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ABSTRACT

n the present study, the effects of inlet air cooling on compound cycle performance in a

diesel gas turbine engine system where waste heat is used in the composite power system
in the sustainable energy system were investigated thermodynamically. The effects of the
inlet air cooling the system that enhances power production and the resulting thermal ef-
ficiency values were analyzed based on various operational variables (gas turbine pressure
ratio, diesel engine compression ratio, gas turbine inlet and fresh air inlet temperatures,
etc.). The energy losses in each system component were determined and the second law
efficiency of the system was determined based on the introduced operational parameters.
The gas turbine unit in the model included a gas generator with two compressors and a
high-pressure turbine, and a low-pressure power turbine running on a separate shaft. The
diesel engine and gas-generator exhaust gases were mixed and expanded in a low-pressure
turbine, leading to the production of power with the waste energy. In the cycle, an intake
air cooler, an intercooler and a recuperative air pre-heater were used. In the intake air cool-
ing cycle, the power increase was around 15% when the pressure rate of the low-pressure

compressor was 3.5. Natural gas was used as fuel in the thermodynamic model. The cycle
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irreversibilitywas used in the calculations based onthe thermodynamic concepts.
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INTRODUCTION

he contribution of energy in ensuring the sustai-

nability of modern life is a primary requirement.
Today, energy technologies are advancing towards
the use of clean energy resources. However, it is ob-
served that it would take long years to develop the
technologies that could be adequate for global energy
requirements [1]. Today, energy conversion technolo-
gies based on fossil fuels are used in power generation
and to fulfill power requirements. Due to the deve-
lopment of energy conversion technologies based on
fossil fuels, the importance of composite cycles in
the reduction of exhaust emissions released to the
environment per unit of generated electrical energy
and the thermal efficiency of the system has incre-
ased. The combined power cycles for high efficiency
and reduction of negative effects on the environment
have led to the consideration of combined power
cycles as ideal conventional power systems [2,3].

The combined power systems are also commonly
applied in power propulsion systems of high tonnage
ships [4,5,6]. The fact that natural gas could be used as
fuel in combined power systems led to the development
of other thermodynamic power cycles that work with
diesel-based combined power cycle systems [7]. In gas
turbine plants constructed in warm climates or com-
bined power systems with a gas turbine, cooling of the
compressor inlet air induces a need for additional power
on top of the installed power [8,9,10,11]. In thermody-
namic performance calculations for current combined
power cycles, the calculations conducted with standard
air assumptions are preferred for practical engineering
purposes [12,13].

The literature revealed that there was no previous
study on a combines power system with a supercharged
diesel cycle connected with a gas generator that works
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with a split shaft and the cooling of compressor inlet air and
a low-pressure gas turbine [14]. There are several studies on
diesel engine performance and theoretical diesel cycle mo-
dels in the literature [15,16, 17]. In the present study, a com-
bined power cycle design was attempted based on the as-
sumption that the selected diesel engine was adiabatic. The
present study aim to calculate the thermodynamic availa-
bility and performance of the above-mentioned combined
power system and to investigate the effects of atmospheric
air cooling in the compressor inlet on the combined power
system. [18] investigated the variations in the second law ef-
ficiency of gas turbines and their effects on the thermal effi-
ciency of the combined cycle based on different gas turbine
parameters. They reported that the exergy efficiency for
different gas turbine operating parameters varied between
33.8% and 28.7% and the combined cycle thermal efficiency
varied between 42% and 55% due to change in various pa-
rameters [18].

Energy, exergy and exergy economy in combined diesel
engine power systems study was made by [19]. They intro-
duced the formulas required to calculate energy exergy and
exergy economy in each combined power system unit. They
reported that the combined power systems that operate
with compression ignition engines were among the most
efficient simple cycle power generation plants and their effi-
ciency was around 50%.

Different methods to improve efficiency gas turbine
cogeneration cycle are studied by [20]. In these methods,
they investigated the increase in gas turbine inlet air tem-
perature, cooling the compressor inlet air, air preheating,
fuel preheating, increasing the compressor inlet air pressure,
increasing the excess air rate, steam injection, and humidifi-
cation of the compressor inlet air. They reported that exergy
efficiency increased by 20% with efficiency improvement
methods and they emphasized that, if possible, efficiency
improvement methods should be applied together in com-
bined power systems.

In the present study, a combined power cycle designed
with a precooler, an intercooler, and a recuperator, and inc-
luded a gas generator, a power turbine, and a diesel engine,
was introduced. The current study aim to calculate the
thermodynamic availability and performance of the intro-
duced combined power cycle and to investigate the effects of
intake air cooling at the compressor inlet on the combined
power system.

It is found that the improvements in the first and se-
cond law efficiencies of the proposed models were signifi-
cant and the recuperator application criterion was depen-
dent on the rpk. The amount of fuel consumed in the gas
turbine combustion chamber is reduced 10% with a compa-
rison to the without pre-cooled combined cycle.
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MATERIAL AND METHODS
System Description

The installation diagram of the system that included a
diesel engine connected to a split shaft gas generator and
a low-pressure turbine that utilized the waste energy
of the exhaust gas and the compressor inlet air cooling
unit is presented in Figure 1. The air drawn by the low-
pressure compressor from the atmosphere is transferred
through a pre-cooler, and the pressure is increased in
the compressor and then passed through an intercooler
and the air temperature was reduced to the atmospheric
temperature and then a certain amount was sent to the
high-pressure compressor and the remaining was sent to
the diesel engine. The air, the pressure and temperature
of which was increased in the high-pressure compressor
was combined withthe fuel in the combustion chamber
and the combustion of the fuel increases the air tempe-
rature up to the high-pressure turbine inlet temperature.
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Figure 1. Brayton-diesel combined power system where the inlet air is
cooled.

The combination of the air and the fuel in the diesel en-
gine leads to an expansion due to the heat generated by com-
bustion and produces power, and is mixed with the exhaust
gases from the high-pressure turbine at the low-pressure
turbine inlet and enters into the split-shaft low-pressure
turbine and released to the atmosphere after expanding
and producing power. The airflow completed by the low-
pressure turbine is described as an open gas turbine cycle
of the system in the literature [13]. In the present study, the
thermodynamic model of the introduced system was deve-
loped based on thermodynamic air standard assumptions. It
was assumed that the modeled diesel engine was adiabatic,
and the cycle was an ideal diesel cycle. It was accepted that
irreversibility in the gas turbine and the gas generator ori-
ginated from compressors, turbines, combustion chamber,
the mixture of air currents, pre-cooled and inter-cooled heat
exchangers and recuperators. In gas turbine power units, it
was reported in the literature that cooling the compressor



intake air, especially in hot climate conditions, improved
power generation. In the introduced system, quantitative
and qualitative thermodynamic calculations were conduc-
ted to determine the effects of cooling the compressor in-
take air on system performance. Different techniques have
been used in compressor intake air cooling. In the present
study, it was considered to use an indirect evaporative air
cooler. The aim of this study did not include investigating
the effects of indirect evaporation air cooler performance
on the introduced system. In the introduced system, the
compressor and turbine connected to the diesel engine
were not connected to the same shaft. Thus, the pressure
of the supercharged air required by the diesel engine could
be supplied directly from the low-pressure compressor. In
the combined power system, the operating pressure of the
diesel engine under supercharged conditions that corres-
ponded to the values where the engine operated based on
the turbocharged values was considered.

Thermodynamic Model

The ideal and irreversible processes of the combined
cycle based on the station numbers indicated in the com-
bined system installation scheme are presented in Fig. 1
and the introduced combine system cycle is presented in
P-V and h-s diagrams in Fig. 2. The common cycle for
the low- pressure turbine associated with the gas gene-
rator was a typical Joule-Brayton cycle. In the proposed
model of the combined power system with and without
air cooling at the compressor inlet, the volumetric flow
of air that passes through the system remains constant.
The effects of air cooling in the compressor inlet on the
combined system performance were also discussed. The
cycles formed by the stations that defined the processes
in the combined cycle under ideal operating conditions
are (a-b-c-d) and (1-2s-3-4s-5-d-6s-6m-7s).

Combined cycle
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Figure 2. Combined power system P-v and h-s diagrams

The cycle formed by the processes defined by irrever-
sibility is (1-2-3-4-5-d-6-6m-7). The compressor inlet air
cooling cycle varies (oc-2¢-3-4-5-d-6-6m-7).

The properties of the diesel engine used in the system
were obtained from the values of the diesel engine used as
the main propulsion engine in the RO-RO cargo ship na-
med M/V ASSTAR TRABZON. The diesel engine was a
12-cylinder, four-stroke, V type engine with a nominal po-
wer of 2935 kW and a cylinder diameter 320 mm and a stro-
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ke length of 420 mm [21]. In the present study, the volumet-
ric compression ratio was selected as 8, the fuel cut-off ratio
was selected as 2 and the rotation speed was selected as 600
rpm.The temperature and pressure values at the diesel cycle
process stations and the cycle equations are given based on
the compression and fuel cut-off rates are presented below:

Volumetric compression rate and fuel cut-off ratio

@

Temperature and pressure for isentropic compression
are defined as below

T,=r"'T,, B,=r'P, @)

Temperature and pressure at the end of the constant

pressure heating

T=rn"'T,. R=F 3)

Temperature and pressure at the end of the isentropic
expansion process

T,=r'T,, B=rP, @)
Mean effective pressure P,
Pt [k =1) = (e -1)]
mean = (5)

(=1 1)
The thermal efficiency of the diesel cycle was calcula-
ted with Eq. (6) [13].

AN RN
M =1- Py G) F 1

Effective power equations for low and high-pressure

©)

compressors are given

’ . . 3-4
me, (B=T) b (’"‘ ’”‘““*’m)cp (., -T,)

Murc

W ipc =

(7)

Mirc

Effective power equations for low and high-pressure
turbines are given below:

W pr = [m— n-1d,mrbn]C276 (T; -T )UHPT,
®)

. e
W Lpr =mcp'" 7(T

6m

-7 )77LPT

The pressure loss in the combustion chamber is desc-
ribed with AP and the inlet pressure for the high- pressure
turbine is defined in Eq. (9).

Py=R(l1-¢)) )

&, depicts the pressure loss percentage in Eq. (9)and

varies between %4 and 6. The exhaust gas pressure for the
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pressure loss in low-pressure turbine exhaust is defined be-

low and ., depicts the exhaust gas expansion loss coeffici-

ent and varies between 1.2 and 1.4.

P, exhaust :l//cxppatm (10)

The calculations were conducted with the assumption
that air exhaust pressure in the low-pressure turbine was
F, =P, - The mass flow of the air that passes through the
low pressure compressor under atmospheric conditions was
accepted as m and the atmospheric conditions were accep-
ted as ideal and the z is calculated with Eq. (11), the dimen-
sionless energy equation for the gas generator. The defined z
is a significant parameter that determines the high effici-
ency operating range of the designed cycle.

(z—UOép@_Q%‘]nmv=(Z’”(@”T*”+z(@”T*” (1)

HPT 77HPK 77LPLK

The dimensionless magnitudes in the equation above
can be written as follows:

High-pressure turbine exponential pressure ratio @, ;

=]

T, (Ps)*
Bupr = == [TSJ 12)
I (K
Low-pressure compressor pressure ratio 7, —and high-
pressure compressor pressure ratio r,
b A
i =5 rkz 5 (13)
P })1 P })2
Compressor unit pressure ratio:
A L o
r, =—, ¢ =—==\r k s
Pk Pl LpC TI ( Pr1 )
(14)

k-1

T k-1
Burc = f = (rp“) " O = bupcPure

3

The ratio of the highest cycle temperature to atmosp-
heric air temperature:

¢/< = (15)

e

The ratio of specific temperatures at dimensionless
constant pressure:

Cp _ cp,Turb[ne (16)
c

p,Compressor

Theoretical volumetric air flow rate Vo and theo-

retical mass flow rate mauw in the diesel cycle:

V ainger =Veylinder| - LY s = B ot 17)
2 {60 RT,

3

The ratio of theoretical mass airflow in the system 7,

to the supercharged air mass flow in the diesel cycle, 74um

is defined as z. z and theoretical air mass flow Vs in the
system are given below,

m : mRT
z== sV sstem = ——22 (18)
Md turbo atm

The intake air temperature in the compressor inlet air

cooling is calculated with T, =xT,,, this equation. Where x
is the ratio of the intake air cooling temperature to the at-
mospheric air temperature and could vary between 0.85 and
0.99 and could be applied technologically. Volumetric flow
air inlet temperature in the system remains constant with or
without cooling; thus, the mass flow of the air in the pre-

cooled cycle can be calculated with the following equation:

atm

RT

oc

4 system
Moc =— ———

19)
The following equation could be written for the mass
air flows in pre-cooled and without pre-cooled cycles:

M = (20)
x
The changes in average specific temperatures of the air
in isentropic compression and expansion in pre-cooled and
without pre-cooled cycles are negligible. The thermal effici-
ency of the cycle can be written as follows:

n= W a.urbo+ W rpr

: : ()
Qd,[urbo + ans
where,
Qd,mrhn = Md uurbo C[;c (Tc - 7;)3 22)

Wd,lurbn = nQd,ruyba and ans = MC;74(715 —TA)

The thermal efficiency of the cycle with compressor
intake air cooling was calculated with the equation below;

W a o+ W
Mo =| — (23)

Qturto ™ Qs

The equations used in the air pre-cooling operation
are similar to the equations used with the cycles without air
pre-cooling and the cooling effects of the atmospheric air
were included in these equations.
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M = (24')

(m— md,turbo)cﬁsTs —(m— md,turbojcp“ T.+Qy o

W a turbo+ W LPT 0c

m =

o (ﬁm— rﬁd.mm + m ygas.oc j c psTS - (’har'_ Vhd.turlw j [ TY + Q 4 turbo
(25)
The mass fuel flow in the diesel engine and the gas
turbine was determined with the following equations. LHV
depicts the thermal value of the fuel.

Qd,!urbu
LHV —c, T;

— Qd,turbo
LHV —c, T.

c

myd./urho Yaas = (26)

Total fuel consumption in the combined system was
calculated with the equation below:

27)

my = Md urbo+ my,,

Where v depicts the ratio of the mass flow rate of the

fuel utilized in the turbine combustion chamber to total fuel
consumption mass flow rate and calculated with the follo-
wing equation:

my,..

— (28)

my

‘//:

The fuel consumption remains the same in fuel calcu-
lation for the cycle with pre-cooling. The following equation
was used to determine the ratio of the system air mass flow
rate to the total system fuel consumption:

H=—, ﬂ:f (29)

my m

Since the mass airflow rate remains the same in the
diesel cycle in the combined cycle, the fuel mass flow rate
in the diesel cycle would also remain constant. In the diesel
cycle, the air compression pressure may be high; however,
the baseline compression temperature is reduced to the
atmospheric pressure through the intercooler. In the theo-
retical cycle, the highest cycle temperature depends on the
volumetric compression ratio of the cycle and the fuel cut-
off rate and is directly proportional to the inlet temperature.

0, 0
m.Vd Jturbo = Lo > m«"gm,m» = e (30)
LHV —c, T LHV —c, T,
Ppe” € Pas
myoc = my(l.lurbo,az +m Ygas.oc 9
(31)

My, g = (myd,m/m — My, recup j 100/ My e

Exergy Analysis

The second law analysis in thermodynamics is a power-
ful tool in the optimization of complex power systems.
Exergy, also known as usability, is the portion of energy
that could be utilized. In the present study, the exergy
of air at each system unit inlet was calculated with the
following equation [13]:

T, P
e=c,(T; TO)T{cpln{inln(P:J:l

In the Brayton-diesel combined power system, where
the intake air is cooled and shown in Fig. 1, the mass, energy,

(32)

and exergy balance equations for each system component
are presented in Table 1. In exergy calculations, the tempe-
rature was accepted as 25°C and the pressure was accepted
as 1 atm for the dead state condition.

Since the temperatures remain constant in decompo-
sition, pressure losses lead to irreversibility. The second law
of thermodynamics efficiency equations for the pre-cooled
and without pre-cooled systems is given in Eq. (33) and Eq.
(34). The second law of thermodynamics efficiency for the
recuperator system is given in Eq. (35).

My =
Wytl.lwfm + WLPT

Eo,,, +me+Eo, + (m— M urbo+ My,gas ) e+ (md urbo+ My diesel ) €

(33)

Mt oe =
W syn+ W et

Eo,,, tmoe +Eo, + (moc7 M urbo + My, gas,, )es + [Wld.mrbo+ My diesel,, J%

(34)

Wy + WLPT

d urbo

My = (35)

recup

Eo, .. +tEo,+ (m— Md urbo+ M y,gmjeS

The second law efficiency of the cycle with pre-cooling
and recuperator is given below:

W}'d,/m-/m + WLPT,oc

pre-cooling

EQd,zwho + EQCh + (m— Md urbo+ my,gas]es +Eop

(36)
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Table 1. Mass, energy and exergy equations for system components

Low-pressure Compressor

=m> (37
1 . . .
mi 1’11 +Wirc =m2 hz (38)
| B .
1 me +e  =me,+E 39
Wo ) AT, TR T ©9
High-pressure Compressor -
9P P - (40)
3 . . .
ms hy + W upc =ma 41
= . . .
- mse, +e =mse, + Ed . (42)
We 4 W e
High-pressure Turbine
=me (43)
rﬁs h5 :’7.16 h6 + WHPT (44)
WT ms es =me e; + eWHPT Ed, (45)
Low-pressure Turbine . .
me =m7 (46)
rhs h6 =Ih7 h7 + WLPT (47)
wT mee ¢=m e, +e A B, (48)
Combustion chamber ma =ms (49)
Q¢ mahy +Q,, =ms by (50)
4 5 . . .
4’@’ mie, +e, =mses+Ea,, (51
Diesel engine
{}QHeat
[C_mn_bu_suo:u_ Expansxoﬁ )
=i —me (52)
ol
Iz:cmq;n‘essx] === ns b + =moh +W 53)
[f [RESMER ms by + O, =M h D (
34 ¥d . . .
g llEe—dp mie; +e, =msete, +Ea, (54)
WD
>
Combined
: M +Mgas—Mp = Mgas (55)
: 6 | Pgas Mgiesel - : :
Mool < mp hy, + (mg —mp )hw =g (56)
dy . . . .
6m Mmp ey, +| Mgus—Mp |€y, =Mgus €, + Ed,y, (57)
Mgas
Seperation ) ) ) .
. Mgas =Mp+Mgas—Mp (58)
Mgas Miesel ) ) ) )
M gag 3HPT Mgas Ry, =(mga:_ijhHFT +mp h, (59)
— ]
> 3diesel , ) ,
; Mgas €, =| Mgas—MbD |€,,, +Mp €, (60)
0,
diesel
Indirect evaporative cooler for the intake air cooling " =M (61)
Q .
: A Bre-oc miby =l o 40, . (62)
x=0.9 |Pre-cooler mie =moe€_, +e +Eipreo (63)
Inter cooler M =M3ineoc (64)
A Qprec m> hy = Miinioe Ly +Q3Ainlfac (65)
2 Inter cooler
"=1 M2 €y =Msint—oc €40 oo T€o  + Eay, .. (66)
Intake air cooling operated fort he inter cooler P 67)
A QPre -0C . .
oc My = Miocin—oc . +0, 68
Pre.2o i Im;moler = Maoe My = Mocini-oc Moo ge + Qinicae (68)
g )
""19 Maoc €3, = Miocin-oc €y o + €0+ Edyy (69)




RESULTS AND DISCUSSION

The power generated in the combined system and the inc-
rease in the compressor unit pressure affect the power ge-
nerated in the low-pressure turbine. The compressor unit
was therefore considered as two stages. However, since
the low-pressure compressor pressure, r,,, was limited
by the limit values under the supercharged conditions of
the diesel cycle, the performance of the combined system
was scrutinized based on the changes in this parameter.

The limit power values that could be obtained in the
combined system in the r, , increases based on the selected
r,, values are presented in Fig. 3.
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Figure 3. The change in the combined power system in various r,
values based on power and low-pressure compressor r,,, pressure ratio.

The power generated in the combined system is di-
rectly associated with the mass flow rate of the air circu-
lating in the system. Therefore, the power generated in the
combines system is based on the design of the gas turbine
group in addition to the power of the selected diesel engi-
ne. In the present study, the turbocharged diesel unit (low-
pressure compressor and low-pressure turbine) operating
with a split shaft, and a high-pressure turbine group (gas
generator) that drives the compressors were modeled as
a combined system. As seen in Fig. 3, the decrease in the
combined system pressure (P3/PI) leads to a decrease in the
generated power, which is directly associated with the mass
flow of the air circulating in the system and decreases at
this value. However, the supercharged operating conditions
of the diesel engine determine a low-pressure compressor
ratior,,, for each T value. It is possible to observe the per-
formance of the intake-air-cooled combined systems based
on the cooling efficiency parameter x in the same figures.
Here, the magnitude and significance of the effect of inta-
ke-air cooling on power generation could be observed. For
T = 3.5, the increase in power increase was about 15%. The
difficulty of the implementation of x=0.8 value determined
in the present study is obvious.

Asseen in Fig. 4, the thermal efficiency of the combined
system also reached a maximum value based on the pressu-
re ratio of the low-pressure compressor in the intake air coo-
led combined system too. In contrast, the thermal efficiency
of the inlet air-cooled composite system decreased as the
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low pressure compressor pressure ratio Foa increased. Simi-
larly, the lower the pressure ratio of the compressor unit the
lower the thermal efficiency of the combined system. Based
on the same figures, it was determined that the use of a re-
cuperator increased the thermal efficiency in the combined
cycle with a recuperator and with and without intake-air
cooling; however, it did not effect on the thermal efficiency
when the compressor unit pressure was lower than a certain
value (rpk:7).
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Figure 4. The variations in the combined power system based on
thermal efficiency in various r, values and low-pressure compressorr,,,
, pressure ratio.

0.50 T T T T 0.50 T LI B
4 [N rpk=12  _]
0.45 [ P! ]
g 0.40 (@ —
= 1 =035 - —
IS5 = + 4
1 0.30 — —
0 | @ 1 1 025 - O xeo9 g
O x=09 F R
ecuparator x=1
0.20 ——— Recuparator x=1 q 0.20 — 1
. — Recuparator x=0.9 [~ —  Recuparator x=0.9
015 . h i . P N N A P
2.0 2.5 3.0 3.5 4.0 45 20 25 30 35 40 45 50
Pkt it

Figure 5. The variations in the combined power system based on
exergy efficiency in various T values and low-pressure compressor T
pressure ratio.

In Fig. 5, the low-pressure compressor also decreased
with the increase in pressure ratio 70 the proposed mo-
del introduced in the second law efficiency of the combined
system. The change in the total fuel consumption mass flow
rate in the combined system based on r,,, is presented in
Fig. 6. The total fuel mass flow rate is presented in Fig. 6 for
r,; values of 9 and 12 where it was higher for each r , value
when compared to other proposed models with intake air
cooling. Similar variations were identified for other comp-
ressor pressure ratios as well.
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Figure 6. The variations in - with fuel mass flow for r’)k:9 and rpk:12
in combined power system
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The increase in generated power with the increase in
fuel/air ratio /8 for eachr, value in the combined system is

presented in Fig. 7.
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Figure 7. The variations in fuel/air ratio B for various T values in the
combined power system

The variations in thermal efficiency for various r,, va-
lues in the air pre-cooled and without pre-cooled combined
power systems based on the air-fuel ratio are presented in
Fig. 8.
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Figure 8. The variations in thermal efficiency for various r,, values in
the combined power systems based on the air-fuel ratio

In Fig. 9, it was observed that the low-pressure comp-
ressor increased with the increase in the pressure ratio # in
the operating modes introduced in the second law efficiency
of the combined system.
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Figure 9. The changes in exergy efficiency and air/fuel ratio in the
combined power system for various 4 values

The variations in average effective pressure with r, , in
the diesel engine are presented in Fig. 10. Based on the figu-
re, the power was directly proportional to the supercharging
pressure. The changes in the ratio of the fuel mass flow rate
in the turbine combustion chamber to the total fuel con-
sumption mass flow rate based on T Are presented in Fig.
11. The review of Fig. 12 demonstrated that recuperator use
was beneficial for fuel efficiency in all proposed models.
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Figure 10. The variations in average effective pressure with r,, in the
diesel engine

L0 L0 prr
E ] E _ [
09 = rpy=9 . E 09 = rpg=12 go—:
08 = -5 s — 08 [~ 6=5 ¢
0.7 o ® — 0.7 —
E o 4 3 r ]
=06 oe — > 06 — —
F oe B F ]
05— oo - 0.5 — —
L © 4 C ]
04, ® 1 0.4 '—02 B
03 fo O x=09 03 3;. O x=09 ]
1Y J) SRS AV A AN P Bl oyl IV IR PO I
20 25 30 35 40 45 20 25 3.0 35 40 45 50
Ipky pky

Figure 11. The ratio of the mass flow rate of the fuel used in the turbine
combustion chamber to the mass flow rate of the total fuel consumption,
change according to r,,,
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CONCLUSION

In the introduced combined cycle, it was demonstrated
that the inlet air was an effective solution to meet the
peak power requirements in hot climate conditions.It
was also demonstrated that the air pressure required for
the supercharge operation in the diesel engine could be
supplied by a compressor unit. The first of the compres-
sor groups utilized in the combined cycle was the low-
pressure compressor and it was demonstrated that the
use of the diesel exhaust mixture of the gas generator
energy waste in the low-pressure turbine increased the
power generated by the combined system when the pres-
sure rate is selected to prevent the combustion in diesel
engine supercharge conditions. It was observed that the
generated power increased under the highest pressure
and atmospheric pressure conditions used in the cycle at
higher . values; however, the limit values of the genera-
ted power reached the optimum value under the diesel
engine supercharged combustion conditions that limited



T, Pressure ratio. In contrast, the efficiency of the com-
bined cycle decreased with an increaseinr .

The second law efficiency of the combined system
exhibited a decrease with the increase in the low-pressure
compressor pressure ratio. The increase in 7, led to superc-
harge in the diesel cycle, hence to an increase in irreversibi-
lity, increasing the exergy destruction in the high-pressure
compressor, combustion chamber, exhaust gas mixture,
and low-pressure turbine, leading to a decrease in the se-
cond law efficiency of the combined cycle.

It was observed that the compressor intake-aircooling
increased power generation in the combined power system
with compressor inlet air cooling, and it increased the se-
cond law efficiency, although it had no significant impact on
the first law efficiency.

In cycle models with a recuperator, the improvements
in the first and second law efficiencieswere significant and
the recuperator application criterion was dependent on the
r,.- The maximum average effective pressure achievable in
the diesel engine is around 2500 kPa.The amount of fuel
consumed in the gas turbine combustion chamber in the
pre-cooled combined cycle was approximately 10% higher
when compared in the without pre-cooled combined cycle.

The use of a recuperator in the combined cycle could
provide increased fuel saving based on the 7, values in the
combined system. Furthermore, the fuel-saving in the pre-
cooled cycle was at the lowest values.

SYMBOLS

<, Specific heat at constant pressure[k]/kgK]

c, Spesific heat at constant volume [k]/kgK]

exp Expantion

i Mass of flow rate[kg/s]

R Gas constant for air [k]/kgK]

r, Pressure ratio

T Temperature[K]

P Pressure[Pa]

W Power [kW]

n Efficiency[%]

0 The ratio for the turbine inlet temperature to
the athmosperic air temperature

€, Pressure loss in percentage

Y Expantion coefficient for exhaust gas

X The ratio for the cooling air temperature to the

athmospheric air temperature
ABK
YBK

Low-pressure compressor
High-pressure compressor

HPT High-pressure turbine
LPT Low- pressure turbine
atm Atmospher

D Diesel

Int Inter

k The ratio of the specific heats
oc Cold air

recup  Recuparator

turbo  Turbocharge

y Fuel

Cb Combustion chamber
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