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=𝜂𝑜𝑣𝑒𝑟�,𝑅𝐺𝑇�

𝑄𝑎𝑑𝑑�

Accordingly, the heat rate (HR) which is defined as the consumed heat to generate unit energy of electricity was 

determined by the equation [1] [10]: 

3600 ∗�𝑚𝑓�∗�𝐿𝐻𝑉� (22)
𝐻𝑅�= 

𝜂𝑜𝑣𝑒𝑟�,𝑅𝐺𝑇�

The specific fuel consumption (SFC) is determined by the equation [1]: 

3600 ∗�𝑚𝑓� (23)
𝑆𝐹𝐶�= 

𝜂𝑜𝑣𝑒𝑟�,𝑅𝐺𝑇�

3. RESULTS AND DISCUSSIONS 

The analysis and results of this work was executed using thermodynamic EES codes. The simulation results display 
the effectiveness of regeneration and other important parameters on the performance of the RGT. 

As can be observed in Fig.2, the increaseof the compressor inlet temperature leads to a decrease in thermal 

efficiency of the cycle due to change in air density, increase in compressor work, and fuel demand.It was also 

observed that at constant compressor inlet temperature, the increases in effectiveness of the regenerative cycle 

increased the thermal efficiency (Fig.2) of the GTcycle. The results show that, there is a turning point of compressor 

inlet temperature (280K), through which the further increase of the temperature and the regenerator effectiveness 

will lead to declining thermal efficiency of the cycle. Regenerative effectiveness peaks and then declines due to 

friction, mechanical losses, and shifting of pressure drops during the heat exchange process between the regenerator 

and the combustor. 

To a certain extent in RGT power plants, increasing the compression ratio results in an optimum thermal efficiency 

at varying regenerator effectiveness. As indicated in Fig.3, at lower and moderate regeneration effectiveness, 

increase in compression ratio leads to an increase in thermal efficiency of the cycle. However, at the highest values 

of regeneration effectiveness, increase in compression ratios will lead to a decline in thermal efficiency of the cycle 

i.e., for each degree of regeneration there is an optimum compression ratio for maximum RGT thermal efficiency. 

Generally, thermal efficiency reaches a maximum value at optimum compression ratio through which maximum real 

work occurs. Thereafter, work will decrease and increasing the compression ratio will reduce the thermal efficiency 

of the cycle, as shown in Fig.4. 

With an air flowrate of 500 kg/sec, the thermal efficiency increases sharply (Fig.4), especially between compression 

Fig.2: Thermal efficiency versus air (ambient) temperature for different Fig.3: Variation of regenerator effectiveness with GT thermal 

regenerative effectiveness (e). efficiency at different compression ratios. 
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ratios of 4-10 where the efficiency isbetween 25-36%. Regeneration is more effective at lower pressure ratios, 

ambient temperaturesandlow minimum (compressor) to maximum (combustor) temperature ratios(10-17%). 

The effect of different compression ratios, from 5 to 30, on specific fuel consumption (SFC) and ambient 

temperatures, between 200K and 300K,isshown in Fig.5. At constant compression ratio the increase of ambient 

temperature will lead to increased specific fuel consumption due to change in air mass and compressor work. The 

results indicate that the decrease in ambient temperature leads to decrease in specific fuel consumption for the whole 

cycle’s conditions. As is evident from Fig.5, the decrease in ambient temperature led to the lowest specific fuel 

consumption (0.132 kg/kW.h), at optimum lowest compression ratio (rp=8) at 200K.Thereafter, the increase in 

compression ratio will lead to increase in fuel demand in the cycle at higher ambient temperatures. 

Fig.4: Thermal efficiency versus compression ratio for different 

inlet air temperatures. 

Fig.5: Effect of the compression ratio on the SFC for different ambient 

temperatures. 

Fig.6, plots variationin compression ratio, ranging from4 through 30, with specific fuel consumption at different 

regeneration effectiveness,rangingfrom45% through 95%, at a constant inlet air temperature (T=200 K), and 

regenerative power of 187 MW.The results indicate that increasing the compression ratio leads to an increase in 

SFC. The general trends exhibit an increase in regeneration effectiveness which will decrease the specific fuel 

consumption for a lower and moderate compression ratio. At higher compression ratios the increase of regenerator 

effectiveness led to increase the SFC of the cycle. 

Consequently, Fig.7 represents the effect of compression ratio values,rangingfrom 3 to 25, and regeneration 

effectiveness,varying between 45-95%,on thermal efficiency of the cycle. The addition of regenerationhas increased 

the thermal efficiency at constant ambient temperature, for low and moderate compression ratio’s conditions. As 

evident in Fig.7, for the lowest ambient temperature (T=250 K), there is an optimum compression ratio (rp=5) for 

which the maximum thermal efficiency (η=39%) varied with the maximum regeneration effectiveness (e=95%). 

Fig.6: Influence of compression ratio on specific fuel consumption at 

different regeneration effectiveness(e.) 

Fig.7: Effect of compression ratio and regeneration effectiveness 

(e) on thermal efficiency. 

Fig.8, displays the influence of compressor inlet temperatures between 200K to 340K, on the combustor heat rate at 

different regeneration effectiveness varying from 45-95%.At constant overall compression ratios of (PR=15) and 
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