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PEAK LOAD AND EMERGENCY POWER PLANTS

‘SUMMARY

A prop9$a1 to use eXisting jet propulsion engines either singly or
-.in multiple to provide hot gases to drive power“turbiﬁes for electricity gene-
.rétidn is considered.

‘Their maintenance and operation is shown to be reasonable for peak
'“1$ad and emergency duties, and a financial eétiﬁate_éhows‘that such a scheme
for a 20,000 KWAWintér 1oad'set, will produce electricity at a lower cost
- than a steam plant,

| The possibilities of such sets as standby_unité are discussed, and

it is suggested‘that-by designing and manﬁfactﬁring the powér turbine par£ in
advénce,'in a range of sizes to suit.existing important generating sets, and
| providing strateglcally-placed pools from which jet engines suiteble for driv-
ihg the power turbines can be desPatched as neceéssary, a large measure of
protection agaxnst loss of.generatlng capacmty'by natural hazard and enemy

action can be provided, at a very low cost.

INTRODUCTION -

At present there is in Canada a considerable shortage of peak load
electrical power. New construction is under way to rectify this, but thé in-
creaéing industrialisation of parts'of'the country is continually increasing
the demand and as de“ence production geﬁs under way, the situation may be ex-
pected to worsen, At the seme time,'preparedhess for defence makes it es-
senﬁial to envisage the possibility of destruction of existing hydro or ther-.
mal powér stations.

In this report a scheme whicﬁ, it is believed, was first proposed
by Dr. A A, Oriffith, F. R. S., in the United Kingdom, is examined. Dr, Grif-

fith sugzested the use of aircraft jet engines, either of current or semi-
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obsolescent types, as gas producers o drive turbines. What a jet engine does

is to produce a stream of gas at high speed and may thus be considered as ana-

logous to 2 steam boiier plant and nozzles which produce a stream of steam at

 high speed which doses work on the runner blades of a turbine.

The possibilities of using existing jet engines to drive turbines are

'considéred and the cost analysis shows that for low utilisation plants the very

low capital cost more than makes up for the high fuel consumption and a discus-

'sidn of other factors brings out many other advantages of the scheme.

“THE BASIC PROPOSAL

« The basgic scheme suggeéted by the writer to suit Canadian conditions

is to use 2 number of standard jet propulsion engines to supply hot gases to

drive a simple turbiné which can be directly coupled to an alternator. The
number of engines will depend upon the power required, but in all cases, a
singlé stdge power turbine_would be used. |

Ail_jet engines,:of any type, provide a stream of hot gas, having s
speed between 1600-1900 ft/seco Different engines pass different mass flows,
varying from 50-100 lb/sec, and use more or less fuel. The potential work

capacity of those streams is enormous. The kinetic energy of a atream ab

1600 ft/sec. is equivalent to 72.5 horsepower per 1b/sec. of gas, so that if

we' can convert 854 of it to useful work, a jet engine of 50 1b/sec., which
is a very small jét engine, is capable of yielding some 3070 horsepower.

We could thus imagine a series of power turbines designed to use ‘the
gas from any_numbérrdf such,jet engines between 1 and 7, which would provide

from 3000 to 21,000 HP.

DATA

In order to permit any analysis, some starting data is necessary.



In this report.the Rolls Royce 'Nene! is considered, as the writer has fairly

full data, and as it is an engine which is in large scale production in Europe,

the Uo S.

Ao, and Australia.

Tt is presumed that the engine will be run at the manufacturers' "un-

‘restricted crulsing" ratihg, thus giving a considerable margin in hand over the

Yeombat® ratings used in aireraft.

Under these conditions, Table I gives the essential performance data,

based on a final throwaway velocity of LOO ft/sec., and 87% turbine efficiency.

Ambient Air Mass Flow Tet . Velooity | Be B T. | Fuel Consumption
Temp. °F. 1b/sec. /s8¢, 1b/BHE /hr.
60 8h.5 1610 5030 0900
0 93,5 1880 7810 0,725

- Table I
Table II expresses this in terms of ¥W and BTU s /KW hr,
Arbient Air KW BTU's/XW hr.
Temp OF.
60 3750 22,900
0 5820 18,100
Table II

I+ will be noted that the heat rate is just about twice that of a fajir-

1y modern steam plant. The cost of fuel, using aviation kerosene will be »156

cts. per 1000 BTU's, but there is much experimental evidence that in stationary

service a cheaper fuel, - costmng .115 ets. per 1000 BTU's may be used. When

natural gas is available tha fuel cost will be much less.




ARRANGEMENT OF A PEAK LOAD UNIT

Fr;m Table II, it will be seen that by using four Nene jet engines
23,300 KW will be produced on a cold day, and 15,000 KW on a normal days This
suits the load quite well, since the peak loads will occur in the winter time.
‘For such a unit it is proﬁosed to mount the four engines with their centre
lines arranged on the surface of an imaginary cylinder of about 9 feeb diameter.
The four jet pipes.will feed into a sheet metal nozzle box picking up the four
circular pipes and feeding the gas into the turbine annulus at a suitable angle
of swirl, The simplest turbine runner would be a disc of about 8,5 feet dia-
meter, rotating at 1800 RPM, and having blades aboutré“ long.at its periphery.
The turblne will be d951gned +o have very little reaction at the blade roots
and sinee an exhaust diffuser will be used to recover the kinetic energy of
discharge, the pressure at the blade roots will be subatmospheric; so that the
disc can be air cooled simply, permitting thekuse of ferritic materials in view
of the fery low.stresses that are involved, With an air cooled disc the blades
might reach a ﬁaximum temperature of some 550° C,, and although lowly stressed,
.would reﬁnire austenitic materials. Alternatively it is simple in the larger
sizes to provide water coocled disc and blades, in which case all materials
would be ferritic.

The power turbine con31sts simply of the disc and blade39 overhung on
a suitable shaft, a sheet metal nozzle box and sheet metal exhaust ducting.
-Other than the disc and blades, no difficult castings or forgings Would be in=

~volved.

OPERATION OF THE UNIT

Apar£ from the jet propulsion engines, the only accessories would be

a lubricatioﬂ'system for the turbine bearings, and the air or water cocling



system, The_whoie power plant {excluding the electrical side) could easily

be driven by one man, and could be started up and put under load in a matier
of minutes. When genefating, the engine throttles would be controlled by the
governor on the power turbine shaft to hold constan® frequency. For part load
conditions, if required, one or more of the jet engines can be shut down, run-
ning the power turbine under partial admission, althourh the possibility of
blade vibration migt be tsken into account in the design. In the event of a
failure of one of the jet engines under load, it may be shut down and replaced
by a spare engine without'shutting down the turbine. The installation could
. and should be designed to permit an engine change iﬁ less than 15 minutes so

that the only effect of failure would be a 25% loss of power for this time.

RELIABILITY OF JET ENGINES

At present the so-called service life of good jet engines varies be~
£w6en 300 and 600 hoturs. At the end of this period they are dismantled, in-
"speéted and reassembled with repaired and faplacement parts as necessary. An

engine operating in an aircraft was a much more severe life than one operating

at steady power. It is proposed to limit the engine to & turbine inlet tempera-
ture lower than that used in aircraft for take off or combat, which means a

ﬁery considerable reduction in creep, while the fact that the power plant will

rnot be called upon to accélerate and decelerate in rapid succession is a further
factor conducive to Jong life. Tinally many turbine troubles arise as an effect ...
of the pressures at low altitudes There is évery reason to believe that an

engine used for a power plant should have overhaul periods considerably greater

than found in military service. In the cost analysis that folleows, however,

no such improvement in service life has been assumed.



- ECONOMICS OF PEAK ﬂOAD PLANT

To iliustrate the possibilities of the scheme, the following is a ﬁfew
liminary rough analysis of some of the cosis of a peak load plant using four
*Nene' jet engines and a power turbine, in a 22,500 KW power plant. This is
compared with a steam power plant of the same capacity.

The cost of a European-built "Nene'; F.0.B. Montreal, is about £7500,
so that four will cost $90,000. A genercus allowance for the power turbine is
$10,000 and 4o be on the safe side we allow for an additicnal $20,000 for en=
gine mounts, fuel system and control instruments, making 2 total cost of the

- turbine parts $120,000 or $5.31/KW,
We can now construét Table ITI, giving itemised costs, compared with

those of the steam plant.

Ttem _ . ) Steam Turbine Propoged Gas Turbine
L . $ i i

Land ; T T

Buildings - 51,0 ' 15.0

Condenser Water Supply 3.66

Coal Handling i 1,38 .

Ground Improvements 2,92 0.5

Boilers, Economisers, etc. 2l

Piping , 13.1

Cther Boiler Equipment : 12.L

Turbine _‘ 1367 503k

Generator ’ 13.7 13.7

Condenser 609

Foundations 3 3.6 1.0

Electrical Equipment 19.5 19.5

Transformers _ 6055 6,55

Miscellaneous 1.1:5 .25

175.90 618N

Table III

No price has been given for the land., The fact that the gas turbine plant needs

" no water may make its land less expensive, and may save on transmission line



costs and losges by permitting location of the plant near the load.
The capital outlay for 22,500 KW is thus $3,96 x 10° and $1.39 x 10
respectivéiy for the steam and gas turbine plaﬁts.

In cqnsi&ering the financing arrangements there are many variables, but
for simpls illustréhive purposes it is agsumed that all items other than the gas
turbine will have a scrap value of 5% of their initial cost after 20 years, while
the gas turbine is assumed to have nc scrap value after 6000 hours ruming or 20
yeafs, ﬁhichever is sooner. Interest is assumed to be 5% and the annual charges
cover this together with sinking fund payments, with 5% interést, to retire the

debt, We can thus constﬁ?.tcﬁ table IV, giving the fixed charpges for the two cases. '

Hours run . Steam plant L Gas Turbiﬁ@:;lantAéﬁﬁﬂaiighéggéémww.
per year Arrual Charges For Gas Turbine ! For rest of Total
B B plant = § SUNE SO
100 331,000 , 10,100 107,000 117,100
200 33,000 : 10,100 107,000 117,100
300 33,000 10,100 - 107,000 117,100
hoo 334,000 12,700 107,000 119,700
500 334,000 , 15,000 107,000 122,000
600 33L,000 ? 18,420 107,000 125,420
800 334,000 f 25,500 107,000 132,500
1000 334,000 ; 33,000 107,000 110,000
Table IV

For estimation of rumning costs we will assume that both the steam and
.gés turbine power plants averége aﬁ 18,000 XKW outﬁut, This, of course, is rather
5igh° If should be borne in mind that since we have mﬁltiple gag producers, the
gas turbine can be run at part loads with very nearly the same efficiency as full
load so that the heat rate of the gas turbine will not fall very much. It is
éssumed that the average heat rate of the gas turbine is 20,000 BTU'S/KW hra
~ and for the sieam planmt 11,000 BTU!'s/KW hr. For the gas turbine fuel costs 5115
| cts, per 1000 BTU's and‘coal for the steem plant .0525 ctas per 1000 BTU's,

Table V then gives running costs in cts. per KW hr. No allowance is made for



the cost of ash removal in the steam nlant.

s 1
Tuel . 735 2.300
Lubricating 0il . 005 « 005
Maintenance - 01l 2028
Operating Staff . 060 .012
Total WOl 2. 305
Table ¥V

In constructing Table V no allowance has been made in either case for operating

“erew for the electrical side.

The maintenance figure for the steam turbine

plant probably should inerease at very low utilisations, since boiler and con-

densers will probably deteriorate more under intermittent service than at

steady conditionsg.

If we now convert the figures for capital charges in Table IV to cts.

per KW hr. we can draw up Table VI showing both the fixed charges and operating

 costs.

Hours Run Steam Plant ... Gas Turbine Plant
per  1ear Ipireq Runniing Total Fixed. Running Potal
Charges Costs &/KW hro 1 Charges | Costs IﬁfKW br. ]
100 18,55 0,81l 19.36 £.50 2,35 8,85
200 9,27 0.81L 10,08 3,25 2,35 5,50
300 6018 0,81k 6699 2,17 2435 .52
1,00 ke63 0,81k S.lLh 1.66 2638 .01
500 3.71 0.,81L liaB2 1.36 2.35 3,71
600 3,09 0,811 3.90 1,16 2,35 3.51
800 2.31 0.81L 3,12 0,92 2,35 3,27
1000 1,86 0,81l 2,67 | 0.78 2435 3.13
Table VI

Thus considered 25 a peak load or standby plant, the proposed gas

turbine plant produces power more cheaply than the steam plant up to a uti-

lisation of 700 hours/yesr.

Of course, variations in fuel price, or in in-

terest charges, and a more complete and detailed study will change the utili-




sation at which the costs are equal. Apart from the direct costs £héfe are
two obher factors to be considered. The first is that provided the alternator
and switch gear were available, the time for construction of such a plant
would be 2 matter of months rather than years as with 5 steam plant. The
second factor is thab if such a plant were erected at.the existing steam sta-
tibn, a large fraction of the waste heat can be utilised for feed water heat-
| ing, thus permitting the steam normelly hHled for this purpose to expand ful-
ly in the steam turbine. There is an excellent precedent for this in Okla-
homa where a gas turbine with feed water heater using the exhaust gas haé

markedly improved the overall turbine heat rate.

EMERGENCY PLANTS

So far we have been éonsidering the possibilities of power plants
for use by either utility compaﬁies, or a large consumer, with a view to pro=
ducing peak load or standly power cheaply and quickly.

From the defencé viewpoint the factors are rather different. Fallure
of. a power plant may have serious repercussipns on industry. In the event of
air raids, stations are obviously one of the prime targets and the consequences
of stations béing put out of action, for both domestic and indﬁstrial congidera-
tions, are very serious. The provision of cheap standby sets, which ean qasiw
ly and Tairly cheaply, be placed under ground may well recommend :'i.tself°

Another 00n51deratlon is- the provision of alternative power sources
. for ex15t1ng generator units. It seems probable that in the event of a raid
on a stesm station, serious damage is more likely to occur to the b01lers, con-
densers and turbines than the alternator, while in a hydro system, a lucky hit
on a dam or penétocks may completely prevent generation for a relatively long
period. Tt might be well worth while designings a suitshle gas turbine to

sait the alternmators at all stations where a forced outage would be serious.



In the case of stesm stations, where pelatively high speed generstors are
uged, this presents no problew and probebly very few standard designs would
be required, The cost would be very low, and there 1s no necessity te pro=-
vide snough jet engines for all the stabions. Instead a central pool would
be held so that they could be despabched &5 necessary.

For the big hydraulic ﬁurbines,'the problen is rather more 4iffi-
ouite A unit of 15,000 BYP or 32,500 KW wowld require say eight Nene jet
engines, which is nc problem, Tut the alternator will be designed to run
at about 100-120 RPM, A direct gas turbine drive would require a large unit
with many stapes, alternatirvely # single sta%5 could be used, together with
a gear hox., However in considering elither of these posSibilities, and beéring
in mind that many hydraulic turtine generators are vertical, with the drive
from undernsath, it wouid appear that the cheapest and best scheme is to pro-
vide 2 new albternator at 1800 RIM which can be instslled in a sultably shel-
tered spot some little distance from the main station. It would then be
arvailable for peak load as well as emergency purpose., A more detailed in-
vestigation 1s necessary‘to-deciia the best solution.

.COMGLUSIGNS .
(1; Tt is shown thet a gas iurbine power unit can be easily and cheaply
constructed, in large sizes sultshle for elesctricity geﬁeration, using exist-
ing jet engines.

(2) The teshnical and produstion resources required are small, and no
great development problems can be sEen.

(3) i\ preliminarv study «© the costs shows, that for low anmual ubili-
sation times, such as zre mel with in peak load service, the low first cogt
of the gas turbine as compared with & steam vlant more than compensetes for

higher fuel costs, permitting cheaner powsr generation.



(L) Such units might well be considered for emergency or stand by plants

to guarantee continuity of power supply in emergencies.



