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A REPORT ON DIRECT-FIRED AIR HEA’IZERS
~J. LAMB

In the Tea Quarterly (1940), XIII, p

73, the Shell Co. of Ceylon and R. C. Scott
published details of “A Type of Direct-
“Fired Amr Heater tor Drying Tea” whick
had heen in use at Ottery Estate for two
years. This heater i# still in daily use and
the cost of upkeep has heen negligible over
a period of seven years. The simple cons-
truction of this Direct Fired (D.F.} heater;
illustrated and explained in the article
" referred to, makes it obviously less costly
to build than a tubular stove, whilst the
theoretical possibility of high efficiency is
borne out by figures shewing a cost of
operation Telatively low for drying by
liquid fuel. These three factors, namely

{a} Low cost of construction

(b) Low cgst of upkeep.

(¢} High therma! efficiency.
are the most imiportant factors in the cost-
ing of air heater operations and are there-
fore major consideratiohs in the cost of
drying tea. .

It will probably strike the reader that
} +>factor {¢) would have been more naatly
| expressed as “Low cost of operation.” Un-
fortunately, however, high thermal effici-
ency does not result in a correspondmg}y
low cost of operation unless the cost per
heat unit in the fuel employed is compara-
tively low. Obvipusly a heater operating
on, say, Ligueur Brandy would be expen-
sive to run however high the thermal effici-
" ency (it is now necessary to add qualifica
.’ tions about atomic energy). -

For many years the Tea Research
* Institute has emphasised the relative cheap-

ness of heat units grown on the estate in

the form of fuel trees planted in clearings,

swamps, ravines, etc., and has practised on

‘8. Coombs Estate what it has preached in

the Tée Quarterly. We have also pointed
out the possibilities for a local fuel industry
with much less effect.

During the war the supply of estate

grown fuel was not sufficient to keep prices
down. and many contractors were quick to
start what was virtually a “Black Market”

. in firewood. Fortunately, the oil com-

panies, degpite shipping difficulties and risk

“to life and Hmb, were able to supply ade-

quate quantities of fuel oil at a very reason-
able cost. It is fitlting therefore to pay a2
tribute to the oil companies for the way in
which our liguid fuel supplies were main-

tained at reasonable cost through the war.

The relative costs of heat units in contrac-
tors’ firewoond and in oil reached parity early
in the war years and there has actually
béen a marked change-over to imported-
fuel during this time. The coal supply,

owing to transport and world shortage, has- -

been very difficult, and oil is becoming, or
has become, the tea industry’s principal
source of heat apart from home grown fire-
“wood. ‘The cost of home grown frewood
_being intimately bound up with labour and_
transport cogt has also risen and is unlikely
to revert to former levels or to increase in
availability. The low costs of construction
and upkeep of a D. F. Heater, coupled with

~ a high efficiency which ensures very econo-

mical use of liquid fuel, therefore makes
Direct Firing worth careful consideration
under present conditions.
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At the beginning of 1945 a D. F. heater
was installed in St. Coombs faclory in
parailel with a tubular stove of high ther-
mal efficiency in such & way that accurate
comparison could be made between the two
alternative methods of heating the air sup-
ply for a common drying chamber. A
number of carefully controlled tests were
. .carried. out. after which’ the D.F. hf::*ie*’
*_ was put into daily use on the commercial
side of the factory, operated by ordinary
factory labour, ahd supervised by the tea-
niaker

TESTS

The results of comparabie tests on the
- two different types of heater are shewn
,in Table I. The heatets were, ay already
mentioned, both connected to the same
drying chamber. In referring to Table I
the following points should he noted -

1. Time taken to raise temperaiure—
The test results shew the times for the ther-
mometers to reach 1909F. In actual prag-
tice, when the direct-fired heater is in use,
leaf can be charged Into the machine five
or ten minutes after lighting up, as it takes
20 minutes to fill the drying chamber and *
-the duty is therefore light for the first 20

minutes. When the indirect heater, ie.,”
‘the tubular stove, is in uge, again it-is not
necessary to wait until the exact working

temperature is reached, but since the large
amount of metal in the tubular stgve hag -
to be raized to working uemper_ai:ul
temperature of the air drawn over it rises
slowly and must be closely approaching the
working degree before the feeding of leat
is commenced. In the case of the direct
fired heater, the air is at working tempera-
ture almost ‘at once hut it takes soretime

the -

inlet thermometer, to record the working
temperature. There is no capital of heat
locked up in a D.F. heater as there in a
tubular stove.

2. Total weight of leaf fired and mois-
fure content of fermented leaf—It will he
notéd that both from the duration of the
test and {he moisture to be evaporated per
‘pound of tea fifed, conditions were slightly
in favour of the tubular heater.

3. Made Tea—The leaf fired per
gallon of fuel usedgwould therefore, as
pointed out in para 2, have been even higher
in the cage of the D.F. heater had the mois-
tiure content of the fermented leaf been
exactly equal in the two tests.

4. Fuel used.—The most exact com-
parison may be made on the oil consump-
tion figures, especially in the hot air tests.
It will be noted that both heaters were heat-
ing the same amount of air (Datum 24) to
the same temperature (Data 10 and 11) over
the same temperature range. They were

‘both performing pradtically exactly equal

tagks but one was consuming 3.3 gallons
of fuel per hour and the other 4.5 gallons
per hour (Datum 21). The consumption
rate was steady but in the tubular heater
some of the heat is unavoidably lost in the.

-fine gases which pass up the chimney. The

patticular tubtlar heater used in these tests
is of comparatively high thermal efficiency.
The air from the m‘nular heater i3 to a
slight extent-drier thanthe &ir from the
I». F. heater which contains the water of
combustion® of the fuel, which at 3.3 gallons
consumption of oii per hour means the for-
mation of approximately 34.4 Ih, of water
During the tests in which leaf was dried
157 1b. of water per hour were evaporated
by the D.F, heater as against 143 by the

for the drying chamber, and therefare the

® Liquid fuwl plus Oxygen =Carbon Dionide plus water
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TABLE I
Direct Heatine InDirecT HeaTiNg
Hot air : Hot air .
only With leaf only With leaf
1, Time to raise temperature 25 min. | 25min. { 60min, | 45 min.
2a. Duration of test after raising :
- temperdture o 4200, 1480, 360 23,
2b. Total tims of fepding or .
<~ dischaping- b e 6 ., 7 — it 7
3. Total durdtion of test ... 445 505, 420 276
Fuel used
4. To raise temperature 1.7 gals. | 125 gals. | 4-25 gals| 4-0 gals.
5. For duration of test after
ralsing temperature 23.3 ,, 12700, 1|2675 11625,
8. For total duratién of test J 250 ,, 12825 ., 13100 . |2025,
Firing .
7. Total wt. of fermented leaf w— 125011, ] — 1150 Ib.
8. » »  n made tes eer — 1287 ,, — 648 ,,
8 s s g Moisture evaporated — 1204 ,, . 502 vt
Mean Temperature °F _
10. Air Intake {outside air} | vl 0 8° 74° 3
11. Inlet i 1927 1o2° 191° 191°
12. Exhaust s el — 128° e 13r1°
Mean percentage moisture
contents -
13, Withered leaf _ 53 —_— §3
14. Fermented leaf — 45 - 44
15. Made tea e 1 — as
AVERAGES
16. Fermented leaf fed per hour o 326 1b. —— 327 1b.
17. Made tes discharged per hour e 169 ,, - 184 ,,
i7.  ,, ., per gailon of fuel 1
{2) Excluding amount to .
' : raise temperature ... — 18 ,, -— 40 .,
(b} Including amount to
- raisé temperature ... ——— 46 ,, e 82
19. Moisture evaporated per hour ... — 157 .. — 143 ,,
20 w o »» per gallon of fuel:— . .
{a) Excluding amount to L. : N .
.+° raise teraperainye — 45 ,, — 1 3,
{b) Including amount to - . _
raise temperatuce - 43 ,. — 5
21. Fuel used per hour excluding
amount to raise temperature ..., 3Jgals. | 34pgals. | 4.5gals. | 42pgals
22. Fuel used per hour including .
amount to raise temperature ... 34 ., 34 ,, 44 44
' Miscellaneous Data
23, Fan speed r.p.m. _ 590 590 590 $90
24. Volume of air at exhaust in :
cubic ft. per min. {cold air
reaﬁing} e 5OBS — 6090 —

(Fan valve adjusted to give constant volume of air-flow in all tests)
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Indirect method (Datum 19), the fuel con-
sumption in one case being 3.4 gallons and
in the other 4.2 gallons. On the basis of
equal moisture evaporation, therefore, the
ratio is 34 to 4.6 and so for all practical
purposes the moisture of combustion is neg-
ligible in its effect on drying capacity, as
the ratio of fuel censumption is practically
‘the safhe in both tesis. The hirleaving 2
tea dryer is still far from saturation point
with respect to moisture, and this is the
reason for the negligible effect of the mols-
ture of combustion on the drying capacity
of the air jn a D.F. heater.

COMMERCIAL OPERATION OF D. F. HEATER

The D.F. heater instalied in St. Coombs
factory has been in daily use for almost a
year. It has heen operated and main-
tained by ordinary factory Isbour and
supervised by the tea maker. Through the
courtesy of Mr. R. C. Scott we have also
been afforded every facility for examining
the installation at Ottery Estate and the
records of its use. 'We are from this experi-
ence satisfied that a Direct Fired heater Is
a practical proposition and suitable for use
under ordinary estate conditions,

We are, however, bound to point, out
that since, in the D.F. heater the products
of combustion are drawn ‘through the leaf
in the drying chamber, it is possible to taint
leai more easily than it is in o tubular
heater,” In thie first vlace, the heater must
be properly designed and constructed. 'Fne
Shell Co. of Ceylon should be consulted in
this. matter. Secondly, the oil burning
equipment must be suitable for the purpose
for which it is employed and ‘properly in-
stalled. Some types of oll burner are not
suitable for direct fired heaters and respon-
sible and efficient opinion must be sought
on th:sﬂm‘atter Thére are also several tech-

"nical safeguards which must be incorpo-
rated in the installation,

Under the conditions specified, little
short of gross neglect can lead to any mis-
hap, but it must be realised that against
this personal factor of gross -negligence
there is at the moment no possible tech-
nicul safoguara. . Mechanizal troubles are
bound to occur from {ime to time and taints
arising from such troubles are largely safe-
guarded against BY a cutout device which
shutg off the oil supply as soon as the atom-
ising air supply. fails, A fall in atomising
air pressure due to partial fallure (for
instance severe belt slip) would be indica-
ted by the pressure gauge. If by any un-
fortunate combination of circumstances a
smoky flame results from mechanical defect,
it should be obvious to any normal labourer
and immediate steps may be taken to mini-
-mize the effect by isolating the leaf in the
machine at the time, and by getiing tea
tasters’ advice before bulking the leaf with
the rest of the teas fired. Only the grossest
neglect could lead to a D,F. heater being
operated with a smoky flame for sufficient

*time to iaint any considerable guantity of

tea. However, in the past, furnsces fed
with firewood have fairly commonly been
neglected and maltreated and it is neces-
sary to make it perfectly clear to estate
staffis that if a DF. heater is installed,
reasonable interest must be taken in care
aid mmintendnce. Technicsl koowisdge in
not required out merely a modicum of
common-sense and awareness,

In seven years at Ottery Estate and
one year at St. Coombs there has not been
a pound of tea spoiled by commercial ope«
ration of D.F. heaters, and there is no
reason why the heaters should not be in-
stalied in any factory where supervision is
normal.

-




45

SPECIAL NOTES ON OPERATION

‘The normal sulphur content of liquid
fuel makes it necessary to specify certain
conditions” for operation which should be
recorded and displayed prominently for the
benefit of the factory Iabour concerned with
the operation of a . heater, The sul-
phur in lquid fuel, Wiuch arhounts to about

- .8 per cent of its weighs, burns tv su‘lph‘ur

dioxide which is a pungent gas familiar to
all who strike Ceylon matches. It is also
alleged to be a prominent constituént of
the vapours of the lower world. Sulphur
dioxide gas is used at comparatively high
concentration for preserving dried fruits and
especially concentrated fruit drinks, such as
passion fruit juice. The concentration i
f.he air biown through the ﬁtyer is. very

The prasen(_:e r)f sulphnr dioxide in the
withering tofts, especially if a D.F. heater
is being used for withering, may cause
comment but it iz guite harmless. The
effect of sulphur dioxide on the ironwork
of the dryer . is nof, however, entxrely

negligible.

Sulphur dioxide attacks iron wvigor-
ously at very high temperatures, the rate
diminishing with temperature and become

At 190°F. the rate of attack is negligible
but .pelow 140°F. it again increases and
msy eventuaily havsg undesmzble indirect

effecis - on the fired tea.” "ThHe actual

amount of iron  attacked is very small
indeed but the product of the attack,
namely ferric sulphate, may find its way
into the leaf and cause occasional trouble
with very dark liquors. Particles of ferric

‘sulphate hecome detached from the iron-

work, and if inciuded in dry leaf when
cupped out will give an almost black

-

. slow at tea dryer furnace temperatures -

r

liquor. This trouble is not of any very
great importance and may be entjrely
avoided by running the dryer above
140°F, As a matter of fact considerable
corrosion also occurs in tubular heaters
through running them below 140°F. for
withering. .

. 1t should therefore he an invariable
fule in every tea factory pever to operaie

any machine for withering at an inlet tem- -

perature below 140°F. In the case of a
D.F. heater written instructions in Eng-
lish and Tamil should be attached to the
heater and the dryer. Recording fhermo-
meters are very useful for ensuring that
this rule is obeyed. The first sign of a
breach of this rule i3 a sticky deposit on
the trays of the dryer and if this is noted
at any time the drying chamber should be
cleaned out.

In remote parts of the factory where
condensation is lable to form in wet wea-
ther, unprotected, i.e., ungalvanised or un-
painted iron may “grow” white “whiskers”
of ferric sulphate bue it is not considered
to be of any practical importance and will
probably pass unnoticed in most cases.

SUMMARY AND CONCLUSIONS
1. Direct-Fired heaters have been
found to have the following advantages i—

(a) Relatively low cost of construction.

{h) & very low cost of maintenance -

compared to tubular stoves,

(c) A high efficiency resulting in a 25
per cent saving of liquid fuel on
a 3 ft. dryer in comparison to a
tubular stove of high efficiency.

2. They have been found reliable in
operation and easily maintained and
supervised by an ordinary factory staff.
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3 The followihg precautions are esseh-
tial j——
A D.F, heater installation must be -~
(a) Properly designed and installed ky
a responsible engineering firm in
consultation thh the Shell Co. of
Ceylon.
() Carefully  supervisett. b a itea-
‘ maker who takes ait jaterest in his
job and who is reasonably alert. ~
No gpecial technieal knowledge but
only common-sense is required.

The estate superintendent should
also satisfy himgelf that the instal-
lation is properly maintained. Itis
emphasised that the gross negli-
gence often allowed with firewood
scannot be tolerated with a D. P,
heater.

(¢} Even when Wlthenm.j, &h{. t._mpe,r.a

ture of the air passing throvgh and
out of the drying chamber must be
maintained above 140°F.






