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11. BURNERS

These have been grouped according to the type of fuel used.

A. SOLI D FUEL BURNERS

These are the sinplest burners to make, and include candl es as well as charcoa
burners.

B. LI QUI D FUEL BURNERS

These include several types of al cohol burners

c. __GAS BURNERS AND SYSTEMS

These are functional itens, providing the cleanest, nost intense heat. However,
they are somewhat nore sophisticated for production purposes,
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A. SCLI D FUEL BURNERS

Q (1) Cont ai ner

Al . Candl e Burner

(2) Heat Source

a. Materials Required

Conponent s Qu Items Required Di mensi ons
(1) Contai ner | Shal l ow Tin Can (A) 5 cmdi aneter or
| arger
(2) Heat Source 3 Househol d Candl es (B) Varies
b. Construction
(1) Cont ai ner Select atin can (A with|low
si des.
(2) Heat Source Melt the wax at the base of the

candl es (B) and place them at
equal intervals within the con-
tai ner.

C. Not es
(i) The intensity of the heat produced may be increased by increasing the
nunber of candles, but the total intensity is |ow.

(ii) The efficiency of a candl e burner may be inproved by collecting all the wax
that melts into the container and using it again Wth neww cks nmade fromsoft
string.

(iii) The candle flames tend to deposit soot on the surface of whatever is being

heat ed.
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A2. Charcoal Burner *

a. Materials Required

Conponent s Qu Items Required Di mensi ons
(1) Can 1 Enpty Metal Can (A) 10 cmdi aneter or
| ar ger

b. Construction

(1) Can Rermove top fromcan (A). Approx-
imately 4 cmfromthe bottom of
the can, mark of f triangul ar

wi ndows al | around.

Wth shears, cut along the

sl opi ng sides of each triangle
to make the wi ndows. Do not cut

Bend Up,,J

Triangles

al ong t he base |ine (horizontal
- Cut Here edge) of the triangle.

Bend the triangles up to forma

tray.

*Adapt edf rom UNESCO, Source Book for Science Teaching , (Paris: UNESCO, 1967),
pp 34-35.
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. Notes

(i) The holes pernmit air tocirculate freely to the burning charcoal.

(ii) Corments fromusers of the charcoal burners indicate that they are hard to

start. Also, once started, they present a considerable fire and carbon nonoxi de
risk.
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B. LIQU DFUEL BURNERS

Bl, Si npl e Al cohol Burner

Cont ai ner
a. Materials Required
Conponent s Qu Items Required Di mensi ons
(1) Fuel Contai ner 1 d ass or Metal 150-200 m , approxi -
Cont ai ner (A) mat e capacity
(2) Lid 1 Screw Top (B) To fit fuel container
(3) Weck 1 Soft Cotton Fi ber Long enough to extend
Cord (Q to bottomof con-
tainer and to cover it.
b. Construction

(1) Fuel Container Make the fuel container froma
gl ass or netal container (A)
with a screwon netal lid (B).
Sel ect a container with a wide
base to insure stability.

(2) Lid Punch a hole in the lid (B) with
anail, making it as round and
smooth as possible, with a
di aneter snaller than that of
the wick to be used.

(3) Wck Sel ect a piece of cord (Q wth

soft cotton fibers. The wick
shoul d protrude 0.5 cm above

the surface of the lid.

c. Notes
(i) If ahotter, broader flanme is required, punch two holes inthelid and use
two wi cks to produce a single, broad flane.
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(ii) The wick should be soaked in al cohol before Iighting the burner.

(iii) Methyl alcohol or denatured ethyl alcohol is the usual fuel used in the
burner. Kerosene may al so be used, but it tends to produce a smoky flame which
bl ackens heat ed obj ect s.

(iv) I'mportant: Use a stabl e contai ner. Ot herwi se, there is danger that the
burner will tip over easily.
(v) If the burner is used for prol onged periods, overheating of the container,
with build-up of internal pressure, is possible.

(vi) Make certain that the wick fits tightly into the hole in the lid. Oher-
wise, it is possible for the flame to clinb down the wick into the container.

(vii) A user of alcohol burners notes that those made from35 mmfilm cans have

several advantages over |arger ones made fromgl ass contai ners. First, they are
unbreakable. Second, if the

w insideis filled with cotton
waddi ng (cotton wool) they are
W unspil labl e i f knocked over.
Fil mCan Al'so, these small filmcans

hol d only enough for immediate
use, so that evaporation | osses

are not serious.
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B2. Modified Al cohol Burner

“———— (5) Wck
(4) Heat
Barrier

(3) Wick
Holder

———— (2) Fuel
Cont ai ner

—~—(1) Base

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Base 1 Woden Pl atform(A) Approxi mately 10 cm

di ameter (round), or
approximately 10 cmx
10 cm(square)

1 Metal Lid (B) To fit fuel container
bot t om
(2) Fuel Container 1 G ass or Metal 100- 200 m capacity
Cont ai ner (Q
1 Metal Lid (D) To fit fuel container
top (O
(3) Wck Hol der 1 Metal Tube (E) Approxi mately 4 cm
long, 0.7 cmor 0.8 cm
di anet er
(4) Heat Barrier 1 Metal Disc (F) 5 cm di aneter or
| ar ger
(5) Wck 1 Cord (G Approxi mately 10 cm
long, 0.5 cmor nore
in dianeter
(6) Cap 1 Bal | Point Pen Top or To fit wick hol der

Metal Tube (H)
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b. Construction

(1) Base
A Lid (B)
«<>
v Nail
\ Base (A)

(2) Fuel Contai ner

-

(4) Heat Barrier

(3) Wck Hol der

Nai | the metal lid (B) (witha
di anmeter equal to that of the
fuel container) to the round or
square wooden base (B).

Sel ect a glass or nmetal con-
tainer (C) with a screwon lid
(D.

Make the wi ck hol der froma
netal tube (E) about 4 cmlong
x 0.7 or 0.8 cminternal
diameter, or roll a piece of
sheet metal (4 cmx 2.5 cm
into a tube.

Drill a hole in the fuel con-
tainer lid (D |arge enough to
allowinsertion of the wick

hol der. Insert the w ck hol der

so that it penetrates about

1 cminto the container. Solder
the seamal ong the tube and

bet ween the tube and the |id.

Cut the netal disc (F) from
metal sheeting, or use a tin can
top. The disc should be
slightly larger than the fuel

container lid (D).

Drill a hole in the center of
the disc |arge enough to all ow
insertion of the w ck hol der
(E). Insert the wick holder so
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that about 1.0 - 1.5 cm pro-
trudes above the disc. Sol der
the seambetween the heat
barrier and wi ck hol der.

(5) Wck Make the wick froma piece of
cord (G or rope with soft
cotton fibers. Insert the wick
intothe wi ck holder. Trim
the wick with scissors so that
about 0.4 - 0.5 cmprotrudes
above the top of the wck
hol der.

(6) Cap Use a bal | point pen top (H as
a cap or make a netal cap large
enough to fit snugly over the
wi ck hol der when the burner is
not in use. The cap prevents
evapor ati on of the al cohol .

C. Not es
(i) The design of this burner overcones the najor hazards of the sinple alcohol

burner (1 1/8).

(ii) This 'design can be nodified to produce a wide flane that isparticularly
useful for working with glass. All parts of the design are the same, except for
the shape of the wick, wick holder, and cap.

For the wick hol der, cut a piece of nmetal sheeting about 5 cmx 4 cm Bend
it intoa flat tube about 2 cmw de and 0.5 cm deep. Solder the seam Install
this wick holder in the fuel container |lid and heat barrier just as in the previous
design. For the wick. use flat cotton webbing about 2 cmwide and 10 cmlong, or

braid (plait) aflat wick from
B*ﬂﬁ_ (6) Gap six toten strands of cotton
' (5) Wick cord or string. Make a cap from
(4) Heat Barrier metal sheeting to fit snugly
(3) Wick Holder over the wick hol der when the

burner is not in use,

(2) Fuel
Container

«——(1) Base
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C. GAS BURNERS AND SYSTEMS

Cl. Fuel Systemfor Gas Burner *

(2) Clamp

/ (3) Fuel Unit

N—————] 2)
Y (4) Safety Tank
(1) Pressure Unit 6) Connectin f
(6) Tubi ng g (5) Burner
a. Materials Required
Conponent s Qu Itens Required Di mensi ons
(1) Pressure Unit 1 Metal Drum(A) Approxi mat el y 26
liter capacity
1 Met al Drum(B) Approxi mately 16
liter capacity
3 Wood (C) 3cmx 2 cmx 65 cm
3 Bolts (D) 0.5 cm dianeter,
4 cmlong
1 | - Hol e St opper (E) Approxi mately 2.5 cm
di aneter (large end)
1 G ass Tubing (F) 0.5-0.7 cmdi aneter,
10 cmlong
1 Cont ai ner and Sand (G Approxi mately 6 kg
(2) danp l Screw C anp (H) | VI A5
(3) Fuel Unit 1 Metal Can (1) 41iter capacity,
appr oxi mat el y
1 2-Hol e Rubber Stopper (J) To fit opening in can

*Adapted fromC. S. Rao (Editor), Science Teachers' Handbook, (Hyderabad, |ndia:
Arreri can Peace Corps, 1968), pp 140-141.




(4) Safety Tank 1

(5) Burner 1

(6) Connecting Tube 3

b. Construction

(1)Pressure Unit

1

‘? Wood (C)
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d ass Tubi ng (K)

d ass Tubing (L)

Narr ow neck Bottle (M
2- Hol e Rubber Stopper (N

d ass Tubing (0)

d ass Tubing (P)

Gas Burner (Q

Pl astic or Rubber Tubing
(R

0.5 cmdianeter, 10 cm
| onger than hei ght
of can

0.5 cmdianeter, 10 cm
| ong

500 m capacity,
approxi mately
To fit bottle

0.5 cm dianmeter, 10 cm
| onger than height of
bottle

0.5 cm dianeter, 10 cm
| ong

[1/C

Approximately | cm
di anet er, and appr oxi -
mately | neter |ong

Sel ect two netal drums (A B) of

approxi matel y the sane dept hs,

but different di ameters, so
that one drum(B) will fit

i nsi de the other (A). Each drum

Bolts (D)

shoul d have one end open. Bol t

the three pieces of wood (Q

to the larger drum(A) with the

bolts (D) so that the space

Drum (A)

bet ween themis just sufficient

to allow the smaller drum(B) to

slide down easily between them
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Sand Can(G)
" Glass

=— Tube (F)
Stopper (E)

Drum (B)

Drum (A)

Use an al cohol lanmp to neke a
90' bend in the mddle of the

gl ass tubing (F), or cut a
shorter piece of straight tubing.
Fit the glass tube into the

st opper (E). Bore a hol e near
one side in the bottomof the
smal | er drum(B). Insert the
stopper into this hole.

Fill the larger drum(A) with
wat er equal to the vol ume of
the smal I er drum

Fit the snaller drum open side
down, between the wooden up-
rights of the larger drum

Push down on the upper (air)
drum (B). It should slide down
intothe | ower drum(A). Air
shoul d be felt escaping fromthe
gl ass tubing (F).

Pl ace a can or bucket filled
with sand (G on the air drum
as a wei ght.

Use the screwtype clanmp (H or
any standard screwtype cl anp
to control the air pressure
fromthe fuel tank.



(3) Fuel Unit

d ass
Tube (K) ——
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d ass

/Tube (L)

2~Hole

“Stopper (J)

- Metal
Can (1)

k— Gasoline

Fuel Unit
(Cross-section)

(4) Safety Tank

T d ass

Stopper —>

(N
|
Glass
Tube (0)
R
4
(5) Burner

(6) Connecting Tubing

Tube (P)

~— Bottle (M)

Make the fuel container froma
metal drum (1) or can with a
single outlet, rather than a
lid. Fit the drumwth a two-
hol e rubber stopper (J).

Make a 90" bend about 5 cmfrom
one end of the longer piece of
glass tubing (K), or use a
slightly shorter piece of

strai ght tubing.

Make a 90" bend in the middle
of the short piece of glass
tubi ng (L).

I nsert both pieces of tubing
into the stopper as illustrated.

Fill the can about 3/4 full of
gasoline(petrol).

Sel ect a glass or nmetal con-
tainer (M with a narrow neck.
Fit the container with the

two- hol e rubber stopper (N).

Bend both, pieces of glass
tubing (0,P) as described above,
and insert each into the stopper
asillustrated.

Fill this container about 1/3
full of water.

Construct a Bunsen burner (Q
as described in the next sec-
tion (11/Q).

Use flexible tubing (R (rubber
or plastic) to connect the
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apparatus as il lustrated.

Connect the tubing fromthe
Pressure Unit (1) with the long
gl ass tube of the Fuel Unit (3).

Connect the tubing fromthe
short glass tube of the Fue
Unit (3) with the long gl ass
tube of the Safety Tank (4).

Attach the connecting tubing
fromthe short glass tube of
the Safety Tank (4) to the
Bunsen burner (5). Take care
to see that the tubing is not
ki nked anywher e.

When al | conponents are
assenbl ed and correctly con-
nected, renove the wei ght and
st opper fromthe upper (air)
drum Lift the drumuntil its
| ower edge iis just bel owthe
wat er level in the | ower drum
Repl ace t he stopper and check
to see that it is tight, and
repl ace the wei ght on top of
the drum

c. Notes

(i) As the air drumsinks into the water of the | ower drumunder its own wei ght
and the pressure of the weight on top, the air thus displaced is driven into the
fuel drumand bubbl es up through the petrol. The petrol evaporates as the air
passes through it, and the air-gas mxture is driven through the water in the

safety tank to the burner

(ii) This systemis potentially dangerous because the petrol-air mixture present
fromthe fuel tank is an expl osive mxture, but several safety precautions have
been incorporated into the design.

The greatest safety factor is the needle valve in the burner; even when the
burner occasionally "backfires" (the flame junmps down fromthe end of the burner
tube to the needl e opening) the flame is very unlikely to nove back through the
needl e' s narrow openi ng. In the unlikely event that a flame shoul d nove back down
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the tubing, the safety tank prevents it fromreaching the fuel drum As a further
safety measure in the safety tank, the stopper should be snug, but not jamred
tightly into the neck of the container. Thus, shoul d the flane nove back into the
safety tank, it will be nore likely to blow the stopper out of the tank than to
bl ow t he tank apart.

Despite the built-in safety precautions, however, feedback comments suggest

extreme care in the use of this system

(iii) Inthe systemdescribed here, a glass bottle, encased in a cage of wire
nmesh for additional safety, was used as a water tank. This nmade it possible to
observe the rate of bubbles in the water, an indicator of the pressure in the
system Afairly rapid rate of bubbles, about 100 or nore per minute, was neces-
sary to produce a burner flane 3 - 4 cm high. It is recoomended, however, that
once the bubbling rate is established, a metal safety tank of similar size be
substituted for the glass bottle.

(iv) A weight of approximately 5.5 kg on an air drum with an area of 490 cn2
(dianeter 25 cm) provided 1l g/cn pressure to run the Bunsen burner described in

the foll owing section (11/C2) for about a half-hour.

(v) The systemand di mensi ons descri bed here constitute a snall, |aboratory
version suitable for runni ng one Bunsen bur ner. For a larger system the same
conmponents and princi pl es apply,
but experimentation on the
\TolmFiutel details of construction will be
necessary. For exanple, a
| arger pressure system wth a
| arge, heavy oil drumfor the
upper drumwoul d provi de pres-

sure for a |l onger period of

time and might not require a
wei ght on top. An air punp
coul d be added to fill the drum
withair without liftingit.

Al r Punp
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C2. Gas Burner *

«—————— (1) Burner Tube

\__J/ (2) Air Control Sleeve

5

(3) Gas Valve

<«——(4) Base

—(5) Gas Tube

a. Materials Required

Conponent s Qu Itens Required Di mensi ons
(1) Burner Tube | Copper Tubing (A 10.5 cm |l ong,
I cmdi anet er
(2) Air Control 1 Metal Sheet (B) 3cmx 3.5 cm
Sleeve
(3) Gas Val ve 1 Hypoder i ¢ Needl e (C) 18 gauge (0.125 cm
out si de di anmet er)
1 Adhesi ve Tape or Approxi mately 1 cm
El ectrical Tape (D) w de, 15-30 cmlong
(4) Base 1 Woden Bl ock (E) 10 cmx 10 cmx 2 cm
2 Woden Bl ock (F) 10 cmx 5 cmx 2 cm
(5) Gas Tubi ng 1 Rubber or Plastic Approxi mately 15-20 cm
Tubing (G | ong, approxi nately
0.6 cminternal
di anet er
1 Metal Tube (H) 3cmlong, 1 cm
di aret er

*Adapted fromC. S. Rao (Editor), Science Teachers' Handbook, (Hyderabad, India:
Anerican Peace Corps, 1968), pp 138, 141.
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b. Construction
(1) Burner Tube

C @\@

Air Holes

(2) Air Control Sleeve

C 0
Metal ___—-/
Sheet (B)

v

T

1.0

+

< Needle
Base

(3) Gas Valve

Drill two hol es on opposite
sides of the copper tube (A
about 2 - 2.5 cmfromone end.
Enl arge the hol es to an oval
shape, about 1 cmlong x 0.6 cm
wi de.

Lay the netal sheet (B) flat on
a table. Lay the burner tube

onit with the end of the tube
with the holes in it about 1.0
cmfromthe 3.5 cmedge.

Actual Iy, the hol es thensel ves
should be 1.0 cmfromthe 3.5

cm edge.

Use a pencil to trace the out-
line of one of the holes in the
tube onto the nmetal sheet. Cut
this hole out.

sheet around the burner tube
until it forns a cylinder.

Align the hole in the netal
sheet with one of those in the
t ube.

other hole in the tube onto the
met al sheet. Renove t he net al
sheet, and cut out the second
hol e.

Reroll the air control sleeve
and place it in position on the
bur ner tube.

Cut the top off the hypodernic
needl e (C) so that about ! cm
of the needl e renains. File the



Burnex
Tube

Sleeve

5| -

Air Control

| __Needle (C)

o

= Base with

M Tape (D)

Si de Vi ew
(4) Base

A//,Nood (E)
-
|| T~ wod (p

(5) Gas Tubing

L

Rubber
Tube (G)

Metal

~“— Tube (H)

Wap the adhesive tape (D or

el ectrical tape around the
needl e hol der until the base of
the needle will fit tightly into
the bottomof the burner tube
The open end of the needle
shoul d be near the middle of

the air holes.

Drill a hole approximtely 1.2
cmin dianmeter in the center of
t he square pi ece of wood (E).
Enlarge the hole with a file to
tightly hol d the burner tube

and gas tubing in place.

Nai | the two rectangul ar pi eces
of wood (F) to the square to
formthe sides of the base

Connect one end of the plastic
or rubber tubing (G to the
bott omof the burner tube.

Then push the burner tube
through the hole in the top of
the base. It shouldfit snugly

in place and shoul d not wobbl e.

Pass the ot her end of the gas

t ubi ng t hrough one open side of
the base. Ins ert the snal
metal tube (H) into the open end

of the gas tubi ng

Connect tubing fromthe gas
supply to this netal tube
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c. Notes
(i) This burner has been tested with both comrercially supplied natural gas

and with the gas generating systemdescribed in the previous sectionII/C.

(ii) When the burner is lit, the air control sleeve can be used to control the
nature and intensity of the flane. The sl eeve is closed when its holes and the
holes in the burner tube.are not liined up with each other. No air enters the
burner tube. The flane i s snoky, yellow, and glowing. It gives little heat. The
absence of air prevents the gas frombeing conpletely burned.

When the sleeve is turned so that its holes and those of the burner tube
are partly lined up, some air enters the burner tube. The flanme is al nost col or-
| ess, and does not glow. It is quite hot. The gas is nore conpletely burned in
this flane because of the presence of sone air.

When the holes of the air control sleeve conpletely match those in the
burner tube, the nmaxi numanount of air enters the burner tube.

Thi s produces a very hot, roaring flane with a bright blue center cone.
The gas is conpletely.burned, producing the hottest flame, because there is
plenty of air entering the burner tube.

Purg]‘ish Cone - hot part of the flame, called the
0x1d1zing flame. Conbustion of the gas is nost conplete.
Hottest part of the flanme just above the inner blue
cone of flane.

Bl ue <cone not as hot as the outer cone because there
is insufficient oxygen mxed with the gas to conpletely
burn it. Call ed the reducing fl ame because it can take
oxygen away fromsone oxi des.

Dark cone - not aflane at all. It isfilledwtha
m xture of unburned gas and air conming fromthe barrel.

Use a blue flane, about 4 cmhigh, for glass-working operations and nost ot her
heat i ng operati ons. Adj ust the gas supply and air control sleeve of the burner
to produce a quiet blue flane with distinct cones.

(iii) I'n use this burner produced an excellent flanme suitable for working soft
glass and for blowing small bulbs in 0.3 cmand 0.5 cmsoft glass tubing. However,
the burner tube tended to heat up after a few ninutes use. The | arger dianeter
burner, of slightly nore conpl ex design, avoids this difficulty to some extent.

(iv) Ifalarger diameter tube (e.g., 1.5 cmdianeter) is used for the burner
tube, several alterations nust be made to the design of the burner. First, a
| arger diameter syringe needle is needed (16 gauge, 0.15 cmoutside dianeter), and
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it must be cut off shorter, i.e., 0.5 cmrather than 1.0. Secondly, the end of
the burner tube nust be flattened slightly to restrict the flow of air/gas mxture

through it. Thirdly, the connection between burner tube, gas val ve, and gas tube

nust be altered. One way in which this can be done is to drill a hole 1.0 cmin
Burner Tube di amet er through a cork.
ﬁ [ (Flattened Enl arge the hole at one end to

End) 1.5 cmdianeter, and 1.5 cm

deep. Insert a 1.0 cmdi aneter
pi ece of nmetal tubing through
the hol e and pl ace a short

(1.0 cm piece of rubber tubing

on the end of it. Insert the
needl e i nto the rubber tube

Rubber

4Tube (the base may have to be built

up with tape). Insert the

Base - ?eﬁa] burner tube into the enl arged

~ ube

[T hole in the cork. Make certain
the fit is tight. Finally,

insert the cork into the hole

inthe base, put the air contro

sleeve in place, and attach the

Cross Section gas tubing

If,when this burner is in use,
the flane should tend to blowitself out because the tube opening is too w de,

decrease it further by pinchingwith pliers

(v) It must be noted that various conponents of the burner design are dependent
on the di aneter of the burner tube. These incl ude burner tube | ength, size of
the air holes, gauge and length of the needle, width at the top of the tube, and
various connecting devices such as metal and rubber or plastic tubing. For
example, if the diameter of the burner tube is increased, the diameter of the
needl e used and the I ength of the tube nmust al so be increased, but the size of the
opening at the top of the tube nust be decreased. Therefore, if tubing of a size
different fromthose described here is used, experimentation with the other com

ponents will be necessary in order to construct a working Bunsen burner.
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13. Wng Tip

-(1) Wng
a. Materials Required
Conponent s Qu Items Required
(1) Wng Tip 1 Metal Sheet (A)

1 Met al Sheet (B)

b. Procedure
(1) Wng Tip
0.8

.

Metal
Sheet (A)

s’ \

0.5 of Circunference
of Burner Tube

Tip

Di mensi ons
6 cmx 4 cm

6 cmx 4 cm

Measur e the circunference of

the burner tube. Draw and cut
out a paper pattern as
illustrated. Cut one piece of
this pattern fromthe netal
sheeting (A). Cut onthe

solid lines. Bend on the dotted

|'i nes.

Cut another piece fromthe
netal sheeting (B), but trim
the flaps onthe wingto 0.4 cm
Cut on the solid lines. Bend
on the dotted |ines.
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Metal (A)

Metal (B)

Burner Tube

Bend the wing flaps on piece
(B) at 90°. Bend the w ng
flaps of piece (A around the
outside of the flaps on (B).
Pinch the flaps on (A) to hold
(B) in place.

Pl ace the wing tip on the
burner tube, such that the

Wi ng extends above the burner
t ube.

Bend t he support strip flaps of
(B) and (A) to fit snugly
around t he burner tube. Snal |
holes | eft at the corners of
the flaps will not affect the
wing tip's performance.

(i) The wing tipis an accessory used with the gas burner when a wide flane is

desired.

It is especially useful for working with glass.
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