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[bookmark: _Toc93451463]Introduction
In today’s times, travel is especially for almost everyone. Whether you’re on your way to work or whether driving is part of your job. It has almost become essential, with cars owned for each individual on the rise across the U.K. It is increasingly important that we know and understand the importance on making efficient and reliable vehicles as well as other systems that may require an engine or turbines. The more challenged engineers become over solving issues such as thermal efficiency, the more engineers will try and find alternative solution, which provide a new outlook, this can lead to breakthroughs which can change the course for an entire industry or for cars…the entire world. 


[bookmark: _Toc93451464]Part A
(a) Air at a temperature of 32 °C and at standard atmospheric pressure is drawn into a cylinder of a spark ignition engine.  The heat energy added to the air per cycle is given as 1650 kJ/kg.
(i) Assuming an air standard Otto cycle, determine the pressure and temperature at all points of the cycle.
(Ans) Given Values:
T1 = 32 + 273 = 305K
P1 = 101,325Pa
Qin or Q23 = 1650kJ/kg
rv = 8.5:1
cv = 718 J/kg K
Note: That the compression ratio (rv) is equal to V1:V2 and V4:V3
Therefore, V1 = 8.5
V2 = 1
V3 = 8.5 
V4  = 1
So, using the equation.

Transposed to make T2 the subject and substitute values in.


Now that T2 and V2 are known, P2 can be found using the combined gas law equation as shown below.

This can be transposed to make P2 the subject and substitute the values provided/calculated in.


Now, to find T3, use the following equation.

This can be transposed to make  the subject and substitute the values in.


T3 will then equal  as shown in the equation below.


Now that T3 and V3 are known, P3 can be found using the combined gas law equation as shown below.

This can be transposed to make P3 the subject and substitute the values provided/calculated in.


Now, to find T4, use the following equation.

Transposed to make T4 the subject and substitute the values in.


The denominator is switched as the calculation is considering decompression.
Now that T4 and V4 are known, P4 can be found using the combined gas law equation as shown below.

This can be transposed to make P4 the subject and substitute the values provided/calculated in.


All values for pressure and temperature are now all known.
(ii) If the compression ratio for the cycle is 8.5:1, calculate the air standard thermal efficiency using the four temperature points for the cycle and compare with that found from knowing the compression ratio.
For air, γ = 1.4 and cv = 718 J/kg K
(Ans) The equation below will be used to calculate the air standard thermal efficiency using the temperature points.

Substitute the values in.


Comparing this to the equation below which uses the value for the compression ratio (rv).



These two equation compare equally and give the same answer which shows that they both can be used to determine the thermal efficiency.
(b) At the start of the compression process in an ideal diesel cycle, the pressure and temperature of the air are 1.05 bar and 50 °C respectively.  If the compression ratio for the cycle is 17.5:1, and the heat energy added at constant pressure is 1400 kJ/kg, determine the cut-off ratio for the cycle and theoretical cycle efficiency.  

For air, γ = 1.4 and cp = 1005 J/kg K
(Ans) The following equation is used to calculate the cut-off ratio.

As V3 is unknown, another equation can be used to calculate the cut-off ratio, which is as followed.

Firstly, review the values provided:
P1 = 1.05bar = 105000Pa
T1 = 50℃ = 323K
rv = 17.5:1
Qin or Q23 = 1400 kJ/kg 
For air, γ = 1.4 and cp = 1005 J/kg K
rv = 17.5:1
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Figure 1-Thermodynamic Table

Using this table, we know the cv = 0.718 kJ/kg K and the gas constant, R = 0.287 kJ/kg
Now, by using the 2nd equation for cut off, substituting each value into the equation.


The following equation is used to calculate the cycle efficiency

Q41 is the constant volume heat rejected also expressed as 
Q23 is the constant pressure heat supplied also expressed as 
This can also be written as,	

By looking at this equation above, we can cancel and simplify it. The mass has no effect as it is equal to 1. Also, cp over cv is equal to γ as shown in the equation below and can be placed in the dominator. 

 This results in a simplified equation as shown below.

However, as the temperatures are not provided, another equation can be used as shown below.

Substituting the values provided and calculated into this equation will equal.



(c) The following diagram depicts an actual marine engine dual combustion cycle.  Show that the thermal cycle efficiency of 62.56 % (2 dp) as given for the experimental data provided is correct.  What assumptions have you made in your calculations?
[image: Diagram
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(Ans)
The following equation for finding the thermal efficiency shown as

Heat rejected and heat supplied can both be solved using their own equations.
The following equation is used for finding heat rejected.

The following equation is used for finding the heat supplied.

Using the equations and the values provided by the image above, we can solve for thermal efficiency. Firstly, review the values given.
T2 = 928K
T3 = 1097K
T4 = 1709K
T5 = 710K
Noticeably, the mass (m), specific heat at constant pressure (cp), and specific heat at constant volume (cv) aren’t provided. However, assuming that the weight of air within the system is 1kg, we can also assume that the cv is equal to 0.718kJ/kg. K and cp is equal to 1.005kJ/kg.K
The table below, presents these values for air. Alongside other specific heats for various common gases.
Note: Realistically, air wouldn’t be the only gas within the system. Other gases will also be present, but we assume that air takes up the majority in percentage.
[image: Graphical user interface, application

Description automatically generated]
Figure 2-Thermodynamic Table
Secondly, by using the equation for heat rejected and substituting the values provided and the values assumed. 


Thirdly, by using the equation for heat supplied and substituting the values provided and the values assumed. 


Finally, using the equation for solving thermal efficiency.



How does this compare with the value of thermal efficiency provided on the dual cycle image?
 The thermal efficiency value provided was 62.25838%. Rounded up, and the value provided is equal to 62.26% which compared to the value calculated through the thermal efficiency equation is accurate. With this information, the values from the table image above, for air, the mass (m), specific heat at constant pressure (cp), and specific heat at constant volume (cv) can be assume as the correct values. 
(d) The temperature of a gas entering a turbine is 725 °C.  The gas leaves the turbine at a temperature which is 35 % lower than the inlet temperature, and the mass flow rate of the gas through the turbine is 3.25 kg/s.  Calculate the power developed by the turbine for the ideal Joule cycle (cp = 980 J/kg K).  If the power output was required to be increased to 800 kW, what would be the necessary inlet gas temperature (assuming that the exiting gas temperature does not change)?
(Ans) 
The following equation will determine the power developed by the gas turbine.



The values that have been provided: 
T1 = 725℃
T2 = 725x0.65 = 471.25℃
ṁ = 3.25 kg/s
cp = 980 J/kg K
W = Unknown

As we substitute these values in, the answer is given as




If the power output was increased to 800kW, and the outlet temperature remained the same, then the previous equation for power will need to be transposed to make T1 the subject.
Firstly, review the new values that have been provided:
T1 = Unknown
T2 = 725x0.65 = 471.25℃
ṁ = 3.25 kg/s
cp = 980 J/kg K
W = 800x103 kW

Secondly,

Thirdly,

As we substitute these values in, the answer is given as





(e) In a steam turbine plant, the steam supply to the turbine is 44 bar dry saturated, and the exhaust steam is at 0.04 bar after isentropic expansion.  Sketch a suitable temperature-entropy diagram for the cycle (including at known data) and calculate the ideal Rankine efficiency of the cycle.
(Ans) Values Provided: 44bar = 4.4MPa
         0.04bar = 0.4MPa
[bookmark: _Toc93451465]By using the thermodynamic tables, we can determine the h3[image: Graphical user interface, text, application, table
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Figure 3-Thermodynamic Table
The equation for h3 is shown below.


Taking the difference between 4.0MPa and 4.5MPa, enthalpy column. Then dividing by 5 to get the value for 0.1MPa give 0.56kJ/kg. 
Now taking the difference between entropy and applying the same process.



Note: s3=s4

Now, by using the dryness fraction using the entropy values calculated. For 0.4bar using thermodynamic tables (Table A-5)

So,



Now by using the dryness fraction above and enthalpy for 0.4bar, h4 can be calculated.


Finally, Rankine efficiency can be used shown in an equation below.


Below is the graph that represents the data calculated above with known data added.
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[bookmark: _Toc93451467]Part B
In the power generation cycles we have dealt with this far, ideal processes have been assumed and analysed in order to determine fluid properties and cycle efficiencies.  Describe what practical methods may be employed to improve the efficiency for a gas turbine plant and a steam turbine plant.  Include in your discussions appropriate schematic layout diagrams and power cycle diagrams to aid your explanations.
[bookmark: _Toc93451468]Reheating
Reheating is a practical method which can be used to improve the thermal efficiency of a gas and steam turbines. 
[bookmark: _Toc93451469]Reheating Steam Turbine
There are several way to reheat the steam after its route through the initial high-pressure turbine. The first option is to link the post stage of the high-pressure steam back through the boiler, which could have a secondary chamber that uses the already provided heat from the first chamber (Boiler).
 The second chamber could be positioned around the boiler like a hollow tube or a conductive material such as a copper coil could be wrapped around the boiler, stealing the wasted heat from the first stage. On this second stage,  an option to add more fuel to increase the temperature as a lot of the energy will have already been used which will increase the pressure into a second high pressure turbine, however the choice to not add more fuel and to solely rely on the initial heat provided is an option for a low press turbine.
This extra stage will take advantage of the already high steam temperature from the post stage of the high-pressure turbine as it will be heated from the initial boiler and will also take advantage of the existing heat being provided from the first stage.
Here is a diagram below  of the process described above.
Condenser
L.P Turbine
HP Turbine
Boiler

Figure 4 - Reheated Steam Turbine
The picture below is a temperature-entropy diagram, which highlight the process and how reheating has an effect overall. As the graph shows, the temperature drops after the high-pressure turbine. Then once it passes through the reheater, its temperature increases which will make its way to the low pressure turbine. The temperature then drops, and the wet vapour is then condensed through the water pump and condenser.
[bookmark: _Toc93451470][image: Line chart

Description automatically generated]
[bookmark: _Toc93451471]

Water Injection Gas Turbine
Water injection is a process in which water is injected into the area before and after compression to cool the air circulating. This greatly drops the power absorbed during compression, meaning that it becomes more efficient. This can be used continuously or seasonally as it is usually used in the summer as temperatures within the system usually exceed and absorb a lot of power.


[bookmark: _Toc93451472]Part C
A refrigerator or heat pump contravenes physics when we consider the second law the of thermodynamics.  These practical devices are possible however and are operated using a vapour-compression cycle.  Explain the practical vapour-compression cycle, with particular reference to the following points;

•	refrigeration cycle
•	heat pump cycle
•	coefficient of performance (for refrigeration and heat pumps)

For your discussions above, include suitable schematic diagrams and process/cycle diagrams, as well as explanation of the particular mathematical models applied to the various processes and cycles.
The following graph represents the vapour-compression cycle. The graph shows that enthalpy increases as heat is increased. Pressure also increases as temperature increases as particles become more kinetic in the finite volume. Then, enthalpy decreases as the heated water is condensed through a refrigeration cycle. Pressure also decreases as temperature drops.
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Conclusion
The main findings throughout were that gas and steam turbines can be improved and made more thermal efficient in many ways, whether that is through adding more processes or influencing the way heat interacts with cooler elements.
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TABLE A-2
Ideal-gas specific heats of various common gases
(a) At 300 K
Gas constant, R c <
Gas Formula Kikg - K kl/kg - K ki/kg - K k
Air — 0.2870 1.005 0.718 1.400
Argon Ar 0.2081 0.5203 03122 1.667
Butane [ 0.1433 17164 15734 1.001
Carbon dioxide co, 0.1889 0.846 0.657 1.289
Carbon monoxide co 0.2968 1.040 0.744 1.400
Ethane CoHs 0.2765 1.7662 1.4897 1.186
Ethylene CoH, 0.2964 1.5482 1.2518 1237
Helium He 2.0769 5.1926 3.1156 1.667
Hydrogen H, 4.1240 14.307 10.183 1.405
Methane CH, 0.5182 2.2537 1.7354 1.299
Neon Ne 04119 1.0299 0.6179 1.667
Nitrogen N, 0.2968 1.039 0.743 1.400
Octane CgHig 0.0729 17113 1.6385 1.044
Oxygen 0, 0.2598 0918 0.658 1395
Propane CoHg 0.1885 16794 1.4909 1126
Steam H,0 0.4615 1.8723 1.4108 1327

Note: The unit klfke - K is equivalent to klike - °C.
‘Source: Chemical and Process Thermodynamics 3/E by Kyle, B. G., © 2000. Adapted by permission of Pearson Education, Inc., Upper Sadde River, NJ.
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P, = 3bar, V; = 1.95m? T, = 323K

P, =120.7bar, V, = 0.14m° T, = 928K
Py =142.7bar, V5 = 0.14m° T; = 1097K
P, =142.7bar, V, = 0.21m® T, = 1709K
P = 6.6bar, V5 = 1.95m® T5 = 710K

U

01 02 03 04 05 06 07 08 09 1 1.1 12 13 14 15 16 17 18

Volume m*3

Enter Engine Speed in rpm 100
Enter Piston stroke in m 25 Work under expansion curve 4521.848]
Enter Bore in m 0.96 Work under Constant Pressure line 1108.212]
Enter con Rod Length in m 2.88 Work under Compression curve 2738.63
Enter Compression Ratio 14 Work Donelrev (kJ) 2891.43
Enter Scavenge Pressure in Bar 2 Power Developed (kW) 4819.05
Enter Air Temp in *C 50 Mean Pressure (Bar) 15.97866]
Enter index of compression ' * 14 Thermal efficiency % 62.25838

Enter angle of heat addition 20

Enter pressure rise at cv in bar 22
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Superheated water (Continued)

(B Page view A\ Read aloud Add text Y Draw + ‘B Highlight + & FErase =]

T u h s v u h s v u hoos
°C mikg  kikg  kikg  kikg-K|m¥kg  kikg  kikg  kikg K|m¥kg  kikg  kikg kikg- K
P = 4.0 MPa (250.35°C) P = 4.5 MPa (257.44°C) P = 5.0 MPa (263.94°C)

0.03945 2597.0 2794.2 5.9737
275 005461 2668.9 2887.3 62312 |0.04733 26514 2864.4 6.1429 (004144 2632.3 28395 6.0571
300 005887 27262 2961.7 63639 005138 27130 2944.2 6.2854 |0.04535 2699.0 29257 6.2111
350 0.06647 2827.4 30933 65843 005842 28186 308L5 6.5153 |0.05197 2809.5 3069.3 6.4516
400 007343 29208 3214.5 67714 006477 29142 32057 67071 |0.05784 2907.5 3196.7 6.6483
450 0.08004 3011.0 3331.2 69386 |0.07076 30058 3324.2 6.8770 |0.06332 3000.6 3317.2 6.8210
500 0.08644 3100.3 3446.0 7.0922 | 0.07652 3096.0 3440.4 7.0323 |0.06858 3091.8 34347 6.9781
600 0.09886 3279.4 3674.9 7.3706 |0.08766 3276.4 3670.9 7.3127 |0.07870 32733 3666.9 7.2605
700 0.11098 3462.4 3906.3 7.6214 | 0.09850 3460.0 3903.3 7.5647 |0.08852 3457.7 3900.3 7.5136
800 0.12202 3650.6 4142.3 7.8523 [0.10916 36488 4140.0 7.7962 |0.09816 3646.9 4137.7 7.7458
900 0.13476 3844.8 43839 80675 [0.11972 38433 43821 80118 |0.10769 3841.8 4380.2 7.9619
1000 0.14653 4045.1 4631.2 8.2698 | 0.13020 40439 4629.8 82144 [0.11715 40426 4628.3 8.1648
1100 0.15824 4251.4 4884.4 8.4612 | 0.14064 4250.4 48832 B8.4060 |0.12655 42493 4882.1 8.3566
1200 0.16992 4463.5 5143.2 86430 | 0.15103 44626 5142.2 85880 [0.13592 44616 5141.3 8.5388
1300 0.18157 4680.9 5407.2 8.8164 | 0.16140 4680.1 5406.5 87616 |0.14527 46793 5405.7 8.7124

P = 6.0 MPa (275.59°C) P = 7.0 MPa (285.83°C) P = 8.0 MPa (295.01°C)

Sat. 003245 2589.9 2784.6 58902 | 0.027378 2581.0 27726 58148 |0.023525 2570.5 2758.7 5.7450
300 003619 2668.4 28856 6.0703 |0.029492 2633.5 2839.9 59337 |0.024279 2592.3 27865 5.7937
350 004225 2790.4 30439 6.3357 | 0035262 2770.1 30169 6.2305 |0.029975 27483 2988.1 6.1321
400 004742 2893.7 31783 6.5432 | 0039958 2879.5 31592 64502 |0.034344 2864.6 3139.4 6.3658
450 005217 2989.9 33029 6.7219 | 0044187 2979.0 32883 66353 |0.038194 2967.8 32733 6.5579
500 005667 3083.1 3423.1 6.8826 | 0048157 3074.3 34114 68000 |0.041767 30654 33995 6.7266
550 006102 3175.2 35413 7.0308 | 0.051966 3167.9 35316 69507 |0.045172 3160.5 3521.8 6.8800
600 006527 3267.2 3658.8 7.1693 | 0.055665 3261.0 3650.6 7.0910 |0.048463 3254.7 3642.4 7.0221
700 007355 3453.0 38943 7.4247 | 0062850 3448.3 38883 7.3487 |0.054829 34436 3882.2 7.2822
800 008165 3643.2 4133.1 7.6582 | 0.069856 3639.5 41285 7.5836 |0.061011 36357 4123.8 7.5185
900 008964 38388 4376.6 7.8751 |0.076750 38357 4373.0 7.8014 |0.067082 3832.7 43693 7.7372
1000 0.09756 4040.1 4625.4 8.0786 | 0.083571 4037.5 46225 8.0055 |0.073079 40350 4619.6 7.9419
1100 0.10543 4247.1 4879.7 8.2709 | 0.090341 42450 4877.4 8.1982 |0.079025 4242.8 4875.0 8.1350
1200 0.11326 4459.8 5139.4 8.4534 | 0097075 4457.9 5137.4 83810 |0.084934 44561 5135.5 8.3181
1300 0.12107 4677.7 5404.1 86273 | 0.103781 4676.1 5402.6 85551 |0.090817 4674.5 5401.0 8.4925

P = 9.0 MPa (303.35°C) P = 10.0 MPa (311.00°C) P = 125 MPa (327.81°C)

Sat. 0020489 25585 27429 5.6791 | 0018028 25452 27255 56159 |0.013496 25056 26743 5.4638
325 0023284 2647.6 2857.1 5.8738 | 0019877 2611.6 28103 5759
350 002581627250 29573 6.0380 | 0.022440 2699.6 2924.0 59460 |0.016138 2624.9 2826.6 57130
400 0.029960 2849.2 3118.8 6.2876 | 0.026436 2833.1 30975 6.2141 |0.020030 2789.6 3040.0 6.0433
450 0.033524 2956.3 3258.0 6.4872 | 0.020782 2944.5 32424 64219 |0.023019 2913.7 32015 6.2749
500 0.0367933056.3 3387.4 6.6603 | 0032811 3047.0 3375.1 65995 |0.025630 3023.2 3343.6 6.4651
550 0.0398853153.0 3512.0 6.8164 | 0.035655 31454 35020 67585 |0.028033 3126.1 34765 6.6317
600 0042861 3248.4 3634.1 6.9605 | 0.038378 3242.0 3625.8 69045 |0.030306 32258 3604.6 6.7828
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