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INTRODTCTION

This thesis deels with the opsration of the !Michigan State College
Power Plant which is located on the Collesze Campus in East Lansing,
Michigan.

The present plant is maintained under the direction of collsze of=
ficials., The power is produced by two large steam turbine units and
one small unit, These are located in the Plant on the orth Campus.
Boilers number five and six are located in this building. The new plant
has two boilers installed in 1948.

Steam is now zenerated vrincioelly in this new plant located east
of the stadium on the Souta Campus a distance of aporoximately 2000 feet
from the plant on the North Campus. During the winter months all boilers
are in use, but during the summer months of June, July, August and
September it is mnecessary to operate only one or two boilers to produce
enough steam for campus usage. The primary purpose of the power plant
is the production of steam for heating and cooking; the production of
electricity being a secondary issuse.

It is the objective of the author to put forth in this paper the
advantages and disadvantages of installing a Diesel system to take care
of the summer electrical load for the college in vart or in full,
Investirations were made and are set forth in this paper of the relative
merits of such combinations as a Diesel system combining with a turbine

for the production of power and steam and as & Diesel system with a
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package boiler, The Diesels supplying the electrical loads and the
paclaze boiler taking care of the steam requirements.

It is not sought here to revort on the replacement of the turbines
by Diesels for year-around use, but only for the summer months. It hes
besn noted, however, that many towvns and colleges, including the Tniver-
sity of “Michiran, have found it desirable to purchase Diesels to replace
the steam engines and turbines. It is assumed that such tovms and
collezes are relying on packarge boiler units to produce the required

steam for heating, cooking, etc.



PROCEDTRE

The followins stens wers taken in the investigation which led to
the conclusions stated herein. lirst, it was seen that the amount of
steam used by the collese aside from the production of electricity must
be determined, At first it was considered necessary to measure the
amount of condensate lost at the trailer camp where a larze vortion of
the steem us ed does not return to the receiver tanks. Iowever, further
analysis showed that this method was in & messure unnecessary since'
there is & meter showing the amount of makeup used which over a period
of time would amount to the same answer. A study of a diagram of the
steam piving showed that all condensate return from the South Campus
came through two pumoing stations. One of thesse is located in the
“jomen's Gym on the west side of the Campus just north of the Red Cedar
River and the other is located in the southeast cormer of Farm Lane
Eridge.

A method was devised whoreby the amount of condemnsate passing
throush thess two stations could be determined and recorded over any
decired period of time. The method used was as follows: each of the
pumps has festened edjacent to its discharge a tank in which there is
a float switch. 3then the water level in the tank drops to a certain
set point an electric switch clicks on and starts a motor which drives
8 centrifugel pump to refill the Tank to & certain predetermined level
where the switch cuts off the motor. A connection was made to the me-

chanical rise and fall of the float lever so that at the point where
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the motor starts an electrical contact was made to & magnetizing coil,
This moves a pin on a chart to form a mark perpendicular to the line
of travel of the pin on the chart as the chart revolved under the
action of a clock. This gave 24 hour readings with & record of the
number of times the motor started up. The charts were chanred every
day at the same hour.

A glass gaugze was installed on the tanks whereby the difference
between high point and low point of water levels could be determined.
Knowing these values it was only necessary to determine the volume of
the tank in order to determine the quantity of water or condeunsate
passing throush the line for any desired length of time. See included
sketch showins process stemm metsring system.

An insufficient number of metars are installed about the campus
to give the nacessary readings for determining the amount of process
steam used on the campus. 2y ovrocess steam it is meant the steam used
for purposes other than the direct vroduction of electricity with a
turbine or any of the accessories used to produce the steam which are
operated by steam or in which steam is used. For iunstance, blowdown
is not to be included in the process steam, The steam used for heating
and for cooking or various other thinrs around the campus is the vrocess
steam,

Steam I'low ‘etars are located on the instrument board of the boiler=-
room. This gives the total amount of steam which leaves the boiler and

emt ers the turbines. e shall refer to this wvalue which is the combined
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total of all boilers in use as *j. In the turbine steam is extracted
at 100 pounds per squere inch and at five pounds per square inch for
use as vnrocess steam. This stean travels to all the buildings on the
campus for such purposes as mentioned before. The condensate which
does not return to the flow circuit is reonlaced by makeup. As shown
on diagram No. €. This makeup water enters the surge tank after it
has been properly treated. From the surge tank the condensats is
pumped to the condensate receivers located in the hold in the northeast
corner of the large basement of the powerhouse on the North Campus.

A meter is located in the makeuo line and through the cooperation of
the power plant employees a flow meter was installed for 7’5 shown on
the diagram, This thereby measures the condensate which has nassed
through the condenser.

The method used for determining a value for T, wes a long process
and necessarily a tedious oné. The method used was as follows: to the
gauge glass on one end of & receiver tank was fastened a three foot
rule. A scalé with a weighing tank was obtained from the Power Lab and
moved down in the hold and placed under the netcock under the gauge
glass. The scales were set to read a definite amount and then the pet-
cock was opened noting and marking beforehand the level of the water in
the gauge glass., .hen the amount of watsr for which the scales were
set drained out of the receiver tank, the petcock was shut off and the
water level in the gaure glass markeds The water in the tank on the

scales was then drained out and the process repeated until there were
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a sufficient number of marks on the gauge glass to permit the running
of a test,

The purpose of the test was to detsrmine a value for I, as shown
on the diagram, The time required to fill the receiver tank with a
certain numer of vounds of water gives a value for Mﬁ, which is
accurate when taken with similtaneous readinss of %, }%, and }3. Care
was taken to insure thet the best possible result would be obtained.
Since the return main does not enter the top of the receiver tank care
was taken to make sure that readings taken were not influenced by this
fact., In othsr words the range of operations for the performance of
the tests was taken at points on the gauge glass below the level of the
return main, |

Results of these tests are given in the form of data sheet material.
The rsesults should check closely with a calculated value for H4 in order
for the diagram to be correct. There is a slight discrepancy between
the results obtained from the test and the calculated value. The pos-
sible cause of tﬁis slight discrepancy is that some of the steam is

used to heat the makeup weter and is returned to the circuit bypassing

Determination of the Amount of Electricit:; Sought and Sold
The I'ichigan State Collere Power Plant is tied in with the city
of Lansing Power Plant so that when the College Station is not producing
enoupgh power to meintain campus activities the Lansing station auto-

matically cuts in to provide this extra needed power. Also, if the



Collere Station produces more steam than is necessary for heating and
producing the required electric load the turbine may be made to use a
greater amount of steam thus running et a greater load and operating
more efficiently. This excess power is then sold to the Lansing station
at reduced rates.

The average price for buying vower from Lansing is 6 cents for the
first 50 kwhrs and 2.5¢ for each additional kwhr. The college can sell
its vower for .2¢ ver kwhr. As can be sean from these figures it is
not economical to overproduce or underproduce power because of the very
low price for which it is sold and the high price for which it is bought.

The Diesel installation would greatly reduce this exchange of power
because it could be resulated more closely. In othar words, if the
generation of steam were a separate item then its generation would have
no effect on the power production., ZEven with the vossible operation of
one turbine along with the Diesels, the variable power demand could be
taken care of by the Diessels.

An accurate record of the amount of electricity bought and sold is
keot in the record book of Power Plant Cperations. Sach month a bill
is sent to the collere showing the amount and the cost.

It was not the desire of the author to have the bills, but rather
the record of the amount bought and sold for the period of summer opera-
tion from June 10th to Septerber 15th of each year. Since the period
covers three montns, the first 150 kwhrs for the period was figured at

64 per kwhr and the remainine at 2.5¢ per kwhr to determine the cost of



power bought. The return from power sold vas figured at .2¢ per kwhr,
The results show for ths veriod 1945-1950 an increasing amount of power
bought alons with an increasing amount of power sold. The overall cost
of this exchange is rising with each year and for the year 1950 it
reached the value of 3755,

The advantages of a tie-up with Lansing should not however be over-
lookede 1In case of a complete breakdown of the College Plant the tie-up
with Lansing would prove its worthe. There would be no need for shutdown

of things on the campus because the needed power would be there.

Determination of the Load Duration Curve

A load duration curve is a curve with kilowatts as the ordinate
end the number of hours total that the plant is operated at each kilo-
watt value as the absicisa. In order to determine the points through
which to draw this curve the record books of the power produced and how
much is bourht and sold for each day over the period of investigation.
Some days there would be two or three turbines in operation (usually not
over two during the summer). By adding the hourly readings of the tur-
bines which shows the kw load at the time of the reading and which may
be assumed to be a good averaze value over the hour of that day, we
get the total output of the turbines.

From the total output as obtained abovse the amount bought from
Lansing must be added or the amount sold must be subtracted to obtain
the amount of power consumed on the Campus. The amount sold is listed as

"out" in the Power Plant Zecord Book and the amount bought is listed as "in".
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The method for determinins the total number of hours that a certain
numoer of kilowatts were used during the period is as follows:

A graph is made with the kilowatt readinr as the ordinate and the
nutber of hours operated as the ahsicissa., The record books are cnecked
for the number of hours the plant is overated at a certain kilowatt
reading and this voint is plotted on the graph. A succession of these
points over the veriod gives the load duretion curve for the period.

From this curve it can he determined what percent of the time a
certein kw generator would take care of the load, how large & generator
would be required to meet the maximum demands and whet the duration of

any load in the ranre is,

The Field for Diesel Engine Power
The Diesel enrine is an etcellent nrime mover for electrical gen-
eration in capacitiss of from 100 hp to 5000 hv. Since the spread of
tiie utility business in towns and cities is, at present, an acquisition
of municipel plants, the ability of the Diesel to generate enersy in a
small plant about e&s cheaply as it can be supplied by & larger orgeniza-
tior has not brought the Diesel into exceptionally good repute with

m

utility system men. The utility use of Diesels, at vresent, is the
operation of such plants as they have purchesed from municivalities and
installetion of plants in communities to which the cost of carrying a
trensmission line would be exvensive. To & limited extent the Diesel

is used for standby service.



The Diesel can convert more energy of each heat unit into work
than any other engine in the world. For thet reason it becomes an
attractive prime mover wherever first cost is written off slowly enough
so that initial costs are influential, Central station service in
which the collegre station may be classed is of that tyoe. The Diessl
can be brought us to sveed, paralled and loaded up to full load in e
few minvtes. .hen the Diesel is runnines idle it has no loss such ss
the hydraulic turbine pate leakage or steam boiler banking fuels Small
sizes are about as economical to operate as large sizes. Steam rates
of turbines are often twice as great in small units as in large units,
Llso, a condensing turbine carnot be loceted where & scarcity of water
exists. The Diesel uses but a fraction of the water required for con-
densing, and can use that over and over again.

Some adventeges of the Diesel are low fuel cost, no long warm=-up
period, no standby losses, uniformly hirh efficiency of ell sizes,
simole plant layout and no large water supply is needed.

An objectioq to the Diesel is the exhaust noise, a sort of gallop=-
ing, thumping, or booming, which is chiefly noticeable at nirht when
most other noises are stilled. Proper installation of exhaust silerncers
will minimize this fault.

*The exhaust system requires the attention of the desifning engireer,

beceuse althoush the enrine manufacturer will provide an exhaust manifold

* . . . - .
Power Plant Sngineering and Designe. Fo Te “orse.
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for the engine, the plant desicner must arrarge for connection of the
manifold to & suitable exhsust system which will convey the exhaust
gases to the atmosphere with nroper orovision for the following:

1., Silencing of the exhaust noise to the reguired decree.

2. Discharge of the exhaust sufficiently high above ground level
for the prevaling conditions.

3. Jiich temperature of the exhaust ras, which necessitate water=-
cooled exhaust lines or special high-tempsrature material,

4. Bxvension and contraction due to chenges in temperature be-
tween the extremes of full load and no load or cold.

5. Possible by-product heat utilizetion. ‘Vhere the exhaust is
to be emvloyed for building heating, or other source of hesat,
such conditions necessarily modify the exhaust system.

6. Arrangament of the exhaust system to minimize the back pressure
creeted by the exhaust itself (iZeader pressure ousht not to be
over two or three vounds gauge pressure).

7. Isolation of engine vibration from building and mulfler system
by use of & flexible section of exhaust pive.

The exhaust system must carry annroximetely eight cubic feet a

second of pases ver horssvower daveloped, this volume being at the

averare exhaust temnerature.

Fuel Storage
amfacturers generally design their engines to run on a certain

grade of Dissel fuel. The volurie of fuel oil to be stored should be
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sufficient so that the maximum rete of fuel consumption in the plant
will not enpty the storare during the meximum expected period between
0il deliveries to tlie storare tenk,

The location of the nlant and its accessibility to a supvly line
are important in the amount of storege that must be mads., If fuel
oil is delivered once & month, then the storage capracity should be
enouch to run the plent for the full month with ample fuel left over
in case of a late delivery.

“hether the tank should be located above ground or below is a
matter of local conditions, including the method of o0il delivery, local
ordinances, building location, etc. The Fational Zoard of Fire Under=-
writers has provided reruletions covering construction of fuel oil
storage tanks.

*The advantages of storaze above ground are; the cost of excavation
is avoided, leakare is readily detected, maintenarce is easier and
veter and sediment are easily drained. Adventages of below ground
storage are; oil can be delivered to the tank by gravity, fire hazard
is reduced to a minirmm, and the grounds about the plant can be
landscaved.

A filter should be located between the storare tank and the engine
so as to remove all impurities which ere in the fuel. If the fuel is

of & particularly hich viscosity as most Diesel fuels are, heating coils

* From Power Plant 3ngineering ¢ Design, F. T. orse.
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are required in the tank to keeo the o0il warm enourh to flow. Cnly a
slight rise in temperature is required to produce & tremendous change
in the flow characteristics of most fuels.

‘then motors are used with oups for o0il trans’ers, the motors
should be of a type approved by the Fire Tnderwriters for this varticu=-
lar service,

The averare Diesel will generate a kwh on apvroximately .10 gallon
of fuels Thus three 1800 kw engines operatineg 24 hours a day and
operating on a plant capacity factor of 557, which is average, will use
3 x 1800 x «1 x .55 x 30 = 214,000 gal of fuel ver month. Znough storage
cavacity to lest over two periods would call for approximately a 400,000
gal fuel tank,

If possible the main storare tank should be divided into two tanks.
Fuel tanks need to be cleaned very infrecuently but when this cleaning
time does come aréund the procedure need not interrunt operatiouns if
there are two tanks. If the fuel is high in water or sediment, or in
both, and requires cleaning by centrifuge one tank can s erve for incom-
ing fuel before purification, the other for clean o0il after purificetion.

Diesel fuels must be kept at a certain temperature to flow through
the injection systems. Mollowing are the Pour Point and Saybolt vis-
cosity of some Diesel fuels,

*Sample Tumber B-1 3-2 B3 3-4 2-5 B-7 B-8 B-9

Pour Point r© =25 =30 =10 45 45 45 =20 &15
Viscos., Sec., SU at 100°F, 34 33 36 39 40 37 34 44

* The Davelopment of Testing ruels by Theodore Brinton Hetzel p. 56.
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Characteristic of Sun To. 11 0il

Cross Heat Value 2TT/1b, 10,969
Fet Teat 7alue ETU/1b, 17,905
API Grovity €0°F. 17.7
Snecific Grevity 0.9424
Flash Point ©OF, 200
Saybolt Tmiversal Viscosity 150°F, 207
Sulphur Percent 0.€8
Conradson Carbon, Percent

1st Zun 6.03

2nd Run 6.11

Ash, Porcent 0.15

Contrary to a commonly held belief, oils of thewuselves, do not
tend to thin out, but ratner tend to thicken. IHowever in service, most
0ils show & lower viscosity after use than in the new condition. The
answer is dilution. i'uel is the commonest diluent, and therefore vis=-
cosity may be used as a measure of engine condition.

The storage tenls should be of a good grade of metel able to with-
stand heat chanrces without buckling enough to cause leaks at a joint.
However, most tanks are now weldeds The tark should have an opening at
its top so that a measuring stick can be useds The day tank should be
fitted with a gauge glass.

Tiscosity of a fuel determines its fluidity. It is a feir indica-
tion of how readily the oil will atomize and how it will affect the
injection pumn, A very viscous oil may prove troublesome to handle
without heating. Viscosity is stated in terms of seconds Saybolt,
miversal, at some specified temnerature, usually 100° F. It is the
numb er of seconds required for 60 cc of the oil to flow through a

cortain size orifice at this temverature.
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A hand ovump may be used between the large tank and the day tank.
This is not, however, compulsory. Fuel lines should be of copper or

brass.,

afficiency and Economy

Power can be and is bsing generated by Diesels at a cost of from
5 to 8 mils ver kilowatt-hour. Including fixed charges of interest,
depreciestion, insurance and taxes, a Diesel enrine will deliver a
kilowatt-hour at a cost of from 7 to 20 mils devending uvon the load
and the operating scnedule. Cften there is no extra labor charge since
an existing emvloyee takes on the added duties.

Important factors in the cost per unit output are the kilowatt
hours generated per year for each kilowatt of installed capscity and
the engine load when runrirg in terms of the vercent of engine rating.
This is termed the Running Capacity I'actor. If an 1800 kw Diesel
overated at an average load of 1000 kw for 5000 hours a year, the Running
Capecity factor would be 1000 x 5000 = 317, *The B7€0 is the number of

1800 x 8760
hours in & year. In the usuel lighting plant, either municinally or
privately owned, the Running Capacity Factor averares around 557,

The larre items in the cost of a Diesel plant are lubrication oil,
engine repairs, labor costs, fixed charges snd total operating costs.
When considering engine repairs it should be understood that this item

includes the cost of the repairs and the ertra labor needed over and

* Diesel dngineering Handbook 194€ - 47ed.
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above the operating force to mke the revlacements. *A good average
figure as computed for 158 plant years for the cost of engine repairs
and revorted in the ievorts of the 0il Engine Power Cost Sub=Comnittee
of the American Society of “‘echanicel ¥ngineers is 0.52 mils per kilo-
watt hour. This survey included utility, industrial, and municipal
ownershin of the plants.

Labor costs are an exceedingly variable item in vower production.
Reports show that the better plants employ es & rule but one man per
shift for plants up to 1500 kw in size., Over this a second man may be
needede The labor cost must be established for the particular loceality
of the plant,

The total of the two items, engine repairs and other revairs and
suoplies rances from 0,5 to 1.0 mils per kilowatt hour. The enclosed
chart is based on & 50 cent per gallon lubricating oil and on 4 cents
psr gallon fuel oil. This seems to be a fair average for the cost of
the oils, however, the cost depends to a very great extent upon trans-
portation of the oil,

The total cost of generating a kilowatt hour of electricity, in-
cluding all repairs, suvplies, lubrication and fuel ranges between 6
and 4.3 mils demending upon the output per kilowatt of plant capecity
and the above mentioned factors. Lvery plant should be designed to

produce over 1000 kilowett=hours per kilowatt capacity every year.

* Diesel Engineer's Handbook - 1946 - 47ed.
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*Fixed charges include the cost of the ergine, building, foundations,
etc. Of course the individual plant may set any length of time they
choose within which to wipe out the‘piant investment, but the usually
accepted period is 12 years. An average Diesel plant cen be installed
for {100 per kw., including everything except real estate.

Wnen comparing the cost of Diesel power with the cost of purchased
power, it is much better to calculate inferest and tax charges and
determine what the yearly saving over purchased power will be., If the
saving will pay for the Diesel plant in & reesonable time, it is a good
investment.

If the plant cost is to be retired by a yearly refunding, the
averege interest rate is one-~half the yearly interest rate calculated
on the entire investment; if the interest rate is 6 percent, the
average based on the entire first cost is é percent.,

Plants with an output retio of over 4000 are considered to be
three-shift plants with a {4000 operator on each shift. Plants under
4000 are considered one shift plants. With the extra operators on
there is sn increase in cost per kilowatt-hour for the plant. Below is

a table of total generating costs, based on fuel oil at 4 cents per gallon.

TOTAL GAT4~ATINIG COSTS, INCLTDING IVT jHEST,TAXLES AW) COPZHATING CrARGES

Plant Cost in “ills per Kwhr ihen the Yearly Cutput Per

Capacity Filowatt Cavacity Is
¥ 2000 3000 4000 5000 6000 7000
250 11.44 B8.96 7.1 10.87 9.69 9.26
1000 £.08 6.71 6413 6.B2 6451 6637
1500 2,20 7.46 6.70 B.17 7,64 7.34
2000 7.46 6,33 5.85 6.14 5.95 5.9

One-snif't plants Three-snift plants

* . . . . -
Dissel ingineering Handbook, 1946-47
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*An Bxample: Costs of Rumnirg 10 Diesels for 4 Years

On five 6-12% x 13-T turbocharged Diesel enginoes designed to develop
€10 bhp each at €00 rom and five €-125 =13 Diesel engines delivering
540 bhp sach at €00 rpm & review of the cost of operation was made. The
plants are located in South America and the records were compiled by
the enrinesrs in charge of overaticns.

The total number of working hours was £6,361 for the first five
enrines or an averace of 4318 operating hours ver year for the period
1942 to 1945 inclusive. The total cost of all plant repairs avseraged
1,75 mils psr kilowatt hour. Cf this figure aporoximately one-third is
chargeable acainst the total cost of repair parts for the Diesel engine.
Roughly 0.6 mills per kwhr was expended for replacement parts, some of
which were still included in the inventory, but which were already
charged off to maintenance cost in the 0.6 mills.

‘mintenance for all purchased parts comes to only {1.13 per rated
horsepower per year, This plant's maintensnce cost was roughly one-half
the average recorded inside the ™mited States.

The lubricating o0il economy of this plant averared 2000 horsepower
hours per gallon of lube oil. Leakare and other usage of lube o0il are
included in this figure since no attempt was made to reclaim used oil.

The fuel oil consumption of the fire engines averaged 12,75 kwhr

per gal at an averare plant running cepacity factor of 70 percent.

* Power Generation, “arch 1948.
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This includes all leakrre and cleaning oil used. Load conditions called
for overation at less than half loed for 50 vercent of the time, and at
full load the other half of the period.

In the second five Diesel engines referred to in the first para-
graph bearing reolacement was very high, After the first two years of
operation, a diffsrent type of lubriceting oil wes used and bearing re-
placements declined materially, The maintenance cost for this plant
over the five y=ar period from 1941-1945 inclusive, avsraged 0.809 mills
per kilowatt hour. This is roughly 40 percent of the average maintenance
cost ver kwhr for ten plants of annroximately the same size as tabulated
in the AS™3 "leport on Cil #ngine Power Cost" for 1943.

The total operating cost of the first five engines including fixed
charges, fuel, lube o0il, maintenance, attendance, and all other charges,
amounts to 1,75 cents per kwhr. Cn a twenty year amortizetion plan,
this final total cost would run eprroximately 0.9 to 1.0 cents ver kwhr,

SC™E FACTS AUD FIGIS CF TIE ABOVS DISCRIBED PLANTS

Author's T'ote: Since costs are those of South America they are not to
be included.

1942 1943 1044 1945
Total engine hours overated 21,896 29,427 17,956 17,002
Total kwhr Generated 7,606,100 10,515,660 6,404,800 6,209,000
Total fuel oil consumotion 568,925 822,538 509,949 4R 3,048
(rallons)
Total lubricating oil con- 6,351 6,546 4,763 4,534
sumption (gal)
Ewhr outout ver gallon of 12.92 12,784 12.56 12 .646
fuel oil
Ewhr output per gallon of 1108 1606 1345 1347
lube oil
Stetion running cepacity factor 715 71.27% 69.4:7

(Continued next vape)
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Running-enzine-capacity factor= Bnrine outrut 1n rross Iovhr x100
Yw rating x nurber of hrs operated

Running-plant-cavacity factor, vsrcent= Plant output in gross lwhr x100
Total rated kwhr of individual
units

Annual-plant-load factor, nmercent= Plant output in pross kwhr x100
Peak loed in kw x numbsr of hrs in
period

Plant-service factor, percent= Total reted kwnr of individual units x100
Total installed kw x nurber of hrs in
period

Purchased Power !sld "'nder Control Aids Process Plant
If the power plant is on a tie-up so that part of the electrical

load can be generated and the rest of it bought when needed there is
one principal shortcoming. Tne turbine is sometimss used instead of a
reducinz valve as is the case with Tichigan State Collese Plant to
bring boiler vressure down to recuirei vrocess level, The princinal
shortcoming is thet plant demunds for process steam and for power
seldom vary concurrently. A4As & result costly peak demands on purchased
power occur thet seriously affect the over-all savinrs.

*One comnany met this situation by installing a turbine that is
provided with an autometic govarnor control, resnonsive to both pur=-

chased or primary power and plant demands for process steam.

* Power, Yov. 1048, op. B2=-



The savinrs by this company indicated a complete return of invest=-

ment in less than three years after deducting

- interest, depreciation
and taxes, despite overating only ten hours per day, five davs a wesk,
The unit operates in varallel with the purchased source of nower. The
sutomtic governor-control varies the outmut of the unit within the
range from no load to full-load setting of the repular governor, but
not in excess of this setting. Thus all the features of the standard
governor are in control,

The automatic governor control proviies for the following condi-
tions: (1) Limits meximum demands on the orimary purchased source to
a predetarmined ton level repardless of plant orocess steam demands.,
(2) Limits minimn demands at & fixed level so as to prevent rsturnflow
of power to primary source when plant steam demands mey be hirh and
electric-nower demands low. (2) 7'/ith the minimn demand set at a fixed
point, the maximum demands are automatically varied in the range from
the fixed top position to the minimum one, devending on steam demends.

The control is provided with means to alter easily and accurately
the maximum top fixsd-limit while the unit is in operation, thus advan-
tage can be taken of power rates that permit higher pealrs without
penalty during certain veriods.,

The standard design of control uses one wattmeter element relay
with the prasssure element a countermart of the unit. The turbine used
was equipved with a back pressure rsgulator built into the governor.
The control, therefore, has two wattmeter element relays, one set for

meximum, the other for wminimam,

2]=



The relays have contacts which are set Tor a predetermined meximum
and minirum purchasei-nower demand. hen tne incoming power is less
than the oradetermined minirun, the lowsr contacts close and the upner
contacts close when the incoming power is greatsr than the vredster-
mined maximum. “Within a certain range of incoming power load the
exhaust-nressure rarsulator is permitted to function throush its full
range of control.

The servomoter can take over at any time regardless of the exhaust
oressure ragulator thus vermitting the all-important "peak demani" to
suparsede other factors. If excess exhaust pressure develops beyond
the desired limit, steam is vented to the atmosphers.

‘hen power demands are so low that available exhaust steem proves
insufficisnt to meet nlant demands the ususl mekoup reducing valves by-
vasses the turbine.

Juen an inconing power failure occurs, the turbine is thrown auto-
matically into position to assume its full power generating capacity.

The standard element includes the vrassure element. In limited
steam-generating capacity or scarcity of product fuel when boiler pres-
sure becomes the critsrion, the pressure elenent is used with reverse
action.

How To Seve Yuel In Any Particuler Plant

1. “aintain a high feedwater tenverature. Recover exhaust steam
that might be otherwise wasted by utilizing it in a direct contact open
or dearating feedwatsr heater. Do not allow any steam to escape to the

atmosohere that can rossibly be used in the plant.



2. necover tihe neat in Boiler Rlowoff Jilatsr, The steam flashed
in flash tanks can he used in the feedwzter heater or process lines.
Zeat exchengers recover the remaining heat in the blowoff water before
discharging it to the sewsr,

3. Return ell Condensate to the Poiler, If o0il cotamninated remove
the o0il from the exhaust with a steam purifier or pass the condensate
throuch an o0il remover filter. To run condensate to the sewer is shesr
waste of heat and water. 3nter trap discharges and heeting syvstem re-
turns to t‘ne‘ onen feedwarser hestsr. Avoid loss of flasn steem in opan
receivers and aotwells, eturn hizgh temperature condensate from cor-
rugators, dryers, orocess kettles, etc., directly to the boiler by the
use of a condensate return system.

4, Zeduce moisture content of steams OSteam purifiers can reduce
the moisture from 5 percent more down to less than 1 percent, result-
ing in dryer, hotter steam.

5. Check Boiler “Jater Treatment. Accumlations of scale on any
neating surface seriously rastricts the transfer of hest and such are
a major cause of boiler troubles in addition to waste in fuel. Corrosion
is both dangerous and costly.

6. Keep on the watch for steam and hot watar leaks. A 1/¢ in.
diameter steam lesk in a 100 psi line will cause the loss of over
50,000 pounds of steam in a month. “2ke sure thet all valves in steam
line close tightly.

7. Insulation or lageing. Keep &ll viping and steam using equip-

ment properly insulated to cut down heat losses.

-2 %=



8+ Practice Preventive ‘aintenance. Don't wait until trouble
catches up with you. <2£e on the lookout for it. Keep a reasonable
suonly of replacement parts on hand as thev are often di“ficult to
secure when you have a brezkdown. “‘ake use of all available instru-
ments, and regularly check the efficiency of your equipment with them,
Avoid overloading boilers above their efficient operating rate. FKeep

furnace baffles tight and use soot blowers resularly.

Reauirements Cf A Cood Foundation
*(1) A foundation is remired to maintain the mechinery and struc-
tures rigid and kesp all varts in true adjustment.

(2) A foundation is required to transmit the dead weight of the
machinery and structures to the ground and distribute it in such a
manner thet the safe bearing pressure of the ground is not exceeded.
This dead load alweys acts vertically dovmward.

(3) A foundation may be required to transmit the live loads of
the machinery and structures to the ground. The direction in which
the forces act due to the live loads will depend uvon the tyne of
machinery and structures used.

(4) A foundation is required to absorb as far as possibls vibra-
tions set uo by machinery and transmit as little as vossible of this
vibration to the surrounding ground. The machinery foundations should

be isolateld from the building foundations to reduce the transmission

* Zlectric Powsr Stations by Carr, o: 12,
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of vibration forces to a minimum and obivate troubles due to settle-
ment., A foundation should be heavy enough to take care of any acci-
dental out-of-halance forces which may arise during normal working of
the machinery. The desim and types of foundations will devsend pri-

mrily on the sub-soil obtaining on the site.

iaste Heat Boilers and .ater iHeaters

Four tyne of heating surfaces are available for waste heat re-
covery. They are cast iron, extended surface, armored tubes and bare
tubes.

Thermal efficiency of & water heater is represented by the ratio
of the gas tempsrature droo to the difference between the entering
gas temperature and the saturated steam temoerature in the case of a
boiler, or the entering weter temnerature in the case of a water heater.

The amount of heat that can be recovered in the form of steam
generateld, or water heated, depends uvon the amount of exhaust gas and
its temperature. Z5ngine efficiencies and conditions vary with differ-
ent tynes and different manufacturers. Therefore, the exact operating
performance of any engine should be obtained from the manufactursr in
order to make a detailed survey of heat recovery vossibilities.

Below are some average values for rough aporoximations:

Bngine Type Cas wt. lbs. per hr. sxhaust GCas Temo,.
per rate 1 ho. Deg. irahre Full load

4 Cycle Diesel 12.0 750

2 Cycle Diesel 20.0 550

flaste heat boilers must handle a large volume of gos with only a low



draft loss so as to impose the mini=mum back oressure on the encgine.
The aveilable temnerature difference between the pas and the boiler
water is smallar than in a direct fired boiler, and thus more heating
surface is required for a desired weizht of steam. As the steem pres-
sure is increased, the saturation tempsrature aporoaches the sas
temparature, and this consideration limits the maximum practical steam
pressure.

There is vractically no linit to the diversity of uses for steem
and hot water made available through recovery from engine exhaust.

Steam may be gensratel for power ovurposes. facan enrcine is ecuipved
with a waste heat boiler of novel design incorporating economizer and
steam suparheater sections. The engine normally operates at an exhaust
cas tenperature of 1175°F, Each boiler gensrates anvroximately 11,400
oounds of steem per hour at a oressure of 150 pounds ganmse, supsrheated
to a final steam temperature of 560°7, for power uses. 3xhaust rases
are discnarred from the economizer section at a tempsrature of SGOOF,
with feedwater of 180°F. This represents a thermal efficiemncy of €2
percent for the waste heat recovsry equipment.

*In o8 nercent of our Diesel installations this available heat
from the exhaust is thrown awey. If the smeci’ic fusl consumption of
an enrine is 0.38 vounds per bralke horsevowsr and the potential heat

value of the fusl is 18,000 BT per pound, then the efficiency of the

Diesel Power, Dec. 1947, p. 50.
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engine is 2545 = 34 (aporoximately). This is a good efficiency
.32 x 1R000

for an intermal combustion engine, but whsre a certain amount of steanm

is needed this waste heat may be recovsred to a certain extent.

“Mhen from the above engine 1000 RTT of the exhaust waste is re-
tained for the production of steam, the overall efficiency of the
system is incrensed to 3545 = 487 (approxinatsely).

.38 x 120000

The basic overation of an exhaust boiler hook-uv is as follows:
“ihen the steam demand is using the full steem capacity of the unit,
the output of the boiler is directly proportionel to the load on the
engine and the watsr level in the unit is kept to the nrover heizht by =
Bristol liquid level indication gaure.

«hen the water level droos below the set position due to evapora-
tion the gauge onerates to admit air to the top of the diaphram of the
waste heat boiler feed valve onening thse valve. ‘/hen steam demand is
less than the full outout of the boiler, excess pressure is built up
in the boiler which actuates the nressure controller which in turn
tihrottles the fesd watar, and if enough excess pressure is built up,
closes the feed valve entirely, and opens the dump valve to the ac-
cumlator tank.

The pressure in the boiler will force the water to the accumlator
tank, lowering the water level until a levsl is reached which will
generate steam at a rate just sufficient to meet the steam demand at

which point the dumo valve will close and the water level will be main-

tained at this voint by the vressurs actuated feed valve.
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Should the steam demand fall o”f entirely, all the watar will
be drained from the boiler and the unit will operats dry as a silencer
and spark arrester,

Viith the averare Diesel enrine and correct design of heat recovery
unit, & pound of steam par bap can he develoned at about full load. If
the stean from these heat recovery silencers can not be used at maximum
capacity, then a sunerheater can be installed in the exhaust and €00
pounds ol steam per hour at 500°7 furnished to & turbine and exhausted
at losi ebsolute. Tiith 70 percent Sankine officiency at these condi-
tions, & 525 hp turbine could be operated representing almost a 10 per-

cent incrsase in the total vower output at no extra cost for the fuel,

Amount COf leat That 'ay Ze Jecovered 'rom Tne Diesels To Heat Steam

277/1b o} fuel 18000 =TT
It may be assumed with fair accuracy that 1000 BTU/lb of fuel

may be retained for the production of steam from the avarage Diesel.
Turber of gallons of fuel used during the sumasr 437,000
Pounds of fuel = 437,000 x £.33 x .25 (Grade 1) 3,000,000
Available BTT's 3 million x 1000 = 3 x IOQBTU
Assume raw water tenverature of 60°F.
Condition of steam wanted 100 psi and 5 obsi.
Heat recuired to chanre water to steem
et 100 osi - (327.81 - €0) ¢ ReR.8B = 1151 RTT/1b

3 x 199 = 2,600,000 1b of 100 psi steam could he gensrated
1151

or



at 5 psi (1¢2.24 - 60) # 1001 = 1103 2T71/1b

3 x 109 = 2,720,000 1b o 5 vsi steam could be gensrated
1103

Averare daily process steam consumntion =
37000 x 24 = REE,000 1b/day

2,600,000 = 2.2 days «- This would be impractical but the

gre,000

heat may be utilized to heat feedwater.

Heat Recovsery in Disesel Zngines

*:rom the nressure volume diarram the kinetic ehergy o? the exhaust
cases may »e determined. (Tlefsr to diasram) The area ABCD;TA represents
the energy obtainable from the exhaust, where A is the point of exhaust
valve opening and 7 indicates the back pressura. The expvansion line
A8 is assumed to be adiabatic.

The amount of exhaust heat that mry be recovered is reduced to
60 or 70 pesrcent of the total, mainly by the nscessity of maintaining
a final exhaust temnarature of at least 25097, to avoid oprecipitation of
water in the system and rssulting acid formation and rapid corrosion,

which would occur if the exhaust pas were to be cooled below the dew

point.

Burning 0il In The “urnace
In addition to proportioning fuel and air, end mixing then, il

burners must orepare the fusl for combustion. There ars two vays of

* Trens., AS™"3 OGP-53-1
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doing this, with many veriations of each: (1) The oil may be vavorized
or gasified by heatinr within the burner, or (2) it may be atomized by
the burmer so veporization can occur in the combustion snace.

If 0il is to be vaporized in the combustion space in the instant
of time aveileble, it must be broken up into many small particles to
exoose as mucih surface as vossible to the heat. This atomization may
be effected in three ways by (1) usinz stean or air under pressure to
breek the oil into drovlsts (2) forcing oil undsr oressure throuch a
suitable nozzle, and (3) tearing an oil film into drons by centrifusal
force. In a2ddition to this turbulence must be nrovided to provide
motion between oil droplets and air, so vanor "coats" are strivped off

as fast as they form end fraesh surfaces exvosed.

Blowdown

Wiater always contains impurities and no matter what treatment
method is used a portion at least will reach the boiler. ‘hen the
weter in the boilsr evanorates, these imourities are left bshind to
concentrcte in the boiler with the result that the boiler watsr becones
dirty. As the boiler continuss tc evaporate water, the impurities
settling in the boilsr continue to increase. Soon this accumlation of
sledre and soluble imnurities will cause the boiler to foam and carry
boiler vmter with its impurities over into the suverheater, steam
lines, and prime movers, The nurvose of blowdovm is to rerulate the
concentration of solids in the boiler water so as to prevent carryover

in the steam.



Continuous -blowdown is the name annlied to a system throurh which
the amount of weter discharred from the boilsr drum is reruleted by =
valve placed in the blowdovn line. The flow is continous and the
enegryy carried away in the discharse from the boiler is usually re-
co7ered by conducting it throurh a heet erchanger in which it 1is
utilized to increase the tenpsrature of the feelvwmter.

In an arrangement for cortinuous blowdown a connection is made
to the boiler drum et a point just below the minimum permissible water
level, thué preventing the draining of the boiler iu tha event of en

eccident to the blowdovm system.

K

Some Herulations of the "ational “oard of Fire Underwriters

The regulations ol the Iatioval Foard of :ire Underwriters recuire
oil storage tanks to be constructed of steel, wrought iron, or concrete,
the letter not being permitted for oils lirhter than 35° Raumer .hen
the storare tanks are located above ground end are liable, in case of
brenltaze to overflow, to endanger surrcunding proverty, each tank should
be vrotected by & contiruous embankment or dike. Inside storaze is much
more hazardous than outside, and should be considered only when there
is no vossibility of outside storese. Then the tanks should not be
located above the lowest story or basement of the building end should
also be loceted below the level of eny vining to which they may be con-
nected.

The mderwriter's rules state that the normal gross cavacity of

such tanks shall not excead 5000 g2l in ordinary buildiners nor 15,000



ral in fire resistive buildings. Howevar, under specisl conditions
and where the oil is stored in & svecially constructed room, 50,000

ral, mey be stored.

Procedure for Dstermining the Prover Size of ingine to "se

after the duration curve for the entire summer period for previous
years was plotted from the informetion obtained from the record boolks
of the nower plant it was noted that the maximum loed was around 4800
kwe It has bsen sumrmested by highly authorized personnel that a figure
of 80 of the mexirum load be taken as a basis of the minimum size of
plant to be chosen. Cf course this would cause an overload on the
engine in the neighhorhood of 25, for short intervals of time. Since
the overload would be, howevar, of a very short duration it is not con-
sidered dangerous and in case the load did become of a creater durstion,
the Lansing Comveny could be relied upon to provide the overload needed.

With a meximam load of 4300 kw., 80;) would be 3680 kw. This is
not giving any outlook to future ervansion of the plant which will
surely come within a few years. The population of the collere was
more tnan doubled during the years from 1940 to 1850 end is very likely
to continue to grow in the years to come. It is with this in mind that
the author has chosen the following engines,

The Cooper=-"essemer L37-16 unpine rated at 3770 hp at 327 rom.
Two of these ingines were chosen so as to allow for the future ex-

pension of the collere and since one enrined was insufficient to

carry the load at vresent.



The L37-16 is supszrcharrmed with one mxhaust Turbine driving an
integral Centrifurel blower., The enpgines are Gas-Diesel and are
equipped with a comnlete Diesel Fuel System and also with pas fusel
admission ecuipment. Tﬂis vermits operation entirely on Diessel fuel
or on provortions of oil and gas fuel up to 9€7 ras and 47 Diessl
Pilot oile. At arny time while the enrine is running, the fuel mixture
may be charced to the provortions desired. Gas is talen into the
c7linder with the charce of intake air where it is ignited by the
Diesel Pilot oil. A fovernor coutrols the auantity of the two fuels
to meet enrine demands.

These enrines are shipoved as & compnletely assembled, factory
tested unit. The branch office closest to Lansing is the Chicano office.
The nst weleght of each engine is 75 tons and the sniovvning weight is
90 tons. The enrines may be shipved bv railroad car,

3nclosed is a ratins curve for the LsV-16 Diesel and Gas-Diesel

engine.,
STTT73R SCIOCL TRCLL 7T AT "TICHICAN STATS COLLAGA
virst Si;f‘ Seco;abéix Fuil Totel
Year Weels Viealks GQuarter 3 & 6 Heek
Sessions
1046 - -- 4R14 -
lo47" - -- 3e2¢e 10e9
1948 - - 34€6 1304
1249 482¢ 1405 - -
1959 4¢59 2100 - -
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Cooling of an ingine
The quantity of heat rensrated in an encine cylinder varies from
about 7,000 to 12,000 ET7T per hphr. I'rom 25 to 25 percent of this
heat finis its wmy into the cvlinder walls and mst be carried awav.
The methods of cooling mey be divided into two main groups
(1) dirsct, or eir coolinr; and (2) indirsct, or licuid cooling.

*Pennitting the vmter temparature to rise above the boiling temn-
erature to about 220°7. to 250°r. rives very important and far resch-
ins advantares. (1) It eliminates the condensation of the water vavor
conteined in the nroducts of cormbustion vhich in turn (a) prevents, or
at least reluces materially the weshing off of the lubricating-oil film
from the cylinder and niston-rine surfaces and nrevents the formation

of sulfuric acid from SC which is very often obtained in the products

2!
of combustion; these two factors reduce the wear of the cylindars,
piston rincs, and valves considerably, under certein conditions, down to
one-eichth of the usual amount; and (b) eliminates cranlcase condensa-
tion and sludring of the lubricating oil.

(2) The hizhsr temperature lowers the viscosity of the crlirder=-
lubricating o0il, thus reising the mechenical efficiency of ths enmine
and lowering the sﬁecific fuel rate as much as 10 vercemt, at full load.

(3) Also, it reduces considerably the amount of water which must

be circulated, since the cooling efect of each vound of water evavorated

s

* . .
I’eat Powser undamentals - Leonard ‘aleer



is about 270 BTT per vound, instead of 10 to 20 =7T" per pound, absorbed
by the water due to temmerature diffasrence only; this increases the
fuel saving,

(4) Arain, it incremses the temperature difference between the
cooling weter and air to which the heat is resjiected and, if a radiator
is used, recuires & smaller radiator surface and far, wnich again saves
fuels CGuite naturell;, with an increese of the jackst temnerstures,
the heat absorbed by the jacket from the rases in the crlirnder de-
creases because of a smaller temverature difference. The heat not

transferred to the jacket water is ahsorbed by the exhaust pgases, which

reises their temverature,
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ETECTRICITY “CTGHT AUD GOLD TO LAVSING RY T3 “TCIIGAY STATA
CCLLZG3 PO/l PLANT

Cbservers: ""icheal Delich Date: January 30, 1951
Dourles lLee

Period June 10 - Sentember 12, 1045-50

st T Overall
Year Bourht Sold Liability Asset Cost
1945 492,000 2€9,000 +1231 £538 5693
1946 41,000 297,000 1031 504 437
1947 149,000 293,000 3731 586 3145
1548 175,000 30€,000 4381 796 3585
1949 161,000 392,000 4031 784 3247
1950 1¢1,000 338,000 4531 776 3755

Selling orice = .2¢/lwhr

Ruying orice = &¢/kwhr and 2 .5¢/lcwhr
for additional power based on each
months usage.




EwiY CC3T CF FRASIAT POQJAL CO3um D
(- 1qure~ for 1030 Calendar Year)
Based on 20 year life of equioment

FUIPCET COST DATAs

0. 3 Turhe=-enerator 03,300,
0. 3 Condanser 11,305,
{iver Pump ‘iouse (Condersaer Circnlatine .ater)

Traveliny ater Scresn 3745,

Building 7000,

Purms 30C6. 13,811,

i 0. Turbo-renerator 91,800,

Tose 4 Condenser 14,5900.

Sviitchrear, oririnal installation FO,167. »14,744,15

Yo informticn is availahle on
subsecuent niditions.

QX ADTIA

G ZATIVG CCoTSe

Supsrintendancs 2,310. Z,310.
Boiler labor (none)

#ngine and Turbine labor - 4 overatcrs 13,200. 13,200.
Zlec. Tabor 50! of 43500. 1,750, 1,750.
“aintenance

Station building 200.

Stean Zcquioment 1500.

#lectrical dcuipment 400,

“isce. Power Xcuioment £00.

“isc. Lebor 600, 3,500, 3,500,
Fuel Costs '

100 Steam £,250.

5% Steam 42,300,

Condensing ovn. 60 000.

water expense 3,750,

(5% Growsh) ¢114 , 300 114,300, 114,300,
Cooline water for condenser 21,549, 21,549,
Lubricents 100. 100.
Production supnlies €00. 600,
Station erxpensse 300, 300.

BUILNIC CCSTSs
Tex Plant (520,450 cu. ft.) 1948 506,000,
01ld Plant (514,300 cu. {t.) 1221 409,000.
Additions & alteratioans (310,200 cu.’t.)1940 500,000, 5,300,
£1,415,090.

35 0f 71,415,000 450.

2 5 103
Total kwhr penerated 31,271,400 1,271, 490
Cost per kwhr x.ObF5

——— .. C —— ——— . - —— e ———— e ey
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Fuel -- 437,000 gallons at 10¢
5,600,000 kwhr. 12.8 lwhr./zal

Installation
Avnproxirately &100 per rated kw
2 = 3700 hp - 2760 kw
20 years to vay plus €% interest
3% x 552,000 =
Total

Additional Buildin- at .P0 par cu.ft.
20 x €0 x 60 = 72,000 cu. ft.
20 year rate plus 6, interest
3% x 257,600 =
Total

Foundation - concrete at .59/100 yd.
Alleow 20 yds.

Labor - 2 overators (3 shiits for 3 months)
$3300.,

Lubrication - 4070 rallons et 50¢
Averape 1374 kwhr/éal

Repairs and Supplies
1 mill per kwhr generated

Storape tanks = 3 = 25,000 gal tanks
at £2200 each

Cverhead Crane (5 ton)
Totel

Total kwhr production

Cne kwhr ccest

£$43,700,

16,5¢60.
27,600,

1,729.
2,880,

1,000,

6,600.

2,03¢.

5,600,

6,600,

z,000,

#7116, 303,
5,600,000
£0.0207

* This cost is based on three months of opsration

per year,

40a-






CCrCLTSICIS

It has bean showvm by the calculations thet the possibility of
mliing a profit from Diesel installation at the "lichigan State College
for summer operation only is small, The vresent cost of generatings
electricity is only 6 mills per kwhr. This cost includes equinment
costs with an ammortization plen over 20 years. It also included
operating costs, huilding costs, labor costs and fuel cost.

With a Diesel fuel cost of 4 cemts per gallon which is a low
figurs for this since the fuel would have to be trucked in from several
miles and other cost fizures shown in the chart, a Diesel would cost
approximetely 18 mills per kwhr. This figure is based on the 1250
load duration curve and the averare firure of 12.2 kwhr per gallon of
fuel. It has bean found that Diesel plants could be installed at a
cost of 5100 per rated kw. This hes been used and an interest rete of
€ percent has been charred over the pariod which gives an averagze rate
of 3 percent.

The chief costs are fuel costs, installation costs and storags
tank costs. The author was informed hy r. Zunting of the Bunting
Commeny of Lansing thet fuel storace tanis of 25,000 rallon capacity
could be obtained for 2200 eachs Tanks of & cavacity over 25,000
pallons have to be specially built by the factory. The cost of these
oversizel tanks is not a straight line function, but drovs off with a
larger size tank, Ilowever, the cost of these oversize tanks is not

readily available,

-4]-



Additional building to houce the Diesels would cost, by the 1948
price lavel, an avarage of 80 cants per cubic foot. This is the cost
of the building on South Campus which housss boilers.

The foundation concrete may be assumed to be %50 a cubic yard.

The weight of the foundation should be enouch to keeo down vibrations,

The operation would require 2 operators on each shift for 8 hours
a shift., The average salary of these onsrators is 3300 a year.
lepeirs eand supvnlies may be taken as one mill ver lwhr for an everare
fifure as determined by past revorts,

Lubrication costs based on a lubricating fuel cost of 50¢ per
gallon gives a cost of 2035 for the 3-month period of overation, An
averare figure of 1374 kwhr per gallon me;r be taken as a basis for the
calculetion of lubricating oil costs.

Thus it is seen thet the present set-up is less expensive than a
Diesel would be. Iiiowevzr, the prohbability of the Diesel being cheeper
if operated for the full year was investizated by the author. If a
555 plant cavacit:” factor is used the output for a full year would be
24,395,250 kwhrs. This would reduce the kwhr cost to less than 6 mills.
Therefore tnis should not be overlooked.

The amount of steam used during the sumner months is shown on an
enclosed graovh. The exhaust of the Diesel could bes used to raise the
tanparature of the feedwater, If it were to be used for the oroduction
of 100 psi and 5 psi steam about 10 of the total steam consumed during

the sumwer could be generated in this menner.



Carr, T, i,, zlectric Power Stations, D. 7an Yostrand Co.

Zetzel, Theodore 2rinton, The Develooment of Testing
Teonard and "alesv, ‘eat Power 'undameutals, Pittman
Corvoration, p. 523.
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Lorenzen, Christian,
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ransactions of A3"'3, "fack Printing Co.

“orrison, L. Z.,, Diesel dnginesrinr Handboolk, Diesel Publications,

Inc., 1946-47 ed., p. 105,

‘orse, Fe Te, Power Plent Zngineerius and Desimn, D.
Compeny.

Power, ~cfraw i'ill Publishing Co. Inc., Vol. 92, lo.
194P, o, 72.

Power Generation, Technical Publishinz Commany, Vol,.
“'ercn 1948, p. 100,

Tan

11,

52,

Tostrand
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4illiamson, Y. Re, Diesel Power, Diesel Publications, Inc., Vol.

25, 0. 12, Decemhaer 1947, p. 50,
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CosST PER KILoWATT HouR, Mil\S

o

[es]

[\
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N

DIESEL COSTS

TOTAL €COST WiTH S ¢ FUEL

ToTAL cost, lubvication, repairs

AND supplies

FVEL AT 4 ¢ PER GALLON

& LuUBRICATION

OTHENR REPAIRS AND SoPPLIFES
ENC/nd REPAIRS

Zooo 4000 6000 8ooo 760600
KILOWATT HOVRS PER KILOWATT CAPACITY



WRAKE HUHJEI-“OWER

§

4000

3340

2670

1330

RATING CURVE FOR
COOPER~- BESSEMER

TYPE LSV
DIESEL AND GAS DIESEL
16 CYLINDERS
BoRE 15%"” STROKE 21

150 200 250
SPEED RPM

00

350



m‘
LNY1d Y¥3Imod
13531@ 40 LNOAYT TYDIdAL

LINN HIY 2NILYYIS

\10
3gn7
WNY.L 39YHOIS

y39- h _
Y3

NYHIX3 = 141904 ¥3.114
10 —l v L

__ ) J HIasNVYL
i o O | SRR = S %D}
43700) 710 INIONa

¥IiMagL 9NI7009

St

WOoLYHIN3OD _|||
T30 ) R R 1

L1SAYH AT

D

L

HILNIS HIvY FHVYANT



pRE’SSuRE

COMPRESSION
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% \ c

VvoLume

ENERGY OBTAINABLE

REPRESENTING THE
AREA ABCDEFA.

FRorma EXHAUST GAYS.

4.



H3%08 oL

S

Q3sn WVysls €s3204d 3IHL o NinmiwY¥aLad

snglwvVI N©
Yod 13ILSAS 9NIY¥3IL3IW
13NNNL 163M WOobd
FLVYSNIONOD
Yy
&
sw3naNY
3ovdols JLVSNIONO D
A3INNAL LSv3 Wodd
—_ JLNSNIGNOD
WNVL 39uns #
T
dA-INVAN mur
2™
‘GNOQ D
INIGMNL

NunL3IY $$350¥d LN

WILVA JNINVIN = N

J1ysNIaNoed INIBYNL=TIW

WV3LSs Tvaol= "W

u

.Q—)-*.ﬂ—)—*ﬂi ".—)—

SNOILYNO3I

1Sd
I1sd 001

idP



Wy31S

§$3504d ISd ool

.

101LV1S
1

e
/

LNVId HIMOd ISW Lavyovid moid

vixaidd WWv3ILS 653208d 1Sd §

q

»—| 3INI1IgYNL .

Y3liog

WMNVYLl 39VY01S

M-anIuwW |

Y3SN3ANQOD

~
HolvYdiv-3d

WVY3LS 553008d 154 S

——

UNVL
328NS <+

'J

]

7aNNNL LSY3 wobd
FLYSNIONOD oniILVIH

TINNNL 1S3 WOolA

Su3AFIIY
314sN3IANOD



5000

4000 2 Full 12 WEEKS

3000

2000

[N R AV R N

3 & & WEEIK STUDENTS

1900

1946 1947 1948 /949 1950

SUMMER SCHooL
ENROLLMENT FIGURES



056) —---
9vo! O
LYl O
g¥o! —
cv6l =

Y151 3d2G -y301 aunf o4
S3AMND NOILYYNd aVOT]
LNY1d H3IMOd ISW

0057

Q007

a3sn SYNOH

-1-X ¥

foT-Y-Y]

Q0¢

900/

0007

000 7¥

000¢

OOOM.

avo ™

SCLAVMNONUM N



oo¢ 7

0002

Q35N S¥NOH

o0&/

0%0)

Oom.

S4iGO0D 9ONINIWYILIQ
Nl gzSNn Som 3¥N9I3 G HL 340N

10« U\.utm@ "SAYMM 0000we9 G

0561 435! u._um-ﬁo. aun( »0}

3AMAD  NOIVLVY¥NG dvoT
LNV1d ¥3mMOd I25W

,B TN = ¥V3YY

ooo/

0002

oQog

ocool

ooom

AN ™M

~ 80 DAL AL\ AN



AVQa S0 3IWIL
NooN
zr et 6 8 L 9§ VY € 1T v U nol

6 8L 9SSV ¢1

!

INY3LS - m
$$320Hd A@A3l1yI201vO

MOT3 WVILS TViOoL

0$61 ‘0z 1d3S niy} 6Z 9ny
N¥1d yamod IGIN m0OT1d WN3LS

00007

oo0'o?t

00009

000'ag

000 00l

(WH ¥3d $g71) M013 40 3LvY Wy3id

10.



AN 30 3WIL

o g 8 L9 g Ve

!

NOON
| A

ol

6 8 L 9 s ¥ ¢

WY3ILSs
ss3720yd

1”7

FALUYSNIONOD

wWVv3Lls ¥y3nog

0561 ‘0Z 1435 N¥MHL ST 9NV
INNId HIMOd DSH mMmO01d WValsS

00001

cooob

200 09

0003

/
000 0D|

(UNOH ¥Y3d $87) MO1d 40 31VH 3IIVU3IAY

-



4

GAvad NI JWIL

OTE o00f 0BT o¥T olT 0497 o8l 09 o¥l o1l ool op 99 oY eT

o/

S/

ok 4

st

of

s€

ol

st

os

s

MY 0091 MYy3d WNIWINI

MM oseV NV3d F9¥Y3IAVY
M Y 0089 WY3d WNWIXYW

06 -6¥6| 104 ONVW3IQ 7V2I¥LI313 WN3d Anvd jo 3Adn>  NOWNBIYLSIG

SLLVMOIN jo Sa3WANAH NI ANwW3I@ TV¥II¥LY3TI




1o

MILLIONS Of PouNDS

\D o~
o e
STEAM IN

R
o
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ENERGY IN MILLIONS of KWHARS

ELECTRICAL

2.8
2.6
2.4
21
2.0
.8
|-
4
2

[.O

GRAPH of STEAM AND ELECTRICAL LOAD f
FISCAL YEAR "

1948-49

ELECTRICITY

Jul

AUG  SEP
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HOURS

KILOWATT

of

IN MillioNns

ENERGY USED

ELECTRICAL
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2.2

(.8
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I.1
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0.0

0.4

0.2

49 -50
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of KILOWATTS

HUNDREDS

IN

DEMANO

ELECTRICAL

.8
04
6.0
5.6
52
4.8
4.4
4.0
36
32
28
2.4
20
|6

YR

MICHIGAN STATE CollEGE POWER PLANT

IN AVERAGING OVER A 24 HR PEeRIOD:

AVERAGE CURE YUNS 359 BElow max.
MINIMUM CURVE RUNS 749, BELOW MaK.

1 2 .3 (" 8 io Il 2 4 6 e lo

NOoON

HOUR OF THE DAY
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