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TRANSMISSION OP HEAT THROUGH SCALED BOILER TUBES.

The general outline to be followed in the presentation
of this thesis will be arranged in the following order:

A-- INTRODUCTION.
(a) - Object.
(b) - Previous work on the same subject.
(c) = General method of proceedure.

B-- APPARATUS.
(a) - Description.
(b) - Plates.

C-- MANNER OP CONDUCTING TESTS.
D-- TABLES.
E-- CALCULATIONS.

F-- CONCLUSIONS AND REMARKS.



TRANSMISSION OF HEAT THROUGH SCALED BOILER TUBES.

A-- INTRODUCTION.

(@) OBJECT.-- The object of this thesis is to determine
the relative efficiency of scaled boiler tubes for conduct-
ing heat, as compared with clean boiler tubes, under the
same conditions.

The following tests were made upon locomotive boiler
flues; however, the same principles hold true for all
classes of boiler tubes.

(b) PREVIOUS WORK.-- Three theses have previously been
submitted on this subject; one by Messrs. Armstrong and
Herwig, class of *99; one by Mr# F.L.McCurae, class of *01,
and one by Messrs. Miskimen and Stone, class of *04.

The work of Messrs. Armstrong and Herwig was divided
into two parts; the first consisted of testing a locomotive,
both before and after the tubes had been cleaned. This
part we strongly recommend, as here the tubes are tested,
under actual conditions. There 1is, however, one disadvantage
in this method in that the tubes are not coated alike,
owing to their various positions in the boiler; hence, the
effect of the different thicknesses of scale can not be
ascertained.

Not being entirely satisfied with this work, Messrs.
Armstrong and Herwig next took up the matter of testing
tubes singly and in groups. They experimented on different
forms of apparatus but did not meet with much success.

Mr. McCune took up the subject where yhey left off. He
improved their apparatus until it beeame practically the
same as used iIn the work here. reported; some alterations
being made by Messrs.# Miskimen and Stone and some by the
writers. This apparatus will be described in detail under *B7”

#. (¢) GENERAL METHOD.-- The method pursued in the experi-
mental workof this thesis w.as as follows:

The hot gases passed from the combustion chamber”, th rough
the tube. A portion of the heat was transmitted through the
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walls of this tube,into the water,which entered the boiler
at the exhaust end,flowed through in the direction opposite
that of the furnace gases,and was discharged from the head
end of the boiler,into a weighing tank.

In conducting these tests the following observations
were made:

1. Furnace temperature.

2. Temperature of escaping gases.

3. Temperature of watermentering the boiler.

4. Temperature of water leaving the boiler.

5. Amount of water passing through the boiler in a
specified time.

This series of readings were taken,first,with a clean
tube and then with a scaled tube. The furnace temperature
and the temperature of the water leaving the boiler were
kept as near constant as possible,and the amount of heat
transmitted by the scaled tube was compared with that
transmitted by the clean tube. For the details of the method
pursued see ’C™.

B— APPARATUS.
The main parts of the apparatus used were as follows:

1. Water chamber or boiler*

2. Combustion Chamber.

3. Burner.

4. Constant pressure water tank.

5. Constant pressure air and gas tanks.
6. Weighing tank with platform scales.
7. Pyrometer and thermometers.

Q) BOILER.-- The body of the boiler, marked A" in plan
view,Plate 1, is of 10” wrought iron pipe, with a standard
flange on each end. These flanges have an outside diameter
of 16”,and are drilled with 8 holes,on a 14” circle. On each
is bolted a plate of the same diameter and thickness as the
flange, and which has a 2 1/2” hole in the center, iInto
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which the tube 1is packed. Rubber gaskets are placed between
the heads and flanges,ana thus when the tobes are packed
into the heads with asbestos wicking, the boiler is water
tight. Water enters,from the water tank,at the top of the
exhaust ema of the boiler,as shown in Plate 1, and passes
out from the top, near the furnace end, into the weighing
tank. The boiler is covered with hair-felt, so as to prevent
radiation. Thermometers are iInserted into the pipes, so as
to get the temperatures or the water, jJust as it enters and
leaves the boiler.

(2) COMBUSTION CHAMBER.-- The combustion chamber,"C",
Plate 1, is a piece of 6” wrought iron pipe, 22" long,and
attached directly to the front end of the boiler. To fasten
it to the head a 6" flange was screwed onto the pipe and
four 5/8" cap screws secured it to the head. Onto the other
end of the pipe were secured a coupling and a standard plug.
Drilled into the center of the plug is a 1 1/2" hole,through
which the burner "B" projects into the combustion chamber.
Into one side of the combustion chamber 1is projected a piece
of 1" pipe,capped at the end,for protecting the pyrometer
tube. Into the other side,near the opposite end,was screwed
a short piece of 1/2" pipe,to aid the combustion,when
starting. This pipe was plugged when the flame was thoroughly
settled. The entire combustion chamber was wrapped with
asbestos.

(3) BURNER.-- The burner 1is shown in section in Plate ™"3".
It consists of a 1 1I/4" cast iron "T", 1in one end of which
is a pipe 18" long,and in the other end, a plug* The plug Iis
bored to admit a 3/8" gas pipe and also tapped at right
angles to the pipe for a 3/16" set screw, which holds the
pipe at any desired point. Illuminating gas is admitted
through the 3/8" pipe and compressed air iIs admitted through
the bottom of the "T', and into the surrounding pipe. The
two form a mixture and burn at the end of the tube. Flexible
374" tubing is placed between the burner and the tank con-
nections, in order that the burner may be easily removed
from the combustion chamber for lighting.
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(4) WATER TANK.-- The constant pressure water tank, shown
in Plate 1, 1is simply a galvanized tank 15" in diameter
and having two pipe connections near the bottom. It is sus-
pended from the ceiling by wires. Water flows into the top
from the service pipe,connected to the main as shown in
Plate 1. One of the pipes at the bottom leads to the boiler,
the other being an overflow pipe. Where the overflow enters
the tank, an elbow and a vertical pipe 16" high are attached,
so the water must stand 18" deep in the tank before any
overflow occurs. Thus as long as the overflow is kept running
slightly, there is a constant head iIn the tank.

(5) AIR AND GAS TANKS.-- A section of one of the constant
pressure tanks, used for air and gas, is shown on Plate 2.
The tanks are identical except that the gas tank has 1"
pipes and the air tank 3/4" pipes. Each consists of a
stationary tank, to hold water, which is connected to the
supply main and has an inlet and outlet pipe "A" and "B"
respectively, coming up nearly level with the top of the
tank as shown. In the tank is a central axis of 3/8" gas-
pipe, which is stayed at the lower end by the metal cone
and wires. This tank is about half filled with water and
an iInverted tank placed iIn 1t. The inverted tank has through
its center a 3/4" pipe, which slides over the small pipe of
the water tank, thus keeping the two central and allow-ing
the inverted tank to move freely. It is kept floaying by
the pressure of the gas between it and the water, so the
pressure delivered at the burner can be regulated by placing
different weights on top of the floating tank. No weight is
needed on top of the gas tank, the weight of the tank alone
being sufficient to furnish the necessary amount of gas.

As long as the tank with the given weight is sustained, the
pressure of the out going gas is practically constant,

(6) WEIGHING TANK.-- The weighing tank is shown in Plate

1. It is made of galvanized iron, holds about 1000 Ibs. of
water and has an outlet, near the bottom,controlled by a

gate valve. It is mounted upon a pair of standard platform
scales.
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@ PYROMETER.-- The temperatures of escaping gases and
of entering and leaving water were taken with mercury

thermometers, reading up to 1000 and 220 degrees Fahrenheit
respectively.

To determine the furnace temperature the Le Chatelier
pyrometer was used, and while it was rather inconvenient to
handle on account of the broken porcelain tube,(which was

broken last year, and which we used by packing the end with
asbestos wicking), and the delicacy of the needle, it gave

very accurate results.
The principle involved in the construction of the instru-
ment ,is the,, conversion of heat iInto an electric current and

the determination of the degree of heat by means of the
galvanometer, equipped with suitable scales. The conversion

is affected as follows:

Two wires, one of absolutely pure platinum and the other
consisting of the same metal alloyed with 1 O rhodium, are
fused together at one of the ends, into a small ball. This
junction of the two wires generates a slight electric current
when heated, and such currents have been found to be propor-
tional to the heat applied.

To prevent iInjury to the wires from abrasion, corroding
gas, etc.,they are enclosed in porcelain tubes; a small tube
open at both ends, insulating the two wires, and a large

one closed at one end covering the whole. It was the end of
this tube that was broken off. For diagram see Fig.2,Plate 4,

The galvanometer used is of the D ’Arsonval type and is
especially adapted to the measureing of thermal currents.
The current is transmitted to an armature wound in quadrang-
ular shape through a fine wire of hard metal w"hich does not
oxydize. A small spring of the same metal acts as negative.
The galvanometer is showm in Fig. 1,Plate 4.

A strong permanent magnet with iron pole shoos constitutes
a magnetic Ffield, and an iron cylinder in the center concen-
trates’the magnetic lines of force.

The pointer moves over two scales, one of which denotes
the Electro Motive Force of the current in micro-volts,

which makes it possible to check readings on the instrument,
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while the other scale gives direct readings in Centigrade
degrees.

On the base of the instrument is a small lever, which,
when thrown over, secures the armature, thus avoiding the
breaking of the delicate suspension wire while iIn transit.

Adjusting screws and spirit level allow the instrument
to be placed readily in the horizontal plane.

The binding posts (B-B) are shown on Plate 4,Pig.7. The
one marked (+) should be connected to the platinum-rhodium
wire and the one marked (-), to the platinum wire. The
platinum wire is the softer of the two.

The temperature of the air surrounding the conducting
wires should be about 32°F.,to give absolutely correct
readings; however, our room was about 65°P. but we made no
correction for it as the scale on the instrument could not
be read closely enough to warrant such a correction.

C-- MANNER OP CONDUCTING TESTS.

The method of running these tests was as follows:
The apparatus was placed in readiness with the tube packed

in, the burner removed from the combustion chamber for
lighting and the pyrometer and the thermometers in their

proper places. The first step was to turn on the water so
there would be no chance of getting the apparatus hot while
still dry. The flow of water was regulated so as to give
about 750 Ibs. per hour. The gas and air tanks were Tilled.
The cock regulating the flow of gas from the tank was opened
to a definite position. This position was determined by
marks on the stem. The gas was then lighted and the valve
regulating the flow of gas into the tank was opened so as
to keep the Tfloating tank at a constant height. The air was
then turned on, the cocl: controlling the flow of air from
the tank was opened to a position fixed also by marks, which
position was nearly wide open. The air tank was also main-
tained at a constant height by the valve at the entrance
to the tank. When the flame became settled the burner was
inserted into the combustion chamber.

The apparatus was allowed to heat up to constant condit-
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ions, which took about an hour. Readings were then taken,

as before specified, every ton minutes, for a period of

one hour. Three tests were made upon each tube, all condit-
ions being kept as nearly constant as possible.

The furnace temperature was kept at about 1750°P.or
1800°F.. The position of the burner in the combustion chamber
was kept constant, the temperature being regulated by the
gas cock.

The temperature of the leaving water was kept between
100°F. and 105°F., this being regulated by the amount of
flow.

From the entire number of tubes tested, the results of
11 are chosen as being reliable; the remainder wore thrown
out for reasons mentioned under "F'".

On each tube received was a tag upon which was a number
which referred to an accompanying letter giving information
as follows:

1. The road and division from which it came.

2. Time in actual service.

3. Number of engine from which it was taken.

After testing the tubes the thickness of scale was meas-
ured and samples of the scales wore sent to the Chemistry
Department for analysis.

All data, 1including chemical analysis, are contained 1in
the tables of results which follow.

E-- CALCULATIONS.

In making these tests wo tried to approach actual condit-
ions as near as possible. In order to do this It was necess-
ary that wo should pass through the tubes the maximum amount
of heated gases, likewise that they should be as hot as
possible.

While we did not evaporate the water, as is done in a
steam boiler, owing to the small amount that wo would be
able to evaporate, we Telt that passing through the boiler
a large amount of water and discharging it at a temperature
considerable below the boiling point, gives much more accur-
ate results, than using a small amount of water and trying



to evaporate it.

The methods of calculating the different items given in
the tables is shown here;

(a) CALCULATIONS OP AIR AND GAS PASSING THROUGH THE
BURNER.-- In order to measure the amount of gas and air,
flowing through the burner, we raised the tanks to their
maximum height, closed the inlet valves, then opened the
cocks leading to the burner, and noted the time necessary
for the tanks to fall a specified distance. By measureing
the circumference of the tanks, the area of cross section
could be calculated. Multiplying this by the drop in the
specified time, we obtained the volume of gas or air passed
into the burner in that time. The cross section of the tanks
(both tanks alike), shows an area of 442.5 sqg.in.. For the
air tank to fall 7 in. required 12 sec. and for the gas tank
to fall 12 in. it tool: 70 sec.. This gives a volume of 8,676

cu.ft. of air and 3.654 cu.ft. of gas used per minute.

(b) MERHOD OF CZLCULATING TO COMPARE RESULTS OF TESTS.
Temperature of leaving water s t,

Temperature of entering water = t2

Rise in temperature c t, -2

Weight of water passed through boiler eW

B.T.U. transmitted by tube a W x (& * t*)

Temperature of furnace gases * Tt

Temperature of exhaust gases * T~

Mean temperature of gases s o) e

Mean temperature of water t4t2

. I,+1j..1:rft

Range of temperature * R

B.T.U. per degree range of temperature s B'-FI;'U'

B.T.U. (clean tube) _ B.T.U. (scaled tubej
Range (clean tube) Range (scaled tube)

B.T.U. (clean tube) - loss#
Range (clean tube)

* Loss.

LOSS T

¢Thomas Preston, in Preston"s Heat, pp.629, 1is authority
for the statement that the heat transmitted through the tubes

varies directly as the range.
i
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p__ CONCLUSIONS AND REMARKS.

Fromthe inspection of the results i1t is plain to be seen
that boiler tubes covered with scale are uneconomical, or
that scale is iInjurious.

We do not believe that the thickness of the scale has
3,0 much effect as does the character or composxtion of uh®
scale. However, Tfor the same kind of scale we believe that
the loss would vary as the thickness. The thickness of the
scale upon the tubes that we had was very uneven, so that
the effective thickness was hard to determine. We were
unable to use half of the tubes sent to us, because of the
scale being knocked off in places. The tubes came wrapped
in burlap, and while some of them were bad before shipping,
others showed the results of bad handling. For this reason
we should suggest that in the future, 1In case these tests
are continued, the tubes should be coated with scale at the
University. This would enable scale to be distributed over
the tubes uniformly. By this means also a comparison can
be made for different thicknesses of scale, as scale of
uniform character can be produced. We have not decided
whether it would be best to coat the tubes by means of
heating them in a strong solution, thereby burning on the
scale, or by making a paste and painting it on with a brush.
The latter method will be the more easily done if the scale
willonly adhere to the tubes. We should suggest that the
tubes be coated with a thin scale and tested, then another
coat put on and again tested, and so on until the desired
results are obtained.

To obtain the results shown in the last table we have
taken the average of the results obtained from each tube,
but in case where two were nearly alike and one considerably
different, we have dropped the one.

The matter of testing a locomotive, both before and after
the tubes had been cleaned, appealed very strongly to us,
but we were unable to get the locomotive to test, hence all
of our tests were made on the apparatus shown in the plates.

There were several difficulties which we encountered
some of which were as followst
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In the first place we had trouble in lighting our burner.
We thought that a blue flame would give the maximum heat,
but could not keep it burning, for, as soon as we put the
burner into the combustion chamber, the flame would begin
puffing and go out. We tried putting a piece of heavy sheet
iron, twisted through an angle of 180°, 1into the end of the
burner, but it only made matters worse. Finally we discovered
that a quiet yellow flame, burning inside the end of the
burner gave the most satisfactory conditions. We also found
that with the burner projected clear into the furnace and
about 10” of the 3/8" pipe inside the burner, we were able
to obtain the most heat.

We tried throttling the flow of the gases at the exhaust
end of the tube but soon found this to be a failure.

We took no account of the heating surface in contact with
the hot gases. The tubes were all of the same size (1 3/74"™),
ana therefore all had the same area of heating surface, and
so long as this remained true, our object, which was to
determine the relative efficiency of the scaled tube as
compared with the plain tube, was not affected.

At first we intended to run three tests on each tube,
varying the furnace temperature at each test; the object
of this being to determine whether or not the effect of the
scale would be different for various conditions. Later,
however, we decided that, by confining ourselves to one
range of temperature, and making three tests at this temper-
ature, we should obtain more substantial results. We would
recommend that in case this thesis be continued, 11t should
be taken up for a different range of temperature than the
one taken by us, so that this point of argument might be
settled.

We have divided our tests into two classes. The
first group, containing all tests up to number 21, are not
considered by us to be of any value. The remainder, however,
we believe to be reliable tests. We iIntended to re-run the
first group but did not have time enough.

In starting our work we were unable to get any sheet
asbestos to place between the burner and the boiler. The
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best insulation that we were able to find was some gas engine
packing. This soon burned out and left the head of the boiler
exposed to the direct flame of the burner. The more this
packing became burned out, the more became the heat trans-
mitted to the water. Finally we secured some 1/4n asbestos
board and placed that between our combustion chamber and
boiler. Tests from number 21 on were made under these condit-
ions. It may be that still more packing than this would have
been advisable, but this seemed to give very good results.

We were also bothered, especially in the early season,
by poor gas. We found it impossible, by burning the same
amount of gas ans air at different iImes, to obtain the same
amount of heat. As the air was the greater factor in the
amount of hot gases passing through the tube, we governed
the heat by regulating the gas cock, rather than the air
cock; a very small turn of this cock giving us considerable
of a change 1In temperature.

It is also necessary, in order to maintain a constant
temperature, that the inverted tanks remain at a definite
position throughout the test, especially the gas tank, as
the pressure varies with the position of the tank. As before
stated, the conditions throughout should be as near constant
as possible; especially is this true of the temperature of
the water. The boiler holds about 260 Ibs. of water. Should
the temperature of the leaving water register one degree more
at the end of the test than at the beginning, there are 260
B.T.U. of heat in the boiler, that have been taken from the
tube, fTor which no credit is given.

We should also suggest that a new porcelain tube be
obtained for the pyrometer as the broken tube gives very
much trouble. It is impossible to pack it to any advantage.

From the data which we have obtained we conclude:

1. That there is a positive loss due to scale.

2. That this loss ranges from about i.3" to about for
common thicknesses of scale.

3. That this loss is not so great as it has often been
reported to be.

4. That the loss depends both upon the thickness and
composition of the scale.



TEST No. 1
March 4, 1905.

Tube No. 1. Plain.

Degrees in Temperature.

fime. Furnace Escaping Entering Leaving
Oases. Oases. Water. Water,
10:30 1481 672 59 96.5
10:40 1499 675 61.5 97
10:50 1512 675 61 98
11:00 1437 675 63 99
11:10 1499 674 65 101
11:20 1517 673 62 100
11:30 ioi0 675 59 99
Average J -000»7 674.1 61.5 93.6

Water passing through boiler 722 Ibs.

Mean temperature of gases 1087.4

Mean temperature of water in boiler 30

Difference 1007.4

Rise in temperature of water 37.1

B.T.U. given up to water 26786

B.T.U. transmitted per degree range of temperature 26.589



TEST No. 2.
March 6, 1905.

Tuba No. 1.

Degrees in temperature.P.

Time. Furnace Escaping Entering
Gases. Gases. Water.
10:25 1593 670 59
10:35 1613 676 59
10:45 1620 675 09 =0
10:55 1637 670 59
11:05 1666 675 59
11:15 1663 674 59
11:25 1664 677 59
Average 1633.7 673.9 69.1

Water passing through boiler 623 Lbs.

Mean temperature of gases 1134.8

Mean temperature of water in boiler 30.3
Difference 1074

Rise iIn temperature of water 43.5

B.T.U. given up to water 27318

B.T.U. transmitted per degree range of temperature

Leaving
Water.

102
102
100
101.5

103
105

105

102.6

25.436



T23T No. 3.
March 6, 1905.

Tube No. 1.

Degrees in Temperature.P.

Time. Furnace Escaping Entering
Gases. Gases. Water.
11:40 1670 672 59
11:50 1673 674 59
+2:00 1678 675 59
12:10 1635 674 59
12:20 1635 676 59
12:30 1683 676 59
12:40 1633 676 59
Average 1631 674.7 59

Water passing through boiler 730 Ibs.

Mean temperature of gases 1177.3

Mean temperature of water in boiler 77.7
Difference 1100.1

Rise iIn temperature of water 37.4

B.T.U. given up to water 29172

B.T.U, transmitted per degree range of temperature

Leaving
Water.

99
96
96
96
96
96
96

96.4

26.517



TEST No. 4

March 7, 1905.

Tubs No. 1.
T Degrees in Temperature._P.
Time, Furnace Escaping Entering
Gases. Gases. later.
2:30 1616 930 53.5
2:40 1604 935 53#0
2:50 1593 930 03 =3
3:00 1607 937 53.3
3:10 1593 935 53.7
3:20 1090 930 53.7
3:30 1592 930 59
Average 1601.4 932.4 53.7

Water passing through boiler 776 Ibs.

Mean temperature of gases 1291.9

Mean temperature of water in boiler 73.3
Difference 1213.1

Rise 1In temperature of water 40.2

B.T.U. given up to water 31195

E.T.U. transmitted per degree range of temperature

Leaving
later.

102
102.5
103

99
96
95

95

93.9

25.715



TEST No. 5.
March 11, 1905.

Engine No,533. Tube No.2
Road- Big Pour. Mean thickness of scale .057 in.
Running between Character of scale- Soft and
Indianapolis 3 Springfield, O, porous.

Time i1n use 10 mo,

CHEMICAL ANALYSIS,

i i Pep 0g Ca CO AN
Constituents. ol Og Alp Cg Ca SC4 g -
Amount in 8.03 2.60 14 _44 45.29
Constituents. Og Mg O Moist. gﬁg-XﬂE-
Amount iIn A 18.13 0.68 10.83

Degrees in temperature.P.

Time. Furnace Escaping Entering Leaving
Gases. Gases. Wate r. Water.
9:45 1649 668 58 .5 102
9 «GO 1643 674 33.3 101
10:05 1652 671 58 .5 101
10:15 1665 670 58 .5 100
10:25 1661 675 58.5 100
10:35 1670 670 58.5 100
10:45 . 1658 674 33.3 100
Average 1636.9 671.7 08 .0 100 .6

Water passed through boiler 693 Ibs.

Mean temperature of gases 1164.3

Mean temperature of water in boiler 79.5

Difference 1084.8

Rise iIn temperature of water 42.1

B.T.U. given up to water 29175

B.T.U. transmitted per degree range of temperature 26.895



TEST No. 6
March 13, 1905.

Tubs No. 2.

Degrees 1in Temperature_P.

Time. Furnace Escaping Entering Leaving

Gases. Gases. Water. Water .

11:20 1733 713 62 102.5
11:30 1736 720 62 103
11:40 1736 27 62 104
11:50 1736 734 62 105
12:00 1736 733 62 106
12:10 1736 731 62 105
12:20 1739 735 61.0 107

Average 1736 728.3 61.9 104.6

Water passed through boiler 663 Ibs.

Mean temperature of gases 1232.1

Mean temperature of water 33.2

Difference 1143.9

Rise iIn temperature of water* 42.7

B.T.U. given up to water 23524

B.T.U. transmitted per degree range of temperature 24.327



TEST No. 7
Mavch 25, 1905.

Tubs No. 2.

Degrees in Temperature_P.

Time. Furnace Escaping Entering
Oases. Oases. Water,
10:50 1693 745 59
11:00 169,3 750 59
11:10 1693 757 59
11:20 1693 762 59
11:50 1706 765 59
11:40 1706 765 59
11:50 1706 766 59
Average 1693.6 753.6 59

Water passed through boiler 700 Ibs.

Mean temperature of gases 1223.6

Mean temperature of water in boiler SO

Difference 1143.6

Rise iIn temperature of water 42.1

B.T.U. given up to water 29470

B.T.U. transmitted per degree range of temperature

Leaving
Water.

101
102
101
101
101
101
101

101.1

25.657



TEST No. 8
Melvch 20, j.900 .

Tube No. 2.

Degrees in Temperature.P.

Time. Furnace Escaping Entering Leaving

Gases. Gases. Water. Water .
12:00 1710 760 59 101
12:10 1710 765 59 101
12:20 1710 765 59 101
12:30 1706 765 59 101
12:40 1710 768 59 101
12:50 1710 769 59 101
1:00 1706 766 59 101
Average 1708.9 765 .4 59 101

Water passed throtigh boiler 677 Ibs.

Mean temperature of gases 1237.1

Mean temperature of water in boiler 80

Difference 1157.1

Rise in temperature of water 42

B.T.U. given up to water 28434

B.T.U. transmitted per degree range of temperature 24.573



TEoT No. 9.

March 27, 1905.

Engine No. 136. Tube No.3.
Road- 1.C. Mean thickness of scale .065 in.
Division- Chicagc5 Terminal. Character of scale- Medium.

Time 1In use 18 mo.

CHEMICAL ANALYolo.

Constituents. 31 02 Kﬁf 83 Ca 004 Ca CO3 Ca O
Amount in 7.09 <a.38> 17.16 19.45
. . Org-Mat.
Constituents. Mg CO3 Mg O Mo ist. and Aik.
Amount in . 77 34.10 .58 15.80

Degrees i1n Temperature,P.

Time. Furnace Escapin Entering Leaving
Gases. Gases. Water. Vilate r.
11:30 1688 680 60 104
11.40 1690 683 60 103
11:50 1693 675 60 102
12:00 1693 667 60 101
12:10 1693 685 60 101
12:20 1697 677 60 100
12:30 1698 675 60 100
Average 1693.1 677.4 60 101.6

later passed through boiler 773 Ilbs.

Mean temperature of gases 1185.2

Mean temperature of water in boiler 80.8

Difference 1104.4

Rise in temperature of water 41.6

B.T.U, given up to water 32147

B.T.U, transmitted per degree range in temperature 29.117



TEST No. 10
March 27, 1905.

Tube No. 3.

Degrees in Temperature.P.

Time. Furnace Escaping Entering Leaving

Gases. Gases. Water. Water.
1:05 1706 680 60 101
1:15 1706 670 60 100
1:25 1708 .678 60 100
1:35 1706 675 60 101
1:45 1706 672 60 102
*1:55 1706 670 60 101
2:05 1704 675 60 101

Average 1706 674.3 60 100.9

Water passed through boiler 748 Ibs.

Mean temperature of gases 1190.1

Mean temperature of water in boiler 80.4

Difference 1109.7

Rise iIn temperature in water 40.9

B.T.U. given up to water 30593

E.T.U. transmitted per degree range of temperature 27.569



TEST NO. 11

March 27, 1905.
Tube No. 3.

Degrees in Temperature.P.

Time. Furnace Escaping Entering Leaving

Gases. Gases. Water. Water.
2:15 1702 727 60 101
2:25 1702 735 60 102
«2:35 1720 750 60 102
2:45 1720 735 60 98
2:55 1727 730 60 102
3:05 1735 737 60 97
3:15 1730 742 60 98
Average 1789.4 736.6 60 100

Water passed through boiler 772 1b.

Mean temperature of gases 1228

Mean temperature of water in boiler 80

Difference 114-8

Rise 1In temperature of water 40

B.T.U. given up to water 30880

E.T.U. transmitted per degree range of temperature 26.899



TEST No. 12.

March 28, 1905.

Engine No.802. Tube No.4.
Road-* 1.C. Mean thickness of scale .047 in.
Running between Character of scale- Hard.

Centralia & Mounds.
Time In use 8 mo.

CHEMICAL ANALYSIS.

Constituents. Si 02 ifé 8%: Ca S04 Ca CO3

Amount  in %. 6.92 3.57 21.57 3.61
_ - Org.Mat.
Constituents, Mg CO3 Mg O Moist. ang Nk

Amount iIn %. 1.85 0.56 36.31

Degrees in Temperature,F,

Time. Furnace Escaping Entering
Gases. Gases. Yifate r.
2:20 1688 703 61
2:30 1690 710 60
2:40 1698 700 60.6
2:50 1693 692 60.8
3:00 1698 698 60 *5
3:10 1695 690 61
3:20 1697 693 60.0
Average 1694.1 698 60 *6

later passed through boiler 747 Ibs.
Mean temperature of gases 1196

Mean temperature of water in boiler 82.3
Difference 1113.7

Rise in temperature of water 43.4
E.T.U. given up to water 32420

B.T.U. transmitted per degrse range of temperature

Ca O
25.61

Leaving
Water.

104

104
104

104
105

103
104

104

29.11



TEST No. 13.
March 28, 1905,

Tube No, 4,

Degrees in Temperature.P.

Time, Furnace Escaping Entering

Gases. Gases. Water.

3:25 1698 697 60.5
3:35 1704 698 61
3:45 1700 695 60
3*05 1700 692 60
4100 1702 693 60
4:15 1702 695 60
4:25 1702 692 60

Average 1701.1 694.3 60 .2

Water passed through boiler 784 Ibs.
Mean temperature of gases 1297.7

Mean temperature of water in boiler 81.3
Difference 1216.4

Rise 1In temperature of water 42.2

B.T.U. given up to water 33085

E.T.U. transmitted per degree range of temperature

Leaving
Water,

103.5
102.5
102.5
102
102
102

102

102.4

27.199



TEST No. 14.
March 23, 1905.

Tube No, 4.

Degrees in Temperature.P.

Time. Furnace Escaping Entering
Gases, Gases. Water,
4:30 1706 691 60
4:40 1703 698 60
4:50 1700 703 60
5:00 1700 702 60
5:10 1701 711 60
5: 20 1703 705 60
5; 30 1703 703 60
Average 1703.7 701.9 60

Water passed through boiler 730 Ibs.
Mean temperature of gases 1202.3

Mean temperature of water in boiler 81.2
Difference 1121.6

Rise iIn temperature of water 42.4

B.T.U. given up to water 33072

E.T.U. transmitted per degree range of temperature

Leaving
Water.

102.5
102
102.5

101.5
102

103
103.5

102.4

29.436



TEST No. 15
March 31, 1905.
Engine No.722. Tube No.5.
Road- 1.C. Mean thickness of scale .03 in.
Division- Chicago Terminal. Character of scale- Soft & Red.
Time in use 8 mo.
CHEMICAL ANALYSIS.
Constituents. Si 02 i?? ggl Ca S04 Ca CO3 Ca 0
Amount in %. 10.48 11.95 4_37 55.24 5.50
i Mg c0.3 Mg O Moist. Org.Mat,
Const ituents. g g and Aik.
Amount in %. 3.17 1.55 7.74
Degrees in Temperature.P.
Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water.
10:10 1737 775 61 103
10:20 1742 775 61 103.5
10:30 1751 775 61 103.5
10:40 1751 795 61 104
10:50 1740 795 61 104
11:00 1740 800 61 104.5
11:10 1740 800 61 104.5
Average 1743 787.9 61 103.9
later passing through boiler 732 Ibs.
Mean temperature of gases 1265.4
Mean temperature of water in boiler 82.4
Difference 1183
Rise iIn temperature of water 42.9
B.T.U. given up to water 31493
E.T.U. transmitted per degree range of temperature 26.545



TEST No. 16
March 31, 1905.

Tube No. 5.

Degrees 1in Temperature..P.

Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water.
11:25 1737 795 61 107
11:35 1723 796 61 106
11:45 1728 802 61 106.5
11:55 1724 307 61 106.5
12:05 1724 302 61 105
12 -io 1726 809 61 107.5
12:25 1733 809 61 106
Average 1723.6 802.9 61 106.4

Water passed through boiler 722 lIbs.

Mean temperature of gases 1265.7

Mean temperature of water in boiler 33.7

Difference 1182

Rise in temperature iIn water 45.4

B.T.U. given up to water 32779

B.T.U. transmitted per degree rise of temperature 27,732



TEST No. 17.

March 31,1905.

Degrees in Temperature.P,

Time. Furnace Escaping Entering Leaving

Gases, Gases. Water, Water.

12:55 1751 800 61,5 101.5
1:05 1755 800 61% 102
1:15 1765 308 61.5 102
1:25 1760 808 61.5 102

1:35 1763 798 62 <5 102.5

1:45 1765 806 62 101.5

i:00 1765 815 62 =0 102.5
Average 1760.6 805 61.9 102

Water passed through boiler 781 Ibs.

Mean temperature of gases 1282.3

Mean temperature of water in boiler 81.9

Diffe.ence 1200.9

Rise in temperature of water 40.1

B.T. U. given up to water 31318

B.T. U. transmitted per degree range of temperature 26.079



TEST No. 18.
April 3, 1905.

Engine No.1420. Tube No.6 .
Road- 1.C. Mean thickness of scale .075 in.
Division- Chicago Terminal. Character of scale- Hard.

Time 1in use 2 yrs,

CHEMICAL ANALYSIS.

- = Fe2 03
Const ituents. Si 02 A2 03 8o Ca CO3 Ca 0O
Amount iIn 3. 10 .56 4.89 43.26 9.57
- Org.Mat
Constituents. Mg CO3 Mg O Mo 1st. Ang Aik
Amount In %. 24 .38 0 .82 6.52

Degrees in Temperature,P.

Time, Furnace Escaping Entering Leaving
Gases. Gases. Water. Water.
11:40 1782 745 60 99
11:50 1787 741 60 101.5
12:00 1796 751 60 102.5
12:10 1796 760 60 102
12:20 1796 730 60 102
12:30 1790 775 60 102
12:40 1796 780 60 102
Average 1791.9 761.7 60 101.6

Water passed through boiler 699 Ilbs.

Mean temperature of gases 1276.8

Mean temperature of water in boiler 80.8

Difference 1196

Rise 1In temperature of water 41,6

B.T.U. given up to water 29078

E.T.U. transmitted per degree range of temperature 24 313



TEST No. 19.
April 3, 1905.

Tube No. 6,

Degrees in Temperature.P.

Time. Furnace Escaping Entering

Gases. Gases. Water.
1:25 1760 817 61
1*35 1769 790 60
1:45 1769 805 60
i1:55 1772 803 60
2:05 1772 305 60
2:15 1773 308 60
2:25 1773 305 60

Average 1770.4 804.7 60.1

Water passed through the boiler 767 Ibs.

Mean temperature of gases 1287.5

Mean temperature of water in boiler 81.1
Difference 1206.4

Rise 1In temperature of water 42

E.T.U. given up to water 32214

E.T.U. transmitted per degree range of temperature

Leaving
Water.

102
101

101.5
102
102.5
102.5
103

102.1

26.703



TEST NO. 20
April 3, 1905.

Tube No, 6.

Degrees in Temperature.P.

Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water.
2:50 1757 810 60.5 99.5
3:00 1757 817 61 101
3:10 1751 795 61 102.5 (
3:20 1757 792 61 103
3:30 1760 785 61 102
3:40 1760 785 ,60 102
3:50 1760 785 60.5 101.5
Average 1757.4 795.6 60.7 101.6

Water passed through boiler 761 Ibs.

Mean temperature of gases 1276.5

Mean temperature of water in boiler 81.1

Difference 1195.4

B.T.U. given up to water 31125

E.T.U. transmitted per degree range of temperature 26.037



TEST No. 21
April 15, 1905.

Tubs No. 7. Plain.

Degrees in Tempenature.F.

Time. Furnace Escaping Entering Leaving
Gases. Gases, Water. Water.
10:50 1783 798 65 101
11:00 1787 795 64.5 101
11:10 1782 788 64 102
11:20 1796 795 64.5 102
11:30 1796 805 64.5 103
11:40 1805 798 64.2 103
i1i:50 1796 779 64.5 103
Average 1792 .1 794" 64-5/ 102.1"

Water passed through boiler 782 lbs.

Mean temperature of gases 1293

Mean temperature of water in boiler 83.3

Difference 1219.7

Rise in temperature of water 37.6

B.T.U. given up to water 29403

B.T.U. transmitted per degree range ot temperature 24.107



TEST No. 22.
April 15, 1905.

Tube No, 7.

Degrees in Temperature.P.

Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water:
11:55 1800 780 64.5 104
12:05 1796 780 64.5 104
12:15 1796 788" 64.3 105
12:25 1793 730 64.2 104
12:35 1780 730 64 101
12:45 1796 800 64 103
12:55 1814 800 64 104.5
Average 1796 .4V 786.9" 64 .2V 103.6

Water passed through boiler- 754 lbs.

Mean temperature of gases 1291.6

Mean temperature of water in boiler 83.9

Difference 1207.7

Rise 1In temperature of water 39.4

E.T.U. given up to water 29708

E.T.U. transmitted per degree range of temperature 24.598



TEOoT No. 23
April 15, 1905.

Tub® NO. 7.

Degrees in Temperature.P.

Tim®. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water,
1:05 1814 780 63.7 101
ei: 15 1794 775 63.5 101
1:25 1814 804 63.3 104
1:35 1800 780 63.2 100
1:45 1809 789 63.1 102
1:55 1800 780 63 100 .5
2:05 1823 777 63 101.5
Average 1807.7 783.6" 63.3/ 101.4

Water passing through boiler 776 Ibs.

Mean temperature of gas®3 1295.6

Mean temperature of water in boiler 82.3

Difference 1213.3

Rise iIn temperature of water 38.1

E.T.U. given up to water 29566

E.T.U. transmitted per degree rang® of temperature 24.368



TEST No. 24

April 5, 1905.

Engine No. 535. Tube No. 8.
Road- Big Pour. Mean thickness of scale .0-33 in.
Running between Character of scale- Soft.

Indianapolis & Springfield, O.
Time in use 10 mo.

CHEMICAL ANALYSIS.

Const ituents. 31 02 Pe2 03 CO 004 Ca CO3 Ca O
Al2 03
Amount in %. 6.61 1.34 0.62 74.26
Const ituents. Mg CO3 Mg O Moist, g;g'%ﬁ:'
Amo lint in 3. 0.15 10.87 0.68 5.47
Degrees in Temperature.P.
Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water,
12:45 1792 735 59 .5 102.5
12:55 1787 734 09 #o 102
1:05 1787 740 59.7 102.5
1:15 1787 743 59.5 102.5
1:25 1737 747 59.8 103
1:35 1737 740 60 103
1:45 1787 738 60 103.5
Average 1787.7/ 739 .6y 59.7" 102.7

Water passed through boiler 641 Ilbs.

Mean temperature of gases 1263.6

Mean temperature of water in boiler 81.2

Difference 1182.4

Rise 1In temperature of water 43

E.T.U. given up to water 27563

E.T.U. transmitted per degree range in temperature 23.311
Loss due to scale 1.046 E.T.U.

Loss iIn per cent 4,3



TEST No. 25.
April 5, 1905.

Tube No. 8.

Degrees in Temperature.P.

Time. Furnace Escaping Entering
Gases. Gases. later.

i =GO 1787 742 60
2:05 1787 750 60 .5
2: 1o 1785 742 60
2.25 1789 740 60
2:35 1805 745 60
2:45 1789 740 60
2:55 1739 742 60

Average 1790. I* 743/ 60.1

later passing- through boiler 660 Ibs.
Mean temperature of gases 1266.5

Mean temperature of water in boiler 81.2
Difference 1185.3

Rise 1iIn temperature of water 42.3

B.T.U. given up to water 27918

B.T.U. transmitted per degree range of temperature

Loss due to scale 0.803 E.T.U.
Loss In per cent 4.3 1=2

Leaving
later.

105
107
103.5

101

100
99.5

101

102.4~"

23.554



TEST No. 26
April 5, 1905.

Tube No. 3.

Degrees in Temperature.F.

Time. Furnace Escaping Entering Leaving
Gases, Gases, Mater. Water.
3:00 1792 750 60 101
3:10 1805 746 60 101
3:20 1810 749 60 102
3:30 1818 745 60 102
3:40 1809 737 60.3 102
3:50 1800 735 60 102
4:00 1798 740 60.2 102
Average 1804 .eY 743.1" 60.1 101.7

Water passed through boiler 656 Ibs.

Mean temperature of gases 1273.8

Mean temperature of water in boiler 80.9

Difference lngi% - |
Rise iIn temperature of water 41.6

E.T.U. given up to water 27290

B.T.U. transmitted per degree range of temperature 22.877
Loss due to scale 1.45 B.T.U.

Loss in per cent 5.96



TEST No. 27

April 7, 1905.

Engine No.233. Tube No.9.
Road- Big Pour. Mean thickness of scale .089 in.
Running between Character of scale- Very soft.

Cincinnati & Delaware, O.
Time In use 14 mo.

CHEMICAL ANALYSIS.

Constituents. Si 02 ;ﬁ% ﬂ% Ca S04 Ca CO3 o> o
Amount in 8. 2.52 12.59 56.80

-, 10
Constituents. Mg co3 Mg O boist. * . &
Amount in %. 0.33 11.43 0.87 7.02

Degrees in Temperature.

Time. Fgrnace Escaping Entering Lﬁaving
ases. Gases. Water. ater:
5:40 1757 787 60 102
5:50 1758 793 60 103
6:00 1755 791 59.7 100
6:10 1743 790 0Q =G 99
6:20 1743 790 60 101
6:30 1745 790 m 60 101.5
6:40 1755 799 60 101
Average 1752_.3» 791.4/ 59.9*" 1011

Water passed through boiler %83 Ibs.

Mean temperature of gases 1271.8

Mean temperature Of water in boiler 30.5

Difference 1191.3

Rise 1In temperature of water 41.2

B.T.U. given up to water 28140

E.T.U. transmitted per degree range of temperature 23.621
Loss due to- scale 0.736 B.T.U.

Loss in per cent 3.02



TEST No. 28
April 7,, 1905

Tube No. 9.

Degrees in Temperature._P.

Time. Furnace Escaping Entering Leaving
Oases, Oases, Water. Water,
6.50 1756 798 60 100
7:00 1754 805 60 100
7:10 1754 805 60 100.5
7:-20 1751 803 60 100.5
7:30 1751 802 60 101
7:40 1748 800 60 101.5
7:50 1754 788 60 101
Average 1752.6 * 800.r 60" 100 .6/

Water passed through boiler 632 Ibs.

Mean temperature of gases 1276.3

Mean temperature of water in boiler 80.3

Difference 1196

Rise iIn temperature of water 40.6

B.T.U. given up to water 27689

B.T.U. transmitted per degree range of temperature 23.151
Loss due to scale 1.206 B.T.U.

Loss 1n per cent 4.95



TEST No. 29

April 7, 1905.

Time. Furnace

Gases.
8:00 1751
8:10 1748
8:20 1753
8:30 1769
8:40 1769
8:50 1773
9:00 1778

Average 1763 *

Tube No. 9.

Degrees in Temperature.P,

Escaping
Gases,

784
781

787
300

798
800
804
793.4

Water passed through boiler 695 Ibs.
Mean temperature of gases 1278.2

Mean temperature of water in boiler
Difference 1198.1
Rise 1In temperature of water 40.9
given up to water 28426

B.T.U.
B.T.U.

transmitted per degree range of temperature

Loss due to scale

Loss in

per cent

2.

0.631 B.T.U.

56

Entering
Water.

80.1

60
60

60

Leaving
Water.

100.5
101

100 .5
101
101.5
100
100

100 .6

23.726



TEST No. 30

April 7, 1905.

Engine No.1424. Tube No.10.
Road- 1.C. Mean thickness of scale .07 in.
Division- Chicago Terminal. Character of scale- Soft.

Time iIn use 10 mo.

CHEMICAL ANALYSIS.

, - Pe2 03
Const 1tuents. Si 02 Al2 03 Ca 304. Ca CO3 Ca 0
Amount in . 3.33 1.43 5.82 67.99 1.64
Constituents. Mg C03 Mg O Moist. gﬁ%'%ﬁﬁi
Amount in . 11.11 or 8B 8.20

Degrees in Temperature.P.

Time. Furnace Escaping Entering Leaving
Gases. Gases. Water, Water,
11:20 1778 791 59.2 101
11:30 1758 779 59 100.5
11:40 1769 788 59.7 104
11:50 1773 787 09 <4 105
12:00 1769 780 59 97
12:10 1769 782 08 .5 100 .5
12:20 1737 797 58.5 101
Average 1771.97 736.3 7" 9?0, T o 1ot.2

Water passed through boiler 674 Ibs.

Mean temperature of gases 1279.1

Mean temperature of water iIn boiler 80.1

Difference 1199

Rise iIn temperature of water 42.3

B.T.U. given up to water 28510

B.T.U. transmitted per degree range of temperature 23.778
Loss due to scale 0.579 B.T.U.

Loss in per cent 2.38



TEST No. 31
April 8, 1905.

Tube No, 10.

-f Degrees in Temperature.P,
Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water,
12:30 1778 783 58.3 100
12:40 1769 775 58.2 101
12:50 1782 790 08 =8 102
1:00 1737 792 59.2 104
1:10 1787 790 59.2 105
1:20 1787 790 . 59 . 101
i: 30 1787 793 59 99.5
Average 1782.4n 737.6/ 58.87" 101.8

Water passed through boiler 663 Ibs.
Mean temperature of gases 1285

Mean temperature of water in boiler 80.3
Difference 1204.7

Rise in temperature of water 43

B.T.U. given up to water 28509

E.T.U. transmitted per degree range of temperature 23.665
Loss due to scale 0.692 E.T.U.
Loss in per cent 2.84



TEoT No. 32
April 3, 1905.

Tube No. 10.

Degrees in Temperature.F.

Time. Furnace Escaping Entering
Gases. Gases. Water,
1:35 1787 790 59
1:45 1773 736 59
1:55 1773 790 59
2:05 1785 790 59
2:15 1737 795 59
2:25 1733 795 59 .2
2:35 1783 795 59.2
Average 1783 * 791.6 1~ 59.1

Water passed through boiler 671 Ibs.

Mean temperature of gases 1237,3

Mean temperature of water in boiler 30.2
Difference 1207.1

Rise iIn temperature of water 42.3

E.T.U. given up to water 23383

E.T.U. transmitted per degree range of temperature
Loss due to scale 0.844 E.T.U.

Loss in per cent 3.47

Leaving
Water. "

100.5
100 .5

101
101.5
102
102

102
101 .4

23.513



TEST No. 33.
April 10, 1905.
Engine No.233 Tube No.11.
Road- Big Pour. Mean thickness of scale .042 in.
Running between Character of scale- Very soft.
Cincinnati & Delaware, O.
Time 1in use 14 mo.
CHEMICAL ANALYSIS.
Const ituents. Si 02 E?% Sg Ca 304 Ca CO3 cCa o0
Amount in %. 7.09 2.30 14 .87 58.18
. . Org.-.Mat.
Const 1tuents. Mg CO3 Mg O Moist. and Aik.
Amount in 2.22 8.26 0.75 6 .33
Degrees 1iIn Temperature.F.
Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water.
11:00 1766 798 66.7 101.5
11.10 1769 302 66.7 102.5
11.20 1771 802 66.9 102
11.30 1771 802 67 102
11.40 1782 807 67 102
11:50 1760 795 67.2 103
12:00 1774 300 67 103
Average 1770.4" 800.9" Go =9 102.3
Water passed through boiler 724 Ilbs.
Mean temperature of gases 1235.6
Mean temperature of water in boiler 84.6
Difference 1201
Rise iIn temperature of water 35.4
B.T.U. given up to water 25630
E.T.U. transmitted per degree range of temperature 21.341
Loss due to scale 3.016 E.T.U.
Loss in per cent 12.39



TEST No. 34
April 10, 1905.

Tube No. 11.

Degrees in Temperature.P.

Time. Furnace Escaping Entering Leaving

Gases. Gases. Water. Water.
12:05 1782 807 67 104
12:15 1778 805 67.2 104

12:25 1765 805 67.2 103.5
12:35 1763 303 67.2 104
12:45 1780 803 67.2 103
12 :55 1780 804 67 103
1:05 1780 805 67 100

Average 1776.1 804 .6y 67. 1v 103.1

Water passed through boiler 767 lbs.

Mean temperature of gases 1290.3

Mean temperattire of water iIn boiler 85.1

Difference 1205.2

Rise in temperature of water 36

E.T.U. given up to water 27612

E.T.U. transmitted per degree range of temperature 22.911
Loss due to scale 1.446 E.T.U.

Loss 1In per cent 5.95



Time.

1:15
1:25
1:35
1:45
1:00
2:05
2:15

Average

TEST No. 35
April 10, 1905.

Tube No. 11.

Degrees in Temperature.P.

Furnace Escaping Entering
Gases. Gases. Water.
1760 790 67
1778 795 67
1787 302 67
1785 305 67
1796 310 67
1796 810 67
1794 310 67
1735.1 803.171 67"

Vi/ater passed through boiler 753 lbs.
Mean temperature of gases 1294.1
Mean temperature of water in boiler 84.7

Difference

1209.4

Rise 1iIn temperature of water 35.4
B.T.U. given up to water 26656

B.T.U. transmitted per degree range of temperature

Loss due to scale 2.316 B.T.U.
Loss iIn per cent 9.54

Leaving
Water?,

100
100.5

101.5
103
105

106
101
102.4

22.041



TEST No. 36.
April 11, 1905.

Engine No.140 Tube No, 12.
Road- 1.C. Mean thickness of scale .07 in.
Division- Chicago Dist. Character of scale- Hard.

Time 1In use 21 mo.

CHEMICAL ANALYSIS.

_ Fe2 03
Const ituents. Si 02 G@ o0Q Ca CO3 Ca O
Al2 03
Amount 1iIn . 27.72 9.53 12.11 10.05 0 .24
- - Org.Mat,
Constituents. Mg CO3 Mg O Moist. ang Aik,
Amount iIn 29.90 1.07 9.38

Degrees in temperature.P.

Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water.
1:30 1760 795 64.7 102
1:40 1773 808 64.7 103
1:50 1773 795 00 <5 103
2:00 1755 738 68 105
2:10 1757 793 65 106
2:20 1772 807 64 103
2:30 1773 805 64,5 102.5
Average 1766.9 " 793.7" 65.27 103.5

Water passed through boiler 694 Ibs.

Mean temperature of gases 1232.3

Mean temperature of water in boiler 34.3

Difference 1198.5

Rise in temperature of water 33.3

E.T.U. given up to water 26580

E.T.U, transmitted per degree range of temperature 22.178
Loss due to scale 2.179 E.T.U.

Loss in per cent 8.95



TEST No. 37.
April 11. 1905.

Tube No. 12.

1 Degrees in Temperature.P.
Time. Furnace Escaping Ente ring
Gases. Gases. Wate r.
2:35 1778 808 64.7
2:45 1773 305 64.7
2:55 1765 800 65
3: 00 1769 805 65
3:15 1769 304 64.2
3:25 1790 304 64.1
3:35 1737 300 64
Average 1775.9" 803.7/ 64 .5"

Water passed through boiler 747 Ilbs.
Mean temperature of gases 1239.8

Mean temperature of water in boiler 33.3
Difference 1206.5

Rise iIn temperature of water 37.6

B.T.U. given up to water 23087

B.T.U. transmitted per degree range of temperature

Loss due to scale 1.077 B.T.U.
Loss iIn per cent 4.43

Leaving
Water.

103.5
100.5
101
102
102
102.5
103

102.1

23.280



TEST No. 38
April 11, 1905.

Tube No. 12.

Degrees in Temperature.P.

Time. Furnace Escaping Entering
Gases. Gases. Water.
3:40 1787 801 64
3:50 1760 780 64
4:00 1800 305 64
4:10 1787 790 64.2
4:20 1792 737 64.1
4:30 1732 730 64
4:40 1784 785 64
Average 1734. 739.7"n 64 s

Water passed through boiler 721 Ilbs.

Mean temperature of gases 1287.1

Mean temperature of water in boiler 83

Difference 1204.1

Rise 1In temperature of water 38.1

B.T.U. given up to water 27470

B.T.U. transmitted per degree range of temperature
Loss due to scale 1.543 E.T.U.

Loss in per cent 6.35

Leaving
Wate r.

103
101.5

102

102
102

102
102,5
102.1

22.814



TEST No. 39
April 12, 1905.
Engine No.303. Tube No. 13.
Road- 1.C. Mean thickness of scale .02 in.
Division- Chicago Dist. Character of scale- Hard.
Time 1In use 18 mo.
CHEMICAL ANALYSIS.
Constituents.  3i 02  hja 03  Ca S04 Ca CO3 o o
Amount in 9.54 10.38 8.41 9.67 3.37
) ; Org-Mat
Constituents, Mg CO3 Mg O Moist. and Aik
Amount in %. 39.09 0.71 18.33
Degrees in Temperature.P.
Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water.
11:50 1760 745 60.5 101
12:00 1765 743 60 101.5
12:10 1773 737 60.4 101.5
12:20 1778 742 60.3 101.5
12:30 1770 723 60 101.5
12:40 1755 738 60 102
12:50 1760 748 60 101
Average 1765.9" 740.1° 60.2 101.4
Water passed through boiler 679 Ilbs.
Mean temperature of gases 1253
Mean temperature of water in boiler 80.8
Difference 1172.2
Rise in temperature of water 41.2
E.-T.U. given up to water 27975
E.T.U. transmitted per degree range of temperature 23.865

Loss due to scale

Loss

0.492 E.T.U.
in per cent 2.02



TEST NO. 40
April 12, 1905

Tube No. 13

Degrees in Temperature.P.

Time. Furnace Escaping Entering Leaving

Gases. Gases. Water. Water.
1:00 1755 755 60.7 102
1:10 1760 745 60.7 104
1:20 1767 738 60.7 103
1:30 1758 750 60.7 103
1:40 1746 752 60.7 104
1:50 1746 752 60.7 102
2:00 1746 745 60.9 102

Ave rage 1754~ 748 1" 60.1 102.9

Water passed through boiler 668 Ibs.

Mean temperature of gases 1251

Mean temperature of water in boiler 81.8

Difference 1169.2

Rise 1In temperature of water 42.2

E.T.U. given up to water 28190

E.T.U. transmitted per degree range of temperature 24.110
Loss due to scale 0.246 E.T.U.

Loss iIn per cent 1.01



TEST No. 41.
April 12, 1905.

Tube No. 13.

Degree? 1iIn Temperature,P.

Time. Furnace Escaping Ente ring
Gases. Gases. Wate r.
2:05 1742 745 61
2:15 1744 735 61
2:25 1751 728 61
2:35 1748 735 61
2:45 1749 737 61.2
2: 55 1746 738 61l.0
3:05 1746 735 61.7
Average 1746.6" 736.1* 61.2"

Water passed through boiler 695 Ibs.

Mean temperature of gases 1241.3

Mean temperature of water in boiler 81.3
Difference 1160

Rise of temperature of water 40.3

E.T.U. given up to water 28009

B.T.U. transmitted ver degree range of temperature
Loss due to scale 0.211 E.T.U.

Loss iIn per cent 0.87

Leaving
Water.

102
101
101
101.5

101.5
102

101.5
101.5

24 .146



TEST No. 42.

April 17, 1905.

Engine No.1004. Tube No. 14.
Road- 1.C. Mean thickness of scale .038 in.
Division- Fulton District. Character of scale- Medium.

Time 1In use 21 mo.

CHEMICAL ANALYSIS.

Constituents. Si 02 ii"l’ gg Ca 004 Ca CO3 Ca O
Amount in 16.87 4.73 2.22 40.30 6.06

. . Org.-Mat.
Constituents. Mg CO3 Mg O Moist. and Aik.
Amount in . 19.25 0.83 9.74

Degrees 1In Temperature.F.

Time. Furnace Escaping Entering Leaving

Cases. Cases. Water. Water.
11:10 1787 790 58.5 102
11:20 1781 810 58.5 103
11:30 1781 313 58.5 103
11:40 1785 310 08 <0 103
11:50 1737 306 58.5 102
12:00 1792 805 58.5 102
12:10 1798 300 58.5 102

Average 1787.3 804.9 58 .5 102.4

Water passed through boiler 670 Ibs.

Mean temperature of gases 1296.1

Mean temperature of water in boiler 30.4

Difference 1215.7

Rise iIn temperature of water 43.9

E.T.U. given up to water 29413

fi.T.U. transmitted per degree range of temperature 24.194
Loss due to scale 0.163 E.T.U.

Loss in per cent 0.67



TEST No. 43
April 17, 1905.

Tube No, 14.

Degress in Temperature.P.

Time. Furnace Escaping Entering Leaving

Gases. Gases. Water. Wat® r.
12:20 1796 808 58.5 102

12 :30 1796 807 Ob <G 102.5

12:40 1804 807 58 .5 102
12:50 1809 305 58,5 102
1:00 1805 312 g3 <G 102
1:10 1510 310 g 3#G 102
1:20 1314 805 g3.5 102

Average 1804.9/ 807.7 / -0 102.1%*

Water passed through boiler 657 lbs.

Mean temperature of gases 1305.3

Mean temperature of water in boiler 80.3

Difference 1226

Rise iIn temperature of water 43.6

B.T.U. given up to water 23645

B.T.U. transmitted per degree range of temperature 23.365
Loss due to scale 0.992 B.T.U.

Loss in per cent 4.07



TEST No. 44
April 17, 1905.

Tubs No. 14.

Degrees iIn Tempe ra,ture.P .

Time. Purnace Escaping Ente ring Leaving
Gases. Gases. Water. Wat3r.
1:40 1796 795 53.7 104
1:50 1737 805 53.7 103.5
2:00 1800 310 53.7 105
2.10 1794 803 58.7 102
2:20 1737 300 59 99
2:30 1785 305 59 103
2:40 1796 305 59 104
Average 1792. 1f 303.37 58.S/ 102 .9/

Water passed through boiler 645 lbs.

Mean temperature of gases 1297.7

Mean temperature of water iIn boiler 30.8

Difference 1216.9

Rise 1In temperature of water 44.1

B.T.U. given up to water 28445

B.T.U. transmitted per degree range of temperature 23.375
Loss due to scale 0.982 B.T.U.

Loss in er cent 4.03



TEoT No. 45
April 21, 1905.

Tubs No. A4.

Degrees iIn Temperature.P .

Time, Furnace Escaping Entering Leaving
Gases. Gases, Water . Water.
9:30 1314 740 61.7 102
9:40 1314 745 62 102
9:50 1314 735 62.2 102
10:00 1314 735 62.5 102.5
10:10 1S23 727 62.5 103
10:20 1823 730 62.3 105
10:30 13i0 720 02+#o 101.5
Average 1316 / 733.17 62.2y 102.6 1~

Water passed through boiler 699 Ibs.

Mean temperature of gases 1274.5

Mean temperature of water in boiler 32.4

Difference 1192.1

Rise 1In temperature of water 40.4

B.T.U. given up to water 23340

B.T.U. transmitted per degree range of temperature 23.639
Loss due to scale 0.668 B.T.U.

Loss iIn per cent 2.75



10:40

10:50
11:00
11:10
11:20
11:30
11:40

Average

TEST No. 46.
April 21, 1905.

Tubs No. 4.

Degrees in Temperature.F.

Furnace Escaping Entering Leaving
Gases. Gases. late r. later.
1312 715 62.3 100 .5
1330 721 63 102.5
1805 725 63 104
1796 715 03 .1 103
1787 713 63.2 103
1835 710 63 .5 100
1800 705 63.5 101
1309.37 714 9~ 63.27/ 102 /

later passed through boiler 707 Ilbs.
Mean temperature of gases 1262.1
Mean temperature of water in boiler 82.6

Difference

1179.5

Rise in temperature of water 38.8
B.T.U. given up to water 27432
B.T.U. transmitted per degree range of temperature 23.257

Loss due to scale
Loss in per cent

1.10 B.T.U.
4.53



TEST No. 47.

April 21, 1905.

Tuba No. 4.

Degrees in Temperature,F.

Time. Fu rnace Escaping
Gases. Gases.

11:50 1814 710

12:00 1778 700

12 :10 1780 700

12:20 1814 712

12:50 1820 705

12 40 1810 700

12:50 1825 706
Average 1805.6 » 704.7/

later passed through boiler 692 Ibs.

Mean temperature of gases 1255.1
Mean temperature of Water 1in boiler
Difference 1172.5

Rise iIn temper atur3 of wa ter 39.1
B.T. U. given up to wat3r 27057
B.T. U. transmitt3d p3r dogree range
Loss due to scal©® 1.277 B.T.U.

Loss 1iIn per cent 5 .25

Ente ring

Water.

65.5

82.3

Leaving
Wat3r.

102.5
102
101
103
104

102.5
102

/
102.4

25.080



TEAT No. 48
April 18, 1905.

Tubs No. 3.

Degrees in Temps rature.P.

Time. Furnace Escaping Entering Leaving

Gases. Gases. later. Water.

2:05 1796 864 62.2 i0"8.5

2:15 1778 870 62.2 103.5

2:25 1783 876 62.3 103.5

2:35 1773 372 62.5 103.5

2 *4:0 1787 875 62*0 x0%.0

2 =00 1733 878 62*0 104.5

3; 05 1773 874 62.6 103.5
Average 1733.3y 372.7™ 62.4 / 103.6 y

later passed through boiler 717 Ilbs.
Mean temperature of gases 1228

Mean temperature of water in boiler 83
Difference 1245

Rise 1In temperature of water 41.2
B.T.U. given up to water 29540

E.T.U. transmitted per degree range of temperature 23.727
Loss due to scale 0.630 E.T.U.

Loss iIn per cent 2.59



TEST No. 49
April 1S, 1905.

Tubs No. 3.

Degrees in Temperature.P.

Time. Furnace Escaping Ente ring Leaving
Gases. Gases. Water. Water .
3:10 1783 376 62*5 101,5
3:20 1785 873 62.5 101.7
3:30 1783 332 62.5 104
3:40 1783 882 62.5 103
3:50 1781 373 62.3 101.5
4:00 1774 874 62.2 101.5
4:10 1778 330 62.1 101.5
Average 1731/ 873.6" 62.47 102.1 F

Water passed through boiler 753 Ibs.

Mean temperature of gases 1329.8

Mean temperature of water 1in boiler 32.2

Difference 1247.6

Rise iIn temperature of water 39.7

B.T.U. given up to water 29894

E.T.U. transmitted per degree range of temperature 23.961
Loss due to scale 0.396 E.T.U.

Loss in per cent 1.63



TEST No. 50
April 18, 1905.

Tubs No. 3.

Degrees in Tempsrature.F.

Time. Furnace Escaping Entering Leaving
Gases. Gases. Water. Water.
4:20 1800 862 62 100
4:30 1796 874 62 100.5
4:40 1805 350 62 101
4:50 1800 856 62 96
5:00 1796 872 62 97.5
5:10 1794 372 62 99.5
5:20 1792 383 62 100
Average 1797 .67 867 7 62 99.2 7

Water passed through boiler 800 Ibs.

Mean temperature of gases 1332.3

Mean temperature of water 1in boiler 80.6

Difference 1251.7

Rise 1In temperature of water 37.2

E.T.U. given up to water 29760

E.T.U. transmitted per degree range of temperature 23.775
Loss due to scale 0.581 E.T.U.

Loss in per cent 2.39



TEST No. 51

April 19, 1905.

Engine No.1012. Tube No. 15.
Road- 1.C. Mean thickness of scale .035 in.
Division- Chicago Dist. Character of scale- Very hard.

Time iIn use 12 mo.

CHEMICAL ANALYSIS.

- PS2 03

Constituents. Si 02 2i2 03 G 004, Ca CO03 Ca O
Amount in . 24.03 12.69 1.46 31.37 0.35
Constituents. Mg CO3 Mg O Moist. g;g'%ﬁﬁ:

Amount 1In % 20.91 , 8 7.74

Degrees in Temperature.P.

Time. Furnace Escaping Entering, Leaving
Gases. Gases. Water. Water.
1:05 1794 750 61 104
1:15 1805 765 61 101
1:25 1810 750 61 101
1:35 1805 750 61 100
1:45 1805 765 61 101
1:55 1805 770 61.2 103.5
2:05 1805 765 61.5 104
Average 1804.17 759.3/ 61.1 102 .

Water passed through boiler 688 Ilbs.

Mean temperature of gases 1281.7

Mean temperature of water in boiler 81.6

Difference 1200.1

Rise iIn temperature of water 41

B.T.U. given up to water 28208

B.T.U, transmitted per degree range of temperature 23.505
Loss due to scale 0.852 E.T.U.

Loss in per cent 3.5



TEST No. 52.
April 19, 1905.

Tubs No. 15.

Degrees in Tempsrature.F.

Time. Furnace Escaping Entering Leaving

Gases. Gases. Water. Water.
12:00 1803 714 60.5 101
12:10 1816 722 60.6 100
12:20 1810 717 60.6 98
12:30 1800 733 60.9 100
12:40 1810 755 61 102
12:50 1814 750 61 103
1:00 1800 755 61 102

Average 1808.37/ 735.9 / 60.87 100.9/

Water passing through boiler 701 lbs.

Mean temperature of gases 1272.1

Mean temperature of water in boiler 80.8

Difference 1191.3

Rise iIn temperature of water 40.1

B.T.U. given up to water 28110

E.T.U. transmitted per degree range of temperature 23_596
Loss due to scale 0.761 B.T.U.

Loss in per cent 3.13



Time.

2:10
2:20
2:30
2: 40
2:50
3:00
3:10

Average

Water passed through boiler
Mean temperature of gases
Mean temperature of water
Difference
Rise in temperature of water
E.T.U, given up to water

Furnace
Gases.

1805
1805
1805
1810
1814

1313
1305

1808.9

1197.2

Degrees

No.

19, 1905

No.

Escaping
Gases.

748
745
745

745
745
772
755

750.1

703
1279.5
in boiler

41.1
28893

in Temperature.P.

Entering
Water.

61.5
61.5
61.7
62
62
62
62

61.8

32.3

E.T.U. transmitted per degree range of temperature

Loss due to scale
Loss 1In per cent 0.92

0.223 E.T.U.

Leaving
Water.

104
100
103

104
102
103
104

102.9

24.134



Tube Thickness of Scale Av. Loss due to Scale

No . in inches. in per cent.
3 -065 2.20
4 .047 4.17
8 .033 3.80
9 -089 3.52
10 -070 2.90
11 .042 7.75
12 -070 5.45
13 .020 1.30
14 .038 4_05

"15 .033 3 =00
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