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M1; Developing the continuous improvement process for academic
practices to strengthen the academic base of students.

M2: Developing the research culture through various efforts that can
insp re students for research.
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leadsrship and social values.
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Department of Mechanical Engineering

Program Specific Outcomes {PS0s)

PSO 1 Interpret. analyze. and provide solutions to real-life mechamical
engineering and interdisciplinary problems for realistic outcomes

PSO 2: Respond to the demands of society by engaging in a litelong
learming approach,

PSO 3: Apply the knowledge of ethical and management principles
required to work in a team as well as to lead a team.

Program Educational Objectives (PEOs)

PEO 1: Graduates will achieve professional skills by applying theis
mechanical engineering expertise and communication in the field of
industries or their own start-ups,

PEQ 2: Graduates will achieve higher gqualifications/skills througsh
further studies.

PEO ¥ Graduates will become responsible citizens by contribunng
significant roles among society.
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Course Name: REFRIGERATION AND AR CONDITIONING

Lab Course Code: BTMELGLD

Examination Scheme:

p

Internal Assessment (CA:TW): 30 Marks

2. External Assassment (ESE:PR): 20 Marks

Course Dutcomes:
Blooms
After successfully completion the course, the students will be able to: I
col Examine the test on Refrigeration and air conditioning test units Sl
to evaluate their performance,
oz Analyze various components of refrigeration and air conditioning Analyze
systems.
o Sketch performance Cycles/Curves of these machines/systems Ay
on Psychrometric Chart
04 | Analyze the results obtained from the tests. Analyze
Apply

| Q05

Write the condusions based on the results of the experiments
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Conditioning practice.
3 0z Study of Leak detection & procedure for charging of aR
t Refrigerant.
| Study of Controls used In Refrigeration & Alr conditioning
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Adm: To Understand Various Tools Used for Refrigeration Tubing and To Perform Various
Operations Like Flaring, Swaging, Bending, Brazing etc,

Objective:

|, To study various wools psed for refrigeration

2. To perform various operations like Naring, swaging, bending, bracing etc.

Theory:

(1) Tube/ Pipe Catier

This instrument resembles wrench. It has a cutting wheel and two sliding wheels. The distance
between the cutting wheel and shiding wheel can be altered by means of mechanism on the
handle itself. The pipe is fixed in between the wheels and the instrument is given one rotation
around the pipe. Then the distance between the wheels is decreased by rotation. Thus, repeating

the procedure, the pipe can be cut into two picces.

Figure I ] Tube! Pipe Curter
It is a refrigeration tool use to cut copper tubing from sizes 1/87 1o 1/2" outside diameter.

A larger tube cutter is also available for large wbe diameters. Tubes are mark first before
cutting. Slight pressure is applied to the copper tube during cutting. The burr inside the
tube is cleaned with blade reamer,
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2. Wrench:

Figure 1.2 Use of Tuhe! Fipe Cutier

This is commonly used 1o tight the bolt. It is also used for holding the parts tightly. These are

available in different sizes depending upon the diameter of pipe. 1t is also available in adjustable

form. By turning screw, we get desire length between two ends,

©

Q @ e

Figure 1.3 W reneh

3, Flaring Tool: This Tool is a simple instrument of two pieces joined by means of two bolts

operated by two wing nuts, When joined wogether, they form heles of different sizes in which
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different sizes of pipes are held tightly for flaring. The pipes do not slip because grips are
provided in the inner side of the holes.

Figure |4 Flaring Tool

It is & refrigeration 1ol use o spread the copper end outward until a flare is formed. File and

ream the copper tube before flaring. The copper tube is inseried into the flaring block with 30%

of its diameter protruding. Turn the Maring yoke slowly until the flare is completed, Remove

copper lube and inspect for defects,

Thawt i
belpar; o gl ™

&y N [LFTY
my et Y

Fipure 13 Flaringe amnil and Flare
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4. Pinch ©MT Tool: The pinch off tool has a similar constructional feature as a flare. It consists of

twir parts assembled by two bolts as both ends. This is used for holding the pipes while working.
Another use is that it pinches off the pipe line before the spot of leakage and helps the workman
o work with damaged part.

Figere 1.6 Pimch O Tood

5. Swagzing Tool: This tool has a similar constrection as the pinch off tool. One end of the tool is

pointed which help in swaging the pipe held firmly with a pinch tool. Swaging means increasing

the dizmeter of the pipe. This is done because bolt is not coming out. So after bolt is screwed,

swaging operation is done.

Figure 1.7 Swaglng Tool
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It is a refrigeration tool use o expand the inside diameter of a copper tbe so that the resulting
diameter is the same as the outside diameter. It is used to join two copper ubes of the same
diameter. Clamp the copper tube by the flaring hlock so that an 'equal to the outside diameter’ of
the eopper whe length is 1o be swigged.

3 Bl mrnsary

Fienre 1.8 Hommer o Swaging Tool
6. Brazing Torch: It is a refrigeration tool use in soldering the joints of two copper ubes
together. 800 degrees Fahrenheit is required to solder copper tubing, Map gas is generally used
in this application, although oxygen-acetylene is also popular except they are bulky and heavy. It
can reach a temperature of 3600 degrees Fahrenheit. When brazing copper tube joints. do it in a

well-ventilated area. Prolong inhalation can cause cancer,

Figure 1.9 Brazing Torch
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7, Tube Bender: This is nothing but a spring given a special construction from general spring.
One end of the spring is made wider to make it casy to push the pipe inside it, then it is bended
thercby giving the shape to the pipe, then it is bended. Then the spring is removed. There arc
different sizes of bender wbes available. It is a copper tube bending refrigeration tool. It has a
three-size moulded hal Fround wheels. The most common sizes are from 1A of an inch diameter,

to 316, then 378, Copper tubes are bent beautifully wsing this professional bending twol.

Fiwwre [ 10 Tube Bender

8. Gawge Manifold: refrigeration tool pressure gauges. Whenever you ane reprocessing a

refrigerator. or replacing a new compressor for a freezer, or charging refrigerant (o your

automaotive air conditioner, vou need a gauge manifold o tell you if vou sre doing it right.

Fignre | 1T Goree Mavnidfold
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9. Vacuum Pomp: This pump is used to make vacuum into the system. The pipe is connected fo
suction ling. Then start motor 50 all refrigerant will be sucked from the system. We can see the

reading dial.

LEAK DETECPIOMN AND. -
REFRIGERANT CHARDG

= i
3 | )

Figwree 1,12 Leak Detection and Befriceramt Charsrivae wnil alope with Vacoaum Pump
Conclusion: Thus. we have studied various tools used in refrigeration and Air-conditioning.

Reference: hupsywww air-conditioning-and-refrigeration.com/Refrigeration-tools. html
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Aim: To Study the Charging, Testing, Evacuating, Pumping Down and Leak Detection
Technigues in A Refrigeration System.

Ubjective:

I. To study the charging, testing, evacuating, and pumping down in a refrigeration Svstem.

2. To study leak detection technigues in a refriperation plant.

Thetry:

Charging and Evacaating Technigques:

Charging and evacuating technigues are the method of charging the plant with refrigeration. The
detailed procedure of charging the plant is as under:

Initially there may be air entrapped in the piping circuit of the planl. Thus, before charging the
plant with the refrigerant, it is essential to remove entrapped air. For removing this air and thereby
foy create 8 vacuum, a vacuum pump is used, which sucks the air.

A vacuum pump fitted with a compound gauge is connected 1o the suction line. As the air is
sucked the pointer on the compound gauge keeps on falling steady and vacuum is created. The
pump is run for a while till the compound gange reads. The system is beft as it is for some hours at
a stretch and the compound gaoge reading is observed. If the pointer starts climbing towards zero
there, it would be ascertained that there is a leakage and if there is no change in the reading, then
we can conclude that the piping is leak proof.

If there is any leakage i.e. if the compound gauge reading slowly rises to higher values, then this
leakage has to be detected and plugged properly. For this the plant is pressurized with the air at
high pressure, so that the leakage may be removed, This completes the evacuating process.

Now the vacuum pump is disconnected and the suction line is connected to the cylinder
containing the refrigerant. There is a valve, provided at the suction line, which is closed belore
disconnecting the vacuum pump. After connecting the cylinder to the section line of the
compressor, the cylinder valve is opened and the nut joining the pipe to the suction is kept slightly

loose. So that when the valve is opened the refrigerant rushes out and forces the air entrapped in
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the pipe to the atmosphere. Now the suction line is opened. There is vacuum inside, it sucks the
refrigerant from the refrigerant cylinder very rapidiv, Al the same lime a pressure gauge indicates
the pressure developed in the compressors due to a charging of pipe attached to the suction [ine is
dizconnected and back pressure is measured. The correct charging pressure is 175 o 200 Ih'in2
and the back pressure is about 20-23 [b/ind. The correct charging pressure is of importance
because if the pressure is more i.e. more refrigerant is charged, then the handling of the refrigerant
is not proper, thereby affecting the performance of the plant.

Once the charging is over the plant is ready for service.

Testing:

When the refrigerant plant is newly set-up, the pipe jeints and other connections of the system
have to be tested for leakage. For that in beginning CO2 and N2 is passed through the system and
pressure gauge reading is noted. Then at the joint, some soap solution is applied. 1f no bubbles are

formed at the joint and pressure remains constants then we can conclude that the joints are free
from any leakage and if bubbles are formed then the joint has to be tightened more. The second
miethod is used to detect the leakage.

The system is completely evacuated afier performing leakage test and this is done with the help of
a vacuum pump. Whether the system is completely evacuated or not is determined by the pressure
gauge readings. Then the plant will be evacuated and charged with refrigerant.

Pumping Dowmn:

Pumping down means collecting all the refrigerant of the plant into its receiver tank. It is useful
when there is some minor repair of the plant is to be done. So refrigerant is not required to be
removed of the plant which is otherwise necessitates recharging,

For this the delivery valve of the receiver tank is closed and the plant is run for few minutes, After
some time, all the refrigerant will be collected in the receiver tank and afler rectifying the fault, by
opening the delivery valve of the plant refrigerant is charged in the line. If necessary, exira

amount of refrigerant should be added from the refrigemant cylinder.
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Lenk Detection:

If there is any leakage i.e. it the compound gavge reading slowly rises to higher values, then this
leakage has 1o be detected and plugged properdy Leak Test Methods:

Difterent leak testing methods one employed for different types of refriperants.

I Ammonis, R12, R23:

A. Sulphur Test Method:

Burning sulphur stick shows a dense white smoke il ammonia is present. The burning sulphur
stick is passed around all the joints and suspected leaky points for the appearance of smoke. This
test is applicable for tracing minute leaks only.

B. Soap Bubble Test:

This test may not be very effective o trace very minute ammonia leak as it is soluble in water,
Fortunately, ammaonia is having plungent odor, a heavy leak can be easily detectable.

C. Litmus Test:

Wet litmus paper { Phenolpthalene paper) which turns red in contact with ammonia can also be
used 1o detect leaks.

2. Halogenated Hefrigeramis:

Svap solution, Halogen leak detector, Halide torch and electronic feak detectors are the methods
used to trece leaks in halogenated refrigerants

A, Halogen Torch:

A halogen torch can detect minute leaks, which are not possible to trace with soap solution. The
presence of trace of refrigerant can change the light blue colour of the detector flame o green or
deep blee. The end of the explorer tube of the detector is carcfully passed over the joints and
suspected leakage points. IF there is a leak. the refrigerant can be drained in with the suction effect
al the end of the explorer tube to the hot copper or brass portion of the buming torch, The
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refrigerant rescts with the metal to form copper chioride, which produces the color change in the
flame. A well-maintained halogen torch is claimed to detect leaks of the order of about 15 gram
PEr Vear,

B. Electronic Lesk Detector:

This i% an electrical instrument. In this also an explorer tube 15 used 1o suck the refrigerant from
the leaky peints to an instrument. A vibrator is provided to suck the refriperant through the
explorer tube. A filter is also provided at the tip of the tube o prevent atmospheric den entering
the instrument, A heating element in the wbe heats the refrigerant dravwn in and the refrigeran
ereates a variation in the current flow of the instrument. The extent of variation o the current is an
indication of the amount of leak. The current variation 15 read on the dial of the instrument. The
change of current actuates a relay which operates an indicating light. These detectors are capable
of detecting refrigerant leaks of the order of about 0.3 gm per year, The electronic leak detector is
a very sensitive instrument and should be handled and stored carefully.

Apparatus:

Vacuum pump, four-way manifold guage.20 degree shut off valve, process stub Schrader valve,
dye-drier with Schrader valve, | 34a recovery cylinder, 134a charging cylinder and charging hose.

Refrigerant Charging Procedure:
A: Operation Caution:

# During operation, be sure to wear safety goggles and protective gloves.

# Before charging the refrigerant, evacuate the system 1o remove small amounts of moisture
remaining in the system. The moisture in the system can be completely evacuated only
under the minimum vacuum level. The minimum vacuum level affects the temperature in
the system.

= The list below shows the vacuum values necessary to boil water in various lemperatures.
In addition, the vacuum levels indicated on the gauge are approx, 3.3 kPa (25 mmHg, .98
in Hg) lower than those measured ot 3048 m (1,000 ft) above sea level,




CEMSS CHIL SHA U COLLEGE OF ENGINEERING, LABORATORY
BANCHANWADL PAITHAN ROAT, AURANGABAD MANL AL
PRACTICAL EXFERIMENT INSTRUCTION SHEET

EXPERIMENT TITLE: STUDY OF LEAK DETECTION & PROCEDURE |
FOR CHARGING OF REFRIGERANT,

EREPARTMENT: MECHANICAL ENGINEERING LATRATINY : CSMSSENGLEMECHRAC LAR

LABORATORY MANLAL RN

CSMSSENGGMECHRAC- WEATRRES
CLASS: THIRDY FART: WY SUANECT: REFRIGERATION AND AIR PAGE: I-n'_
FINAL YEAR Vil CONDITIHONING b ﬁﬁﬁ

Tabte 2.1 Vacwum level required to boll water {or sea level)

Temperature Vacuum
1.7°C {35"F) 100.9 kPa (757 mmHg, 29.8 inHg) |
7.2°C (45°F) 100.5 kPa {754 mmHg, 29.7 inHg)

e =

12.8°C (55°F) | 99.8 kPa (749 mmHg. 29.5 inHg) |
_18.37C (65°F) | 99.2 kPa (744 mmHg, 29.3 inHg) |
23.9°C (75°F) | 98.5 kPa (739 mmHg, 29.1 inHg} |
29.4°C (85°F) | 97.2 kPa (729 mmHg, 28.7 inHg)
35°C (95°F) | 95.8 kPa (719 mmHg, 28.3 inHg) |

1) Close the valves on low-'high-pressure sides of the manilold gauge.

Figure 2,1 Manifold Couge
A) Low-pressure gauge (Compound pressure gauge)

B) High-pressure pange
C) Close
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Figure 2.2 Manifold Gavge connected o sysiem
) Install the low-/high-pressure hoses to the corresponding service pors on the vehicle

respectively.

3) Connect the centre hose of the manitold gauge set with the vacuum pump.

4) Carcfully open the valves on the low="high-pressure sides to activate the vacuum pump

(A} Low-pressure gauge { Compound pressure gauge)

(B} High-pressure gauge () Slowly open (13) Vacuum pump turn on

51 After the low-pressure gauge reaches 10000 kPa (750 mmHg. 29.5 inHg) or higher, evacuate
the system for approx. 15 minutes (Continue evacuation)

&) After 15 minutes of evacuation, if the reading shows 100.0 kPa (750 mmHg, 29.5 inHg) or
higher, close the valves on the both sides to stop the vacuum pump.

(A} Low-pressure gauge (Compound pressure pauge)

B} High-pressure gauge

(C) Close

(D) Vacuum pump tums off

7} Nate the low-pressure gauge reading.

&) Leave it at least 5 minutes, and then check the low-pressure gauge reading for any changes.
When a gauge indicator shows near to zero point, this is a sign of leakage.

Check pipe connector points, repair them, and make sure there is no leakage by air biceding.
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93 Following the can tap operation manual instructions, install it w the refrigerant can.

-

HFC
134a

\ )

Figure 2.3 con tap operarion mantial

e

{A) Tap valve

(B} Centre manifiold hose

10} Disconnect the centre manifold hose from the vacuum pump, and connect the hose 1o the tap
valve,

11} When a 13.6 kg (30 |b) refrigerant container is wsed, measure the refrigerant amount in use
psing & weighting scale,

12} Confirm that all the 3 hoses are tightly connect-ed to the manifold gauge set.

13} Open the valve on the HFC-134a source.

14} Loosen the centre hose connection on the manifold gauge set (if applicable. press a purge
valve on the manifold gauge set) only for a couple of seconds to allow the air in the centre hose to
escape by the refrigerant.

15) Carefully open the high-pressure valve with the engine stopping.

CAUTION: Do niod open the low-pressune valve.

16} Close the high=pressure valve when the low-pressure gauge reaches 98 kPa (1 kglem2, 14 psi).
Using & leak tester, check the system for leaks

17) If any leakage is found after the refrigerant recovery is completed, repair the applicable area.
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|B)Y After confirming that there are no leaks with the leak test, charge the required amount of
refrigerant.

19) Close the high-pressure valve when; the readings of low-/high-pressure gauges become afmost
equal, after the charging speed is reduced, the HFC-134a source becomes empty. or the sysiem is
filled with the gas.

200 If the HFC-134a source is empty, close the high-pressure valve, close the valve on the can fap.
and replace the HFC-134a source with a nesw one 1o restart the operation.

21) Confirm that both the low-"high-pressure valves can be closed. Start the engine with the A/C
switch OFF.

21y Ouickly repeat ON-OFF cycles a few times to prevent initial compressor damage.

22 Set up the system 1o on condition,

23) While reading the low-pressure gauge. carefully open the low-pressure valve with the
refrigerant source connected and the service hose purged.

24) Adjust the refrigerant flow to maintain the pressure on the low-pressure side at 276 kPa (2.81
k' cm2, 40 psi) max,

23} Adfter the system is fully charged, close the low —pressure valve.

26) Close the valve on the refrigerant source.

27y Disconnect the hose from the service port, and install the service port cap.

Conclusion: Hence, we have studied the Charging, Testing, Evacuating, Pumping Down and
Leak Detection Techniques in o Refrigeration Plant’ System.,
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Aim: To study the various controls used in Refrigeration and Air conditioning system,

Civjective:

|. To Study of Controls used in Refrigeration & Ajr conditioning such as expansion devices.
Thermostat, HP, LP cut cut, OHP, Relays, Solenoid valves. Humidity measurement.

Appuaratus used: Schematic dingrams of Refrigeration and Air Conditioning controls, Modcls.
Thunry:

The controls are very essential for satisfactory and economical working of a refrigerant. The
elecrrical connection diagram of a domestic refrigertor is shown in fig. The refrigerant is ftted
with following controls,

1. Unverdoad protector:

The basic funclion is 0 protect the compressor motor winding from damage due o excessive
current, in the event of overloading or due o some fault in the electric cirout. [t consists of a
himetallic strip. During the normal working of the compressor, the contacts are closed, Whenever
there is any abnormal behaviour, the bimetallic sirip gets hemed and bands, thereby opening the
motor contacts, and de- energizing it The overload protector is ftted on the bady of the
compressor and operates dwe 1o the combined sction of heat produced when current passes
through the bimetallic strip and a heater element, and heat transferred from the compressor body.
It may be noted that the abpormal behaviour of compressor may be due o low voltage, high
voltage, high lowd, low suction pressure, high section & discharge pressure.

2, Thermaostail:

A thermostat is used to control the temperature in the refrigeration. The bulb of the thermostat is
clamped 1o the evaporator or Freezer. The thermostal bulk is charped with few drops of
refrigerant. The thermostat can be set to maintain different temperature al a time. When the

desired temperature is obtained, the bulb of the thermostat senses it; the liguid in it compresses
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and operates the bellows of the thermostat and open compressor motor contacts, The temperature
al which motor stops is called cut-oul temperature. When the temperature increases, the liquid in
the bulb expands thereby closing the bellow contact of the compressor motor, The temperature, at
which compressor motor stars, is called cut-in temperature. A thermostat s very crucial in
operation of refrigerator as the running time of compressor is reduced considerably thereby
cutting the operation cost as well as enhancing the compressor life due o non-continuous
working.

1 Flow control devices:

The major devices under this category air the expansion devices. The purpose of the expansion
devices is twofold: it must reduce the pressure of the liguid refrigerant. and it must regulate the
Mow of refrigerant to the Evaporator. An expansion device offers a resistance to flow so that the
pressure drops Resulting in a throtiling process. Basically, there are two types of expansion
devices,

1. Variable restriction type

1. Constant Restriction Tvpe

. Variable restriction rype

In the variable restriction type the extent of opening or area of flow keeps on changing depending
on the type of control. There are two common types of such control devices viz,

A. Thermostatic expansion valve.

B. Automatic expansion valve.

A. Thermostatic Expansion value (TEY):

The name may give an impression that it is a temperature control device. It is not o lemperature
control device and it cannot be adjusted and used 1o vary evaporator temperature. Actually, TEV

is u throtiling device which works automatically maintaining proper and correct liquid flow as per
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the dictales of the load on the evaporator. Because of aulomatic operation, high efficiency and
ability to prevent liquid flond backs this value is extensively used.

Pl = Thermostatic Elements Pressure P2 = Evaporator Pressure

P3 = Pressure Equivalent of the Superheat Spring Force

Firnre 3.4 Thermosialic Expamsion Pahe
The functions of thermostatic expansion valoe are:

‘1. To reduce the pressure of the liquid from the condenser pressure 1o evaporator pressure,

2. To keep the evaporator fully active.

3. To modulate the flow of liguid to the evaporator according to the load requirement of the
evaporator so as o prevent flood back of liguid refrigerant to the compressor.

4, Pressure Pl in the power element acts o open the valve ie. o move the value needle away
from its seat,

5. The evaporator pressure P2 acts as the bottom side of the diaphragm of the power element
tending 1o close the value,

6. Pressure P3 of the superheat spring also assist in the closing action, Therefore, if the power
element pressure P1 i3 greater than the constrained pressure of P2 and P3, the value will open, It
docs last two functions by maintaining a constant superheat of the refrigerant at the outlet of the
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evaporator it would be more appropriate to call it a “constant superheat valve™, The important
parts of the valve are power element with feeler bulb, value seal. needle and a superheat
adjustment spring. The power element is charged with a refrigerant, The operation of the valve i.c.
the clsing and opening of the value are controlled by their basic forces, The force balance is
shown in Fgure

B. Autematic Expansion Valve:

AEY is also called as constant pressune expansion value, As name implies it maintains a constant
pressure in the evaporator, [t works on the same principle as the pressure reducing valves used in
compressed air lines, oxyvacetylene cyvlinders ete. A schematic diagram of the constant pressure

Expansion. Valve is shown in figure
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Figure 3.2 Awlomatic Expansion Valve
The valve consists of seat and needle- which forms the orifice, 8 metallic disphragm or bellow.

spring and an adjusting serew. The spring pressure and the atmospheric pressure acts on top of the
diaphragm, thereby moving the peedle away from it seat that is moving the needle valve in the
opening direction. The evaporator pressure acts below the diaphragm moving the needle valve
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towards the closing position. Thus, the evaporator pressure and spring pressure oppose esch other
and whichever is greater will determine the position of the needle with respect to the seat.

When the plant is running the value maintain an evaporator pressure in equilibrium with the
spring pressure plus stmospheric pressure, The tension of the spring can be varied by the spring
sdjusting serew. The value operates automatically to maintain a conslant evaporator pressure as
per the setting of the spring pressure. By adjusting the tension of the spring. the evaporator
pressure can be varied. Once a setting is made, the valve functions to maintain a constant
evaporator pressure. Hence it is called the constant pressure ¢xpansion valve”, Once the plant
stops, the evaporator pressure increases due to the vaporization of the liguid left in the evaporator,
This increase in pressure acts on the diaphragm against the spring pressure and closes the valve
tightly. It remains closed until the compressor start again and reduces the pressure in the
evaporator which is advantageous.

1. Constant Restriction Tyvpe

The capillary tube, a long tube with very small bore comes under constanl restriction type
expansion devices. The capillary tube is a fixed restriction type device, It is a long narrow tube
connecting the condenser directly to the evaporator. The pressure drop through the capillary tube
is due o the following reasons:

1. Friction due to Auid viscosity, resulting in frictional pressure drop.

2. Acceleration, due to the Mashing of the liquid refrigerant into vapour resulting in momentum
pressure drop.

The mass flow through the capillary tube will, therefore be adjusted so that the pressure drop
through the tube just equals the difference in pressure between the condenser and evaporator, For
u given state of the refrigerant, the pressure drop is directly proportioned to the length and
inversely proportional 1o the bore diameter of the tube. A number of combinations of length and
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bare are possible for a capillary tube (o obiain the desired Now and pressure drop. However, ance
a capillary ube has been selected. it will be suitable only for the designed pressure drop and low.
It cannot satisfy the flow requirements with changing condenser and evaporator pressures. Even
then it is most commonly used expansion device in small refrigeration units such as domestic
refrigerators, window AJC, water coolers, ete, The advantages of a capillary tube are its quite
working. simplicity, low cost and absence of any moving part. Also, it is found most suitable with
on-off control because of its unloading characteristics. Thus when compressor stops it allow high
and low pressure to equalize, thereby enabling the compressor motor to restant on no load,
Accordingly lower starting torgue molors can be used.

4, Bafeiy Devices:

n} High pressure and low-pressure cul-out:

Refrigerant compressors are provided with high pressure (HP) and low pressure (LP) cut outs,
High pressure cut-out is merely a safety control. When the head pressure increases beyond a set
point, the HP cutout cycles off the compressor in order to avoid the possible damage 10 the
compressor, When the head pressure subsequently drops, the circuit is once again closed and the
compressor starts. Because of the possibility of scale formation in condenser tubes and the failure
of water supply high pressure cutout are essential in the system with water cooled condensers,
These cutouts require manual setling, The low-pressure cutout is used both as safety control as
well s temperature control. The evaporator governs the suction pressure, A low-pressure cutout is
actuated by change in suction pressure and can be indirectly used to control the evaporator
LEmperature.
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b} Starting relays:

The relays are generally used in hermetic type units. [t allows the Aow of electricity through the
starting winding of the motor and disconnects the starting winding or starting capacitor from the
circuit when the motor reaches 75% of its rated speed. There are two vpes starting relays.

|, Current reloy

ii: Woltage relay.

I Current Relay: The current relay is used primarily with capacitor start induction motors for
disconnecting the starting winding and starting capacitor from the circuit. It is a Magnetic tvpe
relay and actuated by the change of current flow in running winding during starting and running
perinds of motor. 1t consists of few turns of copper wire in which soft iron plunger is free to more
up and down. This soft iron plunger is free 1o more up and down. This soft iron plunger may be
called electronic net. It is connected in series with the running winding and the confact points,
which are fitted near the electromagnet, are connected in series with the current relays with the
starting winding.

When the motor is energized. the current flow through the relay in the running winding. In the
starting, the magnetic field produces around the relay and attracts the plunger to close the contact
thus energizing the stating winding. The speed of the motor increases pradually and when it
reaches 75% of its rated speed. the motor current and magnetic field of the relay decreases.
Permitting the contact points o open. Then motor mins on running winding alone.

il Voltnge Relay:

The voltage relay is growing in popularity, especially in the larger units. Its operation depends on
the increase in voltage as a unit approaches and rcaches its rated speed. In construction, the
valtage coil made of many s of wire as compared with current coil which is made of few tums

of heavy wire amd is connected parallel with starting winding. A set of content points ore
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Determining dew point

The dew point is the temperature at which water vapor starts 1o condense out of the air. Once the

dry bulb and wet bulb temperatures are known, the dew point can be determined from a chart.

Meassoring atmospheric conditions

A sling psychrometer can also measure air temperature, surface temperature, and other

atmospheric conditions,

Exercise:

Handle

Figure 3.4 Sling Pyvelwamerer

I. | State the name of Different types evaporative devices used in relrigeration system. Explain

Automatic expansion valve.

2. | Explain construction, working, advantages and disadvantages of Thermostatic Expansion valve

with neat sketch

Conelusion:

Svelems.

Hence, we have Studied of Controls used in Refrigeration & Air conditioning
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Aim: Te Understand Construction and Working of Reciprocating, Rotary and Centrifugal
Compressor Lsed for Refrigeration & Air Conditioning.

Ohjective:

l. To study construction and working of reciprocating, rotary and centrifugal compressor
Apparates nsed: Schematic diagrams of Refrigeration and Air Conditioning controls; Models.
Thewry:

The compressor is the heart of vapour compression system. The compressor is used 1o reclaim the
refrigerant vapour leaving the evaporator. The refrigerant must be compressed to the pressure
corresponding to a saturation temperature higher than the temperature of the naturally available air
or water, The compressor is also used to circulate the refrigerant through the system. The capacity
of compressor determines the capacity of refrigeration system 88 8 whole. The refrigeration
compressor and gas or air compressor differs very much because the refrigerating compressor is
intggral part of the cvele and it is coupled (o other components.

Classification:

Classification of refrigeration compressors,

I. Reciprocating compressor.

2, Rotary compressor,

3. Centrifugal and scroll compressor,

1. Reviproviiing Compressie

The reciprocating compressors are available in sizes as small as 1712 hp up 1o about 150 hp for
large capacity installation. The reciprocating compressors are of three types.

u) Open type compressor,

by Hermetically sealed compressor.

w) Ohpen v pe of compressar
A compressor whose crankshaft extends through the compressor housing so thal o motor can be

extemnally coupled to the shaft is called open tvpe compressor. These types of compreszors adopt a
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volumetric compression system using pistons and work much like an internal combustion engine.
The pistons run up and down inside cylinders, producing suction and compression of the
refrigerant gas. Each cylinder has a suction valve for the gas refrigerant and a discharge valve 1o
deliver the gas to the condenser after having been compressed, A disadvantage of the open tvpe af

compressor is that the shaft seal is most vulnerable point for leakage of refrigerant.

whLEl LIFTER

vl Wl LT R
Pu RO SOMND 5

Euiprocaling comjmeyiad,

Figure 4.1 Cross-Section of Open Type compressor
b Hermetically sealed com piressor;

In hermetic compressor there is no need for shaft seal. The compressor and motor are mounted on
singhe shaft and whole assembly 15 fixed i a steel shell, the joint of which are welded. The losses
due to drive package and shaft seal friction are also eliminated i.e. the power required per tonne of

refrigeration 15 less than that of the open type.
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Figure 4.2 Schematic iagram of Hermetically seaied comprexsaor
In a hermetic reciprocating compressor, as a result of the perfect hermetic sealing of the

refrigeration cincuit on the compressor body, unlike the two alternative varignis — there are no
refrigerant leaks possible. They are suitable for air conditioning, cold rooms or low temperature
applications, the technology is wery reliable, and they come in many different designs for all
cormimaon refrigerinis,

I, Rolary compressor:
As the name implies, the displacement and compression of the refrigerant vapour is achieved due

to circular or rotary motion instead of reciprocating motion. These compressors are very efficient
because the actions of waking in refrigerant and compressing refrigerant occur simultaneously.
Fhey have very few moving parts, low rotational speeds. low initial and maintenance costs, and
are forgiving in dirty environments, However, they are limited to smaller volumes of the gas and
produce less pressure than other types of compressors, There are two types of rotary compressor,

a} Rolling or Stationory Single Blade type rotary compressor: The main components of notary

compressor are cylinder, roller mounted eccentrically on motor shaft and a spring-loaded shafi,
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The roller moves eccentrically on the driver shaft inside a stationary cylinder, The vane moves up

and down in the stot, This vane is dividing line between the suction and discharge of compressor

Figure 4.3 Schemaric diagram of Ralling tvpe compressor

The suction and discharge ports of the compressor are located on either side of the vane, The
suction vapour entering the cylinder gets compressed due to eceentric rotation of the rotor. It
progressively reduces the volume of the annular space between cylinder and the rotor. The
compressed vapor passes out of the discharge port.

by Seroll type compressor:
Scroll compressors are in widespread use in air-conditioning systems (their classic application is

chiller). In scroll compressors, the crankshafl is arranged vertically. The scroll set is located above
it. This scroll set comprises one fixed and one orbiting spiral, These two spirals mesh with one
another, compressing the refrigerant through an orbital motion from the outer part of the scrall set
towards the middle.




n

CSMES CHH, SHAHU COLLEGE OF ENGINEERING,
RANCHANWADL FATTHAN ROAD, AURANGCABAD

LABORATORY
MARLUAL

PRACTICAL EXPERIMENT INSTRUCTION SHEET

=L

EXPERIMENT TITLE: TO STUDY CONSTRUCTION AND WORKING OF

HERMETICALLY SEALED COMPHESSOR

DEPARTMENT: MECHANICAL ENGINEERING

LABORATORY  CSMSSIENGLMECHRAC LAHN

LARDRA TORY MAMNUAL MO

YEAR:ZOZI4-25

CEMSSENGLMECHRAC 04
CLARS: THIRTY FARTI VI SURITCT: REFRIGERATION AND AIR pAGE: B0
FINAL YEAR il COMDITIONING s

The rotor whose shaft is connected to motor is called as male rotor and other as female. When the
male rotor rotates, the female rotor in tum rotates, obviously in opposite direction,

A cenirifugal compressor
Centrifugal compressors are similar in construction to centrifugal pumps, the Incoming fMuid
enters the eve of the spinning impeller and is thrown by centrilugal force to the periphery of the
impeller. Thus, the blades of the impeller impart a high velocity 1o the gas and also build up the
pressure. From the impeller the gas goes either into diffuser blades or into a volute casing, where

some of the kinetic energy is converted into pressure,

Filgure 4.6 Centrifugal Compressor
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The centrifugal compressors may be manufactured with only one wheel if the pressure ratio is
low, although the machines are generally multistage. Centrifugal compressors operate with
adizbatic compression efficiency of 70 to 8%,

Different protective devices used on compressors;

Protective devices are designed to protect the compressor against abnormal working conditions.

1. High pressure cutout switch,

2. Internal pressure relief value.

3. Low pressure switch

4. Motor winding thermal protector ( Thermostat)

5. Time delay relays

Exercise:

Write brief note on Hermetically sealed compressor also give advantages

What is a mulfi-stage compressor? Cive its advanfages

1
2
K Whai are the advaniages and dissdvantages of centrifugal compressor over ecipmcating compressors?
4 | Explain working of serew bvpe compressor,

Conclusion; Hence, we have Studied Construction and Working of Reciprocating. Rotary and
Centrifiigal Compressor Used for Refrigeration & Air Conditioning.
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Adm: To conduct trial on relrigeration test rig for recognizing Principle of operation and Actual

Working of a svstem and To Calculate COP of System.
O jective:

| To understand principle of operation and working of vapour compression sy stem.

2. To ealeulate theoretical, actual and relative C.O.P. of the system
Working:

The refrigeration system works on vapour compression cycle. The refrigeration is the process of
(maintaining a closed space temperature below the surrounding temperature) is accomplished
continuously circulating, evaporating and condensing a fixed supply of refrigerant in a closed
system. Evaporation occurs at a low temperature and low pressure while condensation occurs at
a high temperature and pressure. Thus, it is possible to transfer heat from an area of low
temperature to an area of high temperature. (the surrounding). The compressor pumps the low-
pressure vapour refrigerant from evaporator, ingreases pressure and discharge high pressure
vapour refrigerant to the condenser. In the condenser heat rejected to the surrounding by passing

air over ik

Fi igre 3.1 Schematic diagram of Refrigevation system.




N

e

s —

CEMES CHH SHAHLD COLLEGE OF ENGINEERING,
RANCHANWADL PAITHAN RCAD, AURANGARAL

LABEATINY
MANLAI

FRACTICAL EXPERIMENT INSTRUCTIHON sHEE]

EXPERIMENT TITLE: TRIAL ON REFRIGERATION CYCLE TEST RIG

LEFAR T MES 1L MECHANICAL ENGINEERING

LABORATORY : CSMESSTENGLMECHRAC LAR

LARORATORY AAMNI
CEMSSENGHGMECHRAC-DS

AL B,

YEAR:2024-25

CLARS; THIREDY
FINAL YEAR

PAR
Ll I}

[ SURIECT: REFRIGERATHON AND AIR
NN DT IO ™S N

LYY

I'aU-I...E.E.,H‘E},

Al that pressure refrigerant losses its latent hest and liguefies. Then the refrigerant passes

through the drier/filter where any residual moisture or foreign particles present. these are plugged

the flow rate of refrigerant into the cvaporator is contralled by the expansion device. Where its

pressure and consequently temperature is lowered 1o the saluration temperature at the

corresponding pressure. The low temperature vapour enters cvaporator where it absorbs heat

from the sumrounding medium and evaporators, The compressor deaws the cold vapour and the

cvele repeats. The schematic diagram of experimental setup is shown in figure 5.1 and

photographic view in figure 5.2,

Operating Instruciions:

17 Place the machine in the proper position whene its level is horizostal and it is well

ventilated.
2y Give 230 volts, 50 He and single-phase electric supply to the unit.

31 Fill the colorimeter or isothermal bath with elean water

43 Start the compressor by putting the switch O,

51 The pump in the calorimeter will equalize the temperature in the tank.

) Put ON the supply of heater.
7 Refrigerant circulated through the tube absorb heat from the water and equal amount of

heat supplicd from the heater to maintain the temperature of the bath practically constant,
£) Load = Refmperation effect.
9 Record all the readings as per the ohservation table

L) Adlow at least Hall an hour running time for the correct resulls

I 1} Calculate the results as per the procedure mentioned.

CAUTION:

« Always start the machine only afler ensuring adequate water level in the tank.

e [Do-not switch on the heater in the dry tank

& [}o-pidt temper with the tempernature as well as the pressure settings,
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Technical Specifications:

Component Specifications
Compressor Hermetically scaled. Emerson make
Capacity 500 watts @) rated test condition
Condenser Forced convection air coole
Drier/Filter Molecular sleeve type
Expansion Device Capillary tube and Thermostatic expansion valve
Evaporator shell and cniI"lEj:he
HP/LE cut out Provided
Pressure gnuges 2 numbers, (Bourdon fube)

" Provided (As well as wells are provided w measure
Temperature indicator ) ; _ :
temperature at varies point using ordinary thermometer)

Energy meter Provided for compressor and heater
Refrigerant R-134a

Standard Values and Formulas:

Standard Barometric Pressure

1003 bar= 1013 x 105 N /m2

Density of Water

1000 kg / m3 = 1 kg / litre

Specific heat of water 418 klkg K

Gas Constant for Air 870/ kg K

Specific Gravity of R-134a at 400 C | 1.2

1 Ton of Refrigeration effect 3500 Watts = 3.5 kI /s
Drensity of air at 250 C 1.1 kg/m3

I KWHr (kilowatt-honr) S0 k.l

1 bar 14.5 psig
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Caleulations:
1. To caleulate setual CAOLP. of the system:

AL Method:

= | Energy meter reading
| Time for 20 pulses
M Thmnber of pakies = 3500
_' 1y .. = Enerey meter constani{Heater)
Actual refrigeration effect | = | pea |
Actual Compressor work w - Time for 20 pulses
Energy rmeter constants 3200 pulses per kW
W Number of pules « 3600
I 1. = Enerpy meter constant{ronapressor)
| Actusl Compressor workw | - - =

s h T o ST TIPS

Am.li_c:diﬁertufwhmml

Actual refrigeration effect/ Actual compressor work

NW

B. Method:2

Actual refrigeration effect | = | Mass of Water in tank®Specific heat of water® (Final temperature
(N) of water- intimal temperature of water)/ Duration of trail

Actual refrigeration effect
(N)

Achal coefficient of performance | = | Actual refrigeration effectf Actual compressar work
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L. To caleulate theoretical C.0LP. of the system:

We have

Averape suction pressure {Psciion guge) =
Average dischange pressure {Pascage guge) =-- - ovomininiin i
Absolute suction préssure= Suction gaupge pressure+ barometric pressune =

Absolute discharge pressure= discharge gauge pressure+ barometric pressure =

Accordingly,

Enthalpics of refrigerant at salient points are

Fulh ik

Accordingly,

Enthalpy of refrigerant at inlet of compressor hl

Enthalpy of refrigerant at outlet of compressor h2

Enthalpy of refrigerant after condensation h3

Enthalpy of refrigerant affer expansion hd

= = |
v ke
—— -
* ]
|
- i— -y
iy T
Fiewre 3.3, P-h Chavr af B-1 34a
kg= ks
k= k1!
kg= k!
kg
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Theoretical refrigeration effect = N =hl-h4= kl'kg=h2-hl
Theoretical compressor work = W = klke

Coefhicient of performance = C.OP. = NW =

(Mote: These valves of enthalpies can be calcalated with the help of P-h chart of R- 1344)

3. To caleuliwte Carnot C.O.P, of the system:

T
CamotC OP=——
+ T -T

[ L

Ti= Saturation temperature to corresponding evaporator pressure (bar)
Ty=Suturation temperature 1o cormesponding condenser pressure (bar).
4. To ealeulate Relative CALP. of the svstem:

AcwalCOP. o
Theoncal COP.

Relatrz COP=

Conelusion:

|. Understand the working of vapour compression cyele and function of each component.
2. It is observed that Carnot C.0.P, > theoretical C.0.P, > actual C.0O.P. due to the losses at

varies points,
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Alm: To conduct trial on Air-conditioning Cvele test rig for recognizing Principle of operation

and Actual Working of a svstem and To Calculate COP of System,
Ohjectivie:

1. To Study of vapour compression cycle for Air conditioner.
2. Tocaleulate actual COP.

3. Tostudy different air condifioning processes:
Humidification

Dehumiditication

Cooling

Heating

Heating and Humidification

Heating and Dehumidification

Cooling and Humidification

. Cooling and Dehumidifrieation

Specifications:

Compressor: hermetically sealed.

Condenser; Forced convection air cooled
Expansion valve: thermostatic expansion valve
Evaporator: Immerse tvpe direct expansion
Flowmeter: rotameter

Condenser and Evaporator fan: Axial flow type

Heater: 1000

e e e

Theory:

Simple ¥Vapour Com pression

Figure shows the schematic diagram of simple vapour compression refrigeration system,

It consists of following parts:

|. Compressor

The low pressure and temperature of refrigerant from the evaporator is drown inte the

compressor throogh the inlet and suction valve as it is compressed to high lemperature and

pressure. This high temperature and pressure vapour refrigerant is discharged into the condenser

through the delivery pipe.
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1. Condenser

The condenser or cooler consists of pipe in which the high pressure and temperature refrigerant
is cooled and condensed. The refrigerant while passing through the condenser gives up heat 1o

the surrounding which consists of condensing medium which is nommally air or wateér.

1. Expansion valve

It is also called as theottle valve and its wse is to allow the relrigerant under high temperature and
pressure to pass at controfled rate after reducing its high temperature and pressure some of the
refrigerant evaporates as it passes through the expansion valve and the graded portion is

vapourised in the evaporator at low temperature and pressure,

4. Evaporaior
It consists of woils of pipe in which the liquid vapour refrigerant at low pressure and femperature
is evaporated and changed 1o the vapour refrigerant af low lemperature and pressure. In

evaporating the liquid vapour retrigerant absorbs the latent heat of vapourisation from the

medium which is o be conled.

Psychrometric Terms:

Dry Air: the pure dry zxir is mixture of number of gases such as Nitrogen. Oxyvgen.
Carbon Dioxide, Hydrogen, Argon and Helium.

Muisture Air: [t is the mixture of dry air and water vapour.

Satwrated Yapour: It is mixture of dry air and water vapour when the air has diffused

the maximm amount of water vapour in it
Degree of Saturation: [t is the ratio of actual mass of water vapour in a unit mass of dry

gir to the mass of water vapour is same mass of dry air when it is (saturated) at the same

emperature,
Humidity: 1t is the mass of the vapour present in 1 kg of water and gencrally expressed

in lerms of grams per kg of dry air,
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fh. Absolute Hamidity: [t is the mass of water vapour present in | m3 of dry air and is
generally expressed in terms of gmd m3.

7. Relative Humidity: It is the ratio of actual mass of water vapour in given volume of
moist air to the mass of water vapour in same volume of saturated air.

8. Dew Point Temperature: |t is the temperature of air recorded by the thermometer when
the moistune present in it begins to condense.

PRECAUTIONS:

Before taking the readings ensure that the sensing bulb of wet bulb thermometer is properly

wotied by st cloth,

2

-
Ay

[0 not start the heater while conducting the experiment for calculating COP.

Keep the heater ON during dehumidification process,

Procedore:

4.
-3

Keep the test rig on levelled surface.

Ciive 2300%, 30 He, and single-phase stabilized power supply o the system and ensure thai
all the electrical connections are properly made.

Start the evaporator fan.

7. Siart the compressor,

¥

. Allow the svstem to reach the steady state. This can be achieved by turming it for ai least 13

minuies,

Make the provision to collect condensed moisture,

1. Take readings as per observation table.

O hservations:

l.
.
I

Adr velociy = 3.5 m's.
Inlet air duct area = 01225 m-
Density of air = 1.1 kg/ m’

Observarion Tuble:

Time fior 10 imp of Energy Meter:
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Where,
T1 = Condenser Inlet ‘compressor outlet temperature
T2 = condenser outlet /liquid line temperature
T3 = evaporator inlet temperature
T4 = evaporator outlet temperalure
T5= Air inlel temperalure
T6 = Air outlet temperature
S5R. | PROCES INLET [INLET (OUTLET |OUTLET [ REMARKS
N DBT WET DRT WEHT
1 Heating Only heater ON
A Cooling Only lamp ON
3. Humidification Humidification
4. Humidification  and Humidification
Cooling and lamp ON
2 Heating and Humidification
Dehumidification and heater (N
i, Cooling and Dehumidification
[Dehumiedification and Lamp 0N

CALCULATION: m= Q*p
Mow,
Intet DBT = 92°F = (92-32V1 .8 °C = 33.5°C
Outlet DBT = 58°F = (58-32)/1.8 °C = 14.44°C
Refrigeration EfTect = m. dh
From chart,
hl = hi=

Relrigeration Effect = m. ih
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Now work done by compressor

n x 3600
Cy, == Kw.
t. x EMC,
SR, NO, (TIME INLET (TEMP [(DUTLET |TEMP |LP HP
DET WHT DET WET | 1| sl
i
e
3.
I
5.
SH. ND. Ti T2 T3 T4
4 2, B oC *(
1.
2.
3,
4.
5

So COP (actual) = R.EW.[

Thus, W.D, = COP =R.E'W.1.

Pl = Absolute suction pressure = Pum + Pp P2 = Absolute suction pressure
TE=, ... g ot s G o S Ry, 2 o R —

By P-h Chart,

=iy klkg h2=......s klikg hd=hd= . ... klkg

COP (theoretical) = (h; — ha) / {hi = ha)

Conclusion: Henee, we have studied vapour compression cycle for Air conditioner and siudy

different air conditioning processes also Caleulated
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Adm: To conduct trial on Heat Pump test rig for recognizing Principle of operation and Actual
Waorking of a system and To Caleulate COP of Svstem.

Ohjective:

1. To recognize principle of opemtion and working of heat pump system.

2. To calculate theoretical. actual and relative C.0.P. of the svsiem

Working:

The apparatus consists of refrigeration svstem with water-cooled shell coil type evaporator and
condenser. A hermetically sealed compressor using R-134a refrigerant, Compresses the
refrigerant and sends to the condenser.

Liquid refrigerant from the condenser passes through flow meter and drier/filter to capillary tube,
where it is throttled to low pressure and temperature, The low temperature refrigerant passes fo
evaporator, boils in evaporator while absorbing heat from the water surrounding the coil and this

fow pressure superheated refrigerant retums o compressor.

The condenser and evaporator are shell and coil type with continuous water flow. Flow
rates of condenser and evaperator can be changed to obtain different working temperatures for
condenser and evaporator. Heast collected in evaporator, heat rejected 1o condenser and input to
the system can be measured and performance of the system can be evaluated as refrigeration
cvele or as a heat pump. The schematic diagram of mechanical heat pump is shown in figure 1.
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Specificatinns:
1. Compressor - Hermetically sealed Emerson Climate Tech compressor,
2. Refrigerant -R-134a
3. Condenser - Shell and coil type condenser.
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4. Evaporstor - Shell and coil type evaporator.
5. Expansion device — capillary tube,
&. Measurements -
A. Pressure gauges for condensing and evaporating pressure - 2-nos.
B. Wattmeler for compressor impul measurement,
7.Controls - Overload protector for compressor.
E. Mecessary switches and fuse,
Experimenta]l Procedure:
. Connect the water supply o the unit,
Fill bath the tanks to 10 liters of clean potable quality of water.
Record initial temperature of water in both the tanks
Water inlet temperature should be taken before switching on the compressor
Switch “ON" the main supply. Switch *"ON" the compressor.
The temperature on the hot side will start steadily increasing and that from the cold side
shall be reducing.
When the hot side (condenser side) reaches about 507 C, stop the machine.
8. Recond the time between initial and final readings.

Bt Bk B

)

9. Wote down all the readings and complete the observation table.

|1}, May you need conduct another set of readings, drain the water completely with the help
of drain valves provided at the botrtom and refill the tanks with fresh water and repeat the
procedure,

Standurd Valoes and Formulas

Standard Barometric Pressure 1013 bar = 1013 x 10°N /m?
Density of Water L 000 kg / m* = 1 kg / liter
Specific heat of water 408 ke K

Gas Constant for Air 2BTI/kg K

Specific Gravity of R-134a a1 40 °C |2

1 Tonof Refrigeration effect

IS0 Watts = 3.5k ' s
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| har 14.5 psig

Observation Table:
~ Sr.No. Observations Readings Unit

1 Start time Sec,

2 End time Sec

3 Cond. water quantity Liters
4 Evaporator water quantity Liters
5 Condensing pressure P { psig)
(il Evaporating pressure Me ( psﬁ
7 Compressor input time for 10 pulses S

R Temperature after compression e

9 Temperature after condensation g

10 Temperature aller expansion e

11 Temperature afler evaporation -~ Wi

12 Condenser’ evaporator initial wmp %

13 Condenser water final temperature (3) s &

14 Evaporator water final temperiature (6) %

CALUTION:

v

S R T

Do mot exceed the condenser side temperature beyond 50 °C
Adways use fresh water for new et of trials.

Keep the tanks clean and dry when not in use.

Do not tamper with any of the settings.

K.eep the unit at least 300 mm away from walls.
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Fignre 7.2, Photegraplic view of caveads refiiperation system
Culeulations:

. To ealewlate Theoretical O 00P,

Accordingly,

|. Enthalpy of refrigernnt at inlet of compressor hl = ki kg
2. Enthalpy of refrigerant at outlet of compressor h2 = kI kg
3. Enthalpy of refrigerant after condensation h3 = ki kg

4, Enthalpy of refrigerant after expansion h4 < k) kg
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5. Theoretical refrigeration effect = N = hl-hd=
6. Theoretical compressor work = W = h2-hl =
T. Coefficient of performance = C.OP, = NW =

Figmee 7.3 Pk Chart of R-1340

klkg
klkg

(Note: These valves of enthalpies can be ealcolated with the help of P-b chart of H- 134a)

Conclusion: Hence, we have evaluated the working Principle of Heat Pump and got the actual

C.O.P. of system is. ..

n
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Aim: To conduoct trial on Domestic refrigeration test rig for recognizing Principle of operation
and Actual Working of a system and To Calculate COP of Svstem.

Objective:

I. To understand principle of operation and working of vapour compression system.

2. To calculate theoretical, actual and relative C.OUP. of the system

Introduction: Domestic refrigerators usc a low tomperature vapor compression refrigeration
evcle for producing cold temperatures. The scientific unil consists of such a cycle with various
measurements provided. A heater provided inside evaporator imposes load over the system,
Yarious measurements provided enable students te understand various parameters in a domestic
refrigerator,

Specifications:

1y Compressor - 'Immerson” make Hermetically sealed compressor, using refrigerant R-134a.
2} Finmed tube air cooled condenser.
3) tlow rate is in Iph
4) Capillary tube as expansion device.
5) Evaporator box with heater inside and heater contral,
) Measurements and Controls -
a} High- and low-pressure cutoul.
b) Thermostat.
¢} Filter! drier for refrigerant.
d) Pressure ganges for condensing and evaporating pressures.
€} Multichannel digital temperture indicator for measuring lemperatures at Varions poinis.
fi Energy meters for compressor and heater input measurement.

g1 Necessary switches and valves.
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Operating Instructions;

1) Place the machine in the proper position where its level is horizontal and it s well ventilated.

21 Give 230 volis, 30 Hz and single-phase electric supply to the umit.

31 O the main switch, compressor and heater,

4) Adjust the heater input such that the room temperature (T5) is near to the atmospheric
Lem peEraiure.

5) Note down the various readings and complete the ohservation table.

J'I'I."'\-I'!IIJ[iIIH.*--

1) Mever start the healer before starting the compressor,

2) Do not operate any of the valves as they are provided strictly for servicing purpose only.

31 Close the door of the evaporator box before starfing the compressor.

Fignre 8,1 Photographic view of Refrigeration Ceole Test Rig
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O hservation

{Mote-Take Nirst reading wheo heater starts)
[} Condensing pressure = Kg lem? gauge,
2} Evaporating pressure = Kg /em® gauge,

3} Refrigerant temperatures -

i} Condenser inlet 'T1° = bl o
it} Condenser catler T2 = e
iii} Evaporator inlet *T3' = o
iv) Evaporator outlet “T4= & b
41 Room temperature “T5" = e
5) Refrigerant flow, (@ = LPH.
&) Compressor input ( Time for 5 Rev. of energymeter.), t. = Sce.

71 Heater input (Time for 3 Rev. of energymeter.), [ = Sec.
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Figure 8.2 P-h Chart of R-134a
Calculations-
1} Theoretical COP - Plot the cycle on p-h chart, using the condensing and evaporating pressures
and temperatures.
Find out enthalpies.
Refrigerating effect = Hen - Hei
Compressor work = Hei - Heo

Hen - Hel

COF theo, =
Hei - Heo
2} Mass flow rate of refrigerant- as per compressor flow is 1 Iph
volume flow rate, Q= LPH.x 107 m?/hr

Specific volume of refrigerant at condensing pressure Vs= m3 Kg.
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Mass flow rate, m = ——-—-- Kg / hr.

Vi

3) Theoretical refrigerating capacity.
R.E. theo = m x {(Heo - Hei) Kd/hr
43 Actual refrigerating effect - As room temperature is constant, nearly all the heat given by the

heater is absorbed by the refrigerant. Hence, actual refrigerating effect = heater input.

3600 x 5
R.-Erﬂ B le
T x KD
Where, T is time required for 5 revolutions of heater energy meter disc.

3) Actual compressor work -

26 x 5
C.W. =
Te x 94
) Actual COP -
R. E. 4
COP i =
"

Conclusion: Understand the working principle of operation and working of vapour compression
system. Actual COP
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Aim: To conduct trial on lee Plant test rig for recognizing Principle of operation and Actual
Working of a system and To Caleulate COP of System,
Orbjective:

. Tostedy of refrigeration cvele in ice plant and determination of its C.O.P,

2. To Study of variation of various parameters on time for the formation of ice. Viz. ice block
thickness, brine wmperaturn, elc.

3. Smdy of ice plant as a commercial unit ie. determination of running cost, cost of ice
production ete,

4. By taking the readings every hour, the variations in the various parameters against time
can be plomed as a graph viz. suction and discharge pressure, compressor power, brine
termperature, eic,

Test Proceduore:
Test includes following stages,

1) Preparation of brine.

2} Charging the sysiem.

1) Conducting the trial,

1) Preparation of Brine.

All the fce plants use indircet refrigeration system. In this a refrigerating medium called
secondary refrigerant or brine is cooled by direct expansion of refrigerant and it is pumped to
the spaced to be cooled, These systems are used where danger due to leakage of refrigerant is
imporant and in locations and Muctuating temperatures.

In addition to acting as heat carrying medium brine should have certain other properties.

The freezing point of brine should be as low as possible so that it will not freeze at lowest

temperatures in the cycle. Also, it should not precipitate when contaminated with refrigerant

through accidental leakage.
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For preparation of brine, the ice cans filled with water are placed over the ice can frames and
fresh water and propylene glycol is filled in the main tank with the ratio of 7:3 respectively till
the required level.

1} Charging The System

Initially, the system is charged with CO2 upto the pressure of about 250 PSIG and leaks are
detected. After removing the leaks, the system is evacuvated by a vacuum pump and kepl
evacuated. The vacuam is observed for at least a day for conformation of leak -proef operation
of the system.

When leaks are completely removed, system is charged with small amount of R-12
refrigerant and the compressor is run for about | hour 1o wash the system by gas. The gas is
than purged out and the system is again evacuated,

Adfter second evacuation, small quantity of the refrigerant is added so thar pressure gauge
shows the reading of about 20 1o 30 PSIG, Now start the compressor, so that high and low
pressures are obtained on discharge and suction sides ol the compressor respectively.

Go on adding the gas slowly till the suction pressure gauge shows the reading of 5 10 10
PSIG. At the same time. high pressure would be about 100 1o 140 PSIG depending upon the
ambient conditions.

3) Conducting A Trial
When the brine is prepared and the system is charged as above, the plant becomes
ready for triul. The refrigerant eircuit is started. The condenser fan and the stirrer motor ane
put 'ON'. When the brine temperature comes below 0'¢, the cans are filled with fresh water
and loaded in the freczing tank.
Take various readings as indicated in the observation table. The formation of the ice in the
form of flakes will be observed. As time passes more and more flakes will be formed and the
ice will go on solidifving at the same temperature. The formation of ice will start from the

walls of the can towards the center. Go on noting down the condition of ice. It will be noted
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that. ice formation takes place earlier in the thinner cans than the cans of greater width, Thus,
smaller is the diameter or width, carlier is the ice formation.

After 4 hours of running, all the cans will be found with solid ice. Now, the operation of the
plant can be stopped. Whenever ice is needed, the required ice can is taken out of the main
tank. Tap water is poured outside the can. As the can is turned upside down, ice block comes
out of the can, This operation is known as thawing'.

Specifications:
I. Compressor - Hermetically sealed Emerson Climate Tech compressor,
Refrigerant -B-134a
Condenser - Shell and coil type condenser,
Evaporator - Shell and coil type evaporator.
Expansion device — capillary tube.

S

Measurements -
A, Pressure gauges for condensing and evaporating pressure = 2-nos.
B. Wattmeter for compressor input measuremncnd.

7.Controls - Overload protector for compressor,

K. Mecessary switches and fuse.
Experimental Procedure:

1. Connect the water supply to the unit.

2. Fill both the tanks to 10 liters of clean potable quality of water,

3, Record inital temperature of water in both the tanks

4. Water inlet temperature should be tnken before switching on the compressor
Switch “ON" the main supply. Switch “ON" the compressor.
6. The temperature on the hot side will start steadily increasing and that from the cold side

shall be reducing.
7. ‘When the hot side (condenser side) reaches about 50° C, stop the machine.

L
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B. Record the time between initial and final readings,

9. Note down all the readings and complete the observition table.

[0, May vou need conduct another set of readings, drain the water completely with the help
of drain valves provided at the bottom and refill the tanks with fresh water and repeat the
procedure.

Standard Valoes and Formuokax

Standard Barometric Pressure 1.013 bar = 1.013 x 10°N /m’

Density of Water 1000 kg / m* = 1 kg / liter

Specific heat of water 18 klkp K

Gias Constant for Air 2871/ kgk

Specific Gravity of B-13a at 40 "C b2

| Ton of Refrigeration effect 3500 Watts =35 k) /' 5

Density of air at 25 °C I.1 kg/m3

| KW Hr (kilowatt-hour} 36040 k1

| bar 14,5 psig

Observation Table:
Sr.MNo. Ohservations Readings Limit

|| Start time 7 Sec,
2 End time Sec
3 Cond. water quantity Liters
4 Evaporator water quantity Liters
5 Condensing pressure Pc { psig)
B Evaporating pressure Pe [ paig)
7 Compressor inpul time for 10 pulses —
& Temperature after compression "C
9 Temperature after condensation "C
10 Temperature afier expansion g
11 Temperature after evaporation o




g' PRACTICAL EXPERIMENT INSTRUCTION SHEET

i | EXPERIMENT TITLE: TRIAL ON ICE PLANT |'l-'._§.:'a" RIG

| CEMES CHH, SHAHD COLLEGE OF ENGINERERING, L AR AT (YR
KANCHANWADL PAITHAN ROAD, AURANGA HA L MANLAIL

DEPARTMENT: MECHANICAL ENGINEERING | LABORATORY: CSMSS/ENGGMECH/RAC LAR
[ ARDRATORY RIANUATL PO
CEMSSENGL/MECH/RAC-09 i
CLARS THIRIV FART: Wi SUBIELCT: REFRIGERATION AN ATR '
FINAL YEAR Vil CONDITIONING PAGE: & “5]!{ 3,
12 Condenser/ evaporator initial temp oAl e
13 Condenser water fﬁEI"EiiEé'rﬁﬁfa-ng_ﬁ 'r : "
4 Evaporator water final temperature (6] s
C it
* [0 not exceed the condenser side temperature beyond 50 °C

L SR T

Alwavs use fresh water for mew set of trials.
Keep the tanks clean and dry when not in use.
Do nedt tamper with any of the seflings.

Keep the unit at least 300 mm away from walls,

E lllllnll 'I-ITELIIP )

Fignre 7.1 Photograplie view of ¢ givcinde refrieeralion syl
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Caleulations:
1. To calculate Theoretical C.0.P.
Accordingly,
I. Enthalpy of refrigerant at infet of compressor hl = ki kg
2. Enthalpy of refrigerant at outlet of compressor h2 = Kl ke
3. Enthalpy of refrigerant after condensation h3 = k' kg
4, Enthalpy of refrigerant after expansion hd = kl/ kg
i ' - T
i umj | | | : | [ =" e \ 1
I | | Lo = 4] g
4 PR ] i | | ‘ :F o L .L.. -\.llll
| | | R y 1 !
: 1 | i (7T i ndEnuer |
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i » | -

E otk £1/ K5

Fipure 7.2 P-h Chari of R-134a

5. Theoretical refrigeration effect = N = hl-h4~ Kk
6. Theoretical compressor work = W = h2:hl = k)ikg
7. Coefficient of performance = C.OP, = N/'W = s

{Note: These valves of enthalpies can be calculated with the help of P-h chart of R- 134a)

Conclosion: Hence, we have evaluated the working Principle of Heat Pump and got the actual
Co0UP. of system is....
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Alm: To conduct trial on Water Cooler test rig for recognizing Principle of operation and Actual
Working of a system and To Caleulate COP of System.

Objectives

1. To understand principle of operation and working of a Water-Cooling System

2, To determine Coefficient of Performance of the system.

Working:

The Water Cooler test set up enables students to study and understand vapour compression cycle,
its- components, principle and working. All the components are mounted on rigid steel frame,
The traingr consists of a hermetically sealed compressor, forced convection air-cooled
condenser, filler / drier. expansion device and coil woond type evaporator. Separate pressure
gauges are provided fo record suction and discharge pressures and digital temperature indicators
for various temperatures,

The refrigerant used is R-134a which is environment friendly., The water cooler consists of an
insulated stainless-steel tank arcund which evaporator tubes are wound and soldered. The fubes
are made of refrigerated grade annealed copper tubes. This is a direct expansion Lype evaporalor,
The heat absorbed by the refrigerant is passed through water which is stored in the tank as shown
in figurel, 1.

Figmre 101 Schemoatle diagram of Water Cooler et rig
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Bpecilications:
A. Refrigeration System
Parameter Descripiion
Capacity 20 Liters water storage
Compressor Hermetically sealed
Condenser Forced convection air cooled.

Condenser fan Axial flow type

Evaporator Direct expansion type
"ETxpnnsinn device | Capillary Tube

Accumulator Copper / M.S, shell suction line accumulator provided.
Insulation Polyurethane Foam (PLIF)
Refrigerant R-134 a.
B. Controls & Indications
Temperature Thermostat with Indication & & channel digital display
Pressure Pressure gauges 2 Nos, provided

. Elecirical Svstem
Supply 230 Volts, 50 Hz, | phase.

Input power 500 Watts.

Rated current 18 Amps.

Energy-meters | Provided for compressor

I, Construction

Water Tank | Stainless Steel

Outer body | Stainless steel / or powder coated.
Siae 1000 x 1200 x 450 ( L X H X D ) mm
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Operating Insiructions:

1. Plage the maching in the proper position where its level is horizontal and it is well ventilated.
2. Giive 230 volis, 50Hz, and | phase supply to the unit.

1. Fill water in the tank up to over flow level.

4, Switch OM the main switch.

5. Connect the water supply (o the feeding,

f. Start the compressor by putting the switch ON.

7. The tank temperature will start dropping down.

8. Record all the readings as per the observation table.

O, Caleulate the fresulis i mentioned in the manoal

Fiowre .2 Photoevaphic view of Water Cooler Test pig
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Standard Values and Formulas

Standard Barometric Pressure 1.013 bar = 1.013 x 10PN /m*

Density of Water 1000 kp /m’ =1 kg / liter

| Specific heat of water 4.18klkg K

CGias Constant for Air 2871 kg K

Specific Gravity of R-134a at 40 °C 1.2

1 Ton of Refrigeration effect 3300 Watts=3.5k) /5

Density of air at 25 "C 1.1 kg/m3

1 EWHr (kilowati-hour) 3600 k)

| bar 14.5 psig
(dhservation Table:

Sr.Mo. Observations Rendings Umit

[ Start time Sec,
2 End time | Seg
i Water quanlity in Water Tank Liters
4 Condensing pressure Pe { psig)
5 Fvaporating pressure Pe { psig)
& Compressor input time for 10 pulses 50¢
T Temperature after compression g
B Temperature after condensation 8
Caleulations:
1. To calculate Theoretical C.OLP.
Accordingly.
1. Enthalpy of refrigerant at inlet of compressor hl = Kl kg
2. Enthalpy of refrigerant at outlet of compressor h2 = k) kg
3. Enthalpy of refrigerant afier condensation h3 = Kkl kg
4. Enthalpy of refrigerant after expansion hd = k)i kg
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7. Coefficient of performance = C.OP. = N/W =
{MNote: These valves of enthalpies can be caleulated with the help of P-h chart of R- 134a)

2. To ealenlate Actual C.OUP. of the svstem

Heat shorbedm svpomtor
Work suppled o compressor

Acmal COFP.=

Heat absorbed in the evaporator from water: m_ = Cpx (T, —T.; )

where,

me = mass of water in evaporator tank (m®)
Ge  =specific heat of water (ki/ikg )

Tez = Initial ternperature of water (*C)

Te:  =Final temperature of water (*C)

Work supplied to the compressor W=

Mumber of pukes = 3600

CLANS THIRD | PART: VI | SUBIECT: REFRIGERATION AND AIR ot
FINAL YEAR Vil CONDITIONING . E"?,bt &3
ikira : . i | L - 1 .': BRI
By [ & :
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; =
el f Souapm gt
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| O e =
(Lot 2] 4 it
b 1"' s - il
Isinaipq hiiig
Fignre 7.3, P-Ir Chavt of B-134a
5. Theoretical refrigeration effect = N = hil-hd= _ kl'kg
6. Theoretical compressor work =W = h2-hl = klikg

T........ = Enerpy meter constani(compressor)
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3. To catenlabe Carmot CoOLP, of the syshem:
I,

CamotCOP =
amat )

Ti= Saturation temperature to corresponding evaporator pressure (bar)
Ter=Saturation temperature 1o corresponding condenser pressure (har).
4. To calculate Retative C.OLP, of the system:

ActmalCOP.

HRelatrie COP = R e
= Therocd COF, ...

Conclusions:
I. Understand the working of vapour compression cyele and function of each component.

2. It is observed that Camot C.O.P. > theoretical C.O.P. = actual C.OP, due to the losses at
varies points.

Applications
As water is palatable at 12 10 15 °C, it used in offices, schools, eolleges, restaurants, factories for

drinking water storage and cooling,

{Faestions:
A. What are differemt components and controllers used in water cooler?

B. What is the temperalure range of drinking water?

. What arc the benefits of drinking of cold water?

1. List out leading manufacturer of water cooler in the Indin (at least three)

E. Write the technical specifications of water coolers (leading manufactures in India at least

three)
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Alm: To Understand Working of Electrolux Refrigerator and to Determine its COP.

Objective:

¢ To study different components of Electrolux VAR system,

¢ To determine C.O.P. of Electrolux VAR Svstem.

Apparatus:

Gross volume 41 litres, refrigerant water. ammonia, hydrogen, electrically heated generator,
natural convection type condenser, natural evaporator, energy consumption LOTKWH per 24
Hrs,

Theory:
Absorption refrigerators are often used for food storage in recreational vehicles. The principle

can also be used 10 air-condition buildings using the waste heat from a gas turbine or water
heater. Using waste heat from & gas turbine makes the turbine very efficient because it first
produces electricity, then  hot  water. and  finally.  air-conditioning  (called
cogeneration/irigeneration).  Absorption refrigerators are a popular allermative to regular
compressor refrigerators where electricity is unreliable, costly, or unavailable, where noise from
the compressor is problematic, or where surplus heat is available.

The domestic absorption type refrigerator was developed from an invention by Carl Munters

and Baltzer Von Platen. This system is often called “Munters Platen System™,

This type of refrigerator is alse called “Three-fluid absorption system™. The three fluids

used in this system are ammonia, hydrogen and warer.

» The “ammonia” is used as a refrigerant because it possesses most of the desirable
properties, Though it is toxic, and not otherwise preferred in domestic appliances, it is
very safe in this system due to absence of any moving parts in the system and. therefore,
there is the least chance of any leakage.

# The “hydrogen™ being the lightest gas, is used to increase the rate of evaporation (the
lighter the pas, faster is the evaporation) of the liquid ammonia passing through the




CEMES CHH. SHAHU COLLEGE OF ENGCINEERING, LABDRATORY
EANCHANWALH, PAITHAN ROWALL AURAMNGATAT MANUAL

PRACTICAL EXFERIMENT INSTRUCTION SHEET

EXPERIMENT TITLE: TRIAL ON VAPOUR ABSORPTION TEST RIG

PP AR DA L MECHARICAL ENGINEERING LARCERA TORY: CSMESSENGGMECH/RAC LAR

LADORATORY MANLIAL N0,

TAR: .15
CEMSS/ENGLAMECHARAC-11 YEAR- 242

CLASS: THIRIV | PART- Y1 | SUIUECT: REFRIGERATION AND AIR :
FINAL YEAR Vi CONDITIONING PAGE: 0 m £3

evaporator. The hydrogen is also non-corrosive and insoluble in water. This is used in the
low-pressure side of the system.

# The “water” is used as a solvent because i has the ability o absorb ammonia readily.
Electrolux refrigeration is an absorption type refrigeration system. In absorption refrigeration
system, the vapour is drawn from the cvaporator by absorption into liquid having high affinity
for refrigerant. The refrigerant is expelled from the solution by application of heat and its
temperature is increased. This refrigerant in the vapour form passes to the condenser gets
liquefied where heat is rejected and the refrigerant gets liquefied. This liquid again flows o the
evaporator at reduced pressure and the cycle is completed.

Absorber: The main function of the absorber is the absorption of the refrigerant vapour by its
weak or poor solution in a suitable absorbent, forming a strong or rich solution.

Condenser: It condenses the vapour refrigerant into the liquid by condenser tan and passes if
into the receiver tank for recirculation.

Evaporator: It cvaporates the liquid refrigerant by absorbing the heat into vapour refrigerant
and sends back 10 next run. The flow of fluids in the sysiem has been shown in the diagram with
different shadings and the index of these shadings also indicated in diagram.

Vertical generator in which an sgua solution of ammonia can range itselt from distilled water at
the bottom of the generator 1o sirong ammonia vapour at the surface of liguid.

A water separator which is provided to remove water vapour so that they should not enter the
condenser, get condensed there and pass on to evaporator where chocking might occur due 1o its
freezing. The water vapour is formed in the boiler as some of the water may evaporator on
application of heat to the boiler. The separator is jacked with liguid ammonia at pressure of about
14 har gauge for which the saturation temperature is about 40°C. The dehydrate ammonia gas
condensed to liguid in the condenser and gravitates 1o “U” whe which acts as seal for the gas o

enter the evaporator or any gas passing from evaporator to condenser.
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Figaee 11+ Schematic iagram of domestic Elfecirolux tipe refrizeraior
In the evaporator. ammenia liquid comes across an atmosphere of hydrogen at about 12 bar

pressure, The plant is charged 1o a pressure of about 14 bars. Hence due to Dalton’s law of
partial pressure. The pressure of ammonia gas should fall to about 2 bar gauge and the saturation
temperature comesponding to about 2 gauges is about -10°C. The temperature surrounding the
evaporator is much high than this. Thus, ammonia evaporates and produces the refrigerating
effect i.e. absorbs the latent heat of vaporization at 2 bar gauge and about -10°C from the space
1o be refrigerated.

In order to ensure continues action, hydrogen gas has to be removed from ammonia vapour. This
ia done in the absorber where a descending sprayv of very dilute ammonia liguid mosevs the
sscending mixture of ammonia vapour and hydrogen. Ammaonia vapour is readily absorbed with
evaluation of heat so that absorber has 1o be water jacketed or air copled, otherwise evaporation
may take place in this unit and the absorption may cease.

Heat exchanger: Liquid heat exchanger is placed between absorber and the generator. This
weak liguid gets cooled and strong liguid gets heated. Thus, is economized and better thermal
efficiency is obained. This heat exchanger is counter flow type. The strong solution from the
absorber is preheated on its way to generator or boiler and the dilute solution on ils way
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absorber is cooled. This cooling of weak liguid also helps absorption and reduces the cooling of

absorber by external source.,

Principle and working of Electroloy Refrigerators:
Figure drewn below shows a schematic diagram of an “Electrolux refrigerator™. It is a domestic

refrigerator and is the best-known absorption type of refrigerator. Here pump is dispensed with.
The small energy supply is by means of a heater which may be electric or gas as shown

figurel 1.1.

THETT

Figure 11.2 Sehematic diagram of Electrolux Refrigerator ( Vapour Absorplion Sysieni)

Principle:

The principle involved makes use of the properties of gas-vapor mixtures. If a liquid is
exposed 1o an inert atmosphere, it will evaporate until the atmosphere is saturated with the

vapor of the liquid. This evaporation requires heat which is taken from the surroundings in

which the evaporation takes place. A cooling effect is thus produced. The partial pressures of

the refrigerant vapor (in this case ammonia) must be low in the evaporator, and higher in the
condenser. The total pressure throughout the circuit must be constant so that the only
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movement of the working Muid is by convection currents. The partial pressure of ammonia is

kepd low in requisite parts of the eircuit by concentrating hydrogen in those parts.
Working:
(1} Strong ammaonia solution flows from the absorber vessel through heat exchanger 1o the
ZEnerator.
(2} When the ammonia solution is heated in the generator by applying heat from the external
source, bubbles of ammonia gas raise from the generator and passes to condenser through
rectifier.
{3) The ammonia vapour is removed from the solution and passes into the condenser. Weak
ammonia solution left behind in the generator lows to the absorber through the heat exchanger.
{4} Air circulating over the fins of the condenser, cool down the vapour, condensing it into liquid
ammonia, which flows under gravity 1o the evaporator where it meets the hydrogen gas.
{5) The hydrogen in the evaporator lowers the ammeonia vapour pressure and makes it evaporate.
(&) This process extracts heat from the evaporator, which in tum extracts heat froam the food
storage space. Thereby the temperature inside the refrigeration is lowered.
(7) The mixture of hydrogen and ammaonia passes from the evaporator to the absorber. Weak
ammonia solution is fed from the generator system through heat exchanger.
{8) As it returns to the absorber vessel, it absorbs the ammonia from the ammoniahydrogen
mixture and gets ready for another round in the generator.
The ammaonia liquid leaving the condenser enters the cvaporator and evaporales into the
hydrogen at the low femperature corresponding 1o ils low partial pressure. The mixture of
ammonia and hydrogen passes to the absorber into which is also admitted water from the
separator, The water absorbs the ammonia and the hvdrogen returns to the evaporator. In the
ahsorher the ammonia therefore passes from the ammonia circuit into water circuit as ammonia
in water solution. This strong solution passes to the generator where it is heated and the vapor
given off rises to the separator. The water with the vapor s separated out and a wesk solution of
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ammonia is passed back 1o the absorber, thus completing the water circuit. The ammonia vapor

risés from the separator o the condenser where it is condensed and then returned to the

evaporator. The photographic view shown in figurel 1.2,

gy [ .|".|'.l:urj_r."..'l.'.-|'r.'-: Vi af Rifreiperation Cvele: Test ."-:‘r',s_r

The actual plant includes refinements and practical modifications {which are not included

here). The following points are worth noting:

|, The complete cyele is carried out entirely by gravity flow of the relrigerant.

{3 ]

. The hydrogen gas circulates only from the ahsorber 1o the evaporator and hack.

3. With this type of machine efficiency is not important since the energy input is small.

4, It has not heen used for industrial applications as the C.OP. of the system is very low.

Hole of Hydrogen:

i) By the presence of bydrogen, it is possible to maintain uniform total pressure throughout the

system and at the same time permil the refrigerant to evaporate at low lemperature in the

evaporator corresponding Lo its partial pressure. Thus, the condenser and evaporator pressures

of the refrigerant are mainiained as below

ii} In the condenser only ammonia is present. and the todal pressure is the condensing pressure.

iii} In the evaporator hydrogen and ammonia gre present; their relative masses are adjusted such

that the partial pressure of ammonia is the required evaporalor pressure.
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These are achieved without the use of pumps or valves.

Experimental Procedure:

1. Ensure that all ON/OFF switches given on the panel are at OFF position.
2. Switch On the main supply.

3. Switch Cn the refrigerator.

4, Record the temperature when the steady state is achieved.

Observation Table:

SR. No. Tl T2 T3
1
=
; 3
4
Calculations:
Ty3(T,-T
CUF= 3{ 1 2}
Ty (T2-Ts)
MNomenclature:

COP — Co-efficient of performance
T1 — Temperature of generator, K
T2 = Temperature of condenser, K
T3 — Temperature of evaporator. K

Conclusion:

We have studied differemt components of Electrolux VAR system and determine C.OP. of

Electrolux VAR System.
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Aim: To conduet trial on cascade refrigeration test rig for recognizing the working of a system

Introduction: The Cascade Refrigeration System describe with the basic principles that are used
te create the refrigeration effect. A cascade system consisis of two or three separaje simple
cycles operating in conjunction with each other at different temperature levels, The connecting
point is a heat exchanger between the stages. This Interstate heat exchanger is the condenser for
the first stage and the evaporator for the second stage. Beginning with the low-pressure cyele, the
vapor from the evaporator is compressed in the first stage compressor and goes Lo the interstate
heat exchanger where it gives up its heat o the second evaporator coil. The condensed liquid
then flows Lo the first stage expansion valve and the evaporator, competing the low-pressure
evele. The vapor which is genersted in the coil in the heat exchanger, due to the heat it had
absorbed, is compressed in the second, its heat going to the cooling chamber. Each stage is an
independent single oyele, and for this reason has some advantages over the compound
compressors. There is some loss in the cascade system because a temperature ditference must
exist in the heat exchanger in order that the heat from the first stage will flow into the second
stape. At the present work, the use of “R-404a" in the low stage and “R-23§ in the high stage.
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Figure {2 | Pressure vw anthalpy Chart of Caseady Refrigeration Svstem
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Objective: To recognize the working of cascade refriperation system.

A cascade system is a multistage application in which two separate refrigerant systems
are interconnected in such a manner that one provides the means of heat rejection (condenser) for

the other. The lower system, therefore may operate at a much lower temperature.

Cascade system has the additional feature, over compound svsiems of permitting the use

of different refrigerants in each cyele of the cascade.
Working:

Initially, when the compressor is started. the refrigerant is compressed at high pressure,
and then it enters into the shell and coil type condenser, where the tflowing water absorbs all the
heat. Then it enters into the drier /flter, ow meter it goes into the expansion device where its
expansion take place and pressure drops. Then it enters into the cascade condenser where il Lakes
heat from the low side refrigerant (RE3§in the low side system compressor discharges refrigerant
at high pressure, then it enters into the oil separator where compressor oil gets separated from the

refrigerant.

Then refrigerant goes into de-super heater where its heat gets absorbed by flowing water, then it
ooes into cascade condenser (i.e. high side evaporator) where its heat is rejected and it becomes
in liquid from. Afler passing through drier/filter, expansion device it goes into low side
evaporator where it absorbs heat from chamber, it converts into low-pressure vapour state, then it

goes into the compressor.

REMjis having high standing pressure so it becomes trouble for compressor starting, So, to
avoid it refrigerant is stored in the expansion chamber where the pressure takes place. It is

connecied in series with the compressor inlet line,
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CASCADE REFRIGERATION SYSTEM
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Specifications:
A. High-Side
Components High side
Compressor Hermetically sealed, Emerson makes
Accumulator Dry all
Condenser Forced convection air cooled
Drier/filier Provided
Expansion device Provided
Flow-meter Provided
Evaporator Coil in miﬁ}rp-e
Dre-super heater Mot required
Expansion chamber Mot required
Oil-separator Notrequired
HP/LP cut-out Provided
Pressure pauges Provided
Energy meter Provided
Temp. Scanner Provided
Temp. Controller Sub zero
Insulation Puf
Temperature attained at the evaporator | - 15 deg celsins
Refrigerant R-23
Supply 230 Volts, 50 Hz, | Phase




—=

CSMSS CHH. SHAHDU COLLEGE OF ENGINEERING,
EANCHANWADL PAITHAN ROAL, ALURANGARALD

LABORATORY
MANDAL

PRACTICAL EXFERIMENT INSTRUCTIYN SHEE'T

EXPERIMENT TITLE: TRIAL ON CASCADE REFRIGERATION TEST RIG

DEFARTMENT: MECHANICAL ENGINEERING

LABRATORY: CEMSSENGGMECH/BRAC LABR

LABMIATORY MAMNLAL MO

Y AR 2024-25

CEMSSENGGMECH/RAC-12

FNALYEAR . |VIN | CONDITIONING saci: (B2
B. Low-side
Compaonents Low side
Compressor Hermetically sealed. Emerson makes
Accumulator Dry all
Condenser Cotl incoil tvpe
Drier/filter Provided
Expansion device Provided
Evaporator Natiral convection type
Dre-super heater Shell and coil type
Expansion chamber | Provided
Oil-separator [anfioss make
HP/LP cut-put Provided
Pressure gauges Provided
Emcrgy meter Provided
Temp,scanner Es point >
Temp. Controller Selectron
Heater Provided
Dimmer for heater Provided
Insulation Put




DEPARTRENT: MECHANICAL ENGINEERING

CEMES CHIL SHANU COLLEGE OF ENGINEERING,
RANCHANWADLL PAITIHAN ROAD, ALURANGABAD

LABORATORY
MANLAL

PRACTICAL EXPERIMENT INSTHUCTION SHEET
EXPERIMENT TITLE: TRIAL ON CASCADE REFRIGERATION TEST RIG

LARCGRATORY:: CEMSSENGGMECHRAC LA

LABORATLRY MANLIAL ML)

YEAR:2I24-25

CLASS: THIRDY [ PART- VI | SUUECT: REFRIGERATION AND AIR .
FINAL YEAR Vi CONDITIONING RIS E‘l'ftﬁ% 13
Procedure:
1. Put the machine in the proper position where its level is horizontal and it is well
ventilated. The machine must have at least 2.0 meters clearances from all sides.
2. Start the main switch and after that start compressor,
3, Check suctipn & discharge pressures,
4, Allow the unit to run for 15-20 minutes o bring down the temperature of afler expansion
in the range -10°¢ to -15%c.
5. After attaining the temperature of after expansion starts the compressor for low side,
6. Again, allow the unit to run for 114-2 hours 1o bring down the femperature of cascade
temperature (e lemperature for low side on thermostat) to -40°c,
7. MNow, start the heater after that set the dimmer so that cascade temperature remains
constant,
8. Take all the readings (temp at various points and pressures, energy meter reading etc.) as

per the observation tble for Low Side System and High Side System.

Observation falyle:

Paril: High Side System

Refrigerant: R-13<4

Refrigerant Temperatures
Sr. | Time | Suetion | Discharge | After Adter After Alber Cascade Emerzy | Refrigerani
Mo pressure | Pressare | mpresion | cosdenstion | expansion | apnlel | popdenser | meter fMow LI'H
Kgiem® | Kgfm' Temp.
:
|
. L=
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Part2: Low Side Svstem Refrigerant: R-404a
) e Refrigerant Temperatures
“Time | Swction | Discharge | After Afier Afier After Cascwde Emergy | Refriperam

pressure | Pressure caliprEsion comdensation | expansien | evoporation condenser | mster flow LIFH

Kgiem® | Kglem!? Temp.

Culeukations & Resalis:

Refrigeration cffeet at low side N2 | heater load
Time for 10 pulses

1258
Compressor work at low side W2 | Time for 10 pulses
[T 2ah
CAOLP, on Low Side N2W2

Refrigerant cffect on high sideN1 | Condenser heat rejection on low side
Compressor Work on Low Side + Refrigeration Effect on Low

Side
Compressor work on high side W1
C.0O.P. on High Side N2/W1
Resulis Actual Theoretical

C.OLP. on Low Side
C.OLP. on High Side

Owverall C.OUP,
{ onclusiin;

By using cascade refrigeration system, it is found that very low temperature & cascade
refrigeration system is efficient than single stage refrigeration system. The actual C.OP. of
system {on low side) is.... The actual C.OLP. of the system {on high side) is_..ond the overall
C.O.P, of the system is ... Heat absorbed by R40da is ... kg/min and Heat absorbed by R23 is

wor i RETID




