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Te investigate the combusticn in an o0il-Tirwl boeller in the

Mechanlcal Engineering Labhoratory.
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Froblem agsocinted with the Combustion in the boiler furnace

The combustion in this boiler has never been satisfactory.
A flame c¢ould not be estzblished at low fire rate, At high fire
rates an excessive cmount of smeke resulted. This prevented the
boiler belng used over a full modulating range., also the combus-
tion was very poor with high viscosity oils well within the renge
suited to the design of the Boliler.

Some further experimental work was required to give more
information on twe factors affecting combustion,

1. Photographs showing the nature of the flame under

varying fuel petering settings and primary air sattings.

2, To measure the velocity profile of the primary oir

50 a& to assess its influence on the atomization and scombustion.
Laboratory &pparatus.

1. The equipnment and the zpparatus used in the study was installed
in 1956 in the Stcam Power Laboratory of the Department of Engi-
neering, Chulalongkorn University. The description of the
component parts of the apparatus iz as followa.

2, Fully lutomatic Rotary-Type Burner,

L very interesting class of low-pressure air burner is the
Rotary. The oil is distributed over the air blast fronm the lip
of a rapidly rotating cup. This serves the double rurpose of
ensuring an even distribution of o0il and also initiates atomi-
zation. The cup is rigidly mounted on a shalt which can be
either directly coupled to an electric moter. The oil is fed on

to the inner surface of the cup from = stationary pipe, and thus
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begins its journey to tac lip of the cup with a low velocity.

It is obvious, therefore, that not only must one provide a cup
large enough to handle the quantity of oil passed by the hurner,
but that the cup must be so shaped as to ensure that the oil
leaves the lip at = sufficiently high wvelocity. The acceleration
due to the rotation of the cup can be converted inte an axial
velocity,

e A Uvtype manometer for the measurement of Pressures, vacuums,
or differential pressures,

4, 4 %5 mm-damera,

Experimental Procedure.

s. Atomization of boiler fuel gil by Photographs and CObservations,

Eight test series, one with each Fuel setting (Fig., 7), were
performed, (as shown in Fig. &),

B. Measuring the velocity of Primary air by Pitot tuhe.

Twelve test series, one with each Fuel Meter selting were
performed, (a3 shown in Fig. 9 and Fig, 10) The seguence of
procedure in each experiment was as follows:-

2. Setting the Pitot tube at zero poink in the center of
the Hﬁtary ¢up burner and startup the primery air inlety, Keep the
pricary air in the Closed position and reading the pressure head
en the U-type manometer,

b. Resetting the Pitot tube on the line out #f the Cepter
of the Rotary Cup hurner in the pesition as the data.

¢+ Hemoved the Primary Air inlet in the position of %
open, ¥ cpen, % open and Full opcn, and the sequence of procedurs

as abhove,
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1. 4 series of photographs of combustion in the boiler furnace
were taken in order to obtain a Picturial sssessment of the quaility
of combustion, (as shown in Fig., 11).
Zu iL plot of primary air yelocity was made at various set-
ting in order to investigate the infiuence of the Prigary air
velocity on atomization., {as shown in Fig. 12 and 13)
z. The atomization is generally poor at low metering rates
(0.3, 0.4}, it wes impossible to hold the flame continucusly,
This is zpparently due to large droplete of oil coming from the
atomizing cup and being unable to burn continucusly. Higher
metering rates improved the atomization and readily supported
combustion, There was however still to large a droplet af epil

for good combustion and smoke resulted. The rhotograph (0.8 -~
metering} is interestiug as the combustion is Ereatly improved
by the presence of the pilot flame, {Fig. 11)
4. Evidence points to the lack of a stabllieed flame at the
burner gputlet, The flaze, when the pilot flame is extinguished,
is garried from the burner causing flame fajlure and ehut down.

For small fuel metering rates the primary air must be severly
restricted, For all metering ratee it seems that the Primary
air has too high a velocity. (Fig., 12)
it could well be, however, that the secondery air flow be

adjusted in order to obtain a relationship between the secondary
and primary to give 2 flow rattern containing a stationary aiy

ZONe .
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Furthe: xperimental work.
This could be of two types.
(a)e To plot by means of = small pitot-static tube

better pattern of the actual air flow under working conditions

(b)s To use visualization techniques with a water-perspex

model of the combustion chamber,

Fig. 10 Measuring the velocity of Primary air by Pitot tube.
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?a?le A Var%gble Eitot tuhg setting and Clg;ed Erimarymair_%plet

{'ﬁa:?fmmﬁﬁifét Qﬁﬂg_f“"méé;{é”-mm}m_fgtaf'ufnmug::f_m T'ﬁéigéiﬁ}"'j
Itesting | setting om,|reading in  water . .. h -of .adx.dn
1 SRS SN PR B i
L 0.00 -0.,4C ! -0.0277 | 0,166 | 1,33 !
! 2 i 0.50 -0, 4C é -0.0277 i -0. 166 f -1.33
i % 1,00 [ .0.,20 ; ~0.0380 [ -0.117 i —0.9% |
f i | 50 -0.05 -0.0034 | -0.058 | -0.46 !
5 5 j 1,75 f G20 0.0136 | o,117 j Q.94 ;
! 6 i 2,00 3,00 €.2070 | 0,455 ? 3.65
T e L, 00 0.2770 | o.s26 | w2 |
3 2,50 5.60 0.3876 | 0,622 E 5.00
9 2,75 5.00 0.3450 i 0.587 | 4,7 ?
10 3.C0 ! 4,50 2.31190 j 0.557 f S 5
Rk } 2,25 ! 3,00 I 6.2070 ? 0.455 f 3.65 ,
12 3,50 I 0.00 i 0.0000 . 0.000 % 0.0 ;
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Teble ¢ Variable Pitot tube setting and % open Frimary alr inlst

No.of | Pitot twvel  scale | teier | . o | vereoity
testing | setting cml.readlng in i water . . i h lof air in
' } in, f Any | fps (V)
e _{_.___._ __._il._.._ e .!,_.__.__. —— ,1_ ............. . i
1 0.00 I ~0. 40 ~0,0277 i -0.166 i -1.33 %
2 ? 0,50 i -0, 40 ~0,0277 i 0. 166 ! -1.23% ;
3 1,00 : -0.15 -0.0104 é -0,102 é -0, 82 I
o 50 .00 | 0.0000 | 0.000 . 0.0 |
5 r 1,75 0.25 i 0.0173 ! 0,131 E 1,05 l
6 | 200 | 3.0 ! 0.2276 | 0.526 } b, 22 i
7 i 2,25 ; 5.00 | 0.3450 Q.587 ; b7t j
a f 2.50 | 6.60 ! C.4550 . 0.674 ? 5ol g
9 i 2.75 é 6,00 i 0.4k | oo,643 i 5.16 !
10 f .00 E 5.00 f 2, 3450 ; . 587 a7 5
11 ! 5,25 ! 3.50 | a.2420 | o.4m2 { 3.95
2 3,50 E 0.00 : 0.0000 é 0.000 | 0.00 i



Table 3 Variable Fitot tube setting and %
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len
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acale

Fitgt tube
setting ¢m.|reading in
! in,
| 0,00 -3.40
I
0150 —'D..L-'":l
1.0@ ‘Go15
tse | .05
1.75 .00
! 2,00 5..00
2.25 6.00
! -ﬂ:u:jU !: ?.DD
: i
; 2,75 G4 50
5.0 ! F.ED
| |
! 31.25 ' & a0
!
3.0 i 0,00
|
!

| ft.of
water
(hiy
-0.0277
| —a.0277
-3.0104

I 0,003%4

0.2070

S.H140
0.4830
G, 44E0
i 0.3800
0.27%0

0. 0300

0. 3450,

i

Velocity
of air in

fes (V)

~T.32
~1.535
-G, 8z
0.46
3.65
4,71
.16
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Table h variable Pitot tube setting and X open_ Primary air inlet

No.of
testing

=

oz =3

Pitot tube!

setting co,reading in

Scale

ifl.

0,00

“opes

————
ft,of | _.
water a;h

(h) B
L A R
1.
-0.0297 | -0.166
E

~3.0277 ; -0.166

~0.0034% | 0,058
C.0069 ’ 0.083
g. 0242 i 0,155
Q.4140 f O.6h3
D0.4830 0,635
0.5250 a.724
O.LETD G.555

!
C.4140 ¢ 0,643
0.3110 | 0.557
C. 0000 0. 000

— e — e

~1.33
-1.35%
-0.46
0.66
1.25
5.16
5,568
5.82
5.58
5,16

hob

| 0.0

] . o
it Welocitby !
:af air in
| fps (V)
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Table 5_Variable Pitot tube eetting apd Full opeR Primory zir inlct

HNo.of iPitot tube_] scale . ft.of
testing setting cm,J reading in ; water
: N } in. E {hj
; i _ — S
1
1 0.00 -0.40 | -G.0277
-r 1
e ' o.so ‘ ~0. 40 I _o.ce7y
- |
3 1.00 ] ~0,05 i ~0.0034
i
b 1.50 ' .15 I 5.0104
r
S 1.%5 4,00 L DL,2770
& i 2,00 ] 7.00 I 05830
|
- J
7 2.25 7.50 i 0,.5180
8 3 ;l !
I 250 8.00 ‘ 0.5500
!
9 2.5 | 7450 0.5180
!
10 3.00 &850 } 0. B4 B0
|
1M x2S | 5.CO . 0.3hco
|': 3
12 ! 3.50 0.00 | ©.o00o
: |

S

-0.166
-7,166
-0.058
0.1802
0.526
0.695

{:}.?‘19

2.71%
0.660
O.587

L. o000

Velacity

rof 2ir in

PR

fre (V)

~1.33
-1.33%
-0.46

0.8z

L.z2

GO0
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