
ENG 3165 LECTURE 10
THERMODYNAMICS COMPONENT



Steam and 
Two Phase

Systems



Introduction

❑In this lecture advances water as a thermodynamic working

fluid.

❑As a working fluid, water is sometimes in liquid phase and

some times in vapor phase.

❑The various phase transformations and states of water are

discussed
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GENERAL INTRODUCTION

• Matter can take the forms, solid, liquid, vapour or gas

• Each change from one form to another is called a change of phase, and

is accomplished by either the addition or extraction of heat.

• A change of volume accompanies a change of phase. Generally, the

change of volume which accompanies a change from solid to liquid is

not very great. On the other hand, the change of volume during the

change from liquid to vapour or gaseous phase can be very large.

• the ability of a fluid to readily expand or contract is the requisite feature

for successful operation of a thermodynamic engine. Thus both vapours

and gases can be used in thermodynamic engines. The technique used

for vapours, however, is different from that used with gases.
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GENERAL INTRODUCTION
• A vapour results from a change of phase of a liquid due to a transfer of heat, The

bulk of the liquid is, in general, very much smaller than the bulk of the vapour

formed.

• A liquid that can easily be obtained and handled can be used as the generator of

the vaporous working substance for use in an engine.

• Water is such a liquid. It is in abundant supply, can be easily handled and turned

into its vaporous phase called steam.
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THE FORMATION OF STEAM

• It will be assumed that the water and ultimately the steam are in a

suitable container called a boiler.

• Now steam is usually formed at constant pressure and hence our focus

will be on this constant pressure formation of steam.

• lf a mass of water is heated then, its temperature increases. There will

also be a small increase in volume.

• Further heating produces further temperature rise but and soon

bubbles are formed on and near the heating surface, they rise a little

through the water and collapse. These are steam bubbles being

formed. These steam bubbles rise as a result of their lower density.
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THE FORMATION OF STEAM
• The temperature still continues to rise with the transfer of heat and, with the

increase, the bubble activity increases.

• Finally, the water mass is at such a temperature that the steam bubbles are able

to completely rise through the water and the steam escapes from the water

surface. The water mass is in an extremely turbulent state now, and this

turbulent state of steam formation is called boiling

• At the onset of boiling, the temperature ceased to rise, remaining at what is

commonly called the boiling point.

• While boiling continues, the temperature will remain constant independent of the

quantity of heat transferred to the water. In fact, it appears that, so long as there

is water present, then it is impossible to increase the temperature beyond the

boiling point. This is called saturation temperature.

CHITALU 2022 9/7/2022 7



THE FORMATION OF STEAM

• As the steam breaks away from the water surface it will carry with it

small droplets of water. The larger droplets will gravitate back to the

water surface, but the smaller ones will continue on their way with the

steam. Steam with these small droplets of water in suspension is called

wet steam.

• it is the water droplets in suspension which makes wet steam visible.

Steam is a transparent vapour but the inclusion of water droplets in

suspension gives it the white cloudy appearance.
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THE FORMATION OF STEAM

• Further transfer of heat to the wet steam will convert the suspended

water droplets into steam and finally a state will be reached when all

the water has been turned into steam. The steam is then called dry

saturated steam. The steam has now lost its visible characteristic,

having now become completely transparent and, also, this condition

marks the end of the constant temperature intermediate phase.

• Further transfer of heat to the now dry saturated steam produces a

temperature rise and the steam now becomes what is known as

superheated steam. This is the last phase in the transformation of

water into steam.
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THE FORMATION OF STEAM
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STAGES IN THE PRODUCTION OF 
STEAM

• Stage 1: This is the warming phase in which the temperature of the water

increases up to saturation temperature. The energy required to produce this

temperature rise is called the liquid enthalpy.

• Stage 2: This takes place at constant temperature (saturation temperature)

and is the stage during which the transformation from water into steam

takes place. It is punctuated by being all water at saturation temperature at

the beginning and all dry saturated steam at saturation temperature at the

end. Between these two extremes, the steam formed will always be wet

steam. The energy required to produce the total change from all water into

all steam is called the enthalpy of evaporation
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STAGES IN THE PRODUCTION OF STEAM

• Stage 3: This phase begins when all dry saturated steam has been

formed at saturation temperature. Further transfer of heat produces

superheated steam which is accompanied by a rise in temperature.

The amount of energy added in the superheat phase is called the

superheat enthalpy.

➢The phenomenon of temperature change only occurs in a single

phase, be it solid, liquid or vapour, and happens with all substances. If

a two-phase mixture exists (solid-liquid or liquid-vapour) then the

temperature remains constant until a complete change from one

phase to another has been completed.
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SATURATION TEMPERATURE AND 
PRESSURE

• Steam is usually produced at constant pressure.

• Boiling will occur at saturation temperature and it is found that saturation

temperature depends upon the pressure exerted at the surface of the

water, or, in other words it depends upon the pressure at which the steam

is being formed.

• It will then be noted that boiling point of water at 100ºC is only the case for

atmospheric pressure, 760 mmHg.

• Actually, if this pressure is increased then the boiling point or saturation

temperature, as it is called, increases. Conversely, if the pressure

decreases then so also does the saturation temperature.
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LIQUID-VAPOUR EQUILIBRIUM LINE

CHITALU 2022

9/7/2022 14



THE TRIPLE POINT

• If an enlarged plot at the lower temperature and

pressure end of the liquid-vapour equilibrium

line is made the graph will have the appearance

as shown.

• A further line has been introduced, this being

the line dividing the solid and liquid and is the

solid-liquid equilibrium line. The two lines join at

point 3, the-triple point.

• The solid-liquid equilibrium line has been shown

having a horizontal nature indicating that there

is little change in the solid-liquid (melting) point

as a result of change in pressure
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ENTHALPY AND THE FORMATION OF 
STEAM AT CONSTANT PRESSURE

• Consider unit mass of a substance and let heat energy Q be transferred at constant pressure P thus

changing the state of the substance from specific internal energy 𝑢1, and specific volume 𝑣1 to specific

internal energy 𝑢2, and specific volume 𝑣2 . By the non-flow energy equation:

𝑸 = ∆𝒖 +𝑾……………………………………………….(1)

For this case,

𝑸 = 𝒖𝟐 − 𝒖𝟏 + 𝑷 𝒗𝟐 − 𝒗𝟏 ………………………………….(2)

𝑸 = 𝒖𝟐 + 𝑷𝒗𝟐 − 𝒖𝟏 + 𝑷𝒗𝟏 ………………………………………(3)

Or

𝑸 = 𝒉𝟐 − 𝒉𝟏 = 𝒄𝒉𝒂𝒏𝒈𝒆 𝒐𝒇 𝒔𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝒆𝒏𝒕𝒉𝒂𝒍𝒑𝒚 (4)

• Steam is almost invariably formed at constant pressure and thus it follows from the above discussion that

heat energy transferred during the formation of steam (or some other vapour), at constant pressure,

appears as a change of enthalpy in the steam
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ENTHALPY TABLES
• Enthalpy values as they occur in the formation of steam and other vapours at constant

pressure are commonly set out in tabular form.

• Most tables are made out for the formation of unit mass (1 kg) of steam or vapour
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LIQUID ENTHALPY

• The first phase in the production of steam is that of warming the 

water up to saturation temperature, 𝒕𝒇. The energy added to the 

water in this phase is called liquid enthalpy.

• For unit mass of steam, specific liquid enthalpy is written 𝒉𝒇. The 

accurate value of ℎ𝑓 at any given saturation temperature 

corresponding to a particular pressure is given in steam tables’
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LIQUID ENTHALPY
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ENTHALPY OF EVAPORATION

• The specific enthalpy of evaporation is written as 𝒉𝒇𝒈 and it can be

looked up in tables. The evaporation of a liquid into vapour takes

place at constant saturation temperature, as already stated. Thus

ℎ𝑓𝑔, is added at constant saturation temperature 𝑡𝑓 .
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ENTHALPY OF DRY SATURATED VAPOUR
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ENTHALPY OF SUPERHEATED 
VAPOUR

• From the dry saturated condition, a vapour receives superheat and its

temperature rises above saturation temperature 𝑡𝑓

• It has now entered the superheat phase

• The difference between the superheat vapour temperature 𝑡 and the

saturation temperature 𝑡𝑓 is called the 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑠𝑢𝑝𝑒𝑟ℎ𝑒𝑎𝑡. Thus,

𝑫𝒆𝒈𝒓𝒆𝒆 𝒐𝒇 𝑺𝒖𝒑𝒆𝒓𝒉𝒆𝒂𝒕 = 𝒕 − 𝒕𝒇 𝑲 ……………………………..(1)

• The enthalpy added during the superheat phase is called the

Superheat Enthalpy
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ENTHALPY OF SUPERHEATED 
VAPOUR

• The total enthalpy of superheated vapour will be the sum of the enthalpy of dry

saturated vapour and the superheat enthalpy,

𝒉 = 𝒉𝒈 + 𝒔𝒖𝒑𝒆𝒓𝒉𝒆𝒂𝒕 𝒆𝒏𝒕𝒉𝒂𝒍𝒑𝒚……………………..(2)

• An approximation of the value of superheat enbthalpy can be found with the

following:

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝑺𝒖𝒑𝒆𝒓𝒉𝒆𝒂𝒕 𝑬𝒏𝒕𝒉𝒂𝒍𝒑𝒚 = 𝒄𝒑 𝒕 − 𝒕𝒇 …………………………..(3)

Where 𝑐𝑝=specific heat of superheated vapour at constant temperature

∴ 𝒉 = 𝒉𝒈 + 𝒄𝒑(𝒕 − 𝒕𝒇)……………………(4)

• An average value of 𝒄𝒑 for superheated steam is 2.0934 k/kg K. Accurate values

of h are given in tables, equation (4) being used as an approximation only
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WET VAPOUR AND DRYNESS FRACTION
• As already stated, the vapour produced at saturation temperature in the transformation

stage will contain liquid droplets in suspension for so long as there is liquid present. It

should be noted that vapour, as such, is dry.

• The vapour is made wet by liquid droplets in suspension.

• Any mass of wet vapour will be made up of some dry saturated vapour together with

liquid droplets in suspension. The degree of wetness should be known .

• The ratio,

𝑴𝒂𝒔𝒔 𝒐𝒇 𝒅𝒓𝒚 𝒔𝒂𝒕𝒖𝒓𝒂𝒕𝒆𝒅 𝒗𝒂𝒑𝒐𝒖𝒓

𝑴𝒂𝒔𝒔 𝒐𝒇 𝒘𝒆𝒕 𝒗𝒂𝒑𝒐𝒖𝒓 𝒄𝒐𝒏𝒕𝒂𝒊𝒏𝒊𝒏𝒈 𝒕𝒉𝒆 𝒅𝒓𝒚 𝒔𝒂𝒕𝒖𝒓𝒂𝒕𝒆𝒅 𝒗𝒂𝒑𝒐𝒖𝒓

is called the dryness fraction, designated by the letter x.
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WET VAPOUR AND DRYNESS FRACTION

• Consider, then, 1kg of wet vapour of dryness fraction x. The 1kg will be made

up of x kg of dry saturated vapour at saturation temperature 𝑡𝑓 together with

1 − 𝑥 kg of liquid droplets in suspension, also at saturation temperature 𝑡𝑓 .

• Evidently, then, only x kg have received the enthalpy of evaporation.

∴ 𝒔𝒑𝒆𝒄𝒊𝒇𝒊𝒄 𝒆𝒏𝒕𝒉𝒂𝒍𝒑𝒚 𝒐𝒇 𝒆𝒗𝒂𝒑𝒐𝒓𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒘𝒆𝒕 𝒗𝒂𝒑𝒐𝒖𝒓 = 𝒙𝒉𝒇𝒈

And

𝒉 = 𝒉𝒇 + 𝒙𝒉𝒇𝒈

CHITALU 2022 9/7/2022 27



Example

CHITALU 2022 9/7/2022 28



DENSITY OF STEAM
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THROTTLING
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➢lf a gas or steam (or any other

vapour) is passed through a fine

orifice, as shown, then it is said to

have been throttled.

➢The gas or steam will pass from the

high pressure to the low pressure

side and hence throttling is a flow

condition when applied to the

steady-flow energy equation.



THROTTLING
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THE EFFECT OF THROTTLING ON A VAPOUR
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Example
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VARIOUS NON-FLOW PROCESSES 
WITH STEAM
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EXAMPLE: THE POLYTROPIC PROCESS 𝑷𝑽𝒏 = 𝑪



CHITALU 2022 9/7/2022 35



CHITALU 2022 9/7/2022 36



CHITALU 2022 9/7/2022 37



CHITALU 2022 9/7/2022 38



“Science owes more to the 
steam engine than the 
steam engine owes to 
science”

Lawrence Joseph Hendersen
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Thank You

Eng. Flora Chitalu

The University of Zambia
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