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FOREWORD 

The Fuels Research Centre of our Branch and its predecessor, the Fuels 
and Mining Practice Division, have collected over a period of more than sixty 
years analytical data on properties of Canadian fossil fuels. Concurrently, the 
Canadian Combustion Research Laboratory of the Fuels Research Centre, in 
carrying out numerous boiler acceptance tests, has prepared accurate data on 
combustion-air requirements, flue-gas volumes and boiler-heat losses for 
many of these fuels. In addition, the Laboratory has been active in research 
on many aspects of domestic, commercial and industrial combustion, and 
has contributed to recent technological advances relating to fireside corrosion 
and air pollution. 

Having these analytical, calculated and research data, and furthermore 
having access to data-processing computers, the Laboratory has undertaken 
to prepare a handbook which should be of unique value to Canadian 
fuel-related industries. Indeed, a need for such a handbook has often been 
expressed. 

Each of the main fuels — coal, oil and gas — is dealt with in a separate 
volume, and for each fuel analysis combustion and heat-loss data are 
provided in simple, accurate charts. Recent information relating to fireside 
corrosion and air pollution is also provided. No claim is made that every 
Canadian fuel is included but it is planned to update the handbook through 
periodic addenda. 

The cooperation of the users of the handbook and others interested is 
requested by drawing oversights to our attention. 

John Convey, 
Director, Mines Branch 

Ottawa, June 1969 
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psychrometric chart, a chart showing boiler radiatiôn 
loss, and a brief discussion of low-temperature corro-
sion. Sample calculations showing the derivation of 
the graphs are given in Appendix A. 

1. INTRODUCTION 

Those concerned with utilization of fossil fuels have 
frequent need of combustion calculations. Air pollution 
authorities use them to establish the potential pollutant 
emission of a particular fuel; designers and consulting 
engineers use them to size gas-handling systems for 
fuel-burning installations; boiler and burner manu-
facturers use them to design combustion equipment; fan 
manufacturers use them to select equipment for draft 
systems on boilers; and owners or operators of combus-
tion equipment use them to determine efficiency of 
operation to mention a few. Often there are inadequate 
background information and facilities to carry out 
complete sets of calculations for all the fuels that are 
likely to be encountered and they are done on an 
individual basis as the need arises to solve particular 
problems. Because combustion calculations are inherently 
cumbersome, approximations and rules of thumb have 
been introduced, which affect accuracy to a greater or 
lesser extent. 

This Combustion Handbook for Canadian Fuels was 
prepared by the Canadian Combustion Research 
Laboratory because of its unique position of having 
considerable experience in the application of combus-
tion calculations, having access to a wealth of informa-
tion on fuel analyses, and having access to a computer 
to carry out accurate calculations without the usual 
tedium. The handbook includes most of the fuels used 
in commercial quantities and presents the combustion 
data in the form of a set of easy-to-use graphs for each 
fuel analysis. Specifically, the graphs show (a) per 
pound of fuel, the weight and volume of combustion air 
required and flue gas produced for a range of tempera-
ture and excess air conditions, (b) the heat losses 
resulting from combustion of the fuel for a range of 
conditions, calculated according to the ASME Power 
Test Code, and (c) where applicable, the theoretical 
concentration of SO 2  in the flue gas. Thus, the graphs 
eliminate most of the laborious calculations usually 
associated with designing a combustion system or 
measuring its efficiency. While the handbook is aimed 
primarily at boiler combustion systems, its usefulness 
extends to many other fuel-using processes. 

The handbook is being published in three volumes; 
one each for coal, oil and gaseous fuels. In each volume 
the graphs are preceded by a section giving instructions 
for their use, including detailed examples. Also included 
is information common to all the fuel analyses, such as a 

With one exception, the analyses given in the fuel oil 
volume of the handbook have been calculated. Sampling 
and analyzing the various grades of residual fuel oil 
produced by each refinery in Canada would have been a 
tedious undertaking, therefore analyses were calculated 
for a range of specific gravities and sulphur contents, 
using the empirical formulae developed by the U.S. 
Bureau of Standards, which are considered to be 
accurate within 1% (1). The aforementioned exception 
is No. 2 fuel oil which, being a refined product, is fairly 
consistent in quality throughout the country, hence 
calculations were based on an actual analysis. Specifica-
tions of the various grades of fuel oil are given in 
Canadian Government Specification (CGSB) 3—GP-2C 
Fuel Oil-Heating and 3—GP— 12C Boiler Fuel-Naval. 

It is recognized that some important fuels may have 
been inadvertently omitted from the handbook, and the 
author is prepared to publish addenda as omissions are 
brought to his attention. 

2. DESCRIPTION OF THE HANDBOOK 

As explained in the Introduction, ultimate analyses 
of the residual fuel oils dealt with in this handbook have 
been calculated. This was done for specific gravities 
(relative to water, 60/60°F) ranging from 0.90 to 1.05, 
at intervals of 0.01, and for sulphur contents from 0% 
to 4%, at intervals of 1%. The resulting 80 calculated 
analyses should enable one to deal reasonably accurately 
with most of the residual fuel oils in Canada. 

The method of calculation is described in detail in 
Appendix B; it is sufficient to state here that nitrogen, 
oxygen, ash and moisture in the fuel oil are assumed to 
be negligible. For convenient identification, each graph 
bears a set number, of which the first two or three digits 
denote the specific gravity of the oil, while the last two 
digits denote the sulphur content. Thus, set 9730 
denotes an oil with specific gravity of 0.97 and a 
sulphur content of 3.0%, while set 10400 denotes an oil 
with a specific gravity of 1.04 and 0.0% sulphur. The 
sets of graphs are arranged in ascending order of set 
number, that is, increasing specific gravity, and at each 
specific gravity, increasing sulphur content. No. 2 fuel 
oil is dealt with in set 8507. 

In the calculations, one pound of oil was used as the 
basic unit of fuel. As a convenience, conversion factors 
dealing with each oil analysis in terms of Imperial 
gallons, U.S. gallons and millions of Btu (Btu x 10 6 ) are 
given prior to each set, along with the ultimate analysis 
which that set represents. 
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From Figure 1 or Figure 2, 
% total combustion air at 
13.5% CO2 

From Figure 1, at respective 
total-air levels, wt of dry air, 
lb/lb oil 	 7- 	16.3 	16.05 

From Figure 2, at combustion- 
air temperature of 800 F and 
at respective total-air levels, 
vol of dry air, cu ft/lb oil, at 
29.92 in. Hg 	 = 	220 	219 

Interpolating for oil with 
2.5% sulphur; total 
combustion air at 13.5% CO2 =  116.6% 
wt of dry air 	 = 116.18 lb/lb oil 
vol of dry air at 80 0 F and 
29.92 in. Hg 	 = 219.5 cu ft/lb oil 

Required capacity of forced-draft fan 
=  16.18x 1213 .= 19,630 lb/hr  plus margin 

219.5 x 1213 = 4,438 cfm plus margin at 
60 	 sea level 

117.0 	116.2 

3. COMBUSTION DATA GRAPHS 

3.1. Figure 1 

In each set of graphs Figure 1 shows, for the 
combustion of one pound of oil, the weight of dry 
combustion air required and the weights of dry flue gas 
and total flue gas produced, versus per cent of total 
combustion air, the latter being defined as per cent 
excess air plus 100 or per cent of stoichiometric air. 
Flue gas analysis may be related to total combustion air 
by either the CO 2  curve or the 02  curve. The 
calculations were made on a dry-air basis, i.e., moisture 
in the air was neglected, because its effect is usually less 
than one per cent. It will be shown later how a 
correction for moisture in the air can be applied, if 
desired. Dry flue gas represents the moisture-free 
components of the flue gas, namely CO 2 , 02  and N2, 
while total flue gas represents the foregoing components 
plus the moisture resulting from combustion of hydro-
gen, but excluding moisture from combustion air. In 
some cases the weights of dry air and dry flue gas are so 
similar that they are represented by the same line on the 
graph. 

3.2. Figure 2 

Figure 2 shows the volumes at different temperatures 
of combustion air required and flue gas produced when 
burning one pound of oil, again plotted against total 
combustion air. The volumes shown are for an 
atmospheric pressure of 29.92 in. Hg. Corrections for 
other pressures may be made by applying a correction 
factor from Figure A, as shown in Example 1, or 
corrections for other pressures and temperatures may be 
made by employing the perfect gas law, P 1  V I  = P2  V2 , 

Ti 	T2 
taking care to use absolute temperatures. 

3.3: Direct Application of Combustion Data 

For designers of combustion equipment the combus-
tion handbook provides a rapid method for sizing 
forced-draft and induced-draft fans without carrying out 
the combustion calculations usually required. In sizing 
fans, good practice requires that a safety margin be 
added to the calculated requirements. Commonly 
accepted values are 15% on volume and 30% on 
pressure, but more liberal values are sometimes used. 
However, Figures 1 and 2 give calculated requirements 
only, and to remind the designer of this, the notation 
"plus margin" has been added to the capacity require-
ments arrived at in the examples. 

Example 1. 

A boiler is to be fitted with an oil burner having a 
maximum throughput of 150 U.S. gph. At this firing 

rate the flue-gas temperature is expected to be 520°F, 
and the CO 2  concentration is expected to be 13.5%. 
The oil has a specific gravity of 0.97 and a sulphur 
content of 2.5%. Combustion air will be drawn from the 
boiler room at 80°F. It is desired to find the required 
capacity, in 1 b/hr and cfm of (a) the forced-draft fan, 
and (b) the induced-draft fan, both at sea level and at an 
elevation of 2,000 ft above sea level. 

Solution: 

The sulphur content of 2.5% falls between sets 9720 
and 9730. For greater accuracy, check both sets of 
charts and interpolate. From the con-;/ersion factors for 
either set 9720 or set 9730, 150 U.S. gph = 150 x 
8.08686 = 1,213 lb oil/hr. 

(a) Forced-draft fan 

Set 9720  Set 9730  

From Figure A, at 2,000 ft above sea level a correction 
factor, for elevation, of 1.076 must be applied to the 
volume. 

. • . Required capacity of forced-draft fan 
= 4,438 x 1.076 = 4,775 cfm  plus margin at 

2,000 ft above sea level. 

It may be noted that by not interpolating, that is, by 
using either set of graphs directly, the error introduced 
would have been less than one per cent. 
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7_ 19,630 lb/hr 

4,438 cfm at 80°F 

0.0177 

_= 13.95 

= 13.60 

(b) Induced-draft fan 

Set 9720  Set 9730  

From part (a), % total 
combustion air at 13.5% CO 2  = 117.0 	116.2 

From Figure 1, at respective 
total-air levels, wt of total 
flue gas, lb/lb oil 	 = 	17.2 	17.05 

From Figure 2, at flue-gas 
temperature of 520°F, and 
at respective total-air levels, 
vol of flue gas, cu ft/lb oil 	= 	422 	419 

Interpolating for oil with 
2.5% sulphur; wt of total 
flue gas, lb/lb oil 	 = 	17.12 
vol of total flue gas at 
520°F, cu ft/lb oil 	= 420.5 

Required capacity of induced-draft fan 

17.12 x 1213 = 20,767 lb/hr  plus margin 
420.5 x 1213 = 8,501 cfm plus margin at 

60 	 sea level 

As in part (a), a correction factor, for elevation, of 
1.076 must be applied. 

. ' . Required capacity of induced-draft fan 

8,501 x 1.076 -= 9,147 cfm  plus margin at 
2,000 ft above sea level. 

Example 2. 

A boiler burning residual oil with a specific gravity of 
1.01 and a sulphur content of 3% normally operates 
with 3.5% 0 2  in the flue gas and a stack temperature of 
450°F. If excess air is reduced to give 2% 0 2  in the flue 
gas, and the corresponding drop in stack temperature is 
30°F, what will be the reduction in volume of flue gas, 
assuming an atmospheric pressure of 29.92 in. Hg? 

Solution: 

The oil in question is described in set 10130. From 
Figure 2, 3.5% 0 2  = 119% total air. At 119% total air 
and 450°F vol flue gas, cu ft/lb oil = 390 

From Figure 2, 2.0% 02  -= 110% total air. At 110% 
total air and 420°F vol of flue gas, cu ft/lb oil 
= 352 

Reduction in volume of flue gas— 390— 352x100= 9.74% 
390 

3.4. Correction for Moisture in Combustion Air 

Moisture in the combustion air increases the weight 
and volume of gas handled by the combustion air and  

flue-gas systems. Unless the weight of moisture exceeds 
70 grains per pound of dry air, it may be neglected 
without introducing an error greater than  1%. If it is 
desired to make a correction, the relative humidity of 
the combustion air must be determined using a sling 
psychrometer, then the psychrometric chart may be 
used to determine the weight of moisture, as shown in 
Example 3. It should be pointed out that the psychro-
metric chart holds for an atmospheric pressure of 29.92 
in. Hg, and becomes progressively less accurate as 
atmospheric pressure deviates from that figure. 
However, this should not be significant except in 
extreme cases, and then the weight of moisture per 
pound of air may be calculated using Carrier's Equation, 
which is to be found in any text on air conditioning. 

Example 3. 

In the case given in Example 1, correct the weights 
and volumes of combustion air and flue gas when the 
combustion air has a relative humidity of 80%, assuming 
atmospheric pressure = 29.92 in. Hg. 

Solution: 

(a) Forced-draft fan 

From Example 1, on dry-air 
basis, required capacity of 
forced-draft fan 

From the psychrometric chart, 
at 80°F and 80% RH 
lb moisture/lb dry air 
specific volume, cunt/lb 
dry air 

Specific volume of dry air at 
80°F,  eu ft/lb dry air 

On moist-air basis, required 
capacity of forced-draft fan 

= (0.0177 + 1) x 19,630 = 

13.95 
13.60 x 4,438  

(b) Induced-draft fan 

From Example 1, on dry air basis, required 
capacity of induced-draft fan 	= 20,767 lb/hr 

_= 8,501 cfm 
From part (a) additional weight of moisture 

=  19,977— 19,630 = 347 lb/hr 
additional volume of moisture at 80°F 

=  4,552— 4,438 = 114 cfm 

19,977 lb/hr  plus 
margin 

:7_ 4,552 cfm  plus 
margin. 
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Correct to a temperature of 520°F,  using the perfect 
gas law: 

P 1  (114) = P2 (V2) 

460 + 80 	460 +520 

There is no change in pressure, i.e. P1 =  P2 

Therefore V2 - (1 14) (980) _ 207 am  
540 

On moist-air basis, required capacity of induced-draft 
fan 

= 20,767 + 347 = 21,114 lb/hr  plus margin 
:_-. 8,501 + 207 = 8,708 cfm  plus margin. 

4. HEAT-LOSS GRAPHS 

4.1. Figure 3 

In each set of graphs Figure 3 shows the heat loss, in 
per cent of fuel input, represented by the sensible heat 
in the dry flue gas leaving the system. This loss is 
dependent upon the excess-air level and the temperature 
of the flue gas above combustion-air temperature, 
therefore heat loss has been plotted against total 
combustion air for a range of temperature differentials. 
CO 2  and 02  curves have been included to conveniently 
relate flue-gas analysis to total combustion air. 

4.2. Figure 4 

Figure 4 shows the heat loss, in per cent of fuel 
input, due to moisture in the flue gas formed from the 
combustion of hydrogen. Being based on gross calorific 
value, the loss consists of the heat of evaporation plus 
superheat; hence, for a fixed hydrogen content of fuel, 
it depends upon stack temperature and combustion-air 
temperature. 

4.3. Figure 5 

Figure 5 shows the heat loss in per cent of fuel input 
due to carbon monoxide in the flue gas, resulting from 
incomplete combustion. This loss increases with 
increasing CO concentration and decreasing CO2  con-
centration, that is, for a given CO concentration the 
per cent loss is higher if excess air is present. However, 
with properly adjusted modern burners, combustion 
should be complete unless the excess-air level is below 
5%.  Therefore, Figure 5 has been simplified by plotting 
heat loss due to CO only for the case where there is 
negligible excess air. For a given CO concentration, if 
the excess-air level were actually 5% instead of», the 
error resulting from the use of Figure 5 would be about 
2% of the indicated heat loss.  

4.4. Other Heat Losses 

In determining efficiency, the handbook applies the 
indirect method, or the heat-loss method, in which heat 
losses are measured in per cent of fuel input. For a full 
discussion of boiler heat losses the reader is referred to 
the ASME Power Test Code for Steam Generating Units 
(2). In most cases involving oil-fired equipment, how-
ever, no more than three heat losses need be considered 
in addition to the three already discussed. They are as 
follows: 

1. heat loss due to unburned combustible, 

2. heat loss due to moisture in the combustion air, 
and 

3. heat loss due to radiation and convection from 
the combustion system. 

Unburned combustible other than CO is primarily in 
the form of soot, and to accurately measure its 
concentration in the gas stream requires specialized 
instruments. Typical values of unburned combustible 
for a well-adjusted burner are 0.2% to 0.4% by weight 
of fuel input, and the concomitant heat loss in per cent 
of fuel input will be in the same range. The heat loss due 
to moisture in the air represents the heat required to 
superheat the moisture, which is already in vapour form, 
from the temperature of the combustion air to the 
temperature of the flue gas leaving the system. The loss 
therefore depends upon the weight of moisture per 
pound of fuel and the net temperature rise through the 
combustion system. It will be shown later how the loss 
due to moisture in the combustion air can be fairly 
accurately approximated, but since it usually represents 
less than 0.5% of fuel burned, it, together with the loss 
due to unburned combustible, is represented in most 
boiler heat balances by an "unmeasured losses" term, 
for which an arbitrary value is assumed. A reasonable 
value for "unmeasured losses" in most oil-fired boilers is 
0.5% of fuel input. 

The heat loss due to radiation and convection from a 
boiler or other combustion system is difficult to 
determine accurately. To do so involves establishing the 
area and emissivity of all surfaces exposed to ambient 
air, their temperature above ambient, and the air 
velocity over them. The standard "radiation loss chart" 
published by the American Boiler Manufacturers 
Association (Figure B), is a convenient, widely used 
method of approximating the radiation and convection 
heat loss. It assumes a temperature differential of 50°F 
between surface and ambient, an air velocity of 100 fpm 
over the surface, and an emissivity of 0.95. The 
accuracy of the chart increases with the size of the 
generator. 
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Per Cent of full-load rating 

	

50 	75 	100  

	

350 	425 	500 

70 	70 	70 
12.5 	13.0 	13.5 
0 	0 	0 

6.40:70 

6.39% 

0.00% 

0.50% 

1.30% 

The heat losses obtained using this chart can be 
corrected for higher air velocities and higher surface-to-
ambient temperature differentials using the correction 
factors given in Figure C. This involves establishing the 
average boiler casing temperature, preferably with a 
contact thermocouple, measuring ambient-air tempera-
ture, and measuring air velocity over the boiler casing by 
some means such as a vane anemometer. The ABMA 
radiation loss chart takes account of the number of 
water-cooled walls in the generator, since water-cooled 
walls usually have a lower surface temperature, and 
hence a lower radiation loss, than refractory walls. Most 
modern water-tube boilers have three or four water-
cooled walls, and package firetube scotch-type boilers 
may be treated as having four water-cooled walls. 

4.5. Application of Heat Loss Data 

4.5.1. Approximate Heat Balance 

To strike an approximate heat balance using the 
combustion handbook, the following information is 
required: 

1. specific gravity and sulphur content of the fuel 
oil, 

2. maximum continuous output rating of the boiler 
in Btu per hr, 

3. actual output of the boiler in Btu per hr, 

4. flue-gas temperature or stack temperature in °F, 

5. combustion-air temperature in °F, 

6. Orsat analysis of the flue gas; CO 2  or 0 2 , and CO, 
per cent by volume. 

Assuming that the foregoing information is measured 
to the tolerances normal in the trade, the accuracy of 
the heat balance will depend on how well the actual fuel 
oil is represented by the set of graphs selected, and on 
the size of the combustion system or boiler. The 
importance of the latter is due to the fact that the per 
cent of radiation and convection loss rises sharply with 
decreasing heat output, and the accuracy with which the 
loss can be estimated from the ABMA chart decreases 
proportionately. For boilers operating at a full load 
output of 20 million Btu/hr or more, the radiation and 
convection loss can likely be estimated within 1/2% of 
total heat input, and the heat balance is likely to be 
accurate within 1%. For smaller boilers, or boilers 
operating at low loads, the estimated radiation and 
convection loss may be in error by 1% or 2 % of total 
heat input, and the accuracy of the heat balance may be 
± 3%. 

Example 4. 

A boiler rated at 50,000 lb steam/hr at 100 psig, dry 
and saturated, with a feedwater temperature of 
180°F, is fired with residual oil having a specific 
gravity of 0.98 and a sulphur content of 2.0%. Find 
the boiler efficiency at 50%, 75% and 100% of full 
load rating, given the following operating conditions, 
neglecting heat loss due to unburned combustible 
and moisture in the air, but assuming "unmeasured 
losses" of 0.5% of fuel input. 

Stack temperature, °F 
Combustion-air tempera-
ture, °F 
CO2  in flue gas, % 
CO in flue gas, % 

Solution: 

The oil in question is dealt with in set 9820. From 
steam tables, heat picked up per pound of steam at 
given conditions = 1190 — 148 = 1042 Btu/lb. 
Therefore full-load rating = 50,000 x 1042 -7-- 52.1 x 
106  Btu/hr. 

(a) Heat balance at 50% of full-load rating; heat 
output = 26.05 x 10 6  Btu/hr. 

Heat Losses 

1. Dry-flue-gas loss, from Figure 3, 
at CO2  := 12.5% (total combustion air 
-= 126.5%) and temperature differential 
of 350 — 70 = 280°F: 

2. Hydrogen loss, from Figure 4, at stack 
temperature of .350°F and combustion-
air temperature of 70°F: 

3. CO loss at CO =  0%: 

4. Unmeasured losses (assumed) 

5. Radiation and convection loss, from 
ABMA radiation-loss chart, Figure B, 
assuming four water-cooled walls, actual 
output = 26.05 x 106  Btu/hr, full-load 
rating = 52.1 x 10 6  Btu/hr 

Total Heat Losses: 	 14.59% 

Efficiency =  100— 14.59 = 85.41%  

(b) Heat balance at 75% of full-load rating; heat 
output = 39.08 x 106  Btu/hr. 
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9.43% 

6.65% 
0.00% 

0.50% 

1.27% 

17.85% 

9.15% 

6.76% 
0.00% 

0.50% 

0.68% 

17.09% 

7.15% 

6.48% 

0.30% 
0.50% 

1.27% 

15.70% 

Heat Losses 

1.Dry-flue-gas loss, from Figure 3 at CO2 
 13.0% and temperature differential 

of 355°F: 

2. Hydrogen loss, from Figure 4, at stack 
temperature of 425°F and combustion-
air temperature of 70°F: 

3. CO loss at CO =  0%:  
4. Unmeasured losses (assumed) 
5. Radiation and convection loss, from 

Figure B, as before, except that actual 
output = 39.08 x 10 6  Btu/hr 

Total Heat Losses: 
Efficiency =  100-  15.81 = 84.19%  

Heat Losses 

1.Dry-flue-gas loss, from Figure 3, at 15% 
excess air and temperature differential 

	

7.85% 	of 450°F: 
2. Hydrogen loss, from Figure 4, at stack 

temperature of 530°F and combustion- 

	

6.57% 	air temperature of 800 F: 
0.00% 3. CO loss at CO =  0%:  
0.50% 4. Unmeasured losses (assumed) 

5. Radiation and convection loss, from 
Figure B, for heat output --- 15 x 10 6  

	

0.89% 	Btu/hr, 4 water-cooled walls: 
Total Heat Losses: 

Efficiency =  100-  17.85 = 82.15%  

15.81% 

(c) Heat balance at full-load rating; heat output= 
52.1 x 106  Btu/hr. 

(b) Heat balance under low excess-air conditions 

Heat Losses 

1. Dry-flue-gas loss, from Figure 3 at CO 2 
 = 13.5% and temperature differential 

of 430°F: 
2. Hydrogen loss, from Figure 4, at stack 

temperature of 500°F and combustion-
air temperature of 70°F:  

3. CO loss at CO = 0 %: 

4. Unmeasured losses (assumed) 
5. Radiation and convection loss, from 

Figure B, as before except that actual 
output = 52.1 x 106  Btu/hr: 

Total Heat Losses: 

Efficiency =  100-  17.09 = 82.91% 

Heat Losses 

1.Dry-flue-gas loss, from Figure 3, at 3% 
excess air and temperature differential 
of 380°F:  

2. Hydrogen loss, from Figure 4, at stack 
temperature of 460°F and combustion-
air temperature of 80°F:  

3. CO loss, from Figure 5, at CO  = 0.1% 
4. Unmeasured losses, as before: 
5. Radiation and convection loss, as before: 

Total Heat Losses: 

Efficiency =  100-  15.70 = 84.30%  

Gain in efficiency with low excess air 
= 84.30 - 82.15 = 2.15%  

Example 5. 

A high-temperature-water generator rated at 15 
million Btu/hr burns residual fuel oil having a 
specific gravity of 1.00 and a sulphur content of 3%. 
It normally operates at full load with 15% excess air 
and a stack temperature of 530°F. What will be the 
gain in efficiency if excess air is reduced to 3%, 
resulting in 0.1% CO in the flue gas, and a stack 
temperature of 460°F. Combustion-air temperature 
is 80°F and "unmeasured losses" are assumed to be 
0.5% of fuel input. 

Solution: 

The oil in question is dealt with in set 10030. 

(a) Heat balance under normal conditions: 

Example 6. 

A boiler burns pitch with a specific gravity of 1.04 
and a sulphur content of 3.5%. At full load it 
operates with 3% 02 in the flue gas and a stack 
temperature of 500°F. Combustion-air temperature 
is 60°F. Find the gain in efficiency if an economizer 
is installed which reduces the stack temperature to 
300°F.  

Solution: 

The sulphur content falls between sets 10430 and 
10440. Check both sets of charts and interpolate. 
Only the dry-flue-gas loss and the hydrogen loss will 
be affected by the change in stack temperature. 
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4. air velocity over the boiler casing in feet per 
second. 

Again the accuracy of the heat balance will be 
limited by the accuracy with which the fuel oil can be 
matched by the analyses in the sets of graphs, and by 
the accuracy with which the ABMA radiation-loss chart 
can be interpolated. For boilers with a full-load output 

6.40% of 20 million Btu or more, there should be no difficulty 
in striking a heat balance within an error of ± 0.5%, 
assuming a close match of the fuel oil with a set of 
graphs. 

Example 7. 

9.38% 

8.32% 

6.73% 

0.00% 

0.25% 

(b) With Economizer 

Set 10430  Set 10440 

1. Dry-flue-gas loss, from 
Figure 3, at 3% 0 2  and 
temperature differential of 
240°F:  

2. Hydrogen loss, from 
Figure 4, at stack tem-
perature of 300°F and 
combustion-air tem-
perature of 60°F: 

Interpolating for oil with 3.5% 
sulphur; 

dry-flue-gas loss 	= 	5.12% 
hydrogen loss 	= 	5.95%  

Total 	= 11.07% 

Economizer increases efficiency by 15.81-11.07=4.74  % 

It should be noted that interpolating between the 
two sets of graphs increased the accuracy only very 
slightly. Either set would have provided an adequate 
level of accuracy. 

4.5.2. Accurate Heat Balance 

If it is desired to strike a heat balance with greater 
accuracy than provided by the method previously 
described, the following information must be obtained, 
in addition to the information required for an approx-
imate heat balance: 

1. unburned combustible in the flue gas, lb/lb fuel, 

2. relative humidity of the combustion air, 

5.15% 5.10% 

5.94% 5.96% 

(a) Without Economizer 	 3. temperature differential between the boiler casing 
and ambient, in °F, and 

Set 10430  Set 10440  

L Dry-flue-gas loss, from 
Figure 3, at 3% 02  and 
temperature differential of 
4400 F 	 9.40% 

2. Hydrogen loss, from 
Figure 4, at stack tem-
perature of 5000 F and 
combustion-air tem- 

	

perature of 60°F: 	 6.43% 

Interpolating for oil with 3.5% 
sulphur; 

	

dry-flue-gas loss 	= 	9.39% 
hydrogen loss 	= 	6.42% 

	

Total 	= 	15.81% 
A boiler rated at 80,000 lb steam/hr at 200 psig and 
steam temperature of 500°F when supplied with 
feedwater at 180°F burns residual fuel oil with a 
specific gravity of 0.97 and a sulphur content of 
2.0%. At full load there is no CO, excess air is 15%, 
stack temperature is 480°F, and unburned combus-
tible is measured at 0.25 lb/lb oil. Combustion air is 
supplied at 80°F with a relative humidity of 60%. 
Boiler room temperature is 80°F, average boiler-
casing temperature is 160°F, and air velocity over 
the boiler casing is 10 fps. Find the boiler efficiency 
at full load. 

Solution: 

From steam tables, heat picked up per pound of 
steam under given conditions = 1268.0 — 147.9 = 
1120.1 Btu/lb. Full-load output = 1120.1 x 80,000 
= 896.1 x 10 6  Btu/hr. The fuel oil in question is 
dealt with in set 9720. 

Heat Losses 

1.Dry-flue-gas loss, from Figure 3, at 15% 
excess air and temperature differential 
of 400°F:  

2. Hydrogen loss, from Figure 4, at stack 
temperature of 480°F and combustion-air 
temperature of 80°F: 

3. CO loss at CO =  0%:  
4. Unburned combustible loss at 0.25 lb/lb 

unburned combustible: 
5. Loss due to moisture in combustion air at 

800 F and relative humidity of 60% : From 
psychrometric chart, lb moisture/lb dry 
air = 0.0132. 
From Figure 1, at 15% excess air, lb dry 
air/Ib oil = 16.0. 
lb moisture/lb oil = 16.0 x 0.0132 = 0.2112 
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0.21% 

0.71% 

Heat picked up by moisture, assuming 
specific heat of 0.46 = 0.2112 x 0.46 
x (480 — 80) = 38.86 Btu/lb oil 
Heat loss, % = 38.86 x 100 ÷ 18,470 
(calorific value of oil, from first page of set 
9720): 

6. Radiation and convection loss, from 
Figure B, at full load output of 
896.1 x 106  Btu/hr, assuming four water-
cooled walls, = 0.245% 
From Figure C, transmission loss at boiler 
casing temperature difference of 
160 — 80 = 80° F, and air velocity of 10 fps, 

360 Btu/sq ft/hr 
From Figure C, transmission loss at 
condition in ABMA chart (temperature 
difference of 50°F, air velocity of 100 fpm) 
= 125 Btu/sq ft/hr 
Correction factor for ABMA chart = 
,360 	125 = 2.88 
Çorrected heat loss = 0.245 x 2.88 = 0.71% 

Total Heat Losses: 16.22% 

Efficiency =  100— 16.22 = 83.78%  

In the foregoing example, some assumptions were 
made which should be clarified. First, in establishing the 
unburned combustible loss, it was assumed that the 
unburned combustible had the same calorific value as 
the fuel oil. This is not necessarily the case; the 
unburned combustible may be nearly pure carbon with 
a calorific value of 14,600 Btu/lb. However, since this 
involves a fractional correction to a minor loss, for most 
heat balances there is no justification for determining 
the actual calorific value of the unburned combustion. 
Second, in calculating the loss due to moisture in the 
combustion air, the assumed specific heat of 0.46 for 
water vapour is a rough figure. The specific heat actually 
varies with temperature, but, as in the case of the 
unburned combustible loss, further refinement of the 
heat loss calculation is not usually warranted. Third, 
obtaining average temperature differentials and air 
velocities over the boiler casing involves approximations 
to an extent not readily determined. As can be seen 
from Figure C, increasing temperature differential and 
air velocity have a strong effect on the radiation and 
convection loss. Accordingly, to measure the loss 
accurately, the whole boiler surface must be marked off 
into suitable sections, the mean temperature differential 
and air velocity in each section must be measured, and 
the heat loss for each section must be calculated, using 
Figure C or appropriate formulae. The losses from each 
section must then be added together to obtain the total 
heat loss. This approach is described in Appendix C.  

5. APPLICATION TO AIR POLLUTION PROBLEMS 

5.1. Pollutant Emission 

Combustion gases may contain a number of pollu-
tants such as CO2 , CO, SO2 , SO3 , nitrogen oxides, acid 
soot and unburned hydrocarbons including polycyclics, 
olefins and paraffins. In most cases, their concentration 
cannot be reliably predicted from a knowledge of the 
fuel and the combustion conditions. A notable 
exception is CO2 , the concentration of which is given in 
Figures 1, 2 and 3 of each of the sets in the handbook, 
calculated from the fuel analysis and the excess-air level. 
The concentration of SO 2  in flue gas from oil-burning 
systems may be approximately predicted by assuming 
that all the sulphur in the oil burns to SO2  and leaves 
the system as such. This assumption was made in 
plotting Figure D, which may be used to estimate SO 2  
concentration in the flue gas, in terms of ppm by 
volume. The SO 2  emitted from a given chimney, in 
terms of eu ft/hr, may be calculated as shown in the 
following example. 

Example 8. 

A boiler burns 5,000 lb/hr of oil having a specific 
gravity of 0.95 and a sulphur content of 2.0%. It 
operates with 20% excess air and a stack temperature 
of 450°F. Find the maximum theoretical amount of 
SO2  discharged into the atmosphere per hour if 
atmospheric pressure = 29.92 in. Hg. 

Solution: 

The oil in question is 
dealt with in set 9520. 

From Figure 2, at 20% excess air and flue-gas 
temperature = 450°F, vol of flue gas, eu ft/lb oil = 
406 

Vol of flue gas, eu ft/hr at 450°F = 406 x 5000 = 
2,030,000 

From Figure D, at 20% excess air, 2% S, specific 
gravity = 0.95, SO 2  concentration, ppm by vol = 
1110 

SO2  emission = 1110 x 2,030,000 = 2,253.3  eu 
106  

ft/hr at 450°F and 29.92 in. Hg. 

Measured SO 2  concentrations may range from 50 % 
to 200% of the calculated theoretical concentrations; 
low readings may occur because a variety of chemical 
reactions are capable of fixing the sulphur in forms 
other than SO 2 , while high readings may occur because 
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some measuring techniques, such as API-774-54, are 
susceptible to interference by nitrogen oxides or 
organic acids. 

for dry flue gas and a specific heat of 0.46 for water 
vapour. 

5.2. Plume-Rise Calculations 

The calculation of plume rise is dealt with extensi-
vely in (3) and it will only be shown here how the 
handbook can facilitate such calculations. 

To calculate plume rise, the sensible heat lost up the 
stack must be known. This is not simply the dry-flue-gas 
loss, because part of the loss due to combustion of 
hydrogen, i.e., the superheat in the water vapour, is a 
sensible-heat loss. The sensible-heat loss may be approx-
imated by multiplying the dry-flue-gas loss by the 
weight ratio of total flue gas to dry flue gas, as shown in 
the following example. 

Example 9. 

A plant burning No. 2 fuel oil operates with 15% 
excess air and a stack temperature of 400°F. 
Combustion-air temperature is 70°F. Find the 
approximate sensible-heat loss. 

Solution: 

No. 2 fuel oil is dealt with in set 8507. 

Dry-flue-gas loss, from Figure 3, at 115% 
total air and temperature difference of 
400 - 70 = 330°F: 

From Figure 1, dry-flue-gas, lb/lb oil at 
115% total air: 

From Figure 1, total flue gas, lb/lb oil at 
115% total air: 

(17.65) - 7.13% Sensible-heat loss = 6.65 x (16.45)  

The foregoing method is only approximate because it 
assumes that water vapour has the same specific heat as 
dry flue gas, and because it takes no account of moisture 
from combustion air or from fuel. While the latter may 
be neglected in most cases, the difference in specific 
heat may be taken into account using the method 
shown in Example 10 if appropriate values for specific 
heat are known. The ASME method for calculating 
dry-flue-gas loss assumes a specific heat of 0.24 for dry 
flue gas, and 0.46 is a reasonable value for the specific 
heat of water vapour at low vapour pressures and 
temperatures up to 575°F. 

Example 10. 

For the case cited in Example 9, calculate the 
sensible-heat loss, assuming a specific heat of 0.24 

Solution: 

From Figure 1, dry flue gas, lb/lb oil 
at 115% total air: 	 16.45 
From Figure 1, total flue gas, lb/lb oil 
at 115% total air: 	 17.65 
Sensible-heat loss, Btu/lb oil = 
[(16.45) (0.24) + (17.65-16.45) (0.46)] X 
(400-70) = 1,485 Btu/lb oil  

Calorific value of the oil = 19,590 Btu/lb 

Sensible-heat loss, % = 1485 X 100+  19,590= 7.58% 

6. LOW-TEMPERATURE CORROSION 

6.1. The Mechanism of Low-Temperature Corrosion 

Because low-temperature corrosion is one of the 
major problems facing users of sulphur-bearing fuels, it 
seems appropriate to discuss it to some extent in a 
combustion handbook. Low-temperature corrosion is 
caused by sulphuric acid (H 2  SO4 ) formed from sulphur 
in the fuel. While combustion calculations usually 
assume that all the sulphur in the fuel forms SO 2  during 
combustion, some of it forms the higher oxide, S0 3 . 
The main mechanism by which this occurs is due to the 
presence in the flame of highly reactive atoms of oxygen. 
Some of these react with molecules of SO2  as follows: 

SO 2  + -› SO3  

This reaction accounts for most of the SO 3  in the 
flue gas, although SO 2  may be oxidized to SO 3  by 
catalytic action of several agents such as vanadium, iron 
oxide and ferric sulphate. Catalyzed reactions may 
become very important in the vicinity of tube surfaces 
already attacked by corrosion. In boiler combustion 
systems the amount of SO 2  converted to SO 3  by the 
foregoing reactions may range from 0 to 10% of the 
total SO 2 , with 2% being a typical figure for oil-firing 
systems. 

Although SO 3  is a gas, it combines readily with 
water vapour to form sulphuric acid vapour. 

H20 (water vapour) + SO 3  -> H 2SO4  

Since the flue gas from combustion of oil contains 
substantial quantities of water vapour, the above 
reaction can take place quite readily, and if the acid 
vapour is cooled by low-temperature-metal surfaces, it 
may condense on the surfaces as liquid sulphuric acid, 
and be diluted by additional condensation of moisture 
from the flue gas. In general, dilute sulphuric acid is 

6.65% 

16.45% 

17.65% 
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more corrosive than highly concentrated sulphuric acid. 
Corrosion may then proceed according to the following 
equation: 

Combustion Research Laboratory is shown in Figure E, 
but it can only be assumed to hold for the conditions 
under which measurements were taken. 

Fe (iron from metal surface) + dilute H2  SO4  
FeSO4  (ferrous sulphate) + H2  

In the presence of additional sulphuric acid and oxygen 
the ferrous sulphate may be c,onverted to ferric sulphate 
as follows: 

2 FeSO4  + H2 SO4  + 1/202 
 —› Fe2  (SO4) 3  (ferric sulphate) + H20 

Once formed, ferric sulphate Fe 2  (SO4 ) 3  can accelerate 
corrosion by combining with moisture to produce 
additional H2 SO4  and by acting as a catalyst to promote 
oxidation of SO2  to S03 . 

6.2. Acid Dewpoint 

The amount of water vapour which can be held in a 
gas such as air, or flue gas, increases with increasing 
temperature. For any given concentration of water 
vapour in a gas, the water dewpoint is defined as that 
temperature at which the gas is saturated. If the gas 
is cooled below this temperature, some of the water 
vapour must condense. For combustion gases from 
oil, the water dewpoint is usually about 110°F.  How-
ever, if small quantities of sulphuric acid vapour are 
present, condensation of sulphuric acid will occur at 
temperatures well above the water dewpoint. For a 
given mixture of gas and sulphuric acid vapour, the 
highest temperature at which acid condenses is 
c,ommonly called the acid dewpoint. This is measured 
by a dewpoint meter, which consists of an air-cooled 
probe terminating in a non-conducting tip, usually glass, 
which has imbedded in its surface a pair of electrodes 
and a thermo-couple. The probe, with the cooling air 
turned off, is inserted in the gas stream at a point where 
the  temperature is likely to be above the acid dewpoint, 
and allowed to warm up. Then a voltage difference is 
applied to the electrodes, and the cooling air is gradually 
turned on. As the temperature of the probe tip, as 
measured by the thermocouple, is gradually reduced by 
the cooling air, it approaches the temperature at which 
acid condensation occurs. When acid condenses on the 
probe tip it forms an electrical bridge, permitting 
current to flow between the electrodes. This flow of 
current is indicated by a microammeter, and the 
temperature of the probe tip at which it first occurs is 
regarded as the acid dewpoint. Although several investi-
gators have attempted to correlate measured SO 3  
concentration with measured acid dewpoint, it is not 
yet possible to reliably predict SO 3  concentration from 
acid dewpoint, or vice-versa. A correlation based on 
residual oil-flame measurements at the Canadian 

It should be kept in mind that metals are attacked by 
sulphuric acid only when it is in the liquid phase. As 
long as it remains in vapour form, no corrosion occurs. 
Thus the acid dewpoint, in denoting the maximum 
temperature at which acid will condense, signifies the 
maximum temperature at which low-temperature 
corrosion may occur. Figure E shows that the acid 
dewpoint for an oil containing 2.5% sulphur may be 
about 270°F. Medium- and high-pressure steam boilers 
without economizers or air heaters usually have their 
gas-swept surfaces at temperatures well above the acid 
dewpoint, and thus are safe from low-temperature 
corrosion. On the other hand, high-temperature-water 
generators, which frequently have return-water 
temperatures of 250°F or lower, and boilers equipped 
with economizers or air heaters, may have large heat-
exchange surfaces at temperatures below the acid 
dewpoint, and low-temperature corrosion becomes a 
serious problem. 

6.3. Rate of Acid Buildup 

If a surface exposed to flue gas, such as a boiler tube, 
is cooled to the acid dewpoint, sulphuric acid will 
condense on it as previously explained. However, the 
amount will be small and the concentration will be high. 
If the surface is cooled to a lower temperature, a larger 
amount of acid will condense and it will be somewhat 
diluted by condensed water vapour, resulting in a more 
corrosive solution. Further cooling will result in conden-
sation of still larger quantities of acid which may be 
very dilute and therefore less corrosive. Thus, at some 
temperature which is usually 20°F to 50°F below the 
acid dewpoint, there is a combination of acid condensa-
tion rate and acid concentration which represents the 
greatest corrosion potential. This temperature may be 
found by measuring the rate of acid buildup (RBU) 
using a dewpoint meter. This is done by measuring the 
acid dewpoint in the usual way, then adjusting the flow 
of cooling air to maintain the probe tip at a constant 
temperature which is below the acid dewpoint, for 
for example 10° F below the acid dewpoint, and 
recording the change in current flow across the 
electrodes during a given period of time. Since the probe 
tip is below the acid dewpoint, acid will continue to 
condense on the tip and the current flow will be 
proportional to the amount of condensed acid. Thus, if 
at a given tip temperature, at t = 0 the current is 50 
microamperes (pA), and at t = 2 minutes the current is 
210 pA, then current is increasing at an average rate of 
(210-50)4- 2 = 80 pA/min. This is an arbitrary measure 
of the rate at which acid is condensing at that tem-
perature, and is called the rate of acid buildup. If the 
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RBU is measured in this fashion at temperatures pro-
gressively lower than the acid dewpoint, the results may 
be plotted as RBU versus surface temperatures as shown 
in Figure F, which, like Figure E, was prepared from 
data obtained with a residual oil flame at the Canadian 
Combustion Research Laboratory. Such curves typically 
have a maximum, and the temperature at which the 
maximum occurs is the temperature at which corrosion 
potential is greatest. The temperature at which the RBU 
is 0 corresponds to the acid dewpoint. 

The RBU curve is affected by several variables; 
prominent among them are sulphur content of the fuel 
and excess air, both of which affect the amount of SO 3  
formed in the flame. Figure F, then, shows the 
temperature of maximum corrosion potential of a 
specific fuel at three different levels of excess air. 

While the chief value of the RBU is to indicate the 
surface temperature at which the most corrosion will 
occur, it also provides a rough indication of the amount 
of corrosion. For example, if the RBU of a certain 
surface temperature exceeds 100 brA/min, serious 
corrosion can be expected, whereas if it is less than 50 
la A/min corrosion is likely to be negligible. However, 
this is an approximation of dubious reliability, particu-
larly in medium temperature water systems, where the 
acid deposition rate in the furnace may be so high that 
only a portion of the SO 3  leaves the furnace, yielding 
RBU determinations in the breeching which are 
misleadingly low. For an accurate assessment of corro-
sion potential, corrosion probes must be used. 

6.4. Corrosion Probes 

Corrosion probes are used to measure rate of 
corrosion, and consist of an iron or steel surface of 
known area which is exposed to the flue gas and 
maintained at a constant temperature. After being 
exposed for a given period of time the surface is washed 
with hot distilled water (iron sulphates are soluble) and 
the washings are subjected to chemical analysis to 
determine the amount of iron, which can then be 
corrected for the area of the surface and the time of 
exposure to give iron loss per unit of area and time. 

Figure G shows one type of corrosion probe. The 
corrosion surface consists of a polished cold-rolled steel 
hemisphere 1 in. in diameter, hence the surface area = 
(Ir d 2 ) ÷ 2 = 1.5708 sq in. The hemisphere is hollow, 
and is cooled by compressed air, while surface tempera-
ture is measured by a thermocouple imbedded in the 
centre of the hemisphere from the hollow side. As an 
example of its application, if it were desired to measure 
the corrosion rate in a steel tubular air heater operating 
at a metal temperature of 225°F, the corrosion probe 
would be inserted in the flue gas stream ahead of the air  

heater, and the surface would be maintained at 225°F 
by adjustment of the compressed air flow. After a given 
exposure time, usually one hour, had elapsed the probe 
would be removed and washed. After analysis of the 
washings, corrosion rate could be reported in micro-
grams per square inch per hour (4/sq in. hr). 

6.5. Prevention of Low-Temperature Corrosion 

There are several ways in which low-temperature 
corrosion can be reduced or prevented, and the main 
ones will be discussed briefly in the following 
paragraphs. Most of them offer practical solutions only 
under special circumstances, but the use of acid-
neutralizing additives has broad application to oil-fired 
combustion systems. 

6.5.1. Low -Sulphur Fuels 

The most obvious way of avoiding corrosion by 
sulphuric acid is to burn a fuel that contains little or no 
sulphur, such No. 2 fuel oil or natural gas. In many 
cases, of course, this is uneconomical or unfeasible. 

6.5.2. High Surface Temperatures 

It will be recalled that the acid dewpoint signifies the 
maximum t emperature at which low-temperature 
corrosion may occur. Obviously, low-temperature 
corrosion can be avoided by maintaining all gas-swept 
metal surfaces at temperature above the acid dewpoint. 
For residual oil containing about 2.7% sulphur, the acid 
dewpoint is not likely to exceed 275°F. In this case, the 
minimum requirements to provide freedom from low-
temperature corrosion will be an operating pressure of 
75 psig for steam boilers, and a minimum return 
temperature of 275°F for high-temperature-water 
generators. This is assuming that there are no air heaters 
or economizers, and the sulphur content of the oil does 
not increase. A more reasonable safety margin is 
provided by an operating pressure of 100 psig or a 
minimum return temperature of 300°F. Preventing 
corrosion by maintaining high surface temperatures is 
well-suited to small and medium-sized installations in 
the design stage, but is usually not feasible for existing 
installations and uneconomical for large boilers which 
use auxiliary heat-recovery surface to achieve high 
efficiency. 

A fact, often overlooked, is the ability of soot to 
trap SO 3  vapour by adsorption. This potentially 
corrosive soot may then adhere to metal surfaces, and 
while corrosion will not occur as long as the surface is 
above the acid dewpoint, corrosion will occur when the 
generator is subsequently taken out of service and 
allowed to cool. To avoid this, burners should be 
carefully maintained to minimize soot formation, and 
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which was experimentally established to be 1 lb additive 
to 1500 lb oil, the cost of treatment is modest. 

The additive reacts with sulphuric acid according to 
the equation 

generator surfaces should be thoroughly water-washed 
at the beginning of any extended shutdown period. 

6.5.3. Low Excess Air 

Research has clearly established that at very low 
levels of excess air, little SO 3  is f'ormed in the flame, 
and corrosion is negligible. Large installations burning 
liquid or gaseous fuels under steady load conditions are 
making increasing use of this fact, and avoid corrosion 
by operating with 0.5% to 1% oxygen in the flue gas. 
However, to operate at low excess air without danger of 
explosions requires accurate, reliable burner and control 
systems, and it may take a few years to develop systems 
suitable for small boilers or boilers subjected to rapidly 
fluctuating loads. 

6.5.4. Corrosion-Resistant Materials 

Stainless steel has the greatest potential as a 
corrosion-resistant material in boilers and auxiliary 
heat-transfer equipment, but its use is limited by its high 
cost. Cast iron is substantially more resistant to 
corrosion than steel, but because of its strength 
properties its use is limited to low-stressed components 
such as economizers. Pyrex tubes are sometimes used in 
air heaters. Because they maintain their original smooth 
finish, they have a self-cleaning tendency which offsets 
the lower heat-transfer characteristics of glass. However, 
they are more prone to damage by furnace puffs than 
are metal tubes. 

6.5.5. Acid -Neutralizing Additives 

Additives to improve combustion or prevent 
corrosion have had a long and turbulent history. While 
very few additive manufacturers have been able to prove 
their claims by quantitative tests under controlled 
conditions, research over the past few years has clearly 
demonstrated that certain additive formulations are 
capable of eliminating low-temperature corrosion from 
low-ash fuels. 

This discussion will be limited to a description of 
the additive developed at the Canadian Combustion 
Research Laboratory, because it is at present the only 
one that has been thoroughly proved out, quantitatively 
and qualitatively, by several years of research on a bench 
scale, in pilot-plant operation and in long-term tests in 
utility boilers. This additive was developed primarily for 
use with residual fuel oil, and consists of particles of 
magnesia (MgO) and alumina (Al 2 03 ) ranging in size 
from 1 to 7 microns, suspended in a light oil carrier, or 
more recently in a water carrier, with a surfactant and a 
dispersant. A commercial metering pump of moderate 
cost may be used to feed the additive directly into the 
oil line to the burners, and at the optimum dosage rate, 

MgO + H2 SO4 MgSO4  + H20 

producing harmless magnesium sulphate (MgSO 4 ) and 
water. While only a portion of the sulphuric acid vapour 
is neutralized in the gas stream, the additive particles, 
because of their small size, tend to migrate to the walls 
of the gas passages, and deposit in a thin layer which 
neutralizes the condensing acid before it can attack the 
metal. 

The additive has also been formulated as a water-base 
paint which can periodically be brushed or sprayed on 
the tube-sheets and exposed surfaces of small, fire-tube 
boilers, thus providing a protective layer which neutra-
lizes the sulphuric acid as it condenses. 

More detailed information on the properties and 
effects of the additive are available from recent publica-
tions (4, 5, 6). 
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APPENDIX A 

Combustion and Heat-loss Calculations 

A.1. Fuel Properties 

Fuel: Fuel Oil 9730, Specific Gravity 0.970 

Ultimate Analysis,  lb/lb 

Carbon 	(C2) 	0  8589 
Hydrogen (H2 ) 	0  1111 
Sulphur (S) 	0  0300 
Nitrogen (N2 ) 	 
Oxygen (02 ) 	 
Ash 	  
Moisture 

Total 	1.0000 

Calorific Value, Btu/lb. 18,320 

A.2. Combustion Calculations (assuming atmospheric 
pressure = 29.92 in. Hg) 

A.2.1. Conversion factors 

1 Imp gal oil = 9.700 lb oil 
or Imp gal oil X 9.700 = lb oil 
or lb oil X 0.1031 = Imp gal oil 

1 U.S. gal oil = 9.700 X 0.8337 lb oil 
or U.S. gal oil X 8.087 = lb oil 
or lb oil X 0.1237 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 
1 	

lb oil 
8,320 

or Btu X 106  X 54.58 = lb oil 
or lb oil X 0.01832 = Btu X 106  

106
18 320 

106  Btu 
- 9.70 	

Imp gal oil 
X 	,  

or Btu X 106  X 5.627 = Imp gal oil 
or Imp gal oil X 0.1777 = Btu X 106  

106  U.S. gal oil 

A.2.2. Stoichiometric air required 

Combustible 	 02  from air, lb 
15.999 X 2  C - 	

12.011 	
X 0.8589 	= 	2.285 (for CO2 ) 

15.91 9.09÷ 2  H2 - 	08 
	 X 0.1111 	= 	0.882 (for H2 0) 

15.999 X 2  S = 	
32.064 	

X 0.0300 	= 0.030 (for S02 ) 

Total 02  from air, lb/lb oil 	= 	3.197 
76.85 Associated N

2 
- 

23.15 
 X 3.197 = 10.613 

Dry air, lb/lb oil = 
3.197 + 10.613 	= 13.810 

A.2.3. Combustion air for a range of total air 

Specific volume of dry air at  40°F  = 12.59 cu ft/lb 
60° F = 13.10 
80° F = 13.60 

100°F = 14.11 
120°F = 14.62 

100 	140 	160 	200 
13.810 	19.334 	22.096 	27.620 

Dry air, cu ftllb oil 

	

173.9 	243.4 	278.2 	347.7 

	

180.9 	253.3 	289.5 	361.8 

	

187.8 	263.0 	300.5 	375.6 

	

194.9 	272.8 	311.8 	389.7 

	

201.9 	282.7 	323.0 	403.8 

A.2.4. Stoichiometric products of combustion, (dry air basis) 

Dry products 	 lb 

CO2  = 0.8589 + 2.285 = 3.144 
N2 = = 10.613 
S02  = 0.030 + 0.030 =  0.060  
Dry flue gas, lb/lb oil = 13.817  

Wet products 

H2 0 = 0.1111 + 0.882 =  0.993  
Total flue gas, lb/lb oil 

= 13.817 + 0.993 	= 14.810 

106  Btu - 
8.087 X 18,320 

or Btu X 106  X 6.748 = U.S. gal oil 
or U.S. gal oil X 0.1482 = Btu X 106  

Total air, % 
Dry air, lb/lb oil 

Air temp, ° F 
40 
60 
80 

100 
120 
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A.2.5. Products of combustion and % CO2  for a range of total 
air 

cu ft at 
32° Fllb oil 

	

CO2  3.144 	44.01 	359 	= 25.64 
N2 	10.613 	28.02 	359 	= 135.98 

	

S02  0.060 	64.07 	359 	=  0.34  

Total dry products, cu ft at 32 ° F/lb oil = 161.96  

At stoichiometric 

Dry products 
lb/lb oil ÷ Mol wt X Mol vol 

Total 
air 

02, % by 
vol, dry 
gas basis 

CO2 , % by 
vol, dry 
gas basis 

Dry flue gas 
lb/lb oil 

Total flue gas 
cu ft at 

32°  F/lb oil 

Dry flue gas 
cu ft at 

32°  F/lb oil 

Total flue 
gas 

lb/lb oil 

100 
120 
140 
160 
180 
200 

13.82 
16.58 
19.34 
22.10 
24.86 
27.63 

162.0 
196.3 
230.7 
265.1 
299.4 
333.8 

14.81 
17.57 
20.33 
23.10 
25.86 
28.62 

181.8 
216.1 
250.5 
284.9 
319.2 
353.6 

15.83 
13.06 
11.12 
9.67 
8.56 
7.68 

0.00 
3.65 
6.22 
8.12 
9.58 

10.74 

1.341 

1.443 
1.545 
1.646 
1.748 
1.850 
1.951 
2.053 
2.154 
2.256 

181.8 
243.7 
262.3 
280.8 
299.2 
317.7 
336.2 
354.6 
373.1 
391.5 
410.0 

250.5 
335.9 
361.4 
387.0 
412.3 
437.8 
463.4 
488.7 
514.2 
539.6 
565.1 

284.9 
382.0 
411.0 
440.1 
468.9 
497.9 
527.0 
555.8 
584.8 
613.6 
642.6 

353.6 
474.2 
510.2 
546.3 
582.0 
618.1 
654.2 
689.9 
725.9 
761.6 
797.7 

Wet products 
H2 0 0.993 + 18.02 X 359 	= 19.79 
Total flue gas, cu ft at 32° F/113 oil 	= 181.75  

For 20% excess air 

Additional 02  = (0.20 X 3.197) 

	

+ 32.00 X 359 	= 7.17 
Additional N2 = (0.20 X 10.613) 

	

28.02 X 359 	= 27.20 
Additional products 	 cu ft at 

= 2.762 lb/lb oil 	= 34.37 32°F/lb oil 

CO2 , cu ft at 32° F/lb oil = 25.64 

A.2.6. Volume of products of combustion for a range of total air 
and temperature 

460 + 200  
Volume correction for 200°F = 

460+ 32 
250° F = 
300°F = 
350° F = 
400° F = 
450° F = 
500°F = 
550°F = 
600° F = 
650° F = 

A.3. Heat-Loss Calculations 

A.3.1. Dry-flue-gas loss 

Loss in Btu/lb oil 	lb dry gas  = 	X 0.24 X (stack 
lb oil 

temp. minus combustion air temp.) 

Loss in % = above X 100 + calorific value of 
oil (18,320 Btu/lb) 

Heat loss, % 

Total air, % 
lb dry gas  

lb oil 

Total flue gas, cu ftllb oil 

Total air, % 	100 	140 	160 	200  

Stack temp 
minus comb. 
air temp, °F 

100 	140 	160 	200 

13.82 	19.34 	22.10 	27.63 

Gas temp, °F 
32 

200 
250 
300 
350 
400 
450 
500 
550 
600 
650 

100 	 1.81 	2.53 	2.90 	3.62 
150 	 2.72 	3.80 	4.34 	5.43 
200 	 3.62 	5.07 	5.79 	7.24 
250 	 4.52 	6.33 	7.24 	9.05 
300 	 5.43 	7.60 	8.69 	10.86 
350 	 6.34 	8.87 	10.14 	12.67 
400 	 7.24 10.14 11.58 	14.48 
450 	 8.14 11.40 13.03 	16.29 
500 	 9.05 12.67 14.48 	18.10 
550 	 9.96 13.94 	15.93 	19.91 
600 	 10.86 15.20 17.37 	21.72 
650 	 11.77 16.47 	18.82 	23.52 
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0.5 
1.0 
1.5 
2.0 

1.50 
3.01 
4.51 
6.02 

A.3.2. Heat loss due to H2 0 from combustion of H2  

Heat loss in Btu/lb oil 
if stack temp is below 575 ° F = 

9 X lb H
2  X (1089 - comb. air temp + (0.46 

lb oil 
X stack temp) ) 

if stack temp is above 575 ° F = 
lb H 9 X 
lb oil

2 X (1066 - comb. air temp + (0.50 

X stack temp) ) 

Heat loss in % = above X 100 + calorific value 
of oil (18,320 Btu/lb) 

Heat loss, % 

I  
Stack temp 	 Combustion-air temp, °F 

°F 	 40 	60 	80 	120 

200 	6.23 	6.12 	6.01 	5.79 
250 	6.35 	6.24 	6.14 	5.92 
300 	6.48 	6.37 	6.26 	6.04 
350 	6.60 	6.50 	6.39 	6.17 
400 	6.73 	6.62 	6.51 	6.29 
450 	6.86 	6.75 	6.64 	6.42 
500 	6.98 	6.87 	6.76 	6.54 
550 	7.11 	7.00 	6.89 	6.67 
600 	7.24 	7.13 	7.02 	6.80 
650 	7.37 	7.26 	7.16 	6.94 

A.3.3. Heat loss due to CO 

CO  Heat loss in Btu/lb oil = 
CO 2 	

X 10,160 
CO 

Assume complete mixing: i.e. CO + CO always = 15.83 

CO, % 	 Heat loss, % 

lb carbon 
X lb oil 

Heat loss in % = above X 100 + calorific value 
of oil (18,320 Btu/lb) 
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Units 

• Calories/gram 
Btu/lb 
Btu/Imp gal 

X Y 

	

22.5 	5.85 

	

40.5 	10.53 
406d 105.4d 

The additional symbols are defined as follows: 

B.2. Calculation of Ultimate Analysis 

Ultimate analyses were calculated for a range of 
specific gravities and sulphur contents assuming 
moisture and ash to be negligible, and assuming that 
sulphur replaces carbon and hydrogen on a pro rata 
basis, as shown in the following example. 

gravity at 60/60°F = 1.01 
content 	= 3.00% 
26 —  15d 
26 — 15 (1.01) = 26 — 15.15 = 10.85 
100.00 — 10.85 = 89.15 
for sulphur: 
10.85 (0.97) = 10.52 
89.15 (0.97) = 86.48 

3.00 
 100.00 

Given: specific 
sulphur 
%.H  = 

% C  = 
Correct 
% H = 
% C = 
%S  = 

APPENDIX B 

Calculation of Fuel-Oil Properties 

B.1. Empirical Formulae 

Empirical formulae for calculating the carbon/- 
hydrogen ratio and calorific value of petroleum fuels 
were prepared many years ago in the United States, on 
the basis of substantial experimental data*, and are 
generally accurate within ±  1%.  

The calorific value in calories per gram for crude 
petroleum and its liquid products, when free of ash, 
moisture and sulphur may be calculated from the 
following: 

= 12,400 — 2100 d2  
Qp  = Q  — 50.45 (% H) 
% H = 26 — 15 d (accurate to ± 1% H) 

Qp 

%H2 0  = 
% ash = 
%S  = 

total or gross heat of combustion at constant 
volume, corrected for moisture, ash and 
sulphur. 
net heat of combustion at constant pressure, 
corrected for moisture, ash and sulphur. 
moisture content, per cent by weight. 
non-combustible content, per cent by weight. 
sulphur content, per cent by weight. 

where Q, = total or gross heat of combustion at 
constant volume 

Q = net heat of combustion at constant 
pressure 

% H = hydrogen content, per cent by weight 
d = specific gravity at 60° F, relative to water 

at 60° F 

The calorific value of petroleum oils containing 
appreciable amounts of moisture, ash and sulphur may 
be calculated from the following relationships: 

= Q  — 0.01 Qv  (% H2 0 + % ash + % S) 
+ X (% S) 

Qp  = Qp  — 0.01 QD  (%  H2 0  + % ash + % S) 
+ X (% S) 	(% H2 0) 

where Qv  and Qp are calculated from the formulae for 
ash, moisture and sulphur-free oil, converted to the 
units desired, and X and Y are taken from the following, 
depending on the units desired: 

* Thermal properties of petroleum products, Misc. Publ., Bur. Standards 
No. 97, U.S. Dept. Comm, 1929. 
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B.3. Calculation of Calorific Value 

For each calculated ultimate analysis, the total or 
gross heat of combustion at constant volume was 
calculated assuming moisture and ash to be negligible, 
but correcting for sulphur, as shown in the following 
example. 

Given: specific gravity at 60/60 ° F = 1.01 
sulphur content 	' 	= 3.00% 

= 12,400 — 2100d2  
= 12,400 — 2100 (1.01) 2  = 10,258 cal/g 

1 cal/g = 0.5556 Btu/lb 
Qv  = 10,258 ÷ 0.5556 = 18,463 Btu/lb 

= Qv  — 0.01 Qv  (%  H2 0)  + % ash + % S) 
+ X(% S) 

% H2 0 + % ash = 0 
% S = 3.00 
From B.1, for Btu/lb, X = 40.5 
Qv  = 18,463 — 0.01 (18,463) (0 + 0 + 3.00) 

+ 40.5 (3.00) 
= 18,463 — 553.89 + 121.5 
= 18,030 Btu/lb  
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where hr  = 
E = 
T 1  = 
T2= 

heat loss by radiation, Btu/hr/sq ft 
emissivity (see Table C.1) 
surface temperature, ° R 
air temperature, ° R 

TABLE C. 1 
Normal Total Emissivity of Various Surfaces 

t, °F** 	Emissivity 

212 	 0.095 
212 	 0.09 

	

200 - 940 	0.20 - 0.31 

	

530 - 930 	0.63 - 0.42 

	

930-  1520 	0.42 - 0.26 

450 - 900 	0.22 - 0.16 

Surface 

Metals and their Oxides 
Aluminum 

Polished 
Commercial sheet 
Heavily oxidized 
Aluminum oxide 
Aluminum oxide 
Aluminum alloy 75 ST 

cleaned with toluene, 
then methanol, repeatedly 
heated and cooled 

APPENDIX C 

Radiation and Convection Losses 

C.1. Theory of Heat Loss due to Radiation and 
Convection 

If a surface is exposed to still air having a lower 
temperature than the surface, it loses heat by radiation 
and by natural convection. The natural convection 
currents develop because as the layer of air next the 
surface becomes heated, it becomes more buoyant, and 
is displaced by unheated air. If the surface is placed in 
an air stream, then natural convection is replaced by 
forced convection, and the rate of heat loss is increased. 

To calculate the heat losses due to ratiation and 
convection, the following formulae may be applied*: 

Note: °R = 	+ 460 

Radiation Loss: hr  = 17.4 X 10-10  X e (T1 4 -T2 4 ) 

It should be noted that in using the last formula, to get 
the heat loss by forced convection in Btu/hr/sq ft, the 
value for hfe  must be multiplied by (surface tempera-
ture — air temperature, ° F). 

Figure C was prepared using the formulae for 
radiation loss and forced-convection loss. The radiation 
loss, of course, is independent of air velocity, and was 
calculated for an emissivity of 0.95. The forced-
convection losses were calculated for various tempera-
ture differences and velocities, and to these were added 
the radiation losses at the corresponding temperature 
differences. Thus the curves show the total loss due to 
radiation and forced convection. However, they only 
apply for a surface with an emissivity of 0.95. 

C.2. Emissivity Values 

A great deal of research has been carried out to 
establish the emissivity of various materials. The 
following table lists values for some of the common 
materials used in the construction of combustion 
equipment*. 

1  )0 1 8 dt 1 . 27 
a v g 

Natural-Convection Loss: he  = 0.53C (
T 

 

	

where  h 	= heat loss by natural convection, Btu/hr/ 
sq ft 

	

C 	= a constant depending on the shape of the 
surface (for a vertical surface, C = 1.39. 
For the crown of a furnace, C = 1.79) 

Tavg = average of wall temperature and air 
temperature, °R 

dt = wall temperature — air temperature, °F 

Forced-Convection Loss: hfe  = 1 + 0.225 V 

where hfe  = heat transmission, Btu/hr/sq ftr F 
V = air velocity, ft/sec. 

* Taken from p. 169, Manual of ASTM Standards on Refractory Materials, 
8th edn., Nov. 1957. Publ. ASTM, 1916 Race Street, Philadelphia 3, Pa., 
USA 

* Selected from a compilation by H.C.  Hotte!,  published in Table A.23 
of Heat Transmission, 3rd Edition, 1954 by W.H. MacAdams. McGraw-
Hill Book Co., Inc. 

** When temperatures and emissivities appear in pairs separated by 
dashes, they correspond, and linear interpolation is possible. 
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212 	 0.066 

	

800-  1880 	0.14 - 0.38 
392 	 0.21 

	

1650-  1900 	0.55  -0.60  

450-  1950 	0.20 - 0.32 

67 
212 

70 

390-  1110 
390-  1110 

0.69 
0.31 
0.66 

0.64 - 0.78 
0.79 

0.054 - 0.104 

0.020 - 0.032 

0.074 

930 - 2190 

75 

75 

100 - 480 

70 - 680 
100-  700 

75 

390 

530-  1520 

1650-  3100 

390-  1110 

0.85 - 0.89 

0.80 

0.82 

0.95 

0.94 
0.94 - 0.97 

0.28 

0.63 

0.55 - 0.20 

0.20 

0.41 - 0.46 

450 - 1610 	0.46 - 0.65 

212 	 0.072 

	

390 - 1110 	0.37 - 0.48 

	

120 - 1830 	0.65 - 0.79 

	

120 - 930 	0.95 - 0.98 

450 - 1740 	0.57 - 0.55 

450 - 1600 	0.57 - 0.66 

	

450-  1650 	0.52 - 0.65 

	

420 - 980 	0.90 - 0.97 

122 	 0.06 

Surface 	 t, °F* Emissivity 	 Surface 	 t, °F* 	 Emissivity 

Aluminum alloy 24 ST 
cleaned with toluene, 
then methanol, repeatedly 
heated and cooled 

Brass 

Polished 
Rolled plate, natural 

surface 
Dull plate 
Oxidized by heating at 

1110°F 

Chromium, polished 

Copper 

Polished 
Commercial, scraped shiny, 

but not mirrorlike 
Plate, heated long time, 

covered with thick oxide 
layer 

Plate heated at 1110° F 

Gold, pure, highly polished 

Inconel 

Type X, cleaned with 
toluene, then methanol, 
repeatedly heated and 
cooled 

Type B, cleaned with 
toluene, then methanol, 
repeatedly heated and 
cooled 

Iron and Steel Metallic 
Surfaces 

Steel, polished 
Iron, polished 
Cast iron, polished 
Smooth sheet iron 
Mild steel, cleaned with 

toluene, then ethanol, 
repeatedly heated and 
cooled 

Iron and Steel Oxidized 
Surfaces 

Iron plate, completely 
rusted 

Iron, dark grey surface 
Rolled sheet steel 
Cast iron, oxidized at 

1100°F 
Steel, oxidized at 1100°F 

	

450 - 910 	0.17 - 0.15 

	

100 - 600 	0.10 

	

72 	 0.06 

	

120 - 660 	0.22 

	

390 - 1110 	0.61 - 0.59 

	

100-  2000 	0.08 - 0.36 

	

242 	 0.023 

	

72 	 0.072 

	

77 	 0.78 

	

390 - 1110 	0.57 

	

440-  1160 	0.018 - 0.035 

450-  1620 	0.55 - 0.78 

450-  1620 	0.35 - 0.55 

Iron oxide 
Sheet steel, strong, rough 

oxide layer 
Sheet steel, dense, shiny 

oxide layer 
Cast iron, rough, strongly 

oxidized 
Wrought iron, dull, 

oxidized 
Steel plate, rough 

Lead, grey oxidized 

Lead, oxidized at 300°F 

Magnesium oxide 

Magnesium oxide 
Monel metal, oxidized at 

1110° F 

K Monel 5700, cleaned with 
toluene, then ethanol, 
repeatedly heated and 
cooled. 

Nickel, polished 

Nickel plate, oxidized by 
heating at 1110°F 

Nichrome wire, bright 

Nichrome wire, oxidized 

Platinum, pure, polished 
plate 	 440-  1160 

Silver, polished, pure 	440 - 1160 

Stainless Steels 

Polished 	 212 

Type 301, cleaned with 
toluene, then ethanol, 
repeatedly heated and 
cooled 

Type 316, cleaned with 
toluene, then ethanol, 
repeatedly heated and 
cooled 

Type 347, cleaned with 
toluene, then ethanol, 
repeatedly heated and 
cooled 

Type 310, brown, 
splotched, oxidized from 
furnace service 

Tin, bright 

*When temperatures and emissivities appear in pairs separated by dashes, they correspond, and linear interpolation is possible. 
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t, °F* t, °F* 	Emissivity Surface Surface Emissivity 

	

1850-  2850 	0.50 - 0.40 

74 	 0.96 

	

100 - 700 	0.93 - 0.94 

70 
1832 
1832 

1900 - 2560 
212-  608 
608 - 932 

0.93 
0.45 
0.75 

0.526 
0.77 

0.77 - 0.72 

	

100 - 700 	0.945 

	

212 - 932 	0.84 - 0.78 

480 - 950 	0.98 

76 
170 - 295 
100-  200 
100 - 200 

212 

0.875 
0.91 

0.80 - 0.95 
0.96 - 0.98 
0.92 - 0.96 

212 

212 

70 

300-  600 

212 

212 

100 - 300 

0.52 

0.27 - 0.67 

0.39 

0.35 

0.87 to 0.97 

0.79, 0.77, 0.84 

0.51 

500 	 0.66 

500 

50 - 190 

72 

70 

69 

74 

76 

1850-  2850 

1850-  2850 

0.29 

0.91 

0.92 

0.93 

0.91 

0.94 

0.86 

0.42-  0.33 

0.62 - 0.46 

Tin, commercial tin-plated 
sheet iron 	 212 	0.07, 0.08 

Zinc 

Commercial 99.1% pure, 
polished 	 440 - 620 

Galvanized sheet iron, 
fairly bright 	 82 

Galvanized sheet iron, grey 
oxidized 	 75 

Refractories, Building Materials, Paints and Miscellaneous 

Alumina 

Mean grain size 10 microns 1850 - 2850 
Mean grain size 50 microns 1850 - 2850 
Mean grain size 100 

microns 

Asbestos board 

Asbestos paper 

Brick 

Red, rough, but no gross 
irregularities 

Building 
Fireclay 

Carbon 

Filament 
Rough plate 
Rough plate 
Lampblack, 0.003 in. or 

thicker 
Lampblack, rough deposit 
Graphite, pressed, filed 

surface 

Carborundum (87 SiC, 
density 2.3) 	 1850-  2550 	0.92 - 0.82 

Concrete tiles 	 1832 	 0.63 

Enamel, white fused, on iron 	66 	 0.90 

Glass, pyrex, lead and soda 	500-  1000 	0.95 - 0.85 

Gypsum, 0.02 in. thick, on 
smooth or blackened plate 	70 	 0.903 

Magnesite refractory brick 	1832 	 0.38 

Marble, light grey, polished 	72 	 0.93 

Oak, planed 	 70 	 0.90 

Paints, Lacquers, Va rnishes 

Snow-white enamel varnish 
on rough iron plate 	 73 	 0.906  

Black shiny lacquer, 
sprayed on iron 

Black matte shellac 
Black or white lacquer 
Flat black lacquer 
Oil paints, 16 different, all 

colours 

Aluminum paints and 
lacquers 10% Al, 22% 
lacquer body on rough 
or smooth surfaces 

Other Al paints, varying 
age and Al content 

Al lacquer, varnish binder, 
on rough plate 

Al paint, after heating to 
620°F 

Radiator paint, white, 
cream, bleach 

Radiator paint, bronze 
Lacquer coatings, 0.001 - 

0.015 in. thick on 
aluminum alloys 

Clear silicone vehicle 
coatings 0.001 - 0.015 in. 
thick, on mild steel 

Aluminum paint with 
silicone vehicle, 2 coats 
on Inconel 

Plaster, rough lime 

Porcelain, glazed 

Quartz, rough, fused 

Roofing paper 

Rubber, hard, glossy plate 

Rubber, soft, grey, rough, 
(reclaimed) 

Silica, mean grain size 10 
microns 

Silica, grain size  70-  600 
microns 

C.3. Calculation of Loss due to Radiation and Convec-
tion 

From the heat-loss formulae and the table of 
emissivity values given in the foregoing sections, the 
heat loss due to radiation and convection from a boiler 
or other large object can be calculated fairly accurately, 
provided surface temperature, ambient temperature and 

0.045 - 0.053 

0.23 

0.28 

0.30 - 0.18 
0.39 - 0.28 

When  temperatures and emissivities appear in pairs separated by dashes, they correspond, and linear interpolation is possible. 
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Bottom: Radiation 

Top: 

Front: 

3 Sides: 

Radiation 
Convection 
Radiation 
Convection 

Radiation 
Convection 

Total 

air velocity are measured over all the surfaces. The 
procedure for calculating the heat loss is best demons-
trated by the following simple example: 

Example C.1 A drying oven is fired with No. 2 oil at 
the rate of 2 Igph. It is lined with refractory brick, but 
the outside casing is a steel cube with 6 ft sides. The 
front wall has an average surface temperature of 160°F, 
the other walls have an average surface temperature of 
140°F. A ventilating system blows air with a velocity of 
10 fps and a temperature of 80°F over the oven, but the 
bottom of the oven has a skirt, and loses heat by 
radiation only. The bottom of the oven is unpainted and 
rusty, the sides and top have a fresh coat of aluminum 
paint, but the top is covered with a thick layer of soot. 

Find the total heat loss due to radiation and con-
vection, in Btu/hr and per cent of heat input. 

Solution: From the conversion factors for No. 2 oil, 
heat input = 2 X 8.50 X 19,590 = 333,030 
Btu/hr 

a. Bottom: Heat loss by radiation only. 

h, = 17.4 X 1 0 10  X e X (T1 4  — T2 4 ) Btu/sq ft/ 
hr 

= 140° + 460 = 600°R; T2  = 80 + 460 = 540° R 
From Table C.1, e for rusty steel = 0.80 

h, = 17.4 X 10-10  X 0.80 X (6004  — 5404 ) 
= 62.08 Btu/sq ft/hr 

Total radiation-heat loss from bottom = 36 X 62.08 
= 2235 Btu/hr  

b. Top: Heat loss by radiation and convection. 

Radiation loss: same conditions as for the bottom, 
except that for emissivity, treat as for rough deposit 
of lampblack; i.e., e =  0.84 

h, = 17.4 X  1010  X 0.84 X (6004  — 5404 ) 
= 65.19 Btu/hr/sq ft 

Total radiation-heat loss from top = 36 X 65.19 
= 2347 Btu/hr 

Convection loss: hfc  = 1 + 0.225 V Btu/hr/sq ftr F 

V = 10 fps, temperature difference = 140 — 80 
= 60° F 

hfc  = 1 + 0.225 (10) = 3.25 Btu/hr/sq ft/°F 
Total convection-heat loss from top = 36 X 60 
X 3.25 = 7020 Btu/hr 

c. Front: Heat loss by radiation and convection. 

Radiation loss: T1  = 160 + 460 = 620° R; T2 = 
80 + 460 = 540°R 
From Table C.1, e for fresh aluminum paint = 0.27 

h, = 17.4 X 10-10  X 0.27 X (6204  — 5404 ) 
= 29.50 Btu/hr/sq ft 

Total radiation-heat loss from front = 36 X 29.50 
= 1062 Btu/hr 

Convection loss: V = 10 fps, temperature difference 
= 160 — 80 = 80°F 
hfc  = 1 + 0.225 (10) = 3.25 Btu/hr/sq ftr F 
Total convection-heat loss from front = 36 X 80 X 
3.25 = 9360 Btu/hr  

d. Remaining 3 sides: Heat loss by radiation and 
convection. 

Radiation loss: T1  = 140 + 460 = 600° R 
T2  = 80 + 460 = 540° R as for front, e = 0.27 

h, = 17.4 X  1010  X 0.27 X (6004  — 5404 ) 
= 20.95 Btu/hr/sq ft 

Total radiation-heat loss from 3 sides = 3 X 36 X 
20.95 = 2263 Btu/hr  

Convection loss: loss from each side is the same as for 
the top. 
Total convection-heat loss from 3 sides = 3 X 7020 
= 21,060 Btu/hr  

Summary of Heat Losses 

2235 Btu/hr 

2347 
7020 

1062 
9360 

2263 
21,060 

45,347 Btu/hr  

Total heat loss due to radiation and convection 
= 45,347 Btu/hr  
:. Heat loss in per cent of fuel input = (45,347 X 100) 
-:- 333,030 = 13.62%  
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COMBUSTION AND HEAT LOSS DATA 



..■■■• 

FUEL OIL 8507, SPECIFIC GRAVITY 0.850 (NO. 2 FUEL OIL) 

Ultimate Analysis, lb/lb 

Carbon (C) 	 0  8600 
Hydrogen (H2 ) 	 0  1330 
Sulphur (S) 	 0  0070 
Nitrogen (N 2 ) 
Oxygen (02  ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 19,590 

Conversion Factors 

1 Imp gal oil  = 8.500 lb oil 
or Imp gal oil X 8.500 = lb oil 
or lb oil X 0.1176 = Imp gal oil 

1 U.S. gal oil = 8.500 X 0.8337 lb oil 
or U.S. gal oil X 7.086 = lb oil 
or lb oil X 0.1411 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
19,590 

or Btu X 106  X 51.05 = lb oil 
or lb oil X 0.0196 = Btu X 106  

106  106  Btu = 	 Imp gal oil 
19,590x  8.500 

or Btu X 106  X 6.006 = Imp gal oil 
or Imp gal oil X 0.1665 = Btu X 106  

106  106  Btu = 
 19,590 X 7.086 
U.S. gal oil 

 
or Btu X 106  X 7.205 = U.S. gal oil 
or U.S. gal oil X 0.1388 = Btu X 106 
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FUEL OIL 9000, SPECIFIC GRAVITY 0.900 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8750 
Hydrogen (H2 ) 	 0  1250 
Sulphur (S) 	 0  0000 
Nitrogen  (N2 ) 	 — 
Oxygen (02 ) 	  
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 19,260 

Conversion Factors 

1 Imp gal oil = 9.00 lb oil 
or Imp gal oil X 9.00 = lb oil 
or lb oil X 0.1111 = Imp gal oil 

1 U.S. gal oil = 9.00 X 0.8337 lb oil 
or U.S. gal oil X 7.503 = lb oil 
or lb oil X 0.1333 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

1 6  106  Btu = 	0 	
lb oil 

19,260 
or Btu X 106  X 51.92 = lb oil 
or lb oil X 0.0193 = Btu X 106  

106 
106  Btu = 

19,260 
	 Imp gal oil 

X 9 
or Btu X 106  X 5.769 = Imp gal oil 
or Imp gal oil X 0.1733 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
19,260 X 7.50 3  

or Btu X 106  X 6.920 = U.S. gal oil 
or U.S. gal oil X 0.1445 = Btu X 106  
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FIGURE 4. HYDROGEN LOSS FOR A RANGE OF 

STACK TEMPERATURES. 	 9000 

44 



0.0 0.5 1 •0 1.5 2.0 

6.0 

5.0 

4.0 

0 

cn 
0  3.0 

F- 
a 

2.0 

1 •0 

0.0° 

111111111111111111111111111111111111 
11111111111111111111111111111111 1111 
111111111111111111111111111111111  rsuu 

111111111111111111111111111111111 
1111111111111111111111111:1111111 
111111111111111111111111111111111 

I IIIIIIIIIIIIIIIIIIIII IIIIIIIII1 I IIIIIIIIMILIIKIIIIIIIIIIIIIIII 119111111111P11111111 1  1111•III • 
 mil. 111114m11111nWILAImumfflfflem MUM 

M WM» MMWOMMOMMUMMUM MU 111» 
MI M II 

MM11141411114MMIIIMM 
MI 1 LIAM 1 MIMIIIIII a 

MUM BM MI III a U M MI I RI M M bade MI 

1111111,5111111111111111111111111 
IIIIIIWIIIIIIIIIIIIIIIIIIIIIIII 
11811111111111111111111111111111 
11111111111111111 111111111111111  

CO, % 

FIGURE 5. HEAT LOSS FOR A RANGE OF CO 

CONCENTRATIONS, ASSUMING 

NEGLIGIBLE EXCESS AIR. 9000 

45 



FUEL OIL 9010, SPECIFIC GRAVITY 0.900 

Ultimate Analysis,  lb /lb 

Carbon (C) 	 0  8662 
Hydrogen (H 2 ) 	 0  1238 
Sulphur (S) 	 0  0100 
Nitrogen (N2 ) 
Oxygen (02 ) 	  — 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 19,100 

Conversion Factors 

1 Imp gal oil = 9.00 lb oil 
or Imp gal oil X 9.00 = lb oil 
or lb oil X 0.1111 = Imp gal oil 

1 U.S. gal oil = 9.00 X 0.8337 lb oil 
or U.S. gal oil X 7.503 = lb oil 
or lb oil X 0.1333 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
19,100 

or Btu X 10 6  X 52.36 = lb oil 
or lb oil X 0.0191 = Btu X 10 6  

106  106  Btu — 
 19,100X 	

Imp gal oil 
9 

or Btu X 106  X 5.817 = Imp gal oil 
or Imp gal oil X 0.1719 = Btu X 106  

106 
106  Btu = 	  U.S. gal oil 

19,100 X 7.503 
or Btu X 10 6  X 6.978 = U.S. gal oil 
or U.S. gal oil X 0.1433 = Btu X 10 6  
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FUEL OIL 9020, SPECIFIC GRAVITY 0.900 

Ultimate Analysis, lb/lb 

Carbon (C) 	 0  8575 
Hydrogen (H2 ) 	 0  1225 
Sulphur (S) 	 0  0200 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,950 

Conversion Factors 

1 Imp gal oil = 9.00 lb oil 
or Imp gal oil X 9.00 = lb oil 

•  or lb oil X 0.1111 = Imp gal oil 

i U.S. gal oil = 9.00 X 0.8337 lb oil 
or U.S. gal oil X 7.503 = lb oil 
or lb oil X 0.1333 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu — 	lb oil 
18,950 

or Btu X 106  X 52.77 = lb oil 
or lb oil X 0.0190 = Btu X 106  

106  106  Btu = 
18,950 X 9 

Imp gal oil 

or Btu X 106  X 5.863 = Imp gal oil 
or Imp gal oil X 0.1706 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 18,950 X 7.503 
or Btu X 106  X 7.032 = U.S. gal oil 
or U.S. gal oil X 0.1422 = Btu X 106 
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= Imp gal oil 
= Btu X 106  

U.S. gal oil 

FUEL OIL 9030, SPECIFIC GRAVITY 0.900 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8488 
Hydrogen (H 2 ) 	 0  1212 
Sulphur (S) 	 0  0300 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,800 

Conversion Factors 

1 Imp gal oil = 9.00 lb oil 
or Imp gal oil X 9.00 = lb oil 
or lb oil X 0.1111 = Imp gal oil 

1 U.S. gal oil = 9.00 X 0.8337 lb oil 
or U.S. gal oil X 7.503 = lb oil 
or lb oil X 0.1333 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8321 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu — 	106 
18800

lb  oil 
,  

or Btu X 106  X 53.19 = lb oil 
or lb oil X 0.0188 = Btu X 10 6  

106  Btu = 	106  

106 Btu = 
18,

8
00 X 7. 

18,800 X 9. 
of Btu X 10 6  X 5.910 
or Imp gal oil X 0.1692 

106 

— Imp gal.oil 
00 

or Btu X  106 X 7.090 
or U.S. gal oil X 0.1411 

= U.S. gal oil 
= Btu X 106 
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FIGURE 2. COMBUSTION DATA, VOLUME BASIS 
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FUEL OIL 9040, SPECIFIC GRAVITY 0.900 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8400 
Hydrogen (H 2 ) 	 0  1200 
Sulphur (S) 	 0  0400 
Nitrogen  (N2 )  
Oxygen (02 ) 
Ash — 
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,650 

Conversion Factors 

1 Imp gal oil = 9.00 lb oil 
or Imp gal oil X 9.00 = lb oil 
or lb oil X 0.1111 = Imp gal oil 

1 U.S. gal oil = 9.00 X 0.8337 lb oil 
or U.S. gal oil X 7.503 = lb oil 
or lb oil X 0.1333 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu -  106   lb oil 
18,650 

or Btu X 10 6  X 53.62 = lb oil 
or lb oil X 0.0186 = Btu X 106  

106 
106  Btu - 

 18,650x 9.00 
Imp gal oil 

or Btu X 10 6  X 5.958 = Imp gal oil 
or Imp gal oil X 0.1678 = Btu X 10 6  

106  Btu - 	106 	U.S. gal oil 
18,650 X 7.503 

or Btu X 10 6  X 7.148 = U.S. gal oil 
or U.S. gal oil X 0.1399 = Btu X 106  
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FUEL OIL 9100, SPECIFIC GRAVITY 0.91 

Ultimate Analysis,  lb /lb 

Carbon (C) 	 0  8765 
Hydrogen (H2 ) 	 0  1235 
Sulphur (S) 	  — 
Nitrogen (N2 ) 	  — 
Oxygen (0 2 ) 	  — 
Ash 	  
Moisture 	  

Total 
Calorific Value, Btu/lb . . 

1.0000 
19,190 

Conversion Factors 

1 Imp gal oil = 9.100 lb oil 
or Imp gal oil X 9.100 = lb oil 
or lb oil X 0.1099 = Imp gal oil 

1 U.S. gal oil = 9.100 X 0.8337 lb oil 
or U.S. gal oil X 7.587 = lb oil 
or lb oil X 0.1318 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu - 	1°6  lb oil 
19,190 

or Btu X 106  X 52.11 = lb oil 
or lb oil X 0.0192 = Btu X 106  

106  Btu = 
19,190 X 9. 

or Btu X 106  X 5.726 
or Imp gal oil X 0.1746 

106  Btu - 	
106 

 

100 
Imp gal oil 

Imp gal oil 
= Btu X 106  

U.S. gal oil 
587 
= U.S. gal oil 
= Btu X 106 

1 06  

19,190 X 7. 
or Btu X 106  X 6.868 
or U.S. gal oil X 0.1456 

70 





16.0 

	

15.0 	900 

	

14.0 	800 

	

13.0 	700 

CZ] 11 • 0 
0 

600 

500 

/0
  

B
Y

 V
O

LU
M

E
 

12-0 

650 

600 

550 u_ 
o 

500 U)  
(.9  12.0 

450 w 
-J 

400' 11.0 
-J 

350 g 10.0 

300 
9.0 

250 

200 	80 

7.0 
Li 

120 ° 
100 cr 
eo 
60 >. 
40 it 

° 5-0 

4-0 CY 
0 

3.0 

2.0 

1-0 

0-0 

6.0 

	

10.0 	400 

	

9.0 	300 

	

8.0 	200 

7.0 	100 

111•11111111111111111111111111111•11111111111111111111111111111»•• •1111111111••• ••••1111111111111111111111111111111«•1111111111 
111111•1111111111111111111111•31111111111111111111•31111111111111111111111111111111111111111••• •••1111111111111 •111311111111111M1 
1111•11111111111•1»111•• ••••1111111111111111M11111111111111U11111111111111111111M1111111•11111 •••3111111111 1111111111 
111111.....1111111111111111111••••111111111111111111111111111111111•1111111111111•1111111111•••11111111111111111111111111111111111111111 

LUIZIIIIIIIMIIIMIZIIIIIIIIMI11111111111111111•1111M1111111111111111111•11111111111111111•111•••••••11111111111111111 
1111•11111•••111111111•11111•••111••••••111111111111111111111111111111111111111111111•1111111111111111MM 
2111111111M111111111•1111111111111B11111111111M1111111111111111111•MIIIIIIIIIIIIIMM11111111111111111111111MIN 

M11111111111111111111»•••11111111111«.•••111111111MB•111111111111111111111»111111111•••111111111111111111•113 
1111114111111111•BMIZMIIIIIIMIZIMMIIIIIIIIIIIIM11111111111»11111111M1111111111111•111111111111111 
1111••••»1111111•••••11111111111111111111111111111111111111111111111MIMIMMIIIIMBZZU111111111 

IIIIIIIIIMM1111•1111111»•1111•111111111111111111111111111111111111111111111»•11111»•1111111111111111111M1111111111 
••111111111111111•11••••••11111111111•111•11111111111111»11.1111111•1•2111111111111111111».»1»11111111111» 
1111111111111IMB11».1111111111•111111111111111111111111111111111•1111111111111111111111111•11•111111111111111111111111»•1111•111 
• 1111111111111111111•11111113•1111111•111111»•••••••111111111111111111111111111111111111•1111111111111111111111111111111111111111% 

•••111111111111111•••1111111111111111111111M•11111111111111111111111111111111MB•11111111111••••••1111111/411111 

111•111•11111111111•••111111111111111111111111111•1111111»•••••••••••••11111•111111111111•MIIIIIIIIP4 

111•••••■ 1111111111•1111111311111•11••••111111111111••• ■111111•»111111111111111111111111111111 0AZEMIIIM 
IIIMINIBI ■1111111111111111•M11111111111111111111111»111111111•11113•111111111••••••11Z/M1/2111UMIP: 
3•11111111111111111MMUM1111111M11111•••••••••1111111111111111111111113%...r.ammon. 
muuneumnizmnummuizmumemmummummaimmunam 
nommuummazumus. unummazzaIIII111111•3/411111111PAIIIMM/111111111 

1111111111111•1111111111111111111111111111111111E4111111/MUW1111.« 
ummummumzummummmuminimuma•F2111111111111111Eal 
1111•••11111111111111111MIZZIIIIIMIIIII»11111111111•••1111•1111111%1111•11111111111%/11111•11M1111111111 
11•••••••••■ ••111•1111111111111111111111•111111•••••••%•1111/%311111111U1111111111/211111111•1 
111111111111.311111111»111»..»IIIIIIIIIIMB•1111111••••/‘111111MOZZ/4111111111MAZZIIIIPU 
IMIIIIIIIIIIIMI1111111111111111111111111111111111111•1111•11111111111111111111r.OZOWIMPAIIImumumm 
ummazimannumnimumizmummioramurâmprdimewom 
111•11111»•••111111111111111111•11111111111111111111111111111111111111111111t 111•1111%111111BRUM•111/2111111•111e.11 
11111111111111111111111IMII• ■•••11111111111MMZUMIOW111/2111111111ndlnlIMIIMIIIPAII 
11111111111111111111•11111111111111111MI•11111111111111111•••M•111/411111111ZAZZIP211111113/21•111111111M/1111» 
111111•131111111111111111111111111111111111111111M1111111/7411111111rAIMIIIMMIIIMMIMM1111111111 ■:■••••■ 
311»1111•1111••••1111111110•••••/%111111M111111/.41111»5111111111M211111111•P:411111•111Ing• 
11111111111MMIIIIIIIM111111111111111•Z ■111/MIZZ/B•eillINI•eig•11111t /1••••%/1111111 
11111111111••••111111111111111111111111110111MINIUMErà•••%111111MMUMMIPI•Illtil••111 
111111111111111111111111111111111111•11•IIMMIUM/4111111F211111111%/1•1111Mtd•IIMIMMINIBM 
1111111111111111111111111•11111111111111111M11/%1111««1111111 01/111111111111rIZIMIPnA111111»%/1111111111111M.413 
Z•11111111111111111111.»»111111VAMMOMIIM1111110211111111%11•1•Pkil•MIllniU111111MMOMM 
1111111111111111111111111•••111MMIIIIIMUP.41111111111PAIIIIIII/WMIIIIIIMMIIIII•MM•11011,2•1111111111111 
11111111••••1111111111UPAIIIIMZe7AZIMOMMIIMIPriOUIIMPrallUllIPMIEMIlleig 
111111111111111111111•11111/74111/411111nelPAIIIIIIIRMIIIIPI/41111111U111111111111/%1111111111111P741111111 
••1111111111111111M/d•ZillOWAMP:01111M/A111111111!dE0111PAZZIMIIIPId11111111•111Prill1111111 
311111111111•3111rdelrâMPIMIIIM/4111111/2111t11/21»1111111MillIMIIIMIP.UZIMIMP 
11111111111••••51111/%1111MMIIIIM/MBUOIMIIIM/VIOtlIMIZIPM11111111»111%•11111111M2O 
111111111131111/MOUIMIMINUIP.2111111M11110111 10.2011111W5/1111111111/.211111111111Mni 
111111111111PAWW1111 1:01111111%1111•%•••:11111111151211•M MiglII11111/211•111111111!%••••I 

11111n1111■ ‘1111EMPAIIIIIMIIIMW11111105.11»•Mill11111111/7.111»11111 1e1111131111»»11•1111 
11/50«auts•n 11M4U1111%111111111nindlIMP.U1111111111 IPM11•11111111111 0.111111•••111111111111111111»• 

In4llIPAMM1111/41110111•1111%1111111%• ■••0111111i/1111•111n111111•1111111111111MIZIMe.2 
MUM:MI/a alnal111111/211111111/4:/11111111111.:11•1111111/n11111•••••1111111111111••••irdIP! 
P4IIMIIIIIIMMIP.211111111Mill1111111rAIIIIIIIIMMINIIIICZ11•111111111111111111»111111111MMS1110 1101111 
dliedIUMOIllnill»1/41111Wre.•••eillIMIUM::1111111111••••11111111111111111e7011•1211111 1ei 
le4111/5111/%•111Pre11111111%/A•Md111111111nigI 1111111111111»11111111»ndlonifiliMISIPC 
111•M•1111%/11•PriMIIIMIIIIIPAMIIII11111/7.113/ 1111111»11111•0 03111111n011nilfille21111 
111!ABM1111111%/1111111%11111•5n1•1111111Pri•»111 	O 
• 11"1111111011iMIntil•IBMUIEM21111113•11111111 e  • u  imuuuu•u 
111/%011111%1111•11%11111EMMIIIIIIMBIMIIIIIIIIIIIMIllniIIMUIPM11111MIS1111111•••111111111 
ni1111/2•1111/21111111M211111111113•11111101111netWerifile771111n111••11111111111•1111111111111• 

:111111/2•1•1111Mil 
111/21111111•Cid•• 
2111•11M/1111111111F 	•eweianlioni-amrimMBI11111111111W111111»1»••1•11• 
• grall11111»/A111 	#IIdTailmeifi Manna MIIIIII•••■1111111111111111111MMII 
Tall•11111111311•11M111 1eienifiloninrialMiulI111111•311111111111••••111111111111EIMMIIIIIIIIIII111111•111 
1111111111111MIIIMMOMillora/111 11e2111111•111•111111111111111•111111111»111111111111■ 111.111111111111111111111.111 
••••111011n; ei•PlIontionall•IIIIIIII•IZIMIH1•1111111•11111111111111••• ■■ ••11111111•1••• 
M•111.11%001MeiilleionniiIMIIIIIIIIM••111111•111•••••1111M1111111••1111111•M1III••IIIIIIIIMI 
Pi•nolinnellirinill»1111111111111•3111111111111111111113•111111•••••••••••• ■■•••••• 
eienierale.201••••1111111111»»1111111111111111111111111111IIIIIMIBB»•1111111111,•••101111111111111111111 

nill11111111111•311•1111111»••1111111111•111111111•1111111111•■11111111111•1•1111111111111111111111.11111••• 
iMeid•AMIIIIIIIMMIIIIIIMIEMIZIF111111•••111111111111111113•1111111111111•111•••••••0111•• 
1111111111/111111111111111•11111MBIIINIMMIIZZ•»111111111111111•11•11111111•11111111•1•11111111111111110.1111 
IMBWAIIIIIIM1111111•111111•111111111»•11111111.3..111111111111••••••• ■ •1111113M1111111•1111101 
IIIIII4IIMIZNIU1111111111111»1111•1111111111111111111111111111111111111•111•111111••••••111111111111»1111111111 ■ 
11/4•111•••111111111111»11111•311111111111MIMMINZZIU11111•11111111111111111111•1111•11111111111111111M 

VIIIIMILIM1111111111111M11111111111111•1•11111111•1111111•»11111111111111111»»1•111111111111111111111MBIZ 

100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 2. COMBUSTION DATA, VOLUME BASIS 	9100 

72  

200 



24-0 

23.0 

	

16-0 	22.0 

21.0 

	

15.0 	20.0 

19.0 

	

14.0 	18.0 

17-0 

	

13.0 	16-0 

15-0 

	

12-0 	14.0 

13.0 co 
0 
-1 

	

11-0 	12-0 

11.0 

10.0 

9.0 

	

9-0 	8.0 

7-0 

	

8.0 	6.0 

5.0 

7-0 4-0 

3-0 

2.0 

e
M

fa
tf

ke
llt

er
i 

10.0 
cJ  
o 
o 

650 

600 

550 

tj  
o 

500 D 
I- < 
cr 

a. 

450 1- 

o 

cr 

400 

o 
0  12.0 

350 Co  

- 11.0 2 

cc 
D  10.0 

300 I- 
cr 

Lu 9-0 a. 

250 	8.0 
c.) 

cni-  7.0 

200 6-0 

5.0 

150 
4.0 

3-0 
100 

2-0 

1-0 

0.0 

,
 :Y

 V
O

L
U

M
J  

MMUMMMUMUMMUMMUMMUMMIMMMUMMMUMMMUMEM 
MMUMBRIMIMMIMMMMUMMUMMIMMEMMIMMIIIMMEMIMMUMUM 
MIIIMMINIMMIIMMIUMMUMMUMMIMUMMUMOMMIMMIMMUMMIUMM 
MMUMMUMMOIMMEMUMBIMMUMMUMMIMMIMUMMMUMMUMMUMUM 
UMMUMMUMMUUMMIIIMMUMMUMMIMMUOIMMMIUMMUMMUMMen 
mmummumummummummummomummummmummummnim 
MMEMIIMMUMMIRMUMIUMMIMMEMMMUMMMUMMEMBMMUMMUMOM 
MUUMMMUMMUMMMIUMMUMMIMMMIUMMOMMIUMMIMUUMMIAMM 
MUMMIMUMMMMIIMMEMMWMMEMMIMMUMMMMUMBIIMMUMMUMM 
• UM•MUM•IM•I••E•MMIMMUUMME••UMMU•MUUMMUMVA•U• 
MUMMMIMMUMMUMMINIMMBIMUMMIMMUMWMIMMUMUMMMEM 
IIIMMUMMUMMIMMUMMEMMIIMMEMBUMMUMMIMMMUMMUM 
• IMUMMIMUMMMMMUMMMIUMUMMUMMEMMMIMMUMMEUMMMO 
IMMUMMUMMUMMUMMUMMMMUMUMMMMUMMUMEOWIMMU 
ommummummumummummiummummummummummummum 
vommummummumummommummmummumwammummumm 
mimmummummummummmummummimmmommimmnamm 
mummummummummumummumummummuummummumul 
MILIMEMMUMMUMUMMMMUIMMUMMIUMMMUMMUMMIUMMM 
MMUMMEMMUMMMIMMUMMIUMMUMMIMMEMIMMMUMMUMEOMMUMM 
UMMUMMIMMIMMUMMIUMMUMBMWMUMMMUMMUMOMMIMMIEOMMUMMM 
MMILIMMIMMIUMIUMMIUMMUMMUMMIIMMVMMEMEAMMMUMMI 
MMEUMMMUMMUMMWMIMMUMMMMUMMMAMMIMMUZUMMBBIU 
UMBABBMIMMMEMMMIMMUMIMMIIMMUMUUMMUMMMIMUMUM 
IMIWOMMMUMMMEMMUMMMIMUMMIIMMUMMIRMMOMMMUMBMVUMM 
MMUMIMMUMMUMMUMMMUMBMMUMMIUMMUMMMUMBMBUMMIIMMV2MBM 
MIMMIMMUMMIMMIMMIMMUMMMUIMMOMMMUMMEMMMVAIMM 
MMIMMEMMIMUMMEMBUMMUMMIUMOUMBMMUMMUMUUMMUMM 
MIUMBIMEMMIMMUMIMMUMMUMMWIMEMBMUMMIMMUVAMMWM 
mumummummummimmilmmAmmumnammommummumml 
MUMMINIMUMMUMMIMIMMIMMUMMUMMUMMUMMMUMUMMUMUUMMUMMU 
IIIMMUMMIMMIUMMMUMMIUMMEMBUOMMMOMMIMUMWHIMMUMPII 
MMBMIIMMUMUMMUMMUMMUMMMIUMMOMMMMMUUMUMMEMMEAM 
••II•MMI••II•MUMMINIMMMŒMMMMIAMMIMMOMUMMUMMMIMU 
mummummummimmummammurammummmummummunammm 
MMUMMUMMUMMUMMUMMUMMIMMUMMUMMMUAMUMUM MM MM 
MIMMIRMIMMMMUMMUMMVAMMVAMMIMMIMMIMM MM 2 MM 
IIIMMWMMMMUMMUMMMUMIMMVUMMUMMIPAXIMMUDIMMIMMM 
• MIMMUIMIIMMBMEMBMBUMMUMMUMMIMMUMIMMMUMMVUMMUMMMBM 
immummummummumnammumummmumummummummump 
mummummummummamm MM u MM IMMUMUMMUMMABUMMUMMMPW 
Man» MMIMMUUMVAMMMMUUMMIUMMOMMEAMMUMMUIRM« 
immum miammummuminuommummummwmummunom 
mmummumummmummumniummummumnammummmummum 
MMUMUMMEMMAIMMUMMUMMOMMUMWAMMMM MM M MM MMIIIMMMFAMMUMM 
MUMMUMMUUMMIMMMUMMEOMMMAMMUM MM 2 MM EMMUMMMOMMBIM 
MMUMMIMMUMMMVMMIUMEOMMUMPAMMUM2MMIMMEMMUMMUMUMM 
IMMIMMINUMPAIMMVAMOURMORMUMVUMMUMMMBW2MUMMMMUMM 
MMEMMMUMMIUMMIUMOMMIKIMUMMUMIMMUMMMIUMWMMIMMBMP 
MUMMMMEMMUUMILInIUMBMPZUMM2MIMINIMMARMIIMMIMMd 
MaMMUMMMMBIIMMUWAMOMMVAMMMMUMIMMUMMMUMMBRMUMMIMV2ZU 
MMIMMIUMMUMMOUMMIMPAMMMMEAMMINIM MM MM MMUMMUMORM 
mmummumnummummuedmmemnammummindmmmummonsmum 
mmummemmmumminaw4mmmuunammummpromummmmummim 
»MUM MM U MM MOVAMMIIIMMMUMUMB MM M MM MIIMMMOIMMIMMUMMM 
ummumemmummanummummum MM MM Barn MM 2 MM mumum mummerammnammirammumammumpumminummummummu 
MIIIMMUMMUMOMMUMMOUMMIMMEMMMIIMMUMIMMUMMOIMMUM. 
IMMUMMUMMMIPMEMPAMMIMMBMIUMMMMUMPUMMWMMOMMUMO 
MBMMUMMOMMMEMMIREMOMM MM 2 MM MMUMMUMAMMUMUMM10201M 
mmummrammummarammammpummum MM MM MIMMIUMP2M111 
rOMMIAMMIMMUMMOMBMWAMMIUMMOMMIUMMUMMMIUMPM 
MMMVAIMMMFAMM MM M MM BRIMOMMIMMMIMOMMUMMMUMMMUMMMUMIM 
mmedimmummmumummusommumeammummumnammniamm 
MVAMMAIMMUMMIIIMUMMUMMUMMIMMUMMUMMUMMIMUMMMUM 
VIAMMIMPAIMMMUUMIMMMIMUMUMM MM MM IMMUMMIP2MM M P2 MM UMW ummrammemmumnammimmammummemindumniummum 
IIMMPAUMMOMAMMUMMUMMEMM/IWUMMUMMU M P2 MMM P2 MM MMMMMMUM 
MIUMOMMMOUIMMUMV2MIMMER2MMOUMMMUMOMMMUMMUMM2UMM 
MIRAIMMOrMUMMIUMOMMUMMBMWRIMILIM MM MU M MM MM MUMFMOMMUM 
mammuniummnammommummumamunimmmammumonammumm 
amminammummummommonimmummumum MM n MM mmumnammumm 
MUMMMIMMUMMIMMIMMUMUUMMUMWOMUMWMMUMWMMIMMUMBM 
MM 2 MM MUM.« MM MM mummonammlemm MM num M wimmummum 
mummummummummummimmumitemmummumummmum 

MM n MM mmmumummumummumnale M MM MMUMUMIUMMWMUMP 
MMMOMMOMPUBMMUMMEMMIIME MM M MM fleaUMMUMMIIIMMWM2M 
MMUUMMIUMBMOMMIUMP2MMUM MM 2 MM Me lummummummeâmm • u••mummummuleammu••umna• olmummummonammmul 
nammummummummum M 2M2I M MM ONUMMIIMMOMMMUMMM 
MMIMMOMMBIMMUMOMMUMMIWY2MUMMM 	MM M2 MM MUM» 
MUMP2MMUMBRMIIMMUMMIMPIUMMUMMIIM • a•••••u• 
MMMIMIMM MM MM IMMIIMM.2211MEMIMMIPMMIMIMMUMMMEMMIR 
UMOIMMUMMMAMMIMMUMPM12MMMUMMUM2iMMBKMMIIMMMUMMM 
AMMIIMMUMMUMMUMUM/Br MOMIBMWIPMMIMUMMUMMEMMIMMUMMFM 
mummummummonammr MUMMUMMIMMUMMUMBNWIIMMFMWMM 
MMEMMUMMUMMMWMIMM mmemommummommumwmpinâmmum 
111.21MMIUMMWIMMUMMOIR 111M2SMBEMMMUMMBEMMMUMIAMMMUMMM 
earn» M R2 MM mmeumnammummummummummwmaimmummm 
mummumummempeigummummummonimummiammum 
MMUMFMOMMMUMMOUFMOMMIUMMEMMMUWM2ORMMIMMWMCUMMM 
MMUMMUMMUMMMIUMMUMMMUMMIBM2MEMMUMUMUMMMUMOMMM minimum MM Mk MM mummimmummmndmmummummommummem 
émummummonimmummummeimmummummimmummumEn 
mummonammummumummonfflummummummummenlierma 
mum M MM munmummumnziammummummimummummmummumm 
manâmmummvammumemumummommummummmommemmumm 
MdMMIIIMMMUUMMOIMWMMIMUMMIUMMUMMOMZiUMUMMUMMIMMMUM 
mummumnwinummuommimmummommanummommummum 
MMMUMMMIC2OMMIIMMWMIMMUMM2111111MMIMMIMMIUMMIIMM 
immummmummummummummemmummummummummemm 
mprammummummumnlimmummmumummummmummum 
2.1011MMAMMUMMUM=011MMUMMUMMINIMIMMUMMIRMUMM!=à 
MMUMMIMIMM21111MEMMEMBRIMMIUMMIMUMMBrnmell2aMMUIM 
mmummummimummumminmmommummumwn=àmmummum 
mummrammomummummmummummmmiammummmummum 
m:iimamummummommummmummmàmummiummommummimm 
mmmummummumummontlàmummummommummummumm 
mmwammummummmmarumummummummummommummmumm mmumummm=a-mmummummummummummummummummumm 
IIIWJe2MkOMMMIUMMUMUMMIIMMUMUMMIMMMMUMMMUMMUMMIMMMUMM 
mniummummummummummummummummummummum 
OAMMMUMMIMMMUMMMUMBMMUMMUMMMUMMUMMUMMIMMMUMMUM 
mmummummummummummummummummummummummm 
AUMUMBRUMMUUMMUMUMMMUMMUMMIUMMUMMUMMUMMIMMIUMM 

200 
1-0 

100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 3- DRY FLUE GAS LOSS FOR A RANGE OF 

TEMPERATURE DIFFERENTIALS 	 9100 

73 



7r1"-M-11=1=1z1 

'1■1•.1 

1—M1=1=1Z1 

9.0 

8.0 

0 
Cl)  

(*) 

 

7.O  

6.0 

Lt. 
o 

cr 
650 n 
600 1-  < 
550  ri: 

 500 Là.1 
450 la-
400 
350 LLJ  
300 I-
250 
200 c.) 

5.0 
40 	60 	80 	100 	120 

COMBUSTION AIR TEMPERATURE,°F. 

FIGURE 4. HYDROGEN LOSS FOR A RANGE OF 

STACK TEMPERATURES. 	 910 0 

74 



6.0 

5-0 

4-0 

--re 0 
ce 
co 
0  3.0 -J 

I--. ‹ 
IA = 

2.0 

1 •0 

GO 
1 •0 0.5 1.5 

CO, % 
0 •0 2-0 

FIGURE 5. HEAT LOSS FOR A RANGE OF CO 

CONCENTRATIONS, ASSUMING 

NEGLIGIBLE EXCESS AIR. 9100 

75 



FUEL OIL 9110, SPECIFIC GRAVITY 0.910 

Ultimate Analysis, lb/lb 

Carbon (C) 	 0  8677 
Hydrogen (H2 ) 	 0  1223 
Sulphur (S) 	 0  0100 
Nitrogen (N2 ) 
Oxygen (0 2 ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 19,040 

Conversion Factors 

1 Imp gal oil = 9.100 lb oil 
or Imp gal oil X 9.100 = lb oil 
or lb oil X 0.1099 = Imp gal oil 

1 U.S. gal oil = 9.100 X 0.8337 lb oil 
or U.S. gal oil X 7.587 = lb oil 
or lb oil X 0.1318 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu - 1°6  lb oil 
19,040 

or Btu X 106  X 52.52 = lb oil 
or lb oil X 0.0190 = Btu X 106  

106  106  Btu = 	 Imp gal oil 
19,040 X 9.100 

or Btu X 106  X 5.772 = Imp gal oil 
or Imp gal oil X 0.1732 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
19,040 X 7.587 

or Btu X 106  X 6.923 	U.S. gal oil 
or U.S. gal oil X 0.1445 = Btu X 106  
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FUEL OIL 9120, SPECIFIC GRAVITY 0.910 

Ultimate Analysis,  lb /lb 

Carbon (C) 	 0  8590 
Hydrogen  (H 2 ) 	 0  1210 
Sulphur (S) 	 0  0200 
Nitrogen  (N2 ) 	  

Oxygen (02 ) 	  — 
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,890 

Conversion Factors 

1 Imp gal oil = 9.100 lb oil 
or Imp gal oil X 9.100 = lb oil 
or lb oil X 0.1099 = Imp gal oil 

1 U.S. gal oil = 9.100 X 0.8337 lb oil 
or U.S. gal oil X 7.587 = lb oil 
or lb oil X 0.1318 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,890 

or Btu X 10 6  X 52.94 = lb oil 
or lb oil X 0.0189 = Btu X 10 6  

106 
106  Btu = 	  Imp gal oil 

18,890 X 9.100 
or Btu X 106  X 5.817 = Imp gal oil 
or Imp gal oil X 0.1719 = Btu X 10 6  

106  106  Btu = 	 U.S. gal oil 
18,890 X 7.587 

or Btu X 10 6  X 6.978 = U.S. gal oil 
or U.S. gal oil X 0.1433 = Btu X 10 6  
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Imp gal oil 

= Imp gal oil 
= Btu X 106  

U.S. gal oil 
587 
= U.S. gal oil 
= Btu X 106 

FUEL OIL 9130, SPECIFIC GRAVITY 0.910 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8502 
Hydrogen (H 2 ) 	 0  1198 
Sulphur (S) 	 0  0300 
Nitrogen  (N2 )  
Oxygen (0 2  ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,740 

Conversion Factors 

1 Imp gal oil = 9.100 lb oil 
or Imp gal oil X 9.100 = lb oil 
or lb oil X 0.1099 = Imp gal oil 

1 U.S. gal oil = 9.100 X 0.8337 lb oil 
or U.S. gal oil X 7.587 = lb oil 
or lb oil X 0.1318 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,740 

or Btu X 10 6  X 53.36 = lb oil 
or lb oil X 0.0187 = Btu X 10 6  

106  106  Btu = 
18,740 X 9. 

or Btu X 10 6  X 5.864 
or Imp gal oil X 0.1705 

106 i v- 
106 Btu = 

18,740 X 7. 
or Btu X 106  X 7.032 
or U.S. gal oil X 0.1422 
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Imp gal oil 
100 
= Imp gal oil 
= Btu X 106 

FUEL OIL 9140, SPECIFIC GRAVITY 0.910 

Ultimate Analysis, lb 

Carbon (C) 	 0  8414 
Hydrogen (H 2 ) 	 0  1186 
Sulphur (S) 	 0  0400 
Nitrogen  (N2 ) 	  

Oxygen (0 2 ) 	  
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,580 

Conversion Factors 

1 Imp gal oil = 9.100 lb oil 
or Imp gal oil X 9.100 = lb oil 
or lb oil X 0.1099 = Imp gal oil 

1 U.S. gal oil = 9.100 X 0.8337 lb oil 
or U.S. gal oil X 7.587 = lb oil 
or lb oil X 0.1318 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu - 	l 
18,580

b oil 
 

or Btu X 106  X 53.82 = lb oil 
or lb oil X 0.0186 = Btu X 10 6  

106  106  Btu - 
18,580 X 9. 

or Btu X 10 6  X 5.914 
or Imp gal oil X 0.1691 

106 	 106  Btu - 
18,580 X 7.587 

U.S. gal oil 

or Btu X 10 6  X 7.092 = U.S. gal oil 
or U.S. gal oil X 0.1410 = Btu X 10 6  
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FUEL OIL 9200, SPECIFIC GRAVITY 0.920 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8780 
Hydrogen  (H 2 ) 	 0  1220 
Sulphur (S) 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 19,120 

Conversion Factors 

1 Imp gal oil = 9.200 lb oil 
or Imp gal oil X 9.200 = lb oil 
or lb oil X 0.1087 = Imp gal oil  

1 U.S. gal oil = 9.200 X 0.8337 lb oil 
or U.S. gal oil X 7.670 = lb oil 
or lb oil X 0.1304 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
19,120 

or Btu X 106  X 52.30 = lb oil 
or lb oil X 0.0191 = Btu X 106  

106  106  Btu - 	 Imp gal oil 
19,120 X 9.200 

or Btu X 106  X 5.685 = Imp gal oil 
or Imp gal oil X 0.1759 = Btu X 106  

106 
106  Btu - 	  U.S. gal oil 

19,120 X 7.670 
or Btu X 106  X 6.817 = U.S. gal oil 
or U.S. gal oil X 0.1467 = Btu X 106 

100 
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FUEL OIL 9210, SPECIFIC GRAVITY 0.920 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8692 
Hydrogen (H2 ) 	 p1208 
Sulphur (S) 	 0  0100 
Nitrogen  (N2 ) 	 — 
Oxygen (0 2 ) 	  
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,970 

Conversion Factors 

1 Imp gal oil = 9.200 lb oil 
or Imp gal oil X 9.200 = lb oil 
or lb oil X 0.1087 = Imp gal oil 

1 U.S. gal oil = 9.200 X 0.8337 lb oil 
or U.S. gal oil X 7.670 = lb oil 
or lb oil X 0.1304 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 106 
 18,970 

lb oil 

or Btu X 106  X 52.72 = lb oil 
or lb oil X 0.0190 = Btu X 106  

106 
106  Btu = 	  Imp gal oil 

18,970 X 9.20 
or Btu X 106  X 5.730 = Imp gal oil 
or Imp gal oil X 0.1745 = Btu X 106  

106  106  Btu - 	 U.S. gal oil 
18,970X 7.670 

or Btu X 10 6  X 6.873 = U.S. gal oil 
or U.S. gal oil X 0.1455 = Btu X 106  

106 
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FUEL OIL 9220, SPECIFIC GRAVITY 0.920 

Ultimate Analysis,  lb/ lb  

Carbon (C) 	  0.8604 
Hydrogen  (H 2 ) 	 0  1196 
Sulphur (S) 	 0  0200 
Nitrogen (N 2 ) 
Oxygen (0 2 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,820 

Conversion Factors 

1 Imp gal oil = 9.20 lb oil 
or Imp gal oil X 9.20 = lb oil 
or lb oil X 0.1087 = Imp gal oil 

1 U.S. gal oil = 9.20 X 0.8337 lb oil 
or U.S. gal oil X 7.670 =  lb oil 
or lb oil X 0.1304 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu — 
18,820 

lb oil 

or Btu X 10 6  X  53.14.= lb oil 
or lb oil X 0.0188 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
18,820 X 9.20 

or Btu X 106  X 5.776 = Imp gal oil 
or Imp gal oil X 0.1731 = Btu X 10 6  

106  106  Btu = 	 U.S. gal oil 
18,820 X 7.670 

or Btu X 106  X 6.930 = U.S. gal oil 
or U.S. gal oil X 0.1443 = Btu X 106 
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FUEL OIL 9230, SPECIFIC GRAVITY 0.920 

Ultimate Analysis,  lb/lb 

Carbon 	(C) 	 0  8517 
Hydrogen (H 2 ) 	 0  1183 
Sulphur (S) 	 0  0300 
Nitrogen  (N2 ) 	  

Oxygen (02 ) 	  — 
Ash 	 — 
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,670 

Conversion Factors 

1 Imp gal oil = 9.20 lb oil 
or Imp gal oil X 9.20 = lb oil 
or lb oil X 0.1087 = Imp gal oil 

1 U.S. gal oil = 9.20 X 0.8337 lb oil 
or U.S. gal oil X 7.670 = lb oil 
or lb oil X 0.1304 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,670 

or Btu X 10 6  X 53.56 = lb oil 
or lb oil X 0.0187 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
18,670 X 9.20 

or Btu X 106  X 5.822 = Imp gal oil 
or Imp gal oil X 0.1718 = Btu X 106  

106 
106  Btu = 	  U.S. gal oil 

18,670 X 7.670 
or Btu X 106  X 6.983 = U.S. gal oil 
or U.S. gal oil X 0.1432 = Btu X 106  
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FUEL OIL 9240, SPECIFIC GRAVITY 0.920 

Ultimate Analysis,  lb /lb 

Carbon (C) 	 0  8429 
Hydrogen (H2 ) 	 0  1171 
Sulphur (S) 	 0  0400 
Nitrogen  (N2 ) 	 — 
Oxygen (0 2  ) 	  

Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,520 

Conversion Factors 

1 Imp gal oil = 9.20 lb oil 
or Imp gal oil X 9.20 = lb oil 
or lb oil X 0.1087 = Imp gal oil 

1 U.S. gal oil = 9.20 X 0.8337 lb oil 
or U.S. gal oil X 7.670 = lb oil 
or lb oil X 0.1304 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu - 	lb oil 
18,520 

or Btu X 106  X 54.00 = lb oil 
or lb oil X 0.0185 = Btu X 106  

106 
106  Btu - 	  Imp gal oil 18,520x  9.20 
or Btu X 106  X 5.869 = Imp gal oil 
or Imp gal oil X 0.1704 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,520 X 7.670 

or Btu X 106  X 7.042 = U.S. gal oil 
or U.S. gal oil X 0.1420 = Btu X 106  
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FUEL OIL 9300, SPECIFIC GRAVITY 0.930 

Ultimate Analysis, l b/lb 

Carbon (C) 	 0  8795 
Hydrogen (H2 ) 	 0  1205 
Sulphur (S) 	  — 
Nitrogen (N2 ) 	  — 
Oxygen (02) 	  — 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 19,050 

Conversion Factors 

1 Imp gal oil = 9.30 lb oil 
or Imp gal oil X 9.30 = lb oil 
or lb oil X 0.1075 = Imp gal oil 

1 U.S. gal oil = 9.30 X 0.8337 lb oil 
or U.S. gal oil X 7.753 = lb oil 
or lb oil X 0.1290 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
19,050 

or Btu X 10 6  X 52.49 = lb oil 
or lb oil X 0.0191 = Btu X 106  

106 Btu = 
19,050

106 
 X 9.30 

Imp gal oil 

or Btu X 106  X 5.645 = Imp gal oil 
or Imp gal oil X 0.1772 = Btu X 106  

106  106  Btu — 	 . 
19,050 X 7.753 

U.S gal oil 
 

or Btu X 106  X 6.770 = U.S. gal oil 
or U.S. gal oil X 0.1477 = Btu X 106  
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FUEL OIL 9310, SPECIFIC GRAVITY 0.930 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8707 
Hydrogen (H2 ) 	 0  1193 
Sulphur (S) 	 0  0100 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,900 

Conversion Factors 

1 Imp gal oil = 9.30 lb oil 
or Imp gal oil X 9.30 = lb oil 
or lb oil X 0.1075 = Imp gal oil 

1 U.S. gal oil = 9.30 X 0.8337 lb oil 
or U.S. gal oil X 7.753 = lb oil 
or lb oil X 0.1290 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,900 

or Btu X 10 6  X 52.91 = lb oil 
or lb oil X 0.1890 = I3tu X 106  

106  106  Btu — 	 Imp gal oil 
18,900 X 9.30 

or Btu X 106  X 5.689 = Imp gal oil 
or Imp gal oil X 0.1758 = Btu X 10 6  

106  106  Btu = 
18,900 X 7.753 

U.S. gal oil 

or Btu X 106  X 6.826 = U.S. gal oil 
or U.S. gal oil X 0.1465 = Btu X 106 
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FUEL OIL 9320, SPECIFIC GRAVITY 0.930 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8619 
Hydrogen (H2 ) 	 0  1181 
Sulphur (S) 	 0  0200 
Nitrogen (N2 ) 	 — 
Oxygen (02 ) 	  
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18 , 750  

Conversion Factors 

1 Imp gal oil ---- 9.30 lb oil 
or Imp gal oil X 9.30 = lb oil 
or lb oil X 0.1075 = Imp gal oil 

1 U.S. gal oil = 9.30 X 0.8337 lb oil 
or U.S. gal oil X 7.753 = lb oil 
or lb oil X 0.1290 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,750 

or Btu X 106  X 53.33 = lb oil 
or lb oil X 0.0188 = Btu X 106  

106  106  Btu — 	 Imp gal oil 
18,750 X 9.30 

or Btu X 106  X 5.735 = Imp gal oil 
or Imp gal oil X 0.1744 = Btu X 106  

106  106  Btu — 	 U.S. gal oil 
18,750 X 7.753 

or Btu X 106  X 6.878 = U.S. gal oil 
or U.S. gal oil X 0.1454 = Btu X 106  
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FUEL OIL 9330, SPECIFIC GRAVITY 0.930 - 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8531 
Hydrogen (H2 ) 	 0  1169 
Sulphur (S) 	 0  0300 
Nitrogen  (N2 )  
Oxygen (02  ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,600 

Conversion Factors 

1 Imp gal oil = 9.30 lb oil 
- or Imp gal oil X 9.30 = lb oil 

or lb oil X 0.1075 = Imp gal oil 

1 U.S. gal oil = 9.30 X 0.8337 lb oil 
or U.S. gal oil X 7.753 = lb oil 
or lb oil X 0.1290 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 	
106 
 lb oil 

18,600 
or Btu X 106  X 53.76 = lb oil 
or lb oil X 0.0186 = Btu X 106  

106  106  Btu — 	 Imp gal oil 
18,600 X 9.30 

or Btu X 106  X 5.781 = Imp gal oil 
or Imp gal oil X 0.1730 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,600 X 7.753 

or Btu X 106  X 6.935 = U.S. gal oil 
or U.S. gal oil X 0.1442 = Btu X 106 
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FUEL OIL 9340, SPECIFIC GRAVITY 0.9300 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8443 
Hydrogen (H 2 ) 	 0  1157 
Sulphur (S) 	 0  0400 
Nitrogen (N 2 ) 	 — 
Oxygen (02 ) 	  
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,450 

Conversion Factors 

1 Imp gal oil = 9.30 lb oil 
or Imp gal oil X 9.30 = lb oil 
or lb oil X 0.1075 = Imp gal oil 

1 U.S. gal oil = 9.30 X 0.8337 lb oil 
or U.S. gal oil X 7.753 = lb oil 
or lb oil X 0.1290 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,450 

or Btu X 106  X 54.20 = lb oil 
or lb oil X 0.0185 = Btu X 106  

106  106  Btu — 	 Imp gal oil 
18,450 X 9.30 

or Btu X 10 6  X 5.828 = Imp gal oil 
or Imp gal oil X 0.1716 = Btu X 10 6  

106 
106  Btu = 	  U.S. gal oil 

18,450 X 7.753 
or Btu X 10 6  X 6.993 = U.S. gal oil 
or U.S. gal oil X 0.1430 = Btu X 10 6  
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FUEL OIL 9400, SPECIFIC GRAVITY 0.940 

Ultimate Analysis, lb/lb 

Carbon (C) 	 0  8810 
Hydrogen  (H2 ) 	 0  1190 
Sulphur (S) 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,980 

Conversion Factors 

1 Imp gal oil = 9.40 lb oil 
or Imp gal oil X 9.40 = lb oil 
or lb oil X 0.1064 = Imp gal oil 

1 U.S. gal oil = 9.40 X 0.8337 lb oil 
or U.S. gal oil X 7.837 = lb oil 
or lb oil X 0.1276 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu — 
106  lb oil 

18,980 
or Btu X 106  X 52.69 = lb oil 
or lb oil X 0.0190 = Btu X 106  

106  106  Btu = 	 Imp gal oil 
18,980 X 9.40 

or Btu X 106  X 5.605 = Imp gal oil 
or Imp gal oil X 0.1784 = Btu X 106  

106  
106  Btu — 	 U.S. gal oil 

18,980 X 7.837 
or Btu X 106  X 6.720 = U.S. gal oil 
or U.S. gal oil X 0.1488 = Btu X 106 

160 



16.0 31-0 

15.0 

14.0 

13.0 

12-0 

11.0 

10.0 

9.0 

8-0 

30-0 

29-0 

28-0 

27-0 

24.0 irei 11.0 
(.9 

23-0 	10-0 
-J 
u. 

22-0 co 9-0 

21-0 11-e- 	8.0 

17-0 	4-0 

	

16.0 	3-0 

	

15-0 	2.0 

	

14-0 	1-0 

26-0 

12.0 25.0 

r•
  B

U
 T

I 
•  

20.0 

19.0 

18.0 

7-0 

6.0 

5.0 

,  f ,  

I , 
li 	  
MI 	  

	  c, 	 
	  %,-  

Ma 	  

IIIMIIII 	 Ave e .9,  
111111111111•1 	 de ire _'.  
MINIM 	  

 	1 	
. 

, 	\  

: 

	 °tail. 	 	

/ 	  	

0-0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 1. COMBUSTION DATA, ' , WEIGHT BASIS 	 9400  

161 

13-0 
200 

z 
o  

co 

0 



16.0 

	

15.0 	900 

	

14.0 	800 

	

13.0 	700 

2 

-J 
0 

>- 
CD 

11.0 
0 

10 •0 	400 

9.0 	300 

8.0 	200 

12.0 

7.0 	100 

600 

500 

650 

600 

550 

5oe  Li): 12-0 
4:x 450 o 

400  LS 110 
u- 

350  10.0 

300 g 
9 •0 

250 

200 

tr. 
0, 

120 

80 
60 CC 
40 

loo 

4O4  
0 

3.0 

2.0 

1.0 

0- 0 

8.0 

en
_a

la
Y

en
TiA

  

7-0 

6.0 

5.0 

111•11111•311111111111111111•••1111M111•31111111111•3111111• 31111•111•1111111111111111111111111U11111111111111111131111 
1111111111WILIIIIIMMIIIIIMIIIIIIIIIIIIIII•111311111111111M111111111»11131111•111111111131111111111IIIMIMMIIIIIIIIIIII 
IIIIIIIMI111111111111111111111111111111111B1111111•11111111111111111111111»••••1111111•11111111•1111•1111•11111111111111111 
LIBIZMII111111111•1111111111•11111111•1111111•11•1111111111•11•1111•1111111111•1111111111•11111111111111111111111111111 
111111•11111111111111111111•1111»11111111•111111111111111111111111111111111111111111111111111•1111M1111111»1111111MIIIIM 
ILIIIIMI1111111•111111111••••••11111111111111111111111111111111111111111•11111111•111111111111111111111111311111111111111 
MILIMI1111111111111111111111111111•111111111111» MIIIII•311111111111111111111»1111•11•111111 ••••1111.1111111111. 
Olt 11111•111111•11111 1111•11111111111•111111111 	 111•111111111•11111111 111111•111111 
IM.1111•111113•111111••••1111•11111111•1»111111•11111111111•111111111111•1111111111•11111113•1111111»111111 
••11111•••••• 

MIUMIIIIIIIIMIBIll»1111111»11111»•1111111»11111113 
1111111•1111111•1111•11•1111111111111»1111111111111111111111111111111111•1111111111•1111111111111111•••11111111111•1111111111111111 
I•LI•I•IIII•111111•111•11• 111111•1111111111»1»1»1111111•111111111111111•••••111111111111 
111•111111111111•1111113 MIIIIIIIMBIBMI111•11111111111•11111M 1111111111»1111111•1111111111»11111111BMIIII 
111111•1111111•1111111111111•1111111111111111111111111111111•11111111111•11111111MMIIIIIIIIIIIIIIIIMIIIIMIIIIII 
• 1111•1111•111M111•11111•111111111•111111111111111•1»11111•11111111»•1111111•111111111111111111111111111111111111111 

111111»11111111»1111 MIIIIMB/1111/11/1/11113.11111111.111111111/311111111/111111113.1111111111111111.111111113/1 
11111111111»1011111/11111111/11111111111111// 1111.1•••.1•••.1111••1.1•/•.1•1•1••1111111M 
11111111111111111111‘.11111111111111.1111111111M1111.111111111111.11111111111111/1111»»1»./M 
IMIIIIIIIIIMIIM•1111111111111111111111111MI1111111111111111111111111111111111111•1111•1111M111 mi••mea• 
mummunnumwmummemmummmullIRIMMI*111». 
1•1111111•31111111•••••••11111•••••••1111»•11111••1111111M1111»11111111/%1IMMOM 
11•11•111•111111111•111•3111111111111•111•111111113•111111113•11111111111111111111•111111113 
U1111111111111111•11•111111•111111111•1111•11111/111111•11111111111•11113•1111111•11111111111131/111111••4111113« 
111111111113•11111•WIIIIIII••••••MIVIZIIIIIIIMMIIIIMIUM111•1111111111•211111111%111111111111%111 
••11111•••••,1111111«»11111••••••••••••1111••••••••!4•••2113»,%•• 
MIIIIBIZIMIIIIVIIIIMINIMME1111111•11111111•1111111113•111111ZEMII/i111•11M/1•111• 

ZU111111111111111111111111101111M11111111111•111111111111»11111111111•111111111111».21111»2111111MMIIMPUIIII 
11•1111111111111•311111111111111»11111111•113•1111•1111111•11111111111•1»4»»/MIMIIIIIIIMIIIIIII 

• 11111111•••••••■••111111•••1111111UMINZ•1111•%1111111MIMIZillIMMINIIIIIIU 
IMIIIIIIIMIll»MILIIMMIIIIMIIII111111•111111111111MMINIPAIBIIM1111111111111111•1111 U111111 
111111•11111111•11111111111M11•11111•••••••11111111/%11111•Z«1111 0:4111111•%/1•11111111n111•11113 

111111111»11111111n11111111111111MIIIIIIIMIIIIIIMOB•%•11111•2•11111ed• 
»111•1.111111.1MBRIMNIZZ•11111•3112•ZEilIM 	 P2111111111•01%All•• 
111111111111111•11“11111111111•WMI•1111111•MMIMIIIIIIII%••• ■ ••MI•MPrird•••1111 
.1.1111111111/1111.11.1»111111111111/1111111111.1115 ■111111MUIV 411111111M111111111PUI•111/5:011111111•11 151 
IIIIIMINIMMIIIIIImmuummirmandumommanun«izamonam 
ammuummomunlanwiummanomm.%•111111%•••!:"!21•1111111111MililInn 

BUZZ/ 41111/7/••• .MIÉRZe.01111111111MUZIMINIII 
111•111111•1111111111111111111•1111111111151111111/%111111«011111111M111111111/2111111111/r.A1111111111/21111111111111Mei 
1111111•11111111•1111111111111111111111111MIIIMMI1,51111111/2011111/ %/111113/111/1111111111%/1111.111MM1111 
11111111111•111111111•111111111111111MBWIMIIIMMINIMIMIIIIMAZIIIIIMMIIIIIMUZIM 
•••••••1111111•11111M11111/4•11:1111•/2111•WAIIIIMPIIIIIIIMMallIZZIIMIUMM: 
IMIIIIIIMMIN11111•1111ZMIZIMPWIIIIEd•111 ■21•1111.e4111110%111111111111•2111111111111/4111 

dUUPRUIW 
1113•1111111•1111111/511»%111•21111111MINIEM•Minel«21111111111111111%/1111•IUMMIIIIIIIII 
11111111111111111111111/41111Z/11111111/AMMOIMIW:11•Belln•Pli1111111111«i«1111111111 0%11111111111111111Pro 
MIIIIMIMPIIIMAIlind11111/211•111111nOINIOrelleWed/11111111111/2111111111111•0!4•1111•••11111• 
1111111MWIKIIIIMIIIIIIIM ■11111 1111•111U11111115ek11111111111/21111111111M11111111111•1111/21113111111 
• 111•11M11111%l•r amormunâmaniammedomiral••nere••••om•u• 
mumnimedumilM1111111Pril»111%11•11rallIMIrdll 	 eig•1111111111111111•1111111 
1111«.2111111UZ•Ull•Mi111111110.5/1111111MAZIMPlillIZZIUMIZZIMPlii ••11••••11111113 

11M111/5111111M111111MMUM011111MilleA11/21111N/21111111111111111111e111111111111111111111111111111111111111111n 

IllnallEall•ednIMUM111PrillIMIAISIIIIIIIP211111 ■11/11/11111•111»1111•11111•111111 1ni•ilil 
U11111/411111%11111:1011111/2•••%1•11/1M1111111P:;11111111111111111111111•1111111111MIOMMP.: 
1111.1%••%111•■%1111111:1011111111111V.1111/%11•3111111nie mummumergarrealue.:1-  
wrânivonv-Aluiwarionammoma 	ummireameiimrdowne 
mimmnaze,;aumraureriemuoeàsum 	Inm....nreaugeàannuommr. 
:11111/21•/2••• ■ 1111111111 11/111111111111M11111•111••• 	eliMIC211111%11111Milallund1111 

eurominveiamilonnummu 
ranknummedvaltli111111111111111111•1111111111111Milll eille.2111111 1M11111 1.MIIIIBM111•111 
/51.  IMUNIOnillallrenil•1111111•••11111111111111Mininil/n1PCUMIlleiiil 
111111/2111111111/1/1M111110U11111111111111»• 
11%.1111PIMPMP:11111111111111111111111111eilPidlnidPrignont»M11111••••11111•1111•1111111111 
runitm.our mummeninrionanuali.easambizminnmamm 
ed11111PUIIIIIIITC> 

• 1111»1111VAMI 	 1101:11•111111»•111 
11•11111111111Mreng IniallorilieniOnlig•1111111•11•••111111111E•IIIIIIIIIIIIMMIIIIII1111111111111111M 

1111•11Miereni0:1111101:2111•1111111111111111111111111111•»11111111•1•11111••••11111••• ■■••••1111111 

ei'iellend••1111111•111111111111111111111111111••••1111•1111•1»1111111»1•111111111111111•111111111111111111111110•11» 
witliglWA•1111111111111111111111111111MMIIIIIIIIMME•11111111•31111MM1111111111111MIUM111 
1/11113/411111MBM 
••111/11111113••111111•3111111111•••• 11111•••1111111111111111111111111111111111111111111111111111111111111•311111111» 
BZIPAIIMIMIIIIIIMIMI111111111111•»11111111111•1111MIIIIIIIIIIMIIMINIIIIIM•1111111»1111111 
1111•111111111111M1111•1111111111111111111111111111111MMIIIMBIU11111111•1»111•111111•111111111111111•111111 
111/4111•1M11•1111111111111»•••••••••111111•1111111•1»1111•••••••1111111111111111»»1111111 

P•••IIIIIIIIIIIIBILIM•IIIIIIIIM•III•11111111•••111111111111111111111•111•111111111111•1111111111•WI 

100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, °/0 

FIGURE 2. COMBUSTION DATA, VOLUME BASIS 	9400 

162 

200 



650 

600 

24.0 mammummummmumalummumuniuum 
ummommummommummummummummummummimm 
mommummmumumummmommummummommummmum 
IIIMMINIMMIMMUMMMIUMMIMMIUMMUMMIUMMUMMUMOIMMUIP 
MMMUMUMMONIMMIUMMUMBUOIMMUMMUMMUMUMMIUMMUMMMU4 

23.0 aimmummmummummummazzammummummm» 
lummummmummummummommummilummummmumm 
mmummuummummimmummmummummummmummum 
••IMIM•UMMIMMIUMMIMMMUMMIMUMMMUMMBUMMUMMUMOMM 
MMUMMMUIMMUMMMUMMMUIRMMMIUMMUMMUMMEMIMMIUMMOMUMB 

16.0 22.0 mummummummummummunummumvamm 
UMMUMMOIMMUNIMMMIMUMMUMMMUMMMBMIUMMUAMMUMUM 
MIIIMMUMMUMMUMMUMMIIMMUMMIMMIMMIMMIMMEMUMMMIRE 
MEMMIIMMIMMMUMMMEMMUMMUMMIMMMMIUMMRIMUMMIZEMPA 
mmummummummummummummmummmunniummumwam 2I0  mmummummium»maimmazazzmaremzurm. 
MMIIMMIMMIMMUMBNUMMIMMUMMIMMMIMUMMOMMOIMMOMIMM 
MKUMMUIMIUMMUMMUIMMUMMUMMMIUMMIUMMUMUMBUMMIM 
MMIMMIIMMBRUMMUMMUMBIUMMUMMUMMMMINWAMMIUMMUMNIM 
BELIMMOMMIUMMUMMUMIMMUMMUMEMOMMIMINUMBMMUMUMMUMME 

	

15.0 	20 •0 •u••••u•u•••••••ummaznimmu 
miummummiumummummnimmnammar 550 g- 
MIMMIIIMMEMMUIMMUMMMEMMIBUMMIMMOMMIUMUMMMIIMMO 

	

MMMRUMMUMIUMMUMIUMMIMMUMMUMMIAMMMMOWMMUMMMIUM 	
iLr IIIMMIMMUMMIMMIMMUMIMMUMMIRMIUMMOMMUMME/MMIMMMEAMM 

19.0 unnumummurnimmummuyammigazzumfam cr 
immummumummummummummuummimpammumnamm. z 

	

••••MW•M••M•I••••U••••••UMBWRAMBIERMIVAMUMMI 	1- mmuummummummummummummumwrammummammum a mummaimmummummmummumememmummimmammumm 

	

14.0 	18.0 zwzmummummommummazwerxwmunammum 500 Luce 
MMMIIMKUMMIIIMUMMIMMMUUMMIMMUMMUMUMMEOMUMMUIMO 
immummummummummummelommumummumnamummnam Q.  
ammummummummummmummumummumnammummunamm m mummummummummumammummummumnammummuum 

17.0 »umummummunnummiummmummiummumum w i- mmommmummummummmalummammummommummuummum 

	

MMUMMUMMUMIIMMUMIRMIUMOMMUMMIMMIIMOMMUUMMUMMUMMMM 	cc IMMUIMMEMWMIIMMIWIMAMMIMEAMMIUMMOMOMMBOMIBMIMMIMM 
IMINIIIIIIIIIIMIMMIIIIIMIdmarammIlltOMIIIMIMMINIIIIIIIINZIE 450 Zr 

	

13.0 	16.0 mmunumummumraimummammmazmumme 

	

mmummumaummummunimmummmunommumnammimumumm 	z mmummiumwmonimmunommulnummumnammummonamm o 
MUMMMUMMOMMKUMMKOMIUMMUMMUMMIMMMMMMMIMIMMAIMMI 

	

MUMMIMMIUMMOMPAIMMMUMMIMMMUMBIMMIMMUMMMM MM t MM MUMU 	P- 15.0 ummumm■rammumumammummommummium cn 

	

MaMMUMBIUMVAMIMMMMIMMMMEMMUUMMUMMEPMEMMMIMM 	M mummummmummummummemummumummommammummum 
immunumumnammnuammeammumnammumn 400 cla 

	

MMUMMIIMUMMMIIMMUMMIIMMMUMMUMPAIMMOM MM ei MM UMEMBMMUUM 	M 

	

12.0 	14.0 umumm mum law MM m MM umnamme.mmournami 
mummara1111111111«k•IIMmumnammirmuumnam 0 

.1-2 	MMNIMMBnIMMWABBAUMMMUI MM M MM MIMMUMOMMUMMIIMMPUMMUMB 	O 
. 	MINUMMUMMIMPAMMBILMMMUMMUMMMUMBMORMIMMIUMUIMUUMZ w 	 mmourammummnaummmummummeummummummummumm cc, m 	ten)  13.0 maimmmommemmamirammarâmmuniumwmamm = 12 -0 

D 	o muniummum MM m MM MMMUMOMMUMMIUMOMMMUMEMMMOMMIMMUMMM 
-1 	 MINIMAIMMIIIIIIMMMIIIIIM MOM MM n MM 111111111111»1/2•111M1111111M111M 350 _z 
o 	_1 	MMIOMMUUMM MMMMM MIIMEWIMIMMOMMMORIMIUMMUMMUMMIMUM 	M meammummumumminamammunimummuummummummommug 

	

OZMUMMIMMUUMMUMMMUMBLIMPAIMMMIIMPUMMUMBMIMMIRAMMI 	La  11.0 ummummummimm MM m MM 
 ma 	 umpmammummemmummumplimmump••p" _ r 	. 	 tr co 	±mum MM u MM 111.02MEMUMMUMMIMMEWMUMMUMMERUMMEMIeâMMM 	5 

ke 	 «OM MM M MM ..............m.mmnammumwmamm MM li MM mm. 
11.0 maammommumnamumonwom MM n. M a zonamm F- 10-0 

CZI 	
«1•111UMIIIIIIIIIMMIIMIIIIMMItlIMIIIIIMP21111MWIIMM•rd  300 ire  
MMOUMMMMEMIMMUM1MMIMEMOMMILIMMMMIfflOMMUMOMMUMMUtin O 	 MIUMBIUMIMOMMIMMMUIMMWMIUMMOUBMIRUMWMOMMMUMMWRMM 	W 

e")  10 -0 	10mummuninumnammumnammummonammumammumummumm 

	

.0 ... MMMMM am onomma r.: MM mm.....»....mun-amm. 	
a. 
m 9.0 

	

MIIIMOIM/2111MMUMilZMIIMMW111111 MM n MM mvniamummu 	w MIUMIAIMMMIUMMIMMUMUMMUIMMUMO MM rià MM MMUMOMMIUMMMMM 

	

MUUMMIRMIUMMUMMIUMMUMMOMPUMMM MM nil M mundmmummummim 	1- 
9.0 :::::IMME2:::::::::::::Cienen:::::::::n 250 8.0 

	

UMMOMOMMUMPAIMMIMMUMUMMIMMUMMWOMMMUMMMEMMIfflign 	o 
minammmenummumndmmummompummommummunkium < 

	

MMUMUMMUMIMMUMMMUIAMMUMMUUFMOMMUMIOMMUMBMOMWMEMBUI 	I-. 

	

9.0 	so  ummunammum MM n MM mmummownammummumammommimmmum 

	

mu MM 2 MM MINMeaMMMUMMIMMIUMMIMMMIUMMIUMMUMMUMMMUIM 	en  7.0 
MMWMIMMIMMOMOMMMBM MM Mill M MIIMMIRMIUMMWIMMUMUMMUNIUM 
monammummimummuneimmummumenamommummummum prammummammummommummummulnemm olimummumm 200  

	

7 .0 ::::2;::::::MMI::::::EM:::: "1::= 	6.0 monammenazunimini MM Mk MM ......... e asenamm. mmummummeammummummalummmummummemimemmumm 
num. MM na M immarammongummummmummmamminemmul 

8.0 's  ::::linCrair"ear":1:::::10-ammom MM o. MM I. mum. gm 	 5.0 

	

.0 	 IMMOIMMIIIMMUMMOMMM 

mmonammumn MM gal' MM MMIMMMUMMIllffliOMMIMMIUMMUMMEMOMM 
ProlIZMIIIIMMIZMIIIMIIIMIIMMIIIIIM1111•11111»111111111MBIllbei50 
0111•WM•MOOMIOW MBMWMMORMWMMUMMMUMWMMUMMMMUUMMOP 
MMUMMMOIMOMW 	mwmpnamminummummummumma lig 

	

5 . 0 ma MM mu. M nor: 0q,  manammummumme-ramm 	4-0  •IMI••MAZ InII•II••••••••• leMii ••••••» nommimmarammeigiumumummummummadmummummomm 
MIIMMEUVOMWMMIMUMWMOIMMBMWOCZWIMMUMMUMEMMUM 

	

7.0 	4 0 inum-monammum.....na-rmilmmummarnamm 
ummonlamummummammummarummmuommummumm 

3.0 memammvammummulemmummummummummummarmioo 
limmummummummammummummmummmummummummi 
mmumwammognasummomommummommommim-zamm. 0  3 mummummrammumummumumummommumam-mmommmumm 

	

mmumrdommumummummummmilmeawammommummumm 	2.0 mannimmummummonommumm--miammummummummumm mmummummummommum-lialmmilmummummummumm 
miummummomom_marmmummummumummummimmumm. 

2.0 ireeeiriii::::::::::::::::::::::::::::::::::::::: -.. 	 1.0 remmummummummimmummummimummummm 
MAIRMIMMUIRMIMMIUMMMIMMMUMMUMMUNIMMUMMMMUMME 
MMUMMINUMUMMWMUMMIMMUMBNIMMOIMMMMIUMMUMMMIMM 
AMMIIIMIMMUMMMINIMMUMMMIUMMUMMINIMMIIMMEMM 1.0 0•0 

0
2

,  
'Ye

  
B

Y
 V

O
LU

M
E

 

100 	120 	140 	160 

TOTAL COMBUSTION AIR, % 

FIGURE 3. DRY FLUE GAS LOSS FOR A RANGE OF 
TEMPERATURE DIFFERENTIALS• 

180 200 

9400 

163 



8.0 

0 
(1; 

o  
--I 7.0 

6.0 

Li 
0. 

CC 
650 M 
600 < 
550Q  

500w  
450 
400 2 
350 1_, 
300 
250 Y 
200 (...) 

9-0 
. I 

• 

• --■..umn 

- 

mimmummummum..... 

5.0 
40 	60 	80 	100 

COMBUSTION AIR TEMPERATURE,°F. 
120 

FIGURE 4. HYDROGEN LOSS FOR A RANGE OF 

STACK TEMPERATURES. 	 9400 

164 



6.0 

5.0 

4.0 

0 

0  3.0 

F- < 
lu 

2.0 1-5 0-5 1 •0 

CO, °/0 

0.0u 
0.0 

2.0 

1.0 

FIGURE 5. HEAT LOSS FOR A RANGE OF CO 

CONCENTRATIONS, ASSUMING 

NEGLIGIBLE EXCESS AIR. 9400 

165 



FUEL OIL 9410, SPECIFIC GRAVITY 0.940 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8722 
Hydrogen (H 2 ) 	 0  1178 
Sulphur (S) 	 0  0100 

	

Nitrogen (N 2 ) 	 
Oxygen (02 ): 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,830 

Conversion Factors 

1 Imp gal oil = 9.40 lb oil 
or Imp gal oil X 9.40 = lb oil 
or lb oil X 0.1064 = Imp gal oil 

1 U.S. gal oil = 9.40 X 0.8337 lb oil 
or U.S. gal oil X 7.837 = lb oil 
or lb oil X 0.1276 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18 , 830 

or Btu X 106  X 53.11 = lb oil 
or lb oil X 0.0188 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
18,830 X 9.40 

or Btu X 106  X 5.650 = Imp gal oil 
or Imp gal oil X 0.1770 = Btu X 106  

106 
106  Btu — 	 U.S. gal oil 

18,830 X 7.837 
or Btu X 10 6  X 6.775 = U.S. gal oil 
or U.S. gal oil X 0.1476 = Btu X 106  
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FUEL OIL 9420, SPECIFIC GRAVITY 0.940 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8634 
Hydrogen  (H2 ) 	 0  1166 
Sulphur (S) 	 0  0200 
Nitrogen  (N2 ) 	  — 
Oxygen (02 ) 	  
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,680 

Conversion Factors 

1 Imp gal oil = 9.40 lb oil 
or Imp gal oil X 9.40 = lb oil 
or lb oil X 0.1064 = Imp gal oil 

1 U.S. gal oil = 9.40 X 0.8337 lb oil 
or U.S. gal oil X 7.837 = lb oil 
or lb oil X 0.1276 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,680 

or Btu X 106  X 53.53 = lb oil 
or lb oil X 0.0187 = Btu X 106  

106 
106  Btu = 	  Imp gal oil 

18,680 X 9.40 
or Btu X 106  X 5.695 = Imp gal oil 
or Imp gal oil X 0.1756 = Btu X 106  

106  
 106 Btu = 18,680 X 7.837 
U.S. gal oil 

 
or Btu X 106  X 6.831 = U.S. gal oil 
ôr U.S. gal oil X 0.1464 = Btu X 106 
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FUEL OIL 9430, SPECIFIC GRAVITY 0.940 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8546 
Hydrogen (H2 ) 	 0  1154 
Sulphur (S) 	 0  0300 
Nitrogen  (N2 ) 	  

Oxygen (02 ) 	  
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,530 

Conversion Factors 

1 Imp gal oil = 9.40 lb oil 
or Imp gal oil X 9.40 = lb oil 
or lb oil X 0.1064 = Imp gal oil 

1 U.S. gal oil = 9.40 X 0.8337 lb oil 
or U.S. gal oil X 7.837 = lb oil 
or lb oil X 0.1276 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106 
106  Btu = 	 lb oil 

18,530 
or Btu X 106  X 53.97 = lb oil 
or lb oil X 0.0185 = Btu X 106  

106  Btu — 	
106 

 
18,530 X 9. 

or Btu X 106  X 5.741 
or Imp gal oil X 0.1742 

106 

or l3tu X 106  X 6.887 
or U.S. gal oil X 0.1452 

106  Btu — 18,530 X 7. 

Imp gal oil 
40 
= Imp gal oil 
= Btu X 106  

U.S. gal oil 

= U.S. gal oil 
= Btu X 106 
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FUEL OIL 9440, SPECIFIC GRAVITY 0.940 

Ultimate Analysis, lb/lb 

Carbon (C) 	 0  8458 
Hydrogen (H2 ) 	 0  1142 
Sulphur (S) 	 0  0400 
Nitrogen (N2 ) 	  
Oxygen (02 ) 	  — 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,380 

Conversion Factors 

1 Imp gal oil = 9.40 lb oil 
or Imp gal X 9.40 = lb oil 
or lb oil X 0.1064 = Imp gal oil 

1 U.S. gal oil = 9.40 X 0.8337 lb oil 
or U.S. gal oil X 7.837 = lb oil 
or lb oil X 0.1276 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,380 

or Btu X 106  X 54.41 = lb oil 
or lb oil X 0.01838 = Btu X 106  

106 
106  Btu = 	  Imp gal oil 

18,380 X 9.40 
or Btu X 106  X 5.788 = Imp gal oil 
or Imp gal oil X 0.1728 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,380 X 7.837 

or Btu X 106  X 6.944 = U.S. gal oil 
or U.S. gal oil X 0.1440 = Btu X 106  
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FUEL OIL 9500, SPECIFIC GRAVITY 0.950 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8825 
Hydrogen (H 2 ) 	 0  1175 
Sulphur (S) 
Nitrogen (N 2 ) 
Oxygen (02  ) 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,910 

Conversion Factors 

1 Imp gal oil = 9.50 lb oil 
or Imp gal oil X 9.50 = lb oil 
or lb oil X 0.1053 = Imp gal oil 

1 U.S. gal oil = 9.50 X 0.8337 lb oil 
or U.S. gal oil X 7.920 = lb oil 
or lb oil X 0.1263 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  
106  Btu = 18,910  lb oil 

or Btu X 106  X 52.88 = lb oil 
or lb oil X 0.0189 = Btu X 10 6  

106  
106  Btu = 

18,910 X 9.50 
Imp gal oil 

or Btu X 106  X 5.567 = Imp gal oil 
or Imp gal oil X 0.1796 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,910 X 7.920 

or Btu X 10 6  X 6.676 = U.S. gal oil 
or U.S. gal oil X 0.1498 = Btu X 106  
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•■■ 

FUEL OIL 9510, SPECIFIC GRAVITY 0.950 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8737 
Hydrogen (H2 ) 	 0  1163 
Sulphur (S) 	 0  0100 
Nitrogen (N2 ) 	  
Oxygen (02 ) 	  
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,760 

Conversion Factors 

1 Imp gal oil = 9.50 lb oil 
or Imp gal oil X 9.50 = lb oil 
or lb oil X 0.1053 = Imp gal oil 

1 U.S. gal oil = 9.50 X 0.8337 lb oil 
or U.S. gà.1 oil X 7.920 = lb oil 
or lb oil X 0.1263 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 
106  

lb oil 
18,760 

or Btu X 106  X 53.31 = lb oil 
or lb oil X 0.01876 = Btu X 106  

106  
106  Btu = 

18,760 X 9. 
or Btu X 106  X 5.611 
or Imp gal oil X 0.1782 

106  Btu = 106  

Imp gal oil 
50 
= Imp gal oil 
= Btu X 106 

 920 
U.S. gal oil 

= U.S. gal oil 
= Btu X 106 

18,760 X 7. 
or Btu X 106  X 6.730 
or U.S. gal oil X 0.1486 
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FUEL OIL 9520, SPECIFIC GRAVITY 0.950 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8648 
Hydrogen (H 2 ) 	 0  1152 
Sulphur (S) 	 0  0200 
Nitrogen (N 2 ) 	 — 
Oxygen (02  ) 	  — 
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,610 

Conversion Factors 

1 Imp gal oil = 9.50 lb oil 
or Imp gal oil X 9.50 = lb oil 
or lb oil X 0.1053 = Imp gal 

1 U.S. gal oil = 9.50 X 0.8337 lb oil 
or U.S. gal oil X 7.920 = lb oil 
or lb oil X 0.1263 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  
106  Btu — 	lb oil 

18,610 
or Btu X 106  X 53.74 = lb oil 
or lb oil X 0.0186 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,610 X 9.50 

or Btu X 10 6  X 5.656 = Imp gal oil 
or Imp gal oil X 0.1768 = Btu X 10 6  

106  106  Btu = 	 U.S. gal oil 
18,610 X 7.920 

or Btu X 106  X 6.784 = U.S. gal oil 
or U.S. gal oil X 0.1474 = Btu X 106  
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FUEL OIL 9530, SPECIFIC GRAVITY 0.950 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8560 
Hydrogen (H 2 ) 	 0  1140 
Sulphur (S) 	 0  0300 
Nitrogen (N 2 ) 
Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,460 

Conversion Factors 

1 Imp gal oil = 9.50 lb oil 
or Imp gal oil X 9.50 = lb oil 
or lb oil X 0.1053 = Imp gal oil 

1 U.S. gal oil = 9.50 X 0.8337 lb oil 
or U.S. gal oil X 7.920 = lb oil 
or lb oil X 0.1263 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,460 

or Btu X 10 6  X 54.17 = lb oil 
or lb oil X 0.0185 = Btu X 10 6  

106  Imp gal oil 106 Btu = 
18,460 X 9.50 

or Btu X 106  X 5.702 = Imp gal oil 
or Imp gal oil X 0.1754 = Btu X 10 6  

106 
106 ' Btu = 	  U.S. gal oil 

18,460 X 7.920 
or Btu X 106  X 6.840 = U.S. gal oil 
or U.S. gal oil X 0.1462 = Btu X 106 
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FUEL OIL 9540, SPECIFIC GRAVITY 0.950 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8472 
Hydrogen (H2 ) 	 0  1128 
Sulphur (S) 	 0  0400 
Nitrogen  (N2 ) 	  

Oxygen (02  ) 	  — 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,320 

Conversion Factors 

1 Imp gal oil = 9.50 lb oil 
or Imp gal oil X 9.50 = lb oil 
or lb oil X 0.1053 = Imp gal oil 

1 U.S. gal oil = 9.50 X 0.8337 lb oil 
or U.S. gal oil X 7.920 = lb oil 
or lb oil X 0.1263 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,320 

or Btu X 106  X 54.59 = lb oil 
or lb oil X 0.0183 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
18,320 X 9.50 

or Btu X 106  X 5.746 = Imp gal oil 
or Imp gal oil X 0.174 = Btu X 106  

106 
106 Btu = 

18,320 X 7.920 
U.S. gal oil 

or Btu X 106  X 6.892 = U.S. gal oil 
or U.S. gal oil X 0.1451 = Btu X 106  
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FUEL OIL 9600, SPECIFIC GRAVITY 0.960 

Ultimate Analysis,  lb /lb 

Carbon (C) 	 0  8840 
Hydrogen (H 2 ) 	 0  1160 
Sulphur (S) 
Nitrogen (N 2 ) 
Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,830 

Conversion Factors 

1 Imp gal oil = 9.60 lb oil 
or Imp gal oil X 9.60 = lb oil 
or lb oil X 0.1042 = Imp gal oil 

1 U.S. gal oil = 9.60 X 0.8337 lb oil 
or U.S. gal oil X 8.004 = lb oil 
or lb oil X 0.1249 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,830 

or Btu X 106  X 53.11 = lb oil 
or lb oil X 0.0188 = Btu X 106  

106  106  Btu = 	 Imp gal oil 
18,830 X 9.60 

or Btu X 106  X 5.532 = Imp gal oil 
or Imp gal oil X 0.1808 = Btu X 10 6  

106  Btu =  106  U.S. gal oil 
18,830 X 8.004 

or Btu X 106  X 6.636 = U.S. gal oil 
or U.S. gal oil X 0.1507 = .Btu  x 106 
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■■■., 

FUEL OIL 9610, SPECIFIC GRAVITY 0.960 

Ultimate Analysis,  lb/lb 

Carbon 	(C) 	 0  8752 
Hydrogen  (H2 ) 	 0  1148 
Sulphur (S) 	 0  0100 

• Nitrogen (N 2 ) 
Oxygen (0 2 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,680 

Conversion Factors 

1 Imp gal oil = 9.60 lb oil 
or Imp gal oil X 9.60 = lb oil 
or lb oil X 0.1042 = Imp gal oil 

1 U.S. gal oil = 9.60 X 0.8337 lb oil 
or U.S. gal oil X 8.004 = lb oil 
or lb oil X 0.1249 = U.S. gal 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,680 

or Btu X 106  X 53.53 = lb oil 
or lb oil X 0.0187 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
18,680x 9.60 

or Btu X 106  X 5.576 = Imp gal oil 
or Imp gal oil X 0.1793 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,680 X 8.004 

or Btu X 106  X 6.689 = U.S. gal oil 
or U.S. gal oil X 0.1495 = Btu X 106 
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FUEL OIL 9620, SPECIFIC GRAVITY 0.960 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8663 
Hydrogen (H 2 ) 	 0  1137 
Sulphur (S) 	 0  0200 
Nitrogen  (N2 ) 

Oxygen (02 ) 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,530 

Conversion Factors 

1 Imp gal oil = 9.60 lb oil 
or Imp gal oil X 9.60 = lb oil 
or lb oil X 0.1042 = Imp gal oil 

1 U.S. gal oil = 9.60 X 0.8337 lb oil 
or U.S. gal oil X 8.004 = lb oil 
or lb oil X 0.1249 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,530 

or Btu X 106  X 53.97 = lb oil 
or lb oil X 0.0185 = Btu X 10 6  

106  Btu = 	106  

18,530 X 8. 
or Btu X 106  X 6.743 
or U.S. gal oil X 0.1483 

18,530 X 9. 
or Btu X 106  X 5.622 
or Imp gal oil X 0.1779 

106  106  Btu — 

Imp gal oil 

= Imp gal oil 
= Btu X 106  

004 
U.S. gal oil 

= U.S. gal oil 
= Btu X 106 
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FUEL OIL 9630, SPECIFIC GRAVITY 0.960 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8575 
Hydrogen (H 2 ) 	 0  1125 
Sulphur (S) 	 0  0300 
Nitrogen (N2 ) 	 — 
Oxygen (02 ) 	  
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,390 

Conversion Factors 

1 Imp gal oil = 9.60 lb oil 
or Imp gal oil X 9.60 = lb oil 
or lb oil X 0.1042 = Imp gal oil 

1 U.S. gal oil = 9.60 X 0.8337 lb oil 
or U.S. gal oil X 8.004 = lb oil 
or lb oil X 0.1249 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  lb oil 106  Btu = 
18,390 

or Btu X 106  X 54.38 = lb oil 
or lb oil X 0.0184 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
18,390 X 9.60 

or Btu X 10 6  X 5.664 = Imp gal oil 
or Imp gal oil X 0.1766 = Btu X 10 6  

106  106  Btu = 	 U.S. gal oil 
18,390 X 8.004 

or Btu X 10 6  X 6.793 = U.S. gal oil 
or U.S. gal oil X 0.1472 = Btu X 106  

238 



_ 

CD 2 

11r4 
1:43 

4••  
/MI 

41111•/. 
MU' 

- 

eZ" 

L 7q 

Buzz e< 

•  

A  ••w 

ort- Oree! 

re. < 

VI < 
VIA 

À  

41 0111111  
Alm» 11111111%111• 

e 
Le 

"MUM 
11■1111111111•• 
»MOM 
1••■■••II 
11111111■11111111 
»MM. 

gg 

IMVAB 

FUMY 

••mn 
111IFIA 
BUM 
nu' 
"ev- 

7-0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR,  `1/0 . 

FIGURE 1- COMBUSTION DATA,  WEIGHT BASIS . 

200 

9630 

239 

LIM 
1101M 

Uki  

.0  

16-0 

15-0 

14-0 

13-0 

D 12-0 
o  

>- 

o 
co 

° 	11-0 
'CY 

10-0 

9-0 

8.0 

31-0 

30.0 

29-0 

28-0 

27-0 

26-0 

25.0 	12-0 

24.0 in 	11 -0  
-J 

U.; 
23.0 	10-0 

22-0 9 	9-0 

21-0 45 	8-0 

20•0 z 	7-0 
o 
F- 

1 9 -0 co 	6.0  

2 
18.0 8 	5.0 

17.0 	4-0 

16.0 	3.0 

15-0 	2-0 

14-0 	1-0 

13-0 	0.0 



16.0 

	

15.0 	900 

	

14.0 	800 

	

13.0 	700 

I •O 0 

12.0 

X
ff

la
n

  :
M

O
 l

a 

600 

500 

	

10.0 	400 

	

9.0 	300 

	

8.0 	200 

7.0 	100 

111111111111 	11111111111111111111111111 

1,1 
 imprompool 

11 Ili, ..1111111111111111.111111 
AddealligIngledblaill 

MUMMMIIMMUMMIMMIMMUMMOMIMMIIMOMMIMAMMOMP2m 
nimmumummimmummtampummummmunapunnimummamm 
MUMMIMMUMUMMUMNÎMEMIUMOMIVAIMMM041102M•UM•M•• I MIMMUMMINIMMIUMMUUMMOMPUMMMIMMOMMOMOMMUMWMMIMOn 

. MMIUMMIUMMIMMEMOUUMMIIMOMURWMP%MolOMMO21111.11Med• 
immommummammuirmammummounommummommemmu 
mmummmummmumingsrmunammemmegumnimmunammor 
UMMMUUMMIMPUM0UMUUKIPUMUMMIWWM••MUIRMMBealMMU•Ond 

! immumummammampummammedmarâmempummumammumamm 
, mummuniumemempumopummummeammummimpmammu 

mummounwampumnammammmumninimmelinummommemmue 
mmummemmumpummummumprimmomammunammummed. 
mmummaymommannammummemmulum•em•omam••mnimm 
mmenummemmummememultrammitgammwmammummemmum 
weammammemmaimmommanummumeammummummammul 

PUMMUOMOrdelMOUVMOMOreaMIMWMIUMMOMMMITOMUMMUMMIM 
AmmumefflommmumPunammriammomammonâmimmummm 

manimmonnialurnimpeommmumunammumnimummummumn 
reamegampummumummumnammommommumummuemm 

mmarnmonammalumminpmammemammomm MMUMMUMMIMMUMWORMil 

I 
'IMAMMWMO2MBP2MMeliOMMOMOMUMM2AM mummummommimmamm 
H2OOMMIMMUMOMIOMMIMMOMMIIIMIAM,-;1 MIUMMMUMWIMideniMM 
. 1111■43/21••■•10111M114111111M11111■2■11111‘-ey mmileameammnammân 
Impumnammefflummumnimmum , murnlemzemmoleammel 

annamprammeammemammummumm N-  eimmdmekommammarm 
RUMIMOMM2MMICAMMOOMMMUMMIMMUM ..MOMaOMMIOMMOVM2MBRUM 1 Mill11/21111111/1i0M/r■Ill etUll/niiMMOMIIIIMMIIMM 

. .U1M0MOMPMOUURMOMMMUMMUMPrideigOnageiefflefflIMMUMUMMUM 
ledIMPriMIIIIMilIMMIIIIMIIIIIMMSPralleidlleidllinileMIUMIIMIIIII 

eillIMMOMBele immummummonarmommemmanummommummu 
PMMI, MMOCIOMWM/OediaMMIMIMMIUNNIMMIMMIRM 

Ad! mremmuledur mumminammommomayeammummummummummu 
...dunom 	nammona.- -.+MIMIIIIIMI111•1111111111UILIMMIM•111111 

, 4111 r  1019Sierilli11111111111191 000001 
.. 1111111111! 0102111 
MUM 
BM 
um 
mum 
mum 

650 

600 

550 

am 12.0 

450 

400 

350 

300 

250 

0 11.0 

w 10.0 

9.0 _a 

g8.0 8.0 
200 

u. 	7.0 
0 

120 Le 
100 <1C 
80 » 
60 cr 
40 CI 

6.0 

5.0 

;I
'M

v/
oM

M
 

4.0 

3.0 

2.0 

1.0 

0•0 
100 	120 	140 	• 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 2. COMBUSTION DATA, VOLUME BASIS 	9630 

240 

200 



00 

50 

B
Y

 V
O

LU
M

E
 

...............................mmummummummumum 
umummummommummumummummimmommummumg 
mmumummummummummumummummummummummmur 
• ummum•umm•mm•m•ummummummummummmummovu 
••mmu•mommummumummummummommummummimmmum 

23.0 ummummummummummimmumummumnum 
MM•••I•MI•MIUMMUMMMMIMMUMMMO•MMUMEMMUMUMMIMMMIM 
• MUMMMUMMIMMUMUMMU•BMWMMUMMMUIMMIUMIMMUMMMMOMMB 
MMUMMEMMMINIMMBRIMMUMMUMMMIRMIMMUMMIMMEAMM 
• M•MMUMMUMMUMMU•M•MUMMUMMMUMUMMUNIMMUMMUMPAMMUM 
1: 111MMMINNIMMUMMUMBMWMMUUMBWOMMUMMUMMVUEMMMUM 
MMIIMMMUMMMEMMBMWMIM•MM•M•••I••I••MU••M•F. 

RUMMUMMMEMMUMMIMMIRMOMMIUMMUMMUMMMUMMMIMMVA 
AMMUMMUMMIIMMUMMUMWMMMIMMIUMMUMUMMUMMMMVAM 
ILIMMOIMMMUMMUMMIMMUMBMIUMMUUMINUMMUMMMOMMUMMBUOM 
MMUNIMMUMMUMMMIMMUMMINIMMUMMMUMMINUmMBV&MMUMMMUMM 
MalIMMIUMMMIMMIUMEMNIIMUMBIUMMUMMUMMMVAMIUMMMUMUMM 
MWMIIMMMUNIMMIUMMIUMMUMMIMMUMMUURIMUMMUMMUMM 
MMIMUUMUMMUMMUMOMMUMIMUMMUMMUŒUVOMMUGOMIRM 
MMOMMUMMIUMMUMMMUMMOIMMMUMMUMMUMMI••M••••• 

 MMIMMIUMMUMMUMMUMMMORMUMUMMUMMMUMOMMUMMOMMUMMIP 
MUMIMMUMMUMWMUMMIMMEMIMMEMMIUMMIMMMMIMOMMIRMIWA 
MMMUMMUMMIMMEMMMUMEMMIMMMUMMIMVAMMUNUMMOIMMOVAM 
MU•WMMEMEMMM•MMUMUMUMMIUMMUMVAIMMVIIMUMMIMPAMIll 
••IMMMUMUMMUMMIMMUMMEMMMBUMMIIMMUAEMMUMMFAMME 
• III••MMIU••••••U••••MM•M•UU•UM•VAUMMIMMIMIMMUM 

	

IMMEUMMRMUMMMIMMUMMIMUMMUIMMUMMMOUMMIMMPAMEMWM 	U. 

	

MMOMMIMMIROMMUMMMUMMIBUBMIOMMOIMUMUMBUMPAMBUIMM 	0 MMUMBLIMMUMMIUMMUMUMMIMMUMMMVAMMUMMUMMMIMMWAMEMMUM 
MaRmalMMINIIMMUMBMIUMMIMIMAMMIMMUMUMMVAIMUMMUMMV500 ' 

14.0 18.0 ImmummumummmummurAammemmimar. w 
• M•IMINI•MIUMIMMEMMUMMUMUMMUMMMOMMIMIVAMMUMMIIMPUOM 	tr 

	

MMUMBIMMUMMMUMMIBUMMIMMIUMUMUMMOMMUWAIIMMEMMMEM 	m 

	

1111111MMIMMUMMMIUMMIMMMMMOMEMMEMMIMMPUMMMUMMOMMII 	I- 

	

..‘ MMUmmuMMUMMMMIUMMMEMBVMMURWIMMUUMVAMUMEMBMMOMMUM 	a 

	

17.Le mummummummummummaramimmeammummummummtgammum 	cr mmumummummummommummimmummummummumum w 

	

nammummlummummumummurammummummummummmmum 	a_ mummimmummummummumummummummummummiv•50 › 
MMUMUMMEMKUMMUMMMRIMIMUUMUUMMUMWAIMMUMVAMMMUMMEMPAI 

13.0 	16.0 mumumakumumarammumm4111•11MIPABIIIMMIMFAZ 	w 

	

MMIMMEMIMMUUMMWIUMMMUMMIMPAMMUMMIMUMMMMUMMMMOMM 	I- 
MMUMMEMMIMILIMMIRWAUMMMMUMMVAMMMUMEAMUMMUMMIOMMIRM 

	

MMIIIMMMIMMLIMMOAUMMMMIUMMUMMIMMOMMUMEMMVAMMMORM 	CC 

	

MMUMUUMMMIRIMMMUMUMMEOMMMVAMMUMMMMOMMMIMIMMIMMORM 	...zi 16.0 •••••I•L n1111•111111/011111111111/ 4•1111111111»riMMIMAIIIIIIIIIIMIZIN 

	

MIIIMUMUUMBOOMMIMOMEMMUMIUMUMMMOWIRUMMOWIMMUMMUM 	z MMUMMORMIMMIKOMMMVAMIMMIAMMUMBIUMMWMPIMMMIMMMIP-.00 0 
MMIMMOIMMMRAMOMMUNIMMFMMIIMUMUUMMUMMEAMMUMMMUIMMA 

	

MMUMMUMWAMMIWAUUMMIFAMMUMMPAMMMIUMMMOMMEMMIMMUMOM 	iz 
12.0 	14.0 zummuirumiummAZZMIIMMBMIIIIPISIIMIIIIIIIIIMIlra»IN 	Cl)  0 	minmumum lumulezzrd umnaim muumuu grunnom 	D 

	

mmumammummummilvuumminalummarwmummummummomm 	m 
- 	MMUMMIWOMMMUMMUMVAMMUMMOMMUMUMPARMMUMMMMPAUMMIMM 	> 

MIIIMMIMMUMMVAMMM MM M MM MU MM M MM MUM MM n MM mum a 	UMPAMMIOMmow4M11 MM u MM OMB MMM MM WinnUMPUOMMUMMUM 	8 ) 13.0 	 12.0 m IIIMMVAEMUMOMMBWAMMIMIMMIUMFAMMUMMOIMMIIMMMIMMIMP 50 o 	IMMUMMOMPAMMIUMMIUMIRAIMUMUMMIIMUMMMUMBMIUMIMA 	ts") _I 	MMUMIMEOMMIMIMBZWAOMMO MM ei MM IIMMUMMFAMMEMMUMMMMPUMM 	m MMUMBIrOMPAMBURJUBIBMMUMMUMMIUMMAIUMMIMMMUMOMMM 
WO 

	

	12.0 MORIMPAIMUMPAMMUMOMMMWMPUMUMM MM U MM MUMUMBEMMAMBMWM 	Z WO 
AMMVAMMIMIMMMUMOMMIWAINUMMURRUMMMUMMMMUMOMMIIMM 1-- 	 MUFAMPAIIIMMMMOMBRIMMLIMMUMMUMOMMIUMMIMMAMMUMial 4 	MOAMMAMMIMMMUMMMUUMMUMMPUMMUMMIUMMUMMUZUMMARMM 	w 

	

w .. ,., VAMIUMAMM MM U MM IMMVUMMUMMUMmdRIMUMMMUMMdMMIUMMUUMME 	cr .- - X  wt., UMFAMOMMUMUMMWMUMM MM U MM MMIIMMIMPAMMUmalIMMUMP300 Diu'v 

	

MUMMIIMPUMMIMUMOMMIUMMWMWEIMUMMIMOMMMIMAMMUUMUMd 	l- e 	 MUFAMIMPAMMIIMMOMMUMMOMOMMUMMBRAMMOMOMMIMOMMIM 

	

MFAMMUUMMUMWARMIMMUFAMMEMMIMMUMOMMMWMAMMIMMAMUMM 	4 
it FAMMMEAMMUMPAMMUMMURAMMUMKUMMAIMMUMUMORMMWMAMMUMMIR 

• 
10.0 	10-0 munazazim gammunemmmena Inmougum muumuu« 	w 9.0 a. BUIMOMMUIMIUMMPUMUMMIMMACUMMAMMIIMMOMMIUMMUM CN.I 	 MM n MM mmonommumnammum MM 2 MM MMUMMAIMMUMMUMMUMMMIMM 	M 

0 	 MUMMIMPUBMIMMIMAIMMUM MM n MM MOMMIUMIOMMilMMUMMUMMUMUM 	LI' c., UUMMAMMMUMRUIMMUUMMUFAMMUmmr: MM MA M MMMIMUMMMIUMW250 '- 

	

9-0 m•nam• enernmsnammunameramiummanum....nd 	8.0 muntiemmumwrammummmilimmummt-meinammummummummomm 

	

MM u MM mndiumminammumnpmemaximmiummumui 	0 

	

FAMIMMUMORMIUM MM Md M MMIIMMMO5MOMMMEWIMEMM MM na M »mum 	4 

	

diMMOIMPUMMOI MM U MM MIMMEMOUMMUMMUMMeNBMBMWMUMUMMM 	F.. 9.0 	6 • 0 muznamm IIMUIIMM MM MA M »MIR IMINIZIIIIMIMAIIIIIIIIIIIIIIMIIII• 	m 7.0 
IMPUMMMMUMMAMMMMMUMMMAUMMMIMMIMMI-UMBRIMMUMMM 
UMABIUMMIOMMEMIMMUMM2V,  IIIIMMIUMCMPUO cOMMIMMUMEMME 
UMOMMUUMMAMUMMUOMPUIMO ,  MIOMM MM M2. M IIII 0 unammummp200 mommurnommummemiamm 	mm MM nu MM MUM 	'IMMUMMIBM17111 

	

7-0 mminammensuumna a mer.,......... e ......e.-.». 	6.0 
IIIMPAIUMMIOMMIMMUMMfflfflOMMOIMMMUMMU 111MoraiMMMMIRM 
UMOMMMUMMMÉMIUMMOMMUOMMUMMMUMMIUMM -1111WIMMIMME 
WIMMIIMAMIUMVAZUMAUMMUMMUMMUMMIIMUAIIMMINWIMMIM 
KIM M MA MM WIMMIRVABMAMMIUMMIMMUMMMAIIIMMUMMIMMUM 

8.0 	6.0 zumriummumezdarimmumummommummemi 	5.0 
WOMOMMUMMIMMIMWMIMMUMMMMMOCAOMMMIIMMMIMMUMMMMOMM 
MillIMMIMUMIMIWOMMNUMMMEMMOMWMIMMIUMMMUMMIMBRIMMIel 
KMUUMUMUM21WARMIWIMMMZIOMMIIMMIBMIMMIIMMUMMUM=kai 
MINIMMOMAIMMMUMEMMUMP=MUMMIIMMUMBMIMMUMMIMPE:ORMIM 

	

5.0 minummtammeummainumminummot....umumuz 	4.0 ummammumazarremzumummummimum.r.imimmum 
AMMUMMMMMUMMIAIMMEMMMMUMMUMMME:AIMUOMMMUMMEIMMMM 
MMIMMIIMUOMMUMMEMMUNIMMOIM:MMOMMIMUMUMMIRMWMIR 
•••MIUMWA•UMMIIMMIN•MMUMMWOMIIMMUMMUMUMMUMMUM 

	

7.0 4.0 nuitrammummumwomimmummummummmus 	3-0 
CWIMMIWOMMMUUMMMUMZIMUMMMMIUMMUMMMUMMMUMMEMMIUMM 
imemmumummom=aammummulemmummummumme-ainga 
mummummonzammummummummummimmumomezimmimmm 
mumwmmiammumummimmommammum-..ammummumum 

	

3.0 mmeriammummummummummummell -mardimmummmommum 	2-0 
UWIVAMMMUMMIRMIUMMIUMWMM=aMMIMMUMMIUMMIMMMIMMEMM 
MlniuMMUMMIMUMMIOMenià0MIMMMINMMIMMMMIMUMMIUMMM 
mmeamemmumn-àmummummummmummummilmmummum 
mmummummmummammummumummummummummummummummul 

	

2.0 me --mmummminummummummummummummiummummummumm 	 PO mniimummumnmumumuummummmmummmmmammmmmmm 
MAMMMUMMUMMUMMMMUMMIRMOMMUMMOMMUMMUMMIRM 
LBURIUMMUNIMMUIMMUMMIMMUMMUMMUMMMIIMMUMMIM 
wmummuMMUMMMUMMUMMIMMUMMUMMMMUMMMMUMMMOMMMMUMM 

200 

FIGURE 3- DRY FLUE GAS LOSS FOR A RANGE OF 

TEMPERATURE DIFFERENTIALS 
9 63 0 

24.0 
650 

	

16-0 	22-0 

21.0 

	

15.0 	20.0 

19-0 

50 

00 

1.0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR,  % 

0. 0 

0
2

,  
%

 B
Y

 V
O

LU
M

E
  

241 



1-19=44Z1 

1 

9.0 

0 
cn" 

--I 7.0 

6.0 

U-
o 

650 
600 l- 
550  
500 
450 ct_ 
400 
350 w 
300 F-
250 
200 Y 

cn 

5.0 
40 	60 	80 	100 

COMBUSTION AIR TEMPERATURE,°F. 

FIGURE 4. HYDROGEN LOSS FOR A RANGE OF 
STACK TEMPERATURES. 	 9630 

242 

120 



6.0 

5.0 

4.0 

se 0 

cli' 
() 
0 .0 3 __J 
1-- 
a 

2.0 

1.0 

0.0 
00  

iii- 

CO, % 
0.5 1 • 0 1.5 2.0 

FIGURE 5. HEAT LOSS FOR A RANGE OF CO 

CONCENTRATIONS, ASSUMING 

NEGLIGIBLE EXCESS AIR. 9630 

243 



FUEL OIL 9640, SPECIFIC GRAVITY 0.960 

Ultimate Analysis,  lb /lb 

Carbon (C) 	 0  8486 
Hydrogen (H2 ) 	 0  1114 
Sulphur (S) 	 0  0400 
Nitrogen (N2 ) 	 — 
Oxygen (02 ) 	  — 
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,240 

Conversion Factors 

1 Imp gal oil = 9.60 lb oil 
or Imp gal oil X 9.60 = lb oil 
or lb oil X 0.1042 = Imp gal oil 

1 U.S. gal oil = 9.60 X 0.8337 lb oil 
or U.S. gal oil X 8.004 = lb oil 
or lb oil X 0.1249 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 
18,240 

lb oil 

or Btu X 106  X 54.83 = lb oil 
or lb oil X 0.0182 = Btu X 106  

106 
106  Btu = 	  Imp gal oil 

18,240 X 9.60 
or Btu X 106  X 5.711 = Imp gal oil 
or Imp gal oil X 0.1751 = Btu X 106  

106  106  Btu - 	 U.S. gal oil 
18,240 X 8.004 

or Btu X 106  X 6.849 = U.S. gal oil 
or U.S. gal oil X 0.1460 = Btu X 106  
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FUEL OIL 9700, SPECIFIC GRAVITY 0.970 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8855 
Hydrogen (H2 ) 	 0  1145 
Sulphur (S) 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,760 

Conversion Factors 

1 Imp gal oil = 9.70 lb oil 
or Imp gal oil X 9.70 = lb oil 
or lb oil X 0.1031 = Imp gal oil 

1 U.S. gal oil = 9.70 X 0.8337 lb oil 
or U.S. gal oil X 8.087 = lb oil 
or lb oil X 0.1237 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
'or  Imp gal X 1.201 = U.S. gal 

106  Btu = 	
106 

lb oil 
18,760 

or Btu X 106  X 53.31 = lb oil 
or lb oil X 0.0188 = Btu X 106  

106  106  Btu — 
18,760 X 9.70 /1119  gal °l1  

or Btu X 106  X 5.495 = Imp gal oil 
or Imp gal oil X 0.1820 = Btu X 106  

106 
106  Btu — 	  U.S. gal oil 

18,760 X 8.087 
or Btu X 106  X 6.592 -= U.S. gal oil 
or U.S. gal oil X 0.1517 = Btu X 106 
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FUEL OIL 9710, SPECIFIC GRAVITY 0.970 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8766 
Hydrogen (H 2 ) 	 0  1134 
Sulphur (S) 	 0  0100 
Nitrogen  (N2 )  
Oxygen (02 ) 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,610 

Conversion Factors 

1 Imp gal oil = 9.70 lb oil 
or Imp gal oil X 9.70 = lb oil 
or lb oil X 0.1031 = Imp gal oil 

1 U.S. gal oil = 9.70 X 0.8337 lb oil 
or U.S. gal oil X 8.087 = lb oil 
or lb oil X 0.1237 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

• 	 n6 
106  Btu = 	— 

18 610 
lb oil 

,  
or Btu X  106 X 53.73 = lb oil 
or lb oil X 0.0186 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,610 X 9.70 

or Btu X 106  X 5.540 = Imp gal oil 
or Imp gal oil X 0.1805 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,610 X 8.087 

or Btu X 106  X 6.644 = U.S. gal oil 
or U.S. gal oil X 0.1505 = Btu X 106  
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FUEL OIL 9720, SPECIFIC GRAVITY 0.970 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8678 
Hydrogen (H 2 ) 	 0  1122 
Sulphur (S) 	 0  0200 
Nitrogen (N 2 ) 
Oxygen (02) 	  — 
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,470 

Conversion Factors 

1 Imp gal oil = 9.70 lb oil 
or Imp gal oil X 9.70 = lb oil 
or lb oil X 0.1031 = Imp gal oil 

1 U.S. gal oil = 9.70 X 0.8337 lb oil 
or U.S. gal oil X 8.087 = lb oil 
or lb oil X 0.1237 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu — 	lb oil 	- 
18,470 

or Btu X 106  X 54.14 = lb oil 
or lb oil X 0.0185 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,470 X 9.70 

or Btu X 10 6  X 5.582 = Imp gal oil 
or Imp gal oil X 0.1792 = Btu X 106  

106  106  Btu — 	 U.S. gal oil 
18,470 X 8.087 

or Btu X 10 6  X 6.693 = U.S. gal oil 
or U.S. gal oil X 0.1494 = Btu X 106  
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FUEL OIL 9730, SPECIFIC GRAVITY 0.970 

Ultimate Analysis, lb/lb 

Carbon (C) 	 0  8589 
Hydrogen (H2 ) 	 0  1111 
Sulphur (S) 	 0  0300 
Nitrogen  (N2 )  
Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18 , 320  

Conversion Factors 

1 Imp gal oil = 9.70 lb oil 
or Imp gal oil X 9.70 = lb oil 
or lb oil X 0.1031 = Imp gal oil 

1 U.S. gal oil = 9.70 X 0.8337 lb oil 
or U.S. gal oil X 8.087 = lb oil 
or lb oil X 0.1237 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

10 6  106  Btu = 	lb oil 
18,320 

or Btu X 106  X 54.58 = lb oil 
or lb oil X 0.0183 = Btu X 106 

 106  Btu — 106  

18,320 X 8. 
or Btu X 106  X 6.748 
or U.S. gal oil X 0.1482 

18,320 X 9. 
or Btu X 106  X 5.627 
or Imp gal oil X 0.1777 

106  106  Btu = 

70 
Imp gal oil 

= Imp gal oil 
= Btu X 106  

087 
U.S. gal oil 

= U.S. gal oil 
= Btu X 106 
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FUEL OIL 9740, SPECIFIC GRAVITY 0.970 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8501 
Hydrogen (H 2 ) 	  0.1099 
Sulphur (S) 	 0  0400 
Nitrogen (N2 ) 	  
Oxygen (0 2 ) 	  
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,170 

Conversion Factors 

1 Imp gal oil = 9.70 lb oil 
or Imp gal oil X 9.70 = lb oil 
or lb oil X 0.1031 = Imp gal oil 

1 U.S. gal oil = 9.70 X 0.8337 lb oil 
or U.S. gal oil X 8.087 = lb oil 
or lb oil X 0.1237 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201= U.S. gal 

106  106  Btu = 
18,170 

lb oil 

or Btu X 106  X 55.04 = lb oil 
or lb oil X 0.0182 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,170 X 9.70 

or Btu X 10 6  X 5.674 = Imp gal oil 
or Imp gal oil X 0.1762 = Btu X 106  

106  106  Btu — 
 18,170 X 8.087 
U•S• gal oil 

 
or Btu X 10 6  X 6.807 = U.S. gal oil 
or U.S. gal oil X 0.1469 = Btu X 106 
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I.■■• 

FUEL OIL 9800, SPECIFIC GRAVITY 0.980 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8870 
Hydrogen (H 2 ) 	 0  1130 
Sulphur (S) 	  
Nitrogen (N 2 ) 	  
Oxygen (0 2 ) 	  
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,690 

Conversion Factors 

1 Imp gal oil = 9.80 lb oil 
or Imp gal oil X 9.80 lb oil 
or lb oil X 0.1020 = Imp gal oil 

1 U.S. gal oil = 9.80 X 0.8337 lb oil 
or U.S. gal oil X 8.170 = lb oil 
or lb oil X 0.1224 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 
18,690 

lb oil 

or Btu X 106  X 53.51 = lb oil 
or lb oil X 0.0187 = Btu X 10 6  

106  Imp gal oil 

= Imp gal oil 
= Btu X 106  

18,690 X 8. 
or Btu X 10 6  X 6.549 
or U.S. gal oil X 0.1527 

18,690 X 9.80 
or Btu X 106  X 5.460 
or Imp gal oil X 0.1832 

106  Btu = 	
106 

 

106  Btu = 

170 
U.S. gal oil 

= U.S. gal oil 
= Btu X 106 
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FUEL OIL 9810, SPECIFIC GRAVITY 0.980 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8781 
Hydrogen (H 2 ) 	 01119 . 

Sulphur (S) 	 0  0100 
Nitrogen (N2 ) 
Oxygen (0 2  ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,540 

Conversion Factors 

1 Imp gal oil = 9.80 lb oil 
or Imp gal oil X 9.80 = lb oil 
or lb oil X 0.1020 = Imp gal oil 

1 U.S. gal oil = 9.80 X 0.8337 lb oil 
or U.S. gal oil X 8.170 = lb oil 
or lb oil X 0.1224 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 	o6 
 lb oil 

18,540 
or Btu X 106  X 53.94 = lb oil 
or lb oil X 0.0185 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
18,540 X 9.80 

or Btu X 106  X 5.504 = Imp gal oil 
or Imp gal oil X 0.1817 = Btu X 106  

106  
106 Btu — 

18,540 X 8.170 U.S. 
gal oil 

or Btu X 106  X 6.601 = U.S. gal oil 
or U.S. gal oil X 0.1515 = Btu X 106 
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FUEL OIL 9820, SPECIFIC GRAVITY 0.980 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8693 
Hydrogen  (H2 ) 	 0  1107 
Sulphur (S) 	 0  0200 
Nitrogen (N 2 ) 	 — 
Oxygen (0 2  ) 	  
Ash 	 — 
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,400 

Conversion Factors 

1 Imp gal oil = 9.80 lb oil 
or Imp gal oil X 9.80 = lb oil 
or lb oil X 0.1020 = Imp gal oil 

1 U.S. gal oil = 9.80 X 0.8337 lb oil 
or U.S. gal oil X 8.170 = lb oil 
or lb oil X 0.1224 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 	1°6  lb oil 
18,400 

or Btu X 106  X 54.35 = lb oil 
or lb oil X 0.01840 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
18,400 X 9.80 

or Btu X 106  X 5.546 = Imp gal oil 
or Imp gal oil X 0.1803 = Btu X 10 6  

106  — 106  Btu 	 U.S. gal oil 
18,400 X 8.170 

or Btu X 106  X 6.653 = U.S. gal oil 
or U.S. gal oil X 0.1503 = Btu X 106  
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FUEL OIL 9830, SPECIFIC GRAVITY 0.980 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8604 
Hydrogen (H 2 ) 	 0  1096 
Sulphur (S) 	 0  0300 
Nitrogen (N 2 ) 	 — 
Oxygen (02 ) 	  
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,250 

Conversion Factors 

1 Imp gal oil = 9.80 lb oil 
or Imp gal oil X 9.80 = lb oil 
or lb oil X 0.1020 = Imp gal oil 

1 U.S. gal oil = 9.80 X 0.8337 lb oil 
or U.S. gal oil X 8.170 = lb oil 
or lb oil X 0.1224 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 
18,250 

lb oil 

or Btu X 106  X 54.80 = lb oil 
or lb oil X 0.01825 = Btu X 10 6  

106  
106  Btu - 	 Imp gal oil 

18,250 X 9.80 
or Btu X 106  X 5.591 = Imp gal oil 
or Imp gal oil X 0.1789 = Btu X 106  

106 
106  Btu - 	  

 18,250 X 8.170 
U.S. gal oil 

 
or Btu X 106  X 6.707 = U.S. gal oil 
or U.S. gal oil X 0.1491 = Btu X 106  
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FUEL OIL 9840, SPECIFIC GRAVITY 0.980 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8515 
Hydrogen (H 2 ) 	 0  1085 
Sulphur (S) 	 0  0400 
Nitrogen  (N2 ) 	  
Oxygen (02 ) 	  — 
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,100 

Conversion Factors 

1 Imp gal oil = 9.80 lb oil 
or Imp gal oil X 9.80 = lb oil 
or lb oil X 0.1020 = Imp gal oil 

1 U.S. gal oil = 9.80 X 0.8337 lb oil 
or U.S. gal oil X 8.170 = lb oil 
or lb oil X 0.1224 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,100 

or Btu X 106  X 55.25 = lb oil 
or lb oil X 0.0181 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,100 X 9.80 

or Btu X 106  X 5.638 = Imp gal oil 
or Imp gal oil X 0.1774 = Btu X 106  

106  
106 Btu = 

18,100 X 8.170 
U.S. gal oil 

or Btu X  106 X 6.761 = U.S. gal oil 
or U.S. gal oil X 0.1479 = Btu X 106  
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FUEL OIL 9900, SPECIFIC GRAVITY 0.990 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8885 
Hydrogen (H 2 ) 	 0  1115 
Sulphur (S) 
Nitrogen (N 2 ) 
Oxygen (02 ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,610 

Conversion Factors 

1 Imp gal oil = 9.90 lb oil 
or Imp gal oil X 9.90 = lb oil 
or lb oil X 0.1010 = Imp gal oil 

1 U.S. gal oil = 9.90 X 0.8337 lb oil 
or U.S. gal oil X 8.254 = lb oil 
or lb oil X 0.1212 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 
18,610 

lb oil 

or Btu X 10 6  X 53.74 = lb oil 
or lb oil X 0.0186 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,610 X 9.90 

or Btu X 106  X 5.428 = Imp gal oil 
or Imp gal oil X 0.1842 = Btu X 106  

106  Btu = 	
106 
	 U.S. gal oil 

18,610 X 8.254 
or Btu X 106  X 6.510 = U.S. gal oil 
or U.S. gal oil X 0.1536 = Btu X 106 
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Carbon (C) 
Hydrogen (H 2 ) 
Sulphur (S) 
Nitrogen (N 2 ) 
Oxygen (02 ) 
Ash 	 
Moisture 	 

0.8796 
0.1104 
0.0100 

FUEL OIL 9910, SPECIFIC GRAVITY 0.990 

Ultimate Analysis,  lb/lb 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,460 

Conversion Factors 

1 Imp gal oil = 9.90 lb oil 
or Imp gal oil X 9.90 = lb oil 
or lb oil X 0.1010 = Imp gal oil 

1 U.S. gal oil = 9.90 X 0.8337 lb oil 
or U.S. gal oil X 8.254 = lb oil 
or lb oil X 0.1212 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106

60 
106  Btu = 1 	 lb oil 

8,4 
or Btu X 106  X 54.17 = lb oil 
or lb oil X 0.0185 = Btu X 10 6  

106  Btu — 
18,460 X 9. 

or Btu X 106  X 5.472 
or Imp gal oil X 0.1827 

106  Btu = 	106  

90 
Imp gal oil 

= Imp gal oil 
= Btu X 106  

254 
U.S. gal oil 

= U.S. gal oil 
= Btu X 106 

106 

18,460 X 8. 
or Btu X 10 6  X 6.562 
or U.S. gal oil X 0.1524 
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FUEL OIL 9920, SPECIFIC GRAVITY 0.990 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8707 
Hydrogen (H 2 ) 	 0  1093 
Sulphur (S) 	 0  0200 
Nitrogen  (N2 ) 

Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,320 

Conversion Factors 

1 Imp gal oil = 9.90 lb oil 
or Imp gal oil X 9.90 = lb oil 
or lb oil X 0.1010 ---- Imp gal oil 

1 U.S. gal oil = 9.90 X 0.8337 lb oil 
or U.S. gal oil X 8.254 = lb oil 
or lb oil X 0.1212 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,320 

or Btu X 106  X 54.59 = lb oil 
or lb oil X 0.0183 = Btu X 10 6  

106  106  Btu - 	 Imp gal oil 
18,320 X 0.99 

or Btu X 106  X 5.514 = Imp gal oil 
or Imp gal oil X 0.1814 = Btu X 106  

106  106  Btu - 	 U.S. gal oil 
18,320 X 8.254 

or Btu X 106  X 6.614 = U.S. gal oil 
or U.S. gal oil X 0.1512 = Btu X 106 
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FUEL OIL 9930, SPECIFIC GRAVITY 0.990 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8618 
Hydrogen (H2 ) 	 0  1082 
Sulphur (S) 	 0  0300 
Nitrogen  (N2 ) 

Oxygen (02 ) 
Ash  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,170 

Conversion Factors 

1 Imp gal oil = 9.90 lb oil 
or Imp gal oil X 9.90 = lb oil 
or lb oil X 0.1010 = Imp gal oil 

1 U.S. gal oil = 9.90 X 0.8337 lb oil 
or U.S. gal oil X 8.254 = lb oil 
or lb oil X 0.1212 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu — 106  lb oil 
18,170 

or Btu X 106  X 55.04 = lb oil 
or lb oil X 0.0182 = Btu X 106  

106  Btu = 	106  

18,170 X 8. 
or Btu X 106  X 6.667 
or U.S. gal oil X 0.1500 

18,170 X 9. 
or Btu X  106 X  5.559 
or Imp gal oil X 0.1799 

106  Btu — 	
106 

 

90 
Imp gal oil 

= Imp gal oil 
= Btu X 106  

254 
U.S. gal oil 

= U.S. gal oil 
= Btu X 106 
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FUEL OIL 9940, SPECIFIC GRAVITY 0.990 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8530 
Hydrogen (H 2 ) 	 0  1070 
Sulphur (S) 	 0  0400 
Nitrogen  (N2 ) 

Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,030 

Conversion Factors 

1 Imp gal oil = 9.90 lb oil 
or Imp gal oil X 9.90 = lb oil 
or lb oil X 0.1010 = Imp gal oil 

1 U.S. gal oil = 9.90 X 0.8337 lb oil 
or U.S. gal oil X 8.254 = lb oil 
or lb oil X 0.1212 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 106  lb oil 
18,030 

or Btu X 106  X 55.46 = lb oil 
or lb oil X 0.0180 = Btu X 10 6  

106 
106  Btu — 	  Imp gal oil 

18,030 X 9.90 
or Btu X 106  X 5.602 = Imp gal oil 
or Imp gal oil X 0.1785 = Btu X 106  

106  U.S. gal oil 106 Btu — 
18,030 X 8.254 

or Btu X 10 6  X 6.720 = U.S. gal oil 
or U.S. gal oil X 0.1488 = Btu X 106  
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FUEL OIL 10000, SPECIFIC GRAVITY 1.000 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8900 
Hydrogen (H 2 ) 	 0  1100 
Sulphur (S) 
Nitrogen  (N2 )  
Oxygen (02 ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,540 

Conversion Factors 

1 Imp gal oil = 10.00 lb oil 
or Imp gal oil X 10.00 = lb oil 
or lb oil X 0.1000 = Imp gal oil 

1 U.S. gal oil = 10.00 X 0.8337 lb oil 
or U.S. gal oil X 8.337 = lb oil 
or lb oil X 0.1200 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106 
106  Btu = 	 lb oil 

18,540 
or Btu X 106  X 53.94 = lb oil 
or lb oil X 0.0185 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,540x 10.0 

or Btu X 106  X 5.394 = Imp gal oil 
or Imp gal oil X 0.1854 = Btu X 10 6  

106 
106  Btu = 	  U.S. gal oil 

18,540 X 8.337 
or Btu X 106  X 6.468 = U.S. gal oil 
or U.S. gal oil X '0.1546 = Btu X 106 
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FUEL OIL 10010, SPECIFIC GRAVITY 1.000 

Ultimate Analysis,  lb/lb 

Carbon 	(C) 	 0  8811 
Hydrogen (H 2 ) 	 0  1089 
Sulphur (S) 	 0  0100 
Nitrogen  (N2 ) 

Oxygen 
Ash  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 

Conversion Factors 

1 Imp gal oil = 10.00 lb oil 
or Imp gal oil X 10.00 = lb oil 
or lb oil X 0.100 = Imp gal oil 

1 U.S. gal oil = 10.00 X 0.8337 lb oil 
or U.S. gal oil X 8.337 = lb oil 
or lb oil X 0.1200 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201=  U.S. gal 

106 
106  Btu - 	 lb oil 

18,400 
or Btu X 106  X 54.35 = lb oil 
or lb oil X 0.0184 = Btu X 10 6 

 106  Btu = 106  

(C)2) 	  

18,400 

18,400 X 10.0 
or Btu X 106  X 5.435 -- 
or Imp gal oil X 0.1840 = 

106  106  Btu = 
18,400 X 8.33 -  

or Btu X , 106  X 6.519 -- 
or U.S. gal oil X 0.1534 = 

Imp gal oil 

ImP gal oil 
Btu X 10 6  

1. Ann 	o 	U.S. gal oil 

U.S. gal oil 
Btu x 106 
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FUEL OIL 10020, SPECIFIC GRAVITY 1.000 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8722 
Hydrogen (H2 ) 	 0  1078 
Sulphur (S) 	 0  0200 
Nitrogen  (N2 ) 	 — 
Oxygen (02 ) 	  — 
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,250 

Conversion Factors 

1 Imp gal oil = 10.00 lb oil 
or Imp gal oil X 10.00 = lb oil 
or lb oil X 0.100 = Imp gal oil 

1 U.S. gal oil = 10.00 X 0.8337 lb oil 
or U.S. gal oil X 8.337 = lb oil 
or lb oil X 0.1200 = U.S. gal oil 

1 U.S. gal  = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106 
106  Btu = 	 lb oil 

18,250 
or Btu X 106  X 54.80 = lb oil 
or lb oil X 0.0183 = Btu X 106  

106  
106  Btu 

 =
Imp gal oil 

18,250 X 10 
or Btu X 106  X 5.480 = Imp gal oil 
or Imp gal oil X 0.1825 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,250 X 8.337 

or Btu X 106  X 6.570 = U.S. gal oil 
or U.S. gal oil X 0.1522 = Btu X 106  
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FUEL OIL 10030, SPECIFIC GRAVITY 1.000 

Ultimate Analysis,  lb /lb 

Carbon (C) 	 0  8633 
Hydrogen (H 2 ) 	 0  1067 
Sulphur (S) 	 0  0300 
Nitrogen  (N2 ) 

Oxygen (02 ) 
Ash — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,110 

Conversion Factors 

1 Imp gal oil = 10.00 lb oil 
or Imp gal oil X 10.00 = lb oil 
or lb oil X 0.100 = Imp gal oil 

1 U.S. gal oil = 10.00 X 0.8337 lb oil 
or U.S. gal oil X 8.337 = lb oil 
or lb oil X 0.1200 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  
106  Btu = 	lb oil 

18,110 
or Btu X 106  X 55.22 = lb oil 
or lb oil X 0.0181 = Btu X 10 6  

106  
106  Btu = 	 Imp gal oil 

18,110 X 10.00 
or Btu X 10 6  X 5.522 = Imp gal oil 
or Imp gal oil X 0.1811 = Btu X 10 6  

106  
106  Btu = 

 18,110 X 8.337 
U.S. gal oil 

 
or Btu X 106  X 6.622 = U.S. gal oil 
or U.S. gal oil X 0.1510 = Btu X 10 6  
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FUEL OIL 10040, SPECIFIC GRAVITY 1.000

Ultimate Analysis, lb/lb

Carbon (C) .............. 0.8544
Hydrogen (112), ............. 0.1056
Sulphur (S) .............. 0.0400
Nitrogen (N 2 ) . . . . . . . . . . . . . . -
Oxygen (02) .............. -
Ash ....................... -
Moisture . . . . . . . . . . . . . . . . . . . -

Total 1.0000
Calorific Value, Btu/lb . . . . . . . . 17,960

Conversion Factors

1 Imp gal oil = 10.00 lb oil
or Imp gal oil X 10.00 = lb oil
or lb oil X 0.100 = Imp gal oil

1 U.S. gal oil = 10.00 X 0.8337 lb oil
or U.S. gal oil X 8.337 = lb oil
or lb oil X 0.1200 = U.S. gal oil

1 U.S. gal = 0.8327 Imp gal
or U.S. gal X 0.8327 = Imp gal
or Imp gal X 1.201 = U.S. gal

106
106 Btu = lb oil

17,960
or Btu X 106 X 55.68 = lb oil
or lb oil X 0.0180 = Btu X 106

106
106 Btu = 17,960X 10.00 Imp gal oil

or Btu X 106 X 5.568 = Imp gal oil
or Imp gal oil X 0.1796 = Btu X 106

6
106 Btu = 17,960

1

0X
8.337 U.S. gal oil

or Btu X 106 X 6.680 = U.S. gal oil
or U.S. gal oil X 0.1497 = Btu X 106
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FUEL OIL 10100, SPECIFIC GRAVITY 1.010 

Ultimate Analysis,  lb/lb 

Carbon 	(C) 	 0  8915 
Hydrogen (H 2 ) 	 0  1085 
Sulphur (S) 
Nitrogen (N 2 ) 
Oxygen (02) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,460 

Conversion Factors 

1 Imp gal oil = 10.10 lb oil 
or Imp gal oil X 10.10 = lb oil 
or lb oil X 0.0990 = Imp gal oil 

1 U.S. gal oil = 10.10 X 0.8337 lb oil 
or U.S. gal oil X 8.420 = lb oil 

,or lb oil X 0.1188 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu - 
18,460 

lb oil 

or Btu X 10 6  X 54.17 = lb oil 
or lb oil X 0.0185 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,460 X 10.10 

or Btu X 106  X 5.364 = Imp gal oil 
or Imp gal oil X 0.1864 = Btu X 106  

106  106  Btu - 	 U.S. gal oil 
18,460 X 8.420 

or Btu X 106  X 6.435 = U.S. gal oil 
or U.S. gal oil X 0.1554 = Btu X 106 
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FUEL OIL 10110, SPECIFIC GRAVITY 1.010

Ultimate Analysis, lb/lb

Carbon (C) . . . . . , : . . . . . 0.8826
Hydrogen (H2 ) . . . . . . . . . . . . . . 0.1074
Sulphur (S) .............. 0.0100
Nitrogen (N2)* . . . . . . . . . . . . . -
Oxygen (02) .............. -
Ash ....................... -
Moisture . . . . . . . . . . . . . . . . . . . -

Total 1.0000
Calorific Value, Btu/lb . . . . . . . . 18,320

Conversion Factors

1 Imp gal oil = 10.10 lb oil
or Imp gal oil X 10.10 = lb oil
or lb oil X 0.0990 = Imp gal oil

1 U.S. gal oil = 10.10 X 0.83371b oil
or U.S. gal oil X 8.420 = lb oil
or lb oil X 0.1188 = U.S. gal oil

1 U.S. gal = 0.8327 Imp gal
or U.S. gal X 0.8327 = Imp gal
or Imp gal X 1.201 = U.S. gal

106 Btu = 18,06320 lb oil

or Btu X 106 X 54.59 = lb oil
or lb oil X 0.0183 = Btu X 106

6
106 Btu = 18,32010X 10.10 Imp gal oil

or Btu X 106 X 5.405 = Imp gal oil
or Imp gal oil X 0.1850 = Btu X 106

6
106 Btu = 18,32010X 8.420 U.S. gal oil

or Btu X 106 X 6.485 = U.S. gal oil
or U.S. gal oil X 0.1542 = Btu X 106
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FUEL OIL 10120, SPECIFIC GRAVITY 1.010 

Ultimate Analysis, lb/lb 

Carbon (C) 	 0  8737 
Hydrogen (H2 ) 	 0  1063 
Sulphur (S) 	 0  0200 
Nitrogen (N2 ) 	 — 
Oxygen (02 ) 	  — 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,170 

Conversion Factors 

1 Imp gal oil = 10.10 lb oil 
or Imp gal oil X 10.10 = lb oil 
or lb oil X 0.0990 = Imp gal oil 

1 U.S. gal oil = 10.10 X 0.8337 lb oil 
or U.S. gal oil X 8.420 = lb oil 
or lb oil X 0.1188 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 106  
lb oil 

18,170 
or Btu X 106  X 55.04 = lb oil 
or lb oil X 0.0182 = Btu X 106  

106  106  Btu — 
18,170 	

Imp gal oil 
X 10.10 

or Btu X 106  X 5.449 = Imp gal oil 
or Imp gal oil X 0.1835 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,170 X 8.420 

or Btu X 106  X 6.536 = U.S. gal oil 
or U.S. gal oil X 0.1530 = Btu X 106  
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FUEL OIL 10130, SPECIFIC GRAVITY 1.010 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8648 
Hydrogen (H 2 ) 	 0  1052 
Sulphur (S) 	 0  0300 
Nitrogen (N2 ) 
Oxygen (0 2  ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,030 

Conversion Factors 

1 Imp gal oil = 10.10 lb oil 
or Imp gal oil X 10.10 = lb oil 
or lb oil X 0.0990 = Imp gal oil 

1 U.S. gal oil = 10.10 X 0.8337 lb oil 
or U.S. gal oil X 8.420 = lb oil 
or lb oil X 0.1188 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  
106  Btu — 	lb oil 

18,030 
or Btu X 10 6  X 55.46 = lb oil 
or lb oil X 0.0180 = Btu X 10 6  

106  
106  Btu = 

 18,030x 	
Imp gal oil 

10.10 
or Btu X 106  X 5.491 = Imp gal oil 
or Imp gal oil X 0.1821 = Btu X 106  

106  
106  Btu = 	 U.S. gal oil 

18,030 X 8.420 
or Btu X 106  X 6.588 = U.S. gal oil 
or U.S. gal oil X 0.1518 = Btu X 106 
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FUEL OIL 10140, SPECIFIC GRAVITY 1.010 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8558 
Hydrogen (H 2 ) 	 0  1042 
Sulphur (S) 	 0  0400 
Nitrogen  (N2 ) 	  

Oxygen (02 ) 	  
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 17,880 

Conversion Factors 

1 Imp gal oil = 10.10 lb oil 
or Imp gal oil X 10.10 = lb oil 
or lb oil X 0.0990 = Imp gal oil 

1 U.S. gal oil = 10.10 X 0.8337 lb oil 
or U.S. gal oil X 8.420 = lb oil 
or lb oil X 0.1188 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 106  lb oil 
17,880 

or Btu X 10 6  X 55.93 = lb oil 
or lb oil X  0.0179=  Btu X 106  

106 
106  Btu = 	  Imp gal oil 

17,880 X 10.10 
or Btu X 106  X 5.538 = Imp gal oil 
or Imp gal oil X 0.1806 = Btu X 10 6  

106  106  Btu = 	 U.S. gal oil 
17,880 X 8.420 

or Btu X 10 6  X 6.640 = U.S. gal oil 
or U.S. gal oil X 0.1506 = Btu X 106 
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FUEL OIL 10200, SPECIFIC GRAVITY 1.020 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8930 
Hydrogen (H 2 ) 	 0  1070 
Sulphur (S) . 
Nitrogen (N 2 ). 
Oxygen (02 ) 	 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,390 

Conversion Factors 

1 Imp gal oil = 10.20 lb oil 
or Imp gal oil X 10.20 = lb oil 
or lb oil X 0.0980 = Imp gal oil 

1 U.S. gal oil = 10.20 X 0.8337 lb oil 
or U.S. gal oil X 8.504 = lb oil 
or lb oil X 0.1176 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,390 

or Btu X 10 6  X 54.38 = lb oil 
or lb oil X 0.0184 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,390 X 10.20 

or Btu X 106  X 5.331 = Imp gal oil 
or Imp gal oil X 0.1876 = Btu X 10 6  

106 
106  Btu = 	  U.S. gal 

18,390 X 8.504 
or Btu X 106  X 6.394 = U.S. gal oil 
or U.S. gal oil X 0.1564 = Btu X 106 
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FUEL OIL 10210, SPECIFIC GRAVITY 1.020

Carbon (C) .............. 0.8841
Hydrogen (H2)* ............. 0.1059
Sulphur (S) ....... , ..... 0.0100
Nitrogen (N2 ) . . . . . . . . . . . . . . -

............. -Oxygen (02)*
Ash ....................... -
Moisture . . . . . . . . . . . . . . . . . . . -

Total 1.0000
Calorific Value, Btu/lb . . . . . . . .. 18,250

Conversion Factors

1 Imp gal oil = 10.201b oil
or Imp gal oil X 10.20 = lb oil
or lb oil X 0.0980 = Imp gal oil

1 U.S. gal oil = 10.20 X 0.83371b oil
or U.S. gal oil X 8.504 = lb oil
or lb oil X 0.1176 = U.S. gal oil

1 U.S. gal = 0.8327 Imp gal
or U.S. gal X 0.8327 = Imp gal
or Imp gal X 1.201 = U.S. gal

6
106 Btu = 18,0250 lb oil

or Btu X 106 X 54.80 = lb oil
or lb oil X 0.0183 = Btu X 106

106 Btu = 106 Imp gal oil18,250 X 10.20
or Btu X 106 X 5.372 = Imp gal oil
or Imp gal oil X 0.1862 = Btu X 106

6
106 Btu = 18,25010X 8.504 U.S. gal oil

or Btu X 106 X 6.443 = U.S. gal oil
or U.S. gal oil X 0.1552 = Btu X 106
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.1■■• 

FUEL OIL 10220, SPECIFIC GRAVITY 1.020 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8751 
Hydrogen (H 2 ) 	 0  1049 
Sulphur (S) 	 0  0200 
Nitrogen  (N2 ) 

Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,100 

Conversion Factors 

1 Imp gal oil = 10.20 lb oil 
or Imp gal oil X 10.20 = lb oil 
or lb oil X 0.0980 = Imp gal oil 

1 U.S. gal oil = 10.20 X 0.8337 lb oil 
or U.S. gal oil X 8.504 = lb oil 
or lb oil X 0.1176 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu =
106  

18,100 
lb oil 

or Btu X 106  X 55.25 = lb oil 
or lb oil X 0.0181 = Btu X 10 6  

106  
106  Btu = 	 Imp gal oil 

18,100 X 10.20 
or Btu X 106  X 5.417 = Imp gal oil 
or Imp gal oil X 0.1846 = Btu X 10 6  

106  106  Btu = 
18,100 X 8.504 

U.S
. 

gal oil 

or Btu X 10 6  X 6.498 = U.S. gal oil 
or U.S. gal oil X 0.1539 = Btu X 106 
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FUEL OIL 10230, SPECIFIC GRAVITY 1.020 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8662 
Hydrogen (H2 ) 	 0  1038 
Sulphur (S) 	 0  0300 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 17,960 

Conversion Factors 

1 Imp gal oil = 10.20 lb oil 
or Imp gal oil X 10.20 = lb oil 
or lb oil X 0.0980 = Imp gal oil 

1 U.S. gal oil = 10.20 X 0.8337 lb oil 
or U.S. gal oil X 8.504 = lb oil 
or lb oil X 0.1176 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  
106  Btu - 	lb oil 

17,960 
or Btu X 106  X 55.68 = lb oil 
or lb oil X 0.0180 = Btu X 106  

106  106  Btu = 	 Imp gal oil 
17,960 X 10.20 

or Btu X 106  X 5.459 = Imp gal oil 
or Imp gal oil X 0.1832 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
17,960 X 8.504 

or Btu X 106  X 6.549 = U.S. gal oil 
or U.S. gal oil X 0.1527 = Btu X 106 
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FUEL OIL 10240, SPECIFIC GRAVITY 1.020 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8573 
Hydrogen (H 2 ) 	 0  1027 
Sulphur (S) 	 0  0400 
Nitrogen (N2 ) 
Oxygen (0 2 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 17,820 

Conversion Factors 

1 Imp gal oil = 10.20 lb oil 
or Imp gal oil X 10.20 = lb oil 
or lb oil X 0.0980 = Imp gal oil 

1 U.S. gal oil = 10.20 X 0.8337 lb oil 
or U.S. gal oil X 8.504 = lb oil 
or lb oil X 0.1176 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 106  lb oil 
17,820 

or Btu X 106  X 56.12 = lb oil 
or lb oil X 0.0178 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
17.820 X 10.20 

or Btu X 106  X 5.502 = Imp gal oil 
or Imp gal oil X 0.1818 = Btu X 106  

106 
106 Btu = 

17,820 X 8.504 
U.S. gal oil 

or Btu X 106  X 6.601 = U.S. gal oil 
or U.S. gal oil X 0.1515 = Btu X 106 
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106  Btu = 	 
18,31 

or Btu X 10 6  X 
or Imp gal oil X 

106  Btu — 	 
18,31 

or Btu X 10 6  X 
or U.S. gal oil X 

FUEL OIL 10300, SPECIFIC GRAVITY 1.030 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8945 
Hydrogen (H 2 ) 	 0  1055 
Sulphur (S) 
Nitrogen (N2 ) 
Oxygen (0 2  ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,310 

Conversion Factors 

1 Imp gal oil = 10.30 lb oil 
or Imp gal oil X 10.30 = lb oil 
or lb oil X 0.0971 = Imp gal oil 

1 U.S. gal oil = 10.30 X 0.8337 lb oil 
or U.S. gal oil X 8.587 = lb oil 
or lb oil X 0.1165 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,310 

or Btu X 10 6  X 54.62 = lb oil 
or lb oil X 0.0183 = Btu X 10 6  

106  

5.302 = Imp gal oil 
0.1886 = Btu X 106  

106  
0 X 8.587 

U
.
S

. 
gal oil 

6.361 = U.S. gal oil 
0.1572 = Btu X 10 6  

Imp gal oil 
0 X 10.30 
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FUEL OIL 10310, SPECIFIC GRAVITY 1.030 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8856 
Hydrogen (H2 ) 	 0  1044 
Sulphur (S) 	 0  0100 
Nitrogen (N2 ) 	 — 
Oxygen (02 ) 	 — 
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,170 

Conversion Factors 

1 Imp gal oil = 10.30 lb oil 
or Imp gal oil X 10.30 = lb oil 
or lb oil X 0.0971 = Imp gal oil 

1 U.S. gal oil = 10.30 X 0.8337 lb oil 
or U.S. gal oil X 8.587 = lb oil 
or lb oil X 0.1165 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106 
106  Btu 

 = JØ 
 lb oil 

18,  
or Btu X 106  X 55.04 = lb oil 
or lb oil X 0.0182 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,170 X 10.30 

or Btu X 106  X 5.343 = Imp gal oil 
or Imp gal oil X 0.1872 = Btu X 10 6  

106  
106  Btu = 	 U.S. gal oil 

18,170 X 8.587 
or Btu X 106  X 6.410 = U.S. gal oil 
or U.S. gal oil X 0.1560 = Btu X 106  
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FUEL OIL 10320, SPECIFIC GRAVITY 1.030 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8766 
Hydrogen (H 2 ) 	 0  1034 
Sulphur (S) 	 0  0200 
Nitrogen  (N2 ) 

Oxygen (02 ) 
Ash  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,020 

Conversion Factors 

1 Imp gal oil = 10.30 lb oil 
or Imp gal oil X 10.30 = lb oil 
or lb oil X 0.0971 = Imp gal oil 

1 U.S. gal oil = 10.30 X 0.8337 lb oil 
or U.S. gal oil X 8.587 = lb oil 
or lb oil X 0.1165 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 
18,020 

lb oil 

or Btu X 106  X 55.49 = lb oil 
or lb oil X 0.0180 = Btu X 10 6  

106  106  Btu - 	 Imp gal oil 
18,020 X 10.30 

or Btu X 106  X 5.388 = Imp gal oil 
or Imp gal oil X 0.1856 = Btu X 10 6  

106 
106  Btu = 	  U.S. gal oil 

18,020 X 8.587 
or Btu X 106  X 6.464 = U.S. gal oil 
or U.S. gal oil X 0.1547 = Btu X 106 

442 



16.0 31.0 
/
 :
Y

 V
O

L
U

M
 

12-0 

27-0 

IR
 a

 FL
U
E

 G
A

S
 L

B
/L
B

 01
 

26.0 

12.0 25.0 

11.0 24.0 

10.0 23-0 

9.0 22.0 

8.0 21.0 

15.0 

30.0 

29.0 

28-0 

14-0 

13.0 

URI 

TAU 

BMW% 
••••  
BEM 
11/411Mr4 
rIZZIA 

411111111V1MI 

u  ••• - 
J 11_I 

À 
À 

,z0 	. 
t 

Bann 

Fo 
0 
o 

10 •0 
ii 

Mara 
AM/ 

9.0 

8.0 1,1 

	

20-0 	7.0 w  
cn 	2 

	

19-0 	6.0 51 
o 
o > 

18.0 	5.0 co» 

17.0 	4.0 	
(1.2 

CJ  
o 

	

16.0 	3.0 

	

15.0 	2.0 

	

14.0 	1.0 

II  !IIIIII!I{IIIIIlIIIII1tItIlI! JIIIIt  1130 0.0 
100 	120 	140 	160 	180 	200 

TOTAL COMBUSTION AIR, c1/0 

FIGURE I- COMBUSTION DATA, WEIGHT BASIS 	 10320 

443 



	

15.0 	900 

	

14-0 	800 

	

13.0 	700 

X
il

ff
à
fP

11:M
1

11
1 

12.0 

11 •0 

600 

500 

o  

16.0 

	

10-0 	400 

	

9. 0 	300 

	

8.0 	200 

TO 	100 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

VMMUMMUMUMMIMMUMMUMMRIMMUMMIMMIMUMMIMMUMMUMMI 
SUMMIMMIMMIIMMIUMMIUMMIUMMUMMIRMINUMMINIMMIMM 
MAMMIUMUMMIRIMMBOMMIMMUUMMUMMOMMIMMUMMUMMIMUM 
MUMNIMMUMMIMMUMMIUMMEMIMMUMMUMMMOMMMMUMMIMMIIM 
MRIMMUMMUMMINIMMINIAMMINIMMUMMIMMIMMIMMUMMIMMIO 
MMAMMIMIMMIMMIUMMOMMMIIMMIIMMUMMIMIMMUMUMMINIM 
MIWIRIMUMMUMMUMMIROMMUMMUMMIMMUMMIMMUMMMIUM 
IIIMMINIUMMIMMIMUMMMIMMIMINIMMUMMMIUMMIIMMUMEMUM 
IIIMMIMEMMMIMMUMMEMMIUMMUMBMWMIUMMINOMMINUMMIMM 
MMMOMIIMMINIMMUMUMMUMMUMMUMUMUMMUMUMMIMMIMMIMUMUMMM 
MMINIAMIMMIMMUMMIIIMMOMMIUMMMUMMUIRMUMMIUMMUMMM 
MIRIBIMINMEMINUMMIMMMMIMMUMMIMUMMMIMMUMMMIMMINIMM 
MUMMOMMIMEMMUMMUMMIUMMUMMIMMIMMIMMUMMIMMMM 
ummiummmummummummummmummummimmumummiumm 
IIIMMUMAMMIMMUMMMIMMOMMIIIMMOMMUMEMIMMUMMIMMU 
MMIMMUMMIIMMIMMIIMMUNIMMIUMMUMMIIMUMBBUMMBM 
MMEMMRIMMIIMIUMMINIMMUMMMINUMMIMMUMMEMIUMMMIM 
MMINUMOIMUMUIMMUMMUMMUMMIIMMUMMIMMMUMMIMIUMMEMM 
MMIMMIMINUMMINIMIMMUMMUMMIUMMUMMUMMUMMIMMINIUM 
MMUMMIMMIBMMUMUMMRIMMUMMMINUMMUMMIMMIMMIUMIMMMUM 
BWIMMIOMMEMMUMMIMMUMMIUMMIMMIUMMUMMMUMIMUMUM 
MBIMMIUMURIUMMIUMMIMMIMMUMMIIMMUMMIMMUMMIIMMU% 
MIIMMIMMUMIUMMIUMMINIERMOMMUMMIUMMUMMINIMMWMPUM 
MIIIMMUMMMWMIMMIIMMINUMMMINIMMUMMMUMMIMMIMMIIMMIUMM 
mummummummummummummummummimmummmnammr 
Bummummufflimmunummimmummummumummumuma 
IIIIMMIMMIUMAINUMMIMMIMMIMMIUMMUMMIMMIUMPARMV2MM 
INIMMIMMINIMIMMUMMMUMMEMMIMUMMINIMMIMMOMMEMIMM 
IIMMIMMUMMULUMMMMUMMIMUIMMUMMIMUMMUMMUMUMINMUMMO% 
mummummumammimmummummummmummummummmeal 
MIMMUMMINIMUUMUMMBRUMMMINUMMIMINIMMMOMMMOMMIMOMM 
MMUMMMUMMMILIMMUMMINIMMINIMMUMMILW11.511MMOIIMMP 
MMIUMMUMMIMMIMMIUMMIIMMIMMUNIMPUMMIMMIMOMMIVAI 
MMUMMIMINUMMIMMIUMMIMMMUMMIMMMFAMMUMMŒMMUMM 
MMUMMIMMUMMUMWMEMOMMIUMMUMWMMOMUMMIMMMIMOBWM 
MMUMMIMMIMMUMMIMMIMMMUMMIMMMOUMMIPAMMUMMMIMMV% 
minummimmumwmummummummumnammmummumwt 
MUMMUMMIUMMORIMAMMIUMMIMMIMOMOW.11 010MIRWMMOMMWM 
mummummummummummonamminummummumnonium 
ummummummummummummifflumnalunammummunamumw 
mummumummummummummumnampummpummonsimumemummumm 
ummummumummummummummdmmemmmimmumwmommalum 
MIIMMUMMINIMIUMMIAMMPWIIMOMMUNIIMOMMUMgMlndlIMUBM 
mummummummummomernmmummoriammommiumummumw 
ummummummuummedimmgmunamm%ammmindommammummum 
mmummummummimmuvemmumumummononsunam•mmo•mi 
mmummumminnummomAmminammummurammummmammund 
MIIIMMMUMNIMMUMMMOMMdkUMUMPUMMOMMOVrirnandIUMMMWM11 
immummulimmummumemmediumwounnammumimmummumumm 
immummumumminourummtammommaràmwmimpmemmeimmumn 
immummumnammampummtwumemmnammpremmummumman 
mmummummumummundmirâmewumedumniumnimmummedmmu 
nimminumpumuluemormnammeammiammeammummommmimmum 
MMUMMIMIMMIUMAIMeifflRâMMICiOMMP2OMMOUNIMUMMillIMMIM7it 
miummum%avnimmmumnammmemonwimmammonammumammumunamm 
mummummmunimpumedmmeidumenammondimmemmumpeigum 
IIRMUMUNILMOMMOMP2MMIMOUBMWKIMMifflanndMIMMOMMUMMM 
moneolumpummumeammemmumkummummondumwmamummum 
vfflimminamnompummermummammfflammuommeemmummilm 
demASIOUMPUMMOMP2MMIMMUIP2MBMbnoOM•MMUM•I•MME•M•• 
mimmantamindnumemmtmmommiummuumemmuummummomma 
AMMIMPUMP2MMMMIMMUKOPIMIOMMIMMOMMUMMIMMEMMOCWIUM 
MdMordAIMIMP2MMPMUFAITAMMIOCUMIMPMeIMEMMIUMMOMOOM2110 

liell  mrammkmmmammnamvreamumsmmmm2s MMUMMUMBerelfflidneilie 
el■m%ammdmondm•eimumt"a•mumumm 0  mmummnamnamommamera 
mnimmummmuumnigummamminammum limiemmarnaminmemin 
2MUMOMPIWIMMWMKOMOMMIMMINIMMIR omemmidocammiminniam 
MndBUMOMMânuradMIUMMIMMIMMUMMUM2OM20MMOPZWIMMMIMM 
WIIIIMMorgiMMIMAMMOMOMMIUMMEIOndliMdIndbleaMMLIMMOMMI 
MMIIMP2OMPLIgIUMOMOMMIUMMUMMMLIOM2OMIWnlienallMMUMMIIMM 
dmplimminemenimminummmigmmammammemmdammummumm 
PIMOMPrellerAMMMINIMMIMM2OeWiniMallniMMIMMMUMMUMMIR 
mormamwmarummumweidmmonarmiamiam••mmimu•••m 
PriOMPLIOMI minimmogewmmoniemalummummommanummm 
OMM2111MMIrb monweaomwm.onammummummummammummum 
nummummum _momigelaimmigefflommummummummumenimmu 
mommuronweammomwemammummmummummumummemium 
umummuemomille;immommullimminummummummufflum 
umpewnwe-ginriezimmumummummummumommummmoumm 
mmim2euemorammummummummiummummummuummelm 
200 :11MMINIUMIMMUMMIMIRMIUMMIMMUMIIMMUMMIMMUMMBhnl 
ienwleammummmummummummimmummummummommumummà 
ziommulimmumummummummummummummummum 
mumummumumumummummummummummummummum 
MMUMMIUMMIIMMIMMMUMEMMINIMMUMMUMUMMIUMMUMMEMIMM 
MVAMMUMMUMMUMBMINIMMIMMUMIUMMIIMMUMMIMUMMINIMMIM 
mrammummummumummummummomommmummumm 
MAIIMMIUNIMMUMMUMMUMEMMIMMUNIMMIMMUMMINIMMINI 
eummommemimmummummemummummummmummumm 
ummommumummumniumummumminummummummumm 

650 

600 

550 
12-0 

500 en- 

450 ° 11-0 

400 9 
IL 10-0 

350 w  

300 0 9.0 

8.0 

7-0 

6-0 

5.0 

4-0 

3.0 

2-0 

1-0 

• 0-0 
200 

250 

200 

o 
120 
loo rr 
so ;Ft 
so 
40 Ir 

o 

FIGURE 2- COMBUSTION DATA, VOLUME BASIS 	10320 



1-0 

0-0 

50 

4-0 cci 
o 

24-01 	.11  	 l it 	 llllllllllllllllllll ..................................................  

W
io

ff
l  

ummummum ummummum ummummumummommumm mum man - 
mummm•m•ummumm •••••uu• ummummum MMUI•M••EO 
• MIM•MIMMUMIMMEMMUM• MIMMUMMIRM »MM..' MUMMIM•FAM 
MMUMMMMIMMIR MMMUMMIIMM »MUM • MUMMUMMIMMM BMW MVAMM 
MIMMMUMMUMMMIMMIRMMMM MMUMMIMMBE MMMIRMMUMM MMIMMMMUMMM 
MUM» MIMMMM MUM» MMUMMIMMEM MMUMIMMEMM MMIMMUMMMM 
MUMMMEMMUM MMIMMMIMMM MMUMMUMMUMMMMUMMMMIMM MIIMMtBMMMM 
IMEMMMUMM MIMMUMMIUM MMUMMUMMMIRM •••••u•••• »MIAMI« 
OMMUMMUMMIMM MIMMUMMMMUM MMIMMIMMMM MMUMMIMMIMM MMIAMMMIMMM 

	

16-0 	22-0 I IRIMMIIIIM MMIIMIMMMMMUMMMIIMMMMIM IIMMMIMMIIIIIR 11/4 Win« 	600 
olo•m•o•mm•mmomutommommummomommummmoAmmomora 
momommmoomMIMMIMMBEMMIMMMBEMMMIMMWMUMIUMMVAM 
MR mum» mmummumm mimmumm. muummin MUMMIIMPAMM 
MMIMMIMMMMM MMIMMMIRMIRM MMUMMBMIMMUMMUMMMMO MEMOMMOUIMMM 

21-0 ankusemmummmumwmummarammum. 
MMIL »EMIR» MUMMIMMUM »MIMI MUM» MIMI IMMIUMMIMM 
»MIME» MMUMMMUM »BMW.» MIIMMIMM2MMM I ll 2 ll «BM 
Mind MUM» M••O•M••M MIRM•••••EM M•MU••MM Met••M••• 
MMMILIMMIMM« MMMIMMMUMM »BERM« MMIMMtMIMMEM Mt MUM  »Big 
»MIMI» UMW» MMMUMMIMMIM MMMtMIMMUM FIMMEMMEMMO 
»MMOMMUM MOMMUMMIMMUMMEMMUMM MMEUMMIRMg OMMEMIMMYAM 
UMW•MM.» »MUM» »MUM» MI/UMW Ed MM•M••PAI•M 
UMW IMMMM MIMMUMMMUMMIMMMMMMMM VA »MIA MI MUM glOMME 
MMIMMMOMMIMM MIMMUMMIMM »MUM UMW/ IMM BMW« OMMIMM 

19-0 moutomozoomounummuntwalmwramomozomay  immaimmumm..... mmummumn. » WBM AMMMIM MMKOM Man» • 
IMMIMMMUMMUMMMMBMENIM MMUMIRMMMOM MMI•MUMMIMMM MEOMMMUMMU 
mimarn marnmamszram ll u ll ma rammir. 500 a  
MMIMMMMLIMM IMMUMMUM MUM VAR» MM2MBMOMMIM OMIMMUMMMA 

14-0 18-0 wommunummimmummorAmmeamommaz tic 
.......................v.... ll n ll muramummunamm 

	

immummommum•••m. mumnimmiummerammummumnium 	1- 
mmummummumummunammemummorammumnimum «t 

	

mom mama .................................mmummum 	cr 

	

17-0 MIIMMUMMMOR. MIHMIMMIMMMIM WM »MN /MN MMMIgil MEW IMPU•MI••MI• 	Id 

	

MMUMMMIMMM IMEMMIMMUM 2MMMUMFAMMIMMIKAMIMEMMM MUM» UMW 	a 
muutmommucmw.00mmumramommt:dommam 450 m 

	

MMMMIMMIMMIMMIMMMMt MI MMMMUMEMMM MAMMIMMIMPâMIMMMUMMMOU 	La 

	

mummummo•mo••u•m•m MURMUR/ .................nom 	1--. 

	

13-0 	16-0 womouutwomurau ll 54 ll »Bra mmramummnam 

	

MMEMEMMUMI Mid» /AM MtMIBMEMPAM MMIMMM Ord MUM MMM ll 2 ll MR 	fr 
MMIMMIM 'MUM MMLIWAMMIMM tOMEMMIPAIMM MM ll g ll MIMM MUMMIPA MUM 

	

MUMMMIMMIM inimmu mum an umm . raw manna m mom ga . mum 	'ex 
MOMMMIMMMMM »Mt MMBMIKO BMW «MUM MMtUMMUMM Mg UMMUMMUM 

	

15-0 nommoomiontomumviamoworam. ll 51 ll am ll u ll maw» 	z 
mmaim onamorawarAimm umumr4111111M UM 400 0 

	

MIMMOMMUMMM PAM MMIIMEMI MPAMMMMMVU MMIMM•IMPAM MIMMMUMMMg d 	I= 

	

MMBMMIRMIMMO AMP kM MMM RAMMIMMOMPAM mom mina» mum um.. 	co 

	

mummummummounamm.d.W.MVIMMUMBWMUMMIMMIWIMMM 	D 

	

12-0 	14-0 muotaimummorAiukurammuorannou ll 5t ll »a man mum 	wal 	Man» MMtMMIMMUMMIMMCAM UMMIP «MUM MIMPAMEMMIMM IMM2MMIMEMM 

	

MM. MIMMIR MUMMIMMVAIM MMM gd BMW MgdMM MUM MPAMIMMMMIM 	M 
• IM TAM tEMIMPAMOM ll g ll MM. gill» MMOIMM gig •...•...0 

	

MUMMY A MI MM n MM BMW /MUM MM t MM MMIMMIO2 MMUM WW2 EMMEMMUMMIMM 	0 ... .., (1) 125.0 woutwin MM n MM »FA »BMW 2MMUMM PAM MMUMMMIPAM »MUM» 350 1z-u 

	

U) IMMUMMMKOM MMIAMMMIMMI2 MMUMMM MEAMM immummuumm 'min. 	w 
0 	MM2MMMFAMM BMA» M MM 2 MM WM MM g MM MR MUMM MM 2 MM Mil MUM' IMP2MM 	D 
__t 	MI gIMMIMPA MIMM MAIMMMMVUMM mom. um . mumg dolman MUM gdMMM 	z 

g IBM • MUMMY dIMMIMMItIMMIM MUM». MOM.» BM MM 2 MM MMM 

	

11-0 	12-0 dizaràoutramordnum•PWWWIIIIIMPâMill1111111111commum 	› II-0 ............«...... namammummn mum mum mumummon i--- 	mo-Ammorammumgamommonommalmmonomommommonolummummkm 	Wet 	summeammumnaummumumaimmummummmummemmpumm. 	cr Id 	umm.......nommumm......5amiummumnsm.....tiammum 	m 
x 11-0 mramornmarnramm MM u M Imam MM n MM umnammpl 3008- 10-0 

	

MMVAIMMMMUIM MR MM n MM mummilmwumumpummummmummumnam 	.ct 

	

MPAMMMOUMM ...warn. . n am mom. Mgdrn Mang OMB tan» 	ir 

	

P «MUM» MM 2 MM MM. MM 2 MM MMIMMIMM M 2 MM MMBMIP. â MI MUM% MBUM 	Ild diNIMMV âMMIMM PâMMMIMMgd MUMMIMMBt1 MIMMMMMtiOMM M Mill MM Urn 

	

10-0 	10-0 mummooloramm..ammozontkowm MM u MM outumulimm 	a- .. 	 9-0 

	

MMMAMM MM n MM am MM u MM . MIIMMVIOIRME OMMMAIMMOill MUM» 	2 et 	 mrammumnem um MM n MM MMIM MUMMA MMMMIM MMOMMtd» MINIM EMMIMM 	113  
0 	 KRIM. MM 2 MM ....n........ouommum grummommummummi 	1-- 

	

0 	 - arnimm miummum %mum ......ammaim »wpm 	250 

	

9-0 11 MM ■ MM mataimumene......m. M Pr. M ■umunimm.r.à.. 	m 8-0 

	

M2MMIMMPAM MUM% MMM MUMMMtilIM MIMM MM e MM um mionwimmum 	at 

	

:dimmumumommMOMMOIMBMIIIIMMWAIMMIRMIMMUMOMMO!:111WOMMMM 	1- 

	

mommullummm mumwommomm MR MIMMMII MM. elld MUMMMINIMMO 	CO 

	

9-0 	8-0 mundum vs5aumm MM ..45f MM ma umPri laumnumulm 	7-0 
II 

MIMS. BUM dIMMMMUMMM ;Me MIRMMEM IMMMF2 M C■ 1  MMUMMUMMIM 
/ 2IIMMIIMP2M MIIIIMMMM/201 Mr 	»MU UMW» 0 ■•I••IRMIM• 
MUM» a gdRIM MIIMMIMPIIIMM t 	maniimm. e mem....m2oo 
mi. MM 7. MM ......nammun a Ammtummummomm . MM c MM MMIIOM 

	

7-0 mr5a..». Nondmanim ...5.-mummumumw. 	6-0 mmumummumm nwmumram mimmummummimm..... rionialo «mu mammmummu MMMUMMVAMM M2MMUMMUMMUM MMMMIMMUMI !it OMIMMIM OMMIMM 
MMIMMMMIO2MM ummumzunkimmummummummram mum MM e MM a 
«MEP 201MMIM MUMMUgdMM MIMMMIMMIMMIR Milo= • »MUM MOMMIEMeMM 

	

8-0 	6-0 oluordwimmow.dommummottuaummazommow. 	5-0 MI tea. »MU MFMKOMIMMIMM MMMMIR MP gâil MMMUMM MUMM MMMMIMOMMIMI 
/WM BMW 2OVIIMMIMMIM MR»! :MUM MMUMMMEMM MMMIRMMMMO! 
MIRMMIM MagklIMMUMMUMMUM MIP=IIMMMUMMIM MMMEMBMIMMM MMMMIMPMidE 
mammuniammniummion ummummum .......... moinammum 

5-0 monor.dommramuntio.............mome=minummizo 
Pi dIMMIMMEM AMMIMMIMIMMA »MUM' MUMS' MidOMM MMOMM MUM 
OMMUMMOIMMt InligMM MMIMMM MIMMUMMUMMM OMMOMMIMMMM BMW MMUMM 
IMMIMMEMP".à MMMIMMMUMM MIMMUMMIlim IMMUMMUMM IMMMUM MMIMMII 
MRIMM•g71 ed II »MUM. IMMPni•IMMIIIMMIRMIRIRMIMM WWII MR» 

	

7-0 	4-0 mmtnismormommunietzmummmoolommoom 
- 	

3-0 
radMIMM V A« EMMMMO!= ii0 MMMMIMMMIMMM MUM »MUM IMMMMMMON! — — 
BMW MUM UMW.= «MUM MUM MM. MMMIIMMIMME IMMMLUIMMM 
BMW gMMO!=idOMMMMEMM MMEMMIMMZEM »UMW= âMMIMMIMMMIMM um Aeuirm mummmumm mummummum meno=à.............. 

	

3-0 moutt - rizammommonummutow.- -  nolizazzonnummom 	2 -0 eadammmummumm.mummm-immiammummommmummummum ma •m• mwe.-:-....»Imm mumuummmumum 
mmrammmummemimmummummummommummumummumm. 
mmumm-Q- mommummummummummumummummummummuum 

2-0 r. --moz000mmuomonommomozzammommumm 
• iim maw Biumm mum» um wiz um •I•••
VAR« MUM MMIMMMIMIMM MMIMMM «MM. MIMMIMM MM. MIIMMIMMIRMUM 
//WM MUM M•UM•MMIRM BRIM BMW ..•..IM MMMM «MUM MMIIMM 
IMMUM MM.« MMMMUMMUMUMM MUMM MUM MUM MUM Marna» 

200 

FIGURE 3- DRY FLUE GAS LOSS FOR A RANGE OF 

TEMPERATURE DIFFERENTIALS 
10320 

23-0 

15-0 	20-0 

00 

1-0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

M
■k

l  

445 



80  

e.°  

co 
o 

7 • 0 

Lii  
x 

6.0 

9 •0 

5.0' 
40 	60 	80 	100 	120 

COMBUSTION AIR TEMPERATURE, °F. 

IIIMUMMIIMMUMMUMMIUMMUMMIMMUMMIIMMUM 
MMIUMMUMMMIUMMUMMUMMUMMIMMMUM•I•••MM• 
IIMMUMMIUMNIMMIMMIRMMUMMUMMMUMMMIUMMIM 
MMMUMMIUMMOIMMIMMUMMUMMIIMMIMMMIMMUM 
•UMMMUMMUMMMUMEMBRUMMMUMMIEMM•MMIMM 
UMMMMIUMMUMMIMMUMMIUMMIRMIMMIUMMMUM 
MMIUMMBIMMEMMUMMBUMMIIMMMIUMMMIUMMM 
IIIMIMMIMIMMIUMMUMMUMMUMMIMMIMMMINUM 
IMMUMMUMMINIMMUMMUMMIUMMUMMIMMUM 
MMIMMIIIMUMMUMMEMMUMMMINIMMEUMMIMMMUM 
MIIIMUMMMIUMMIIMMIMMUMMIMMUMMIMIMMMIUM 
MMMUMMMIMIMMIUMMIUMMIMMIMMUMMIMMIUM 
MBRUMMIUMMMIMMIUMMUMMIMMIMMIRMIUMMIUMI 
IMMUMMMINUMMUMMIMMMUMMUMMMIUMMMUMMIMM 
MUMMMIUMMINUMMMUMMIMMUMMUMUMMUMMUM 
MEMMIMMIUMMIMMUMMIUMIMMUMMMIMMIUMMM 
MIIIMMUMMIMMMEMMIMMIMMUMIMIUMMMIUMM 
MIMMIMMIUMMUMMIUMMIUMMIMMEMMMIMUM 
MIIIMMIMMIUMIMMIMMIMMIUMMUUMMMIMMUMMMIM 
IIIIMMUMMUMWMMMIMMUMMUMMMUMMMUMMUMMM» 
e....1.-emmuumminummunumummmummummum 
-....màmmmmàm.mmmmumumgmmmmmmummmmmmmmmm 
airesmilwle.-■milsommere. nemmmmmmgmmmmmmm 
mommeee..-..eammimme.emmummwire........mmlumm 
mieea-mmmaimmeem,g■milleammawage.5■Immee. 
ii=mmumummineim-mnfflummiummem-mm........à. 

nummummie.-mm 
..eammulinie.mnardemmie-gemmememie.mmemil 
mummàe.--namemm...meeimmumei.m.waiiimmume 
mummeemmumumwgem-mmàiumum 	ii ffiem=miummee. we ....maimmummee.-emilinumi 
maiiiimarmàe -5.amiummumme-memiummmere..-.4i 
mummumumaimammumeei momeamumiumwe.-eim 
••mm•mmm•m•mm•mmmmm•aiMâmm•màe mggmmftmm 
mmmmmnmmmmmmmmmmmmmmmmmmmmmmmmmàmmmm 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 
•••u••umu••u•mummummummm•••u• 
ummummummummummummummommumm 
mummumummummummmmummummummm 

650 
600 
550 
500 
450 
400 
350 
300 
250 
200 

S
TA

C
K

 T
EM

PE
R

A
TU

R
E

 ,°
F

  

FIGURE 4. HYDROGEN LOSS FOR A RANGE 

OF STACK TEMPERATURES. 
10320 

446 



5O 

4 •0 

0 
..... 

0 

cii.  
cn 
op 3.0 
_1 

I-
< 
w 
X 

2.0 

1.0 

0.0 
0.5 0 .0 I •5 2.0 

.._ 

6.0 

I .0 
CO,% 

FIGURE 5. HEAT LOSS FOR A RANGE OF CO 

CONCENTRATIONS, ASSUMING 

NEGLIGIBLE EXCESS  AIR. 
10320 

447 



FUEL OIL 10330, SPECIFIC GRAVITY 1.030 

Ultimate Analysis, lbllb 

Carbon (C) 	 0  8677 
Hydrogen (H2 ) 	 0  1023 
Sulphur (02) 	 0  0300 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 17,880 

Conversion Factors 

1 Imp gal oil = 10.30 lb oil 
or Imp gal oil X 10.30 = lb oil 
or lb oil X 0.0971 = Imp gal oil 

1 U.S. gal oil = 10.30 X 0.8337 lb oil 
or U.S. gal oil X 8.587 = lb oil 
or lb oil X 0.1165 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1201. 	= U.S. gal 

106  Btu = 1°6  lb oil 
17,880 

or Btu X 106  X 55.93 = lb oil 
or lb oil X 0.0179 = Btu X 106  

106  106  Btu — 	 Imp gal oil 
17,880 X 10.30 

or Btu X 106  X 5.430 = Imp gal oil 
or Imp gal oil X 0.1842 = Btu X 106  

106  106  Btu — 	 U.S. gal oil 
17,880X  8.587 

or Btu X 106  X 6.515 = U.S. gal oil 
or U.S. gal oil X 0.1535 = Btu X 106 
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FUEL OIL 10340, SPECIFIC GRAVITY 1.030 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8587 
Hydrogen (H2 ) 	 0  1013 
Sulphur (S) 	 0  0400 
Nitrogen (N2 ) 	  
Oxygen (02 ) 	  — 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 17,740 

Conversion Factors 

1 Imp gal oil = 10.30 lb oil 
or Imp gal oil X 10.30 = lb oil 
or lb oil X 0.0971 = Imp gal oil 

1 U.S. gal oil = 10.30 X 0.8337 lb oil 
or U.S. gal oil X 8.587 = lb oil 
or lb oil X 0.1165 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
17,740 

or Btu X 106  X 56.37 = lb oil 
or lb oil X 0.01774 = Btu X 106  

106  
106  Btu = 	 Imp gal oil 

17,740 X 10.30 
or Btu X 106  X 5.473 = Imp gal oil 
or Imp gal oil X 0.1827 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
17,740 X 8.587 

or Btu X 106  X 6.566 = U.S. gal oil 
or U.S. gal oil X 0.1523 = Btu X 106  
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FUEL OIL 10400, SPECIFIC GRAVITY 1.040

Ultimate Analysis, lb/lb

Carbon (C) ........ .. .... 0.8960
Hydrogen (H2 ) . . . . . . . . . . . . . . 0.1040
Sulphur (S) . . . . . . . . . . . . . . -
Nitrogen (N2 ) . . .. . . . : . . . . . . . -
Oxygen (02) .............. -
Ash ....................... -
Moisture . . . . . . . . . . . . . . . . . . . -

Total 1.0000
Calorific Value, Btu/lb . . . . . . . . 18,230

Conversion Factors

1 Imp gal oil = 10.401b oil
or Imp gal oil X 10.40 = lb oil
or lb oil X 0.0962 = Imp gal oil

1 U.S. gal oil = 10.40 X 0.8337 lb oil
or U.S. gal oil X 8.670 = lb oil
or lb oil X 0.1153 = U.S. gal oil

1 U.S. gal = 0.8327 Imp gal
or U.S. gal X 0.8327 = Imp gal
or Imp gal X 1.201 = U.S. gal

6
106 Btu = 18,0230 lb oil
or Btu X 106 X 54.86 = lb oil
or lb oil X 0.0182 = Btu X 106

6
106 Btu = 18,23010X 10.40 Imp gal oil
or Btu X 106 X 5.275 = Imp gal oil
or Imp gal oil X 0.1896 = Btu X 106

1 06
106 Btu = 18,230 X 8.670 U.S. gal oil

or Btu X 106 X 6:329 = U.S. gal oil
or U.S. gal oil X 0.1580 = Btu X 106
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FUEL OIL 10410, SPECIFIC GRAVITY 1.040 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8870 
Hydrogen (H 2 ) 	 0  1030 
Sulphur (S) 	 0  0100 
Nitrogen (N2 ) 	  
Oxygen (02 ) 	  
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,090 

Conversion Factors 

1 Inf gal cil = 10.40 lb oil 
or Imp gal 

I
oil X 10.40 = lb oil 

or lb oil X 0.0962 = Imp gal oil 

1 U.S. gal oil = 10.40 X 0.8337 lb oil 
or U.S. gal oil X 8.670 = lb oil 
or lb oil X 0.1153 = U.S. gal 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106 
106  Btti — 	 lb oil 

18,090 
or Btu X 10 6  X 55.28 = lb oil 
or lb oil X 0.0181 = Btu X 10 6  

106  106  Btu = 	 Imp gal oil 
18,090 X 10.40 

or Btu X 106  X 5.315 = Imp gal oil 
or Imp gal oil X 0.1882 = Btu X 106  

106  106  fitU = 
18,090 X 8.670 

U.S. gal oil 

or Btu X 106  X 6.378 = U.S. gal oil 
or P.S. gal oil X 0.1568 = Btu X 10 6  
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.1■• 

FUEL OIL 10420, SPECIFIC GRAVITY 1.040 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8781 
Hydrogen (H 2 ) 	 0  1019 
Sulphur (S) 	 0  0200 
Nitrogen (N2 ) 	  
Oxygen (02 ) 
Ash 	 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 17,950 

Conversion Factors 

1 Imp gal oil = 10.40 lb oil 
or Imp gal oil X 10.40 = lb oil 
or lb oil X 0.0962 = Imp gal oil 

1 U.S. gal oil = 10.40 X 0.8337 lb oil 
or U.S. gal oil X 8.670 = lb oil - 
or lb oil X 0.1153 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 106  lb oil 
17,950 

or Btu X 106  X 55.71 = lb oil 
or lb oil X 0.0180 = Btu X 10 6  

106  
106  Btu = 	 Imp gal oil 

17,950 X 10.40 
or Btu X 106  X 5.357 = Imp gal oil 
or Imp gal oil X 0.1867 = Btu X 106  

106 	U.S. gal oil 106  Btu = 
17,950 X 8.670 

or Btu X 106  X 6.427 = U.S. gal oil 
or U.S. gal oil X 0.1556 = Btu X 106 
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■■■■■ 

FUEL OIL 10430, SPECIFIC GRAVITY 1.040 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8691 
Hydrogen (H 2 ) 	 0  1009 
Sulphur (S) 	 0  0300 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 17,800 

Conversion Factors 

1 Imp gal oil = 10.40 lb oil 
or Imp gal oil X 10.40 = lb oil 
or lb oil X 0.0962 = Imp gal oil 

1 U.S. gal oil = 10.40 X 0.8337 lb oil 
or U.S. gal oil X 8.670 = lb oil 
or lb oil X 0.1153 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu — 106  
1 	

lb oil 
7,800 

or Btu X 10 6  X 56.18 = lb oil 
or lb oil X 0.0178 = Btu X 10 6  

106  106  Btu — 	 Imp gal oil 
17,800 X 10.40 

or Btu X 106  X 5.402 = Imp gal oil 
or Imp gal oil X 0.1851 = Btu X 106  

106  
106  Btu — 	 U.S. gal oil 

17,800 X 8.670 
or Btu X 106  X 6.481 = U.S. gal oil 
or U.S. gal oil X 0.1543 = Btu X 10 6  
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FUEL OIL 10440, SPECIFIC GRAVITY 1.040 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8602 
Hydrogen (H2 ) 	 0  0998 
Sulphur (S) 	 0  0400 
Nitrogen (N2 ) 	  — 
Oxygen (02) 	  — 
Ash 	  
Moisture 

Total 	1.0000 
Calorific Value, Btu/lb 	 17,660 

Conversion Factors 

1 Imp gal oil = 10.40 lb oil 
or Imp gal oil X 10.40 = lb oil 
or lb oil X 0.0962 = Imp gal oil 

1 U.S. gal oil = 10.40 X 0.8337 lb oil 
or U.S. gal oil X 8.670 = lb oil 
or lb oil X 0.1153 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 ----- Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
17,660 

or Btu X 106  X 56.63 = lb oil 
or lb oil X 0.0177 = Btu X 106  

106  106  Btu = 	 Imp gal oil 
17,660 X 10.40 

or Btu X 106  X 5.445 = Imp gal oil 
or Imp gal oil X 0.1837 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
17,660 X 0.867 

or Btu X 106  X 6.532 = U.S. gal oil 
or U.S. gal oil X 0.1531 = Btu X 106  
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FUEL OIL 10500, SPECIFIC GRAVITY 1.050 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8975 
Hydrogen (H 2 ) 	 0  1025 
Sulphur (S) 
Nitrogen (N 2 ) 
Oxygen (02 ) 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 18,150 

Conversion Factors 

1 Imp gal oil = 10.50 lb oil 
or Imp gal oil X 10.50 = lb oil 
or lb oil X 0.0952 = Imp gal oil 

1 U.S. gal oil = 10.50 X 0.8337 lb oil 
or U.S. gal oil X 8.754 = lb oil 
or lb oil X 0.1142 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
18,150 

or Btu X 10 6  X 55.10 = lb oil 
or lb oil X 0.0182 = Btu X 10 6  

106 
106 Btu = 

18,150 X 10.50 Imp 
gal oil 

or Btu X 106  X 5.247 = Imp gal oil 
or Imp gal oil X 0.1906 = Btu X 10 6  

106  
U.S. gal oil 106 Btu = 

18,150 X 8.754 
or Btu X 10 6  X 6.293 = U.S. gal oil 
or U.S. gal oil X 0.1589 = Btu X 10 6  
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FUEL OIL 10510, SPECIFIC GRAVITY 1.050 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8885 
Hydrogen (H2 ) 	 0  1015 
Sulphur (S) 	 0  0100 
Nitrogen  (N2 )  
Oxygen (02  ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 18,100 

Conversion Factors 

1 Imp gal oil = 10.50 lb oil 
or Imp gal oil X 10.50 = lb oil 
or lb oil X 0.0952 = Imp gal oil 

1 U.S. gal oil = 10.50 X 0.8337 lb oil 
or U.S. gal oil X 8.754 = lb oil 
or lb oil X 0.1142 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  Btu = 106  lb oil 
18,100 

or Btu X 106  X 55.25 = lb oil 
or lb oil X 0.0181 = Btu X 106  

106  106  Btu = 	 Imp gal oil 
18,100 X 10.50 

or Btu X 106  X 5.262 = Imp gal oil 
or Imp gal oil X 0.1900 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
18,100 X 8.754 

or Btu X 106  X 6.313 = U.S. gal oil 
or U.S. gal oil X 0.1584 = Btu X 106 

496 



A
W

L
-L

W
-

F
r
 

•
 
l

q  

10 . 0 

9.0 

8.0 

16.0 31.0 

30.0 

29.0 

28-0 

27-0 

26.0 

25.0 ca 12.0 

24-0 gi 11.0 
CD 

23.0 D 10.0 
-J 

22.0 co 9.0 

21.0 	8.0 

20.0 -15).: 	7.0 
co 

19.0 	6.0 

18.0 	5.0 

17.0 	4.0 

16.0 	3.0 

15.0 	2.0 

14.0 	1.0 

13.0 	0.0 
200 

_ 
\ 	 • , 

- \ 
\ 
\ 	

. 
1 	' CC À 

\ 	 111111111111MMINIZZ• 	qS" 
IIIIIIIIIIIMIIMMIIIIII CD À Cc . . 

4 4 

	  IIIIIIIIIIIMIIIIIIIIM111111 eei  . 14.0 ! 	 
\  
	 ammummum CD / 	  311111111111111011111•011111  

••111111111111111»111111 <( À _s•v /_Q- _ I IIIIIMI1111•111111 	,-• / ..•y__ 
	  • IMIMMMI1110 ..._■/ -.. . NC_ 
	  • IIIIIIIIIIIIIMM &Y-4 , ./-.1, 	 
	 1111111111111MM  

I 14 Adif . 

12.0 Irdil 

Or 

	  À 	.A. 	. 
iii 	 Alin.. Pe.es 	 

1111111111■1111■1■11■11/4111111r■MIIII 
/g/ 	Pr• 	

I/11 /  	

. 	 . 

CV 110 
0 
0 

	

C1 .1 	1 1 	1-1 	1 	1 	1 	1 	1 	1 	1 

/7 

101001011M111101/1/ 	• - 	0 \ 	  
MIMIMMAZW7 	MI 	S3  ‘  . r 

	I 	
. 

ï l  

,._e0(---- 	. 	. i 
i„, 

100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR,  % 

FIGURE I. COMBUSTION DATA, WEIGHT BASIS 	 10510 

497 

15. 0 

13.0 

is  
! I

M
 

0
 

r,«
  -J 

0 

)- 

CsJ  

03 

•12 

0 



o  

0 

(■., 11.0 
c.) 

	

10.0 	400 

	

9.0 	300 

	

8.0 	200 

12.0 

7.0 	100 

rA
ll
i
f
f
llf

-M
-
:
 
 

600 

500 

650 

600 

550 Li_ 
° 

 
120  

500 
cr; 

450 (9  11 • 0 

400 
Li..  10.0 

350 zi 
i- 

300 i_o 9•0 

250 

200 

lo-

I 
 

20  
100  cr 
80  — 
60  et  
40  » 

(:) 

4-0 N 
0 

3.0 

2.0 

1.0 

0-0 

8.0 

7.0 

6.0 

ce 
5.0 

16.0 

	

15,0 	900 

	

14.0 	800 

	

13.0 	700 

1111111MMUMWEIMUMMIMPWIMPUMMUMMUMBreMMMià • 
MMIUMMXIMPUBBUOMMOMMEMMUMW2MMFMOM 
mummummummumnommummammugammamm 
mummummonammommummumnommummumm-
mmummuinumeammammummunimmorammead 
EMIMMBP4110211UPUBMWMOMMOMMUMOMUMP2111» 

• IMMUMMIUMWMAIMMOURRUPIUMMIMMUMOMUMO/ 
mummennawmommammumanawammummmumw 
mmwmpummdammammimummemmemaimmormim 
MIIIRMWOrAMIMOMEMIMMOVIAMMUIMP2MM•MU••M 

• 

fflommampumwmamegameammumiummumumme -
UMPUMMOMOWMPUMMMaOMMOMMIUMAIMMMUMMI 

AMMAIBUOMPIMMIMOBBMGOIMP2OMMUUOMMIUMAMMIMPMd 
• AMIAIIIMIMMIIIInit»Merd1/ 011111111111effialIMSIBBIIIIMMIIII 

M 

MUMMUMMUMB 

ral 
mimmemmum 
MMUMMIIMP 
ummumeam 
111EMPLIWUM: 
UMM2MOCWIIIM 
MdBM2011MUIM 
wmilignammea 
UM2OVCiOng 
11111MidOMM« 
MOMMMOIMMI 
MIIIMMMOMI 

IMMUMIMMIIM 
MIIMMIUMMM 
WIMMUMMIll 
MMIMMEMUMM 
BabfflMIMME 
IIMMOLIMMM 

P7__ UM • rIaMMIMIMMIO ilIMIM MIIMMMMUM mensounpummumn 	IMATIMMMOW 
PUMMdMMdOPIWRMIMMUMOreialUMMEMOMMMOMUli 
mmumummammanymiumnammmemetAmmemm 
mmunammumniammanneemmummommommemmum 
OUMOMMUMWMUMAMMMWEOPMOMMUMOMIMMOMMMUMM 
MMOMMOMMUMIRIMWAMMOIMOMMM2OMIMUMUMM 
ammmumnamminureammomamonamm(yemmomm 
rignomminummommummemammomm. onmireas 
memmumnammummommummammumm nralUMU 
ummammummmumummammemanummum-mmemigme 
UndMPIAMIRWIMPUOMPLWOMMINIMMOeffleiderime. 
WIMMOMPIMPMUMMOMOMMIMMUMM2OMMOMMillenaM 
meammampmammummummummapeaumammumn17. 
dIUMOMMOUVeliOMMUMMOMM2OMIWn'imOMMOMMOMM 
PMMUR2OMICAMMNIMMIL.WlefflialleidReaMMUMN 
ammismipmaammmomwmammarimasimmum 
MânIMIMOMF munâmmin•ealmea••••ul•• 
monumumw immocammigelwmaammum•••m•m 
ewmmmmmmnràmmomammomaammummmmmmmmm 
MIIMMUMVPidorieliee;WMM 
IMMUMMUM20Millerieeaffl 
mmummonweelefflmmum 

■ - 

kiie7 

\   libil 

NMI 
BOW 
MOMI 
Mg' 

.fflp  

100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 2. COMBUSTION DATA, VOLUME BASIS 	10510 

498 

200 



24.0 

23.0 

	

16.0 	22.0 

21.0 

	

15.0 	20.0 

19.0 

	

14.0 	18 . 0 

ITO 

	

13.0 	16.0 

15.0 

	

12.0 	14.0 

cr; 13.0 
o 
cn 

	

11•0 	12.0 

11•0 

10 • 0 

9.0 

	

9.0 	8 • 0 

	

8 • 0 	6.0 

5.0 

7.0 4.0 

3.0 

2.0 

10.0 
c■J 
o 

50 

00 

50 

00 
cr 
z 

cc 
50 ce. 

.71 

00 g 

cp 

cn 50 ° 12.0 

2 11-0 

cc 
00 D  1  0 0 I- 	• 

% 9.0 

250 
8-0 

7.0 

00 
6.0 

5.0 
50 

4.0 
o 

00 	
3.0 

20  

1.0 

0 • 0 

ri
g

!m
v

.  

•••••••11111M •••••••••••••••••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••••••••••••••••••1112 ••••••••••••••••••••••••••••••••••••••••••••••••23 1111111111111•••••••••••••••••••••••••••••••••••••••••••■■•• 
••••••••••••••••••••■•••••••••••••••••••••••••KM•111 
•••••••••••••••••••••••••••••••••••••••••••••••••• 
1••••••••••••••••••••••••••••••••••••••••••••■•••• 
11•••••••••••••••••••••••••••••••••••••••••••%••••• 
M•MIII•••••••••••••••••••••••••••••••••••••••/•11•11113 
MI••••••••••••••••••••••••••••••••••••••••■•••••••• 
• 11111••••••••••••••••••••••••••••••••••••••IUMMUMIKI 
11111••••••••••••••••••••••••••••••••••••••,••••••••41111 
111•1111••••••••••••••••••••••••••••••••••••••••• ZZ ZZ 
• 1•111111•1111111••••••••••••11111111111111•••••••••••••••%••••••■■••• 
1111111111111111111111••••••••••••••••••••••••••••••••41111111111•11•U•1111 
•••■••••••••••••••••••••••••••••••••• ■■••••••M••••• 
1111111•11111•11•••••••••••••••••••••••••••••W•111111111E•••••• 
•••••••••••••••••••••••••••••••••••••■•••••■••••••• 
•••••••••••••••••••••••••••••••••••••••••••••••••• 
••••■■••••••••••••••••••••••••••••••••••••••••••••r: 
B•••11•••••••••••••••••••••••••••U»•••••••••••11,1111 
••••••••••••••••••••••••••••••••■••11MIMI••••••••■•• 
mumukummummimammorammumIMMIMPUBM1 
ZU•1111‘111•••••••••••••••••••••••E••••••••••••••• ■■••11111 ••••••••••••••11111111111111••••••••••••••••••■•••••••ra•••• 
11111111•111311••••••••••••••••••••••••••••n••••••••■•••••• 
MIMUMM11•11••••••••••••••••••••/•••••/.11••••••UMM•••• IIII•1•1111111111•••••••••••••••••••■■•••••••••••••15•••••••• 
•••••••111••••••••••••••••••UMMUM•••••••/41111••••••P: Z•••••••11•111•••••••••••••••••••••••••••••«•••••••• ■10 
11•••••••01••••••••••••••••••111111»..mmarAmuma MM r. MM 
•••••1111111•11111M111111•••••••••21•13111•4•11111111•ZIEFAMMIIVAIIIIIII 
111111111111MIIIIIIIMIIBM•BUIVM1111111111111 ,4111111111M/MIIIMIII511»1» 
•••••••••ii••••••••••••U11111111•UMmunammunmum 

111•1111111111BM•1111311111111111»111MAIMIIMIEMIIIMMAIIBMI»111115111 
1•111MIZ»»1111111•1111•111/IIMMA11111111111111•1 1:01IMMINKOZ 	MM t'à MM 
••••••••••11111kWUBMI••••••••■••••• MM MM •••••••21••• 
••••••••••••■1•••••••••••••••••••••%••••••111111/iIMUM ••••••••••••1111,1••••••••••••/••••• MM MM 
Z••••••••••••I•••••%mmrammummummmtamm 

MM MM •••••• 
3111111111111111111MIEW411111111112111111111111MAIIIIMMI2111111111111111111111/MIIIM1111111111111 ••••••••••• ■■•••ked•••••■••••••••••••••••/4101••••••••/- • •111•111111111•11111U1/4111•11111M.1•»«•••••••••••••••ffl•••••••••%11 
••••••••••••••••••••••••••/••••••••51•••••••••InUMMI 111••••••••••••••••• ■■••••• MM MM ••••3/41111111111111111111111•••■•••••• 

MM MM 
3111111111•111111MMIMIIIMMILIIIIMMAIMIIIIIIIP41111111111111111111»«/M111111111111 
111•1•111MMIO 	 MUM« MM 5'à MM IIIMM:IIMI11111111111111111 
MIIIIIIMOMM «WM AIM» ••4•11111MIIMMIIIMMIMIgil 

MM 1:1 MM 
MIBMIIIVAIIIIIIIMEIMINIIIP.411 ■1111181111115/111•MIII MM MM 1111111111111111111Med 
11111W4111 MM MM • IMEMMIIPANIIIIIMBZUM111111111111•105/1111111113 MMI1Pria11111 

M 2 MM 
la» MINIZIMMI•1112111111111111111UMP41111»1» 

IIMPAMIMIIM•105•1113•11011/40111111111111.11•MIIIMMIIIIM•1111•MM• 
»1■4111111•11FAIUM MM P.r■ MM MM M IMBRIUM: 
IlleM1117.41»»12»1111111•11121IM ■ •••11•1111111111111111111111111/2MMIIIP2M 
nIIIMIMIPMZIIMBIUMM2111111M1101/411111111•1111MIMAZIMMIlloriall« 
511111MAIMIM1111111111111M1111111111111111111111 1111111M1111111111 M MM 1111111•1111M11111111111110 
1111•111/4111M4M111111•411111111111111111111111/21«111111111111111UPAIIIIIIMIIIIIP2MIBINIell 
1111111M1111111•41111111MMIMMBIrAMONIIIMIr41111MIIIIIIndlIMIIMIIIIII 
IMMBIIIPABIII11111•2111111•11MMIIIIIMICZIPIMIIIIBMIOMP2M111 
PAINIIIMIAM MAMMY iiIMIMIIIMMiiIIIMIMPUMMIIIIMM• 
• 111111•■■ •1111113/51111111•11111 MM MM MMIMBIlell■ ••1111111111MMIMIUM1111111111111111 

OM» MM MM IM11111111111111,211•ZIMMURWANNINIMBI» 1•111 ,1111111111111121111IMBP211MIIMEMIIIMBOW2111113111211111111MINNIIIBMIll 111 12M11/2111111111111 MM gri MM ZMIIIII• 1:111111•11M3•74»111M11111111M•111•11•1» 
5111111111111».4111».»2111111MMIIIIIIMMIM» 1/21111•MOMIIIMMIMMI ••••/./•••••■••••••■•!:••••••1111111,WWW•••••1111111111111111111•.: 
• MM MM 	 MM raMtliM11.111111MBZWIllndla 
MM r4 MM 	 MM elk MM 

MM 101 MM 
4111•111•111:7MIIIMIMMInl»1111•11 1 11/1111111111111111BMINICIIIIMAIMIIIIIMB 
IMIMIUM1111111111101/111MZEZMIMMIIIIIIIMMINIIIIMIIMPZ:WIIIMIIIMMI 
11111111111:011111111111111 MM MM MUM MM 

111111••1111111•1111•M2•11111 	•1111111111111111111111111111 
11111111»1»eiMal 0 Numm ammt-dumumprimm• 0q, IIIIMMOIM11111111 	,11111ZWIPZ: 

B■MIlDrii1113 
M Ing• M •••••••1111111111111  • IIIMetZ•4•••••  IIIMil•••••••15/•••••1:1111 MM Mid MM •••11111111111•••••••••.11•1•11Z•••• 

211111111111111111113/2•111111111111111FAIIIInWIMMIIIIIMIMIIIIMPralIMMOM 111••••••:1111•••••••»1111•1111111111111111111111111111umnommumnim 
mmerdnummzuvniammzummineummummim 
MIUMMIMIZIMMIMMIPM••••••••••••••OMM••••••••••••••••• ■ 
IIMUM11111111111MMUnklUM•••••••••••!MIIIII•11111•••••••••••••••• III••••••••Mi1111/••••••••••••%ill•••••••••••••••••••••• 12. 
BIIIIMPISIIIIIIIIII11112111111111111111111MMIMMINUMMIMIIIMM2MIMIZ 
MM lord MM ••••■ •••••Mill1•1111111111•111111•••••••••••••27.801111111•••••• 
IMMNIMIIIIIIP1:01111111•113111111111111••••••••1111,17:MBIM1111111111111111111111M• 
»1111111113220»111111111111111•11111111IMMOCiallIMMMUMIIIIIIIIIMIIIM 
••••/•••••I••••C2I••••••••••••• 

»rnmuumtriiiIIIIIMIII11111111111111111MMIIMMIMIvenii«1•1111MIMIIIII 
13111111111•SeriallIZMIMIMMIIIIUMMIMI1111111111antlaalIMMIIIIIIMIIII 

111111111IMMIIMIIIIIIIIIIIIIMr.riailIMMI1111•1111111111111111111111111MMIIMI» 
MIIIIIIIIIIIIIIMCriiimallIMM•••••••••••••••111111•11111111111MM 

•••••••••••••••••••••••••••••••••••••••••••••••••• 1/1111•••••••••••••••••••••••••••••••••••••••••••••••• 1•••••••••••••••1111••••••••••••■•••••••••••••••••••• 
200 

1 • 0 
100 	120 	140 	160 	180 

TOTAL COMBUSTION AIR, % 

FIGURE 3. DRY FLUE GAS LOSS FOR A RANGE OF 

TEMPERATURE DIFFERENTIALS 
10510 

499 



9.0 

8.0 

0 

U)  

o 
-I 7.0 

Iii 

6-0 

5.0 

LL. 
0 

650  Le 
600  
550  
500  Cr 
450 W 
400  0.. 
350  
300  W 
250  1— 
20 0 

(f) 

120 40 	60 	80 	100 
COMBUSTION AIR TEMPERATURE , °F. 

FIGURE 4. HYDROGEN LOSS FOR A RANGE 

OF STACK TEMPERATURES. 
10510 

500 



0 -0 0.5 1.5 2.0 

6 • 0 

5'O  

4.0 

cr; 
(I) 3 0 o • 
—J 

I- < 

2'O  

1.0 

0 •0 

CO,% 

FIGURE  5.  HEAT LOSS FOR A RANGE OF CO 

CONCENTRATIONS,  ASSUMING 

NEGLIGIBLE EXCESS AIR • 
10510 

501 



FUEL OIL 10520, SPECIFIC GRAVITY 1.050 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8796 
Hydrogen (H2 ) 	 0  1004 
Sulphur (S) 	 0  0200 
Nitrogen (N2 ) 
Oxygen (02 ) 
Ash 	 
Moisture 	 

Total 	1.0000 
Calorific Value, Btu/lb 	 17,870 

Conversion Factors 

1 Imp gal oil = 10.50 lb oil 
or Imp gal oil X 10.50 = lb oil 
or lb oil X 0.0952 = Imp gal oil 

1 U.S. gal oil = 10.50 X 0.8337 lb oil 
or U.S. gal oil X 8.754 = lb oil 
or lb oil X 0.1142 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu - 	lb oil 
17,870 

or Btu X 106  X 55.96 = lb oil 
or lb oil X 0.0179 = Btu X 106  

106  106  Btu = 	 Imp gal oil 
17,870 X 10.50 

or Btu X 106  X 5.330 = Imp gal oil 
or Imp gal oil X 0.1876 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
17,870 X 8.754 

or Btu X 106  X 6.394 = U.S. gal oil 
or U.S. gal oil X 0.1564 = Btu X 106 
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FUEL OIL 10530, SPECIFIC GRAVITY 1.050 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8706 
Hydrogen (H2 ) 	 0  0994 
Sulphur (S) 	 0  0300 
Nitrogen (N2 ) 	  
Oxygen (02  ) 	  — 
Ash 	 — 
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 17,730 

Conversion Factors 

1 Imp gal oil = 10.50 lb oil 
or Imp gal oil X 10.50 = lb oil 
or lb oil X 0.0952 = Imp gal oil 

1 U.S. gal oil = 10.50 X 0.8337 lb oil 
or U.S. gal oil X 8.754 = lb oil 
or lb oil X 0.1142 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
17,730 

or Btu X 106  X 56.40 = lb oil 
or lb oil X 0.0177 = Btu X 106  

106  106  Btu = 	 Imp gal oil 17,730 X 10.50 
or Btu X 106  X 5.372 = Imp gal oil 
or Imp gal oil X 0.1862 = Btu X 106  

106  106  Btu = 	 U.S. gal oil 
17,730 X 8.754 

or Btu X 106  X 6.443 = U.S. gal oil 
or U.S. gal oil X 0.1552 = Btu X 106  
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FUEL OIL 10540, SPECIFIC GRAVITY 1.050 

Ultimate Analysis,  lb/lb 

Carbon (C) 	 0  8616 
Hydrogen (H 2 ) 	 0  0984 
Sulphur (S) 	 0  0400 
Nitrogen (N 2 ) 
Oxygen (02 ) 
Ash 	  
Moisture 	  

Total 	1.0000 
Calorific Value, Btu/lb 	 17,590 

Conversion Factors 

1 Imp gal oil =- 10.50 lb oil 
or Imp gal oil X 10.50 = lb oil 
or lb oil X 0.0952 = Imp gal oil 

1 U.S. gal oil = 10.50 X 0.8337 lb oil 
or U.S. gal oil X 8.754 = lb oil 
or lb oil X 0.1142 = U.S. gal oil 

1 U.S. gal = 0.8327 Imp gal 
or U.S. gal X 0.8327 = Imp gal 
or Imp gal X 1.201 = U.S. gal 

106  106  Btu = 	lb oil 
17,590 

or Btu X 10 6  X 56.85 = lb oil, 
or lb oil X 0.0176 = Btu X 106  

106  106  Btu = 
 17,590X 10.50 

Imp gal oil 

or Btu X 106  X 5.414 = Imp gal oil 
or Imp gal oil X 0.1847 = Btu X 10 6  

106  . 106 Btu = 
17,590 X 8.754 

U.S gal oil 
 

or Btu X 106  X 6.494 = U.S. gal oil 
or U.S. gal oil X 0.1540 = Btu X 106  

•■• 
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