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1. Introduction 
 

In power plants, in order to achieve a convenient 

and improvement chemical control in a boiler of cycle sys-

tem [1-4], some implementation processes are required in 

different parts of the boiler: pressure of dilution in the boiler 

[5-6] and the density of liquid [7] in the whole cycle system. 

This indicates that if any problem appears in any segments, 

whatever the conditions for the rest of the cycle system, the 

complete system will not work properly. It is known that one 

of the most important and vulnerable part of power plants is 

the boiler which owns the function to convert chemical en-

ergy of fuel into heat energy and transfer the achieved en-

ergy into the working fluid. For this purpose, the well con-

trolling of the boiler has a great importance in preventing 

scale formation on heat transfer surfaces and corrosion in 

equipment thermal cycle system. Some chemical control 

methods can be viewed in [8-12]: AVT: ALL Volatile treat-

ment, NWT: Neutral water treatment, CWT: Combined wa-

ter treatment, Water Quality Control, Executive control ac-

tions from (AVT) to (CWT) in the combined cycle power 

plant 

The use of combined water treatment or multiple 

mixture fluid is one of the most important progresses of 

combined cycle systems. As for an operating fluid, we apply 

the organic fluid such as the ammonia-water and the lith-

ium-bromide. Combined cycle which employs binary mix-

ture fluids has better capacity for electricity generation by 

low temperature sources [13-15]. It has been determined 

that among cycles with binary mixture fluids, Lorenz cycle 

maintains the most effective performance in temperature 

with fixed range [16] and the performance is due to the in-

constant boiling and condensation of binary fluids. After se-

lecting the appropriate dilution by the above mentioned 

methods, it should be noted that the soluble should be en-

tered into the boiler with a suitable pressure and the exact 

concentration of fluid of the cycle. The performance and de-

struction exergy percentage of cycle will be improved by 

proper selections of pressure and fluid. 

Ammonia water combined cycle is studied in terms 

of Exergy and the mentioned cycle evaluated through latent 

heat is modeled by fluid extraction properties [17-18]. Col-

onna et al. [19] conducted a research on a combined cycle 

which employs a gas cycle and an internal combustion en-

gine to provide the required energy in the absorption refrig-

eration cycle. This cycle can generates power and cooling, 

independently. Zare et al. [20] used the wasted heat in am-

monia-water combined cycle to achieve the first and the sec-

ond law efficiency of this cycle, respectively. By examining 

the benefits of ammonia water which was taken as the fluid 

in the combined cycle power plant, Dejfors et al. [21] 

achieved greater efficiency compared with the Rankine cy-

cle. Goswami et al. [22] examined the parametric effects on 

Rankine power generation combined cycle and made a com-

prehensive comparison with the ammonia absorption cycle. 

Zhang Zhi et al. [23] analyzed the influence of inlet temper-

atures of both heat resource and cooling water on system 

efficiencies based on the first law and the second law of 

thermodynamics. The results indicated that the indices of 

the power recovery efficiency and the exergy efficiency of 

KC were 18.2% and 41.9% respectively, while the compo-

site power recovery efficiency and the composite exergy ef-

ficiency of AWRC were respectively 21.1% and 43.0%. 

G.R. Ahmadi and D. Toghrai [24] investigated the steam cy-

cle of a power Plant with an individual unit capacity of 

200 MW by using mass, energy, and exergy balance equa-

tions with the EES software. The results showed that the 

biggest source for wasting energy was the condenser by 

69.8% while the biggest source for exergy lost was the 

boiler by 85.66% of the total. 

In this paper, the energy-exergy analysis is con-

ducted on the combined cycle and also on Rankine cycle for 

a better verification. It should be mentioned that the binary 

mixture is taken as ammonia-water. The EES software is 

utilized for performing analyses. Effective parameters on 

the thermodynamic performance are investigated through 

energy and exergy destruction, enthalpy temperature, 

yields, velocity, etc. The main purpose of this paper is to 
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show the effects of ammonia-water dilution on pressure in 

the boiler and its density on ammonia-water combined cy-

cle. The results show that generated net power increases 

with the increasing of the ammonia-water dilution pressure 

in the boiler until pressure range belong to [169.3-180] bar 

and after that, it starts to decrease. In addition, the increased 

ammonia-water dilution pressure will lead to the reduction 

of boiler exergy destruction and total exergy destruction as 

well. It also results in an increment in exergy performance 

coefficient (EPC).  

 

 

2. Methodology 

 

The ammonia-water combined cycle as shown in 

Fig. 1 and the Rankin cycle as shown in Fig. 2 are examined. 

Energy exergy analysis is conducted in both cycles. The re-

search on the Rankine cycle is taken for the purpose of com-

parisons. It should be noted that the indexes of equations are 

chosen from the notations in Figs. 1 and 2. In order to ana-

lyze the thermal cycles, equations should be written sepa-

rately for each component. Then, these equations can be 

solved together in a system with the temperature, pressure, 

and flow at every point. 

 

 

Fig. 1 Schematic diagram of ammonia-water cycle 

 

 

Fig. 2 Schematic diagram of Rankine cycle 

 

In general, the energy equation is assumed to be the 

volume control for each component which can be written as 

follows: 

ii e ehn h .Q W n    (1) 

Exergy balance equation for each component is 

shown as follows: 

01 ,in i out D

i

T
E Q E W E

T

 
     

 
  (2) 

where E is the total exergy at each point, which is the sum-

mation of physical and chemical energies of components of 

each considered point. 

Physical exergy of a thermodynamic system is con-

sisted of the mechanical and the thermal exergy. The Me-

chanical exergy is the function of the pressure in the ther-

modynamic system while the thermal exergy is the function 

of the temperature in the thermodynamic system. Then, the 

physical exergy can be demonstrated in the following 

Eq. (3): 

    0 0 0

.
ph

iE x n h h T s s . 
 

     (3) 
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The Chemical exergy is equal to the maximum of 

produced work while chemical species of the thermody-

namic system can be mixed and made using a chemical re-

action with the species which are available in the environ-

ment. These chemical reactions produce extra amount of 

work which is the chemical exergy of the system. Chemical 

exergy is calculated by the following Eq. (4): 

  0 ,
.

ch ch

i i i i i

i i

E x n x ex lR x xnT    (4) 

where ch

iex  is the special chemical exergy for each of the 

created component in the considered system and xi is the 

mole fraction of each component in the thermodynamic sys-

tem. The total exergy of system is achieved as follows: 

. . .
tot ph ch

E x E x E x .   (5) 

3. The main exergy destruction mechanisms and  

production of entropy and enthalpy  

 

3.1. Main mechanisms 

 

3.1.1. Heat transfer  

 

Heat transfer is raised to reduce the capability of 

the working cycle. Since no reports have been made be-

tween the body with the higher temperature and the lower 

temperature, it is important to minimize the temperature var-

iations between the heat exchangers resources in order to 

minimize the return-invariance of heat transfer. 

 

3.1.2. Integration 

 

Integration is an irreversible process that is raised 

to reduce the ability of work. Integration is inevitable in 

many processes such as the combustion [25]. 

 

3.1.3. Friction 

 

The fluid friction is similar to the mechanical fric-

tion. The internal friction in the thermodynamic system may 

waste some of the energy and may prevent it to useful work 

[26]. 

 

3.1.4. Strangulation 

 

In the strangulation process, fluid with higher pres-

sure is converted into the working fluid with lower pressure. 

No work has been done and heat is not transferred during 

the process. Strangulation process is an irreversible process 

and it has the ability to reduce work [27]. 

 

3.2. Enthalpy and entropy of different components 

 

The fluid of combined cycles is composed of vari-

ous components. Therefore, enthalpy and entropy should be 

calculated by separated equations for each of point. En-

thalpy of each point can be obtained from the following 

equation: 

ii

i

h hx , (6) 

where xi is the mole fraction of components andℎ̅𝑖is the mole 

specific enthalpy of components of each point. The relevant 

equations for each of the components can be found in the 

next subsection. 

 

3.2.1. Compressor 

 

The task of the compressor is compressing, raising 

air pressure and inletting fuel into the cycle. The compli-

mentary isentropic efficiency of the compressor, the speci-

fied temperature, and the inlet pressure to the turbine, can 

be modeled by the following equation to simulate the tem-

perature and pressure into the output compressor [28]: 

4

1

c

P
PR .

P
  (7) 

And, by using the following Eq. (8), we can calcu-

late the optimal intermediate pressure of low compressor: 

2 1 4P PP .  (8) 

In the low-pressure compressor, the temperature 

and pressure at the outlet low-pressure compressor can be 

calculated by using the given temperature and pressure at 

the inlet compressor, as follows: 

1 2ss s ; (9) 

1 2
1

1 2

s
c

h h
.

h h






 (10) 

Power requirements of low-pressure compressor 

are achieved by using the energy balance equation for the 

low-pressure compressor, as follows: 

2 2 11 1c hW n hn  , (11) 

also, exergy destruction in low-pressure compressor is ob-

tained by the exergy balance: 

11 1 2

. . . .

cD,compE x E x W E x   . (12) 

The same process will be conducted for the high-

pressure compressor. And then the following relations can 

be obtained: 

3 4ss s ; (13) 

3 4
2

3 4

s
c

h h

h h






; (14) 

4 4 32 3c hW n n h .   (15) 

Exergy destruction in high-pressure compressor is 

equal to: 

22 3 4

. . . .

cD,compE x E x W E x   . (16) 
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3.2.2. Intercooler (IC) 

 

The coefficient effect and conservation energy 

equations for the intercooler are needed [29] to analyze the 

intercooler and it can be given as follows: 

2 3

2 9

act min
IC

max min max

q C T T T

q C T T T






  


, (17) 

where qact is the transferred heat from each of the fluids; qmax 

is the possible highest transferred heat in the thermal ex-

changer; C is the heat capacity of the flow, and  is the de-

sign parameters. 

   10 9 2 3w ah h h hn n   . (18) 

The destruction exergy is obtained by the exergy 

balance for intercooler: 

2 9 3 10

. . . . .

D,ICE x E x E x E x E x    . (19) 

3.2.3. Recuperator 

 

Similar to the intercooler, the coefficient effect 

and conservation energy equations are also needed for 

analysis which can be written as follows [30]: 

5 4

7 4

act min
REC

max min max

q C T T T

q C T T T






  


; (20) 

    7 8 5 4a f ah hn n n h h    . (21) 

Destruction exergy in the recuperator is written as 

follow: 

4 7 5 8D,RECE x E x E x E x E x    . (22) 

3.2.4. Combustion chamber  

Firstly, in order to analyze the combustion cham-

ber, it is necessary to write the combustion equation for the 

chamber [31]: 

  2 2

2 2

2 2

4

2 2

2 2

2 2

0 7748 0 2059
 

0 0003 0 019

1
N O

CO H O

. N . O
a CH

. CO . H O

x N x O
a .

x CO x H O

  
  

  

  
   

   

 (23) 

The mole fractions of nitrogen, oxygen, carbon di-

oxide, and water vapor can be obtained by the following 

equations, respectively: 

2

0 7748

1
N

.
x

a



; (24) 

2

0 2059 2

1
O

. a
x

a





; (25) 

2

0 0003

1
CO

. a
x

a





; (26) 

2

0 019 2

1
H O

. a
x

a





, (27) 

where {a} is the mole ratio of air to fuel which can be ob-

tained by the following equation: 

f

a

n
a

n
 , (28) 

where 
an  and 

fn  are defined as follows:  

a
a

a

m
n

M
 ; (29) 

f

f

f

m
n

M
 . (30) 

From Eqs. (29) and (30), Eq. (28) can be recast as 

follows: 

1
p

a

n
a .

n
   (31) 

Energy conservation equation for the combustion 

chamber [32] can be written as follow: 

 1p f p ra a Qh h h    , (32) 

where Qr  is the total amount of wasted heat from the com-

bustion chamber which can be defined by the following 

equation:  

4
0 02r CHQ . a.LHV , (33) 

also, the relationship between the parameters {a} and mass 

flow of air and fuel is given in Eq. (34):  

f

f a

a

M
m a m

M

 
  

 
. (34) 

Exergy destruction occurs in the combustion 

chamber is calculated by: 

5 11 6

. . . .

D,combE x E x E x E x   . (35) 

3.2.5. Turbine 

 

Suppose that the temperature and the pressure are 

given in advance, as a result, the enthalpy of inlet flow to 

the turbine and outlet pressure turbine can be determined 

correspondingly. The temperature and enthalpy in turbine 

exhaust [33-34], and turbine pressure ratio are obtained by 

using the following equations: 

6 7ss s ; (36) 

6 7

6 7

T

s

h h

h h






; (37) 
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6

7

T

P
PR

P
 . (38) 

Exergy destruction in turbine and turbine output 

power is obtained by using the energy conservation and ex-

ergy equations: 

  6 7GT a fW n h hn   ; (39) 

6 7

. . . .

GTD,GTE x E x E x W   . (40) 

The amounts of air and fuel mass flow entered to 

the cycle are achieved by using the following equation in 

combination with equations of combustion chamber: 

      6 7 2 1 4 3a f a a neth h h h h hn n n n W       . (41) 

3.2.6. Boilers 

 

The inlet and output temperature of gas in the 

boiler, the temperature variation between the inlet gas to the 

boiler and outlet water ammonia solution of the boiler are 

clear. As a result, the amount of mass flow of water ammo-

nia solution is calculated by using the energy equation in the 

boiler, as follows: 

    
3 218 8 12 17a f NH H Oh hn n m h h    . (42) 

Destruction exergy in the boiler is also calculated 

from the following equation:   

8 17 12 18

. . . . .

D,boilerE x E x E x E x E x    . (43) 

3.2.7. Pump 

 

The output enthalpy of the pump is calculated by 

using the following equation: 

 15 16 15

16 15

p

v P P
h h




  . (44) 

The right side of Eq. (44) reveals the special work 

that is necessary for the pump. The destruction exergy at the 

pump is calculated as follows: 

 3 215 16 16 15

. . . .

NH H OD,pumpE x E x E x m h h    . (45) 

3.2.8. Heat exchanger 

 

Analyze of heat exchanger is similar to recuperator 

which requires the effect coefficient and energy conserva-

tion equations, can be written as follows: 

13 14

13 16

act min
HX

max min max

q C T T T

q C T T T






  


; (46) 

13 14 17 16h h h h   . (47) 

The destruction exergy in the heat exchanger is as 

follows: 

13 16 14 17

. . . . .

D,HXE x E x E x E x E x    . (48) 

Cooling water is used to keep the input ammonia 

water cold. By determining the mass flow, temperature and 

pressure of water which entered the condenser, outlet en-

thalpy, and destruction energy of the condenser are obtained 

by the following energy and exergy conservation equations:  

   3 219 20 19 14 15

. .

NH H Om h h m h h   ; (49) 

19 14 15 20

. . . . .

D,condEx Ex Ex Ex Ex    . (50) 

Produced power into the cycle is obtained as fol-

lows:  

   3 2 3 2 3 212 13 16 15

.

NH H O NH H O NH H OW m h h m h h .     (51) 

The first and the second term on the right hand side 

of the Eq.(51) are the produced power of turbine and the 

consumable power of the pump, respectively. 

 

3.3. The overall analysis of cycle 

 

The thermodynamic efficiency of the gas turbine 

cycle is calculated as follows: 

.

net

th

f

W

m LHV
  . (52) 

As well as the overall efficiency of the combined 

cycle can be obtained from the following equation: 

3 2

. .

net NH H O

th,overall

f

W W

m LHV



 . (53) 

The produced power of the combined cycle includ-

ing the summation of produced power in the gas turbine cy-

cle and ammonia-water cycle is as follows: 

3 2

. . .

overall net NH H OW W W  . (54) 

The coefficient of exergy performance for the gas 

turbine cycle and combined cycle which are the ratio of pro-

duced power to exergy destruction are obtained by follow-

ing formula, respectively: 

, ,

.

net

D tot GT

W
EPC

Ex

 ; (55) 

3 2

3 2

. .

net NH H O

overall

D,tot ,GT D,tot ,NH H O

. .

W W
EPC

Ex Ex






. (56) 

Overall energy destruction in the cycle of gas tur-

bine and cycle of generating power of ammonia water are 

equal to: 
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1 2

;

D,tot ,GT D,tot ,comp D,tot ,comp D,tot ,GT

D,tot ,comb D,tot ,IC D

. . . .

. .

,tot ,REC

.

Ex Ex Ex Ex

Ex Ex Ex

   

   (57) 

3 2D,tot ,NH H O D,tot ,pump D,tot ,cond

D,tot ,Tur D

. .

,tot ,bo e

. .

r

.

il

Ex Ex Ex

E E .x x

  

   (58) 

4. Numerical results and discussions 
 

4.1. Energy and exergy analysis 
 

This section displays the results of the thermody-

namic analysis on gas turbine combined cycle with power 

generation and ammonia water combined cycle. This ther-

modynamic cycle simulation is experimented by the EES 

software. Temperature, pressure, mass flow rate, enthalpy, 

entropy, exergy and the mole composition of each of the cy-

cles are listed in the Tables 1and 2. 
 

Table 1 

Variables of cycle parts for fluids except ammonia-water 

Temperature, 

°C 

Pressure, 

kPa 

Mass, 

kg/s 

Enthalpy, 

kJ/kmol 

Entropy, 

kJ/kmol-K 

Exergy, 

MW 

 Mole fraction 

O2 N2 CO2 H2O Fluid type 

25 101.3 171 -4713 199.1 0 20.59 77.48 0.03 1.9 Gas 1 

168.3 320.3 171 -494.9 201.1 21.66 20.59 77.48 0.03 1.9 Gas 2 

53.67 313.9 171 -3872 192.4 16.96 20.59 77.48 0.03 1.9 Gas 3 

213.4 1013 171 875.7 194.4 41.55 20.59 77.48 0.03 1.9 Gas 4 

446.4 982.6 171 8006 206.7 62.47 20.59 77.48 0.03 1.9 Gas 5 

950 933.5 172.98 7514 226.3 135.6 16.11 75.91 2.059 5.92 Gas 6 

524.1 108.2 172.98 -6985 229.7 41.17 16.11 75.91 2.059 5.92 Gas 7 

304.1 105 172.98 -14000 219.7 16.65 16.11 75.91 2.059 5.92 Gas 8 

25 101.3 200 1889 6.61 0     Water 9 

49.09 101.3 200 3704 12.47 0.7727     Water 10 

25 1200 1.98 -189.3 -21.01 109.6     Methane 11 

110 102 172.98 -19889 207.5 2.896 16.11 75.91 2.059 5.92 Gas 18 
 

Table 2 

Variables of cycle parts for ammonia water 

Temperature, 

K 

Pressure, 

Bar 

Mass, 

kg/s 

Enthalpy, 

kJ/kmol 

Entropy, 

kJ/kmol-K 

Exergy, 

MW 

Ammonia water  

density, % 

Fluid type  

547.2 40 26.85 1945 5.319 18.02 95 Ammonia water 12 

449.3 12.86 26.85 1725 5.406 11.41 95 Ammonia water 13 

337.1 12.86 26.85 1251 4.151 8.73 95 Ammonia water 14 

308.2 12.86 26.85 129.4 0.579 7.218 95 Ammonia water 15 

309.1 40 26.85 134.7 0.5818 7.337 95 Ammonia water 16 

354.9 40 26.85 608.8 1.972 8.942 95 Ammonia water 17 
 

Preliminary results or the basic mode for the com-

bined cycle is displayed in Table 3. As can be seen that by 

adding the ammonia water power generation cycle into the 

whole system16.46% percent of power generated in the gas 

cycle turbine can be produced in the ammonia water combi-

ned cycle. It is also observed that by this combined cycle, 

the efficiency will be increased about 5.81% compared with 

the efficiency of gas turbines. Exergy destruction rate is dis-

played in Table 4 separately according to the output of com-

bined cycle. 
 

Table 3 

Preliminary results for ammonia water combined cycle 

35000 Pure power generation in Rankine cycle, kW 

5763 Pure power generation in power generation combined cycle, kW 

5905 Turbine produced power in ammonia water combined cycle 

142.3 Pump power consumption in ammonia water combined cycle 

0.02071 Molar ratio of fuel to inlet air 

35.29 Thermodynamic efficiency of gas turbine combined cycle, % 

41.1 Thermodynamic efficiency of combined cycle, % 

1.983 Mass flow of inlet fuel to the cycle, kg/s 

171 Mass flow of inlet air to the cycle, kg/s 

26.85 Mass flow of ammonia water in ammonia water combined cycle, kg/s 

0.6125 Exergy performance efficient of gas turbine cycle  

0.6334 Exergy performance efficient of combined cycle 

57150 Exergy destruction rate gas turbine cycle, kW 

7215 Exergy destruction rate of ammonia water cycle, kW 
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Table 4 

Exergy destruction rate 

Exergy destruction rate, MW Exergy destruction percentage, % Cycle components 

36.41 56.57 combustion chamber 

3.515 5.46 Low pressure compressor 

3.568 5.54 High-pressure compressors 

6.137 9.53 Gas turbines 

3.595 5.58 Recuperator 

3.924 6.09 Intercooler 

4.679 7.27 Boilers 

0.7322 1.137 Condenser 

1.078 1.67 Heat Exchanger 

0.7033 1.09 Turbine 

0.02236 0.034 Pumps 

 

As can be seen in Table 4, the combustion chamber 

due to the irreversible nature of combustion has highest de-

struction rate of exergy and the pump has the lowest per-

centage of destruction. After combustion chamber, gas tur-

bines and boilers are in next ranking. And also we can ob-

serve that the high and low-pressure compressors and recu-

perator have almost the same exergy destruction ratio. The 

exergy destruction ratio for each component is shown in 

Fig. 3. 

 

 

Fig. 3 Exergy destruction ratio for each component 

 

Table 5 

Variables of cycle parts for Rankine combined cycle 

Temperature, 

C 

Pressure, 

kPa 

Mass, 

kg/s 

Enthalpy, 

kJ/kmol 

Entropy, 

kJ/kmol-K 

Exergy, 

MW 

Fluid type  

274.1 1554 13.36 53624 122.4 12.77 Water 12 

69.09 30 13.36 43128 127.8 3.787 Water 13 

69.09 30 13.36 5210 17 0.165 Water 14 

69.23 1554 13.36 5243 17.02 0.1863 Water 15 

 

Table 6 

Preliminary results for Rankine combined cycle 

200 Evaporator temperature, °C 

7758 Pure power generation in Rankine cycle, kW 

7783 Turbine power generation in Rankine cycle, kW 

24.48 Pumping power in the Rankine cycle, kW 

35.29 Thermodynamic efficiency of gas turbine cycle, % 

43.11 Thermodynamic efficiency of gas turbine combined cycle and Rankine cycle, % 

13.36 Mass flow of steam in Rankine cycle, kg/s 

0.6775 Exergy performance factoring Gas Turbine Combined cycle and Rankine cycle 

6148 Exergy destruction rate of Rankine cycle, kW 
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If the Rankine cycle is used instead of the ammonia 

water power cycle, the results will be shown in Tables 5 and 

6. The inlet and outlet gas from the boiler for both ammonia 

water, and the Rankine cycle has been assumed to be the 

same. As it can be seen in the base case, the produced power 

generation in ammonia water combined cycle is less than 

the Rankine cycle. In certain temperature, pressure, and con-

ditions, the ammonia water cycle power generation water 

can be much higher than the maximum of power generation 

in the Rankine cycle. 

 

4.2. The results on the effect of ammonia-water dilution 

pressure in boiler on the combined cycle 

 

 

a 

 

b 

Fig. 4 The effects of ammonia-water dilution pressure in 

boiler on the thermodynamic performance of com-

bined cycle: a - the changes of ammonia-water dilu-

tion pressure to exergy performance coefficient and 

overall thermal efficiency; b - the changes of ammo-

nia-water dilution pressure to destruction exergy of 

ammonia water combined cycle and overall pure pro-

duced power 

 

It is obvious that by increasing the ammonia-water 

dilution pressure in the boiler, the net power generation of 

ammonia water combined cycle will be increased. This 

trend continues until pressure range[169.3 − 180]𝑏𝑎𝑟, and 

after that, it starts to be reduced. Hence, it is observed that 

thermodynamic efficiency of combined cycle will be in-

creased and then after the above mentioned point interval 

the efficiency will be decreased. Moreover, it is also shown 

that with the increasing of pressure of ammonia water dilu-

tion in boiler causes reduction of destruction exergy and due 

to the significant effect of boiler exergy in the whole cycle, 

destruction exergy reduction of the whole cycle will occur. 

Based on the above description, the exergy performance co-

efficient (EPC) will increase corresponding to the destruc-

tion exergy increment in the whole cycle. 

 

4.3. The results on the effect of ammonia-water density on 

the combined cycle 

 

 

a 

 

b 

 

c 

Fig. 5 The effects on ammonia-water density on the thermo-

dynamic performance of combined cycle: a - the 

changes of ammonia-water density to mass flow rate 

of ammonia water cycle; b - the changes of ammo-

nia-water density to total exergy destruction and pure 

produced power; c - the changes of ammonia-water 

density to Exergy performance coefficient (EPC) and 

overall thermodynamic efficiency 

It is observed that with the increasing of the density 

of ammonia-water will lead to the reduction of mass flow 
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rate of ammonia-water dilution in the cycle. Thereby, by re-

ducing the mass flow of dilution, it will cause net produced 

power generation in ammonia-water power cycle. And gen-

erally it will cause the reduction of net power generation in 

combined cycle.  

The increased concentration of ammonia-water di-

lution will lead to the increasing of the destruction exergy in 

the boiler and the total destruction exergy in ammonia-water 

power generation cycle. By giving the above explanation, 

decreasing the production power of ammonia-water cycle 

will cause the reduction of thermodynamic efficiency of 

combined cycle. Whereas, the increasing of exergy destruc-

tion in ammonia-water power generation cycle will cause 

reduction of exergy performance coefficient in the whole 

cycle. 

 

5. Conclusions 

 

1. By increasing the ammonia-water dilution pres-

sure in the boiler, the net power generation of ammonia wa-

ter combined cycle and the thermodynamic efficiency of 

combined cycle will be increased. This trend continues until 

pressure range [169.3 – 180] bar and after that, it starts to be 

reduced.  

2. The increasing pressure of ammonia water dilu-

tion in boiler will cause the reduction of destruction exergy. 

And due to the significant effect of boiler exergy in the 

whole cycle, destruction exergy reduction of the whole cy-

cle will be occurred. Then, the exergy performance coeffi-

cient (EPC) will be increased corresponding to the destruc-

tion exergy increment in the whole cycle. 

3. Increasing the density of ammonia-water will 

lead to the reduction of mass flow rate of ammonia-water 

dilution in the cycle. Thereby, reducing the mass flow of di-

lution will result in the net produced power generation in 

ammonia-water power cycle and generally it will result in 

the reduction of net power generation in combined cycle.  

4. The increasing concentration of ammonia-water 

dilution will lead to the increasing the destruction exergy in 

the boiler and the total destruction exergy in ammonia-water 

power generation cycle. Decreasing the production power 

of ammonia-water cycle will lead to the reduction of ther-

modynamic efficiency of combined cycle. Whereas, the in-

creasing of exergy destruction in ammonia-water power 

generation cycle will lead to the reduction of exergy perfor-

mance coefficient in the whole cycle. 

5. By adding the ammonia water power generation 

cycle into the whole system to recycle heat from the gas tur-

bine cycle, 16.46% percent of power generated in the gas 

cycle turbine can be produced in the ammonia water com-

bined cycle.  

6. By the proposed combined cycle, the efficiency 

will be increased about 5.81% compared with the efficiency 

of gas turbines. Exergy destruction rate is displayed in Ta-

ble 4 separately according to the output of combined cycle. 

7. The combustion chamber has the lowest percent-

age of destruction due to the irreversible nature of combus-

tion has highest destruction rate of exergy and pump.  

8. Produced power generation in ammonia water 

combined cycle is less than the Rankine cycle. In certain 

temperature, pressure, and conditions, the ammonia water 

cycle power generation can be higher than the maximum of 

the power generation in the Rankine cycle. 
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EVALUATING THE EFFECT OF AMMONIA-WATER 

DILUTION PRESSURE AND ITS DENSITY ON THER-

MODYNAMIC PERFORMANCE OF COMBINED CY-

CLES BY THE ENERGY-EXERGY ANALYSIS  

APPROACH 

 

S u m m a r y 

 

The purpose of this study is to investigate the sig-

nificant effect of ammonia-water dilution pressure and den-

sity on the thermodynamic performance of ammonia-water 

combined cycle through energy and exergy destruction, en-

thalpy temperature, yields, and flow velocity. The energy-

exergy analysis is conducted on the ammonia water com-

bined cycle and the Rankine cycle, respectively. Engineer-

ing Equation Solver (EES) software is utilized for perform-

ing such detailed analyses. Values and ratios regarding heat 

drop and exergy loss is presented in separate tables for dif-

ferent equipment. The results obtained by the energy-exergy 

analysis indicate that net power increases with the increas-

ing ammonia-water dilution pressure in the boiler. This 

trend continues until pressure range reach in 

[169.3 – 180] bar and after that, it starts to decrease. In ad-

dition, the increasing of ammonia-water dilution pressure 

leads to reduction of boiler both exergy and total exergy de-

structions, it also results in an increment in the exergy per-

formance coefficient (EPC). Moreover, it is also noticed that 

the combined cycle system improves its efficiency by about 

5.81% compared with gas turbines. 

 

Keywords: Combined cycle, ammonia-water dilution pres-

sure, energy-exergy analysis, boiler, exergy performance 

coefficient (EPC). 
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