Fluid Properties

A system normally contains a substance (often a gas or liquid).
The state of a system is defined by the properties of the
substance.

A property is any characteristic of a substance which may be
measured and expressed as a quantity, e.g. temperature,
pressure, mass.

Properties may be intrinsic or extrinsic.

Intrinsic properties do not depend on the quantity of
substance involved, whereas extrinsic properties increase in
proportion to the mass of substance. For this reason extrinsic
properties are often expressed ‘perd guantity of
substance’ - usually per unit mass (kg).

The property becomes a C property’.

Volume
A gas expands to fill the volume available to it — but a liquid does not.

The volume of a gas can therefore normally be found from the geometric dimensions of

its container.

v=Pq2
4

The volume of a liquid can be measured using burettes, pipettes, measuring flasks,
calibrated containers, etc.

If the Volume of mass mis V then the specific volume Vv is given by:
\%
v=— or V=nv
m

When a liquid is heated its volume expands — a property that can be used to measure
temperature. The amount of expansion is indicated by its coefficient of volumetric
expansion &.
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Density

The density of a substance is its mass per unit volume:

If the Volume of mass mis V then its density r is given by:

Relative Density

The Relative Density (RD) of a substance is its density relative to water:

_ Density of Substance
Density of water

RD Density of Substance=RD " Density of water

Density of Substance=RD " 1000 kg/m®

Temperature

Temperature is a measure of the ‘hotness’ or ‘coldness’ of a substance.

The terms ‘hot’ and ‘cold’ are relative terms that we normally use to indicate temperature
above or below ambient temperature.

In order to measure temperature we have to be able to assign a number to it and agree
on scale of measurement.

Newton proposed a 12 point scale where ‘0’ was the freezing point of water an ‘12’ was
the temperature of the human body;

Fahrenheit proposed a 12 point scale where ‘0’ was the lowest temperature of an
ice/salt mixture and ‘12’ was the temperature of the human body where each division
was further sub-divided into 8 intervals called ‘degrees’;

Celsius proposed a 100 point scale where ‘0’ was the freezing point of water and ‘100’
was the boiling point of water at atmospheric pressure.

Each of these temperature datum points (except body temperature) depend on the
physical properties of certain materials — and the most commonly accepted scale today
is based on Celsius’ scale because the datum temperatures are easily replicable.

Is temperature dependent on material properties or can it be raised or lowered to any
value we like?



It turns out that although we know of no upper temperature limit there is a temperature
below which we cannot go — known as the absolute zero of temperature:

‘A state of absolute zero was first proposed by Guillaume Amontons in 1702. Amontons was
investigating the relationship between pressure and temperature in gases though he lacked
accurate and precise thermometers. Though his results were at best semi-guantitative, he
established that the pressure of a gas increases by roughly one-third between the temperatures of
"cold" and the boiling point of water. His work led him to speculate that a sufficient reduction in
temperature would lead to the disappearance of pressure.

Though absolute zero can be defined in this way, such a definition has practical and conceptual
limitations as any real gas will liguefy before attaining a temperature of 0 Kelvin.

In 1848, William Thomson, 1st Baron Kelvin proposed an absolute temperature scale in which
equal reduction in measured temperature gave rise to equal reduction in the heat of a body. This
freed the concept from the constraints of the gas laws and established an absolute zero as the
temperature at which no further heat could be transferred from a body.’

Ref. http://en.wikipedia.org/wiki/Absolute_zero.

This temperature is -273.16 degrees C below the triple point of water.

The triple point is the only temperature at which the vapour, liquid and
solid phases of a pure substance can co-exist in equilibrium.

We therefore have four temperature scales:
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<normal body temperature (37°C or 98.4°F)
<SSL temperature (15°C)
273 32 0 <freezing point H,0
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0, 5 (o]
C= §( F +40)- 40
= Temperature 9
3 = conversion °F ==(°C+40)- 40
¥ = 5
g K = °C+273
Format:

actual temperatures: °C, or K

temperature changes: deg C, or K

0 0 <absolute zero



Temperature measurement

Temperature measuring devices all use the effects of temperature on particular physical
properties: e.g.

Volume: mercury in glass (MIG) thermometers

Length : bi-metallic elements (often used in thermostats)

Electrical resistance: platinum resistance thermometers (PRT’s)

Pressure (often vapour pressure): gas bulb thermometers or sensors

Semi-conductor characteristics: thermistors

Seebeck effect: thermocouples

Optical effects: pyrometers

The properties used must be easily measurable and ideally change linearly with
temperature (rare!). Most temperature measuring devices need calibration against
international temperature standards:

Triple point of water : 273.16 K

Triple point of oxygen : 54.361 K
Triple point of hydrogen : 13.81 K
Freezing point of pure zinc: 692.73 K
Freezing point of pure gold: 1337.58 K

Pressure

The pressure exerted by a fluid is defined as the.force p==as AA® 0
acting on an elemental area divided by that area:

Therefore pressure acts equally in all directions and can be ‘measured at a point’.

A
The force on a surface as the —
result of pressure is found from: F= pdA D
a
If the pressure is constant over the area then: F = pA |uuw -
Pressure can be thought of as the result of ‘resistance to flow'.
If a fluid is contained in a vessel the resistance to flow is infinite and
the pressure is determined by gravitational forces:
p,A=weight of fluid + pressureat the surface” A z
pbA = m + paA
but m=rV =rAz A
\ pA=rAzg+p,A
orp,=rzg+p, H‘HH
Py

This is the basic principle of manometry.



Pressure measurement

Piezometers

The pressure of a liquid in a vessel or pipe
can be determined by inserting a tube into
the wall of the vessel or pipe.

It is the simplest form of manometer:

a transparent open-ended vertical tube.
p =r Zg + patm \_,___.

Often it is the difference between the z
pressure in the vessel or pipe and
atmospheric pressure that we want:

Patm

(«—

p- patm =rzg9

This difference in pressure is known as
the gauge pressure — because pressure
gauges almost always measure this
difference.

P- Pam = pgauge or pP=pPym*t pgauge

Pressure gauges

When a pressure gauge is disconnected it
normally reads zero.

When pressure is applied to the sensing |
orifice it reads the difference between
atmospheric pressure and the applied 0

pressure, D
i.e. the gauge pressure. am

the absolute pressure is given by:

p = patm + pgauge
In thermodynamics we normally always
need the absolute pressure () in our
calculations (gases!).

In fluid mechanics we may use both
absolute and gauge pressures.

Some pressure gauges do read absolute pressure,

e.g. an aneroid barometer measures the pressure
of the atmosphere directly.



Pressure transducers

A pressure transducer uses the effects of
pressure on a sensing element to convert
the pressure effect into an electrical signal.
These have the advantage of being easily
interfaced with control equipment, data
logging equipment or direct readout
displays which may be either analogue or
digital.

Pressure transducers may read absolute or
gauge pressure — and normally need
calibration. They can be made to respond
accurately to very rapid changes in
pressure.

Typical pressures:

Motor car tyres: 1.8 — 2.4 bar(g)

Compressed air systems: 8 bar(g)

Compressed Nitrogen: 230 bar(g)

Standard mains water pressure:  (DG2) 10 m head [~1bar(g)]

Atmospheric pressure: 970-1030 mbar
Viscosity

(from:http://www.kulite.co.uk/)

The viscosity of a fluid is a measure of its resistance to being sheared.

If we fill the space between the two concentric cylinders with a fluid and rotate the inside
cylinder the outer cylinder experiences a tendency to rotate because of the shear forces
transmitted to it via the fluid. The greater these shear forces the greater the tendency to

turn.
fluid

moving velocity v
U
——————

force required to hold stationary

\'
velocity gradient = ;

\
shear stress = m;

force = area x shear stress

where /7T1s the dynamic viscosity in Ns/m2 or kg/sm (or poise where 1 poise = 1g/cm s)
Note: Haywood give values of /7in g/sm — remember to convert to fundamental Sl before use! (x10-3)

n
kinematic viscosity /7 is defined as: N =— in m2/s (or stokes where 1 stokes = 1 cm?/s)
r

n =0018g/sm n =1002g/sm n
at20°C

=985g/sm

1 centipoise =1 g/sm



Internal Energy

The molecules of all substances above the absolute zero of temperature have
vibrational kinetic energy. In theory the vibrational kinetic energy is zero at
absolute zero.

Substances also contain energy by virtue of the forces between atoms or
molecules.

This energy is known as the substance’s Internal Energy U.

For most substances this internal energy depends mainly on its temperature
and to a lesser extent on pressure. In gases the inter-molecular forces are very
small indeed.

The internal energy of a perfect gas is dependent only on its temperature.

(Joule’s Law)  Upgfesgas = f (T)

If the Internal Energy of mass mis U then the specific internal energy u is given by:

U
u=— or U=mu
m

Enthalpy
When a substance is heated it typically responds in two ways:

* Its temperature increases;

¢ |[ts volume increases.

The total amount thermal energy transmitted to a substance (the ‘heat’) can be
measured:

a temperature rise indicates an increase in the substance’s Internal Energy;

a volume increase indicates an amount of energy needed to ‘push away’ the
surroundings.

Area A work done W = energy supplied = F x
Pressure p
but Ax=0DV
‘_" Force F = pA therefore W=p DV

distance X
therefore the total heat energy increase = DU +DW = 0J + p DV
this ‘total heat energy’ is defined as Enthalpy H
H=U+pV or if we divide by the mass of the system h=u+pv

If the Enthalpy of mass mis H then

H
the specific enthalpy h is given by: h=— or H=mh




Summary of Properties

PROPERTY | Intrinsic | Extrinsic | symbol | specific | {,ndamental
property unit

Volume Vv v m3

Mass m kg

Temperature T K

Pressure p Pa

Dynamic m kg/sm

viscosity

K_lnem_atlc n m2s

viscosity

Internal

Energy ] u J/kg

Enthalpy H h Jkg

Total system property = mass in system x specific property H =mh etc.

Looking up Properties in Charts or Tables

Substances have many properties - but fortunately it is not
necessary to specify them all in order to define their state.

The two property rule:

The state of a substance may be defined by any two
independent properties and all other properties may
be found if two independent properties are known.

Two properties are independent of each other if one can be varied
without varying the other (although properties other than the two
independent ones may vary).



Pressure and Volume are two typically independent properties of a perfect gas.

The properties of pressure, temperature, mass and volume of a perfect gas are
related by a simple mathematical equation known as the perfect gas equation:

v
pvV=mRT or T= 15
R
We can therefore plot temperature as a function of p and V and represent it
as a 3-D surface

. T=(pV)
View on arrow
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For most substances there is no simple equation that allows one property to be found
from two other independent properties and therefore we have to measure the properties
and record them in charts or tables.

This has been done for many substances and we can look up their properties if we can
find the relevant data.

Where properties are presented in charts the axes are normally the independent
properties and the dependent property is plotted as lines or contours on the chart.

Often more than one dependent property is shown and we have to take care to read the
correct contour.

Where properties are presented in tables the top row and left-hand column normally
specify the independent properties and the dependent property is plotted in the body of
the table.

The intervals between the values of the independent properties may be such that in real
life they may fall between tabulated values. We therefore have to interpolate to find the
value we need. A separate table is needed for each dependent property.

If a particular property of a substance depends almost solely on only one of the
independent properties it can be read from a simple graph or table.

E.qg. the viscosity of a liquid is very dependent on temperature but virtually independent
of pressure. Viscosity values can therefore be found from a simple viscosity/temperature
graph or table for a particular liquid.



Example of a property chart

temperature

Example of a property table

3216 kJ/kg
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water
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water to steam

Steam
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