Method and Apparatus for Handling Exhaust Gas

Field of invention

The invention relates to a method and apparatus for the handling of exhaust gas such as used for
engine and other plant associated with oil well drilling rigs or production platforms. The invention
may be suitable for applications in other vicinities such as the power generation plants,

pharmaceutical plants, petrochemical plants, etc..

Background

Internal combustion engines are commonly used to generate energy for industrial activities. Exposure
to the exhaust gases from such engines poses health issues for workers and maintenance issues for
other equipment in the vicinity. For instance, offshore structures such as oil well drilling rigs or
production platforms seem particularly susceptible to contamination of working and other inhabited
areas with internal combustion exhaust gases. Therefore, it would be advantageous if such exhaust

gases can be disposed to minimize contamination of inhabited areas.

Conventional efforts to prevent exhaust gases from contaminating inhabited areas include an engine
exhaust system 10 as illustrated in Figure 1. Such systems comprise a housing 14 adapted to encase a
terminal portion of an engine exhaust pipe 12. An exit portion 18 and an ambient air pressurization
system 40 are coupled to the housing 14 at the same time. The system is arranged such that ambient
air injected by the air pressurization system 40 into the housing 14 entrains the exhaust gases
discharged from the exhaust pipe to form a combination of fluid. The combined fluid exits the
housing 14 through the exit portion 18. However, the introduction of ambient air in such an enclosed

arrangement causes disruption to the hot engine gas flow and inevitably creates back-pressure against



the internal combustion engine. It follows that back pressure against the internal combustion engine

increases with discharge velocity at the exit portion 18.

Such an enclosed arrangement 10 unnecessarily exposes system equipment and engine components to
the heat from the internal combustion engine. This increases wear and tear in the equipment and

engine components and may lead to higher repair and maintenance cost in the long run.

Further, the engine exhaust pipe 12 and the air pressurization system 40 in the enclosed system 10 are
in fluid communication. This encourages the flow of exhaust gas into the air pressurization system 40
when the air pressurization system 40 is not in operation. To keep the engine exhaust system 10 at a
sustainable working condition, additional equipment such as non-return dampers and heat resistant
components will be required, thus further increasing the working capital and maintenance cost of the

engine exhaust system 10.

Therefore, there is a need to develop an invention that addresses the above mentioned short-comings

of the conventional engine exhaust system 10.

Summary

In the first aspect the invention provides an exhaust handling system comprising: an exhaust pipe
having an exhaust outlet, said exhaust outlet having a nozzle arranged to vent exhaust gas; at least one
acceleration jet arranged to project an air flow at a velocity head greater than that of the vented
exhaust gas; wherein the at least one acceleration jet and exhaust outlet are positioned to project the

air flow so as to impinge on a path of said vented exhaust gas, and consequently transfer velocity head

to the vented exhaust gas.



In the second aspect, the invention provides a method of handling engine exbaust gases comprising
the steps of: venting exhaust gas; projecting an air flow at a selective velocity head; positioning a flow
path of said air flow so as to impinge on a path of said vented exhaust gas; and transferring velocity

head to the vented exhaust gas.

The invention therefore provides a means to remove the exhaust gas from the vicinity by imparting a

higher velocity head to the gas and so accelerating it to a location distal from human habitation.

Such a method avoids the back pressure issues of the prior art, which include the loss of velocity head

through mixing of the ambient air and the exhaust gas.

It will be noted that any system that is directed to diluting the toxic effects of the exhaust gas will,
inevitably compromise the permissible concentration for safety operation. By accelerating the gas

away from the working space, there is no such compromise as, instead, the toxic fumes are “flushed”

away from the vicinity by air accelerating devices.

The air accelerating devices maybe fans, axial, centrifugal or mixed flow blowers. Whichever form
the air accelerating devices take, it is required they project the air flow from the respective nozzles at

a velocity head greater than the venting exhaust gases.

Brief Description of the Drawings

It will be convenient to further describe the present invention with respect to the accompanying

drawings that illustrate possible arrangements of the invention. Other arrangements of the invention



are possible and consequently, the particularity of the accompanying drawings is not to be understood

as superseding the generality of the preceding description of the invention.

Figure 1 is a side view of a conventional engine exhaust system according to the prior art;

Figure 2 is a flow chart of a method for handling engine exhaust gases according to one embodiment

of the present invention.

Figures 3A to 3B are various views of two acceleration jets positioned around the engine exhaust pipe

according to one embodiment of the present invention;

Figure 4 is a velocity profile of the high velocity jet streams and exhaust gas according to one

embodiment of the present invention;

Figure 5A and 5B are various views of two accelerator jets positioned around the engine exhaust pipe

according to a further embodiment of the present invention;

Figure 6A and 6B are various views of two accelerator jets positioned around the engine exhaust pipe

according to a further embodiment of the present invention, and;

Figure 7 and 8 are isometric views of one or multiple accelerator jets positioned around the engine
exhaust pipe according to a further embodiment of the present invention.



Figure 9 is a simulation setup used for a study conducted on various embodiments of the present

invention.

Figures 10A to 10D are various CFD images from the study conducted using the setup in Figure 9.

Figures 11A to 12D are various mole fraction distribution data based on a study conducted using the

setup in Figure 9.

Detailed Description

Figure 2 shows a flow chart of a method for handling engine exhaust gases according to one
embodiment of the present invention. Here, the method 100 commences with providing 200 at least
one acceleration jet arranged to project an air flow at a selective velocity head. Next, the at least one
acceleration jet provided 200 is positioned 300 to a terminal portion of an exhaust pipe having an
exhaust outlet with a nozzle arranged to vent exhaust gas. It follows that the at least one acceleration
jet provided 200 and exhaust outlet are positioned 300 to project an air flow so as to impinge on a
path of said vented exhaust gas, and consequently transfer velocity head to the vented exhaust gas.

The air flow from the acceleration jet is typically set to be greater than the flow of the vented exhaust

gas.

Figures 3A and 3B show two acceleration jets 10 positioned around an exhaust gas pipe 20 according
to one embodiment of the present invention. Here, each accelerator jet 10 is mounted to a centre pipe
15 which is in turn connected to the terminal portion, or exhaust outlet, of the engine exhaust pipe 20.
The accelerator jet 10 may be mounted to the centre pipe 15 according to mounting structures 30 or
any other suitable mounting methods according to the prior art. Additional mounting structures may

be included to support the structure design of various oil well drilling rigs or production platforms.



The accelerator jet 10 may be a fan or blower driven by any suitable form such as electrical motor,
pneumatic motor, hydraulic motor, gas/diesel powered engine, turbine engines or a combination
thereof. The fast moving and high velocity jet stream 40 or air flow generated from accelerator jet

may be a centrifugal, axial, vane-axial, mixed flow or a combination thereof.

The accelerator jet 10 draws ambient air from the surrounding and discharge the air drawn as high
velocity and fast moving jet stream 40. The jet stream 40 discharged from the accelerator jet 10 and
exhaust gas 70 discharged from the engine exhaust pipe 20 contact and kinetic energy is transferred
from the fast moving jet stream 40 to the slower moving exhaust gas 70 as an increased velocity head.
As a result, exhaust gas 70 gains velocity from the kinetic energy transferred to bring it a distance

away from the oil well drilling rigs or production platforms.

As discussed, the key inventive concept of the invention is to accelerate the invented exhaust gas so as
to remove it from the proximity of the oil platform. As shown in Figures 3A and 3B adjacent
acceleration jets are provided so as to impinge on the exhaust gas accelerating the exhaust gas. That is
to say with a transfer of kinetic energy between the jet streams 40 and the exhaust gas 40, the overall

velocity head of the exhaust gas is increased as demonstrated in the velocity profile 41 of Figure 4.

Here, the velocity profile of the acceleration jets 43A, 43B have an interface 46, 47 which imparts the

kinetic energy through friction due to the differential speed 46 of the acceleration jet and the exhaust

gas 47.



The velocity profile 42 of the acceleration exhaust gas can then be compared to the velocity profile 44
of the exhaust gas in an unaccelerated condition. The maximum velocity 45 of the unaccelerated

exhaust gas is therefore substantially below the velocity 47, 48 of the accelerated exhaust gas.

With regard to the design of the engine exhaust pipe 20, it will be appreciated that the engine exhaust
pipe 20 can be either straight or flanged. Depending on the design requirements, diverging nozzles
may be used at the exit portion of the engine exhaust pipe 20 to minimize outlet pressure loses. On the
contrary, converging nozzles may be used if a higher exhaust gas 70 velocity is desired. Further, the

shape of the exhaust nozzle 65 may be of various shapes including round, oval, square, rectangular or

ellipse.

The velocity head of the jet stream, or projected air flow, 40 may be manipulated according to design

requirements in a number of ways and will be discussed in detail below.

In one embodiment of the present invention, the accelerator jet 10 may include a converging
(narrowing down from a wide diameter to a smaller diameter in the direction of the flow) nozzle 60 at
the exit portion of the accelerator jet 10. The converging nozzle 60 serves to concentrate and increase
the velocity of the ambient air discharged from accelerator jet 10. It will be appreciated that the shape

of the nozzle 60 may be of various shapes including round, oval, square, rectangular or ellipse.

The embodiment as shown in Figures 3A and 3B show converging nozzle 60 having a longitudinal
axis 1-1° parallel to the longitudinal axis 2-2” of the accelerator jet 10. In a further embodiment,
arrangements of the converging nozzle 60 may be used to make fine adjustments to the velocity and

point of convergence of the jet streams 40. In particular, the embodiment illustrated in 5A and 5B has



converging nozzles 60 with a longitudinal axis 5-5" arranged at an angle relative to the longitudinal
axis 2-2° of the accelerator jet 10. The angled arrangement of the converging nozzle 60 draws the
point of convergence for the jet stream 40 and exhaust gas 70 closer to the exit portion of the
accelerator jet 10 and exhaust gas pipe 20. As a result, jet stream 40 and exhaust gas 70 converges

earlier to facilitate the transfer of kinetic energy needed for the acceleration of exhaust gas 70.

Further, the acceleration jets 10 as shown in Figures 6A and 6B may replace the accelerator jets as
shown in Figures 5A and 5B. As with the previous embodiments, the accelerator jet 10 has a
longitudinal axis 2-2” parallel to the longitudinal axis 3-3” of the centre pipe 15 and exhaust gas pipe
20. The acceleration jets 10 as shown in Figures 6A and 6B are positioned such that it’s longitudinal
axis 6-6°, 7-7° is angled relative to the longitudinal axis 3-3” of the exhaust gas pipe 20. Thus, the
ability to direct and focus the jet stream 40 towards the exhaust gas 70 enhances the transfer of kinetic

energy needed for the acceleration of exhaust gas 70.

Single or multiple acceleration jets 10 can be selectively mounted to the centre pipe 15 to manipulate
the velocity of the jet stream 40. For instance, if a jet stream 40 with a higher velocity is desired, four
instead of two acceleration jets 10 may be mounted to the centre pipe 15. The four acceleration jets 10
may be arranged to surround the exhaust pipe 20 such that the exhaust pipe 20 forms the centre piece.
This arrangement is illustrated in Figure 7. Figure 8 illustrates a single accelerator jet 10 and exhaust
pipe arrangement. In this case, velocity from a single accelerator jet 10 works to sufficiently

accelerate the exhaust gas 70 to remove it from the proximity of the oil platform.

It will be appreciated that embodiments as discussed may include:

e An inlet cone or bell 80 may be fitted to the intake portion of the acceleration jet 10 to

smoothen (that is, reduce turbulence) within the flow of the ambient air intake;



Protection members such as louvres, mesh, guard or any suitable form of hood may be fitted

to the intake portion of the acceleration jet 10 to prevent foreign objects from entering the

acceleration jet 10;

Heating elements may be fitted to the louver, mesh, guard or any form of suitable hood to

maintain temperature of the acceleration jet and specifically to prevent frosting during cold

weather;

Sound attenuation device 90 may be added to either the intake and/or the exit portion of the

acceleration jet 10 to attenuate the noise level;

Vibration isolating device may be added between the centre of the acceleration jet 10 and

engine exhaust pipe 20 to isolate the exhaust handling system from sources of vibration; and

Straightening vanes may be added to the exit portion of the engine exhaust pipe 20 and

acceleration jets 10 to help guide the exhaust gas 70 and jet stream 40 respectively to desired

locations.

Computational fluid dynamics (CFD) simulations were conducted to study the interaction between the

jet streams from the acceleration jets and the vented exhaust gas. In this study, CFD simulations were

conducted by solving Navier-Stokes equation with standard k-e turbulence model. The equations

solved within the flow domain during each CFD simulation run includes: 1) continuity equations; 2)

momentum equations; 3) energy equations; and 4) species transport equations. It follows that

continuity and momentum equations determine flow field profiles; energy equations determine

temperature distribution; and species transport equations determine concentration distribution.

The setup in this study, as illustrated in Figure 9, involved two identical acceleration jets 400

according to one embodiment of the present invention previously discussed. The acceleration jets 400
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guide vented exhaust gas 700 away from the exhaust pipe opening 500 in the forward direction 600.
The acceleration jets 400 were positioned on diametrically opposed sides of the exhaust pipe opening

500. Two analyses conducted in this study will be discussed in detail below.

In the first analysis, the contour plots for velocity flow and mole fraction distribution of CO, or the
exhaust concentration profiles for two exhaust pipes with different geometrical openings were
considered. The first exhaust pipe had a circular geometrical opening with a radius of 0.576 meters
(m) and surface area of 1.04m”. The second exhaust pipe had an elliptical opening with a vertical axis
of 0.711m, a horizontal axis of 0.457m and surface area of 1.02m?>. Further, the acceleration jets 400

are arranged such that the high velocity jet streams 800 are parallel to the vented exhaust gas path

900-900°.

Following the first analysis, the first exhaust pipe with circular opening was put through a second
analysis. In the second analysis, the two acceleration jets 400, as seen in Figure 9, remained on
diametrically opposed sides of the exhaust pipe opening 500. The mole fraction distribution of CO, or
the exhaust concentration profiles for jet streams projected at various angles were examined. The jet
streams were projected as follows:1) jet streams are parallel to the longitudinal axes of the vented
exhaust gas path 900-900’(similar to first analysis conducted on exhaust pipe with circular opening);
2) longitudinal axes of jet streams 950-950° are inclined at 5 degrees from the longitudinal axis of the
vented exhaust gas path 900-900’; and 3) longitudinal axes of jet streams 950-950” are inclined at 10

degrees from the longitudinal axis of the vented exhaust gas path 900-900°.

Figures 10A to 10B are CFD images from the first analysis. The images show the contour plots for
velocity flow of the two exhaust pipes with different geometrical openings. Figure 10A represents the

velocity flow of the jet streams and vented exhaust gas from the first exhaust pipe with circular
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opening. Figures 10B represents the velocity flow of the jet streams and vented exhaust gas from the
second exhaust pipe with elliptical opening. The length 1075 of the CFD images in Figure 10A and

10B correspond to the length of the computation domain and measures approximately 200m.

In comparison with the velocity contours in Figure 10B, it is clear based on the velocity contours in
Figure 10A that vented exhaust gas is directed further away from the exhaust. The velocity contours
in Figure 10B remain at a considerably close distance from the exhaust pipe. Further, there appears to
be a velocity bubble surrounding the acceleration jets and exhaust gas region 1070 in Figure 10B.
This suggests that vented exhaust gas may be trapped around region 1070 instead of being accelerated

away from the exhaust pipe.

Figure 10C represents the contour plots of velocity flow for the jet streams and vented exhaust gas

when both acceleration jets 400 are not in operation.

Figure 10D illustrates the contour plots of velocity flow for the jet streams and vented exhaust gas

when only the top acceleration jet is in operation.

Figures 11A and 11B represent the mole fraction distribution of CO, or vented exhaust gas
concentration profile for the first and second exhaust pipes. The mole fraction distribution of CO, 940
is recorded with respect to the forward distance in meters 960 from the centre of the exhaust gas pipe.
In Figure 11A, less CO, mole fractions 945 were recorded between Om to 20m from the centre of the
exhaust pipe. This observation is made relative to the CO, mole fractions 965 recorded between Om to
20m from the centre of the exhaust pipe in Figure 11B. This suggests that a lower concentration of

vented exhaust gas is present close to the exhaust gas pipe in the setup with circular opening
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compared to the elliptical opening. Further, CO, mole fractions were recorded up to 60 meters from
the exhaust gas pipe in Figure 11A while records of CO, mole fractions terminated at around 40
meters from the exhaust pipe in Figure 11B. In view of the results above, an exhaust pipe with a
circular opening may be useful in enhancing the distance travelled by the accelerated exhaust gas. It
will be appreciated that the exhaust pipe may have openings of various shapes including circular,
elliptical, square or rectangular depending on the design requirements. Therefore, any geometry

suitable for venting exhaust gas may be applied in the present invention.

Figures 12A and 12B illustrate the mole fraction distribution of CO, or vented exhaust gas
concentration profile recorded for the first exhaust gas pipe with jet streams projected at various
angles. Figure 12A represents the exhaust gas concentration profile for jet streams projected at 5
degrees from the vented exhaust gas path 900-900°. Figure 12B represents the exhaust gas
concentration profile for jet streams projected at 10 degrees from the vented exhaust gas path 900-
900°. Figure 11A as mentioned previously shows the exhaust gas concentration profile for jet streams
parallel to the vented exhaust gas path 900-900°. Contrary to Figure 11A, the profiles as seen in
figures 12A and 12B suggest some degree of exhaust gas backflow 1000, 1050. In view of the above
results, jet streams parallel to the vented exhaust gas path 900-900" may be useful in enhancing the
distance travelled by the accelerated exhaust gas. It will be appreciated that the jet streams may be
projected at various angles from the vented exhaust gas path 900-900° depending on the design
requirements. Therefore, any jet stream projections suitable for accelerating exhaust gas may be

applied in the present invention.

Figures 12C represents the mole fraction distribution of CO, recorded when both acceleration jets are

not in operation. Figure 12D represents the mole fraction distribution of CO, recorded when only the

top acceleration jet is in operation.



Claims

1.
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An exhaust handling system comprising

an exhaust pipe having an exhaust outlet, said exhaust outlet having a nozzle arranged to vent

exhaust gas;

at least one acceleration jet arranged to project an air flow at a velocity head greater than that

of the vented exhaust gas;

wherein the at least one acceleration jet and exhaust outlet are positioned to project the air
flow so as to impinge on a path of said vented exhaust gas, and consequently transfer velocity

head to the vented exhaust gas.

The exhaust handling system according to claim 1, wherein there are two acceleration jets

positioned on diametrically opposed sides of the exhaust outlet.

The exhaust handling system according to claim 1 or 2, wherein the air flow path is parallel to
the exhaust gas path with impingement of said exhaust gas as a result of an expansion plume

of said air flow and exhaust gas.

The exhaust handling system according to claim 1 or 2, wherein the air flow path intersects

the flow path of said exhaust gas.

The exhaust handling system according to claim 1, wherein there is a plurality of acceleration

jets positioned on circumferentially about the exhaust outlet.



10.

11.

12.
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The exhaust handling system according to claim 5, wherein there is four acceleration jets

positioned circumferentially about the exhaust outlet.

The exhaust handling system according to any one of claims 1 to 6, wherein longitudinal axes

of said acceleration jets are inclined to the flow path of said vented exhaust gas.

The exhaust handling system according to any one of claims 1 to 7, wherein the at least one
acceleration jet includes an inlet cone at an intake portion, said inlet cone arranged to reduce

turbulent flow at said intake portion.

The exhaust handling system according to any one of claims 1 to 8, wherein the acceleration
jet includes a protective member at the intake, said protective member arranged to block the

entry of foreign objects into the acceleration jet.

The exhaust handling system according to claim 9, wherein said protective member includes a

heating element to maintain the temperature of said acceleration jet.

The exhaust handling system according to any one of claims 1 to 10, wherein said

acceleration jets include a sound attenuation device.

The exhaust handling system according to any one of claims 1 to 11, wherein said

acceleration jets include a vibration isolating device



13.

14.

15.

16.

17.

18.
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The exhaust handling system according to claim 12, wherein said vibration isolating device is
positioned at a centre of the acceleration jet and engine exhaust pipe and arranged to isolate

the exhaust handling system from sources of vibration.

The exhaust handling system according to any one of claims 1 to 13, wherein the exhaust

outlet includes vanes to control the flow path of the exhaust gas.

The exhaust handling system according to any one of claims 1 to 14, wherein the acceleration

jets include vanes to control the flow path of the accelerated air flow.

The exhaust handling system according to any one of claims 1 to 15, wherein the nozzle of

the exhaust pipe is circular.

A method of handling engine exhaust gases comprising the steps of:
venting exhaust gas;
projecting an air flow at a selective velocity head;

positioning a flow path of said air flow so as to impinge on a path of said vented exhaust gas;

and

transferring velocity head to the vented exhaust gas.

The method according to claim 17, wherein the air flow path is parallel to the exhaust gas
path with impingement of said exhaust gas as a result of an expansion plume of said air flow

and exhaust gas.
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19. The method according to any one of claims 17 or 18, wherein the air flow path intersects the

flow path of said exhaust gas.

20. The method according to any one of claims 17 to 19, wherein a longitudinal axis of said air

flow path is inclined to a longitudinal axis of said vented exhaust gas path.



