





heat absorbed (AQ)by the working
substance is equal to:

AQ = T x AS or AS= AQ/T or where
T is absolute temperature and AS is
increase or decrease in entropy.

IS standard 3615 defines entropy as
ratio of the heat added to a substance to
the absolute temperature at which it has
been added.

Since in universe some activity is
constantly taking place in all the processes
such as mechanical work, electrical work
or chemical work including lights and solar
energy, and all these forms are finally
converted into or generate heat which is
the lowest form of energy, the law of
thermodynamics states that entropy of
universe is constantly increasing.

A simple understandable statement for
entropy is a measure of energy unavailable
for useful work or wasteful energy. A
certain portion of energy added to a
system at high temperature is later lost
from the system to the surroundings at a
lower temperature and this energy is
unavailable for doing any useful work
between the two temperature involved.
Entropy is expressed as kJ/kgK. (Definition
given in Automotive Design and
Developmentin Annexure under definitions)

Thermal conductivity

Many professionals use either FPS
system or S| system. When looking at the
units of thermal conductivity, there is
confusion with many users since the units
in FPS are per inch thickness basis
whereas in Sl system they are per meter
thickness, hence there is a difference as
given below:

In FPS units, it is the rate of heat
transfer in Btu per hour per square foot of
area per degree Fahrenheit temperature
difference per inch thickness.

In order to convert Thermal
conductivity ‘K’ value in Btu.in/h.ft2.°F, we
need to multiply FPS value by 0.1442 to
get ‘K’ value in SI system (W/m.K) as
given in conversion tables.

How this has been worked out is given
hereunder

Thermal conductivity, (K): 1Btu /h.ftz

12 oF (x 0.1442) = IW/22 K
o ™
1x1055.056 J(J = W.s)
1

" inchx3600s x(3.2808 ftx12)X —— X ——x ——
3.2808ft  3.2808ft 1.8F

[1055.056 J(W.s) x 3.2808 ft x 3.2808ft x 1.8F
3600 x 3.2808ft X 12in

| = 0.1442

Hence, when we multiply thermal
conductivity in FPS unit by 0.1442 we get
Thermal conductivity in SI unit as W/m.K.

Please note the major difference
between FPS and Sl system. In FPS ‘K’
value is for per inch thickness where as in
S| system it is per meter thickness, hence
‘K’ value in Sl is not W/m2.K, butW/m2/m.
K= or W/m.K

Many engineers argue that the units
indicated in S| units are incorrect and
hence we have given this clarification.

Difference between saturation

temperature and boiling point

Saturation temperature is another word
for boiling point. Every substance has only
one boiling point which is at atmospheric
pressure whereas it has many saturation
temperatures depending upon pressure.
Saturation temperature goes up when
pressure increases and saturation
temperature reduces when pressure
reduces. If we refer to refrigerant tables,
we notice a small letter ‘b’ near the
temperature and the pressure against the
same is always 101.325 kPa, which is the
boiling point of the refrigerant.

Heat flow and heat content

Heat flow depends on temperature of
the substance and not the heat contained
in the substance. If a 100kg metal ball at
99°C is kept with contact with 1kg of metal
ball at 100°C, the heat will flow from
smaller metal ball to larger metal ball
although the heat content of bigger ball is
much more.

If we relocate the refrigeration plant
from lower climate temperature region to
warmer areas, say from Bangalore to
Delhi, the same refrigeration plant would
operate at higher saturated discharge
temperatures (SCT) as the compressor
has to raise the energy level beyond
ambient conditions so that heat will flow
from condenser to atmosphere. Heat
content is measured by the formula Q=m.
cpx AT where m is the mass of substance,
Cp is the specific heat and AT is the
temperature difference.

Difference between Air
compressor and refrigeration

compressor
In air compressors, the compressor

resource efficiency

sucks ambient air and compresses it to
desired pressure as warranted by the
applications. Mostly the discharge
pressure is either 7 bar or 10 bar. In other
words, suction pressure is generally same
as surrounding ambient conditions where
the compressor is installed and working
and the discharge pressure varies as per
requirement.

In refrigeration compressor operation,
it is just opposite. The discharge pressure
is dependent on ambient temperature
conditions, if it is air cooled application
and depends on wet bulb temperature if it
is water cooled application. The suction
pressure is selected by the design engineer
depending upon the application for which
he intends to design the system.

In case of air conditioning applications
or chilled water applications, suction
pressure is high and thus compressor
ratio is low. As we reduce temperature, the
suction pressure starts falling. For cold
rooms, it would be lower than air
conditioning application, for -200C cold
rooms it would be still lower and for blast
freezer applications of -400C it would be
very low. But in all these cases saturation
discharge pressure remains same so long
as we use the same refrigerant for all
applications and same condenser cooling
methodology i.e. either air or water cooled.

The compressor functions like water
pump which raises water from lower level
to a higher level. The compressor similarly
raises the temperature level from saturated
gvaporating temperature to saturated
condensing pressure so that refrigerant is
able to reject heat to a medium which
could be either air or water. In other words,
compressor raises the energy level of the
refrigerant.

A refrigeration compressor pumps a
volume of gas. Once suction and discharge
conditions at compressor are Selected,
then mass flow of refrigerant in Ibs/hr or
kg/hr can be worked out. The system
designer should ask for the accurate
volume or mass flow rates at specified
conditions from the compressor
manufacturer. The designer should realize
that a refrigeration compressor pumps a
required volume of gas, and not
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