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STUDIES ON FUELS FOR TEA DRIERS—IV.

THE RELATIVE COSTS OF . HEATING AIR
WITH FIREWOOD,. COAL AND OIL

J. LAMB.

GENERAL

In previous articles in this series ) the theoretical and practical
considerations involved in the combustion of firewood, coal and oil
in tea driers have been dealt with at some-length. As a living
‘authonty on heat® has deduced. and pointed out: ‘‘when fuel is put
in the place provided.by the makers for this purpose the drier gets |
frightfully "hot””. ~ Apart from this. other advantages may accrue
. from a reascriable mmount of attenticn to the.sioking of tea drier,
furnaces. ‘ '

(1). A considerable saving in fuel may be effected.

(2) A steady inlet temperature may be maintained, which will
reflect upon both quality of tea made and the cost of ﬁrmg,
since,’ :
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. (a) A fall of temperature may tend to set up stewing condi- -
tions when the drier is loaded for a fixed drymg
capacity; and
(b) Rise of temperature under similar conditions will result
in overfiring and waste of heat.

(3). Increased length of life of costly furnaces will certainly
result {rom their_carzivl use. Furnqce distortion which
is lisble to cause Toss of etﬁcmncy, to make repairs mfﬁcuit
and thereby expensive, will. also be avoided. The possi-
bility of smoke taints wili be obviated. Fire hazard will
be definitely reduced.

To an industry faced with the inevitable need for ruthless
efficiency, such conditions undoubtedly merit attention.

In this paper it is proposed to enlarge upon Section (1) above,
and since the proof of any contention lies in trial, it is pertinent to
mention at the outset that trials in St. Coombs Factory dealing with
a small crop of 150,000 lbs. have resulted in a saving of Rs. 1,200
for the current year.

Accurate estimates of the relative values of firewood, coal and
oil for heating air, particularly for general interpretation, cannot be
obtained in a commercial factory working under normal conditions.
The reasons for this are not far to seek if we consider the factors
involved in the cost of firing a pound of tea:—

(1). Cost of heat units in the fuel used which varies widely
‘ with (a) ‘type of fuel, (b) district and (c}_accessibility. qf. ‘

estate.
(2}. Efficiency of stove, and efficiency of (a) oil burner or (b)
‘ steking.
‘ {3 . .iR# amount bf'nn,ﬁstuﬂ i the formeneed leaf ancl the

... extent to which the leaf. is dried out clurmg firing.

(4). (a). The cost of lighting up must be separated from the
cost of actual firing since the former obviously raises
the overall cost per pound much more on a small
crop than it does when firing is carried on for a
period of, say, 10 hours or more.
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(b). The feeding of fermented leaf must be continuous
.and at am even rate. The firing machine will work
most economically when loaded to its maximum
capacity.” Intervals between sets of dhools introduce
errors which are almost impossible to correct if
ﬁgures are required for comparative purposes.

-

(c). The cos? "f hot air requnred for wuhermg ‘must be
separated from the cost of lighting up the stove and
the cost of firing tea.

(8). The efficiency of the drying chamber will also affect the
cost of firing. If air escapes up the sides of the trays or
passes through large gaps between trays without coming
into contact with the tea, then it does not perform any
useful work and its heat content is wasted.

When the air is aill used to the best advantage, the exhaust
temperature must. be standardised for comparative
purposes, since the exhaust temperature indicates the
amount of heat in the air which is actually- used for
d”ry'ing Having decided upon the standard exhaust
temperature at. which to compare fuel costs it must be
adhered to as nearly as poss;ble throughout all tests. At
the commencement and’ end of firing and during firing of
the big bulk large, errors will be- made

(6). The temperature of the outside air will also affect fuel
' consumption, since if firing is to be carried out at 190°F/
it will obviously cost ‘mére to raise air at 60°F . to this
. temperature than it will to raise air from 90°F. i.e.,
130°F. of heat against only 100°F. of heat.

The situation created by the above factors is not generally
realised, hence the. md:scnmmate claims put forward from time to
time.
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It is obviously desirable therefore to use some method of compat-
ing fuels other than by relation of cost of fuel to pounds of tea fired.
Fortunately a much more simple and accurate method is available
since in the heater of a tea drier we are only concerned with heating
a certain quantity of air. The subsequent history of the hot air
does not affect the efficiency with which the task of the furnace is
. carried out. The efﬁciency of any one furnace will remain reasonably
constant, so.that measurements of the quasnuties of different. fuels
required to heat a fixed amount of air through a given range of
temperature will afford the most accurate method of studying fuel
economy provided that all tests are carried out on the same heater.

PROCEDURE
(1). The heater used for all the fuel tests was a Davidson’s
No. 5 Stove. The furnace of this stove did not need any
. special adaptation for burning firewood or. coal.
(2). Each test was run over a period of several hours after the
heater had been raised to working temperature. |
(3). The temperature of the air flowing from the heater was
maintained at 190°F. ] '
(4). The air flow was maintained at a fixed rate. To ensure
this (a) the fan was run at constant speed, (b) the fan
valve was set at a fixed position after lighting up. This
position was such as to allow the same volume of air as
normally used in tea drying to pass through the heater..

The following observations were recorded — ' -
(1). Fan speed (checked every 15 minutes). o .
(2). Wet and dry bulb temperatures of the intake air and of

_ the air le"vmcr the heater (at frequent mtervals)
+{3). Flue. temperaturcs, preasmes and flué damper ad]ust- o
ments. Carbon-dioxide content of the flue gases:
(4). The volume of air flow as-measured by an anemometer.‘.
For 'this purpose the exhaust duct was divided up into
36 sections and a set of readings, one in each section,
. obtained during each test.
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(5). Weight of fuel consumed. In firewood and coal tests the
fuel was divided into lots of 10 pounds. In oil tests dip-

stick measurements in a calibrated tank were made at the
end of lighting up and subsequently at hourly intervals.

(6). At the conclusion of each coal test the weight of coal ash
was measured

The tests carriéd out may bP chwded into the follou ing groups:—

1. FIREWCOD

(a) Red Gum.—Cost Rs. 8 per yard of 850 lbs.>
Moisture content 12:4 per cent.
Calorific value 7,857 B.T.U’s. per lb.
Furnace did not need any special adaptation to
burn the fuel.

(b). Toonah.—Cost Rs. 8 per yard of 533 Ibs.
Moisture content 13'5 per cent.
Calorific value 7,471 B.T.U's. per 1b.
. Furnace as for Red Gum.

2. COAL

- Coést Rs. 37 per .ton. excludmg bags which are
: returnable
Moisture content 26 per cent.
Calorifi€ value 12,573 B.T.U’s per pound
- The furnace did not need any special adapta-
.. tion. A small part of the grate area was

obtained using the whole grate area.
_ 3. oL
Cost 31 cents per gallon of 9.4 Ibs.

.. Calorific value 19,000 B.T.U’s. per ' Ib.
(Figures supplied by Shell Co. of Ceylon, Ltd.)

_____

brzckcd UP for erial’ but betiet cesulisiseres
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(a). Alcosa No. 5 Burner.—This burner was of the high pressure
type. The furnace was bricked up
with ordinary firebricks and broken
bricks were placed in the combustion
chamber to maintain a steady flame.
This burner was originally installed in
a similar manner in the firing mag,hme

PR

(b) ._uzd?,aw Daew and Wailscnd Burners. ——»’l hese bur‘n:\rs were of
low-pressure type cmploymg atomising
air at 10-15 inches Water Gauge
Pressure,

A special combustion chamber was constructed according
to a design supplied by the Shell Company of Ceylph, Ltd.
Barakar firebricks were employed in the construction of the
_chamber; the sides of the furnace and the floor were insulated
with Silocel.

Within a period of an hour or so after lighting up the hourly
fuel consumption became almost constant.

A large amount of data was collected in these tests aad is avail-
able for the use of-anyone interested. - It ‘is not proposed in this
paper to go into technical detail..

X

RESULTS AND DISCUSSION

When considering Table- [ in. relation to other estates it
"is of the utmost importance to bear in mind the actual cost of the

fuel in yards, tons or gallons on the particular estate because the
“relative values will vary widely with the relative costs.  To facilitate

- comparison, the figures wilk bacor-be micuiat.en ‘on.a unit.basis, mear- .-

while it must be borne in. ‘mind - that reference is made to costs at
St. Coombs Factory.

The outstanding feature of these results in relation to St. Coombs
costs is the low fgure for firewood in comparison to oil and
coal. The variation in the value of different species of firewood



TABLE I ..

RESULTS.
- Lighting up (cold stove) " Maintenance of air

Test . Fuel . Raising temperature flow of 2,800 cu. ft. -
No. : . ' of heater tp 190°F, per minute at 180°F. . Notes

i Type. . Rost per b, Time  Weight Cost Temp. of Amount of Cost of . .

! al' %t. Coombs. . taken  of fuel - intake fuel used fuel per
’ air (Av.). per hour. hour,
) Cis. hrs. min,  Ibs. Cts. OF. Ibs. Cts.

1 Red Gum. 035 1 2 212 . .74 70 65 .23

2 . Red Gum. 038- 1 05 215 75 ~73 ¢ 77 27

3 Toonah. 056 Y 2 35 250 143 80 82 47

4 Toonah. . 058 2 00 250 143 A3 1w . 57 “rest run for one hour only.

5 Coal. 165 140 120 198 82 41 68 Ash 209%. This . contained

., . ‘ . . R : o Lsmall amount of cinder

6 " Coal. T6s. - 2 00 125 206 77 40 66  -/hich can be picked out and

T ' : . . . used for fuel.

7 Oil"Alepsa +~ 3°30 -1 13 47 165 73 313 103 '

No. 5. v ‘ . - :

8  Bumer 330 0 40 376 132 78 313 103

9  Oil in Laidlaw . 330 1 45 61'1 - 215 77 235 78

10 Drew K.O, 3:30 1 15 541 180 - 78 22°9 » 76

Burner. _
11 Do. 33 . 1 15 494 173 —_ — — Gombustion chamber

roconstructed. Lighting
vy test only.

12 Gil in Walisend 3:30 1 15 47-0 165 79 221 73 L'sing tha reconstructed
- 0.0. Burner. #cmbustion chamber.
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explained in Part I of this series, is illustrated by the figures for red

gum and toonah showing that at the same price per yard, toonah
Is twice as expensive a fuel as red gum.

At St. Coombs, the relative costs of firing by oil or coal depend
on the length of the day's work. Oil is less expensive than coal to
light up on, but costs more for runaning the heater after it has been

Lraized to working temperatuiz: The reasan for this is mast srobably

that coal requires a iarge draught for proper combustion whnch cannot
be realised until the furnace znd stove have been heated. Where
induced draught is available this Jack may, to some extent, be
remedied. Banking coal fires at night as described in Part 2 will
also facilitate the raising of the heater to woriting temperature. .

A substantie_il difference in the cost of gil-‘ﬁring is shown between
the Alcosa high-pressure burner and the low pressure types. The
differences between these burners depend not only on pressure but
also size, the Alcosa burner being too large for the particular stove.
This disparity has been noted in a considerable number of cases in
Cevlon @,

The tests revealed little difference between the two low-pressure

types of oil burner. Tests 9 and 10 have bLeen included in Table T

in order to demonstrate the importance of a correctly designed
installation.  In‘thesé two tests trouble was experlenced with carbon’
formation,. and was found to be due in the first case to an insufficient

: supply of atomising air. This was remedied by substitution of the
.centlfugal type of blower by a positive type originally employed with

the high-pressure burner.  Secondly, the dlscoverv was made that

" the sbn 1h.-nst10n chambar had pot Leen co aatructed porording o spem-

fication-and this was remedied. by reconstruction. These twe faults
impaired efficiency considerably and Tests 11 and 12 f;how the
lmprovement that resulted from correction.

These examples serve to show the necessity for expert advice

‘with oil installations and since this is available, free of charge, to.all

[ T

.
. e e e gy
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estates in Ceylon, through' the Shell Company, there is little excuse
for running oil burners uneconomically.

Apart from the above considerations a modern type of oil burner,
properly fitted, is delightfully simple to use and gives scarcely any
trouble, whereas a faulty oil burner is liable to be an endless nuisance
and to cause damage to the stove.

* Similar analogies may drawn from the use of zoai, and tests
at St. Coombs will serve for illustration.

When coal was first used for these tests, the firing cooly was
left to his own devices'and, as usually happens, he put far too much
fuel into the furnace and attempted to work with a bed of fuel up to
twelve inches thick! It is of interest to note that the cooly scon
discavered that he got better results under these conditions by leaving
the furnace door open. It is essential when burning coal that the .
cooly be instructed in the art of feeding the fuel and using the slice, ’
The removal of clinker may cause some difficulty at first for until the
cooly learns to recognise clinker. from fused coal he may waste a
good deal of fuel. Two complete tests were carried out before
instructing the cooly along the lines given in Part 2. Little difficulty
was experienced in the adoption of the. recommended method while
the fuel consumption for heating the same amount of atr as previously
was halved. '

As with oil, the services of experts arranged through the
suppliers, are available to all Ceylon estates. In some cases grate’
area needs. reduction when coal is used 45 a fuel, and in this instance
expert advice is most helpful. S

Coal, like oil, is easier to burn ecoriomically than firewdod once
‘the elen:cntary principles underlying its use have'been g:asped.

'SUMMARY

The above resultq and dlscusszons rehte to the' conditions
appertaining to St. Coombs Estate. The only devmtlon of importance
on other estates will be the actual cost of the various fuels in terms’
of cubic yards, tons or gallons. Tn order to facilitate comparison
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under various conditions it is only necessary to choose a unit and to
express the results obtained on St. Coombs in multiples of this unit.
Further, to simplify the application of these multiples they ‘have
been calculated for a range of fuel prices and the results set out in
the following table. Red Gum at Rs. 150 per yard has been
assigned the value of 100 units and all other costs based on this
figure. .

A .7 TTTARLE I -
Fuel Cost of Fuel Cost of heating  Cost of
stove to working  heating
temperature ~ air
RED GUM Rs. 1-50 per yd. 100 units 100 units
B 2-00 ,, . - 134, 134 ,,
2-50 ,, ., - 66 ,, - 166 ,,
3-00 ,, ,, 20 ,, 200 ,
350 ,, ,, 234 234,
4-00 ,, ., 268 ,, - 288 ,,
4-50 ,, ,, 300 ,, 300 ,,
5-00 ,, ., 334, 334
"TOONAH Rs. 1-50 per yd. 194 units 202 units
-2-00 ,, 258 270 ,,
| 2-50 ., ., 322, - 336 .
Col .+ 800, , ' 38 , 404,
o 3-50 ,, 450 ,, - 412
400 ., ., 514 ,, 538 .,
450, ,, - 5718 ,, .- 608 ,,
500%, . G4 L 6TH .. -
" COAL Rs. 25-00 per ton 368 units. 394 units
Burnt as efficiently -~ 30-00 ,, ., 442 |, 472
as firewood after 35-00 ,, ., 516 , 550 . ,,
" heating up. 40-00 ,, ., 590 ,, 628 ,

45-00 ,,-,, . 664 708 .
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Fuel Cost of Fuel Cost of heating Cost of
- stove to working  heating
temperature air
OIL 25 cts. per gallon 338 units 512 units
Using a high 27 " 366 ,, 552 |,
efficiency burner. 29 . 394 ,, 594 .
31 . 420 ,, 83, .
33 . 446 ,, 676 ,,
35 " 474 718 ,,
37 . 502 ,, 758 ,,
39 " 528 ,, _ 800 ,
41 . 556 ,, 842 ,,
OIL - 25 cts. per gallon 338 units 724 units
Usmg a burner which 27 - 366 ,, 780 ,,
gives the same efﬁcnency 20 . -394 838 ,,
as firewood. 31 . 420 ,, 896 ,,
) 33 " 446 ,, 954 ,,
- 35 . 474 ,, 1012 ,,
37 o 502 ,, 1070 ,,
39 " . 528 1128 ;.
41 bo6 ,, 1186 ,,

In Part 1 it was shown under the heading ‘‘Firewood Costing™’
'that the relative values of dlfferent species of firewood depended .
largely on the weight of dry matter’in a yard.. For pract:cal purposes -
two rough divisions of différeat specles of wood used for fuel could

be made as follows:—
o ls:.'C!assi.

Close textured
heavy wood.

2nd. Glass.

Open tex tured
light wood.

Red Gum
-m-r#-'*

Taa s

Bliie Guin -

Grrevillea
Acacia

Up-country ]ungle firewocd.

Toonah

‘Albizzia

Dadap
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An approximate idea of the relative fuel costs using the other
firewoods given in the abo»e list can therefore be made by reference
to Table II.

Qur thanks are due to the Shell Company for allowing Mr. R.
Batie, M.Sc., to assist during the test with oil and to Mr. Batie for
the able way in which he rendered this assistance.

I - - - L. LT - - AR . A -

APPENDIX

In Part I * it was pointed out that the fundamental considera-
tion in assessing the value of firewood was the amount of potential
-heat, expressed in British Thermal Units, in each pound.

The term thermal efficiency expresses the percentage of this
potential heat which can be utilised in any system.

It follows therefore that the fundamental factors underlying the
cost of heating air in any air heater with any fuel are:—

(1). The cost of the heat units in the fuel.

(2). The thermal efficiency of the stove. If oil fuel is used
the thermal efficiency of the vil burner must be taken into
account. |

The thermal efficiency of a stove is naturally dep.endent upon’
the design and upon the efficiency of combustion of the fuel.

- Durmg the firing tests descnbed a,bove the thermal efficiency
.« dchieved. \_m"'.g ‘each test was meaz,.,sed A
The figures are not neceasvdv the exact efficiency in absolute
terms but they serve for the purpose of accurate comparison between
any tests of the series. The thermal efficiency figures given below
apply only to the process of heating air and are independent of the

efficiency of lighting up.
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TABLE III
Test . Fuel Thermal Efficiency.*
, per cent
1 Red Gum 51
2 Red Gum 43
. 3 Toonah - ' - 28
5 Coal 47
6 Coal , 52
7 Oil burnt in over- s
8 . - size high pressure -
burner A 42
10 - - Oil burnt o 58
12 70 in low pressure . . . b8
_burner

* Value for air Bow as measured by Anemometer not corrected for density.

Firewood figures are most- variable owing to the difficulty of
burning the fuel correctly. Results with coal are much more
uniform, while with any one burner very consistent results may be
obtained with oil.

. Firewood, coal and oil burnt in an. unsuitable burner give a
" thermal eﬂic:ency of the same 'order.  Qil burnt in a well- desngned
installation gives a deﬁmteiy higher thermal efficiency.

Taking an average of Tests 1 to 8 in Table I and comparing
this with Tests 1% sed 12, we. ‘inf‘ an :mprove’l eFﬁcnency of apnro:ﬂ-_ :

AL

mately 1.) ‘per cent.

i
Further improvements may ¢ result from the mtroduction of the

Java heater ® in which combustion is so complete that the gases
resulting from it (nérmally called the flue gases) are drawn directly
into the drying chamber. An efficiency approachmg 100 per cent.
may be obtdmed with this heater.
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At present prices, under St. Coombs conditions, oil ¢an only
compete with firewood and coal if the fullest advantage is taken of
the possibilities of obtaining higher thermal efficiencies by its use.
This point may be illustrated by the actual cost of heat units in the

fuels used in the above tests. ’

Fuel Cost of 10,000 B.Th.U's.
) delivered at St. Coonibs

! ~ Factory

Red Gum - 045 cents

Toonah 0-76 ,,

. Coal : 1-32 .

Qil - ) 174

For heating up a tea drier stove it was shown in Table I that oil
was a highly efficient fuel. During the running of the air heater,
when firewood and coal have attained their maximum efficiency oil
has to reach an efficiency 24 per cent higher thar its nearest compe-
titor to maintain an equal cost, under conditions at St. Coombs.

Even if impbrted fueis can be burnt twice as efficiently as fire-
wood, that is to say with maximum possible efficiency, they cannot
compete with red gum firewood at Rs. 4 per air-dried yard of 850 Ibs.

While local industry can produce red gum or s:mliar ﬁrewood
at Rs. 4 per vard, or until imported fuels are reduced considerably
in price, firewood growing must be a sound economic proposition.
‘The suggestion is ventured that insufficient attention has been given
to this aspect of the tea industry and, in view of the closing of
Government fuel blocks in many parts of the Island, a thorough
revision of the local fuel-growing industry i§ desirable.

4
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