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Appendix | High Work Function Materials Voltage Output

Emitter Output Voltage (V)
Temper | Molybd | Aluminu Tungst | Mild Steel | Beryllium Brass
mature | enum m (Al) en (W) | (MS) (Be)
(°c) (Mo)
415eV |4.26eV 454¢eV |481leV 4.98 eV 5.10 eV
1000 3.7114E-| 2.66577E-8 | 1.92461| 3.78297E-10 | 6.74721E-11 | 3.0622E
8 E-9 -11
1150 2.9460E- | 2.36448E-6 |2.26447 | 5.84504E-8 4.5099E-10 |6.34006
6 E-7 E-9
1300 8.6955E- | 7.60096E-5 |9.04677 |2.87964E-6 6.95735E-7 | 3.91209
5 E-6 E-7
1450 0.001294 | 0.0012109 |0.00017 | 6.43625E-5 1.7266E-5 1.0453E
5 123 -5
1600 0.011767 | 0.0116293 |0.00189 | 0.000813881 | 0.000237712 |0.00015
2 178 281
1750 0.074056 | 0.0766022 | 0.01399 | 0.00673359 | 0.00211026 |0.00142
2 45 579
1900 0.351748 | 0.378081 0.07616 | 0.0402679 0.0133911 0.00943
28 463
2050 1.34037 |1.48872 0.32598 | 0.18679 0.0653445 0.04771
8 39
2200 4.28434 | 4.89512 1.16106 | 0.707568 0.258596 0.19474
5)
2350 11.8752 | 13.9073 3.48512 | 2.27439 0.863554 0.66808
8
2500 29.2742 | 35.0368 9.27939 | 6.38746 2.50806 1.9869
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Appendix Il Low Work Function Coating Materials Voltage Output

Emitter Output Voltage (V)
Temperature | Graphene Csl Diamond Carbon Nanotube
(°c)
100 1.76005E-32  |7.01121E-83 |[1.46412E-42 |4.03187E-29
200 1.33906E-13  |8.45149E-39 (1.22131E-18 |6.409E-12
300 3.32318E-7 5.26798E-24 |1.45068E-10 |4.38075E-6
400 0.000586304  |1.47296E-16 |1.77066E-6  (0.00405619
500 0.0556322 4.62786E-12 |0.00053621 0.26141
600 1.2103 4.81881E-9  (0.0252874 4.39432
700 11.2759 7.11526E-7  |0.409412 34.0526
800 61.5845 3.08678E-5  [3.38437 161.983
900 234.966 0.000590249 |17.8243 555.056
1000 696.113 0.00634902  |68.3416 1508.96

Appendix 111 Power output and efficiency

Material Parameter Analytical Result Simulation Result

Tungsten Po 4.4W 4110 W
n (%) 1.7 1.631

Molybdenum P 35W 32.982 W
n (%) 14 13.088

Graphene Po 30 W 27.860 W
n (%) 12 11.055

Csl P 517 W 4.837 W
n (%) 2 1.9195

Carbon nanotube Pa 28 W 25.831 W
n (%) 11 10.250

Diamond P 60 W 55.114 W
n (%) 24 21.870
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Appendix IV Results for Aluminium as

Emitter

Deg C Voltage Deg C Voltage
93 0.01 384.25 0.11
92.25 0.01 432.5 0.12
185 0.01 435.5 0.12
189.5 0.01 382.25 0.12
437.25 0.01 44.25 0.14
424.25 0.01 327.75 0.14
371.25 0.01 380.75 0.14
87.75 0.02 375.25 0.14
116.25 0.02 431 0.15
142.5 0.02 369.75 0.16
319.25 0.02 385.75 0.17
379.75 0.02 114.25 0.18
423.25 0.02 388.75 0.18
435 0.02 372.75 0.18
436.25 0.02 35.5 0.19
416.25 0.02 108.5 0.19
383.75 0.02 238.75 0.19
39.5 0.03 272.75 0.19
43 0.03 434.5 0.19
391.25 0.03 424.75 0.19
435 0.03 92.75 0.2
434.25 0.03 146.25 0.2
432.75 0.03 386.25 0.2
429.5 0.04 35 0.21
35.5 0.05 35.25 0.21
56.25 0.05 436.75 0.22
65.25 0.05 179 0.23
213.5 0.05 93 0.24
416.75 0.05 385.25 0.25
385 0.05 420.75 0.25
383 0.05 92.5 0.26
40.5 0.06 369.5 0.28
435.5 0.06 128.25 0.29
378 0.07 434 0.29
367.75 0.07 435.25 0.29
417.75 0.08 402.75 0.3
421.5 0.08 392.25 0.3
419 0.08 37 0.31
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Deg C Voltage
403.5 0.34
433 0.35
92 0.36
100 0.36
262 0.37
424.5 0.38
413.5 0.38
374 0.38
423 0.39
427.5 0.4
416 0.41
35.5 0.42
374 0.42
35 0.43
431 0.43
416 0.46
410.75 0.46
372.5 0.48
409 0.49
417.25 0.49
430.75 0.49
197 0.52
379.25 0.52
200 0.54
433 0.54
382.5 0.56
426.75 0.56
421.25 0.56
424.75 0.57
434 0.57
34.75 0.59
426.75 0.59
285.5 0.6
62 0.61
378.5 0.61
418.5 0.62
322.5 0.63
403.5 0.63
426 0.64
45.25 0.66
413.25 0.66
370.5 0.67

Xiv

Deg C Voltage
433.75 0.7
373.25 0.71
54.5 0.72
418.5 0.72
410.25 0.73
407.25 0.74
139.5 0.75
35.25 0.78
409 0.78
46.5 0.79
431 0.79
430.5 0.8
410.5 0.81
411 0.82
404.75 0.82
34.75 0.83
38.75 0.83
435.75 0.83
406.25 0.83
290.75 0.88
425 0.92
404 0.92
38.5 0.95
82.5 0.95
397.25 0.97
434.25 0.98
433.25 1
431 1
429 1.03
246.25 1.04
419.75 1.04
369.75 1.04
76.5 1.05
126.75 1.06
431.5 1.06
94.75 1.1
398.75 1.1
64.25 1.12
433.75 1.12
399.5 1.13
428.5 1.13
420.25 1.14




Deg C Voltage
413 1.18
263.25 1.19
85.5 1.21
411.5 1.21
429.5 1.21
428.25 1.22
36.5 1.23
402.5 1.23
431.5 1.24
384.75 1.25
92.5 1.29
367.25 1.29
309 131
432 131
403.75 1.32
412 1.35
433 1.37
343.5 1.38
432.75 1.41
400.25 1.43
432.5 1.45
429.5 1.46
36.75 1.48
430.25 1.52
244.75 1.53
172.5 1.59
401.75 1.67
339.25 1.74
162.25 2
45.75 2.04
41 2.12
365.5 2.13
93.25 2.19
38.25 2.25
278 2.27
286.75 2.32
37 2.64
35.25 2.86
313.75 3.08
234.5 3.52
35.25 3.65
35.75 4.03
35 4.2
240.25 4.42
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Appendix V Results for Brass as Emitter

Deg C Voltage
76.5 0.01
155.5 0.01
176 0.01
376.5 0.01
384.25 0.01
376 0.01
374 0.01
86.75 0.02
189.75 0.02
195.5 0.02
330.75 0.02
336.5 0.02
379.5 0.02
377.25 0.02
346.5 0.02
177.5 0.03
208.5 0.03
350.5 0.03
365.75 0.03
360.75 0.03
326 0.04
356.75 0.04
362 0.04
383.25 0.04
378.25 0.04
77 0.05
281.5 0.05
382 0.05
378.5 0.05
376 0.05
371.75 0.05
373.75 0.06
382.75 0.06
375 0.06
79.25 0.07
91 0.07
380 0.07
385 0.07
372.75 0.07
317.5 0.07
71.5 0.08
71.25 0.08
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Deg C Voltage
291.75 0.08
361 0.08
370.25 0.08
384 0.08
384.25 0.08
369.75 0.08
77.25 0.09
382.25 0.09
356 0.1
384.5 0.1
383.5 0.11
363.25 0.11
366.5 0.12
362.25 0.12
381.25 0.14
368.5 0.14
107.75 0.15
267.5 0.15
318.75 0.15
371.75 0.15
371.25 0.15
308.5 0.15
72.75 0.16
339.5 0.16
380.25 0.16
370.5 0.16
334.25 0.16
206.75 0.17
384.25 0.17
377.25 0.17
373.25 0.17
313 0.17
382.25 0.18
86.75 0.19
72 0.2
140 0.2
381 0.2
374.5 0.2
348.25 0.2
76.75 0.21
384 0.21
213.25 0.22




Deg C Voltage
274.5 0.22
381.25 0.22
385 0.23
382 0.23
77 0.25
383.5 0.25
383.75 0.26
355.5 0.26
142 0.28
375.25 0.28
383 0.29
340.5 0.29
71.75 0.3
308.5 0.3
369.5 0.31
384.75 0.32
367.75 0.32
367 0.32
384.25 0.33
366.5 0.34
377.75 0.35
305 0.36
3515 0.36
282.5 0.39
384.25 0.39
90.75 0.41
333 0.41
369.25 0.41
290.5 0.42
384.25 0.42
375.75 0.44
301.5 0.46
253 0.47
365.75 0.47
335.75 0.5
329.5 0.51
87.75 0.52
326.5 0.52
76 0.53
372.75 0.54
295.25 0.55
288.75 0.56
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Deg C Voltage
365.75 0.61
87.5 0.62
336.25 0.63
345.5 0.65
77.5 0.66
86.25 0.66
84 0.67
322.25 0.67
71.75 0.68
71.75 0.68
77.5 0.7
154.25 0.7
321.5 0.7
260.25 0.72
3155 0.72
325.5 0.73
180.5 0.79
364.5 0.83
351.75 0.83
74.75 0.84
363.75 0.86
93.25 0.91
336.25 0.91
338.5 1.05
104.75 1.08
319.5 1.12
36.75 1.14
187 1.27
46.25 1.34
44.75 1.38
362.5 1.45
315.25 1.47
138 1.48
188.5 1.51
359.75 1.52
328.25 1.54
221 1.57
227.5 1.6
361 1.64
310.5 1.68
350.75 1.72
358 1.73




Deg C Voltage
349 2.06
58.5 2.1
355 2.1
353.5 2.1
222.25 2.14
35.75 2.19
356.75 2.22
338 2.25
351.5 2.28
71 2.49
284 2.49
337 2.61
326.75 3.44
344.75 3.47
309 4.46
37.25 4.48

Appendix VI Results for MS as Emitter

Deg C Voltage Deg C Voltage
335.75 0.01 335.75 0.19
335.5 0.01 339.5 0.2
334.25 0.01 325.75 0.2
327 0.01 337.5 0.21
326.25 0.01 331.25 0.22
325.75 0.01 302.25 0.24
338 0.02 3325 0.24
282.5 0.03 283.75 0.25
339.25 0.03 326.75 0.25
332 0.03 289.5 0.27
287.75 0.04 286.75 0.29
291 0.05 337.25 0.3
335.25 0.05 338.75 0.31
332.75 0.05 292.25 0.36
335.5 0.06 286.25 0.38
333.25 0.06 297.75 0.43
330 0.06 299.25 0.46
324.5 0.06 302.75 0.47
283.25 0.07 336.25 0.49
333.25 0.07 293.5 0.51
329.75 0.07 296.75 0.51
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288.75 0.08 305.5 0.51
335.5 0.08 309.25 0.51
329.25 0.08 320.5 0.51
332 0.09 151.75 0.54
326 0.1 314 0.55
325.25 0.1 293 0.56
334.5 0.11 296 0.57
336.25 0.12 307 0.57
334 0.12 311.5 0.57
328.5 0.12 323 0.58
284.5 0.13 326 0.58
338.5 0.13 49.25 0.59
47.5 0.14 305.25 0.6
330.75 0.14 313 0.6
336 0.15 329.25 0.63
325.75 0.15 294.5 0.66
337 0.16 294.75 0.66
327.75 0.16 318.25 0.67
325.5 0.17 324 0.67
335.5 0.18 293.75 0.69
328 0.18 316.75 0.69
Deg C Voltage Deg C Voltage
3215 0.69 328.5 1.1
330.75 0.69 60.75 1.13
306.5 0.71 89 1.13
319 0.71 330.75 1.13
333 0.71 331.75 1.17
51 0.72 50.5 1.26
334.25 0.73 175.5 1.47
305.75 0.74 203 1.84
327.5 0.74 76.25 1.95
315.25 0.75 84 2.07
331.75 0.75 221 2.27
332.75 0.75 48.25 2.37
335 0.76 74 2.37
308 0.77 227.75 2.46
329.75 0.77 201 2.8
323.25 0.8 104.25 3.07
305.75 0.81 212.25 3.46
311.5 0.82 278 3.59
305.5 0.83 93.5 3.71
333.75 0.83 129 3.71
312.75 0.84 153 3.84
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334 0.84
306.75 0.85
324.5 0.85
322.25 0.86

69 0.87

312 0.87
327.25 0.88
305.5 0.89
300.75 0.9
309.5 0.9
326.25 0.9
315.25 0.91
317.75 0.91
293.5 0.92

333 0.92
325.5 0.94
304.5 0.96
308.5 0.96
310.5 0.96

320 0.98
313.75 0.99
335.25 1.02

XX

48.5 3.85
87 4.16
75 4.18
122.5 4.23
50.25 4.42
50.5 4.44
168 4.49
127 4.54
88.5 4.61
149.25 4.63
264.25 4.63
213.75 4.67
257.5 4.7
253 4.76
129.75 4.83
49 4.89
171.75 4.89

80.5 4.9




Appendix VII Thermionic Emission Analysis Data

Thermionic Emission Analysis Data
Conversion Efficiency
Sr No. Temperature Coated
SS400  [SUH409L SUS439L SAID |Tungsten oate
Graphene
1 200 0.123 0.16 0.21 0.098 3.24 6.06
2 250 0.64 0.222 0.64 0.16 3.68 8.37
3 300 1.157 0.284 1.07 0.222 4.12 9.34
4 350 1.674 0.82 1.5 0.284 4.56 11.2
5 400 2191 0.882 1.42 0.82 5 12.84
6 450 2.19 1.0862 1.34 1.356 52 144
7 500 2.54 1.2904 1.26 1.67 5.23 16.12
8 550 2.79 1.4946 1.76 1.984 5.28 17.76
9 600 3.05 1.6988 2.26 2.298 5.67 194
10 650 3.05 1.903 2.76 2.612 6.06 21.04
11 700 3.07 2.09 3.26 2.926 8.37 21.04
12 750 3.12 2.277 342 3.76 9.34 23.58
13 800 3.24 2.16 3.68 4.56 14.3 26.37
Appendix V111 Thermal Stress & Strain Analysis Data
Thermal Stress & strain Analysis Data
Stress (Mpa) Strain
Pipe Material
Numerical Result Simulation Result Numerical result Simulation result
SS400 2.6 2.7489 0.0018 0.00191688
SUH409L 1.74 1.694 0.00016 0.000133735
SUS439L 1.8 1.93193 0.00028 0.000275533
SA1D 2.14 2.002 0.0004 0.000335176
Tungsten 2.3 2.3177 0.00083 0.000749955
Molybdenum 13 1.26773 2.90E-05 2.72E-05
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Appendix IX Experiment Vs Simulation Data

Experiment Vs Simulation Data
Sr No. Temperature Simulation Results Experimental results

1 200 3.24 2.76
2 250 3.68 3.24
3 300 4.12 3.68
4 350 4.56 4.21
5 400 5 4.87
6 450 5.2 5

7 500 5.23 4.78
8 550 5.28 5.1
9 600 5.67 5.32
10 650 6.06 5.83
11 700 8.37 7.97
12 750 9.34 9.11
13 800 14.3 9.67
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