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is a significant limitation on the application of MGTs; the performance of MGT is strongly sensitive to

ambient conditions, and its output and generating efficiency will drop with the increase of the ambient
temperature. This paper presents a novel inlet air cooling method by ejector refrigeration driven by waste gas
heat from the MGT, enhancing the performance of MGT under high temperature condition. First, the influence of
inlet air temperature on the micro gas turbine is analyzed. The experimental results show power output decrease
0.47kW/K. A thermodynamic simulation model of the recuperated gas turbine at full condition is developed with
Matlab/Simulink software. Heat recovered from the exhaust gas drives the ejector refrigeration to cool the inlet air,
the performance of the ejector refrigeration is obtained through numerical calculation under different conditions.
Cooling effect comparison between evaporative and refrigerated cooling methods was carried out under different
meteorological conditions. Results show this novel inlet air cooling method through jet refrigeration driven by waste

@ Micro gas turbine (MGT) is attracting a lot of interest in the distributed generation (DG) market. But there

heat has obvious advantage under high temperature and heavy humidity environment condition.

micro gas turbine, Matlab/Simulink, inlet air cooling, ejector refrigeration

1. Introduction

Micro gas turbine (MGT) is relatively new technol-
ogy that is attracting a lot of interest in distributed
energy system (DES) with the electrical output rang-
ing from 25kW~500kW([1-4]. As a prime mover in
DES, even if MGTs perform low electrical genera-
tion efficiency compared with reciprocating engines
(ICEs), MGTs offer a large number of advantages
like, short construction period, fast response, high
power density, low environment compact, low
operation and maintenance costs and multi fuel
capability. The use of micro turbine is considered
a very attractive option in cogenerations system, to
meet both electrical and thermal energy needs of

residential and non-residential buildings. The per-
formance of MGT largely depends on environment;
high ambient temperature limits the air mass intake
and thus leads to the reduction of power output and
electrical efficiency, compared with the ISO condi-
tions of 1.01 bar pressure, 288K, 60RH[5]. Typi-
cally, a IK rise in the ambient temperature will drop
0.5%~0.9% power output on medium/large GTs[6-
9]. The electrical power output of MGTs is shown
to larger decrease with ambient temperature at a rate
of about 1.22%/K[10-12], due to a reduction of both
air density and volumetric flow. Inlet air cooling
techniques have been studied and applied to reduce
its influence, several methods are available[13]: (i)
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wetted media evaporative cooling (ii) high-pressure
fogging (iii) refrigeration cooling (iv) absorption
chiller cooling. Evaporative cooling methods are
most effectively applied in hot and dry areas to cool
the ambient temperature near to the wet-bulb tem-
perature. Refrigeration cooling methods usually use
the mechanical chiller, which are relatively simple
and reliable in design and operation but require
large electric power. Absorption cooling can recover
energy from the GTs exhausts but are complex sys-
tems requiring expertise in design, operation and
maintenance. Compared with traditional vapor com-
pression refrigeration system, jet refrigeration has a
good advantage of simplicity in construction, instal-
lation and maintenance. Moreover, ejector refrigera-
tion system can be driven by low grade heat without
consuming mechanical energy[14].

In this study, it is proposed to cool the intake air
through the jet refrigeration driven by waste gas heat
from the micro gas turbine. The paper is organized
as follows: the MGT C30 Simulink model under
analysis is presented and the effect of temperature
on its performance is discussed; reports the design
of the jet refrigeration system and the description of
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the refrigeration performance; illustrates the applied
results of this cooling method; finally reports the
concluding remark.

2. Description of the Inlet Air Cooling
System

The schematic of this novel MGT inlet air cooling
system is presented in Fig.1. This system consists
of two parts: jet refrigeration system driven by heat
recovered from the fuel gas and micro gas turbine
C30 system. Air is compressed in compressor and
passes through the regenerator. The fuel is injected
into the combustion chamber and ignition occurs.
The fuel gas passes through the turbine blades
and produce about 28 kW power. The hot fuel gas
increase the refrigerant temperature and transform it
into saturated steam to drive the jet refrigeration sys-
tem to work. The inlet air pass through the refrigera-
tion evaporator part as air cooler before gas turbine
intake reducing temperature and enhancing the per-
formance of MGT under high ambient temperature
condition.

Fig.1 Schematic of ejector refrigeration inlet air cooling driven by waste heat from MGT
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3. The MGT system

3.1 MGT Plant C30

The machine chosen for the analysis was a Capstone
C30 based on a regenerative Brayton cycle. This
system was divided into five main parts: compressor,
regenerator, combustion, turbine, rotor. Each com-
ponent is described individually.

Table 1 Parameters of MGT C30

Fuel Natural gas
Power 28+2kW
Electrical Efficiency 26%

Exhaust Temperature 275°C
Exhaust Gas Flow 0.31kg/s

Net Heat Rate LHV 13.8 MJ/kWh

Nominal full power performance at SO conditions: 59°F, 14.696 psia,
60% RH

A

Temperature

@ high temperature

Q  low temperature

Entropy

0 -

Fig.2 T-s diagram of micro gas turbine under different
ambient temperature

The effects on the entropy-temperature diagram
of the micro gas turbine utilizing a regenerator
is presented in Fig 2. Air at ambient conditions is
drawn into the compressor, where its temperature
and pressure are raised (a-b). The high-pressure air
leaving the compressor can be heated by transferring
heat to it from the hot exhaust gases in regenerator
(b-c). The air proceeds into the combustion chamber,
where the fuel is burned at constant pressure (c-d).

The resulting high-temperature gases then enter the
turbine, where they expand to the atmospheric pres-
sure while producing power (d-e). The exhaust gases
leaving the turbine are thrown out (e-f). As ambient
temperature 7 decreases the cycle (a-b'-c’-d"-e-f")
is shown in Fig 2, the MGT power output increases.

3.2 Gas Turbine Model Analysis and simulation
The micro gas turbine C30 was developed with Mat-
lab/Simulink software. The each component’s math-
ematical model and solving procedure are described
as follows.

(1) Compressor

The centrifugal compressor in design condition
was modelled using the nominal pressure ratio 8,
the air mass flow rate 772, inlet air temperature 7',
air adiabatic exponent £ , air specific heat capacity
¢, ,~1.004 kJ/kg-k). The temperature T', at the out
of the compressor and the power consumption P,
can be caculated by means Eqs (1) and (2)

k-1

T,=T,p"" (M
P=mc, (-T) ©
Some modifications are needed to describe the

off-design behavior of the compressor, the following
performance formulas for compressor are proposed.

m T
22 me=—2>4_ (3
ﬁc,O ma,O\/E

Py

n
- \/?l 7_7 _ 77y,c (4)
e ny,c,O

The air mass flow can be calculated by equations:
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Typical value for compressor in design
condition £ =4.0, inlet air temperature 7' | =288.15K,
air mass flow 1, =0.31kg/s, compressor efficiency
n,.0=0.80, p=1.8, m=1.8>'.

(2) Turbine
The parameters of radial turbine are: inlet pressure
P, inlet temperaature 7', turbine pressure ratio f8,

gas mass flow 72 .

Turbine pressure ratio :

Power output of turbine:
— 12
W _mfcp,f(y; _T;e) ( )

Outlet temperature of turbine:

ro——ta (13)

ge 7, (kD)

ﬂt k

n, is the pneumatic efficiency of the system, which
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takes into account the pressure drops due to combus-
tion and regenerator, 7, is the hydraulic efficiency.
Typical data value are assumed ¢, =1.091kJ/(kg-k)
Some modifications are needed to describe the
off-design behavior of the turbine, the following per-
formance formulas for turbine are proposed.

mf\/i

) —
my=—Po_ f1a—oat Buo A 2S
Moy Tao n pa \Bo=/ (14
P

d,0

n

i - 7[ 7[ - 1,
ny,t:{l‘s(l—nf)z]fi—(z—?—) (5

my my 0

T

Commonly £=4.0, s=0.3[15,16].

(3) Combustion chamber

The parameters of interest for the combustion cham-
ber are: air inlet temperature 7, fuel mass flow
m,,air and fuel mass ratio a, energy conservation are
used to caculate the outlet temperature 7', .

T,=1 +-BH
(I+a)c,,
a=m,[m, (17
w,=mLHY, (18)

(4) Regenerator

The inputs for this modeling block are: inlet exhaust
gas temperature 7', inlet air temperature 7', ¢ _is
ge b re
the efficiency of the regenerator, T’ is the outlet tem-
perature of the air exhaust from the regenerator.

T=6.T,~T)+T, (19
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(5) Rotor

The electrical power output and efficiency can be
caculated by means of equation (21) and (22). P,
P_and P are the mechanical power produced by
turbine, the mechanical power required by compres-
sor and power deliverd to shaft, and 77, .., 77,, are the
power generator efficiency and electrical efficiency
respectively.

P =P-P (20)

m t c
P
B, =— 1)
nel,PG
_ L 1000
Mg = P x100 (/10 4 (22)

Table2 List of data input for the model

Parameter U.m. Value Source
b - 4.0 Datasheet
0, . 0.80 0.80[171]6(;.82[15-
i, ) 082 0.83[171]6(}.85[15-
n, - 0.99 0.99[15-18]
n, - 0.89 0.89[15,19]
Ny pe - 0.86 0.85[15]0.87[16]
€, - 0.82 Datasheet
a kg/kg 135.30 Datasheet
m, kg/s 2.24x10-3 Datasheet
\% m*/h 12.0 Datasheet
LHV, MJ/kg 49.24 Datasheet

Condition 101.03kPa, 293.15k, natural gas den-

sity 0.6733kg/m?, Composition of the natural gas :

N,-2.1579, 0,-0.4094, C -94.0917, C,-1.5142,

C0,-0.0431, C,-0.6353, i-C,-0.2876, n-C-0.3753,

i-C.-0.1651, n-C.-0.1914, i-C-0.0373, n-C.-0.0193,

i-C.-0.0240, n-C.-0.0065,2C -0.0408.

Air specific heat capacity %

¢, = 8314 (3 653-1.337x10°°T,, +3.294x10°T>
© 28.97

~1.913x107°T2 +2.763x107°T*)

A Simulink model was developed with the ther-
modynamic cycle process and parameters of each
component. The model shown in Fig.3 consists of
compressor, turbine, regenerator, combustion and
generator. The aim is to show the effect of inlet air
temperature on C30 power output by real time input
from 0 to 45 represent the simulation inlet air tem-
perature value.

Simulation performance results for the inlet air
temperature slow increase for the MGT C30 are
represented in Fig.4-5, the comparison of the silmu-
lation data and experimental results under different
inlet air temperature, Fig6.

Fig.6 reports the electrical power output as a
function of the inlet air temperature. The blue dots
refer to the experimental data carried out under dif-
ferent ambient conditions. The black line refers to
the simulation results. It is clearly visible in the
data series showing power output decrease trend
with the increasing inlet air temperature. Experi-
ment data shows that about 0.47kW power output
drop for every 1 K temperature increase. Simulation
data has a similar trend of 0.23kW/K. Experimental
data shows inlet air temperature has a greater effect
on power output than simulation condition. Micro
gas turbine C30 output decreases sharply under the
high ambient temperature, power can only reach
18.71kW at the inlet air temperature of 38.50 °C,
about 35.50% reduction compared with the ISO con-
dition.
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4. The Ejector Cooling System

There are three main types of heat-driven cooling
technologies: absorption, adsorption and ejector
refrigeration. Jet refrigeration has a good advantage
of simplicity in construction, installation and mainte-
nance, which can be driven by low grade heat source
such as solar and waste industrial heat and enables
the reduction of the mechanical work requirement.
[19,20].

4.1 Description of the Ejector Refrigeration
Cycle

A ejector refrigeration system employs an ejector
to fulfill the function of a compressor, which can
be seen in Fig.7. This mainly consists of four parts;
primary nozzle, suction chamber, mix chamber and
diffuser. The high pressure hot refrigerant gas from
the generator enters the primary nozzle, expands,
accelerates and reaches the supersonic state. At the
exit of the nozzle, the high velocity gas enters the
suction chamber, creating an area of low pressure
at the secondary entrance of the ejector into which

Pn'mJarL»x\/‘

Nozzle
flow

T

Second flow

— -
Mixing

chamber
—

Suction

chamber Diffuser ——»

Fig.7 Schematic view of ejector structure

Mixed flow
to condensor

the fluid from the evaporator is entrained. The two
fluid begin to mix in the mixing chamber undergoes
a shock and increase the static pressure and become
subsonic. Then the mix fluid flows into the diffuser
with an additional pressure lift, the flow finally dis-
charges into the condenser and becomes fluid state.

An ejector refrigeration cycle is a thermo-com-
pressor cycle, the compressor effect is achieved
using low grade heat source supplied to generator.
Fig.8 shows a schematic diagram of the jet refrig-
eration system, consisting of ejector, condenser,
evaporator, generator and a circulation pump. As
is shown in Fig.8 the mixed fluid discharged from
ejector becomes condenser fluid by rejecting heat to
environment. One part of the mixed fluid enter the
evaporator after passing through the throttle value,
where it evaporates and produce the refrigerating
effect (3-1-2). The other part is lifted to the generator
via the pump and be vaporized by the delivered heat
energy then the high pressure vapor enter into the
ejector again (3-4-5). The two parts of fluid mix in
the ejector, complete the cycle.

Generator

Pump

(Pa) Z
4 Pg

3 6 Ejector
Condensor 4'>‘:'<7 3
Pc

Value

Evaporator

|

\

1 2

Fig.8 Ejector refrigeration cooling cycle
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4.2 Mathematical Modeling and Performance
Criteria
The coefficient of performance (COP) can be defined
as the ratio of the refrigerating capacity to the heat
supply to the generator

The cooling capacity obtained at the evaporator is
determined as follows:

O =m(h—h) (23

The heat input to the generator:

O, =m,(hs—h,) (24)

Performance of the ejector is evaluated by the
entrainment ratio, defined as mass ratio of the sec-
ondary to primary flow rates:

me
= (25)
mg

The coefficient of performance of the jet cycle is
calculated as the thermal ratio of cooling capacity
over generator capacity:

Neglecting the pump work, the COP of the refrig-
eration cycle is:

0
COP==< 27
@) 7

g

The COP can be defined as:

h—h
COP=w—=—~L (28
h_h (28)

5 Ty

The ejector performance simulation is carried
out based on the one-dimensional constant pressure
model. Huang[22,23] postulated a one dimensional
model to analyze the ejector performance, which
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shows a good agreement with the experimental data.
R141b shows a good performance compared with
most refrigerant, which have been certified by many
researchers[22,23,24,25], in addition the condenser
pressure of R141b is closely to the ambient condi-
tion and we selected R141b as the work refriger-
ant. To obtain the system COP, a computational
procedure based on C++ with iteration process was
developed to calculate the entrainment ratio @ and
the refrigerant properties were taken from the NIST
database[26]. In the resent analysis, efficiencies of
primary nozzle, secondary nozzle and diffuser were
selected as 7 =095, =085, 7,=085 suggested[22].

Fig.9 (a)-(b) show the effects of evaporator tem-
perature on entrainment ratio w and COP under
different generator temperature with a condenser tem-
perature 30 °C. An increase in the 7] leads to a rise in
both w and COP. This is because refrigerant R141b
saturated evaporation pressure increases with the cor-
responding evaporator temperature increasing, leads
to the increase of the mixed flow pressure in ejector
mix chamber. The rise of pressure difference between
the mixing chamber and the diffuser outlet, leading to
a higher entrainment ratio @ and improving the coef-
ficiency of refrigeration performance.

Fig.10 (a)-(b) show the effects of condenser
temperature on entrainment ratio @ and COP under
different evaporator temperature with a genera-
tor temperature 90 °C. An increase in the 7' leads
to a decrease in both w and COP. This is because
refrigerant R141b saturated condenser pressure
increases with the corresponding condenser temper-
ature increasing. The decreasing pressure difference
between the mixing chamber and the diffuser outlet,
leads to a decrease both @ and the coefficiency of
refrigeration performance.

5. Case Study

To get a better understanding of the inlet air process,
one often refers to the psychometric chart. Fig.11
illustrates the various psychometric processes appli-
cable to an inlet air cooling unit[7,27]. Evaporative
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Fig.9 Effect of evaporator temperature on the system performance for Tc=30°C
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Fig.10 Effect of condenser temperature on the system performance for Tg=90°C

cooling is based on the evaporation of water in the
intake air of the gas turbine. As water evaporates, the
latent heat of evaporation is absorbed from the sur-
rounding air. As a result, the air is cooled undergoes
the constant enthalpy humidification process. Evap-
orative cooling is most suited to hot dry areas as it
uses the latent heat of vaporization to cool ambient
temperature from the dry-bulb to the wet-bulb tem-

perature. Refrigeration cooling can reach a cooling
temperature below the wet bulb, first the air temper-
ature drops while the relative humidity continues to
rise until its dew point temperature is reached (a-b).
A further cooling process(b-c) continues removing
the latent heat of the condensation of the water in the
air until it reaches the desired temperature point c.
The total refrigerating cooling load includes the sen-
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Fig.13 Cooling load variation from June to September

sible heat of air and the heat required to be removed, to
condense the moisture contained in the air:

Qt = ma (Qsensible + Qlatent) (29)
Qlatent = ha - hd (30)
Qlatent = ha - hd (3 1)

h,, k. and h, are the enthalpy of air at points a, ¢
and d respectively.

The cooling load calculation procedure is as
follows: the climate data [28] in Shanghai City of
average day of each month (June-September) are
calculated. Twenty-four pairs of data (temperature
and relative humidity) represent an average day,
Fig.12. Cool the inlet air temperature down to 18 °C,
the cooling loads composed of sensible and latent
heat in different months are presented in Fig 13. It
can be clearly seen that the contribution of latent
heat is comparable to sensible heat, especially in
August. This is because the high relative humidity of
the air in Shanghai during hot months.

Evaporative cooler effectiveness is given by:

E= Tipg —Tops (32)
Tipp = Ty
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Fig.14 Comparison power augment performance with
different cooling methods

Where T is inlet air temperature, 7, is exit tem-
perature of evaporative cooler; DB is dry bulb, WB
is wet bulb. A typical value for evaporative cooling
effectiveness £ is 85-90%][29,30,31]. The inlet air
temperature drop assuming an effectiveness of 0.9,
is given by

AT, = 0'9'(7;,03 _Tz,WB) (33)

Cooling load of MGT C30 variation from June to
September can be seen in Fig.13. The average daily
maximum hourly cooling load 10.23 kW occurs at
3:00 PM in July with average dry temperature 30°C.
Recovering part heat from the waste gas driving the
ejector refrigeration to work can really cover the
cooling load under the design condition of evapora-
tive temperature 10°C, generator temperature 85°C,
the calculation COP=0.378. As the inlet air tem-
perature increase, the experimental results analysis
show that the power output of C30 drop 0.47 kW/K.
Assuming the evaporative effective is 0.9, Fig.14
shows the technical results obtained with the appli-
cation of evaporative and ejector refrigerating cool-
ing methods.

Evaporative cooling method generally has a good
effect during September due to the relatively low
temperature and humidity weather condition and the
total power augment can increase 5.4%. The power

augment become slightly with the increasing of
temperature and humidity with evaporative cooling.
However, jet refrigeration cooling method shows a
good inlet air cooling performance, the total power
monthly augment capacity can reach 24.8%, 23.5%
in July and August respectively. According to the
results, the ejector refrigerating cooling method has
a good advantage over evaporative cooling method
on gas turbine power augment under higher temper-
ature and humid weather condition.

6. Conclusion

A thermodynamic analysis of MGT C30 jet refrig-
eration inlet air cooling driven by recovering waste
gas heat systems has been carried out. The results of
the calculation suggest the following comments:

The performance of MGT C30 is particularly
sensible to the ambient inlet air temperature whose
increase determines a significant loss 0.47 kW in
terms of experimental performance, even higher
than that of large sized GTs as documented in sev-
eral works. Modeling and simulation of C30 was
developed with Matlab/Simulink, the power outputs
of turbine reduce much greater compared with the
work consumption of compressor, leading to the
decrease of net power output, simulation results
have a good agreement with experimental data.

The effect of some main parameters on ejector
refrigeration performance with refrigerant R141b
was investigated: COP increased with both increasing
generator and evaporator temperature, and decreased
with condenser temperature. Heat recovered from the
exhaust gas drives the ejector refrigeration to cooling
the inlet air, the performance of the ejector refrigera-
tion is obtained through numerical calculation under
different conditions, which can really cover the inlet
air cooling load under design condition.

Cooling effect comparison between evaporative
and refrigerated cooling methods was carried out in
Shanghai city. Ejector refrigerating cooling method
driven by waste gas has obvious advantage under
high temperature and heavy humidity environment
condition.

87



LI Yanxue, RUAN Yingjun, LIU Qingrong

References

1) Maryam Mohammadi Maghanki, Barat Ghobadian, Gholam-
hassan Najafi, Reza Janzadeh Galogah. Micro combined heat
and power (MCHP) technologies and applications. Renewable
and Sustainable Energy Reviews 28 (2013) 510-524.

2) Ismail MS, Moghavvemi M, Mahlia TMI. Current utilization of
microturbines as a part of a hybrid system in distributed genera-
tion technology. Renew Sustain Energy Rev 2013;21:142-52.

3) Jan Peirs, Dominiek Reynaerts, Filip Verplaetsen. A microtur-
bine for electric power generation. Sensors and Actuators A
113 (2004) 86-93.

4) F. Caresana, L. Pelagalli, G. Comodi, M. Renzi. Microturbo-
gas cogeneration systems for distributed generation: Effectsof
ambient temperature on global performance and components’
behavior. Applied Energy 124 (2014) 17-27.

5) Ashley De Sa, Sarim Al Zubaidy. Gas turbine performance at
varying ambient temperature. Applied Thermal Engineering 31
(2011) 2735-2739

6) Youself S.H. Najjar.Enhancement of performance of has tur-
bine engine by inlet air cooling and congeneration. Applied
Thermal Engineering 1996; 16(2):163-174.

7) M. Ameri, S.H. Hejazi.The study of capacity enhancement
of the Chabahar gas turbine installation using an absorption
chiller. Applied Thermal Engineering 24 (2004) 59-68.

8) Chaker M, Meher-Homji CB. Inlet fogging of gas turbine
engines: climatic analysis of gas turbine evaporative cooling
potential of international locations. J Eng Gas Turbines Power
2006;128(4):815-25.

9) Sahil Popli, Peter Rodgers, Valerie Eveloy. Gas turbine effi-
ciency enhancement using waste heat powered absorption
chillers in the oil and gas industry. Applied Thermal Engineer-
ing 50 (2013) 918-931.

10)G. Comodi, M. Renzi, F. Caresana L. Pelagalli. Enhancing
micro gas turbine performance in hot climates through inlet air
cooling vapour compression technique. Applied Energy 147
(2015) :40-48.

11)M. Renzi, F. Caresana, L. Pelagalli, G. Comodi. Enhancing
micro gas turbine performance through fogging technique:
Experimental analysis. Applied Energy 135 (2014) 165-173.

12)F. Caresana, L. Pelagalli, G. Comodi, M. Renzi. Microturbo-
gas cogeneration systems for distributed generation: Effects of
ambient temperature on global performance and components’
behavior. Applied Energy 124 (2014) 17-27.

13) Abdulrahman M. Al-Ibrahim, Abdulhadi Varnham. A review of
inlet air-cooling technologies for enhancing the performance of
combustion turbines in Saudi Arabia. Applied Thermal Engi-
neering 30 (2010) 1879-1888.

14)Kanjanapon Chunnanond, Satha Aphornratana. Ejectors: appli-
cations in refrigeration technology. Renewable and Sustainable
Energy Reviews 8 (2004) 129-155.

15)Marco Badami, Mauro Giovanni Ferrero, Armando Portoraro.
Dynamic parsimonious model and experimental validation of
a gas micro turbine at part-load conditions. Applied Thermal
Engineering 75 (2015) 14-23.

88

16)Wei Wang, Ruixian Cai, Na Zhang. General characteristics
of single shaft micro turbine set at variable speed operation
and its optimization. Applied Thermal Engineering 24 (2004)
1851-1863.

17)S.M. Camporeale, B. Fortunato, M. Mastrovito, A modular
code for real time dynamic simulation of gas turbines in Simu-
link, J. Eng. Gas Turbines Power 128 (2006) 506-517..

18)Firdaus Basrawi, Takanobu Yamada, Kimio Nakanishi, Soe
Naing. Effect of ambient temperature on the performance of
micro gas turbine with cogeneration system in cold region.
Applied Thermal Engineering 31 (2011) 1058-1067.

19)T.S. Kim, S.H. Hwang, Part load performance analysis of
recuperated gas turbine considering engine configuration and
operation strategy, Energy 31 (2006) 260-277.

20)R.Yapici, C.C.Yetisen. Experimental study on ejector refrig-
eration system powered by low grade heat. Energy Conversion
and Management 48 (2007) 1560—-1568.

21)Xiangjie Chen, Siddig Omer, Mark Worall, Saffa Riffat. Recent
developments in ejector refrigeration technologies. Renewable
and Sustainable Energy Reviews 19 (2013) 629-651.

22)B.J. Huang, .M. Chang. Empirical correlation for ejector design.
International Journal of Refrigeration 22 (1999) 379-388.

23 Huang BJ, Chang JM, Wang CP, et al. A 1-D analysis of ejector
performance[J]. Int J Refrig, 1999;22:354-364.

24)Yinhai Zhu, Wenjian Cai, Changyun Wen, Yanzhong Li.
Numerical investigation of geometry parameters for design of
high performance ejectors. Applied Thermal Engineering 29
(2009) 898-905.

25)Chen J, Havtun H, Palm B. Parametric analysis of ejec-
tor working characteristics in the refrigeration system. Appl
Therm Eng 2014;69:130-42.

26)NIST Chemistry WebBook, NIST standard reference database
number 69, June 2005 release. <http://webbook.nist.gov/chem-
istry/>.

27)Alok Ku Mohapatra, Sanjay. Thermodynamic assessment of
impact of inlet air cooling techniques on gas turbine and com-
bined cycle performance. Energy 68 (2014) 191-203.

28)China meteorological information center meteorological,
Building science and technology department of Tsinghua Uni-
versity. Chinese building thermal environment analysis of spe-
cialized meteorological data collection[M].Beijing: Chinese
Architecture Industry Press,2005.

29)M. ChakerC, B. Meher-Homji, T. Mee 111 A. Nicholson. Inlet
Fogging of Gas Turbine Engines Detailed Climatic Analysis of
Gas Turbine Evaporation Cooling Potential in the USA. ASME
Paper 2001-GT-526 300-308.

30)E. Kakaras, A. Doukelis, A. Prelipceanu, S. Karellas. Inlet Air
Cooling Methods for Gas Turbine Based Power Plants. ASME
Paper 2006-GT-128 312-317.

31)Mustapha Chaker, Cyrus B.Meher-Homji. Inlet Fogging of
Gas Turbine Engines: Climatic Analysis of Gas Turbine Evap-
orative Cooling Potential of International Locations. ASME
Paper 2006-GT-128 815-825.



