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Some Results of a Working Trial of a Small 
Steam Plant, conducted on behalf of 
Messrs. Bennie, Teare & Co. at the 
Works of the Austral Manufacturing 
Company at North Melbourne. 

Paper read by Mr. W. Ç. Rowe, October 3rd, 1900. 

Object of Trial :—rst. To determine the working efficiency and 
desirable improvements. 2nd. To obtain data for use in the further 
extension of the factory plant. 

Explanation: —The plant originally consisted of the engine here-
after to be described, supplied with steam from a Tangye " Colonial " 
type boiler of an old design, and many years in use, working at a 
pressure of 53 lbs. per square inch. The engine was to have been 
discarded for another of a larger sire, but upon taking diagrams, it 
was found that by the substitution of a modern Tangye high speed 
governor for the old type Tangye governor in use, which was 
thoroughly worn out, and was also being driven at a wrong speed, 
that a very considerable increase- of power would be obtainable, 
which, upon the alteration being made, was found to amount to 
2 I.H.P., or 13 per cent. gain, a considerable item in a small plant 
of 16 I.H.P., with the added advantage of perfect speed regulation 
which previously was unknown. 

Upon our advice, we were commissioned to supply a new boiler, feed 
water heater and steam pipes, and to overhaul the engine with a view 
of developing 27 I.H.P. in the engine, with an evaporation in the 
boiler of 1500 lbs. water per hour. 

Description of Plant :—Engine : Tangye horizontal " G." type, 
simple cylinder, with single slide valve and Tangye high speed 
governor (Pickering type) ; cylinder, 9 inch diameter ; stroke, 18 inch ; 
revolutions, 120; 2 inch stop valve; 23% inch exhaust pipe. 

This engine was supplied by the makers for a working pressure of 
8o lbs. per square inch, and for a speed of 115 revolutions. An 
investigation of the strength of the parts justified an increase in the 
revolutions to 120 per minute, and pressure of zoo lbs. . The only 
part in doubt was the area of the crank pin brasses, which were of 
gun metal. These were replaced by new brasses of phosphor bronze, 
and these have worked well. 

The increase of speed is in favour of economy, and has benefited 
the work of the factory. 

Boiler :—Return tube type, similar to a marine boiler increased 
in length ; the furnace is situated in the flue tubes. The gases pass 
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to the dry back combustion chamber at the rear, and then return to 
the front by the tubes on either side of the flue to the smoke box 
at the front, and then to the chimney. 

Size : —Shell, 11 feet it inches long, 5 feet diameter; flue, 34íz 
inches diameter; 24 tubes, 3% inches diameter; two Galloway 
tubes set vertically, one just beyond the bridge, the other near 
the back end. These were provided to circulate the water from 
the immediate bottom of the boiler, otherwise likely to be the 
coldest part in this type. 

These two Galloway tubes appear to be quite sufficient, as from 
trial the bottom temperature of the boiler at all parts of its length 
appears the same as the top temperature. 

Fire bars in two lengths of 2 feet 6 inches each. 
Grate area was varied, as given in table of results. 
Grate area over fire bars (original), 14 square feet; ratio to heating, 

r to 26.8. 
Heating surface, 375  square feet. 
Flue area over bridge, 3.25 square feet; ratio to grate area, z to 3.24. 
Flue area (minus Galloway tubes), 4.7 square feet; ratio to grate 

area, z to 3. 
Combined tube area, 1.48 square feet; ratio to grate area, r to 9.46. 
Would like to have more tube area, but consider that ample area 

of furnace flue is desirable, and could not well attain both. 
Depth of combustion chamber, z foot 2 inches from tube plate to 

rear wall. 
Ratio of steam to water room, z to 9.9. 
Area of surface of water in boiler at half-glass, 42 square feet. 
An anti-priming pipe, 3% inches diameter, is fitted to top of inside 

of shell, and is perforated with quarter inch holes on upper side of a 
combined area five times the area of a 3% inch pipe. 

An internal feed pipe, r / inch diameter, of heavy steam pipe, 8 
feet 6 inches long, plugged at end, is fitted from the check valve along 
the inside of the boiler at a level 4 inches above crown of flue, and 
is perforated for about 2 feet at the further end, and is very securely 
fixed. 

Chimney of iron, 18 inches diameter, 34 feet high above grate. 
Ratio of chimney area to grate area, z to 7.9. 
Feed water heater of tubular design. 
The exhaust steam from the main engine and duplex pump cir-

culates around the outside of tubes, the feed water being pumped 
through the tubes on its way to the boiler. Amount of heating 
surface measured on the water side of tubes, 9 / square feet. 

Feed pump : —The main engine is provided with a single acting 
ram pump, worked direct from the tail rod of the slide valve. 

There is also provided a 3 inch x z r2 inch x 3 inch Worthington 
duplex boiler feeder. 

Both pumps are coupled up to the heater, but owing to long usage, 
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preference is given to the duplex pump in spite of its known waste-
fulness of steam. 

Lagging :—The boiler : All steam pipes and cylinder are well 
lagged with non-conducting composition, well-known in this market 
as " Auldnic," and is very satisfactory. 

Drainage : —All steam pipes fail to the engine cylinder. 
The exhaust pipe and feed heater are provided with drain pipes. 
The machinery driven is composed mainly of emery grinders, polish-

ing buffs, grindstones, plating dynamo, foundry blower, rumbler, and 
Chilian mill, and usual machine shop tools, and the work done during 
the trial was kept as constant as was possible. 

Conduct of trial :—Water was measured in a tank, the content of 
which was accurately weighed, as were also all coal and ashes. 

A thermometer well, containing mercury, was fitted in a tee piece 
in the feed pipe, between the heater and boiler, and was provided 
with a good thermometer. 

Observations were taken every fifteen minutes. 
No coal or water was used during the lunch hour, and steam 

was shut off. 
Indicator diagrams were taken at intervals of three-quarter hour, 

several diagrams being taken on each card, to take a fair average. 
On the second day of the trial, the grate area was reduced 21 

per cent. by means of fire brick lumps placed on the bars at the 
back. A continuous sample of flue gases was collected over mercury 
during about two and a-half hours of the trial, and was tested 
volumetrically in an adaption of the " Orsat " apparatus, the ab-
sorbants being caustic potash, phosphorus, and an ammoniacal 
solution of cuprous chloride. 

A throttling calorimeter, adapted from the design of both Barrus's 
and Paabody's, was attached to the main steam pipe on the engine 
side of the boiler stop valve. (See page 89.) 

Unfortunately, soon after the commencement of the trial, a bend 
from the steam pipe to the calorimeter developed a split, which 
leaked steam somewhat badly ; owing to this a certain amount of 
condensation would be taking place on the way to the calorimeter. 
The 'results showing 3 per cent. of moisture were therefore discarded 
as unreliable. 

Method of starting and completing test :—In starting the test, the 
fireman was instructed to proceed in his usual method of firing, and 
he was not notified when the test would commence. When all was 
heady, his firing was noted, ash pit cleaned, and the steam gauge 
was closely watched on the rise. Immediately a fall in pressure was 
perceptible, the time was taken, and the test commenced. 

The feed pump, which was feeding steadily, was switched off the 
ordinary supply on to the measured tank by cocks provided, and all 
observations were recorded. 

In completing the time of test, a similar procedure was followed—
the last firing was noted, and its effect upon the pressure gauge. 
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Immediately the fall of pressure was seen, the test was stopped, the 
pump switched on to its ordinary supply, and the surplus coal and 
water and ashes drawn were weighed. 

carefully noting the , last hour's firing, it was found easy to 
arrange the completion within a minute or two of an even number 
of hours. 

This method first came under my notice in the " Electrical Review " 
in the first week of this year, and seems much more reliable than 
the usual method of cleaning fires, both before commencement and 
before completion. Would much like members opinions on this 

>ti.~..~.._ 
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method. Temperature of flue gases in smoke-box were taken by 
the iron ball pyrometer method. A piece of iron weighing 3 lbs., a 
wooden, bucket well enamelled, and r o lbs. of water were used, the 
rise in temperature of the water being from 12 to r5 degrees. 

A correction is made for the altered specific heat of the iron at 
the flue temperature by a formula very kindly supplied me by our 
President, Mr. Stone. 

Coal used was a good sample of Newcastle screened coal, a very 
unsuitable coal for a tubular boiler, owing to its soot-producing. 
quality. 

The calorific valve was obtained with an adaption of Thompson's 
calorimeter, using a two gramme sample. 

The sample of coal used was sifted through a 6o seive, and caught. 
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upon an 8o seive, and was dried in a water oven till no further trace 
of moisture was perceptible by weighing. 

The sample taken was weighed on a balance turning freely with 
one-half of a milligramme. 

The nitrate and chlorate of potash was sifted through an 8o mesh 
seive, and was dried at a temperature of about 216 degrees, to a 
point bordering on efflorescence, and an 8 to r oxygen mixture was 
used. The time of combustion in each case was only thirty seconds, 
which is attributed to the fineness and dryness of the material. 

The amount of unburned carbon left in the water after each test 
was extremely small, and quite negligible. 

The thermometer used was readable with a glass to quarter-inch 
degrees with certainty, being deemed sufficiently accurate for 
commercial purposes. 

The water equivalent of the apparatus was arrived at, and found 
to be equal to 13/ per cent. of the water used. 

It will he noted that the time of combustion was very short, thirty 
seconds, whilst usually sixty seconds is suggested. 

The opinion is held that much more perfect combustion was 
attained. A radiation test was not made, but as showing the efficiency 
in this respect, it is worthy of note that it is usual to shut down 
on Saturdays at twelve noon, and draw the fire, and at twelve noon cri 
Sunday, the pressure is never less than zo lbs. 

In conclusion, I -have to express my thanks to Mr. Stone for the 
use of his specific heat formula, and to Mr. G. A. Turner for very 
kindly making the proximate analysis of the sample of coal. 

TABULATED RESULTS. 

1. Date of trial, August, 1900 	 . 9th. 	 loth 

2. Duration of trial 	 ... 6 hrs. 	6 hrs. 

3. Grate area 	... 	 ... 	14 sq. ft. 	II sq. ft. 

4. Heating surface 	••. 	..• 375 sq. ft. 	375 sq. ft. 

5. Ratio of G.A. to H.S. ... 	... I to 26.8 	i to 34 

6. Steam pressure by gauge per 	
93 lbs. square inch 	• • • 	• • • 95 lbs. 

7. Steam pressure by gauge per 
square inch 	• • • 	. • • 74 lbs. 	79 lbs. 

8. Steam Pressure by gauge per 
square inch 	... 	 85.75 lbs. 	86.3 lbs. 

9. Temperature due to this pressure 327 deg. fahr. 328deg.fahr. 

io. Draft in smoke-box in inches of 
water 	... 	... 	 / in. 	5 in. 

II. Mean temperature in smoke-box 

	

by iron ball pyrometer 	... 487 deg. fahr. 455 deg.fahr. 
12. Mean temperature of smoke-box 

for increase of specific heat of 
iron at this temperature 	518 deg. fahr. 482 deg.fahr. 
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13. Temperature of boiler house 	••. 65 deg. fahr. 73 deg. fahr. 
14. Coal fired in pounds 	... 	... .648 lbs. 	555 lbs. 
15. Combustible tired in pounds (coat 

minus ash and moisture) 	... 548 lbs. 	479 lbs. 
16. Number of times fired ... 	... 28 times 	25 times 
17. Coal burned per square foot of 

grate per hour 	... 	... 7.7 lbs. 	8.41 lbs. 
18. Ashes as wheeled out ... 	... 83 lbs. 	62 lbs. 
19. Percentage of ash as wheeled out 12.8 °/O 	11.2 °/O 
20: Proximate analysis of Coal- 

Moisture 	... 	. 	... 	2.65 0/° ) 

	

Volatile hydrocarbons ... 33.6 °/° t 	Same coal Coke i Fixed carbon 	.. 56.2 °/° 
Ash .. 	 7.55 0/° ) 

21. Calorific value of coal mean of 
three experiments ... 	... 13.803 B.T. Units 

22. Water evaporated in pounds ... 4258 lbs. 	386o lbs. 
23. Water evaporation per lb. of coal, 

actual condition 	... 	6.57 lbs. 	6.97 lbs. 
24. Evaporation per lb. of combustible 

from and at 212 deg. 	... 8.26 lbs. 	8.55 lbs. 
25. Fac'or of evaporation ... 	... 1.063 	1.061 
26. Evaporation in pounds of water 

from and at 212 deg. per square 
foot of heating surface per hour 2 lbs. 	1.82 lbs. 

27. Feed water heater 	... 	... 
28. Mean temperature of feed to 

heater 	... 	... 	... 50.5 deg.fahr. 52 deg. fahr. 
29. Mean temperature of feed to boiler 187 	,, 	189 „ 
30. ,, 	 „ ~v terpassing 

through heater 	 ... 119 	 120 	)1 
31. Mean temperature difference be-

tween exhaust steam and water 
(212-119) ... 	... 	... 93 	,, 	92 „ 

32. Velocity of water .through heater 
in feet per minute ... 	... 22.2 ft. 	20.7 ft. 

33. Heat absorbed per hour per square 
foot of heating surface per de-
gree temperature difference in 
British Thermal Units 	... ío6.88 B.T.U. Ioo B.T.U. 

34. Indicated horse posA er, mean of 
nine diagrams 	... 	... 16.55 I; H.P. 

35. Maximum I.H.P. recorded 	... 22 	„ 

36. Minimum,,,, ..: .12.6 	„ 
37. Coal consumption as fired per 

I.H.P. per hour (inclusive of 
duplex feed pump) 	... 5.18 lbs. 
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38. Steam consumption per I. H.P. per 
hour (inclusive of duplex feed 
pump) 	... 	... 	... 	35.8 lbs. 

39. Steam used in plating-room for 
heating 	... 	... 	... 	300 lbs. 

Equivalent to coal 	 45 lbs. 
40. Analysis of flue gases, C.O.? 	6.6 	7.94 °10  

O. 72.5 
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TESTS OF A BOILER PLANT. 

Discussion. 

MR. ROWE stated he had made some further experiments with 
his steam calorimeter, and obtained some very good results for a 
ten hours' trial under different conditions. The calorimeter kept 
a constant record the whole time. The following shows the 
results of the test :- 

DETERMINATION OF MOISTURE IN STEAM. 

Steam at 120 lbs. pressure or 135 lbs. absolute. 

Temporature 35ó 

Total Heat above 32° 	1188 B.T. Units. 
(Sensible 322, Latent 866.) 

Steam expanded to Atmospheric Pressure. 
Superheated 70°. 

Total Heat— 

Sensible - - - 	212-32 180.9 

7o° Superheated x •48 Specific} — 
Heat of Steam at 212° 

Latent Heat of Steam at 212 deg. and at}  
Atmospheric Pressure - 	-  

(Mr. Ripper, 	965.8 
Mr. Kent, 	965.8 	I180.3 
Mr. Jamieson, 965.2) 

Heat Units absorbed in Evaporating En-1 
trained Water 	- 	- 	- 	- 

1188• 

966 : 8 : : 100: 0.82 per cent. moisture. 

The PRESIDENT (Mr. J. T. N. Anderson) mentioned that in 
Professor Carpenter's book on Experimental Engineering, a 
throttling calorimeter was shown with a very fine diagram, by 
which the amount of moisture in the steam could be graphically 
read. He had used this on several occasions. Beyond 3i per 
cent of moisture, the calorimeter was incapable of giving any 
results. 

MR. FYVIE thought the throttling calorimeter was the simplest 
and most easily applied. He had not tried the chemical method. 
A boiler test of 8 or Io hours was not altogether satisfactory. The 

33'6  

965.8 

8• 
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amount of stored up heat in the boiler was very great, and it would 
be a very important factor in the test. The only way to get a 
thoroughly reliable test was to have a week's trial. 	With the 
shorter test it was so difficult to ascertain exactly the amount of 
fuel already in the fire at the start. Again, if the fire were pulled 
out, which would take about i 5 minutes, everything would get cold; 
and it was difficult to get at the amount of fuel in the fire at the 
conclusion of the test. If the test extended over aweek, those things 
would not affect the result to any appreciable extent. He had seen 
the trials by the Royal Agricultural Society at home, where they 
allowed 14lbs. of fuel per horse power, and let the engines run 
as well as they could ; but they were dealing with such small 
factors that the possibilities of error were not so great. 

THE PRESIDENT stated that at Mildura they had very little 
difficulty in their tests, owing to the wood firing. The pumps 
were working continuously, and they simply started with the 
furnaces full of wood, and finished in the same way. With 
coal he adopted the method of cleaning out the fire before starting, 
and the boiler pressure dropped about 3o lbs. per square inch, and 
finished with the same pressure as at starting, with the fire 
drawn. 

MR. STONE mentioned that they made a test at Spencer Street 
of a boiler which was in use with a number of others. When the 
fire was burnt down they shut the boiler off, closed the damper, and 
drew the fire, with the result that there was hardly any variation 
in the pressure. A quantity of wood and coal was weighed and 
the fire again started, the damper door being opened just enough 
to give the fire sufficient air. As the steam was formed it was 
allowed to blow away to the condenser and be condensed. At 
the end of the test the damper was slowly closed, also the steam 
valve when the pressure was the same as at the start. At the 
conclusion there was very little fuel of any value left in the 
furnace. If the damper were closed he did not think there 
would be any difficulty. In the above test the water from the 
condenser was taken back to the hot well. The tuel was measured, 
and time of each firing was recorded, also the time each tank was 
filled. He drew two lines—one the rate of combustion of the 
fuel, and the other the rate of the evaporation of the water, from 
which he could get reliable data as to the actual conditions ; he 
also took the percentage of the flue gases, but did not obtain 
such good results at the end as at the beginning. 

The PRESIDENT stated that at a test made some years ago at 
the Working Men's College, they started with cold water and 
finished with boiling water. It was simply a test of the efficiency 
of the boiler. They gradually raised the temperature to 212 
degrees, boiled a certain weight of water, and obtained their 
efficiency from it. 

MR. FYVIE—The quality of the coal made a great difference in 
the interval between the cleaning of the fire. Measuring the 



50 	 TESTS OF A BOILER PLANT. 

coal put on was simple enough, but it was difficult to ascertain 
when that amount was actually consumed. 

MR. STONE-A good fireman keeps his fire in about the same 
condition. 

The PRESIDENT considered the firing had a lot to do with actual 
results. With a good stoker very appreciably uniform results 
could be obtained under ordinary conditions. He made a test at 
the Electric Light Works with Mr. Higgins about 8 years ago, to 
determe the value of different coals, and 4 tests out of 5 agreed 
within a fraction of r per cent. with the calorimeter results. 

PROF. KERNOT-With liquid or gaseous fuel you have a much 
better opportunity of getting accurate results. 

u th September, 1901. 
PROF. KERNOT thought it would have been much more con-

venient to have had two measuring tanks so that one could have 
been filling while the other was being emptied, and a third tank 
to receive the water from the measuring tank. In one place he 
had recently visited (The Massachusetts Institute of Technology) 
all the tanks were placed on weighing machines. However, in 
the present case considerations of economy came in, and Mr. Rowe 
seemed to have done the best he could under the circumstances. 
It was unfortunate that the steam calorimeter had gone wrong, as it 
was very desirable to know accurately the quality of the steam ; 
but such accidents would always happen. 

MR. W. STONE said they had not received the notice about 
Mt. Rowe's paper in time to enable them look up the paper. 
Steam calorimeters were very important, but somewhat difficult tc 
use, and it would be interesting to know the difficulties in the use 
of the throttling calorimeter in the case under discussion. Re the 
measurement of the water :—In the tests of the steam turbines at 
Spencer St., they used an arrangement of tanks which was very 
satisfactory. The tanks were cylindrical in form and conical at 
the top and the bottom. A flat about 6" wide was left on the side 
of each tank so that the two could be firmly riveted together. A 
deep band was attached to the top of the twin tank to prevent loss 
by splashing. By means of a swing joint pipe the water could be 
fed into either tank, which would be filled to overflow, the overflow 
running into the other tank. By this means exact measurements 
could be made as the area at the level of overflow was small. 
There was a valve in the bottom of each tank. 	Each tank 
contained 55o lbs. of water, and the tanks were weighed on the 
same scales as the fuel. He suggested the discussion be held over 
till the next meeting. 

MR. ROWE stated that he had a cylindrical tank in which 
three small holes had been drilled. When the water reached 
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these holes the tank was weighed and then placed on a 
level platform and used as a measuring tank. . It contained 6o or 
70 gals. and they filled it in from one to two minutes. 	They 
used a second tank (small), into which they ran the water from 
the measuring tank. 

MR. J. T. N. ANDERSON (the President) said the boiler was a 
small one, and one tank seemed sufficient under the circumstances. 
In the various boiler tests he had conducted he always weighed 
the tanks which were cylindrical, not with the conical ends as 
mentioned by Mr. Stone. To get the level of the water he used 
a thin wire point, which gave accurate results. When the point 
was just above the water that would be his lowest limit, and when 
it was just submerged it would be his highest; but the conical 
top and bottom method, mentioned by Mr. Stone, was a point 
worth noting. 
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