


INTRODUCTION, 

This thesis consists principally of a series of reports 
written for the course in Power Plents. These reports have been 

rewritten and enlerged, but they sre rather inconsistent end 
unconnected. For instence, notably in the decision of type of 
engines, the conclusions srrived at when the originel report was 
written have been reversed in the revision. The original report 
has, however, been put in with the first decision, together with 
the reesons for the wrongness of this decision and its reversal 
These contradictions might have been left out to the suthor's 
credit, but they were left in so that in case any one should 
read this thesis he will see the blunders into which a beginner 
may fall. 

The sum total of this thesis could probable be put in half 
the number of words by one skilled in engineering snd the use of 
the English language, but of course this thesis will never be 
reed end lack of time would not permit a rewriting, so that it 
will have to remain in its present form. 



DESIGN CF A CENTRAL HEATING AND POWER 
PLANT FOR THE UNIVERSITY OF TENNESSEE. 

The problem assigned is the design of & 600 iH. P. boiler 
plant with an ultimate ineresse to 1000 He P. Also the design 
of a suitsble electric plent for the present needs of the 
University with provision for future needs. The electric gener- 
ators will, of course, be driven by steam from the boilers, 
which are also to heat the buildings of the University. 

We now have our problem snd must arrive gt our results by 
logical reesoning, We cannot design our building first end then 
buy our equipment fo fit, but must first select our equipment. 
low every piece of apparatus almost, in a power plant depends 
upon every other piece; this is especially true of everything 
with respect to the boiler, snd s&s our boilers must be chosen 
both for heating and power we had best select them first. This 
is true of every boiler plant as everything begins with the 
goal which is placed in the furnsce of the boiler. Next to the 
boiler both in importsnce and sequence are the engines or 

turbines, snd hence must be deslt with sfter the boiler. We 
glso heve asuxilisry applisnces for both the boilers snd the 
engines snd these must be tsken up somevwhet in detail before 

we put the finishing touches to the building. 

Our plent is to be increased in the future snd to meke 8 

neat job of it we should design with this future extension in 
views We must make our housing large enough to sccommodete 

the future plent as well ss the present. 

SELECTION OF BOILERS. 

Now in sccordsasnce with our problem our boilers sre to be 
used for both power and building heating. To be sure we might 
use our boilers for power alone snd have other boilers espe~ 

cially designed for hesting purposes. But on considerstion we 
can see that this arrangement would be neither plessurable or 
profitsble: besides two sets of boilers in one room with dif- 
ferent pressures and sbsolutely independent connection would not 
only be & source of grest snnoyesnce, but eslso of some danger, 
for the fireman would be more likely to let his water get too 
low, or to let some other equslly unplesssnt thing occur, then 

with one set of boilers... Therefore we had better discerd the 
project of =n independent heating system as worthless. 

Our problem ststes that we are to instsell 600 H. P. of 

boilers at present. This is not rigid but esn be changed if 
we think snother installation better. When selecting the size 
of our boiler units let us go on the ssumpticn thet we want the 
fewest boilers to do our work well. Ve could heave a bettsllion 
of small boilers but this would be sbsurd, snd if we think we see 

thet snything smaller than 100 H. P. is out of the question, end 
it only tekes a few more moments 



thought to decide thst our plant equipped with 100 H. P. boilers 
would be the lesughing stock of the country. But why do we went 
to use as few boilers as we ean? This question cen be answered 
by several good ressons. The smaller the boiler the greeter 
every item of boiler expense--first cost, maintainance expense, 
trouble end housing cost. The small boiler is not so economical 
as the large one. But why go further? The sbove is a sufficient 
snswer to the cuestion. The next guesgtion is,why do we want 
more than one boiler? Why not have 8 600 Hs P. boiler with 
provision for the addition of 8 400 H. P. boiler? Undoubtedly 
every expense for this arrsngement would be the lowest possible. 
But we cen answer this question too. A boiler of this size, 
slthough suitsble for a lerge plant, would be cumbersome and 

unwieldy. But the grestest difficulty would be the lack of 
stendby power. It would merely take the bursting of a tube to 
put the "Hill" at the North Pole, where we vould neither have 
heat nor light, this would be bad, as everyone will sgree, so, 
we must guard sgainst such & contingency. Of course any plant 
may be subjected to a shut down, but, if proper standby pro- 
vision is made this is improbsble. Our plant will contain 2 to 
5 boilers and it is unlikely that more than one of this number 
shell ever be out of commission at one time. But do we went 
one boiler to stand idle at sll times except in case snother 
boiler becomes disabled? This is not the genersl practice, 
either for mill work or central stations, znd ss & matter of 
facet is not necessary. The rating of a boiler is only nomi- 

nel, and most kinds of boilers ere cepsble of being forced, thet 

is they cen generate 50 to 150 percent more stesm then their 
rating, and by normally working them at their rested capscity we 
cen generally provide for the loss of one boiler, although we 
must be careful to select a type of boiler which cen be forced 
to suit our needs. 

Another noticesble feature of the modern power plent is the 
fact that only one size of boiler is used. We certainly would 
not want to build a plent using more then one size of boiler. 
It would look bad; the piping snd everything else would be out 
of conformity, and on the other hand this plan of s plant has 
not a single edvantisge. 

The following principles heve been set forth for the selec- 
tion of the size of boiler units. 

1. We want the fewest boilers to do our work well. 
2. ln case one boiler becomes disabled the remainder must 

take the load sefely. 
2. Only one size of boiler is to be used. 

Suppose we try 150 He P. boilers in our plant. At present 
we would install four boilers. If one goes out of commission 
each of the other three boilers would hsve en overlosd of 33 1/3% 
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which slmost eny boiler could do eesily. But to get 1000 H. F. 

with this size boiler we would have to have seven boilers which 

would be too meny for & plent of this size. The cost of these 

150 H. P. boilers per H. P. would be considerably more then for 

either 200, 250. Or 200 H. P. boilers. Purther the spesgce ocou- 

pied by them would be much greater than either of the other 

sizes, making the building cost more. We see that we must use 

lerger boilers. 

If we put in 300 H. P. boilers the precent plent will con- 

tein two snd the future plant three or four. This makes the 

probable overload on esch boiler for the present plant 100%. 

Although an overload of 100% seems high ve must consider that 

we ere dealing with boilers, snd thet the 100% overlosd comes 

only during the peak load snd will not lest more then en hour. 

TI believe thet this much overload is permissable with properly 

selected water tube boilers, which would necessarily be used, s&s 

fire tube boilers of this size are not made (except internelly 
fired marine boilers which would hardly be suitable for our 

plent). For the present plent 300 H. P. boilers would be al- 
right but on investigeting their use for the future plant they 
do not fit very well. We could have a capacity of 900 or 
1200 He P. wheress we went a thousend. If we put in three boil- 

ers and build & suiteble housing we would not have enough room 
for our engines, But this is & minor difficulty ss we could 
spece our boilers further spsrt and meke it sll the better. If 
we use four boilers we will have more capacity than I believe 
will be needed and this would be faulty engineering becemse ve 
can get wheat wé went with another size boiler. 

We have two sizes of boilers left, 200 snd 300 H. P. Ye 
see at once that we cannot get the specified horse power for 
our present plent with the 250 H. P. boilers. We can get 
either 500 or 750 He P. For our future plent however, we will 
have four boilers giving our required 1000 H. P+. Now for our 
future plant, BBO Hd. P. boilers give o very nice layout indeed. 
We would have just sbout the right sized boiler snd engine rooms 
(Four engines or turbines being used) With the 200 H. P. units 
we would have three boilers in our present plsnt snd five in our 
future. The maximum probesble overlosd in the present plent 
would be 50%, which is reasonsble. This size unit gives a nice 
plant, both for the present and future plants, so which will we 
use? We csnnot get exactly the copscity we went with the 250 H. 
P. boiler. Apparently if we put in two boilers they would both 

be subjected to an overload of 16 2/3% during the peek load, end 
if one goes out the other would have an overload of 140%, which 
ig higher then we could safely design for. Besides it is ex- 
eceedingly bad poliey to design & plent with the intention of 
being overloesded at sny time. However we do not have to discerd 
the 250 H. P. ides for we can put in three boilers snd have an 

excess power of 150 H. P. During the peak we would hsve an 
overload of only 20% es ageinst the 50% for the 200 H. P. 
boilers; but this is of not much consequence as 50% is not a 

grest overload. Appsrently there is little to choose between 



the two sizes as fer as performence goes so we must decide upon 

other considerstion. 

In all engineering work the dollar is the meesure of every- 

thing, so the dollar must make our decision. When desling with 

cost the first cost is not the only costs We want to design & 

plant for which the totel yeerly cost is & minimum. This total 
yearly ccst on the boilers consists of the interest on the 
investment, repair expense, cost of operstion, deprecietion of 
velue of boilers. We see st once that the cost of operation and 

the repair expense will be the same or practically so, for both 

gizes of boilers. This lesves two expenses to desl with. Let us 

consider the interest on the investment first. The difference in 
size between = 200 snd & 250 H. P. boiler is slight, and the 
construction is of course slmost the seme, so the difference in 
price is not so great ss the difference in power. Now the size 
of the two units is slmost the seme so thet the spece occupied by 

250 H. P. is very little grester than the space occupied by a 
200 H. P. boiler. If we use 200 Hs Pe. boilers we must build » 
building large enough to house five boilers, as against the four 
boilers required by the 250 He. P. size. Thus with the first size 

our building will be something like one fifth larger. Therefore 
we see at once thet ineressed cost of boilers for our present 

plant, due to using 250 Hs P. boilers, is more then offset by 
our decreesed size of building. Further the cost of boilers in 
the 250 H. P. size is bound to be less for our future plant.than 

the 200 H. P. boilers. This argument leaves not s doubt in my 
mind thet the 250 H. P. boiler is more suiteble for our plant 
then the 200 He. P. size. So we will design for s present plent 

of three 250 H. P. boilers with spsce for & fourth. By & look st 
the design of the building it will be seen that five boilers are 
incompstable, end this is some argument for the 250 H. P. boiler. 

The cost of fuel might have been included in the totel 
yearly boiler expense but this would have made little differance 
as the difference in fuel consumption between the two sizes of 
boilers would be slight, snd if sny et 8ll would be in fevor of 
the 250 H. Pe. boiler s&s we could teke the load for losd for most 
of the day on the tvo boilers, thus incressing the economy. 

Another argument for the choice of the £250 H. P. boilers is 
the fact thet our plent will endure longer without increase, thet 
is the present plant; rs time goes on legislative bodies become 
more reasonablef’?) and the lénger we can put off the increase in 
size, the easier can the necesssry appropriation be secured, 

The next question snter having determined the size is the 
type of boiler-weter tube or fire tube. It is almost imperstive 
that we should use the former since fire tube boilers are hardly 
ever used or made in sizes greater then 200 H. P. But we will 
assume thet we can have fire tube boilers of 250 He. P. made, or 

- let us consider the marine type. 



The marine type esn be obviated easily. After 11 P. Hi. 

there is no demand for steam and we cen either bank the fires or 

keep 2 firemen on the job sll night. We would have to resort to 

the latter method with a msrine boiler for when once cooled it 

takes hours to get up stesm. We do not went to maintein an all 

night fireman nor burn cosl when we cen get out of it, neither do 

we went & boiler, parts of which contain cold weter when steaming 
under a full loed. 

The very fsot that boilers of the fire tube type sre not used 

in sizes es great ss ours is enough to throw them out, because 

boilers have been used long enough to know what they ere. But 

even were this not so we would not went to instell snything but 
weter tube boilers. The fire tube boiler, externslly fired, is 
& slow steamer, especially in so grest a size as ours; end the 

. plant under consideretion demands & quick stesmer, for the boil- 

ers will have to be heated every morning end if two boilers only 

sre used during the major portion of the day we would wish to be 

gble to place the third in operation ss quickly as possible. 

The fire tube boiler is not capable of being forced to such 
an extent ss the water tube boiler and in sny centrsl station the 
greater the overload the boilers cen safely take, the better. If 
go desired ® weter tube boiler cen be operated continously with 
en overload of 50 to 100 percent. Thus we could put in two boil= 
ers st present snd get satisfactory results but I would not sdvise 
this as we would have the trouble of increeséing our size too soon. 

The fire tube boiler is inherently dangerous. We have in 
eech boiler & large quentity of water stored under pressure. 
Purthermore the weter is hot snd is lying in wsit to be liber- 
ated for destruction. There would be enough enerby stored in 
gach boiler to blow our whole plsnt across the river. Of course 
boiler explosions are rare and are due to csrelessness generally, 
but we had ss well be on the safe side as not. The water tube boil- 
er in contrast with the fire tube has not nesrly &s much weter 
stored per horse power: but this is not all. Only the tubes of 
the water tube boiler are subjected to the hot part of the fire; 
the drum is protected by the tubes so that disintegretion to such 
an extent as to csuse explosion is not likely to occur. A tube 
mey explode occssionly but this does no harm for it is essily 
replaced, causing the disabling of the boiler for only a few 
hours. The sdded safety of the water tube boiler is almost enough 
to cause its selection for our plant. 

fhe weter tube boiler lends itself to inspection and cleaning 

more resdily then the fire tube boiler. The most important sur- 
faces of & fire tube boiler sre the outside of the tubes snd the 
inside of the shell: it is &lmost impossible to see either, end 
the cleening ie not very setisfactory. The inside of the tubes 
can be essily seen and cleened. With the weter tube boiler the 
inside of the tubes is the important place and it can be seen 
end clesned as resdily 2s in the fire tube boiler. Scale form- 
gtion and the collection of mud are the chief things to be gusrded 

ggainst, and it is resdily seen thet the chences for either of 
these occursnces in the water tube boiler sre much slighter than 



in the fire tube boiler, since the circulation is much more rapid 
in the former. The scele can be cut out of tubes, but if scale 
collects in the shell of a fire tube boiler we have & job to handle, 
end will do it when compelled to but no sooner. Wo we see that 
there is no doubt but thet the water tube boiler is the solution 
to the question of type of boiler. 

Now a very importent question pops up. At what pressure will 
we operste our boilers? The boilers in the plsnt now running 
operate at 100# pressure snd are fed by city pressure. If we 
raise the pressure we will hsve to instell feed pumps. But this 
is no great objection as feed water pumps ere neither a source 
of greet expense or annoyance, and unless the plans in mind are 
changed we would went pumps anywey. Not being limited by this 
question of pumps we must fix our pressure by other conditions in 
the case. About half of the stesm genersted is used for hesting. 
How the pressure of the steam in the radistors is limited to 3 to 
5 lbs. above atmospheric, so that the boiler pressure must be 
reduced before entering the redistors. For this resson we want 
to keep our boiler pressure as low as we cen with our eye on our 
power side of the guestion., Without & doubt sny pressure from 
100 to 200 # would do. But in = plent of this kind genersting 
steam for power only the sversge prectice seems to be sbout 140# 
with 100# as & low limit. Now we do not want to be on the 

extremes unless for some good reesons so let us say 125#. This 
is not fixed, and in fact if efter the plant is built ressons 
are seen for raising or lowering this pressure we cen 40 so within 
reesoneble limits without meking & change except chsnging the 
blow off point of the safety valve. 

Now about the heating system. Ait present the pressure is 
reduced twice, once in the boiler room end sgain at the buildings 
to be heated. 1 believe thet this method een be cheénged to edven- 
tage. I propose to make only one reduction snd that et the build- 
ings. By doing this we can use much smaller steam mains end 

these can be insulated well or the differerce in cost between the 
smell mein snd the large main. Thus, although the difference in 
temperature between the ground and the main is grester in case of 
the high pressure, the loss due to rsdistion is found to be smeller. 
First bedzuse we cen insulate better snd second becesuse the sur- 
fece in contsct with the ground is not nearly so great in case of 
the high pressure. 

But this is not the only resson for this chesnge. When the 
pressure is reduced the steam is superhested snd as this reduction 
is to be made at the building &ll the superheat will be svailszble 
for heating snd this is whet we went. Purthermore the stesm 
which condenses on its wey up the hi¥l csn return directly to the 
boilers without interference fpom reduction valves. The size of 
the steem lines shquld be such as to give the stesm a velocity of 
sbout 6000 ft. per minute. 

Now having our boiler decided we must select or discard the 
various boiler end furnsce sppendages. The first question in 
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boiler operstion is feed weter snd feeding this weter into the 

boilers. At present the boilers are fed with city weter and under 

city préssure, msking & very simple scheme. I presume that out 

new plant will use city water since a filtering plent of our own 

sould hardly purify our small quantity of weter in competiton with 

the city price. We will only need enough water for the engines 

or turbines as the heating stesm returns to the boilers in the [orm 

of condensed stesm, except thet which escapes from the radiators. 

If we raise the pressure of operation to 125# es proposed it 

will be necessary to establish feed pumps. These feed pumps will 

only have to pump against & head of 25% so that they will not 

require very much power and I believe the economy geined by the 

25% raise of pressure will grestly offset the sdditionel increaée 

in cost. We cen use steem driven reciprocating pumps or turbine 

driven pumps but I doubt the advantage of the latter if they ere 

built in sueh smell sizes. We can also use & motor driven pump 

end I em somewhet biased in its fevor. Before buying a pump, how= 

ever, I would get prices from the various mekers snd select the 

pump which I thought most servicesble. Econemy and first cost are 

minor consideretion here because the power used is very small ss 

compared to the tokal power generated, and the cost is but =a frec- 

tion of & percent of the totsl cost. I believe it will only be 

necessary to estsblish one pump end also to make this pump large 

enough to tske care of the 1000 H. P. of boilers, for the larger 

the pump the more esrefully it will be built and hence the less 

troublesome. 

We now want to know what cespacity of pump to buy. As said 
before we will only heve to supply engine wster. Our ultimate 
plant will heve 450 H. P. of engines and the consumption will be 

25# of steam per horse power hour--g& liberel figure. Thus the 

pump must be able to pump 11250# of water per hour egeinst a 
pressure of 25#, or 1250 gallons. If we sallow en efficiency of 

pumps end motor, or steam eylinder, to be 50% the power required 

to drive the pump will be .66 He. P. This is too low &s we know 
from experience but this is of little import anyway. 

As stated before will need to put in only one pump, for if 
this one pump bets out of commission we will only have to lower 
our pressure 25# and feed from the city main until our pump is 
fixed. 

We cen now deal with the mechanical stoker. If stokers sare 
used the building in mind will not have to be changed in the least. 
This is some consolation if we decide that mechanicsl stokers are 
advantageous. The following sdventages sre quoted for the stokers. 

1. Ssving of fuel and hence apparent incressed economy. 
2. Baving of labor. 
3, Smoke abstement if we used & recognised boiler end stoker. 
4, Better boiler operation and hence incressed life of boiler. 
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Of course we must know the extent of each of the above 

advantages before we cen meke our decision. The decision will 

be made by weighing the advanteges against the disedvanteges. 

One well known stoker, (The Hones Underfeed), is guaranteed 

to save 10% of fuel as compsred to hsnd firing, es well as to 

precticslly abate sll smoke. The price of thres such stokers is 

$4,200.00. This $4,200.00 is precticelly ell the expense extra 

incurred by the use of stokers. 

Now the disadventsge of this stoker measured in dollars is 

4200 x .15 = $630.00 per snnum, considering the depreciation, 

interest on the investment, tex end repsirs etc.. es 15% of the 

first cost. This figure is sbout right for such machinery in this 

sountrye. 

Now suppose that 300 H. P. of steam is used for eight hours 

per day for six months in the year. Suppose that it tekes 354% of 

steem to meke one H. P. snd thet to make each pound requires 1000 

B., T. B. Next let the water in the boiler receive 9000 Be. T. U, 

per 1b. of cosel, then each day we must have 

300 x 35 x 8 x 1000 = 4.7 tons of coal for heating. 

9000 x 2000 
Now we must get the cosl per day required for power. Suppose 

the power factor is 0.3 end that the peak load is 300 BH. P. The 

average load is therefore 90 Hs P. Each horse power hour requires 

of of steam snd the load is on for 15 hours. Cogl required per 

dsy for power is 

90 x 2b x 15 x 1000 = 1.4 tons. 

9000 x 2000 

The power load is carried for 300 days per year approximately, 

gnd the heating load for 200 dsys. Total coel used per yesr is 

300 x 1.4 + 200 x 4.7 = 1360 tons. If this cosl costs $1.50 per 

ton the value of cosl used each yeer is $2040.00 If we save 10% 

of this coal each year the seving will emount to $204.00. If 

mechanical stokers are not used the plant will require an extras 

fireman during the dey for six months out of the year. This item 

will amount to $300.00, gllowing the firemen $1.50 per day. The 

totsl saving due to the use of mechanical stokers is evidently 

$504.00 plus smoke sbetement per year. Thus the smoke sbatement 

must be considered worth $126.00 per yeer, snd in my own 

opinion it is. 

The calculations with reference to saving due to use of 

gtokers are 211 besed on sssumptions snd for this resson must 

be tsken with & grein of salt. I believe that more coal than this 

will be used but am @oubtful as to the 10% saving of fuel, so that 
as far as increa@ed economy goes it is sbout tit for tat. We must 

however, consider that this plent is for the University of 

Tennessee and for this reason should be & model plant. 
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The Kinceid Stoker is sbout 1/3 cheaper thsn the Jones 
Underfeed but it does not have the reputetion of the latter, 
neither is it gumrsnteed so confidently. The construction, 
simplicity and modus operandii of the Kincaid Stoker sre cer- 
tainly convineing--to me at leest--snd if I were gsetuslly build- 
ing & plant I would tre vel several miles to see one in operation 
for to see one sctuslly firing would be the greatest argument for 
or against the stoker. The greatest doubt thet enters my mind 
regarding this stoker is its ability to spread the cosl unifermly 
over the grates, but if the makers sre to be believed the cstoker 
maintains a more uniform fire then sny humsn fireman. 

After all is sald pro snd con I believe that mechanical stokers 
cen be profitably put in our plent. As mentioned before one big 
argument in favor of this decision is the fact thet the plans for 
the building will not have to be altered in the least. 

Having decided on the type, size, ete. of our boilers it only 
remains now to choose some mske. Of course we will want boilers 
of proven merit. There sre several makes of boilers in the field 
today which heve reputetion snd sare doubtless high grede boilers. 
The one boiler that strikes my favor is the Babcock and Wilcox 
Water Tube Boiler, both in theory end construction. Having ex- 
emined the boiler litersture sent me by the varicus manufscturers, 
there is not a doubt left in my mind as to the superiority of 
the B. & W. boiler. 

Other Boiler buyers seem to be of my opinion, judging from 
the great horse power of the B. & W. boilers instslled annually 
and these installations seem to be giving satisfaction, almost 
universsl setisfection in fact. 

Only s few Boiler huilders were written to but & look at the 
prices quoted by them will show that the boilers do not vary so 
greatly in cost. The varisnce 1s not enough to warrant the pur- 
chase of any boller egainst ones judgement in any cese, end if I 
were buying boilers I would pay several hundred dollars more 
for B. &« W. boilers then for any other. So let it be settled 
thet Bsbeock & Wilcox boilers sre to be used. 

The size of boiler is 250 He. P. 8nd either two or three sre 
to be installed at present with prevision for an ultimate 
number of fomr. If two boilers ere put in now let them be put in 

a single setting, thet is we will have a battery of two boilers, 
gnd if three boilers sre put in let two be set in a battery and 
the third set in singly, with the intention of being set in e 
battery with the fourth boiler. 

The question of feeding the boilers ought to be settled 
definately. As mentioned before only enough water will heve to 
be supplied to meke steam for the engines. If we comply with 
power plent practice in generel we will use & steam driven, direct 
geting pump, and s&s I ‘see no reason for doing otherwise let us 
follow. The grest advantage of this pump is its sdjustsebility 



to various rates of feed, for by simply varying the opening of 
the stesm valve, the speed, and hence the rete of pumping, cen be 
varied as is necessary. The exhsust steam from this pump can be 
turned into the exhaust from the engines snd will therefore be 
used for heeting during the day. 

When buying & pump we hed as well buy one which can supply 
the demands of the ultimate plant. This plant will hsve a caps~- 
city of 450 engine H. P., &nd s&s each engine H. P. per hour 
demands approximately 3 gallons pe will have to supply 450 x 3 = 
1350 gellons per hour, or say 1500. Ve will want to use s& 
duplex pump on account of the simplified valve mechanism. 

Selection of Feed Water Heater. 

Of course we will went some kind of a feed water heater in 
our plant. Feed water hesters are not costly emd their influence 
on power plant operation is very merked. Various installations 
of heaters could be made in our plant and the most suitable one 
should be selected. On consideration the following solutions will 
be observed. 

1. Closed heater using part of the exhaust stesm of engines 
during day, elso during night if plent is opersted non-c condensing, 
but if condensing, using steam from suxiliaries. This heater will 
only heat water from the city mains, the water from the buildings 
being heated, returning to the boiler thru = trap. 

2. Economizers hesting only water tsken from mains, water 
from "Hill" being returned to boiler thru trap. 

* 3. Economizers heating only weter coming down the Hill, 
exhaust steam hezter to heat water tesken from mains. 

4, Hconomizers to heat sll water going into boiler. 

Some of the above statements had best be qusliified. For 
instance =n open hester is not mentioned. The résson for this 
is self evident. If an open heater were used we would use no 
part of the city to help the feed pumps also this installation 
would be difficult to operate. Exhaust steam hesters csnnot be 
used to heat the water returning fwom the Hill becouse this 
water is only a little below boiling tempersture and hence only 
8 little below the tempersture of the exhaust steam. 

To make each solution clesrer the general arrangements of the 
heaters and PUTDS might be given. 

3}: IT operation is condensing the exhaust steam must be 
piped both to heater and condenser with proper velves. The heater 
may be connected elther as & thru hester or es a vacuum heater. 
The -exhsust of the pumps must also be connected to the hester. 
It is not however necessary to run them into the stmosphere as 
the stesm from the pumps cen be used for hesting at sll times. 
The only change in the above for non-condensing operstion is the 
sbendoning of the exhsust connection to co denser. For both con=- 
densing end non-condensing operation a feed pump must be used to 
feed water from meins., This pump may be plsced between boiler 
end heater or between hester and msin; the second place is 
better as the pump will then heve cola water to handle. 
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2. This solution cen be used either for condensing or non- 

condensing operation, the installetion being the same for either. 

A feed pump must be used here end should be pleced between econ- 

omizer snd mein. This case is bad if the plent is operated non- 

condensing &s then ll exhsust steam will be thrown awat at night. 

%., This solution consists in the addition of an economizer 

to solution 1. It will not be necesssry to use & fecd pump to 

forse water into boiler but it would probably be adviseble to do 

so. Then this solution necessitates two feed pumps. 

4, The use of economizers to heat all the boiler feed water 

would necessitate two feed pumps; one to feed the weter returning 

from the Hill and the other to feed the water from the city mains. 

Now the plent is to be non-condensing so that we will use 

exhsust heaters by all mesns. For slthough we have use for our 

exheust stesm during the day we need only about 15% of this steam 

for heating feed water, leeving 85% for other uses and this 85% 

ig 2s much as will be needed. Also the exhsust steam is only 

needed shout five or six months out of each year while a feed 

water hester is needed at gll times. Now h:sving decided to use 

exhsust hesters it only remsins to decide whether economizers will 

be used in conjunction with them end if so, how. By this deci- 

sion solutions 2 snd 4 ere thrown out of consideration, and heving 

decided to use exheust hesters it only remeins to see if solution 

% will be profitable. In #oing this let it be assumed thet the 

flue gas tempersture is lowered from 550° to 300°, or 200°. 

From the booklet of the Green Fuel Economizer Compeny it is 

shown thet there is spproximstely 1% seving in fuel for esch 20° 

drop in flue gas temperature, Thus in our assumed case there will 

be 8 seving of 10%. Let it be assumed thet this drop in flue gas 

temperature will tezke the 280 tube economizer suggested by the 

Green Economizer Co. (See letter). This economizer will cost 

$3500.00. The amount of coal calculated to be used per year is 

1360 tons. (See boiler decision) or $2040.00 worth. Then 10% 
saving in fuel will be $204.00 But to meke the economizer 
profiteble we would have to seve 15% of $3500.00 or$525.00 each 
yeer. Therefore, evemfhough the cslculations are based on 

assumptions, we see that economizers are out of the question. 

A solution not mentioned previously is the use of exhaust 

hesters to heat weter from mains and using economizers to hest 

this water together with the water returning from the Hill to, 

say 300° , 2 few moments consideration will show this instelle- 

tion to be unsatisfactory becsuse it necessitates two feed pumps 

gnd £8 the discharges of these pumps will be connected they would, 

in my opinion, give endless trouble. Of course the above calou- 

lations with reference to economizers bars this solution because 

it will require the same size economizer and the reduction in 

terpersture of flue gases will be the same. 
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It seems to me thst our csse is not st all inviting to 
economizers., It is doubtful if they could be mainteined with 
profit in eny plant of 600 H. P., especially where coal costs 
less than $2.50 per ton. If eny device is put in to incresse 
the economy of the plant the incresse in economy must be decisive, 
and the amount of this increase should be proportional to the 
truble it will csuse. For instance if sn incresse in height of 
the stack were thought profitable, the owner would not hesitate 
long in meking this incresse, for the stsck costs nothing to 
meintein and performs its duties so quietly that no one knows it 
is around. But not so with & piece of machinery, for where there 
is motion there is trouble end expense of mainteinence, so that 
if we put a piece of machinery in the plant to increase the 
economy this inerease must be rather sherply defined. 

Our feed water hester therefore will be & closed exhaust 
steam heater, heating only the water taken from the city mains. 
A feed pump will be placed between the mein end the heeter. The 
woter from the Hill will return to the boiler thru & trap or to 
‘a tank, being pumped from this tenk to the boiler. The direct 
return to the boiler will be better if a suiteble trep can he 
secured. 

SELECTION OF STEAM ENGINE UNITS FOR 

UNIVERSITY POVER PLANT. 

: In the selection of units for eny power plant, whether it 
be steam, water or gss propelled, we must first of all determine 
the size of units which best fulfills our needs. Suppose for 
example we have 2 mill to run. The power plent will be uniformly 
loaded at all times.{That is for most cesses of mill work) As it 
is well known thet machinery operates most economically when fully 
loaded, we will select units of just sufficient cepscity to drive 
our mill, without having reserve capacity except in cese of pro- 

beable growth and then not alweys. Furthermore we will in gll 
probsbility heve no stendby units except in some particular cesses. 
Stendby units ere nice things to heve but they increase almost 
every item in the cost of & plesnt and the cost of operation, end 
of course this increased expense veries with the amount of standby 
power. Most mills have no need of reserve power, since a bresk- 
down merely causes & session of rest for two or three days, and 
even if working only in day time, heave a chence for minor repairs 
at night--in sny event a breskdown is generally of slight import- 
ance. 

But when we come to & central power plant we heve an entirely 

different proposition from our mill, Most centrel plsnts run 24 
hours and hence if one unit bresks down we must heve another to 
take its place, as there must be & continuous supply of power, or 
otherwise few customers will be left to use power. Of course any 
plant could harbor s breskdown occesionslly with a consequent 
cessation of power, but in cesses of public supply the second or 
third occurrsnce would bring & rivel plent upon the scene. So 

that ip the ecese of eny centrsl plant it behooves us to heve 
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sufficient reserve power for samy probeble emergency. 

Now on coming to the selection of prime movers for our plant 
we see at once that we must provide for the breakdown of one unit, 
Of course two units might be out of commission at one time but 
this would be small récommendastion for the engineer or the oper- 
gtor, and is improbable for & plsnt contsining only two to five 
units, tho is probable in plents with a larger number of units. 

In all plants we must have sufficient powér to supply the 
maximum demand, or the peek losd, es it is better known. Though 
the peek load may be for only one half hour out of the 284 it must 
be supplied. It would seem well if the pesk load could be cut 
down =nd distributed, but, this is impossible as the plant is made 
for the load end not the load for the plent, It is also good 
practice to tske the peek loed without eslling the standby power 
into use, but in some cases it might be practiceble to put the 
reserve into play, as for instence if the pesk losd should occur 
weekly instead of daily. But for our plent it seems best to use 
the reserve for guarding against bresldown only. 

But we must not seleat out units with reference to peak losd 
only or we may be left behind as power plant designers. As before 
stated mschines work most economicslly when running fully loaded. 
Suppose we have two units, one being a reserve, then the units must 
be of sufficient size to csrry the pesk losd. Next suppose that 
the average load outside the pesk amounted to one eight of the 
peak with a meximum rise to one fourth the pesk, then we see at 
once that our unit would operate rather poorly most of the time, 
being only one eight losded. In this csse it would seem best to 
instell two additional units--~one 8 reserve~-of one fourth the 
gize of the lerge unit to tske the aversge losd. But in this case 
the big unit would be used only & smell portion of the time which 
would occasion a poor condition of circumstances. A machine at 

this day and time must work herd end long to pay for its board end 
keep end the board end keep of sn idle engine smount to & con- 
gidereble portion of that for the seme engine running. So any 
design is 8 complicated problem with no fixed solution and in a 
grezt meny cases with several solutions sll of which are equelly 
good. 

By the above example we see thet we could have nine or ten 
units--one or two reserve-- of one eight pesk load cepecity. 
Thus we could accomodate any load with fully losded machines, or 
prectically so, by merely putting on enough engines to take the 
load. This is what is generally done, the number of units vary- 
ing with the plant cepecity end the conditions of loading; always 
using the smallest number of units to fill the bill satisfactorily 
For by using the smallest number of units we pay the smsllest first 
cost end upkeep expenses as these expenses per horse power vary 
inversley es the size units. So we ere limited in the selection 
of units but the limits are by no means close. 

Now having digressed upon power plants in generslfwe cen get 
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down to our particulsr one. As this plant is to be designed 
with a future enlargement we must keep both future and present 
plants in view, and should look slmost, if not es hard at the 
future plent as at the present for we do not know when the in- 
eressed csepascity may be needed. But judging from the growth of 
most power plsnts it is not entirely invisible. 

First we must get the probable present peak load and the 

probable future pesk losd. The present pesk load is 100 H. P. 
but this will in sll probebility be increszded to 150 H. Fa 
during the next year snd to 250 H. F. during the next four years 
so thet we must consider 200 to 250 H. P. our present losd. Now 
if our 1000 H. P. boiler plent ever becomes & reeslity we will no 
doubt hive an engine pesk of 400 to 600 H. FP. or let us say 
500 H. P. Next we must look st our present end future load 
characteristice. This we cannot tell exactly as it is a rather 
difficult proposition and changes will tske place in the future, 
and the nesr future, which we must consider our present. But the 
problem is simplified by the fzct thet we went the fewest units 
to fulfill our conditions sastisfectorily; also by the feet that 
the efficiencies of engines do not vary sc greatly with verious 
loads as to mske the operstion with one helf or one quarter load 
out of the question. Indeed this condition of operation frequently 
obtains =nd is good practice. 

Let us consider a few sizes of units for our plsnt. Suppose 
we say 850 H. P. units. Then for the present plent we have two 
250 H. P. units, which would give & rather poor economy, the engine 
being only losded to a frectional pert of its capecity most of 
the time. But this is not sll, we would have to but 500 H. P. of 
engines. Out of this 500 He. P. of engineswe would probably use 
only 100 to 175 H. Pe. which would be bad. But on the other hend 
let us look st the future plant equipped with 250 H. FP. units. 
We would have three units snd the load conditions could be met 
feirly satisfectorily, one engine teking the losd something like 
helf the time. The average loesd would be 300 to 350 He P. which 
gives a much better condition of affeirs. 250 H. TF. is clearly 
the upper limit of the size units to be installed. 

Let us now consider & low limit. Teke 75 He. P. engines; 
then for the present plsnt we would have fomr units. {The units 
might be slightly overloaded during the pesk but this is allowsble) 
With this number of units we could ged a very good distribution 
of power but four units for 2 850 H. Pe. plant ere too many as 
practice and common sense dictste, But when we come to the 500 
H., P. Plant the error is still more pronounced, We would have to 
have eight engines, a number used in plants of ten or twenty 
times this cepacity. Of course the percent of standby power is 
lower then for a fewer number of units but this is a very doubt- 
ful sdventage as smell units cost more per horse power than 

larger units. Agsin the better power distribution is s doubtful 
asdventage £c the economy is lower then for larger units. So 



without hesitation 'e can place the 75 H. P. units as an ex- 
treme low limit. : 

We now have our limits for the size engines to be instelled. 
These limits sre 75 to 250 H. P., & rether wide range, seemingly. 
But we must take into considerstion the fact that the horse 
power of any perticular engine is not an sbsolutely fixed thing, 
end hence makers rate their engines in even numbers, the size of 
the engine goihg up in convenient increments. These increments 
vary, from 5 Hs P. for very smsll engines, to 1000 to 5000 H. FP. 
for very lsrcze engines snd turbines. So we must consider the 
sizes of engines avsileble for our plent as 100, 150, 200 end 
850 He P. We may also consider 125 end 175 H. P. units ss 
these can bé secured from slmost all engine manufecturers. We 
now hsve six possible sizes of units and ss we do not know defi 
nitely the present or future lesd conditions we will have to select 
the units on assumed load conditions snd by the use of sound 
Judgement. (I hope) 

For a better study of the problem let us meke & tsble which 
will convey the ideas more or less gresphicaelly. Let us take 
260 He. P. &s the present and 500 H. P. gs the future peak losd, 
also 150 H. P. and 300 H. P. ss the present end future sverege 
loads. These are merely sssumptions snd must not be followed 
too closely. Never the less these assumptions are probably not 
80 very far removed from the true losd conditions. In the fol- 
lowing table let pl:nt capacity be the pesk load the plant can 
teke without the use of the standby unit. Let the 'percent load’ 
be the percent the average load is of the power of &ll the 
machines, 

Size No Units Plant Capacity Percent Loed 
Unit Pres. Put. Pres. Fut. res. | Fut. 

2 3 250 500 30% 40% 
2 or 3 3 or 4 200-400 400-600 37 D-25% DOH-0T eB 
TE -3 1 175-350 bob d370=20.6% 42.8% 

1-5 300 450-600 BD «B00 50%=40% 
5 250 500 300% 48% 
8 200 500 50% 50% 

By looking et the table it appears thet the 100 and 125 H. P. 
units are the most suitable in the lot. 4 closer inspection 
however will convincé that this is not the cese. The plant would 
contain too many units for the ecepacity obteined. In cs=se of 
the 100 H. P.,es a peek loszd we could teke only 200 H. P. and 
only 250 H. P. with the 125 H. P. units. The latter units howe 
ever would not make such s bed instalation end would probsbly 
give satisfactory results, but the reasons for not selecting this 
Size unit will be made clesr later. The 250 H. P. units heve been 
discussed before but let us rename the objections. In the first 
plece the load distribution is bed. Next we must install 500 H. P. 
to realize 2850 Hi. Pe Furthermore we might not went ss greet a 
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peak load ss 250 H. P. for our plent for severel years to come, 
but of course we will know better when the money is sasvailable 
for the plant. Now for the 200 H. P. units. Suppose at present 
we install two 200 E. P. Units, then, ss in the case of the 250 
H. P. engines, we have too much idle power. If we instsll Three 
units we would only be justified in so doing if our pesk should. 
be 350 H. P. or more, and this is in excess of what I believe: it 
will be for the present plsnt. This size unit is also & misfit 
in our future plent where ve Gan either take & pesk of 400 H. FP. 
with an installation of 600 He. P. or a peak of 600 H. P. with an 
ingtellation of 800 H. DP. This latter peek is more then I 
believe will ever be needed, lezst wise in several yesrs to come, 
while the former pesk is too smell in my opinion. Let us now 
consider the 176 H. P. Engines. A glance et the table will show 
that this size unit is undesirsble. For exsmple we can take a 
pesk of only 175 Hs P. with two units snd a pesk of 350 H. P. 
with an instalstion of 525 He Pe This latter peek is more than 
necesssry for our present plent while for our future plant the 
only asveilable pesk is 525 He P. with an instelletion of 700 H. Pe. 
525 He. P. is a greeter peak then we will ever need. 

We now only have one size unit left, viz. 150 H. P. As 8ll 
other sizes heve been discussed in & negative mood, this is evi- 
dently my choice. One great sdventsge of the 150 H. Pe. Unit is 
its flexibility. We can secure almost any power we desire by merely 
edding an engine. This is slso true of the smaller engines but 
with these we will have too meny units. Now not knowing the exact 
conditions of loading we would prefer to be able to build our plant 
80 a8 to secure the loading for cur engines, snd the larger our 
engines to be able to do this the better. Suppose we put in three 
150 H. P. engines, our pesk capacity will be 300 H. P. This is 
eg rather high peak for the present plant but this means that the 

plant will last longer without increase in size then & plant of 
smaller peak. At any rste we want to build as lsrge a plent sas 
possible for if we happen to secure an sppropristion for & plant 
no one knows when an additionel sppropristion could be secured 

for enlargement. On considering our future plant we see that we 
. can teke & peak of 450 H. P. with an instellstion of four engines. 
Pour engines gives the mout suitable instellstion with reference 
to the rest of the plant, as will be seen lster, end after gll we 
must design every pert with every other part in view, in other words 
the plant must be & unit in itself. The decision in favor of 
150 He P. units may be bad end is due more to personel opinion 
than eny concrete ressons. This is where the element experience 
comes into plat and I have hed only & limited emount of this ele- 
ment in power plent design. We could go on giving advanteges and 
disadvantages of each particuler size units and could even make 
eelculation on our assumption but the very feet thet the calcula~- 
tions sre made on assumptions makes them worthless. 

Having decided the size of our engine units we can go into the 
engine details. Here again we heve & broad field to select from. 
But one thing is certainly determined for us. That is we must 

use a high speed engine. This is not sbsolutely necessesry but if 
we do not have a high speed engine we must belt our generator 

or use a very lerge generator, either of which expedients is 
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almost unexcusable. Belt connection is to be svoided always and 
hes long since been discerded for connecting engines to gener- 
ators. The large slow speed generator is costly, &s is also the 
slow speed engine .and the cost per horse power of the two combined 
would be considerably more then for a high speed set, snd the in- 
creesed esdvantage would be none too marked, The decision for 
the high speed engines cuts out the consideration of severel types 
of engines. [For instance 211 Corliss engines sre outside our 
ground except possibly the high speed simple Corliss. But more 
suiteble and economical engines esn be had then the high speed 
simple Corliss, and simpler engines too. The very neme "high speed 
Corliss" is slmost enough tb bere the engine for we think of the 
Corliss es an inherently slow speed engine. 

We might next look st european engines and see if any are 
adapted to our conditions. The locomobile is clearly out of the 
question as we went boiler power for hesting purposes and anyway 
the fuel saving is not the only question. The uniflow engine 
might be possible but it is slmost sure to be a heavy, costly 
machine snd probably slow speed. From all accounts the uniflow 
engines requires & hesvy foundation end a rather large floor space, 
all of which items bring up the unit cost. This unit cost would 
almost surely be in excess of the cost of American maschines to 
such an extent to eliminate it form considerstion. The poppet 
valve spproeches nearer our needs, &s we have a chance for & high 
superheat, (200-250 degrees, &s will be shown lster), but this 
engine is open to the objection of otrer European engines, viz. 
high first cost and difficulty of getting, slthough most of thése 
kinds can be gotten from American manufscturers. Anyhow we sre 
Americeng in America snd ought live sccordingly. 

We have only two types of engines left to consider; the 
single valve, simple high speed engine snd the single velve, com- 
pound high speed engine. It tekes only one look to decide be~ 
tween these types of engines, Clearly it would be absurd to use 
a simple engine here. The simple engine may herve a few less 
number of parts and a slightly lower first cost? This latter 
gstetement is doubtful ss the menufscturers of engines havepro- 
bably gotten out of the habit of making 150 H. P. simple engines. 

Ag there sre several styles of compound engines we hed best 
next choose our style. For driving generators only two styles of 
compound enginés sre used snd the difference between these is 
slight. These two styles sre the tendem and the duplex. There 
ig little preference between these two #s the principle is ex- 
gctly the seme; but the duplex is more compact end occupies less 
floor space, but a few cents in the price per horse power would 

offset this advantage. However for the sate of definiteness let 
us say a 150 H. P. duplex compound engine without stesm jacket, 
the steam jecket causing more trouble and expense than it is 
worth. 

Two important consideretions yet remein before we cen buy our 

engines. : 
1. Shall we operste condensing or not? (8s) If we operate 

condensing will we use the condenser only at night or at sll times? 



(18) 

2. Will we superhest out steem? If so to what temperature, 
100-250 degrees? 

Question ls is essily enswered. If we should decide to use 
condensers we would buy engines designed for condensers: and if 
our engines are designed to operste condensing ve would want to 
operete them so at all tines. Further if condensers should prove 
economical they would certainly heve to be operated constantly. 
The other two questions sre more difficult but I do not doubt thet 
thet installations snswering these questions in all possible ways 
would prove satisfactory. Thus we might heve the following 
combinations. : 

1. With condensers end superhesters. 
£. Without condensers and superhesters/ 
3. Withour condensers and with superhesters. 
4. With condensers and without superhesters. 

We must now select one of these four solutions. Take first 
the condenser question. Our engine is to be & good high speed 
Single valve engine. Now this type of engine does not unvite 
condensation. The valve motion is unsuitable. It would prob- 
ably ray to condense of our cooling weter would flow thru the 
condenser by gravity, but this is not so if we have some other 
disposition for our exhesust steam. In our plent for 4/7 of the 
time we can use our exhaust stesm for heating. Also though we 
heve condenser weber in sbundsnce it is not so very well sit- 
usted snd would hsve to be pumped end the sddition of condénsers 
to our engine plent would edd enough trouble to offset the in- 
creese in economy. So we see that condensing hes scarcely en 
ergument in its favor for this ciless of engine plsnt and hence we 
will opereste non-condensing. More ressons could be given for this 
stand, but the ones menticned sbove ought to be enough to satisfy 
one of the undesirability of condensstion here. 

We now come to superhesting. The réssons pro and con, in 
this case are not so merked =e in the decision against condensers. 
As stated before we hrve a chance for high superheat here. The 
reeson for this is that we use only sbout one helf our boiler 
cspecity for power. It is evident that we do not wasnt to superhest 
our healing steam as it will be superhested anyway when the 
pressure is cut down. Now is en ordinery superhester be installed 
in every boiler we would get sbout twice the degree of superheat 
usually obtained. (We might instsll independently fired super- 
hesters essily, but could we use this highly superheated steam 
to sdventege? I think not. Our dide velves would operate badly 
also lubricstion trubles, (thece are sufficient for setureted 
gteem engines), would be incressed. Then again the superhesters 
might be short lived, but we could probably guerd ageinst this. 
The chief objections to this scheme are engine troubles and the 
fect thet the economy of = compound engine is not ineressed to 
such 2 greet extent by superhesting, although it is incressed 
some for a moderate superheast. Te had better absndion the high superhest £s sn untried snd doubtful project. : 
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"The moderate superheat should now be tested out. We cen 
secure moderete superheaet with superhesters ss ordinerily built 
in the following weys. 

1. We could plece a superhester in every other boiler. 
This would be very well except that when the superhest boilers 
ere out of commission we have no superheat and for this resson 

our piping might be complicsted. These objections are eesily 
overcome however, and this method een be mede successful. 

2. We could thicken our superheater tubes by incesing them 
in snother tube, or we could put in a sheet of metal tetween the 
hot gases end the tubes. Either of these methods might prove 
expedient, snd st eny rate both would prolong the life of the 
superheater. 

3. In most mekes of boilers I believe we could locate the 
superhe:ter where it would not be subjected to such & high tem- 
persture &8 is ordinerily done, but we could secure the same 
by virtue of the inereesed superhesting surface. 

But before deciding on how we will arrsnge our superhester 
we hed best decide whether we will use a superhester or not. As 
seid before the superheater does not incresse the economy of a 
compound engine to any grest extent, but it does increase it some. 
Now our boiler plant is limited to & moderste pressure due to the 

use of steam for heeting, snd hence the thermodynemic efficiency 
is low. By the addition of superhesters we could bring this up, 
slthough whether the fuel economy would be inceressed I do not know 
gecurately, but to the bést of my knowledge it would . At the 
present time fuel saving is not of such en importance, but the 
price of fuel may go up in the next few yesrs to such an extent 
as to meke it so. Anywsy our plant, being & permanent one, and 
belonging to the Stste University, should be equipped with modern 
gpplisnces to increase the efficiency, provided these appliances 
are not too costly or troublesome. The superhester, being a 
simple device cannot bring the first cost per horse power up to 
such en extent as to be barred. 

Superheaters have been used now for the past several years 
end without e doubt sny first class mske would be satisfactory 
end give very little trouble with cesreful supervision, with which 
our plant will be necessarily supplied. So let us superheat our 
steam to the neighborhood of 100% -‘F. The superhester being part 
of the boiler &nd must be selected with reference to the boiler 
end therefore vill be discussed with the boilers. 

So now if we decide to use engines as prime movers we heve the 
kind of engine which we wish to buy exsctly in mind snd the meke 
of engine that we buy will depend on the quality of the engine 
end the price, and these can be best gotten from the menufsct- 
urers themselves, However s&s we heve not yet deceded to use 
engines we can lesve off this detail for a while. 



On reference to the letters received it is evident thet the 
sbove decicion is wrong. Most of the menufseturers recommend & 
simple engine. The Ridgeway Company suggedt a tendem compound 
indeed, but even then they ssy a fomr valve engine is much pre- 
ferable to a single valve engine. By reference to the performances 
and prices of the verious engines there seems to be no great ad- 
ventage of sny one engine over the others, in fsot, the engin es 
are all close conténders, showing that engines sre becoming more 
end more standardised. But a reference to the letter from the 
Ames Iron Works snd the reprint from the'Power'sent by them, will 
show one that their engine is moré economical then any other 
engine in the list under any conditions of operation. Contrary 
to my opinion gotten from Gebhartt this engine is neither costly 
bulky or slow speed; in fact it compares with the simple engine 
in these respects snd further more it compares very favorably 
indeed with the compound engine in economy. The compsny putting 
this engine out is no doubt a releible one and a safe guarentee 
gould no doube be secired with the engine. 

When buying a piece of machinery we must of course consider 
the workmenship used in the building of that machinery. Now the 
Uneflow engine is new in Americe so thet we ought to pay espe- 
cial sttention to the construction. A cesreful study of the des- 
eription of this engine in the cstalogue sent me by the masnufsct- 
urers has convinced me thet this engine is & well built American 
engine, ss good as eny. The engine is of course simplified by 
the absence of the exhaust valves and this is something in its 
fevor. Furthermore this engine hes found much favor in Europeen 
prectice and is modern in every respect. Being equipped with 
poppet valves we can use &ny superheet we desire. But the 
limited time given for this thesis bers the possibility of making 
as thorough exeminstion of the various engines ss if actually 
buying one so thet the Unafliow engine built by the Ames Iron 
Works ig the most suitable engine for our purpose. 

A reference to the letter from the foster superhester people 
will show the dsnger of using indirect fired superhecters ss I 
heve previcusly proposed. After thinking the matter over it seems 
to me thet their eriticism is just snd that we could scarecly 
meke sn instslletion of indirect fired superhesters which would 
give satifaction except possibly with Heine boilers. These 
letter boilers when equipped with superhesters heve = bypsss 

around the superhester so that the gases pass directly to the stacdk 
thus cutting out the superhester. Although I would like to 

use superhesters, Heine boiless have not been selected znd as 
my desire to use superhesters is not as strong ss my desire to use 
other boilers we had better drcp the superhest idea. We could use 
independently fired superheeters but I do not much like the idea. 

CONDENSERS. 

Let us first consider condensers for steam turbines if we 
decide to use turbines. Gebhardt says thet with coal costing 
$1.50 per ton end a power feector of 20% we can afford to mein- 
tain a vacuum of 20". This is when the condenser cost is $10.00 
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per kilowatt. Our condensers however will cost nearer $20.00 
then $10.00, so that this vacuum could not be profitebly mein- 
tained. It is doubtful if any vaauun could he maintained with 
profit on turbines of this size &s the economy is only increased 
15% or 20% with a 28" vecuum. If, howerer, we suppose that coal 
goes up to $3.00 per ton we could no doubt condense to a 26" 
vacuum profitebly and let us zssume this to be the case. 

Now our plent at present will be ecuipped with three tur=- 

bines, one & standby unit. Ve can either put in one, two, or 
three condensers. Then we would have a condenser for esch 
turbine; or a condenser for esch of the two turbines which we 
intent to use regularly with the standby unit connected to one of 
these condensers, or connected to operate non-condensing; or 
we could heve one co denser connected to all the turbines, this 
condenser being af suchss size es to condense the steam from two 
turbines. Then when our plent is increessed to its ultimate size 
we can put in en additionel condenser. I prefer the use of one 
condenser becsuse we would only want to use the condenser at night 
when we would have our maximum load and hence would want full con- 
denser capecity so that one condenser would fulfill our needs as 
well as two. 

Now we come to the selection of type of condenser. IT 
surfscebondensers sre used they will cost more, both the first 
cost and the maintainance cost then either the jet or the siphon 
condenser. But to offset this increesed cost we will save our steam, 
Now is weter costs 15¢ per thousand gellons and if our loed is 
100 K W for five hours snd the uses 40F of stesm per k.w. hour 
with surface condensers we will save : 

$(40 x 100 x 5 x .15) = $0.36 worth of weter esch night. 
N 8.35 ; 

Now suppose the totsl expense of condensers is 15% their first 
cost. Then at 15% $0.36 a dey will be the interest on $875. 00 
which will herdly be the difference in price between & surface 
-gondenser and s Jet or siphon condenser. But on top of this 
the surfsce condenser requires more water per 1b. of steam than 
the jet condenser for the simple reason that there is a8 metsl 
well interposed between the stesm snd covling water, hence it 
requires more power for the auxiliaries of the surfesce condenser 
then for those of the other types of condenser. Also our cooling 
weter is rather dirty end would , I believe, give trouble in 
surface condensers but the other condenser will use eny liquid. 

. S30 on the whole it seems to me thet the surfsce condenser would 
be out of place heres 

Now is jet condensers sre used we will heve to install two 
cooling water pumps, viz. one to force the water upto the conden- 
ser and one to teke the weter out. This is becsuse we cannot 
put our condenser low enough so that the vaouum will cause the 
water to be forced into the condenser. In fact we cannot plsce 
our condenser lower than 25 ft. sbome the water supply and this 
is beyond the precticel limit of suction so thet the siphon 
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siphon condenser seems to fit our case better for we only have to 
use a pump to pump our cooling weter up to the condenser, &lso we 
have enough elev:tion for suitable tail pipes. So let us say one 
siphon condenser in the present plant and two in the future. 

In elmost £11 condenser plents the cocling wster is supplied 
by centrifugel pumps. The centrifugel pump is simple and effective, 
It is valweless and the motion is rotery, making = much nicer 
machine then the reciprocsting pump, so we hed best consider a 

- centrifugel pump, - Now we cen drive this pump by e turbine or 
an engine or a motor, sll three of these drives gre used ent the 
turbine seems to -bave preference for large plents. It seems to 
me that the motor drive will suit us better then sn engine or 
turbine end the cost of ésch will probeply be about the seme. 
We will not want to use the condenser except when we are generating 
electricity and hence will never be hindered by lack of current. 

Suppose the motor to be 80% efficient. Suppose our main 
turbine uses 20# water per H. P. hour end thet engines or tur- 
bines for pump drives use 50# of water per H. P. hour. And 
suppose the efficiency of the generator is 90%. Then for the motor 

“drive the steem consumption will be 

= a0} = 42# per H. P. houf as compesred to the 50# for 
0 X 00 the other drives. 

CONDENSERS FOR ENGINES. 

What has been ssid with reference to type of condenser in the 
previcus discussion holds ecuglly well here. The surfsce con- 
denser would be more out of Piso with engines than with burbines 
as we cannot use the condensed steam over. 

If condensers sre used st &ll they will on'y be used at 
night for we hsve good use of the exheust steem during the dey. 
During the day we cen use the exhaust stesm for hesting. For 
heating purposes exhaust steam has e& thermal efficiency of 100% 
but for doing work this efficiency drops to 10% or less--hence 
the foolishness of condensing during the dey. So if condensers 
gre used they will only be used six hours per day except when the 
weather gets so werm the it hesting is not needed. We cen make 
correction for this sdditionel time by sssuming thet our plant 
operates 365 deys per year. 

Let us suppose thet the cost of a condenser is $1500.00 
Let the sverage load be 150 H. P. which lests six hours for 365 
nights per yesr. Cosl costs $1.50 per ton. Let us sssume 
thet the cooling weter must be forced against s hesd of 25 ft. 
end thet it tskes 30# of cooling water to condense = pound of 
gstezm, Let the cocling water pump have en efficiency of 5U% . 
Then sccording to the reprint from Power snd the letter from the 

Ames Iron Works the condensing ssves shout 5# of stesm per horse 
power hour, the engine tasking 21# when operating non-condensing 
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Thus the saving effected by the condenser will be 24% of the 
steam, : 

Power required for cooling wester pump.is 

150 x 30 x 16x PB. - 1.82. But for driving this pump together 
2000 x 60x .50 TU with the sir pump will require 
probably 5 H. P. These pumps vill be steam driven. the exhsust 
stesm being used for feed weter hesting. We csnnot count this 
heat used in heating feed water in fevor of the condenser because 
if the condenser were not used the whole exheust steam of the 
main engine would be sbailasble for hesting feed wster. Let us 
consider that the steam consumption of these suxiliaries is 50#H. I. 
per horse power hour. 3 : . : 

When not condensing the stesm consumption of the plent 
is 150 x 21 = 3150# steam per hour. When condensing the con- 
sumption is 150 x 16 + 5 x 50 = 2850# steam per hr. Thus the 
saving in stesm consumption per hour is 3150 - 2850 = 500 #. 
This saving per year will be BOO x 6 x 365 = 1,095,000# steam at 
125# pressure gauge, To meke & pound of stesm under this con- 
dition form feed water, at, ssy, 2008 requires 1025 B. T. U. 
Let us assume thst 9000 B T U out of esch pound of coal is 

_trensferred to the stesm. Then to make 1# of steam requires 
 +114# of coal. Therefore totel sesving of coal per year due to 
condenser is 1095600.x ,114.»~ 62.5 tons. Saving in dollars is 

; 26868 
$94.00 or we might say $100.00. $100.00 is the interest on 
$666.00 st 15%. We see at once thet the condenser will not be a 
profitable investment because $666.00 is only sbout one hslf the 
cost of a condenser. lore then this we vould herdly went to 
meke a saving as small ss $100.00 in a plant of this size unless 
that saving would give practicelly no trouble which is not true 
of the condenser.pumps. Our plant 1s not well situated for 
gondensing. We can scsrcely use tail pipes without expensive 
excavations and if jet condensers were used with s pump for 
pumping out the condensste another pump would heve to be instelled 
to pump the cooling water to the condenser. So on the whole 
the instsllation of condensers would be bsd engineering. 

Qur engine units sre now decided. We will use Unaflow 
engines built by the Ames Iron Works. Eech of these engines 
will be capable of driving a 100 K W generstor. The engines 
will operate non-condensing snd without superhest snd on 
steam at 2 pressure of 125%, genge. Two or three of these 
engines vill be put in st present with room for four. 

ENGINES VS. TURBINES. 

So far the turbine hes not been considersd as e possibility 
for the plant. An examination of the letters from the verious 
engine end turbine builders will cecnvince one thet the small 
turbine is not a serious comptitor of the small engine, even 
though lerge turbines heve almost driven the lesrge engines out 

of the field for cintrsl stetion work. The large turbine is a 



much more nearly perfected machine than the small turbine, while 

all sizes of high grade engines are on practically the same basis. 

Our problem is not & turbine problem. The exhaust steam will 

be used for hesting during the day end for this reason the back 

pressure will be about 20#. The turbine naturally adopts itself 

to low bsck pressure and unless low back pressure cen be main- 

tained no turbine is a real competitor of the engine. We dan 

readily see that even if it should prove sdvantageous to condense 

at night it would be foolish to condense during the day. For 

this resson the turbine would operate uneconomicslly during the 

day because the turbine is built to operste under one set of 

conditions end no other. 

There is no use of carrying the discussion further because 

a personal of the before mentioned letters will be convincing 

enough. the only adventage of the turbine is its lower price-- 

first cost I should sey--but to offset this the gest turbine 

made will use at least twice as much steam ag the engine selected. 

when opersting under the same conditions. Another dissdventage 

of the turbine is its high speed. This would be no harm if 

slterncting current were to be generated: But we went to gener- 

ate direct current and = direct current generator acts best when 

operated at sbout the same speed as the speed of en engines.of 

the seme size. Some of the generators sre gesred to the tur- 

bines and some are direct connected; but the slowest generator 

gpeed is 600 R P M to get which geers ere used. liodern gen- 

erstors and commutators operate very s tisfeectorily at 600 

R. P. il., but notice thet to get this speed requires the use 

of gesrs, while with engines we can get ess low speed as is desired 

by direct connection. 

The engine will cost sbout $600.00 more than the turbine, 

(Thet is engine snd generstor snd turbine end generstor). Let 

us suppose thet three sets are to be installed; then the engine 

ontfit will require $1800,00 more to buy then the turbine outfit. 
We can also sssume that the turbine will require twice as much steam 

as the eagine, and the latter takes 25# per H. P. Hr. As pre- 

viously stated it will require 1.4 x 300 = 420 tons of coal to 

operate the engine one year snd since the turbine uses twice as 

much stesm as the engine it will reguire 420 more tons for 

turbines then for engines. 420 tons of coal &t $1.50 per ton 

is $630.00, which is the interest on $4200.00 at 15% , Therefore 
we could afford to pay $1400.00 more for sn engine than for 
a turbine while we only have to pay $600.00 

The equipment has all been selected and to give the resder 

8 chance to Ret everything in mind a summation of this equipment 

hed best be given. 



EGUIPMENT FOR THE CENTRAL 
HEATING AND POWER PLANT. 

Boilers-- 2650 H. P. verticsl header, Bsbeock & Wilcox 
water tube boilems, opersting on 125F# pressure, hsnd fired. 
The present plant will have either & battery of two boilers, 
or & bettery of two boilers and s single boiler. The future 
plant will consist of two bstfteries of two boilers esech. 

Stokers--none, 
Superheaters--none. 
Feedwater hesters--one closed exhaust steam hester capable 

of hesting 1500 gallons per hour. 
Feed pumps--one duplex stesm driven direct seting pump 

. with a maximum cepacity of 1500 gallons per hour. 
Ash and coel handling spperatus--none. The coal will be 

dumped directly from hopper bottom cers into the coal bins, 
_ Engines~-160 H, Ps Unaflow engines built by the Ames ; 

Iron Works. Two or three engines will be instslled at present 
with en ultimate capacity of four engines. 

Generators--100 K. W. direct current generators wiréd for 
three wire system at 220 volts. Generators direct connected to 

engines. 
Condensers-~-none. 
Seperators--a standsrd@ separator will be supplied for 

each engine. 
Piping snd fittings--all piping will be standard ssbestos 

covered. All fittings will be extras heavy cast iron. 
Traps, etc.,~~The plant will contain all such minor sux- 

ilisries, such ss traps, where ever they are needed. 

PLANT LAYOUT. 

As stated before sny plant must be designed as a unit; each 
part must sect in conjunetion with every other pert. Two possible 
layouts heave been prepered. Layout A, which is the first, has 
been sbandoned in favor of layout B. Layout A was designed with 
the intention of using condensers and is what might be eslled 
a rather 1ideslistie design. The building is of reinforced con- 
erete thruought and is somewhet of & novelty. The second build- 
dngtisnof brick with the exception of the coal bunkers which 
are reinforced concrete. The sdvanteges end @isesdventsges will 
next be discussed. 

LAYOUT a. 

As steted before this design was gotten up with the inten- 
tion of using condensers, but having ebandoned the condenéer ides 

this design hes likewise been set aside. There are several very 
marked weaknesses in Lsyout A and they are enumersted ss follows: 

1. Gostly excsbation. 
2. Unsniteble engine foundations. 

Crowded boiler room, 
Expensive coel hsndling system. 

Untried design. 



A look at the blue print will show the rsther lerge amount 

of excavation for the boiler room snd its basement. If this 

excavation should happen t0 run into rock it would enteil a very 

lsrge expense indeed. Even then the boiler room will be helf 

under ground meking @ darker room thsn one sll above ground. 

Again thouble might be experienced in getting the boilers into the 

boiler room but suiteble provision could be made for this. The 

boilers are shown with chein grste stokers but if these were used 

the boiler room end hence the whole building would have to be widened: 

12 ft. which would meke the building epprosch the second build-~ 

ing in ground srea. But chain grrte stokers could not possibly 

be put in profitably for the Underfeed stokers were right on the 

line snd chain grate stokers cost more than & half more then the 

Underfeed stokers. The chein grate stoker is the only stoker 

which I would sdvise instelling, end since it cannot be put in 

hed better be used. Now is no stokers sre to be used why have 

overhead bunkers. They entaeil the use of expensive concrete con- 

struction snd cosl hendling apparatus. 

No condensers ere to be used but leyout A provides for them 

and by consulting this bluepring it will be seen thet the spsce 

unoccupied by them is slmost nnaveileble for snything else, but 

of course it is foolish to mske = building which hs8 unusable space 

for every cubic foot of space represents just so much capital and 

the interest thereon. 

The engines will be mounted on pier-like Boundations 12 ft. 

high. Furthermore the foundstions of every engine is connected 

to a heevy floor at the top snd bottom. Both these floors should 

be heavy, and the engine room floor especislly becsuse it hes 

to support the generstors. It is bed practice to conneat the 

engines foundetions: they shtuld be entirely independent. The 

reason for this is apparent. Suppose all the engines were run- 

ning, and ere running in syncronism, thet is, the pistons are all 

traveling in the seme direction et every instant. It is easily 

seen thet the combined inertia forces of all these reciprocating 

messes would require heavy foundations to withstend indeed. 

Especially when the engines set 12 ft. sbowe the base of the 

foundations. 

This design is novel. There sre only two colums, (the stack 
acts 8s 8 column). The building to psy the steck for its 

service ss a column, braces the stsck against wind pressure. 
Whether this srrsngement would be safe is doubtful for the stack 

is subjected to high temperatures as are also the columns, and 

it is bound to expend. This expension might endesnger the building 
end such desigh ought to be avoided. 

Another feult of Lsyout A is the concrete construction which 

does not make & very nice looking building. This difficulty 

could however easily be avoided by veneering the structure with 

brick. 
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LAYOUT B. 

Layout B hes no such greet disadvantages ss Layout A: it 

is & far more common sense a~d satisfactory design. The whole 

structure is roomy and convenient end it accords well with 

modern practice. Besides this the structure will cost less 

although the stack will cost more. 

All the drqwings sere to scale. The dimensions were left 

off for the sske of clearness. 

CONCLUSIONS. 

I believe that thesis work would be more profitable if a 

part of a term were flevoted to the work entirely and exclusively. 

The minor deteits of working problems, attending classes end 

writing reports is very dicressing.end diverting to say the least. 

Where coal is $1.50 per ton and first class lebor cen be 

secured for $1.50 per day there seems to be no call for either 

lebor saving devices or the suxiliaries in a power plant which 

sre used to increase the economy where conditions sre different, 

Besides the engines snd boilers there is sppesrently no call for 

other appsratus, such ss condensers, econonizers, etec., except 

the exhsust steam hesters, which sre economical only for the 

resson thet they are almost costless. 

COST OF PLANT. 

No estimate could be made which would give sstisfaction in 

eny degree but in a genersl way the present plent will cost in 

the neighborhood of $50,000.00, complete and ready to run. 

LETTERS. 

The following letters hsve been received snd some idee 

of the cost of the vsrious appliences in & power plant may be 

gotten from them. Also & compsretive idea of the performance 

of verious engines and turbines, etc. 
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/ year 1847, was born at Hamil- 

ton, Madison Co., N. Y., Sept. 

He graduated at Un- 

Schenectady, in 

18,1813. 

ion College, 

1831, studied law and. was ad- 

mitted to the bar in 1834. In 

1836, having removed to Michi- 

gan, he settled in Adrian; where 

he has since resided. The year 

following his arrival in Michigan 

he was elected State Senator and 

served in that capacity until 1839. 

In 1845 he was elected Lieut. Gov- 

ernor and became acting Governor 

Felch, 

who was elected to the United 

by the resignation of Gov. 

States Senate, 

The war with Mexico was brought 

to a successful termination during Gov. Greenly’s 

administration. We regret to say that there are only 

few records extant of the action of Michigan troops 

in the Mexican war. That many went there and 

fought well are points conceded ; but their names and 

nativity are hidden away in United States archives 

PE S— 5 

ILLIAM IL. GREENLY, | and where it is almost impossible to find them. 

The soldiers of this State deserve much of the 

credit of the memorable achievements of Co. K, 3d 

Dragoons, and Cos. A, E, and G of the U. S. Inf. 

The two former of these companies, recruited in this 

State, were reduced to one-third their original num- 

ber. 

In May, 1846,the Governor of Michigan was noti- 

fied by the War Department of the United States to 

enroll a regiment of volunteers, to be held in readi- 

ness for service whenever demanded. At his sum- 

mons 13 independent volunteer companies, rr of 

infantry and two of cavalry, at once fell into line. Of 

the infantry four companies were from Detroit. bear- 

ing the honored names of Montgomery, Lafayette, 

Of the re- 

mainder Monroe tendered two, Lenawee County three, 

Scoit and Brady upon their banners. 

St. Clair, Berrien and Hillsdale each one, and Wayne 

County an additional company. Of these alone the 

veteran Bradys were accepted and ordered into ser 

vice. In addition to them ten companies, making th. 

First Regiment of Michigan Volunteers, springin: 

from various parts of the State, but embodying to 

great degree the material of which the first volunteers 

was formed, were not called for until October follow 

ing. This regiment was soon in readiness and pro- 

ceeded by orders from Government to the seat of was, 
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ADDRESS ALL COMMUNICATIONS TO THE CO. 

CABLE ADDRESS VOGT. 
WESTERN UNION & A.B.C.CODES 57% EDIT 

HENNEY VOGT MACHINE CoO. 
INCORPORATED. 

MANUFACTURERS OF 

Ice AnD REFRIGERATING MACHINES, 

Warer Tue AND OTHER BOILERS. 

LouisviLLe Ky, U.S.A. 

OFFICE AND WORKS, 10TH AND OrRMSBY. Apr. 14, 1915, 

Mr. M.B.McMshon, 

¢/o University of Tennessee, 

Knoxville, Tenn, 

Dear Sir- 

We are in receipt of your letter of the 13th inst. 

relative to 250 H.P. Boiler, Te will get the necessary data 

together in connecthon with this inquiry, 
and sendy ou draw- 

ings and preliminary estimate within 
the course of the next 

four or five days, which we trust will be sati
sfactory. 

Yours truly, 

HENRY VOGT MICHIE CO. 

HE (IK) : BOTLER Bi: 
[7 
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ADDRESS ALL COMMUNICATIONS TO THE CO. 

CABLE ADDRESS VOGT. 
WESTERN UNION & A.B.C.CODES 5™ EDIT 

IHicnizy VoGT MAacuHuinge Co. 
INCORPORATED. 

MANUFACTURERS OF 

Ick AND REFRIGERATING MACHINES, 

Warer ToBE AND OTHER BOILERS. 

Dror FOrRGINGs. 

OFFICE AND WORKS, 10TH AND ORMSEY. LouvisviLLe, Ky, U.S.A. 

May 25, 1915. 

Mr. M.B.McMahon, 
e¢/o0 University of Tennessee, 
Knoxville, Tenn. 

Dear Sir:- 

Enclosed you will find blue print showing foun- 

dation plank for three - 250 H.P. 7ater Tube Boilers, We 

have given you a general outline of the building required 

for these boilers, amd you, of course, can make this of 

whatever size suits you. 

We are enclosing print showing elevation of a battery 

of 250 E.P. Vogt Water Tube Foilers, 

= he upproxiate ost of three + 200 H.P. Teter The 

Boilers erected, including the brieckwo k and foundations, 

as shown og print (exclusive of stokers, pipe connections, 

breeching amd stack) is Eighty Five Hundred ($8500.00) Dollars. 

The breeehing should not cost, including co ver ing, 

under ordinary conditions more than One Thousand ($1000.00) 

Dollars, 

As to the stack - we would suggest that you get in 

touch with the Alphons Custodis Chimney Construct ion Company, 

Atlanta, Ca., (Healey Building), as they can give you full 

data on this subject, 

On superheaters we suggest the Power Specialty Company, 

111 Broadway, New York, N.Y. 

There are & number of first-class stokers made, such 



Paes No- Haney Voer MacmNg Co. Te Mr. M.B.McMahon. 

as Testinghouse, Green, Jones, Under -Feed, Murphy, Detroit, 

etc. The nsmes md addresses of thkse concerns can easily be 

located in Engineering papers. 

Now if there is any further information we can give 

you, please do not hesitate a moment to call on tis. 

Yours truly, 

HENRY VOGM MACHINE CO. 

HE (LK) BOILER DEPT. 

P.5. We are enclosing blue print showing chain grate stoker 
as applied to our class "L"™ boiler, 
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GENERAL OFFICE SHOPS 
ST. LOUIS, MO, ST. LOUIS, MO. AND PHOENIXVILLE, PA. 

HEINE SAFETY BorLERr Co. 
WATER TUBE BOILERS AND 

SUPERHEATERS 

ANSWERING YOURS OF BY ST. Louis April 24, 1915. 

SUBJECT: 

Mr. M.B. McMahon, 

University of Tennesses, 
Knoxville, Tenn. 

Dear Sir:-= 

Replying to your recent favor, we beg to 

state that our price on one (1) 250 Heine Water Tube Boiler 

built for 180# working steam pressure (our standard) and a 

superheater for 100° F. delivered F.0.B. cars Knoxville, 

Tenn., is Three thousand dollars ($3000.00) 

We do not manufacture stokers, but have 
set our boilers with every type of mechanical furnace. 
If you will indicate your preference for stoker, we will 
get prices and plans from manufacturers and arrange our 

setting to suit the same. 

It is difficult to give you the coat of 
setting withot a plan from which to estimate, but we will 

be glad to do this later. 

You speak of three (3) boilers and if you 
will tell us how you propose setting them, whether singly 
or two in battery and one singly, we will make you up a 

location drawing with dimensions. 

Under separate cover we are mailing you 

a B.P. No. LLL=97 that will give you a general idea of 

setting for two (2) 250 H.P. boilers, also some pamphlets 
also a copy of our "Helios. We trust you will find 

these of interest. 

Very truly yours, 
HEINE SAFETY BOILER COMPANY. 

ICM/JIB AL AGENTS phat 



THE BABCOCK & WILCOX CO. 
BUILDERS OF 

BABCOCGCK & WILCOX -STIRLING-RUST 

WATER TUBE STEAM BOILERS 

STEAM SUPERHEATERS MECHANICAL STOKERS 

BRANCH OFFICES 

BOSTON, 35 FEDERAL STREET NEW ORLEANS, 533 BARONNE STREET 
PHILADELPHIA, NORTH AMERICAN BLDG. DENVER, 435 SEVENTEENTH STREET 

PITTSBURGH, FARMERS DEPOSIT BANK BLDG. SALT LAKE CITY, 705-68 KEARNS BLDG. 

CLEVELAND, NEW ENGLAND BLDG. SAN FRANCISCO. 99 FIRST STREET 

CHICAGO, MARQUETTE BUILDING. LOS ANGELES, I. N. VAN NUYS BLDG. 

CINCINNATI, O, TRACTION BLDG. SEATTLE, MUTUAL LIFE BUILDING 3 

ATLANTA, CANDLER BLDG. HAVANA, CUBA: CALLE DE AGUIAR 104: 

PORTLAND, OREGON, SPALDING BLDG. HOUSTON, TEXAS, 617 WASHINGTON AVE, 

TUCSON, ARTZONA ,SANTA RITA HOTEL BLDG. SAN JUAN, PORTO RIC 0, ROYAL BANK BLDG, 

MAIN OFFICE 

85 LIBERTY STREET, NEW YORK 

WORKS 

BAYONNE, N.J. BARBERTON, OHIO 

TRAGCTION BLDG. 

CINCINNATI, O. April 30, 1915. 

Mr, M, B. McMahon, 

University of Tennessee, 

Knoxville, Tenn, 

Dear Sir:w 

Replying to your letter of April © to our New York 

Office and alse your letter of the 17th addressed The Stirling 

Company, Chicago, both of which have been referred to this 

office for attention as all Knoxville business is handled 

through this office, and the Babcock & Wilcox and Stirling 

boilers are both manufactured by the Babcock & Wilcox Company, 

We take pleasure in giving you the following 

approximate prices: 

For one (1) 250 HP wrot steel vertical header Babcock 

& Wilcox boiler Q wide 14 high 18 long tubes one 42" drum, 

built for 200 lbs. safe working pressure, the approximate price 

would be FOUR THOUSAND FOUR HUNDRED ($4,400.00) DOLLARS. 

For one (1) guperheater for 100° superheat to be 

installed within the boiler setting NINE HUNDRED (§900.00) 

DOLLARS, 



Mr, M, B. MelMahen, April 30, 1¢15%, 

For one (1) Babcock & Wilcox chain £rets stoker 

60" wide by 12' 3" long including 4-1/4" x 5" vertical engine 

to drive the stoker, the approximate price would be ONE 

THOUSAND NINE HUNDRED ($1,900.00) DOLLARS. 

For one (1) Stirling boiler of approximately 250 HP, 

built for 160 lbs. safe working pressure, the price would be 

FOUR THOUSAND ONE HUNDRED ($4,100.00) DOLLARS, 

For superheater and chain grate stoker with the 

Stirling boiler the prices will be about the same as those 

given above for the Babcock & Wilcox boiler. 

The above prices contemplate furnishing all ironwork 

delivered, erected and bricked in on your foundations at 

Knoxville, Tennessee, 

We enclose, herewith, one print each from our sheets 

S.L. 859510 
P.S.H.D. 5740-0 

which show side elevations of the Babcock & Wilcox and Stirling 

boilers respectively, both being equipped with chain grate 

gtokers, These prints also show asgystem of coal handling 

equipment in which you may possibly be interested. 

Your letter does not give us sufficient information 

for us to answer your question regarding the best pressure to 

carry on the boilers. As we are not familiar with the plans 

or the conditions under which you will operate, any reply we 



Mr. M, B, McMahon, April 30, 1915. 

might make would he more in the way of guess work than an 

intelligent opinion, The best boiler pressure, of course, 

depends on the equipment you install for utilizing the boiler 

power, We believe, however, that both boilers should be 

operated at the same pressure so that providing one is out of 

commigsion for repairs or cleaning the other can be forced 

sufficiently to carry both the power and heating load. We 

might also suggest your consideration of the use of the exhaust 

from your turbine or engines, as the cage may be, for heating 

purposes as this is a very economical method of heating. 

In regard to your last question, we beg to advise 

that providing the boilers are not being worked beyond their 

rated capacity either one could readily assume the total load 

and run up to 200% of rating for a period of two hours. To 

run at this rating, however, there must be sufficient draft 

and we would suggest to get this required draft a stack from 

175' to 200" in height above damper, 

We note from our records that you have a copy of 

our book "STEAM" and believing you might be interested in some 

of our other publications we take pleasure in forwarding you, 

under separate cover, copies of our books "STIRLING", "CHAIN 

GRATE STOKERS" and "SUPERHEATERS" from which we hope you may 

get some ideas which will be helpful to you in your thesis 

work, 



Mr. M. B. McMahon, iy April 30, 1915, 

Trusting the above gives you the desired inform- 

ation and if we can be of any further service, we beg you will 

not hesitate to call upon us, 

Yours very truly, 

THE li ey 
ere i 
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ALL AGREEMENTS ARE CON- 

TINGENT UPON STRIKES, ACCI- 

EDGE MOOR IRON COMPANY cc orlas or canmns ann 

MAIN OFFICE AND WORKS 
EDGE MOOR, DELAWARE 

OTHER DELAYS UNAVOIDAELE OR WILLI . SE s ILLIAM F. SELLERS 
BEYOND OUR CONTROL. PRES. AND TREAS. 

MANUFACTURERS OF 

QUOTATIONS ARE SUBJECT TG, 

CHANGE WITHOUT NOTICE. 

H. B. BRADFORD, 
ViICE-PRES. 

WATER-TUBE BOILERS H. S. GARRETT, 
CABLE ADDRESS ‘‘EDGEMOOR' 

SECRETARY 
NEW BUSINESS CODE 

TELEPHONE 

838 WILMINGTON susJsecT QUOTATION ON BOILERS FOR UNIVERSITY OF TENNESEEER, 

EDGE MOOR, DELaware April 20, 1915, 

Mr. I. B. lNcRahon, 
c/o Uriversity of Terressee, 

Kroxvillie, Tern, 

Dear 8Sir:= 

We have your letter of April 15th, askirg for quotation 
orn 250 horse-power hoilers for University of Ternressee, and rote 
that your request is for thesis work, The Edge Moor boiler is 
built for high pressure service ir modern power plants, ard would 
make a very attractive irstallatior ir the University Power Station. 

We are serdirg you herewith prirts from our drawings 
No, 3645 ard 4115, showing side ard front elevatior, as well as 
ground plar, of a boiler irstalled singly. 

We algo forward you under other cover copy of our 
catalogue which may be of assistance to you in your work, ard we 
enclose herewith specificatior No, 3340, showing how the boilers 
would be built, 

We would quote you a price of FOUR THOUSAND TWO HUNDRED 
AMD FIPTY DOLLARS » = = = vw vo vo cc vc co wm mmm =e $4250,00 
or ore 250 horse-power Edge Moor Wrought Steel boiler, delivered and 
erected on foundations provided by the purchaser, at the University 
Power Plart, Knoxville, Ternr., bricked ir ard left ready for steam, 
water, smoke and blow-off corrections. 

Or we would quote you TWHLVE THOUSAND FIVE HUNTRID 
DOLLARS =» = = = = = = vo = ¢ e wo «ew me me vo wm oe === == $12, 560,00 
for three (3) 250 horse-power Ndge Moor Boilers, two of which 
would be set ir battery, and the third set singly, delivered, erected, 
and bricked ir under the same conditions, 

These prices are based or hard-fired irstallations, and 
iT stokers were used, we would deduct ONE HUNDRED AND FORTY«FIVE 
POLIARE = = = = = = = = = «vo vo = cw we wwe m= new w=$1i5,00 
per boiler, from the above prices, 

Ary stardard stoker car be applied to the Edge Moor boilers, 
ard ir this case we quote or boilers without the lower frorts ard grates, 
We nave rot used any superheater except the Foster Superheater manufacte 
ured by the Power Specialty Co,, New York City, since we ceased maru- 
facturing our owr superheater, 

You will rote that the boilers as showr on specification No, 3340, are built for 160 pourds pressure, 1295 pourds is such low pressure for a modern plant, we think it advisable to figure on 
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Heating 

Surface 

Weight 

Purchaser 

Provides 

Shipments 

Payments 

Possession 

and Title 

an
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of bill of lading 
ry 

Se i it - - 

Long. 201 10=1/2% 201 10=1/2¢ Dept! 
101 
17! 3.1/8 3 

et 71 om 

2567. 

foundations up to flom 1 Foundations up to floor line. 

Adequate openings into hotler room 

Water for pres 

Non-condueting covering for ex 
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Brickwork. Approx 

Shipment will commence in days from receipt « 
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Subject Ridgway, Pennsylvania, 

D 

Engine Company Ridgway Dynamo 

Aprii #4 1918, 

Mr. M. Bs. McMahon, 

University of Tennessee, 

Knoxville, Tennesses, 

Dear Siri-— 

We have your letter of the 123th. inst. and regret 

that rush of business prevented our taking this matter up nore 

promptly. 

We are enclosing foundation plans shewing three 

different units which we would suggest for your purpose, although 

in the case of the Tandem Compound we found it necessary to send a 

plan showing an engine direct connected to an alternator instead 

of to a direct current generator. The only difference this would 

make, however, in t he layout of a plant would be to slightly 

Shorten the shaft length in the case of the direct current 

machines 

The prices of these three units would be approximately , 

as follows:~ 

13 & 20 x 18 Tandem Compound,four-valve engines, for 
condensing operation, 26" vacuum, 225 RPM. with 
100 KW. direct connected, direct current generator, 

PRICE:~ $14,541.00, 

14 x 16 Simple, Four-Valve Engines for non-condensing service, 
225 RPM, with 100 KW, direct current, direct 
connected generator, 

PRICE:~ $10,062.00, 

13 x 16 Single-valve, Simple Engines 260 RPM. Non—condensing 
Service, with 100 KW. directconnected, direct current 

: Generator, 
PRICE:- $7,170,00, 

These prices are all for threes units in each case and 

are TF» O. Be Ridgway,Pennsylvania and include no cost of erection. 



RIDGWAY DYNAMO & ENGINE CO. 

PAGE No. 2 

Mrs Ms Be. McMahon, 
Knoxville, Tennessee, 

The tandem cpmpound units would each require 

24 cu. yds. of concrete in the foundation. The simple, four-valve 

engines would require 19 yds and the simple, single-valve engine woukd 

require 18 yards, You will note that the single-valve engine is 

slightly smaller in the cylinder and is,in fact, on a smaller bed 

but operated at a higher speed to secure the same powers The four— 

valve engines do not operate satisfactorily at such a speed, 

The weight of one tandem compound unit complete 

would be 47,000#; one simple four-valve unit complete 35,000# and 

one single-valve simple unit complete 26,3004, 

These prices indlude indicator reducing motions and 

metallic piston and valve rod packing, indicator piping, combination 

cylinder relief and drain cocks,y lubricators, wrenches etce 

All of these engines are intended for use on 125# 

of steam and are capable of delivering at 1/4 cut-off in case of the 

simple engines and «3 cut-off high pressure eylinder in case of the 

compound, 160 I.H.Ps, which is ordinarily the amount rewired for 

driving 100 KW, generators. 

You did not give us the size generators you would 

require but mention 150 HP. for the engines and we assume from this 

that vou have in mind about 100 KW. for the generators 

We do not ordinarily advise the use of super heated 

steam, Our engines work very satisfactorily with super-heated 

steam up to 100 degrees and Un some cases at 150fdegrees super-heat. 

This is a matter, which depends mainly upon the boiler practice and 

cost of fuel in your locality. 

We would suggest that for an answer to your question 



RIDGWAY DYNAMO & ENGINE CO. 

PAGE No. 3 4/21/15 

Mr. Ms. B. McMahon, 
Knoxville, Tennessee, 

in regard to super heat and also to determine the question of 

condensing operation, that you apply the standard test of balancing 

the annual saving to be made under actual operating conditions against 

the fixed charges on the additional equipient required, which 

charges in the case of condensers would include the operating 

charges, which in turn would include the cost of pumping the 

condensing waters This latter cost, in case you were using motor 

driven pumps, which would be entirely feasible, could readily be 

figured by computing the friction head and static head, allowing 

for the slip of the pump and efficiency of the motor, figuring 

your power cost at whatever you assume the cost to be at this 

plant. 

In case you decide on condensi¥® operation you will 

be quite certain to find that the tandem compound engine would be 

the most preferable and to decide between the simple, four-valve 

and the simple, single-valve would require another balance of 

saving against charges. We do not recommend the use of a tandem 

compound, single-valve engine, as our four-valve simple engine gives 

as good economy at no greater cost, and with considerble less compli~ 

cation, We did not quote on cross compound, four-valve as they are 

considerably more expensive than the tandem compound and have very 

few compensating advantages, 

We give below a tabulation of the steam consumption 

at di“ferent loads for these various engines and also the efficiencies 

of the generatorsy— 
For the Tandem Compound, Four-Valve Engine unit, 

Operating on 26" of vacuum. 

Loads 50% 75d 100% 125% 
tion in Steam Consump n 16.25 15.45 15.5 15.9 lbse per I«HePs Hr 



RIDGWAY DYNAMO & ENGINE CO. 

PAGE No. 4 

Ms Be McMahon, 
Knoxville, Tennessee, 

4/2/15 

Simple, Four-Valve Engine 

Loads 

50% 75% 100% 125% 

Steam Consumption in 26.8 23.6 23.8 2563 
pounds per I. He P.M 

Simple, Single-valve Engine, 

Loads 

504 75% 100% 125 4, 
Steam Consumption in 
pounds per Te He Pod 31.5" 29,5 29,0 29.5 

Generator Efficiencies. 

Loads 
50% 75% 100% 125% 

Efficiencies, 90 91 91-1/2 91 

In the above tabulations we have assumed that 

7o 
you will maintain better than 28" vacuum, as this is about the best 

that is ever actually maintained in services The figures given are 

our standard guarantees, which we usually better considerable in 

our tests but are very satisfactory for estimating purposes, as we 

can positively do this well in all casese 

We think you will find that with an average sort 

of annual load factor of say 15%, that if your fuel costs you 

$2.00 per ton, you will probably uo best by using the simple, four— 

valve engine,hon-condensing. 

valve will be likely to be 

If fuel is cheaper than this the single 

found the most economical, but should 

fuel be $3.00 or your annual load factor considerably higher it is 

probable that you will find the most economical service to be obtain- 

ed by the use of the tandem cpmpound engine, operating condensinge 

We are sending you under separate cover a complete 



RIDGWAY DYNAMO & ENGINE CO. 

PAGE No. 5 4/3/15 

Knoxville, Tennessee, 

set of our bulletins, which describe these various machines in detail 

and which we trust you will find of interest. We hope that the 

information given will be satisfactory,and tht in the event of this 

plant being actually built, we may have an opportunity to figure on 

furnishing the engines and generator, 

In conclusion we wish to remark,that we presume 

you have given donsideration to the propsition of installing alter— 

nating current equipment, which is usually decided upon by 

Educational Institutions, unless their buildings and campus are 

very compacts 

Thanking you for the opportunity of assisting you 

in this matter, we are, 

Yours very truly, 

RIDGWAY DYNAMO & ENGINE COMPANY 

Ila les Department, 

Bulletinse 



NEW YORK, 85 LIBERTY STREET 
BOSTON, 131 STATE STREET 
PHILADELPHIA, 820 Commercial Trust Bios. se ¥ : : ARTHUR L. MERRIAM, PRESIDENT 

CHICAGO, 1051 MARQUETTE BUILDING ESTABLISHED 1854 INCORPORATED 1901 ALFRED H. AMES, VICE-PRESIDENT 
SYRACUSE, 218 BASTABLE BUILDING WALTER B. MERRIAM, TREASURER 
BUFFALO, 622 ELLICOTT SQUARE BUILDING MANUFACTURERS OF GEORGE B. HUNT, SECRETARY 

ATLANTA, 815 THIRD NATIONAL BANK BLDG. 

WORKS, OSWEGO, N.Y. 

OSWEGO Apr.15.1015 

IN REPLY PLEASE REFER TO FILE 

ALL AGREEMENTS ARE CONTINGENT URON STRIKES, ACCICENTS AND OTHER DELAY 
BEYOND OUR CONTROL QUOTATIONS SUBJECT TO CHANGE WITHOUT NOTICE 
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The AMES 

Stumpf Una-Flow Engine 

BULLETIN No, 66-B 

BUILT BT 

ES IRON WORKS 
OSWEGO, NEW YORK 

OFFICES IN ALI PRINCIPAL CITIES 



Ihe AMESSTUMPY 7 5 is 
AN ENGINE 



The Ames-Stumpf Una-Flow Engine 

N recent years several more or less successful attempts have been made to in- 
troduce into this country stationary steam engines of types in common use 
in European countries, and of designs originated and perfected by Euro- 

pean engineers. These efforts have been made in several ways, either by the 
actual acquiring of American patent rights to manufacture, by the rather 
doubtful method of copying foreign designs, or recently by the importation of 
the engines themselves. 

After several years of careful investigation, of the merits of the different 
Luropean reciprocating engines, we have adopted for manufacture and sale in 
this country the Una-Flow Engine, built under the patents of Prof. Johann 
Stumpf, of Berlin, Germany, and are offering to the steam user an engine 
which, by reason of its almost universal use abroad, coupled with its peculiar 
adaptability to American steam engineering practice, will immediately establish 
itself as the most popular prime mover. 

Economy is the watchword all over the world, and this has been developed 
to such a marked degree in the Stumpf design that the results obtained have 
been extraordinary. 

The efficiency of this engine under a wide range of operating conditions 
and loads, both condensing and non-condensing, is so wonderful that it has 
worked its way into general use on foreign railways, making the European 
locomotive a more efficient prime mover than the best American stationary 
engine. 

There have heretofore always been conditions where it was best to use a 
certain type of engine or turbine, cach type having some particular advantage 
over the other, for the service required, but the Una-Flow Engine, while retain- 
ing all the advantages of the various types of engines and turbines, by its elim- 
ination of initial condensation, sets a mark in economy of steam consumption 
unequalled by any other type of prime mover. This feature is very marked at 
small loads, nearly uniform economy being obtained whether the engine is 
developing 25 per cent or 125 per cent of its rated capacity, either condensing 
or non-condensing; a result, never before obtained in steam engineering. 
This fact, together with its adaptability to either condensing or non-condensing 
service, with no limitation as to pressure, superheat or operating speeds, as far 
as the valve-gear is concerned, places the Ames-Stumpf Una-Flow Engine in a 
class by itself and justifies its consideration in any plant, for any service and 
under any condition of operation. 

Almost every possible mechanical appliance has been developed and per- 
fected looking to high efficiency, but the real cause of the greatest losses (internal 
cylinder condensation) has been removed in the Stumpf Una-Flow design only. 

Our experience with this engine, places us in position to make very strong 
guarantees, which cannot be equalled by any other engine on the American 
market. To verify these statements, we invite those interested in the actual 
performance to visit our works and test this engine under any desired condi- 
tion ; and we know the results obtained will remove any doubt from the mind 
of the most skeptical, and when the highest efficiency is desired we solicit an 
opportunity to submit specifications and prices. 



The Ames-Stumpf Una-Flow Engine 

N operation, steam is admitted to the cylinder by a double beat poppet-valve of special construction 

(to insure steam tightness), which is lifted by a roller in the sliding-bar when it comes in 

contact with the lifting-cam ; and the valve is closed by the spring in top of the bonnet with 

lower end resting on top of a circular crosshead to which the lifting-cam is rigidly bolted. These 

admission valves being of the double beat poppet type, 

with upper seat flexible, will always remain tight. 

The construction of the bonnets and detail of the 

valve-gear is very simple. The valves are lifted in 

perfect alignment from their seats, so when the engine 

is operating at maximum cut-offs the valves and cams 

are practically noiseless. The valve-stems, operating 

in long sleeves, make it unnecessary to provide any 

other packing. 

Assembled Bonnet and Valve 

There are no exhaust-valves, as the piston is long 

enough to keep the central ports covered until the exhaust 

occurs, nearly at the end of the stroke. These central 

exhaust-ports open directly into a central exhaust-belt 

encircling the cylinder, from which direct communication is 

made with the exhaust-pipe or condenser connection. The 
Valve, Roller-Rod and Cam, with 

Crosshead and Spring 
absence of exhaust-valves, as described above, makes the 

cylinder end of the engine simplicity itself. 

The thermal disadvantage of the alternating flow 

engine consists mainly in the loss of heat through the 

cooling of large surfaces of the clearance space by the 

wet exhaust steam, which flows back with great 

velocity toward the exhaust-valves, cooling the sur- 

faces and carrying heat to the exhaust. This heat 

must be replaced by incoming steam, and great inter- 

nal condensation is the result. 

In the Una-Flow cylinder this internal condensa- 

tion is practically eliminated, as the heads are kept 

hot by the admission of steam at high pressure and 

by the heat of compression, while the exhaust-ports 

are never exposed to the hot steam, so there can be 

no transfer of heat to be carried to waste. 

As an illustration, we might say that the cylinder 

really consists of two single acting cylinders, set end 

to end, with a common exhaust; and the economic 

value of the Ames-Stumpf Una-Flow Engine is to be 

traced to the uniform direction of the steam where a 

hot end and a cold end are maintained with a gradual 

fall of temperature between, the temperature of the 

walls being at all times higher than that of the steam 

Cylinder-Head and Bonnet to which they are exposed. 



The Ames-Stumpf Una-Flow Engine 

This Una-Flow principle at the steam end, combined with our regular type of heavy duty side- 

crank frame, reciprocating parts and governor, provides a construction which is without parallel. 

Main Bearing 

Crosshead and 
Pin 

The crosshead is 

of box section, made of 

special mixture of cast 

iron, having a tensile 

strength of approxi- 

mately 28,000 pounds 

per square inch. The 

shoes are rigidly bolted 

in place and the lower 

one is provided with 

full babbitt face. The 

pin is forced in taper 

seats at both sides of 

the crosshead and may 

be removed easily with- 

out the use of a sledge. 

T'he pin may be given 

one-quarter turn when 

worn, thus providing 

new wearing surface. 

Main Bearing 

The main bearing consists of a three- 

piece box with a heavy lining of genuine 

babbitt thoroughly peened and bored to 

gauge. The bearing rests rigidly in the 

frame and is securely held by means of 

heavy bolts and lock nuts which pass 

through the cap and frame housing. This 

rigid fastening of the bearing in position 

does not, however, inconvenience the ad- 

justment, as same may be adjusted to the 

finest degree while the engine is in oper- 

ation. 

The entire bearing may be removed 

and replaced within a few minutes; it 

being only necessary to wedge up under 

the wheel to take the weight of the shaft 

off the bottom section of the bearing. 

Raising the shaft 1/100 of an inch is suffi- 

cient in any case. 

Crosshead and Pin 



Ames-Stumpf Una-Flow Engine 

Governor 

The improved Robb-Armstrong- 

Sweet governor as. built by us is a 

perfect regulating device. It is 

carried in a heavy fly wheel, is 

simple and durable in construction, 

and stable in operation under all 

conditions of service. The split 

wheel has planed joints fitted 

together with a tongue and 

groove, and secured by heavy bolts 

in rim and hub. A split eccentric, 

which is doweled and securely 

bolted together, is used. Qur 

experience in building the inside 

connected governor, necessary 

with the side-crank engine, has 

shown us that a single bearing 

lever will not carry the heavy 
Automatic Governor 

weight of the eccentric and 

strap without proving trouble- 

some. We use a double bear- 

ing lever as shown in the sec- 

tional view below, with a heavy 

pin and double bushings, the 

inside one revolving. This 

construction keeps the eccen- 

tric in line, prevents eccentric 

and strap from wearing out of 

line or running hot and gives a 

smooth running strap. 7hese 

improvements are exclusively our 

own. 

Connecting-Rod 

The connecting-rod is of 

open-hearth forged steel with 

solid ends and is provided with 

genuine babbitt-lined boxes and 

forged steel wedge adjust- 

ments. 

Vertical Section Through Main Bearing and Governor 





Ames-Stumpf Una-Flow Engine 

GENERATOR SIDE 

Ames Iron Works, Oswego, N. Y. 
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Reprinted from Power, Nov. 17, 1914 - 

SYNOPSIS—The first una-flow engine built in America 

with the cooperation and approval of Professor Stumpf uses 

only 12.5 lb. of steam per i.hp.-hr. condensing and 16.8 

noncondensing, the minimum consumption being at one-half 

lad in both cases. It is only 15 x 16 in., runs at 250 

r.p.m., and is designed to carry 100 kw. at rating. 

A number of engines have been built in America 

upon the una-flow principle, but the first to be built 

with the consent and approval of Professor Stumpf, 

TESTS MADE WITH A 15x16-INCH STUMPF UNA-FLOW ENGINE 

are practicable in the two cylinders of a compound, 

but on account of the absence of loss between cyl- 

inders, etc., the una-flow cylinder may be made about 

20 per cent smaller than the low pressure cylinder of 

an equivalent compound without loss of efficiency. 

The full boiler pressure acts upon the large piston, 

necessitating attention to the large initial stress. 

The engine is pleasingly simple jn appearance, as 

will be recognized from Fig. I; and its internal ar- 

rangement and construction are just as simple. Fig. 3 

Sept. 5, 1914 Oct. 5, 1914 June 6 1914 
Noncondensing—Saturated  - Noncondensing—Superheated I a —Condensing—Superheated Ergo, 

bai I 11 1v 1 0 NI ay v 1 11 111 Vv v VI 
® ES 3 ES full Friction i 3 3 0.85 Friction i 3 Es Full 15 

Steam pressure, 1b. Jin. : 4 ies ls 138 Poin 147 145 145 145 145 140 
Speed, r. p.m. __ 4 a en oh Eh 262 TENA es linen. Sosy a Le a oa 
Superheat, deg. F. : SNC ea i 132 hz ise ah 50 96 88 93 103 140 
RE a 3 Rt rc os a a a 26 26 25% 25% 25 24 

) Amperes _________ 100 200 300 400 ro 00 200 300 350 TE 100 200 300 400 600 
Loafer wenemton tT Vals 250 280 250 250 a 250° a5) asp ogy a 250 250 250 250 250 
Indicated horsepower, hp. BAS 55.5095. 4-0 0150.8 = 171.7 12.9 56.3 92.5 134 152.3 11.5 53 93 131 175.5 257 
Steam consumption, Ib. i. i Sl 21.0 20.4 20.8 21.3 18.0 17.3 16.8 17.00817-3 15.0 13.2 12.5 12.5 12.9 15.3 

under his'patents and designed by the engineers of shows a longitudinal and cross-section through the 

his representative, the Stumpf Una-Flow Engine Co., cylinder. Steam enters by the poppet valve in the 

who know his standards and methods, is that built by 

the Ames Iron Works of Oswego, N. Y., and illus- 

trated herewith. 

head, is cut off early in the stroke even at full load, 

and exhausts through the ports in the middle of the 

cylinder, when they are opened by the piston passing 

F1G. 1. THE FIRST STUMPF UNA-FLOW ENGINE BUILT IN AMERICA 

This engine consists of a 15x16-in.cylinder mounted 

upon a standard heavy-duty frame. About as many 

expansions are attainable with the una-flow in a single 

cylinder without excessive cylinder condensation as 

over them. The piston is shorter than the stroke 

only by the width of the exhaust port. If, for in- 

stance, the piston were +% as long as the stroke and 

the port 4, release would take place when the 



stroke was 2% completed and compression would exhausting into a condenser, the compression, even 

commence when the piston had proceeded v5 of the with a moderate clearance, would not be very high. 
way on its backward stroke. If, when the piston With the exhaust ceasing at +i; of the return stroke 
covers the exhaust port on the backward stroke, the there would be +; of the cylinderful of steam to be [0 

pressure in the cylinder is low, as when the engine is compressed into the clearance. 

YY, 
POWER 

Fi1G. 4. DOUBLE-BEAT POPPET ADMISSION VALVE 

Suppose this to be at the pressure of 2 1b. absolute, 

about 26 in. of vacuum, and suppose the clearance to 

be 5 per cent, we have, assuming the pressure to 

vary inversely as the volume, 

2 X 0.95 

0.05 

showing that even with this early closure the com- 

pression would run up to only a moderate amount. 

If, however, the pressure at the instant that compres- 

sion commenced were that of the atmosphere, say 

15 1b. absolute, there would be with the same 

clearance 

= 38 /b. 

15% 098 
F1G. 2. ADMISSION VALVE AND GEAR 0.05 

285 /b. 

Fi1G. 3. LONGITUDINAL AND CROSS-SECTION OF CYLINDER 
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F165. DIAGRAMS FROM NO LOAD TO 50 PER 

CENT. OVERLOAD 

On account of the absence of the usual exhaust 

port it is possible to keep the clearance very low, it 

being only 3.1 per cent in this engine even with its 

short stroke. For a noncondensing engine it is nec- 

essary, however, to have a greater clearance volume 

_ when the closure of the exhaust is thus early in the 

stroke. Professor Stumpf argues that the harmful 

effect of clearance, due to its volume, is slight com- 

pared with that due to its surface, and the engine de- 

signed to run noncondensing only has a piston, the 

head of which is turned out concave. This gives the 

required increase of clearance volume with the least 

possible amount of bounding surface. With an 

engine designed to run condensing a minimum 

amount of clearance is used, the piston being built 

in the usual way. In order to meet emergency con- 

ditions, as when the condenser drops its vacuum and 

the engine must run temporarily noncondensing, a 
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F1G.6. SHOWING THE FLATNESS OF THELLOAD CURVE 

clearance pocket is provided in the head, as shown 

in the cross-section in Fig. 3, the connection of which 

with the cylinder is controlled by the valve shown. 

When, for any reason, the engine has to run noncon- 

densing, this valve is opened, connecting the pocket 

with the working cylinder and the clearance is in- 

creased and the compression kept down, although 

with a slight impairment of the efficiency on account 

of the addition to the containing surface. If desired 

the valve controlling the connection between this 

pocket and the cylinder may be made to open auto- 

matically, precluding the generation of excessive 

pressure by an accidental loss of vacuum. 

The passages surrounding the cylinder between the 

exhaust belt and the cylinder heads are steam jackets, 

the motive of the engine being to preserve a hot end 

or zone for the entering steam; and as the exhaust 

does not come back through this zone it carries off no 

heat from it, which explains the economical results 

obtained by the unidirectional method of flow. 

In order to adapt the engine to the use of high de- 

grees of superheat, poppet valves are used, and one of 



the remarkable things about the running of the engine 

is the noiselessness and ease with which these valves 

are handled at 250 and more revolutions per minute. 

The operating rod extends across both valves as 

shown in Figs. | and 3 and receives its motion 

through a rocker arm from the governor eccentric. 

Where it passes through the valve bonnet, Fig. 2, its 

section is circular, with a recess in which is carried a 

roller. This roller, by contact with a suitably de- 

signed cam surface, lifts the valve quickly from its 

seat, and in closing permits it to approach the seat 

rapidly, but to be brought into actual contact at a 

diminishing rate which makes no perceptible impact. 

The cam is kept in contact with the lever, and the 

balanced valve upon its seat, by the spring shown at 

the top. The piston immediately below the roller- 

carrying section is merely a guide. The valve stem 

depends upon its length, good fit and water grooves 

for steam tightness, a method long ago used success- 

fully by Professor John Sweet. 

The well known difficulty of keeping a double- 

seated valve tight on both seats at the same time is 

met by making the upper lip of the valve sufficiently 

flexible to be pressed onto its seat by the steam pres- 

sure. Fig. 4 shows the valve on a larger scale. The 

cross-hatched portion is of cast metal. The upper 

lip, shown in solid black, is made by shrinking on a 

steel ring and then turning it to the section shown, the 

thin center deflecting enough under pressure to allow 

the outer ring to seat tightly. 

The table on page | shows some results obtained 

with this engine upon the testing floor of the builder’s 

shops at Oswego, N. Y., where they are exceptionally 

well equipped for such determinations. In Fig. 5 are 

shown a series of diagrams from friction to 50 per 

cent overload. Steam consumptions of 12.5 and 17 

1b. condensing and noncondensing are remarkable for 

an engine doing less than 100 hp. and the flatness of 

the curve of steam consumption plotted against load 

(Fig. 6) will give the engine a great advantage when 

used for light or fluctuating loads. These results 

were corroborated by the editor of Power, who, on 

Oct. 16, made a test of the engine, assisted by 

Professors Herman Diederichs and W. M. Swandon 

of Sibley College, and W. Trinks of the Carnegie 

Institute of Technology. 

With an average load of 100.8 kw. the engine de- 

veloped 168.46 ihp., giving an overall efficiency of 

engine and generator of 80.2 per cent. With steam of 

148 1b. gage, 125 deg. superheat and exhausting at 

atmospheric pressure the steam rate was 17.57 Ib., the 

heat rate 19,022 B.t u. per i. hp.-hr. and the efficiency 

referred to the Rankine cycle 75.8 per cent. Every 

precaution was taken to obtain correct results. The 

weighing apparatus, thermometer, gage and indicator 

were calibrated, the mean effective pressure corrected 

for a slight inaccuracy of the indicator spring, and 

there is no doubt that the engine will carry the load 

under which it was tested with the steam consump- 

tion given. 
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E J ARMSTRONG, Engineer 

April 20, 1915. 

M. B. Mcllahon, 

University of Tennessee, 
Knoxville, Tenn. 

Dear Sir:- 

Referring to your letter of the 

12th, in view of the size of units in this plant, which is 

only about 100 K.W. we would not advise condensing operation, 

especially in view of the distance dad head against which 

condensing water must be pumped. We believe, by making a 

few figures, you will find that non-condensing operation would 

be the more economical. 

We would advise simple engines of 

Our: non-releasing Corliss type, something about 13 x 18, to 

operate 225 RPM, for the 100 Kilowatt machine. An engine 

of this type arranged for direct connection to generator would 

cost in the Rei alborhood of $2,000 FOB Erie. 

We note that you intend planning 

for three of these engines at. the present time with provision 

for a fourth. Would it not be better to install one 200 KW 

machine and one 100 Ki machine, to take advantage of the more 

economical operation of the larger unit. 



PAGE TD .% SUBJ. 
2. M. B. MelMahon, 

Knoxville, Tenn. 

The 200 K.W. machine would take 

about an 18 x 20 Engine at 200 R.P.M. and would cost in the 

neighborhood of $3100, f.o.b. Erie. 

The Steam Consumption with 

either of these units with 125# steam at the throttle with 

free Bxhaust, would be about as follows: 

Full Load, 22.6 #/IHP hr. 
3/4 22.2 
1/2 23.1 

Cur suggestion to use Simple 

Engines is partly based on the fact that you will need exhaust 

steam for heatihg purposes during a considerable portion of the 

year. There would no doubt be some economy in using moderate 

superheat, say, from 75° to 100° F. 

We enclose prints K-2885 and 

K-2931, which show foundation drawings for the engines suggested 

above. The weight of the smaller machine would be we think 

about 20,000#. The weight of the larger engine about 32,000#. 

Trusting this information will be 

of service to you, we remain 

Yours very truly, 

BALL ENGINE COMPANY, 

Fer : 

EAH N 

Encl. 



FOUNDED IN 1840. gas? AVENUE Phang PAID IN CAPITAL $2,000,000. 

GEC. D.SELDEN, Pres’ 
E.P. SELDEN, V. PReS'T 
GEO.T.BLISS, Secy 

EDW?® C. MOORE, Treas. 
THOS.E. DURBAN, GEN'L MGR 

ALL CONTRACTS ARE SUBJECT TOTHE APPROVAL 
OF THE HOME OFFICE AT ERIE, PENNA, AND ARE 
CONTINGENT UPON STRIKES, ACCIDENTS. DELAY 
IN MILL DELIVERIES AND OTHER OCCURRENCES 
BEYOND OUR CONTROL. ALL QUOTATIONS ARE 
MADE FOR PROMPT ACCEPTANCE. 

JS aRww Crny JO WORKS 
TS taavm, FEIT, WATT HIZTAGHIRS 

eh TZONTAL AND VERTICAL WATER TUBE BOILERS 
LENTZ ENGINES 

Erie, Pa., April 17, 1915. 

Mr. M. B. McMahon, 

University of Tennessee, 

Knoxville, Tenn. 

Dear Sir: 

- In reply to your favor of April 12th, we recommend for a& 150 h.p. 

ALL AGREEMENTS AND STATEMENTS ARE SUBJECT TO CONDITIONS PRINTED ABOVE 

engine direct connected to a direct current generator a 17 x 21 Simple 

Lentz engine, running 200 R.P.M.; price of this engine, f.o0.b. Erie, 

is $4450.00. 

The performance when operating condensing with saturated steam 

will be 18.7 lbs. of steam per h.p. and per hour; when operating non- 

condensing 22.4. 

If superheat is used subtract from above value, 12% for 100 deg. 

sunerheat ; 17% for 150 deg. superheat and 20% for 200 deg. superheat. 

We are mailing you under separate cover foundation plan giving 

outline of this engine; also Lentz bulletin. 

Yours respectfully, 

Erie City Iron Works. 

CF:WE Per C. F. 
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CABLE ADDRESS “GREENE” PROVIDENCE 
NEW YORK OFFICE 

AGREEMENT SUBJECT TO NON -OCCURRENCE * 
OF STRIKES ACCIDENTS AND OTHER DELAYS 

SO CHURCH ST. 
UNAVOIDABLE OR BEYOND OUR CONTROL. 

NEW YORK, N.Y. ADDRESS ALL COMMUNICATIONS 
TO THE COMPANY, 

PROVIDENCE ENGINEERING WORKS 
RICE & SARGENT ENGINES ets GENERAL MACHINERY 

Yemen BY April IS, IGIE, 
Mr. M. B. McMahon, 

University of Tennessee, 

Knoxville, Tenn. 

Dear Sir:~ 

In reply to your letter of April 13th, we are mailing you 

a copy each of cur engine and pump catalcgues,alsc a dimension 

print and the first page of specificationsfor a 13" X 323" Simple, 

Non-Condensing engine. This engine will develcp 15C H.P. at 1235 

lbs. gauge atmospheric exhaust. We believe this engine to be best 

adapted for your requirements. Past experience has shown us that 

the saving effected by running engine condensing under the conditions 

of water supply that you have stated would be offset by the cost of 

the extra apparatus and operation of same. 

For an engine similar to the one we have shown by the 

dimension print and sample specification sheet, our price would be 

approximately Three Thousand Six Hundred Dollars ($3,800.00) f.0.be 

Providence. 

Hoping that this information will assist you in your 

thesis work, we are 

Very truly yours, 

PROVIDENCE ENGINEERING WORKS 



SPECIFICATION No.SAUPLE. 

ACCOMPANYING AND FORMING A PART OF PROPOSAL FOR 

RICE & SARGENT CORLISS ENGINE 
MADE TO 

M. B. McMahon, 
University of Tennesses, 

Knoxville, Tenn. 

By PROVIDENCE ENGINEERING WORKS 
PROVIDENCE, BR. 1. 

STYLE OF ENGINE 

Horizontal Simple Non-Condensing for Direct Connection to 100 K.W. 
Generator. 

Page 

THIS SPECIFICATION IS FOR ONE ENGINE ONLY; BUT APPLIES TO EACH OF AS MANY AS MAY BE OFFERED, OF THE 
GENERAL DIMENSIONS HEREINAFTER DESIGNATED 

ih Diameter of cylinder 12 ins 

Length of stroke of piston 3&8 ins. 

Number of revolutions per minute 150 

Diameter of Balance Fly Wheel 0 in 

Weight of same 2, O00 hs, 

Diameter of middle portion of shaft 10 ins. 

Diameter and length of main shaft journal 8 x XB ing 

Diameter and length of outboard journal 8 vv: 28 ing 

Diameter and length of crank pin 4 xX 43 ins. 

Diameter and length of cross-head pin 3 X 43 ins. 

Length of connecting rod , center to center 8 ft. 0 ns 

Diameter of same at neck 23 ns. 

Area of inlet ports 10.8 ¢ of piston area 

Area of exhaust ports 128.4 9 of piston area 

Face of cross-head gibs Q ins. wide x 11 3ins. long 

Thickness of piston 5° ins, 

Steam pressure 189 Ibs. maintained at throttle. Exhausting pressure ATO spheric 

Indicated Horse Power at 23% cutoff 180 : At 60% cut-off 240 

Maximum cut-off 75-100 stroke 

Diameter of steam pipe 4ins. Exhaust pipe 5 ins. 

Approximate shipping weight of engine 37,100 ips 

Form 220 



ENGINE |S DRAWN L.A. BUT CAN BE 
BUILT RH, OR LA AS DES/CED 

LIMITING WIDTH OF GENERATOR 

ASSUMED TO BE 28~" 
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SIMPLE RICE & SARGENT ENGINE 

PROVIDENCE ENGINEERING WORKS 

PROVIDENCE RI. 
OIMENS/ON 
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BB. A. 

BUCKEYE : 

CABLE ADDRESS BUCKEYE" 

| WESTERN UNION 
CODES: | LIEBERS BUCKEYE 

| A.B.C-FOURTH EDITION 

Unive. © 

31 Ar 1 
MI e Le . 

ear Sire 
JT bhi 

yp 
Seed 

1 
pounds 

From this point the gain is not so rapid up to 

A machine of this type would weigh 20 Jame 

equipped with a main hearing 6% x 12 = crank pin 2% x 23" 

rod 2-3/8. Crosshcad shoe areca 668" square inchess 

cataloes and trust the data given will be satisfactory. 
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GENERAL ELECTRIC COMPANY Quotation No. 

AFTER 15 DAYS THIS QUOTATION IS SUB- 
PRENCIEAL ORRIOR NOTI C E JECT TO CHANGE WITHOUT NOTICE 

SCHENECTADY, N.Y. TO SECURE PRICES GIVEN HEREIN THIS 
QUOTATION NUMBER MUST BE NOTED ON 
ORDER. 

CincINNATI Orrice, ProviDENT BANK Buinpine. 

April 27th, 1915. 

nr 
Mr. M. Bs. McMahon, 
Student, University of Tennessee, 
Knoxville, Tenn. 

Dear Sir;=- 

Your letter of April 12th to our Schenectady 

factory has been forwarded to this Office for attention. 

You do not state your proposed conditions of oper~ 

ation in sufficient detail to enable us to give you very accurate 

information, but for estimating purposes the following figures 

may answer your purpose: 

ITEM #1: 

1- 150 Kw. direct current, 125/250 Volts, 3500 RPM, 
d=wire- Curtis turbine generator set for cor idensing 
operation - 

Price, F.0.B. factory = = = = = = = = = « « - ~ $6300.00 

The same turbine for non-condensing operation - 
Price, F.0.B. factory - = = = = = = = - - - - ~ 85850,00 

ITEM #2: 

We do not manufacture condensing machinery, but 
a suitable Surface condenser to condense 4600 lbs. 
of steam per hour at 28" vacuum, referred to a 30" 
barometer, assuming standard pumping levels and 
temperature of inlet water at 70 deg. F., would 
cost approximately F.0.B. Cars, Cincinmati, Ohio ~ $2000.00 

A suitable Jet condenser to condense the same 
quantity of steam and under the same conditions, 
would cost approximately F.0.B. Cars, 
Cincinnati, Ohio = = = = = = = = = = = = = © «© = = $1600.00 

The steam consumption of the condensing turbine with 



Folio #2= GENERAL ELECTRIC COMPANY 

125 1bs. (gauge) initial pressure, no superhwst and 28" 

vacuum would be - 

50 Ew, - - ~- 37.7 lbs. per Zw. hour, 

150 Xw, - - ~ 30.1 lbs. per Zw. hour. 

The steam consumption of the non-condensing turbine, 

when operating with 125 lbs. (gauge) initial pressure, no super— 

heat and atmospheric back pressure, would be: 

50 Ew, = - ~ 64,5 1bs. per Xw. hour, 
100 Kw, ~ = - 53.0 lbs. per ¥w. hour, 
150 Kw, - ~- ~ 52,3 lbs. per Xw. hour. 

The approximate dimensions of either the condensing 

or non-condensing turbine, would be: 

Length - ~- 12 ft. 
Width - - 6 ft. 
Height ~ - 5B ft. B ins, 

Approximate Weights: 

Net - - - - 16000 1bs. 
Shipping- - 19500 lbs. 

The saving due to superheat would be approximately 

1% for wach 124 deg. Fah. superheat Tor the non-condensing 

turbine and 1% for each 14 deg. Fah. superheat for the condensing 

turbine. 

As we have no knowledge of the number of circuits to 

be controlled, nor the amount of current rer circuit, we can give 

no figures regarding the cost of a switchboard, but if you will 

call upon Mr. J. H. Barksdale, of our Xnoxville Office, Bank & 

Trust Bldg., and let him know your requirements in this connection 

he will be able to give you an approximate price for the switch- 

board equipment. 
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We enclose our bulletin X0-4887-A describing our 

small turbine generator sets. 

It is understood that the information and prices 

NCR: CY DISTRICT TURBINE SPECIALIST. 
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TRADE MARK 

DE LAVAL STEAM TURBINE COMPANY 

EXECUTIVE OFFICES ; % CABLE ADDRESS 

fos BR SATAY WORKS AND SALES OFFICES “TURBINCO. TRENTON" 
NEW YORK NEW BUSINESS & A.B.C. CODES 

TRENTON, N..J, ; ; Ny Neeley April 22. 1015, 

¥r. M, B, ¥c ¥Mahen, 
University cf Tennessee, 
Knexville, Tennessee, 

Dear Sir:- 

We have your letter cf April 12th at hand, but cwing 

tec the rush cof cther werk, we were nct sble te write 
yeu in cennecticn with the prepesiticen you have in 
mind until this date, 

In determining the unit tc coffer for any given capa- 
city, the questicn cf eccnemy is very important as 
this will determine in a large measure the type cf 
unit to offer, 

We ncte that you desire a direct connected set znd 
we weuld say in this ccnnecticn that the price of a 
150 H,P, turbine, direct connected tc a 100 K,.V. 
direct current generater weuld be in the neighberhced 
ef Thirty Five Hundred ($350C,0C)Dellars cr Four 
Theusand (§4,CCC,CC) Dellars net, f.c.b. works, 

With 125 lbs, steam pressure and atmespheric exhaust 

the full lead steam censumpticn weuld be in the 
neighborhccd cf 65 lbs, per KX, W, hr, and with 125 lbs, 

steam pressure and 28%" vacuum the steam censumptien at 
full lead weculd be in the neighberheed ¢f 39,5 lbs, per 
K.%., hr, 

The eccnemy of the turbine for every 1CC superheat is 
usually decreased by about 1%. 

If better eccnomy is desired it is usually advisable te 

cffer a turbine with a single reduction gear sc that 
the turbine may he allowed tc cperate at its mest ecc- 

nemical speed and alse that the generater may be allowed 

tc cperate at a slcwer speed, 

The questicn as tc whether or nct a turbine should be 

cperated condensing cr ncn-ccendensing depends largely 

cen the leccal ceonditicns, such as the amcunt of circulating 

water available for condensing purpcses, The cest cof coal 



DE LAVAL STEAM TURBINE CO. 
TRENTON, N. J. 

TO v SHEET DATE 

Mr, ¥, B., Mc Mahen #2 4/22/15 

is alsc an item which will determine whether or not 
an eceonemical turbine is desired and alsc as to 
whether cr not condensing cperation should be pre- 
vided fer, 

Heping that the abeve data will be cf use to you, 
we are 

Ycurs very truly, 

DE LAVAL STEAM TURBINE 

GRP/W 



B.F. STURTEVANT COMPANY 
General Office and Works, Hyde Park, Bost on, Mass. 

OFFICES IN'ALL 
MAIL AND TELEGRAPH ADDRESS a L 

PRINCIPAL CITIES Tal 
Star : = i HYDE PARK, BOSTON, MASS. a ur | e V da n PASSENGER AND FREIGHT STATION 

(REG.U.5. PAT. OFF.) READVILLE, MASS. 

SUBJECT: 100 KW Turbo-Gensrator 

IN YOUR REPLY REFER TO HL 

HYDE PARK, BosTON, Mass, April 20, 1915, 

Mr. Me Bs McMahon, 

University of Tennessee, 

Knoxville, Tenn, 

Dear Sirs 

In reference to your reguest of April 14th for data and 
prices upon a 150 HP turbine for direct connection to a direct 

current generator, would state that we have prepared a quotation 
and couplete specifications upon a 100 KW D.C. turbo=generator, 
as this size seems to be the nearest in line with what you have 
asked for and we trust will prove of assidance to you. 

The specifications we are enclosing are made exactly 

the same as our commercial propositions. 

This turbo-generator unit will consist of a 100 KW turbo- 
type TF generator direct-connected by flexible coupling to a 
sturtevant type 5 E size turbine, The entire unit is mounted 
upon a rigid case iron sub-base as illustrated in photoxgraph which 

we are enclosing, 

Net price of this apparatus to the University of 
Tennessee will be twenty-seven hundred and nine dollars f.c.b. 
REAAVI1LE, MASS ,~=c=e-m=mmmmecmans oo oammnmn anes nen -se$l 709,00 
Shipping weight of the unit is approximately 10,500 los, and the 

freight rate from Readville to Knoxville eighty-five cenis (85¢) 
per hundred, 

We shall be pleased to furnish extra copies of ihis 
proposition to you or any of the professore in the University for 

their files in case they decide later to install such a unit, 

We do not manufacture condensers but would refer you to 

the CG. H, Wheeler Mfg. Co., Philadelphia, or the Wheeler Condenser 

& Engineering Co., CarteretiN,J,, or Henry R. Worthington, Harrison, N,J. 

Yours very truly, 

B. F, STURTEVANT COMPANY 

WT it 
Mgr. Power Apparatus Dept. <- 

ALL AGREEMENTS ARE CONTINGENT UPON STRIKES, FIRE, ACCIDENTS OR DELAYS BEYOND OUR CONTROL, “ALL PRICES ARE SUBJECT TO CHANGE WITHOUT 
NOTICE. AND ALL CONTRACTS AND ORDERS TAKEN ARE SUBJECT TO THE APPROVAL OF THE EXECUTIVE OFFICE AT HYDE PARK, BOSTON,MASS. 



SPECIFICATIONS 
OF 

(REG. U. S. PAT. OFF.) 

Tesho- Genevaling § Set 
FOR 

LZ 

B. F. STURTEVANT COMPANY 
Hyde Park, Boston, Mass. 



B.F. STURTEVANT COMPANY F. P 

General Data 300. bode K.W. Direct Current Turbo-Generator 

Pore: Date Apr. 16, 1915. 

Turbine , .B,.F. Sturtevant Generator 

Size and Type E-5 Frame 

Rp. | 2200 | Type ER 
Steam Pressure (Gauge) Lbs. 125 No. Poles 8 

Exhaust Pressure (Gauge) Lbs. oe Volo, No Load 115 : 

Vacuum Ins. 25 Voltage, Full Load | 18s 

Superheat TS Fw | % load 4 87,5 

Number of Nozzles 10 Commercial / % Load %| 90.5 

Steam Connection Dia. Ins. 4 Bifidoney: Train | 91.5 

Exhaust Connection Dia. Ins. 8 \1% Load % 92 

Temperature Rise = 

Aun, 1.4% 

Cont. Full Load (Field 40 

Com, == Ji=i8 
‘Arm. ~~ 60 

14 Load 2 Hours (Field 680 

Com. 60 

Total Weight of Unit (Net... aon ay B78 A Lbs. 

Total Weight of Unit (Shipping) ooo 0900 Lbs. 

Steam. consumption. per. KW Nour... 654 (Non-Condensing). . 

of 2 ror " 59# (¥ Condensing) 

$2709 f.0.b. Readville, Mass, 
Freight to Knoxville, Tenn., 85% per hundred



B. F. STURTEVANT COMPANY 

Hyde Park, Boston, Mass. 

General Specifications 

Steam Turbines 

The casing which is split vertically consists of two castings of close grained iron, each 

having an integrally cast bearing bracket. As live steam pressure exists only in the steam 

chamber cored in one half the casing, the 

casing joints are subjected to low pressure only, 

and are scraped to tightness without the use 

of gaskets or packing. The nozzles are rigidly 

attached to that half of the casing containing 

the steam chamber and are not disturbed in 

position when the two halves are taken apart 

for inspection. The longitudinal alignment and 

the radial clearance between the rotor and the 

nozzle may be inspected by means of small 

holes provided in the exhaust side of the casing. 

The rotor or bucket wheel consists of a forging of open hearth steel, the buckets 

being milled into the solid metal rim. The rotors are carefully 

adjusted for both static and dynamic balance, the latter adjustment 

being made for the speed at which they are designed to operate. 

All surfaces coming in contact with the steam are carefully finished 

and polished to minimize steam friction. 

Nozzles and The nozzles and reversing buckets are of Tobin bronze, cast 

Reversing together in segments. They are 
Buckets designed to give the best steam 

economy and are accurately and 

carefully finished to minimize steam friction. The nozzles 
are controlled by hand valves on the outside of the 

casing. By closing one or more of these hand valves 

when the turbine is operating under light loads, eco- 
nomical operation at such loads may be obtained. 

The shaft which is nickel steel is turned and ground to size and is fitted with 
adjustable steel thrust collars to maintain longitudinal alignment. 

Ring oiling split bearings of the self-aligning type, lined with a special high grade 
bearing metal are employed. 

The shaft packing is of a special metallic type so arranged as to combine tightness 
with a certain amount of flexibility. It requires no lubrication or cooling water. The 
stuffing box may be easily repacked. 



Governor 
and Regu- 
lating Valve 

Emergency 
Valve 

Lubrication 

Base 

Material 

and Work- 
manship 

Accessories 

Testing 

governor which is of powerful design is of the centrifugal type carried directly 

by the shaft of the turbine and is protected from 

external injuries by a closed cast iron hood. The 

governor controls the speed by means of a balanced 

regulating valve. 

A separate emergency valve operated by a lever 

which is automatically tripped by means of a mech- 

anism independent of the main governor whenever 

the turbine speed exceeds a predetermined maximum is also provided. This valve is in 

general not required on turbines direct connected to fans or blowers and is not furnished 

under such conditions unless specified. 

The only parts of the turbine requiring lubrication are the main bearings. These 

are supplied with oil by means of a channelled oiling ring from which the oil is picked 

off and delivered to the bearing by a specially designed scoop creating a pressure which 

forces the oil to the bottom of the bearing. 

When used in connection with apparatus arranged for direct driving, a cast iron sub- 

base on which all the apparatus forming the unit may be mounted, will be furnished. 

Material and workmanship are first class throughout and all surfaces requiring paint 

are filled and given one coat of paint before shipment. 

Fach turbine is furnished with a steam gauge and a set of wrenches. 

“All turbines are thoroughly tested and adjusted under conditions approximating as 

nearly as possible the actual working conditions. The steam and exhaust passages are 

further tested hydrostatically to a pressure of double the working pressure. 



General Design 

Magnet Frame 

Pole Pieces 
and 

Field Coils 

Armature 

Commutator 

Balancing 

Brush Gear 
and Brushes 

Shaft 

Bearings 

Terminals 

Finish 

Testing 

Accessories 

B. F. STURTEVANT COMPANY 
Hyde Park, Boston, Mass. 

GENERAL SPECIFICATIONS — TYPE TF GENERATORS 

Type TF Generators embody the results of a number of years’ experience in the design 
and construction of high speed generators, intended for use in connection with turbines. 

The magnet frame is of cast iron with ample cross-section, provided with integrally 
cast supporting feet. 

The pole pieces are of forged steel, securely bolted to the magnet frame. The pole 
shoes are of the laminated type especially designed to give the best magnetic charac- 
teristics. The field coils are of double cotton covered wire, thoroughly insulated and 
protected against moisture or mechanical injury. The interpoles are of forged steel with 

coils of proper proportion to secure perfect commutation under all conditions of load. 

The armature is of the iron clad, slotted drum type, built up of soft annealed steel 
punchings, each insulated by a coat of japan. In the smaller sizes these punchings are 

assembled directly on the shaft; in the larger sizes, upon a spider. In the latter type 
adequate spaces are provided for internal ventilation of the armature core. The armature 
coils are of cotton-taped copper bars held in the slots by fibre wedges, the ends of the 
coils being securely held in place by binding wires. 

The commutator bars are of hard drawn copper assembled on a solid cast iron sleeve 
and held in place by shrink rings, this construction preventing distortion of commutator 

bars due to centrifugal stresses. The mica insulation between commutator bars is cut 
away at the top to prevent any possible trouble from high mica. The commutator wearing 
surface is extremely liberal. 

To eliminate all vibration in operation, special balancing rings at both ends of the 
commutator and at the back end of the armature are provided. By means of these, the 

balance of the machine is adjusted to a nicety before shipment. 

The brush gear is designed to be very rigid, thus preventing vibration of the brushes. 
In the smaller sizes it is supported from the bearing casing, and in the larger sizes from 
the magnet frame or from an independent yoke supported from the base. The brush 
holders are securely clamped to the brush stud. The brush holder is so designed that the 
brush tension may be readily adjusted, the tension spring being so arranged that it is not 
subject to overheating. The brushes are of the highest grade carbon and graphite with 
heavy flexible connectors. 

The shaft is of nickel steel, and so designed as to possess a very high critical speed. 

In the self-contained type of machine (to 25 K.W. inclusive) the bearings are of the 

ring oiling type with special oil deflectors to prevent leakage. In the pedestal type (35 
K.W. and above) the lubrication is of the forced feed type, oil pressure being supplied by 

a gear pump driven from the shaft, oil being delivered to the bearings at a pressure of 
25 Ibs. per square inch. The bearings are provided with oil deflectors to prevent leakage. 

A terminal board with lugs of ample capacity is located on the side of the magnet frame. 

All of these machines are thoroughly filled and painted before shipment. Materials 
and workmanship are of the highest grade throughout. 

Before shipment all machines are thoroughly tested under conditions as nearly as 
possible identical with those of actual practice, and final adjustments are made. In 

addition, the dielectric strengths of the various parts of the machines are tested with 1500 
volt alternating current for one minute. 

Each generator is furnished with a field rheostat and an extra set of brushes. 



Type 5 Steam Turbine 

Inspection Holes for Radial and Longi- 
tudinal Alignment of Rotor and Nozzles 

Solid Forged Steel Rotor 

Taper Fit on Rotor and Coupling Hubs 

Spherically Seated—Self- Aligning Bearings 

Metallic Packing, Requiring no Oil or Cooling Water 

Ample FxhizwtSpace 

Solid Cast Bronze Nozzle and Reversing Segments 

Individual Nozzle Shut-Off Valves 

Adjustable Thrust Collars 

Powerful Governor with Knife Edge Supports 

Direct Acting Frictionless Valve Mechanism 

Packingless Valve Stem 

Independent Emergency Governor Mechanism and Valve 

B. F. Sturtevant Company, Boston, Mass. 
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BRANCH OFFICES BRANCH OFFICES Caen eT ra PORTLAND, ORE NEW YORK 
BOSTON 
CHICAGO 

KANSAS CITY 
BALTIMORE 

INDIANAPOLIS 
KERRTURBINE CO 

SAN FRANCISCO re ee re rh er 5 WASHINGTON, D.C CLEVELAND 
ST. PAUL 
DETROIT 

CHARLOTTE, 

NEW ORLEANS 
CINCINNATI : ST. Lous N.C. 

SYDNEY, AUSTRALIA ATLANTA 
MEXICO CITY pons KERR TURBINE COMPANY Lone Buen SEATTLE 

MONTREAL, CANADA DENVER 
WINNIPEG, CANADA PITTSBURGH BUILDERS OF THE HONOLULU 

LOS ANGELES 
VANCOUVER PHILADELPHIA to 
SHANGHAI BIRMINGHAM ECONOMY STEAM TURBINE 

CABLE ADDRESS: 

“‘KATYCO, WELLSVILLE" TURBINES DIRECT CONNECTED TO 

GENERATORS,BLOWERS, PUMPS 

AND FOR BELT DRIVE 
IN YOUR REPLY REFER TO 

WELLSVILLE, N.Y. April 15, 1915. 

Mre Me Be McMahon, 

c/o Us of T., 
Knoxville, Tenn. 

Dear Sir:i= 

a 
In response to your letter of April 12th beg to state that /100 Xv 
direct current generator operating at 1200 ReP.M. aml driven by a 
150: HeP. mult i~pressure stage "ECONOMY" turbine through three to one 
"ECONOMY" herring bone reduction gear so that the turbine speed will 7: 
3600 R.P.M. can be furnished fob factory for about$2700 t0{2800 for 
non-condensing, and for about $2900 to $3000. for condensing oper 
ation. With 150 pounds steam initial pressure and atmospheric exhaust, 
the steam consumption in pounds per KW Hr will be 2s follows: 

1/2 load 3/4 load 4/4 load 5/4 load 

and on a condensing turbine with the same initial pressure and 280 
vacuum the steam consumption will be: 

1/2 load 3/4 load 4/4 load 5/4 load 
30.9 # 28.8 # 27.2 # 28,1 # per KW Hr. 

We can also furnish direct connected units,but the high degree of 
accuracy zmd perfection of the modern "ECONOMY" herring bone reduction 
gears maites it possible to offer a better propesition, both as regards price an 
steam consumption on geared units, it being possible to use not only a more 
efficient but a smaller turbine of the higher speed so that the total price 
per unit in this particular instance is actually less then it would be for 
a direct comnected unite. 

As regards superheat with non-condensing operations you can subtract 17 
for each ten degrees F. of superheat up to 200 degrees total. For con- 
densing turbine this will be approximately 1% for each 14 degrees super= 
heat up to 200. 

We are enclosing photo of 300 KW Xerr—-Crocker-Wheeler geared turbo 



KERR TURBINE COMPANY 

April 15, 1915. 

Mire MeBelle #2. 

generator installed at the Columbia Plate Glass Works, Blairsville, 

Yours very wats, 

{ERR ay on Goran Ye 

Ee 8810 Ugrs 

ABS-GIH 

Pa. 



ALLIS-CHALMERS MANUFACTURING COMPANY 

CABLE ADDRESS 

MILWAUKEE. WIS. 
"FOUNDERS 

lr. M.B.llclahon, 
University of Tennessee, 

Fnoxville, Tenn. 

ear Sir: - 
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ALLIS-CHALMERS MANUFACTURING COMPANY 

CABLE ADDRESS 

MILWAUKEE. WIS. "FOUNDERS" 

April 22, 19165. 

Mr, M. B. McMahon, 

University of Tennessee, 

Knoxville, Tennessee. 

Dear Sir: 

Referring to your letter of April 16th, 

The 100 KW, normal, 2400 RPM, 126/250 volt, 3 wire, 

direct current, non-condensing steam turbine driven generator would 

cost approximately £3000.0C, FOB Milwaukee, and would weigh approxie- 

mately 14000#, 

This unit would be about 5' wide, about 5' high and 

about 10'6" long, The steam connection would be 34" and the exhaust 

connection 9", 

For normal load the temperature rise would be 40° for 

coils and 45° for commutator, 

Steam consumptions, based on 125# gauge, dry saturated 

steam, at turbine throttle, and 16# absolute at turbine exhaust 

nozzle, would be approximately as follows:= 

K.W. LOAD IBS, PER K.W, HOUR 

50 
75 

100 
128 

The generator would be provided with slip ringsfor 

neutral connection and balancer coils, The temperature guarantees, 

of course, apply to a condition of balanced load, The generator will 

carry, without undue heating, an unbalanced current in the neutral 



Mr, M, B. McMahon, - = = #2, 

equal to 25% of normal full load current, and under these conditions 

the generator would maintain a voltage on either side of the system 

which will not vary more than 2% from one-half voltage between line 

wires, 

We attach hereto one print of our sketch ST-11298 which 

‘will give you an idea of the appearance of a unit of this kind arranged 

‘for two wire operation, 

In reply to your question as to setting turbine on 

solid foundations, would advise that it is preferable to mount ap- 

paratus of this kind on separate foundations, however, small units 

of this size are often set directly on a reinforced concrete floor. 

With reference to the condenser, would state that we 

do not build a condenser as small as would be required, and would 

refer you to the C. H. Wheeler Manufacturing Company, Marquette Bldg., 

Chicago, for information covering same, i 

Although we do not build a condensing unit as bilan 

this, for your information would advise that a condensing unit would 

cost approximately 157 more than non-condensing unit, Dimensions 

and weights would be about the same except that the exhaust nozzle 

for the condensing unit would probably be 12" in diameter, The steam 

consumptions of a condensing unit with 28" vacuum, referred to a aoc™ 

barometer, at turbine exhaust nozzle, would be about one-half the 

steam consumptions of the non-condensing unit, 

If we can be of further service, please advise us. 

After you get the condenser information you will have 

a basis for Tiguring out your problem as to whether a condensing or 



Mr. M. B. McMahon, =» =» = #3, 

a non-condensing unit will be the more suitable, and in this 

connection do not overlook the power used to operate condenser, 

especially at low loads on the turbine unit, 

Yours very truly, 

Do 

Manager, Steam Turbine Department, 

ACF-H 

FTnel. 1 print of ST-11298, 



ALLIS-CHALMERS MFG.Co. 
MILWAUKEE WIS, 

IMPULSE STEAM TURBINE & D.C. GENERATOR. 

EXHAUST MAYBE 
AT EITHER SIDE 

GENERAL DATA~ 

raTeo caracty EDD. 

REVOLUTIONS PER MINUTE ~~ = ss00 RPM. 

DIAMETER OF STEAMINLEY = —=33 IN. Oia 

DIAMETER OF EXHAUST OPENING ——r =D IN. DIA. 

TOTAL ESTIMATED WEICHYY oe ol: E POUNDS, 

FOR ESTIMATE ONLY SUBIEET TO CHANGE WITHOUT NOTICE, 

SKETCH Ne ST-11298 



PLEASE ADDRESS REPLY TO THE COMPANY AND REFER TO INITIALS OF THE UNDERSIGNED. 

THE WESTINGHOUSE MACHINE COMPANY 
SALES OFFICES: 

NEW YORK, 165 BROADWAY. East PiTTsBURGH,PA. U.S.A. BOSTON EO! DEVONSHIRE STREET. 
CHICAGO, NEW YORK LIFE BLDG 

PITTSBURGH , WESTINGHOUSE BLDG. 
ANTA GEORGIA, CANDLER BLDG. 

PHILADELPHIA NORTH AMERICAN BLDG. 
CLEVELAND, SWETLAND BLDG. 

DETROIT, DIME SAVINGS BANK BLDG. 

LEE C. BULLINGTON INDIANAPOLIS, TRACTION TERMINAL BLDG. 

SALES MANAGER SOUTHERN DISTRICT 

ATLANTA, GA, 4pr. 19, 1915. 

Mr. i. D. McMahon, 
University of Tenn. 
Knoxville, Tenn. 

Dear Sir: 

Referring to your letter of inquiry of the 12th inst. 
addressed to our Works at fast Pittsburgh, Pa. which has been 
referred to us for attention and answer, would gdvise that 
the cost of a 160 K. W. 125 volt direct current turbo~generat or 
would be approximately $3600.00, f. oc. b. our Works, Last 
Pittsburgh, Pa. The over-all dimensions would be as follows: 

Length, 13'- Width 4'-9";- Heighth- 4'-6" 

The gross weight of the unit would be 10,250% 

The steam consumption when cperating with 1254 pres- 
sure at the throttle and with exhaust free from back pressure 
would be 45# per K. W. per hour. This would be with the turbine 

specifically designed for non-condensing operation. A turbine 
might be ccnsidered specifically designed for condensing operation 
say with 28" of vacuum, and the economy improved about 15%. 

Understand, however, in connection with turbine 
design, that if a turbine is designed pa rticularly for non- 
condensing operation, and at any time it is cperated condensing, 
of course the results obtained under the condensing condition 
will not be as gced as if the turbine was specifically designed 
for condensing work. This is also true if turbine is designed 
for condensing operation, and at any time, it is operated under 
non-condensing conditions. A turbine des signed for condensing 
cperation would cost approximately 10% more than the above 
named figure for non-condensing unit. 

Regarding the matter of surface condenser, note 
that your letter does not state any temperature of injecticn 
water, and it is impossible to accurately tell you just what 
size condenser tc use, and a dependent cost without this 
information. 

Assuming however, that water at & temperature of 
76 degrees is available, and handling say 700C§ of steam per 
hour, and maintaining & vacuum of 28", a 1000 s.q. ft. condenser 



of the unit type 8s illustrated in pamphlet we are sending you, 
would cost approximately $2600.00 f. o. b. cars, Last Pittsburgh. 
4 jet Condenser, tc handle approximately the same amount of 
steam, maintain the same vacuum, with the same temperature of 
injection water, would cost approximately $1600.00 f. 0. Db. 
cars, Bast rfittsburgh. 

Unless water is extremely scarce for condensing 
purposes, or must be conserved for some reason, a jet condenser 
would possibly be preferable to that of the surface type, 
requiring less nower, less cost of maintenance, with lower 
first cost. The vacuum would be the same from either type. 
The surface condenser would require 1000 g. p. m. of water 
tc be circulated, whereas the jet ccndenser would require 
640 g. p. m, The surface condenser would require £0 H. P. 
to operate, and the jet condenser 18 H. EB. 

From the above figures, you can easily determine 
whether it would be a saving to operate the turbine unit 
condensing at all, bearing in mind that it would take about 
1000# of steam to operate either condenser, if steam driven, 
or a corresponding amount of power if driven by motors. In 
other words, you have 10 or 12% of the total power being 
generated being consumed by auxiliaries. 

Under separate cover we are sending you several 
pamphlets which may be of assistance, and we trust that 

the entire information given will serve your purpcses. 

Yours 

8A CG AT ~ TR 
SALES MANAGER 

We neglected tc sdvise that the turbine unit would consist of 
8 high speed turbine of the impulse type, direct connected tc re- 
duction gear, the turbine operating at 2700 r. P. Mm, the ratio of 
the gear being 3 tc 1, and the generator being of the slow speed 

type operating at 900 r. p. me This is the most up-to-date style 
of turbine unit now on the mark tet, and you will note that we gain 
the high efficiency of operating the turbine st its maximum spindle 
speed, reducing this through the reduction gear, and operating the 
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INTERNATIONAL STEAM PUMP COMPANY 
DEANE STEAM PUMP PLANT 

HOLYOKE, Mass. 
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AURORA 

STEPHENS, PrResipENT 5 } 

NEW YORK CHICAGO PITTSBURGH ST.LOUIS 

Stephens-Adamson Mg. Co. 
Conveying Transmission and Screening Machinery 

S-A BELT CONVEYORS 

= gl 
ADAMSON Treasurer 

W. W. 
FG: 
D. B. PIERSEN, Vice Pres pent MAIN OFFICE AND WORKS 
G. H. STEPHENS, Vice PresipeENT 
E.:H. MEWETHY, Secretary Aurora I11., April 17 ’ 1915. 

Mr. M. Bs. McMahon, 
University of Tennesses, 

Knoxville, Tenn. 

Dear Sir:- 

We acknowledge receipt of your favor of 

the 15th with sketch showing the general arrangement a2 

the boilers and bunkers for the power plant for the 

University of Tennessaa. 

We are forwarding you, under separats cover, 

section #4 of our #19 catalog and would refer you in particular 

to the general arrangement of our pivoted bucket conveyor as 

illustrated on page #374 and 375. 

The arrangemnt as you have outlined it in your 

sketch is similar to the scheme shown on page #374. Our 

suggestion would be the installation of a steel track hopper 

beneath the railroad siding; this hopper feeding onto an 

apron conveyor which in turn will discharge through a coal 

crusher onto a pivoted bucket convayor. This latter conveyor 

will operate through a tunnel beneath the boilers elevating at 

one end and passing horizontally over the coal bunkers, Af 

the end of the bunkers nearest to the railroad siding we would 

suggest you install sn ash hopper which ean be arranged with 

spout to discharge into cars on the same track. 



STEPHENS-ADAMSON MFG. CoO. 

By running the conveyor beneath the boilsrs 

it can be used for handling both the coal and ashes, 

This type of conveyor can be furnished in a lot 

of different sizes having capacities of from twenty to 

eighty tons per hour of coal, and if made in lengths up 

to 300' horizontal and with a vertical 1lift up to 80 or 90 feet. 

While an arrangement cheaper than that outlined above 

could be installed, the pivoted bucket system is the type of 

equipment usually instelled in the modern coal handling plants 

and we recommend it above any other under conditions where both 

coal and ashes are to he handled. 

We are issuing a special catalog covering pivoted 

bucket installations and as soon as this is received from the 

press we will be glad to forward you & CODY. 

Yours very truly, 

STEPHENS ~-ADAMSON MPG. CO., 

Ne : 

NAA TAA 
a 

FHM: FG. Secretary, 



CABLE"ECONOMIZER” NEW YORK, CODES: A.B.C. 57% EDITION, WESTERN UNION, ENGINEERING TELEGRAPH. 

suiLDERS oF F GREENS FUEL ECONOMIZER; 
AND MECHANICAL DRAFT APPARA \RATUS BRANCH OFFICES: 

GENERAL SALES OFFICE po a 

90 WEST STREET ROCHESTER. GLASGOW 
J PHILADELPHIA 
fe wR , : 

NEWYORK. 421d tomes 
WORKS 

APRIL BEACON, N.Y. 
16TH WAKEFIELD, ENG. 

FOUNDED 182]. 1915 

Mr, M,B. Mcliehon, ; 

c/o University of Tenn, E-3256-327 & 327, 
Knoxville, Tann, 

Desay Sivies 

Referring to yours of the 13th inst,, re- 

ie
] 

Ul
 garding proposed instesllstion of aconomizers in connection 

with new power plant to be installed 2t the University of 

Tenn,, we would offer the following suggestions:-- 
\ 

Wesre enclosing 8 yellow sketeh showing two 

arrangements, labeled - for faentitiestion= sketches "AY 

end "B",  Skatch "A" shows stack ss you recommend on your 

proposed srrangement; i,e,, with two poilers on either side 

sand we have shown an economizer on each side of the steck of 

sufficiant size to take csre of the gases from two boilers, 

For this information we would recommend using two economiz- 

ars, each 192 tubes, arranged in sections 6 tubes 10 the 

section, each tube 9' long, Hach machine to contain 2 total 

of 2448 sg,ft. of heating surfsce, There would be two 

machines, with 2 totsl number of tubes for the entire plant 

of 384, | 

In viaw of the feet that only three boilers 4 

installed at the present time, it might be well wn
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4=16=15 THE: GREEN FUEL EGONOMIZER CO. SHEET NO 

MR, McMahon, 

to make the arrangement &s shown on sketch "BM with the 

steck located at one end of the boiler house 2nd one econoe 

mizer for the entire installation, For this proposed lsyout 

with three boilers in service, we would recommend an e!gcono= 

mizer of 280 tubes, 10 tubes to the section, sach tube §! 

long; meking 2 totel of 3570 sq,ft., of heating surface, 

When the fourth boiler is installed, there would then be 

occasion to install 120 addition=l tubes, making & totel 

machine of 400 tubes, 10 tubes to the section, each tube 9 

long, 

We are also enclosing dimension sketches showing 

the principle dimensions of the seversl economizers which 

we have recommended, in order that they may be of value to 

you in making the general layout of the plant, The aconemiz- 

quoted upon would cost 2s follows:-=- 

tubes $2455, each machine 
1] $3425, n " 

Y $4825, * J 

The sbove prices sre given f o.b, Bescon,N,Y, 

with freight 2llowed {0 Knoxville,Tenn, and include the 

gectionsl covers for enclosing the front side of the 

aconomizer, the necessary engine or motor for driving the 

scraper mechanism, with the required countereshefting, 

The reason we have been unzble to figure the 

erection definitely i wa do not know the details of 

the layout sufficiently to ensble us to give you 8 price 

of this work, We could furnish the services of a competent 
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MR+McNMahon 

machenic to superintend the erection of the equipment for 

the sum of Six ($6,00)Dollars per dey and his expenses; 

all common labor to be supplied by the Purchaser, The 

Purchaser would have to supply 211 foundations snd mesonry 

work snd 211 the necesgsry piping, 

In regard to the stek, we believe this is of 

sufficient size - if the boilers are operstiing at sapproxim=- 

gta rating. The economizer can be set in conerete founde- 

tions, if the concrete is well laid, 

The economizer up-keep charges zre very slight, 

indeed; 6% on the investment being smple to cover depre- 

cistion and repsirs, 

=
 

od
 sre sending you our economizer catalogue 

#142 which we trust will prove of interest, 

Trusting the information given sbove will meet 

with your reguireuents, we sre, 

Yours truly, 

THE GREEN FUEL ECONOMIZER COMPANY 

= RATE MTT Te ER te 
. 
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Visor rails 
A oo FOSTER SUPERHEATERS BRANCH OFFICES : 

NewYork. SUPERHEATED STEAM SPECIALTIES BOSTON, 50 CONGRESS ST. 
CHICAGO, HARRIS TRUST BUILDING. 

PHILADELPHIA, LAND TITLE BUILDING 

SAN FRANCISCO, BALBOA BUILDING. 

PITTSBURG, ARROTT BUILDING 
« 

BIRMINGHAM BROWN-MARX BUILDING ELL W, FOSTER, PRESIDENT. 

RNEST H. FOSTER , VICE PRESIDENT. 

OUIS B.NUTTING, SECRETARY. 

ERBERT M. BALDWIN, TREASURER . 

OHN PRIMROSE, CHIEF ENGINEER . 

RBN=S. 

CABLE ADDRESS "'REWOP'NEW YORK 

HARRIS TRUST BUILDING, CHICAGO, ILL. 

April 19, 1915,- 

Hr, MM, Be. McMahon, 

University of Tennessee, 
Knoxville, Tennessee. 

Dear Sirie 

Yours of the 13th inst. addressed to our New 
York office has been referred to us for attention, as 
Knoxville is in territory under charge of this office. 

We wlll be very glad to give you any assistanage 
we can along the line you indicate and presume you have in 
studying the matter consldered possible installation of a 
Direct Fired Superheatsr in place of superheaters within the 
boiler settings, if you are convinced that there will be no 
economy in supsrheating all the steam generated by the boilers. 

It is not good practice to install superheater 
within the boiler unless all the steam generated by the boil- 
er passes through the superheater, for reasons which will be 
apparent to you upon further consideration. Among other ob= 
Jections would be that the supsrheater would be endangered as 

~—r— it would be impossible to be sure at all times that steam-of 
_e~" | sufficient quality was passing through it, as there might be 

times when all the steam from the boiler would pass through 

the saturated stsam connection owing to possible interruption 
of demsnd for steam through the superheatsrs. 

You do not indicate what degree of superheat you 
have in mind, ©Superheaters can be installed within the boiler 
settings to add as high as 200° of superheat to the steam generat 
ed by the boiler, As you probably know, the ordinary practice 
is to superheat steam for either reciprocating engines or ture 
bines about 125 or 160°, dePsnding of course upon the length 
and size of piping boilers to prime movers. 

Price for Foster Superhsaters delivered and erect- 
ed in four 250 H.P, Babcock Boilers, complete and designed to 
add from 125 to 150° superheat to all the steam generated would 
be approximately THIRTY-FIVE HUNDRED DOLLARS:esess0s0.0$3500,00, 
this including connections boiler to superheater, thermometer 
and insurance policy for ome year, and to and including flanged 
superheater outlet outside boiler setting ready for connection 



Mr, M, B, McMahon, : 
University of .Tennesses. 4/19/15. 

to steam header, 

While we do not guarantee as to life and main- 
tenance further than the ordinary manufacturer's guarantee 
against repairs necessary during first year of operation 
which appear to be due to inherent defects or faulty workman- 
ship, we can assure you from our experience in installations 
aggregating several million horse power that maintenance of 
Foster Superheaters is so low as to be practically ignored. 
We have had installations in continuous service for ten and 
twelve years without any repair whatever. One customer ree 
contly advised us that he had not spent $40.00 on 40 Foster 
Superheaters in service some eight years in forty 600 H,P, 
boilers. 

Although you may have one of our catalogues, 
we are taking this opportunity to send you copy under 
separate cover, including therewith our bulletins Nos. 
7 and 8, 

Very truly yours, 
POWER SPECIALTY COMPANY, 

. 

Chicago Sales Manager. 



AMERICAN ENGINEERING COMPANY 

MAcHINISTS AND FounNDERS 

ADDRESS ALL COMMUNICATIONS 

Fa vie conrany aun aoren 0 PHILADELPHIA April 21st, 1915. 

"3, QUO. 
# 

Subject: "TAYLOR" STOKER 

Mr. M. B. McMahon, 
The University of Tennessee, 

Knoxville, Tenn. 

Replying to your letier of the 15th instant, we beg 
to hand you under separate cover one print each of our drawings 
#5-14942 and S-14943, showing the application of three 3-retort 

TAYLOR Stokers to 250 HP B & W boilers. We are alse sending you 
one copy of our catalog and "Facts", which will give you consider- 
able information as to installations which we have made and results 

obtained from operation at these plants. 

As we do not know the conditions existing in the plant 
to which you refer in your letter, we can, of course, give only 
an approximate estimate as to the cost of the installation. Ve 
would say, however, thal wé could furnish three aztokers with fan 
equipment, drive and regulation for approximately §7,500.00. If 
only one stoker were bought with the necessary auxiliaries, the 
price would be in the neighborhood of $3,500.00. These prices 
would not cover air ducts, foundations or brickwork, simply the 
apparatus delivered and erected on foundations furnished by the 
Purchaser. 

If we can be of any further service to you in this con- 
nection, kindly advise. 

Yours very truly, 

AMERICAN LNGINEERING COMPANY 
STOKER DEPARTMENT 

1mh/jm >} 
prints S-14942 and S-14943 g 
catalog and Facts all under s.c. R 



TheUnderFeed Stoker Company of America 
Eighteenth Floor Harris Trust Building 

Chicago 

April Seventeenth, 
CABLE ADDRESS! 5 wr 4 - wn oT am P| 3 i 

JONESTOKE CHICAGO Nineteen Hundred Fifteen 
CODES!WESTERN UNION, 
MARCONI, BUSINESS, 
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c/o University of Tennessee, 

Knoxville, Tennessec. 

Dear sir:- 

We thank vou very much for your kind favor of 

the 15th inst. 

As regards a price for a stoker equipment for 

three 250 H.P, boilers, would say that it would he, ap- 

proximately, $4209.00. Tuls includes stokers, dead vlates, 

engine and blower, air piping, blast gate, belting, freight 

and cartage, automatic feed attachment and regulating valve. 

To complete the installation it will be necessary 

for vou to furnlsh steam piping, boller fronts, excavation, 

brick work, foundations for engine and blower, common la- 

por and steam fitting. 

In every installatlon these items are always fur- 

nished by the purchaser owing to the fact that it can be 

done more cheaply by the purchaser than 1t can be done by us. 

As regards the brick work, you know that it does not 
birECTORS: 
LLOYD HARRIS 

JAMES L.ROSS bo ni EET Kl ay - - : ; nate se al x 

aw noMEsTeD take any morebrick work to brick up one of ow stokers thn 
WILLISTON A.KEEN 

FREDERICK W.GARVIN 

FRED A. DALEY it does to brick up the voller for hand firing. 

As regards steam plping, you will have to make con- 

OFFICERS: 
FRED A.DALEY PREST&TREAS. 
DAVID FASKEN VICE PREST. 

JAMES L.ROSS SECY. 
FRANK M. SMITH ASST. MGR. 
WwW. J. KENNEY CHF. ENGR. 
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nections in vour headers for other work and connections 

can be included at the same time for the stoker engine and 

automatics, 

Foundations for engine and blower can be put in 

at the same time the foundations are put in for the 

bollers. 

All of this work can be done more cheaply by 

the party who sets the boiler and does the steam plping 

than to make two separate bids on same. 

The price we have quoted you above includes the 

services of an erecting engineer to supervise and assist 

in the erection of the stoker, and to instruct those that 

will have charge in the properbperation of same. 

Regarding the amount of power it takes to run the 

gtoker will state that the engine which drives the blower 

is an 18 H.P. engine and the amount of power it take to 

run the stoker all depends on the load that vou are carry- 

ing. This we cannot give you, unless you absolutely know 

the amount of coal you intend to burn in your furnace. 

As regards the results to be obtained we will make 

the following warranties: 

Beano, The Contractor warrants that by the proper 
use of the stoker equipment it (the stoler equipment) "i 
effect a saving of not less than ten percent in fuel bills 
over the results tnat are regularly obtained in the ordinary 
running of the plant by hand firing on common greases, the 
fulfiliment of thls warranty to be based upon the cost of 
evaporating a given number of pounds of water by hand and 
stoker firing as provided by paragraph & of thls agreement. 

pac . The Contractor warrants that it can in- 
crease the capacity of the boiler to be equipped at least 
twenty-five percent beyond rated capacity, the hourly evapo- 
ration of 343 los. water from and at a feed water temperature 
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of 212 degrees F. into steam at atmospheric jEessule Son 
stituting one horsepower, the rated horsepower of 
boiler being vased upon 10 Aquare feet of effective heating 
surface for water tube bollers, 12 square feet for re- 
turn tubular boilers, and 74 square feet for internally 
fired boilers, per horsepower. 

Spore fbatonent. The Contractor warrants to prac- 
tically abate nuisance of smoke issuing from the tops 
of the smoke stacks or chimneys serving the boilers herein 
specified unless the boilers be forced greatly ond ra- 
ted capacity, or when fires are being started ortleanéd. 

We also wish to advise you that the first time our 

Atlanta representative 18 in Knoxville we will nave nim 

call upon you. 

Sincerely trusting that the above information 

meats with your approval and if there is anything further 

you desire you will call upon us, we beg to remain, 

Yours very truly, 

THE UNDER-FEED STOKER CO. of AMERICA 
re 

Per 



KINCAID STOKER COMPANY 

507 EAST PEARL STREET 

CINCINNATI, OHIO 

STATIONARY, ; b . 

LOCOMOTIVE AND . April 14, 1915. 

MARINE STOKERS 

Mr. M. B. Mclahon, 
University of Tennessee, 
Knoxville, Tenn. 

Dear Sir: 

Answering yours of the 13th, we enclose herewith 

one of our bulletins, which will, we think, give you a full idea 

of the operation of the Kincaid Stoker. 

fggarding power required, teste made on old types 

of this stoker,by Prof. Goss, at Purdue, in heavy locomotive 

service, showed less than 1% of steam generated to be required 

to operate the stoker. The newer designs take less steam than 

the old one, but we haven't any scientific teste to know just 

what they are using now. 

As to price for 250 H.P. boiler, before quoting 

we ought to have the following information: 

Type of boilers - manufacturer's name & address, 

if possible. 
Length and Width of grates. 
Thickness of front walls. 
Style of fronts -- Full flush or half arch. 

If full flush, distance from dead plate, or 

bottom of fire door, to bottom of clean-out door, located 

above the fire door. 
If half arch, distance from dead plate or bottom 

of fire door to lowest point of breeching or overhanging part. 

Price on new installation runs somewhat less tien 

on application of stoker to old boilers, for the reason that the 

boiler front, as supplied with the stoker and the brick work 

around the door, when put in new, are entitled to a corresponding 

credit from the price of that boiler as supplied with a regular 

front. Old installations require the front casting to be re- 
placed, and the brick work around the door to be changed. 
Prices also include erection and instruction of firemen. Natural- 

ly, the traveling expense cost is the same for one stoker or 
more installed at the same time. This makes the price per unit 

less by the proportional amount for multiple installations. 



MK. Be. MchM, #2 4/14/15, 

In this connection, would advise you to send to 
the Bureau of lines, Washington, D.C., for the technical paper 

#80 éntitled "Hand Firing Soft Coal Under Power Plant Boilers. 
This is a very valuable document. It gives not only directions 
to the fireman, but discusses exactly the theory of combustion 
on which the development of the Kincaid Stoker is founded. It 
alsc contains good material in the way of information as to 
causes and remedies of clinker, the most common causes being 
thick fire and stirring the fire. The Kincaid Stoker is the 
only stoker that does not disturb the fire. Every other stoker 
moves the hot fuel bed and this immediately causes the clinker 
to "puddle" into large masses, even when the clinker is not ab- 
sclutely fused tc plastic or running state. 

Furthermore, this bulletin shows clearly the 
different chemical conditions in various fuel beds, and from 
determinations of fusion points of ash or oxidizing and reducing 
flame conditions shows that ash is fusible at lower temperatures 
under reducing condition than under the oxidizing, therefore, 
the thinner the fire, the less is the reducing zone. The 
oxidizing zone remains practically constant. 

The over-feed, or scattering system of firing 
is the only one that gives an absolute control over the depth 
of the fire bed, all over the grate. Chaln-grate stockers have 
a progressively diminishing depth. Inclined grate stokers have 
the same defect, and under-feed stokers have an excessively 
heavy fusl bed where the green coal is fed, and an excessively 

light fuel bed out at the edges. We think the over-Ised principle 
to be the only proper principle for combustion, and the only 

one under which the proportions between CO and COE can be 
maintained, so that the CO is completely combined before gett- 

ing into the flues. 

This bulletin, we think, a very valuable contri- 
bution to the body of combustion knowledge. 

Yours truly, 

KINCAID STOKER CO. 

& Jala fFrecl 



KINCAID STOKER COMPANY 

507 EAST PEARL STREET 

CINCINNATI, OHIO 

STATIONARY, . = 
LOCOMOTIVE AND April 13, 
MARINE STOKERS 

Mr. M. B. Mcliahon, 

University of Tennesses, 
Knoxville, Tenn. 

Dear sir: 

On an equipment of three boilers installed at 
one time, the price of Kincaid Stokers erscted at Knoxville 
will be approximately $2,900. This price, as stated befors, 
will include the cost of the fire brick block arch and front 
wall at the door, and freight on same, the setting to be dons 
by the bricklayer who sets up the boilers new. It would also 
include the cost, delivered, of the front casting around the 
door carrying the lugs to hold the stoker., On a B. & W. sett- 
ing, this is just a section of the front, the setting of this 
front also to be done when the boiler is erected by the brick- 
layer. 

The price also includes the services of our 
supervising ersctor and the cost of the common labor necessary 
to help him in the erection. For an installation of throe 
bollers at the same tims, he would need not to exceed threes men 
Pam a wo for a week. 

Yours truly, 

KINCAID STOKER CO. 
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KER 
FIRES 
Any kind of coal. 
Any size of coal. 
Any furnace. 

SAVES 
Coal. 
Grates. 
Repairs on boilers. 
Work of fireman. 

INCREASES 
Profits of owner. 
Amount of steam. 
Steaming qualities of boiler. 

ELIMINATES 
Smoke. 
Large clinkers. 
‘‘Hooking”’ the fire. 
““Puddling’’ the fire. 
Expense of training new 

firemen. 

PREVENTS 
Waste of heated gases 

Chilling of boiler, caused by 

inrushes of cold air. 

LENGTHENS 
Life of boiler. 

Life of fireman. 

MAINTAINS 
Maximum boiler pressure. 

ALLOWS 
Forcing of boiler. 
Free access to fire box at any 

time, for any purpose. 

FIGURE 2 ENTIRE STOKER SWINGING FREE FROM FIRE DOOR. 

ADVANTAGES 

EFFICIENCY 

The KINCAID STOKER being of the true overfeed or ‘‘Scatter’’ type, throwing the coal on top of 
a fire bed, has no moving grates to propel the coal. Moving grates inevitably ‘‘puddle’’ the fire and form 
large clinkers, which of course interfere with combustion and are very difficult to remove. 

The KINCAID STOKER automatically takes care of variations of load. As the pressure goes down, 
more coal is fed, and as the pressure goes up, less coal is fired. 

Peak loads are automatically cared for by heavier firing. 

A furnace equipped with the KiNcAID STOKER does not coke the coal. It burns it. Small charges 
of green coal being spread over a hot fire bed, there is no coking effect. The combustible matter is quickly 
and thoroughly burnt without smoke. 

The fire carried with the KINCAID STOKER is very light and the system of firing makes the fire, 
with the exception of gas or powdered coal, the most sensitive and responsive fire known to the art. 

The fire not being ‘‘puddled’’ no clinker is formed, when good coal is used and even when very 
bad coal is used, the non-combustible matter in the coal is not ‘‘puddled’” into large clinkers, but is simply 
left in small pieces, and the clinker is therefore porous and does not interfere with the passage of the air 
through the fire. In consequence, the poorest grades of coal can be economically and efficiently burned 
with this stoker. 

The moving parts being small and light, very little steam is required to operate this stoker. 

ADAPTABILITY 
The KINCAID STOKER requires no more head room within the fire box than is needed with hand- 

firing. Neither does it require any more space outside the fire box than is taken up by one man when 
hand-firing. 

LL Em r= 
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The total space required to swing the stoker around is only 30 x 60 inches, the space occupied by 
the stoker in operating position being only 30 x 33 inches. 

To install the KINCAID STOKER it is not necessary to construct underground ashpits, although such 
ashpits, or any other mechanical means of removing ashes, can be used to advantage with this stoker. The 
installation of a KINCAID STOKER requires but a very short time, there being no changes required to the 
boiler, grates or settings, except at the fire door. This stoker will fire any grate that can be hand-fired. 

EASE OF OPERATION 

The KINCAID STOKER does not require an experienced firemen to successfully operate it. Inex- 
perienced men have been broken in on this stoker in the course of an hour and have maintained max- 
imum steam pressure more easily than expert hand-firemen were able to do in the same service. Under 
such circumstances, since the work is much less exhausting than hand-firing, the firemen hold their posi- 
tions longer, and the continual annoyance of changing firemen is eliminated, as well as the expense and 

loss involved in educating new men to firing. As this stoker spreads the coal over all portions of the grate 
evenly and equally, there is no difference in the draft through different portions of the grate, and the fire- 
man does not have to be continually regulating his drafts. As the fire never needs ‘‘hooking’’ or ‘ ‘slicing’ 
the fireman is not exposed to radiant heat from an cpen furnace door. Where mechanical means for 
handling coal are not provided, the KINCAID STOKER does not require the fireman to lift the coal very 
high to fill the hopper. 

The construction of the valves of the Stoker engine is such that they never need re-setting and will 
run for years without repairs, having very large wearing surfaces and very slight movement, as well as 
being perfectly balanced. 

DURABILITY 

The engine of the KINCAID STOKER is a slow-working, vertical, reciprocating engine, and in 
stationary practice is rarely required to run over 30 strokesa minute. For most stationary service the 
average speed is from 15 to 20 strokes per minute, therefore the engine wear is very small. All the mov- 
ing parts being very light and the work done by them being light, there is but very little wear on these 
parts. All parts on which there is any strain are made of steel. ‘There are no worm wheels which are 
so prone to be cut, due to forgetfullness of the fireman to lubricate. The mechanical work on this 
stoker is of the very best. Every stud or shaft that moves is provided with bronze hearings, which can be 
easily and cheaply replaced. Design, material and workmanship all make for durability. Being durable, 
the KINCAID STOKER has an extremely low cost of maintenance. 

SIMPLICITY 
The KINCAID STOKER is of simple construction throughout. Any engineer can very quickly grasp 

every detail of construction and operation. ‘There being nothing in the fire box, and everything but the 
distributing plate being outside the fire door, every part is accessible. Except the engine valve and 
piston all parts are visible. The installation of this Stoker does not mean a reconstruction of a boiler 
setting. It has no high-priced twyer blocks to burn out and to be replaced. It has no high-priced special 

grates to burn out. It has 
no high-priced special boil- 
er settings, or combustion 
arches to burn out. It has 
no large and expensive 

forced -draft equipment to 

be installed and maintained 
and which requires consi- 
derable power to operate, 

to say nothing of care and 

attention. 

The KINCAID STOKER 

merely fires the coal into 

the furnace through a 

closed door, and spreads it 

evenly over the fire. This 

is beyond the physical cap- 

ability of any fireman, no 

matter how expert, to do 

by hand. ‘Tne KINCAID 

STOKER is not an auto- 

matic furnace. It isa truly 

automatic, mechanical 
fireman. 

FIGURE 3 
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DESCRIPTION 

The KINCAID STOKER is mounted on a 
central furnace door, which in turn is 
mounted on a frame, by means of an extra- 

heavy hinge bolt made of cold-rolled steel. 
‘This hinge bolt passes through heavy hinge 
lugs on the door and corresponding lugs on 
the frame. ‘This frame replaces the lower 

half of the boiler front. The installation 
of the stoker can be quickly done, as no 
change is made in the grates, baffling or 
setting. In cases where the jambs of the 
door are straight, they should be flared, or 
the brick around the door can be quickly 
replaced by a flared block front. 

Mounted upon this door the stoker may 
be swung entirely away from the fire open- 
ing (see Fig. 2) and free access had to the 
fire box for any purpose, in the same man- 
ner as with the ordinary fire door. In the 

bottom of the hopper, which can be filled 
either by hand or any mechanical means, 
are two worms that carry the coal forward 
and place uniform charges in front of a re- 
ciprocating plunger C in the space B (Figs. 3 
and 4) this space appearing directly beneath 
the worms during thereceding or backward 
stroke of the plunger. On the forward ends 

of these worms are crusher rolls A, to crack 

any lumps that are larger than three inches. 

This permits the use of any size of coal, as 
well as mixed sizes. 

FIGURE 4 

Each separate charge of coal is delivered by this plunger into the fire box over a distributing plate 
D, which as shown in the cut, may be folded back and thereby offer no obstruction when the door is open. 
While the stoker is working, this plate is in a horizontal position (Figs. 3 and 4). At the time that the 
coal is passing over this plate, the steam from the stoker engine is exhausted through a nozzle F, between 

the coal and the plate, the coal thereby riding out upon the steam blast and taking momentum from both 
the steam and the plunger. The plunger reciprocates in a cycle of four different strokes of variable velocity, 
The heavy or fast stroke delivers its charge of coal over the entire quarter of the grate nearest the bridge 
wall, the second over the adjacent quarter; the third over the next and the fourth or lightest stroke over 
the quarter nearest the door, When the cycle is completed, another cycle is automatically started. 

The exhaust is variable in intensity to correspond with the variable strokes of the plunger. Ry the 
contour of the plate, which is made to suit the shape and proportion of the furnace, the steam is directed 
to all portions of that section of the fire box, corresponding to the stroke which is being made, carrying 
the coal with it. In this manner the coal is spread over the entire grate, building up a very porous and 
spongy fire, through which air passes easily and evenly. The coal being spread evenly and in small 

quantities, the volatile gases are distilled in the same manner and there is a perfect combination of these 

gases and air. The high temperature of the fire box ignites the gases and the small particles of carbon, 
and they burn before they have a chance to escape in the form of smoke. This results in perfect and 
thorough combustion, which is the only economical way to have a smokeless stack. 

\ The velocity of the different strokes is controlled by individual throttling valves encased in the 
valve head of the stoking engine. When these valves are set for a given fire box they need no further 
adjustment, Fluctuations in the demand on the boiler are accomodated by varying the number of charges 
of coal, anywhere from 10 to 75 charges per minute. This variation is accomplished by regulating the 

number of strokes of the engine within a given length of time independently of the velocity of the piston, 
which remains constant in the cycle before referred to. This regulation is obtained by a small steam- 
operated piston, within the cylinder G. which having no valves of its own, takes a full head of steam from 
the main cylinder, ‘The steam piston’s speed is controlled by a resistance piston operating within the 
cylinder or dashpot H; the two pistons being yoked together. Water in the cylinder H, is forced from one 
end of the piston to the other, and vice versa through a by-pass situated alongside the cylinder. 

In this by-pass is a valve, permitting the water to flow slower or faster, thereby controlling the speed 
of the piston, and in turn the speed of the steam piston. ‘This valve may be operated either by hand or 
automatically by a variation of boiler pressure as may be desired. ‘The small amount of water which may 

escape from the cylinder H, through stuffing box leakage is automatically replenished by drawing con- 

densation from the main steam line through a check valve into the cylinder. 
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