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- Bulk Modulus (Ev) (معامل الحجم)

An important question to answer when considering the behavior of a 

particular fluid is how easily can the volume (and thus the density) of a 

given mass of the fluid be changed when there is a change in pressure? 

That is, how compressible is the fluid? 
.مقاومة المادة للضعط المنتظم: معامل الحجم

A property that is commonly used to characterize compressibility is the 

bulk modulus, Ev, defined as

1- Compressibility of Fluids  (انضغاط السوائل)
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Where,

dp is the differential change in pressure needed to create a differential change in 
volume, dV, of a volume V. 

The negative sign is included since an increase in pressure will cause a decrease in 

volume. Since a decrease in volume of a given mass, will result in an increase in 
density, is also expressed as

the bulk modulus has dimensions of pressure, FL-2.
In BG units, the bulk modulus is Ib/in2 (psi). And in SI unites is N/m2 (Pa).
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2- Vapor Pressure (ضغط البخار)

liquids such as water and gasoline will evaporate if they are simply placed in 

a container open to the atmosphere. 

Evaporation takes place because some liquid molecules at the surface have 
sufficient momentum to overcome the intermolecular cohesive forces and 

escape into the atmosphere. If the container is closed with a small air space 

left above the surface, and this space evacuated to form a vacuum, a 

pressure will develop in the space as a result of the vapor that is formed by 

the escaping molecules. When an equilibrium condition is reached so that 

the number of molecules leaving the surface is equal to the number entering, 

the vapor is said to be saturated and the pressure that the vapor exerts on the 

liquid surface is termed them, vapor pressure, Pv.
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Vapor pressure does not depend upon:

- Amount of liquid.

- Volume of container.

- Surface area of the liquid.

Vapor pressure affected by:

• Vapor pressure increase with Temperature.

• Stronger the intermolecular forces the lower the Vapor pressure.
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3- Surface Tension (الشد السطحي)

At the interface between a liquid and a gas, or between two immiscible 

liquids, forces develop in the liquid surface that cause the surface to 

behave as if it were a “skin” or “membrane” stretched over the fluid mass.

Although such a skin is not actually present, this conceptual analogy 

allows us to explain several commonly observed phenomena.

For example, a steel needle or a razor blade will float on 

water if placed gently on the surface because the 

tension developed in the hypothetical skin supports it. 



Dr. Ibrahim Al-Hafidh / College of Petroleum and Mining Engineering 

8

Surface tension: The intensity of the molecular attraction per unit length along 

any line in the surface. It is designated by the Greek symbol (σ) (sigma). 

The surface tension is affected by  a temperature as well as the other fluid it 

is in contact with at the interface.
قوة مؤثرة عموديا على وحدة الطول من الطبقة السطحية للسائل

𝝈 = ൗ𝑭 𝑳

The dimensions of surface tension are FL-1. 

The unit of surface tension is Ib/ft in BG unit system,

and N/m in SI unit system. 

Table 7 & 8 shows the values of surface tension for 

different liquids.
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Table 9

Table 10

Table 9 & 10 show the surface tension 

of water at various temperature. 
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Forces acting on one-half of a 

liquid drop 

The pressure inside a drop of fluid can be calculated 

using the free-body diagram as shown in figure.

If the spherical drop is cut in half, the force developed 

around the edge due to surface tension is 𝟐𝝅𝑹𝝈

This force must be balanced by the pressure 
difference, ΔP, between the internal pressure, Pi,  and 

the external pressure Pe, acting over the circular area, 
𝝅𝑹2. Thus,

𝟐𝝅𝑹𝝈 = ΔP𝝅𝑹2

Or

ΔP = Pi – Pe = 
𝟐 𝝈

𝑹
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Among common phenomena associated with surface tension is the rise (or 

fall) of a liquid in a capillary tube.

If a small open tube is inserted into water, the water level in 

the tube will rise above the water level outside the tube.

In this situation we have a liquid–gas–solid interface. For the 
case illustrated there is an attraction (adhesion الالتصاق) 

between the wall of the tube and liquid molecules which is 

strong enough to overcome the mutual attraction (cohesion
 .of the molecules and pull them up the wall (التماسك

Adhesion  وهي قوة التجاذب الناشئة بين جزيئات السائل نفسه: قوة التماسك.

Cohesion  وهي قوة التجاذب الناشئة بين جزئيات السائل وجزيئات الاناء الحاوي على السائل: قوة الالتصاق.
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To measure the height h:-

The height, h, is governed by the value of the surface tension, σ, the tube 

radius, R, the specific weight of the liquid γ, and the angle of contact, θ,

between the fluid and tube.

From the free-body diagram as shown in (b), we see that the vertical force 

due to the surface tension is equal to 𝟐𝝅 𝑹 𝝈 𝒄𝒐𝒔𝜽, and the weight is 𝜸 𝝅 𝑹𝟐 𝒉
and these two forces must balance for equilibrium. 
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Thus, so that the height is given by the relationship

𝛄 𝛑 𝑹𝟐 𝒉 = 𝟐 𝝅 𝑹 𝝈 𝒄𝒐𝒔𝜽

So, 

𝒉 =
𝟐 𝝈 𝒄𝒐𝒔𝜽

𝜸 𝑹
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The angle of contact is a function of both the liquid and the surface. For water 
in contact with clean glass θ almost 0o.

If adhesion of molecules to the solid surface is weak compared to the 

cohesion between molecules, the liquid will not wet the surface and the level 

in a tube placed in a nonwetting liquid will actually be depressed, as shown 

in Fig.(c). 

Mercury is a good example of a nonwetting liquid when it is in contact with a 
glass tube. 

For nonwetting liquids, the angle of contact is greater than 90°, and for 
mercury in contact with clean glass θ almost 130o .
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