UNIT-IV: Vapour Absorption System

Vapor Absorption System —

Calculation of max COP —

description and working of NH3 —

water system and Li Br —water ( Two shell & Four shell) System.

Principle of operation Three Fluid absorption system, salient features.

Thermoelectric refrigerator

In 1821 Thomas Seebeck, a German physicist, observed the production of emf
(electromotive force) if two dissimilar metals are joined together and their joints
are kept at different temperatures. The magnitude of such emfis dependent upon
the material combination and temperatures of junctions. However, he was unable
to make use of his invention probably due to insignificant emf and electric power
output.

Thereafter a French scientist, Jean Peltier, discovered a reversed phenom-
enon to that of Seebeck in 1834. He found that there is heating or cooling of a
junction of a pair of dissimilar substances, if direct current is passed through
them. However, he was not only unable to realize the utility of the same but also
failed to correlate between his invention and that of Seeback.

In 1838 Lenz, a German Scientist, applied a D.C. source to a pair of
materials—bismuth and antimony connected together as shown in Fig. 8.1. He
was astonishedto see that the water droplet was frozen into ice. When the current
was reversed, the ice melted. This led to the concept of thermoelectric
refrigeration. However, the idea did not materialize into commercial products for
about a century because of unavailability of suitable materials until 1930 when
semiconductors were developed. '

Fig, 8.1 Ice formation from thermoelectric refrigeration effec




Thermoelectric Effects

Whenever direct current passes through a pair of thermocouples with junctions
maintained at different temperatures, five effects are observed: Seebeck effect,
Peltier effect, Thomson effect, Joulean effect and conduction effect.

Seebeck effect: When the two junctions of a pair of dissimilar metals are main-
tained at different temperatures, there is the generation of emf (electromotive
force) (Fig. 8.2 (a)). He conducted a series of tests by varying the temperatures of
the junctions of various combinations of a set of materials. The emf output was
found to be:
where AE and AT are the emf output and the temperature difference of the junc-
tions. The phenomenon of generation of emf is called Seebeck effect.

AE o< AT 8.1
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(b) Peltier effect {c) Thomson effect




The proportionality constant of Eq. (8.1) is denoted by:
o, = AEIAT (8.2)

and is called Seebeck coefficient or the thermoelectric power. It is to be noted
that &, (= a, — ay) is the coefficient for a pair of different metals (A and B or P
and N or p and n).

Peltier effect: If direct current is passed through a pair of dissimilar metals
(Fig. 8.2(b)), there is heating at one junction, cooling at the other dépending upon
material combinations. Peltier varied the current and observed the heating and
cooling rate for different scts of elements. He found that:

q o< i (3.3}
where g is the cooling or heating rate. The proportionality constant of Eq. (8.3) is
called as Peltier coefficient, , (= volt) i.e.,

= ":ulrbf . (3.4}
where 7, = T, — m, is the coefficient for two different metals.

Thomson effect: It is a reversible thermoelectric phenomenon. When a current
passes through a single conductor having a temperature gmdlent as exhibited in
Fig. 8.2c, heat transfer is given by:

dg
o ol (dT/dx) (8.3)

where rbeing ﬂams:m coefficient (Volt/K) and &/dx, the Thomson heat trans-
fer.

Zemansky [1] using first and second laws of thermodynamics obtained the rela-
tion between Seeback and Pelrier coefficients as:

Ry = 0T (8.6)
Using Eq. (8.6) into Eq. (8.4), it is found:
q = T (8.7)

It is evident from Eq. (8.7) that to get the high value of cooling or heating, a;,
should be high, otherwise large current would be required. But high current will
render high heat generation due to Joulean effect.

Joulean effect: When the electrical current flows through a conductor, there is
dissipation of electrical energy. According to Joule it is related as:

q;=PIR (8.8)
where [ and R are the current and electrical resistance. This effect is called
Joulean effect.

Conduction effect: If the ends of any element are maintained at different tem-

peratures, there is heat transfer from the hot end to the cold end and is related by:

Geona = U(T, = T)) (8.9)

where U being overall conductance and T}, T, are the high and low temperatures,

respectively. If there is only one conductor of cross-sectional area A, conductivity
k and length L, the overall conductance is given by:

U =kA/L (8.10)




We may well ask the same question about the vapor-compression refrigerator that we
asked about the steam power plant—is it possible to accomplish our objective in a more
direct manner? Is it possible, in the case of a refrigerator, to use the electrical energy
(which goes to the electric motor that drives the compressor) to produce cooling in a more
direct manner and thereby to avoid the cost of the compressor, condenser, evaporator, and
all the related piping?

The thermoeleciric refrigerator is such a device. This is shown schematically in Fig.
1.8a. The thermoelectric device, like the conventional thermocouple, uses two dissimilar
materials. There are two junctions between these two materials in a thermoelectric refrig-
erator. One is located in the refrigerated space and the other in ambient surroundings.
When a potential difference is applied, as indicated, the temperature of the junction lo-
cated in the refrigerated space will decrease and the temperature of the other junction will
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increase. Under steady-state operating conditions, heat will be transferred from the refrig-
erated space to the cold junction. The other junction will be at a temperature above the
ambient, and heat will be transferred from the junction to the surroundings.

A thermoelectric device can also be used to generate power by replacing the refrig-
erated space with a body that is at a temperature above the ambient. Such a system is
shown in Fig. 1.8b.

The thermoelectric refrigerator cannot yet compete economically with conventional
vapor-compression units. However, in certain special applications, the thermoelectric re-
frigerator is already is use and, in view of research and development efforts under way in
this field, it is quite possible that thermoelectric refrigerators will be much more exten-
sively used in the future. '

A semiconductoris a material with electrical conductivity due to electron flow (as opposed to ionic
conductivity) intermediate in magnitude between that of a conductor and an insulator.
Semiconductor materials are the foundation of modern electronics, including radio, computers,
telephones, and many other devices. Such devices include transistors, solar cells, many kinds of
diodes including the light-emitting diode, the silicon controlled rectifier, and digital and analog




integrated circuits. Similarly, semiconductor solar photovoltaic panels directly convert light energy
into electrical energy.

In a metallic conductor, current is carried by the flow of electrons. In
semiconductors, current is often schematized as being carried either by the flow of electrons or by
the flow of positively charged "holes" in the electron structure of the material. Actually, however,
in both cases only electron movements are involved.

Common semiconducting materials are crystalline solids, but amorphous and liquid semiconductors
are known.

Silicon is used to create most semiconductors commercially. Dozens of other materials are used,
including germanium, gallium arsenide, and silicon carbide. A pure semiconductor is often called
an “intrinsic” semiconductor. The electronic properties and the conductivity of a semiconductor can
be changed in a controlled manner by adding very small quantities of other elements, called
“dopants”, to the intrinsic material. In crystalline silicon typically this is achieved by adding
impurities of boron or phosphorus to the melt and then allowing the melt to solidify into the crystal.
This process is called "doping".

perFmon- A semiconductor is a substance, usually a solid chemical element or compound, that can
conduct electricity under some conditions but not others, making it a good medium for the control
of electrical current. Its conductance varies depending on the current or voltage applied to a control
electrode, or on the intensity of irradiation by infrared (IR), visible light, ultraviolet (UV), or X
rays.

The specific properties of a semiconductor depend on the impurities, or dopants, added to it. An N-
type semiconductor carries current mainly in the form of negatively-charged electrons, in a manner
similar to the conduction of current in a wire. A P-fype semiconductor carries current
predominantly as electron deficiencies called holes. A hole has a positive electric charge, equal and
opposite to the charge on an electron. In a semiconductor material, the flow of holes occurs in a
direction opposite to the flow of electrons.

(i) (ii) Vortex tube or Hilsch tube.

I

The vortex tube, also known as the Ranque-Hilsch vortex tube, is a mechanical device that
separates a compressed gas into hot and cold streams. It has no moving parts.Pressurized gas is
injected tangentially into a swirl chamber and accelerates to a high rate of rotation. Due to the
conicalnozzle at the end of the tube, only the outer shell of the compressed gas is allowed to
escape at that end. The remainder of the gas is forced to return in an inner vortex of reduced
diameter within the outer vortex.




There are different explanations for the effect and there is debate on which explanation is best
or correct.

What is usually agreed upon is that the air in the tube experiences mostly "solid body rotation",
which simply means the rotation rate (angular velocity) of the inner gas is the same as that of
the outer gas. This is different from what most consider standard vortex behaviour — where
inner fluid spins at a higher rate than outer fluid. The (mostly) solid body rotation is probably
due to the long time which each parcel of air remains in the vortex — allowing friction between
the inner parcels and outer parcels to have a notable effect.

It is also usually agreed upon that there is a slight effect of hot air wanting to "rise" toward the
center, but this effect is negligible — especially if turbulence is kept to a minimum.One simple
explanation is that the outer air is under higher pressure than the inner air (because of
centrifugal force). Therefore the temperature of the outer air is higher than that of the inner air.

Another explanation is that as both vortices rotate at the same angular velocity and direction,
the inner vortex has lost angular momentum. The decrease of angular momentum is transferred
as kinetic energy to the outer vortex, resulting in separated flows of hot and cold gas.

This is somewhat analogous to a Peltier effect device, which uses electrical pressure (voltage)
to move heat to one side of a dissimilar metal junction, causing the other side to grow
cold.-When used to refrigerate, heat-sinking the whole vortex tube is helpful.

The vortex tube was invented in 1933 by French physicist Georges J. Ranque. German physicist
Rudolf Hilsch improved the design and published a widely read paper in 1947 on the device,
which he called a Wirbelrohr (literally, whirl pipe). The vortex tube was used to separate gas
mixtures, oxygen and nitrogen, carbon dioxide and helium, carbon dioxide and air in 1967 by
Linderstrom-Lang. Vortex tubes also seem to work with liquids to some extent. In 1988
R.T.Balmer applied liquid water as the working medium. It was found that when the inlet
pressure is high, for instance 20-50 bar, the heat energy separation process exists in
incompressible (liquids) vortex flow as well.

Efficiency

Vortex tubes have lower efficiency than traditional air conditioning equipment. They are
commonly used for inexpensive spot cooling, when compressed air is available. Commercial
models are designed for industrial applications to produce a temperature drop of about 45 °C
(80 °F). With no moving parts, no electricity, and no Freon, a vortex tube can produce
refrigeration up to 6000 BTU using only filtered compressed air at 100 PSI. A control valve in
the hot air exhaust adjusts temperatures, flows and refrigeration over a wide range.

Proposed applications

Dave Williams, of dissigno, has proposed using vortex tubes to make ice in third-world
countries. Although the technique is inefficient, Williams expressed hope that vortex tubes
could yield helpful results in areas where using electricity to create ice is not an option.

There are industrial applications that result in unused pressurized gases. Using vortex tube

energy separation may be a method to recover waste pressure energy from high and low
pressure sources.

Vortex Tube/Hilsch Tube Advantages:

1. No moving parts, reliable, maintenance free




No coolant

Compact and lightweight

Low cost application

Maintenance free units

Instant cold air in environmental chambers
No spark or explosion hazard
Interchangeable generators

e Al

The vortex tube was discovered in 1930 by French physicist Georges Ranque.
Vortec was the first company to develop this phenomenon into practical, effective
cooling solutions for industrial applications. Here's how it works.

Fluid that rotates about an axis -- like a tornado -- is called a vortex. A vortex tube
creates a vortex from compressed air and separates it into two air streams -- one hot
and one cold. Compressed air enters a cylindrical generator which is
proportionately larger than the hot (long) tube where it causes the air to rotate.
Then, the rotating air is forced down the inner walls of the hot tube at speeds
reaching 1,000,000 rpm. At the end of the hot tube, a small portion of this air exits
through a needle valve as hot air exhaust. The remaining air is forced back through
the center of the incoming air stream at a slower speed. The heat in the slower
moving air is transferred to the faster moving incoming air. This super-cooled air
flows through the center of the generator and exits through the cold air exhaust
port.
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