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PCC-ME-506/21 THERMAL LAB - 11
B. Tech (Mechanical Engineering) V Semester

No. of Credits: 1 Sessional: 15 Marks
L TP Total Practical: 35 Marks
002 2 Total : 50 Marks

Duration of Exam: 02 Hours
Pre- Requisite: Refrigeration and Air-conditioning, Heat and Mass Transfer
Successive : Air Conditioning Equipment, Design of Thermal Systems

Course Outcomes (COs): At the end of the course, the student shall be able to:
CO1- Familiarize COP associated with refrigeration systems.

CO2- Understand basic functions of refrigeration system.

CO3- Explore thermal conductivity and convection process.

CO4- Find out heat transfer coefficient of heat exchangers.

List of Experiments:
1.To determine the C.O.P. and draw P-H and T-S diagrams for the vapour compression
Refrigeration System.
2. To study the cut-sectional models of Reciprocating and Rotary Refrigerant compressor.
3. To study the different types of expansion valves.
4. To determine the C.O.P. of vapour absorption system.
5. To determine the C.O.P of Water Cooler.
6. To determine the thermal conductivity of an insulating powder.
7. To find the Stefan-Boltzmann constant for thermal radiation.
8. To plot temperature distribution along with pin fin under natural and forced convection
conditions and compare with the theoretical temperature distribution along it.
9. To find the effectiveness of the pin fin in the forced and free convection.
10. To find overall heat transfer coefficient and effectiveness of a shell and tube heat exchange
under parallel and counter flow conditions.
11. To measure the emissivity of the gray body (plate) at a given temperature.
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Experiment No: 1

Aim: To determine the COP and draw P-H and T-S diagrams for the vapour compression
refrigeration system

Vapour Compression Refrigeration system:

In vapour refrigeration system the vapour undergoes a change of phase from vapour to
liquid & vice versa during completion of cycle. The latent heat of vapourization is
utilized for carrying heat from refrigerator. The refrigerant is circulated through the
system alternately condensing & evaporating. During evaporation it absorbs its latent
heat from the substance to be cooled. It absorbs latent heat from the evaporator & rejects
through the condenser.

The pressure is maintained at different levels in the system by expansion valve.
The function of expansion valve is to allow the liquid refrigerant under high pressure to
pass and converted to the low pressure. Some of the liquid evaporates passing through the
expansion valve but greater portion is vapourised in evaporator at low pressure. The
liquid refrigerant absorbs its latent heat of vapourisation from air, water or other material,
which is being cooled through the evaporator. The function of compressor is to increase
the pressure & temperature of refrigerant above atmospheric, which will be ready to
dissipate its latent heat in condenser. The refrigerant carrying heat, which is absorbed in
the evaporation, also receives the heat equivalent of work done upon it by compressor.
This heat is then transferred to air or water, which is used as cooling medium in
condenser.

System Component: -

Compressor

It pumps the refrigerant through the system and converts low pr. & temp refrigerant to
high pressure & temperature.

Types of Compressors are:
Reciprocating compressor
Rotary Compressor
Centrifugal Compressor

Condensers: Needs more consideration in design as it removes heat from refrigerant
carried from evaporator & added by compressor & converts the vapour refrigerant into
liquid refrigerant. It is a heat exchanger in which heat transfer takes place from high
temperature to low temperature air or water, which is used as cooling medium, the
consideration necessary in design are

(a) Effective temperature differential
(b) Heat transfer coefficient
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Different types of condenser are -

(1) Air cooled condenser
(2) Water cooled condenser
(3) Evaporative condenser

Expansion Valve: - It reduces the pressure and temperature of refrigerant coming from
condenser. It also regulates the flow of refrigerant as per load on evaporator. It is of 3

types: -

(a) Capillary Tube: - It is used for small capacity & domestic refrigerators, water coolers
& small commercial freezer. It is a small diameter tube connected b/w condenser &
evaporator. The required pressure drop is caused due to heavy frictional resistance
offered by a small tube. It is useful compensating device over a limiting range of pressure
difference.

(b) Thermostatic Expansion Valve: - It controls the flow of the refrigerant through
evaporator in such a way that quantity of water leaving the evaporator will be always in
superheated condition. It is used for maintaining a constant degree of superheat at
evaporator outlet.

(c) Automatic Expansion Valve: - It works in response to the pressure change in the
evaporator due to increase in the load or due to decrease in load. This valve maintains a
constant pressure throughout varying load conditions or evaporation controlling the
quantity of refrigerant flowing into evaporator. It consists of a needle valve, a seat, a
diaphragm & a spring.

Evaporators: The refrigerant from the expansion value comes into evaporator & carries
heat from evaporation. The evaporator is known as a cooler. The evaporators are
manufactured in different size, shape & types as per requirements. They are of two types:

(a) Flooded evaporator:- It is always kept with liquid refrigerant, it provides high heat
transfer rate so that smaller evaporator can be used for required capacities.

(b) Direct Expansion Evaporator: -Liquid refrigerant is fed into dry expansion
evaporator through an expansion value, which meters the liquid.

Determination of COP & draw pressure enthalpy diagram of vapour compression
refrigeration system

o Capillary tube _
0 Thermostatic expansion valve
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STANDARD VAPOUR - COMPRESSION CYCLE
The standard VVapour Compress Cycle consists of the following processes.

1-2

2-3
3-4

4-1

Reversible adiabatic compression from saturated vapour to the condenser
pressure.

Reversible heat rejection at constant pressure de-superheating and condensation.
Irreversible constant enthalpy expansion from saturated liquid to the evaporator
pressure.

Reversible heat addition at pressure (Evaporation to saturated vapour).

Standard VVapour — Compression Cycle:

Pressure (P)

P2&To

Condenser

T3

P1&Tq A
< Expansion

Comp Evaparator

Ta

System Flow Chart

3 (T3) m 2(P2&To)

EXPN COMP
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v

1
Specific Enthalpy (h) kj/kg

p- h DIAGRAM

Refrigerants such as 134a (CF3CH2F tetrafluoro-ethane) are used as the working
medium because of their properties, which are required as refrigeration cycles
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Performance of standard vapour compression cycle :
Process 1-2 is the compression process wherein mechanical work is to be supplied
(usually in the form of electrical energy to a compressor. This is the quantity to be spent.

Process 4-1 represents the useful refrigeration effect.
The index of performance is defined as co-efficient of performance (not as efficiency,
as for heat engines).

C.O.P. is defined as follows:
Useful refrigeration (output)
COP. =
Compressor work (input)

(The standard vapour compression can also be show on a T- S chart as shown below):
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CARNOT CYCLE:

A Carnot refrigeration cycle consists of all reversible process:

It will have the highest coefficient of performance when operating between any
temperature limits.
C.O.P. of A Carnot refrigeration is defined as follow

2 ——

Sat vapour

Tl

v

S (kilkg ° k)

T-S DIAGRAM

C.O.P. (Carnot)

NOTE: Carnot cycle C.O.P. depends only on condenser and evaporator temperature.
Carnot is an ideal cycle. It cannot be constructed in practice. However, it is used as a
guideline for comparison.

Difference between Carnot cycle and standard vapour compression cycle.

1. Process 1-2 is a wt compression process on carnot cycle whereas it is a dry
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compression process in SVCC.

2. Process 3-4 is a reversible process in carnot cycle whereas it is an irreversible
process in SVCC.

Actual Vapour Compression Cycle

The actual vapour compression cycle when practically constructed will differ from the
standard vapour compression cycle.

(Note: This could be because of using an intercooler which actually sub cools the condensate
and slightly superheats the vapour before it enters the compressor).

Pressure (P)

Pa or bar
2l

Specific Entha y (h) kj/kg

Standard Vapour compression cycle (SVCC) and actual compression Cyclelf AVCC) are

both drawn on the same p-h chart as shown below.
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p- h DIAGRAM

1-2-3-4 Standard Vapour compression cycle
11 21- 3t- 41 Actual compression Cycle

Discharg | Refrigeran| Refrigeran| Refrigeran| Refrigeran
Energy | Suction |e t t t t Water

pressur temp at
meter |e pressure |temp at out temp at tempat |temp
reading outlet
S P1in psi|P2in psi |inletto let from | from inlet to in
COMPresso | Compresso evaporato

time for r r condenser | r chiller
‘n’ rev T1 T2 T3 Ta
= Gt’ TS
secs

1.01325 bar = 14.7 psi
1.01325/14.7 = 0.068 bar
Pressure = 0.068 + pressure gauge reading + 1 atmospheric pressure = bar

Energy meter constant (Em)_C*

Efficiency of motor

3

_Mm

Mechanical efficiency of compressor _nc*

Model Calculations for reference

Work done by compressor =W =---------------—-----

=750 rev/IKw.
=09

=0.85

No of energy meter revolution x 3600

-===XMm XMNc = KW

Time taken for no. of Em rev x C (Em constant)
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In case of mass of water in chiller
Mw x cp x AT
Refrigeration effect (N) e --m-m--- = kw
Time taken for drop in initial to final temperature

Mw = mass of Water in Chiller
Cp = Specific Heat of Water (4.1868 KJ/kg® C)
AT = Drop in water temperature (T5 initial and final temperature and time taken to drop)

Refrigeration effect (N)

C.O.P.actual= - --
Work done by the compressor (W)

Theoretical C.O.P

Locate 1, 2, 3, 4 on Ph chart for R 134a using (P1 T1), (P2 T2) T3 and
T4 read specific enthalpy values at 1,2,3 and 4.

h1 = kj/kg

h2 = kj/kg

h3 = hs = kj/kg
h1 - hg

Theoretical COP = -mmmmmmmmeemeee

Operational Instructions

Before starting the unit please observes and notes the following points.

a. All the hand shut of valves should be opened except charging line valve which
should not be touched.
b. Fill measured quantity of water or measure the flow rate of water using inlet and

outlet arrangement to achieve mass of water

P1& P2, indicate suction and discharge pressure in the gauges,

Provide a single-phase 15 amps 3-pin socket power supply close to the unit.

Keep main switches in off position

Now put the main switch on

Decide which system you are going to use first. For (a) hand shut off valve with

thermostat expansion valve and close any one capillary operated valve.

h. For (b) hand shut off valve with capillary expansion and close thermostatic
expansion valve operated valve.

Q =D oo
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1. Never switch on and off the compressor rapidly in short time. Wait for at least 3 min.

2. Insulation of the tubes and the system should be proper.

3. Connections of the system should be properly checked for any leakage if any.
4. Rotameter should be in appropriate position.
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Experiment No.: 2

Aim: To study the cut sectional models of reciprocating & rotary refrigerant
compressor.

Theory: - A refrigerant compressor as the name indicates, is a machine used to compress
the vapour refrigerant & to raise its pressure so that the corresponding saturation
temperature is higher than that of the cooling medium. It also continually circulates the
refrigerant through the refrigerating system. Since the compression of the refrigerant
requires some work to be done on it, therefore a compressor must be driven by some
prime mover. The compressor should also raise the refrigerant pressure to make it flow
through the condenser, throttling device and the evaporator and return to the compressor
so as to complete the cycle.

Note: -Since the compressor virtually takes the heat at a low temperature from the
evaporator & pumps it at the high temperature to the condenser, therefore it is often
referred to as a heat pump.

Classification of Compressors: -

The compressors may be classified in many ways but the following are important from
the subject point of view:

1) According to the method of compression
(a) Reciprocating compressors
(b) Rotary Compressors
(c) Centrifugal Compressors
(2 According to the number of working strokes
(@) Single acting compressors
(b) Double acting compressors
3) According to the number of stages
(a) Single stage (or single cylinder) compressors
(b) Multistage (or multicylinder) compressors
4 According to the method of drive employed
(a) Direct drive compressors
(b) Belt drive compressors
(5)  According to the location of the prime mover
(a) Semi-hermetic compressors (direct drive, motor & compressor in separate
housings)
(c) Hermetic compressors (direct drive, motor & compressor in same
housing).
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Reciprocating Compressors: -

The compressors as shown in which the vapour refrigerant is compressed by the
reciprocating (i.e. back & forth) motion of the piston, are called reciprocating
compressors. These compressors are used for refrigerants which have comparatively low
volume per kg & a large differential pressure such ammonia (R — 717), R-12 (Di -Chloro-
Di-Fluoro methane), R-22 (Mono-Chloro — Di-Fluoro Methane) & Methyl Chloride (R-
40). The reciprocating compressors are available in sizes as small as 1/12 kW, which are
used in small domestic refrigerators & up to about 150 kW for large capacity
installations.

The two types of reciprocating compressors in general use are single acting
vertical compressors & double acting horizontal compressors. The single acting
compressors usually have their cylinders arranged vertically, radially or in a V or W
from. The double acting compressors usually have their cylinders arranged horizontally.

Hermetic Sealed Compressors

When the compressor and motor are operated on the same shaft & enclosed in a common
casing, they are known as hermetic sealed compressors. These types of compressors
eliminate the use of crankshaft seal, which is necessary in ordinary compressors in order
to prevent leakage of refrigerant. These compressors may operate on either reciprocating
or rotary Principle & may be mounted with the shaft in either the vertical or horizontal
position. The hermetic units are widely used for small capacity refrigerating systems such
as in domestic refrigerators, home freezers & window air conditioners.

The hermetic sealed compressors have the following advantages & disadvantages.

Advantages: -

Q) The leakage of refrigerant is completely prevented.

(2) It is less noisy.

3 It requires small space because of compactness.

4 The lubrication is simple as the motor & compressor operate in a sealed space
with the lubricating oil.

Disadvantages: -

Q) The maintenance is not easy because the moving parts are inaccessible
(2) A separate pump is required for evacuation & charging of refrigerant.

Rotary Compressors: -

In rotary compressors, the vapour refrigerant from the evaporator is compressed due to
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the movement of blades. The rotary compressors are positive displacement type
COMPressors.

Since the clearance in rotary compressors is negligible, therefore they have high
volumetric efficiency. These compressors may be used with refrigerants R — 12, R — 22,
R — 114 & Ammonia. Following are the two basic types of rotary compressors.

(1) Single Stationary Blade Type Rotary Compressors:-

A Single stationery blade type rotary compressor is shown in fig 4(ii). This consists of a
stationary cylinder, a roller (or impeller) & a shaft. The shaft has an eccentric on which
the roller is mounted. A blade is set into the slot of a cylinder in such a manner that it
always maintains contact with the roller by means of a spring. The blade moves in such a
manner that it always maintains contact with the roller by means of a spring. The blade
moves in & out of the slot to follow the rotor when it rotates. Since the blade separates
the suction & discharge ports as shown in figure, therefore it is often called a sealing
blade. When the shaft rotates, the roller also rotates so that it always touches the cylinder
wall.

(2) Rotating Blade Type Rotary Compressor:-

The rotating blade type rotary compressor is shown in figure. This consists of a
cylinder & a slotted rotor containing a number of blades. The centre of the rotor is
eccentric with the centre of the cylinder. The blades are forced against the cylinder wall
by the centrifugal action during the rotation of the motor.

The low pressure & temperature vapour refrigerant from the evaporator is drawn
through the suction port. As the rotor runs, the suction vapour refrigerant entrapped
between the two adjacent blades is compressed. The compressed refrigerant at high
pressure & temperature is discharged through the discharge port of the compressor

Discharge: _
1 [_ Housing
Cyhinges
D //"'v)
r P Y
& /. o —Erenits
Blade ‘
Rolier

(tmpelier)

—
S
D

Vapour

° refrigerant
Bt 5 B o g
Car e e S s S .

_~ &l

Suction  -. - [ Rotor shaft

D

S,
(
|
7 /",

9




J C Bose University of Science and Technology,
YMCA, Department of Mechanical Engineering
Thermal Lab 11 Manual

.f" Cvuncm
CJISLhd rge f read
= ——Sucliond T L . N
| — [ . L
Oischarge 7 o " s f‘ Inasal sl
L’B{\’Q_// J . SU lli.Jh ; | }'
e _‘\) valve r
Cyiing 1' 20" ] ; Pist l . {
on [
ro"_i / C T \‘\\\
Cfam‘v ) ;

Reciprocating compressor

Rotor . Suction

Cviinoz:

Discharge pont
wilh vaive

Single stationary blade type rotary compressor




J C Bose University of Science and Technology,
YMCA, Department of Mechanical Engineering
Thermal Lab 11 Manual

Experiment No.: 3

AIM: To study the different types of expansion valves.
APPARATUS:-Automatic Expansion valve, thermostatic expansion valve, compressor
protection devices

THEORY :-

Automatic Expansion Valve:
It is also known as constant pressure valve as it maintains constant evaporator pressure
regardless the load on evaporator. Its main moving force is evaporator pressure it is used
with dry expansion evaporator where the load, is relatively constant.
It consists of a needle valve and a seat, a metallic diaphragm bellows, spring and an
adjusting screw. The opening and closing of wall wrt. The seat depends upon the
following two opposing forces acting on the diaphragm.
1. The spring pressure and the atmosphere pressure acting on the top of the
diaphragm.
2. The evaporator pressure acting below the diaphragm.
3. When the compressor is running, the valve mechanism maintains an evaporator
pressure in the equilibrium with the spring pressure and the atmospheric pressure.
The spring pressure can be varied by adjusting the tension of the spring, with the
help of a screw. When evaporator pressure falls down, the diaphragm moves
downwards to pen the valve. This allows more to enter into the evaporator and
thus increasing evaporator pressure till the desired value.

Thermostatic expansion valve:
This is also called a constant superheat valve because it maintains a constant superheat of
vapour refrigerant through the evaporator. It consists of needle valve, a seat, a metallic
diaphragm, spring and adjusting screw. In addition to this it has a feeder or thermal bulb
which is mounted on suction line near the outlet of evaporator coil. The deeper bulb is
partially filled with same liquid refrigerant used in the refrigeration system. The opening
and closing of the valve depend upon the following forces acting on the diaphragm :
1. The spring force acting on the diaphragm.
2. The evaporator pressure acting on the bottom of the diaphragm
3. The feeder bulb pressure acting on the top of the
diaphragm.
Compressor Protection Devices

1) Over current and overheating protectors: -
These are most common in the sealed units. This device is either fitted inside or outside
the sealed cover, depending upon manufacturers. The protector consists of a bimetal disc




J C Bose University of Science and Technology,
YMCA, Department of Mechanical Engineering
Thermal Lab 11 Manual

and a service of heating coil or thermistor. In the normal operations the contact point
remains touching each other but the overheating resulting from excessive current flow
through the resistance B causes reparation of points. A typical bimetallic overload
protector is shown in this fig. where the points are in contact and the same is fitted to the
hermetic units.

Fig. 1 shows another bimetallic overload protector which is designed for being fitted to
the motor winding. How the overheating causes reparation of the overload protector
points, it is self explanatory.

The protection devices usually turn off the electric supply when the over current causes
overheating such that the temperature rises to around 365 to 395K. The circuit closes
when the temperature drops down to 340 to 350K.

2) High and Low pressure cutouts :
There are electrical switches provided to the refrigeration system such that as soon as the
pressure goes up beyond the operating limits, the refrigeration system stops, They are of
three types

a)  High pressure cut off

b)  High pressure cut out

¢) Compound cut out

The high pressure cut outs work when the pressure goes up beyond the condensing
pressure as set on the device.

|
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Experiment No.: 4

AIM: To find the COP of vapour absorption apparatus

Introduction:-

The vapour absorption Refrigeration system is one of the oldest methods of producing
refrigerating effect. The principle of vapour absorption was discovered by Michel
Faraday in 1824 while performing a set of experiments to liquify certain gases. This
system may be used in both the domestic and large industrial refrigerating plants.

The vapour absorption system uses heat energy; Instead of mechanical energy as in
vapour compression system. In order to change the conditions of the refrigerant required
for the operation of the refrigeration cycle.

In this system, the compressor is replaced by an absorber, a pump a generator and a
pressure reducing valve. These components in vapour absorption system, performs the
same function as that of a compressor in a vapour compression system. In this system,
the vapour refrigerant from the evaporator is drawn into an absorber where it is
absorbed by the weak solution of the refrigerant forming strong solutions. The strong
solution is pumped to the generator where it is heated by some external source. During
the heating process the vapour refrigerant is given off by the solution and enters in to
the condenser, where it is liquified. The liquid refrigerant then flows in to the evaporator
and this the cycle is completed.

Simple vapour absorption system:

The simple vapour absorption system as shown in figure consists of an absorber, a
pump, a generator and a pressure reducing valve to replace the compressor of vapour
compression system. The other component of the system is condenser, receiver,
expansion valve and evaporator as in the vapour compression system.

In this system the low pressure ammonia vapour leaving the evaporator enter the
absorber where it si absorbed by the cold water in the absorber. The water has the
ability to absorbed large quantities of ammonia vapours and the solution thus formed is
known as agqua-ammonia. The absorption of ammonia vapour in water lower the
pressure in the absorber which is turn draw one ammonia vapour from the evaporator
and thus rise the temperature of solution. Some form of cooling arrangement is
employed in the absorber to remove the heat of solution evolved there. This is necessary
in order to increases the absorption capacity of water because of at higher temperature
water absorbed less ammonia vapour. The strong solution thus formed in the absorber is
pumped to the generator by the liquid pump. The pump increases in pressure of the
solution up to 10 bars.

The strong solution of ammonia in the generator is heated by some external source such
as gas or steam. During the heating process of the ammonia vapour is driven at the
solution at high pressure leaving behind the hot weak ammonia solution In the
generator.
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The weak ammonia solution flows back to the absorber at low pressure after passing
through the pressure reducing valve. The high pressure ammonia vapour from the
generator is condensed is the condenser to a high pressure liquid ammonia. This
ammonia passed to the expansion valve through the receiver and then to the evaporator.
This complete the vapour absorption cycle.

Heat Out

Absorber

Expansion
Valve

Expansion Valve

(©

Evaporator

Domestic Electrolux Refrigerator:

The domestic absorption type Refrigerator was invented by two Swedish engineers Carl
Munter and Baltzer Vonplatan in 1925. The idea was first develop by the Electrolux
Companyl of luton England.

This type of Refrigerator is also called three flow absorption systems.

The main purpose of this system is to eliminate the pump so that in the absence of the
moving parts the machine becomes noiseless. The three fluid used in the system are
ammonia, hydrogen and water. The ammonia is used as a refrigerant because it
possesses most of the desirable properties. It is toxic but due to absence of moving parts
there is very little chance of leakage and the total amount of refrigeration used is small.
The hydrogen being the lightest gas is used to increases the rate of evaporation of the
liqguid ammonia passing through the evaporator. The hydrogen is also non-corrosive and
insoluble in water. This is used in low pressure side of the system. The water is used as
a solvent because it has the ability to absorb ammonia readily. The principle of
operation of a domestic Electrolux type Refrigerator.
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Operation Cycle: The strong ammonia solution from the absorber through exchanger is
heated in the generator by applying heat from an external source usually a gas

burner. During the heating process ammonia vapour are removed from the solution and
passed to the condenser. A rectifier or a water separator fitted before the condenser
removes water vapour with the ammonia vapour so that dry ammonia vapours are
supplied to the condenser. These water vapours if not removed they will enter in to
evaporator causing freezing and chocking of the machine. The hot weak solution left
behind in the generator flow to the absorber through the heat exchanger.

This hot weak solution passing through the heat exchanger. In this way the absorption
accelerated and the improvement in the performance is achieved.

The ammonia vapour in the condenser is condensed by using external cooling source.
The liquid refrigerant leaving the condenser flows under gravity to the evaporator
where it meets the hydrogen gas. The hydrogen gas which is being fed to the
evaporator permits the liquid ammonia to evaporate at a low pressure and temperature
according to dalton‘s principle. During the process of evaporation the ammonia
absorbed latent heat from the refrigerant space and thus produces cooling effect.

The mixture of ammonia vapour and hydrogen is passed to the absorber where
ammonia is absorbed in water the hydrogen rises to the top and flows back to the
evaporator. This completes the cycle. The co-efficient of performance of the
refrigerator is given by

C.0O.P. = Heat absorbed in the evaporator / Heat supplied in the generator

For Vapour Absorption Refrigeration Unit:

cop—_T4 y T2-Ti
T3-T4 T2

Where Temperature of evaporator (K) =Ta
Condenser Temperature (K) =T3

Generator Temperature (K) =T

Ambient Temperature (K) =T1

Experimental Procedure
1. Connect the equipment to a 230V, 5 amps, 50 Hz electrical source.
2. Switch on the toggle knob on to read wattage (V x I).
3. Allow the equipment to stabilize and attain steady state.
4. Turn the thermocouple selector switch knob clockwise to note down temp. T1 to
T5.
5. Repeat the experiment for different heat inputs.
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OBSERVATION TABLE

S.no Voltage Amps T1 T2 T3 Ty T5

Calculations:
Heat supplied to Heater = QH

QH=VXxA=Kcalhr

Where
V = Voltage input to heater
A = Ampere consumed

Refrigerating Effect = Qr

QR = Mw. Cpw. (Ts initial water temp —75 final water temp) Kcal/hr.

Where
Cpw = specific heat of water at the mean temperature

Mw = mass of water in container

Refrigerating effect

QH

Advantages:
1. Lower operating cost and higher efficiency.

2. Elimination of environmentally harmful CFC*s.
3. Safe quite operation.

4. Reliable, low maintenance.

5. Initial cost quickly offset by energy savings.
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Experiment No.: 5

AIM :- To find the C.O.P of Water Cooler.

APPARATUS:- A set up of water cooler test rig.

THEORY :- In vapour compression refrigeration system, the refrigerant used,
alternatively undergoes a change of phase from vapour to liquid and liquid to vapour
during the cycle. The latent heat of vapourisation is absorbed at a low temperature from
the refrigerated space. Thus a constant temperature can be maintained in the space. The
liquid refrigerant coming out of the condenser is passed through the throttle valve. The
pressure of the refrigerant is reduced at constant enthalpy by passing through the throttle
valve. With pressure drop, liquid starts boiling as enthalpy is constant and latent heat for
this is provided by fluid itself, so temperature would fall. Thus when liquid leaves the
throttle valve, it will be a mixture of liquid and vapour and this mixture is passed through
the low pressure side of the system known as evaporator. A mixture of vapour and liquid
refrigerant enters the evaporator at low pressure. The liquid refrigerant absorbs the heat
load on the refrigeration, as its latent heat of vapourisation & converted into vapour. The
function of compressor is to increase the pressure of refrigerant, so that the refrigerant
vapour would be able to dissipate its latent heat to the atmosphere. The high pressure,
high temperature refrigerant vapour leaving the compressor enter into condenser where
the latent heat of refrigerant is removed by circulating either atmospheric air or water.
The liquid refrigerant leaving the condenser again enters the throttling valve and cycle is
repeated.

Test rig operate on basic principal of vapour compression cycle

Standard VVapour — Compression Cycle:

The standard Vapour Compress Cycle consists of the following processes.

1-3  Reversible adiabatic compression from saturated vapour to the condenser
pressure.

2-4  Reversible heat rejection at constant pressure de-superheating and condensation.

3-5  Irreversible constant enthalpy expansion from saturated liquid to the evaporator
pressure.

4-2  Reversible heat addition at pressure (Evaporation to saturated vapour).
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Standard VVapour — Compression Cycle:

P2&T2

A 4

Condenser

T3
P1&T1 v

Expansion

Evaporator

T4

System Flow Chart

3(T3) /@ 2 (P2 & T2)

EXPN COMP

Pressure (P)
Pa or bar EVAP

I (T4) \1 (P1 & T1)

A\ 4

\
Specific Enthalpy (h) kj/kg

(p-_h chart)

Refrigerants such as 134a (CFsCHF tetrafluoro-ethane) are used as the working
medium because of their properties, which are required as refrigeration cycles.

Boiling point: -26.3 °C & it has low ODP (ozone depletion potential)

Performance of standard vapour compression cycle :

Process 1-2 is the compression process wherein mechanical work is to be supplied
(usually in the form of electrical energy to a compressor. This is the quantity to be
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spent.Process 4-1 represents the useful refrigeration effect. The index of performance is
defined as co-efficient of performance (not as efficiency, as for heat engines).

C.O.P. is defined as follows:
Useful refrigeration (output)

Compressor work (input)

COP.=

(The standard vapour compression can also be show on a T- S chart as shown

below):
A 5
it 2 cooler ™\
4 ‘
//
i
L /{ throttle
f
r |/
: i 3 heater
|
>
S

PROCEDURE :- Let it run for 10 to 15 minutes without load. Put water in the chiller

(evaporator) and note down the reading of temperature and pressure and run the unit for

another 30 to 60 minutes. Again, note down the readings.

Energy [Suction |Suction |Refrigerant| Refrigerant| Refrigerant
meter | pressure | pressure|temp at temp at out| temp at
readings| P1 in psi | P2 in psi | inlet to let from outlet from
time for compressor | compressor| condenser
‘n’ rev T1 T2 T3

=

secs

Refrigerant
temp at

inlet to
evaporator

Ts

Water
temp
in
cooler

Ts

1.01325 bar = 14.7 psi
1.01325/14.7 = 0.068 bar

Pressure = 0.068 ( pressure gauge reading + 1 atmospheric pressure ) bar
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Energy meter constant (Em)_C* =750 rev/IKw.hr
Efficiency of

motor _nm° =09
Mechanical efficiency of compressor _nc’ =0.85

Calculations for reference

No of energy meter revolution x 3600

Work done by compressor =W =-------=-=--mmmmmmmmemm oo XMm X nec = KW
Time taken for no. of Em rev x C (Em constant)

Refrigeration effect (N) = Mwx cp x AT= kw

Mw = mass of Water in cooler
Cp = Specific Heat of Water (4.1868 KJ/kg° C)
AT = Drop in water temperature (Ts initial and final temperature and time taken to drop)

Refrigeration effect (N)

C.O.P.actual =  —emeememmeeme e -
Work done by compressor

Theoretical C.O.P

Locate 1, 2, 3, 4 on Ph chart for R 134a using (P1 T1), (P2 T2) T3 and
T4 read specific enthalpy values at 1,2,3 and 4.

hl = kj/kg

h2 = kj/kg

h3 = h4 = kj/kg
h1 - hs

Theoretical COP = -—-cmmmmmemmeeee
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CAPACITY OF WATER COOLER:
The cooling load for the water cooler (Q) may be obtained from the following relation:

Where Q=mw cpw (Ti—To)
mw = Mass of water
cp = Specified heat of water = 4.18 ki/kg K
Ti = Initial water temperature
To = final water temperature .

The amount of cold water requirements under various conditions is given in Table. These
figures are based on extensive statistical survey. The refrigerants such as ammonia,
sulphur dioxide etc, are now-a-days not used because of safety reasons. Generally R —
134a is the most common refrigerant up to one tonne refrigeration (ITR) capacity and R-
22 for two tonne refrigeration (TR) capacity and appropriate combinations for larger size
units.

PRECAUTIONS :
Check the voltage it should not be less than 220/203 volts, single phase, 50 Hz.

Whenever the Compressor is switched off, do not switch on the Compressor,
before two minutes interval.

(1 Reading for water temperature should be taken with digital thermometer or with
greater accuracy.
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EXPERIMENT-6

THERMAL CONDUCTIVITY OF INSULATING POWDER

AlIM:

To determine the thermal conductivity of insulating powders(asbestos) at
various heat inputs.

SPECIFICATIONS:

1. Radius of inner sphere(ri )=50 mm.
2. Radius of Outer sphere(ro )=100 mm.
3. Wattmeter -A and V (separate) Ammeter 0-5AmMps

4. Dimmer -2.0 KW= Voltmeter 0-300 V
5. Temperature Measurement- 0-400
THEORY:

Conduction of heat is flow of heat which occurs due to exchange of energy from one molecule
to another without appreciable motion of molecules. In any heating process heat is flowing out
words from heat generation point. in order to reduce losses of heat, various types of insulations
are used in practice. Various powders example asbestos powder, plaster of fairs etc. are used for
heat insulation in order to determine the appropriate thickness of insulation, knowledge of
thermal conductivity of heat insulation material is essential.

EXPERIMENTAL PROCEDURE:

1. Keep dimmer stat knob at ZERO position and switch ON the equipment.

2. Slowly rotate the dimmer stat knob, so that voltage is applied across the heater. Let
the temperature rise.

3. Wait until steady state is reached.

4. Note down all the temperatures and input of heater in terms of volts and current.

6. Repeat the procedure for different heat inputs.
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OBSERVATIONS;

Sl Temperature OC Heater
No Input
T1 T2 T3 T4 T5 T6 T7

CALCULATIONS:

1. Heater input = q =V x | Watts
2. Average inner sphere surface temperature

Ti= (T1+T2+T3+74) /4 °C
3. Average outer sphere temperature
To=(T5+T6+T7+T8+T9+T10)/6 OC
4. Inner sphere radius =100mm
5. Quter sphere radius=127mm

6. Thermal conductivity
K = q (rj-ro) / 4=n. rj.ro(Ti-To) W/m.K at

Ti+To 12 O
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EXPERIMENT-7

DETERMINATION OF STEFAN BOLTZMAN’S CONSTANT
1. INTRODUCTION:

The most commonly used relationship in radiation heat transfer isthe Stefan Boltzmann’s
law which relates the heat transfer rate to the

temperatures of the hot and cold surfaces,

g = oA *-T%
Where, q = Rate of heat transfer, watts. Stefan
o= Boltzmann’s constant.
= 5669x 108 watts/m2 0K
A B Surface area, m2
D = Dia of the disc 15mm
M = Mass of the disc 4grams
T, = Temperature of the hot body, Ok,
TC =

Temperature of the cold body, Ok.

The above equation is applicable only to black bodies ( for example, a piece of metal
covered with carbon black approximates this behavior ) and is valid only for thermal
radiation .Other types of bodies ( like a glossy painted surface or a polished metal plate )

do not radiate as much energy as the black body but still the total radiation emitted

generally follow T4 proportionality .

This Setup has been designed to determine the value of the Stefan

Boltzmann’s constant .

q, = o ASTA Eq (1)
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2. AIM OFTHE EXPERIMENT:

To determine the Stefan Boltzmann’s constant.

3. APPARATUS:

The schematic of the setup consists of the following important parts:
a) Copper hemispherical enclosure.

b)  Jacket to hold the hot water.

C) Outside surface of the enclosure is filled with insulating material to
prevent heat loss.

d)  Thermocouples to measure temperature on the copper hemisphere

e) Disc made of copper mounted in an insulating plastic sleeve .
Disc Dia: 20 mm, Mass = 4 grams.

f) Digital temperature of the water to a safe value

9) Overhead water container along with necessary fittings to heatup the water
and dump it to the jacket of the container .

h)  Thermostat to set the temperature of the water to a safe value.
4. WORKING PRINCIPLE:

The enclosure is maintained at a higher temperature ( fairly constant and uniform
over the enclosure surface ) using water jacket. The disc or the test piece is inserted

into is place along with the sleeve and the variation in its temperature (Td) with time

is recorded .

The radiation energy falling onthe disc (D) from the enclosure is given by,

qe = c Ad Te

Where,

0, = Rate of radiation emitted by the enclosure falling on the disc (watts)
Ag = Area of the disc, m2,
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—
1

Average temperature of the enclosure recorded by Thermocouples (0 .

The emissivity of the enclosure and the disc are assumed unity of black surface
characteristics .

The radiation energy absorbed by the disc from the enclosure is given by,

Q = oAT Eq (1)

Where,
Q,= Rate of radiation absorbed by the disc onto the enclosure (watts)
Tq  =Temperature of the disc (0 K).

If the disc has mass (m, Kgs) and specific heat (Cp in J/Kg0 C),increase in

temperature of the disc is related to radiation heat transfer using the

relationship,

m eCp (@T/dt)=g =0 Ag(T T4 __Eq @)

where (dT/dt)is the rate of increase in temperature (0 C/Sec )at the instant when the
disc is inserted into the Set-up . The Stefan Boltzmann’s constant is obtained using the
relationship,

mC (AT, / dt)g

(dT,/dt)—g is obtained by plotting the temperature of the disc (T) versus time and

measuring the slope of temperature variation with time at time t=0 that is, at the
instant of inserting the disc into the Set-up .
32




J C Bose University of Science and Technology,
YMCA, Department of Mechanical Engineering
Thermal Lab Il Manual

5. OPERATIONAL PROCEDURE:

1.

8.

Switch- ON the Main and the Console.

. Remove the disc (d) or test piece.

2
3.
4

Switch-ON the Water Heater.

. After water attains the maximum temperature, open the valve and dump the water

to the enclosure jacket .
Wait for about few seconds to allow hemispherical enclosure to attain uniform
temperature - the enclosure will soon reach thermal equilibrium.

Measure the enclosure temperature T, using Channel Selector and

digital temperature indicator .
Insert the disc (d) with the sleeve into its position and record the

temperature of the disc (Ty) at different instants of time using stop watch.

Plot the variation of disc temperature ( Tq) with time (sec) as shown and get the

slope of temperature versus time variation (OC/sec) at the timet=0 sec.

9. Using Eq (3), calculate the Stefan Boltzmann’s constant.

10. Repeat the experiment and calculate the average value to obtain the

better value of the Stefan Boltzmann’s constant .

Ty~ the disc temperature when itis inserted in the set-up and increases with time in

K.

0

Te:Emitter temperature in Ok

Mass of the test disc (m) =0.004 Kg.

Specific heat of the disc (cu) material C

C

p

p =385 J/kg- k
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CALCULATIONS:

Time ‘t* Emitter Disc

(min) 0 Temperature
Temper' T () |,

1

2

3

4

5

6

7

Obtain (dT, /dt),— using the plot of T, Vst and determining the slope . Calculate

Stefan Boltzmann’s constant using the relationship,

T, = 64.1+273 = 337.10k Ty = 44.9+273 = 317.9%

m C, (@T,/dt) (g

RESULT:
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EXPERIMENT-8

PIN-FIN APPARATUS

AIM OF THE EXPERIMENT:

To plot temperature distribution along with pin fin under natural and forced convection
conditions and compare with the theoretical temperature distribution along it.

PIN FIN APPARATUS:

An Aluminum fin of circular cross section of length ‘L’ is fitted in the rectangular duct. The
base of the fin is fixed to a heater plate for heating the fin. Thermocouples are provided on the
surface of the fin. Theduct is provided with a suction fanto control the airflow with
the help of regulator .

A multichannel temperature indicator has been provided to monitor different
temperature points. An anemometer has been provided to measure the air velocity
through the duct. Digital wattmeter has been provided to measure power input to the
heater. Heat Regulator to vary input power to the heater.

PROCEDURE:

1) Switchon the mains,and console after ensuring the given model has
fitted in the duct .

2) Open the windows provided on the top and bottom of the duct for
conducting experiment in Natural convection.

3) Switchon the heater and adjust the power inputthe power inputto
approx. 50 Watts .

4) Wait for some time till steady state is reached.
5) Note down the following readings: Power in

watts
Temperature reading in Oc

6) After conducting experiment in natural convection mode, start the

Blower and adjust the flow as required for Forced convection.
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7) Increasethe power supplied to the heater as to maintain the same
temperature before starting the blower .

8) Wait till steady state condition is reached and Note down the temperature readings,
power and velocity of air flow.

9) Repeat the procedure for different heat inputs.

SPECIFICATIONS

Length of the pin fin (1) =102 mm Diameter of
the pin fin (d) = 12 mm Thermal conductivity of
fin material (k) Al =205 W/m-K

FORMULAS:

The temperature distribution along the fin is given by,

x -~ Tg Coshm (L -x)

Ty - T, p Cosh(mL) .. Eqn (1)

Where ‘T, is the temperature along the fin at a distance x > Measured from the base,
‘To’ is the base temperature,
‘Ta’ is surrounding air temperature and
‘L> is the length of the fin.

hp
m = [emmmmmmeeeem
Kf Ac
Where ‘Ac’ is the Cross-section area of the fin ]‘[D2

“p’ is perimeter of the fin =D,
‘Ta’ is conductivity of fin material and
‘h’ is the heat transfer co-efficient of fin.
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1. Free convection condition,

Tw = Average surface temperature

(TL+T2+T3)

3
AT = TW - Ta
Ta = Ambient temperature =°C
Tmf (Film temp) = —--mmeeeev
2

# = Coefficient of thermal expansion

Tmf+273

All the properties are to be evaluated at the mean film temperature. The mean film temperature

is to arithmetic average of the fin temperature and air temperature.

D = Diameter of pin-fin, m

M = Dynamic viscosity, N-sec/m2

Cp = Specific heat, KJ/Kg-k

v =Kinematic viscosity, m2/Sec

K = Thermal conductivity of air, W/m 0C

g = Acceleration due to gravity, 9.81m/sec2
Nu=11 (Gr.pr) Y6 10t <Gr. pr.< 10
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1/4 9

Nu = 0.53 (Gr. Pr) 10% <Gr.Pr.< 10

9 2

Nu =0.13 (Gr. Pr)1/4 10° <Gr. pr. <101

Where, Nu= h.D

A

= Grashoff Number.

Cpu

Pr= = Prandtl Number

KAir

1) The rate of heat transfer from the fin can be calculated as,

Q= vh.c. k. A x (T1-Tf) tanh mL

H-heat transfer co-efficient W/ m2 k

P -perimeter =[]d

K — Thermal conductivity of fin material (Al) =205 W/m-K
A — Cross sectional area of fin

A=T1d7 4
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D =diaof fin =12 mm

2. Efficiency of the fin can also be calculated as,

Tanh mL

3. Effectiveness of the fin

Tanh (ml)

2. Forced convection condition,

Tw= Average surface temperature
(TL+T2+T3)
AT=Tw-Ta
Ta = Ambient temperature
Tw + T3

TMf (Film temp) = -----------—--
2

All the properties are to be evaluated at the mean film temperature. The mean film temperature

is to arithmetic average of the fin temperature and air temperature.

p = Density of air, Kg / m3
D = Diameter of pin-fin, m
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K = Dynamic viscosity, N.sec/m2
Cp = Specific heat, KJ/Kg k
v =Kinematic viscosity, m2/Sec
K = Thermal conductivity of air, W/m 0C
g = Acceleration due to gravity, 9.81m/sec2
p VD
Re = --------- = Reynolds’s Number.
v
0.466

Nu = 0.615 (Re) 40 < Re < 4000

0.618

Nu=0.174 (Re) 4000 < Re < 400

1. The rate of heat transfer from the fin can be calculated as,

Q= /h. c.k. A x (T1—Tf) tanh mL

H - Heat transfer co-efficient W/ m2 k
P - Perimeter = (Od

K — Thermal conductivity of fin material (Al) =205 W/m-K A — Cross sectional area
of fin
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D =diaof fin =12 mm

2. Efficiency of the fin can also be calculated as,

Tanh mL

3. Effectiveness of the fin

Tanh (ml)

TABLE OF READINGS AND CALCULATIONS
FORCED CONVECTION:

FIRST
POINT AIR INLET
SURFACE | SECOND POINT | THIRD POINT AIRINLET [VELOCI | POWER
TEMPERAT| SURFACE SURFACE TEMPERATUY IN
U TEMPERATURE | TEMPERATURE T3 T6 IN WATTS
RE T1 T RE M/SEC
T

NATURAL CONVECTION:
FIRST SECOND THIRD
POINT POINT POINT AIR INLET AIR POWER IN
SURFACE SURFACE | SURFACE TEMPERAT  OUTLET WATTS

T2 TEMPERAT URE TEMPERA
TEMPERAT URE T4 TURE T5
TEMPERAT T3
URE
URE T1 |
RESULT:

41




J C Bose University of Science and Technology,
YMCA, Department of Mechanical Engineering
Thermal Lab Il Manual

EXPERIMENT-9
PIN-FIN APPARATUS

AIM OF THE EXPERIMENT:

To find out the effectiveness of the pin fin in forced and free convective.

PIN FIN APPARATUS:

An Aluminum fin of circular cross section of length ‘L’ is fitted in the rectangular duct.
The base of the fin is fixed to a heater plate for heating the fin. Thermocouples are
provided on the surface of the fin. The duct is provided with a suction fan to
control the airflow with the help of regulator .

A multichannel temperature indicator has been provided to monitor different
temperature points. An anemometer has been provided to measure the air
velocity through the duct. Digital wattmeter has been provided to measure
power input to the heater. Heat Regulator to vary input power to the heater.

PROCEDURE:

1) Switch on the mains, and console after ensuring the given model has
fitted in the duct .

2) Open the windows provided on the top and bottom of the duct for
conducting experiment in Natural convection.

3) Switch on the heater and adjust the power input the power input to
approx. 50 Watts .

4) Wait for some time till steady state is reached.

5) Note down the following readings: Power
in watts

Temperature reading in Oc

6) After conducting experiment in natural convection mode, start the
Blower and adjust the flow as required for Forced convection.

7) Increase the power supplied to the heater as to maintain the same
temperature before starting the blower .
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8) Wait till steady state condition is reached and Note down the temperature
readings, power and velocity of air flow.

9) Repeat the procedure for different heat inputs.

SPECIFICATIONS:

Length of the pin fin (1) =102 mm

Diameter of the pin fin (d) =12 mm Thermal

conductivity of fin material (k) Al =205 W/m-K
FORMULAS:

The temperature distribution along the fin is given by,

T - T Coshm (L -x)

T - T ,Cosh(mL) ... Egn (1)

Where ‘T * is the temperature along the fin at a distance ‘x > Measured from the
base,

‘T, is the base temperature,

‘Ta’ is surrounding air temperature and

‘L> is the length of the fin.

Where ‘Ac’ is the Cross-section area of the fin [1D?

“p’ is perimeter of the fin =TID,
“Ta’ is conductivity of fin material and
‘h’ is the heat transfer co-efficient of fin.
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1. Free convection condition,

Tw = Average surface temperature

(T1+T2+T3)

T o (FilM teMp) = ceeeememeces

B = Coefficient of thermal expansion

Tmf+273
All the properties are to be evaluated at the mean film temperature. The mean film

temperature is to arithmetic average of the fin temperature and air temperature.

D = Diameter of pin-fin, m
L = Dynamic viscosity, N-sec/m?
C, = Specific heat, KJ/Kg-k
v = Kinematic viscosity, m2/Sec
K
g

= Thermal conductivity of air, W/m °C
= Acceleration due to gravity, 9.81m/sec’

Nu=11 (Gr.P)*®  10"<Gr. Pr.<10*
Nu=0.53 (Gr.Pn)**  10* <Gr. Pr. < 10°
Nu=0.13 (Gr. Pr)"*  10° <Gr. Pr. < 10"

Where, Nu= h.D

_—
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g.pD* AT
G, = = Grashoff Number.
2
A%
Cpu
P, = = Prandtl Number
KAir

1) The rate of heat transfer from the fin can be calculated as,

Q:

vh.c. k. A x (T1-Tf) tanh mL

H-heat transfer co-efficient W/ m? k

P -perimeter =] ]d

K — Thermal conductivity of fin material (Al) =205 W/m-K
A — Cross sectional area of fin

A=T1d/ 4

D =diaof fin =12 mm

2. Efficiency of the fin can also be calculated as,

Tanh mL
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3. Effectiveness of the fin

Tanh (ml)

(R I ——
Vhp/ KA

2. Forced convection condition,

Tw= Average surface temperature

(TL+T2+T3)

AT=T,-T,
T, = Ambient temperature

Tw+Ts
Twt (Film temp) = -----mmmmmme-

2

All the properties are to be evaluated at the mean film temperature. The mean film

temperature is to arithmetic average of the fin temperature and air temperature.

p = Density of air, Kg/m?®
D = Diameter of pin-fin, m
L = Dynamic viscosity, N.sec/m*
Cp, = Specific heat, KIJ/Kg k

Y = Kinematic viscosity, m2/Sec
K = Thermal conductivity of air, W/m °C
g = Acceleration due to gravity, 9.81m/sec?
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Re = --------- = Reynolds’s Number.

Nu=0.615 (Re)**® 40 < Re <4000
Nu=0.174 (Re)*®™® 4000 < R, < 400

1. The rate of heat transfer from the fin can be calculated as,

Q= /h. c. k. A x (T1-Tf) tanh mL

H - Heat transfer co-efficient W/ m? k
P - Perimeter = [1d

K — Thermal conductivity of fin material (Al) =205 W/m-K A — Cross
sectional area of fin

D =diaof fin =12 mm

2. Efficiency of the fin can also be calculated as,

Tanh mL
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Tanh (ml)
O(Fin) =-
hpKA

Thermal Lab Il Manual

TABLE OF READINGS AND CALCULATIONS

FORCED CONVECTION:

FIRST POINT

J C Bose University of Science and Technology,
YMCA, Department of Mechanical Engineering

AIR

INLET
SURFACE | SECONDPOINT | THIRD POINT AIRINLET  |[VELOCIY | POWER IN
TEMPERATU | SURFACE SURFACE TEMPERATUR| IN M/SEC| WATTS
RE T1 TEMPERATURE T2| TEMPERATURE T3 T6

;
NATURAL CONVECTION:
FIRST SECOND THIRD |
POINT POINT POINT AIR INLET AIR POWER IN WATTS
SURFACE SURFACE SURFACE TEMPERAT OUTLET
T2 TEMPERAT URE TEMPERA

TEMPERAT URE T4 TURE T5
TEMPERAT T3
URE
URE T1
RESULT:
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EXPERIMENT 10

HEAT EXCHANGER

AIM - To find overall heat transfer coefficient and effectiveness of a shell and tube heat
exchange under parallel and counter flow conditions.

Heat exchanger is a device in which heat is transferred from a hot to a cold fluid across
a separating wall. This is an important component of any thermal system; such as condenser
in a thermal power plant, evaporators and condensers in refrigerator, radiator of a motor car
etc. The heat transfer process is dominated by
convection in fluid -solid boundaries and conduction through the separating wall.

The size and weight are the important aspects in the design of heat exchangers.
The important performance parameter is the overall heat transfer co- efficient which determines
the heat transfer rate in the equipment.

The heat transfer rate in a typical heat exchanger is given by,

q = Uu A ATM
Where,
q = Heat transfer rate in watts

U = Overall heat transfer co-efficient in W/ m2°C

A = Surface area of heat transfer in m2

A T M= Suitable mean temperature difference

. o
across the Heat exchanger surface in C.

One of the major classifications of heat exchangers is based on the direction of flow of
hot and cold fluids. In the parallel flow heat exchanger, both hot and cold fluids flow in the
same direction, whereas in the counter flow type, fluids flow in opposite direction.
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CLASSIFICATION OF HEAT EXCHANGERS:
I BASED ON THE NATURE OF HEAT EXCHANGER PROCESS

i Direct Contact Type: The heat exchangers in which the process of heat transfer
occurs through direct contact and mixing of the hot and cold fluid. The heat
transfer is usually accompanied by mass transfer in such cases. Water cooling
towers, Jet condensers are the two examples.

il Indirect Contact Type: Those are devices in which hot and cold fluid alternatively flow
over the surface. The heat carried by the hot fluid is accumulated in the walls of the
equipment and is then transferred to the cold fluid when it passes over the surface
next. Regenerators, Recuperates etc.

I BASED ON THE RELATIVE DIRECTION OF FLUID FLOW

i Parallel flow heat exchanger : In this type of heat exchanger the hot and cold fluids
flow in same direction , hence the name parallel flow. In parallel flow exchanger,
the temperature difference between hot and cooled fluids keeps on decreasing from inlet
to exit. Many devices, such as water  heaters, oil heaters and coolers belong to this
class.

ii Counter flow heat exchanger: In this type of heat exchanger the hot and cold fluids
flow parallel to each other but in opposite direction hence the name counter flow. Counter

flow exchanger are the most favorable device for heating or cooling of fluids because,
for a given surface area, these exchangers give the maximum heat transfer rate.

iii Cross flow heat exchangers: Here the two fluids flow at right angle to each other.
Automobile radiators an example for this type of heat exchanger.
TEMPERATURE DIFFERENCE :

This is defined as that temperature difference which, if constant, would give the same
rate of heat transfer as usually occurs under variable conditions of temperature difference.
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Description of Apparatus:

One small diameter tube is fixed in another bigger diameter tube
concentrically and outer tube is insulated to reduce the heat losses from its surface to the
surroundings.

The fluids which are used for transferring the heat are cold water and hot water. The
cold water is supplied connecting the inlet to the common tap supply and its flow is
controlled by providing inlet and outlet values as shown in the figure. For providing the hot
water, a small water tank is provided with heater immersed in it and heated water flow is
controlled by inlet and outlet valves as shown in the figure. The water level in the hot water
tank and its temperature is maintained constant as required by controlling the power supply
and a valve through which cold water tank.

The valves arrangement is made in such a way, that the flow can be made parallel or
counter as desired. The direction of hot water flow through the inner pipe is maintained
same and the direction of cold water flow is made parallel or counter as desired by
changing the valve positions.

The two thermometers are provided to measure the inlet and outlet temperatures of hot
water (Tpj and Tpo) and other two measure the inlet and outlet temperatures of cold water

(Tci and Tco)

OVERALL HEAT TRANSFER COEFFICENT:

The rate of heat transfer between hot and cold fluid is given by

Q = Uo Ao LMTD
Where  Uo = Overall heat transfer coefficient based on outer surface area
of tubes. W/mZ-OK.
Ao = Total outer surface area of tubes, m2.

DESCRIPTION:

The apparatus of a concentric tube heat exchanger. The hot fluid namely hot water is
obtained from an electric geyser and it flows through the inner tube. The cold fluid is, cold
water can be admitted at any one of the ends enabling the heat exchanger to run as a parallel
flow or as a counter flow exchanger. This can be done by operating the valves provided.
Temperature of the fluid can be measured using thermocouples with digital display. Flow rates
can be measured by rotameter and a measuring flask. The outer tube is provided with
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SPECIFICATION:

Inner tube material: Copper
I.D : 21 mm

O0.D : 25 mm.

Outer tube material: Stainless Steel

I.D : 32 mm

0.D : 38 mm

Length of the Heat Exchangers : 1100 mm

Temperature Points:

Tci: Cold water inlet temperature.

Tco: Cold water outlet temperature.

Thi: Hot water inlet temperature.

Th : Hot water outlet temperature.

PROCEDURE:

1. Switch on the M.C.B, Mains on.

2. Start the flow of water to Geyser and switch on the geyser so that hot water starts
flowing through the pipe.

Now the flow of cold water is started.

Using the valves provided the flow can be adjusted to counter / parallel.
Keep the flow rate same till the steady state is reached.

Repeat the experiment for counter / parallel flow with constant flow rate.

N o o s~ »

Note down all the temperatures, flow rates of water with respect to time.

52




J C Bose University of Science and Technology,
YMCA, Department of Mechanical Engineering

AN _VA
b A' is over switcﬁrolﬁﬁrm@slNl{caQ.” Manual

P
&
x
z
o
=
o
2]
£

PRECAUTIONS:

Do not start the equipment without proper electrical supply.

Handle the switches gently.

Before starting ensure that water level is maintained.

After the experiment is over, switch off all the indicators and heaters.

At least for every two weeks, operate the unit for five minutes.

O o o o o oo

In case of any major faults, Please write to manufacture and do not attempt to repair.

OBSERVATIONS:

FOR PARALLEL FLOW:

1. Cold water flow rate = LPs
2. Hot water flow rate = LPs
(@)
3. Tci = C
(0]
4. Tco = C
(0]
5. Thi = C
(0]
6. Tho = C
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FOR COUNTER FLOW:

1. Cold water flow rate

2. Hot water flow rate

@)
3. Tci = C
O
4. Tco = C
O
5. Thi = C
@]
6. Tho = C
FORMULAE TO BE USED:
1. Qn = mh Cph (Thi — Tho) in watts.
Where, mp = mass flow rate of hot water in LPs.
Cph = Specific heat of water = 4187 J/kg &%
Thi = Inlet temperature of hot water
Tho = Outlet temperature of hot water
2. Qc = Mmc Cpc (TCO - Tci) in watts.
Where, m¢ = mass flow rate of hot water in LPs.
Cpc = Specific heat of water = 4187 J/kg °k
Tci = Inlet temperature of hot water
Tco = Outlet temperature of hot water
3. Q = (Qh + Qc) /2 in watts
(02- 61)
4. LMTD S —— Ok
In (62/61)

For parallel flow, where 01 =( Thj — T¢j)
02=(Tho — Tco)
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For Counter flow,
Where, where 01=(Tho — Tci)

02=(Thi — Tco)
5. Overall Heat transfer coefficient Uo:

Uo =Q/(AoxLMTD) w/m? Ok

FOR COPPER MATERIAL Where,

Ao=[JdoL in mz.

= [Tx 0.025 x 1.1 = 0.0863 m?

do = Outer Diameter of the tube = 25 mm
L = Length of the tube =1100 mm.

6. EFFECTIVENESS:

X = Q/Qmax
Thi — Tho
if, mcCpc > MhCph =h= —emmmmmmm- Equ-1
Thi - Tci
Tco - Tci
if, mcCpc < mhCph e —— Equ -2
Thi - Tci

7. RESULTS:
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EXPERIMENT 11

MEASUREMENT OF SURFACE EMMISSIVITY

AIM : To measure the emissivity of the Grey body (plate) at given temperature.

Radiation is one of the modes of heat transfer which does not require any material
medium for its propagation. The mechanism is assumed to be electromagnetic in nature and
is a result of temperature difference. Thermodynamic considerations show that an ideal
radiator or black body will emit energy at a rate proportional to the fourth power of the
absolute temperature of the body. When two bodies exchange heat by radiation, the net heat
exchange is given by,

q = oA (Th 4. T 04) ....... Eq (1)
Where, ‘q’ is the heat transfer rate in watts, ‘¢’ is called the Stefan

Boltzmann’s Constant having the value of 5.669 3x1078 watts/ m2 0 K4, ‘A’ is the
surface area (m2) and Thand T care the temperatures of the hot and cold bodies

(OK) respectively. Eq (1) is called the Stefan Boltzmann’s law of thermal radiation and
equation applies only applies only to black bodies; a piece of metal covered with carbon
black approximates this behavior. Other types of surfaces such as glossy painted surface or
a polished metal plate do not radiate as much energy as the black body; however the total
radiation emitted by these bodies still generally

follow the T4 proportionality. To take account of the grey nature of such surface,

the factor called Emissivity (€) which relates the radiation of the grey surface to that of an ideal
black surface is used.

The emissivity of the surface is the ratio of the emissive power of the surface to the emissive
power of the black surface at the same temperature. Emissivity is the property of the surface
and depends upon the nature of the surface and temperature.

The net heat exchange between two bodies is given by,
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This equation assumes that all the radiation emitter (body 1) is received by the
receiver (body 2). Hq is the emissivity of the emitter and A1 is the area of the emitter. Fis

the radiation shape factor.

This setup has been designed to determine the emissivity of the given surface.

APPARATUS:
It consists of the following:

a) Black body made of circular aluminium plate with the surface black anodized, mounted
on asbestos cement sheet.

Diameter : 165mm.
b) Grey body or Test plate made of circular aluminum plate of same size asthe black
body with polished surface , mounted on asbestos Cement sheet Diameter : 165 mm

c) Enclosure : The sides of the enclosure are made up of transparent sheets for
better visibility and with lid on the top surface for exhausting the hot air after
experiment is over. The bottom is fitted on asbestos sheet to prevent heat loss.
d) Heaters to heat the black body and the grey body to identical temperature.
e) Wattmeterprovided tomeasure input power to the heaters.

Thermocouples  to measure surface temperatures of Test plate (T 1), Black
body (T2) and "the enclosure surface (T3)

h) Heat control or Regulator to the heaters.
i) Control panel to switch on/ off the mains and the heater.
PROCEDURE:

a) Switch on the mains.
b)  Switch on the heater to the black body and adjust the power

Input to the heater to a suitable value using regulator.
C) Switch on the heater to the test plate (Grey body) and keep the power input to a

value less than that input to the black body.
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d) Observe temperatures of the black body and test surface in close time
intervals and adjust power inputto the test plate heater such that both black
body and test surface temperatures are same .

This procedure requires trial and error method and one has to

Wait Sufficiently long (one hour or longer) to reach a steady state.
e) After attaining steady state, record input powers to heaters by switch off any

one regulator (W1 and W2) and temperatures Tq, To and Tg (OC) of black

body, test plate and the enclosure
f) Using the above measurements, calculate the emissivity of the test

Surface using the procedure given below.

WORKING PRINCIPLE:

Determine the emissivity of the test surface. The experimental setup is designed in such
a way that under steady state conditions, the heat dissipation by conduction and
convection, although small, are same for both plates : the difference in power input to
the heaters of black surface and test plate which are at the same temperature is
due to the difference in radiation characteristics because of Different emissivity.
The difference in power inputs to the heaters

Are related to the emissivity by the relationship

W1 = W2 =(gb-g)cA (T1* T3%)
0.86
Where,
Wy = Heat input to the black surface, watts.
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A =  Areaof black body & test plate, 2 x (]"[dz) 14, m2
d = Diameter to the test plate & black body, m.
Ty = Temperature of the Gray plate, 0 K
Ty = Temperature of the black plate, 0k
T3 = : 0
Inside temperature of the enclosure, ~ K.
€b = Emissivity of black plate (assumed equal to 1).
& = Emissivity of the test plate.
G = Stefan Boltzmann’s constant.

- 5.669x 1078 watts/m2 0 k4.

The constant in the denominator ( 0.86 ) takes into account various factors such as
radiation shape factor , effect of conduction and free convection losses and other
factors (such as non-uniformities in enclosure temperature ) which cause deviations
from the typical radiation heat transfer experiment . The above analysis requires that
the temperatures of black surface and test are same (T1= To).

TABULAR COLUMN:

Wl W2 T]_ T2 T3 €

watts watts 0 0
~ fa C

GUIDANCE OF CALCULATIONS:

W, = watts (black body)

W, = watts (grey body)
d°

A= 2X-—-—-- =
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5669 x 108 watts/m2 0 k4.

(¢} =

0.86 (W; - W)
€= 1 - e

For different values of input power to the heater (W1 & W2) Experiment is repeated to
determine €.

RESULTS:
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