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Enhancements of gas cycle



Regenerative gas turbine

The turbine exhaust normally well above the ambient

temp, though the exhaust gas has a potential for use 

(exergy). One way of utilizing this potential is by mean

of heat exchanger called regenerator which allows 

the air exiting the compressor to be preheated 

before entering the combustor.

- The regenerator shown is counter flow 

H\E. Ideally no frictional pressure drop 

occurs in either streams.

- The turbine exhaust gas is cooled from

 state 4 to state y, while the air exiting 

the compressor is heated from state 2 to state x. 

 

Hence, the combustor is required only

to increase the air temp from state x to state 3 

rather than from state 2 to state 3.
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The heat added per unit mass flow is then:

qadd = h3 – hx 

The net work developed per unit mass flow is not altered by the addition 

of a regenerator. Thus, since the heat added is reduced, the thermal 

efficiency increases.

- From the relation (qadd = h3 – hx) it can be

 concluded that the external heat transfer

 required by a gas turbine power plant

 decreases as the specific enthalpy hx Increase,

 and thus as the temp Tx increases. 

3

power plant, by :Prof. Dr. Adil Alkumait

Regenerative gas turbine



- we can conclude from figure that the max

 theoretical value for the temp Tx is the turbine

 exhaust temp T4. 

- Regenerator effectiveness is defined as the ratio

of the actual enthalpy increase of the air flowing

through the compressor side of the regenerator

to the max theoretical enthalpy increase, that is:

𝜀𝑟𝑒𝑔 =
ℎ𝑥−ℎ2

ℎ4−ℎ2
 

as heat transfer approaches reversibility,

 hx approaches h4, and εreg tends to unity (100%). 

In practice, εreg values typically range from 60 – 80%. To increase this 

range, we have to increase the H\E surface area, but it causes high cost 

and results in significant frictional pressure drop for flow through the 

generator.
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example

1. Air enters the compressor of an  ideal air – standard cycle @ 100 

kPa, 300 K with a volumetric flow rate of 5
m3

s
. The compressor 

pressure ratio is 10. The turbine Intel temp is 1400 K. A regenerator 

is incorporated in the cycle. Determine the thermal efficiency of the 

cycle for a regenerator effectiveness of 80%.

Sol.

a. State 1@ 300 K

From air tables at 300 K, 

h1 = 300.19 kJ/kg, Pr1 = 1.386

State 2@ P = 1 Mpa

For isentropic compression:

 Pr2 = Pr1 (
𝑝2

𝑝1
)  ⟹  𝑝𝑟2 = 1.386 ∗ 10

Pr2 = 13.86

By interpolation, h2 = 579.86 kJ/kg
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example

State 3 @ 1400 K

h3 = 1515.42 kJ/kg, Pr3 = 450.5

State 4 @ 1 bar

𝑃𝑟4 = 𝑃𝑟3
𝑃4

𝑃3
 = 0.1*450.5 = 45.05

By interpolation:

h4 = 808.5 kJ/kg

to find the specific enthalpy hx:

εreg = 
hx - h2

h4 - h2
 ⟹ 0.8 =

hx – 579.86

808.5 – 579.86 
⟹  hx = 762.77 ൗKJ

Kg

Then the thermal efficiency is:

 ηth = 
wne𝑡

Qadd
=

h3 - h4  –  h2 - h1

h3 - hx
 = 0.568 = 56.8%

6

power plant, by :Prof. Dr. Adil Alkumait



7

power plant, by :Prof. Dr. Adil Alkumait

Gas properties



8

power plant, by :Prof. Dr. Adil Alkumait

Gas properties


	Slide 1: Gas Turbine Cycle 
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

