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Abstract:

The renewable or non-renewable modern energy kinds have many shapes to utilize power
generation. The power chimney tower is one of them developed by low losses, simple and
has high facilities that used in spilling oil and/or oil refinery stations and to save clean
environment.

In this paper, new base design of power chimney used to increase the utilized energy by
increasing the number of burners in addition to introducing new burner design by adding
directional vanes. Many parameters influencing the system operation were exactly studied to
predict new operation phenomenon. This fundamentally depends the combustion of gases
compound the spilled oil. Velocity distribution is the important parameter which gives the
first prediction to put the position of erection of power turbine, made or not. The numerical
analysis was presented by using GAMBIT and FLUENT 6.3 to predict the high velocity at the
expansion of chimney near the Centre of burned gases cover collector. This position is very
suitable for promoting and building the power turbine since the velocity was high when the
compounded gases is combusted (that there components are the methane gas with other
friendly gases and waste). Also, it is concluded that there are high temperature increased by
using the new burner design reach (1400-1800) K in comparison with old design without
swirlers. It is easy to erect steam or gaseous boiler in contact with furnace for utilizes the heat
generated in electrical power generation. So, the other factors, temperature and pressure were
studied to coincide with previous papers in this field. The validity of this study was done by
comparison to same flow rate of air/fuel ratio of previous study findings to give similar results

of parameters.
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1- Introduction:

Power chimney technology is a promising large scale of power generation. This
technology was first described by Giinter in 1931 and tested with the 50 kW Manzanares
prototype plant since 1980 [1]. There are four components for the combination of this
prototype: combustion chamber, chimney, turbine connected with electrical generator.

The installation of power chimney at locations near the oil spilling stations for utilizing of
compound gases which burned in this suggested power plant.

Haaf et al. [2], Haaf [3] and Schlaich [4] described the operation and presented results
for a prototype solar chimney power plant built in Manzanares, Spain in 1982.

Sislian et.al. (1988) [5] measured experimentally many mechanical parameters in
combustor and concluded that turbulence in the jet diffusion flame was appreciably more
anisotropic than in the corresponding cold jet in all regions of the flow. Gaseous fuels are
usually characterized by clean combustion, with low rates of soot and nitric oxides. The main
problem is that of achieving the optimal level of mixing in the combustion zone.
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A mixing rate that is too high produces narrow stability limits, but a mixing rate
that is too low may make the system prone to combustion-induced pressure oscillations.
Many different methods have been used to inject gas into conventional combustion chambers,
including plain orifices, slot, swirlers, and venture nozzles [6]. Backstrom and Fluri [7]
developed two analyses for finding the optimal ratio of turbine pressure drop to available
pressure drop in a chimney power plant to be 2/3 for maximum fluid power and using the
power law model for this prediction.

Pretorius and Kroger [8] evaluated the influence of a recently developed convective heat
transfer equation, more accurate turbine inlet loss coefficient, the performance of a large scale
chimney power plant. This simulation of study concluded that the new heat transfer equation
reduce the annual plant power output by 11.7%, but , the more realistic turbine inlet loss
coefficient only accounts for a 0.66°rise in annual power production.

Ninic and Nizetic [9] developed and used the availability of warm, humid air via the
formation of up draft “gravitational vortex column” situated over turbine with numerical
solution for chimney power plant.

The compound gases pass through burner vents which circumstances with air vent to create
high mixing rate to combust inside the cub of combustion chamber. The air near the ground
absorbs the heat to decrease its density. The hot air particles move up to hit the cub ceiling
continuously and go to chimney vent. This series heating generates continuous movement of
air, then, produces electrical energy by installing turbine connected to electrical generator.
The height of chimney causes high pressure difference between the upper and lower points.
This pushes increasingly the movement of air particles between the lower points of chimney
to up. In addition, the power may be generated by connecting gas or steam turbine to use the
resulting hot gases before chimney inlet vent [10].

Love et.al. (2009) [11] developed an experimental method for the rapid characterization of
combustion properties, and measured the amounts of NOx and combustion products. Azazi
(2001)[12] presented a study to Hartha power plant furnace in Iraq, used a two dimensional
aerodynamics and thermal aspects by using FORTRAN computer programme. He concluded
that 1500 °C inside temperature of furnace and the tangential velocity played a great
role for keeping the stability of the fire ball. Alhabbubi (2002) [13] presented a prediction
of temperature distribution and heat flux along the walls of Al-Mussaib thermal power plant
furnace in Iraq by using zonal method to analyze the radiative heat transfer. He found that
the temperature range from 1450K to 2100 K. Sobolev et.al. (2008)[14] presented a

numerical calculation results of methane turbulent diffusion jet flames of rectilinear-swirl
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burner in the furnace of high capacity boiler by using CFD AnsysCFX10.0
programme. Hannun (2009) [15] studied the combustion of liquid and gaseous fuel in
Nassiriya power plant furnace, analyzed numerically the mechanical properties by using
FLUENT code. Hannun et.al. (2011) [16] presented a prediction for mechanical parameters
influenced the operation of solar power chimney at Nassiriya city. Hannun (2011) [10]
predicted the parameters inside the combustion chamber of power chimney by using similar
eight burners consist of vents for air and fuel without swirlers.

The aim of study is to redesigning a burner and number of burners of furnace base to reach

high efficient combustion during utilizing the compound gases at oil refinery stations.

2-Numerical model

2-1 Physical model

In this study, practical prototype logically depended on as shown in Fig. 1 is selected as
a physical model for simulation. The chimney height is 50 m and radius 1 m, the frustum
(cup) of 15 m radius at the base and 10m height. There are four burners arranged around the
chimney Centre to ensure continuous, efficient flame stability. Each burner consists of five
central cylindrical vents (each 0.2m radius) for entering gaseous fuel, the outer vents (the
inner radius 1m and the outer 2m) designed as separated inclined swirler vents for flowing of
air with high turbulent mixing rate with fuel to ensure perfect combustion inside the chamber.
The vanes of one burner are designed to swirl air in a direction reversed to that of neighbor

burner to prevent the friction among mixture (fuel and air) particles [15, 19].
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Fig.1 Physical Prototype
17



Thi-Qar University Journal for Engineering Sciences, Vol. 4, No. 2 2013

2mO A

2mO
chimney

=

Fig.2 Base and Burners of Prototype

2-2 Mathematical model

There are many prototypes in the world have large different heights of chimney up to 500
m, with different radii. The designs of combustion chamber have many shapes and different
dimensions. The design mentioned in previous paragraph (2-1) is considered as model to be

analyzed.

The continuity, Navier — Stokes, energy equations and k-¢ equation are shown below [5]:
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2-3 Boundary conditions:
1. For chimney
or . .
a—O,u—O,v—O (7)

For the base inside the combustion chamber

ar
5=0'ud=0'vd=0 ®)

For outlet conditions:
At X== 0, T = ConStant=300K, P = Patmosphere (9)

2. Symmetrical axis at chimney centre axis, i.e:

Ux=+x) = Ux=—x) » V(x=+x) = V(x=—x),P(x=+x) = P(x=—x) (10)
g Po o) (e N (12)
ay X (x=+X) ay 2 (x=—x)

The gaseous fuel was natural gas with high ratio of methane which burns according to

the following chemical reaction (complete combustion):

CH4+202 ——> CO2+2H20 (12)
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The molecular weight of carbon (C), hydrogen (H) and oxygen (O) are 12, 2 and 32
respectively. Therefore, the combustion of one mole of methane with two moles of oxygen
produce one mole of carbon dioxide with two moles of water, that means one kg of methane

with four kg of oxygen to produce the following:

Wi .0

MrH:O =My, X (13)

Wen .
W o,

1%

CH ;s

Moo, =mgy, ¥

(14)

Therefore, the fuel burning inside the chimney chamber follows the equation:

Heat released by burning fuel= Heat absorbed by air +Heat radiated to all inside faces of the
chamber

Q = macy(Ty — T,) + é0A, (T — Tiy) (15)

Where Q (kW) = mass flow rate x calorific value of fuel

2-4  Numerical analysis:

The turbulent flow of mixture (air and fuel) before and after the combustion process inside
the system would be analyzed by standard k-g model. The SIMPLE algorithm with QUICK
Scheme method used to solve the pressure —velocity coupling, momentum and energy
equations respectively. These methods were explained by many references such as Ref.[17].
So, the Gambit and Fluent Codes are used to describe the results of this paper. Fig.3, 4 and 6

the study case of new burner design and chimney system as designed by GAMBIT.

Air entrance /I\ T T Air entrance

Gas fuel entrance

Fig. 3 Front and side view of burner as designed by GAMBIT
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STAVEATA

Fig. 5 The domain grid as designed by GAMBIT code

3- Results and Discussion

The heat energy transferred from the flame inside the combustion chamber to
circumferential wall which may be built as heat exchanger with another fluid (air or distillated
water). This fluid absorbs heat from the wall by convective heat transfer to rotate gas turbine
or steam turbine. So, it might be use turbine at chimney depend on the flue gases motion

outside the system.
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In this paper, three cases of gaseous fuel velocity input depending on the chamber
capacity and/or iterate that to capacity of chamber. The cases are 0.05, 0.1, 0.14 m/s of
gaseous velocity input through anyone of the four velocity input vents at the base (0.052,
0.105, 0.157kg/s mass flow rate). The central section plane which cut the system into two
parts and cut two burners only is taken at this paper. The combustion process is taken for
gaseous fuel (methane) density (CH4 fuel) is 0.6679kg/m®.

Fig. 6 shows the temperature distribution inside the system. Fig.6A is an indication of heat
absorbed or transferred to different trends of parts chose at 0.105kg/s of fuel input flow rate.

This shape of temperature range (2200 K to 300 K) which is at ambient temperature of 300 K.
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Fig. 6 Static temperature at A (0.105kg/s), B (0.052kg/s)
and C (0.157kg/s) of fuel input flow rate
FLUENT Code demonstrates wide ranges of measurements near the effective domain.
The dominated temperature of air inside the chimney is 1200K as observed by limited range
contour but the maximum temperature value is at the bottom side distance of chimney and

inside upper ceiling of the chamber. It is notably high hot place than other system space
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because the combustion of fuel and air was happen under this place. The air speed increases in
the direction of chimney Centre.

The other shapes of Fig.6B and 6C denote to temperature difference at fuel flow rate of
0.052 and 0.157kg/s respectively. It is normally, there are gradually higher temperature ranges
than 0.105kg/s of fuel flow rate. In 0.052kg/s fuel velocity, it is normally lower than 0.2m/s
because of lower mass flow rate. But in 0.157kg/s observe lower value too since the
combustion process takes place near the chimney base which gone outside the system as
shown in fig.6C with yellow colour. This heat forces the velocity magnitude in the direction
of chimney Centre as a result to natural convection of air and forced convection of fuel input
[10].

Therefore, fig.7 shows the circumferential average of static temperature for three cases
of paper study. It is found that the higher value of temperature at the chimney is for 0.157kg/s
of fuel as described previously but the lower temperature lies between 0.052kg/s and
0.105kg/s. There is an increasing in the temperature at the left hand side of figure for mass
flow rate of fuel 0.052kg/s because of swirling and friction of mixture particles inside the
combustion chamber [18].

To ensure the validity of this study, the circumferential average of static temperature
compared with previous paper [10] in Fig.7-B. The mass flow rates of combusted fuel of this
study (0.052, 0.105 and 0.157 kg/s) are similar to that of velocity magnitude (0.1, 0.2 and
0.3m/s) respectively for [10]. The findings of comparison of Fig.7-A with Fig.7-B give that
higher temperature at present study (1400-1800)K as a result of new burner design and
swirling flow which leads to high turbulent mixing rate for air and fuel particles and high
combustion efficiency.

Also, lower temperature is at 10m radially in Fig.7- A because of non-premixed
combustion with high mixing rate of burners at this position. The chamber of chimney is
closed for the end edge side of base therefore no air input, so, the temperature is high.

The velocity vectors of the system are shown in Fig.8 which indicates that high velocity
magnitude at inlet fuel flow rate of 0.105kg/s reaches 5.6m/s at the position of turbine at the
lower part of chimney. So, there is a low velocity gradient at the outer end of the base part of
system. The velocity notably increases when directed to the chimney Centre due to the heat
accumulation increase, narrow area of chimney cover and low pressure gradient. The velocity
range increases directly with increasing the heat flux of combustion. These ranges are suitable
for using big turbines at lower position of chimney or using multi-stage turbine to have high

gain energy.
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Fig.7 Circumferential average of static temperature A:for three present cases

The circumferential average of velocity magnitude distribution on the system domain
with its position in the central section for whole system with axial coordinates is presented by

Fig.9A. It is denoted that high

edges of chamber since the reasons mentioned in this paper before. The upper black curve of
Fig. 9A denotes the velocity magnitudes in the axial coordinate calculated as average values
of the central section of domain for flow rate of fuel input 0.157kg/s which interpritates high
velocity of flue gases of combustion with increase the energy of fuel. It is observed that

higher velocity values trend from the outer edge to the central part of domain (chimney) as

mentioned before. The validity

and B: for Reference [10]

velocity values lie at the chimney but low values at the end

of these values shown by fig. 9B for Hannun [2] which predict

the same trend of curves for different values of power.
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Fig. 8 Velocity vector distribution(m/s) at 0.105kg/s fuel flow rate

So, the validity of this work that the programme code works properly to get logic results. Fig.
10 shows the concentration of species in combustion which is calculated as mass fraction. The
first one is the gaseous fuel (methane CH4) which reasonable prediction for incoming fuel
from burners to combustion chamber before the combustion process has high mass fraction at
this place then circumferentially disappeared after the mixing outside the burner, but the
second one for Hannun [10] the fuel concentration gradually disappeared without swirling and
mixing process inside the furnace as a result to combustion. The forth is carbon dioxide
concentration where it has maximum value at the end of combustion after the reaction
complete with the same manner of water particles concentration (Fig. 10). It is vice versa to
concentration of oxygen (fifth slip) because it inters the reaction before burning of fuel. The
sixth slip is for nitrogen, its concentration is very high in large space of domain except in the
combustion space because it is not interring in the combustion process but it has high portion

of air constituents.
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Fig. 9 Circumferential average of velocity magnitude for different velocity input of fuel
A for present study, and B for [10]
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Fig.10 The concentration of species (mass fraction) at 0.105kg/s flow rate of fuel input

and [10]
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4- Conclusions:

It is noted from the numerical solution and the analysis of chimney tower system for the
predicted case study, there are some conclusions presented about the circumferential
parameters such as:

1- The present design could be depended to erect in oil stations mentioned in the 1 above
or may be arranged to be favorable for anyone.

2- The present design of burners and their situations were enhanced by using swirlers to
get complete combustion process with high efficiency.

3- It is reasonable to build a new burner design of chimney tower at the oil spilling units or
refinery units to use the compound gases outgoing the petroleum wells.

4- The pressure gradient is approached to atmosphere at the inlet vent of the system but it
is increased while reach the top of chimney since high difference in relative pressure
due to the heat. Also, the height of chimney which work as vacuum pressure to increase
the air velocity.

5- Due to the high velocity recorded at the expansion of chimney, the power turbine is
preferred to build in.
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NOMENCLATURE
Definition

Thermal diffusivity (m?/s).
Avrea of the inside faces of combustion chamber (m?).

Gravitational body force (m/s?)
Kinetic energy (m?/s°)
Combustion chamber canopy height (m).

Air mass flow rate (kg/s)

Molecular weight (kg/kmol)

Specific heat at constant pressure (kJ/kg. K)
The local absolute pressure Pa

Rayleigh number

Air temperature (K)
Fuel temperature (K).

Wall temperature (K).

Average velocity at x, y directions respectively (m/s)
Weight (kg)

Emissivity factor

Dissipation rate (m?%/s°)

Coefficient of Thermal expansion (1/K)

The heat conduction coefficient ( W/m. K)
Dynamic viscosity (kg/m.s)

Kinematic viscosity (m?/s)

Density (kg/m®)
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