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RESULTS OBTAINED FROM THERMAL STORAGE APPLIED
TO A SUGAR REFINERY

G. C. WILSON, A.M.I.Mech.E., M.I.Cert.E,

The PRESIDENT: Stated that Mr.

Wilson’s paper had already been presented to the Natal
Institute of Engineers, and had won the prize of that Institute for the best paper of the year.

The

Council of the Institute had kindly consented to it being read again.

Introduction.

In the average industrial plant, probably the
greatest source of waste, both of time and material,
is the inability of the boiler plant to cope with the
fluctuations in the demand for steam. If the maxi-
mum production is to be maintained, it is imper-
ative that adequate supplies of steam at the correct
pressure be instantly available in order that the
operations may not be delayed. The present day
industrial boiler house, despite all its improvements
is not economically capable of meeting the enor-
mous variations in the demand for steam. It has
no flywheel to tide it over the alternating heavy
and light periods.

The Lancashire boiler with its large water vol-

ume has been extensively used in the past in factor-

ies where a fluctuating load has to be met, since
it is claimed that such a boiler has a comparatively
large steam reserve. In almost every case, how-
ever this reserve can only be drawn upon at the ex-
- pense of either quality or quantity of the factory
output on account of the very considerable drop in
boiler pressure required to liberate an appreciable
amount of steam. It should be noted that in this
connection a standard 8ft. x 30ft. Lancashire boiler
would have to suffer a drop in pressure from, say 100
to 70lbs. per sq. in. to give off an additional 1,0001bs.
of steam above the amount generated from the fuel
burned in the grates. The resultant fluctuations in
boiler pressure in meeting peak loads is not only
detrimental to the quality of process work,
seriously retards the rate of output. Moreover, too
low a working pressure often involves an increased
steam consumption with an aggravation of the
boiler house troubles.

The proper solution of the elimination of this
source of waste and restricted output is to be found
in the system of Steam or Thermal Storage first
put forward in a thoroughly practical way by Dr.
Johannes Ruths, an eminent Swedish engineer, and
which system has been adopted 111 most countries
with ever increasing rapidity.

In 1924 the author, during a trip to Great Britain,
United States and the Continent, investigated the
possibilities of Thermal Storage for Sugar Refinery
work, reported favourably on its uses, and recom-
mended that a system of this type should be in-
stalled in conjunction with Turbo Alternator Sets
which were then being considered in connection
with the Extensions to increase Refinery output
from 150 tons to 500 tons melt per day. Owing

but -

to certain financial reasons the Thermal Storage
scheme was left in abeyance until the year 1935,
when after a thorough investigation of the steam
load conditions obtaining in the Refineryv at that
date, a Thermal Storage system was considered to
be the most suitable for Refinery load conditions.

Before proceeding further it is perhaps advisable
to briefly outline the difficulties under which the
Refinery was operating at that time, and the benefits
which it was anticipated would result from a Ther-
mal Storage system.

In common with other industries which are sub-
ject to large and sudden fluctuations in the demand
for process steam the boiler plant at the Refinery
was quite unable to follow the demand. The pro-
cess consumers were working under conditions of
serious steam starvation with all its resultmg dis-
advantages.

Thermal Storage was installed with two main
objects. Firstly, to ensure that an adequate supply
of steam for process work at the correct pressure
and temperature would be always available even at
periods of peak demand, thus giving the conditions
necessary for the economic production of a high
grade and uniform product. Secondly, to relieve
the boiler plant of all fluctuations in output re-
sulting from variations in the rate of demand for
both H.P. and L.P. steam, thus enabling them to
operate under steady firing conditions over long
periods with-a consequent gain in both efficiency of
steam production and available output.

A Ruths variable pressure Thermal Storage sy-
stem was duly ordered and put into commission on
September 1st, 1935. It was an immediate success
and fulfilled all expectations.

General Description of Steam Plant at the Refinery
and the Steam Control and Distribution System.

The general layout of the steam plant and system
of steam control and distribution is shewn dnglam—
atically on Fig. 1, which also gives the postion of

"the several steam meters from which the charts,

which will be referred to later, were obtained.

The hoiler plant consists of :—

Six Babcock & Wilcox Boilers fitted with chain
grate stokers, and working in conjunction with a
Greens economiser and induced draught fan. Four
boilers have a heating surface of 2857 sq. ft. and
two of 2,882 sq. ft. H. 5. All are fitted with super-
heaters.
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One Stirling Boiler, Tri-drum, heating surface
7,250 sq. ft. fitted with super- heater B. & W. com-
partment type chain grate stokers, balanced draught
and Howden LJuncrstrom air heater.

One Thompson Boiler, 7,560 sq. ft. H.S. with
super-heater and intergral economiser, compartment
type chain grate stokers and balanced draught.

The hoiler working pressure is 200 1bs. per sq.
with 150° Fah, superheat, :

The Thompson and Stirling Boilers work alter-
nately in conjuction with the B. & W. boilers.

operated by compound impulses, one of the overflow
type from the H.P. steam range, and the other of
the reducing type from the L.P. receiver.

A drop in pressure in the L.P. receiver resulting
from an increase in the demand causes the reducing
impulse to open the regulating valve to pass more
steam quantity through the turbines to meet this

_demand. When the steam quantity passing through

the turbines tends to exceed the boiler output the
resulting drop 1n the steam range pressure acts on
the overflow impulse to close in the regulating valve,
and thus limit the quantity passirig through the
machines to that which is available from the boilers,
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The Turbine plant consits of two 1,200 K.V.A.
back-pressure Turbo-Alternators working in parallel
with each other. They take steam at about 187 Ibs.
pressure and 150° Fah. Superheat and exhaust into
a steam receiver at a pressure of about 15 1bs. per sq.
in., and 50° superheat, {from which the steam to the
process is distributed by two pipelines, one 20 in,
and the other 16in. diameter.

A list of the process consumers served by these
two pipelines 1s appended.

The Turbo-Alternators work in parallel with the

Municipal supply, so that when the electrical output
is in excess of the factory requirements, the surplus
passes into the Municipal mains. This is the normal
condition. On occasions when the output falls be-
low the factory requirements, the additional power
required is obtained from the Corporation. The
Turbines are set to run slightly off the speed gover-
nor, and the steam supply is controtled by an “Arca”
relay operated regulating valve (1). This valve is

RECEIVER

STEAM FLOW METERS DENOTED THUS 8
15.85°" PRESS

METERS A1 TO A8 ARE INDICATING 1
ARE SUMMATED ON METER (R)

Previous to installing Thermal Storage, the steam
supply to the process via the turbines was augment-
ed at periods of heavy process demand by an “Arca”
relay operating reducing valve (2) placed between
the H.P. and L.P. steam ranges. This reducing
valve discharged into a desuperheater which could
he brought into service when it was necessary to
reduce the bye-passed H.P. steam down to a temper-
ature suitable for process work. As normally the
greater volume of steam to’ process was passed
through the turbines, it was only necessary to use
the desuperheater when one or both turbines were
out of action. Since Thermal Storage has been in-
stalled the reducing valve (2) is only used during
starting up and shutting down operations at ‘the
week-end.

The Thermal Storage system consists of a Ruths
Steam Accumulator, a relay operated overflow, or
surplus valve (3) controlled by an impulse con-
nected to the H.P. steam range, and a similar valve
(4) of the reducing type controlled by an impulse
connected to the LP steam receiver. As will be
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observed from diagram I, the thermal storage sy-
stem replaces in the steam circuit the reducing valve
(2) referred to in the foregoing paragraph.

The Accumulator has a storage capacity of ;lp—
proximately 40,000 lbs. when operated between the
pressure limits of 200 and 15 Ibs.

It consits of a cylindrical steel shell with hemis-
pherical ends. It is 11ft. 3ins. in diameter by 58ft.
long, and weighs apprximately 52 tons. It was
shipped to this country in one piece.  Special
arrangements had to be made with the S.A. Rail-
ways for its transport from the dock-side to the
Refinery at Rossburgh—a distance of approximately
seven miles—and the new Esplanade Railway was
specially opened for the occasion. By shipping the
shell in one piece it was possikle to complete all
riveting and caulking in the shops where it was
manufactured, and also give it the necessary hy-
draulic tests (which were done under the super-
vision of Lloyds Surveyor) before despatch.

The increased freightage costs due to shipping
the shell in one piece were more than offset by the
reduction of erection costs at the site. Notwith-
standing the rough usage to which a shell of the
dimensions mentioned must he subjected to in trans-
port, it is pleasing to state that after erection in its
final position, and the hydraulic and steam tests
applied, the shell was found to be perfectly tight
and has remained so. :

The Accumulator is internally fitted with special
charging nozzles and diffusing sleeves, so arranged
that the kinetic energy in the incoming steam is
utilised to keep the large volume of storage water
in circulation, thus. maintaining an even tempera-
ture throughout the vessel. A special nozzle is
fitted at the outlet pipe in the steam dome in order
that the safe maximum rate of discharge will not
be exceeded in the event of a breakdown in the
pipe system. Non-return valves are fitted to both
inlet and outlet pipes of the Accumulator, in order
to obtain the correct direction of steam flow,

.The other fittings include spring-loaded safety
valves, air valve, blow-off cock, pressure guage and
thermometer. A long water level guage is fitted
to be used in conjunction with two cocks for period-
ically adjusting the water level in the accumulator.
The accumulator is charged with steam having a
greater heat content than the outgoing steam so
that, to maintain the heat balance, more steam must
he given off in the accumulator than is condensed.
This tendency of the water level to fall is partially
counter-balanced by the accumulation of water due
to the slight radiation loss. For every pressure in
the accumulator there is a definite water level, and
as the water guage is graduated in Ibs. per sq. in.
the level is easily checked once or twice per week.
If the water be low, opening the cock will allow feed
water to be pumped in. The other cock allows
water to be drawn from the accumulator to the

feed tank, or to other parts of the factory where
hot water may be required in connection with the
process work,

~There is also a definite relationship between the

. pressure in the Accumulator and the steam quan-

tity stored, and the operating staff in the hoiler
house can, therefore, ascertain at any time how
much reserve steam is available by reading the
large dial accumulator pressure guage installed in
the Dhoiler house for this purpose. Incidentally,
this constitutes the only guide to the rate at which
the boilers should be fired as the hoiler pressure is
maintained constant except when the Accumulator
becomes fully charged or empty. This should not
happen except in exceptional circumstances.

The satisfactory storing and discharging of large
quantities of steam calls for very sensitive and re-
liable control valves, and the Ruths Automatic
Overflow and Reducing valves (3) and (4) referred
to previously, have been specially designed for this
service. They are operated by oil under pressure
which is supplied by a motor-driven rotary oil
pump. The valves are controlled by very sensitive
steam pressure operated oil relays. These valves
have now been in service for approrimately two
years and after slight adjustments when they were
first put into commision they have proved perfectly
reliable and have required little or no attention.

The general operating principle of the variable
pressure steam storage system is now generally
known and it is not therefore considered necessary
to refer to this in detail.

With this system the boilers are fired at a rate
equivalent to the average of the total refinery steam
demand.

When this demand exceeds the boiler output the

- additional steam quantity required is constantly

provided by the accumulator.

When the boiler output is in excess of the demand
the surplus is stored in the accumulator until such
time as it is required to augment the boiler output.

With the Thermal Storage system as installed
at the Refinery, the method of controlling the steam
to the turbines, as previously described, remains
unchanged and the Thermal Storage control valves
(3) and (4) operate in conjunction with the turbhine
regulator (1) in, briefly, the following manner :(—

If the maximum flow through the turbine via
regulating valve (1) is not capable of meeting the
process demand, the process pressure tends to drop,
thus causing the reducing valve (4) to come into
action.and make up the deficit from the accumu-
lator. If at periods of light demand for process
steam the quantity of steam passing to the turbine
is less than the output of the bhoilers the resulting
tendency for the H.P. steam range pressure to rise
causes ‘the overflow valve (3) to come into action
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and pass the surplus to the accumulator, consequent-
ly, under conditions of both heavy and hght demand
for process steam, both the H.P. and L,P. press-
ures are maintained stable except for the very
slight variation required to bring the regulators
into  operation. It should perhaps be mentioned
here that the turbines take priority of steam flow to
the process and it is only when this results in a
téendency to reduce the boiler pressure that the
accumulator comes into action to augment the

supply.
Steam Flow Metering Equipment.

The position of the steam meters., in the diagram
system is indicated digramatically on Fig. 1. The
four meters (D), (F), (G) and (H). are of the
“electroflo” indicating recording and mtegratmg
type. The rec01d1ng is done by means of a strip
chart which greatly facilitates rapid analysis of the
steam conditions at any moment.

Meter (D) measures the H.P. steam flow to the
Steam Storage system,

Meter (F) measures the L.P. steam flow from the
Steam Storage system. :

Meters (G) and (H) measure the steam flow
from the L.P. receiver to the process through the
16in. and 20in. mains respectively.

Meter (E) measures the qiiantity of H.P. steam
supplied to the turbo-alternators,

Prior to the installation of Thermal Storage, the
‘Thompson Boiler was the only boiler equipped
with a steam flow meter. Six months after the in-
stallation, all boilers were equipped with steam flow
meters, also Lea Coal meters. This was done in
order to get reliable data re steam output from
boilers and amount of coal consumed in producmg
the steam.

The meters, both steam and coal, are of great
benefit to the Technical and Operating staffs of the
Refinery. At a glance, the operating staff can see
immediately how steam conditions are at any time
of the day or night. and they can plan their work
accordingly. The Technical staff, from the figures
obtained from the meters, can check up results from
day to day, and thus spot where leakage and waste
is taking place, and have this rectified “with as little
delay as possible.

In addition to the foregoing permanent equip-
ment a temporary steam flow meter (J) of the re-
cording type was installed in the direct bye-pass
system via valve (2) to obtain some idea of the
process steam requirements when the conditions

under which the Thermal Storage plant would oper-

ate were being investigated.

Operation of the Thermal Storage System as deter-
mined from analysis of the Steam Flow Meter and
Pressure Charts,

In Figs. 2 to 12 are given a set of steam flow and
pressure charts taken over a twelve hour period be-
fore and after installing Thermal Storage. These
charts have been chosen as representative of the two
conditions of working. and it is hoped that they will
be of service in explaining how the Thermal Storage
system acts as a thermal fly-wheel to halance the
steam load and to augment the boiler output at
periods of peak demand.

Figs. 2, 3 and 4 refer to conditions prior to in-
stalling Thermal Storage. Fig. 2 shows the total
H.P. steam passing to the process via the turbines
and the reducing valve (2) through meters (E) and
) respectively. Figs. 3 and 4 show respectively
the pressure conditions in the H.P. and process
steam systems over the same period.

The flows shewn on Fig. 2 are only approximate
as they have not been corrected for the fluctuations
in the quality of the H.P. steam, consequently the
actual flow to the turbines will be rather less than
that shewn.

The principal feature demonstrated by these
three charts 1s that the boilers were quite unable to
follow the process steam demand and that, in con-
sequence, there was a continual shortage of both
H.P. and process steam.

To avoid the boiler pressure being pulled down to
a.dangerous extent the flow to the process was
frequently restricted by partially closing in the stop
valves (5) and (6) shewn at the receiver outlets
on Fig, 1.

Figs. 5 to 12 refer to the conditions obtaining
after installing Thermal Storage, and when com-
paring these charts with those shewn on Figs. 2,
3 and 4 it should he noted that without Thermal
Storage the full complement of six Babcock boilers
were in service, whereas subsequent to installing
Thermal Storage only five of these boilers were
normally required and in-each case the Thompson
boiler was also in operation and the Stirling" boiler
was shut down.

Fig. 5 shews the total steam output of the boiler
plant. A high and steady rate of output is main-
tained over long periods and the comparatively
slight periodic drops in the flow are due to clean-
ing fires, these, it will be observed, are more pro-
nounced in the case of the Babcock boilers, where
the fire doors have to be opened for this operation.
The larger drop in output from the Thompson
boiler, which occurred between 9 and 10 p.m., is
due to soot blowing.

Fig. 6 shews the pressure’in the H.P, steam range.
The rise at 8 pm. is the result of the load on the
turbines being dropped for the time signal at a
period when the accumulator was full and therefore
not capable of absorbing the surplus steam. See
curve of accumulator pressure Fig. 12.
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Fig. 7 shews the total H.P. steam available for
process via the turbines and the Thermal Storage
overflow valve (3) through meters (E) and (D)
respectively. This chart illustrates the ability of
the accumulator to-absorb surplus H.P. steam when
the load on the machine is dropped at periods of
low ‘process demand and it therefore explains the
steady rate of boiler output shewn on Fig. 5. . On
comparing this chart with Fig. 2 it will be observed
that in consequence of this sustained bhoiler output
the steam quantity available for process has been

increased considerably notwithstanding the reduct-’

ion in hoiler power. -

As will be shewn later. more steam is being by-
passed direct to the process via the Thermal Storage
system than-is required to maintain the Accumu-
lator in a state of balance. and it will be appre-
ciated that the excess could, with advantage, be
passed through the turbines to generate power, but
these machines are already running at full output,
and the overload nozzles are open- during the greater
part of the time,

Fig. 8 shews the temperature of the steam output
from the Thomson hoiler, this is reasonably steady
and need not be commented upon, except perhaps to
mention that the drop at 9 p.m. should in all
probability coincide with the drop in output
shewn in-Fig. 5 between 9 and 10 p.m. dutmg the
soot blowing operations,

Fig. 9 shews the total process steam demand as
summed from meters (G) and (H) plus the esti-
mated quantity required for feed heating, which
is not metered.

Fig. 10 shews the process steam pressure over the
corresponding period.

The periodic rises are caused by the automatic
control of the steam to the turbines being partially
in-operative when the hand operated overload
nozzles are open.

It is apparent from these two charts that as the
process pressure has not fallen below the normal
all demands for steam by the process have been
adequately met practically as quickly as they
developed, notwithstanding that the peak of the
demands is about 30,000 1bs. (equivalent to the out-
put of two Babcock hoilers) in excess of the aver-
age (uantity passing to the process from the boilers
(Fig. 7). This does not fully extend the Accumu-
lator which when it is fully charged can pass to
process approximately 40,000 Ibs. for one hour to
supplement the boiler supply, and over a half hour
period it is capable of discharging twice this quan-
tity. A comparison of these two charts with those
shewn on Figs. 2 and 4 will illustrate the improve-
ment in the process steam conditions which took
place after installing Thermal Storage.

Fig. 11 shews in a convenient manner the re-
lationship between the rate of steam supplied by the

“tities stored or

boilers to the process and that of the process de-
mand at any instant, the heavy line represents the
supply from the boilers as given on Fig. 7, but
converted on a total steam basis to terms of L.P.
steam, the light line represents the total process
demand as given on Fig. 9. By super-imposing
these two flows one on the other and comparing
them with the chart of the accumulator pressure
for the same period as shewn in Fig. 12, a useful
pictorial representation of the performance of the
Thermal Storage is obtained.

These two charts shew that the Accumulator not
only meets the fluctuations in the process demand
but also compensates for any fluctuations which
may occur in the output from the boilers. The
charts also shew that, not only can the plant bal-
ance out what may be termed as short period fluctu-
ations in both these demands, but ‘that, at the
same time, it is capable of appreciably augmenting
a deficit in the average of the supply from the hoil-
ers over a considerable period, or, alternatively, of
absorbing an excess in this average.

The charts have several other interesting features,
for instance, the rate of charge to and discharge
from the Accumulator over any period can be ob-
tained from the slope of the pressure line on Fig.
12, and for comparison the maximum output of the
plant under ‘these two conditions has been indi-
cated in this manner,

The total quantity of steam passing to and from
the Accumulator during any period can be obtained
by summing the areas between the curves of supply
and demand, and the magnitude of individual guan-
discharged can be obtained in a
similar manner or, alternatively, by reading the
pressure difference in the Accumulator at the be-
ginning and end of the period. For instance,
during the 12 hours covered by the charts the total
steam absorbed by the Accumulator and given up
to the process was 74,500 lbs.. which is equivalent
to an average of approximately 6.000 lbs. per hour,
thus of the average steam quantity of 14,500 Ibs.
passing to the Thermal Storage system via meter
(D) Fig. 7, an average of 8,500 lbs. per hour passes
direct to the process through valves (3) and (4)
without entering the Accumulator and this ex-
plains the earlier statement that more steam was
passing to the Thermal Storage system than was
required to balance the load.

The largest individual peak carried by accumu-
lated steam is approximately 15000 lbs, and the
sum of the two peaks which follow closely on each
other between 11.30 p.m. and 1.30 a.m. is 26,000 1bs.,
these two peaks are so close to each other that as
far as they effect the conditions in the Accumu-
lator they can be considered as one.

The largest individual quantity stored amounts
to 17.500 Ibs. This took place between 5 and 6
a.m. and it will be ohserved that coincident with
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the-fall in the process demand -at that time, there

was an increase in' the quanttty of steam -coming"

over from the boilers; hence the comparatlvely
rapld chargmg of the Accumulator

A survey of the Builer. Plant; Power Plant and
Process. Steam distribution over the-period covered
by the charts given. on F:gs 5 to 12 is-appended. -
Benefit- obtamed from Thermal Storage

The - beneﬁts which have been obtained from the

Thermal Storage plant at the Refinery can be_

stated as follows:—

Improvement in the quahty of the ﬁmshed
product

caused-corresponding variations in the temperature

of this steam, and since the temperature difference

producing heat transfer-in the vacuum pans is, in
any case, relatively low, the wide variations in the

stéam conditions therefore materially affected the

process of refining, and this was especially the case
during graining. This is a. matter of common ex-
perience in refineries and raw sugar factories, where
steam pressure fluctuations con51derably mﬂuence
the 51ze and quality of the gram

The uniform process steam pressure and temper-
ature obtained with Thermal Storage has resulted
in a marked improvement in the guality and uni-
formity of the finished product

’2. Increased production.  The COI‘ldlthl’lS of
process steam starvation which existed prior to in-
stalling Thermal Storage increased the time necess-
ary to carry out process operations, and in addition,
inevitable delays occurred due to the formation of
false grain, and the consequent necessity to remelt
or wash-'out as termed by the pan boiler.

Thermal Storage by stpplying steam at the de-

sired pressure and temperature throughout the
refinery at a time rate governed by the requirements

of . the consuming units, has enabled process oper--

ations to be carried put. at maximum efﬁc1ency
As a direct result of this, the output of sugar in-
creased by 200 tons the first week the accumulator
was put into service. :The output increased steadily
week by week until a peak of 580 tons' of extra
sugar was melted per week. The normal weekly
sugar melt prior to. installing Thermal Storage was
3.300" tons. The peak tonnage melted per week

after mstallmg the Accumulator
3,880 tons.,

Durmg the présent season the. average weekly
mélt” has approximated 3,560 tons. The reduced
melt is due to a policy of slowing up the work on
the vacuum pans and centrifugals with a view to
obtaining a hlgher cldss of refined sugar than had
been aimed at in .previous years, and the results

‘The unstable ¢ondition of the"process’
stéam pressure prior to-installing Thermal Storage’

amounted to

obtained, due to constant process steam pressuure
and temperature, have so far been very successful.

3. Reduced Steam Consumption per unit of Out-
put. Under this heading comes the maintenance
of a steady steam pressure and temperature, and
'the speeding up of output. The steam consumption
per ton of output in the Refinery has been decreased,
particularly due to reduction in radiation loss.
This is an important factor in a sugar refinery on
account of the large size of the manufacturing units,
and the relatively ‘large surfaces exposed to the,
atmosphere, although every precaution of these.
losses is guarded against by efficient lagging of the
various vessels .and steam mains used in connection

' w1th process work.

4, Improved Boiler House operatmg conditions.
Prior to installing Thermal Storage the boiler press-
ure gauge constituted the only reliable indication
of a change in the rate of the steam demand. Con-.
sequently, this change had actually to take-place
before the boiler attendant was aware of it. This
resulted in periods of forced firing in an endeavour
to meet up with the demand followed by periods
of rapidly reducing firing in an endeavour to pre-
vent the boilers blowing off.

It will be appreciated that irrespective of the
maximum output of which the boilers in service
are capable, the rate of steam production at any
moment is limited to that of the demand. Conse-
quently, as a peak usually develops after a period
of light demand, the boilers were seldom in a con-
dition which enabled their full output to be attained
in time to meet the peak.

With the Thermal Storage the boilers are only
called upon to meet the average of the demand
and the Accumulator pressure guage gives ample
warning of any change required in the rate of firing.
The boilers can, consequently, be steamed steadily
for long periods at their most efficient rating.

Under these circumstances the efficiency of the
boiler plant has been considerably improved, and
peak firing and safety valve lpsses have been
eliminated. Notwithstanding the increased sugar
output obtained, one of the Babcock boilers was
taken out of service the first week the Thermal
Storage plant was placed in operatlon

This improvement in boiler house conditions,
together with the reduction in the process steam
consumption per ‘ton of sugar, has resulted in im-
portant coal savings, plus a reduction in labour
and maintenance charges. A table giving the coal
savings which have been obtained is appended.

5. Increased electrical output from process steam,
The wide variations in the pressure and temperature
of the steam supply to the turbines which obtained
before Thermal Storage was installed, naturally
had an adverse effect on the electrlcal output of
these machines,
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Since installing Thermal Stordge a steady press-
ure of from 185 to .187 lbs..can be maintained at
the turbine stop valves, and this, together with the
increased output obtained from ‘the boiler when
operating under steady firing condifions, has re-
sulted in a considerable increase in the electrical
output of the turbo-alternators which. of course,
benefits the Refinery and the Durban Corperation,
the power plant bemg run by both parties on a
50—350 cost basis.

Figures shewmg the average weekly output in
units generated before and after the Accumulator
installation are appended.  The results obtained
have exceeded all expectations and. in consequence,
the installation of a 2.000 K.W. Turbo-Alternator
to replace one of the existing 1,000 K.W: machines,
is now under. consideration, and, in all probability,
the machine will be installed during the 1938-39
season.

6. General. The introduction of Thermal Stor-
age at the Refinery has effectively suppressed all
steam -pressure variations, 'and has made possible
better co-operation between "the various Refinery
departments, and the dissatisfaction which existed
previously amongst those members of the staff
concerned with production insofar as related to ‘the
quality of the steam supplied, created a certain
amount of friction which, no doubt, adversely affect-
ed to some extent, the smooth running of the plant
as a whole.

The elimination of anxiety, and this internal
friction, is therefore an important point, and one
which should not be overlookéd by managements
of industrial concerns using steam for process work,

‘Improved quality of product.

should they consider af any time the installation of
Thermal Storage equipment. :

Summarised advantages obtained at Refinery by
mtroductlon of Thermal Storage :

Boiler Capacity Increased. As boilers can be
operated continuously at full economic, rating.

Reduced Number of Boilers, As the: b011ers are
only required to meet the average of stearn demand.
Fuel Saving. Due to better steaming conditions.

Reduced Maintenance Costs. As alternate forcing
and damping of boiler plant is eliminated.

Increased Production. Due to steam supply being
instantly available at constant steam pressures and
temperatures.

Automatic Thermal Balance. By storing surplus
steam to meet subsequent peak loads.

On account of the
constant steam pressures and temperatures.

Smooth Operation throughout the Works. As the
boiler house, power plant and process departments
are independent of each other. :

Cheap Power. Due to operating back-pressure
Turbo-Alternators without loss of exhaust steam
and o maintenance of -constant pressure and super-
heat.

Sxmphﬁed Week-end operation. As small contin-
uous heating operations can be effected by Accumu-
lator and heavy loads met on starting up with cool
juice after the week-end shut down. i

o APPENDIX.
' Tbnnage of Sugar Melted per Week.

Six consecutive weeks hefore Accumulator installation
Six consecutive weeks after Accumulator installation

Season 1937-38 to date (excluding start-up week)

Seven consecutive weeks recordmg hlghest output of electrical units z

1937-38

Percentage
Increase
in Sugar Melted

Average Sugar
Melted per week
3,184 tons

3,568 ., 12.0
3,387 =, 6.4
3475, 9.1

Relétion of Coal Consumed to Sugar Melted.

Average for 2} years before Accumulator installation
g 3 ¥
Avcrage for 2 years after Aeccumulator installation

Lbs. coal per Percentage saving

ton sugar melted in coal
612 -
570 6.87

(Last year accumulator working for first full season).
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Weekly Output in KW'’s. from Turbo-Alternators.

Average out- Ihcreaseof Percentage
' put of units per " incredse
_ ‘ AU L R - machine week in units
Six consecutive Weéks hefore Accumulator installation . LS 297,746
Six consecutive weeks after Accumulator installation 323,793 26,047 875
Season 1937-38 to date (mcludmg start-up Week) 341,828 44,082 128
Output for seven consecutive weeks (1937-38) » 351,921 - 54,175 18.1
‘ ‘ ' Operating Period,
Season ( VM'e"lting Days Tons Sugar Average Melt’
: Melted per day
1933-34 160 95,176 594 .4
193435 179 116,121 649
1935-36 153 98,658 645
.1936-37 . 197 136,638 693
1937-38 to date (approx1mate1y 4 months). 57,427 —

(The steam accumulator was put in commission on lst- September, 1935, and has been in contmuous
"~ service since that date).

If we take the 1933-34 season dally meltmg rate as a basis of comparisons, the meltmg days would

have resulted as follows:—

‘Season 1934-35 would have taken 195.5 days
Season 1935-36 would have taken 166 days
- Season 1936-37 would have taken 230 days .

Saving in melting tlme 1936-37 (at 5 melting days per week )

I

16.5 extra days.
13 extra days.
33  extra days.
6% weeks.

I

Boiler House and Power House Reports.

Sugar -Melted season 1936-37 — 136,638 tons.

Coal used = 38,976 tons giving 570" Ibs. coal, per
ton sugar melted, i.e. a saving on previous season of
23 Ibs. coal per ton sugar for season — £1,392/0/0.

Average cost of coal—17.72/- per ton = (17/8.6).
Cost of coal for season = £34,539/9/8.
Cost of coal per ton sugar (boilers) = 5.0502s.

(5.0502/-).

On a capital investment of £10,000 this saving of
£1,392/0/0 for season shews a return of 13.9%.

Power Generated — Season 1936-37;

The total steam supplied to Turbo-Generators

Refinery Costs.

Units consumed during running period
Cost of above

Cost per Unit

Cost per Unit (1935- 36)

Units consumed (during week-ends and shut down perlods) —

Cost of above at .3d. (Corporation charge)

Total Units consumed during the season (one year) mcludmg

shut-down period = 6,172,600 Units.

during the season amounted to 458,324,000 lbs.—an
increase of 122,178,00 Ibs. compared with previous

season.  The toal units generated amounted to
12,729,720 Units (or K.W.H. )—an increase of 3,50
8720 Units compared with previous season. The
ratio of Ibs. of steam per Kilo-Watt-Hour = 36 lbs.,

ie., 0.34 Ibs-less than previous season.

The Units used by Reﬁnerv during the running
period = 5,814,300 Units — 45. 675% of total gener-
ated; the balance 6,915,420 Units were supplied to
Durban Corporation = 54.325% of total generated.
,The Power Account Statement for Refinery for
season is as follows:—

= 5.814300 Units (or K.W.H’s.).
£1,710/2/1.

0706d.

= .0828d.

358,300 Units.

=  £447/17/6.

Units used during week-ends and

I

|

Cost of above, including rebate of £30 per month from Cor-

poration plus special rebate (fuel allowance)
Cost per Unit
Cost per Unit (1935- 36)

= £1738/12/2.
‘= .067 per Unit.
== .098 per Unit.
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1936-37 Costs work out at .031 pence per Unit less
than previous season,

It 6% of total fuel cost is added, the cost to Re-
finery per Unit on 5,814,300 Units = .067 plus
085 = .152d.

1f taken on the total generated (12,729,720 Units),
the cost per Unit works out at .067d. plus .039d. =
.106d.

General Analysis of ‘Steam Distribution: over- period
6 p.m. 23/8/37 to 6 a.m. 24/8/31.

The following analysis of the steam distribution
in the Refinery has been deterinined from the aver-
ages of the flows given on the accompanying dia-
grams. It should be noted that these diagrams
are primarily intended to illustrate the relationship
which exists between the characteristics of the

steam supply and those of the steam demand, and
as the unmetered flows to the gas producers and
feed heating were arrived at by deduction and were
assumed to be constant it is not possible to obtain
a complete analysis-from these diagrams.

Further, during the period under consideration,
the H.P. supply to the process. was augmented by
about 4,000 1bs. of stored steam from the Accumu-
lator. In the interests of simplicity this has been
neglected as the corresponding hourly average is
comparatively-small, ,

Average Steam Conditions.

H.P. Steam in range 187 1bs. guage 522°F or 140°F,
Superheat.

L.P. Steam in range 17 1bs. guage 300°F. or 46°F.
Superheat.

Average Boiler Output.

Stirling Boiler and one Babcock Boiler not in service.

Babcock Boilers ..
Thompson Boiler. .

To Process via turbines ..
To Process via Thermal Storage ..
To Gas Producers and Dryers

Average H.P. Steam to Process,

Via Turbines
Via Thermal Storage

Average L.P. Steam to Process.

Via Turbines
Via Thermal Storage ..

Average H.P. Steam Distribution.

74,000 Meter A.
51,000 Meter B.

Total 125,000 1bs./hr.

101,500 Meter E.
14,500 Meter D.
9,000 (by deduction).

Total 125,000 bs./hr.

101,500 Meter E.
14,500 Meter D.

Total 116,000 lbs./hr.

s
Ty

101,500¢ as above).

16,000 (meter D. increased in
proportion to difference
in, total heat).

117,500 1bs./hr.

Total

Average L.P. Steam Distribution,

Pan House ..
Melt House..
Feed Heating

The following comparison of the steam quantities
given up by the boilers before and after installing
Thermal Storage illustrates how the output of boiler

73.000 Meter H.
37,000 Meter G.
7,500 (by deduction).

Total 117,500 lbs./hr.

plant can be increased by continuous operation at
steady output. .
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Heating Surface of Boiler Plant in Service.. .
Before installing Thermal Storage, : :
© 4 Babcock Boilers each 2,852 sq. ft. H.S. 11,408 sq. ft. H.S.
* 2 Babcock Boilers each 2.882 sq. ft. H.S. e e e 5,764 sq. ft. H.S.
1 Thompson Boiler .. .. .. .. .. .. .. .. .. .. = 7560 sq. ft. H.S.

[

I

Total heating surface .. .. .. .. .. .. = 24732 sq. ft. H.S.
o ' After installing Thermal Storage. . _
4 Babeock Boilers each 2,852 sq. ft. H.S, .. .. .. .. .. ... .. = 11408sq. {t. H.S.

1 Babcocl\ Boiler e e e e ee el e e = 2882q. ft. H.S.

1 Thompson Boiler .. .. .. .. . oo o = 7,560 sq. ft. H.S.

Total heating surface .. .. .. .. .. .. .. .. .. .. .. = 2180sq. ft. HS.

Average H.P. Steam Available for Power Generatlon and Process.
Before installing Thermal Storage .. .. .. .. .. .. .. .. .. 101,350 lbs./hr*
After installing Thermal Storage .. .. .. .. 116,000 Ibs:/hr.

*The metered steam flow to the process via the Turl)mes and cllrect bye -pass before installing Thermal
Storage has not been corrected for the large variations in the quality of H.P. steam then present, and
in consequence the actual average flow will be rather less than the figure given

Average Steam Produced per Sq. Ft. Boiler H.S. after installing Thermal Storage.

Babcock Boilers (Feed témp. leaving Economiser 360°F.)- .. -..- .. .. .. 52 1bs./hr.
Thompson Boiler (Feed Temp. leaving Heater 234°F. ) e 6.75 1bs./hr.
Note: When considering the performance of the boiler plant it should he appreciated that the

neglected ‘blow-down losses are relatively large. On the aver age 3 inches of water is blown
down from each hoiler every three hours.

Principal Process Steam Consumers.
Vacuum Pan House.

! Calandria Pan .. .. .. .. .. .. L. L0 L0t oo 2,400 sq. ft. H.S.

3 Calandria Panseach with .. .. .. .. .. .. ... .. .. .. 1,426 sq. ft. H.S.
1 Coil Pan .. .. .. .. .. L. L0 oL o e 1,000 sq. ft. H.S.
1 Coil Pan .. .. .. .. .. .. .. .. .. .. .. .. ... .. 480 sq. ft. H.S.
Melting House. - .2 Continuous Melters. (direct Heating).

2 Calandria Pans each with 1,426 sq. ft. H.S. 6 Blow-up Tanks (Coil Heating).

1 Triple Effect Evaporator 3,700 sq. ft. H.S, 2 Re-melt wash and Syrup Heating Tanks Calan-
6 Blow-up Tanks (Coil Heating). dria each with 150 sq. ft. H.S. .

6 Valley Filter Liquor Tanks (direct Heating). Water Heaters Closed and Direct Heating, etc.
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LONGITUDINAL SECTION OF RUTHS STEAM ACCUMULATOR SHQWING VALVE SYSTEM

A.—Accumulator Shell with hemispherical ends and of

special construction to withstand pressure fluctu-
ations.

B. Heat Insulation; limiting loss by radiation to .16
- B.T.U’s/sq. ft./hour/°F. difference between temper-
ature of water content and oustide air.

C.—Removable insulation over riveted seams to facilitate
inspection. "

E.—Inlet non-return valve, controlled with dash-pot.

F.-=Steam distribution pipe.
G.—Charging nozzles.

H.—Circulation pipes.

I.—Outlet ﬁon-return valve similar to E.

K.—Convergent Divergent nozzle limiting the discharge
rate.

L.—Special water level guage.

ovr1-



‘Mr. JOHNSON: Thanked Mr. Wilson for his
paper and gave his own experience of the accumu-
lator in heet factories overseas. He thought the
demands on the steam boiler for a factory were
greater than those in a refinery. In one instance
before the installation of the accumulator he found
that the pans pulled the boilers down from a steam
pressure of 80 to about 45. This resulted in dis-
abling the routine of the factory. After the accu-
mulator was installed the steam pressure hardly
varied. He appreciated having the facts set down
in this paper, and wondered why the accumulator
had not been installed in more of our factories.
The initial costs would be more than overcome by
the resultant increase in efficiency.

Mr. J. MURRAY : Said that there.was no doubt
that if the makers could modify the design of the
accumulator to suit cane sugar factories, it would
be widely adopted. Mr. Murray went on to say
that in a cane sugar factory steam has to perform
two duties (1) To drive the prime movers, (2)
To heat the juices, and the exhaust steam from (1)
_is usually sufficient for the latter. The supply of
steam to both was fairly constant. The prime
movers used apptoximately 20% of the heat in the
live steam, which when not used was conserved in
the boilers. But once the exhaust steam, repre-
senting 80% of the total heat in the steam, left the
prime movers, it had to be used or was wasted in
the atmosphere. If it were possible to close down
the centrifugals when a pan was striking, then it
would balance up the heat supply somewhat. IHe
quoted as an instance a factory crushing 100 tons
of cane an hour. The boilers would give 120,000
Ibs. of steam per hour, and after driving engines
there would be 100,000 1bs. left for heating. The
heating of the juice and evaporating it into syrup
took about 65% of this steam, and the pan about
20%. With the mills steam-driven and the rest of
the factory electrically driven (involving the use
of about 700 K.W.), and if 40 lbs. steam per K.W.
hours were used, then this amounted to 28,000 Ibs.
steam. He suggested that factories having a num-
ber of Belliss and Morcom high speed sets, and
contemplating installing turbines as had been done
at Mount Edgecombe. Maidstone and Umfolozi,
should have these turbines constructed to work
against a back-pressure of say 15 to 20 lbs. and
should be made to exhaust into a steam accumu-
lator fitted with safety valves to blow off at 20 1bs.
pressure. This exhaust.would then be available
for the vacuum pans at pressure varying from 5 to
20 tbs. per square inch. This would bridge over
the period when the pan was striking. An accumu-
lator to hold about 25,000 1bs. of steam would be
a feasible proposition. He was not sure whether
the cost of the suggested low pressure steam ac-
cumulator would be any cheaper than a high pres-
sure accumulator under the circumstances. In cane
sugar factories however the wastage to be consider-
ed was exhaust steam.
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- Mr. W. A. CAMPBELL: Asked Mr. Wilson if he
thought it was essential to install accumulators in
some of our factories. S '

Mr. WILSON: Thought accumulators were
essential under certain conditions (iltustrated his
remarks by pointing to steam flow charts on black
hoard). - Regarding Mr. Murray’s point -he said
there was no blowing off to atmosphere of exhaust
steam in the refinery. In 1913 the refinery had all
steam driven units. The back pressure was 10 Iiss.
and the vacuum pans were supplied through a re-
ducing valve, 40 to 45 lbs. and the exhaust steam
used to' blow off continuously.  Therefore they
started electrifying in 1914. The coal used with all
steam driven units was about 1,500 lbs. per ton
sugar melted. He then illustrated how the in-
stallation of the accumulator together with the com-
plete electrification of the power units in the refin-
ery had been a great saving to them.

Mr. DUNN: Said that he had been closely asso-
ciated with the accumulator plant at Hulett’s Re-
finery since it was first put into operation. He said
there’ was considerable doubt about the relation
between boilers and steam accumulators.  The
accumulator only stored steam. In a factory where
the steam demand was variable an accumulator

“ensured that the heating surface of the boiler was

used to the best advantage and also that the heating
surface of the process steam consumers, such as
pans, evaporators and heaters was also used to the
best advantage. Without the accumulators peak
demands for process steam must be met by the
boilers, whereas with an accumulator, the boilers

“are only required to meet the steady average of

this demand. When the process demand was less
than the average the surplus was stored in the ac-
cumulator. 'When the process demand exceeded
the average the accumulator made good the defect.
If the boiler plant was not capable of meeting the
average demand, an accumulator would make good
the deficit. It had been said ‘'on more than one
occasion that while an accumulator was a good
thing for sugar factory conditions, the proper time
to install it was after all the other steam plant had
been brought up to date, As, however, when buy-
ing boilers or process steam plant, one bought
heating surface, and as this heating surface could
not be used to the best advantage without thermal
storage, it followed that only after thermal storage
was installed could the true output of which the
boiler plant and the steam consumers are capable
be determined. In many cases additions had been
made to the process plants to increase output when
the true cause of the restriction was shortage of
steam. ' '

The PRESIDENT : Asked Mr. Dunn, in view of
bagasse being used for other purposes and our con-
ditions being altered in the factories, whether an
accumulator would be of great use.



Mr. ‘DUNN: Replied that an accumulator by
raising the efficiency of the boiler plant would re-

duce the quantity of fuel required for a given out--

put of steam.” This applied equally to coal or bag-
asse.- In a sugar factory where there was no stor-
age of steam, the fluctuating nature of the steam
démand made it necessary for the rate at which
the boilers were fired to be changed at short inter-
vals. - This resulted in inefficient combustion and
the boiler could only. give its highest efficiency
when the output was constant. If as Mr. Wilson
had
boilers to be fired at a steady rate for periods of
12 hours at a time without once changing the rate of
firing, the conditions for best efﬁc1ency were ob-
tained.

Mr. W. A. CAMPBELL: Asked if Mr. Dunn
advocated starting first with an accumulator if a

factory was inclined to be short of reserve steam?

Mr. DUNN: Said that generally speaking-he did,
Lut the conditions in each factory needed indepen-
dent investigation, and it was possible that there
may not be a case for thermal storage after all. It
was sound to give the plant already existing the
conditions under which it could work most effi-
ciently, before deciding whether or not addlt1ona1
plant was required. -

Mr. PORTEOUS: Congratulated Mr. Wilson on
his paper, and ‘said he had demonstrated beyond
doubt the need for thermal storage in a sugar fact-
ory. He said he had been associated with the first
installation of thermal storage in connection ‘with
the manufacture of steel. A variable pressure tur-
bine was used which received steam at falling pres-
sure from the! accumulator. He asked if Mr.
Wilson intended installing a variable pressure tur-
bine in the new plant he was consmlermg putting
in the refinery.

Mr. WILSON: Replied that he did not, as the
occasion for it d1d not arise.

Mr, PORTEOUS Asked: w.vhy there was a pres-
sure drop in the pipe line from the boiler plant to
the turbines. He thought Mr. Wilson had well

illustrated that the average consumption of steam,

in process was considerably greater after the instal-
lation of thermal storage.. He would like to know
something more about that. " He further asked
what would happen to the supply of steam to pro-
cess if one of the turbines failed.
if Mr. Wilson had included in his low estimate of
cost of power such items as standing charges, in-
terest and depreciation,
dustry would be.very well advised in considering
again the proposals of the Electricity Supply Com-

-demonstrated, the accumulator enabled the:

He asked also’

Lastly he thought the In-.
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miési‘on, as the propo»sition',w'as,; a divide’nd-paying
one. " '

Mr. WILSON: Replying to Mr. Porteous said-
that although he stated 200 Ibs. in:the paper, that
was. the workmg pressure on the B. & W. hoilers.
He had permission to put the Thompson hoiler to

210 1bst and although the Thompson boiler carried

210 Ibs., the B. & W. boilers carried only 190 1bs.,
so the pressure drop was only 3 Ibs. There was a
certain amount: of restriction. through the regulat-

ing valve before it reached the steam chest on the
turbines, but.that was only -3 lbs. .The reason for
the high pressure in the Thompson boiler was the
friction in the superheater. Although they had 210
ths. on the hoiler, they had 195 Ibs. in the range.
The drop was due to friction in” the .superheater.

Regarding the propdsed new turbine, they had
steam available, and were running the ex1stmg
machines on continuous overload. E

With regard to the failure of one or more
machines that did not concern them. The plant
went on automatically and the necessary power
was. supplied from Corporation mains. The steam
supply came through the Ruths valves, and through
the accumulator. Even with hoth-out it still came
through the accumulator. Naturally it would have.
to go through the-reducing valve and desuperheater
which would bring the pressure down to a temper-
ature suitable for the process work. Too high a.
superheat slowed up the working on the vacuum
pans. The superheated steam did not give up its.
heat so readily as the latent heat in dried saturated
steam: . .
Referring -to costs, he said all charges were in-
cluded.

Mr. CAMDEN SMITH: Said that so far they-
had been referring to factories which had to pay
in cash for their fuel. The sugar factory got its.
fuel for nothing, hence thermal storage might be
regarded by some people rather as a luxury. He
thought, however, that thermal storage was essen-
tial in a sugar factory He commended Mr. Wilson
on his paper and said that the illustration of the
system as being equivalent to that of a flywheed in
an ordinary reciprocating engine was most apt.

-The fluctuating demand for steam. in the average

sugar factory threw a great strain on the bhoiler
plant, which was not the hest thing to .do.” A
boiler had to be given time, as there was always a
time lag between the demand and the effectual re-
ply to that demand on theé part of the boiler. Such
sudden demands tended to upset the work of the
factory, and there was no doubt that thermal stor-
age was not a luxury but a real nece551ty in every
well equipped sugar factory.



