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PURDUE UNIVERSITY

CHEMICAL ENGINEERING DIVISION
ENGINEERING EXPERIMENT STATION

Dean A A. Potter, Director
Engincering Experiment Station

Dear Sir:

The enclosed report entitled “Scale Formation in Water Heaterf '

and Methods of Prevention” may be consideved as an extension of the
tesearch on the application of gas fuel o ‘water heating. In view of the
wider use of high water temperatures especially for serviee in eommer-
cial kitchens, it iz felt that this work will be particularly-timely and
usefyl. Furthermore, the inereased use of the hot water spray for
rinsing dishes in the home will result in demand for higher water tem-
peratares, '

The material submitted is a summary of results of accelerated scale

formation fest= performed on gas-fired water heaters at various times
[during the Jast two years. It also includes a summary of field experi-

ences with hard-water scale formation and suggested designs for feed- .

‘ers to supply seale inhibiting material,

It is estimated that nearly half the population of the United States
is served with water having an. amount of carbonate hardness signifi-
cant from the viewpoini of scale formation. The amount varies widely
from eity to city, but the highest weighted averages by states are found
in Indizna, Iilinois, Iowa, North Dakota, South Dakota, Nebraska,
Kansas, New Mexico, and Arizona.

Very itruly yours,

J. L. Bray,
Head, School of Chemical and
Metallurgical Engineering

Maxch, 1940,

NOTICE: This material may be
protected by copyright law
(Title 17 U.S. Code & DCMA).

SCALE FORMATION IN WATER HEATERS AND
METHODS OF PREVENTION

INTRODUCTION

Until this research was undertaken some individual ob-
servations had been made which showed that scale formation
where hard water is served is affected by the temperatures
maintained by the heater. However, no laboratory verifica-
tion of these observations had been obtained, nor was it known
whether temperature was a major factor in the formation of
scale deposit in a water heater. Furthermore, it is difficult
to compare experiences from various territories, since such
other variables as the comparative hardness of the water, the
type of hardness, the quantities of water used, and the design
of the heater were known to have an influence.

Some field experiences have shown in a rough way that
high fank temperatures resulted in rapid scale formation.
For example, in a physician’s office whére water temperatures
of 180 degrees F. or over were required, it was found that the
tank required cleaning quite frequently, whereas the identical
type of heater installed in a home required very little service
as long as the temperature was maintained below 140 degrees
F. Other instances of increased scale formation at high tem-
peratures are a matter of common observation. It is well
known that furnace coils and uncontrolled water heaters using
the crude fuels give considerable difficulty. For example, in
some territories it is neeessary to replace or cleam furnace -
coils once or twice a year. It is assumed that the rapid for-
mationr of a hard scale in this case is largely due to the-uncon-
trolled water temperature. When the house-heating furnace
is operating at maximum capacity, i is quite possible for it
to deliver water at temperatures as high as 200 degrees F.

With domestic gas-fired water heaters of the automatic
type instances of difficulty with scale formation were not as
numerous. In many cases it was reported that demestic gas
water heaters equipped with temperature controls showed no
difficulty from scale formation after periods of as long as
eight years, when the thermostat maintained water tempera-
tures at 140 degrees F, or lower.
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It has also been cbserved that small passages or relatively
small water tubing in the heat zone have a tendency to become
clogged, Hence, the side-arm type heaters and instantaneous
heaters using relatively small diameter coils are often consid-
ered to be offenders from this viewpoint. '

From these experiences the various types of water heaters
may be classified in the following order with respect to their
tendency to give service dzﬂiculty from scale formation.

1. Furnaece emls.

Manual side-arm-type water heaters.
Automatic side-arm-type water héa—igers.

oo @

Instantaneous- or eontinuous-flow-type without 'thennb-‘
stat.

6. Instantaneous- or continuous-flow-type with thermostat.
7. Automatic water heaters with internally heated tanks.
8. Automatic water heaters with externally heated tanks.

Scope of Investigation. The test work performed covers
a study of seale -formation at the controlled temperatures
which are used in the operation of automatic gas-fired water
heaters in homes and commereial institutions. Considerable
work has been done on the sealing phenomena at the boiling
temperature of water and above. These studies, however,
have been made in reference to scaling in steam boilers, where
the reduction of the heat transfer through the heating sur-
faces, the burning out of boiler tubes, and the reduction of
efficiency due to scale formation were important factors. It
was felt that the information obtained at these high tempera-
tures and under the conditions existing in a steam boiler,
especially where water was being condensed and fed back to
the  boiler, would not have muech signifieance at the rela-
tively low temperatures used for water heating.

The principal purpose of the work was to determine the.

effect of temperature on scale formation when the heater was
operating below the boiling point of water. In conneetion with

this study it was realized that the nature of the surface,

whether rough or smooth, and water velocities over such sur-
faces might have an effect on the resulis obiained. It was
also desirable to determine whether the scale deposit formed

‘Water heaters not equipped with temperature controls.”

SCALE FORMATION IN WATER HEATERS 7

had an appreeiable effect on the thermal efficiency of the
water heaters.

Recently a great deal of emphasis has been placed on the
use of water temperatures between 160 and 180 degrees F. for
sterilization purposes in commercial kitchens and restaurants.
An added advantage of high temperature lies in the fact that
the dishes when sprayed do-not require any toweling but will
dry from the heat stored ,in them. Under these service eondi-
tions it was expected that scale formation in commercial
heaters would be much more severe than for domestic heater
installations. Accordingly a test was performed upon a con-
tinuous-flow-type gas-water heater which is designed to sup-
ply large quantities of high-temperature water.
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TesT METHOD

In order to obtain information on the effect of temperature
alone, it was considered desirable to select a given type of
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heater and fest at three different outlet ‘temperatures under
laboratory control. For the purpose of cblaining the infor-
mation in the shortest possible time, the heater was operated
continuously day and night at the manufacturer’s rated capa-
city. Since the heater was operated at its maximum capacity,
this test might be called an aecelerated scale-formation test.
All water heaters are equipped with a drain valve at the bot-
tom of the tank for the purpose of removing any sediment
which may collect. During these ‘tests, this drain valve was
not opened to flush the heater at any time. The total amount
of ‘scale which accumulated was determined by weighing the
tank before the test began and weighing it again after com-
pletion of the test. In the case of the continuous-flow-type
heater, the weight of the individual sections of the heater
was obtained before and affer scale removal

The thermal efficiency of the heater ‘was measured at the.
beginning of the test and again at intervals during its opera-
tion.. The efficiencies thus obtained are the efficiencies of the
heater when operating at full capacity. - The rate of water
flow wasg accurately controlled by the use of needle valves or
“V” slot-type control valves placed in either the hot or cold
water lines. A combination pressure regulator and reducer
was used to overcome wide fluctuations in the water-supply
pressure. A water meter of the rotary disk type commonly
used by consumers was installed in the cold-water inlet pipe
to the heater. The gas comsumption was measured only dur-
ing the determinations of the thermal efficiency. A laboratory
meter of the “wet” type was used for this work. During the
efficiency fest, weighing tanks were used o measure the
water heated during a test run. Water temperatures were
measured by means of a mercury thermometer installed in a
thermometer well at the outlet of the heater.

After each scale formation test was conipleted, observa-
tions were made of the amount, nature, and severity of the

scale deposits and also of the points in the heater which were
most severely secaled.- :

DoMESTIC HEATER TESTS—EFFECT OF TEMPERATURE -

The results of these tests were comparative for the dif-
ferent temperatures and gave a definite indication that the
rate of scale formation increased quite rapidly with the tem-

SCALE FORMATION IN WATER HEATERS K

perature maintained. A very rapid increase in the ratt'a of
gcale formation as shown graphically on Figure 1 was obtained
between 140G and 180 degrees F. In fact, the rate of scale
formation at the higher temperature was seven times as great
as that at normal domestic service temperatures. :

19
g AT
: 175°F
o<
5 ' / zZ
3£ %
52 yammy
cg . ;ZL'“; pd 7
g L/
52° . o
° IIQ 120 130 - 140 50 160 176 i80

HEATER OUTLET TEMPERATURE, ODEGREES F
Fig. 1. Demestic Heater Tests. Lifect of Temperature on Seale Formation.

* The gas-fired heater is a quick-recovery type hav_ing a
20-galion storage tank. The galvanized iron tank contains an
internal flue and is equipped with a cast iron circulator. Water
enters the circulator from the bottom of the tank, as shown
in Figure 2, and is discharged to the top of the st_orage tank
by means of a long copper tube. The total heating surface
congists of the circulator, the bottom of the fank, and t.‘rfe
internal flue built into the storage tank. - The %zeater is
equipped with a thermostat capable of being adjusted to
maintain the water supply at any temperature from 110°
to 180° F.,

The deposit in the circulator at the lefft of Figure 3 was
obtained after five years of domestic service with the Watgr'
temperature maintained at 140 degrees F. The scal.e depofnt
on the right was formed after two years of domestic service
with the outlet temperature at 175 degrees F.
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Ty

Fig. 2. Imtexior View of Domestic Gas-Fired Water Heater Equipped with Cireulator.

It was surjirising to note tha_t. the thermal efficiency of the -

heater did not decrease appreciably from the beginning to the

end of each test. Apparently these under-fired storage-type

heaters have an ample amount of heating surface; and even
though the lower surfaces may -contain scale deposits, there
is sufficient heating area remaining to give éfficient heat
transfer.

From the test results the time that this heater may be in

service before the scale deposit interferes with the operation
of the heater may be estimated as follows:

With the thermostat set for an outlet temperature of

120°—12 years. 2
With the thermostat set for an outlet temperature of
140°--7 years. 7
With the thermostat set for an outlet temperature of
180°-2 years. S :

{

These staf,tements are based on the accelerated scaling tesis
using a water supply having a hardness of 20 gz;ains equiva-

SCALE FORMATION IN WATER HEATERS 11

lent calcium carbonate per U. S. gallon. They are also based
on the average usage of 50 gallons of 140° F. waler per day
or its thermal equivalent for other temperatures.

An accelerated scale-formation test on a storage-type
heater equipped with a Monel metal tank was also performed
to determine whether the scale deposit would adhere to the
relatively smooth surface of this material. This test was
performed at a normal service femperature of 140° ¥. 'The
results demonstrated that scale deposit formed at the same
rate that it would in the storage heater equipped with a gal-
vanized iron tank. The scale form was of the usual variety
adhering tightly to the bottom of {he under-fired tank. The
weight of scale formed and other pertinent information on
the domestic heater test is given in Table 1.

CoNTINUOUS-FLOW-TYPE HEATER

Accelerated scale-formation tests were performed upon a
continuous-flow-iype gas water heater which is designed to
supply large quantities of high-temperature water in commer-
cial kitchens and restaurants. The cdpacity of this heater
wag found to be 2.6 gallons per minute when raising the water

- from an inlet temperature of 60° {o an outlet temperature of

180° F. The water passes through a continuous eopper coil
from the inlet to the ouflet of the heater, as shown in Fig-
ure 4. In this design the water velocity would naturally be

Fig. 3. Hard-Water Seale Deposiis in the Circnlator.
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Rusuias oF ACCELERATED SCALING THSTS ON GAS-FIRED STORAGE-T'YPE WATEE FLBATERS
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quite high, and it was assumed that the high velocity com-
bined with a smooth interior surface of the copper coil might
reduce scale -formation to a negligible gquantity. However,
the result of the tests indicates that scale formation definitely
took place in a relatively short time. A total of 62,000 galions
of 180-degree F. water were supplied from the heater before
the scale formation interfered with its operation. Agsuming
a restaurant using an average of 300 gallons a day, this would
represent a service time of seven months. Under laboratery
conditions a total water pressure of 8¢ pounds was available,
and the heater was operated until scale restrictions prevented
obtaining the manufacturer's rated hot water output.
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Fig. 4. Confinuous-Flow-Trps Gas-Water Heater.

In the first series of fests, scale formation in the water
control valve, which was located in the hot water line, gave
difficulty in maintaining a fixed outlet temperature. However,
another series in which the control valve was placed in the
cold water line was more successful, since it was possible to
control the water temperature to between 175 and 185 degrees
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¥. After the test the various parts of the heater were dis-

" mantled and the scale was removed in order to determine its

distribution in various parts of the heatér. It is interesting
to note in commection with this water-temperatare phenomenon
that no seale wag found in the lower finmed element which eon-
tained the thermostat rod. This was to be expected, since the
heater was so designed that the water temperature at this
point was not over 110 degrees ¥. The most concentrated
scale deposit was found in the combustion chamber coil, which
consisted of a- continuous run of copper tube soldered to a
conical shaped combustion chamber. -It should be notgd that’
this was the final heating zone and that the highest-tempera-
ture water existed in this section of the heater. A scale de-
posit was also found in the fop heating element, which is
located above the burner and which received heating gases
directly from the burner. Again in this ease it was noted
that the thickest scale deposit was found in that portion of
the copper tubing carrying the highest-temperature water.
Table 2 shows the distribution of hard water scale deposit in
various parts of the heater.

Again it was surprising to find that the thermal efficiency
of the heater was not affected as greatly as one might sup-

pose. As shown in Figure 5 there was no appreciable de-

crease in efficiency when 50,000 gallons of hot watér had
been supplied by the heater. When 60,000 gallons of water
had been passed through the heater, the thermal efficiency
had deereased by five per cent..

o
=]

.Bn ‘:g

-THERMAL EFFICIENCY,
PERCENT
3

0 20,000 40,000 - . 80,000 [
GALLONS |180°FF WATER THROUGH HEATER .

Fig. 5. Coniinuous-Flow-Type Gas-Water Heater, Thermal Eﬂcﬁency Durlng
Scale Formation Test,
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TABLE 2

WEIGATS OF HARD-WATER SCALE REMOVED FROM CONTINGOUS-
' Frow-TyrE HEATER

{Total Water Usage 63,500 Gallons at 180 Degrees F.)

Unit Weight | Weight |Differ- | Internal Weight of
- Before | - After ence, | Area of Scale
Seale Scale [Pounds! Eaeh Pounds
Removwal,| Removal, Unit, | Per Square
Pounds | Pounds ‘| Square| Foobof
' Feet Internal
Arvea
‘Combustion Chamber .
R ot 11.2 8.4 2.3 38 8.74
E’fl:’op Finned Heating o
" Element ........... 20.6 195 10 1.85 0.54
Lower Finned Element 5.0 5.0 .. . None
(Thermostat Rod)
Tee and Pressure .
- Relief Valve®. .. ..., 0.62 0.82 - e Nene

¥ Pressure relief valve located at cold water inlet to heater.

A total of 3.8 pounds of seale adhered to the internal water
surfaces of this heater when operating at an average tempera-
ture of 180° F. This quantlty represents 2.1% of the tolal
scale-forming compounds in the water supplied to the heater
during the test period. In addition there was a considerable
amount of scale deposit in the outlet water piping from the
water heater.

WATER AND SCALE ANALYSES

Untreated water obiained from the Purdue deep wells
at West Lafayette, Indiana, was supplied to the gas-fired
heaters. The hardness of this water expressed in terms of
calcium carbonate is 19 grains per U. S. gallon. As shown in
Table '3, the hardness is. both of the carbonate (temporary)
and non-carbonate (permanent) type. An indication of the
proportion of each type.of hardness may be obtained from
the relative amounts of the bicarbonate and sulphate eontent
in the analysis of the water.
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TABLE 8§
BALANCED ANALYSIS OF DEEP-WELL Wares, FEBRUARY, 1938

Constituent Parts per Million
Calefum .......... ... ... .. . . . . . .. . ... 911
Magresium ................... ... .. ... . . . ... 22.5
Sodiem ... ... .. .. T e e e e 8.5
Potassium .................... .. .. ... .. ... ... 3.9
Bicarhonate_ Radieal ... ... e, 243
Sulphate Radical .......... ... ... .. S 68
Nitrate Radical .......... ... . ... .. . ... . . 25
Chioride Radical ......................... . . 3.5

‘Equivalent Caleium Carbonate
' ) Parts per Grains per

Constituent Million w.s. Gallon
Caleium, 91304 ... .. . .. ... . . . 228 183
Magnesiom, 225/0.24 .. _...... . ... .. 94 : 5.5

Total ........ SR 322 18.8

The hardness of this water may be reported ax the amount of eal-
cium carbonate equivalent to the ealeium and magnesiam found in the
analysis, . : :

- At temperatures below the boiling point, temporary hard-
ness in the form of caleium bicarbonate is the component of
the water supply which gives difficulty from scale formation.
Under the action of heat, ealcium bicarbonate is broken down
into calcium carbonate, which deposits on the heating surface.
An analysis of the scale formed (Table 4) showed that it
consisted principally of caleium carbonate with small parts
of caleium and magnesium sulphate. The analysis of the
scale formed compared with that of the water indicated that
temporary hardness in the water supply is the source of prac-
tically ‘all of the scale when the heater is operating below the
boiling point of water. '

All scale deposits were of the hard, porous, but tightly~

adhering variety. When still wet, the outer layers of ' the
deposit could be scraped off with relative ease, but upon ex-
posure to the air, the whole mass became’ very hard and
more difficuit to remove. : ' '

SCALE PORMATION IN WATER BEATERS 17

TABLE 4
ANALYSES OF SCALES FormED, OCroner, 1938

Tank Temperature
140° F., 175° B,

8i0, Siliea .............. e 2.1% 21%
R:0: Aluminum and Iron Oxides...... . . B2% 8.9%
Ca0 Lime ................. ... ... .. . 43.09, 42,79,
Mg(Q Magnesia ................. ... .. . . . 5.89% 6.0%
80; SBulphate ............ ... .. .. . . 4.29; 4.6%
CO: Carbonate .................. . ... 35.3% 34.7%
98.6% 99.6%

While results of complete analyses of this type are generally ex-
pecled to be low, these results total sufficiently less than 1009 to indi-
cate the presence of some undetermined material, probably chloride.

. The scales are essentially calcinm carbenate with small amounts
of caleium sulphate and magnesium carbonate and sulphate,

SCALE PREVENTION

From the above experiments and field experiences it can
be seen that excessive segle formation can be avoided by using
heaters equipped with water-temperature controls and by set-
ting the control at the lowest possible temperature which will
give a satisfactory service. It can readily be seen that water
heaters without temperature controls will supply water at
unusually high temperatures and will thus incresse the rate
of scale formation in the heater, However, scale formation can
not be prevented entirely by controlling temperature.

The usual type of water softener consisting of a storage
tank and a chamber for holding the reacting chemical will
successfully prevent scale formation when of adequate capae-
ity and when cared for according to the manufacturer’s in-
structions. This type of water softener is often called the
zeolite- or the exchange-type softener since it substitutes
sodium ions in place of calcium ions in the water supply. Thus
the calcium bicarbonate is converted inte sodium bicarbonate
by the action of theisoftener. Sodium bicarbonate is a rela-
tively stable salt and:is not broken down by the aection of heat.

A new method of preventing scale formation by mixing
small proportions of a chemical compound with the water sup-
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ply shows great promise from the viewpoint of developing a
low-cost softener requiring a minimum of attention. It has
been shown that the addition of two parts per million of hexa-
metaphosphate to the water supply will prevent precipitation

when the water is heated to 176 degrees F. for one hour.® _‘CONTAINER FOR BRIQUETTES iy
This method of preventing precipitation is called “threshold” OR LUMP MATEIAL

rather than softening treatment, since these quantities of the _ CHECK VALVE

“hexametaphosphate do not soften the water but only form SMALL NEEDLE VALVE

enough of a complex ion with calcium to prevent precipita-
tion. Another property of sodium hexametaphosphate is also
of value. If geale formation should take place from neglect"
in replacing the material in the feeder, the scale formed would
be slowly dissolved when the solution was replaced.

In order to apply this finding to commercial water heaters,
it is necessary to design a feeder in such a manner that quan- BY-PASS TYPE FEEDER
tities of the order of five parts per million will be continuously
and e&t_activelgr fed into t.he w:ate:_r sup'ply. ‘When considering _ SATURATED SOLUTION I
water usage in commercial kitchens, it can be seen that the =7 S I} POROUS CONTAINER
storage requirements. for the hexametaphosphate solution are ‘
at a minimum. Taking a typical example of a restaurant us-
ing 9,000 gallons of 180-degree F. water per month, it can
‘be seen that only four-tenths of a pound of sodium hexa-
‘metaphosphate would be required during a one-month period.’

If sodium hexametaphosphate is already used for softening
purposes in the commereial kitchen, it would be desirable to
feed this chemical into the water supply just ahead of the DIFFUSION FEED METHOD
water hester. The concentrations required for softening the '
water are 1.5 to 2.5 pounds per hundred gallons of water. This
quantity is far in excess of the amount required to prevent
scale formation in the heater; henee no secale difficulty should
arise. These larger guantities soffen the wafer completely
from the viewpoint of soap usage, since no insoluble ealcium
soap precipitates are formed. :

If attempts are made to reduce the feeding rate to such
small quantities as five parfs per million, a wick-type feeder

| TO HEATER

VALVE USED AS ORIFICE

FLEXIBLE TUBE

A /WICK

GLASS STORAGE JAR FOR

would be one possible design. The hexametaphosphates will COLD WATER SUPPLY " SATURATED SOLUTION AND
dissolve in water up to seventy per eent by weight. Thus a . CRYSTALS
concentrated solution of sodium hexametaphosphate and crys- ;-l I‘ X -i - 2

tals conid be stored in a small container and fed into the stor- VALYE " wiek T-B—;E-ATER

age tank or hot water line as shown in Figure 6. These con-

centrated solutions are corrosive to iron and steel; hence the WICK FEED METHOD

.. Fig. 6. Feeder Designs for Threshold Treatment fo Prevent Scale Formation.
* Industrial and Engineering Chemistry; Vol. 81, p. 51, Jan., 1938,
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container and fittings should be made of corrosion-resisting
materials. The glass container shown in the sketch Would be
designed to withstand normal water-supply pressures and
would have the advantage of giving a visible indication when
replacement of the scale-inhibiting material was necessary.
The rate of diffusion of the concentrated solution into the
water supply could be regulated by varying the length of the
wick immersed in the supply pipe.

The principle of osmosis could also be employed in design-
ing a small feeder. As shown in the sketch, a saturated solu-
tion would be held in a porous container and the water supply
allowed to pass around the outside of this container. The rate
of diffusion through the porous membrane would regulate the
rate of feed. In this design provision. should be made for
cleaning the container, since dirt, rust, and organic growths
would tend fo clog the pores.

The by-pass-type feeder is already in common use where
. It is necessary to treat boiler feed waters. The type of feeder
shown is most snitable for brickette or lump material, which

is generally used for boiler feed treatment. Control is ob-
tained by means of a valve placed in the main water supply
line and an auxiliary small needle valve in the by-pass line.

The main valve serves as an orifice and gives sufficient pres-
‘sure drop to cause a slow feed of water through the by-pass

arrangement. .

Metaphosphates having relatively low solubility have been
developed for the purpose of ‘facilitating the proportioning of
metaphosphates for threshold treatment. One.pound of this
material placed directly in the water line will dissolve at the
rate of one part per million when the flow is one gallon per
minute. In other words, if a continuous-flow-type gas water
heater having a rating of three gallons per minute is in serv-
ice and a feed of three parts per million is desired, nine pounds
of this materia] should be placed in the line. A suitable con-
tainer for this application could.be made up from a length of
pipé or an ordinary drum trap fitted with appropriate screens
of corrosion-resisting material. :

MzETHODS OF SCALE REMOVAL

The most common method of removing scale from Wa,tgr-
heater tanks is the mechanical method. The heater is dis-
" mantled and the tank removed. The scale is broken up by
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striking the outside of the tank with a hammer and at the
same time running water continuously over the dislodged ma-
terial. It is found that the material is soft and breaks up
more readily when it is in a wet state. Sometimes the meehan-
ical removal of scale is facilitated by using a torch to heat
the scaled portion of the tank and striking the tank with a
hammer at the same time. '

" When the zinc coating is removed by acid, difficulties with
rusty water are likely to oceur. Furthermore, field experience
with the use of acid has shown that scale seems to form more
quickly after the first cleaning with muriatic acid. For exam-
ple, a tank which had been cleaned after a number of years of
service required cleaning again in six months. It is posaible
that the inside surface was leff in such a condition that the

- scale adhered more easily.

The chemical method involves the use of muriatic acid,
which is a commercial form of hydrochloric acid. It is the
best of the common acids as far as its efficiency in dissolving
the scale is concerned. However, acids remove the zine coat-
ing on galvanized iron tanks, and hence tend to reduce the
life of the tank. Consequently, the mechanical method of
removing scale is the preferred method for galvanized iron
tanks. However, when the tanks are constructed of copper-
nickel or copper-silicon mixtures, muriatic acid may be usad
without damaging the tank, provided that it is not allowed to
stand in contact with the metal for a longer period than that
necessary {o remove the scale,

Circulating tank-type heaters or continuous-flow heaters
using copper coils can be descaled most conveniently by the
following device:

The apparatus consists of a tank or sump, and a circulating
pump of acid-resisting material with copper tubing or other
acid-resisting piping to make the connections. The purpose of
this apparatus is to circulate the acid solution through the
heater and back to the sump, both thus diseharging dissolved
scale and allowing the gases formed to escape. The suction
side of the pump should be piped to the side of the tank and-
protected by a screen to prevent recirculation of the Pleces of
scale. The suetion pipe should be at least three inches above
the bottom of the tank so that it will not pick up sediment.
The pressure side of the pump should be conneected to the cold-
water inlet to the heater by means of flexible copper tubing or
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acid-resisting rubber hose. The heater cutlet should be piped
to the tank or sump to allow for the discharging of the cir-
culated acid and the gases formed.

For this method the heater need not be dismantled for the
descaling operation. The circulating acid reacts with the scale
as it passes through the heater, and the gases are discharged
over the tank. The process will require from three to eight
hours for complete descaling. Indications that the desecaling
operation is complete will be noted when the circulating acid
no longer carries any appreciable amount of gases.

CONCLUSIONS

In conclusion it may be said that all the test work done indi-

cates that water temperature is the principal factor causing
scale formation in water heaters. It is apparent that more
extensive use of water softeners or other methods of prevent-
ing scale formation will be required in eommercial installations,
especially when high-temperature water is being served,

A very rapid increase in the rate of scale formation is ob-
tained between 140 and 180° F. In fact, the rate of scale
formation at the higher temperature is seven times as great
as that at normal domestic service temperatures.

The effect of high water velocity is to reduce the rate of
scale formation at any given temperature. For comparative
purposes the test resulis on the sforage-type heater versus the
continuous-flow-type heater may be cited. For the storage
type heater, 7.6% of the scale-forming compounds in the water
were depogited in the heater; whereas for the eontinuous-flow-
type water heater, only 2.1% of the scale-forming compounds
were. deposited at approximately the same temperature of
180° F,

Scale deposits caused by a carbonate or “temporary” hard-
ness in the water supply will adhere to interior surfaces such
as ga.lvamzed iron, copper, and nickel-copper alloy.

Scale dep031ts formed at 180° F. will rapldly obstruct
relatlvely narrow passages in spite of the fact that the water
velocity i 15 high at these points.

At a temperature of 180° F., seale deposits will obstruct
outlet pipes from the heater before enough material has
formed in the heater to interfere with its operation,

SCALE FORMATION IN WATER HEATERS 23

At temperatures below the boiling point of water, tempo-
rary hardness in the form of ealcium bicarbonate is the com-
penent of the water supply which aceounts for practically all
of the scale formed.

Metaphosphates added to the cold-wa.ter supply to the
heater show considerable promise as scaling mhlbltors when
used in an effective feeder
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