>

Yoo g0 —HBaytoa Farolvem Yegs

- -y
—

Al —

o



Spark plug or
fuel injector

Valve

Top — Clearance
dead center ] volume
— Cylinder
Stroke wall
Bottom R
Piston

dead center ) .
Reciprocating
motion

Crank mechanism =\~

Rotary
motion



Brayton cycle

* Uses

e Auxiliary power generation

e Stand-alone power generation
e Naval propulsion

e Jet engine



Gas Turbine

* Advantages * Disadvantages
o High power:weight ratio o Higher cost
o Compact

o One-direction motion —
vibration

o Fewer moving parts
o Better reliability

o Variety of fuels

o Low emissions



Brayton cycle

Working fluid — air

ldeal gas

Specific heats steady or variable
High temperature reservoir
Open or closed model

Steady pressure heat exchange
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Cycle Analysis

Net work

Heat in

Thermal efficiency
Back work ratio



Brayton cycle

1—2 Isentropic compression

2—3 steady pressure heat addition
3—4 isentropic expansion

4—1] steady pressure heat rejection



Brayton cycle

Work in & work out
Heat in & heat out
Thermal efficiency
Pressure ratio

Back work ratio



Brayton Cycle

* Approaches

* Variable specific heats: Table: h, p,

e Steady specific
e PvT relationshi

neats: Ah = Cp AT
0s: T, = T,(P,/P,)k1/k




nth,Brayton

Typical pressure
ratios for gas-
turbine engines
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Compressor

e Essential to compress large volumes of air for
efficiency of cycle

e Centrifugal
e Axial: more common; rotor and stator blades



Transition Piece
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Example

* Asimple Brayton cyclehasar, =12, a
compressor inlet at 300K, and a turbine inlet
at 1000K. Determine the mass flow of air

needed when the net power output is 70MW.
Specific heats are constant.



Example

* Anideal air-standard Brayton cycle has air
entering the compressor at 100kPa,300K, &

5m3/s. The compressor ratio is 10; the turbine
inlet is at 1400K.

* Find power generated, bwr, and thermal
efficiency.



Brayton cycle

* Irreversibilities: isentropic efficiency

e Gas turbine power plant operating at steady state
receives air at 100kpa & 300K. Airis compressed to
500kPa and reaches a maximum cycle temperature
of 920K. The isentropic efficiencies of the
compressor and turbine are both at 83%.

* Find the thermal efficiency and bwr of the cycle.



Brayton cycle

* Regenerator
e Effectiveness






chcle




Regeneration

e Capital costs
* Pressure losses



Annualized cost, dollars per year

Total cost = Capital Cost + Fuel Cost

Capital cost

Fuel cost

|
‘(_ Nearly
optimal

Average temperature difference, A7,
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Brayton cycle

* |deal

* Ny, =45.6%
JWith regenerator
* Ny, =57%



Assignment

* Chapter 9: sections 9.5 through 9.10



Brayton cycle

sentropic compression power
sothermal power
ntercooler



Intercooler
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Brayton cycle

e Reheat



Qin

— - .CombuStor

Qin

Reheat
combustor

Compressor



D:/library/ch09/pages/F9-15.html
D:/library/ch09/index.html
D:/library/ch09/pages/F9-17.html
D:/library/ch09/pages/F9-15.html
D:/library/ch09/index.html
D:/library/ch09/pages/F9-17.html

Regenerator

A
AN

®

Combustion
chamber

| ® |9
\(D
I I,

Compressor
|

1

Reheater

Compressor

Turbine 11

A A s

Intercooler




Brayton cycle

* |deal

* Ny, =45.6%

JWith irreversibilities
* Ny, =24.9%

JWith regenerator

* Ny, =56.8%



