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2. PROPERTIES OF FLUIDS 

 

2.1. Measures of Fluid Mass and Weight 

 

Mass: Mass (m) is a scientific measure of the amount of matter an object is made 

up of. No matter where you are at given moment in time, mass is constant. So, 

whether you're walking on the world or on the moon, your mass is the same. 

 

-Mass is indestructible. No matter where you are in the universe your mass will 

never change 

 

-Mass can never be zero. What we mean by this is that everything in the 

universe has mass.  

 

-Mass is not related to gravity, centrifugal force, etc and these forces have no 

effect whatsoever on your mass. 

 

-Mass is commonly measured in kilograms and grams. 

 

Weight: Weight (W) is a form of measurement that is dependent on gravity and, 

unlike mass, your weight can vary depending on where you are in the universe. 

 

 W=mg 

 

-The weight of an object changes based on where it is. If you've decided to visit 

the moon to test out this theory then you'll find that, in a matter of hours, you 

will have reduced your weight by two thirds. 

 

-Weight is a vector and its direction of pull is towards the centre of the planet 

you're stood on. 

 

-The weight of any given object can go up or down depending on the amount of 

gravity acting on it. More gravity - the heavier the object. Less gravity - the 

lighter the object. 

 

-Unlike mass, weight can be zero. An example of this is an astronaut floating in 

space - there's no gravity acting on his body and, therefore, he has no weight. 

 

-Weight is commonly measured in Newtons. 
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2.1.1. Density 

 

The density of a fluid, designated by the Greek symbol (ρ, rho), is defined as its 

mass per unit volume.  

𝜌 =  
𝑚

∀
 (

𝑘𝑔

𝑚3
) 

 

Density is typically used to characterize the mass of a fluid system. In the SI 

system units of density are kg/m3.  

 

The value of density can vary widely between different fluids, but for liquids, 

variations in pressure and temperature generally have only a small effect on the 

value of ρ . 

 

The small change in the density of water with large variations in temperature is 

illustrated in Fig. The density of water at 4 0C is 1000 kg/m3. Table 2.1. lists values 

of density for several common liquids. Unlike liquids, the density of a gas is 

strongly influenced by both pressure and temperature. 

 

 
Figure 2.1.  Density of water as a function of temperature. 

 

The reciprocal of density is the specific volume v, which is defined as volume 

per unit mass. 

𝜐 =  
1

𝜌
 (

𝑚3

𝑘𝑔
) 

 

The density of a substance, in general, depends on temperature and pressure.  

 

The density of most gases is proportional to pressure and inversely proportional 

to temperature.  
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Liquids and solids, on the other hand, are essentially incompressible substances, 

and the variation of their density with pressure is usually negligible. 

 

At 20°C, for example, the density of water changes from 998 kg/m3 at 1 atm to 

1003 kg/m3 at 100 atm, a change of just 0.5 percent. The density of liquids and 

solids depends more strongly on temperature than it does on pressure. At 1 atm, 

for example, the density of water changes from 998 kg/m3 at 20°C to 975 kg/m3 

at 75°C, a change of 2.3 percent, which can still be neglected in many engineering 

analyses. 

 

2.1.2. Specific Weight 

 

The specific weight of a fluid, designated by the Greek symbol (gamma), is 

defined as its weight per unit volume. Thus, specific weight is related to density 

through the equation. 

γ = ρg 

 

Where; g is the local acceleration of gravity. Just as density is used to characterize 

the mass of a fluid system, the specific weight is used to characterize the weight 

of the system. In SI the units, γ has units of N/m3. Under conditions of standard 

water has specific weight of 9810 N/m3.  

 

2.1.3. Specific Gravity 

 

The specific gravity of a fluid, designated as SG, is defined as the ratio of the 

density of the fluid to the density of water at some specified temperature. 

 

Usually the specified temperature is taken as 4 °C and at this temperature the 

density of water is 1000 kg/m3. In equation form, specific gravity is expressed as 

 

𝑆𝐺 =
𝜌

𝜌𝐻2𝑂 𝑎𝑡 4 °𝐶 
 

 

Since it is the ratio of densities, the value of SG does not depend on the system of 

units used. For example, the specific gravity of mercury at 20 °C is 13.55. Thus, 

the density of mercury can be readily calculated in SI units through the use of 

above Equation. 

𝜌𝐻𝑔 = 13.55×1000 ≅ 13600 𝑘𝑔/𝑚3 

 

It is clear that density, specific weight, and specific gravity are all interrelated, 

and from a knowledge of any one of the three the others can be calculated. 

Physical Properties of Some Common Liquids and gases are given in Table 2.1. 

and Table 2.2. 
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Table 2.1. Approximate Physical Properties of Some Common Liquids (SI 

Units) 

 
Fluid Density 

 (kg/m3) 

Specific 

Weight 

 (kN/m3) 

Dynamic 

Viscosity 

µ 

(Pas) 

Kinematic 

Viscosity 

 (m2/s) 

Surface 

Tension 

 (a) 

 (N/m) 

Vapor 

Pressure 

Pv (N/m2) 

(mutlak) 

Bulk 

Modulus 

 (b) 

Ev (N/m2) 

Carbon 

Tetrachclorid

e(20 oC) 

1590 15.6 9.58×10-4 6.03×10-7 2.69×10-2 1.3×104 1.31×109 

Ethyl alcohol 

(20 oC) 

789 7.74 1.19×10-3 1.51×10-6 2.28×10-2 5.9×103 1.06×109 

Gasoline 

(15.6 oC) 

680 6.67 3.1×10-4 4.6×10-7 2.2×10-2 5.5×104 1.3×109 

Glycerin(20 

oC) 

1260 12.4 1.50×10+0 1.19×10-3 6.33×10-2 1.4×10-2 4.52×109 

Mercury (20 
oC) 

13600 133 1.57×10-3 1.15×10-7 4.66×10-1 1.6×10-1 2.85×1010 

Oil (c) (SAE 

30) (15.6 oC) 

912 8.95 3.8×10-1 4.2×10-4 3.6×10-2 - 1.5×109 

SeaWater 

(15.6 oC) 

1030 10.1 1.20×10-3 1.17×10-6 7.34×10-2 1.77×103 2.34×109 

Water (15.6 
oC) 

999 9.80 1.12×10-3 1.12×10-6 7.34×10-2 1.77×103 2.15×109 

a: In contact with air;  b: Isentropic bulk modulus calculated from speed of sound;  c: Typical values. Properties 

of petroleum products vary 

 

Table 2.2. Approximate Physical Properties of Some Common Gases at 

Standard Atmospheric Pressure (SI Units) 

 
Gas Density 

() 

(kg/m3) 

Specific 

Weight 

 (N/m3) 

Dynamic 

Viscosity 

µ (Pas) 

Kinematic 

Viscosity 

 (m2/s) 

Gas Constant 

R * 

(J/kg.K) 

Specific Heat 

Ratio 

(k)** 

Air (Standard) (15 
oC)  

1.23 1.20.101 1.79.10-5 1.46.10-5 2.869.102 1.4 

Carbon dioxide (20 
oC) 

1.83 1.80.101 1.47.10-5 8.03.10-6 1.889.102   1.30 

Helium  

(20 oC) 

1.66.10-1 1.63 1.94.10-5 1.15.10-4 2.077.103   1.60 

Hydrogen  

(20 oC) 

8.38.10-2 8.22.10-1 8.84.10-6 1.05.10-4 4.124.103   1.41 

Methane (natural 

gas) (20 oC) 

6.67.10-1 6.54 1.10.10-5 1.65.10-5 5.183.102   1.31 

Nitrogen  

(20 oC) 

1.16 1.14.101 1.76.10-5 1.52.10-5 2.968.102   1.40 

Oxygen  

(20 oC) 

1.33 1.30.101 2.04.10-5 1.53.10-5 2.598.102   1.40 

 *: Values of the gas constant are independent of temperature.  **: Values of the specific heat ratio depend only 

slightly on temperature 

  

2.2. Density of Ideal Gases 
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Gases are highly compressible in comparison to liquids, with changes in gas 

density directly related to changes in pressure and temperature through the 

equation 

 

𝜌 =
𝑃

𝑅𝑇
   or  𝑃 = 𝜌𝑅𝑇 or 𝑃∀= 𝑚𝑅𝑇 or 𝑃𝑣 = 𝑅𝑇 

 

Where; P is the absolute pressure, ρ is the density, T is the absolute temperature, 

υ is the specific volume, m is the mass, and R is a gas constant.  

 

The above equation is commonly termed the ideal or perfect gas law, or the 

equation of state for an ideal gas.  

 

The gas constant R is different for each gas and is determined from 𝑅 = 𝑅𝑢/𝑀, 

where Ru is the universal gas constant whose value is Ru = 8314 kJ/kmol · K. M 

is the molar mass (also called molecular weight) of the gas. The values of R and 

M for several substances are given in Table 2.3. 

 

The pressure in the ideal gas law must be expressed as an absolute pressure, 

denoted (abs), which means that it is measured relative to absolute zero pressure 

(a pressure that would only occur in a perfect vacuum).  

 

Standard sea-level atmospheric pressure (by international agreement) is 101.33 

kPa (abs) or 101.325 kPa (abs). For most calculations these pressures can be 

rounded to 101 kPa, respectively.  

 

In engineering it is common practice to measure pressure relative to the local 

atmospheric pressure, and when measured in this fashion it is called gage 

pressure. Thus, the absolute pressure can be obtained from the gage pressure by 

adding the value of the atmospheric pressure. 

 

 

 

 

 

 

 

 

 

 

 

Table 2.3. Molar mass, gas constant, and ideal-gas specific heats of some 

substances 
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* The unit kJ/kg · K is equivalent to kPa · m3/kg · K. The gas constant is calculated 

from R= Ru /M, where Ru= 8.31447 kJ/kmol · K is the universal gas constant and 

M is the molar mass. 

 

Example: Determine the density, specific gravity, and mass of the air in a room 

whose dimensions are 2×3×4 𝑚  at 110 kPa and 25 °C (Fig.). 

 

 
Solution: At specified conditions, air can be treated as an ideal gas. The gas 

constant of air is R=286.9 kJ/kg K. 

 

𝜌 =
𝑃

𝑅𝑇
=

110 000 𝑃𝑎

286.9
𝑘𝐽

𝑘𝑔𝐾
×303 𝐾

= 1.265 𝑘𝑔/𝑚3 
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The specific gravity of air becomes 

 

𝑆𝐺 =
𝜌

𝜌𝐻2𝑂 𝑎𝑡 4 °𝐶 
=

1.265

1000
= 0.001265  

 

Finally, the volume and the mass of air are 

∀= 2×3×4 = 24 𝑚3    𝑚 = 𝜌∀= 1.265×24 = 30.36 𝑘𝑔 

 

2.3. Vapor Pressure  

 

The temperature and pressure are dependent properties for pure substances during 

phase-change processes, and there is one-to-one correspondence between 

temperatures and pressures.  

 

Vapor pressure or equilibrium vapour pressure is defined as the pressure 

exerted by a vapor in thermodynamic equilibrium with its condensed phases (solid 

or liquid) at a given temperature in a closed system. The equilibrium vapor 

pressure is an indication of a liquid's evaporation rate. It relates to the tendency of 

particles to escape from the liquid (or a solid) 

 

At a given pressure, the temperature at which a pure substance changes phase is 

called the saturation temperature, Tsat. Likewise, at a given temperature, the 

pressure at which a pure substance changes phase is called the saturation 

pressure, Psat.  

 

At an absolute pressure of 1 standard atmosphere (1 atm or 101.325 kPa), for 

example, the saturation temperature of water is 100°C. Conversely, at a 

temperature of 100°C, the saturation pressure of water is 1 atm. 

 

The vapor pressure Pv of a pure substance is defined as the pressure exerted by 

its vapor in phase equilibrium with its liquid at a given temperature. Pv is a 

property of the pure substance, and turns out to be identical to the saturation 

pressure Psat of the liquid (Pv " Psat). Saturation (or vapor) pressure of water at 

various temperatures are given in Table 2.4. 

 

We must be careful not to confuse vapor pressure with partial pressure. Partial 

pressure is defined as the pressure of a gas or vapor in a mixture with other gases. 

The rate of evaporation from open water bodies such as lakes is controlled by the 

difference between the vapor pressure and the partial pressure.  

 

For example, the vapor pressure of water at 20°C is 2.34 kPa. Therefore, a bucket 

of water at 20°C left in a room with dry air at 1 atm will continue evaporating 

http://en.wikipedia.org/wiki/Pressure
http://en.wikipedia.org/wiki/Vapor
http://en.wikipedia.org/wiki/Thermodynamic_equilibrium
http://en.wikipedia.org/wiki/Condensation
http://en.wikipedia.org/wiki/Phase_%28matter%29
http://en.wikipedia.org/wiki/Thermodynamic_system#Closed_system
http://en.wikipedia.org/wiki/Evaporation


9 

 

until one of two things happens: the water evaporates away (there is not enough 

water to establish phase equilibrium in the room), or the evaporation stops when 

the partial pressure of the water vapor in the room rises to 2.34 kPa at which point 

phase equilibrium is established. 

 

Table 2.4. Saturation (or vapor) pressure of water at various temperatures 

 
 

Boiling, which is the formation of vapor bubbles within a fluid mass, is initiated 

when the absolute pressure in the fluid reaches the vapor pressure.  

 

A liquid boils when the pressure is reduced to the vapor pressure. An important 

reason for our interest in vapor pressure and boiling lies in the common 

observation that in flowing fluids it is possible to develop very low pressure due 

to the fluid motion, and if the pressure is lowered to the vapor pressure, boiling 

will occur. For example, this phenomenon may occur in flow through the 

irregular, narrowed passages of a valve or pump. When vapor bubbles are formed 

in a flowing fluid, they are swept along into regions of higher pressure where they 

suddenly collapse with sufficient intensity to actually cause structural damage. 

The formation and subsequent collapse of vapor bubbles in a flowing fluid, called 

cavitation, is an important fluid flow phenomenon. 

 


