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 Thermofluid Components
 Shaft work machines

 Nozzles & diffusers

 Throttles

 Heat exchangers

 Thermofluid Plants
 Closed plant: the same fluid processed in a cycle

 Open (or process) plant: a stream of fluid is processed once through 

the plant

steam power plants (Rankine Cycle)

gas turbine power plants (Brayton Cycle)

refrigeration plants

energy sources

thermodynamic plant cycle

A Quick Look
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 Introduction
 steady flow, control volume, 1 inlet- 1exit port

1st

2nd

 apply to

ideal gas flow, incompressible flow, pure substance  2 phase flow

 apply to each of a classes of steady flow components

shaft work machines, nozzles and diffusers

throttle, heat exchanger
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 Shaft Work Machines
 expander or turbine (+)   vs   compressor or pump (-)

 1st 

 For a reversible, adiabatic process

 For an irreversible, adiabatic process
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Adiabatic work transfer is too rapid to attain

thermal equilibrium in the fluid
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 Shaft Work Machines
 the adiabatic turbine(or expander) efficiency

 the adiabatic compressor(or pump) efficiency
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 Shaft Work Machines
 Shaft work machines processing ideal gas
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The equation holds for all adiabatic machines

whether reversible or not

only for a reversible machine
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 Shaft Work Machines
 Shaft work machines processing incompressible fluid
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for a reversible adiabatic machine
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s
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 Shaft Work Machines
 Shaft work machines processing a pure substance 2 phase flow

positive shaft work machine
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 Shaft Work Machines
 Shaft work machines processing a pure substance 2 phase flow

negative shaft work machine
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Nozzles and Diffusers
 Nozzles

low v

low KE

high p

high v

high KE

low p

converging

diverging nozzle

adiabatic

no shaft work

steady state
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Nozzles and Diffusers
 Diffusers

low v

low KE

high p

high v

high KE

low p

Essentially the inverse of the nozzle

Deceleration is inherently unstable
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Throttles

 a device also known as control valve, expansion valve, Joule-Thomson valve, etc. 

that controls pressures of a flowing stream

 looks like a nozzle/diffuser in a series

decelerate
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Throttles
 Typically values of the inlet and outlet let v’s are such that KE’s are negligible 

compared to enthalpy

 Since dp<0, then Tds>0 or ds>0 thus the process irreversible

This is the only engineering device that calls for large ds>0 for high efficiency
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Throttles h
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Throttles
 Different from either IG or IF

 The pure substance T may increase 

or decrease

 given  dp<0

h
p
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Even in the absence of 

throttle valves, the pipe flow

will experience Δp due to 

viscous shear, which is 

completely analgous to the 

mechanism of throttle
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Heat Exchangers

 Ideal Gas

low v Δp=0

solid wall
-Fluid moves through device relatively 

slowly (Δp is small) so the residence

time of fluid within the device is large
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Heat Exchangers
 Incompressible fluid (v constant)

 Pure substance

 

0),..(0

0),..(0

,








dscoolingeidh

dsheatingeidhIf

TdsvdpTdsdhNowTTcmQ inout

 

)(

)([

insatf

fgsatoutg

inout

TTc

hTTcm

hhmQ











sub
sat

super
in

out

out

in

T

s

heating

cooling



409.319A

Aero Thermo Hydro Engineers Nexus Application
Department of Nuclear Engineering, Seoul National University

Thermofluid Plants

Heat Exchangers
 Two-stream heat exchangers (adiabatic)
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Heat Exchangers
 Simplest model for kinetics

Approach to thermal equilibrium depends upon the resistance to heat transfer 

between the streams
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AT: heat exchanger surface area normal to Q

Ta-Tb=LMTD (logarithmic mean temperature difference)
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Heat Exchangers
 Simplest model for kinetics
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Heat Exchangers
 Temperature distribution for the two streams

parallel flow

counter flow
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Heat Exchangers
 Heat exchanger effectiveness
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 Steam Power Plants
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steady-

flow

combustion

heat

engine

steady-

flow

steam cycle

energy

sink

steady-

flow

coolant

stack gas

fuelinm ,


airinm ,


steamm

Q

Q

)( powershaftWnet


inm

outm



409.319A

Aero Thermo Hydro Engineers Nexus Application
Department of Nuclear Engineering, Seoul National University

Thermofluid Plants

 Steam Power Plants
 Rankine-Cycle Steam Plant

boiler

turbine

condenser

pump
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nuclear
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 Steam Power Plants
 Rankine-Cycle Steam Plant
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 Steam Power Plants
 Superheat-, Reheat-, Regenerative Rankine Cycle
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 Steam Power Plants
 Superheat-, Reheat-, Regenerative Rankine Cycle
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 Steam Power Plants
 Regenerative Feedwater Heaters
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 Steam Power Plants
 Regenerative Feedwater Heaters
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 Steam Power Plants
 Influence of boiler pressure on Rankine cycle efficiency
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 Steam Power Plants
 Influence of superheat on Rankine cycle efficiency
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 Steam Power Plants
 Influence of boiler pressure on quality of steam at turbine exit
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 Steam Power Plants
 Nuclear powered steam plant with a pressurized water reactor
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 Steam Power Plants
 Nuclear powered steam plant with a boiling water reactor
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Gas Turbine Power Plants

Compressor

Reactor

Turbine

Heat Exchanger
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Gas Turbine Power Plants
 Summary
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Gas Turbine Power Plants
 Influence of Operating Parameters on the Plant Performance

where the isentropic temperature ratio is

The max. performance of the Brayton Cycle is obtained when
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Gas Turbine Power Plants
 Influence of Pressure Ratio and Component Efficiency on the Brayton Cycle
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Gas Turbine Power Plants
 Influence of Overall Temperature Ratio on Max. Performance of the Brayton Cycle
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Gas Turbine Power Plants
Model for a Turbojet Plant



409.319A

Aero Thermo Hydro Engineers Nexus Application
Department of Nuclear Engineering, Seoul National University

Thermofluid Plants

Gas Turbine Power Plants
Model for a Regenerative Gas Turbine Plant
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Gas Turbine Power Plants
 Performance of a Regenerative Gas Turbine
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Reciprocating Internal Combustion Engines
 Control volume for reciprocating internal combustion engine plant
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Reciprocating Internal Combustion Engines
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Reciprocating Internal Combustion Engines
 Otto Engine

spark-ignition engine ( p vs v) diagram

– two constant s processes+ two constant v process

2: spark ignites

1-2:compressed to min.v

2-3: equivalent con. v heat addition

3-4: hot gas expanded to max. v

4: exhaust valve opens

4-1:hot gas expands to exhaust pressure

1: fresh charge of premixed air+fuel



409.319A

Aero Thermo Hydro Engineers Nexus Application
Department of Nuclear Engineering, Seoul National University

Thermofluid Plants

Reciprocating Internal Combustion Engines
 Otto Engine

For the rev. adia. process 1-2
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Reciprocating Internal Combustion Engines
 Otto Engine

The net work per unit mass of working fluid is important for showing the 

relative weight of the engine for a given power

power delivered by the engine
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Reciprocating Internal Combustion Engines
 Diesel Engine

compression-ignition engine ( p vs V diagram)

similar to Otto (spark-ignition) engine except the cylinder is charged with air

air temperature > ignition temp. of fuel when compressed to minimum V

fuel spray evaporates, mixes with air, ignites & burns

heat transfer is required to evaporate and heat fuel to ignition, the combustion 

process is slow 

– often modeled simply as con. p process
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Reciprocating Internal Combustion Engines
 Diesel Engine
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1-2: adiabatic compression (const. s)

2-3: const. P heat addition

3-4: adiabatic expansion (const. s)

4-1: const. V heat rejection
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Reciprocating Internal Combustion Engines
 Diesel Engine
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Refrigeration Plants
 Overall control volume for a refrigeration plant
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Refrigeration Plants
 Vapor  compression refrigeration plant
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Refrigeration Plants
 receive positive HT from a low temp. fluid

 transfer heat to environment (air or water) at higher temp.

 vapor compression refrigeration plant is most common

 consist of 1-compressor, 2-condenser, 3- throttle valve, 4-evaporator

1-2: expansion and cools the remaining

liquid to the sat. temp.

2-3: +ve HT from refrigeration load

3-4: compression

4-1: -ve HT to energy sink
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Refrigeration Plants
 Reversible refrigeration cycle
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Refrigeration Plants
 Summary

Most commonly used refrigerants: ammonia, Freon-12 & 22
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