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INTRODUCTION

Generally it 1s believed that in a power station when there is a
demand for process steam and also demand for heating, most of the
auxiliaries of the plant should be arranged to be driven by steanm
rather than using electricsl energy for them. This is, however, a
general remark end a correct selection can be made only after a detailed
study is made of all factors involved. The V. P. I. central heating and
power plant works mainly as a heeting station, generation of electricsl
energy, being a by-product. So this prodblem is completely different
from the étandpoint of a general power station. This station supplies
heeting steam to the college through two different pressure lines. One
is the low pressure, and the other is the high pressure line. The low
pressure heating load is larpely met by the entire exhaust of Allis-
Chalmers Back Pressure turbine. The low pressure heating line requires
a pressure of three to six psig and the high pressure line requires 75
to 100 psig. The high pressure loed is met by, first throttling the
steam from 250 psig to 160 psig through 2 pressure reducing valve and
then bringing it down to the required pressure by throttling further
through a second set of pressure reducing valves. The boiler and the
turbine are run according to the demand of the low pressure eand high
pressure heating loads and therefore, they are directly dependent on
on the outside temperature. During the period investigated, the high
pressure steam was supplied to Dining hell, Infirmary, VWood Research
Laboratory, Dairy building, Girls Dormitory, Davidson Hall, Faculty

Apartment, and Creen house. Out of these only the Girls Dormitory and




the Green house are heated by the high pressure steam. The rest is for
process work or for the n=ed of laboratory experiments.

This load picture shows thet the load of the plant varies much in
seasons and accordingly, the generation of steam is variable. Now
looking back to the boiler feed-weter pumping system, it is found that
the feed water is being constently supplied to the boiler by a pump being
driven by an electric motor. To supply feed-water to number 5 and 6
boilers, there are three pumping units, two with the capescity of 100
gpm each and the third one being 120 gpm. One pump is driven by a
Westinghouse constant speed 50 hp induction motor, the second one being
driven by a Moore steam turbine and the last one by a Wheaton steam
turbine.

According to observstion of Mr. Flemingl in his thesis, for the
Power and Fuel Fngineering, the feed pump is generally driven by the
electric motor and the steam units are kept es stand-by units. Now
as the steam for the high pressure hesting lines is supplied by
throttling live steam of 250 psig to 75 psig, through the pressure
reducing valves, consideration may therefore be given whether this
emount of steam cen usefully be utilized in a turbine and then exhausting
to the high pressure heating lines. This would conserve availedble
energy which is at present being wasted by the throttling. A turbine
such e8s this, could be used to drive the boiler feed pump. The present
system of throttling 75 psig steam from 250 psig by pressure reducing
valves may hovever be retained to cope with emergency and for accom-

modating excess steam load that can not be handled by the turbine




concerned.

1. ¥Mr. D. &«. Flemine's thesic: A

Study of the Zlectric =nd Steam Triven
Feed Pump for “io. & Boller, V. i

‘e I, Publication, June 1951.




RLVIEY 7F LITERATUR=S

It is wise men's desire to extract ss much work and heat as possible
from the expanding stesm end most all Utility concerns strive to achieve
the best result. The Virginia Polytechnic Institute, heat and power
station, is an excellent source of investigstion on this field. There
is & large demand of heating and process steem, and the demend of the
electrical load is fairly great as it takes care of the campus and town
of Blacksburg. Quoting Mr., Herbert Addison's remark in his book titled

as Centrifugal and Rotodynemic Pumps, it is found that the most econom-

ical drive for the pump for feed-water, which is a part of an electricel
generating plant, is by & direct coupled electric motor. In another
place he has commented that in the demand of procecss steam, the consid-
eration of steem driven unite, have to be thought of. This part of the
comment is favourabls to our investigation, as V. P. I. heating and
power plant is not primarily electric generating station, generation of
electrical energy being a by-product. ¥r. Terrel Croft stetes that
selection of boiler feed pump drive depends upon loesl condition, facil-
ities, initial cost, maintenance charges, and above sll the operating
cost. The entire fsctor of the selection of drive is so complicated
thet it is difficult to drew & cleer cut line »f demarcation.

¥r. D. A. Fleming in his thesis for Power and Fuel Engineering,
proved that for the V. P. I. power plant, it is more economicel to run
the boiler feed pumps by electrical motor, than by turbine exhsusting
to the low pressurs line, as steam can be usad more efficiently in the

mein turbine. ¥He commented, and subsequently admitted, that the facility




of turbine driven pump is thet the pump output can be reasdily and effect-
ively controlled by the steam flow sd justment only. Another advantage
marked by him in his thesis is that, a turbine adjusts itself to the
fluctuation of power demend on 1it.

Mr. A. D, Some, in his peper =t the fall 1951 meeting of ASME hss
commented about process steam turbine for industry and said where steem
must be generated to serve the nseds of the process, by-product power
cen be made by & process turbine at an additional fuel consumption of
approximately 4250 btu per kw-hr., as compared with 11,500 btu per kw-hr
for prime mover in an equivelent plant. In another place in the same
discussion, he has commented that basically the turbine accommodates
{tself to the steam flow required by the process while extracting as
much power as practiceble. The flow through the turbine must exactly
balance the process requirements.

Mr. Lawrance HMerow in his paper, 'Prevent Steam ¥aste with Turbine

Driven Refrigeration Units' sesys}since many types of turbines are

available, steam can be utilized at almost any initizl and back prescure.
First cost is higher than for motor driven units but operating expenses
are usuelly substantially low. %hen a turbine is used as a reducing
velve in the heat balence of a plant the cost of operstions 1is extremely
low,’

In another place ifr. C. M. Sieben while discussing the Heat Balance

of a Brewery commented that if there is no additional lebor cost which
will offset any saving and if it would result in & lower cost per unit

of production and while a good heat balance is definitely desireable, it




can be expected that the use of an exhsust turbine for the process work

will definitely offer = saving which again will justify a fair return on
additional investment.
The comments of Mr. A. A. Cummins end Mr. H. N, Bernard in their

discussion of the Rules for Revemping Small Plants, says, "Among small

plant operators there is considerable loose thinking relative to the
economy of by-product power generation. While in many cases it may be

a profitable procedure, considersble care is necesseary in selecting the
proper size and character of the equipment. Where steam can be reduced
from boiler pressure to heating header pressure by passing 1t through a
turbine or engine insteasd of a reducing valves, mechanical or electrical
power can be secured for approximately coal consumption of % pound per
kwhr. If coal costs 25.00 per ton, the fuel cost would be 1i mills per
kw-hr. There is however, the investment and operating cost of the engine
or turbine to consider.

In another article of "The Ingineer,” March 6, 1942, it is found in

a discussion titled as Turbo-GCenerator Installation in Brewery, that the

author recommended to retein the existing pressure reducing valve as en
alternate means of throttling the steam. The reducing velve, however
should be provided with the means of adjustment of such & way that this
path remains closed as long as the quentity of steam pessing through the
turbine is surficient to cover the steam demand of the line. He suggested
that the steam passing through the turbine should be regulated to give a

uniform back pressure independent of the quantity of steam demend.
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THE INVESTIGATION

A. OBJECT

This investigation was carried out to study the economic Justificetion
of using 2 small turbine rather than a prescsure reducing valve between
the high pressure header and the high pressure hezting lines of the
V. P. I. Power Plant, so that the steeam may be usefully utilized by

expending in the turbine and thus to have some amount of work out of it.
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WVECTIiCATION

B. YYTHOD OF PROCEDURR

1. DPLAN

As the problem is to justify the use of & turbine to be wonrked as
pressure reducing velvze batween the high pressure header and the high
pressure heating lines by teking ste=am at 250 psig and exhausting «t 72
psig to high prescure hesting meins, the first job is to find out the
high pressure heating load of the plant. This hich prsscsure heating
load is recordesd by thz rscording meters on the plent. As the vork out-
put of the proposed turbine msy be better utilized if it is given the
work of tsking the entirz lo=d4 of supplying power to drive, the feed
vater pump of the boiler, the next step is to determine the feed water
pumping loasd of the plant. These data ars also available from the
recording meters readings of the plant. These heosting load and the
fesd water pumping load dsta should be tabrlated end shovn through
curves with an hourly duration bssis. As the meximum losd of hzating
steam and pumping will be recorded during the winter and the minimum
in the summer, two groups of curves will be sufficient, if they are
drawn vith aversge vealuss of six winter and summer months. Thus the
sverage peak and minimum values on en average for the winter and summer
months could be recorded from these two curves.

The above wvalues of heating load will be required to find out the
eveilable steam to drive a turbine and a decision of the size of the
turbine could be made by consulting the menufacturer's specifications.

The power required to pump the nacessary feed water can be had from the




pump menufecturer's specificetion.

If the present pumping unit is retained, the energy consumption by
the present induction wotor driving the pump, can be found out from the
obsarvation of ¥r. Fleming in his thssis.

Once the rating of the turbine snd the pump drive, have been con-
sidered, the next step will be to find out from the turbine and pump
manufacturers specifications (1) how much steam a turbine will be requi-
red to use to pump the desired amount of feed water and (2) how much
steam will be evailable surplus that cen be otherwise utilized and also
(3) if the steam supply to the turbine is less than its demand, to cope
with the demcnded work of foed water pumping, by how much amount it will
run short. To get these figures, it is necessary to subtrect the horse-
power required to pump the desired amount of water to the boiler, from
the available horsepower genersted by the turbine.

If the hiah pressure heating load is such that a turbine can develop
enough horsepower which is more than the horsepower to be required for
driving the feed water pump, consideration may then bs given to trans-
form the effort of the turbine into the generation of electrical energy
through en induction motor, to be run as a generator. The reason behind
this suggestion being that it is rether simple to transfer the total
turbine output into electricsl energy and then to utilize it through
different motors, driving the plant suxiliaries or it may be used wholly
to increase the stetion killowets output. The induction motor has also
the advantage of being the initislly low cost unit and elso best suited

for a work like this sort of situation, of generzting by-product




elsctricel energy.

The rating of this induction motor could bz determined from the
sveilable output of the turbine during different periods of the year.
After & definite decision hazs been reached as to the size of the units
and their steem and heat rates, the economicsal =spect of this proposi-
tion has to bz considered. 1n the exsisting system the fe=d water is
being pumped by an induction motor, consuming electrical enercy from
the station. So the computation of this enerey cost 2t different load
periods has to be made from the observation of Mr., Fleming's thesis.

The amount of electricel esnergy generated by the turbine, the nortion
of it used for driving the pump, and the balance in exccss have to be
determined, to set the respective values to reach at a point of economie
justification.

The cost of comnutetion of the electrical energy should be done as
per contract rzte of the Appalachian Tleetric Company snd as the cost of
steam generation by the plant is known, the cost of this steam used up

by the turbine from the point of heat value of steesm can ba determined.




INVESTIGATION

B. HITHEND OF PROCETURE

2. FACTORS INVOLVED

To work with the plan laid out in the previous chapter, it was found
that the main factor is the evaluztion and the taking of data for the
high pressure heating loed (75 psig) and load for the feed water pumping,
from the best avsilabls sources. The plant log-sheet records, delly data
of each such items as boiler evaporation, high pressure and low pressure
stesm used, steam used for the suxiliaries ete, with the details of daily
running important information of the plant equipment. But as to get the
true picture of these heating steem and feed water pumping load, it 1is
required to get en hourly variation of these loads, these values were to
be found out from the readings of the recording meters for that purpose.
On looking to the recording charts for both heating and pumping load, it
was found, that due to mechenical defects of the recorders, some of the
recordings were irregular and in some cases they are incomplete. Thus it
is difficult to compute an average monthly load on hourly duration basis,
by dividing the sum of each days hourly characteristic load values per
month by the number of days. In some cases, these recordings are incom-
plete and in some cases they are so irregular thet they should not be
considered as the true trend of load., This factor wes faced for both
heating steem losd and also for pumping load of the feed water.

The next factor sbout the value of total heating stesm loed is that
there is a meter which records the high pressure heating steam consump-

tion of the V. P. I. infirmary, separately from the other consumption.




This particuler meter is an integrsting type, by which the hourly
recording of demand ocsn not be determined. Therefore, to complete this
investigetion from the best pocsible sources of information, the aversge
value of this consumption per hour will heve to satisfy our weant. The
third factor in the determination of the size of & turbine unit, is to
find out the necessary details of steam rate of the unit and its load
characteristic curves to show how much steam will be required to run at
different load capacity of the unit. The only possible snd easy way is
to consult menufscturer's specification and quotation. The similar
detsils in respect of feed water pump showing different power consumption
at variant cepacity of the pump will have to be found out from the pump
manufacturer's commitments.

A8 the pumping load was computed from cherts showing eveporation of
the boiler, the value of blow down should be added to this value. From

the considerstion of the plant water treatment condition, & value of 3%%

can be assumed which is a quite reasonable figure from the point of safe
boiler feed water concentration.

This asczsumption was seconded by Mr. DeBusk, Utility Engineer of the
V. P. I. heat and power plant, from his experience of previous investi-

gation and date available for it.




THE INVISTIGATION

B. METHOD OF PROCEDURE

3. DPROCEDURE

To draw a logicel sequence of development in the chapter of procedure
adopted to complete this investigation, is to look to the points as (a)
the study of original data for both two main items of observation as the
high pressure (75 psig) steam load and the feed water pumping load of the
plant from the recording chart of the plant and to compute their hourly
loed values and then to (b) use the evailable values of steam load and
pumping load to drive a turbine and to decide the economical size of the
unit based on sbove figures. The next step is to evaluate the surplus
energy after spending the necessary energy for pump or defeicit of the
seme and how to meet this problem. The investigetion could be concluded
with the observation of the economic justification of these arrangements.

Now, to follow step by step the above sequence, the high pressure
steam load of the plant was caleculated by taking three days a month's
feasible and possible data of the recording meter of the plant. The
spacing between these three days intervel was tried to be kept within ten
days. The V. P. I. infirmary load on the high pressure steam was found out
by dividing the total daily reading of the intesrating type of meter on
this account by 24 hours a day, to pet the average value per hour of the
day. These hourly infirmary loed of high pressure steam were added to
the data received and computed from recording meters chart. The reason
for edopting such a way of computetion was discussed in the chapter under

'Factor involved'. However, the main point of defense on this step of




evaluation of data is the affort to cet the best possible data from the

most suiteble and available resources under this investigation. More-
over, this heating steam load remeins feirly constant during each day of

a month, unless there is unusual and sudden changes of outside temperature.
For example, three days figures for the month of April 1952, for five
different perieds of a day, were quoted hers.

Date 8 a.m. 11 a.m. 5 pem. 3 a.m. 7 a.m.
April 11, 1952 7613 #/hr. 7863 #/hr. 7613 “/hr. 8113 #/hr. 7$6Z I/hr.
April 20, 1952 7330 #/hr. 7330 #/hr. 7330 #/hr. 7430 #/hr. 7330 #/hr.
April 30, 1952 7908 #/hr. 7658 j/hr. 7408 #/hr. 7408 i/hr. 7408 f/hr.

On examining the charts, it was found that this sort of change is
very rare, and a liberal margin of capacity of the driven units, will be
gble to teke this sudden increase in load. Now, as outlined in the chap-
ter of the plan of this investigation, the observations were grouped into
two terms as winter and summsr. The winter term was assumed to begin with
November 1951 ti1ll April 1952 while the summer term will include May and
June 1952 with July 1951 to October 1951. The reason for considering the
months of observation as such, from the middle of the year, beginning in
July 1951 and ending June 1952, being that, a number of the campus lines
on 75 psig heating load have been shifted to low pressure (3 to 6 psig)
heating main before July 1951.

Now as the demand of the high pressure steam and the pumping load are
meximum during the winter term, where as, in the summer it is very low,
meximum pesk will be available from the winter term figure with a minimum

available load from summer and which again will determine the rating of a




turbine unit that is to be installed. As detailzd this factor in the

previous chapter, the computation of a suitable size of a steam turbine,
to be driven from the available steam loed, will be determined from the
details furnished by THE TERRY STELM TURBINE COMPANY'S representative,
THE HAWKINS~HAMILTON COMPANY, and which was subsequently plotted to &
curve shown with a title of "Performance curve for Terry turbine”, in
curve number "C". The average values for the steam and the pumping losad
was calculated for these two terms, vhich is in this case six. The
rating of the turbine and generator units have been made from these
average values. It wes decided to run the turbine and the generstor
units alweys at 10% overload capacity when ever possible and especially
in the winter term. As per plan detailed before, this proposed turbine
will be given the work of pumping feed water to the boiler throughout
the year. Therefore any excess surplus energy, if available, from the
output of the turbine, after meeting the power requirsd for pumping load,
should be pushed back to the station bus-bar to increase the killowatt
output of the station. On the other hand, if the available effort of the
turbine 1s less than Jemendied effort of the pump, the motor driving the
pump will be free to draw out the deficit energy from the station bus-bar.
Curves that were plotted from these dats, have been grouped as showing
the everasge winter and summer term 75 psig steam load through curve titled
as "Feed water pumping demand” and was merked as "B". These two curves
show the relation of pounds of high pressure heating steem demand or
pounds of feed water demend of the boller on an hourly loed basis for a

day of 24 hours. A curve wes copied from the details of the loed pover




performance of the Worthington Pump and Machinery Corporation's pump to

show the reletion of horsepower required against cepsecity of the pump in
gellons per mipute. This wss marked as "D" curve. The fifth curve
required in this investiestion is the information found by Mr. Fleming in
his thesis, to get the relation of boiler evaporation in pounds per hour
with kilowatts required to drive the pump. This curve wes a true copy of
Mr. Fleming's work and wvas marked as curve "E".

Now coming to the justification of the economics of this proposition,
the celculstions have been conducted as (1) to find out the heat rate of
the turbine per pound of steasm used., The availsble steam rate of the
turbine as received from Terry Steam Turbine Company, may be used to
divide the hest equivalent of horsepower hour output of the turbine end
again this result is divided by the efficiency of the turbine. This will
give the work in BTU per pound of steam.

Computation of the cost of BTU used was found out by multiplying the
ratio of BTU used by the turbine to RTU aveileble por pound of steem at
the initial supply condition of steam with the cost of steam as found out
by the plant. The totasl cost of running the turbine per day based on
thiz heat value of the steam wes ealculated by multiplying the total
steam consumption for 24 hours a dey with the cost of BTU per pound of
steam. Then by finding out the average feed water pumping load for a
day and from curve "E" the corresponding kilowatt consumption of the
motor driving the pump wss found out. The cost of this electricel energy
at contract rate with Appaslachian Electric Company wes determined. When

there is an excess of electrical energy aveilable to the ststion bus-bar




or whenever eny deficit of electrical energy was dravn from the ststion

output, their values were calculated in the similar way at the contract
rate of the plant. The savings will be found out when the totzl running
cost of the turbine, to develop the necessary pover for driving feed weater
purip end to supply sxcess energy to the stetion output in kilowetts, will
be deducted from the total sum of the cost of the electrical energy other-
wise expended if the pump would have been driven by electric motor drawing
current from the station bus-bar snd the cost of the surplus electrical
energy put to the station output. The same procedure will be adopted for
computing the summer and winter term load condition end to find out

respective prospect of economics.




SAMPIY, NF CAT.CTILATIONS

(WINTER TREM)

(1) Peed water pumping load in nounds per hour
P o= Sp+ By
P = 69,772 + 2390
Py = 70,722 1bs per hour
Where: S, = steam flow in 1bs/hour as recorded by meter
(682,332 1bs/hour is the average steam flow at 8 a.m,
time for the month of November 1051, )

B3 = Blow down loss, assumed as 3 1/2¢ of stesm flow in

1bs/hour
Willians line data for curve numdber e

(2) Throttle flow in pounds per hour
gf = S,R, x H.P,
Tf = 69,5 x 100
Te = 6950 1be/hour
¥here: S.R. = steam rate of the turbine from the Terry steam
turbine company's details, 4n 1ds/hp hour

H.P, = total horsenower outmut ver hour

(3) Heat rate of turbine in BTU/1b of steam

i
h!‘ £ §-9—

- -

- 2545 _
h, ¢ s 36,6 BTU/1b

Where: Hg = heat equivalent of one horsenower hour in BTU




(1)

(5)

(6)

S.R, = Steam rate at rated cavacity of a 100 horsepover

from the Terry turbine comvany's details, in 1lbs/

horsenower hour,

Net BTU consumption by the turbine while considering losses

hr
g Sl 5 s
Pr = 12055205
h, = 3R.12 BTU/1D
WYhere: Iy = losses as percent due to friction in bearing and

windage etc,, and aesumed as 2%

I’r = losses in radiation which is assumed as 2‘,‘!

Net enthalpy added in boiler in BTU/1b of steam
Op = (Bg - Bg)
Qp = (1263 - 190)
Qp = 1073 BTU/1b of steam
Vhere: E' = enthalpy of steam at the condition of inlet to turbine
in BTI/1%
(250 psig at 100° suverheat)

E, = enthalvy of entering feed water in BTU/vound

Cost of BTU used ver pound of steam by the turdine in dollare

38,12

Cbzmxm{&ozz

Cy = &0, 1000078

Where: Os = cost of one pound of steam in dollars




(7) Total cost of BT used by the turbine at full load cavacity per day
in dollars
Cp = Py xCp xt
Ct = 6950 x 0, 000007" x 2L
Cy = $1.296
¥here: Ps = pounde of steam used by the turbdine per hour at the
considered cap city

$ = hours in a day

(R) Present cost of electrical energy for rumning feed water by
electric motor ner day
Pom Ky xt x Cpy
P, = s, A x 24 x 0,008
Py = $R.8 ner day
Vhere: ¥, = ¥ilovatts used by the motor to vump the average
winter term feed water load of 61,423 1b/hour as
per curve rnumber "M,
Cyw = Value of Xwhr, in dollare as ver contract rate with

the Anvalachian Electric Company.

(9) Survlus electrical energy available in Kilowatts
5, = 7485110 x 0,0 - 15.6)
Se = 20,4 ¥ilowatts
Yhere: ¥ _ = electrical energy generated by the induction generator

€
having an efficiency of 9 working with an overload



cavacity of 107

Ep = electrical energy inmut to the motor for vpumving

feed water as per curve number "RM,

(10) Value of surplus electrical energy at the contract rate with the
Appalachian Electrical Company

V‘. = S‘ x 0.008 x tav

Vee = 29,k x 0,008 x 2L

Voo = ¢5,65 per day

¥here: tav = average veriod of run in a day

(11) Savinge ver day
Gy = (P - Cy) + Vo
0y = (42,8 - $1,296) + ¢5.65
Gy = (47,500 + $5,65)

(12) Gain for winter term of 6 months at the above rate

4 a
TG = 12,158 x 30 x 6

T =03, x¢
£

Tg = %2370

Yhere: Td = total nmumber of days in winter ternm
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(SOMMTR TYRY)

Available average heating steam during summer = 4607,5 1b/hour
Xilowatte generated from the adove steam load from curve "C" =
B0 20

13E = 28,0

Steam rate of turbine at the reduced canacity of the turbine in

pounds per horsepower from curve "C" = 121,2 1b/horsepower hour

(13) Heat rate in BTU/1b of steam

Fo 2ot
Be = &R, " 121.3
h, = 21.5 BTU/pound

(14) FNet heat rate in BTU/1b vhen considering losses (as in winter

term)

h
hn = -O--:-----.
1-0, 02-0, 02

by = Zls3

hy = 22,4 BIT/1b

(15) Totel cost of this BTU of steam for 2L hours of run at the

prevailing throttling flow of steam

" bnax *Oo 22 x 21j x P!
BT T8, x 1000

n o 22,0 % 8,22 x 2 x 16075
B.
1073 x 1000

Tp = $0, 507

Averasge vumving load ver dey in summer term from data sheet
27,233 1b/hour

Power required to vump this amount of water from curve number "R"




is 11,6 kilowatts ver hour
Vhere: Py = available steam flow for the summer term on the

average in 1b/hour

(16) Cost of this kilowatts per day of 2L hours
Ck e 41,6 x 22 x 0,008

Ok = #R, 00 per day

(17) Tlectrical energy running short from the induction generator
to supply the motor of the vump
Esh = Eq - Ba
Egn = 11,6 - 28,0
Egp = 13.2 Kilowatts
Yhers: Eq = kilowatts energy reocuired to vump the demanded
quantity of feed water

E, = kilowatts available from the generation of electrical

energy in the turbdine

(18) Xilowatts short per day of 2U hours rumning

13.2 x 2! w 316 kilowatts ver day

(19) Cost of electrical energy lying short of generation and that has
to be met from the station bdus-dbar

716 x 0,008 = $2,52 per day

(20) Net cost of driving the motor for feed water

1@-0 'l-cbt




Wy = #2,52 + $0.507

Ny = $3.027
Where: Cgn = Cost of elesctrical energy rumning short of
generation from the induction generator in
dollars
CM = Cost of BT used by the turbine to develop the

required energy in dollare

(21) Savings in dollars per day of summer
S = O - W
S = $8.00 - £3,027

8 = 34,073

(22) Savings for the whole summer term of six months

Sg = 84,073 x 30 x 6

8, = 4805

(27) Savings for both term (winter and summer)
- Tg -+ Ss
= 32370 + 2895

= $3265
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DISCUSSINN OF RESULTS

This chapter of discussion may be grouped under (1) determination of
the size of a turbine and generator units and (2) economics of their
introduction.

To decide the size of the above units the only data helpful in this
case is the high pressure heating losd of the plant. From the data sheet,
it is found that the velue of the average winter term steam loed is 7827
1b per hour while in the summer it drops down to 4607.5 1b per hour. Now
checking the curve "C", it was found that the maxirum steesm consumption
by a 100 horsepower unit is 6950 1b per hour, which in the summer term
will be able to develop only 38 horsepower. As regardis pesk demend of
this steam at 8 a.m., it was 8502 1b per hour for winter and 4778 1b per
hour in summer.

The question that arises out of these figures is that a2 bigger size
unit 18 quite befitting for a winter load but considering the loss in
efficiency that will occur in the summer term, when the whole unit will
run at e much lower capecity, it mey be decided that a turbine with e
100 horsepower capecity is just a judicious selection. The heavy increase
on steasm rate at low load surely baffles the idea of the consideration of
e bigger unit.

Now to handle the full demend of steam load, vhen this turbine will
be sble to accommodate only 6950 1b per hour, the excess steam may be
throttled by the present system of passing through the pressure reducing
valves.

The size of the induction generator should be therefore glso of the
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same size of the turbine. It may safely be assumed that both of these
units may be able to be run at 107 overload all the time in the winter
term or whenever stsam load will be befitting.

As the electrical energy running short in the summer term is by
13.2 kilowetts an hour 1t is better to keep the present setup of driving
the feed pump by electrical motor and let the proposed units of the
turbine and the induction generstor be installed separately in any other
convenient place. 4As the induction generator has to be hooked up with
the stetion bus-dbar to get the magnetising current, let the motor driving
the feed pump be hooked up with the induction generator terminals. Thus
in the winter term this motor driving the feed water pump will draw its
current from the induction generstor and in the summer term when there
will be a deficit of power from this terminal of the induction genersator,
the motor will also be able to drew its driving current from the station
bus~bar.

Discussine the feasibility of coupling the feed pump with the turbine
and the induction generator, on the same shaft with each other, it is
found thet muech complicution of mechanicesl coupling the three units and
their problem of drawing a relation in driving with respect to each others
characteristic demend, comes up, which can safely be avoided if the above
suggested setup is followed.

From the results shown in the curves and dats sheets, it is defended
as only the necessary figures that are actuslly required to drew up con-
¢lusion, in plotting curves and in ca;culating economics of this proposi-

tion, have been brought in. All other data and curves, which have very



little bearing on above, have been eliminated. This will help to get the

objectives of this thesis easily subjected to comment and also to grasp
the idea behind it.

Now looking to the details of the problem of economics, it was found
from the attached data sheet thet the average feed weter pumping load for
the winter term is 61,423 1b per hour whereas in the summer, it is 27,233
1b per hour. The electrical energy that has to be spent up for these
pumping loads was recorded by Mr. Fleming in his thesis and found to be
45.6 kw for the winter and 41.6 kw for the summer time 1oad. So the
first sdvantage of this proposition is found out when the present setup
will be eble to relieve the cost of this electrical energy at a much less
cost. The cost for the present feed water pumping system is £8.8 per day
in the winter term end it cen be accomplished by & cost of #1.296, thus
showing a seving of about #7.54 per day in the winter term, when in the
summer term there will be some deficit of electrical energy and as it was
shown in the sample of calculetion thet it is still a prospective proposi-

tion, by showing a profit of about #4.973 per day.




CORCLUSICN

In drawing the conclusion of this investigation, it msy be commented
here that the present proposition shows a definite sign of profit by =
return of about {3265 per year. Considering the initial cost of the
turbine and the induction motor, they are found to be about #1613 and
31000 respectively. If a more than 25% cost be tsken into consideration
on the account of installation of these units, still the whole cost shows
to be realzed within a year of running of the unit.

Thus, it cen be recommended here that a 100 horse power back pressure
turbine and a 100 HP induction motor to be worked as & generator may be
installed to work as a pressure reducing valve between the high pressure
header and the high pressure heating main. The turbine will take steam
at 250 psig and at 100° superheat and exhaust at 7?5 psig. This exhaust
steam will be led to the present 75 psig heating lines, ﬁhioh ere now
being supplied with the steam of the above pressure by throttling the )
steam through the pressure reducing valves. When the demand of steam
will be such that the entire exheust of the turbine will be insufficient
to cope with, the pressure reducing valves should be operated to supply
the extra steam st the required pressure.

The induction generator terminel should be connected to the station
bus-bar and motor driving the pump be hooked up with the generator
terminel.

Further investigation on this project is needed and may be followed

as per tabled in the chapter of recommendation.
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RECOMENDATIONS

1. A study may be extended to find out how much more steam in the
future will be passed to the high pressure heating lines, to cope with
the demend of the heat units requirements for the lines.

2. Also to find out if it is economical to use more live steam for
this purpose, when the heat value of the exhausting steam from the
turbine is less than the live steam from the boliler.

3. The study may be extended to know if 1t is economical to use
enough live steam to run the turbine at full load at all times and even
in summer when steam demand is very low.

4, The above study may also be directed to find out the economical
feasibility of using & synchronous generator with a d.c. exciter than an

induction motor.
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IX APPENDICES

A. SUMMARY
B. DATA SHEET
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SUMMARY

At present the high pressure (75 psig) steam is supplied to the need
of the campuss need of process work, as in the Dinning Hall, Infirmary,
Green House, etc., from the V. P. I. central heat and power station, first
by throttling the live steam at 250 to 160 psig and then to 75 psig through
pressure reducing velves. Thus the whole amount of steam that is under
this pressure reducing valve suffering a reduction in pressure, is doing
no useful work and there may be a possibility of extracting some amount
of work from this steam.

Thus the object of this investigation was directed to find how much
available energy that can be extracted from the otherwise waste heat of
the steam while under throttling through pressure reducing vaelves. To
extract as much work as possible it was desired to install a back pressure
turbine to work as a pressure reducing vaelve between the high pressure
header of the boiler and the high pressure heating lines.

At the beginning of this investigation, it was decided to divide the
whole year of investigation into two terms, as winter and summer term.

The winter term was supposed to begin from the month of November end

end in April, while the summer term renges from May to October. The
period under consideration in this thesis was from the month of July

1951 to June 1952. The reason being that many high pressure heating lines
heve been put to low pressure (3 to 6 psig) heating mains before this
period.

While computing the datz, i1t was found that there is enough high

pressure heating load demand for the whole winter term to run a 100 hp




Lo

turbine, while in the summer term also it will be able to serve the
purpose it will ba put in. To utilize the work output of this turbine,
it was thought, to employ it in the feed water, pumping job of the boiler,
which is now being done by 2 50 hp induction motor, consuming electrical
energy from the line. Vhile studying the stazm rate of this turbine from
the manufacturer's quotation, and the pump load chzracteristic of the
Yorthington pump end Meachinery Cocrporstion, it wes found thet the turbine
will not only be zble to develop ;ower enough to do the entire feed water
pumping job during the winter, but =lso be sble to supply a feir zamount
of electricsl enerpgy, if en induction motor be employed to esenerate the
electrical energy. The result obtsined is an encourseing one, ss the
whole cost of units (turbine and generstor) with a 257 more on instzlla-
tion charge will be recouped with a year's saving. It is therefore
concluded that a 100 hp turbine with an induction generator of 74.6 KW
capacity may be installed and this will surely justify the proposition.

is the demand of high pressure steem during the winter term is more
than the turbine of 10C hp can handle, it may be recommended to retsin
the present pressure reducing velves vorking, so that eny time the demand
is more, than the turbine can handle it will be pessed through the
pressurs reducing valves. The induction eenerator will do the whole job
of electricel generstion znd will supply electricsl enercy to the motor,
now drivins the pump of the fred water supply, and will push extra
electrical energy to the line bus-bar for the incrazse of total kw out-
put of the station.

The investig: tion shows =z sign of szvings of “:£65. per year which




will be able to compensate the initial and layout cost of this recommended

propogition.
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WINTER TERM 75 psig STEAM LOAD IK POUNDS FER HOUR

Average
Nov. Dec. Jan, Feb. Mar. Apr.

Time 1951 1951 1952 1952 1952 1952  honver
8 a.m. 5,368 9,017 10,183 9,“46 9,386 7,617 8,502
9 a.m., 5,114, 8,850 10,006 9,645 9,303 7,700 8,444

10 a.m. 5,18, 9,267 10,183 8,896 8,969 7,850 8,561

11l a.m. 5,001 8,“3‘3 9,516 8,562 9,136 7,617 8,0‘0‘0

12 noon 4,867 7,817 9,266 8,062 8,386 7,667 7,677
l p.m. 5,044 8,101 9,516 8,062 8,553 7,483 7,793
2 pm. 4,601 8,351 9,683 8,062 8,L69 7,68, 7,810
3 p.m. 4,951 8)6816 9,899 8)296 8,553 7,817 8,033 .
4 p.m. 4,617 8,551 9,949 8,112 8,319 7,55 7,416
5 p.m. 4,368 8,467 10,183 8,396 8,219 7,450 7,847
6 pm. 4,201 8,424 10,149 8,312 8,636 7,734 7,812
7 pom. 4,268 8,18, 10,266 8,L62 8,503 7,417 7,846
8 p.m. 4,334 8,101 9,933 8,479 8,386 7,934 7,883
9 p.m. 3,868 7,851 9,8,9 8,696 8,386 7,584 7,705

10 p.li. 3,53‘0 7,93‘6 9;683 8.729 8p219 7’38‘0 7)552

11 Pel. 3:‘&51 79767 9.516 8)562 8)303 7,717 7,552

12 p.m. 3,368 7,767 9,433 8,479 8,553 7,617 7,536
lam. 3,534 8,18, 9,233 89’462 8;336 7,584 7,563
2 a.n. 3,28, 17,851 9,266 8,629 8,469 7,701 7,535
3 a.m. 3,601 7,901 9,016 8,646 8,803 7,651 7,547
» a.m. 3,451 8,18, 8,433 8,813 8,803 7,867 7,591
5 a.m. 3,868 8,351 8,516 8,812 9,136 17,701 7,730
6 a.m. 4,034 8,351 8,850 8,979 8,719 7,784 7,800
7 a.m. 4,334 8,767 9,683 8,896 9,29 7,701 8,072

Average daily steam load (75 psig) for winter term = 7,827 #/hr.




SUMMER TERM 75 psig STEAM LOAD IN POUNDS PER HOUR

Average

Time May June July Aug. Sept. Oct. Summer
1952 1952 1951 1951 1951 1951  Tem

8 a.m. 7,109 5,619 4,746 3,474 2,753 4,868 4,778
9 8.0 7’112 5’621 ‘1-37‘08 3,575 2)75“ ‘0’869 ‘t,7w
10 a.m. 7’156 5,655 10-1777 3’595 29771 ‘0)900 ‘h795
11 a.m, 6,76k 5.346 4,516 3,401 2,619 4,632 4,613
12 noon 6,760 5,343 4,513 3,398 2,618 4,629 4,5kk
1 p.n. 6,5"0 5)169 41366 3’288 2:532 h,‘t76 10,395
2 p.m. 6,578 5,199 4,391 3,307 2,547 4,504 4,h2
3 pm. 6,650 5,255 4,439 3,343 2,575 4,553 L, 69
L pm. 6,658 5,255 L,Lh5 3,347 2,578 4,559 4,473
5 pm. 6,985 5,520 4,663 3,511 2,70h 4,782 L, 69k
[ PR, 6’676 5,277 &, 457 3,356 23585 Ly5T1 4,487
7 pom. 6,627 5,237  h,b2h 3,331 2,566 4,53k 4,453
8 Peni. 6,62‘0 53236 l&)‘tw 3:330 2)565 l‘s535 h,h51
9 p.m. 6,538 53167 101365 3’287 2)531 l&p‘i?? 4939’0
10 PeRo 6"6‘&8 5’097 A,BOA 3;2‘01 2)"96 b,hl5 ‘04581
n Pele 63‘023 5’076 lhzaa 3)229 29‘$87 ‘0’398 ‘n580
12 p.nm. 6,‘&16 59071 h,zsk 3’226 2"&8'6 4,393 “,9‘&0
1 am, 6,920 5.470 4,620 3,479 2,680 4,739 4,622
2 aom., 6,476 5,018 4,323 3,261 2,507 L3k b,622
3 a.m, 6,‘087 5’127 '%)331 3,256 2’512 lhllhz 1636210
4 a.m, 6,‘076 5;]-19 h.SZt 3’2& 2, 508 ‘Hh55 “,635
5 am, 6.536 5,166 4,363 3,317 2,531  L,kT5 4,665
6 a.m. 6,598 5,215 4,405 3,420 2,555 4,518 4,709
7 a.m. 6,803 5,377 4,541 3,456 2,634 4,658 4,855

Average daily steam load (75 psig) for summer term = 4,607.5 #/hr.




WINTER TERM PUMPING LOAD IN POUNDS PER HOUR

Average
Nov. Dec. Jan. Feb, Mar, Apr.

Time 1951 195 1951 1951 1950 195  ‘onter
8 am, 70,722 62,962 63,826 60,370 75,760 Th,520 68,027

9 a.m. 67,966 64,346 61,761 61,756 76,180 74,520 67,750

10 a.m., 67,380 63,326 63,124 62,442 74,520 TA,420 67,019
11 a.m., 66,240 61,580 59,342 63,472 ThL,520 72,450 66,267
12 noon 60,372 61,407 58,131 59,686 73,280 68,993 63,643
1 p.m. 62,100 59,342 58,480 61,412 T1,620 68,310 63,534

2 p.m. 61,916 61,751 60,272 60,372 73,900 68,310 64,425

3 p.m. 59,342 60,206 59,676 59,337 70,380 63,804 62,127

L, p.m. 60,030 58,810 58,126 59,100 70,585 65,550 61,727

5 p.m. 58,302 60,352 62,100 60,030 71,420 61,402 62,276

6p'no 59,000 58,480 603550 59’6&) 70,890 623776 61,878

7 v.m. 59,000 55,207 62,964 60,372 69,140 63,472 61,691

9 p.m, 59,171 56,056 61,402 60,030 71,210 61,756 61,52

10 p.m. 59,171 59,166 61,756 60,372 68,720 66,240 62,570
llp.m- 563051 55’370 59;337 55,890 w,OBO 62:100 565131
1 a.m. 54,506 53,820 52,096 51,052 56,930 62,100 55,082

2 a.m. 53,132 53,122 52,446 53,820 55,060 64,170 55,291

3 a.m. 51,926 52,436 52,446 52,441 57,135 66,240 55,k32

L a.m. 52,780 57,960 48,834 54,506 59,620 68,310 57,000

5am. 59,520 58,131 51,057 52,270 62,100 66,926 58,330

6 a.m. 59,520 58,296 52,048 56,232 65,410 71,066 60,432

7 a.m. 63,140 59,840 54,162 55,370 65,240 68,652 61,235

Average daily pumping load for winter term = 61,423 # /hr.




SUMMER TERM PUMPING LOAD IN POUNDS FER HOUR

: Average
Time May June July Aug. Sept. Oct. Summer
1952 1952 1951 1951 1951 1951 Tern
8 a.m. 30,020 25,183 23,805 24,840 26,910 46,913 29,602
9 a.m. 29,323 24,491 24,323 24,491 27,426 42,263 28,719
10 a.m. 31,716 25,526 23,633 25,356 27,079 43,970 25,61k
11 a.m. 28,288 2i,,840 23,456 24,840 27,079 40,191 28,116
12 noon 27,253 24,148 23,113 24,323 25,875 38,981 27,280
1 p.m. 27,253 23,805 23,113 24,666 26,390 36,568 26,965
2 pm. 27,773 24,313 22,936 25,702 25,526 36,740 27,169
3 p.me. 27,253 23,636 23,296 24,666 26,045 36,396 26,880
L pom. 27,945 23,636 23,805 24,496 27,845 38,981 27,801
5 pam. 27,253 23,457 23,113 24,323 25,526 36,396 26,677
6 p.m. 28,980 23,491 23,456 25,183 27,426 38,981 28,088
7 pem. 27,699 24,330 23,113 24,491 25,875 36,396 27,139
9 p.m. 28,1660 23,975 23’113 ?JM“'I 259‘557 3737w 27’225
10 p.m. 28,635 24,672 23,456 25,707 26,910 40,016 28,228
11 p.m. 26,561 23,k56 23,456 23,975 25,457 36,740 26,591
12 p.m. 27,253 23,805 21,735 23,936 26,218 37,260 26,591
1 a.m, 27’945 23,&5 21:735 23,’&56 25)526 38,295 26)792
2 a.m. 27; 593 23,&5 219735 233286 23,305 37:9‘4»6 26)3“
3 a.m, 27)596 23’805 22’252 23,‘656 259875 373775 26)792
L a.m. 24481 22,770 21,735 22,936 25,183 38,466 25,931
5 a.me 26,516 22,770 24,735 22,936 23,456 11,566 26,420
6 a.m. 26,910 22,770 22,422 22,769 23,805 hi,848 26,219
7 a.m, 28,283 22,770 22,422 23,436 25,703 48,645 28,446

Average daily pumping load for summer term = 27,233 # / hr.
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