price.

project, so it was decided to use the least
amount possible to supply with an energy
availability (with solar collection) of 8.36
hours, achieving a savings of 16% in
operating costs. Finally, during the risk
analysis it was recognized that the exchange
rates and the high volatility of the energy
market are the most relevant to have in the
planning of the project.


