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68.9 kPa

(10psi),0m 830 0.00015 | 231.483 | 0.00053784 | 246.33 2.83 1.163 | 0.031 | 0.102029%%
830 0.00015 | 204.157 | 0.00060982 | 314.67 2.7 1.163 | 0.031 | 0.0973431
830 0.00015 215.03 | 0.00057899 | 335.33 243 1.163 | 0.031 | 0.08760879
830 0.00015 224,13 | 0.00055548 | 361.33 1.9 1.163 | 0.031 | 0.0685007
830 0.00015 | 200.323 | 0.0006215 258.67 2.8 1.163 | 0.031 | 0.1009484

137.8 kPa

(20psi),0m 830 0.00015 | 196.106 | 0.00063486 298 27 1.163 | 0.031 | 0.0973431
830 0.00015 | 192.817 | 0.00064569 { 311.67 24 1.163 1 0.031 | 0.0865272
830 0.00015 194.5 0.0006401 339.67 2 1.163 | 0.031 | 0.072106
830 0.00015 | 193.397 | 0.00064375 253 2.8 1.163 | 0.031 | 0.1009484

206.8 kPa

(30psi),0m 830 0.00015 | 203.663 | 0.0006113 314 2.6 1.163 | 0.031 | 0.0937378
830 0.00015 | 198.673 | 0.00062666 | 356.33 24 1.163 | 0.031 | 0.0865272
830 0.00015 | 202.493 | 0.00061434 379 2.1 1.163 | 0.031 | 0.0757113
830 0.00015 203,22 | 0.00061264 249 2.8 1.163 | 0.031 | 0.1009484

275.7kPa

(40psi),0m 830 0.00015 203.12 | 0.00061294 | 346.33 2.6 1.163 | 0.031 | 0.0937378
830 0.00015 199.55 0.0006239 371 2.5 1.163 | 0.031 [ 0.0901325
830 0.00015 197.06 | 0.00063179 426 2.1 1.163 | 0.031 | 0.0757113
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Cused el |
Awaftn | gy | (@) | e
68.9 kPa
(10psi),
-0.15m 830 [ 0.00015 | 266,57 | 0.000467044 222,33 | 2.96 1.163 | 0.031 | 0.10671688
830 | 0.00015 2653 | 0.00046928 23566 | 2.73 1.163 { 0.031 | 0.09842469
830 | 0.00015 | 218.83 | 0.000568935 27833 | 2.06 1.163 | 0.031 | 0.07426918
830 { 0.00015 251.2 | 0.00049562] 281.33 1.9 1.163 | 0.031 0.0685007
830 | 0.00015 [ 226.39 | 0.000549936 256.33 | 2.96 1.163 | 0.031 | 0.10671688
137.8 kPa
{20psi),
-0.15m 830 | 0.00015 { 205.056 | 0.000607151 | - 283.33 | 2.66 1,163 | 0.031 | 0.09590098
830 | 0.00015 197.9 | 0.000629106 25333 | 2.16 1.163 | 0.031 | 0.07787448
830 | 0.00015 | 20794 | 0.00059873 310 | 1.93 1.163 | 0.031 | 0.06958229
830 | 0.00015 | 213.66 | 0.000582701 | 209.266 | 2.93 1.163 | 0.031 | 0.10563529
206.8 kPa
(30psi),
-0.15m 830 [ 0.00015 | 209.54 | 0.000594159 290 | 2.66 1.163 | 0.031 | 0.09590098
830 | 0.00015 | 204.15 | 0.000609846 283.66 | 2.26 1.163 | 0.031 | 0.08147978
830 | 0.00015 | 199.703 | 0.000623426 342.33 2 1.163 | 0.031 0.072106
830 | 0.00015 | 229.69 | 0.000542035 33566 | 2.93 1.163 | 0.031 | 0.10563529
2757 kPa
(40psi),
-0.15m 830 | 0.00015 | 215.32 | 0.000578209 32566 | 2.73 1.163 | 0.031 | 0.09842469
830 | 0.00015 i 203.44 | 0.000611974 331.33 2.3 1.163 | 0.031 0.0825219
830 | 0.00015 191.93 | 0.000648674 32833 | 2.06 1.163 | 0.031 | 0.07426918
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68.9 kPa

(10psi),

~0.30m 830 | 0.00015 | 254.103 | 0.000489959 258.66 2.96 1.163 | 0.031 | 0.10671688
830 | 0.00015 | 26095 | 0.000477103 270 2.66 1.163 | 0.031 | 0.09590098
830 | 0.00015 | 264.72 | 0.000470308 274 23 1.163 § 0.031 0.0829219
830 | 0.00015 } 261.06 | 0.000476902 277.66 1.8 1.163 | 0.031 | 0.0648954
8§30 | 0.00015 7 211.77 | 0.000587902 306.66 2.93 1.163 | 0.031 | 0.10563529

137.8 kPa

(20psi),

-0.30m 830 | 0.00015 [ 216.08 § 0.000576175 310.33 2.7 1.163 | 0.031 0.0973431
830 1 0.00015 [ 219.67 | 0.000566759 319.33 223 1.163 | 0.031 | 0.08039819
830 | 0.00015 2225 | 0.000559551 337 1.9 1.163 | 0.031 0.0685007
830 | 0.00015 [ 208.94 | 0.000595865 329.33 3.03 1.163 | 0.031 [ 0.10924059

206.8 kPa

(30psi),

-0.30m 830 | 0.00015 | 206.17 | 0.000603871 355.66 2.66 1.163 | 0.031 [ 0.09590098
830 | 0.00015 | 214.97 | 0.000579151 350 2.26 1.163 | 0.031 | 0.08147978
830 | 0.00015 | 210.31 | 0.000591983 380.33 1.8 1.163 | 0.031 0.0648954
830 | 0.00015 | 221.29 | 0.00056261 314 3 1.163 | 0.031 0.108159

275.7 kPa

{40psi),

-0.30m 830 | 0.00015 1 217.66 | 0.000571993 319 2.63 1.163 | 0.031 | 0.09481939
830 | 0.00015 | 22521 | 0.000552817 337.33 213 1.163 | 0.031 | 0.0767928%
8§30 | 0.00015 | 215.86 { 0.000576763 361.66 1.83 1.163 | 0.031 | 0.06597699
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Ahethafin |
68.9 kPa
(10psi),
-0.45m 830 | 0.00015 | 296.99 | 0.00041921 200 | 296 1.163 | 0.031 | 0.10671688
830 ¢ 0.00015 | 267.25 | 0.00046586 246 | 2.63 1.163 | 0.031 | 0.09481939
830 | 0.00015 | 262.86 | 0.00047364 25666 | 2.2 1.163 | 0.031 | 0.0793166
830 | 0.00015 | 287.66 | 0.0004328 287.66 { 1.83 1.163 | 0.031 | 0.0659769%
830 | 0.00015 | 23037 | 0.00054043 281 | 2.96 1.163 | 0.031 | 0.10671688
137.8 kPa
{20psi),
-0.45m 830 | 0.00015 237.25 | 0.00052476 292.66 2.6 1.163 t 0.031 0.0937378
830 | 0.00015 | 222.51 | 0.00055953 303 | 2.16 1.163 | 0.031 | 0.07787448
830 | 0.00015 [ 226.61 0.0005494 325.67 1.8 1.163 | 0.031 | 0.0648%54
830 | 0.00015 | 23021 | 0.00054081 323 3 1.163 | 0.031 0.108159
206.8 kPa
{30psi),
-0.45m 830 | 0.00015 | 219.366 { 0.00056754 3524 2.7 1.163 | 0.031 | 0.0973431
830 | 0,00015 | 21224 [ 00005866 364 | 2.5 1.163 | 0.031 | 0.0901325
830 | 0.00015 | 222.02 | 0.00056076 398 | L.76 1.163 | 0.031 § 0.06345328
830 | 0.00015 230.44 | 0.00054027 322 | 296 1.163 | 0.031 | 0.10671688
2757 kPa
(40psi),
-0.45m 830 | 0.00015 § 217.41 | 0,00057265 369.33 | 2.66 1.163 | 0.031 | 0.095950098
830 | 0.00015 | 227.24 | 0.00054788 38333 | 2.26 1.163 | 0.031 | 0.08147978
830 | 0.00015 236.8 § 0.00052576 390.66 1.9 1.163 | 0.031 | 0.0685007
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68.9 kPa
{10psi),0m 898 | 0.00015 | 1,082.5 | 0.00012443 35466 | 2.96 1.163 | 0.031 § 0.1067169
898 | 0.00015 885.3 | 0.00015215 362.66 | 2.53 1.163 | 0.031 | 0.0912141
898 | 0.00015 | 930.63 | 0.00013736 366.67 | 233 1.163 | 0.031 | 0.0840035
898 | 0.00015 | 948.81 | 0.00014197 422 | 203 1.163 | 0.031 | 0.0731876
898 | 0.00015 | 769.35 | 0.00017508 467.66 293 1.163 | 0.031 | 0.1056353
137.8 kPa
{20psi),0m 898 | 0.00015 | 655.67 | 0.00020544 396.33 2.56 1.163 | 0.031 | 0.0922957
898 | 0.00015 | 733.67 | 0.0001836 478 2.33 1.163 | 0.031 | 0.0840035
898 | 0.00015 | 718,73 | 0.00018741 538.33 2.03 1.163 | 0.031 | 0.0731876
898 | 0.00015 565 1 0.00023841 555 2.93 1.163 | 0.031 | 0.1056353
206.8 kPa
(30psi),0m 8§98 | 0.00015 | 562.47 | 0.00023948 589 2.56 1.163 | 0.031 | 0.0922957
898 | 0.00015 [ 544.35 | 0.00024745 492 1 233 1.163 | 0.031 | 0.0840035
898 | 0.00015 | 570.79 | 0.00023599 521.66 2.1 1.163 | 0.031 | 0.0757113
898 | 0.00015 | 447.54 | 0.00030098 564.66 2.9 1.163 | 0.031 | 0.1045537
275.7 kPa
(40psi),0m 898 | 0.00015 4242 | 0.00031754 565 2.56 1.163 | 0.031 | 0.0922957
898 | 0.00015 | 629.85 | 0.00021386 596.67 243 1.163 | 0.031 | 0.0876088
898 | 0.00015 | 493.21 | 0.00027311 645.33 2 1.163 | 0.031 [ 0.072106




v
ol

a9 0.6 wamsiseRoun lnfidelFiviuthduiiaaugs laveu -0.45 a3

aitain |
68.9 kPa
(10psi),
-0.45m 898 | 0.00015 | 1,153.56 | 0.00011677 349.33 2.96 1.163 | 0.031 1 0.10671688
898 | 0.00015 | 1,113.57 | 0.00012096 357 2.63 1.163 | 0.031 | 0.09481939
898 | 0.00015 | 1,119.68 | 0.0001203 421 2.36 1.163 j 0.031 | 0.08508508
898 | 0.00015 § 1,106.45 | 0.00012174 440 1.96 1,163 | 0.031 | 0.07066388
898 | 0.00015 977.5 | 0.0001378 308.33 2.93 1.163 | 0.031 | 0.10563529
137.8 kPa
(20psi),
-0.45m 898 | 0.00015 968.34 | 0.0001391 326,33 2.63 1.163 | 0.031 | 0.05481939
298 | 0.00015 088.45 | 0.00013627 347 243 1.163 | 0.031 | 0.08760879
898 | 0.00015 978.6 j 0.00013765 413.33 1.96 1.163 | 0.031 | 0.07066388
898 | 0.00015 646.05 | 0.0002085 389.33 3.03 1.163 | 0.031 | 0.10924059
206.8 kPa
(30psi),
-0.45m 898 | 0.00015 | 698.316 | 0.00019289 437.66 2.73 1,163 | 0.031 | 0.09842469
898 | 0.00015 730.38 | 0.00018442 449,33 2.43 1.163 | 0.031 | 0.08760879
898 | 0.00015 677.98 | 0.00019868 487 1.9 1.163 | 0.031 | 0.0685007
898 | 0.00015 | 778.103 | 0.00017311 358 2.96 1.163 | 0.031 | 0.10671688
275.7 kPa
(40psi),
-0.45m 898 | 0.00015 700,03 | 0.00019242 372 2.66 1.163 | 0.031 | 0.09590098
898 : 0.00015 675.65 | 0.00019936 488.33 2.36 1.163 | 0.031 | 0.08508508
898 | 0.00015 695.91 | 0.00019356 498 1.93 1.163 | 0.031 | 0.06958229
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M3 0.7 wamsaseroum ndileldmamaduiinssduldau 6.5 xpa

el | feelflow | qomgd | Va
time(s) | rateGegh) | CO) | (m ) | G
1,082.5 0.00012443 35466 | 296 1.163 | 0.03]1 | 0.10671688 280 0.53 | 0.00048961
8853 | 0.00015215 362.66 | 2.53 1.163 | 0.031 | 0.09121409 273 0.73 | 0.00082458
980.63 0.00013736 366.67 | 2.33 1.163 | 0.031 | 0.08400349 285 0.5 | 0.00050988
948.81 0.00014197 422 | 2.03 1.163 | 0.031 | 0.07318759 330 0.63 | 0.00066399
769.35 0.00017508 467.66 | 2.93 1.163 | 0.031 | 0.10563529 392 0.43 | 0.00055891
655.67 | 0.00020544 396331 256 1.163 | 0.031 | 0.09229568 283 0.33 | 0.0005033
733.67 0.0001836 478 | 2.33 1.163 | 0.031 | 0.08400349 380 0.36 | 0.00049068
718.73 0.00018741 53833 | 2.03 1.163 | 0.031 | 0.07318759 415 0.5 | 0.00069567
565 | 0.00023841 555 | 293 1.163 | 0.031 | 0.10563529 397 0.4 | 0.000707%
562.47 | 0.00023948 589 | 2.56 1.163 | 0.031 | 0.09229568 350 0.3 | 0.00053336
54435 0.00024745 492 | 2.33 1.163 | 0.031 | 0.08400349 384 0.3 | 0.00055112
570.79 0.00023599 521.66 2.1 1.163 | 0,031 0.0757113 409 0.3 | 0.00052559
447.54 | 0.00030098 564.66 2.9 1.163 | 0.031 | 0.1045537 513 0.23 | 0.00051392
4242 0.00031754 565 2.56 1.163 | 0.031 | 0.09229568 410 0.23 0.0005422
629.85 0.00021386 596.67 | 2.43 1.163 | 0.031 | 0.08760879 487 0.26 | 0.0004128
493.21 0.00027311 645.33 2 1.163 | 0.031 0.072106 495 0.28 | 0.00056771

] ot ] ] ¥
MmN 08 ManudouveuFomas LHY) fldnarsuiludnndsninnisnaany 7 4

.
YBUNDNAILADZ YA

i - madou daudeaanasgn
Womnaa
(kJ/kg) (S.D)
1 vhfufioa 45,906 4.24
2. hiuuznddy 38,191 7.39
3. TusfuthduuSans 38,206 4.81
4. ishuhduuSqns 37,530 5.73
5. udundos 36,770 8.06
6. Tusithg 34,360 6.15
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o

Jangauugiiies 28°C

a

gaudisamanagm
Wenias AANNENTUNE

(S.D)
L s 0.830 0.483
2 s wdng 0.946 0.395
3. luuthdun§ens 0.914 0.548
4.1 futhduuSans 0.898 0.372
5, dfudunied 0.908 0.622
6. Hus1da 0.864 0.454

= r & & o g Y =TT = 3
A1319N 010 ﬂ']ﬂ'l’lllﬂuﬂﬂlﬂﬂ‘]ﬁﬂlﬂﬁﬁﬂiﬂfﬂﬁﬁﬂﬂ LﬂUﬂ'llﬂﬁfJ%']ﬂﬂ'ﬁﬂﬂﬁﬂq 7 a74

PR , o o | twileaww | o g | swillsauu
WoImaa MANUNHAN MANUNHA
. AT ] MAIGIH
37.8 ¢ (cS1) 98.9 ¢ (cSt)
(S.D) S.D)
1. ihduAwa 3.34 2.13 1.82 0.26
2. duueniaAL 26.0 3.87 6.73 0.48
3. T hdunsqnd 56.0 2.91 7.29 0.31
4 duthduuSgnd 28.31 4.06 7.10 0.69
5. dudaunaog 46.0 3.10 7.18 0.23
6. Ui 49,83 1.75 7.24 0.75
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q o :’ o 4 s { o
51t 0. 2 SnvuzazeeninfufinieldanuAue1na 68.9 KPa PszAuLEn 1 A3
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51t . 3 dnuuzazesniniuiinileldnnndueime 137.8 KPa fiszdlien 1 mn3

4 o : A o i o
s1lii 0. 4 dnvaizazesnindieldnudueine 206.8 KPa iissaAuien 1 a3

§ o oy o -i o { o
q1lii . 5 dnuazazesniniufiniieldanudusima 275.7 KPa iszduien 1 a3
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51 . 6 Anunizazesniniuiinieldnamdueins 344.7 KPa fiszduiga 1 a3

1 o ﬂy o/ A v i or
i 0.7 Ansmzazeeniuiufiniioldnnudueinn 413.6 KPafiszduien 1 ums

i o : o A o i o
71l . 8 Snvaizazesniniufimileldanudueina 482.6 KPa fiszauien 1 a3
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Observations of Flame Behavior from a Practical Fuel
Injector Using Palm Oil in a Continuous Burning
Combustor

S. Chaitep, P. Watanawanyco and Nat Vorayos

Abstract
This research is to design and develop a continuous combuster. Material for combustor chamber is stainless
steel in order to avoid oxidation at high combustion terperature. Air atomizing nozzle is developed to high
efficiency injection fuel, round spray pattern atomization and used high air pressure to assist the atomizing
nozzle. The blower cormpress air into combustor with high niass-flow atio and pure refined palm oil steatin is
used as fuel for generating conlinuous combustion of hot gas. Investigation involve with measurement of that
specific gravity, viscosity, pour point, cloud point, flash point and pH both for autoniotive diesel oil (ADO} and
pure refined palm oil stearin. The combustor can be applied for agricultural drying purposes. The aim is
emphasized on simplicity for construction. inexpensive, good stability and reduce import fuel for continvouns
combustor. The pure refined palm oil stearin is considered as renewable source of fuel for it cau be reproduced
domestically. Another main advantage is a clean combustion, as no sulphur content in the fuel. The result of
previous investigation showed that the combustor perform well with good combustion stability when use pure
refined palm oil stearin with preheared temperamure between 90-110°C. If the prehented temperature is not in the
required range the combustion phenomena was unsteady. Moreover if too high the preheated temperature, build
up of fuel vapor pressure causes vapor lock in the fuel pipe line

The combustor performance testing was also operated for comparison with automotive diesel oil (ADO). By
regulating atomizing air pressure supply between 68.95-275.79 kPa (10-40 psi, Siphon height -0.45 m),
comrespondingly conswmed 0.000419-0.000386 kg/s (1.78-2.50 'hr.) of fuel. Hot gas produced from combustion
was in the range of 200-398°C depending on oxidizing air mass flow regulated berween 0.06345 -0.1067 kg/s.
Consequently, the conibustor performance testing was evaluated with palm oil and LPG. By regulating atomizing
air pressure befween 68.95-275.79 kPa (10-40psi, Siphon height -0.45 m) and regulating LPG pressure of 6.8 kPa
(1 psi). result showed that 0.0001167-0.00019936 kg/s of fuel consumption, hot gas produced from combustion
was in the rauge of 308-498°C depending on oxidizing air mass flow regulated between 0.0695-0.1067 kg/s, The
LP( mass flow was regulated ¢.000489 kg/s in order to sustain the combustion stability.

1. Introduction

This research is to design and develop a continuous combustor. Air atomizing nozzle is developed to high
efficiency injection fusl. round spray pattern atomization and used high air pressure to assist the atomizing
nozzle. The blower compress air inta combustor with high mass-flow ratio and pure refined palm oil stearin is
used as fuel for generating continnous combustion of hot gas. The pure refined palin oil stearin is consiclered as
renewable sousce of fuel for ii can be reproduced domestically. Another main advantage is a clean combustion,
as no sulphur content in the fuel

2. Burner thoery

The bumer recieves flow from the compressor, separates some of the flow. mixes it with fuel and ignites it,
remixes the flow. and delivers it to the rurbine. There nre nwe basic types of gas nitbine combustor; tubular or
can and annular. A tubular is composed of a cylindrical liner mounted concentrically inside a cylindrieal casing.
The volume contained within the liner of a combustor may be divided conveniently inte 3 main zones: primary,
intermediate, and rertiary (dilution). A typical combustor design may be as in the following Fig.1

Pipatpong Watanawanyoo and Sumpun Chaitep

Propulsion & Aerodynamics Research & Application Cornes Laborntory {PARA Comer Lab.}
Department of Mechanical Engineering, Faculty of Engineering,

Chiang Mai Universiry. Chiang Mai 50200, Thailand.

E-mail : sumnunf@eng.cou.ac.th
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Fig.1 Typical design of a combustor[3]

Primary zone: The primary zone extends from the fuel nozzle face to the first row of air addition holes. Air
flow euters ar high velocity but it is decreased by means of diffasers. Ignition is coused by an applied source of
entergy. be it a high voltage spark. a torch supplisd by an auxiliary burner. The flame size depends on the fuel
bumed and the flow pattermn. and as a result it determines the combustor size. The flame intensity may be
reduced by products of high emissivity that may radiate heat away. Since even the reduced gas velocity is much
higher than the actal velocity of the fuel spray, the flame must be stabilised by a high degree of recireulation,
allowing ample time for reactions to take place, Normally the air flow through the dome is swirled, creating o
low pressure recirculation zone for flame holding. Between the higher velocity dome air flow and the lower
velocity central recisculation zone flow, a region of high turbulence (the shear Iayer) is created due to the large
velocity gradient. The cone of firel injected penetrates directly into the shear loyer region where fuel vaporises,
mixes with the oxidiser and burns. Typically 20 - 3¢ % of the air is injected in the primary zone, whereas the
remainder is injected in the secondary zone.

Secondary zone: The secondary zone begins where the injection of air through the liner hales is produced.
Air and fuel flow may recirculate back into the primary zone, but largely penetrate to the combustor centreline.
In addition. the temperature is lower here than at stoichiometric mixture but still too high for the mubine blades.

Tertiary or dilution zone: The aim of this zone is to inject extra dilution air in order to reduce the combustion
exit temperature to thar acceptable for the turbme inlet.

2.1 Air atomizing nozzles
Air atomizing nozzles provide the finest degree of atomization for a given capacity and pressure.
There is a choice of patterns: round, wide-angle round, 360" round. or flar. The spray pattern remains only as
lonig as the velocity of the atomizing air is maintained. The spray drops may evaporate completely, depending
on their size, exposure time, the relative humidity., and other ambient conditions.
Atomizers are classified into pressure atomizer, pressuce swirl atomizer, twin fluid atomizer, rotary
atomizer. electrostatic and ultrasonic atomizer. There are widely used in the combustion applications.

2.2 Liquisd setnp or Siphon
The liguid is supplied by ¢ither a liquid siphon . Liquid through the feed line into the air flow

where it is atonnized, as shown in Fig.2.
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Fig.2 Fuel supplied through a liquid siphon[7)
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2.3 Fuli Cone
A full cone spray pattern is round. square, or oval in coverage, and completely filled with spra;
drops. This spray pattem is normally formed by using an internal vane, which imparts controlled mrbulence «
the liquid prior to the osrifice. Full cone coverage can also be accomplished with smaller drop size by use of :
header arrangement of atomizing or fine spray nozzles,as illusteated in Fig. 3.

Fig. 3 A full cone spray pattern[7]

2.4 Properties of palm oil
The lower heating value of refined palmi oil stearin  was found to be 38,206 ki'kg compare u
automotive diesal oil (ADOY) oil was found to be 45,906 kl/kg. The saybolt viscosity of refined palm: oil stearis
was found fo be 36.0 c5t and automotive diesel oil (ADO) oil was found 1o be 3.34 ¢St at 37°C. The saybol

viscometer is illustrated in Fig. 4.

Fig. 4 Saybolt viscometer[10]

2.5 Combustor design
The process design indicated in Fig. 5 to relax the operational condition of air assist atomize
(Siphon type). The combustor is composed of a burner system and a mixed combustion segment. The burne
system is composed of air assist atomizer and pilot starter using LPG as fuel, also shown in Fig 6.

Air assisted atoinizer

Fig. 5 Drawing of a continuous burning combmstor[12]
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Fig. 6 Main component of a conrinuous burning combustor[{1]

2.6 Air atomizing nozzles design
The most widely used type of airblast atomizer is illustrated in Fig. 7. In this design the bulk
fuel is first spread inro a thin continuous sheet, a process called prefilming and then expased to high velocity
and swirling air steeams on both sides of the sheet. Prefilming airblast atomizers are capable of producing fine
atonnzation and a virtually smoke-free exhaust at high combustion pressures,

Fig. 7 The component of a airblast atomizer[13]

2.7 Mathematical Formulation
The findamental laws used to solve the problems are the law of velocity of air flow at throat,
air — fus] ratio. The fundamental idea of this concept is a combination of pressure and air blast atomization in
arder to reduce droplet sizes by intense aerodynamic interaction between fuel and air flow.

o2k Rk |
Vo= lacer (_P;Z_J M(E) S (1)
Bl Pl i

d

2.7.1 Air— fuel ratio
The ntixrure heating up even further in the process. Here, intensive mixing takes place with
the gir in the main combustion chamber and combustion is continued and completed.

Aff i = — OO i)
m f
Nozzle Heat (V) =LHVxH, (3)
NII
Rearrange eq. (3) i ;€ EFI;

# 4
O [1] _(f_;_- ........................... @
Y
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3. Resuits and discussions
3.1 Spray analysis

The visnalizations indicate a coarse structure of the spray in the owter spray region and a very fine
distribution inside spray ¢one shown in Fig. 8.

Fig. 8 A very fine distribution inside spray cone. [13]

3.2 combustor performance
The combustor performance testing was also operated for comparison with automotive diesel o1l (ADO).
By regulnting atomizing air pressure supply between 68.95-275.79 Pa (10-40 psi, Siphon height -0.45 m).
correspondingly consumed 0.000419-0.000586 keis (1.78-2.50 ¥hr.) of fuel. Hot gas produced from combustion

was in range of 200-398°C depending ou oxidizing air mass flow regulated between 0.06345-0.1067 k/s. also
shown in Fig.9-11.

7 e
é 0.0005 — # eape
o 5 " L 40 . "/
§ 000055 e F . :
32 L] e R —L
2 coxs gm L =
& TN i § 500 f—e—"z e ——
£ oo00as - 3 — .
B ~ 255 g .
£ 00004 —eee—r \'-«..
005 .08 D.07 0OB 009 0.1 0.5 042 20 T : : - T
5 Goo D07 008 009 D4 01 D32
& SA45rr B2 Air mass flow rate ]
w S4lmii% SR, {kg's
Eriy i (S G 5155 A
Fig. 9 Automotive diesel oil (ADO) oil-air mass flow rate Fig. 10 Hot gas produced from
combustion
@ Siphon height -0.45 m @ Siphon height -0.43 m

Fig. 11 Combustion with automotive diesel oil (ADO)12]

Consequently, the combustor performance testing was done with palm oil and LPG. By regulating atomizing air
pressure between 68.95.275.79 kPa (10-40psi, Siphon height -0.45 m) and regulating LPG pressure 6.8 kPa
(1 psi), result showed that 0.0001167-0.00019936 kg/s of fiuel consumption, hot gas produced from combustion
was in the range of 308-498°C depending on oxidizing air mass flow regulated between 0.0693.0.1067 kg/s. The
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LPG mass flow was regulared 0.000489 kgis in order to sustain the combustion stbility, also shown in Fig.12 1o
14.

0.00022 650
g o
2 oom 500 AT
# 000213 - - : e B "\xw\_ R
= A d .
3 oowe QE i g e e
% - soss i 30 ey T =
0.00014 _ %
H R*= D85 Fomii R® = 02818
- 250
§ 000012 g B = 0.0060%
0.0a0 J j J p j 2mucua 0g? 008 0pe o 1 oo
008 0C7 008 ©e@ 01 011 032 - : - - 1 0 ) A
Air rmass flow rate (kagls) Air mass flow rate (kg's)
® CZE T 419 AP & LAgm. 7?
W DEEM 13788 Pa wm -L4fm, 137 80 wPa
r f -CAE M Zo64d 1P % 4 gm. ; kEa
CAF N 2TF TR AP . 4l m A HPa
Fiz.12 Palin oil-air mass flow rate Fig.13 Hot gas produced from combustion
@ Siphon height -0.45 m @ Siphon height -0.45 m

Fig. 14 Combustion with palm 01l mixed with LPG[11]

4. Summary

Thare have been considerable understanding to the operational characteristics of a practical airblast atomizer
gained from this study. However, further work need to bre done before a full understanding of the combustion
characteristics of a practical continuous burning combustor can be concluded. In summary. low pressure air
atomization of palm oil fuel with air pressure in the range of 69 — 620 kPa can be used to develop air blaster or
burners. The pure refined palm cil stearin is cousidersd as a renewable source of fuel for it can be reproduced
domestically. Anothar main advantage is a clean combustion, as no sulphur content in the fuel.

The combustor performance testing was also operated for comparison with awtometive diesel o1l (ADO). Hot
gas produced from combustion was in the range of 200-398°C depending on oxidizing air mass flow regulated
between 0.06345-0.1067 kg/s and the combustor performance testing was done with palm oil and LPG. Hot gas
produced from combustion was in the range of 308-498°C depending on oxidizing air mass flow regulated
benwveen 0.0693-0.1067 kg/s.
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This research was the study of a fuel injection
system for supplying atomixed fuel into a continuous
combustion chamber. Air assisted fuel atomizer
provide excellent atomization over a large range of
fuel flow rates and good spraying pattem. Palm oil
stearin and diesel oil were the fuels used in the
experiment of atomization. The ‘atomizer. was
designed in a manner that air could flow through the
small nozzle, Consequently, the low pressure air flow
could induce fuel and break into small fined droplets
that were delivered through the outlet. The
experimental results showed that atomizer had a
capability to inject the palm oil fuel at a rate of
0.00157 kg/s provide a heat rate of 60 kl/s per head.
This study provides understanding of atomization
process and the results will help in improving
atomizer design. The ability to inject small fine fuel
droplets made the atomizer suitable for different
types of furnaces especially in a small sized industries
that require fewer accessories and lower cost.

1.Introduction

Air atomizing nozzles provide the finest degree
of atornization for a given tapacity and pressure. There
is a choice of patterns: round, wide-angle round, 360°
round, or flat. [1] The spray pattern remains only as
long as the velocity of the atomizing air is maintained.
The spray drops may evaporate completely,
depending on their size, exposure time, the relative
humidity, and other ambient conditions. 4]

Atomizers are classified into pressure atomizer,
prassure swirl atomizer, twin fluid atomizer, rotary
atomizer, electrostatic and ultrasanic atomizer. [2] All
of these are widely used in the combustion
applications.

2.Spray characteristics

Following isa discussion of spray characteristics
10 help explain the criteria by which each candidate
spray nozzle must be evaluated in order to achieve
the most efficient spray performance. [5)

2.1 Air atomizing nozzles

Air atomizing nozzles provide the finest degree
of atomization for a given capacily and pressure.
Liquid fuel can be supplied to the nozzle under
pressure or it can be supplied through a liquid siphon.I3]

" [

Figure 1. Air atomizing nozzles [7]

2.1.1 Liguid setup or Siphon

The liquid is supplied by either a liquid siphon .
Liquid through the feed line into the air flow where it
is atomized.

Figure 2 Fuel supplied through a liquid siphon 7]

2.1.2 Pressure setup
The liquid is supplied the nozzle under pressure.
Air ind liquid can bememaliy or internally mixed to
ac d spray. [6]

e

Figure 3. Fuelsupplied to the nezzle under pressure [7]

2.2 Full Cone

A full cone spray pattem is round, square, or oval
in coverage, and completely filled with spray drops.
This spray pattern is normally formed by using an
internal vane, which imparts ¢ontrolled turbulence to
the liquid prior to the orifice, Full cone coverage can
also be accomplished with smaller drop size by using
of a header arrangement of atomizing or fine spray
nozzles.

Pt
P
o ALY

g
Figure %A full cone spray pattern [8]

2.3 Hollow Cone

The hollow cong spray pattern is essentially &
circular ring of droplet zone, This pattem is generally
formed by using of an infet tangential to a whirl
chamber, or by an internal groaved vane immediately
upstream from the orifice. The whirling liquid vesults
in a hollow cone configuration as it leaves the orifice.

=

Figure 5, The hollow cone spray patterr/[8]

3.Properties of palm oil

The lower heating value of refined palm oll stearin
was found to be 38,206 k)/kg compare to diesel oil
was found 1o be 45,906 k)/kg.The saybolt viscasity of
refined palm ol stearin was found to be 56.0 ¢5t and
diesel oil was found to be 3.34 cSt at similar
temperature of 37 °c

4. Mathematical Formulation

The fundamental laws used to solve the
problems are the law of velocity of air flow at throat,
air- fuel ratio

4.1 The law of velocity of air flow at throat

The fundamental idea of this concept is a
combination of pressure and air blast atomization in
order to reduce deoplet sizes by intense serodynamic
interaction between fuel and air flow. [4] Eg.{1} shows
the relationship of effect ta the air velocity at the
nozzle for inducing fluid mixing.

4.2 Air - fuel ratio

The mixture heating up even further in the
process. Here, intensive mixing takes place with the air
im the main combustion chamber and combustion is
continued and completed.[4] Eq.(2) defined the airto
fuel ratio “

Affratio = —

SR )

m

5.Results and discussions

The experimental results showed that atomizer
had 2 capability to inject the fuel at 2 rate of 0.00157
kg/s pravide a heat rate of 60 ki/s per head. This study
provides and improved understanding of atomization
process and the results will help in improving
atomizer design
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Figure 6. Diesel oil flow rate on siphon head at 28 °c
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Figure 7. Palm oil flow rate on siphon head at 28 °¢

5.1 Spray analysis

The visualizations indicate a coarse structure of
the spray in the outer spray region and a very fine
distribution inside spray cone shownin Figure 8

Figture B.A very fine distribution inside spray cone

Figture 9 Air atomizer assembly

B.Summary

Low pressure air atomnization of palm oil fuel
with air pressure in the range of 69 - 620 kPa can be
used to develop hot air blaster or bumers.
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Abstract

This research is concermned ahout the study of a fuel
injeciion systern in a continupus fumace chamber. The
pUMpESE Was o construct a low pressurs In supplying of fuel
RPalm oil stearin and diese! were used on the experiments for
the system of alomization. The atomizer was designsd in @
manner thal air coudti fow farcugh the smal nozzle.
Conseguantly, the low pressure air flow could induce iuel by
siphoning ang break il into small Gine droplets that were
delizared through the outist. The rasulted atomizer had a
capability to Inject tha fusl at the rate of 0.G021 kafs, providing
a heat rate of 60 ké'g par head, with the use of air prassure
supplied al 3447 kPa and the rate of tuel consumption can be
varied. In addilion, the abifty to inject small tine fuel droplets

from the atomizer could suitably be applled to different types of
combustion, é,g. furnacas in small slzed ingdustries that require
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Design of Continuous Burning Combustor WUsing Refined Palm Oll Stearin as fuel
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Abstract

This research is 1o design and develop a local-made continuous combustor using refined palm oil
stearin as fuel. The material for combustor chamber is stainless steel in order fo avoid oxidation at a high
combustion temperature. Air alomizing nozzle is developed to mest high efficiency fual injection with
round spray pattern atomization, and used low ale pressure to assist the atomization, The blower
compresses air into the combustor with suitable mass-flow rate. The combustor can deliver the heat rate
of 53.48 kW with the flame temperature of 700°C . Pure refined palm ofl stearin is used as fuel for
generating  continuous combustion of hot gas, The combustor is emphasized on simplicity for
construction. inexpensive cost, good stabifity and reduction the use of diesel fuel for continuous

combustor.
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