CFD simulation of an environment containing a methane gas turbine

by Dr. Roberto Ronchi, Flomerics

Fluid thermodynamic simulation of environments is increasingly widespread today and covers

various fields of application in the building, pharmaceutical, electronic and power industries. This
article describes the design of the air conditioning system inside a room containing a methane gas
turbine for the generation of electrical power. The main purpose of this study was to ascertain the
distribution of me  thane gas in the room originating from structural losses (turbine, joints, flanges).

Description of the System and Alternative Thermal Designs

The environment under examination was a room measuring 9m x 6m and 6.5m in height

containing a methane gas tu rbine for the generation of electrical power. The turbine was mounted

on a concrete block reinforced with tubular supports. Pipelines connected the turbine with the

outside of the room. The thermal dissipation inside the turbine was estimated to be 100 kW. The
materials and shape of the walls of the room were selected to provide acoustic insulation from the

external environment and silencers were fitted on the outside of the room to reduce the

transmission of noise from the inside to the outside. The silenc ers were positioned on the openings
allowing air to flow into the room. The room was ventilated by means of a forced air intake system

mounted on the roof. A "T" duct was mounted inside to connect the internal environment with the

ventilation system. Two 0 penings were provided in the walls to permit air to flow into the room

and a silencer was mounted outside each opening to provide acoustic insulation. The ventilation

system was designed to draw 38,000 m 3/h of air into the room.
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Fig. 1A - Geometrical model of the room. The two alternative positions of the
Large Inlet are shown. The side walls have been omitted to show the inside of

the room.
The turbine was designed to ensure a gas loss of less than 2.8E -05 kg/sec ("structural” loss) while
the ventilation system ensured that the methane escaping from the turbine in the room did not
exceed a concentration of 0.0293 kg/m % (24,600 ppm) representi ng the LEL (Lower Explosion

Limit) for methane gas. In addition, it was necessary to ensure that air near the turbine did not



exceed a temperature of 45°C.
The design of the ventilation system included, in addition to a "T" inlet duct, an opening close to

the floor with an area of 0.9 x 0.75 m 2 and another opening, called the large air inlet, with an area
of 5.85x0.6 m 2. There are two alternative solutions for the position of the large inlet: one with
the inlet close to the roof fixed to the wall in front of the inlet duct ("basic" solution), and the other

with the inlet fixed to the same wall as the duct and located at the bottom, close to the floor. The
"basic" position of the large inlet was initially proposed as being the best for providing a uniform
temperature at the turbine and limiting the gas concentration in the room. The purpose of the
simulation was to select the position of the large inlet that best satisfied the requirements for gas
concentration and air temperature.

CFD Model

The flow of ai r into the internal environment is governed by the principle of conservation of mass,
momentum and energy. These laws of conservation can be expressed in the form of differential
equations, the computer solution of which represents the basis of CFD: Comput ational Fluid
Dynamics.

FLOVENT uses the method of finite volumes to solve these differential equations. This method

requires the region under examination to be subdivided into a large number of small cells. The

solution algorithm involves integration of t he differential equations for each cell, giving a set of
algebraic equations. This set of equations correlates the value of a variable in a data cell with

those in adjacent cells. The set of equations is non -linear and the solution is therefore obtained by
an iterative method.
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Fig. 1B - Geometrical model of the room. Two sources are shown that simulate

the structural losses of turbine gases. Source 3 is diametrically opposite s. 1,
and s. 4 is opposite s. 2. Each of the four sources emits 7E -6 kg/sec of methane
giving a total emission of 2.8E -6 kg/sec of methane into the room.

The region under examination was the interior of the room. In order to assess the efficiency of the



ventilation system, the room was divided into about 500,000 cells. Figures 1A and 1B show a
geometrical model of the room.

The openings through which air flows into the room were modeled by means of grilles with a
suitable air resista nce. In this way, all the structures outside the abovementioned openings,
namely the silencers, were reduced to an equivalent grille from the point of view of fluid dynamics.
The following table shows the loss coefficients for each grille in the model, est imated
experimentally or using detailed CFD models of the silencer.

Volume Flow

Air Inlet Vent DP (Pa) (m 3/hr) Loss Coeff. f
Small Inlet (0.9x0.75 m 2 30 5000
Small Inlet 130 10000 13.3
Large Inlet (5.85x0.6 m 2) 30 50000
Large Inlet 130 100000 3.6
The "standard" relation between v and DP was used to evaluate the loss coefficient f.

DP= f(rv® /2 wherev = air velocity and r = air density.

The model contains an item called the "Ventilation System" which simulates the air drawn into the
room and is positioned above the "T" duct. The inlet value was set to 38,000 m 3/hr of air. The inlet
duct contains some grilles (outlet vents) with the follow ing characteristics:

Volume Flow

T Channel Vents DP (Pa) (m 3/h) Loss Coeff. f
Out1 & 2 (0.25x0.7 m ) 10 2250
Outl&?2 40 4500 1.35
Open 1 & 2 (0.85x0.6 m 2 10 13000
Openlé&?2 40 26000 1.1

The turbine model represents the principal characteristics of the form of the turbine.

The parts that support the turbine on the concrete block and the pipelines that connect the turbine

to the outside of the room were not modeled since these structures could not significantly interfere
with the gas discharged by the turbine or affect the air temperature.

The purpose of the model was to calculate the distribution of gas discharged by the turbine and
evaluate the temperature distribu tion of the air in the room. The temperature in the turbine did
not enter into the model and therefore the model of the turbine took into account the external
geometrical form and the power generated (100 kW) and not the interior. The model does not
theref ore give information on the internal temperatures.

A region was selected from the constructional design of the turbine from which there was a

probable loss of gas within that required (2.8E -05 kg/sec). Four areas were selected from this
region for insertio  n into the turbine model, from which losses were assumed of 7E -06 kg/sec of
gas for each area, (see fig. 1A and 1B). These areas simulated the structural losses from the



turbine. In this way, the model was able to evaluate the concentration of natural gas in the room.

With this model, there were two cases for analysis: one for each position of the "large air inlet".

The Command Canter function of FLOVENT was very useful for this purpose since it could be used
to evaluate by how much the values of the variab les changed when an arbitrary number of
parameters characterizing a CFD model were changed. This took place in a single file defining the
"basic" model. This resulted in reduced execution times and enabled the results of the various
cases analyzed to be co mpared in the same environment.

Analysis of the Results

A comparison is given below between the results for the "basic" case (Large Inlet on the side
opposite the "T" duct) and the "alternative" case (Large Inlet at the bottom, on the same side as
the d uct).

The following table shows the principal results of the analysis:

Max. value Basic case Alternative Case
P(Pa) -50 -84.6
Tar (°C) 45 40
¢ (ppm) 1120 853
Speed (m/sec) 4.41 6.8

Note that the maximum values in both cases satisfy the requirements described in paragraph 2. In
addition, the pressure values were within the range of values used to define the grilles (see table
above).

For a more complete evaluation of the best case to select, it was necessary to evaluate how the
values of the variables were distributed in the region of calculation. To do this, Flovent has a

versatile post processor for the results: Flomotion. Below we show some images obtained by

means of this tool givi  ng a more complete evaluation of the cases described.

Flomotion shows that the maximum value of the concentration of gas is located, in both cases
analyzed, at the center of Source 1.

Figures 2A and 2B show the temperatures of the air in a plane normal to the walls and the large
inlet and containing the point at which the gas concentration is a maximum. This plane shows the
highest values of air temperature.
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Fig. 2A - The "basic" case. Air temperature values in a plane including the point
of maximum gas concentration. Note how the hot air is concentrated at the top
of thero om even though the large inlet is located there.

Fig. 2B - The "alternative" case: air temperature values in a plane as in fig. 2A.
The hot air is concentrate d at the top of the room, in line with the fact that the
large inlet is now at the bottom. The values are lower and distributed more
uniformly than those shown in fig. 2A.

It is interesting to note that in the "basic" case the hot air is concentrated right at the top of the
room where the "large inlet" is located. It would have been difficult to predict this behavior without
a CFD simulation.



Figs. 3A and 3B show the distribution of gas concentration in PPM Note that, even in the
alternati ve case, gas does not accumulate in the top of the room, which is not obvious from the
position of the "large inlet". In addition, this case ensures a maximum concentration of gas of less

than 24% compared with the basic case.
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Fig. 3A - "The "basic" case: Concentration of gas in the plane defined in fig. 2A.
The concentration of gas at the top is greatly reduced owing to the position of
the large inlet.
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Fig. 3B - The "alternative" case: Concentration of gas in the plane defined in fig.

2A. The concentration of gas at the top is reduced, even though the position of
the large inlet is at the bottom.



Now in figs. 4A and 4B, we compared the speed distribution, still in a plane normal to the large

inlet and passing through the point of maximum concentration (the worst plane from the point of
view of the accumulation of gas). Note that in the basic case, the "high" speeds are concentrated

near the roof of the room and at a distance from the turbine.
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Fig. 4A - The "basic" case: distribution of the speed modulus in the plane defined
in fig. 2A. Full scale is half the maximum excursion of |v|.

Fig. 4B - The "alternative case": distribution of the speed modulus in the plane
defined in fig, 2A. Full scale is half the maximum excursion of |v]|.



