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NACA - Cleveland

Cleveland, .Ohio
Harch 18, 1948

MEMORANDUU For Director.

Subject, Report or the Special Panel ·appointed to study General
requirements of the Propulsion Sciences Laboratory.

1. There i8 transmitted herewith the revised report of the
·Sp"-ial Panel appointed !lovember- 3,. 1947 to atudy the _roq.uirements _

ror·the proposed Propulsion Sciences Laboratory. The report out
lines the £eneral specifications to bo fulfilled by the laboratory
when completed and presents detail specifications covering the
Phase I (OlO,qOO,OOO) construction pro£r~. .

2. The Panel stresses the need for research facilities
havint a high use factor, if rapid pro[Tess is coi~ to be !;lade
in carrying out f\Uldmnent8~ research procr~ls on pro~u1sion

systems for aircraft Bnd guiced r.Ussi1"s. It is this ftmdaPlenta1
research that serves· as the ba.sis f ..,r all future aircraft de-
velopment. .

Carlton Kampor
Executive EnLineer.

CK:rnes
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REP~R1' OP '!'HI SPECIAL PANEL ON THB PROPUIaION SCIENCES

LABORATORY - FLIGHT PROPULS ION RESEARCH

. 1. From a review ot information now available on present propulsion
sy.tsma tor ai~ora£t and guided miaailes, the Panel haeendeavored to
torecast the future,requirements in research tacilities tor obtaining
tundamental rel.aroh information on the.e propulsion systems. The
taollit1.. have been selected with the object ot obtaining. and having
available when required by the designer, the necessary tundamental in
formation on oompressor•• oombustors, turbine.,·controls, and luperlonio
rm jets tor present and tuture designers ot propulsion systems.

2. The Panel has endeavored to tor.s.e and predict what the tuture
requirements of research facilities will be. It 1s realised that plua-
nlng- t'or 'the--tuture ia .baolute-lTne~.a8aryi£-baai-c~eareb---int-ormati&n

is to be available When required by the designers ot tuture propulsion
syatems. The methods ot exeoution for these plans must be practicable
and result in a research facility that works. The principal requirement.
ot such a unique research tacility are that it must be capable ot being
expanded. that it must be located close to a source of electric power
tmrestricted in quantity and loW' in cost, and that it must be capable ot
being oPerated 24 hours per day, 7 days a week. It is only by fulfill
ing these requirelnents that rapid progress can be made in carrying out
the n~cessary fundamental researoh programs. The specification ot 24
hours availability of the research .faoilities has already been built into
three of the industrial development laboratories for jet engines. If this
requirement has been found to be neoessary for development work; how muoh
more necessary'it is that the researoh faoility supplying the fundamental
information on which the development is b'1sed ~hould. be available on a
24-hour-per-day basis'

3. The Cont;ress has been requested "to make available $10.000.000
for the oompletion of a Propulsion Sciences Laboratory. The Panel has
selected research facilities whioh will oontrjb1xte to the immediate solu
tion of propulsion research problems. The Laboratory. if assigned to
the Flight Propulsion Research Laboratory. will be located at the south
west section'of the plot adjacent to SubStation A. The proposed looation
is shown on SKS 604-1.

4. The laboratory will supply combustion air and have exhaust
capaoity of the following quantitj es and pressures s

<a> 225 pounds per second of air at 55 pounds per square
inoh absolute pressure.

{b> 100 pounds per second of exhaust at a pre ssur.
equivalent to 50,000 teet altitude.
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The total installed power reqtlirement tor the 1a'boratory is approximately".000 D.

6. the e.ir supply sy.tem will permit fundamental information to be
obtained on the performance ot jet enginea, turbo-l'ropeller engines .. and
supersonic ram jet4 under altitude oonditions from sea level to 60,000
teet altitude. Ij'igure 2 shows the ra."1ge ot altitudes and Mach numbers
at whioh the pro~oaed air 8upply system "will permit the investigation of
the performance or turbojet engines givin~ 5,000." 10,000, ft1ld 15.000
pOWlda of' sea-level static thrust. Jet engines 01' 15.000 potmds statio
thrust are already scheduled to be available for the military services
within the next 5 years.

6. The laboratory will provide for research, two altitude chanbers
20 teet in diameter and 230 teet in over-all length located at right
angles to the oombustion air and exhaust gas headers. This arrangement
will permit the f'uture expansion. of' the ls.boratory with no interrer~nce

"toequ1;pment-81ready :bust8.11ed. the proposedlij"otitof' facilities 18"- - --
ahown in SKS 604-4. The general arrangement of the proposed altitude
ohambers is shown in Figure 1. The proposed air supply system will also
be used in a researoh facility that will permit the determin~+'ion of
faotors arfeoting th~ performanoe of the propeller, turblne, and controls
of turbo-propeller engines. This resear~h facility will 'be unique and
will yield rosearoh information not at "present attainable in e.:ny known
researoh laboratory.

SUl&~~Y OF COSTS

7. A summary of the costs of Phase I of the Propulsion Sciences
Laboratory is as follows.

AIR SYSTEM

EXHAUST SYSTEll

POWER SUPPLY

PROCESS WATER SYS~

RESEARCH EQUIPMENT

BUILDING; UTILITY, ROAD, ETC.

CONTROL ROOM

$ 1.113,000

2,408,000

1.756,000

760.000

1,~12,000

2.36',000

___2_85..!..OOO

TOTAL......... $10,000.000

The estimated costs are based on economic conditions existing in 1947 and
may be inoreased by an estimated 25 percent in 1948.

8. A detailed explanation of each of these items is ~iven in
Appendix A of this report prepared by the Technical Service Divisions.
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9. At the request ot the Panel. a comparison haa been made by the

Service Divisions to determine whether 8team turbines or eleotrio motors

should be uled as the driving unit. tor the conprea8ors and exhausters•

. The oomparison showed detinite advantages for. the electric motor drift.

10. The number ot researoh taoilit~•• DOW looated at the Flight

Pro·pulsion R•••aroh Laboratory and tho.e planned tor the future Will gr.atly

!Doreasethe electrical load at the laboratory. An analysis ot pre.ent

and tuture require.nts ot eleotrical power at the laboratory has been

prepared b1l1r. Allu Heidenreioh. A summary ot the report i. included

&a Appendix B. The report aho.. that to tultill the r.quire.nt ot a

high u.e taotor tor the Propulsion Soienoe. Laboratory consideration

should be given to looating the laboratory oloae to a souro. ot cheap

power that .will be available 24 hour. per day.

RECOltVdENDATIONS

11. The Panel reoommends that a definite deoi8ion be made aa to

the-looation-ot-- the-·-WopullIon··Sclenoe.-liaboratory .t&-~u-Y'-ill--the--~equ1r__~ ....

ment ot a high use faotor; that the design ot the Propulaion Soienoe.

Laboratory, be contraoted tor with an outside organizatioDJ and that the

Propulsion Sciencea Laboratory be oomp1eted by Jun. 1950.

e~~
Carlton Kemper. rmAn

~·}ILL</
oso~ W. so~.y CIJ

. 1f.:.A...._fJ4
IB:;:;:; PinJ:;

1
I .

. / L .~ .1/1J~
~ ,,~r-~, ,

Abe Silverstein ~

J+L Id ·~~n./U John H. Collins. Jr. . ' CF .

c. s. noore

CK:mes
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BACl - Cleveland

CleYeland, Ohio,
March 26, 1948.

Mm~OR.umUM for Carlton Kemper, Chairman of Special Panel.

Subject: Revised Pre11ainar,r Propoaal for Prop~l.loD Sciences
Laborator.y of the Flight Propnl.ion Research Laborator,r.

Referenc.: ~emorandum for Carlton XempeT. Chairman, Special Panel
to study general requirements for the proposed Propnlaion
Sciencea Laborator.r. Febrnary 12. 1948. ERS:imk:mcs.

1. Attached is the subject preliminar7 proposal reT1led in
accordance with the reference memorandum.

2. Thi. preliminary proposal is entended to serTe al a basis
for the future stud7 and clarification as to reqUirements and best
means of fulfilling them.

3. Attention 1s called to the recommended plan of procedure
and"the time schedule •

4. An organization chart is also included with Appendix A
with sufficient room under the headings to add the names of person
or perlons designated to take charge of the Tarion. constrncttpn
phaseB. Although the names do not appear on this chart. peraonnel
has ~een selected and these names will be available for discu~sion.

C. S. Moore.
Assistant Chief Service Engineer.

RP:mb
CSM

Enc.



•

D

,

APPJimIX A

PBJIlOSAL JOB PImOLSION SCIl2lCES LA13OBA1'ORr

]Pm. • cmm..AND, CIllO

PHASI I

Deecr1ptiOD, Itemization, 8Ild Coat EstiJlates

Geural Deecr1ption:

~. pu'PO" ot the proposed proJect i8 to provide facilities for

teating fall-acale aircraft eng1D88. such as turbojet or turbine

proptl1er aDd ram-Jet «mginer., UDder .1mlated altitud.e operating..

.. - __ Ou_. ou _ o--CODd11101ll..o __~ pr~~~_~acilit1e. furnished shall be a compressed-
: _-- -_._-.". --'--~'---'- _ _._~-._ -_.. . _. __ .._... _.._._ .. -_ _ "-- -.---~._-~-

air qat. for coabutiOJPa1r suppl1', an eltitude-exbau.st gas system,

aDd reaearcb-equiPD8nt installations for engine testing, The project

includel e~ectricfpower mpply connections, e. process water system,

bD.ild1ng8 for houeiDg equipment am personnel, access roads, equipment

controls, interCOllllmieations. and fire and accident protection.
(Phase I)

The proposed immediate installatioDs,lwill provid.e an air supply

qlt. to furniah combQstion air at the rate of 225 pounds per second

at a preslare of 55 pounds per square inch absolllte; it will provide ~

altltud. ethsllst qat_ .to evacuate eW..L11St gasC!!i at the rate of 100

pounds per second (in addition to fuel) at altitude conditione of

",(XX) feet; aD11t will provide a process ~ater system sufficiently

large to furnish water for exhaust-gas coolers, compressor aftercoolers,

8Ild other heat exchangers.

These installed capacities, however, are regarded es the first

iDCrement of installations to be made. It 1s proposed to increase these
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capacities by additional constmction from subsequent c.ppropriations.

ihe initial capacitiel are sufficient inthemselYe8 to pe11lli~ testing

complete aircraft power plante oyer a wide range of operating con

ditions. !be ultimate capacities planned are for a eombuation-air

mpply of 625 pounds per second at a pressure of'55 poundo Per eciuare
inch absolute end of 1KX> pounds per second at a pressure of 165 pounds

per square incli absolute; a refrigerated-air al.pply of 145 pounde per

aecond at a temperature of -2)0 1, 75~ per second at ~700 F, aDd

fo pounds per 8~nd at ..100° F; and an altltude-p~st system to

,-- ';;~t;'-.BtP;~~'-~t ·'th;. -~te of5S'.p,,'Dds--per-se'cond--to.--siiDUiate----..
an altitude of 80,000 feet.

o
ressor Rotor for Co Air and

I

..

For the most economical installation. 1t is proposed. to adapt the

compressors of the J-33 Jet propulsion engine for the compression of air

in the combustion-air system and for the evacuation of exhaust sasee in

the alt1tude-exhaust system. Preliminary estimc.tes indicate that tD~

sav1Dg realized by the u.se of the J-33 compressor, over that of the

conventional equipnent, is approximately $2,cx:x:>,OCO for the proposed

1Dmediate installation (1.e. Phase I). The saving in the use of these

co~pree8or rotors occur~ in the initial cost of the rotor, ~n the smaller

macl".J.ne units, U co~ed to the larger and slower comnerci61 compressor

units, in the smaller sized buildiDg necessary to house the compressorb'

end in the smaller' foundation required. Coupled to these advantages il:1

the higher pe:-fonue.nce efficiency of the J-3J compressor impeller,

which results in lower power requirements to ha.nd;le the same volume of
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air or abaa1st gaae.. Leas electric motor starting torque will be

required which 1. of importance in IDOtor cost.

Mr. I. I. StoecklV of General Ilectric Company states. that he

know. of DO reason vb;y compressors of the J-33 type cannot be used
.

for the above-stated pn-poS8 for an 1Ddefinite period of time. He

. t~e

.tate. that hi. colIIp8IJT used J-33/compressor wheels for compressing

air in an inatallation with an upension refrigerating turbine as long

u 4 year. before 811T inspection was made. ~ Allison Division gives

similar reports baaed on experience '(ith compressor wheels that have

------ ----.---.- ··-·_--·--lfe.--us8cl" for duration ·test.-·rith--HNiee-..equipment- ----.:--------:..--__. _ _

o

I

•

In order to adapt the J-33 compressor wheel, which will be driven

1»7 a conventional aotor through speed stepup gears, for compressing air

or evacuating exba1st gUea, theae compressor wheels ~ be fum! shed

wi th redeaigned scroll end bella. plenum chamber, shaft b'earings.

seels and baae. However, it mq be possible to use the conventional

J-33 CQIIIPr8ssor casing. aDd bearings. Detail analysis and design will

determine the proper procedure. It is known that several companies

are building or planniDg to build commercial air compressing equipnent

that use higB-speed aircraft-rotor technique.

It is pointed out that even if convent tonal commercial machines

were used for the proposed laboratory, machiDes of the required size

'have never been mAde before and the delivery date Would be indefinite.

Compressed-Air System:

The component parts of the combustion-air system are the com-

, pressors, aftereoolers, piping, valves, pressure controls, and reheaters •
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The capecit7 of the initial installation shall be 22') pounds of air

per second compressed to 55 pounds per square inch absolute. Piping

and valves will be designed for a C8plCity of 6c.."'5 pauma per second,

tranwssion pressures depe~n.g upon 8!lIJTsis of required now con

d1tions em. pipe sizes.

For the initial installation there shall be three J-33 converted

compressors, eaCh consisting of a single, double-inlet rotor, and

each delivering approximately a> pounds of air per second at an inlet

air temperature of 10· F, or a total of about 21.Jo pounds of- air per

--seeoDd---fit- -&: pressure- or- 55 -pounds- per square- inch abs-oiute-.-----Fach------------------

compressor unit shall be driven by a 1O,CXX>-horsepower motor through

speed stepup gears; this will handle air at an inlet temperature of

O· F et 6 percent overload. 1\1e normal speed of these impellers for

delivering a:> pounds of air per sacond at a compression ratio of 3.75

is approximately 11,~ rpm. Load control for the compressors shall

be by varying the number of compressors in service and by bleeding off

excess air.

Pressure regulation at the test stand to supply the co~bustion air

at the requ~red inlet pressures to the engine will be obtained by

pressure r~ting valves and special controls whiCh will provide

inlet pressures verJing from 55 poUDds per square inch absolute (the

pressure delivered by the compressor) -down to 3 inches of mercury

absolute or lower.

'!he aftercoolers shall be of the standard. design shell ani tube

type capable of cooling t~e compressed air to an approximate maD!!1WI1

temperature of 900 F with cooli~tower water.



Figure 2. - Altitude chamber with engine installed 1n teet section.
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In n.. of the excesaiYe electrical load proposed for this laborato17.

combutlon air reheat by ~I o,t natural gae-fired heat exchanger, can

be, acco-plisbec1 for !'base I b7 extend1ugth. exi.t1~ gas I1stem. The

preseDt g8a mppq capacity. how...er. 1. approximately 2/3 's of the

••timate4 requ1lwDents for Phase II. Conferences with the East Ohio

Gsa CQIIJ;\8V 1Dd1cate1ihat future eupply capacities will be adequate for

PbaH II.

~e air temperatures required are:

Gas ~Uirement8
-----------__ , n. -"_._---- •. - -'---- .. n. __ ------ •. --. ------{~3ent:efficlengt------------ _un .n.

1~0 1 tor 300 pounds per second From 90° F - 30.000 eM.
(when th1~ capacity- is available)

225° F for ax> pounda per second

>m. 1 tor 75 pouMe per second

Refrigerated Air:

lquipnent for mpplying refrigerated air for testing is not included

in the initial installations for, the Propulsion Sciences laboratory

lJW11111ch .. the panel bas 8Qeed that a considerable amount of pertinent

data can be obtained before a refr18erated air BYstem 1s aval1eble•. For

instance, temperature conditions corresponding to Mach DlJIlbers greater

than .6 at sea level and 1.5 at ".O:X> feet sl~1tude will be attained

without refr1gera~ed air. However. a refrigerated sir system is essential

to simlate lower·Mach mmbers. .Accordingly. plano will be made for
!

future air drying equipnent. and the generation of refrigerated com-

bustion air thr.ough the use of air-.expansion turbines. Information,

obtained from Mr. Stoeckley is to the-effect that the General Electric

Co~ bae been using this method of obtaining ref~igerated 8.ir for
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t.at1J2g for a DDDber of 7eare aDd ill contemplating the installation of a

recirculating syatem delivering 2l4o poUD18 per I.COed of refrigerated air

for compressor telting. For the Prop1lsion Scienc~1 Iaboratory a similar,

but Dot reelrallating, system can be used which will include an aircraft-

engine turbine or compressor rotor coupled. to a compressor uni t for the

absorption of work necessary in the process oof reducing the combustion

air temperature by this ~thod. &porte and experience indicate that

several conventioDSl aircraft-engine parts can be adapted for the in

stallation to prodnce refr1&erated air. Mr. Stoeckley reporte that
.•.•... - •. _._ ..._._~-_.. --- _. _.. ..._--Jli- -~ - -

control of temperature and quantity is accurate•

E:d1anst System:

1he component parts of the emau.t system are the exhsust-gas coolers,

absusters. intercoolers, piping, valves, and controls. The capacity

of the 1mtial installation shall be that required to evacuate exhsust

gases (at a tempe;-ature of 3~o F) resulting from burning a fuel-sir

mixture with a eombustion-air now rate of 100 pounds per second, when

the outlet pressure at the test Gtand is .equivalent to that at an

altitude of ~.OOO feet. There will be two or more stages of compre... ·

sion for e~ster inlet pressures of abOQt 8.5 inches of mercur.r

absolute and lower, eacll with a compression ratio of approximately

3.75. This will make possible the evacuation of gases in two stages

of compression with a minimum inlet pressltre at the eXhauster inlet

of about 2.5 inChes of mercury absolute. It will permit a net draft

10S6 between the engine outlet end the exhauster inlet of about 1 inch

of mercury.

.. .
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There will be '13 exhauster units, 10 tor the first stage and J

tor the second stage of compression. The exhausters shall be so inter-

connected and so powered (5100 hors~power or greater) that anyone of

them can be used fOr the first, second, or the third stage compres

sion" as required. E;ch exhauster unit shall have two J-JJ compressor

wheels with adapted hrosing ccitnected for tandem drive and for parallel

operaticn of exha\Jst-gas evacuation. Each exhauster shall be capable

'of evacuating eX}laust gases at the rate of approximately 121,600 cubic

,teet per minute at 11,,00 rpm. Detailed ana1ysi! will determine how
, ,

evacuation of gases at near sea-level cond itions can best be done •

The load tor the exhausters shall be controlled by va~ing the nU!Iber

of units in service and by bleeding in air to majntain stability of

operat.ion in the machine.

Analysis is now being made to determine whether the exhaust gas

coolers should be of the wet or dry type. The exhaust piping and valves

shall be sized for the u1tiJlll te capacity of exhaust gase~.

Power Supply:'

The total power required for compressing 240 pounds of air per.

second to 55 pOunds per square inch absolute with the converted J-J3

compresscr, when a compressor effie ieney of 66 percent is used, 15

30,000 horsepower. The power required by each exhauster evacuating

at a constant inlet volume ~s 5100 horsepower at a compression ratio

of about 3.75 o~ a total for the 13 eY~austers of 66,300 horsepower.

To these power requirements 20,000 horsepower may be added
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for aa111aJ7 equ1p181lt, 1Dclu41!2g the cool1.-water syat8ll. JD1e total

"lutalle4 power reqa1r-.nt for the initial 1l28tallatiol1, therefo;re, il

116,300ho~ or about 88.000 laf.

b propoae4 Propullion Science. IaboratoZ7 will require prectiC8ll¥

Up11catlmc &1bstation A b7 the addition of 120,000 k.va of 132.CXX) to

j4.~lt traneforaation and switch1»g equipDent at 9lbstation A.

!hi. addition i. basad on two new l32-kY 1Dcom1Dg lines ~ith 65,000 kva

of tranaformer capacit7 for each line. With these added lines (two) .

the off-peak df.anl mtq be 262,000 ltva•
. - --_._--"-".- _. _.•.._.. ,".. -

.1YaUabl11tlot Tsati¥ Time:

!he .power requirement. of the PrepJlsion Sciences IeboratoIY are

mch in excess of the permissible c1.a1t1me electric load. Therefore-,. .

the researdl facUit7 will have to operate on a ni~t shift, that Is.

from U:OO p.a. to 7:00. a.1l. aDd at high load factors. !the present

.Alt1tude Wind Tunnel and the Bight- by Six:-root Supersonic Tunnel also

mat operate on thil ehift with the possible addition of the Eight- by

mght SaperaoDic Tmmel. Fear major facillt1es~ of which one facility

Dq be 1Dcreued b7 two or more additional teet stands or altitude
• ..i!

cbamberl. will be operating on the night shift so that the 8-hour night

eh1ft for 7 ~s per week will bave to be divided among f1ve or more

maJor })OWer-using test facilities. The power requirementB as foreseen

at the present tiM (l.e•• including Phase I of the Propulsion Sciences

Iaborato17) are:
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o Phase I,
ltv

Expansion,
kw

.Altitude W1Dd Tunnel

EDgine Besear<;h lUild1ng

E~t- by S~ioot ~per8on1c

Tunnel

(Expansion to
pro,POsed 625
lb/sec lab
capacity. )

Bight- by Eight-Foot fUpersonie
Tunnel 183.000

Propllsion Sciences Ieboratory

o
•
---_..__.._-- .. -.. -- ------- .._---- - ------ -_.-..~--- ..- . --------

." Increases in the number 'of-pci-ier'IIneecom1.ng--!o· ..the 'IiiN5ratotY-·---··----..·

will be necesS8ri'. 6lthough limitations definitely ex1~t l:f.:lth £lS to

off-peak power demand and off-peak power supply and power-line capE.clty.

The eloctric power co~ should be asked regarding the possibility of

"the large required increase in firm dem81Xi beyond tho 2Oo -percent .increase

already indicated &8 posBible. It is emp.~sized the.t the intended future

expansion of the PropUBion Sciences :Building (to a. b25-pound-per-

second capacity) would require an increase in firm demand. to UI'r>r.J:ximately

260,000 lot on the same operation basis. The prel:\lE'nt peak capacity of the

power· colJI.p8Dy system is stated to be ~ ,()1() kw (714,000 kw continuous)

with an additional capacity of l80,r.oo 1Gt being added. by 1950 and 75,CXX)

ltv b;; 1952, making a totel peak capacity of "1,059,CXX> k.w or 969.CXX> kw

contimous capacity. The estimated firm demand of the la'borato1')' ·,~ll

be approximately 8 percent of t~~~ present co~t1nuous system capacity

of the power co~ and will be incree~sed to approx1mate~y 37 percent
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During burner aDd jet teat, it ~ a..... t.he air--fUel ratio

. ;-wUl be 14 and the ··DIIl. ahauat gas teaperatuN 1dll be 3500.;--'~

Czcle ot operatiOD (iDit.ial pbue).t .. Jet unit.. UDder test ~'-

w1ll require M! ' .-, '
, . , 14 • 32.1 lb. of fufl1/no

Btu/lb ot .t'\lel • 19,000

32.1 x 3600 • US,700 lb. at fue1/hr
115,700 X 19,000 • 2,200,00,000 Bt,u,lhr

the teaperatureot the g.... discharged fro. jet-eag1ne ancl '

~r test. w111 b. appi.oxlut.al7 3500· , and will 8-"e .a a
------------ ----,-------- --------- --,------- --- - ------------------ '. ------.,-- -. --,-------------80.... of heat tor at... seneration when available under the••

coDdlt1ou.

PrO. the teat. units it i. collti_plated to pass the total

: yoluae and. Btu cor:ment or the.. gue. through a heat exchanger or

..ute beat boner to generate ~e.. at 6OO-polUlda gaDge' and 850· ,.

In addition to the -ut- heat boller there will be a batt817 of

8 oil-tired aaarine-type Wlera to tumish the neceasal7 ste..

requir-.nt. oyer and aboT. that aIIOunt provided b1 the 11ute

heat recoverr. During the .t~ ot &D7 teat the ate.. required

to drive the compressors and exhauetera will be supplied entirelT

by the oU tired boilers.

Other uses tor ateam will be in the, intake air preheater and

JUke-up water evaporator. AnT· ~urplu8 st~, tNJIl the wuta heat

boUer will be dissipated to the cooling tower. Building heatirig
~~

will alao be accomplished b1 this ateu., thus eliminating the,

netld tor a at... heating plant.
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,~~~~, of ... prodaoU.oa aDd requ1r__a:
.:>~.~ ' ",.,..;.;.' . ~::~,~~;<"'~""

<a> ..xl·· quantit.7 of at... &ceratecl b7 heat fro. discharged '

- :·1 -..:

Btu cont..t of ~_ .~t.,,~. gage and 8.50· r 18

14Y1.22 stullb

. UslJll feed watv at 100- , 1d.th heat. content ot 68 Btu/lb

the heat requ1recl to produ.. one pound of .tea ia

14'J7.22 .,;,. 68 • ,l~.72Btu/lb .

AaaWaina a boller .ttiei8DCT Gf 7S percent.

i~;2:z';~;:;;_~-;._~n~_~~~.~-~t .n:~--

,2.200,000.000 __ A_iJi2s ' - 1,2OS,000 pounds of stealQ(u.l- generated

bT discharged gu••

(b) Jlechanical power requirements:
.. ~

cOnnected load. • 3.31,000 H.P.

131,000 .it 8- 1,048,000 pounds ot steam/hr tor driTe

(c) ,steam required to preheat intake air

(1) 450 1b./eec heated hom 100° to .390· F

(390 - 100) X 24 X 450 x 3600 • 113,OOO,OOO Btu/hr

A.sUJl1ng that the superheat and heat ot T&porization

1s removed trom the steam at 6OO-pounds pressure.

1437.22 - 476 ~ 961.22 Btu removed fro. 1 pound :ot

ate..

113.000,OOO. 117,500 pounds of steam/hr
, 961.22
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(2) 22' lb_/.. 'h.te4 tro. 100· , to )CJo- r "!~~""""'~1)

(... 100) x ,24 x 22' :It 3600 1:8 71:1\ ..._....'" of
96i.22 , • 7U, -.,." J'Y--a

ateall/hr, "

CooliDa tarer water nquir"'a:

(a) Cool'••ater ~or n_turbl_ cOldenaera

At coMe••r operat.1on of 2 iD. Bg aba. the heat ot

TaporaisatioD 1D each poUDd of Rea· 1035.2 au,

t .....t ... of cODdeDUt. • 102- r

....... .-';" 1,.,000 • 1035.2 ~ 18,100,,000 Btu per aiDut.•

~~n ,.• 2I"~OOO Pl/JdDfor- coDd-en80~.- .- ,. '

(b) Cool1Dg water to r8llO'Ye ArP1n heat

l:,048,~ x 1437.22 • 1,505,000,000 per hour eODYert_

into at... tor turbin••

2,200,000,000 - total Btu

'1,505,000,000

695,000,000 - Btu 8U1"P1u8 to be dissipated in oool1Dg tower

~&;s~a ·139,000 gal/JIiD

(e) SUBI&17

23.7,000 - gal/JIin for condensers

139.000 - gal/JI1n tor waste heat

-356,000 - total gal/Ilin to be circulated

' .....
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OPIIU!IIG COS! 0' SDAJI PLAIt ;:...:,

~ operat1Dc charMter1eti~. .. a..cif1ed b7 the "aearch

. Didaoa aN ••-.fOrth ill the follCRIiDg prem•••.

fhe plaDt. 1dll opeTat. at._ .. tull load and 100 percent. load

factor tor 10 dqa each aonth. .' Far the reaa1D1ng tiM (or

20 dqa of each IIODth) the plant will operate at halt load (or.
-"" ~,

SO pe~t load factor). ..

For 25 ~rcent of the ~_ at. each· ot the.. periods ot opera

tion, it 1. ccat.-.plated that oo1lJ)r••aora~ will be OIl teat;'
- ---- -----,- ----c-.--~--.._:----.-- "'--'--'--'" .--.-.-........-- .._--...-.- .----.--.---......-----..... -... ---- ..--.-.---... -- ...-.-.- -.----. --... - ..... -. _ ..-... ',_ -- _ ....-....-_.. -- --------

. i.e., there w1ll be DO burner. in operation and. all at require-

_nt. w:l.ll be suppliec1 1'7 t.heoU tired. atllld-b7 boilers.' A180

. the collpr...ora 11111 take air, .. preheated troa 100° to 390- r and

at at.epheric preS8ure.

The 8te.. plant 1. u ..d to consist ot eight bollers ar¥1

turbines as described on page 1.

(a) Personnel coat.

Position Xen per shift Total "ag- Total wages
e8-hour dq) IUD scale per month

Watch engineer 1 4 t4OO/JIOnth 11600.00
Boller operator 3 12 1.7Shtr 3700.00
turbine rooa 8 32 1.7'tpr 9850.00
Relier aan . 5 1.75/hr 1540.00
011 handlers 1 4 1.2S/hr 880.00

Chiet engineer 1 1 1600/JIOnth .600.00
Asst. cbief engineer 1 1 SOO/mnth '00.00
Clerk 1 1 250/month 250.00
Janitors 3 :3 1.10/hr S80~OO

Ilaintenance aen 1.2 12 . l.60/hr 3390.00-
75 122,890.00



'.,' .

-8-

(b) he! coat.

hlllCNld period:

It_ 1z por?i dq8 the- 011 0 flrecl boiler plant will operate a.

o. ataDdb7 0D11' holcl1.Dc° te.perature and pre_sure_

24 x 7.S x US., x So. 171,000 p1.loDa of oil tor

stlDdbT period.

It_ 2: Far ~ dq. during co.....or teat. all the .t.. required

tor the TarlOUS clriTN will be fu.rD1ahed b7 the on tired

boner••

oll-~~QQQ ..._~.~~e~_~~_~~ __.o __._o, ...

576.000 • lb. at.eu/hr requ1recl b7 compressor

472,000 • lb. steu/hr required by ahauater

117.SOO • lb. 8teu/hr required bJr preheater

589,SOO • lba ateu/hr iurnisbed b7 oil fired boilers

589!500 x 1825
19,00 x 75 • Tl~ gallons of fuel 011 per hour

2.5 x 24 x 7730 - 464,000 gallons of fuel oil tor period

Total ot lo-dq tull-load period:

171,000

464.000

635,000 gallons or fuel 011



~ -

..- .~

-9-

.,..",

Halt 1_ modr

It. ,. For 15 dq., operat.1on 11111 b. eae cond1t.10D8 a.-It_1.
. - . ~

. .~,

2 %171,000.- 3It2,OOO gallOD8 or oil. required ror ataDdbT

,.r1ocl of cd1 .t.trecI laoUer••

It. 4: 'or' clq. Ihe opera\lon-..riu be the .... conditioDa as It.. 2.

2 x 464.oe)(r -464,000 gallons of fuel 011 required
2

S~ of -.>1lthl.7 fuel consaption:

It. 1 • .l7l,()()() gallOD8 .

It. 2 • 464,000 gallons

-n.··,--.--3U,OCU~i&l"lon.
It. 4 • 464 .000 gallons

.1,441,()()().ge.Uon8 of tue1 011 per JIlOI1th

cAt. • coat fd 10.10 per gallon:

1.,441,000 x ~.10 • '144,100.00 - fuel coat per month

(c) Make-up water eoat
Full load period I

It. 1: .' 356,000 x 60 x 24 x 7.5 • 3,860,000,000 gallons of

circulating .at8~ for 7.5 da.va of full load operation

Itelll 2: 450 x 3600 x 24 x 2.5 (1000 - 100) x ·24 • 21:1 500 000 gallons
. 10 x 8.34 - ~, ,

of circulating water to cool hot air discharged from compressors

217,000 x l:JJ x 24 x2.5 x .45 • 353,000,000 gallons of

circulating water tor condensers•

. 251,500,000

35'.000.000

604,500,000 gallons required for compressor testa during 2.5 dq8



· Halt 1_ period.

It.,:·, 2 x· '.a:o,OOO,OOO • ',860,000.000 pUons tor IS daTa J of

50 ;per c_t load .o~~t.1OD

It.. 4.·2 z 604j5QC),OOO .~#500,ooO pllou for 5 clap of 50 pel""

c.t load ope~tloD·. ,-

SwIaar7 of cool1Dc water.
'. ~

Itea 1 • 3,860,000,000

It. 2· 604 SOO 000, , , .

It. 3 • 3,860,ooo,Q60.

1~.~~4 -. .6QI+. SOO ,000 ...

8,929,000,000 gallons of water circu.lIted per month

Cost or JUke-u.p .ate~ per month:

8,929.000,000 x .05 • IS9 800.00
7.48 x 1000 "'. '

(d)· Maintenance material. and supplies OIDst.

Kaintenance coat of hollers, &e.. turbines, and plpiDg

based on 10.15 per 24;000,000 Btu passing throagb boilera:

1,441,000 x 7.S x 19,090 - 2OS,Soo,000,000 Btu paa~

through boiler. per.onth.

205·,500,000,000 x .1' ••1,285.00 tor oil fired bollers
24,000,000 .

853,000,000,000 x .05 . -,1,780.00 for additional piping
24,000,000 3,065.00 aaintenance tor one mnth



-11-

~...;:_:"', ...~.. ,",..SUIIarT of IIoDtbq o.,.rat.1Dc c.t tor St.... P1aD~

(a) Peraorme1 eost '22,~· .
(b) ".dc~t

. . - ".

<0> "~1rat.r eon .
. . :".; '~.-' ..

.(d) -JIa1Jrt,••ce and .teriala
....."- ...

. ..

COlI*' of 0peJ'a\iq at_plat per 1"~1

1230,440 x 12.· 12,76S,OOO.OO per ,...r.

144,100 .

59,800

,,650

.$2.30,440 per _nth

. •..••............•.••.......•,..
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Bollerlooa .ad Turb1De Roa. Construction Coat
,.:,:.,~ ..

(a) St.... power p1aDt pip1nS
",,:.:.;/~f:":'·-':"" .;.···:.s~~:;~. '.;," .' .

IJ.O.~ pep ReP.- .
" .. ~.~ )~~ ;

-- _..__._."._ ..._-- .._.- -'-'--"~"~~'---------- ..._-

j8§.OOO.OO

(b) BadJd:lng co_ (boiler roo~ '0Il17)

Aaauae AZ. to be 1)6 It'~ 63 it x 40 It high at '1.00 per Cll ft,

1~ x 6, x 40 x 1.00 .: 1343.000,00
I

,( c) BOiler foUDd.t1oll'-

. . A.~ .1s. to' be 19 tt x 13 tt x 6 tt. deep at $200.00 per cu 1d

. '19% l' x 6 x 200 x 's· ~ ...Zl . . .

. (4) Boller erection and aett1Ds
A.... ~oBt of new bollers to be '100,000.00 each and the cost

of disuntllDg and erection to be 70 percent of new cost

100,000 x 8 x· .70 •

<e) Breecb1ng and .tack and air duct. are taken as 10 percent of the

boUer coat (new)

800,000 x .10 •

. nit~e. anclld~ng •

j80.ooo.oo

20.000.00

'1l6,OOO.OO
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(I> S'eaa drl.,.. &n«111 an. are equal to boiler cost.
_. ...;;;.- ~ . ,~

.Coat of boll... • prll'.ri.. • 1800,000. It all the
,. '",. . -.

· .e.vd11 arl••, circulatiDiP11llP8, Tacuaa putp8, teed water
~'.. " .

JNIIPS, teed water heater.. iDiucecldratt. tana, torcldd draft,

tana; etc. are prOYided with the equipMDt, UDder considera

tion, there will, ot cour...~ be no coat to lAC! tor their

procurement, BOII8Yer, the cost. ot 1n&tallatlon JIlust be

1Dcl~ecl in thia e.tiltate•. !he factor 1. 30 percent.

the c08t 'ot 1Dstiallat1oil alone i. u follows:

,.. '800',000' x .3" .... --:i.:... :

.. ;. (h) Iutallat10n ot at... turbin~

'Installation ot turbLnea is based on the coat of $1000 per I.P.

~ . -....

·'131,000 xl·

(1) Condenser iutallation coat

j131,000.00

138.400.00

....

The coat ot install1ngthe turbine condenaera 1s baaed. on a coat

of 15 percent of the De.. 'Yalue. The cost of a 15,000 B.P. con

denser is $.32,OOO.OO.Bigbt will be required.

·~,O(X)x 8 x .15 

(j) Coat ot turbine roo.

The turbine room is as8UJBed to be 58 It wide, 340 tt long, and

30 It high with a 2o-tt basement. The cost of this building is,

taken aa $1.00 per cubic toot

58 x 340 x (30 + 20) x 1.00 • 1990,000.00



e

(IE:) .Gon of tUrbl_ toadatlem.

,'.,r-eo".. .···.. ,.01 eaoh toUJUlatlOD 11. 11&.000.00. -' . . .

"ror .-tor.C. taol1itl•• ·to handl. a two....k peri04,

: - .1~.()()C) .t.Or 100.000 p110n oapaolty

, X1I.GOO'·

.. .
8UJaary ot Boller a4turbine 100. Coat.

. .120,000.00.

1112,000.00

~.~...~ .»1&&'11'111I-.---
.:. :.~ :' .... ".' • - #. .... ':: :'" '. •

(b) 'BOiler roo.

·(~i'::Jol1er~oumlat10Da
~ -,.~:;.~- . . .,". ..' .

(~t·1011.r .~otloD arlcl .e"inc

.. (·;)·~:·..~..b1q.·' ataota. Imel air luot.
'. 4~"'" ", . . -..

'. ;,(tr~~0a4,:.pur line and IUIDC
" ..~ ;:'.:--,'" . '~"..

...... ..

(I) Inltallatlon ot power plant aux11iarie.

(h) :,I11ita11-*1011 ot 'turbin••

. (1) Inatal1a'tiOD of oOD4en••r •.

(j)'furbiDe r.ooa

(k) .furbine ~ouMa1;lon.

(1) ruel tank.

, .

. . : ! h,iDe.ring at & peroent

.-.L__ ., '.__ '1~7a.OQO-eOO-~-:

",.000.00

88.000.00

660,000.00

80.000.00 .

115,000.00

240,000.00

131.000.00

18,000.00

990,000.00

120,000.00

liim·oo
4, .00
209,650.00

1..,0102,660.00

the, coat ot a'oOolinc ~awer 1. not included in this tihal coat •

. .
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. '. ~oa1•• -I-
;I' 1. ,r-opo." to dri"' the a.bo~ .OOIlp"•••or. aDd aha\llt.ra w1th

.. :,lenrlO ~.' 1D.t_cl of .t.. turbiD... the heat 1D~ ahau~ .p•••

.1.o~C.'r.-o.tMr•••aroh \lDlt. will lJe tranlt.rred to ooo11n1 water

1D h.t ezohaDc.r. anel eli••lpa"_ in a ooolin, -t.er• ..

·Onl. ot. orratl_. - the °101. ot operation will be 14ent10a1

" .' ~:

. .

~ .,. ,
. -.

to tha" ."oUled in tM at... drift under Prolli•• wAR.

OperatiDc Oo.t ot 11eotr1o Dr1....
'-'''~'-(aj ···p;;;~t·~;;t ..-..·-·.. _·_· ..__·_-~~ .. ·..-.. -··-··.. ·_·-·---- .-.. ------ ',"- : -_ --..·,----7·--· .. --

"..

POlition Ken per .h1tt Total Wage fotal·c·
(a-hour ah1ft) . lIeD 10&1. per -.oDth

..
Operator. 2 8 ta3a/JlK)Dth '2665.00...

.•g1D..~ 1 1 411/.:>nth "17.00
~

.',

'J082.OO

. .'. (b) POW'Or .ooat

";;'"

. ,Computed'poWer COlt a. let ~J cyole of o~rati01l 1198,601,00
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. ;..

.:blft .. a441"10D&1 uo__ ot _t.r wil];'. oiroQ1ated *&U••
,,);~~~,,~. bea'~li'be 41~.i~~e4 iDto oool1Dc _tv Ud.

-:,;:;£.::: ,:;-,:,.. ,·:i.-" .',' ", '.• : .~. '. ...<. ." "", '·:"~?~"'_nrt" '1. ·."loal wOrk.

\lI~~iI ,,~' l~.U".' "ioaJt~'~~'~ ot ~t"~' ~l~h ~ "

· . ;. '".

"'2 1.2,11,000. X eo X2' .1.,., -. ','100.000,000 ........ ;

. ", ... . -
··..<I··~t.,.aoo.1. 8O"X:M.X I •• ~

. . ..... ~ : • ',' '.' .' '.. t'

.701,000,000.

~ ' •. ~.' 4·'

~~-_._--_... -~ ._ ..._._.;_.. "---~'~~'~;""~~.~:~-~._-~-.. ----_._ .. ~..... _..:.._.. _-~_.:---

..

1,4lOI.OOO.OOO.pll0I18 ot ~"V/moDth
• . \ • ",. • :'~:. I' '. . ' '". ••• • ~ • .; , ",. ",' ~.... ..' .'. j • - .

-'.- -,-_._--_._-_.__ ....".... _. ~ ..__.__ .__.._...._~---_._-_.

. to ocmcl••• at... froJidrive
," .. A;": • . ;i.:'.t.' .

.". ····402 '::", . '. ," ..' . . ,':W'.II %1.601.000.000: 1.110,000.000 pllon. addltlOD&l

8,929,OOO~OOO
": • • I

. 11,049.000.000 ,allona oiroulate4!JIOnth

iitOtI,OoO..ooo X .01 X 1 -~'1.,OOO.OO _ooat of -.b-up ~~.r/lIOnth
,... . T.t8 X 1000 . . . ..... '. .

'(4) .iDteano...teriala ud' auppli••. ·

Ileotrloal _ll1t.DaDce • '200.00 per IIOnth

8ummar,y of KOnt~~ Operating COlt for El.ctr~o ~riT.

.....

· (a) Per.oDD.l ooat

(b) Power coat
. .. ,..

· (0) Make-up ....ter 00It
~ . ~ ....

· (4) Ifa1ntfiDano. aM at.rial.

IS,082.oo

196.601.00
.. ~

200.00

.213.78a.OO~r~tb

..
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Co~ o~ m.otrlO Drlft a4 Dri" aallcliDI
." ." ':.',

'....•.

.,' ..~;~r~. 1IOtorl~ ~~.·~r_atOnLC"'. replatlDc eqU1~Dt.
; : ':' }.;( .. :.... :,' . ,'.. .. " ; ." ",' \ ,

..)~~~10D. ..ohaaloal l'.etuotle ,earl, lnna11&t108•. labor.
"' '.'., ~... .

'2,110,000.00

......
'-:-- .

.j '.. ~ .

...... turbine roooa

(0) Dr1" tcnua4at1OB'

1980,000.00

(0) Dri.,. foundation.

InsiD••ring at 6 peroollt OD (b) and (0)

(a)~1eotrio tlrlft

(b) DriTe lN1l4inc '

12,7&0,000.00

990,000.00

" 120,000.00

11,880,000.00

55,600.00

.8.915.500.00

the oolJt· ot the oooling tower, 11 ~ot inoluded in thl. tinal ooat •

. ~';;'::-' .
..{/ ';~':'

...:,;......

. .
0':;
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'. to r ~:'

,-; 1~,~;,~"',
. :.£

. -,

. ~ '; ~. ,t'

• " f , •

..... .: »os 'he tor.colq "17al. it 11 eri4nt that lor 1_ l0a4 .

···taotora (~Ir.~i•• ··a.·..,..••.·~UII4..) ..~'•••~.
.. ' ..:",': .' ,,:, '. .. ."';'" '..": ,: ':~' ::,.',;':','.~.".:: '..... '. .." ':"" .,?:..:. > >il~{,,',,-<:-~;L~c .

.' ~"::,,;, ,cIrlYj ·.ou, be 0"rat.. :-1a&' ·Oft, 'peak per.loU. 'hd.:.81~tPl·',' . .
. .: - . ~: , . , . - . '. -', :.':.. '. ,- . . . ..'- - ;.'... ~ "'~;. .

. '., ::..the :_&9'bur4~ O't' paal~~:oo.'ot lira 10&4 ~.~, t~: ", ,
'. ~ ..' :': .':' ': :~.: ' .:' ~' .. . :;~, ~ ~ , : . .' ' . .' . ..1/:. .
. ;. balaDO_:wow.4 ,be J.JI:;,"#(Tor' ot·~:'.l.otrio dri... ~~,~~••;~;':",'

. '. ",";:l::~""",-.,.> <. .:~' .·A:·· ..'. .... . .~;{:-,·l;:'. :.... ~

c. Oonatruo'l011 ooat rldpt1Jlt U4'.~ _ operat1D& oon 'ri~~.
, " ,~. '.'. ~ ~.~,. "':.' '. "' .. :;.;.': ".'

"', .'.'::.. :!l . ....

,;',;}:,\:.,.>;:;;(." .. . .•.•~.I~~:~;~~:.;.... • ' '. \1'
.. J;', .• '.,::, ,the proal. upon whlo~. ~l~. O·.rl.o~bet;"._~ ~.

_..~.' .. "- .'·-·-;;i;;)~~.;~\~~'" a· ba.....+'~1~"1~~~~~~'.;7·-····.....
..:!:,' t&Torabl. to at.. plant op.ra,,'l~:'})eoau.. ot the :Mp.loa4 j~tw.~·
,.:.:<.: t " ':':/,~:' :';J:> '::":":~' ' .. .,'; ::.>".'::"':- .,:, . ',' .... ; ,:)':. '.' ." .

,>:~oh~<.101L4raotor .te.'it 1.leo.:'Ur7 to operat.-:tb.e1ri'" ..~·hll
·~;:;~'J'::.r~':··'· j';." " .. ~. .-: .' '''7";''<;:'...... ' . , ,.:> '. .
· ·p.ei'·f.urbc on peakp.rl04.~1;b.r.bJ inorea.1DC the colt of·e_g .

. "'·'O~'~~I."O 'Ghb p1'oj.~ ;/at~ 10lUl 4nm& OW-&.4orl'~~0D4-
~:..; ...: . ' .. >;~':~S>::, ". , ' , .._ .. ,.... . , . .. ~ '<:: .

· ,~ ,'to·l:~.&OOkw. '"
. : ~ .... ~ -. ~.... " ..

~ .""
'.'

. o~h. alUL1y •.l. 'ft. _el. wi~bout; the' aa.inano. ot _.nil rough

o' ••' p~~ib~n~ ~awinl' and .hi~.·~qcnh.r,;l1ih intormation ot '~~.:~,•.. ,
... :...,:;,:, . :' . ."; . . .' ;~ ~.~ . . .

or 1... ~ liable nature. ·lDdloate. thait 'the r. 8tUt. AI '~CJW'n.':1.:

purely an approxlatloD. Hew.,... 11; will prOTide .0_ .data on

whl~h to bal. oonolulion. and will iD410ate operatinc·oon41_1olla .

.. taTorable to. either type otdrive.

f~ .. 4etermine the. ,ludt. :trom •. pow,r .a:Va11ab111ty ~tr.p~int· .
....... , .' . . . ".-' .

. '..'. .'

to whioh i~ 1. po.,lbl. to expand ths Cl.T.l~nd laboratory

tacl1itle•• the tollcnn.n~nil len. a •. a criterion.



the ott-peak de.-ud oona1der1JJc the 8' % 6' twmel' -In opera

t1un 1-

• ·iI·•
:;. ; :",~ .

... - . .

,_ at.tiDe t1r. 10&4 ct..... .1. ourrent17 1D the ne1p'borhb04,.
." ' '. ' ,.: : , . '... ,.. . - . . -~': .- ,;. " .

of 40.000'.0 4~.OOO Jar. 1U,.~1~~1Dg.~. Propul~1oll So1n~e::~bora';'

."OI7~~et OIl th.i. ... ba.....

1O&.500,br'" '1.00 • l~,&OO Jar lira loa4 dnazul
- ~ - _.' - ----- -- '-'-- ~~.:-........-- ---.:.-

auz1~~;~~...., at approxiat.l, 1100. b.·
. , . . ' .

. ,. :. ",<·cf_._ ..... tor. ~1. p"~.~ will .th.· be 18,00 ~ 1&00 '!t
•... - ;-"," " "." • " "..: r ,

1()8.sqo lttr•

.,:~ . : _.

...~"

8' X 8' 4.-.1 :.

PropulaioJ1 Laboratory 4...d .....

Ott-peak 4eian4: .requ1re4-

90,000 Jar .

105,&00 Jar

195,SOO·kIr

the ottt-peak 4.and oould.ring the propoaed st X 8'tuuel

In o~r.t1on WOll14 ~.

8' X 8' do.uct •

Propulaloa Laboratoq d.maDcl 

. Ott-~ak de• .nd required-

}.&O.OOO kW

10a.SOO Jar

25&,500 kw

!he oap&oltyot t. exiatins 2·1S2 "lev tran••illion circnsit.

DOW .erring the OleTelan4 laboratoryia 130,000 kT& whioh at

95 percent pOirer taotor 1. 128,000 kw•. It tho propoled two .

additional 132 tv tran••ia.ion olroult•.••r. installed '~1ns



. .:.. ~. ".~ .

.·It'· '.~. '.

.- 10 -

~~o'a1. of ~ov .wall .1~u1t.~.)·. 'M.· oa"':l~ an,l1&ble a1; the ,C1eft~D4"
," • '. • . . . < '. . .. '~" : " '.

.k~l"&~o.'1\.~14.~•.la~....,.;~",.:.~~Q.OQO:::t':~.•., .The ..tot~.~~.~~~~', !.'.

mJ.~lI~~;~\ti•.IJ1.~ 4~~~:,~.~~llbel<,'·"" ,:;,/'".' '. \C;
D'~.~.,~ .1I0..... 2,I.O.Q9.q.;~~loh;':~:9~ per~". PCl!!~.·:·· j.. ,.

J '.; . .\

" tari• .irouU,..ta. ·aVailabl•• '. < j., .• , :'
::.... .",,;-' . .-,

21.0,000 % .91 a 118,000 ~ .~.,..

"",

'. Xt; i~ olinOu' thAi; na tov traDail.loll Girouit. wi~l not

prOTi4~·.t~d.ean4 'ot !~6.loO \IJ'n.eded.

;, fhi••an. that· tbe'l.otr1~1 clri.,.. tor th8 Propul.1on 801.DO.
,,-...--_.... -.----'--' '. .--,-----.-,----,~--.-- .. ~;i-:-- ..:.--..:-.. -.,.~-- - ..--~ ..-----~.--.---- ,- .-.-.-:-~~---.--.- ...... ------.----.:...;... '-----.--, ~ .., ..--.----..-.';-..- .....,....- ...-.~--- ..----.-- ...--,-,---

laboratory 0&DD01; 'be oon.ld.~~~ .

.;. '. ~.,'t~. ·.r~u1re_Dt. of the. propo.ed Propull1011 laborat017 are

ai stiplatecl, tha ..~ ana1rSe .ti11 further.

Pro. 'the~o~ProJd•• -I- .. ba"

....

Parer ooat per ~llth •

Jlab-up _t.r oon per _!loth 

rota! coat per JIIOl!''bh -

".,000.00

'270,600.00

. It thia projeot 'oou14 be lCK:ated -here oooling ~"ter of, 550'

.. ~~·..~~i, aval1abl. and the power co~ld'· bepurohas.d in. the n~ighborhoocl
.• ~•• J". ' •- , .

'of 'O~002'5 ·p.r kwh. *Uoh a. the .it.· oontemplated to:r a ,:propoaecl
. . '. ~ .' t-

Super:.on10 Researoh Center. 'the following re8\l1-t1 WOu.14}be oo'ta1necla
,i" .

Powe_r;:COlt I
"~" .1 •

40,620,000 kwh at 10.0025 • 1101,300.00
.;' ,,"



. ':" r;,.:" ;- _. < •• \

'. ' ,.1

".. -',

. .

:' .-,',21 ." ~'.~

~.--;"~. :'. -:: . ..:~:' .

. .theater oOllle! be ~irou.lat.a azul 4i.obarcod bia~. into' the
•• . .' •. .• . 1 .'

'.~

(2'10.600 - 101,SOO) X 12 • 169.200 X 12 • 11.011;000.00':
.,~ ·b~~.··~ .

. III addition to the abo" _Tine' ill operat1DC oo.t.. ~~r~ 1IOu14
. . . .. .. ,..._-_ ...._._-_...- ---_.__..._. -_._... _.~------.-.-- .."...-"-.---.---.--.-.-"'---'-'-'_._._---. _._.- ..--_.._------_..--_._~ .. -_.--=--_..._---------;-:---._.__.__....,........_.._...

b... _an. in 00J18truot10D oo.t. It the .....t.r ...reol~u1&tec1u4

retur_4 to the aupply aouroe. it wou14- M' uzmeo.'1&J'T to pr.orl4e

.. oooliDI tower_ the .atimated oolt ~' whioh tor the 868.000 rpa

required 1. '1,100,000.00.

!he aboft ...TiDla are predl,,~e4,oiathe retulreMZlt.- ..... nlp.
. -' . " ."..." '., ': ; .. ' .

ulate4 ~n4 are tor the t1r.t' or:1Dit1&l ph&••. alone. 10 proY1alOD .

hal bMD l~luded tor mY' Ul&Jl.icm whatao.....r. It._ IPMJ!loa1ly
. "..... - .. ' .

. " ",

'atated by- the ....aroh croup thai; om14eral>1. !ZI!D.ioD ••·•.rt&1.:
aD4' probably ira ~. _pltuet. of S' or • "1.._ ~h&_'~ tlMi. fAi~lal .

p••• aaa17." her.ln.

It IUOh i. "he oa... then Del hal DO exi.tiDe 1&boratOI7 lit;

wh!ob thia project oould be looat.e4. irreapeoti" ot the 'tn- of

drift.

;~..., ~

'.. ~.:-~.-:..

. .

.. '.

."

:'"'~.':~ - :: .

j"

!':::~.. ..
;.:
...: '. - .



- 21·.

!be. lo11onzac it... _rit ••rioa 001l.14....t108 befor. _1.1••

a "- Propul.10ll 801... la...tor7 are JIIUl.re4•.

r .' !.~

Will fu.l' oil fa,. bo~.r operation be an-iabl. in t. _ut of
. . . . ." : .". ..... .' ~.

1."~'.OOO pllon. per, 1IDD,1;h tot the 1nitial pba•• ot the proJ.ott

Wl11 tu.l 011 tor boll.- operation. be ava.llabl, .in ~. ~UJ1t ot

,.apPI"O~t.q6.184,000 Cal1oD.per JIOIlth tor au'.~ioll taotor of "
...... . . ~ ~':, '";,'. ',' •. . '. '!"'. • 1 ,,::.." I. -,' '. .

:. I_boiler. &w.llable ~oJllt. lav are arm. type .u.4••igu4

_'':-;-"-'~--_.__._-'--'·-~::i"-"-- .t~,~1--lNn1Ja&.-'''·~u ••- &110-. UelpecJ to-~ec~uthe-.~'_n-..mds --_..-u,._,
:. . • t :." '. ~ .. , ~. .~. • _ 0" •• ';,...: ':

of apac. pO.libl.. !he)r are entirely 41fterent than, boiler. ,,4••1pe4
:. - . . . '.~ '. ,. , . . . . .

.·.~or lud ,operat1on uul cannot be arranged tor ooi~ tirin,.
: ,. . '. . ".. . .

. ~ the 011 1. not ava11&ble. 11; lIQUld be neo•••ary to ~oba••
. .

uw boll,'" met thl. would man an ·additional inftat_.nt o~ ~~roJC1-
..

It•• 2.,

. ...,'.'~

.'",

" .

.
Bu1141ac or a cooling t~r oapacity otapproxi..~ely tour ~ime•

the capacity .-n'tione4 herein to provide tor the expan.ion of the

projeot a. Ipeoitle4. (Approx. cost '14.000.000.00)

Coat ot make-up water tor the expan.lon or the project a. .tated

above. when oon.14eratloD 1lgivo!l to the taot that it Gould be
. ... . . . . . . ~ :

ciroulated without oolt it located at the proper .ite.· lluoh le••

nter "would be required at 55 to 600 r than at 868 r.
~ I ~~ • • • . '



".::".

...

...... _.

.-I~I:~

Jill :.~.......... ~'81bl~- ~ '0*111 ott-"·u ....I'I11Jl·tll~
:. ?-\-i,::"\~~: ff\~: . _. <'.:\ >. -:~;,.~,~. ,>:,?: '. . .' ..-.... _. ..' .~~, ~ '......".'100.000. _400.oooD'.ot 4"-' fbt,-.r~

i,~~~;~~~dYer • __'~,.:~t... !bI oD1,F-1,,~~~
", .:. ' ....~l.,tla' it ~h._".·i'i·.~1abl•• DCA 001114 haft it•..·..." .

.·;~.i::~.;;:.:~;,j:." ::.' :'-, ' , ..... . '.~'~ '*~.i~:--'· . . .' >. ' •. ;::,' '.'

:::.':-Q~~~.Jt~.151.. 1~_..loh ~·:~~~lt!~ 'oould be lIroupt to '~e".~~:..,

..... ' ···.:·:..~~~fZ·~.. t·

,. ··~;~f?:(:
. .~--~:"::_--- ,~-, "Y·?·i:,l~:'.Di\;<'<:-~:::., ~_·. .. n,._': .-~ ·~_':H__ ':'''_L-_·__T .

. "':~":J<»~.'O t~ ..11;••, ot~.~~:.:~ r,qu1N";' ~t proP.~,:. ~";"::':'-<'
. '., '::~' ....~:.'.::,. ,.,.':..;."..~:'~.~~;~.':..' , . <::...'\'" :'. '

.·:,>.; .....:·;uJta;11. t-.lP"JMt.,.~.tb•. Cle.,..1an41&bora'tory. noh' .:'
4 •• • •• '. • ":". <' _.;. .:.> ~ .' .:~.: . ~. . .

: ~. th••ltltwi. 'tlmul.~t~.OOO·~•. tbe 8 t x s,' ..per,'ODlo~~.l.
" ,".' . '. ,." ' ,,:,,- ." ,..iSE;':;~·:'·: '.
01.'80.000 Jar. the Propu181OD Solooelaborator7 of 106.800 laJ•.':':·, ':

". • - •• . ••• - .' -' I ~, •..•••~ •..~~•. : "'f:"·

aD4::t~.,·x 8' ,up.'CIllo labOratoi';yot .PFoz1-.tel;y.i50~OO(itir.
.... ..... . :" . . . - .

;.
'. -,'

'; .....~
'-~ .' ~ ~ ... '

. ' ..';.

~ - ~"..; ,
.it i.' JUggedecl 'that a tl1O~OUghat~ of the c1iapatohiJi,: po.~l-

.....~.

fhi. study ahould be ....with the a•••arohgroup in Obar~~'

of' eaoh projeot takinC parilDthe ana1ys1. wi1;h 1;he .Ble~trlcal

OperatioD ••01; lob. the objeot' i. to 4eteraine the u.. tactor

requl~.d tor .aoh J>rOjeot aDd thu8 d~ermiDiD& whether or not. auoh
". .. . ,.,., " '" .

.. ~. factor oan be _4eanl1able.by proper 41.patchinc. In .
• • - . .. .4, r ' .

~': .

.otMr .word. the ott-peak anc!':tira 1~4 demand. depewi upon the

mam1er··~~{wh10hth. ·'~i~. i.044~·Daiat· be pyramiCiedto obtain

re.arch ·production.; i





........-":-'-' .' .•... ~ ...: .', "'~' . ' .

•

. -,' .

- a6-

......... '

.. taotol' it tbt 'tnlae4 r••earoh:atatt r••ponalble 1. to o~la
. \'~;[~~<!:,~,/~.'J:~~;.;....:~';,;. ".' ."., ';",' ',?:,.:,::.>'; ~.:'..,.: .:';. ' :' ,' ..~.,. .' ~:::?: :'.
. ~~~'M7' p~04_"lOllI 1~•••.'~:04uniOD to'. o~1Jl 4'cr,•. ~.~~.. .
... ·;:if~(iX~{;~\::\j~·::.';·' . :.' ,.: . : ,,:;<.:.".'.. . . ,.,. .'<"'.. ::

'tuD~-ot G•• 'tutor. .'
.. ,~ r,::: ~. .. '~.';':' .::.~ !~\,~

~ • r'· .• :. •.••.

COVCLU.IOIJ
~ , ." , \.;

-,'

.·.L';~:·;sJ~~r-rka. a114. 4li~U~"~atecl hereiD ~.. aD1n1;.c1'a~·p~ ....

.··r""~'Jl~·'~ ...1T.h aM ban'.;.beai-iDc upon the pertiD-.oe ot.~he.
I '.' ~.:'...~. '.' :•••_~~.~-~~::~.::..~~',:..:~.~~. '.. • • • ...... :. '. • '''.':' "': ....:~.... ',,: '.: .' :., •

.. .. _.... ------.,:--,--•.J'11i~~--. --------- ~";-':- .. "--r----- .- ----. .,--- ---------.------...-.-.- - ..-

~ • \ • t ~ /. '.')". :

t. -.,.,.- •
. ..

..;:

,'..

/./ Al~B. B.ld.nr.1c~
. .

/~ Aloia Ira.k Jr•

• _._ .. ,Jl' .. ..; #'._
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COpy

_'I...am co.
a,II •••n.q, I.Y.

.....
.",;.

lily.....
.... ...,. ,••.r.
D•• n.. 5. 1,.7

... ·A••• Bel........
IaU.IU1.~ Cow'ttM tor u.e.
C1AniaJIII~ .

. Clfte1.aul, CIdo

he 1Ir. 1It4deaNl.,
........ _ t.tavM la 1lIdAIa- JW .."M~. Y_ 1Il1l

"'Ill tIuL\ I_al. pal 1a a 10.000'" Dl.-1'1III&. U ... ...,MI'" ., \ltd plaD ... 11,000,000. !ocIIr'" a plat, wwl.
--' 11,400,000. ~ -.v .,.U,. 'ooWl lie hte4 eo 000 D ...
\OIq~'a tiiPl••-eIiiilJilj --••.-nultj--jiiUii-Wilj-.__"liiWli.--J14O;OO-------
,..111,' or aIIoGtn,ooo,OOO. ,&a"'•• ~. -.v .SrH • ,... wolUa
",0«»,000 ad the e1eotr1eal .. tl,5OCJ,GOO. w.....w 1Nft u..iukUa
U-. p1a&-faoU1~_,... at 16,500,00, .... _".e •• cI1__ w.. _
bee•••· tbe ... Bane of eoaUa1\7 of audo. 18 DDt nqair_ OIl a ..... 
aeareh pro"" .. would - ~~or & acral .au. .PrO~. ftle
.un requ1n. aD 1JW~ .f aIIoG 14,~,OOO.

!hie _UN abject ••• a.ea.ednth ov power plmt •.cU. aIId. the7
plaCK_the c.n oft_t.allJ.. tbla ttquipa at at 16,000,000. The7 also Ai4
the .,.t.1D& oa lav boUe". ia alhort tiM ratb& aM bon-ra 1t !WI at. t,1lat
raUq' are "17 1Aett1cieat" that. th... could probabq oal7 be I'UIl aJl hoG' at
t.11 ,... aM that. after 4 nob NU, boUer repd." _\llcl 1a aU proO
ab1l1v be ftCJ.\d.red.

- - .

!he.- lav boller. do 110\ _et. ASB 004••,' u4 .. 110\ be .... 1ft MJJ7
statu ~OJ! 1aJd lbtaUaU,ou. It, COd. aboat 10'$ ot tile coat, of DB
boll.n to d1aaeab1e th_ ud "_-b]. thea at ... D_ location.

U.&1]7 tb.,- &1n • cmd.aer apeed, .. II1l1p apeed, a~ .0 SiD1 Jmo~, and
a IlorNpGrer rat1aa baa.. OIl tIlat. apMd. The aldp JUT an.. be ftD at t.hat
.,eeet except. Oft her trial \rip aDIl during a battle. It her top .peeclla 30
1alc*., her eniaer .,Me1 wulA '- about 18 kDot.a. 'lb., ~n.r. rated.
250,0001 per hr, woa.14 be' ..1d aM ett1cl"17 cleldpecl ~w ab- 6S.t#JI per
hr.

Thia applle8 to the turbLa•••a w.u. Of eourae ..... capac1t7 caa be
built 1JIt.o .hip. aid 8O. or the •• Id.rcratt ovr:lera h.. toll.eeI _re
nearq 1aDd pracUce bQt I wGU1d not. tak. U7 ODe. ward OD 8U1tabllit 7

COpy
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---- ..- •...._-----. _.~-_., ..•... _ _.._---

_"..~- ., iIIt....... ..u..b1e OIl pzu.\ prop1~_ .,....

t ...~__~; ,. Paaellu ......... \0~....:.

tut.~~at'1a~ta8W.Uutarobta1A1nI fmdl laW ~"rolI
1DtorlldlO1l em -the.. propala1ou .,.te... !be taoU1u... haft bHD ee180tecl

With t.beobject of obta1n1D, and haY1Ila anl1able wheD required b7 the dei,lane..,

. \ba ".c;••~U7 tUD4ltleft\al 1atoraaUOI1 OIl ooepre....., coabueto1'll, ~b1Dl.,

oontrcJia. aDd np.,r8<zio r .. .,.U tor preHnt fht 1Uture eM'i.e" of pro

pula1G1l 818....
.- -----------------.._--_._- ---_._.•.._._-

• : ..~••. r

••••.*...

:'._-'-.~".-'-

.' t~»l,i; ~~~:.~. ....

. "I '.' r~:.J .'..~~.. _~ ., fir fa. IJIIIODL Hm· 01 !11K *""UIOI 8CDICiI t.A11llI&2OIf .
- -- ': - '. ftIIL-ctIOLllD. OHIO

. i

!he Panel hal endeavored to torece8 end predict what. the future require

.-nt. of research tacillU•• w1l1 be. It 18 realiaed that planning tor the '

f11ture 1at abaolutely neces8417 it basic reaea-rch 1nt:ormatLon ia to be ayallabl.

wben required b7' tba d••1gnera ot future propu1a1on "7SteIl8. The ..'hods of

eDoution ,fer tbe•• plana ..t be practicable am! result in 11 re..-arch taoil1t7

thatworu. 'the principal requ1reraenta ot such a uniqUfl reeelirch tao111t;.y are

that 1\ ..t ~ capabla ot beina expar~ded, that it IlUMt be located close to

• louroe of el.ctrlc po_r unr8atr1cted 1n e:tWJlltity and low in c:ost .and that

it aWlt be capable 01 being o}JOrated 24 bour. per dq, seven daTa a week•

.It 18~ by tu1t1ll1ng -theae requ1r8JMtnts that rapid progress call be

aade 1n carrying out the neoossary tundaamtal research progrw:a. rt. epee-,.
1t1e.tioD 01 21t hours availability ot the reHarc4lt~ell1t1esbaa alreacl;y been

built 111\0 tJ1ree ot the industrial d.V81o~nt laboratories tor jet eng1neD.

It th1e ~nt. baa b8en touncl to be necessary tor dev.l~ntwork, how

~ch aoi-e necesiar, it 18 that the re8tJarch tacil1t.r ouppl71ng the fundamental

1Dtora.~,an on whioh the 'deYelopraent is based, should be 0l;erated on a 2h hour

per ""_ bae1a.



." ;..~.:

.. 1aboNtotr, i:I um.... M'" JUp' Pr-'ioa JAbora'-7,'

W111 be lou'" ., \!II ••--., _tioa ~ tile pl. adJ-.' to ti. A.

till pro"" loaat.t_la ......~. !lit labwatol7 wU1 nppq
.' .

&IOIIbuU.- &1&"" , ..,.01... tala toU", qoatlU•• ad ".'RN'.

(a) per a' $$ po1Dfa per 8ClUN tub abeola.
. . -~ ,

.: ..~_ I' a ...... 1_'
(~) IiOO~ per _oad ., ~ paaDd. per IMIUft iaoh abIIol••pr...... 1/1 X ...... =I.,

(0) $5: poaada per Hoaad .t, • pN'~ equ1~' t.o 80,000 1M'

alt1tMc1e. (IDtor power foropeau'aa dowa te 1e...l)
._- --_.._-'_._ .. _--- .........-._...,.----_....-....- _..._-_._------._- .. ' ......_------ . '-' --_...... - '--, __._-_. - _.-._------_._--_._ ....

...... I.v '

(d) coabu\1OD all" at _100° r.
'I'M air 1d.1l be npplad to e1pt alUtrude cbabena 1$ t ..t in dia.t.r

and 230 teet in oveN111eJal\h, leeated at riFt Anil•• to the oCllbuet1on air

arM:! Db.un IU beadan. 2!WI arr8b_nt w11l ~rJI1t the tutu.re expaulOD

at tbe' labwator:r- wi. no 1ntert~u ...use to equix-nt already 1natalled. 1bI

pi-opoaed 1aJOU' or f80111\181 18 shom in 8X8 6ob-4. !he £8f.l8ral &rr8l1pNa\

or the alt.itude ohaDber 18 shown in Pipnt 1.

!he .Matrical load tfZ" tb8 oollPleted laboratory 18 8ett1aated 1» be •

aax1alUi of 276,500 P.

PROPlJlSIOH selDom UBaUli'ORY - PHA.SB I a- The C0Dgr8a8 baa been requa.ted t:) L;~

to uke ....a1lab~ p.o,OOO,OOO tor the cc.lp1etion of Phu. I ot tM Pt..,pulaion

Soienoea Laborato17.' the Panel baa 881eCted research tac1l1t1es wiaich will

contribute to the t.ed1ate eolution at p-opW.81on neearch probl.. ancl1l1U

be tntesrated u a portion of the research facilitie. tor the Cc.p1et.

Propule1on SOlano•• Laboratory. '!'he Panel lla' endeavored Dot to exceed tM .

_ount appropriated, but it haabeen found iIlposalb1e to tult1ll tha Id.n1IIua

. air req,uinmenta .elected by the Panel .a nec••s&17 tor Pha•• I of the.



- ).-

laborato17 .... ~t. exoeecl tU Aft11abla aoaq bT 1Ja78,ooo.

'!be ProJN1,81G1l 8a1encu Laboratory PbUe I 18 tMs1pd. to pend.t fund ••Il'kl

1DtCll'raU. to be obta1Decl • t.be pertorMDC. at Jet -aiD.., "..bo-propeller

....-., 8DcI .peraonl0 NIl J8', mama UDder al~1tude CODd1t1cma tro• ......J....l

to $0,000 t.., alti.de. !be labont0J7 air 178'-- 1d1en cClJlPlated w1ll In1PPlT

,he toUaw1rW:

(a) 22$ pound8 per ..cond ot' air a'SS pounda per square inch

abeolute pressure. .67 x teeD8 •• =1.6

(b) 100 pounc18 pal' Decond ot emauat at a pressure equ1T&1eni to

SO,OOO tM' altitude. 8 x .ene •• =o. 1- el( =1.7S

-- -, -!JiI"oparaUtwt'H I11d.tB-'~-tJJe-prop~att sentce- air' tao111t1ea- ttlt! ocaductiDa-·

"March on turbojet eIliincts trom $000 to 1$,000 pounds ot tbrust. are shown in

Pieve 2.

1'he total installed power requirement tar Phue I is approximateq

96,000 Iif.

StDOM.RY W COS'tS:- A IIU11DiU7 or the costs of PhaSQ I ot tho Propulsion

Sciences Laboratory Ie as tollows f

. '

AIR SISTEK

mfAusr SYSTEM

PQTER SUPPLY

PROCESS WATER SYSTEM

RBSIARCH ~UIPJIBH'l

BUILDINO. U'lILIU, ROAD, Etc.

CCIr1ROL ROOK

11,213,000

2,506,000

1,756,000

760,000

1,S10,000

2,4h8,ooo

285,000

tlo,478,000



........ :..
';. '.,

.~.\; ". - .

'.. "~' -.' ~ ~

...~ -.-
•1M ..u..~.o. til are baud OIl aconc.d.c cODd1t10U .a18UDl 1Jl 191a1 and _7

. .
~ iIlonued b7 •••U.~W,2S paNeD. 1D .1948•

." ~ ..

A _\at ]...... of eaoh 01 the.. It.. 18 11ft11 in A~.ux A

ot t.hla nPGr' pnpaNCl .__ 'fHbniOal 88moe Dly181C1D8.

. .\ ftbl r8qUU~ of * ~.~ ._ coapar1ean baa be. -.de by the Hrric.

cl1Y11d.0M tq clatel'Jl1M' whether .~ , ..biDe. ~ .]Metric actor. Iboald be UHd

.. the driv1nl ~t,. tor the co.....ore ad ut.umatere. 'lbe ocapar1aOD .

Ibo.. Mtinite adY.""a tor tbe tiectr10 .otor dri.....~. '.' :: .-

b m-ber ot reMuahtao111'ia. now loaated .\ the Flight. Propa]Al101l .

......ch:tno~tor7.and· thoee-plaDed· tw tb.· future" wtll·,r••t17· mare..-····-_····

t,bI .1eo\r1c~ .1~ at the laboratDl7. .An analylu or' present and tutnN

nqUre.nu ~ alectrioa1 power at tlMt laborato!")' has bien prepar.d by

... AllJIa. Heid8DN1cb. !be enUre npor\lI included .. APptodlx.D•. ,
. .

!be report .",. tha~ to fUlf1U tbe requ1reMD t or a high uee tac~r to&- the

tM' laboratory 010•• 1:0 a •__.~..,.,.-e~"~~.. pt.tl&i.t w).:1l,-6&: ib. ·1....-
~'... .

ao_lIlAf'ICIiS,- h .hnel reco_nda that. a der1n1te deo1aion ~

._de as to the location ot the Propul81on SCiences Laboratory to fulfill

... tmrequ1nzlmt of a high WI. tactorJ that the deaign ot the Propulsion

So*cee LaboratOry Ph... I be oont.racted tor with an outside orlanis.tionJ

and that Ph... I of the Propulelon SCiences Laboratory be completed b7

June 19$0.

Carlton I_per, Chiet

08car w. Sche7
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Je••",•• IIeIaull, e" "'I' "'''dn_Ell pe,.tltl-.,
.. JUPH• • t til. pre_.., ,"Je" 1... prort4. , ..l1tti•• tel'

, ••,.... Nl-.ea1e alnratt ...1.... .all •• tvlloJ.'. 81' ""'ltln...

propene. U4 .....1., ....._. ~r .!alate. d'lt•••,.••'s...
_111I1'1.... • prlacdpal taollltl.. hntahe4 aball 'h a 00IqWI'.".

. ,
all' ql. t•• ooaltutl....lr ••:p~. aaal't''G4.-eDaua' p. t7t1,•••.

aal N ......l1dJMD' lu\&11.,10.. fer -acta. h.'lac. fM pre.,.ot

lad.e., .1.oWlo ).»Vel' 81IPP17 oo.e.'t•••• a proce.....,." .,..MIa,
baJ,1411tC1 tel' he-be • ...,.,..., &D4 per.ouel. &0••• rod.. -4Ulplleh'

oo.,...la. t ..."oo.......ca,t.... .. tire U4 .aoU••• prot••,toll.

at a pre of 5' pot&a4. per IClUr. tacb a'blolu'.. l' will prnlde an

ai'S.'..,. , 878M. ,. 8ftau.'. -0.., pee. a\ the rat. of 100

powa4. ":1" ••ooal (in addl'loD to fuel) at a1'1tude co_ttleu of

50.000 t"'1 aDd t, vtU pro~t4... proce.. water 178'•••u:ttlcteDU,

aDd other heat tx••r ••

Ill••• tlllUllea _,aoltt••, howYer, ar. reprded a. \he fir.'

lllcr"D' of lnltalia'lou to be Md.. I' 1. proposec1 to laerea•• theee



'.:~ .: ; ,.

.. ;.....

.' . ':~'.

·,"..-cd'I••• aMl'lOMl ....'notl•• '1'_ ..u.......' ._,..tat,'_.
.;~ l~'lal',oa,..t'l•• aN _ttlol••' 1. tbe_l~•• to pe,." '"'1...

'~'..:~;~;--(."r"~ ...:" .

_~M aboral' ,..r .laa'~ eftJl • vl4...... of 0,...'1.. J....
.. ~ .;.- ',' .. :,., - .. .

~ . . .

..JIJ' .•, ~.~ PH' ......, a ........ of 'i' ,..... per......
. . . .. -..... .:

... .'bao1.,- ad Of, "00 poudl par ...... .\ a ,"_ave of 165 pn&JI4•

. ,.,. ..... s•• ~..1.'.; a retrtpN'''-lz- npp17 et 11&5 poaA. per
. :..

.......,.-' • , ...,.. ot·.20° 1'. 15 po.... per ••oolJl4 at -7oe '. aM

.;~.~.:»- .. HOOII4 at -1000 Yt an4 aft at'l',.........' .""'0
.u .:~~.•_,., h ••••, ~... at ,he. rat. of 55 pol&D4. pet- ••coDA to .tlnlla\e

. ..' - ";'- - -~-_ .. _._- -_._.._-~---_ ... _-. ---_ .... _-._. ---- ~_.... _-. _._ ... - -'_._._'.'-_. .'- .' .._.~.-. '-,:::- ..__ .._---._-_._-._--_._---_ ..-.,

.a: at\I'•• et "0.000 r••, •

• """. '~!!!.l-i' geF•••or Mo!or for Coapt-ft••tM All' ADA
.....'IM "'''HI' •••.

Foza ,•••, .co",a1~ IJl.\a11~'loD. l' 1. proPOla4 \0 ad.p' the

'.OOII.Pn :r8 of'. J-3' J~' »npalaloa -1I«11l8 tor \he co.pr....loll of all'

. 1a ,be ~ 'loa-alr .""_ a4 ~or \he e....tlaa of .*au' p ••• 18

~ ~'l'~.xban.'q.,..~ PrallJdaaJ7 ••ti_tel 1ftdl..,. \he, the

....1. reali.eel \7 the ... of ,be -'-33 coilpr•••or. oyer tha' of \he

eOA"ul'lollal eqv.l1*8Jlt. 1, approd.'.17 $2,000.900 for 'he propole4

1-.41..,. In.~11.'lOJl (l.e. ba.. 1). ~ha .1\'9'1111: In ,hit u.o of 'he••

C08pr•••or rotor. occurs In th. tnt'Sa1 co., 0' 'be rotor 1ft tbe .-.lier

-0111_ ual'., •• co.,are4 to ,he lazt.s" nD4 .love!' co.-erClal OOllpl'e••or

~'" in the .-lIar 'lleA bul141JIC nec•••tlJ7 '0 MUS. ,he ~•••rop.. .

Md. in the .all.r Mat. towU!atlOD requ1recl. Coup19d to tbe•• 84

TaD'aee. 1. the bieber perlorMnce ettloteJlC1 ot the J-J3 co.,r•••or

lapel1tr. which retnl1'. 111 lover poYer require••Bt. to lmD41. \h.....
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"-
.o1~ ., aU •••~'..... • •• el..Ule .tor ."Uac ...

. wl11 ......~... vbleb II of ...1aJel'-- la ..... 00".
_. W. I. 1 *1., .f Oeunl.I1Htrie 0..,.,. 1.\8. tala, be

~," De wbr 00........1'. e1 ,be l-13 tne .._,' ,. Mea

tor .~ .~__ W par.... tor an tadatlai.. ,.d04 .f '111.. - •

••, •• tM'lll. GO..... UK 1-" CIOIIp".8O,. ...1. tor oollpr•••lac

air ,18 .. i ..tall.'loll wtUa 1•• r_h'1c.rattac 'vltl... 10"

•• II 7.... ·Mton .., 1 'to. !1M Al11~aDtn.l0. at..-

aWlu ""I'. MHI rt v1\h .•."..••or ...1. '\ha, ......

, ...._ for 4va\I•• , •••• v1 til ••nl_ e4\U1"'.'•... 't.· o;4.r'H'cf.~P'· ,~"~33 oo~;~r ~~-. wh1'~ -,iiii-'~-I:rl.;;-· .,-

117 .. oo•••Uoul .tor Ulre1Ich .,.84 • 'epa, Ie...... tor 00"1'••,1"1 air

o~"aaaa'taa .xhau' ..... Ut••• OOIIpN.'." whe.t. 1Iq"b. tuDlabed
\

_1'h r ....lpe4 .orol1 .M bell.. pleau ebub.... abat, hal"lap.

,w'. aaI laa... HowY8r. it .., 'be pe••lb1. '0 'I•• \he ecuw••'leaal

1-)3 OOIlp.....or cael•• ·aJUl bealiacs. hh.11 aaal7el. au 4••1.. viII

4.hr... the proper proce4ve.

I' 1- poIA'" out ,bat "'11 t~ 00....tloo1 c~~et"l -oblM.
ver•••4· for \he prOP08e4 la.ltoratol7. _obl._ 01 ,he required .1n

1\6•• !leY." beoll _de betor. aII&l \he 4eUftr7 4.'. ~1l14 be 1Il4et1DI\8.

'. -', :.

The capac1'" of tJHt Illl'lal lU\al1atloD ehall 'be 225 poUD4& of air

per ••GGD4 cOIlpr••".4 \0 55 poUD411 per equflZ'e lAcb a'b.ol.''-. Plplac

.ad ..l ..e. will be 4••1«1184 tor a capacl\y of 625 poua4. pet' ••eoa4.



-:-::-r::":-:

,~tfl;~
.........1 tepta4l.. "PO••,.1. of n tnt ..~ftow .~

'l'lou pi,. :.1 ~

':;: .

. OOIlJI'••••r.... ao~~.'l" of • abc1e..: etn\l...la1., ....~.~ .....
••• uUwerblaniowt_ulF 10,.... 01 all' J8r ••0u4 .t u lale'

air h ...r.~. 01 700 "I. ~J' .. toW .t ••, 2160 po"'" 0' alw ,...

•••114 ., a pelnn of 55 JftDla ,.~ .~... tach &b.oltlu.'~cb '.

_..'...>::.00........1' ul' Ib11 be clrlye. '7 • 10,OCJO-bonepowr .'0J' 'hn"
.:'.~ .<~j1~~~_..~ .~~~;: ..;;.:.. '. ;,: . '. .'. .. . ..'
'~:'Y~:{\F' .~~~r~:'JM4: tt41pap ...r.; till. vUl haDdl. al-.. at 8Jl tal., '..,.ratve ~t

>~ ·... ?·:.;:;~1.-;j ...~.~:: ....:.....:, ' .: .;. . .;'. - . .~,. .. '. .

". I " :.. < ._~.~:~~j~_,_~~,. O!tt~~~~~__~~_~~~_.~P!~_ @t__~~~.~ .l~l~~_~l-~__._
. ,

·'.U~.linc 10 JOu4. of ab' pel' ....., a co.,re••!.", ..'1• • 1 ]-75

.... .

,. \¥vaq1q the ".1' of co-pre.Deu·. 1. ""lee aadby 'ble841q olt

ax... au-.
. '. -
i'.>~. Pre.... rep.1aUoll at·\lM , ••, .\aDA to ·1..pp17 ~ coJiba'loa at!"

., the nCl'llre4 lale\ pr to the .qlne vil1 be obtai..4 bT

pr•••v~ repta\tnc Ya1 uel epeolal ..a,rol. ~cb wiU pnw14.

lal.' pre_IV••••l71i11 tn. 55 poWl4. ,., .qwu-e Illah a'baolut8 (\he

pr•••ve ._11..,.,..4 'by \he ooapre••oJl) 4o'lfll to , tache. of _rev, .

ab.oluM or lowl'.

!he afteroo01erl ,ball be of tbe .~aM a••lp ,hell aM

-. '.'be 'D. capable' of ~o11. 'bo OO-prel.e4 al~ to an ",,",Gzl.ate

MSl.....llp4trahr. ~t 9C)O ., v1~ cool1__to~r water•
.~ !

...
.. I .'

be proYl'''' for r.hfla'l41 \he air '0 the required. t_pera'uro. tor
. .
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. rro. go· , - 19]0 kv

ho. goo , --. 6100 IN

- .. -

IIC)OO r t• ." ]JOWl4s "'1' .....
.erraae""!1rt

"',..a' tor .."l7iDc ••trtcenh4 .u to., ".'~DC 1..., 1..111484

.1"'- • fW 300 ,.... pel' ...at. C--. tilt••,.... t•••1M1e)

~.,to•• "",,~."'d

'". .~ ;;.-

.•... - .

,. 'b. ~1'la1 luWla'to.. for $b8 Pnpd.loa Sola•• r."rawJIr. I'
1~U4••• boveftr. \be pl_1ac of alr-4e~I41f)t"·• .,....., .. ab-

• - ..--.- - _-- -.-......•. ----- ..- - --'1>.- - - ..-----.-.-.----- -- .--- eXJUjt..-refrlCi_lli-.-,vltI... ta ,he oo.".'l b '~8'•• ,hat vlll
.~ refl'tceztate4 air -.tlaltle III • Mve ",tall.'toa. latonatloa.'Mi.'" tro. Mr. 9toooJt1.,. 1. to \be .t~.o' \ba~ 'he 0••8ra1 '11.'1'10

.. C.......bM. uet. ~....\h04 of obtatalJ18 rehlpratecl air tor
' ••'lac tor a 1NIb8Jl of Fear. aDA Ie CGJl'..plat'.fte! the luWla'loD of •
l'ea1rodatl1JC q.'. aellyoli", 2'-0 poa«. ".r ••00. of retrl..,..W .lr
tor coapn••or , ••t1D1. 'or ,be hopalsloD Scl.a.e teborah~ a .181a...
b.' 80" reotrcal.ttac. -7-'. can be uattel vblah rill laolu4e .. aircraft-

. .~~. \urbll18 OJ'. coap"•••r rotor cou,lec1 to A collpre••or uD1' for the
ab.orptlo11 or vone 1l8co••ar7 In the prooe.. of re4ucdll£ \be coa'ba.'loll
air \dper.'ve b,. thl••'hod.. Jtep.,.,. and expert.nft 111410&te that

.•••eral co.eft'loDal a1roran-.~n.par'. can b. &4.ap\ed tor \M 1.a
.\al1&'loD to pr04uoe ...trlprated. dr. Mr. tltoeold., reporte th.,
CODtrol of t.aperature .n4. CluantiV 1. &CCtlra'••

Jew.! In,••:
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.t tile ~'lal l ...all.,t- _1 be ,bat "..ue4 ,.......,

..... (a. a'..,.,." .'.3500~ ') nnlI'.. 'ft ,..1...s•. . ... ,;.,' .. ':. . - ..

•l~. ~.......'l tr no. ~\i .'.100 poat. ,. ...at....

~.....'1.' ".Inn ., ttae I.....~a1..,tetba, .t ..

&1'1-"'0' 50,000 t.., •. then 'wlll _t.w OJ' _1'., 'Upa of ooatpr•••loa

. to., lal.' pr...... • t abn' I., t••• of -NUT.--..l ...

... 1 ~ vi tOft :r.,to of .""d_"l~1.7'. ,thl.

vill ,,.••l)l•. tile tt•• of til t_ •.,.. ef _1IpS-ft.,t••

vi." •1d.a1_ lal.' pr••nre .ttl» 1' inl.t of. d011\2.5 ill••
. _..• __ _:_. _...•..-._- _._----- .._- --- -- .. - .. ' "-'- _- - . - .-._.----- _ .. --., -.- -----------_._------- '," - _-----_.--_..- ----_•...._.

of ••r0U7 a'.ol_.._ It will peral' •••• bat, 101. behe.za the eqtM

0.\1., aII4 the ."uater IDl.' of abe.., 1 Illoll fit _",,"'

!Mr. will be 13 ...... lUllt_. 10 fo,. the fir.' atace ana J

tor 'h••oo'" -ace of • .,n••loa. !be e....'.n IIhall be eo l••r

coue.eel M4 •• ,...red. (5100 hor..power o~sn..'.r) that PT 0•• of

th_ ~ .... u.' Ie? Ule tlr.'. ,he ••OGIld.. or tit. thl~4 .'........toa ••

re4Qlred.. • .. eDauHr 1Ud' a1aa11 ••• 'we l-JJ c.",."..r vb••ll vlUl

adapt" ho••t. CODbOte4 ~.r ..... 4Jtl"..... ~oP paN1181opera'tol1 of

ezbaut-p. •••ou.'loa. Jaeh emauHI' Ihall be aapa1tl. of , ...-'lac

eDaua' I •••• at 'he Nt. ot &pl'!"od..h17 121,600 cablo te.' per 111ft'••t

11.500!'pll. Detailed aM1TaS.. 1411 4.'.1'1I1_ bov".CJUAttOI1 ot £'I'•• a'

near .....I.y.l coD4!ttOll' CM b••, be do... 1M 1-.4 tor the ....\er.

shall b. colltrollea ••J71nc ,he naber of uS,•. 1•••nice.A 'b7
. -

blee41actA &11' to _11l\a!D ••bl11tT at o,eratloD III the _chiDe •



-8A-

. " ~

. -.'~', ~

:~..

: :1

.-.' or tl·...'~ ..,. .,.\1••f eo.U.. tM ....., ...... h •
'.' .. ,'.' ..' .•. . . ... ~'. ,c,:,_. . . . : •. _.' •

; ,1.25· , ••~~ 'lia ......t pl,t ~••• e1uI11

·,~~rit~lt'r. .tU.._ .,.at'J' o~ .~., .

:·~~~\1.li!,~ . . .
/·~·c.,.. ,.w·~"'r.. rit_... 'tOI' ooapre••l .. 2bO .,.4.01 alr per

,/ . .

·...~~;~:55·ieUb-·~··-..... ·laGh _'-olut. with the "mrert_ J·ll
.... ~ -. ~ .

-~;o......... 8ft a GOIIJI'•••r emotft. of: " ......, i ......'··1•.

..'1h.000;~paw~..~;'-~1I7"';.~'~r
'_'_m --~~_••_~~__.l_. .•"'l_la1,_,._~~t._~~~_~_QQ .._Mr~.~~~ .'._~_~~..... _..__._. '_.:_

- "i~~ ~'10 of alIeN' '.75.. or &. "tal toJ' t;be 1) exhaua\er, of ".300

.,". "

. -e' --

foraulllaq equlJala'. laolu41n« the _oliDe-vater 87a.a. aA4 12.000
. .

hol'..~r 'Ill1 'be adAM tor ,1M _XtaWI co.bu'io~lr reh••'l.. !be

\ ~'i"'aUe4 power r.~' tor ,be initial lutall.'loil, there-

.-' i';;'.l.~ 128.300 ur..~or .1loU\ 96.000 tv. .~
~th';'j'.p~~.lJ±~Labora\O-q v1U.r.ltU"I1~'

'·.1u70t 120.000 na i)( n2.ooo w 311.500-"011; ' .....'or_Uo. M4

'-~tohl_ .Cl1dPdea\ ., sub.taUu A. 'rhl. 8441'10n 1. bat..., oa 'VG
new 132"'0 laOGaine ltDo. Yl~'~.OC-o JcYa of lraDlttor_r oapac1'7 tor

..'; ,

"I,. falJ.IAn'P'Ot'ot,y' '11"'." -t11 llib , eqd.ii•••;. eLlUl";::=:-
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llcb'lQC tor )

_.~

iJl. ./

,..".r.. JOwr toy 11M, we

.. 83·

.11"'.'10. A.

S.~.~~~._.)'41 .......6.9QO~_,
.-+

. .~.

.t.,&!le\S.11.y tat ! ••'l¥ ft..:

the power ..equire.n'. ot ~ holtilloa 9cl.D~•• Laborator, are

nih 11l exoe•• or \he peral•• lble 4aTt1Jle eloc'rle 10a4. !bereto!'.,

t.he ".'Horeb. {.eI11 \7 v111 MY. to operaie Oil Il mpt ahilt. \ha.' 1,.

fro. 11tOO p.-. " 7:00 a.D. ar.w1 at bleb 10M rae'ora. !h. prest.At

Al'l tude VlnA !wmel and the '11£11'- b:r SIx-7eo' Supetraomo !WlMl alao

ai' operAte OD. thl. ,hit' wl'h _the po.,lble adAI_loll of \he ~t~t

bj-l:1gh' Super.ollio 'funul. lour -.sOl' laoll1''1••, of whlah one

. 'Aol11\,. .., be lnot•••ed. b,. ''to er more aAdl\lonal ,.,\ !JtAJI4. or
. 'i! -

III tl tlldQ o~ber&. wiU be o.,.ra\lq Oil tbe alchl shit, .-0 tha\ ,he

8.ho1lr n~lh' Ihltt tor 7 dve per week ~111 haY. to be dly14ed IUacUl«
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"tM'''~''UdJ"
'I~-b, .~ 8aP'l'lIGIlio !bUl

~rb,Eicht.~ Sapel'lOD1o Tunnel

Pro~loD 80lene.. J;aborator;r

au. I,
D'

1&0,000

28,SQO

90,000

183,000
, '

~JOOO

, 1135,000

'~.~\o=.".'.,,.'fl.,~ ,;,.;1

"''"hIt .,ao
1"7, 1DcI11141D1
1S,SOO D' air
reh••'1Dc lo&de.)

276,SOO .

618,000

. ,: ';, ' " '.,,' .

~_..:.~~.., .__. ~-1D-. the- nUllb.r ,ot--poIIip -liM8 e.u.a te--tbfr.:.LaboratOl7~·be-----------.-
, ~,', ' '. .~ ..' ... '

.' MoelsU7,. alt.boqh l:h11tat1ona det1nl\ely exi8t, both .. to ott-peak power. , ,. , ,

'tuDe! and ott.,.ak·~rauppq aDd ~.~11De "Plait,... Also" tor \he 62S-

powad-pei .HOOM laboratOJ'TJ . other ..ana than electrical reheatlDc should be

1nftnlc.t•• MO.'. tbe oapult7 of the tour po••ible power linea (238,000 Jar),

woulclbe,............ . ~ .

t,

~o ~nd.\ opera'10ft a\ SO PeroelJt, o~ ~~1tt"or 6, percent ot ',total

'1M. (~"'"1t1ecl177 the 'PlCia~ Panel), .the pen18aible daTtiM dellalld o~

the Laboratorr will haw to be alaoet doubled, that '18, increased trca

50,000 Jar to a1aoet. 100,000 ft. The electric powr co.panJ should be asked

Nlard1Dg the ,o••1bUit7 of' the lars- required increase in tina demand

beyond the 2Q-percent· inC"". already indicatedae p>Ss1ble. It is _Plaai.e4

that t.b. :intended tutNn upaaion ot the Propa181On Soiences Laboratorr (to

625 pounD per ••cond oapaoit7) would require an increase in tirm daand to

160,000 lOr OIl the .... operation balis. The present dependable capac1t7 of

the ponr coaput.,..tea 18 stated to be 804,000 k1r nth an add1tionU oapao-
. ,

1t7 01 180,000 Jar be1Dg added by' .19$0 and 7;,000 IC1r b7 19;2J uk1ng". total

aapaait7 of 1,0,9,000 ,n. S1nce \he pre".nt connect,e'd load of the LaboratoJ7,
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which 18 .~.~ 12 pe~~ o~ the pr.MDt dependable 878tea oapa01t7,

W111 be·~~~••c1 to ~PPI-!M_q·1Jl"NeIl\ of ·~.expend.cldepeadabJ.

. ..... ~~i~7 fttr a:.. I Ull wapProziateq sa peN.nftn- fbue II.·
..' .. ····:·<···F[:X·· . ::: . . ..

the .•1..\ri~}.POWV COJIPM7 ebould be ••te••• ~ their plaaa tor apauion

~ ~~.~;;- '. '. .
~ ~::..:" .;i.. ::~ ",.'. _: .....;

";':' :.'

'" .. ~:

.-.-- .__._- _ - ..-- .:::.:' .__ - .•.- .- . -_ _~:..- ._--_ _._. - _ _ - •..._. ~-_._-_. ... _--_.. -_._-- ..__.------ -- ..... _ .. _._._----,,_ _.. _.
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""Z\ IhGll14 be DOt" that \h. Oal\ tit~ to. oPen\lOD of tile PropllaioD
, '..:., ", , "'" ,I,.' ,

"5.Ji'''~17 ., 01ftelQlia • o..t .....". ltea. ...... the
.: ".. .. .. . .

opuat~. '.:aJlduPM1tT PI'OPOM4, \JIe tlOdot penl" 1Do~.1eotri4a1

.....~· ..to.. ~".OOO Jar 01 JiaaM 11d111Do,._ ~.. power 11111. appr-ad

'.\e1l" '220,000 • aozrt,b .. '2,6laO,OOO • rear. '!'or~ 62S-poad-pl~'.eoODd

1abon\ct17', .t. ,Ilo\ 1Dclud1D& .Motria&! nhed, tbe panr btll "14 b.

, 1De......4 ••~~:11107,000 • aoa\h or 1lJ,881a,ooo • .,..r.'
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raM" v"·r IU_
r.ar.. ,__tt'S•• of ooolS.. _Ie. will ,. recpdre4 \e 00.1 ..

•sM.t ...... '.te" 'MF .. 1». hM41e4 • til......ter., t.0001

the ••1MaUOD aU atM. 00 10.. aII4 .. 0001 tM ....., .....

. ht... ... att.. tJ. ao.,r•••S of tU~~.,er.. or .. rlli~~· j1. .J
( , ,i"f ~.~";-~A4.-Cr.......-9

h.., tn.....1•••'her aul11UJ Hue.'. •••11vll1 ,. U ••lpaW l~

a oooll.. uwr .... the -tv will_ no1rRlate4 tor NU••

be pN~'••hr .,.,•• will coul.' of • CGolt... ,t0v8l"t .'er
,...,.. ,lP1DI. aHi..., ••para'toa••"1' .....Up AII4 _'.1' 'rea'"

taet.l1'1... the .xac' coollDC-'owr A.lip _d puap a4 pip!.
"-..

_"'01'1•• w111ba 4.'.nd.••4 oaq af'8r the r.~._Jl" of all h..,

exoba••r ••ene4 b7 the- tover ha•• been ttu4. I IS pl'epui.JIC ,be

••'Ia'e. tor till. prOPOla1. aaa ....r... 1'1.. In the .'.r '.aperann

of 350 ., vlth a 10° Y approach to 'he vet bulb teaperatura (7,;0 Y) 1n ,he

GOol1", "'WI' ha.b.en a.IUlle' tor appron-tel,. 21,000.000 Itu P07

atnu (55.000,000 :Btu/au h,\ve) of he., 41••1patton. th1•••1.e of

heat 4l••1patton ta· b•••a OD aD air coa~'lon of 225 pound. per .~

tnch (625 pou4. per .qure 111ch tuture) for an air-fuel ratio 01 14

'0 1 ,ivlDe a fuel qu,antt_ of 16 powa4. per aC(Ua1"e ineb. Ii coollD« to"er

will b. co.priMA of a'bout 20 cell. with a .....up water r&te of about ~200

catlon. per.taut. for the 225 poUDda per ••eoM labora'017 and about 70 cell.

with. -.ke-up vater r.'e of abo~t 8600 callona per .~te tor the 625
poUdI per ••coael laboratol7. It lar,ftr 'eIlp8~..'ure-rllJ. ~alue. are

prac,t~•• ua11er tover u4 olrClllatioll 171t- aq remt clue to the

re4U084 .ter Cluutl'7 re«tU1r.d; It' a _ller teaperature ri•• Ie requlre4.

'be oppol1,. con41'lon ob'.ln.. Detail anal,..1. ot ettUlpaen' ualq oOOltq

va'.r Will d.'er.lne the 'be.' ~.llft of the cooli_tower .e a faDo'lon or

allowable , •.,era\ure ri•••
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C..'1'01 aa4 ratl.. 'eW4a vl11 be t..'a11e4 la & OIta'~all0.'loa

"'.,~.'"l 84 .." .,.., '1M tile· J'081U.. 0' lJIpoJ'tAa, -.1 oa

...;JliMSJal.".......~............'10. dr. 4'1'" ,.. ~. .'" . .

.... '".... va"; CO.'~l•. fir til••'-'be 01 :.....17' "sll lie

p1aoM ..." tbe eaab1Mq. eoa'nl. WIll. al.. lMa ., crri4H tor the

o..U ...........w,...,. .. well ... Uae alJt .1Ip...... &114 ,.,.••

.,... tad. trd_ttoa qa_ wiU lao1" ....'io ..1 .
. '

.........,. lJat.ao~_'loa·.,..tea. u4 .1~ q .l co""l'ble-

au··~ .,..... will 1MtPl'"14~ .. wn 0' the acGIIII\1l.'loJl ot
. ""':.;. .. ---.-_._- ._-_. --_ .. -_.. __ .. - ... - ..

.lIed'" tl.....nl.....dlDs ..... viII 'be Jrftl4e4 1. \be ~'1\1l4•

oMaHra to ex'S_l_ aD7 fiJI•• that .,. ooav.

".M£9h !W"pll

!he n .......qu.l,...., tor ,be P?opa1aloJl Sol.ace. taborato17 viU

'be. ,. at'1,.. ohaaber. \bat will b. 1Ilo1a4tt4 .a a put of ,be tal,tal

.utne'lOA lJNChII. th.... at t'h4. ehaalHt,.. will be .'••1 taat.

apJroxlM'.1y l' t ••, In ct""'er M4 230 fee' la o..r-all leqth. !he

......1.4 lea«\b 1. 4.'.1'111..4 b7 tnlcA 11101." 1-.•••a pl... cbaa1aera.

\e., c1waberl. 41t1'wa.r ••0,101l, nJad. coolen. !he 41tfWl.~ I, IlMUcl

to ."talA -xl.- 1J.l,t'1&dti u4 lidS.. v.lch' nov co2ldt'loDa. ..1&a
au4 CODItrac\ioll Pl'"'laloa"wtU _ ._\0 peNt, " ..a1 ot ,ant oa'er

eM aad Yarlotaa 180'lema te acoo....U~••• 'beT AN "e.eel to

ni' coDA1'1.u. Sa,•• will be pJ'OYt4e4\e P8rat\ ~. la.tall"tio.

of -111111•• aJI4 r••earcb ••1~'. JalMa. ~ ,hnas\-ae••vlq

eq,U!...a' will be proY14. 18 the , ••, abubel'_. Proyl.toD vil1 btt
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... toJt r a , ,..,.11.1' _.... PowI' will 'be rllM.

1Ir. te laWl ttbe~ vltlaS. ow .'.i4. ,aa. A1'tWAe .

1M"''''" vitI.' hftt.. ft." tor t1ae .toh., .....'1'01

I'~- AU ,1"" alii. _18.. vUl )I _Moe...

. .:-A..Jl1Plar7 1- la.tall.tlo_. po••lblJ' ~",,"'ot,.

~ _olen. will be 1 11e4. r........... ooo1eJt. an

esve-lF expeaal.e. It vll1 -. """1*84 til \M aetall ct••lp to _Jre

tM.. oool-. .ftllan. , bJ' _I'e ~ 0 •• aI'I'''. H.' tuIc. A
•••..., 1. ~1l at•• lie' I..W1ecl.. !be a.'l•• 'for

-.s- u... 0001••• w1U be •••tpe4 wtl1 lac1WS. tUcool1.. of
._ ....__.... _.. --_... '~'-' .__.... ..-"----- -_... __ ._---~- ---------_.•_-- ._-------.--.-------_...- --pnq.,. of ....'loa tJ'lQll • atolcblOMvio atnQre of all' ancl fuel

la a N'io olllJ t. 1 a\ a .....ftRft of 3tjOOct ~.

:' .' !M ·~""lo.air 00.,.....1... u4 eu..t.-cu e•••tlne 81UP-
• J.~ •

~"

...'.·Vlth •••MJ7 «e~~..---., .1••110 _hr_. d4 cGa'role. vll1 be

b_e4 la aa .~D.'1nll:14la~.

Aft of'll.. 'bullAtac -'11"\. proyf.4414 (top ft••arch aDA oth." ;~r-

_....1 ••a.1 to proper17 OJerak 'he t ••, taell1',,) 1..... ".'''~.J-.

'1. DO office b1ll14t.. a..l1.-1. at O~ Mar the PJ"opo"•• 100&'10• .;'\: If.
."-

..:1.,... be.tine plan' altO 1. -.,••1817 nM wUl be pr0Yf.4....
:\

. "'\.",. ~.", .I., ,be altliu:le chub.ft. ,be ."ces. M4 \fOrk ar.a ~11 b. boil-ad
. . . ,:L \r

.to pro'l1de -»ace fOJ:! &dJll.w.,. of _4el_ aQd l".'all.,loll work '~ti1oh .
. '. '.t\L. , '

40.. DO' warr..' .110.1. ,he _4el M tlIl OY8rbaul 111'0& of the' labo:ra,ol7.
,: • I ;~ 1~:~

I_tIIftI.Oh~a.·th8r. are no .\111\1•• such •• va'.", ••"';r~ '1a!~~~';i-oa4••
. . U'· .

~ . . .:. A,,!,
sI4M1Jr:a. or .00Maloa'101l In. the prol'Oee4 are•• 1'vll1 be De"~.417\o

eoa.""c\ th... n..... _\eUl081 ot pn.."t. .7W'.... :'{Z·
r \



Air- .,.-. - CGIaIv.UOll a1Jl ., raM ot 22S pound8 per second

., $S P"'''' ,..- IqUn taoaa ..~ Mipp11ft- t. \lane 1-)) "1"QOa biYa~-~

t~ 10,ooo-ua...., -.~nriG.~. P1Jd.ztI

178'-. aftuooo1erfl, ... caGD\l-Ola ~. 4N~--_._--------------_.-:/....---------- - ---------------- -------_._._- ------- ------~-- ---------------- ---~~----~;----- ------.. - - ----' - --_._------ _. - --- - ------ -..-. -~~-- ---- ---;-. - -----

tor band11D1 oapaoltiN ., to ~S paull" per

nOODd. '1,213,000

letrtaerat.ed Ail' .tea-0dDI \0 1&ok of ted_, noM win be

- prori.ded 1D1t.1aU7. Plea.111 b. ude, ~ev~,

tor tat1ift air -df71nI eqclpltlDt aDd the '81181'1.

\100 of ntr!cen.ted air trOl1 the c~etl(lJl d.r '.

tbroueh a1r-c.~lOQ turbinee.

:bhaUat _SJltem':- J-33 Go_Pte_VOft 1d1~ be 00...4 as eae ex

haut.n 11\ ,roup' aDd atq.cl to 11ve an ove.....U

pr.81Un1 ~&t10 of 8ppzu1Mte1l' 12.$ to 1. Thia
- ,

ita '11111 inolude ceara, Jao\or., .witcl\p&r,

1Dtercoo~N, piPm& and val,,_, and oor3~l aDd

,.

, . 2,506,000

"Power SUppq - !J.118 iw. w1111Dclude t.NUto-.n, -oina!t

breaker., bud 11\4 nJ.'\lO\\ln, _teriDI pro-
•

_tao\ion equi~, t01llJdat1OD, aDd oca\rol \
-,

boaa.. the, eleotr1csal equ1pttut, ror tile . /' -

oooUDc~r~tiaD wiU a1io be 1Ilolu44Mt. 1.7$6.000./ .
\
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(~.'" .: atI'.. '.' - us.·.. ~-.'.'..'at. ff. :.':'~.'~.... sa. abe,:.. ..w_ lOOaI_: .·SO._ ft' .
.....·.J4'" -.....ora ..~ ..~~: ..;
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0· .... · :

1JIt· .,.,~ ....~ aiJr' d'rae o:l 22S pomutI per stte=d

., $f'~ ,.. ....,. s.oaa ~ Rpp11ft .

t"~~-'J; ei_,.~·~

troalO,OOO a II'.~-'~". f1Pt.aI

'''' ..

~' . . " "

---".. _---- -----~---~_.---_. -..;..- .•__• .,......., u4 .....-\c •. dea''''--,.",---· u_ ---------.--.. -:. " ~.

o:~·.i'"

.." . tor laand2 Sill "lUlu.. ., to as ..... ~r;,,,

..00DcI. '1,213,000

IIItl'lpnteci ··Air· 1Jat. .. C!JW1BI ~ laak or hDt., DGM wl11 be

JftriAIM 1a1t.1au,. p].aa w111 b.", ~.y_, ."-
. . . " ..•. ',;, '"

. .

. lorAthli,.. at.Jt'bJ1nI equil-m' aDd the PM~-

\1011 of retricen.'ec! air troc t~ cCJlbgetlo!J au .
,~a1r~iOQ turb1ne••

'eo;

!XbaUt.~. -'J-)) OO1lpre,... wU~ be u..cI as ,. u-

.~... 1ft ,1..p8 aad etapd to 11... an over-all

pr...ure ratio of appro%1ate~12.g to 1. Tha
. ,

ittia rill 1no1ud. Slara, .oto......wltcl\aear,

~terooo1e", pi~ aad .,at"..,·aDd ooDrol aDd

.ur. 118t.. ' . 2,506,000

lWeI' hpp1J" - !Id8 it. wU11Dclude 'NlWfOlMft, obo\tlt'

~reabr.~ lNNa aM nftO\\an, ..'erial pro-
. ..
tM\loD equlr-a\, to'llldat,lOD, UId 0_.-01

. .'. . .. . I
b.._. !be .1~1'1ca1 equ1l*llt tor \be (I. ,
ooo11Dl-t..~ tutallation will a1H be 1Doludecl. 1,7",000 f . '..

. \.' '.
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ot thi. continuoul .ystem· capac1ty for Phase II. This increase is

approximately 27 percent ot the expanded continuous Iystem capacit7

of the electric power compan7. Therefore, the el~ctric power comp&n1

'. should be aaked al to their plans for e~p8n.ion beyond 1952.

Power Cost:

It should be noted that at present rates the cost of power for

operation of the Propulsion Sciences Laboratory at Cleveland is a con-

_~ .~ __.. . dderAbl.e-.i tem...--- Baae.d.-.O-n.the. operat1ns time-- and· capaet..t~-p-repo&ed, -t~--_·_--

cost of power for the 88,000 kw of Phase I will increase the power bill

t

•

':.,.

by approximately $146,,00 a month or $1,7,8,000 a year. For the 62~-

pound-per-second labora.tory, the pow@I!r bill would be increased by

approximRtely $607,000 a month or $7,280,000 a year. R~duced rates

should be possible.

Process Water System:

Large quantities of cooling water will be remiired to cool the

e:r.haust ga.seR be-f'ore they CM be hR.J1d1ed by the exhausters, to cool

the- c~mbustlon air after compression, and to cool the exhaust gases

before and after the compression stages of the exhausters, or to re-

move heat from various other auxiliary sources. Heat may be dis-

sipated in a cooling tower and the water recirculated for reuse.

The process water system will consist of a cooling tower, water

pumps, piping, ~ediment ~eparat10n, water make-up and water treatment

fac1l1tl~s. The exact cooling-tower desIgn and pump and plpinR

capaci ties will be. det~rinined only Ilfter the require.ments of all heat

eXChangers served by the tower have been fixed. !n preparing t~e
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••'1.'•• for \hI. propoul, an aoyer.,_ ri•• in the water teJtperature

. of 35~ , vi,Ii a 10°. r approach '0 \he vet bulb temperature (750 J) in

~ coolinc 'ower ha. b••n •••umed tor approximate17 21,000,000 Btu

per mDut. (55,000,00& 'Btu/ain future) of heat di••ipatlon. Thill ...lue

of hea' 41.s1patlon i' baled on an air conaumption 01 225 pound, per

. ,.com (625 pound, per second future) for an air-fuel ratio of 14 to 1- .
giring a ful quantit7 01' 16 POundl per se~ond. A cooling tower vill be

cOllprl••ct of about 20 cell' with a make-up vater rate of about 3200 gallons
- -~_.. -----.- .._-- ._ __ ._-----.-.----- -_._ ----._-----.-.-. - .._---._-.- .. _ ...•__ _----. . - __. -- _.,- .-.-. _.".._.. - -.~ --_ _._- --_ "-"- _.~.-.-_.

per ainute for the 225 pound. per second laboratory and 'ab-~-~t--70--~-;ii~---------·-- - ..---- ".

wi th a ate-up water rat_ 01 about 8600 gallons per minute for the 62,

pound. per ,econd laborator'7. If. larger temperature-ri8e values are

practical, a 'maller tower and circulation system ~ result due to the

reduced vater quantit7 required; if a 8malier temperature rise is rft-

~red, the oppo8ite condition obtains. Detail anaIT_ie of enoling vater
I

requ~r.mant. vill determine the be8t 80lution of this problem.

The prevloual7' stated water capacities are consistent with th~

quantiti•• mentioned to the city in connection with our future needs.

Controls. Interco~~ications,Fire Protection:

Control and routing boards vill be inatalled in a central location

to cGDtrol and .how at &n7 time the position of important valves on

the principal proeeRs 'Teteme, luch 8S combustion air, altitudft exhaust,

and proceas vat.r. Controls tor th~ starting of machlner,y will be

placed near the maChinery. Controls will also be provided for the

cooling-tower water pump. a8 vell al the air compressors and exhau8ters •
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!be iJltercosaalln1catioll 171t. will iDClude 8I1tomatic telephones,

_rgency1ntercoDmUdeatioll qlt_, aDd 1i.gDal s78tems. A com

batlbl.... aJ..am qat. wU1 b. provided to warn of theaco1nn1atioD

of CQIlbuatibl. pee. ·wb1ch II1ght C8I188 c1sI8g1nc explosions. J. carbon

diana f1r~1Dgu.1Ih11tgqat. will be provided in the altitude

chamben to extiDguil6 iJ;r fire. that 11JIJ3 occur.

Beaearch !lu1:pnent:

~e r ..~ equipnent for the ~opul81on Sciences ~ratorywill

be two altitude chamber. that will be included as a part of the initial
. _.. -.-_._._.~.--. ---_ .._---_._--_._~... -

'-.

coDBtruction program. These altitude cbambers will be steel ·Lenk8

approximatel¥ a:> feet in diameter and 230 feet in ovel'-all length. !!be

....bled length 1. determiDed by liucb lnclo.ded items as plenum chambers,

t ••t chambers. diffu8er section, and coolers. The diffu.ser 1s needed

to obtain mexi u lm altitude ADd max1Dlm weight now coDiitions. Design

and conetmction p~v1.1onwill be made to permit removal of tank

ollter end aDd various sections to accorrmodate changes as they $re

needed to suit conditions. Batches will be provided to permit the

inetallatioJ1 of engine. aDd research equ1pnent. :Balance 8J"..d thrt'tst

meamr1ug equipD8nt will be provided in the test cbBmbers. Provision

will be made for research on turbo-propeller engines. Fewer will be

ab80rbed by ~meter8 lnatalled either within or outside the

altitude tanks. 1he chambers will not be housed except for the hatch

vrq and control roc.a. All p1piag and. coolers will be outdoors.

A priMry abaust-gaQ cooler installation, poss1b17 composed of

two.60-pound coolers, will be' installed. Inemmch as these coolers
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are extremely expensive, it will be attempted in the detail design

to make these coolers av&.i.lable to use by more than one altitude test

tank. A secondary eJdlaust-gaa cooler will Slso be installed.' The

duties for which these coolers will be designed will include the cool

ing of products of combustion from a stoichiometric mixture of air

and fuel in a ratio of 14 to 1 at a temperature of 35000 F.

lUild.1¥. Utilitiel, Baads:

The combustion air compressing and e~st-ga8 em..'l1lstlng equiI>-

lIlent, with necessary gear boxe., electric motors, er~ contrclc. will
- -_ _-_.__ ._ - ._- ~.. - _ _-_ _. - ..

b. housed in an equipnent building•

.An office building will be provided (for r~searcl1 and other per-

eonne1 needed to properly operate the test facility) 1nasnuch as there

iene office bui1dl~ ava1ls:b1e at or near the propoe:ed location. A

steam heating plant also is necessa..'7 and will be provided•

.At the altitude ch£unbers, the access and work area. will be housed

to provide space for adjustments of models and installation work which

does not warrant moving the model to an overhaul area of the la'bore-

tOl')".

Ina.8IDI1ch a8 there are 1'10 utilities such as water. sewer. gas.

roads, ~1dewalks, or communication in the proposed area. it will be

neces~r to constru.ct these items as extensions of present systems.

Plan of Procedure:

'!he recommended plan of procedure 'is to contract ell possible destgn

and construction aervice. An NAeA project engineer will be &Wointed

Who ~ill coordinate research requirements and feasibility with methods
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•

•
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of tuUln.nt.· In general, thi' project engineer will seek to 1dn1Jll1.

the work to be doDe br WAC! persomel and ret obtain the beat possible

job trom a contractor. The project engineer will direct a aul1

organisatiCl1 of experts (see Organisation Chart) whOle duty it will be

to write performance specificatiODa upon which design and constroction

ccntracts can be based. This group will consist ot selected Cleveland

laboratoI'7 reaearch and aervice representatives who, in addition to

preparing the performance specifications, will approve t1r4l8l plans,

speciticatio.ns and construction, according to laboratory standards, for

Project Itemization - Phase I:

The following itemizaticn, involving three principal fields of

specialization, is recollUL'ended to serve as a general guide.

1. Buildings and utilities

(a). Buildings, roads, sidewalks, and parking.
(b) Heating and ventilating.
(c) Sewer and water.

2. Electrical'

<a) Substations and distribution.
(b) Motors and controls.
(c) Lighting.
Cd) Comunications.

3. Equipment, Piping Systems, and Controls

(a) Equipment.

(1) Combustion air compressors and coolers.
(2) Exhausters and coolers.
(3) Altitude tanks and engine mounts •
(4) Cooling tower and pumps.
(5) Fuel tanks and pumps.
(6) CO2 storage tank.
(7). Service air compreesor and cooler.
(8)' Acoustical mufflers (it required).
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(b) Pi inc Systems.

1

1 Combustion air.
2 JlIbanst gu.
3 Cooling Water.
4 JUel.
5 002 fire protection.

(6) Service air.

ec) Controlll.
1 Co~stion air.
2 Exbsnst gas.
3 Altitude tank.
II. Cooling water.
5 lUel
6 ~.

(7) Service air.
______ L . . . _

Conatmction ~e:
. - _ .. ---- •.. -. ~ .._.._-- -_ ... _- .. _ _- ~---.__._-_ -. ---------- .. - _. _.- -'- - -"._-......

Start Como1ete Award-
t.

Design specifications for con-- Inmediately June 15•
• txuctlon design, drafting 1948
aDd conatlUction specifications .

Contract for Arehiteet-Engineer
design service.

Equipment contract.

General construction and process
system const~ction contracts

J~ 1,
1948

July I,
1948
through
Sept. 1,
1948

Jan. 1,
1949
through
June 30,
1949

,
Co~etion and Operation July 1,

19:P



•
o.

•

..

•

,
II

-]6-

PROPUISION SCIENCES LABORATORI

Cost Itemization

(CombUfltial air ~ 225 1b/sec at 55 1b/sq in. abs;
altitude exhaust -- 100 1b/sec at 50,000 it)

Based on J-33 Compressors as Compressors and Exhausters

Air System - Combustion air at rate of 225 pounds per second at

55 pounds per square inch absolute supplied from

three J-33 compressors driven through gearing from

' ....lO,OOO-horsepower electric motors. Piping system,

aftercoolers, and controls to be designed for

handling capacities up to 625 pounds per second.

Exhaust System - J-33 compressors will be used as gas ex-

hausters in groups and staged to give an overall

pressure ratio of approximately 12.5 to I. This

1tern will include gears, motors, switchgear,

intercoolers, piping and valves, and control and

alarm system.

Power Supply - This item will include transformers, circuit

breakers, buses and structure, metering pro-

tection equipment, foundation, and control

house. The electrical equipment for the cooling-

tower installation will also be included.

$1,113,000

2,408,000

1,756,000
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Controls, IntercoJJlDUJrlcations, Fire Protection, etc. - This

item will include controls for air compressors,

emausters, cool1J3g tower t cooling-tower _

pumps, valves, telephone, emergency 002 system,

and combustible-gas alarm system. 285,000
__. .__ ._. _.·r._· __ ...•.. ,.•.." __ ~ .._~_._ ..__ .. _' .. _~_H .. __ _ _ -- -- -- _. --- ~ - .. - -- - - ----- -- -- - -- - --- --- . --- ---._"." -...- ..-,::,:--.--...-------

Research iquipnent - There will be included pri.me.ry emaust-

gas coolers, secondar,f exhaust-gas cooler!,

altitude test chambers, foundations, balances,

instruments, fuel system, and control room with

•

instrumentation.

Buildings, Utilities, and Roads - A machinery equipnent

building will be provided and also office

bUilding, access Sl1d work area at altitude

test chambers, water, sewer, gas, and

telephone extensions, heating plant; roads,

and sidewalks.

cSJ.i:at

1/21/48
,t(evI ~ e-J 3/1 S,I .;.s
. \' ~f

l,312,COO

. 2,366,<XX>

$10 t 000.<XX)



APPJfiDIX B

~Ject: Probable Electric Power Bequirements of t~e Flight
PropllsiOD Besearch laboratory

Beterence: (a) Beport entitled "Comparison of Steam and Electric
Drive for ResearCh Facilities", by All~n H.
Heidenreich.

(b) Appendix A.

1. A summary of probable (1951) electrical loads at the Flight

PropJlsion Research le.borato1'7 are as follows:

.,

Altitude Wind 1\1nnel

EDgine Research BUilding

8l x 6-1-" Supersomc 'funnel

81 x S' Supersonic Tunnel
Drive
.Auxiliary

Propulsion Sciences :Bldg.

'--.

lSO,OCO
33,000

88,000 (expansion~
increase this to
approximately
201.(00)

•

2. 1be total power required for coarpres~ing 240 pt)W"ds of air

:per oecoId to 55 pounds per square inch abso,lute with the converted

J-33 compressor, when a compressor efficiency of 66 percent is used,

is 30.000 horsepower. ~e maxi.mu.m power required by each exhauster

evacu.a.t ing at a constant inlet volume 18 5100 horsepower at a

compression ratio of about 3.75, or a total for the 13 exhausters- of
66,300 horsepower. To these power requirements 2O,CO:> horsepower may

be ~ded for awd11a.l7 equipment, including the cooling-water system.

The total installed power requirement for the initial installation,

therefore, is 116,300 horsepower or about 8S,CXX> lat.
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3- ih. propoled Pr0p1l8ion Sciences Laboratory will require

practieall1 do.plicatiDg &1betatiOll A by the aidition of l2>,tOO kva

of 132,000 to ,34.~lt transformation am switch1ng equipnent

at SUatat10n ~ !hi. additioD 18 based on two new l32-kv incoming

line. with 65.0:0 kva of transf~11aGr capacity for each line. Wit1/.

t~ae ~~ line. (tW\i) the off-r,eek demand J!JS3 be 262,CXX> !tva.

~. It appears that with the Prc.;....,;.1sicn Sciences Buildi::Jg and.

two altitude chambers. the off-peak research time of 7-R hours per

24 would haTe to be shared by five research facilities. ~,. .._.. ..
-_ _._-_._--_.__._--------.-._._----_ .._-_ -...•-,-----_ .. ---_._-_ __ .__ _-_._--------_..-_ --_.__ __ _-- ._--- ._.~-.-- .-.,.," -._ - ._, ..

location of all of these resee.rch facili tie. at the night Propulsion

Research Ieborato17. Cleveland, Ohio t would certainly result in a low

use factor being obtained for any one of these research facilities.

Allan H. Heindenreich

1/2l./48

Revl$ed
$/IS/cf-I

~
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