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An abstract consists of answering three basic questions:  

1. What was done?  

2. How it is was done? and  

3. What were the basic findings and conclusions?  

V Abstract should be written in passive voice.  

V Abstract should not exceed 200 words.  

V It should be written in three separate paragraphs.  

V This section and all the coming sections should be written in Font 12, Times New 

Roman with regular style and single line spacing. 

V This page should contain the abstract ONLY and numbered using the Roman Style 

(i.e. I, ii, iii éetc) 

V 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. 

ü The units should be added to the nomenclature. 

ü The parameters should be arranged alphabetically. 

ü This section should be written 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 [deg] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(ii)  

Objective 
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The objective(s) should be written based on the instructorôs explanation of the experiment. 

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 clear image of the setup with the main parts identified in suitable manner. 

The figureôs caption (name) should be written below it. 

 
Figure (1): Some numbers from the result of the experiment on nothing 

 

V Never start any paragraph with figure, table, graph éetc. You should allways write few 

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, explain with 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 the 1-100 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 not changed) e,g diameter, length é.etc. 

o As for the materialôs properties e,g, density, viscosity, thermal conductivity éetc 
these should be mentioned with the reference wherefrom they were copied cited. 

 
Observed data 
V The data that were taken from the setup ONLY should be mentioned in the table. 

V Table columns should be writen with units and without abbreviations. 

V The table caption should be mentioned on top of the table. 

V Do not add any calculated data in the table. 

 

 

 
(1) 

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 : 

 
Case (I) : Partially submerged torous 
Inset the data observed table for this case below. 

 

Case (II) : Totally submerged torous 

Inset the data observed table for this case below. 

 

 

Sample calculations 

In this section you are required to provide with proper explanation (NOT only use equations 

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 percentage error in the experimental value. 

 

 

Uncertainty analysis 

This is extremely important part that tells the accuracy of the test procedure (NOT ONLY in 

the final value). 

This can be extremely helpful if one wishes to find the main factor responsible for the error. 

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/minimum 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 obtained have been analyzed to provide the results you discuss.  

Å You should discuss what you infer from the data.  

Å You need to adopt a critical approach.  

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

measurements.  

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

 

 

(2) 

Å A neat hand drawn diagram is preferable to a poorly made computer diagram, or a 

poor resolution image copied from the web. 
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Figure (2) : Variation of Quantity (2) with Quantity (1) 

 

¶ Graphs should be clear, informative, with proper legends and unit. 

¶ If curve fiting is implemented, it should contain the fit model and its R2. 

¶ Graph outline should be removed. 

 

Conclusion 

This is the section in which you need to put it all together. 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 out, what 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. 

/https://scholar.google.comUse this website :  

V Textbooks, articles, company websites are trusted sources. 

V Do not use the lab manual as a reference. 

V List the references in same order as they appear in the text.  

V For my students, I ask them to use the APA or Chicago style. 

 

Book  

.McGrawHill, New Yourk Holman, J. P. (2012). Experimental methods for engineers. 

 

 

 

 

(3) 

 

Journal article, 

https://scholar.google.com/
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u, L., Li, D., & Zhou, L. (2022). Exploring the Sang, J., Yuan, Y., Yang, W., Zhu, J., F

underlying causes of optimizing thermal conductivity of copper/diamond composites by 

.891, 161777 Journal of Alloys and Compounds, interface thickness. 

 

Web page,  

.. Viewed on 22/10/2020http://www.gobbeldygook.co.uk 

 

A word of caution on web based information. Journal 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 information 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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.gobbeldygook.co.uk/
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Experiment 1 

BOILER MARCET 
  

 )204 WL - UNIT( 
 

1.0 OBJECTIVE  

Á 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.  

Á Besides that, this experiment will also demonstrate the vapor pressure curve and then 

verify Clapeyron relationship.  

 

2.0 INTRODUCTION & THEORETICAL BACKGROUND 

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

evaporate. This 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 to gas form. Each steam 

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

 

Fig. 1: Boiling Point Curve for Water  

At a given pressure, the temperature at which a pure substance changes phase is called the 

saturation temperature Tsat. 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 phase-change process is called the latent heat. 

Marcet boiler is the device which we use to study the relation between pressure and 

temperature for a water at saturated liquid phase. We 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. Forcing the pressure to increase as the temperature rises. And thus studying 

the direct relation between pressure and temperature for water. 

We notice that it is essential to close the valve as we reach boiling point to make sure we are 

now in a constant volume process. We also notice that we closed the valve exactly when we 

reached boiling temperature (95 C at 0.9 bar pressure) and thus keeping water at saturated 

liquid phase. 

 

3.0 APPARATUS 

Marcet Boiler, shown in figure 2, 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 electrical immersion 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. 

 

 

 

 

 

 

 

 

 

 

 

1. Drain Valve                                     

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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Á The main element of the WL 204 Marcet boiler unit is the stainless steel steam boiler 

(7). It has a mineral wool insulating jacket.  

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

Á The overflow valve (3), closed off by means of a hand wheel, is used to ensure the 

vessel is filled to the correct level.  

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

Á 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.  

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

boiler pressure.  

Á There is also a Pt-100 temperature sensor (4) to measure the boiler temperature.  

Á A safety valve (5) to prevent excess pressure build-up in the boiler. If the safety valve 

is activated, the excess pressure is discharged to the rear of the unit via a drain pipe.  

Á The boiler temperature can be read from the digital display (11) fitted into the switch 

cupboard.  

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

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

required during the experiment. 
 

 
 

4.0 PROCEDURE 

1. Switch on the unit at the master switch.  

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

3. Record the boiler pressure and temperature values in increments of approximately 0.5 

-1.0 bar (See the experiment worksheet).  

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

5. Disconnect the unit from the mains power.  

6. Leave the boiler to cool down. 

 

 

¶ SAFETY WARNING!   

Because of high pressure & temperature steam. 

V Don't touch surfaces during operation! 

V Never open valves of the device!   
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5.0 OBSERVATIONS 

Table 1: DATA OBSERVED 

Atmospheric Pressure: ________________ bar               

 

Pressure, P (bar) 

 

Temperature, T 

Gauge Absolute Increase 

(хC) 

Decrease 

(хC) 

Average 

Tave  

(хC) 

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      
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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 in 

equilibrium.  

 

The Clapeyron relationship is: 

▀╣

▀╟╢═╣
 
╣○▌ ○█

▐▌ ▐█

╣ ○▌

▐█▌
 

As ὺḻὺ 

In which, 

ὺ ίὴὩὧὭὪὭὧ ὺέὰόάὩ έὪ ίὥὸόὶὥὩὨ ὰὭήόὭὨ 

ὠ ίὴὩὧὭὪὭὧ ὺέὰόάὩ έὪ ίὥὸόὶὥὸὩὨ ὺὥὴέόὶ 

Ὤ ὩὲὸὬὥὰὴώ έὪ ίὥὸόὶὥὩὨ ὰὭήόὭὨ 

Ὤ ίὩὲὸὬὥὰὴώ έὪ ίὥὸόὶὥὸὩὨ ὺὥὴέόὶ 

Ὤ ὰὥὸὩὲὸ ὬὩὥὸ έὪ ὺὥὴέὶὭᾀὥὸὭέὲ   

 

After ÔÈÅ ÔÅÍÐÅÒÁÔÕÒÅÐÒÅÓÓÕÒÅ ÃÕÒÖÅ was drawn from data observed in Table 1, the 

slope of the curve at each pressure was determined by three methods:  

 

1- First Method: 4ÈÅ ÓÌÏÐÅ  
Ў╣
Ў╟
   όίὭὲὫȡ The Central Difference formula               

 

Ў╣

Ў╟

╣░ ╣░
╟░ ╟░

 (1) 

 

Fig. 3: Central Difference formula 
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2- Second Method: 4ÈÅ ÓÌÏÐÅ  
▀╣

▀╟
 όίὭὲὫȡ Numerical differentiation   

The first derivative of the best fit equation of temperature-pressure curve   

  

▀╣

▀╟
╣ᴂ╟  (2) 

 

 

╣╟  ╟ Ȣ ╟ Ȣ  

Fig. 4: Best Fit Equation   

 

3- Third Method: 4ÈÅ ÓÌÏÐÅ  
▀╣
▀╟╢═╣

 όίὭὲὫȡ Clapeyron relationship.  

 

 

▀╣

▀╟╢═╣
 
╣○▌ ○█

▐▌ ▐█

╣ ○▌

▐█▌
  ȟ                  ╪▼  ○▌ḻ○█ (3) 

 

 

All values in the Clapeyron relationship must be taken from table 2. 
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Table 2: SATURATED WATER AND STEAM TABLES 

Pressure 

(P, bar )  

Temperature 

(T, oC)   

Specific volume 

(ὺ,m
3
/kg) 

 

Latent heat of 

vapor ization 

 (Ὤ ȟἳἔȾἳἯ) 
 

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 
 

0.09957 
 

1890 
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7.0 RESULTS & DISCUSSION  

Table 3: SUMMARY OF RESULTS 

Pressure, P 

(bar) 

Temperature, T Measured 

Slope, 

by 

Central 

Difference  

Measured 

Slope, 

by 

derivation 

Calculated 

Slope, 

by 

Clapeyron 

 

 

Gauge Absolute Average Tave 

(хC) 

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       
 

 

1. Fill the table using recorded data and saturated water and steam tables. 

2. Plot the curve between measured temperature and absolute pressure (Pressure as x-axis).   

3. Compare the measured values with theoretical values, discuss the difference.   

4. Calculate the error of measured values. 

NOTE:  This page is intentionally left blank to identify your important notes 
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Experiment 2  

RANSFERT HEAT TO WORK  
)eatH of Equivalent Mechanical( 

 

8.0 OBJECTIVE  

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

transferred by work.   

 

9.0 INTRODUCTION & THEORETICAL BACKGROUND 

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

completely into heat, the resulting thermal energy must be equivalent to the amount of work 

that was performed. Since work is normally measured in units of Joules and thermal energy is 

normally measured in units of Calories, the equivalence is not immediately obvious. A 

quantitative relationship is needed that equates Joules and Calories. This relationship is called 

the Mechanical Equivalent of Heat. It 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 work through friction into an equally carefully measured quantity of 

heat. For example, in one experiment Joule used falling masses to propel a paddle wheel in a 

thermally insulated water-filled 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 experiments, 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. 

 (The calorie is now defined as equal to 4.186 Joule.) 

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 acted: W = F x d.  The unit of energy transferred by work is the joule.  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 objectôs internal energy results in a change in its temperature. 
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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 objectôs mass, its specific heat, and the temperature change which occurs 

within the object:  

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

1 gram of a substance by 1ᴈ , the unit of energy transferred through heat is the calorie. 

If work is done on an object 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 the heat transferred (in calories) is the ñmechanical equivalent 

of heatò. 

╜▄╬▐╪▪░╬╪■ ▄▲◊░○╪▄▪◄ ▫█ ▐▄╪◄
◌▫►▓ ▀▫▪▄ ░▪ ▒▫◊■▄▼

▐▄╪◄ ◄►╪▪▼█▄►►▄▀ ░▪ ╬╪■▫►░▄▼
 

 

10.0 APPARATUS 

The apparatus incorporates a universal electric motor with variable speed control for driving a 

copper drum calorimeter, two sets of weights, heavy and light, a set of brake belts to 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 steel cabinet which contains the motor 

control gear. (See Figure 1) 

 

 

 

 

 

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.  

2. Amount of water, approx. 250g, at a temperature approximately 5 or 6 degrees below 

room temperature is then carefully inserted into the drum taking care not to wet the 

outside of the drum or the weights. 

3. Rotation is then begun at a uniform speed of about 83 rev/min.  

4. The light weights are adjusted to keep the heavy weight in floating equilibrium with 

the spring balance pointer near the center of the scale. 

5. 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.  

6. Take reading of water temperature at intervals of 100 revolutions of the drum. 
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12.0 OBSERVATIONS 

Table 1: DATA OBSERVED 

Initial water & drum temperature ȟ       ╣░:____________ ᴈ 

Drum 

revolutions 

  ( N) 

Water 

temperature 

ἢἮ (oC ) 

Spring balance 

S (g) 

Light weight 

L (g) 

Heavy weight    

H (kg) 

100    2 

200    2 

300    2 

400    2 

500    2 

600    2 

700    2 

800    2 

900    2 

1000    2 

1100    2 

1200    2 

1300    2 

1400    2 

1500    2 

1600    2 

1700    2 

1800    2 

1900    2 

2000    2 
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13.0 DATA ANALYSIS  

1- Calculating W, the Work done (kJ) 

╦ ╗ ╢ ╛ ▌ Ⱬ► ╝Ⱦ  (1) 

Ὄ ὬὩὥὺώ ύὩὭὫὬὸȟς ὯὫ 
ὒ ὰὭὫὬὸ ύὩὭὫὬὸȟὯὫ 
Ὓ ίὴὶὭὲὫ ὦὥὰὥὲὧὩȟὯὫ 
Ὣ ὥὧὧὩὰὩὶὥὸὭέὲ ὨόὩ ὸέ ὫὶὥὺὭὸώȟωȢψρά ίϳ   

ὶ Ὠὶόά ὶὥὨὭόίȟπȢπχυ ά 

ὔ Ὕέὸὥὰ ὲόάὦὩὶ έὪ ὶὩὺέὰόὸὭέὲί ὸὬὩ άέὸέὶ ύὥί ὸόὶὲὩὨ 

2- Calculating Q, the Heat produced (kcal) 

The total heat ὗ  produced by friction against the copper cylinder filled with water can be 

determined from the measured temperature change that occurred. 

╠╣ ╠▀  ╠◌ ╜▀ ╒▀ Ў╣ ╜◌ ╒◌ Ў╣ (2) 

ὗ ὬὩὥὸ ὫὥὭὲὩὨ ὦώ ὨὶόάȟὯὧὥὰ 

ὗ ὬὩὥὸ ὫὥὭὲὩὨ ὦώ ύὥὸὩὶȟὯὧὥὰ 

ὓ ȡάὥίί έὪ ὨὶόάπȢχ ὯὫ  

ὅȡίὴὩὧὭὪὭὧ ὬὩὥὸ έὪ ὧέὴὴὩὶ ὨὶόάπȢπως ὯὧὥὰὯὫȢᴈϳ   

ὓ ȡάὥίί έὪ ύὥὸὩὶ Ὥὲ ὸὬὩ ὨὶόάπȢςυπ ὯὫ  

ὅȡίὴὩὧὭὪὭὧ ὬὩὥὸ έὪ ύὥὸὩὶρȢπὯὧὥὰὯὫȢᴈϳ     

ЎὝ ὶὭίὩ Ὥὲ ύὥὸὩὶ ὸὩάὴὩὶὥὸόὶὩ ὥὪὸὩὶ ὥὫὭὺὩὲ ὶὩὺέὰόὸὭέὲί Ὕ Ὕȟᴈ  

Ὕ ὪὭὲὥὰ ύὥὸὩὶ ὸὩάὴὩὶὥὸόὶὩȟᴈ   

Ὕ ὭὲὭὸὭὥὰ ύὥὸὩὶ ὸὩάὴὩὶὥὸόὶὩ Ὦόίὸ ὦὩὪέὶὩ άέὸέὶ ὸόὶὲὭὲὫȟᴈ  

3- Calculating J, the Mechanical Equivalent of Heat 

ὓ▄╬▐╪▪░╬╪■ ▄▲◊░○╪▄▪◄ ▫█ ▐▄╪◄
◌▫►▓ ▀▫▪▄ ░▪ ▒▫◊■▄▼

▐▄╪◄ ◄►╪▪▼█▄►►▄▀ ░▪ ╬╪■▫►░▄▼
 

                            ╙  ╦ ╠ϳ               ▓╙▓╬╪■ϳ  

(3) 

4- Calculating the % error  

 Ϸ ▄►►▫►
ȿ◄▐▄▫►▄◄░╬╪■╜▄╪▼◊►▄▀ȿ

◄▐▄▫►▄◄░╬╪■
Ϸ (4) 

 ὐὸὬὩέὶ τȢρψφ   ὯὐὯὧὥὰϳ  
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14.0 RESULTS & DISCUSSION   

 

Table 2: SUMMARY OF RESULTS 

Drum 

revolutions 

   ( N) 

╣▄□▬Ȣ▀░██Ȣȟ  

Ў╣ 

 ᴈ 

╦▫►▓ ▀▫▪▄ȟ 

 ╦ 

▓╙ 

╗▄╪◄ ╟►▫▀◊╬▄▀ȟ  

╠ 

▓╬╪■ 

╙▫◊■▄ ╕╪╬◄▫► 

 ╙ ╦ ╠ϳ  

 

 

Error% 

100      

200      

300      

400      

500      

600      

700      

800      

900      

1000      

1100      

1200      

1300      

1400      

1500      

1600      

1700      

1800      

1900      

2000      

 

 

1. Plot the graph of work and heat (W versus Q) and calculate the slope (J value). 

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

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

4. Discuss any discrepancy and the possible causes of errors of the experiment. 
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5. Write your own opinions about the results. What might be? Discuss about whether the 

results are acceptable or not? 

NOTE:  This page is intentionally left blank to identify your important notes 
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3Experiment  

AIR OF HEATS PECIFICS OF RATIO 

 

15.0 OBJECTIVE  

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

ὑ   of a diatomic gas (air) by method of adiabatic expansion.  

Á 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 large container; the experimental process is shown in Figure 1.           

A laboratory version of their apparatus is shown in Figure 2.  

As we knowὑ , where:  

ὅὴ:  means specific heat of air at constant pressure    
Ȣ

 

ὅὺ: means specific heat of air at constant volume       
Ȣ

  

Also Ὄ  ὅὴ Ὕ    ὥὲὨ     Ὗ  ὅὺ Ὕ   

So, ὑ  Ὄ Ⱦ Ὗ  ὅὴ Ⱦὅὺ  

Further  ὅὴ  ὅὺ  Ὑ  ὸὬὩὲ    ὅὴ Ὑ   ὥὲὨ   ὅὺ             

For diatomic gas (air)   ὑ ρȢτ ééééé. ȣȣȣὪ υ 

For monoatomic gas     ὑ ρȢφχ éééé. ȣȣȣὪ σ 

 

A PV diagram of the experiment is shown in Figure 1  
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Fig. 1: Experimental process 

Stage One: Adiabatic Expansion Process (State I- State II) 

ὖ

Ὕ
ὅ 

╟

╟▫

╚ ╣▫
╣

╚

 (1) 

Stage Two: Constant volume Expansion Process  

(Isochoric Process) (State II- State III) till  Ὕ Ὕ  

ὖ

Ὕ
ὅ 

ὖ

Ὕ

ὖ

Ὕ
ȟ ὥὲὨ        

Ὕ

Ὕ

ὖ

ὖ
 

╟

╟▫

╣▫
╣

 (2)  

Combining these two equations (1) & (2) we get: 

   

With    ὖ ὖ                        ὖ Ὄ ὖ                 ὖ Ὄ ὖ              ”Ὣ 

Take ὑ ρὰὲ ὑὰὲ  , Then 

╚
■▪
╟
╟▫

■▪
╟
╟

 (3) 
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17.0 APPARATUS 

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

The container is connected with a bicycle tire pump, a large valve and a tube connecting the 

container to a manometer filled with mercury.  

The container is usually surrounded by insulation although this is really unnecessary since the 

air is a bad conductor of heat and the resulting expansion is rapid. A little concentrated 

sulphuric acid may be placed in the container to dry the air.  (See Figure 2) 

 

Fig. 2: Apparatus - Schematic Layout 

 

18.0 PROCEDURE 

1. The vessel is filled with air at pressure 0 using the bicycle pump until the manometer 

reads a pressure H1 mm of mercury slightly greater than atmospheric. 

2. The vessel is then put in communication with the free air at pressure 0 by opening 

stopcock valve, so as to equalize the pressures in the sudden, nearly adiabatic 

expansion. 

3.  The stopcock is then rapidly closed. 

4. The air in the vessel allowed to regain its initial temperature, and the pressure 0 is 

then determined from H2 . 

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 Pressure ╟▫ ╟╪◄□ȡ____________ ▓╟Ἡ 

Trial #  
 ἒ  

ἵἵἒἯ 

ἒ  

ἵἵἒἯ 

1   

2   

3   

4   

5   

 

*  All  pressures must be in absolute values 

 

20.0 DATA ANALYSIS  

ὖ ὖ                                                              ὃὰὰ  Ὥὲ    Ὧὖ  

0 ʍ Ç ( ὖ  

0 ʍ Ç ( ὖ  

╚
■▪
╟
╟▫

■▪
╟
╟

 

 

 

 

 

 

21.0 RESULTS & DISCUSSION  

Table 2: SUMMARY OF RESULTS 

Trial # Ἔἷ Ἔ Ἔ ἴἶ
Ἔ

Ἔἷ
 ἴἶ

Ἔ

Ἔ
 ἕ ἏἺἺἷἺ Ϸ 
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 ἳἜἩ ἳἜἩ ἳἜἩ 

1         

2        

3        

4    

 
    

5        

 

Ϸ ἏἺἺἷἺ
ȿἢἰἭἷἺἭἼἱἫἩἴ ἙἭἩἻἽἺἭἬȿ

ἢἰἭἷἺἭἼἱἫἩἴ 
Ϸ 

The ἢἰἭἷἺἭἼἱἫἩἴ value for adiabatic index (K) is equal to 1.4. 

ἕἩἱἺȢ 

1. Plot the graph of ὰὲ ÖÅÒÓÕÓ  ὰὲ and using the basic fitting linear, find the 

slope of the line which = K-value.  

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

3. Compare (K-value) from results to that of standard value. 

4. Discuss any discrepancy and sources of the possible causes of errors.  

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

results are acceptable or not? 

 

 

 

 

 

NOTE:  This page is intentionally left blank to identify your important notes 
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Experiment 4 

ZZLENO A THROUGH FLOW 

 

22.0 OBJECTIVE  

Á 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 state-flow device; whose purpose is to create a high-velocity fluid stream 

at the expense of its pressure.  Nozzles are commonly utilized in jet engines, rockets, space 

crafts, and even garden hoses.  The cross-sectional area of a nozzle decreases in the flow 

direction for subsonic flows, and increases for supersonic flows, as seen in Figure 1. The rate 

of heat transfer between the fluid flowing through a nozzle and the surroundings is usually 

very small ὗḙπȟ there is little or no change in potential energyЎὴḙπ, and the process 

involves no workὡ π.  

---------------------------------------------------------------------------------------------------------- 

Mach Number M:  The Mach number is a dimensionless value useful for analyzing fluid flow 
dynamics. The Mach number can be expressed as M = v / c    
Where M = Mach number, v = fluid flow speed (m/s), c = 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  
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If the Mach number > 5, the flow is hypersonic   (See Figure 1) 
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Fig. 1:  Shapes of nozzles and diffusers in subsonic and supersonic regimes 
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The flow of ideal gas through three different nozzles is shown in Figure 3 & 4.  The nozzle 

discharges into a plenum chamber, in which the pressure is  Pb  can be regulated.  Let Pe be 

the exit pressure just at the exit cross-section of the nozzle.  When Pb is reduced, gas is drawn 

through the nozzle.  As Pb is reduced more, the mass flow rate of gas increases and the 

velocity increase.  The value of the velocity is the highest at the minimum area, and this canôt 

be higher than the critical value i.e. when the velocity reaches the velocity of sound.   

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

   
 ╟ᶻ

╟▫
 
▓

▓
▓
     

 (1) 

Where             P* is the critical pressure        k0 

  Po is the stagnation pressure   k0 

  k is the specific heat ratio 

  For air k = 1.4, and thus   ὖᶻ πȢυςψὖ 

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

 ╥◄
▓╡╣▫
▓

╟◄
╟▫

▓
▓
       □Ⱦ▼ (2) 

Where To and Po are the temperature and pressure in the nozzle chest, and  Pt  is the pressure 

at the throat.  

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

 □◄ ═◄z ╟▫ᶻ
╟◄
╟▫

▓ ▓

▓ ╡z ╣z▫
ᶻ

╟◄
╟▫

▓
▓
     ▓▌▼ ϳ  (3)  
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Where: 

╣▐►▫╪◄ ═►▄╪ ═◄
Ⱬ
▀▪ ▀▬ȟ      □  (4) 

 

Ὅὲ ὸὬὭί ὶὩὰὥὸὭέὲ ὸὬὩ ὴὶὩίίόὶὩ Ὥί Ὥὲ Ὧὖὥȟ Ὕ Ὥὲ ὑ   ὥὲὨ       2  πȢςψχ Ë*ȾËÇ+  

 

 

 

 

 

24.0 APPARATUS 

A General View and schematic layout of the apparatus is shown in figure 3 and figure 4.  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 nozzle. To enable the pressure distribution through the nozzle to be 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 search tube is 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 being measured.  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 chest (Po) and a thermometer for 

indicating the temperature of air in the chest. (See Figure 3) 
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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 return the search tube (pressure probe) to its upper 

limit, the pressure gauge should indicate the inlet chest pressure. 

3. Open the inlet throttling valve by adjusting the chest gage pressure to 300 kPa.   

4. Start record the probe pressure at several locations along the nozzle axis by rotating 

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 and re-adjusted to initial setting if necessary. 

6. Record probe pressure at each of the locations shown on the nozzle. 

7. At the end of the traverse, search tube should be returned to the upper position.      

8. Repeat for other values of chest pressure, 400, and 500 kPa.  

9. Check that the pressure at the throat is not lower than that for the condition of choking 

(critical condition). 
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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 = ________ ᴈ 

P
a
rt

 

P
ro

b
e
 

P
o

s
it

io
n

   

 

X/L 

Chest pressure  Po (gage) 

Po = ------- kPa      Po = ------- kPa Po = -------- kPa 

Position Pressure,  Pp, kPa 

N
o

z
z
le

 

7 0.0    

8 0.25    

9 0.5    

10 0.75    

11 1.0    

P
a
ra

ll
e

l 
S

e
c
ti

o
n

 12 1.25    

13 1.5    

14 1.75    

15 2.0    
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16 2.25    

17 2.5    

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    

O
u

ts
id

e
  

28 5.25    

29 5.5    

30 5.75    

31 6.0    

32 6.25    

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

                         Position (11):     is the location of the throat and 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, 0.50 é6.25mm 

 

27.0 DATA ANALYSIS  

When the velocity of air reaches the velocity of sound where Mach number =1, the pressure is 

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

 

   
 ╟ᶻ

╟▫
 
▓

▓
▓
     

 

 

 P* is the critical pressure 

 Po is the stagnation pressure 

 K is the specific heat ratio 

 For air k = 1.4, and thus   ὖᶻ πȢυςψὖ 

 

For conditions other than the critical condition, the velocity at the throat is given by: 
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 ╥◄
▓╡╣▫
▓

╟◄
╟▫

▓
▓
       □Ⱦ▼   

 

To and  Po  are the temperature and pressure in the nozzle chest, and  Pt  is the pressure at the 

throat.  

 

The mass flow rate at the throat is given by: 

 □◄ ═◄z ╟▫ᶻ
╟◄
╟▫

▓ ▓

▓ ╡z ╣z▫
ᶻ

╟◄
╟▫

▓
▓
     ▓▌▼ ϳ  

 

 

╣▐►▫╪◄ ═►▄╪ ═◄
Ⱬ
▀▪ ▀▬ȟ      □  

 

Ὅὲ ὸὬὭί ὶὩὰὥὸὭέὲ ὸὬὩ ὴὶὩίίόὶὩ Ὥί Ὥὲ ὑὖὥȟ Ὕ Ὥὲ ὑ   ὥὲὨ       2  πȢςψχ Ë*ȾËÇ +  

 

 

 

 

28.0 RESULTS & DISCUSSION  

Table 2: SUMMARY OF RESULTS 

Throat Area = ________________  □  

Chest 

pressure, 

kpa, (abs.)              

Throat 

Pressure, 

kpa, (abs.)              

Mass Flow Rate  

@ Throat 

kg/s 

Velocity  

@ throat 

m/s 

Pressure 

Ratio 

Critical 

Pressure,  

kpa, (abs.) 

        

      

      

 

1. For different values of chest pressure, plot the absolute pressure with the probe 

position along the nozzle (X/L ). 
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2. For different values of pressure ratio across the nozzle, plot the mass flow rate with 

the pressure ratio. 

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

4. Write your own opinions about the results.  

5. What might be the possible causes of errors in this experiment? Discuss about whether 

the results are acceptable or not? 

6. The diameter of the pressure probe is 3.33 mm, what is the effect of the probe 

diameter on the measured pressure distribution? Does it really represent the pressure 

distribution in the nozzle or a different one? 

7. What is the percentage error involved in calculating the mass flow rate? 

8. How would you explain the pressure drop downstream of the nozzle exit? 

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

 

NOTE:  This page is intentionally left blank to identify your important notes 
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Experiment 5 

COOLER IRA AND PUMP HEAT 

 

1. OBJECTIVE  

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

Á Evaluate the coefficient of performance (COP) when operating as a heat pump. 

Á 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 components, however, it is 

their objectives that differentiate between them.  In an air cooler, or a refrigerator, the heat 

extracted from the air, ὗ  (absorbed by the refrigerant in the evaporator) is the required 

cooling effect.   

However, the heat rejected to the circulating water in the condenser, ὗ  although necessary, 

is not the objective.  

 On the other hand, the heat pump utilizes the heat absorbed from a low-temperature source to 

maintain a heated space at a higher temperature, thus ὗ  is the required heating effect.   

The theoretical model with which such a device is compared in order to evaluate its 

performance is the reversible simple refrigeration cycle shown in Figure 1.  

 Such a cycle takes in heat isothermally from a reservoir at temperature Ὕ and rejects heat 

isothermally to another reservoir at temperature Ὕ.  The intervening processes are adiabatic 

reversible expansion and compression processes. (See Figure 1) 
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Fig. 1: Reversible Simple Refrigeration Cycle 
 

The coefficient of performance of the machine when operating as an air cooler is     

╒╞╟╡
╠╛
╔╒

╠╛
╠╗ ╠╛

 (1) 

And when operating as a heat pump is  

╒╞╟╗╟
╠╗
╔╒

╠╗
╠╗ ╠╛

 (2) 

However, the numerical values will be less than those corresponding to the ideal reversible 

engine. For an ideal reversible engine the heat transfer ratio ὗȾὗ  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  

╒╞╟╡
╣╛

╣╗ ╣╛
 (3) 

And for a reversible heat pump the COP is 

╒╞╟╗╟
╣╗

╣╗ ╣╛
 (4) 

 

Note that in all cases,   ὅὕὖρ and   ὅὕὖ ὅὕὖ ρ  
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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 water pipes.  (See 

Figure 2) 

 
Fig. 2: Apparatus - General View  

  

The air conditioner unit  is completely self-contained and consists of a hermetically 

sealed * refrigeration system driven by a 0.4 kW motor, a refrigerant-to-water heat exchanger, 

a refrigerant-to-air heat exchanger, reversing valve, fan and motor, condensate collector and 

electrical controls. The air to be conditioned enters by way of the finned, refrigerant-to-air 

heat exchanger, passes through the centrifugal fan which is driven by a motor immersed in the 

air flow.  The air is then discharged to a duct of circular cross-section 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 exchanger and drained off to a measuring vessel. 

The control console unit carries 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 conditioner, an inclined manometer for use with the Pitot tube 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 water since, if the temperature of the water on entry to the conditioner falls 

below about 10̄ C, there is a likelihood of freezing taking place. 

 * refrigerant: R22, Chlorodifluoromethane CHClF2,The boiling point of R22 is -40.8 ̄ C 
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The following instruments are provided: 

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

2. Multipoint digital temperature indicator. 

3. Whirling psychometer for measurement of relative humidity of air entering and 

leaving the conditioner. 

4. Pitot-static tube and inclined manometer for measurement of air flow. 

5. Cooling water flowmeter. 

6. Graduated collecting vessel for condensate. 

7. Thermocouples for temperature measurement 

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

sink and air as a source in cooling mode. 

 

3. 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 10̄C and the machine 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. 

2. Select cooling or heating as desired and switch on the compressor and fan.  It takes 

between thirty 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 more than 0.3̄C. 

3. 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 subtracting this 

reading from the reading for both the fan and the compressor. 

4. 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 that it is whirled for a sufficiently long period (about thirty seconds) to 

give steady readings. 

5. The relative humidity can be then used to find the humidity ratio w, with 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.   

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

on the relative 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 

T2 Air at discharge 

__________________ 

T3 Circulating water at inlet 

T4 Circulating water at discharge 

                      Heat Pump            Air Cooler__ 

T5 Compressor         Discharge  Inlet 

T6 Compressor         Inlet  Discharge 

T7 Refrigerant-to-water heat exchanger       Discharge               Inlet 

T8 Refrigerant-to-water heat exchanger       Inlet                        Discharge 

T9 Refrigerant-to-air heat exchanger      Inlet             Discharge 

T10 Refrigerant-to-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 atmosphere, 0  If H mm 

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

□╪ Ȣ
╗ ╟╪
╣

      ▓▌▼ϳ (5) 

 

Where               Ὄ: Manometer reading in mm H2O  

                        ὖ: Atmospheric pressure in N/m2  

                        Ὕ: Air temperature at discharge in K 
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 APart  

Heat Pump 
 

1. THEORY 

The machine arrangement when operating as a Heat Pump is shown in Figure 1.         The 

Figure shows the theoretical circuit of apparatus in heating mode, drawing energy from the 

circulating water and delivering it to the air. The compressor delivers refrigerant under 

pressure and at high temperature to the refrigerant-to-air heat exchanger, where heat is 

transferred to the air and the refrigerant condenses in the process. The refrigerant then passes 

through a restriction tube to the low pressure side of the circuit and to the refrigerant-to-water 

heat exchanger where it evaporates, taking up heat from the circulating water. It then returns 

to the compressor. (See Figure 1 & 2)  

 

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, see Figure 2 is the same as for 

the air cooler and may be written as: 

ὗ Ὁ Ὁ ὗ  

Where 

  ὗ ά  Ὤ Ὤ  ά ὅ Ὕ Ὕ   

  ὗ ά  Ὤ Ὤ ά  ὡὬ ὡὬ   

ά  = Mass flow rate of dry air (exchange heat with condenser) 

ά  = Mass flow rate of water (exchange heat with evaporator) 

Ὤ ὥὲὨ  Ὤ  = Enthalpy of dry air at inlet and exit (from psychometric chart) 

ὡ ὥὲὨ  ὡ  = Humidity ratio of air at inlet and exit (from psychometric chart) 

Ὤ  ὥὲὨ Ὤ   = Enthalpy of water vapor in air at inlet and exit  

(Ὤ Ὤ  ὥὲὨὬ Ὤ From steam table)  

Ὁ   Electrical input to the compressor 

Ὁ  Electrical input to the fan  
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The coefficient of performance may be defined in two different ways: 

The external coefficient of performance 

╒╞╟╗╟ȟ   ╔  
□╪ ▐ ▐ □╪ ╦ ▐○ ╦ ▐○ 

╔╒ ╔╕
 (1) 

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

temperatures is: 

The max coefficient of performance  

╒╞╟╗╟ȟ   □╪●
╣ ╣ Ⱦ

╣ ╣ Ⱦ ╣ ╣ Ⱦ
 (2) 

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 chargeable to the heat pump and appears 

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

coefficient:  

 

╒╞╟╗╟ȟ   ╘  
□╪ ▐ ▐ □╪ ╦ ▐○ ╦ ▐○ ╔╕

╔╒
 (3) 

This may be compared with an ideal performance based upon the temperature difference 

across the refrigerator circuit 

The ideal max coefficient of performance 

╒╞╟╗╟ȟ░▀▄╪■ □╪●
╣

╣ ╣
 (4) 

Where the temperatures in these equations are in Kelvin 

In a real machine such as the present one, the coefficient of performance falls short of the 

ideal for a number of reasons, the most important are: 

- Electrical and mechanical losses in both 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 air forming the source and 

sink. 
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2. OBSERVATIONS 

Table 1: DATA  OBSERVED 

Experiential Temperatures 

Location Tem p. ᴈ Value 

Air in 

Inlet Dry Bulb Temp. Ὕȟ Ὕ  

Inlet Wet Bulb Temp. Ὕȟ   

Air out 

Exit Dry Bulb Temp. Ὕȟ Ὕ   

Exit Wet Bulb Temp. Ὕȟ    

Water 

inlet 4  

outlet 4  

Compressor 

outlet 4  

inlet 4  

Evaporator 

outlet 4  

inlet 4  

Condenser   

inlet 4  

outlet  4   

Condensate Temp. at Discharge 4  

 

Manometer Reading H mm H2O   

Mass Flow Rates  

Circulating Water  ά  ὰάὭὲϳ   

Condensate at Discharge  ά  άὰάὭὲϳ   

Dry Air ά  ὯὫὛϳ   

Power Consumed  

Total  Power Ὁ  Ë7  

Compressor Power Ὁ Ë7  

Fan  Power Ὁ Ë7  
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3. RESULTS & DISCUSSION  

 

 

  Table3: SUMMARY OF RESULTS 

Item ╒╞╟═╒) I ╒╞╟═╒) E ╒╞╟═╒) max ╒╞╟═╒) I, max 

Value    
 

 

 

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

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. 

ἵἩ Ȣ
ἒϽ ἜἩ
ἢ
      ἳἯἻϳ 

And the velocity correction UU 96.0=  

4. Discuss any discrepancy and the possible causes of errors in this experiment.  

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

results are acceptable or not? 

 

Table 2: ENTHALPIES  

Item Symbol Unit  Value 

Dry air entering conditioner Ὤ ὯὐὯὫϳ   

Dry air leaving conditioner Ὤ ὯὐὯὫϳ   

Water vapor entering conditioner Ὤ  ὯὐὯὫϳ   

Water vapor leaving conditioner Ὤ  ὯὐὯὫϳ   

Condensate Ὤ ὯὐὯὫϳ   

Humidity ratio of air at inlet ὡ  ὯὫὯὫϳ   

Humidity ratio of air at exit ὡ  ὯὫὯὫϳ   

Mass flow rate of dry air □╪ ὯὫίϳ  
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 BPart  

Air Cooler 
 

1. THEORY 

The machine arrangement when operating as an Air Cooler is shown in Figure 1.       The 

figure shows the theoretical circuit in cooling mode. The direction of flow is now reversed. 

The refrigerant passes from the compressor to the refrigerant-to-water heat exchanger, where 

it gives up heat to the cooling water, subsequently passing through the reducing valve to the 

refrigerant-to-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& 2) 
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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 2, as 

 ὗ Ὁ Ὁ ὗ  

Where: 

ὗ ά  Ὤ Ὤ  ά ὅ Ὕ Ὕ  

ὗ ά  Ὤ Ὤ ά  ὡὬ ὡὬ  ὗ  

ὗ ά ὅ Ὕ 

ά  = Mass flow rate of dry air (exchange heat with evaporator) 

ά  = Mass flow rate of water (exchange heat with condenser) 

ά  = Mass flow rate of condensate water from the air stream  

Ὤ ὥὲὨ  Ὤ   = Enthalpy of dry air at inlet and exit (from psychometric chart) 

ὡ ὥὲὨ  ὡ  = Humidity ratio of air at inlet and exit (from psychometric chart) 

Ὤ  ὥὲὨ Ὤ  = Enthalpy of water vapor in air at inlet and exit  

(Ὤ Ὤ  ὥὲὨὬ Ὤ From steam table)  

 Ὕ  ÔÅÍÐÅÒÁÔÕÒÅ ÏÆ ÃÏÎÄÅÎÓÁÔÅ ×ÁÔÅÒ 

Ὁ     Electrical input to the compressor 

Ὁ  Electrical input to the fan  

 

The coefficient of performance may be defined in two different ways: 
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The external coefficient of performance 

ὅὕὖȟ    
ά  Ὤ Ὤ ά  ὡὬ ὡὬ  ά ὅ Ὕ

Ὁ Ὁ
 (1) 

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

temperatures is:  

The max coefficient of performance  

╒╞╟╗╟ȟ   □╪●
╣ ╣ Ⱦ

╣ ╣ Ⱦ ╣ ╣ Ⱦ
 (2) 

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. This leads to the internal 

coefficient:  

╒╞╟═╒ȟ   ╘  
□╪ ▐ ▐ □╪ ╦ ▐○ ╦ ▐○ □╒╒╟◌╣╒ ╔╕

╔╒
 (3) 

 

The ideal max coefficient of performance 

This may be compared with an ideal performance based upon the temperature difference 

across the refrigerator circuit  

╒╞╟╗╟ȟ░▀▄╪■ □╪●
╣

╣ ╣
 (4) 

Where the temperatures in these equations are in Kelvin 

 

In a real machine such as the present one, the coefficient of performance falls short of the 

ideal for a number of reasons, the most important are: 

- Electrical and mechanical losses in both 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 air forming the source and 

sink. 

 

2. OBSERVATIONS 
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Table 1: DATA  OBSERVED 

Experiential Temperatures 

Location Temp. ᴈ Value 

Air in 

Inlet Dry Bulb Temp. Ὕȟ Ὕ  

Inlet Wet Bulb Temp. Ὕȟ   

Air out 

Exit Dry Bulb Temp. Ὕȟ Ὕ   

Exit Wet Bulb Temp. Ὕȟ    

Water 

inlet Ὕ  

outlet Ὕ  

Compressor 

inlet Ὕ  

outlet Ὕ  

Condenser  

inlet Ὕ  

outlet Ὕ  

Evaporator 

outlet Ὕ  

inlet Ὕ   

Condensate Temp. at Discharge ἢἍ  

 

Manometer Reading H mm H2O   

Mass Flow Rates  

Circulating Water  ά  ὰάὭὲϳ   

Condensate at Discharge  ά  άὰάὭὲϳ   

Dry Air ά  ὯὫὛϳ   

Power Consumed  

Total  Power Ὁ  Ë7  

Compressor Power Ὁ Ë7  

Fan  Power Ὁ Ë7  
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3. RESULTS & DISCUSSION 

 

Table3:COP RESULTS 

Item ╒╞╟═╒) I ╒╞╟═╒) E ╒╞╟═╒) max ╒╞╟═╒) I, max 

Value    
 

 

 

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

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. 

ἵἩ Ȣ
ἒϽ ἜἩ
ἢ
      ἳἯἻϳ 

And the velocity correction UU 96.0=  

4. Discuss any discrepancy and the possible causes of errors in this experiment.  

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

results are acceptable or not? 

 

Table 2: ENTHALPIES  

Item Symbol Unit  Value 

Dry air entering conditioner Ὤ ὯὐὯὫϳ   

Dry air leaving conditioner Ὤ ὯὐὯὫϳ   

Water vapor entering conditioner Ὤ  ὯὐὯὫϳ   

Water vapor leaving conditioner Ὤ  ὯὐὯὫϳ   

Condensate Ὤ ὯὐὯὫϳ   

Humidity ratio of air at inlet ὡ  ὯὫὯὫϳ   

Humidity ratio of air at exit ὡ  ὯὫὯὫϳ   

Mass flow rate of dry air □╪ ὯὫίϳ  
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Fig. 2: Psychometric Chart (Basics)  

 



THE UNIVERSITY OF JORDAN                                      
SCHOOL OF ENGINEERING                                             Department of Mechanical Engineering  

 

 

Thermodynamics Lab.                                                                                          Page 56 of 106 

     
 

 



THE UNIVERSITY OF JORDAN                                      
SCHOOL OF ENGINEERING                                             Department of Mechanical Engineering  

 

 

Thermodynamics Lab.                                                                                          Page 57 of 106 

     
 

SATURATED STEAM - TEMPERATURE TABLE 

Enthalpy 
kJ/kg  

Spec. vol. 
m 3/kg 

  

Sat vap. 
hg 

Sat. liq. 
hf 

Sat. Vap. 
vg 

Sat liq. 
vf 

X1000 

P 
bar 

 

T 
oC 

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

REFRIGERATION LABORATORY  

(UNIT - R714) 
 

1. OBJECTIVE  

Á To study the performance of an actual vapor compression refrigeration cycle, and 

perform energy balances on its different components [i.e. Evaporator, Compressor, 

and Condenser]. 

Á To evaluate the coefficient of performance using Direct Measurements. 

Á To evaluate the coefficient of performance using Enthalpy Change Rate after 

drawing the refrigeration cycle on the (P-h) diagram, and to determine the state of 

refrigerant at the ending of various processes. 

2. INTRODUCTION & THEORETICAL BACKGROUND 

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

usage. A domestic refrigerator or any refrigeration system work on the vapor compression 

cycle. A Refrigeration Unit 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 Refrigeration Unit being used in 

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

transfer heat from electric heater source evaporator to a water cooled condenser. (See Figure 1) 

 

Fig. 1: Basic Vapor Compression Cycle 
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The Hilton Refrigeration Unit R-714 is a vapor compression cycle unit utilizing a small work 

input to transfer heat from electric heater source evaporator to a water cooled condenser. All 

relevant temperatures, pressures and power inputs are measured enabling the complete cycle 

to be investigated both diagrammatically and numerically.  

1- Ideal Vapor-Compression Cycle 

The vapor compression cycle has four components: evaporator, compressor, condenser, and 

expansion (or throttle) valve. In an ideal vapor-compression 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 space. The ideal vapor compression cycle consists of four processes. (See 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 heat addition in the evaporator 

Component        Process             First Law Result  

Compressor       s = Const.         # #( )W m h hin = -2 1  

Condenser        P = Const.         # #( )Q m h hH = -2 3  

Throttle Valve  Ds > 0         h h4 3=        #Wnet=0        #Qnet=0                                                

Evaporator        P = Const.          # #( )Q m h hL = -1 4   

 

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

An actual vapor-compression 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. The COP decreases as a result 

of irreversibilities. DIFFERENCES: Non-isentropic compression, superheated vapor at 

evaporator exit Subcooled liquid at condenser exit, Pressure drops in condenser and 

evaporator. (See Figure 3) 

 

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

This experiment will be conducted on the Hilton Computer-Linked Refrigeration Laboratory 

Unit No. RC 714.  This unit operates on R 134 a Tetrafluoroethane        (CF3 CH2F). A fully 

instrumented refrigerant *R134a vapor 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 cooling water 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, evaporator pressure, refrigerant and cooling 

water flow rates, evaporator and motor power, motor torque and compressor speed. (See 

Figure 4 & 5) 

 

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

 

*  The chemical properties of HFC-134a are listed below: 

    Chemical Name: Tetrafluoroethane 

    Molecular Formula: CH2FCF3 

    Molecular Weight: 102.0  
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     Chemical Structure:  

     Boiling Point:  at 1 atm (101.3 kPa or 1.013 bar):  ï26.1°C 

 

Fig. 5: Refrigeration Laboratory  Unit  No. RC 714 - Schematic Layout  
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4. PROCEDURE  

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

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

2. Switch ON the main switch located at the side of control panel. 

3. For the spring scale, level the arm to the pointer. Record the initial value of it. 

4. Turning the water control valve on the flow meter to get the desire flow rate. 

5. Switch ON the compressor. 

6. Adjust the heat power regulator to get to desired condenser pressure. 

7. The spring scale now will move down and not level to the pointer. Loose the knob and 

pull the holder to adjust back to previous position. 

8. Let the machine to run about 10 minutes. 

9. Wait until readings reach steady state (After 10 minutes), then start recording data and 

records down all readings. 

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

switch and turn off the cooling water.  

*  At  least perform two runs for  different  evaporator load  
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5. OBSERVATIONS 
 

Table 1: DATA  OBSERVED 

Test: Constant Condenser Pressure                          Atmospheric Pressure: _______╚▬╪ 

SERIES No. Parameter 1 2 3 UNITS 

Refrigerant 

HFC134a 

1 Condenser Pressure, Pc   (abs.)*     ËÐÁ 

2 Evaporator Pressure, Pe   (abs.)*     ËÐÁ 

3 Compressor Suction Temp. (t1)    ᴈ 

4 Compressor Delivery Temp. (t2)    ᴈ 

5 Refrigerant Leaving the Cond. (t3)     ᴈ 

6 Evaporator Inlet Temp. (t4)    ᴈ 

7 R134a flow rate,  ά     ÇÓϳ 

 

 

Water 

Condenser 

Cooling 

8 Cooling water inlet Temp. (t5)    ᴈ 

9 Cooling water outlet Temp. (t6)    ᴈ 

10 Water flow rate,  ά  30 20 10 ÇÓϳ 

 
11 Evaporator Heat Input, 1 Ὡ    7ÁÔÔ 

12 Motor Input, 1 ά    7ÁÔÔ 

13 Spring Balance Force (F)    . 

14 Compressor Speed (nc )     ÒÐÍ 
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15 Motor Speed (nm= 1.98 x nc)    ÒÐÍ 

*Note: pressures must be converted to absolute values in order to locate the states on    p-h 

diagram [Pabs. = Pgage+Patm]   & [ 1 bar ḙ100 kPa] 

 

6. DATA ANALYSIS 

1- Compressor 

╒▫□▬►▄▼▼▫► ╢▐╪█◄ ╟▫◌▄►╟▼ ╣ ⱷ ╕ ►
Ⱬ ▪╒ Ȣ

 (1) 

 

╒▫□▬►▄▼▼▫► ╕►░╬◄░▫▪ ╟▫◌▄► ╟█ ╕█ ►
Ⱬ ▪╒ Ȣ

 (2) 

 

╒▫□▬►▄▼▼▫► ╘▪▀░╬╪◄▄▀ ╟▫◌▄►╟░ ╟▼ ╟█ (3) 

      

Where   &:       Force measured by the local cell. 

            &:      Typical compressor friction force = 5 N, this is the spring balance load      

                       determined by running the compressor with suction valve closed. 

              Ò:      Torque arm radius = 0.165 m 

            Î:      Compressor rpm. 

 

╒▫□▬►▄▼▼▫► ╟▫◌▄► ░▪▬◊◄ █►▫□ ▄▪◄▐╪■▬◐ ╬▐╪▪▌▄ ►╪◄▄  

           ╟▐ □► ▐ ▐      
(4) 

 
 

╗▄╪◄ ■▫▼▼▄▼ █►▫□ ◄▐▄ ╬▫□▬►▄▼▼▫► 
╠►╪▀╬▫▪○╟▼ □╡ ▐  ▐  

(5)  

 

 

2- Evaporator 
 

╔○╪▬▫►╪◄▫► ╛▫╪▀ █►▫□ ▄■▄╬◄►░╬ □▄╪▼◊►▄□▄▪◄ 
╠ ▄ȟ  Obtained from digital wattmeter  

(6)  

 

╔○╪▬▫►╪◄▫► ■▫╪▀ █►▫□ ▄▪◄▐╪■▬◐ ╬▐╪▪▌▄ ►╪◄▄ 
 ╠ ▄ȟ □► ▐ ▐  

(7)  

 

3- Condenser 
 

 ╒▫▪▀▄▪▼▄► ■▫╪▀ █►▫□ ▐▄╪◄ ◄►╪▪▼█▄► ◄▫ ╬▫▫■░▪▌ ◌╪◄▄►  
 ╠ ╬ȟ □◌ ╒▬◌◄ ◄  

(8)  
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╒▫▪▀▄▪▼▄► ■▫╪▀ █►▫□ ▄▪◄▐╪■▬◐ ╬▐╪▪▌▄ ►╪◄▄  ╠ ╬ȟ □► ▐ ▐     (9)  

 

4- Coefficient of performance 

╒╞╟╡ȟ╪╬◄
╠╛
╦╬▫□

□► ▐ ▐

□► ▐ ▐
 (10)  

 

Determine location of state points: 

No.1     is located by intersection of Pe Bar abs. and t1  (in superheated region)  

No.2     is located by intersection of Pc Bar abs. and t2  (in superheated region)  

No.3     is located by intersection of Pc Bar abs. and t3  (in subcooled region) 

No.4    is located by dropping a vertical line from point 3 to the intersection with the Pe line, 

assumed adiabatic process.                 

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

and Pe and Pc are horizontal lines of constant pressure. (See Figure 6) 

 

Fig. 6: Pressure - Enthalpy Diagram (Basics) 
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7. RESULTS & DISCUSSION   

Table 2: SUMMARY OF RESULTS 

No. Compressor Evaporator Condenser COP 

p
a

ra
m

e
te

rs
 

╟▼  ἜἮ Ἔἱ ╟▐ ἝἺἩἬἫἷἶἾ Ἕ ▄ȟ ╠ ▄ȟ Ἕ ╬ȟ Ἕ ╬ȟ ἍἛἜἠȟἩἫἼ 

1 
          

2 
          

3 
          

 

1. Sketch the refrigeration cycle on the p-h diagram of R-134a with actual property 

values at all points. 

2. Find h1, h2, h3, and h4. [You may find h3, and then set h4=h3] 

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

a) By using p-h diagram. 

b) By using ǌDirect Measurementsǌ. 

4. Calculate the 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 or decrease with the evaporator temperature 

TE increase? 
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Experiment 7 

SINGLE STAGE AIR COMPRESSOR 
 

8. OBJECTIVE  

Á 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. 

 

 
Fig. 1: Basic Reciprocating Compressor 

Compressors are classified depending on the mechanical means used to produce compression 

of the fluid; the main 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 compressor are that it can achieve high pressure 

(but at comparatively low mass flow rates). 

1- Single-acting vs. Double-acting Compressors 

A single-acting compressor (Figure 2-A) has inlet and discharge valves on one side of the 

cylinder, and so only one side of the piston is active. A double-acting compressor (Figure 2-

B) has inlet and discharge valves on both sides of the cylinder.  This gives two compression 

cycles for every turn of the crankshaft. As the piston goes in a given direction, air is 

compressed on one side and the suction is created on the other one. During the return stroke, 

the same thing occurs with the sides reversed. (See Figure 2)  
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(A)                                           (B) 

Fig. 2: Single-acting vs. Double-acting Compressors 

 

2- Single stage vs. Multi  stage Compressors 

In a single stage compressor (Figure 3-A), the air is drawn into a cylinder and compressed to a 

certain pressure and then sent to the storage tank. In Multi stage compressor (Figure 3-B) and 

to avoid unacceptable reductions 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 storage tank, the air is sent via an intercooler tube and 

compressed a second time and finally it is sent to the storage tank. (See Figure 3) 

 

(A) 

(B) 

Fig. 3: Single Stage vs. Multi  Stage Compressors 
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1- Basic theory of air  compressor  

When the piston moves from BDC to TDC air gets compressed, as a result, pressure increases 

and therefore volume decreases. The work done to compress the air converted to heat energy 

in the air so that, the air temperature is increased. 

Isothermal Compression 

During compression, if  all the heat generated is taken by cylinder wall then it is called 

Isothermal compression. Here, further temperature rise is avoided and the compression is 

taking place at constant temperature. The relationship between the pressure and volume would 

follow Boyles law (PV= C). 

Adiabatic Compression 

During compression, if  there is no heat transfer from the compressed air, then all the work 

done during compression would appear as stored heat energy. This is known as the Adiabatic 

compression and the relationship between pressure and volume would be PVk = C, (k = 1.4 

for air).   

Polytropic Compression 

The actual compression process in an air compression is between the isothermal and the 

adiabatic and is referred to as Polytropic compression. And the relationship between 

pressure and volume is PVn = C, where n is a value of about 1.25-1.35. (See Figure 4) 

 
Fig. 4: Compression Types 
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2- PV Diagram with  Explanation  

@ Point (3): The piston is at TDC & the cylinder volume is smallest, (Clearance Volume - 

VC), with a pressure P2, and temperature T2. 

(3  4): Expansion: The piston is start moving down from TDC, (Air  is expand 

polytropcally (PVn = C), pressure & temperature of air decreases, and volume increases, with 

suction valve still closed. 

@ Point (4): The suction valve open and air starts to enter the cylinder. 

(4  1): Intake (Suction): Air  is drawn into the cylinder from the atmosphere at constant 

pressure P1.  

@ Point (1): The piston is at BDC & the cylinder volume is greatest, (Swept Volume ïVs), 

with a pressure P1, and temperature T1. 

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

polytropcally (PVn = C), pressure & temperature of air increases, and volume decreases, with 

the delivery valve still closed. 

@ Point (2): Air  is completely compressed with pressure = P2, volume = Vc, and temperature 

= T2, the delivery valve open and air starts to leave the cylinder.  

 

 



THE UNIVERSITY OF JORDAN                                      
SCHOOL OF ENGINEERING                                             Department of Mechanical Engineering  

 

 

Thermodynamics Lab.                                                                                          Page 76 of 106 

     
 

(2  3): Delivery: Compressed air is delivered out of the cylinder to the receiver at constant 

pressure P2. (See Figure 5) 

 
10. APPARATUS 

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

compressor is driven by an electric motor / dynamometer. The speed is recorded by signals 

from a magnetic transducer whose output is fed to a digital tachometer which shows the RPM 

time and total revolutions. The compressed air-is stored in a receiver and a throttling valve 

permits the air pressure to be controlled. (See Figure 6 & 7) 

 
   Fig. 6: Single Stage Air  Compressor - General View  

   

 

 

 

 

 

 

 

Fig. 5:  PV Diagram with  Explanation 
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Fig. 7: Single Stage Air  Compressor - Schematic Layout  
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11. PROCEDURE  

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

2. Turn   on the main switch  

3. Revolve the speed wheel gradually to speed of about 530 rpm.  

4. Wait receiver to approaches the desired pressure. 

5.  Open the throttling valve gradually; the manometer reading should indicate the 

pressure head. 

6. By opening the throttling valve, check that manometer reading is not lower than 5 mm 

pressure head, for 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 which will 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 of compressor speed and air receiver pressure.  

11. At the end of the test, revolve speed wheel gradually to return speed to the zero speed.  
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12. OBSERVATIONS 
 

Table 1: TECHNICAL DATA  

NO. Item Value Unit  

1 Number of Cylinders, Î 2  

2 Bore, Â 66.7 mm 

3 Stroke, 3 63.5 mm 

4 Diameter of the Orifice, Ä 11 mm 

5 Spring Calibration, 30# 20 kpa/mm 

6 Torque Arm Radius, 4ÁÒ 220 mm 

7 Speed Ratio, motor/compressor, 3:1  

 

 
Table 2: DATA  OBSERVED 

NO. Measured Parameter Value Unit  

1 Barometric Pressure, P1  kpa 

2 Ambient Temperature,T1  ᴈ 

3 Motor Speed, N1  rpm 

4 Motor Voltage, V  V 

5 Motor Current, I  A 

6 Dynamometer Force, F  N 

7 Manometer Readingȟ(   mm H2O 

8 Compressor Air Inlet Temperature, T1  ᴈ 

9 Compressor Air Outlet Temperature, T2  ᴈ 

10 Air Receiver Temperature, T5  ᴈ 

11 Air Nozzle Temperature, T6   ᴈ 

12 Air Receiver Gauge Pressure, P2  kpa 

13 Diagram Area, A  mm2 

14 Diagram Length, L  mm 
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13. DATA ANALYSIS  

1- Work  Calculations 

  ἙἷἼἷἺ ἱἶἸἽἼἭἴἭἫἼἺἱἫἩἴ ἸἷἿἭἺȟ         ἥἩἼἼ 

╦╔ ╥ ╘ (1) 

6 ÍÏÔÏÒ ÖÏÌÔÁÇÅȟςςπ 6ÏÌÔ 

) ÍÏÔÏÒ ÃÕÒÒÅÎÔ ȟÉÎ !ÍÐÅÒÅ 

ἙἷἼἷἺ ἷἽἼἸἽἼἙἭἫἰἩἶἱἫἩἴ  ἸἷἿἭἺȟ ἥἩἼἼ 

╦□
╕ ╝

╚
 (2) 

& ÍÏÔÏÒ ÆÏÒÃÅȟÉÎ .  

.ρ ÍÏÔÏÒ ÓÐÅÅÄȟÉÎ ÒÐÍ 

+ ÃÏÎÓÔÁÎÔτσȢτρ 

ἍἷἵἸἺἭἻἻἷἺ ἱἶἸἽἼ ἸἷἿἭἺȟἱἶ ἥἩἼἼ 

╦╒░▪ Ȣ ╦□ (3) 

Where 0.98 is the efficiency of the belt drive 

4ÈÅ ÍÅÁÎ ÅÆÆÅÃÔÉÖÅ ÐÒÅÓÓÕÒÅ developed inside the compressorȟÉÎ +ÐÁ 

ἐἺἷἵ ἱἶἬἱἫἩἼἭἬ  Ἔ ἤ ἬἱἩἯἺἩἵ 

╟□
▀░╪▌►╪□ ╪►▄╪ 

▀░╪▌►╪□ ■▄▪▌◄▐
▼▬►░▪▌ ╬╪■░╫►╪◄░▫▪

═□□

╛□□
▓▬╪Ⱦ□□ (4) 

Where the diagram area is obtained by using a blanimeter device 

 ἓἶἬἱἫἩἼἭἬ ἸἷἿἭἺ ἬἭἾἭἴἷἸἭἬ ἱἶἻἱἬἭ ἼἰἭ ἫἷἵἸἺἭἻἻἷἺ     ╦╪◄◄ 

╦░▪▀
Ⱬ
╫ ╢ ▪╒ ╟□

╝
        (5) 

 

╥╢
Ⱬ
╫ ╢ ╢◌▄▬◄ ○▫■◊□▄ȟ░▪ □ ►▄○ϳ        

Â ÂÏÒÅ ÄÉÁÍÅÔÅÒȟÉÎ Í   

3 ÓÔÒÏËÅ ÌÅÎÇÔÈȟÉÎ Í  

Î ÎÕÍÂÅÒ ÏÆ ÃÙÌÉÎÄÅÒÓ 

 ἢἰἭ ἓἻἷἼἰἭἺἵἩἴ  ἸἷἿἭἺ ἬἭἾἭἴἷἸἭἬ ἷἽἼἻἱἬἭ ἼἰἭ ἫἷἵἸἺἭἻἻἷἺ 

╦░▼▫◄▐□╪ ╡ ╣ ■▪ 
╟

╟
          ╦╪◄◄ (6) 

Í ÍÁÓÓ ÆÌÏ× ÒÁÔÅ ÏÆ ÁÉÒ ÉÎ ËÇȾÓ 

2 !ÉÒ ÇÁÓ ÃÏÎÓÔÁÎÔςψχ *ËÇȢ+ϳ  

0 !ÔÍÏÓÐÈÅÒÉÃ 0ÒÅÓÓÕÒÅ ȟÉÎ ËÐÁ 

0 2ÅÃÅÉÖÅÒ 0ÒÅÓÓÕÒÅ ȟÉÎ ËÐÁȟÁÂÓÏÌÕÔÅ ÖÁÌÕÅ 
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4 !ÉÒ ÉÎÌÅÔ ÔÅÍÐÅÒÁÔÕÒÅȟÉÎ + 

6- Mass ÆÌÏ× ÏÆ ÁÉÒ ÍÅÁÓÕÒÅÄ ×ÉÔÈ ÈÅÌÐ ÏÆ ÏÒÉÆÉÃÅ ÐÌÁÔÅ ÉÎ +ÇȾÓ 

□╪ Ȣ  ▀
╗□╟

╣
       (7) 

Ä ÏÒÉÆÉÃÅ ÄÉÁÍÅÔÅÒȟÉÎ ÃÍ 

( 0ÒÅÓÓÕÒÅ ÄÉÆÆÅÒÅÎÃÅ Á ÃÒÏÓÓ ÔÈÅ ÏÒÉÆÉÃÅ ÐÌÁÔÅ ÉÎ ÃÍ (/ ÍÁÎÏÍÅÔÅÒ ÒÅÁÄÉÎÇ 

0 !ÔÍÏÓÐÈÅÒÉÃ ÐÒÅÓÓÕÒÅȟÉÎ ËÐÁ 

4 !ÔÍÏÓÐÈÅÒÉÃ ÔÅÍÐÅÒÁÔÕÒÅȟÉÎ + 

. -ÏÔÏÒ ÓÐÅÅÄȟÉÎ ÒÐÍ 

2- Efficiency Calculations 

ἙἷἼἷἺ ἏἮἮἱἫἱἭἶἫὁ  

Ɫ□▫◄▫►
╦□
╦╔

 (8) 

ἙἭἫἰἩἶἱἫἩἴ ἏἮἮἱἫἱἭἶἫὁ 

Ɫ□▄╬▐
╦░▼▫◄▐
╦╒░▪

 (9) 

ἓἻἷἼἰἭἺἵἩἴ ἏἮἮἱἫἱἭἶἫὁ 

Ɫ░▼▫
╦░▼▫◄▐
╦░▪▀

 (10) 

ἤἷἴἽἵἭἼἺἱἫ  ἏἮἮἱἫἱἭἶἫὁ 

Ɫ╥
□╪

ⱬ╪ ╥▼ ▪╒
╝

 (11) 

ὡὬὩὶὩȡ ” ὨὩὲίὭὸώ έὪ ὥὭὶȟὭὲ ὯὫά  ȟὥὲὨ    ⱬ╪
╟╪
╡ ╣╪

 

Ὅὲ ὸὬὭί ὶὩὰὥὸὭέὲ ὸὬὩ ὴὶὩίίόὶὩ Ὥί Ὥὲ ὖὥȟ Ὕ Ὥὲ ὑ   ὥὲὨ       2  ςψχ *ȾËÇȢ+  

╥▼
Ⱬ
╫ ╢ ▼◌▄▬◄ ○▫■◊□▄ȟ░▪ □ ►▄○ϳ   

ἛἾἭἺἩἴἴ ἏἮἮἱἫἱἭἶἫὁ 

Ɫ▫
╦░▼▫◄▐
╦╔

 (12) 
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14. RESULTS & DISCUSSION   

Table 2: SUMMARY  OF RESULTS 

NO. Performance Value Unit  

ἙἷἼἷἺ 

1 -ÏÔÏÒ ÉÎÐÕÔ ÅÌÅÃÔÒÉÃÁÌ ÐÏ×ÅÒ7   kW 

2 -ÏÔÏÒ ÏÕÔÐÕÔ -ÅÃÈÁÎÉÃÁÌ  ÐÏ×ÅÒ7   kW 

3 -ÏÔÏÒ %ÆÆÉÃÉÅÎÃÙ ʂ   % 

ἍἷἵἸἺἭἻἻἷἺ 

4 #ÏÍÐÒÅÓÓÏÒ ÉÎÐÕÔ ÐÏ×ÅÒ7   kW 

5 )ÎÄÉÃÁÔÅÄ ÐÏ×ÅÒ ÄÅÖÅÌÏÐÅÄ ÉÎÓÉÄÅ ÔÈÅ ÃÏÍÐȢ7   kW 

6 )ÓÏÔÈÅÒÍÁÌ  ÐÏ×ÅÒ ÄÅÖÅÌÏÐÅÄ ÏÕÔÓÉÄÅ ÔÈÅ ÃÏÍÐȢ7   kW 

7 -ÅÃÈÁÎÉÃÁÌ %ÆÆÉÃÉÅÎÃÙ  ʂ   % 

8 )ÓÏÔÈÅÒÍÁÌ %ÆÆÉÃÉÅÎÃÙʂ   % 

9 6ÏÌÕÍÅÔÒÉÃ  %ÆÆÉÃÉÅÎÃÙʂ  % 

Complete Cycle 

10 /ÖÅÒÁÌÌ %ÆÆÉÃÉÅÎÃÙʂ  % 

Flow Rate 

11 -ass Flow Rate of Air  Í   kg/s 

 

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

2. Discuss any discrepancy and the possible causes of errors of the experiment. 

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

results are acceptable or not?  

 

 

 

 

NOTE:  This page is intentionally left blank to identify your important notes 
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Experiment 8 

AIR AND WATER HEAT PUMP  

(UNIT ï R832) 
 

1. OBJECTIVE  

Á 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. 

Á Draw the actual vapor compression cycle on the P-h diagram and compare it with 

the ideal cycle. 

Á Determine the coefficient of performance of heat pump. 

Á Compare the coefficient of performance of both the air and water evaporator. 

2. INTRODUCTION & THEORETICAL BACKGROUND 

Heat pump finds applications in countless industrial, commercial and domestic situations and 

activities throughout the world. The major uses of heat pumps are in the form of air 

conditioners. Other applications are home heating in cooler climates, pool 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 air and water heat pump being 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. 
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Fig. 1: Basic Vapor Compression Cycle 

The Hilton Air and Water Heat Pump R-832 is a vapor compression cycle unit utilizing a 

small work input to transfer heat from either an air evaporator or water evaporator source to a 

water cooled condenser. All relevant temperatures, pressures and power inputs are measured 

enabling the complete cycle to be investigated both diagrammatically and numerically.  

1- Ideal Vapor-Compression Cycle 

The vapor compression cycle has four components: evaporator, compressor, condenser, and 

expansion (or throttle) valve. In an ideal vapor-compression 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 space. The ideal vapor compression cycle consists of four processes. (See 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 heat addition in the evaporator 

Component        Process             First Law Result  

Compressor       s = Const.         # #( )W m h hin = -2 1  

Condenser        P = Const.         # #( )Q m h hH = -2 3  

Throttle Valve  Ds > 0         h h4 3=    #Wnet=0    #Qnet=0                                                                 

Evaporator        P = Const.           # #( )Q m h hL = -1 4   

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

An actual vapor-compression refrigeration cycle differs from the ideal one in several ways, 

owing mostly to the irreversibilityôs that occur in various components, mainly due to fluid 

friction (causes pressure drops) and heat transfer to or from the surroundings. The COP 

decreases as a result of irreversibilityôs. DIFFERENCES: Non-isentropic compression, 

superheated vapor at evaporator exit Subcooled liquid at condenser exit, Pressure drops in 

condenser and evaporator. (See Figure 3) 

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

 

3. APPARATUS  

This experiment will be conducted on the Hilton Computer-Linked Air and Water Heat Pump 

Unit R832, see figure 3 and 4.  The unit was provided with a fully instrumented vapor 

compression heat pump operating on *R134a with an aluminum finned air source evaporator, 

high efficiency plate type condenser and similar water source evaporator. The evaporator 

source may be selected using a simple switch. Instrumentation allows investigation of heat 

transfers at each component of the refrigeration cycle. Instrumentation includes digital 

temperature indicator, condenser and evaporator pressure gauges, refrigerant flowmeter 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 pressure. Safety devices include condenser high pressure switch and 
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compressor thermal overload switch, residual current circuit breaker and a combined double 

pole main switch and overload cut out. (See figure 1 & 2) 

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

 

*  The chemical properties of HFC-134a are listed below: 

    Chemical Name: Tetrafluoroethane 

    Molecular Formula: CH2FCF3 

    Molecular Weight: 102.0  

     Chemical Structure:  

     Boiling Point:  at 1 atm (101.3 kPa or 1.013 bar):  ï26.1°C 
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4. PROCEDURE  

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

2. Select the water evaporator by pressing the evaporator change over switch down. 

3. Set the condenser gauge pressure to between 700 and 1100 kpa by adjustment of the 

condenser cooling water flow rate. 

4. Allow the unit time for all of the system parameters to reach a stable condition and fill 

up the observation sheet. 

5. Repeat the above procedures for water evaporator by switching the changeover switch 

up condition and fill up the observation sheet. 

6. Set the condenser cooling water flow rate to approximately 50 % of 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 

Refrigerant 

HFC134a 

1 Condenser Pressure, Pc   (Abs.)*     ËÐÁ 

2 Evaporator Pressure, Pe   (Abs.)*     ËÐÁ 

3 Compressor Suction Temp. (t1)    ᴈ 

4 Compressor Delivery Temp. (t2)    ᴈ 

5 Refrigerant Leaving the Cond. (t3)     ᴈ 

6 Evaporator Inlet Temp. (t4)    ᴈ 

7 R134a flow rate,  ά     ÇÓϳ 

 

 

Water 

Compressor 

Cooling 

8 Cooling water inlet Temp. (t5)    ᴈ 

9 Cooling water outlet Temp. (t6)    ᴈ 

10 Water flow rate,  ά     ÇÓϳ 

Water 

Condenser 

Cooling 

11 Cooling water inlet Temp. (t6)     

12 Cooling water outlet Temp. (t7)     

13 Water flow rate,  ά     ÇÓϳ 

Water 

Source 

Evaporator  

14 Water inlet Temp. (t8)     

15 Water inlet Temp. (t9)     

16 Water flow rate,  ά     ÇÓϳ 
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6. DATA ANALYSIS  

The heat delivered to cooling water from compressor 

╠╬□▬ □◌ ╒▬◌ ╣ ╣  (1) 

 

 

The heat delivered to cooling water from condenser 

╠╬▫▪▀□◌ ╒▬◌ ╣ ╣  (2) 

 

 

The total heat delivered to cooling water from compressor & condenser  

╠╣ ╠╬□▬ ╠╬▫▪▀ (3) 

 

 

The COP if the heat delivered to condenser is considered  

╒╞╟╗╟
╡╪◄▄ ▫█ ╗▄╪◄ ╓▄■░○▄►▄▀

╒▫□▬►▄▼▼▫► ╔■▄╬◄►░╬╪■ ╟▫◌▄► ╘▪▬◊◄

╠╬▫▪▀
╦

 (4) 

 

 

The COP if the total heat delivered is considered 

╒╞╟╗╟
╡╪◄▄ ▫█ ╗▄╪◄ ╓▄■░○▄►▄▀

╒▫□▬►▄▼▼▫► ╔■▄╬◄►░╬╪■ ╟▫◌▄► ╘▪▬◊◄

╠╣
╦

 
╠╬▫▪▀╠╬□▬

╦
 (5) 

 

 

The COP using p-h diagram and rate of enthalpy change 

╒╞╟╗╟
╠╗
╦

□► ▐ ▐

□► ▐ ▐

▐ ▐

▐ ▐
 (6) 
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Determine location of state points: 

No.1     is located by intersection of Pe Bar abs. and t1  (in superheated region)  

No.2     is located by intersection of Pc Bar abs. and t2  (in superheated region)  

No.3     is located by intersection of Pc Bar abs. and t3  (in subcooled region) 

No.4    is located by dropping a vertical line from point 3 to the intersection with the Pe line, 

assumed adiabatic process.                 

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

and Pe and Pc are horizontal lines of constant pressure. (See Figure 6) 

 
Fig. 6: Pressure - Enthalpy Diagram (Basics) 
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7. RESULTS & DISCUSSION  

Table 2: SUMMARY  OF RESULTS 

 
╠╬□▬ 

Watt 

╠╬▫▪▀ 

Watt 

╠╣ 

Watt 

╒╞╟╗╟ 

Considering 

Condenser Heat 

╒╞╟╗╟ 

Considering 

Total Heat 

╒╞╟╗╟ 

Using p-h 

Diagram 

1       

2       

 

1. Sketch the refrigeration cycle on the p-h diagram of R-134a with actual property 

values at all points. 

2. Find h1, h2, h3, and h4. [You may find h3, and then set h4 = h3] 

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

- By using p-h diagram. 

            - By using ǌDirect Measurementsǌ. 

4. Calculate the 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 or decrease with the evaporator temperature 

TE increase? 
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Experiment 9 

              THERMAL POWER PLANT 
 

8. OBJECTIVE  

Á To study and observe the performance of a small model thermal power plant in 

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

Á To evaluate the first law efficiency of each component and the whole cycle.  

 

9. INTRODUCTION &THEORETICAL BACKGROUND 

A steam power plant mainly comprises of a boiler, condenser, pump and a turbine  that is 

connected to a generator to produce electricity. It uses water as a working fluid. For electricity 

to be produced the turbine is rotated by high pressure and high temperature steam producing 

mechanical power that rotates the motor in the generator, thus converting the mechanical 

power into electricity. To ensure continuous production of steam and thus electricity, steam 

goes through a number of processes described below; this cycle is known as the Rankine 

cycle. (See figure 1) 

 
Fig. 1: Basic Ideal Rankine cycle   

 
1- The ideal Rankine cycle 

The ideal Rankine cycle does not involve any internal irreversibility's and consists of the four 

processes.  

Process (1-2): Isentropic compression in the pump. 
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Water enters the pump at state 1 as saturated liquid and is compressed isentropically to 

operating pressure of the boiler. The water temperature increases somewhat during this 

isentropic compression process due to slight decrease in the specific volume of water.  

Process (2-3): Constant pressure heat addition in the boiler.   

Water enters the boiler as a compressed liquid at state 2 and leaves as a superheated vapor at 

state 3. Heat is transferred to the water essentially at constant pressure.  

Process (3-4): Isentropic expansion in the turbine.   

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 steam are drop during this process to the values at state 4, where steam 

enters the condenser.  

Process (4-1): Constant pressure heat rejection in the condenser.  

At this state, the steam is usually a saturated liquid-vapor mixture with a high quality. Steam 

is condensed at constant pressure in the condenser by rejecting heat to the cooling tower. 

Steam leaves the condenser as saturated liquid and enters the pump, completing the cycle. 

(See figure 2) 

 

Fig. 2: The T-S Diagram of Ideal 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 components. Fluid friction and heat loss to 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 loss from the steam to the surrounding as the steam 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 process (1-2) and (3-4) are                 non-isentropic. (See 

Figure 3) 

 

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

 

10. APPARATUS 

The steam power plant apparatus is consisting of:  

Feed Pump: To force water into the boiler, by mechanical energy.  

Boiler: To convert water to steam, there are two types:  

- A fire tube boiler: In Fire-tube boilers hot flue gases pass through tubes and water 

surrounds them, like the one in our experiment. 

- A water tube boiler: In Water-tube boilers water passes through tubes and hot flue gasses 

surround them. There are many advantages 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 

smoothly. 

Steam Turbine: A Steam Turbine is a mechanical device that extracts thermal energy from 

pressurized steam and transforms it into mechanical work. 

Condenser: The condenser brings the exit steam into contact with a usually cold in order to 

remove heat and condense it back to water known as condensate.  

Cooling Tower: To decrease the temperature of the cooling water after condensing the steam 

in the condenser. The type used is cross flow tower, where the tower 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.  

▲ ╫▫░■▄►ȟ░ἶ 
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AC Electric Generator: a generator is a device that converts mechanical energy to electrical 

energy for use in an external circuit, where the source of mechanical energy is the steam 

turbine coupled to the generator. (See figure 4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Thermal Power Plant  

https://en.wikipedia.org/wiki/Electrical_energy
https://en.wikipedia.org/wiki/Electrical_energy
http://www.youtube.com/watch?v=e_CcrgKLyzc
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11. PROCEDURE  

1. Start the boiler and operate the burner.  

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

3. Start the steam turbine.  

4. A reasonable time should be allowed for warming the turbine before applying the 

load. 

5. Start the circulation water pump. 

6. 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. 
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12. OBSERVATIONS 

Table 1: DATA  OBSERVED 

Atmospheric Pressure: __________bἩἺ 

     SERIES Item Value Unit  

Fuel (Diesel) 

Consumed volume  άὰ 

Time taken  ίὩὧ 

density 880 ὯὫάϳ  

Calorific value 41400 ὯὮὯὫϳ  

Boiler Section 

Feed water temperature  T1 / ᴈ 

Exit steam temperature  T3 / ᴈ 

Exit steam pressure (abs.)  ὖȾὯὴὥ 

Mass flow rate of steam  ὯὫȾὬὶ 

Turbine Section 

Steam inlet temperature  T3 / ᴈ 

Steam exit temperature  T4' / ᴈ 

Steam inlet pressure  ὖȾὯὴὥ 

Condenser Section 

Condensate flow rate 
 

 
ά ϳὬὶ 

Condensate temperature 
 

 
T5 / ᴈ 

Condensate pressure(gauge) 
 

 
ὖȾὯὴὥ 

Cooling water inlet temperature 
 

 
Twi / ᴈ 

Cooling water exit temperature 
 

 
Two / ᴈ 

Generator Section 

Generated Voltage 
 

 
ὠέὰὸ 

Generated Current 
 

 
ὃάὴὩὶὩ 
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Torque 
 

 
ὔȢά 

Speed 
 

 
ὶὴά 

 

13. DATA ANALYSIS  

1- Energy Analysis of the Actual Rankine Cycle  

 

Fig. 6: T-S Diagram of Practical Rankine Cycle 

 

The boiler efficiency is: 

Ɫ╫
╗▄╪◄ ╪╫▼▫►╫▄▀ ╫◐ ◌╪◄▄►

╗▄╪◄ ▌░○▄▪ ╫◐ ◄▐▄ ╬▫▪▼◊□▄▀ █◊▄■
 
□▼ ▐ ▐

□█ ╘Ȣ╬Ȣ○
 (1) 

Where: ÍȡÍÁÓÓ ÆÌÏ× ÒÁÔÅ ÏÆ ÓÔÅÁÍ ÍÅÁÓÕÒÅÄ ÂÙ ÔÈÅ ÆÌÏ× ÍÅÔÅÒ 

ÍȡÍÁÓÓ ÆÌÏ× ÒÁÔÅ ÏÆ ÆÕÅÌ ÔÏ ÔÈÅ ÂÕÒÎÅÒʍ 6 

╥█  
█◊▄■ ○▫■◊□▄ ╬▫■■▄╬◄▄▀□

▄■╪▬▼▄▀ ◄░□▄ ▼▄╬
 (2) 

 

ʍȡÔÈÅ ÄÅÎÓÉÔÙ ÏÆ ÆÕÅÌ ÕÓÅÄ $ÉÅÓÅÌ ψψπ ËÇÍϳ  

Èς ÅÎÔÈÁÌÐÙ ÏÆ ×ÁÔÅÒ ÁÔ ÉÎÌÅÔ ÔÏ ÂÏÉÌÅÒ ÁÔ ÔÈÅ ÉÎÌÅÔ ÔÅÍÐÅÒÁÔÕÒÅ 

Èσ ÅÎÔÈÁÌÐÙ ÏÆ ÓÔÅÁÍ ÁÔ ÅØÉÔ ÏÆ ÔÈÅ ÂÏÉÌÅÒ ÁÔ ÅØÉÔ ÔÅÍÐÅÒÁÔÕÒÅ ÁÎÄ ÐÒÅÓÓÕÒÅ 

)ȢÃȢÖȡÌÏ×ÅÒ ÃÁÌÏÒÉÆÉÃ ÖÁÌÕÅ ÏÆ ÆÕÅÌ ÕÓÅÄ$ÉÅÓÅÌ  τρτππ ËÊËÇϳ  

The turbine efficiency is defined here as: 

Ɫ◄  
▐ ▐ᴂ

▐ ▐
 (3) 

Èτᴂ   Actual enthalpy of steam leaving the turbine  
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Èτ  Enthalpy of steam at condenser pressure if the expansion was isentropic 3σ 3τ 

To obtain Èτ you should equate the heat rejected by steam in the condenser to the heat taken 

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

□▼ ▐ᴂ ▐  □◌ ╒▬◌ ╣◌▫ ╣◌░ (4) 

Í  = The mass flow rate of cooling water through the condenser. 

#Ð = the specific heat of cooling water 4.186 ËÊËÇȢ+ϳ   

4× ÁÎÄ  4× = exit and inlet temperatures of cooling water respectively.  

The Cycle or Thermal efficiency is defined as: 

Ɫ◄▐  
╣◊►╫░▪▄ ◌▫►▓

▐▄╪◄ ╪▀▀▄▀ ░▪ ◄▐▄ ╫▫░■▄►

▐ ▐ᴂ

▐ ▐
 (5) 

 

The mechanical efficiency of the turbine / generator is: 

Ɫ□

Ⱳ ⱷ

╣◊►╫░▪▄ ▫◊◄▬◊◄

Ⱳ ⱷ

□▼ ▐ ▐
 (6) 

 

Where: ʐ is the torque .ȢÍ, and ʖ is the rotational speed, ÒÁÄÓÅÃϳ   

 

The generator efficiency is: 

Ɫ╖
╟▫◌▄► ▫◊◄▬◊◄

╟▫◌▄► ░▪▬◊◄

╥ ╘

Ⱳ ⱷ
 (7) 

Where: V and I 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 Turbine efficiency  

3 Thermal efficiency  

4 Mechanical efficiency  

5 Generator efficiency  
 

1. Draw the associated Rankine- cycle for the thermal power plant on the T-S diagram 

showing all processes  

2. Calculate the following efficiencies:  

a) Boiler efficiency 

b) Turbine efficiency  

c) Cycle efficiency 

d) Mechanical efficiency   

e) Generator efficiency   

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 

neat sketch for each.  

 

Note: to perform the required calculations each student must have his own steam tables. 
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