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A B S T R A C T  

 

Gas turbines are always intended to give more specific work output for which continuous exposure to hot 
combustion gases is necessary. To increase the lifespan of the turbine blades active cooling should be applied 
to the High Pressure (HP) turbine blades. In the present work, a simple open cycle gas turbine is modeled to 
carry out thermodynamic analysis with different open loop steam cooling techniques: steam internal 
convection cooling (SICC), steam film cooling (SFC) and steam transpiration (STC) cooling. The effect of 
Turbine inlet temperature (TIT), Turbine blade temperature (Tb), and Compressor pressure ratio (CPR) on 
the coolant flow requirement and effect of T_b on the performance were estimated. The entire analysis is 
carried out with contemplation of variable specific heat (VSH) along with constant specific heats (CSH) for air 
and gas. Between VSH and CSH approaches, the former analysis leads to better performance from the first and 
second law efficiencies point of view. Irreversibility and Entropy generation rate are maximum in the 
combustor and they are less for VSH case in all cooling schemes and are decreased by 38.5 40 and 40.4% for 
SICC, SFC and STC schemes, respectively when compared with CSH (at TIT=1580K, Tb=1123K, CPR=19.1) 
analysis. 

doi: 10.5829/ijee.2018.09.03.03 
 

 
INTRODUCTION1 

 

 

Gas turbine finds wide applications because of its 

simplicity, reliability, and ease of operation. High-grade 

fuels such as natural gas and oil distillates are used in gas 

turbines. Methods are always strived to reduce specific 

fuel consumption because of the high cost of these fuels. 

In order to get maximum performance from gas turbines, 

it is always advised to operate at high Turbine Inlet 

Temperature (TIT) and high compressor pressure ratio 

(CPR) [1-3]. The operation of the turbine at such high 

temperatures would have an adverse effect on the 

reliability and service life of the gas turbine blades. An 

investigation on the reasons for the failure of HP turbine 

blades reveals that, as a result of continuous exposure to 

high-temperature gases, blades may be subjected to 

multiple failure mechanisms like hot corrosion, erosion, 

and fatigue [4, 5]. From the review article on failure 

mechanisms of the HP turbine blades [6], it comes to 

know that, in order to have a longer life for the turbine 

blades, active cooling techniques should be provided for 

the stator and rotor blades of HP turbine. Louis et al. [7] 

have developed a consistent methodology to evaluate the 

performance of a simple open cycle gas turbine under the 

influence of different means of turbine blade cooling. 

                                                           
* Corresponding author: Vadlam TaraChand 
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Singh and Prasad [8] have made a comparative study of 

the influence of different means of cooling on the 

performance of combined cycles. El-Masrihas [9]  

developed an interactive code for thermal analysis of gas 

turbine systems and also a model, for expansion in cooled 

turbines has been established [10]. 

Bolland and Stadaas [11] have made a comparative 

evaluation of combined cycles and gas turbine systems 

with the simple cycle, the steam-injected cycle, and the 

dual-recuperated intercooled after cooled steam-injected 

cycle (DRIASI cycle) with water injection, steam 

injection and recuperation. Sanjay et al. [12] have made 

a comparative study of the influence of different means 

of turbine blade cooling on the thermodynamic 

performance of combined cycle power plant. Sanjay 

Kumar and Onkar [13] have done a performance 

evaluation of gas-steam combined cycle having 

transpiration cooled gas turbine. Bassily [14] has 

developed a model with modifications of gas turbine 

cooling techniques for modern commercial combined 

cycle power plants by reducing the irreversibility of the 

HRSG. Polezhaev [15] has developed a transpiration 

cooling method for blades of the high-temperature gas 

turbine.  Cooling gas effused through a porous wire mesh 
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skin will create an insulating film or boundary on the 

outer foil surfaces. This stagnant film layer will reduce 

the heat transfer from the gas to the coolant and hence 

power output can be increased. Faccinni and Stecco [16] 

have developed several mathematical-physical models 

for investigation of the effects of cooling on the cycle 

performance. The results show that first law and second 

law approaches are not alternatives but complementary 

in gaining insight into the thermodynamic effects of such 

cooling on the cycle. Facchini et al. [17] have made 

improvements in blade cooling techniques for the heavy-

duty gas turbine. The methods tried area reduction of air 

coolant temperature and the introduction of steam as 

cooling medium and also mixed steam/air cooling. The 

best results are obtained for an innovative closed–

open/steam–air cooling system. Albeirutty et al. [18]  

have done heat transfer analysis for a multi-stage gas 

turbine using different open loop and closed loop blade 

cooling schemes.The results show that the combined 

system with closed loop steam cooling scheme gives 

better overall performance than does air cooling or the 

open circuit steam cooling. Najjar et al. [19] have made a 

comparative performance of combined cycle gas turbine 

systems under three different blade cooling schemes 

namely air-cooling, open-circuit steam cooling (OCSC) 

and closed-loop steam cooling (CLSC). Under the given 

conditions the power of the lower steam cycle with CLSC 

is increased by 6%, accompanied by a 19% rise in cycle 

efficiency relative to OCSC at similar conditions. The 

CLSC results in 11% enhancement in power and 3.2% in 

efficiency relative to air-cooling. The CLSC is less 

sensitive to variations of operating variables at part load. 
The current study is majorly aimed at parametric 

analysis of simple gas turbine power plant with a 

comparative study of energy and exergy efficiency with 

three open loop steam cooling schemes namely SICC, 

SFC,and STC under the two approaches. (a) Analysis 

with variable specific heat (VSH), (b) Analysis with 

constant specific heats (CSH) for air and gas. The present 

work mainly focused to know: 
The influence of operating parameters TIT, CPR and 

Tb  on the coolant flow requirement for HP turbine 

blades. The influence of Tb on the performance of a 

simple gas turbine plant from the perspective of first law 

and second law efficiencies and specific work output . 
Assessing the irreversibility and entropy generation 

rate across different components of a simple gas turbine 

plant. Comparison between VSH and CSH approaches 

for the entire analysis. 

 

MATERIAL AND METHOD 
 
Thermodynamic model of simple gas turbine cycle 

plant with open loop steam cooling schemes 
 

Best cooling scheme for HP turbine blades improves the 

performance and needs less coolant requirement.  The 

steam which is produced from the waste heat in the 

exhaust gases from the LP turbine is used as a coolant 

and is used to cool both the stator and rotor blades of the 

HP turbine . 

Three open loop cooling schemes namely  steam 

internal convection,  steam film and steam transpiration 

cooling schemes as shown in Figure 1 are considered in 

this analysis. The amount of coolant requirement depends 

on the cooling technique employed. Figure 2 shows a 

flow diagram of a gas turbine consisting of a gas 

generator and power turbine mounted on two separate 

shafts. It includes an axial flow compressor consisting of 

16 stages and gas generator (HP) turbine consisting of 

two stages and power (LP) turbine consisting of 6 stages.  

The high-temperature exhaust gases from the exit of HP 

turbine directly expand in the LP turbine. The 

thermodynamic state points are illustrated on 

Temperature – entropy diagram in Figure 3. 

 

Thermodynamic analysis of simple gas turbine with 

open loop steam cooling schemes 

 

The assumptions/input data used in the present analysis 

is given in Table 1. The values of various parameters are 

taken from the existing literature and GE gas turbine 

handbook. 

 

(a) Energy analysis 

Compressor 

The work equation is: 

ὡ ὓὅ ЎὝ (1) 

 

The∆T_iis computed from the inlet of stage temperature 

T_i and the stage inlet and outlet pressuresP_i  

andP_(i+1), with the following equation. 
 

ЎὝ

Ὕ

ὖ

ὖ
 (2) 

 

Mass balance and energy balance across the control 

volume of compressor gives, 
 

ά ȟ ά ȟ  В ά ȟ (3) 

ὡ ά ȟὅ ȟ
Ὕȟ  В ά ȟὅ ȟ

Ὕȟ
ά ȟὅ ȟ

Ὕȟ 
(4) 

 

 
 

Figure 1. Open Loop Steam Cooling Schemes 
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Figure 2. Schematic of steam cooled gas turbine model 

 

 

 

 
 

Figure 3. Temperature-Entropy diagram of the gas turbine 

model 

 
TABLE 1. Assumptions/input data for the analysis 

Parameters Value 

Power of HP Turbine, PHPT  29 MW 

Power of LP Turbine, PLPT  23.2 MW 

HP Turbine Inlet Temperature, TIT  1580 K 

Pressure ratio, ὶ 19.1 

Air inlet pressure to compressor, ὖ= ὖ  1.013bar 

Air inlet temperature to compressor , Ὕ = Ὕ  288 K 

Combustion efficiency ,– 99.5 % 

Fuel used  Natural gas 

Lower Heating Value 42000 kJ/kg 

Isentropic efficiency of Compressor, –  0.85 

Isentropic efficiency of turbine, –  0.90 

Polytropic efficiency of compressor , –  0.92 

Polytropic efficiency of HP turbine, – 0.92 

Polytropic efficiency of LP turbine, –  0.92 

Maximum turbine blade temperature, Ὕ 1123 K 

Auxiliary power required per 100 kg/s of 

compressor air 
200 kW 

 

 

Combustor 

The combustion equation can be written as: 

 
‗ὅὌ πȢςρ ὕ πȢχω ὔ

ᴼ ρ ‗ὼ ὅὕ ὼ Ὄὕ

ὼ ὕ ὼ ὔ  

(5) 

where λ is the fuel–air ratio. The mole fractions of gases 

leaving the combustion chamber are obtained from: 

 

ὼ
‗

ρ ‗
 ȟὼ  

ς‗

ρ ‗
 ȟὼ

πȢςρς ‗

ρ ‗
 ȟὼ

πȢχω

ρ ‗
 

(6) 

The specific heat of a mixture of gasses is expressed as 

the summation of the product of specific heat and mole 

fraction x_i of each component. 

ὧ
ρ

ὓ
ὼὧӶ 

(7) 

and Mp is the average molecular-weight of gas, which is 

given as 

ὓ ὼὓ  (8) 

where Mi is molecular weight of component ‘i.’ 

The mass balance for acombustor is given as under: 

ά   ά ά  (9) 

 

Cooled gas turbine 

In the open loop cooling schemes,the coolant passes 

through the internal drilled holes/ passages provides 

sufficient cooling to the blades. The coolant after cooling 

the blades of a stage mixes with hot expanding gases. The 

mixing of coolant with hot gases results in cooling losses,  

mixing and pumping losses, because of which there is a 

decrease in enthalpy and hence temperature and pressure 

also,  after the stage. The model of expansion in a two-

stage steam cooled HP gas turbine including lossesis 

shown in Figure 4. 

 

The following assumptions are made for the model: 

 

(i) Conventionality internal cooled blades are 

considered as heat exchangers working at fixed 

blade temperature and an exit temperature of the 

coolant is expressed as a function of heat exchanger 

effectiveness as suggested by Louis et al., [7] 

Bolland and Stadaas [11], Singh and Prasad [8] and 

Harlock, et al. [ 21] 

(ii) Isothermal effectiveness [7] as defined by the 

following equation is used for film and transpiration 

cooling concepts, which accounts for the reduced 

heat transfer from the gas to the blade.  It can be 

defined as the ratio of the heat flux difference 

without and with film cooling to the heat flux 

without cooling to an isothermal wall. 
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Figure 4. Model for expansion in a two-stage HP turbine 

with cooling and mixing losses 
  

(i) Transpiration cooling takes a higher value of –  

when comparted with film cooling 

(ii) For internal convection cooling– π 
 

–
ή ή

ή
 (10) 

Steam internal convection cooling (SICC) 

In this system, elaborate holes are made on the internal 

passages of the blades and the coolant after taking a 

number of turns finally comes out of the blade tip. The 

gas turbine blade parameters used in this analysis are 

given in Table 2. 

The Cooling factor R_convcan be written as, 

Ὑ
Ὕ Ὕ ὅ

‐Ὕ Ὕ ὅ
 (11) 

Heat exchanger effectiveness ε can be defined as, 

‐  
Ὕ Ὕ

Ὕ Ὕ
 (12) 

Coolant flow rate requirement in a blade row is given by 

following expression: 
ά

ά
Ὓὸ

Ὓ

ὸὧέί
Ὂ Ὑ

πȢπρυψ Ὑ  

(13) 

 
 

 
TABLE 2. Cooled gas turbine blade parameters 

Parameter Value 

Average Stanton Number, 3Ô 0.005 

Correction factor to account blade surface, & 1.05 

Turbine blade geometry parameter,  2.86 

Isothermal effectiveness for film cooling, ʂ 0.5 

Isothermal effectiveness for transpiration 

cooling, ʂ 
0.75 

Turbine blade temperature, 4 1123K 

Source: Sharma and Singh [23], Louis, et al. [7] 

 

Steam film cooling (SFC) 

In this system, the coolant flows internally in the 

counterflow direction of the blade contour and after 

taking sufficient heat finally ejects out from the leading 

edge and forms a thin blanket of the stagnant layer (film) 

over the blade outer surface which reduces heat transfer 

from the gas to the blade. Thus, in this case, the cooling 

is due to the joint action of internal convection and film 

formed over the surface and hence it’s film cooling. 

The cooling factor is expressed as, 

Ὑ
Ὕ Ὕ Ã ρ –

‐Ὕ Ὕ ὧ
 (14) 

Thus the cooling requirement for film cooling scheme is 

expressed as, 
ά

ά
Ὓὸ

Ὓ

ὸὧέί
Ὂ Ὑ πȢπρυψ Ὑ  (15) 

 

Steamtranspiration cooling (STC) 

In this system of cooling, the blades are made with a 

porous material and several small holes are provided on 

the surface of the blades through which the coolant comes 

out after providing internal cooling as the previous case 

and forms an effective thick blanket of film over the 

blade surface which reduces the heat transfer from the gas 

to the internal coolant. Hence it is the most effective way 

among all the three schemes. 

The cooling factor is expressed as, 

Ὑ
Ὕ Ὕ Ã ρ –

‐Ὕ Ὕ ὧ
 (16) 

Thus the cooling requirement for Transpiration cooling 

scheme is expressed as follows: 

 
ά

ά
Ὓὸ

Ὓ

ὸὧέί
Ὂ Ὑ πȢπρυψ Ὑ  (17) 

 

(b) Exergy Analysis 

First and Second laws of thermodynamics applied to a 

cooled gas turbine lead to exergy balance equation as 

given by following expression: 

Ὁὼ Ὁὼ Ὁὼ Ὁὼ Ὅ (18) 

Here subscripts i ,e refers to the inlet and exit of the 

control volume,( Ex) ̇ represents exergy and (I ) ̇is 

Irreversibility or Exergy destruction rate. 

The Exergy destruction rate or Irreversibility can be 

calculated from Eq. 19 

Ὅ ὝὛ  (19) 

Exergy of fuel can be expressed as follows: 

Ὡὼ ‚ ὒὌὠ (20) 

The hydrocarbon fuels (Cj Hk) specific chemical exergy 

is approximated as follows [24]: 

‚ ρȢπσσπȢπρφω
Ὧ

Ὦ

πȢπφωψ

Ὦ
 (21) 
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Performance parameters 

Specific work output in kJ/kg is given by Eq. 22 

ὡ
ὡ

ά
 (22) 

Specific fuel consumption in kg/kWh is given by Eq. 23 

ÓÆÃ
ά

ὡ
 (23) 

First law efficiency is given  as follows: 

–
ὡ

άὒὌὠ
 (24) 

Second law efficiency is given by Eq. 25 

–
ὡ

ά Ὡὼ
 (25) 

 

 

RESULTS AND DISCUSSION 
 

The results of the parametric study to find the effect of 

operating parameters Turbine inlet temperature (TIT), 

Compressor pressure ratio (CPR) and Turbine blade 

temperature (Tb) on the coolant flow requirement for a 

simple gas turbine is evaluated and plotted. The range of 

values for parameters used in these plots is taken from the 

existing literature. The performance characteristics first 

law, second law efficiencies and specific work output 

variation with the blade temperature also evaluated and 

plotted. Component wise Entropy generation rate and 

hence Irreversibility of a cooled gas turbine were also 

assessed for the above mentioned steam cooling methods, 

with both VSH and CSH approaches. Figure 5 shows the 

effect of TIT on coolant flow requirement for various 

open loop steam cooling schemes SICC, SFC, and 

STCfor maximum allowable turbine blade surface 

temperature Tb 1123K with CPR 19.1. From the plots, it 

is revealed that as TIT increases coolant requirement 

increases, for all cooling schemes. The minimum coolant 

requirement is found to be in the case of STC with 

constant specific heat analysis. Transpiration cooling 

provides reduced heat transfer because of a large number 

of holes in blades through which coolant passes and 

forms a film of coolant serving as athermal barrier for hot 

gas. The maximum cooling requirement is found in the 

case of SICC and it increases faster with an increase in 

TIT as compared to other cooling schemes because of 

more heat transfer from the gases to the coolant. Among 

the three cooling schemes, STC is the best cooling option 

followed by SFC and SICC. Like STC, in SFC also 

coolant film is provided on the blade surface which acts 

as athermal barrier for the hot gas. It is also observed 

from the plots that for all the cooling schemes the 

requirement of coolant slightly increases in the case of 

VSH analysis when compared with CSH analysis 

because of slightly increased heat transfer rates with VSH 

approach. 

 

 
Figure 5. Effect of TIT on coolant mass flow rate for 

different open loop steam cooling schemes SICC, SFC and 

STC 
 

 

Figure 6 shows the coolant flow requirement for different 

open loop steam cooling schemes SICC, SFC, and STC 

with respect to CPR at TIT 1580K and maximum 

allowable turbine blade temperature T_b 1123K. Here 

also STC and SFC schemes have least coolant 

requirement when compared with SICC. The effect of 

CPR is less when compared with TIT. It is observed that 

coolant flow rate variation with change in CPR for SFC 

and STC is insignificant whereas for SICC it is 

substantial because of more heat transfer in SICC when 

compared with the remaining two schemes . 

Figure 7 shows the coolant flow requirement with 

respect to turbine blade temperature for different open 

loop steam cooling schemes for design parameters of 

CPR 19.1 and TIT 1580 K. From the plots, it shows that 

all steam cooling schemes have reduced coolant 

requirement when the blade temperature increases from 

1100 K to 1450 K. The reason for this trend is, as blade 

temperature increases cooling factor decreases and hence 

coolant requirement also decreases for all cooling 

schemes. Here also the cooling requirement decreases 

starting from SICC to SFC to STC. The coolant 

requirement increases for VSH analysis when compared 

with CSH analysis for all cooling schemes. 

Figures 8 show the effect of maximum allowable 

turbine blade temperature on specific work output for a 

given condition of CPR 19.1 and TIT 1580 K for different 

open loop steam cooling schemes. From the plot, it is 

observed that as allowable turbine blade temperature 

increases the specific work output continuously increases 

up to the blade temperature of 1450 K for all steam 

cooling schemes. The reason for this trend is because of 

the fact that due to the lower temperature difference 

between TIT and T_b when T_b is increased, less heat 

transfer takes place to the coolant and hence more energy  
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Figure 6. Effect of CPR on coolant mass flow rate for 

different open loop steam cooling schemes SICC, SFC, and 

STC 

 
Figure 7. Effect of Turbine blade temperature (Tb ) on the 

coolant mass flow rate for different open loop steam cooling 

schemes SICC, SFC, and STC 

 
Figure 8. Effect of Ὕon specific work output for different 

open loop steam cooling schemes SICC, SFC, and STC 

 

 
is available for producing work in HP turbine and merely 

one or two rows of blades need cooling. So turbine work 

increases and hence specific power output increases . 

Figures 9 and 10 show the effect of maximum allowable 

turbine blade temperature on first law andsecond law 

efficiencies respectively for a given condition of CPR 

19.1 and TIT 1580K for different open loop steam 

cooling schemes. The performance characteristics first 

law and second law efficiencies continuously increase 

noticeably, as the turbine blade temperature increases for 

all the steam cooled schemes up to maximum blade 

temperature of 1450K, for both CSH and VSH analyses. 

The variation of first law and second law efficiencies 

with respect to blade temperature is marginal for SFC and 

STC schemes. For SICC significant variation is 

observed. But it shows improved values for VSH analysis 

when compared with CSH analysisat each turbine blade 

temperature. Being constant heat supplied, both 

efficiencies tend to increase because of increased specific 

work output with turbine blade temperature (Tb ). 

Figures 11 and 12 show the Entropy generation rate 

and Irreversibility of various components ofthe cooled 

gas turbine (at CPR 19.1, Tb 1123K and TIT 1580 K) for 

both CSH andVSH analyses. The entropy generation rate 

and hence irreversibilityis lower for all components in the 

case of VSH analysis when compared with CSH analysis. 

From the plots, it is observed that maximum 

Irreversibility and Entropy generation rate occurs in the 

combustion chamber due to combustion phenomena 

whichis highly irreversible. The irreversibilities of both 

HP and LP turbines show lower values when compared 

with the compressor. Minimum irreversibility is found in 

the STC scheme and highest is found in SICC scheme. 

 
Figure 9.  Effect ofὝ  on first law efficiency for different 

open loop steam cooling schemes SICC, SFC and STC 

 
Figure 10. Effect of  Tb on second law efficiency for different 

open loop steam cooling schemes SICC, SFC, and STC 
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Figure 11. Irreversibilities across the cooled gas turbine 

components for different open loop steam cooling schemes 

SICC, SFC, and STC 

 
Figure 12. Entropy generation rate across cooled gas turbine 

components for different open loop steam cooling schemes 

SICC, SFC, and STC 

 

CONCLUSIONS 

 

In this work, the main attention is focused on making a 

comparison between different open loop steam cooling 

schemes SICC, SFC, and STC on the performance of the 

cooled gas turbine plant with CSH and VSH analyses. 

From the results, the following conclusions have been 

drawn. Among all the open loop steam cooling schemes 

considered, STC and SICC cooling schemes offer the 

minimum and maximum coolant flow requirement 

respectively. The coolant requirement for SFC scheme is 

in between SICC and STC schemes. The coolant 

requirement is slightly more in the case of VSH analysis 

when compared with CSH analysis for all cooling 

schemes. TIT is a more predominant factor in deciding 

the coolant requirement when compared with CPR. The 

coolant requirement drastically decreases with respect to 

an increase in turbine blade temperature from 1100 to 

1450K and attains minimum value at T_b =1450K. The 

First law efficiency, Specific work output, and Second 

law efficiency increases with allowable blade 

temperature and reaches a maximum value at 

T_b=1400K for a fixed value of TIT for all cooling 

schemes. However, increasing trends are significantin the 

case of SICC when compared with remaining schemes. 

First law efficiency, Second law efficiency and Specific 

work output all have higher values for VSH analysis 

when compared with CSH analysis. Entropy generation 

rate and Irreversibility is maximum for the combustion 

chamber and decreases in the order of HP turbine 

followed by LP turbine. The entropy generation rate and 

hence irreversibility is lower for all components in the 

case of VSH analysis when compared with CSH analysis. 

It is concluded from the present analysis that, out of all 

open loop steam cooling schemes, STC scheme is 

preferable one with maximum performance and least 

coolant requirement.  The VSH analysis gives the most 

realistic approach in evaluating the performance and 

yields better results with least irreversibility and entropy 

generation rates across all the components of a cooled gas 

turbine when compared with CSH analysis. 
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āºĊî¯ 

z½Ā£üĊ wăć ¿wñć úăĂÊĊ «ÿ¾· w£ ºýv āºÉ Ă¤å¾ñ ¾Úý ½¹Ĉ Íw· ½wíĈ v¾z v½ć ê¤Æù Ăí ºý½ÿj øăv¾å wĄýjwúĊ wă¿wñ Ăzć ½ÿ¾Ñ ßv¹ çv¾¤³vć v¾z )¢Åvć vÀåvĉÈ 

£ āºþþí ìþ· ¾úÝ óĀÕĂâĊ wăć z½Ā£üĊ wzºĉ £ ĂzĂâĊ wăć z½Ā£üĊ $ đwz ½wÊåHPv ½¹ )¹ĀÉ ówúÝv #üĉ  IĂõwêùìĉ z½Ā£üĊ  ½ÿw¤Êñā¹wÅ ö´£ ½ĀÚþù Ăz ¿wzĈöĊ 

¹Āù¾£ĈîĊùwþĉ þî£ wzìĊ wăć ¿wÅ óºù I¿wz ½w¸z āºþþí ìþ· äö¤¸ùć ¿wÅ ìþ· 5¢Åv āºÉć ö·v¹ ½w¸zĈ $SICC¿wÅ ìþ· I#ć å ½w¸zöĊø $SFC ìþ· ÿ #

¸{£ āºþþí¾Ċ $ ½w¸zSTC¹ÿ½ÿ ćwù¹ ¾§v )#ć z½Ā£üĊ $TIT£ ćwù¹ I#ĂâĊ z½Ā£üĊ $Tb$ ½ĀÅ¾ úí ½wÊå ¢{Æý ÿ #CPRz #¾ ý¿wĊ ¾«ûwĉ ¾«ûwĉ  ¾§v ÿ āºþþí ìþ·Tb 

À¬£ ôí )ºÉ Ă{Åw´ù ûj ¹¾îöúÝ ¾zĂĉ ö´£ ÿôĊ ÿ ¡½v¾³ Ăz Ă«Ā£ wzāÂĉ â¤ù¾Ċ $VSH$ ¢zw§ ¢zw§ ¡½v¾³ wz āv¾úă #CSHv¾z #ć ù ÷w¬ýv ¿wñ ÿ vĀăĈ z )¹ĀÉüĊ 

ÿ½ćwă¹¾îĉ VSH  ÿCSHÀ¬£ IĂĉ ö´£ ÿôĊ ¹ ¿v ¾¤Ąz ¹¾îöúÝ Ăz ¾¬þù èzwÅāwñºĉ wăć Āõÿvĉ½ÿj¹ĀÅ ÿ ÷ÿ¹ ¢ć ù ûĀýwéĈ ¼~ ¢Êñ¾z ÷ºÝ )¹ĀÉć¾ĉ õĀ£ µ¾ý ÿĊº 

~ÿ¾¤ýjĈ ò¤·ĀÅ ½¹ ¾¨ívº³Ĉ v¾z ÿ ¢Åvć VSH ùwú£ ½¹Ĉ wă ±¾Õć v¾z ÿ ¢Åv ¾¤úí āºþþí ìþ·ć SICC ISFC  ÿSTC £¾£ ĂzyĊ 0*/+  ÿ/*/+  ÈăwíĂ¤åwĉ 

wêù ½¹ ¢ÅvĂÆĉ  wzCSH  ½¹$TIT = 1580K IT_b = 1123K ICPR = 19.1À¬£ #ĉö´£ ÿ ĂôĊ )¢Åv āºÉ  
 

 

 


