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An abstract consists of answering three basic questions:

What was done?

How it is was done? and

Whatwere the basic findingand conclusioria

Abstract should be written in passive voice.

Abstract should not exceed 200 words.

It should be witten in three separate paragraphs.

This section and all the coming sections should be written in Font 12, TNeves
Roman with regular style and single line spacing.

This page should contain the abstract ONLY and numbered using the Roman Style
(i .e. 1, ii, iii éetc)

It should be written in passive voice.
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(i)
Nomenclature
The nomenclature defines the parameters, symbols and acronyms used in the report.
Standardized symbols should be used whenever possible.
U The units should be added to the nomenclature.
U The parameters should be arranged alphabetically.
U This section should be wten in separate page(s).

A Area [m2]

P Pressure [N/m2]
Re Reynolds Number [ND]
Subscript

f Liquid

S surface

Greek Symbols

m Dynamic viscosity [N-s/m2]
a Angle of attack [deq]
(i)

Objective
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The objective(sy houl d be written based on the instr
DO NOT copy from laboratory manual.

Experimental Setup and Procedure

This section should contain the working principle of the setup used in the experiment.

It should contain a ci image of the setup with the main parts identified in suitable manner.
The figurebs caption (name) should be writt

Operator

Recorder

Passer /

Figure (): Some numbers from the result of the experiment on nothing

V Never start any par agr ap You shoutd allwdys write fee , t a
introductry lines (e.g. This section discusses the setup used in conducting this experiment.
The setup is shown below in Figure (1)).

V Define the major components of the setup.

V Explain briefly how it works.

V Finally, explainwith your own words (DO NOT COPY FROM USER MANUAL) how
you conducted the experiment.

V As of this page onwards, the page numbering should start using-1088 Arabic

numbers.

Data Observation
The data observed are divide into two main items

Given data
o This includes the constants that were not changed in the experiment e.g atmspheric
conditions, certain setup dimensions (if
o As for the material s properties e, g, de

these Bould be mentioned with the reference wherefrom they were copied cited.

Observed data
V The data that were taken from the setup ONb¥uld bementioned in the table.
V Table columns should be writen with units and without abbreviations.
V The table caption slutd be mentioned on top of the table.
V Do not add any calculated data in the table.

D
Table(1): The observed data

If the experiment consists of several parts, put the tables with each case defined before that
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For example
Trial # Quantity 1 Quantity 2
[unit] [unit]
| 4.0 4.9x10™
2 3.2 4.5x10*
3 2.8 4.4 x10%

Case (l) : Partiallgubmerged torous
Inset the data observed table for this case helow

Case (ll) : Totally submerged torous
Inset the data observed table for this case helow

Sample calculations

In this section you are required to provide with proper explanation (NOTuselgquations
and substitute numbers) the steps for your calculations

You should state which data you are taking for sample calculations

If the calculations involve theoretical and experimental values for comparison, you should
calculate the percentageror in the experimental value

Uncertainty analysis
This is extremely important part that tells the accuracy of the test procedure (NOT ONLY in
the final valug.
This can be extremely helpful if one wishes to find the main factor responsible forahe er
There are many methods suggested for this section

1) Uncertainty propagation (you can use suitable software for that as you have been

taught)
2) Limiting and relative limiting errors using equations.
3) Limiting and relative limiting errors using maximum/rimmum method.

Finally a summery of the calculations should be added in separate table(s) with errors and
uncertainity calculations

Results and discussion
Present your results in a logical sequence, highlighting what is important and how the data
you obtaned have been analyzed to provide the results you discuss

A You should discuss what you infer from the data.

A You need to adopt a critical approach.

A For example, discuss the relative confidence you have in different aspects of the

measurements.
A Make sure that all diagrams, graphs etc. are properly labeled and have a caption.

@)
A A neat hand drawn diagram is preferable to a poorly made computer diagram
poor resolution image copied from the web.
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0.004 . .
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Quantity 1 [unit]

Figure 2 Quantity 1 versus Quantity 2 *

Figure (2) : Variation of Quantity (2yith Quantity (1)

1 Graphs should be clear, informative, with proper legends and unit.
1 If curve fiting is implemented, it should contain the fit model and its R2.
1 Graph outline should be removed.

Conclusion
This is the section in which you need to putlit@gether. It differs from the abstract in that

C It should be more informative, something that can easily be accomplished because you
may devote more words to it. You should include a concise version of your discussion,
highlighting what you found outyhat problems you had, and what might be done in
the future to remedy them.

C You should also indicate how the investigation could usefully be continued.

References
For this section, you should provide the source of information wherefrom you got the
equations, fluid or materials properties
Use this websitehttps://scholar.google.cdm
V Textbooks, articles, company websites are trusted sources.
V Do not use the lab manual as a reference.
V List the references isame order as they appear in the text.
V For my students, | ask them to use the APA or Chicago style.

Book
Holman, J. P. (2012). Experimental methods for enginda&rawHill, New Yourk

3)

Journal article
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Sang, J., Yuan, Y., Yang, W., Zhu, Ju, ., Li, D., & Zhou, L. (2022). Exploring the
underlying causes of optimizing thermal conductivity of copper/diamond composites by
interface thicknesslournal of Alloys and Compound®91, 161777

Web page
http://www.gobbeldygook.co.uk/iewed on 22/10/2020

A word of caution on web based informatiodournal articles and most books are peer
reviewed. This means that other workers in the field have checked them for accuracy etc..
This is not true of web sites. Be careful in taking information from such sources and if at all
possible verify the informatin by checking in books etc. You should also read the web
information critically to see that it makes sense to. you

You are an engineer and should take pride in not being duped into making easy mistakes by
faulty information
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Experiment 1
MARCET BOILER
(UNIT - WL 204

1.0 OBJECTIVE

A This lab will be carried out to determine the relationship between the steam pressure

and heating temperature of saturated steam in equilibrium on an enclosed model steam
boiler.
A Besidesthat, this experiment will also demstrate the vapor pressure cueved the

verify Clapeyrorrelatiorship.

2.0 INTRODUCTION & THEORETICAL BACKGROUND

Normally water boils at 100 °C at 1 atm pressure. The heat initially causes water molecules to

evaporateThis causes the pressure in the steam chamber, and thus in the water, to rise. As the
steam pressure rises the boiling point temperature also increases, because the water molecules
encounter increased resistance as they attempt to move from liquid torgakdch steam

pressure has an accompanying precisely defined boiling point temperature (Fig. 1).

Steam temperature in °C
\

Steam pressure in bar

Fig. 1. Boiling Point Curve for Water
At a given pressure, the temperature at which a pure substance changes phase is called the
saturation temperaturésat. Likewise, at a given temperature, the pressure at which a pure
substance changes phase is called the saturation pressure Psat. The amount of energy
absorbed or released during a phelsange process is called the latent heat.
Marcet boiler is the dese which we use to study thelaton between pressure and

temperature for a water at saturated liquid ph¥ge.started heating water with constant
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pressure until it reached boiling point. Then, closing the valve which created a constant
volume system. ércing the pressure to increase as the temperature rises. And thus studying
the direct relation between pressure and temperatureater w

We notice that it is essential to close the valve as we reach boiling point to make sure we are
now in a constant volumerocess We also notice that we closed the valve exactly when we
reached boiling temperature (956 at 0.9 bar pressure) and thus keegpwater at saturated

liquid phase.

3.0 APPARATUS

Marcet Boiler, shown in figur@, is made of steel and fitted with a pressure gauge, a
safety valve, a water cock for testing the water level and a thermo sensor. The boiler is
heated by an electricainmersion heater. To minimize losses and to prevent direct
contact to the hot surface, the boiler is insulated. The temperature is shown on a digital
electronic thermometer. An integrated limit switch prevents the boiler from
overheating.

7. Boiler with Insulating Jacket

2. Heater 8. Bourdon Tube Pressure Gauge
3. Overflow valve 9. Master Switch

4. Temperature Sensor 10. Heater Switch

5. Safety Valve 11. Temperatur Gauge

6. Fille Opening

Fig. 2: Marcet Boiler WL204
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A

The main element of the WL 204 Marcet boiler unit is the stainless steel steam boiler
(7). It has a mineral wool insulating jacket.

The filler opening (6) is used to pour water into the boiler.

The overflow valve (3), closed off by means of a hand wheelsed to ensure the
vessel is filled to the correct level.

The drain valve (1) can be used to drain the vessel.

An electric heater (2) is bolted into the floor of the boiler in such a way that the
heating filament protrudes from below into the boiler.

A manometer (8) is fitted in the lid of the boiler to provide a direct indication of the
boiler pressure.

There is also a P00 temperature sensor (4)n@asure the boiler temperature.

A safety valve (5) to prevent excess pressure fupleh the boiler. If the safety valve

is activated, the excess pressure is discharged to the rear of the unit via a drain pipe.
The boiler temperature can be read from the digital display (11) fittedheatswitch
cupboard.

The unit is switched on at the master switch (9).

The additional heater switch (10) can be used to switch the heater on and off as

required during the experiment.

4.0 PROCEDURE

Switch on the unit at the master switch.

Switch on the heater at the heater switch and heat up the boiler.

Record the boiler pressure and temperature values in increments of approximately 0.5
-1.0 bar (See the experiment worksheet).

After the experiment switch off the unit at the master switch.

5. Disconnect the unit from the mains power.

T

Leave the boiler to cool down.

SAFETY WARNING!

Because of high pressuret&mperature steam.

V Don't touch surfaces during operation!

V Neveropen valvsof the devicé
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5.0 OBSERVATIONS

Table 1: DATA OBSERVED

Atmospheric Pressure:

bar

Pressure, P (bar)

Temperature, T

Gauge Absoute

Increase
(xC)

Deqease
(xC)

Average
Tave
(xC)

Average
Tave

(K)

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00

6.50

7.00

7.50

8.00

8.50

9.00

9.50

10.00

Thermodynamics Lab.

Pagel2of 106




THE UNIVERSITY OF JORDAN
SCHOOL OF ENGINEERING Department of Mechanical Engineering

6.0 DATA ANALYSIS

For a pure substance existing as a mixture of two phases, the Clapeyron relationship relates
the pressure, heat and expansion during a change of phase provided that the two phases are ir
equilibrium.

The Clapeyron relationship is:

SR EIE L
"F-4+ & & W
Asv | U
In which,

O i QOIENGE®EG 6 6 1B B Q0
@ 1 H QOGO O 61 WD K0 |
N QEB A F QOO 6 1aCIRD QQ
N QEDI W OO 61 Wd 0 |
N GO0 W@ OGN E T QA OO QE &

AN~ QN £Q A

After OERA I D A O ABDAORA O OBeA drawn from dataobservedin Table 1, the

slope of the curvat each pressurevas determinedy three methods

~ ~ - UJ
1- FirstMethod: 4 E@T | ﬁé&() i "@FhHEeCentral Difference formula

D

First Derivatives
Sf'(x)

2 il i i+] i+2
S(xi)=f(x:) i = Vi
Xig —X; Xigs —X;

« Backward difference f'(x)=z S )= f(Xia) _ 0= Vi

X=Xy X=Xy

« Forward difference f'(x)=

* Central difference fix)e S (X )= F(Xicy) _ Yirs = Yiea

Xipr =X iy Xipt = Xig

Fig. 3: Central Difference formula
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.
2- SecondMethod: 4 EAIT 1 E)i§9||F 6 i "“@fierical differentiation

Thefirst derivative of the best fgquation otemperaturgressure curve

1
gt el )
440
435
N 430
? 425
§420
é-,-ﬂ:v
% 410
g 405
2
400
395
39[‘)ISO 2(i]0 2:1'\0 3[i]0 3:i'»0 J(iJO -1.;0 SIiJO 5_5'-0 G[i)O G:E'O Y(iJO 750
Absolute Pressure (kPa)
J
11t I8 I8
Fig. 4: BestFit Equation
. = 3 . -J r r v, e, . .
3- ThirdMethod: 4 EA@1 | L” =4T) i "QfIEpeyrorrelatiorship.
| Jl o o J| 5
] ] -
.J” J H _Flh + vyl op 3)
= I
All values in the Clapeyronrelationship must be taken from table 2
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Table 2: SATURATED WATER AND STEAM TABLES

Pressure Temperature Specificvolume L atent heat of

(P, bar) (T, °C) 0 ,m3/kg) vaporization

(Q R # ™
1.0 99.6 1.694 2258
2.0 120.0 0.8856 2202
3.0 133.5 0.6057 2164
4.0 143.6 0.4623 2134
5.0 151.8 0.3748 2109
6.0 158.8 0.3156 2087
7.0 165.0 0.2728 2067
8.0 170.4 0.2403 2048
9.0 175.4 0.2149 2031
10.0 179.9 0.1944 2015
11.0 184.1 0.1774 2000
12.0 188.0 0.1632 1986
13.0 191.6 0.1512 1972
14.0 195.0 0.1408 1960
15.0 198.3 0.1317 1947
16.0 201.4 0.1237 1935
17.0 204.3 0.1167 1923
18.0 207.1 0.1104 1912
19.0 209.8 0.1047 1901
20.0 212.4 0.09%7 1890
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/.0RESULTS & DISCUSSION

Table 3: SUMMARY OF RESULTS

Pressure, P
(bar)

Temperature, T

Gauge

Absolute

Average Tave
(xC)

Average Tave

(K)

M easured
Slope,
by
Central

Difference

M easured
Slope,
by
derivation

Calculated
Slope,
by
Clapeyron

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

5.50

6.00

6.50

7.00

7.50

8.00

8.50

9.00

9.50

10.00

A

Fill the table using recorded datadsaturated water and steam tables

Plotthe curve between measured tempemand absolute pressuRréssure as-axis).

Compare the measured vadweth theoretical valug discuss the difference.

Calculate the error of measured \&du

NOTE: This pageis intentionallyleft blankto identify yourimportantnotes

Thermodynamics Lab.
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Experiment 2

WORK TO HEAT TRANSFER
(MechanicaEquivalentof Hea)

8.0 OBJECTIVE

A To determine the relationship between energy transferred by heat and the energy

transferred by work.

9.0 INTRODUCTION & THEORETICAL BACKGROUND

The principle of the conservatiaf energy tells if a given amount of work is transformed

completely into heathe resulting thermal energy must be equivalent to the amount of work
that was performedsince work is normally measured in units of Joules and thermal energy is
normally measred in units of Calories, the equivalence is not immediately obvious. A
guantitative relationship is needed that equates Joules and Calories. This relationship is called
the Mechanical Equivalent of Heatt was not until the experiments of Joule in 1850,
however that Joule performed a variety of experiments in which he converted a carefully
measured quantity of worthrough frictioninto an equally carefully measured quantity of
heat. For example, in one experiment Joule used falling masses to progdieavpaeel in a
thermally insulatedvaterfilled container.

Measurements of the distance through which the masses fell and the temperature change of
the water allowed Joule to determine the work performed and the heat produced. With many
such experimest Joule demonstrated that the ratio between work performed and heat
produced was constant. In modern units, Joule's results are stated by the expression

(1 calorie = 4.184 Joule).

Joule's results were within 1% of the value accepted today.

(Thecalorie is now defined as equal to 61Bule.)

Work is done on an object by force acting through a displacement. The energy transferred
by work is measured by multiplying the force acting on an object times the displacement over
which the force actedV = F x d. The unit of energy transferred by work isjthde. Work

done on an object may result in a change in its mechanical energy or a change in its internal

energy, or both. A change in an objauet 6s i
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Heat is transferred between an object and its environment when there is a temperature
difference between the object and its surroundings. The energy transferred is measured as the
product of the objectds mass changd whichsopcers i f i ¢
within the object:

Heat = M x specific heat OT. Specific heat is the amount of energy it takes to raise

1 gram of a substance by 1, the unit of energy transferred through heat isctierie

If work is done on armbject which results in a change in the temperature of the object, then

the work done must be the same as the heat energy that is transferred to the object. The ratio
of the work done (in joules) to thaeaivaeetat t 1

of heat 0.

R L R e e

10.0 APPARATUS

The apparatus incorporates a universal electric motor witahtarspeed contrébr driving a

copperdrum calorimeter, two sets of weights, heavy and light, a set of bedtsto encircle
the drum, a spring balance, a thermometer and a counter for recording the revolutions of the

drum. All items of equipment are mounted on the stedlinet which contains the motor

control gear(See Figurdl)

4 iy

Spring Balance

Linen Belt

Copper Drum

Light Weight

Fig. 1: Work to Heat Apparatus
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11.0 PROCEDURE

1.

Assemble the double part of the belts suspends the heavier weight of 2 kg, while the

single part suspends the carrier for the light weights and the spring balance.

Amount of water, approx. 2509, at a temperature approximately 5 or 6 degrees below
room tenperature is then carefully inserted into the drum taking care not to wet the

outside of the drum or the weights.
Rotation is then begun at a uniform speed of about 83 rev/min

The light weights are adjusted to keep the heavy weight in floating equililvithm
the spring balance pointer near the center of the scale.

After a few revolutions the friction will become practically constant and the water

temperature will rise at an approximate rate of 1C per 100 revolutions.

Take reading of water temperaturerdérvals of 100 revolutions of the drum.
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12.0 OBSERVATIONS

Table 1: DATA OBSERVED

Initial water & drum temperature h

J
1

3

Drum

revolutions

(N)

Water

temperature

freC)

Spring balance
S (9)

Light weight
L (9)

Heavy weight
H (kg)

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

N N N N NN DN NN NN DN NN DN DN DN N DNDN

Thermodynamics Lab.
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13.0 DATA ANALYSIS
1- Calculating W, the Work done (kJ)

= 3 4 4 K z»d7 L @ |
0 MO WG TR 'QQ

0 & WO Q@WENQ

Y iRt dnan

W OOOQa QD OBEQE & UhCRp @ | i

i Q1 oGO Q@b

0 "Yé 0&XG QAN QU £ & OSHIINE DB D 61 £ QQ
2- Calculating Q, the Heat produced (kcal)
Thetotal heat produced by friction against tleeppercylinder filled with water can be

determined from theneasured temperature chanlgattoccurred.

[ Jm f 1w m ¥ T ¥ [ @ ]
U MEWOW QeI OhRwW O &

0 M OO "QEGRING 6 HRD O &

O Oiéii 0 amgQQ

6 d N QO E 1) RO a8 W QOIS

0 g Oiéi"d®oQHFMQI 6 am@ v R'Q

6 d N QO WEHDE® &0 QpsrQd e

YY 1 QOB OGO®NAN Q1 dROMOQU @ ¢ a6 0 T €Yhs

YQQENHO ®NRA N Qi o oI Q
YOQE Q0 QORNA N Q1 Vo HhR@EGIED® 6 b1 EhRE Q

3- Calculating J, the Mechanical Equivalent of Heat

o L . oo
UmTr I=|= .1#4:!::04:.-‘4: 1--+L‘+_ ©)
L il |r
4- Calculating the % error
o MO S y
P T b« Eim © )

DEE T T P GPQO O &
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14.0 RESULTS & DISCUSSION

Table 2: SUMMARY OF RESULTS

Dum |4 gl B 7o >8e N3 mree Mok o 0w <

revolutions yJI = ||f L =i ||F Error%
(N) 3 =L

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

Plotthe graph of work and heat (W versus Q) and calculatsidipe (J value)
All the results were recorded arabtilated under theesultstable.

Compare (J value) from graph plotted to that calculated from equations.

0N P

Discuss any discrepancy atiek possiblecause®f errors of the experiment.
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5. Write your own opinionsaboutthe results.What might be?Discussaboutwhetherthe

resultsareacceptabl®r not?

NOTE: This pageis intentionallyleft blankto identify your importantnotes
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Experiment 3
RATIO OF SPECIFICHEATS OF AIR

15.0 OBJECTIVE

A The purpose of the experiment is to determine the ratio of the specific heats of air

0 — of a diatomic gas (air) bynethod of adiabatic expansion.

A The results obtained are compared with the theoretical value.

16.0 INTRODUCTION & THEORETICAL BACKGROUND

This method was devised by Clement and Desormes in 1819. It is based upon the adiabatic

expansion of a gas in a largentairer, the experimental process shown in Figure 1.

A laboratoryversion of their apparatus is shown in FigRre

As we know U — , where:
0 f) meansspecific heat of air at constgmtessure )
0 Umeansspecific heat of air at constarmlume Y

AlsoO 61 Y ®EQTY 60 Y

So L 'OFY 660

Furtherd0 B 00 YOSMEON —Y OE DL —
Fordiatomicgas (ar)l p&ééééé . —888™Q v

Formonoatomicgas U pH e ééé . —888Q o

A PV diagram of the experiment is shown in Figure 1
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Adiabatic
expansion

Isochoric
process

State I
Py Vo, T,

State |
pl t] VI » TO

(a)

A | :
Wp,, V,,Ty)

H(py, V3, To)
Isochoric

H(po, V5.T))

Adiabatic

State Il
pzs st To

Q
<!

(b)

Fig. 1. Experimental process

Stage One: Adiabatic Expansion ProcedState + State [)

0 .
- O
Y
o4
E T 1
o 3
Stage Two: Constant volume Expansion Process
(Isochoric Process)State It State IlI) till Y Y
o
o 0
Y
0 0 S GO Y 0
e (V> ~
Y Y Y U
|
E T (2)
N
Combining these two equatio() & (2) we get:
with 0 0 0 0 0 0 10 0 TR
Take U p O &— O ae— ,Then
me
L - ©)
me
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17.0 APPARATUS

A large contaier of at least 10 liters (0.01 m3) capacity contains air at atmospheric pressure.

The contaier is connectedwith a bicycle ire pump, a large valve and a tube connecting the
contairerto a manometer filled with mercury.

The contaieris usually surroundeldy insulation although this is really unnecessary since the
air is a bad conductor of heat and the resulting expansion is ragdittle concentrated

sulphuric acid may be placed in tbentairerto dry the air.(See Figure)

Valve

Valve

[ —

Bicycle Pump

Hg Manometer

Fig. 2: Apparatus - Schematic Layout

18.0 PROCEDURE

1. Thevessel is filled with air at pressu@e using the bicycle pump until the manometer

reads a pressukér mm of mercuryslightly greater than atmospheric.

2. Thevesselis thenput in communication with the free air at pressQréy opening
stopcock valve, so as to equalize the pressures in the sudden, nearly adiabatic
expansion.

The stopcock is then rapidly closed.

4. The air in the vessel allowed to regain its initial tempeeatand the pressuf@ is
then determined frorHlz .

5. One source of error in this method is the exchange of heat between the air and the

walls of the vessel during the expansion.
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19.0 OBSERVATIONS

Table 1: DATA OBSERVED

Atmospheric Pressurel. ||‘=|= el

Trial #
i1 8&"H i1 8&8"H

* All pressuresmust be in absolutevalues

20.0 DATA ANALYSIS

6 '@t QU

o O Ca
CA

0
m o C
M

)
~—~
C

21.0 RESULTS & DISCUSSION
Table 2: SUMMARY OF RESULTS

| mi

Trial # "B "E "E 07

1 T"E g AP
=

1
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g | TR | iE

e S THD THTTE THHT IS HH
P A" H
nt "H T"HT1 "HHI

Thef i "Hi "I "HaluefdHadiabatic index (K) is equal to 1.4.
€ 'Hi "' 8
1. Plot the graph oft £€— O A O @S- and using the basic fitting linear, firttle

slope of the line which = Kalue.

All the results were recorded arabtlated under theesultstable.
Compare (Kvalue) fromresultsto that of standard value
Discuss any discrepancy and sourcethepossiblecause®f errors

ok~ 0N

Write your own opinionsaboutthe results. What might be?Discussaboutwhetherthe

resultsareacceptabl®r not?

NOTE: This pageis intentionallyleft blankto identify your importantnotes

Thermodynamics Lab. Page28 of 106




THE UNIVERSITY OF JORDAN
SCHOOL OF ENGINEERING Department of Mechanical Engineering

Thermodynamics Lab. Page29 of 106



THE UNIVERSITY OF JORDAN

SCHOOL OF ENGINEERING Department of Mechanical Engineering

Experiment 4
FLOW THROUGHA NOZZLE

22.0 OBJECTIVE

A To study the pressure distribution through a nozzle for different inlet pressures and

different flow rates, critical pressure, velocity, mass flow rate of air at the throat.

23.0 INTRODUCTION & THEORETICAL BACKGROUND

A nozzle is a steady statiow device; whose purpose is to create a higlocity fluid stream

at the expense of its pressure. Nozzles are commonly utilized in jet engines, rockets, space
crafts, and even garden hoses. The esestional are of a nozzle decreases in the flow
direction for subsonic flows, and increases for supersonic flassee in Figure 1.The rate

of heat transfer between the fluid flowing through a nozzle and the surroundings is usually
very small 0 e Tt hthereis little or no change in potential enerdfyj e 11, and the process

involves no workw Tt .

Mach Number M: The Mach number is a dimensionless value useful for analyzing fluid flow
dynamics. The Mach number can be expressedas M =v/c

Where M = Mach number, v = fluid flow speed (m/s), ¢ = speed of sound = 343 (m/s).

Mach number < 1, the flow is subsonic

Mach number = 1, the flow is transonic

Mach number > 1, the flow is supersonic

\ .‘——__,—’:

r
I
'
U
I
I

M<=1 ‘ Imcreases - M<1 ' V: Decreases
—p;  P:Decreases ' g > P:Increases g —
Inlet p: Decreases , Exit Inlet ! p: Increases , Exit

Subsonic Nozzle

M=1 i V:Increases '
—_— P: Decreases
Inlet !_

=1

I ——
p: Decreases . Exit

Supersonic Nozzle

Subsonic Diffuser

V: Decreases b
P:Increases —
p: Increases , Exit

M=1
_—
Inlet

Supersonic Diffuser
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Fig. 1: Shapes of nozzles and diffusers in subsonic and supersonic regimes
If the Mach number > 5, the flow is hypersonic (See Figurd)
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The flow of ideal gas through three different nozzles is shown in FRy&rel. The nozzle
discharges into a plenum chamber, in which the pressurg isaf be regulated. Let Be

the exit pressure just at the exit creggtion of the nozzle. When B reduced, gas is drawn
through the nozzle. AspHRs reduced more, the mass flow rate of gas increases and the
velocity increase. The value of the veloci
be higher than the critical value i.e. whée velocity reaches the velocity of sound.

At this state the pressure is at its critical value, P*, which is given by:

@D

p* is the critical pressure kO

Po is the stagnation pressurkO

k is the specific heat ratio

For air k = 1.4, and thus)* T@® ¢ Y0

For conditions other than the critical condition, the velocity at the throat is given by:

B, o

T« - i Oxv 2

Where T and R are the temperaterand pressure in the nozzle chest, andshe pressure
at the throat.

While the mass flow rate at the throat is given by:

3)
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d o — ZmE W
I T Put— 2™ "5 C @

OFMi Qo OOWWEIEQI MWAKDRY "YQH ©0E Q2 m YkMEC+

24.0 APPARATUS

A General Viewandschematic layout of the apparatus is showhgare 3 and fgure4. Air

is admitted to a cast iron pressure chest by way of adjustable vales. A nozzle of highly
finished brass is screwed into a seating in the base of the chest and the air or steam expands
through the nozzleTo enable the pressure distribution through the nozzlee plotted, a

search tube or probe of stainless steel may be traversed along the axis of the nozzle. A small
cross hole in the search tube connects with a high grade pressure gauge which registers the
pressure at any point in the nozzle. The searoh s traversed by rotating a calibrated dial

and pressures are usually recorded at intervals of 2.5 mm. A pointer moves with the search
tube past a replica of the nozzle profile in order to indicate the point in the nozzle at which the
pressure is beingheasured. The nozzle discharges into a vertical pipe of large bore fitted
with a throttling valve for controlling the downstream pressure. Other instruments include a
second pressure gauge for recording the pressure in the chestn(Pa thermometer rfo

indicating the temperature of air in the chéSee Figured)
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INTERCHANGEABLE NOZZLED
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\

»
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Fig. 3: Nozzle Flow Apparatus

25.0 PROCEDURE

1. Before starting, record the inlet air temperature and the barometer pressure.

2. Open the back pressure valve and returnstagch tubépressure probe) to its upper
limit, the pressure gauge should indicate the inlet givessure.
3. Openthe inlet throttling valvdoy adjustingthe chest gage pressure to 300 kPa.
4. Start record th@robepressure at several locations along the nozzle lgxiotating
the calibrated dial, the probe is traversed in increments of 2.5 mm
5. The selected inlet chest pressure should remain constant during the experiment, so
Chest pressure to be observed anddj@sted to initial setting if necessary.
Record prob@ressure at each of thezationsshown on the nozzle
At the end of the traverse, search tube should be returned to the upper position.
Repeat for other values of chgsessure, 400, and 56@a

© © N o

Check that the pressure at the throat is not Idingm that for the condition of choking

(critical condition).

Thermodynamics Lab. Page34 of 106



THE UNIVERSITY OF JORDAN
SCHOOL OF ENGINEERING Department of Mechanical Engineering

Note: there is tendency for the inlet chest pressure to change in the course of the
experiment (this may occur when the apparatus is being supplied with air by a
compressor of insufficient capacity) a student should be placed in charge of the inlet
throttling valve, with the task of maintaining a constant inlet chest pressure by

adjusting the throttling valve as necessary.

26.0 OBSERVATIONS
Table 1: DATA OBSERVED

Atmospheric Pressure = kPa Atmospheric Temperature = 3
c Chest pressure P, (gage)
£ % 2 S p— kPa S p— kPa S p— kPa
pud %)
& la S | XL Position Pressure, Pp, kPa
0.0
8 0.25
()
N 0.5
o
Z 10 0.75
11 1.0
- 12 | 1.25
=)
© 13 15
<)
n
o 14 1.75
©
IS 15 2.0
o
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16 2.25
17 25
18 2.75
19 3.0
20 3.25
21 3.5
22 3.75
23 4.0
24 4.25
25 4.5
26 4.75
27 5.0
28 5.25
29 55

(5}

E 30 |5.75

3 | 31 |60
32 6.25

Note that: Position (7): s the entrance of the nozzle

Position (11): is the location of the throaaind exit of nozzle
Position (27): is the end of the parallel section
L = Nozzle length (10 mm)X= Probe increment =2.5mm, X/ L = 0. 0, 0. 25

27.0 DATA ANALYSIS

When the velocityf air reaches the velocity of soumthereMach number =]1the pressure is

at its critical value, P*, which is given by:

p* is the critical pressure
Po is the stagnation pressure

K is the specific heat ratio

For air k = 1.4, and thu)® T@® ¢ YU

For conditions other than the critical condition, the velocity at the throat is given by:
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Toand R are the temperature and pressure in the nozzle chest,:aisdthE pressure at the

throat.

The mass flow rate at the throat is given by:

J I>oput= 2® Wi

OTMi Qa OWEIEQI WADD I "YQbH ©GE Q2 m YkmEGS

28.0 RESULTS & DISCUSSION

Table 2: SUMMARY OF RESULTS

Throat Area = O
Chest Throat Mass Flow Rate Velocity Pressure Critical
pressure, Pressure, @ Throat @ throat Ratio Pressure,
kpa, (abs.) kpa, (abs.) kgls m/s kpa, (abs.)

1. For different values othest pressureplot the absolute pressure with the probe

position along the nozzle&iL).
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2. For different values of pressure ratio across the nope the mass flow rate with
the pressure ratio.

3. All the results were recorded arabtlated under thesdts table.

4. Write your own opinions about the results.

5. What might be the possible causes of eritothis experiment? Discuss about whether
the results are acceptablenmt?

6. The diameter of the pressure probe is 3.33 mm, what is the effect of the probe
diameter on the measured pressure distrib@tidoes it really represent the pressure
distribution in the nozzle or a different ¢he

7. What is the percentage error involved in calculating the mass flo% rate

8. How would you explain the pressure drop downsired the nozzle exit

9. What can be done to improve the apparatus or the test pro2edure

NOTE: This pageis intentionallyleft blankto identify yourimportantnotes
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Experiment 5
HEAT PUMPAND AIR COOLER

1. OBJECTIVE

A Demonstrate the performance of the equipment in both heating and cooling modes.

A Evaluate the coefficient of performance (COP) when operating as a heat pump.
A Evaluate the coefficient of performance (COP) when operating as an air cooler.

2. INTRODUCTION & THEORETICAL BACKGROUND

An air cooler and a heat pump essentially comprise the same cycle corspooeeter, it is

their objectives that differentiate between them. In an air cooler, or a refrigeratbeahe
extracted from the ai) (absorbed by theefrigerant in the evaporator) is the required
cooling effect.

However, the heat rejected to the circulating water in the condénsedthough necessary,

is not the objective.

On the other hand, the heat pump utilizes the heat absorbed frorrtemperature source to
maintain a heated space at a higher temperaturey) thissthe required heating effect.

The theoretical model with which such a device is compared in order to evaluate its
performance is the reversible simple refrgg®n cycle kown in Figure 1

Such a cycle takes in heat isothermally from a reservoir at tempefitared rejects heat
isothermally to another reservoir at temperatifre The intervening processes are adiabatic

reversible expansion and compression proceéSes.Figurd)
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HEAT PUMP OPERATION — HEATING MODE

Outdoor coil Reversing valve

(\
L]

Indoor coil

1 o
T

A @—|

T Fan - N

U \

' Fan <o
T
\
\

Compressor
Expansion X
*

valve

—— High-pressure liquid
Low-pressure liquid—vapor
Low-pressure vapor

= High-pressure vapor

HEAT PUMP OPERATION — COOLING MODE

Outdoor coil Reversing valve
[ el < =
N .
| : (| { Indoor coil
| \ \ / el
AL - r
[l 177 Fan Al !
Ui U
/ \/
L' Fan o1l
{ Il |! I
VAN
=l
Y Compressor
Expansion
P
valve

Fig. 1: Reversible Simple Refrigeration Cycle

The coefficient of performance of the machine when operating as an airisooler

SN .

g | — 1)
[ ||I:ﬂ |II==l
And when operating as a heat pump is
[
— 2)
FE =

I

However, the numerical values will be less than those correspordithg tideal reversible

engine.For an ideal reversible engine the heat transfer tati® can be replaced by the

ratio of the absolute temperature of the two reservoirs as follows

Thus for a reversible air cooler, the COP is

]
7l
3
S (3
And for a reversible heat pump the COP is
]
'I|=|| 4
PR T @

7

Note thatin allcases 6 U pand 6 6 60D p
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2. APPARATUS

The apparatus consists of two separate units, the air conditioner and the control console. The

two units are connected, by electrical cables, thermocouple wires and nylon watel pgee

Figure2)

Fig. 2: Apparatus - General View

The air conditioner unit is completely seltontained and consists of a hermetically
sealedrefrigeration system driven by a 0.4 kW motor, a refrigetanwater heat exchanger,

a refrigerantto-air heat exchanger, reversing valve, fan and motor, condensate collector and
electrical controlsThe air to be conditioned enters by way of the finned, refrigécaair

heat exchanger, passes through the centrifugal fan which is driiembtor immersed in the

air flow. The air is then discharged to a duct of circular esession carrying a pitot tube and

a thermocouple. When the air is being cooled, and the relative humidity is high enough,
moisture is deposited on the heat exchaage drained off to a measuring vessel.

The control console unitcarries all the electrical switches and fuses, a wattmeter and a
multi-point digital temperature indicator. It also carries a flowmeter for measurement of
water passing through the conditey, an inclined manometer for use with the Puise for

air flow measurement and a vessel containing a 2 kW immersion heater. The latter is
sometimes necessary when the conditioner is operating as a heat pump extracting heat from
the circulating watesince, if the temperature of the water on entry ® ¢bnditioner falls

below aboutlO C, there is a likelihood of freezing taking place.

*refrigerant R22 Chlorodifluoromethan€HCIF2,The boiling point of R22 is40.8 C
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The following instruments areprovided:

1.
2.

w

© N o g &

Wattmeter for measurement of electrical power input to compressor and to fan.

Multipoint digital temperature indicator.

Whirling psychometer for measurement of relative humidity of air entering and
leaving the conditioner.

Pitot-static tube anthclined manometer for measurement of air flow.

Cooling water flowmeter.

Graduated collecting vessel for condensate.

Thermocouples for temperature measurement

This apparatus uses water as a source and air as a sink in heating mode, and water as a

sink andair as a source in cooling mode.

. PROCEDURE

1. Before starting the machine ensure that the cooling water is turned on and regulated to

give a flow of about 4 L/min. If the temperature of the cooling water entering the
apparatus is less than @Wand themachine is to operate as a heat pump, the water
must also be switched on to ensure that freezing does not take place in the refrigerant
to-water heat exchanger.

Select cooling or heating as desired and switch on the compressor and fan. It takes
between thty minutes and one hour for temperature conditions in the apparatus to
stabilize. It is suggested that a set of readings should be taken every ten minutes and
continued until two successive readings show a change in air and water temperature of
not morethan 0.3C.

The wattmeter shows the total electrical input to both the fan and the refrigerator
compressor. The input to the fan alone may be measured by momentarily switching
off the fan to measure the power to the compressor motor, then subtracsing thi
reading from the reading for both the fan and the compressor.

The relative humidity of the air entering the conditioner should be measured by means
of the sling hygrometer provided. Ensure that the reservoir in the hygrometer is filled
with water and tht it is whirled for a sufficiently long period (about thirty seconds) to
give steady readings.

The relative humidity can be then used to find the humidity matiwith the help of

the psychometric chart, given at the end of the experiment.
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6. When operating as a heater there will be no moisture deposited in the conditioner,

since the relative humidity falls as the air passes through the machine.

. When operating as a cooler there may or may not be deposition of moisture depending

on the relatie humidity of the air entering the machine. It may take a considerable

time, as much as two to three hours, for the rate of flow of condensate to reach a stable

value and, for this reason; it may be desirable when a cooling test is to be made to start

up the apparatus several hours in advance of the laboratory period. There is some

intrinsic variation in condensate flow rate and the measuring period should be as long

as possible.

Record the following temperatures:

T1 Air at inlet
T Air at discharge
T3 Circulating water at inlet
Ta Circulating water at discharge

Heat Pump Air Cooler
Ts Compressor Discharge Inlet
Te Compressor Inlet Discharge
T7 Refrigerantto-water heaexchanger Discharge Inlet
Ts Refrigerartto-water heaexchanger Inlet Discharge
To Rerigerantto-air heat exchanger Inlet Discharge
Ti0o  Refrigerantto-air heat exchanger Discharge Inlet

The air flow is measured by means of a pitot tube mounted in the center of the discharge duct.

The pressure of air at this point is effectively equal to that of the atmospheteH mm

(/

is the velocity head measured by the Pitot tube, the mass flow rate is given by:

©)

Where

"Q Manometer reading in mm2B

0 : Atmospheric pressure in Nfm

“Y: Air temperature at discharge in K

Thermodynamics Lab.
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Part A

Heat Pump

1. THEORY

The machine mangement when operating as a Heat Pisrghown in Figug 1. The

Figure shows the theoretical circuit of apparatus in heating mode, draamey from the
circulating water and delivering it to the air. The compressor delivers refrigerant under
pressure and at high temperature to the refrigecaair heat exchanger, where heat is
transferred to the air and the refrigerant condenses inrtlcegs. The refrigerant then passes
through a restriction tube to the low pressure side of the circuit and to the refrigenaater

heat exchanger where it evaporates, taking up heat from the circulating water. It then returns
to the compresso(See Figurd & 2)

11z]) 258
i
@
=
X
(=]
5

MMERSION
HEATER

200 TO
S IRAOUNDINGS

Fig. 1: Heat Pump- Schematic Layout
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Fig. 2: Energy Flow Diagram for Heat Pump

The steady state steady flow (SSSF) equation for the system, seeAAguhe same as for
the air cooler and may be written as:
0 O O ¥
Where
0 a Q Q a 6 Y Y
0 a Q. Q a4 o w1
& = Mass flow rate of dry aifexchangéeatwith condenser)
G = Mass flow rate ofvater(exchangdeatwith evaporator)
"Qwe M = Enthalpy of dry aiat inlet and exit (fronpsychometric chart)
®W & @ =Humidity ratio of air &inlet and exit (fronpsychometric chart)
"Q ¢ Q = Enthalpy of water vapor in air at inlet and exit
(Q " ©&e® "Q From steam table)
O  Electricalinput to the compressor

‘O  Electrical input to théan
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The coefficient of performanageaay bedefinedin two different ways

The external coefficient of performance

O O1 =7 =
FHJ’IM =|=| | WF+-|:=E|ID T [ R

And the corresponding value for an ideal machine operating between the same mean
temperatures is:

The max coefficient of performance

R B A

Where the temperatures in these equations are in Kelvin

The internal coefficient of performance

Again, the performance of the basic heat pump is not identical with the overall performance
since the energy supplied to the circulating fan is not chargeatiie heat pump and appears

in the discharge air in which the fan and motor are immersed. This leads to the internal

coefficient:

O O. =F =
= |==|\|_”ﬁ ) + | | + 1rrr |o T |o & 3
F

This may be compared with an ideal performabesed upon the temperature difference
across the refrigerator circuit

The ideal max coefficient of performance

J

FF 4||' [ JE S J|-I|—J| (4)
1 7

Where the temperatures in these equations are in Kelvin

In a real machine such as the grEsone the coefficient of performance falls short of the
ideal fa a number of reasonie most important are:

- Electrical and mechanicldsses irboth the fan and the compressor.

- The imperfection (irreversibility) of the refrigeration cycle itself.

- The necessity for temperature differences between refrigerant and air, and between
refrigerant and water. As a result of which the refrigerant cycle operates between substantially
wider temperature limits than those applicable to the water and aimfpriimé source and

sink.
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2.OBSERVATIONS

Table 1: DATA OBSERVED

Experiential Temperatures
Location Temp.3 Value

Inlet Dry Bulb Temp. Y, Y
Airin

Inlet Wet Bulb Temp. Y,

Exit Dry Bulb Temp. "Y Y
Air out _

Exit Wet Bulb Temp. Y

inlet 4
Water

outlet 4

outlet 4
Compressor :

inlet 4

outlet 4
Evaporator :

inlet 4

inlet 4
Condenser

outlet 4
Condensate Temp. at Discharge 4
Manometer Reading H mm HO

Mass Flow Rates
Circulating Water a g a Qe
Condensate at Discharge a a da Q¢
Dry Air G QY
Power Consumed

Total Power 0 E7
Compressor Power 0O E7
Fan Power 0 E7
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3.RESULTS & DISCUSSION
Table 2: ENTHALPIES

ltem Symbol Unit Value

Dry air entering conditioner Q pQQ
Dry air leaving conditioner Q opQQ
Water vapor entering conditioner| "Q KoJifoXe)
Water vapor leaving conditioner Q opQQ
Condensate Q QQ
Humidity ratio of air at inlet &) rQQ
Humidity ratio of air at exit ) QLQQ
Mass flow rate of dry air O 4 KoY o

Table3: SUMMARY OF RESULTS

ltem | FFi) FFdE F [ 4 ) max FF A 1 max

Value

1. All the results were recorded arabtilated under theesultstable.

2. Calculate the COP for the Heat Pump showing your work on psychometric chart and
steam table attached and compare it with the ideal theoretical value.

3. Given the diameter of the discharge duct of the heat pump to be D73 @n,

derive the mass flow rate of air in kg/s as per the formula below.

13RO
iy 8 - i T HI

And the velocity correctiot =0.96J
4. Discuss any discrepancy atiek possible causes of errors in #periment

5. Write your own opinions about the results. What might be? Discuss about whether the

results are acceptable or not?
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Part B

Air Cooler

1. THEORY

The machine arrangement when operating as an Air Cooler is shown in Figure The

figure shows the theoretical circuit in cooling mode. The direction of flow is now reversed.
The refrigerant passes from the compressor to the refrigeravdter heat exchanger, where

it gives up heat to the cooling water, subsequently passing through thengedaive to the
refrigerantto-air heat exchanger, where it evaporates, and extracting heat from the air. When
the apparatus acts in cooling mode, the air is sometimes cooled to below the dew point and
condensate is deposited

(See Figure 1& P
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Fig. 1: Air Cooler - Schematic Layout
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Fig. 2: Energy Flow Diagram for Air Cooler
The steady state steady flow (SSSF) equation for the system may be derived from the energy
flow diagram Figure?, as
0 O O ¥
Where

(o]

a Q 10 a 6 Y Y
0 @& Q0 Q0 a O Q w0 0
0 & 6 Y
a = Mass flow rate of dry aifexchangdeatwith evaporator)
a = Mass flow rate ofvater exchangdeatwith condenser)
& = Mass flow rate of condensatater from the air stream

Qe M = Enthalpy of dry aiat inlet and exit (fronpsychometric chart)
®W & @ =Humidity ratio of air &inlet and exit (fronpsychometric chart)
"Q wé& Q@ = Enthalpy of water vapor in air at inlet aexit

(Q Q & "Q From steam table)

Y OAl PAOADIOORA X ADHAD

0O Electricalinput to the compressor

O  Electrical input to théan

The coefficient of performanageaay bedefinedin two different ways
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The externalcoefficient of performance

. 4 Q0 Q & o0 w a 0 Y

. ] !
60 0f o O D)

And the corresponding value for an ideal machine operating between the same mean
temperatures is:

The max coefficient of performance

THARet T 7 97

Where the temperatures in these equations are in Kelvin

The internal coefficient of performance

The performance of the basic refrigerator is not identical with the overall performance since
the energy supplied to the circulating fan is not chargeable to the refrigerator and appears in
the discharge air in which the fan and motor are immersed. Tads I the internal
coefficient:

O O4 =7 = O A
F|:=u‘ﬁ|= + I I + Ir IOWFT Io e Fl 1|r [Ei 3)

The ideal max coefficient of performance
This may be compared with an ideal performance based upon the temperature difference
across the refrigerator circuit

J

F Hhhsz'.ﬁl#- I (4)

Where the temperatures in these equations are in Kelvin

In a real machine such aset present ondahe coefficient of performance falls short of the
ideal fa a number of reasonthe most important are:

- Electrical and mechanichldsses irboth the fan and the compressor.

- The imperfection (irreversibility) of the refrigeration cydiself.

- The necessity for temperature differences between refrigerant and air, and between
refrigerant and water. As a result of which the refrigerant cycle operates between substantially
wider temperature limits than those applicable to the water anfdraiing the source and

sink.

2.OBSERVATIONS
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Table 1: DATA OBSERVED

Experiential Temperatures

Location Temp. 3 Value

Inlet Dry Bulb Temp. Y, Y
Air in

Inlet Wet Bulb Temp. Y,

Exit Dry Bulb Temp. Y Y
Air out i

Exit WetBulb Temp. Y

inlet Y
Water

outlet Y

inlet Y
Compressor

outlet Y

inlet Y
Condenser

outlet Y

outlet Y
Evaporator :

inlet Y
Condensate Temp. at Discharge Na
Manometer Reading H mm HO

Mass Flow Rates
Circulating Water a g a Qe
Condensate at Discharge a a Ga Qe
Dry Air G QY
Power Consumed

Total Power 0 E7
Compressor Power E7
Fan Power 0 E7
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3.RESULTS & DISCUSSION
Table 2: ENTHALPIES

ltem Symbol Unit Value
Dry air entering conditioner Q opQQ
Dry air leaving conditioner Q pQQ
Water vapor entering conditioner| "Q pQQ
Water vapor leaving conditioner Q opQQ
Condensate Q opQQ
Humidity ratio of air at inlet ) QLQQ
Humidity ratio of air at exit ) fo) o/oko)
Mass flow rate of dry air m ko) o!
Table3:COP RESULTS
tem | FEA) FEd)E FF ) max F ) 1 max

Value

1. All the results were recorded arabtilated under theesultstable.

2. Calculate the COP for the Heat Pump showing your work on psychometric chart and
steam table attached and compare it with the ideal theoretical value.

3. Given the diameter of the discharge duct of the heat pump to be D = 0.073 m,
derive the mass flow rate of air in kg/s as per the formula below.

¢ Ol

i, 8 T

And the velocity correctiot =0.96J
4. Discuss any discrepancy atiek possible causes of errors in this experiment

5. Write your ownopinions about the results. What might be? Discuss about whether the

results are acceptable or not?
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Fig. 2: Psychometric Chart (Basics)
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SATURATED STEAM - TEMPERATURE TABLE

Spec. vol. Enthalpy
m 3/kg kJ/kg
T P Sat lig. Sat. Vap. Sat. lig. Sat vap.
°C bar vi vg hf hg
X1000
0.01 0.0061 1.0002 206.1 0.01 2501
4 0.0081 1.0001 157.2 16.79 2509
5 0.0087 1.0001 147.1 21 2511
6 0.0093 1.0001 137.7 25.21 2512
8 0.0107 1.0001 120.9 33.61 2516
10 0.0123 1.0001 106.4 42.01 2520
11 0.0131 1.0007 99.86 46.19 2522
12 0.0140 1.0007 93.79 50.4 2523
13 0.0150 1.0007 88.13 54.59 2525
14 0.0160 1.0007 82.85 58.8 2527
15 0.0170 1.0007 77.93 62.99 2529
16 0.0182 1.0013 73.34 67.17 2531
17 0.0194 1.0013 69.05 71.36 2533
18 0.0206 1.0013 65.04 75.57 2534
19 0.0220 1.0013 61.30 79.76 2536
20 0.0234 1.002 57.79 83.94 2538
21 0.0249 1.002 54.52 88.13 2540
22 0.0264 1.002 51.45 92.32 2542
23 0.0281 1.0026 48.58 96.5 2544
24 0.0298 1.0026 45.89 100.7 2545
25 0.0317 1.0032 43.36 104.9 2547
26 0.0336 1.0032 41.00 109.0 2549
27 0.0357 1.0032 38.78 113.2 2551
28 0.0378 1.0038 36.69 117.4 2553
29 0.0401 1.0038 34.73 121.6 2554
30 0.0425 1.0045 32.90 125.8 2556
31 0.0450 1.0045 31.17 130.0 2558
32 0.0476 1.0051 29.54 134.1 2560
33 0.0503 1.0051 28.01 138.3 2562
34 0.0532 1.0057 26.57 142.5 2563
35 0.0563 1.0057 25.22 146.7 2565
36 0.0595 1.0063 23.94 150.8 2567
38 0.0663 1.007 21.60 159.2 2571
40 0.0738 1.0076 19.52 167.5 2574
45 0.0959 1.010 15.26 188.4 2583
50 0.1235 1.012 12.03 209.3 2592
55 0.1576 1.015 9.569 230.2 2601
60 0.1994 1.017 7.671 251.1 2610
65 0.2503 1.020 6.197 272.0 2618
70 0.3119 1.023 5.042 293.0 2627
75 0.3858 1.026 4.131 313.9 2635
80 0.4739 1.029 3.407 334.9 2644
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Experiment 6

REFRIGERATIONLABORATORY
(UNIT - R714)

1. OBJECTIVE

A To study the performance of an actual vapor compressifiigeration cycle and

perform energy balances on its different components [i.e. Evaporator, Compressor,
and Condenserl].
A To evaluate the coefficient of performance using Direct Measurements.

A To evaluag the coefficient of performance usitnthalpy Change Ratafter

drawing the refrigeration cycle on the-iilp diagram, and to determine the state of

refrigerant at the ending of various processes.
2. INTRODUCTION & THEORETICAL BACKGROUND

Refrigeration is plging an important role in all sectors of industry, commerce and household

usage. A domestic refrigerator or any refrigeratsystemwork on the vapor compression
cycle.A RefrigerationUnit is a device which allows transport of heat from lower temperature
level to a higher one (in a direction that is opposite of spontaneous flow), by using external
energy (European Renewable Energy Council, 2008).RéfagerationUnit being used in

this experiment relies on the vapor compression cycle which needs a small work input to

transfer heat fronelectric heater source evaporaimia water cooled condensgSee Figurd)

Heat transfer to ambient
air or to cooling water

'-ll:ﬁ:ﬁ:ﬁ:ﬁ: High-pressure vapor

|||||||||||
|||||||||||
vvvvv

High-pressure
liquid f\‘“ Condenser
Expansion
valve ™
T Compressor < — Work in

Low-pressure
mixture of -
) )
liquid and vapor Low-pressure
vapor

Evaporator

L“L

Heat transfer from
refrigerated space

Fig. 1: Basic Vapor Compression Cycle
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The Hilton Refrigeration Unit R14is avapor compressiogycle unit utilizing a small work

input totransfer heat fronelectric heater source evaporatora water cooled condenser. All

relevanttemperaturegpressuresind power inputs are measured enaglthe complete cycle

to beinvestigatedoth diagrammitacally and numerically.

1- Ideal Vapor-CompressionCycle

The vapor compression cycle has four components: evaporator, compressor, condenser, and
expansion (or throttle) valvén an idealvaporcompression cycle, the refrigerant enters the
compressor as a saturated vapor and is cooled to the saturated liquid state in the condenser. It
is then throttled to the evaporator pressure and vaporizes as it absorbs heat from the
refrigerated spacd.he ideal vapor compression cycle consists of four procel&es.Figure

2)

Process Description
1-2 Isentropic compression
2-3 Constant pressure heat rejection in the condenser
3-4 Throttling in an expansion valve
4-1 Constant pressure heatdittbn in the evaporator
Component Process First Law Result
Compressor s = Const. W =rih,- h)
Condenser P = Const. &, =rh, - h)
Throttle Valve Ds >0 h,=h, W_=0 @,.=0
Evaporator P = Const. (ﬁ =mh - h,)
A

-

2

4

a

Condensation
Pcond [T

Expansion

.
WComp

Compression

Pevap oo b

Enthalpy

Fig. 2: The P-h Diagram of Ideal Vapor-Compression Cycle
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2- Actual Vapor-CompressionCycle

An actual vapoicompression cycle differs from the ideal one in several ways, owing mostly
to the irreversibilities that occur in various components, mainly due to fluid friction (causes
pressure drops) and heat transfer to or from the surroundings. Thedc@Rsks as a result

of irreversibilities. DIFFERENCES: Nosisentropic compression, superheated vapor at
evaporator exit Subcooled liquid at condenser exit, Pressure drops in condenser and

evaporator(See Figure)

A
()
—
o= |
7]
n
()
[t
o
: 2"
S ._ Condensation -
WComp
:'l
Compression
Pevap | fon od : —d 1*
>
Enthalpy

Fig. 3: The P-h Diagram of Actual Vapor-CompressionCycle
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3. APPARATUS

This experiment will be conducted on the Hilton Compuiieked Refrigeration Laboratory

Unit No. RC 714. This unit operates on R 134 a TetrafluoroethandCF3 CH2F). Afully

instrumented refrigerariiR134avapor compression refrigerator with belt driven compressor,
electrically heated evaporator, thermostatic expansion valve and water cooled condenser.
Operating parameters can be varied by adjustment of condenser caalieg flow and
electrically heated evaporator supply voltage. Components have a low thermal mass resulting
in immediate response to control variations and rapid stabilization. Instrumentation includes
all relevant temperatures, condenser pressure, evapgnassure, refrigerant and cooling
water flow rates, evaporator and motor power, motor torque and compressor (Szeed.
Figure4 & 5)

Fig. 4: Refrigeration Laboratory Unit No. RC 714- General View

* The chemical properties 6fFC-134aare listed below:
Chemical Name: Tetrafluoroethane
Molecular Formula: CHFCFRs
Molecular Weight: 102.0
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Fig. 5: Refrigeration Laboratory Unit No. RC 714- SchematicLayout
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PROCEDURE

1. Turn on the water supply to the RC 714 unit and open the water control valve several

N o gk~ Wb

o

10.

turns to allow a moderate flow rate of water through the condenser coil.

Switch ON the maiswitch located at the side of control panel.

For the spring scale, levidile arm tahe pointer. Record the initial value iof

Turning the water control valve @he flow meter to gehe desirdlow rate.

SwitchON the compressor.

Adjust the heat poweaegulator to geto desired condenser pressure

The spring scale now will move down and not level to the pointer. Loose the knob and
pull the holder to adjust bad& previous position.

Let themachine to rurabout10 minutes.

Wait until readings reacsteady state (After 10 minutes), then start recording data and
records down all readings

Reduce the evaporator input control to zero and after one minute switch off at main

switch and turn off the cooling water

* At leastperform two runs for different evaporator load
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5. OBSERVATIONS

Table 1: DATA OBSERVED

Test: Constant Condenser Pressure

Atmospheric Pressure: Lk wat

SERIES | No. Parameter 1 2 3 UNITS
1 | Condenser Pressure, Rabs)* EPDA
2 | Evaporator PressuregP(abs)* EPA
3 | Compressor Suction Tempa)(t 3
Refrigerant 4 | Compressor Delivery Tempa)t 3
HFC134a
5 | Refrigerant Leaving the Conds)t 3
6 | Evaporator Inlet Temp. 4t 3
7 | R134a flow rate & go
8 | Coolingwater inletTemp. (t) 3
Water
ng‘;ﬁgzer 9 | Coolingwater outlefTemp. () 3
10 | Water flow rate & 30 20 10 go
11 | Evaporator Heat Inpull Q 7A0(Q
12 | Motor Input 1 & 7A0Q
13 | Spring Balance Force (F)
14 | Compressor Speedc(n Obi

Thermodynamics Lab.
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15 | Motor Speed (m=1.98 X nt)

Obi

*Note: pressures must be converted to absolute values in order to locate the state$ on

diagram [Pahs= Pgage+Patm]& [1 bare 100 kPa]

6. DATA ANALYSIS

1- Compressor

Fo Dt Y Ytl<omy 4 0 5 » - (1)
Fo Dumbg Y ®i f 4icog >y g > r 8 @)
S RbAal bE BT 1S M ©

Where & Force measured by the local cell.

&:  Typical compressor friction force = § this is the spring balance load
deternined by running the compressor with suction valve closed.

O Torque arm radius = 0.165 m
o Compressor rpm

Fo lmmp g V0 > el 2o g <« |1 - fog <@

4
= @
ﬂL.+.<J Vi velm Cmrgvye > 5)
Pt .o e o 1
2- Evaporator
rOFTme »rair- gugrARTFO rmOim: < (6)
 |twh  Obtained fromdigital wattmeter
ot st g <IHh bt biavm -
O 11
3- Condenser
TR T (TN PRS2 TR (8)
|4 00 Foo € <
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Fos "mrovgl> o @ <l badmhr o 1 | (9)
4- Coefficient of performance
rooo. 1|
10
PR BT T (10)

Determine location of state points:

(in superheated region)
(in superheated region)

(in subcooled region)

No.1 s located by intersection af Bar absandt;
No.2 s located by intersection of Bar abs. ant
No.3 s located by intersection of Bar absandts
No.4 is located bydropping a vertical line from point 3 to the intersection withRadine,

assumed adiabatic process.

Note that pressure drops in both the evaporator and condenser are assumed t@ibéeneg|

and R and Pc are horizontal lines of constant presg&ee Figure)

A Saturated Liquid Curve

=] \.

Iso-Enthalpy Line

7 :
Iso-Pressure Line }

-
-
-
a -
. -
G om '\
.)4

Iso-Thermal Line § |
. .

8 i
Iso-Quality Line ’f"

-7 Iso-Specific
: Volume Line

/_. Saturated Vapor Curve

Fig. 6: Pressure- Enthalpy Diagram (Basics)
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7. RESULTS & DISCUSSION
Table 2: SUMMARY OF RESULTS

Z
o

Compressor Evaporator Condenser COP

be | B B | by | Bwci | B | bab BN CEN | AERa

— | parameters

N

1. Sketchthe refrigerationcycle on thep-h diagramof R-134awith actual property
values at all points.
2. Find hl, h2, h3, and h4. [Youay find h3, and then set h4=h3]
3. All the results were recorded arabulated under thesultstable.
a) By using ph diagram
b) By udDingch Measur ement snj.
4. Calculatethe percentage difference between the two values found.
5. Discuss the results obtainedd comment on discrepancies.
6. Do you think the cycle COP will increase or decrease with the evaporator temperature

Teincrease?
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Experiment 7
SINGLESTAGEAIR COMPRESSOR

8. OBJECTIVE

A To determine the compressor performance parameters and efficiencies.

9. INTRODUCTION & THEORETICAL BACKGROUND

Compressors use mechanical work to take gas at low pressure and raise it to a higher pressure.
A reciprocating compressor consists of a piston and cylinder. The basic arrangement is shown
in figure 1.

[
outlet =— | shaft

cylinder | piston |

mlet — III
|

Fig. 1: BasicReciprocating Compressor
Compressors are classified depending on the mechanical means used to produce compression
of the fluid; themain types of compressors are:

Positive Displacement Type
- Reciprocating Compressors
- Rotary Screw Compressors
Dynamic Type

- Centrifugal Compressors

- Axial-flow Compressors

- Scroll Compressors

The main advantages of the reciprocating compressahat it can achieve high pressure
(but at comparatively low mass flow rates).

1- Single-acting vs. Double-acting Compressors

A single-acting compressoffFigure 2A) hasinlet and discharge valves on one side of the
cylinder, and so only one side of thiston is active. A doublacting compressdafFigure 2

B) has inlet and discharge valves on both sides of the cylifd@s. gives two compression
cycles for every turn of the crankshafs the piston goes in a given direction, air is
compressed on orséde and the suction is created on the other one. During the return stroke,
the same thing occurs with the sides revergeee Figure 2)
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J_u‘lu_L

Fig. 2: Sing(j'lb\(,lacting vs. Double-acting é:l?:))mpressors
2- Singlestagevs. Multi stageCompressors
In a single stage compresgbigure 3A), the air is drawn into a cylinder and compressed to a
certainpressureindthen sent to the storage tank. In Multi stage compred&gure 3B) and
to avoid unacceptableeductions in compressor capacity (RPM and volumetric efficiency)
and to minimize power input with high compression ratios, the first step is the same except
that the air is not directed to the storagekiahe air is sent via an intoler tube and
compessed a second time afndally it is sent to the storage tar(§ee Figure 3)

Inlet

Air Receiver

Delivery

Air Receiver

W e 1] e (] o

(B)
Fig. 3: Single Stagevs. Multi StageCompressors
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1- Basictheory of air compressor
Whenthe pistonmovesfrom BDC to TDC air getscompressedasaresult,pressurencreases

andthereforevolumedecreaseslhework doneto compresgheair convertedo heatenergy
in theair sothat,theair temperaturés increased.

Isothermal Compression

During compressionif all the heatgenerateds takenby cylinderwall thenit is called
Isothermal compression Here,furthertemperatureiseis avoidedandthe compressioris
takingplaceat constantemperatureTherelationshipbetweerthe pressurend volumewould
follow Boyleslaw (PV=C).

Adiabatic Compression

During compressionif thereis no heattransferfrom the compressedir, thenall thework
doneduringcompressionvould appeaiasstoredheatenergy.This is knownasthe Adiabatic
compresson andtherelationshipbetweerpressurandvolumewouldbePVk = C, (k = 1.4
for air).

Polytropic Compression

Theactualcompressioprocessn anair compressions betweertheisothermalandthe
adiabaticandis referredto asPolytropic compression And therelationshipbetween
pressurandvolumeis PV" = C, wheren is avalueof about1.251.35.(See Figure 4)

P 2'2 v

P2

Polytropic

/ Isothermal

P1

Fig. 4. CompressionTypes
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2- PV Diagram with Explanation
@ Point (3): The piston is at TD@& the cylinder volume is smallegClearancé/olume-

V), with apressurd®, andtemperaturd ,.

(3 4): Expansion: Thepistonis startmovingdownfrom TDC, (Air is expand

polytropcally(PV" = C), pressure& temperatur®f air decreasegndvolumeincreasesyith
suctionvalvestill closed.

@ Point (4): Thesuctionvalveopen andir starts to enter the cylinder

(4 = 1): Intake (Suction: Air is drawninto the cylinder from the atmospheret constant

pressurd°;.
@ Point (1): The piston is aBDC & the cylinder volume igreatest(SweptVolumei Vs),

with a pressurd®;, andtemperaturd ;.

(1 = 2): Compression: The piston is start moving up from BDC (Air is compressed

polytropcally(PV" = C), pressurek temperaturef air increasesandvolumedecreasesyith
thedeliveryvalvestill closed.
@ Point (2): Air is completelycompresse@ith pressure= P2, volume= V¢, andtemperature

= T, thedeliveryvalve open andhir starts tdeavethe cylinder

Exit 3
Valve \! |
[
|
Inlet I
Valve |
1
l‘—-QStro!to length, L —— \\ /
* e | N o
- ey o
1
Pri 3

p‘ — -—1-—-— 4 ‘
I
% 4
—=  }—Swept volume, V, —{
Clearance ——
Volume, V, v

(b)
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Fig. 5: PV Diagram with Explanation
(2 3): Delivery: Compressedir is deliveredout of thecylinderto thereceiverat constant

pressurd>. (See Figure 5)

10. APPARATUS

It is a single stage double cylinder compressor, with a provision for indicator diagrams. The

compressor is driven by alectric motor/ dynamometer. The speed is recorded by signals
from a magnetic transducer whose output is fed to a digital tachometer which sh&#\vthe
time and total revolutions. The compressedisaastored in a receiver and a throttling valve

permits the air presseito be controlledSee Figuré & 7)

Fig. 6: Single StageAir Compressor- General View
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11. PROCEDURE

Before starting, record the inlet air temperature and the baropres=sure.

Turn on the main switch
Revolve the speed wheel gradually to speed of about 530 rpm.

Wait receiver to approachédse desired pressure

ok~ 0N PR

Open the throttling valve graduallfhe manometer readinghould indicate the

pressurdnead

6. By opening hethrottling valve check thamanometer readinig not lower tharb mm
pressure heador the condition of calculating air flow rate

7. Set compressor speed and air receiver pressure to the desired values and run for 30
minutes to attain steady state wahiwill be maintained by small adjustments of the
throttling valve.

8. After changing any variable run the machine for 20 minutes before taking readings.

9. Take indicator diagram during each test.

10. Repeat for other values obmpressor speed and air receivespuee

11. At the end of theest revolvespeed wheel gradually teturnspeedo thezero speed
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12. OBSERVATIONS
Table 1: TECHNICAL DATA

NO. Item Value Unit
1 | Number of Cylindersl 2
2 | Bore A 66.7 mm
3 | Stroke 3 63.5 mm
4 | Diameter ofthe Orifice A 11 mm
5 | Spring Calibration3 0 # 20 kpa/mm
6 | Torque Arm RadiusA A O 220 mm
7 | Speed Ratio, motor/compressor 3:1
Table 2: DATA OBSERVED
NO. Measured Parameter Value Unit
1 | Barometric Pressure; P kpa
2 | Ambient Temperature,T1 3
3 | Motor Speed, N1 rpm
4 | Motor Voltage, V Vv
5 | Motor Current, | A
6 | Dynamometer Force, F N
7 | Manometer Readirg mm HO
8 | Compressor Air Inlet Temperature, T 3
9 | Compressor Air Outlet Temperature, T 3
10 | Air Receiver TemperaturesT 3
11 | Air Nozzle Temperature,el 3
12 | Air Receiver Gauge Pressure, P kpa
13 | Diagram Area, A mm?
14 | Diagram Length, L mm
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13. DATA ANALYSIS

1- Worg Cajcqlations B 3
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14. RESULTS & DISCUSSION
Table 2: SUMMARY OF RESULTS

NO. Performance Value | Unit
ET 1T 7
1 |-7T OEIORRGARA A OO K ADI KW
2 |-1 Oii OOPAAEATDPE AARID KW
3 |-1 O@BEEABAT AU %
AT T T T HITIT
4 #1711 DOEGEXTD AD KW
5 )T AEDPAGRROAI HIpGEEM (8er KW
6 |) Ol OEAODKABOAITT ®AGEMR iser kKW
7 |- AREAWEAEAERABAT AU %
8 |) Ol OEREBEEABAT AU %
g |61 1 Of AEaEEA BAT AU %
CompleteCycle
10 |/ OA OdHAE ABAT AU %
Flow Rate
11 | - ass Flow Rate of Air | kgls

1. All the results were recorded arabtilated under theesultstable.
2. Discuss any discrepancy atie possible cause$ errors of the experiment.
3. Write your own opinions about the results. What might be? Discuss about whether the

resultsareacceptabl®r not?

NOTE: This pageis intentionallyleft blankto identify your importantnotes
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Experiment 8

AIR AND WATER HEAT PUMP
(UNIT i R832)

1. OBJECTIVE

A Enhance students' knowledge on the concept of how heat can move from a region

of low temperature to that of a higher one due to work done.

A Draw the actual vapor compression cycletmP-h diagram and compare it with
the ideal cycle.

A Determine the coefficient of performance of heat pump.

A Compare the coefficient of performance of bothaheand water evaporator

2. INTRODUCTION & THEORETICAL BACKGROUND

Heat pumgfinds applications in countless industrial, commercial and dom&stiations and

activities throughout the worldThe major uses of heat pumps are in the form of air
conditioners. Other applications are home heating in cooler clinades heaters and so on.

A heat pump is a device which allows transport of heat from lower temperature level to a
higher one (in a direction that is opposite of spontaneous flow), by using external energy
(European Renewable Energy Council, 2008).

The airand watetheat pumpbeing used in this experiment relies on the vapor compression
cycle which needs a small work input to transfer heat from either air source evaporator or

water source evaporator to a water cooled condenser.

Heat transfer to ambient
air or to cooling water

High-pressure vapor

-

O
T
1
I

NI NN
o A AA~d

High-pressure

liquid _\“IF Condenser
Expansion
valve ~
\\‘DG Compressor

Low-pressure

mixture of - ¥
liquid and vapchi

<= Work in

Low-pressure
vapor

Evaporator

LA
Heat transfer from
refrigerated space
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Fig. 1: BasicVapor CompressionCycle
The Hilton Air and Wger Heat Pump 832 is avapor compressiogycle unit utilizing a

small workinput totransfer heat from eith@mn air evaporatoor water evaporatosourceto a

water cooled condenser. Aklevanttemperaturespressuresand power inputs are measured
enabling the complete cycle to iwestigatedoth diagrammtcally and numerically.

1- Ideal Vapor-CompressionCycle
The vapor compression cycle has four components: evaporator, compressor, comatenser

expansion (or throttle) valvén an ideal vapecompression cycle, the refrigerant enters the
compressor as a saturated vapor and is cooled to the saturated liquid state in the condenser. It
is then throttled to the evaporator pressure and vapoegef# absorbs heat from the
refrigerated space. The ideal vapor compression cycle consists of four pro(®ssdsgure

2)

Process Description
1-2 Isentropic compression
2-3 Constant pressure heat rejection in the condenser
3-4 Throttling inan expansion valve
4-1 Constant pressure heat addition in the evaporator
Component Process First Law Result
Compressor s = Const. W =mih,- h)
Condenser P = Const. &, =rh, - h,)
Throttle Valve Ds >0 h, =h, V#net =0 @et =0
Evaporator P = Const. & =rih - h,)
A

@

2

$

Q.

Condensation
Pcond |

Expansion

.
WComp

Compression

Pevap oo

>
Enthalpy

Fig. 2: The P-h Diagram of Ideal Vapor-Compression Cycle
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2- Actual Vapor-CompressionCycle

An actual vaporcompression refrigeration cycle differs from the ideal one in several ways,
owing mostly to the irreversibilityds that
friction (causes pressure drops) and heat transfer to or from the surroundings. The COP
decreases as a r e DIFFERENGHS: Nossengopie compréssion,i t y 0
superheated vapor at evaporator exit Subcooled liquid at condenser exit, Pressure drops in

condenser and evaporatfee Figures)

A
(<)
_
=3
wn
7]
()
[l
(a
3’ o
Pcond [T e e
Expansion /i Wcomp
' ’l’ h
Compression
o S i , d 1*
L
Enthalpy

Fig. 3: The P-h Diagram of Actual Vapor-Compression Cycle

3. APPARATUS

This experiment will be conducted on the Hilton Compiiieked Air and Water Heat Pump

Unit R832 see figure 3 and 4. The unit was provided witfully instrumented vapor

compression heat pump operating*éti34awith an aluminum finnecir source evaporator

high efficiency plate type condenser and similater source evaporatofhe evaporator

source may be selected using a simple switch. Instrumentation allows investigation of heat
transfers at each component of the refrigeration cyllstrumentation includes digital
temperature indicator, condenser and evaporator pressure gauges, reffigeraater and
compressor power meter. Water flow rate may be measured and controlled by variable area
flowmeters on both the evaporator and condenser, thereby varying both evaporating pressure

and condensing pressur8afety devices include condenser highessure switch and
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compressor thermal overload switch, residual current circuit breaker and a combined double
pole main switch and overload cut o{fee figurel & 2)

Fig. 1: Air and Water Heat Pump (Unit R832) - General View

* The chemical properties 6fFC-134aare listed below:
Chemical Name: Tetrafluoroethane
Molecular Formula: CHFCFs
Molecular Weight: 102.0
F F
FC—CH

| |
Chemical Structure F H

Boiling Point at 1 atm (101.3 kPa or 1.013 haip6.1°C
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. PROCEDURE

Turn on the water supply to the unit and then turn on the main switch.

Select thevaterevaporator by pressing the evaporator change over stoteh

w b

Set the condenser gauge presgarbetween 700 and 1100 kpg adjustment ofhe
condenser cooling water flow rate.
4. Allow the unit time for all of the system parameters to reach a stable conditidii and
up the observation sheet.
5. Repeat the above procedures for water evaporatewhghing the changwer switch
up condition and fill up the observation sheet.
6. Set the condenser cooling water flow rate to approximatel$o5&f full flow and

evaporator water flow as set by instructor.
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5. OBSERVATIONS

Table 1: DATA OBSERVED

Heat Source: Water Evaporator Atmospheric Pressure:
SERIES | No. Parameter 1 2 3 UNITS
1 | Condenser Pressure, F@&bs)* EDA
2 | Evaporator PressuregP(Abs)* EDPA
3 | Compressor Suction Tempa)(t 3
Refrigerant 4 | Compressor Delivery Tempa)t 3
HFC134a
5 | Refrigerant Leaving the Conds)t 3
6 | Evaporator Inlet Temp. 4}t 3
7 | R134a flow rate & go
8 | Coolingwater inletTemp. (t) 3
Water
Compressor | g | coglingwater outleffem 3
Cooling g P-®)
10 | Water flow rate & go
11 | Coolingwater inletTemp. (&)
Water
Condenser | 12 | Coolingwater outlefTemp. (¥)
Cooling
13 | Water flow rate & go
14 | Waterinlet Temp. (k)
Water
Source 15 | Waterinlet Temp. (b)
Evaporator
16 | Water flow rate & go
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6. DATA ANALYSIS

The heat delivered to cooling water from compressor

Fom 0o pem 4 4 (1)

Theheat delivered to cooling watBom condenser

Beoomo. = 4 4 @

The total heat deliveretd cooling watefrom compresso& condenser

M o= he.m ©

The COP if the heat delivered to condeniseconsidered

WL

- }:4||'||' =| +<‘] I+ﬂ'i. ‘m’m |HFD-' (4)
FoOmbg FUgh <f: F @™ =0 <

The COP if the total heat delivereésl considered

by it llmtrw® cw*m™H Ho-mlo- | g
FD I:|->- f‘i#‘*df%#. -<> f ?

The COP using gh diagram and rate of enthalpy change

YT ST EN H . (6)
+ o> T 11
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Determine location of state points:

No.1 s located by intersection aé Bar absandt:  (in superheated region)

No.2 s located by intersection of Bar abs. antk  (in superheated region)

No.3 s located by intersection of Bar abs. antk  (in subcooled region)

No.4 is located bydropping a vertical lindrom point 3 to the intersection with tie line,
assumed adiabatic process.

Note that pressure drops in both the evaporator and condenser are assumed to be negligible

and R and Pc are horizontal lines of constant presg@ee Figure)

4 Saturated Liquid Curve

=] \-

Iso-Enthalpy Line

f

Iso-Pressure Line }

- ———————-—
—
m
3
=
o
©
~
c
3
[«

P Iso-Specific
: Volume Line

......... T

Iso-Thermal Line § |

. /
Iso-Quality Line ":”

-————
—

>

Fig. 6: Pressure- Enthalpy Diagram (Basic9
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/. RESULTS & DISCUSSION
Table 2: SUMMARY OF RESULTS

FF g FFdp FF g

Considering Considering Using ph

L L L
MFO= | - =

Watt Watt Watt _
Condenser Hea)]  Total Heat Diagram

1. Sketchthe refrigerationcycle on thep-h diagramof R-134awith actual property
values at all points.

2. Find hl, h2, h3, and h4. [You may find h3, and then set 3]

3. All the results were recorded arabtlated under thesultstable.
- By using ph diagram
-By udingcth Measur ement snj.

4. Calculatethe percentage difference between the two values found.

5. Discuss the results obtained and comment on discrepancies.

6. Do you think the cycle COP will increase decrease with the evaporator temperature

Te increase?
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Experiment 9
THERMAL POWERPLANT

8. OBJECTIVE

A To study and observe the performance of a small mibéeinal power plant in

operation consisting of a pump, boiler, turbine, and condenser.

A To evaluate thdirst law efficiencyof each component anthe whole cycle.

9. INTRODUCTION &THEORETICAL BACKGROUND

A steam power plant mainly comprises obailer, condenser pump and aturbine that is

connected t@ generator to produce electricityuseswvater as avorking fluid. For electricity
to be producedheturbine isrotatedby high pressur@andhightemperature steaproducing
mechanical powethat rotaés the motor in the generatothus converting thenechanical
powerinto electricity. To ensure continuous production of steam thid eéctricity, steam
goes through a number of processes described péhsvcycle is known as the Rankine
cycle.(Seefigure 1)

| heat in ’\/ boiler

high press
stearn

%

turbiy ’ work OUB Generator

/
L |
high press low press
water steamn
—\ heat out )
. ’ » ~ 7
work in low press ;
water

Fig. 1: Basicldeal Rankine cycle
1- The ideal Rankine cycle
The ideal Rankine cycle does not involve any internal irreversibititysconsists of the four
processes.

Process (12): Isentropic compression the pump.
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Water enters thpump at state 1 as saturated liquid and is compressed isentrofaically
operating pressure of the boiler. The water temperature increases somewhat during this
isentropic compression process due to slightedese in the specific volume whter.
Procesy2-3): Constant pressure heat additiortheboiler.

Water enters the boiler as a compressed liquid at state 2 and leaves as a superheated vapor a
state 3. Heat is transferred to the water essentially at constant pressure.

Process (34): Isentropic epansion irtheturbine.

The superheated vapor at state 3 enters the turbine, where it expands isentropically and
produces work by rotating the shaft connected to an electric generator. The pressure and the
temperature of the steaame dropduring this pocess to the values at state 4, where steam
enters the condenser

Process (41): Constant pressure heat rejectiothiacondenser.

At this state, the steam is usually a saturated ligambr mixture with a high quality. Steam
is condensed at constant pressure in the condenser by rejecting teataoling tower.
Steam leaves the condenser as saturated liquid and enters the pmplgting the cycle.
(See figure?)

3
I m
Na :
W turbine
—
i 2
- i
-, \
/1 \Q condenser 4 N
S —

Fig. 2: The T-S Diagram ofldeal Rankine cycle

2- The Actual Rankine cycle
The actual vapor power cycle differs from the ideal Rankine cycle, as a result of

irreversibilites in various componentuid friction andheat losgo the surroundings are the

two common sources of irreversibilites.

Fluid friction causes pressure drop in the boiler, the condenser, turbine, and the piping
between various components.

Heat lossfrom the steam tthe surrounding as theesam flows through various components.
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In actual practice, the pump and the turbine cannot be operated under isentropic condition

because of irreversibilies. Therefore progds®) and(3-4) are norrisentropic. (See
Figure3)
3
3 \
\Q boiler “
\
~ -
p \ W turbine
2 —
. 2 \
W pump y
B \ \
/1 N\, Q condenser 4 4/ \
S E—

Fig. 3: T-S Diagram of Actual Rankine Cycle

10. APPARATUS

The steam power plaapparatus is consisting of:

FeedPump: To force water into the boiler, byechanicaknergy.

Boiler: To convert water to steanthere are twaypes:

- Afire tube boiler: In Firetube boilers hot flue gases pass through tubes and water
surrounds them, like the one in our experiment.

- A water tube boiler: In Watertube boilers water passes through tubes and hot flue gasses
surround them. There ameanyadvantages of water tube boiler: Larger heating surface can be
achieved, due to convectional flow, movement of water is much faster, and hence rate of heat
transfer is high which results into higher efficiency, very high pressure can be obtained
smootly.

Steam Turbine: ASteam Turbinés a mechanical device that extracts thermal energy from
pressurized steam and transforms it into mechanical work.

Condenser: The condenser brings tlexit steam into contact with a usually cold in order to
remove heat and condense it back to water known as condensate

Cooling Tower: To deceasethe temperature of the cooling water after condensing the steam
in the condenser. The type usedrossflow tower, where theower provides a horizontal air

flow as the water falls down the tower in the form of small droplets. The fan centered at one

side of unit draws air through the cells.
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AC Electric Generator: agenerator is a device that convartechanical eergyto electrical
energyfor use in an externaircuit, where the sourcef mechanical energy ithe steam

turbine coupled tthe generator(See figured)

| Combustion gases
to stack
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Fig. 4: Thermal Power Plant
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11. PROCEDURE

Start the boiler and operate the burner.

One hour is necessary to obtain the normal operation conditions of the boiler.

Start the steam turbine.

A reasonable time should be allowed for warmingttibine before applying the

load.

Start the circulation water pump.

Start the vacuum pump.

7. At the end of the experiment, close the Main Steam valve then turn off the light
switches on the main switchboard. Leave the cooling water pump running for about an
hour.

PwbdE

S

Thermodynamics Lab. Pagel01of
106



THE UNIVERSITY OF JORDAN

SCHOOL OF ENGINEERING

Department of Mechanical Engineering

12. OBSERVATIONS
Table 1: DATA OBSERVED
Atmospheric Pressure: bH"I
SERIES Item Value Unit
Consumed volume aa
Time taken i QW
Fuel (Diesel)
density 880 QI
Calorific value 41400 nQ
Feed water temperature T1,3
Exit steam temperature T3/3
Boiler Section
Exit steampressure (abs.) 0 FQn @
Mass flow rate of steam QTR
Steam inlet temperature T3/3
Turbine Section | Steam exit temperature T4'/3
Steam inlepressure 0 7Qn &
Condensatflow rate a j
Condensatéeemperature T5/3
Condenser Section  Condensatpressurgyauge) 0 FQn @
Cooling water inlet temperature Twi/3
Cooling water exit temperature Two/3
Generated/oltage WE ao
Generator Section
Generated Current 0 anQi
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Speed ina

13. DATA ANALYSIS
1- Energy Analysis of the Actual Rankine Cycle
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Fig. 6: T-S Diagram of Practical Rankine Cycle

The boiler efficiency is:
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The turbine efficiency is defined here as:

P B

T ©)

E B2 Actual enthalpy of steam leaving the turbine
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E 1 Enthalpy of steam at condenser pressure if the expansion was iseBtpR t
To obtainE tyou should equate the heat rejected by steam in the condenser to the heat taken

by the cooling water in the condenser, i.e.

] v I (2] I O o |= - Jll [ J||-¢Z::¢' (4)

I =The mass flow rate afoolingwater through the condenser
# b = the specific heat afoolingwater 4.186& jEE 6
4 x AT A x =exit and inlet temperatures coolingwater respectively.

The Cycle or Thermal efficiency is defined as:

1 1= 0

The mechanical efficiency of the turbine / generator is:

W o W o

t ©)
oot e [

Where:z is the torque d , and) is the rotational spee@ A & A A

The generator efficiency is:

o ¥ < E
L l- i1:1:3:1 # (7)
L |— o O = W0
Where: V and | are the generator voltage and current respectively.
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14.

RESULTS & DISCUSSION

Table 2: SUMMARY OF RESULTS

No. Item Value %
1 Boiler efficiency
2 Turbineefficiency
3 Thermalefficiency
4 Mechanicalkfficiency
5 Generatoefficiency
1. Draw the associated Ranki#wycle for thethermalpower plant on the -5 diagram

showing all processes
Calculate the following efficiencies:
a) Boiler efficiency
b) Turbine efficiency
c) Cycle efficiency
d) Mechanical efficiency

e) Generatoefficiency

3. All the results were recorded and tabulated under the results table.

4. State three methods to improve the thermal efficiency of the cycle with briefly with

neatsketch for each.

Note: to perform the required calculations each student musthiawn steam tables
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