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LAWS OF
IDEAL GAS
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LAWS OF IDEAL GAS

The following laws and equations are exact only for ideal gases:
however, they represent a good approximation of the behaviour of
most gases under moderate pressure and temperature.

Laws of Ideal Gas

Boyle’s law

Boyle’s law shows that, at constant
temperature, the product of an ideal gas’s
pressure and volume is always constant.

If the volume is reduced, with a fixed amount of
molecules inside, more molecules will hit the
sides of the container per unit time, increasing
the internal pressure.

Therefore, as a mathematical equation, Boyle’s law is:

PiVi=P2V2 so PV=k

Where P is a pressure (Pa), V the volume (m?) of a gas and K (measured in joules) is the
constant from this equation.

Charles’s law

This law states that for an ideal gas at constant pressure, the volume is directly
proportional to the absolute temperature (in kelvins).

V =kT

Where T is the absolute temperature of the gas (in kelvins) and K (in m3 K-1) is the
constant produced.

Gay-Lussac’s law

It states that the pressure exerted on a container’s sides by an ideal gas is
proportional to the absolute temperature of the gas. This follows from the kinetic
theory—by increasing the temperature of the gas, the molecules’ speeds increase
meaning an increased amount of collisions with the container walls.

In mathematical terms, the Gay-Lussac’s law is:

P=kT
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LAWS OF IDEAL GAS

Avogadro’s law

Avogadro’s law states that the volume occupied by an ideal gas is
proportional to the amount of moles (or molecules) present in the
container. This gives rise to the molar volume of a gas, which at
standard conditions of temperature and pressure is 22.4 dm?3 (or litres).
V=Kkn

Where N is the equal to the number moles of gas.

General law for ideal gases

Combining the four laws the relationship between the pressure,
volume, and temperature can be shown for a fixed mass of gas:

PV = nRT
Where the constant R is the gas constant with a value of .08206
(atm L)/ (mol K)

Dalton’s law

Dalton’s law of partial pressures states that the pressure of a mixture
of gases simply is the sum of the partial pressures of the individual
components. Dalton’s Law is as follows:

Ptotai=P1+ P2+ P3+...+Pn

Where Ptotal is the total pressure of the mixture of gases and Pn are
the individual partial pressures of each of the gases of the mixture at
the given temperature.

Henry’s law

Henry’s law states that at a constant temperature, the amount of a
given gas dissolved in a given type and volume of liquid is directly
proportional to the partial pressure of that gas in equilibrium with that
liquid.

p =kc

Where P is the partial pressure of the solute in the gas above the
solution, € is the concentration of the solute and K is a constant with
the dimensions of pressure divided by concentration. The constant,
known as the Henry’s law constant, depends on the solute, the solvent
and the temperature.

Interesting Fact

If you compress a gas (reduce its volume) while keeping its
temperature constant, its pressure will increase. Alternatively,

if you heat a gas, its molecules move faster, increasing either
pressure (in a rigid container) or volume (if the container can
expand).

Leak Test Solutions
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Tracer Gases for Leak Detection
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LAWS OF IDEAL GAS

Flaw regimes

Flaw regimes can be classified in three categories:

1. Viscous or laminar regime
2. Molecular regime
3. Transitional regime

Viscous or laminar regime

It is characterized by a very orderly and uni-directional flow of the molecules, which
move straight with no lateral mixing, cross currents or swirls. Under these conditions,
when considering a circular section with gas or fluid running through, the flow is
governed by Poisseuille’s law:

4
Q=1gni (PI-PY)

Where Q is the flow, I is the radius of the section, | is the length of the section,T]is
the viscosity of the gas (or fluid), P1 is the inlet pressure and P2 is the outlet one.

Molecular regime

This is the typical type of flow under vacuum conditions and it occurs when the
probability of collision between molecules is lower than the probability of collision
between molecules and walls. Under these conditions, the flow is not orderly and
straight, but it is chaotic and with no prevailing direction. The equation governing this
type of flow is:

v2_  [RT &®
Q=5TA|™m T (P:1—P2)

Where Q is the flow, d is the diameter of the section, | is the length of the section, T
is the absolute temperature, M is the relative mass, P1 is the inlet pressure and P2 is
the outlet one.

Transitional regimes

This type of regime includes characteristics of both the
regimes previously described.




CLASSIFICATION OF VACUUM LEVELS
AND RELATIVE FLOW REGIMES

Molecular flow
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Interesting Fact

Most gases behave almost ideally at room
temperature and pressure, making the ideal gas law
a surprisingly good approximation in everyday life.

Solutions we Offer
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WHO ARE VES? WHO USES
VES?

Leak Detection Systems

Vacuum Engineering Services

are a specialist company offering VDAIKIN
customised leak test solutions to a

variety of industries worldwide.

Formed in 1994, we offer unrivalled expertise in helium

leak testing. We use our design and manufacturing DENSO
expertise to provide bespoke leak detection systems that

can be found across the world and are actively supported

by our worldwide aftersales network.

Our leak test machines are used for guaranteeing leak %Ob“ity

tightness to very high levels and are used across the
automotive, HVAC, fire safety, and nuclear industries.
These machines are utilised on production lines in

operation 24/7, where reliable results are vital. !
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For information on our leak test systems please don't hesitate

and get in touch with us via the contact details below.
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MARELLI

Vacuum Engineering Vacuum Engineering
Services (UK) Ltd. Services (USA) Inc.

T: +44 161 866 8860 T: +1 724 340 6085
sales@vac-eng.com salesUSA@vac-eng.com

Vacuum Engineering Vacuum Engineering

Services Europe Services Fugani de Mexico

T: +420 602 118 280 T:+52 442 402 1122
salesEU@vac-eng.com proyectos@vac-eng.com
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