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Abstract: Brayton cycles are open gas turbine cycles extensively
used in civil aviation and the petrochemical industry because of
their advantageous volume and weight characteristics. Given the
bulk of engine emissions associated with them, it is necessary to
promote their environmental friendliness, including regular sound
technical performance. This research examines high-bypass, low-
specific-power plants in aviation and aero-derivative gas turbines
for combined heat and power generation in the petrochemical
industry. The investigation encompasses the comparative
assessment of simple and advanced gas turbine cycle options,
including the component behaviour of the systems. This comprises
the performance module. The research has contributed to
understanding the technical performance of advanced and
straightforward cycle helicopter engines, as well as aero-derivative
industrial gas turbine cycles, at both design and off-design
conditions. The simple cycles were modified to improve fuel burn
and thermal efficiency by incorporating additional components,
resulting in the advanced cycles. The helicopter engine
investigated was converted to a small-scale aero-derivative
industrial engine. Modelling the combined heat and power
performance of small, medium, and large-scale aero-derivative
industrial gas turbines was also implemented. The contribution
also includes understanding the technical performance of both
simple and advanced aero-derivative gas turbines, as well as
combined heat and power systems, at both design and off-design
conditions. A case study underlies the development and
deployment of this model. The novelty lies in the conception of a
tool for predicting the most preferred simple and advanced cycle
aero-derivative engines, as well as combined heat-and-power
generation in the petrochemical industry, and the derivation of
advanced and straightforward cycle small-scale aero-derivative
industrial gas turbines from helicopter engines.
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I. INTRODUCTION

This research examines high-bypass, low-specific-power

plants in civil aviation and aero-derivative gas turbines for
combined heat and power generation in the petrochemical
industry. The investigation encompasses a comparative
assessment of simple and advanced gas turbine cycle options,
including the component behaviours and the environmental
and economic analysis of the systems. Fundamentally, the
Brayton cycle is the thermodynamic cycle on which gas
turbine power plants operate. It is commonly referred to as
the standard open gas turbine cycle [1]. Brayton cycles are
extensively used in the civil aviation and petrochemical
industry because of their advantageous volume and weight
characteristics. These cycles are used as prime movers in the
mechanical drive of rotating equipment, pumping of fluids,
electric power generation, and industrial process heat
generation in combined-heat-and-power concepts Gas
turbine is a unique heat engine (also a fluid machine) that has
over the years brought thrust and power generation to fore,
and unarguably one of the most important developments of
the 20th century that has changed human lives in many ways
[2]. Inevitably, emissions from gas turbine engines in both
aviation and industrial applications have significantly
contributed to the degradation of local air quality, the
greenhouse effect, and global warming worldwide. It is,
therefore, necessary to regularly promote the environmentally
friendly operation of cycle engines. Based on this fact, for
instance, the Advisory Council for Aeronautics Research in
Europe (ACARE) has defined some targets for 2020 and 2050,
among which is reducing CO: emissions by 50% [3]. Also,
the Clean Sky Joint Technology Initiative (JTI) European
Union collaboration has set goals aiming at reducing fuel
consumption and CO, emission by 50%, NOx by 80%, and
sensed external noise by 50% [4]. Besides, gas turbine user
requirements have, over the years, necessitated technological
advancement in engine performance, and comprehensive
research is being conducted to achieve this [5]. Technically,
improving the thermal efficiency of industrial and aero gas
turbines is of paramount importance to the overall
performance of the engines. An increase in thermal efficiency
depends on certain factors, including changes in some engine
cycle parameters, cutting-edge technology of engine
components, and the introduction of different overall
thermodynamic cycles [6] [7].
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Moreover, the performance and economic viability of gas
turbines are closely intertwined. This is because performance
is defined as shaft power or thrust sold by a gas turbine
manufacturer and purchased by a user. If an engine with poor
performance is designed, the sellers will struggle to sell it and
most likely incur losses. Likewise, a user who buys a poorly
designed engine will lose income [8]. This research aims to
adapt the most preferred aero-derivative gas turbines for
combined heat and power generation in the petrochemical
industry.

II. LITERATURE REVIEW

The concept of the Brayton cycle was highlighted [9], [10].
The emergence and application of the TERA-techno-
economic and environmental risk analysis framework in areas
of multi-disciplinary optimization and management of power
plants was explained [11]. Furthermore, research was carried
out on the technical risk analysis of gas turbines for natural
gas liquefaction [12]. On helicopter engine performance,
improvements predictions were made in 1968 and 1971 that
by the year 1980, there would be increases of about 17% in
OPR, 7% in TET, and a decrease of about 17% in SFC [13].
Also, the potential of the growth of the turboshaft engine of a
helicopter with time, customer taste, and technological
advancement, and improving the preliminary design of the
Rolls-Royce/Turbomeca RTM 322 engine model through
increasing the TET, flaring the LP compressor, and zero
staging the LP compressor, was reported [14]. Regarding
aero-derivative industrial gas turbines, it was reported that a
performance platform was developed for the Manx Electricity
Authority (MEA) to support their two existing GE LM2500+
aero-derivative gas turbine engines. This platform provides a
graphical user interface that is flexible enough to
accommodate varying operating conditions in performance
and diagnostics analysis. More so, a new version of PYTHIA
software and an off-design adaptation method were
developed that will enable the engine model to match the
MEA's service engine performance at part load conditions [15]
[16]. Aero-derivative gas turbines offer several advantages
over their industrial design counterparts, particularly in terms
of technology, project implementation, and maintenance.
Modern aero-derivatives are also a feasible option for
combined-cycle gas turbine and CHP applications where
power in the 60-120 MW class is anticipated [17]. The GE
LM6000 offers a 25% simple cycle power increase compared
to the GE LM2500, owing to advanced technology. The

advancement of the GE LM6000 gas turbine produces an 18%

increase in exhaust energy, a 25% increase in power, and a
combined-cycle efficiency of approximately 52%. With GE's
dry low emission (DLE) technology, an efficiency of about
56% can be attained, though at slightly less power output [18].
About CHP, mention was made of the work done on an
overall techno-economic analysis of the gas turbine and
absorption cooling (LiBr/Water) tri-generation plant. The
effects of the use of different types of fuel, ambient conditions,
part load conditions, degradation, or the extraction of power
for district heating or absorption cooling were simulated [19].
The results suggested that the simple cycle tri-generation
technology mode was more economically favourable than the
conventional technology. The integrated tool was capable of

Retrieval Number: 100.1/ijese. 1258312100924
DOI: 10.35940/ijese.12583.12100924
Journal Website: www.ijese.org

24

helping potential investors decide if it is profitable to proceed
with their investments in such technology [20]. It was also
found that the thermal efficiency of aero-derivative engines
combined-cycle units is higher than that of individual gas
turbine or steam turbine units [21]. Regarding engine
performance, the modelling and establishment of the design
point (DP) of a gas turbine were explained in detail. Besides,
the method of obtaining its general performance over the
entire operating range of power output and speed, known as
Off-Design (OD) performance, by the use of computer model
simulations such as TURBOMATCH, was vividly explored
[22] [6] [23] [24]. This research investigates advanced cycle
helicopter engines by utilising additional components to
modify simple cycles. Also, the conversion of helicopter
engines to small-scale aero-derivative industrial engines and
their application in CHP in the petrochemical industry is
investigated.

A. Aero-Derivative Engines Combined-Heat-and-Power
in the Petrochemical Industry

Contemplating environmentally friendly Brayton cycles in
the petrochemical industry, combined heat and power (CHP)
is identified as a prominent application that would make gas
turbine operation more environmentally friendly in the sector,
in terms of fuel efficiency and reduced emissions. CHP is
simply defined as the simultaneous generation of mechanical
power and heat energy in a single system from the same fuel
input (International Energy Agency, IEA). In light of this, the
performance of aero-derivative gas turbines discussed earlier
is herein examined in CHP application in the petrochemical
industry.

B. Petrochemical Industry Processes

In this research, the petrochemical industry encompasses
both refineries and petrochemical processing plants where
crude oil and natural gas are transformed into various
Hydrocarbon compounds and finished products. It is essential
to note that these industry processes are not detailed here;
rather, the focus is solely on the process heat energy and
electrical power demand of the plants. Petroleum refining is
the mother industry for the petrochemical industry [25].
Crude oil is refined and transformed into various products by
three major processes: separation, conversion, and
purification. The process of distillation in columns, utilising
boiling point differences, is used to separate the various
primary components of the crude by vaporising it through the
action of heat supplied by a furnace. Such fractions as gases,
naphtha, jet oil, gas oil, heavy gas oil, and atmospheric
residue are tapped at various sections along the column. The
distillation column temperature ranges from about 370°C at
the bottom to about 30°C at the top. The conversion process
is utilized to transform low-grade fuel oil into high-grade
gasoline, and other lighter products. A catalytic cracking unit
is employed to convert heavier hydrocarbons into petrol,
liquefied petroleum gas, and diesel. Heat reforming is another
conversion process used to increase the octane number of
petrol blends and to produce hydrogen, which is further used
in the refinery.
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Finally, to meet specifications of product quality and
environmental standards after separation and conversion, the
resulting products are purified mainly to remove sulfur.

C. Petrochemical Processes

Many processes occur in the petrochemical industry, but
from the perspective of energy consumption, the most
important technologies are steam cracking of heavier
feedstock, polymerisation, and processing of aromatics [26].
In steam cracking, feedstock such as naphtha and gas oil is
converted at elevated temperatures into a wide array of
products, including olefins (ethylene, propylene, and
butylene), aromatics (benzene, toluene, and xylene),
pyrolysis gasoline, and methane. Polymerisation is the
process whereby small compounds, called monomers, are
linked together to yield chains of larger products, called
polymers. Polymerisation technology is generally based on
catalytic conversion at temperatures above 100°C and at
elevated pressures. The four most essential polymers (plastics)
produced by this means are polyethene, polypropylene,
polystyrene, and polyvinyl chloride.

D. Steam Utilization

Many processes in the petrochemical industry occur at
relatively moderate temperatures (below 600°C), and steam
is generally the source of their heat energy supply. Steam
could be generated by conventional boilers or heat recovery
steam generators in CHP technology. It is worth stating that
combined heat and power (CHP) generation of steam and
electricity is presently a key energy-saving, as well as
environmentally-friendly technology in the petrochemical
industry [26].

E. CHP Modelling

CHP systems are either developed as "Topping cycles" or
"bottoming cycles" Topping cycles describe systems where
primary power generation occurs and subsequent heat
utilization, whereas bottoming cycles pertain to systems
where heat is primarily utilized with subsequent power
generation [27]. In this research, a topping cycle arrangement
is adopted where power is primarily generated from a gas
turbine, and a heat recovery steam generator (HRSG) is
designed to match process steam production. Performance
parameters of the aero-derivative gas turbines discussed in
the previous research are employed to determine the
parameters of the HRSG.

F. HRSG Performance Modeling

A set of heat exchangers that utilises the exhaust heat of a
gas turbine to produce steam is referred to as a heat recovery
steam generator (HRSG). Three types of HRSGs are
identified: unfired, supplementary fired, and exhaust fired.
The most common and widely used HRSG is the unfired one
because it is simple in design and cheap [28]. HRSG of the
unfired type is considered here without recourse to the
material dimension of the heat exchangers. It is pertinent to
note that only the thermodynamic performance, in terms of
the temperature profile of the exhaust gas, steam temperature
and flows, and heat capacity, of the HRSG is being modelled
in this work. Pinch/approach points technology was adopted
in modelling the HRSG performance, and with a single steam
pressure mode of operation. Whereas the approach point is
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the difference between the temperature of saturated steam and
the temperature of water entering the evaporator, the pinch
point is the difference between the gas temperature leaving
the evaporator and the temperature of saturated steam [28].
Steam generation is directly affected by the pinch and
approach points. Also affected is the exhaust gas/steam
temperature profile. For the design case of an unfired HRSG,
selection is usually made of the values of pinch and approach
points; pinch point ranges from 10°C to 30°C whereas
approach point ranges from 5°C to 15°C based on the sizes of
evaporators that can be built and shipped economically, and
to maximize heat transfer rate between exhaust gas and steam
streams. Using the notations in Figure 1 above, path 4-y-x-1
indicates the gas turbine exhaust gas temperature profile,
whereas path a-b-c-d-e indicates the steam temperature
profile. Pinch point = Tx- T; approach point = Tc-Tb: process
a-b occurs in the economiser; c-d in the evaporator; and d-e
in the superheater.

a
-

Evaporator Super-heater

Economiser

<! o
% *x

g Pinch point .

i e

s" b

k-

Exhaust heat flow Q

Fig. 1: HRSG Exhaust Gas/Steam Temperature Profiles

III. RESEARCH METHODS

A. CHP Design Point Performance Modelling

To model the design point performance of a CHP plant, it
is necessary to match the parameters of the HRSG with the
design point of the gas turbine, giving particular
consideration to the desired steam flow, temperature, and
saturation pressure. In doing so, pinch and approach points
are selected based on engineering judgment. From the gas
turbine exhaust gas flow, the HRSG temperature profile, duty,
and steam flow are then established. Using pinch technology
and the thermodynamic properties of steam, the computation
of the CHP HRSG gas/steam temperature profile and steam
flow is as follows: The gas turbine exhaust gas temperature
and mass flow are imported from a gas turbine performance
simulation. In contrast, the HRSG pinch and steam saturation
pressure (which fixes the steam saturation temperature T.) are
selected. In this design, the steam saturation pressure is 10 bar.
With the notations of Figure 1, the temperature of exhaust gas
at the pinch point (Ty) is given by Equation 1.

Ty =T, +Pinch=T,+15........(1)
Where pinch 15

The superheated steam temperature (T e) is chosen
according to the industrial process's heat demand
requirements. The steam flow (ws) is computed from total
heat transfer in the superheater and evaporator using heat
balance above the pinch as defined by Equation 2
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Qux = Qevap + quper: Qux = Wgcpa(0.99)(T4 =T, = wg[(he -

WgCpa(0.99)(T,—Ty)
hc) + 002(hd - hc]; S Wg = m ........... (2)

Where 0.99 = heat loss factor

0.02 = blow down factor

w, = exhaust gas flow

Cpa = specific heat at constant pressure of air
h. = specific enthalpy of superheated steam

h. = particular enthalpy of saturated water

hq = particular enthalpy of saturated steam

T4 = gas turbine exhaust temperature

Qevap = evaporator duty

Qsuper = super-heater duty
Equation 3 defines the superheater duty (Qsuper)

quper = Ws(he - hd) e (3)

Gas temperature drop in the superheater (A T4y) is given by
Equation 4

AT4y = quperwgcpa (099) e (4)

This implies that the exhaust gas temperature to the

evaporator (Ty) is calculated using Eq. 5
Ty = T4 - AT4y e (5)

Evaporator duty (Qevap) is determined with the aid of Equation

6

Evaporator duty Qevap = Ws(hg — he) v v vev e (6)
Similarly, Equation 7 defines Economiser duty ( Qecon )
Economiser duty Qecon = Ws(1.02)(h, — hy) «c e e ... (7)

Gas temperature drop in the economiser (A Tx1 ) is given by
Equation 8
Qecon

ATy = —=20
T Wgpa (0.99)

. (8)

This implies that the exhaust gas exit temperature from the
economiser (T) is calculated using Equation 9

T, =Ty — ATy, .. (9)

Electrical efficiency = P—E =g oo e e e (10)

T
The electrical efficiency can be assumed to be such that the

Useful electric power generated, PE, equals nE X pt.
Where P; = gas turbine power
Equation 11 is used to compute CHP efficiency (ncmup)

CHP efficiency ncyp = P S_C?::SG P;;—XQL]—:\S/G ......... (11)
Where FF = fuel flow in the combustor
LHV = Low heating value of fuel
Qcomb = heat input in the combustor
Power to heat ratio of the CHP is given by Equation 12
Power to heat ratio = i e e e a2 (12)
HRSG

[29] (Ganapathy, 1990)

The CHP design point computation was performed for
various categories of aero-derivative engines, as well as the
HRSG gas and steam temperature profiles, as shown in
Figures 2 through 4.
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Fig. 2: HRSG Temperature/Heat Profile for the Small-
Scale Aero-Derivatives
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Fig. 3: HRSG Temperature/Heat Profile for the
Medium-Scale Aero Derivatives
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Fig. 4: HRSG Temperature/Steam Profile for the Large-
Scale Aero-Derivatives

B. CHP Off-Design Performance

The HRSG would normally not operate at the design point
due to variations in the inlet gas conditions and steam
parameters. The inlet gas conditions, in turn, would depend
on gas turbine off-design variations in ambient conditions,
firing temperature, altitude, and other factors. This makes the
CHP plant exhibit varying outputs. The CHP off-design was
modelled with input from the TURBOMATCH engine's off-
design data. The off-design performance results for the CHP
of small, medium, and large-scale aero-derivative engines are
shown in Figures 5 to 10 below.
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IV. RESULTS DISCUSSION

A. Small-Scale Aero-Derivative CHP

At design and off-design points, the RC and ICR aero-
derivative engines exhibit better CHP efficiency than the SC
engine in the small-scale category. The CHP efficiencies are
observed to increase with increases in both TET and ambient
temperature. The percentage increase in RC and ICR CHP
efficiencies over SC is 16.5% and 3.8%, respectively. This
superior performance is due to the lower heat input from
burning less fuel in the advanced cycle engines. Nevertheless,
the SC engine produces more HRSG duty than the ICR one
due to the lower exhaust gas temperature and steam rate of
the

ICR aero-derivative, whereas the RC engine produces the
highest HRSG duty because of its higher exhaust gas
temperature and steam rate.

B. Medium and Large-Scale Aero-Derivative CHP

Both medium- and large-scale aero-derivative engines
exhibit a similar trend in CHP applications. CHP efficiency
increases with increasing TET and ambient temperature in all
cycle configurations in these categories of aero derivatives.
The SC CHP is observed to show higher CHP efficiency than
the IC and ICR CHP. The superior performance of SC CHP
is a result of its higher HRSG duty, which is attributed to its
higher exhaust gas temperature compared to others. Although
less fuel is utilised in the advanced cycles than in the SC, the
decrease in combustor heat rate in the advanced cycles is
minute compared with the significant increase in exhaust gas
temperature and steam rate of the SC CHP, as illustrated in
Figures 5 to 10.
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Fig. 5: Effect of Ambient Temperature on HRSG Duty
for the Small-Scale Aero-Derivative Engines
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Fig. 6: Variation of CHP and GT Efficiency with TET
for the Small-Scale Aero-Derivative Engines
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V. CONCLUSION

The literature review has enhanced the understanding of
helicopter engines, aero-derivative industrial gas turbines,
combined heat-and-power performance analyses, and the
importance of emphasising the environmental friendliness of
gas turbine engines in general. Moreover, the research
demonstrates the implementation of engine performance
models for advanced and straightforward cycle helicopters, as
well as aero-derivative gas turbines. In doing so, the
helicopter engine was converted to a small-scale aero-
derivative engine. In continuation, the engine performance
module was completed, and the CHP performance modelling
of aero-derivative engines has been achieved. In this way,
small, medium, and large-scale aero-derivative industrial gas
turbines were evaluated in terms of CHP performance. The
contribution to knowledge has been conceptualised as the
derivation of advanced and straightforward cycle small-scale
aero-derivative industrial gas turbines from helicopter
engines. These stemmed from the research objectives. The
scenario assessment was conducted to evaluate the model's
performance and its suitability in meeting the research's goals
and requirements. The results are consistent with trends
reported in the literature.

DECLARATION STATEMENT

After aggregating input from all authors, I must verify the

accuracy of the following information as the article's author.

= Conflicts of Interest/Competing Interests: Based on my
understanding, this article does not have any conflicts of
interest.

= Funding Support: This article has not been sponsored or
funded by any organization or agency. The independence
of this research is a crucial factor in affirming its
impartiality, as it was conducted without any external
influence.

= Ethical Approval and Consent to Participate: The data
provided in this article is exempt from the requirement for
ethical approval or participant consent.

= Data Access Statement and Material Availability: The
adequate resources of this article are publicly accessible.

= Author's Contributions: The authorship of this article is
contributed equally to all participating individuals.

REFERENCES

1. Giampaolo, T. (2003), The Gas Turbine Handbook: Principle and
Practice, 2nd edition, The Fairmont Press Inc., Lilburn, Georgia. Pg 45

2. Saravanamutoo, H.I.H., Rogers, G.F.C., Cohen, H., Straznicky, P.V.
(2009), Gas Turbine Theory and Performance, 6" Edition.

3. ACARE (2012), Strategic Research and Innovation Agenda.

4. Kurt, H., Recebli, Z., Gedik, E. (2009), "Performance analysis of open

cycle gas turbines", International Journal of Energy Research, March
2008, Vol 33, Issue 3, Pg 285-294 https://doi.org/10.1002/er.1472

S. Paramour, M.D., Sapsard, M.J. (1981), "Future technology and
requirements for helicopter Engines", Helicopter Propulsion Systems,
NATO. AGARD- conference proceedings. No. 302, Pp 4-1-4-6.

6. Pilidis, P., Palmer, J. R. (2010), Gas turbine theory and performance,
Lecture notes, School of Engineering, Cranfield University, pp. 16-64
7. Bhargava, R. K., Bianchi, M., Campanari, S., Pascale, A., Montenegro,

G. N, Peretto, A. (2010), "A Parametric Thermodynamic Evaluation of
High-Performance Gas Turbine Based Power Cycles", Journal of
Engineering for Gas Turbines and Power, February 2010, Vol. 132 Issue:
Number 2 p022001-022001-14 https://doi.org/10.1115/1.3155782

8. Walsh, PP, Fletcher, P. (2004), Gas Turbine Performance, 2nd edition,
Blackwell Publishing. https://doi.org/10.1002/9780470774533

Retrieval Number: 100.1/ijese. 1258312100924
DOI: 10.35940/ijese.12583.12100924
Journal Website: www.ijese.org

28

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Lane, D. (2001), "Brayton cycle: the ideal cycle for gas turbine engines",
web.me.unr.edu/me372/Spring2001/Brayton%20Cycle.pdf, accessed:
19/06/2012

. Gramoll, K., Huang, M. (2012), Brayton cycle, the Ideal Cycle for Gas

online
accessed:

turbine Engine, Thermodynamic ebook,
www.ecourses.ou.edu/cgi-bin/ebook.cgi?doc=&topic-th.
19/06/2012 available:

. Ogaji, S., Pilidis, P., and Hales, R., (2007), "TERA: A Tool for Aero-

Engine Modelling and Management, Second World Congress on
Engineering Asset Management and the Fourth International Conference
on Condition Monitoring, Harrogate, UK, Jun. 11-14

. Khan, R. S. R, Lagana, M. C., Ogaji, S. O. T., Pilidis, P. and Bennett, I.

(2011), "Risk analysis of gas turbines for natural gas liquefaction",
Joumnal of Engineering for Gas Turbines and Power, vol. 133, no. 7.
https://doi.org/10.1115/1.4002673

. Langshur and Palfreeman (1971), "The state of the art of small gas

turbine engines for helicopters and surface transport". AGARD lecture
series No 46.

. Vickers J. (1995), Growth potential of a helicopter turboshaft. Thesis,

School of Engineering, Cranfield University, Cranfield, UK, Pp 1-27

. Tsoutsanis, E. (2010), Performance adaptation of gas turbines for power

generation applications, PhD Thesis, School of Engineering, Cranfield
University, Cranfield, UK

. Tsoutsanis, E. LiY.G. Pilidis P. Newby M. (2008), "Gas path analysis

applied to an aero derivative gas turbine used for power generation", 5th
International Condition Monitoring and Machine Failure Prevention
Technology, Proceedings, Edinburgh, 15th July, 2008: turbine Theory,
6th edition, Pearson Education Limited.

. Smith, R. P. (1996), "Power generation using high efficiency gas

turbines. Opportunities and advances in international power generation",
18- 20 March 1996, IEE conference publication No. 419, pp 104-110.
https://doi.org/10.1049/cp:19960128

. Mehmetli, B., Wacek, E. (2010), "High-efficiency combined cycle

applications with new LM6000 aero-derivative gas turbines", 16th
International Energy and Environmental Fair and Conference, 12th
Proceedings book. Sponsor: IGDAS pp 50 icci.com.tr 14th May 2010,
51 online available

. Polyzakis, A. L. (2004). "Gas turbine performance and applications",

Kozani's Institute of Technology publications, Kozani.

Polyzakis, A. L. (2006). Technoeconomic evaluation of trigeneration
plant: gas turbine performance, absorption cooling and district heating,
PhD Thesis, School of Engineering, Cranfield University, United
Kingdom.

Talif S. (2010), "Aeroderivative gas turbo engine in CHP plant-
compatibility problems, Department of Automotive and Internal
Combustion Engines, Technical University Gh. Asachi of Lasi Bd.
Dimitrie Mangeron 61-63, 700050, Lasa, Romania. INCAS BULLETIN,
Volume 2, Number 4/2010, pp. 197-201 https://doi.org/10.13111/2066-
8201.2010.2.4.25

Pachidis, V. A. (2008), Gas turbine performance simulation, course
lecture notes, School of Engineering, Cranfield University, United
Kingdom.

Li, Y. G,, Pilidis, P., Newby, M. A., (2006), "An Adaptation Approach
for Gas Turbine Design-point Performance Simulation", Journal of
Engineering for Gas Turbines and Power, ASME, October 2006, Vol
128, Issue 4, pg 789-795. https://doi.org/10.1115/1.2136369
Al-Hamdan, Q. Z., Ebaid, M. S. Y., (2006), "Modelling and Simulation
of a Gas Turbine Engine for Power Generation", Journal of Engineering
for Gas Turbines and Power, ASME, April 2006, Vol 128, Issue 2, Pg
302 https://doi.org/10.1115/1.2061287

Verma, R. P., (2011), "Recent advances in petrochemical processes: an
overview", Keynote lecture for PRI KACST, Riyadh, online available:
kacstpetrochem.com/201 1/eng/images/speakers/pdf/12.pdf. June 2011.
Accessed: 01/05/2013.

Gielen, D. J., Vos, D., Van Dril, A. W. N. (1996), "The petrochemical
industry and its energy use prospect for the energy-intensive Dutch
sector. Energy Research Centre of the Netherlands (ECN), ECN-C-96-
029, April 1996. Pp 25-45.

Bhatt, S. M. (2001), "Mapping of general combined-heat-and-power
system Energy Conversion and Management, 42 (2001) 115 124, online
available: www.elsevier.com/locate/enconman accessed: 30/05/2012
Boyce, M. P. (2006), Gas Turbine Engineering Handbook, 3rd edition,
Pp 57- https://doi.org/10.1016/S0196-8904(00)00045-5

Ganapathy, V. (1996), "Heat recovery steam generator: understanding
the basics", Chemical Engineering Process, August 1996, Pp 32-45
Ganapathy, V. (1990), "Heat Transfer
- simplify heat recovery steam
generator evaluation",
Hydrocarbon Processing, March
1990, online available:

Exploring Innovation


https://doi.org/10.35940/ijese.I2583.12100924
http://www.ijese.org/
https://doi.org/10.1002/er.1472
https://doi.org/10.1115/1.3155782
https://doi.org/10.1002/9780470774533
https://doi.org/10.1115/1.4002673
https://doi.org/10.1049/cp:19960128
https://doi.org/10.13111/2066-8201.2010.2.4.25
https://doi.org/10.13111/2066-8201.2010.2.4.25
https://doi.org/10.1115/1.2136369
https://doi.org/10.1115/1.2061287
https://doi.org/10.1016/S0196-8904(00)00045-5

OPEN aRCCESS

ganapathy.tripod.com/simphrsg.pdf, Pp 77-
25/02/2013

82, date accessed:

AUTHORS PROFILE

Diwa James Enyia is a distinguished academic, researcher,

and professional in the field of Mechanical Engineering.

With a passion for innovation and excellence, he has

established himself as a leading expert in his field. He holds

a Ph.D. in Aerospace Engineering and an MSc in Thermal
Power Engineering, both from Cranfield University, United Kingdom, in
2016 and 2012, respectively, as well as a Bachelor of Engineering in
Mechanical Engineering from Cross River University of Technology,
Nigeria, in 2008. He is a Lecturer at the Department of Mechanical
Engineering, University of Cross River State (2010-present). His research
interests span gas turbine performance, Thermodynamics and Heat Transfer,
Energy Systems, and Renewable Energy. He has several publications in
reputable journals and has attended conferences, symposiums, and
workshops relating to his academic field. He is a registered engineer with the
Council for the Regulation of Engineering in Nigeria, COREN. He has also
received the Best Lecturer Award and a research grant from the Tertiary
Education Trust Fund (TEDFUND). Diwa is a dedicated academic and
researcher committed to advancing knowledge in Mechanical Engineering.
His teaching, research, and professional activities demonstrate his passion
for innovation and excellence.

Stanley James-Diwa Enyia is an exceptional scholar and a
force to be reckoned with in the STEM field. He has
received several awards in STEM, including Mathematics,
Physics, Chemistry, and Further Mathematics. He is an
undergraduate scholar who has already familiarised himself
w1th thermodynamics and is making meaningful contributions to gas turbine
technology and maintenance. He is a young and ambitious individual with a
passion for academic excellence and innovation. Stanley has consistently
demonstrated exceptional academic prowess and a keen interest in the field
of Mechanical Engineering. He is currently pursuing a degree in Mechanical
Engineering and has completed his high school education with outstanding
grades and awards. His Interests include Mechanical Engineering design and
development, Renewable energy and sustainable technologies, Robotics and
Automation, and Research and innovation. He aspires to become a leading
expert in Mechanical Engineering and contribute to innovative solutions for
real-world problems. He pursues a career in research and development,
focusing on sustainable energy and technologies, and inspires and mentors
young minds in STEM education. He is a Curious and innovative thinker
with strong problem-solving skills and an analytical mind, possessing
excellent communication and teamwork skills. He is passionate about
learning and self-development. Stanley is a rising star in the field of
Mechanical Engineering, with a bright future ahead. His academic
achievements, interests, and career aspirations demonstrate his potential to
make a significant impact in the industry.

Engr. Dane Osim Asu is a seasoned lecturer and academic in
the field of Mechanical Engineering, specialising in
\ Thermofluids, with a passion for mentoring students and
. collaborating with colleagues to drive innovation and
excellence. He is currently a lecturer in the Department of
Mechanical Engineering (Thermofluid option) at the University of Cross
River State, Calabar. His research interests include, but are not limited to,
Thermodynamics and Heat Transfer, Fluid Mechanics and Computational
Fluid Dynamics (CFD), Energy Systems and Renewable Energy, Thermal
Engineering, and Design. He has published several articles in reputable
national and international journals and has attended numerous scientific
conferences and symposia. He is also a registered member of the Nigerian
Society of Engineers (NSE) and the Council for the Regulation of
Engineering in Nigeria (COREN).

Engr. Ambrose Imbuo Agba, currently a lecturer in the
Department of Mechanical Engineering at the University of
Calabar, holds a Bachelor of Engineering (B.Eng.) in
Mechanical Engineering and a Master of Engineering
(M.Eng.) degree in Subsea Engineering from the University
of Aberdeen, Scotland. With a strong foundation in thermodynamics,
materials science, and fluid mechanics, his expertise lies in the dynamics of
liquid systems, particularly in offshore environments, where he seeks to
provide optimal solutions to fluid and thermal processes. He also makes
groundbreaking innovations in the field of advanced materials research. His
teaching and research approach is hands-on, integrating practical engineering
challenges with theoretical knowledge and concepts from the classroom to
provide solutions to complex engineering problems. Beyond teaching and
research, he is actively involved in consulting services and industrial

Retrieval Number: 100.1/ijese. 1258312100924
DOI: 10.35940/ijese.12583.12100924
Journal Website: www.ijese.org

29

International Journal of Emerging Science and Engineering (IJESE)
ISSN: 2319-6378 (Online), Volume-12 Issue-10, September 2024

collaborations, leveraging his extensive industrial experience and expertise
to benefit these endeavours. He is very passionate about mentoring future
engineers.

Jeffrey Chidiebere Ogochukwu is a graduate of
Mechanical Engineering, with good experience in Power
Plant Performance, Thermodynamics, Internal Combustion
Engines, data analysis, R programming, MATLAB,
Mathematics, and Automobiles—but above all, he possesses
an affinity for computer-aided drafting. His interests are centred on structural
design, 3D motion rendering, tubes and piping, and the drafting and
modelling of 3D mechanical parts using CAD software such as Autodesk
Inventor, SolidWorks, and CATIA. He's always looking for new challenges
and opportunities to grow and develop his skills. In addition to his practical
experiences, he is dedicated to advancing his career while helping others
unlock their potential in the fields of design, engineering, and data analysis.

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Blue
Eyes Intelligence Engineering and Sciences Publication
(BEIESP)/ journal and/or the editor(s). The Blue Eyes
Intelligence Engineering and Sciences Publication (BEIESP)
and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods,
instructions or products referred to in the content.

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation



https://www.openaccess.nl/en/open-publications
https://doi.org/10.35940/ijese.I2583.12100924
http://www.ijese.org/

