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Cleveland, Ohio
itarch 18, 1948

, MEMORANDUM For Director.

Subjects Report of the Special Panel appointed to study genefhl
requirements of the Propulsion Sciences Laboratory.

1, There is transmitted herewith the revised report of the

- Special Panel appointed November 3, 1947 to study the requirements
for the proposed Propulsion Sciences Laboratory. The report out-

lines the general specifications to be fulfilled by the laboratory
when completed and presents deteil specifications covering the '
Phase I (%10,000,000) construction programe

- 2¢ The Panel stresses the need for research facilities
having a high use factor, if rapid progress is goin; to be nuade
in carrying out fundamentsl research programs on propulsion
systens for aircraft end guiced missiles. It is this fundamental
research that serves as the basis for all future sircraft de-
velopment. A

Carlton Kempers ]

Executive Engineer.

CK:mes
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REPIRT OF THE SPECIAL PANEL ON THE PROPULSION SCIENCES

LABORATORY = FLIGHT PROPULSION RESEARCH

LABORATORY, CLEVELAND, OHIO

t

"1e From a review of information now available on present propulsion
systems for airoraft and guided missiles, the Panel has endeavored to
forecast the future requirements in research facilities for obtaining
fundamental research information on these propulsion systems. The
facilities have been selected with the object of obtaining, and having
available when required by the designer, the necessary fundamental in-
formation on compressors, combustors, turbines, ‘' controls, and supersonic
ran jets for present and future designers of propulsion systemse

2, The Panel has endeavored to foresee and predict what the future
requirements of research facilities will be. It is realized that plan-

“ning for the futurs is absolutely necessary if basic research -information

is to be available when required by the designers of future propulsion
systemss The methods of execution for these plans must be practicable
and result in a research facility that works. The principal requirements
of such a unique research facility are that it must be capable of being
expanded, that it must be located close to a source of electric power
unrestricted in quantity and low in cost, and that it must be cepable of
being operated 24 hours per day, 7 days a week, It is only by fulfille-
ing these requirements that rapid progress can be made in carrying out
the necessary fundamentsl research programs. The specification of 24
hours availability of the research facilities has already been built into
three of the industrial development laboratories for jet engines. If this
requirement has been found to be necessary for development work, how much
more necessary: it is that the research facility supplying the fundamental
information on which the development is based should be available on a

24-hour-per-day basis!

3¢ The Congress has beern requested to make available $10,000,000
for the completion of a Propulsion Sciences Laboratory. The Panel has
selected research facilities which will contribute 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 location

is shown on SKS 604=4,

4, The laboratory will supply combustion air and.have exhaust
capacity of the following quantities and pressuress

(a) 225 pounds per second of air at 65 pounds per square
inch ebsolute pressure.

" (b) 100 pounds per second of exhaust at a pressure
equivalent to 50,000 feet altitude,
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The total installed power reguirement for the laboratory is approximatély
58,000 KW.

5« The eir supply system will permit fundamental information to be
obtained on the performance of jet engines, turbo-propeller engines, and
supersonic ram jets under altitude conditions from sea level to 50,000
feet altitude. Figure 2 shows the renge of eltitudes and Mach numbers
at which the progosed air supply system will permit the investigation of
the performance of turbojet engines giving 5,000, 10,000, and 15,000
pounds of sea-level static thrust. Jet engines of 15,000 pounds statioc
thrust are already scheduled to be available for the military services
within the next 5 yearse.

6e The laboratory will provide for research, two altitude chambers
20 feet in diemeter and 230 feet in over<all length located at right
angles to the combustion air and exhaust gas headerse This arrangement
will permit the future expansion of the laboratory with no interference
to equipment already installed., The proposed layout of facilities is
shown in SKS 604~4, The general arrangement of the proposed altitude
chambers is shown in Figure l. The proposed air supply system will also
be used in a research facility that will permit the determine®ion of
factors affecting the performance of the propeller, turbine, and controls
of turbo-propeller engines. This research facility will be unique and
will yield research information not at present attainable in eny known

research laboratory.

SUMMARY OF COSTS

7« A summary of the costs of Phase I of the Propulsion Sciences
Laboratory is as followss

AIR SYSTEM $ 1,113,000
EXHAUST SYSTEM 2,408,000
POWER SUPPLY 1,756,000
PROCESS WATER SYSTEM 760,000
RESEARCH EQUIPHENT 1,312,000
BUILDING, UTILITY, ROAD, ETC. 2,366,000
CONTROL ROOM : 285,000

TOTALessoseses $10,000,000

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

8 A detailed explanation of each of these items is given in
Appendix A of this report prepared by the Technical Service Divisionse
1 .

i
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9e At the request of the Panel, a comparison has been made by the
Service Divisions to determine whether steam turbines or electrio motors

should be used as the driving units for the compressors and exhausterse
" The comparison showed definite advantages for. the electric motor drive.

10 The number of research facilities now located at the Flight
Propulsion Research Laboratory end those planned for the future will greatly
increase the electrical load at the laboratory. An analysis of present
and future requirements of eleotrical power at the laboratory has been
prepared by lire Allan Heidenreich, A summary of the report is included
as Appendix B. The report shows that to fulfill the requirement of &
high use factor for the Propulsion Sciences Laboratory oonsideration
ghould be given to locating the laboratory close to a source of cheap
power that will be available 24 hours per daye

RECOMMENDATIONS

11 The Panel recommends that a definite decision be made as to

the location of the Propulsion Sciences Laboratory to fulfill the require=
ment of a high use factor; that the design of the Propulsion Sciences
Laboratory, be contracted for with an outside organization; and that the
Propulsion Sciences Laboratory be completed by Jume 1950¢

oo Wk

Oscar W. Schey

i ok

Benj y Pinkel

Abe Silverstein

J;Néw&w%)/

John He Collins, Jre

AL 7P,

Ce Se HOO?O

CK:mes
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Cleveland, Ohio,
March 26, 1948,

MEVORANDUM for Carlton Kemper, Chairman of Special Panel,

Subject: Reviged frelininary Proposal for Propulsion Sciences
Laboratory of the Flight Propulsion Research Laboratory.

Reference: Memorandum for Carlton Kemper, Chairman, Special Panel
to study general requirements for the proposed Propulsion
Sciences Laboratory, February 12, 1948, ERS:imk:mes.

1, Attached is the subject preliminary proposal revised in
accordance with the reference memorandum,

2. Thie preliminary proposal is entended to serve as a basis
for the future study and clarification as to requirements and best
means of fulfilling them,

3. Attention is called to the recommended plan of procedure
and the time schedule,

- U4, An organization chart is also included with Appendix A
with sufficient room under the headings to add the names of person
or persons designated to take charge of the various constructipn
phases, Although the names do not appear on this chart, personnel
has been selected and these names will be available for discussion,

LT T e

C. S, Moore,
Assistant Chief Service Engineer,

RP:mb
CSM

Enc.



APPENDIX A
PROPOSAL JOR PROFULSION SCIENCES LABCRATORY
FPRL - CLEVELAND, CHIO
PEASE I

Deécription. Itemization, and Cost Estimtes. ‘

Gemeral Description: -

The purpose of tt;e proposed project is to provide facilities for
testing full=-scale aircraft engines, such as turbojet cr turbine-
propeller and ram-jet engines, under simlated altitude cperating.
 conditicns. e principel facilities furnished shall be o comprassed-
air system for tombustiommair supply, an altitude—exhans't gas qystem;w .
and research-equipment installations for engine testing. The project
includes electric power supply connections,' a ‘process water system,
buildings for housing equipment and persommel, access roads, equipment
controls, intercommmnications, and fire and accident protection,

The proposed immediate installaﬁioz(\:}/‘:lﬁlll))rovide an air supply
system to furnish combustion air at the rate of 225 pounds per second
at a pressure of 55 pounds per square inch absolute; it will provide ar
dtitht gystem to evacuate exhznst gases at the rate of 100
pounds per second (in addition to fuel) at altitude conditions of
50,000 feet; and it will provide a process water system sufficiently
large to furnish water for exhaust-gas coolers, compressor aftercoolers,
and éther heaf exchangers,

These insf;alled capacities, however, are regarded ee the first

increment of installations to be made, It is proposed to increase these
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capacities by additional construction from subscquent cppropriations.
The initial capacities are sufficient in themselves to permit testing
complete aircraft power plants over a wide range of operating con-
ditions. The ultima;.e capacities planned are for a combustionair
supplyv of 625 pounds per second at a pressure of 55 pounds 15er square
inch sbsolute and of 40O pounds per second at a pressure of 165 pounds.
per square inch sbsolute; & refrigerated-air supply of 145 pounds per
second at a temperature of ~20° F, 75 pounds per second at ~70° F, and
60 pounds per gecond at =~100° F; end an altitude-exhaust system to
evamte exhaust gases at ‘the rate of 55 pounds per ‘second to similate

an altitude of 80,000 feet,

Adaptation of the J=33 Compressor Rotor for Gompressxn&Air and
Bvacuating Exhanst Gases:

For the most economicel installation, it is proposed to adapt the

compressors of the J=33 ,jet propulsion engine for the compression of alr
" in the combustion-gir system and for the evacuation of exhanst gases in
the altitude~exhaust system., Preliminary estimetes indicate that tna
saving realiied by the use of the J-33 compressor, over that of the
conventlonal equipment, is approximately $2,000, OOO for the proposed
immediate installation (i.e. Phasc I). The saving in the use of these
compi‘eesor rotors occurs in the initial cost of the rotor, in the smaller
machine units, as compured to the larger and slower commercial compressor
units, in the smaller sized tuilding necessary to house the COmpressors,
and in the smaller foundation required. Coupled to these advantages is
the higher perforuence efficiency of the J-33 compressor impeller,

which results in lower power requirements to hanile the same volume of
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air or exheust gases. Less electric motor starting torque will be
required which is of importance in motor cost, X
Mr. E. E. Stoecquy of Gereral Electric Company states that he
knows of no reason why compressors of the J-33 type camnot be used
for the above-stated purpose for an indefinite period of time. He
 states that his company used J-3§%;mpressor wheels for compressing
air in an instsllation with an expension refrigerating turbine as long
as 4 years before any inspection was made. The Allison Division gives
similar reports based on experience with coinpressor wheels that have

-~ been used for duration tests with service equipment. -

In order to adapt the J=33 compressor wheel, which will be driven
by a conventional motor through speed stepup gears, for compressing air

.- or evacuating exhaust ga.'ées. these compressor wheels may be furnished

with redesigned scroll end bells, plenum chamber, shaft bearings,
geels and base., However, it may be possible to use the conventioﬁal
J-33 compressor casings and bearings. Detail analysis and design will
d;termine the proper procedure, It is kmown that several companies
are building or planning to build commercial air compressing equipment

that use high-speed aircraft-rotor technique.
It is pointed out that even if conventional commerciel machires

were used for thp proposed laboratory, mechines 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 sy'stem ere the com-

- pressors, aftercoolers, piping, valves, pressure controls, and vreheaters.
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The capacity of the initial installation shall be 225 pounds of air
per second compressed to 55 pounds per square inch absolute. Piping
| and valves will be designed for a capacity of 625 pounds per second,
transmission pressures depending upon analysis of required flow coﬁ-
ditions ard pipe sizés.

For the initial installation there shall be three J-33 converted
compressors, each consisting of a single, double-inlet rotor, and
each delivering approximately 80 pounds of air per second at an inlet
air temperature of 70° F, or a total of about 240 pounds of- air per

“second at a pressure of 55 pounds per square inch absolute, Each -

compressor unit 4shall be driven by a 10,000-horsepower motor through
speed stepup gears; this will handle air at an inlet temperature of
0° F at 6 percent overload, The normal speed of these impellers for
delivering %0 pounds of air per gecond at a compression ratic of 3.75
is spproximately 11,500 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 tc.> suoply the combustion air
at the required inlet pressures to the enginle will be obtained by
pressure reguléting valves and special controls which will provide
inlet pressures verying from 55 pounds per square inch absolute (the
pressure delivered by the compressor) down to 3 inches of mercury
absolute or lower;

The aftercoolers shall be of the standard design shell and tube
type capable of cooling the compressed air to an approximate maximum

. temperature of 90° F with cooling-tower water.
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Figure 2. - Altituds chember with engine installed in test section,
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In view of the excessive electrtcai load proposed for this laborstory,
combustion air reheat by means of natural gee-fired heat exchangers can
be accomplished for Phase I "by extending the existing gas system., The
present gas supply cepcity, however, is spproximately 2/3's of the
estimated requirements for Phase II, Conferences with the East Chio
Gas Company indicate~that future supply capacities will be adequate for
Phase 11, '

The air temperatures required are:

Gas uirements

e Tetency) ——— — —— -
190° F for 300 pounds per second From 90° F — 30,000 cfh
(vhen this capacity is available)
225° F for 200 pounds per second From 90° F — 27,100 cfh
400° F for 75 pounds per second From 90° F —~ 23,200 cfh

Refrgeratéd Air:

BEquipment for supplying refrigerated eir for testing' is not included
in the 1n1tiai installations for the Propulsion Sciences leboratory
inasmach as the panel has sgreed that & considersble amount of pertinent
data can be obtained before a refrigersted air system is aveilsble, ~For
instance, temperature conditions corresponding to Mach numbers greater
than .6 at sea level and 1.5 at 50,000 feet eltitude will be attained  °
without refrigerated air, However, a refrigerated air system is essential
to simlate ]_.ovurerj-Mach mmbers. Accordingly, plans will be made for '

future air drying equipment, end the generation of refrigerated com-

bustion air through the use of air-expansion turbines, Information

obtained from Mr, ‘Stoeckley is to the effect thét the General Electric

Company has been using this method of obtaining refgiéerated air for
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testing for a number of years and is contemplating the installation of a
recirculating system delivering 240 pounds per second of refrigera'ted. air
for compressor testing, For the Propulsion Sciences lebcratory a similar,
but not recirculating, system can be used which will include an aircrafi-
engine turbine or compressor rotor coﬁpled_tq a compressor unit for the
absorption of work neceésary in fhe process of reducing the combustion-
air temperature by this method, Reports and experience indicate that
several conventional aircraft-engine parts can be adapted for the in-

stallation to prodnce refrigerated air, Mr, Stoecldey reporte that

control of temperature and quantity is sccurate.

Exhanst System:
The component parts of the exhaust system are the exhsust-gas coolers,

exhsusters, intercoolers, piping, valves, and.controls. The capacity
of the initial installation shall be that required to evacuate exhsust
gases (at a temperature of 3500° F) resulting from burning a fuel-sir
mixture with a combustionmair flow rate of 100 pounde per second, when
the outlet pressure at the test ctand is equivalent to that at an
altitude of 50,000 feet, There will be two or more stages of compree-
gion for exhanster inlet pressures of about 8.5 inches of mercury
gbsolute and lower, each with a compression retio of approximately
3.75. This will make possible the evacuation of gases in two stages
of compression with a minimum inlet pressure at the exhauster inlet

of sbout 2.5 inches of mercury absolute. It will permit a net draft
loss between the engine ocutlet end the exhaunster inlet of about 1 inch

of mercury.



feet per minute at 11,500 rpm, Detailed analysis will determine how
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There will be 13 exhauster units, 10 for the first stage and 3
for the second ataée of compréssion. The exhausters shall be so inter—
connected and so. powered (5100 horsepower or greater) that any one of
them can be used for the first, second, or the third stage compres—
sion as required. Each exhauster unit shall have two J-33 ccmpressor
wheels with adapted bousing canected for tandem drive and for parallel
operation of exhaust~gas evacuation. Each exhauster shall be capable

of evacuating exhaust gases at the rate of approximately 121,600 cubic

evacuation of gases at near sea-level condit;iéns canbes%bedone.
The load for the exhesusters shall be controlled by vax"ying the fxmnber
of units in service and by bleeding in air to maintain 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 ul'tiuate capacity of exhaust gases,

Power Supply: )

The total power required for compressing éhO pounds of air per

second to 55 pounds per square inch absolute with the converted J-33

compresscr, when a compressor efficiency of 66 percent is used, is
30,000 horsepower, The power required by each exhauster evacuating
at a constant inlet volume is 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 20,000 horsepower may be added
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for auxiliary equimt including the cooling-water system. The total
installed pwer requirement for the initial installation, therefore, is
116,300 horsepower or about 88,000 kv.

The propo-ed Propulsion Sciences leboratory will require practmally
duplicating Substation A by the addition of 120,000 kva of 132,000 to
34,500~volt transformation and switching equipment at Substation A.
~This addition is basod on two new 132-kv incoming lines with 65,000 kva
of transformer capacity for each line, With these added lines (two) -
the off—peek dmeni may be 262,000 kva.

hailahilitz of Teatig Time:

l'ne'power requirements of the Propulsion Sciences leboratory are
mach in excess of the permissible daytime electric load. Therefora,
the r‘esee'rc,h facility will have to operate on a night shifi, that is,
from 11:00 p.m. to ,7:OO.a.m.‘ and at high load factore. The present
Altitude Wind Tunnel end the Eight- by Six-Foot Supersonic Tunnel also
mst 0perate on this ahift with the possible addition of the Eight- by
Pight Supersonic Tunnel. Four major facilitles, of which one facility
may be increased ﬁy two or more additionel test stands or altitude
chambers, will be operating on the night shift so that the &hour night
- ghift for 7 days per week will have to be divided among five or more
major power-using test facilities, The power requirements as foreseen
at the present time (i.e.; including Phage I of the Propulsion Sciences

leboratory) are: /
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Phase I, Expansion,
kw kw
Altitude Wind Tunnel 40,000 (Expansion to
proposed 625
Engine Research Building 28,500 1b/sec lad
capacity.)

Fight~ by Six-Foot Supersonic 90,000
Tunnel

Eight-~ by Eight-Foot Supersonic
Tunnel 183,000

Propulsion Sciehces Leboratory 88,000 201,000

will be necessery, elthough 1limitations definitely exizt toth as to
off-peak power demand and o*‘f—peak power supply and power-line capacity.
The elecctric power company should be asked regarding the possibility of
‘the large required 1ncr9ase in firm déma.nd beyond the 20-percent increese
already 1ndic§ted as possible, It is emphasized thet the intended future
expansion of the Propulsion Sciences Building (to a b25-pound-per-
second capacity) would require an increase in firm demand to appruximately
260,000 kw on the same operation basis. The present pesk capacity of the
power compeny system is stated to be gk, 000 dow (714,000 lw contimous)
with an sdditional capacity of 180,000 kv being added ty 1350 enmd 75,000
kw by 1952, making a total pesk cepacity of ~,1,c559.ooo kv or 969,000 kw
contimous capacity. The estimsted firm demand of the leboratory ill
be approximately's percenﬁ of .tb-.: present contimious system capacity
of the power company and will be increased to spproximately 37 percent
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During burner and jet tests it is assumed the air-fuel ratio
_“will be 1k and the maximmm exhaust gas temperature will be 3500’?.
Cycle of o ration (initial se): ~ Jet units under test ,,

wi.ll roqniro 5&
32.1 1bs of fn-l/m

Btu/1b of fuel = 19,000

32.1 x 3600 = 115,700 lbs of fuel/hr

115,700 x 19,000 = 2,200,00,000 Btu/hr

The temperature of the gises discharged from jet-engine and

bumor toats 'lill be apprczilataly 500' P and will ame as a

souru of heat for steam generation when available nnder thess

-

conditions, N

From the test units it is contemplated to pass the total
. volume and Btu content of these gases through a heat exchanger or
waste heat boiler to generate steam at 600—-pounds gange and 850° F,
In addition to the waste heat boiler there will be a battery of
8 oil-fired marine-type biéilers to furnish the necessary stea=
requirements over and above that amount provided by the waste
heat recovery. During the start of any test the steam required
| to drive the compressors and exhausters will be supplied entirely
by the oll fired boilers. |

Other uses for steam will be in the iptake air preheater and
nako-up water evaporator. Any surplua steam from the wasts heat
boiler will be dissipated to the cooling tower. Building heating

4

uill also be accompliahed by this steam, thus eliminating the

need for a steam heating plant,
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Anahau of steam production and requirements: P
(a) Maximm quantity of steam gcmrated by heat from discharged -
. Gases:’ '
'Btu content of steam at 600-pounds gage and 850° ¥ is
1437.22 Btu/lb |
_ Using feed water ;t‘ 100' F with heat content of 68 Btu/15
‘- the heat required to produse one pound of steam is |
1437022 = 68 = 1369.72 Btu/lb
Assmi.ng a boile:r officiancy of 75 Pﬂrcent

_ﬁa__ 1825 Btu required to produce one ponnd of steam

75

g%olo,_ogg_ - 1,205,000 pounds of steam/hr generated
by discharged ga.sea
(b) Mechanical power requiremnts.
Connected load = 131,000 H.P.
131,000 x 8 = 1,048,000 pounds of steam/hr for drive
(c) Steam required to preheat intake air
(i) 450 1bs/sec heated from 100° to 390° F
(390 - 100) x 24 x 450 x 3600 = 113',000;000 Btu/hr
Assuming that the superheat and heat of vaporization
is removed from the steam at 600-pounds pressure,

1437.22 ~ 476 = 961.22 Btu removed from 1 pound of

steam

: = 90003:1-..2200 = 117,500 pounds of steam/hr




PR (2) 225 1bs/sec heated from 100° P to 390° F R .
(m o 1@9! x.aﬁ X 222 X ﬂ - 58,750 pumnd' Of
stean/hr - |
09011ng tower vutc? roqnirﬁenta:i

(a) Cooling water for steam turbine condensers
At condenser opmtidn _9! V2 in, Hg abs, the heat of
vaporaization :ln each pound of steam = 1035,2 Btu,
teaperature of condensate = 102* F

L‘%@ = 1035.,2 - 18,1(50,000 Btu per minute
L3 - 217,000 gal/atn for condensors
(b) Cooling water to remove surplus heat
1,048,000 x 1437.22 = 1,505,000,000 per hour converted
into steam for turbines
2,200,600,000 - total Btu
1,505,000,000 |

695,000,000 ~ Btu surplus to be dissipated in oooling tower

D00 - 19,000 et

(¢) Summary
217,000 - gal/min for condensers
139,000 ~ gal/min for waste heat
356,000 - total gal/uin to be circulated
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T OPERATING COST OF STEAM PLANT |
The operating chamteriatic- as specified by the Research

_ D:lﬁ.d.on are set forth in the following premise: .

' The plant will operate st full load and 100 porcent Load
factor for 10 days each month, For the remsining time (or
20 days of each month) the plant will operate at half load (ox;
50 percent load factor), .
S ror 25 percent of the tina of ea.ch of these periods of opera-
rtion, :Lt ia coutenphted that Qoupressora only will be on tut, -

‘i.e,, there will be no bu.rnera in operation and all atem require~
ments will be supplied by the oil fired stand-by boilers. Alsc
. the compressors will take air , x;rchéa'tgd from 100° to 390° F and
at atmospheric pressure, |
The steam plant is auu.md to consist of eight boilers and

turbines as deacr:lbed on page 1.

(a) Persomnel costs

Position ‘Men per shift Total Wage Total iagea
(8-hour day) men scale per month

Watch engineer 1 4 $,00/month  $1600,00
Boiler operator 3 12 1,75/hr 3700,00
Furbine roon 8 32 1.75/hr 9850,00
Relief man 5 1.75/hr 1540,00
0il handlers 1 4 1.25/hr 880,00
Chief engineer 1 1 $600/month $600,00
Asst. chief engineer 1 1 500/month 500,00
Clerk 1 1 250/month 250,00
Janitors 3 3 1,10/hr 580,00
Maintenance men 12 12 - 1,60/hr 3390,00
75 #22,890,00
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(b) Puel costs
Nll load period: .
Item 1: Por 7% days the oil fired boiler plant will operate as
" standby only holdiu temperature and pressure,

2k x 7.5 x 1183 x 8 = 171,000 gallons of oil for

standby period .‘
Item 2: Por 2; days during compressor tests all the atemvrequired

for the various drives will be furnished by the oil fired

boilers.

1,048,000 = 1bs steam/hr total required . ===

576,000 = 1bs steam/hr required by compressor
472,000 = 1bs steam/hr required by exhauster
117,500 = 1bs steam/hr required by preheater

589,500 = 1bs steam/hr furnished by oil fired boilers

' x 182
19,00 x 75

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

= 7730 gallons of fuel oil per hour

Total of 10-day full-load period:
171,000

464,000
635,000 gallons of fuel oil



Item 3:

Iten k:

i
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ods , ’
For 15 days, opontion lill be same conditions as Item 1,

2x 171,000 = 3’02,0(1) gallons of oil required for ctandby

| period of ofl ﬁ.rod bo:l.lorl.

For 5 days !hc oporation '111 be the same conditions as Item 2,

: ___ﬁéﬁ:__ - A&,OOO ga]lons of fuel oil required
. Summary of monthly fuel consumpt.ion:

Item 1 = 171,000 gallons

. Item 2 = 464,000 gallons

“Ttem 3 = 342,000 gallons =~

Item 4 = 464,000 gallona

1,441,000 gallons of fuel oil per month

At a cost of 30.10 per gallon:

1,441,000 x 30.10 = $144,100,00 ~ fuel cost per month

(c) Make-up u.ter cost
Fall load geriod

Iten 1:

Item 2

356000x60x2hx7 5 = 3,860,000,000 gallons of
circulating water for 7.5 days of full load operation

52 x 2600 x 24 x 2,5 (1000 ~ 100) X 24 251,500,000 gallons

10 x 8,34
of circulating water to cool hot alr discharged from compressors

217,000 x 60 x 24 x 2,5 x 45 = 353,000,000 gallons of
circulating water for condensers,

251,500,000

353,000,000
604,500,000 gallons required for compressor tests during 2.5 days



- Half logd period: .
Ttem 3: 2.x 3,860,000,000 . 3,860,000,000 gallons for 15 days of
50 per cent load oporation ‘

It.., h: ‘___69&;&___ 60&,500,000 gallons for 5 days of 50 per-

cent load operat:lon
Snma.ry of cooling wgto'r: |

Item 1 = 3,860,000,000
Itea 2 = 60,500,000
Ttem 3 = 3,860,000,000
Ttemh = 04500000

8,929,0(1),@ gallons of water circulded per month

Cost of make-up water per month:

8,929,000,000 x ,05 . g59 800,00

748 x 1000
(d) Maintenance materials and supplies cmsts

Maintenance cost of Boilera, dean turbines, and piping
based on $0.15 per 21;,000,000 Btu passing through boilers:
1,441,000 x 745 x 19,000 = 205,500,000,000 Btu passing
through boilers per month,

205,500,000,000 x ,15 |
24,000,000 $1,285.00 for oil fired boilers

8 022 %g ggg X -0 1,780,00 for additional piping
’ 3,065,00 maintenance for one month
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(a) Perlonnol cost
(b) rncl coot
- (e) Iakc-np wtbcr cost .
(d) lld.ntmanco and mtoriala

Cost of oporating steam plant por yur:
u%,w x 12 &,765,0%.% per y.‘r.

Sumry of l(mthly Opu‘ating Cost for Steam let

$22,890
144,100
59,800
3,650



A.u

‘10050 per ﬂ.’o .
131,000 x 10,50 = S 000,00

(b) Btﬁiding cosf; (boiler roononly)

~ Assume size to be 136 ft x 63 ft x 4O £t high at $1.00 per eu ft
136 x 63 x b0 x 1,00 = $34,3,000,00
(o) Bou.r foundat ions
- Auum size to be 19 £t x 13 ft x 6 £t deep at $200,00 per cu yd

19x13x6 L a0xgs N e

_(d) Boiler erection and aettifxg
Assume cost of new boilers to be $100,000,00 each and the cost
of dismantling and erection to be 70 percent of new cost

100,000 x 8 x .70 = REROaIne
60,000,00

(o) Brceching and stack and air ducts are taken as 10 percent of the
‘boiler cost (new) .'
800,000 x .10 = - $80,000,00
(£) Railroad spur line
Assume 6400 ft of 120# rail at $15,0C per single track foot - ,
6400 x 15 = . - AT

_ switches and siding = 20,000,00
| $116,000,00
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(g) Stea. dr:lven auziliaries are equal to boiler cost.
, Goat of boilor: - unxﬂ:hrio: = $800,000, If all the
':mxhia:r:ln, circulating pnnps, vacuum pumps, feed water
vvvpunps, feed water heo,tur, induced draft fans, forced draft
Vtuna, etc. are prov:'.dod tith the equipnnt under considera-
tion, there will, of course, be no cost to NACA for their
procurement. However, 'the-'cost. of installation must be
m‘ineluded in this estiute. The fuctor is 30 percent,
' i‘l‘he cost of installation alone iz as follows:
800,00x 3= .. N $20,000,00
(h) Installation of steam tui"bines_
© Installation of turhines is based on the cost of $1.60 per H.P,
1—131;000 x 1 - . _ : 131,000,400
(:l) Condenser installation coat
The cost ot installing the turbine condensers is based on a cost
of 15 percent of the new value. The cost of a 15,000 H.,P, con-
denser is $32,000,00., Eight will be required,
'32,0001; 8x .15 = 400,00
(3 Cost of turbine room v
The turbine room is assumed to be 58 ft wide, 340 ft long, and
30 ft high with a 20-ft basement, The cost of this building is
taken as $1,00 per cubic foot
58 x 240 x (30 + 20) x 1,00 = 0,000,00

&,




e
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(k) Gost of turbine foundations

‘”-‘a X n.ooo s

o

(1) Ooat ‘of tuol ol otora.go tankl N .

!‘or stoﬂgc facilities to handls a two-week period,

‘16,000 ror 100,000 gnllon uplcity
'l X 16.000 2

Sumry of Bonor and Turbi.no Room Costs
., (AL Btm power plant piping

(b) Boiler roon

~(o) loilor foundationl
: (d) Boiler orootion and setting
v'(.) &'uohing. stacks, and air duots
'.‘;(t) hﬂrud ‘spur line and -iding

(g) Inrbu.lhtion of power pla.nt auxiliariu
(h) ,Inmnution of turbines

. (1)"Inlt‘o.1'htion of condensers

(J) Turbine room
(x) Turbine foundations
(1) Fuel tanks

. Engineering st § percent

- Zhe OOlt of each foundl‘uon is '15.000.00

‘120,000.00

$112,000.00

« $1.876,00000 -

345,000,00
88,000,00
660,000,400
ao.'ooo.bo |
116,000.00
240,000,00
131,000,00
38,000,00
990, 000,00
120, 000,00

112,000400
| 4, I%30.00

209,650,00

'4.402. 650,00

The cost of & cooling tower is not included in this final cost.
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. Promise "B"
I% 1s propoud to drive the above compressors and exhausters with

"leuu mtqr instead of steam turbines. The heat in the chnut gases

discharges 'f:ron the rplumh units will be tranaferred to cooling water
in heat mh,nﬁgor: and dissipated in & cooling tower. .
‘Cyole of operation. =  The oycle of operation will be identical

\

to that specified in the steam drive under Promise "A",

Oponting Oont or Rloctric Driw

(u) Porlonnol cost | ~
" Position  Nea per shift Total Wage Total wage
s | (8-h_our shift) men scale por month
~Operators 2 8 $333/month  $2665,00
.xn;m.i;- T T 1 417/month 417.00
$3082,00 .
(b) Power cost
. Computed power cost asz set b;,; cyole of operation $196,501,00

This cost based on a firm load demand of 97,600 kv. If off peak
oporutioﬁ wore possible the cost of power would be $160,000,00,
(o) )lako-?up water costs

The caloulations of the steam plant show that 8,929,000,000 gallons

of water are oirculated each month. With the eleotric
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drin an additional m\mb of water 1111 ‘be ociroulated b«mn

ALl the waste best wm bo d.inipo.t.d into cooling water and
B £'4nnu.’§anv.rt.a 1nto mechaniosl -ork. |
1“1.23 - 1088 22's 402 Btu’ por pound of steam which was

romrly uboorbod as work,

z x 217.000 X60X24X ‘I.‘ s 4.700.000.000
V ' 8.405.000.000 gallonl ot ntor/mnthv

to oondonso :tun fron drivo '

- .m X 8.405.000.000 s2 120.000.000 gallonl additional

8¢929,000,000
‘11.049.000.000 gallons oirculated/month

11‘0‘9'0025020 X, 06X, ,-,4 000,00 = coat of make-up water/month

(d) ¥aintenance utorhh and supplies

Electrical mintonanco = tZO0.00 per month

Sumry of l(ontbly Operating Goat for Eloctrio Drivc

“(a) Pornonnel cost o 83.082.00 |
(v) Powor cost - 196.501.00 
i (o) !hko-up water colt | - | 74.000.00
: i_f(d) ﬂaintonanoo and mtoriah | 200.00 o

$273,783,00 per month

275,783 X 12 » $3,280,000,00 per year .



Cost of lhotri.c Drin and Drin mildh:;
(l) Cont of clootric drivo _ o
- .‘_.llcotrio um‘;cn. Mtgkm. tunaforura. rogulating Qqui.punt,
) lubutntion. mhnniul roduction gears, 1nstu1htion, hbor.

o,nd ntoriah . _ , , .25750!000.00

- (b) Gut of drive building

Sul as turbim room | | $990,000,00

| (c) Drive roundutionu S L
. ... . Same as turbine foundations - 0130.000.60—

Summary of Electrio Drivu and Drive Buildin;

‘(a) Blectric drive ' ; $2,760,000,00

(b) Drive butldtng . 890,00000
: (e) Drive foundations . © 120,000,00
| $3,880,000,00

: Engineering at 5 percenmt on (b) and (o) 55.806.00

$3,915,500,00

The cost of the cooling tower iz not included in this final cost,
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‘ Pi-on tho rorogoing mlylis it iz evident that for low load
ftctou (!'p- maplo. 85 pormnt and m:der) and ‘hon tho clootri.c S
 drive can be op.utoc during ott pux periods, thus. nmw.m i
th- huvy burdoa or pmlty of coat of firm lud dmntl. tho

bahnuo vould be m,tiya' of tho slectric dri.n. both tro- t"' |

con-tmtion oolt viupe:lnt .umn a oporuting cont viupem'. RE

oloatriul driu is. buod, u mtimd uel!.u!, i\t pcrtiaa '_f"";iﬁ
fnvorublc to ltm phnt oporttion beoaute ot the high lotd tutoro

- .,,2

Suoh 2 ,_lc-.d factor nku 1t nocnury to operate the drivo -.t fuu

| { g ponr lurving on pouk poriodl. thoroby 1ncrouing the cost ot -norgy
,‘ ohnrgublo to this projoct ’W 'y rirn ].oo.d donnd uhar;c uorrupond- ,
Ang 'bo 105.500 v B L
| | Tho mlyail was udc without tho auithnco of even rough
| l prelininary drawings and whi.oh togothor with mfomtion ot u mro :
‘ or lou reliable nature, .'mdicatos that the roault, as -hown. 1: |
'_ purcly an approximetion. Howoru' » i:b will proﬂ.d. some d:.tn on
which to base oonolul:lonl and will indicnto oporating aonditions
. favorable to either type of drive. . o
Tp;ggtermipp vthonl-iuits"rrgﬁz 'y powpr _‘m'ra'iialbility viewpoint .
to which it is possible to expand :t!m 'ciovelgnd léboritory ’

facilities, the fdilowihg will serve as a criterion:




The proposed Propulsion Science laboratory power demand nn " \ :
be 98,000 X for. the co-pronof and exhauster drives plus th. e \
mxumy Foquiremest of epproximtely 7600 bw. | ' N

. The Jor demand for this project will then be 56,00 4 7500 =
105.500 X, | \

o !ho existing firm load dcml is currently in the noighﬁofw

of 40.000 %o 45.000 kw, lupox‘i*lpoting ‘he Propulsion Soience’ hbora- |

tory load an thj.t we have , |
" 106,600 v 4 4,5,00 = 150,500 kv firm lead demand

G

The off-peak demand considering the 8' X ' tumnel -in opera-
tion is o
8' X 6' demand 90,000 kw

Propulsion Laboratory demsnd = 105,500 lor
. Off-poak demand required = 195,800 lor

The off-peak demand conaidériné the proposed 8! X 8' tunnel
in operaticn would bo .

8' X 8% domend = | 150,000 Jw

Propulsion Labvoratory demand - ~ 105,600 kw

- Off-peak demand reguired _'- : 255:500 kw

The o,.pacity of the existing 2-132 kv transmission circuits
now serving the Cleveland lsborstory is 130,000 kva which at
95 percent power factor is 123,000 kw. If the proposed two
additional 132 kv transmission ciroults ware installed 'cﬂaking
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a total of four such eirouits) th- upauty available at the Ohnhnd
. vhbontoq wuld bo incmnd w 120.000 kv;. The totul co.puity

I

| an!lghlc st thc Olovﬁni hboratory would ‘then bcs ;_; . A L

1805000 f 120.000 ] 250.000 kﬂ 'hiOh lt 95 pgrom P : i
4' ruta- nuld make avaih.bln "

el
e o

250.000 X .98 & ZSG!OOO kv nxim

It 1: ob'deuo that mn l‘our tnnuiuion oircuita nu nut
prwi.do th- domand of zss.soo 'h neoded.

!'hin means thn.t the ohotrical drivo for the Propulnion Soionco

'la.borttory cmnot be conaidorod.

Ii‘ tho roquiromnta of the propoud Propultion hboratory are
as ltipulutcd, then we my mlyse still further:

From the sumry of proniao "B" we have

_ Power cost per month = ' $196,501.80
Makeeup water coat per month e 74,000.00

~ Total cost per month - $270,600.00

" If this project could be locafed where cooling water of 550 F

o _'?',_qdry available and the power could be purchased in the noig,hborhood

' or S0.00ZS per kwh, such as the site oontemplated for a proposed

- _Supauonio Research Center, the rollmring results vould_;_be obtained;

e
-

S pie T
AL PR L

e

' Ponr cost: '

40,520.000 hrh at Go.oozs = nol 300,00



Gooling water oont: : ) N
: The water could be cirouhtod and dilchargod hok into tho .
river wi.thout p-.yin; ror it, and. thoro would be no chu-go tor mter.

Tha total cost per month for both ntcr and olcotrig cner;y
would thon be 0101!300.00. S

The saving in cost per year for these items alono rould thon

(270,500 - 101,300) X 12 = 169,200 X 12 = $2,015,000,00°

In addition to the above saving in operating cost, tg‘r_o_ would

" be & saving in construction coste If the water wers oirculated and
returned to the supply source, it would be’ unnecessary tp provide
a cooling tower, the estimated cost of which for the 358,000 rpm

- required is $5,500,000,00.

The above savings are pr,ediog!:,_u on vtbfoqluirountq‘_;g, stip~
' uhtod and are for the rirlt'cu-"linivtnl phasge. alano. No proiisicn

hu bm 1n91udod for any .xpo.nlion whn.tlomr. It was :pooiﬂ.ully
atatod by the Research group that considerable malon uu c-rhin

and probably in the mgzitudo of 3 or 4 times that d‘ the mthl

pbase mlyud hersin,
If such is the case, then RACA has no existing h.borttory &
whioch this projoct could be looo.tad, irrespective of the type of

dri".
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The following items merit serious oconsideration before decisions
on the Propulsion Soience iabon;a_tory are wndered:

Iﬁu 1

wnx fuel oil for ‘boiler oporation be availabdle in the munt of

1.441.000 gallons por mn‘bh ror the initial phase of the project?

Will fuel oil for boiler operation bo available in the amount of

lgproximtoly 5.784.000 gullon: per month for an oxyamion fastor or 41

rho boilou available rron tho N-.vy are marine type md dnignod

tppoil bmingf They are- slne dni;ncd to ocoupy tbc hﬂt amount -

B of space possible. They are ontvircly different than boilers designed

- for land operation and cannot be arranged for ocoil firing,

""It the oil is not availsble, it would be necessary to purchase

new boilora snd this would mesan an :dditional innstmant or o.pproxi-

mto].y '800.000.00.

Item 2;
| - Bullding of & cooling tmr cnpacity of upproximtely four times
tho cap&c:l.ty mentioned herein to provide for the expansion of the
project as lpooified. (Approx. cost $14,000,000.00)
Cost of make-up water for tho ‘expansion of the project as stated
above, when consideration 1.' giveu to the fact that it could ‘be

ciroculated without cost if locatqd at the proper site. Much less

witer Would be required at 55 to 600 P than at 856 F.




Im 8: o _
| nn 1; ever be poumo to obtuin orr-puk energy in tho
®

mm ur zoo.ooo I to 400,000 Y a: demand? The power. oo-p,ny
ﬂ;‘“ ‘lﬂt _noald never make mh c. mnntu. The only pro-iu m-

*Du; to the u;n:ltudQ or .tho pmr roquinmts of prop

M d.nthlhd t\mnol projoetx o.t tho Glonhnd ll.borutory. mh

u th- nltitudo tnnnol of 40.000 hr. the 8' X 8' tupononio hmnoll _
N of 90.000 kw, tho Propullion Soionoc hborttory of 105.800 _lnt e |
:'md-tho 8' x B* mplrlonlc hbontory of upproximtcly 150.000 lur,
it il luggutod that a thorough ltndy of the dilpctohing poni-
mwm. of these loads be una.rt.m in the neer future.

This study lhould be xudo ﬂ.th tha Researoh group in chargo
of .ogoh project taking part in the snalysis with the Electrical
Operation sectioh, The object 1s to determine the use factor
roquired for each projoct and thus dctermining whether or not such
[ uu factor can bo mde anihblo by propor di-putching. In
'othor wordl the otf-puk ;nd ﬁrm load demands depend upon the
mnner in which the mioul loads mst be pyramided to obtain

| ruea.rch production.
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It tppu.n omin that t&o tunnoll must have a d.finito use
; rutor _it th. tui.nod rumoh ltlﬂ' ruponniblo in to obtun
£101eney 'prodmtimz i.... yroduotien to s cortain dogrn 1l s
‘*l‘bnoﬁen ot use factor,

conc:.uaxors B

“ 'ﬂn-‘ yemarks and. doauctim ltatod horoin are an htogul pnrt

;pplj.dstign N AL [ __ .
‘ U T /e Allan i, Heidenreich

/8/ Alois Krsek Jr.
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Mr. A. K. n“m

per Kw, or about §11,000,000. Aissuming the Navy squipment to be worth
$3,000,000 and the slectricsl end 41,500,000, this would lsave the installs-
tion, plant facilities, ete. at $6,500,00, but supposs we discowt this 30K
becauss the sams degree of contimuity of service is not required on a re-
search project as would be required for a central station project. This
still requires an investssnt of about $4,500,000,

\ This entire subject was discussed with our power plant section and they
placed the cost of imstalling this squipment at $6,000,000. They alse said
the rating on Navy bollers is a short time rating and boilers if run at that
rating are very inefficient, that they ceuld probably only be rum an hour at

full power and that after 4 such runs, boiler repairs would im all prob-

ability be nquired,
Thess Navy boilers do not meet ASME sodes, and may not be used in nany

states for land installations. It costs about 70% of the cost of pew
botlers to dino-b.fh them and reasseshle them at some new location.

. Usually they give a crulser speed, or ship speed, at so many knots, and
a horsspower rating based on that speed. The ship may never be run at that
speed except on her trial trip and during a battle. If her top speed 1s 30
knots, her eruiser speed would bs about 18 knots. Thus, bollers rated
250,000f per hr, would be used and efficiently designed for sbout 65,000f per

This applies to the turbines as well. Of course more capacity can be
built into ships and some of the new aircraft carriers have followed more
nearly land practice but I would rpt take any ones werd on suitability

CoPY
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m- . m of htmauon now availabls on preseat propdsioa systens
m.mmwmumm, mm:mmww:m tho
rut.m rnqnirmnts m research ma.nuu for obbaining fundmnm resssreh
Mwms.cn on thess propulsion -yutnu. !ht facilities have been uhcud
with the abject of obtaining and having availoble when required by the dedigner,
| the mcuaary fmdamul mromauon on ecupreuors, combustors, turbines,

controh, and superscnic ram jsto for present dnd future duiman of pro-

The Pm_l hu‘enduvored to foreces and predict what the future require-
ments of research facilities will be. It is realised that planning for the
future is absolutely necessary if basic research information is to be available
when required by ths designers of futuwre propulsion systema. The msthods of |
exacution for these plans must be practicable and result in 2 research facility
that works. The principal requirsments of such a unique research facility ave
that it mst be cupabls of being exparded, that it must be located close to
a source of electric power unrestricted in quantity and low in cost and that
it must be capable of being operated 2l hours per day, seven days a week.

-It is only by fulfilling these requirements that rapid progress can be

made in c#frying out the ﬁeoos.sary fundamental research progrurs. The spso=
ification of 2l hours availability of the research fucilities has already been
built into three of the industrial development lahoratories for jJet engines.
I£ thia rcquirmnt has been found to be necessary for development work, how
mch norc musaary it is that. the research facility supplying the fundmntal
MOr-atj,gn on uh:lch the developuent is based, should be operated on a 2l hour

per day basis;
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The laboratory, if assigned to the Flight Propulsion Research Laboratory,

ml be located at the soutlmmest seotion of the plot adjacent to substation A.
The proposed location is shown on 5x8 6Olih. The labaratory will supply

conbustion mm bave exhaust capacity st the following quatities and preseuress

(s) &Spmmaocondatysmmdaprmmmmohur
" pressure., 2 X Nene @ M = 1.6
(B} mendiparuoondatlﬁpmlp-roqummohamiuh
~ presmure, 1/2 x None @ M = 2.3
{e) ssm-purumnaprnm oquvmnuoao,ooo fost
altihxdo_. (_mtor powsr for operation down to sea level)

TRl e

s OS2
~ (d) Combustion air at -100° 7.
The air will be supplied to eight altituds chambers 15 feet in dismeter
and 230 feet in overall length, located at right angles to the oambustion air
and exhaust gas heeders. ‘fthis arrangezent will permit the future expansion
of the laboratory with no interfarence to equipment already installed. The
proposed layout of facilities ia shown in 8X8 60L-l. The general arvangerent
of the altitude ohasber 1s shom in Figue 1. |
The ehctrical load rcr the completed laboratory is estimated to be a

maximum of 276,500 KW.

PROPULSION S8CIENCES IABORATORY —= PHASE I~ The Congress has been requested i ..
to make available $10,000,000 for the completion of Phase I of the Propulsion
Sclences Laboratory. The Panel has selected research facilities which will
conﬁribntc to the immediate solution of propulsion research problems and will
be integrated as a portion of the research facilities for the complete
Propulsion Sciences Laboratory. The Panel has endeavored not to sxceed the
amount appropriated, but it has been found impossible to fulfill the minimum

air requirements selected by the Pansl as neceassary for Phase I of the.
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laboratory and not exceed the available money by $478,000.

_ the Propulsion Soiences Laboratory Phase I is designed to permit tnndunul
informtion to be obuinnd on the psrformance of jet engines, turbo-propeller
engines, and supsrsonic ram jet engines under altitude conditions from sea-level
to 50,000 fest altituds. fhe laboratory air systems when completed will supply
the following: | , N

(a) 225 pounds per second of air at 55 pounds per square inch
absolute prossurs. .67 x Neno @ M = 1.6
(b) 100 pounds per pecond of exhaust at a pressure equivalent to
50,000 feet altitude. 8 x Nene . M=0. Neow @ X =1.75
T ehe opsration limits of the propussd service air faci}ities for conducting
pesearch on turbojet enginas from 5000 to 15,000 pounds of thrust are shown in

Figure 2.
The total installsd powsr requirsment far Phase I is approximately

96,000 KW, o
SUMMARY CF COSTS:— A summary of the costs of Phase I of the Propulsion

Sciences Laboratory is as follows:

AIR SYSTEM $1,213,000
EXHAUST SYSTEM 2,506,000
POWNER SUPPLY 1,756,000
PROCESS WATER SYSTEM 760,000
RESEARCH EQUIPUENT 1,510,000
BUYLDING, UTILITY, ROAD, Etc. 2,118,000

CONTROL ROOM ~ 285,000

TOTAL $10, 478,000
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. !hn estimated cesta are based on sconamic conditions existing in 1947 and may
be increased by an estimted 25 percent in 19498,

A detailed uplmﬁcn of uoh of these items ia am in App-ndix A
| of thh rapm-t propmd by the bclminul Service Divisions,.

" Ab the request of ﬂ,u Panel, a comparison has been mads by the service
.. d.'m.nom to duunino whether steam turbines or elsotric motors should be und |
as the driving mut- for the comuora and exhansters. The comparisen
showed dofinitc adnnugu Lor the electric not.or drive,
| m mmbor of roumh faoilitiss now loaat.ed. at the Flight Propulsion
* RessarchLaboretory and those planned foi the future will greatly increass
the ohctrical load at the laboratozy. An analysis of present and future
roqniromnta of slectrical power at the laboratory haa buen prepared !v
¥r. Allm Heidenreich. The entire report is inoluded as Appendix B. .
The report shows that to fulfill the requirement of a high use factor for the
Propnhion Sciences leou%ry consideration ms.t.b- _ginn_.to_.hmu.ng

i the laboratory close to a louroc qf—ehea;» pﬂue wnak -vill. Jee-am

. RECOMMENDATIONSs~ The Punel recommends that a definite decision be

made as to the location of the Propulsion Sociences Laboratory to fulfill
' the requirement of a high use factor; that the design of the Propulsion
Soiences Laboratory Phase I be contracted for wit.h an outside organisation;
and thlt Phau I of the Propulsion Sciences Laboratory be complatad by

June 1950,

Carlton Kemper, Chief

Oscar W. Schey
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Benjamin Pinkel

Abe Silverstein
Jam He. conm, Jr.
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oription:

The purpose of the prepsesd projest is to provide facilities fer
teating full«senle aircraft engines, such as turbojes or turbdine-
propeller and ram-jet engines, under simulsted altitude operating
conditions, The principal facilities furnished shall e & compressed-
'dr system for comhustien-air iupply. an _unuudc--m;n £ae systen,
and researcheequipment installations for engine testing. The project
inchdn_ slectric powver supply comnections, s procsas water system,
buildings for housing equipment and personnel, acoess roads, equipment
contrele, intercomsunicatiens, and fire and accident ﬁrotocuon.

: The prepesed immediate installations will provide an air supply

systes to furnish cosbustion alr at the rate of 225 pounds per second
at & pressure af 55 pounds yo:; square inch absolute; 4t will provide an
altitﬁo-»uhﬁnt systen t0 evacunte oxhaust gases a% the rate bf 100
pounds per second {in addition to fuel) at altituds conditions of
’50.000 feet; and it will provide & process water aystem sufficfently
large to furnish water for exhsust-gas coelers, compressor aftercoolers,
~ and other heat exchangers, |

These installed oapacities, hovever, are regarded as thes firss

increment of installations to bYe made, It 4s proposed to increase thaese
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' '/';upuciuu - additionsal mzmuon tron subssquent appropristiens.
‘-!ho initial ospacities are mfﬂoiont in themselves to peramit tnun‘
‘ mhu airerafy pewer pha'u over a vidc range of opu;uiu oon~
: uum. The uu-u enutuu planned are for a eu!ution—dr
| mﬂy gf 628 pounds por second at a pressurs of 55 pounds per square

inch absolute and of LoD pounds per 'ucnd at & pressurs of 165 pounds

por iqun tnoh adsolute: a refrigerated~sir supply of 145 pounds per

uobﬂ. at a tuionim of =20% ¥, 75 pounds per second at -~70% 7, amd

SOpmd' ,p.' second at -100° 7; and an altitude-exhaust systes to

. svacsate axhaust gsses a% the rate of 55 pounds per secord to simulate

an altitude of 80,000 foet.

Tor the most economioal installation, 1% is proposed to adapt the

.,eoq:rnurn of ths J-33 jet propulsion angine for the conprouion of air

u thc eombustion-air system and for the svaguation of axhaut gasas in

the altitude-oxhanst system, Praliminary estizates indicate that the

saving realised by tha use ofv the J-33 compressor, over that of the
conventional equipment, 1s approximately $2,000,000 for the proposed
inuediats inetallation (f.e. Phase I). %ha saving in the use of thense
compressor rotors occurs in the initial cost of the rotor in the smaller
machine units, as compared to the largsr and slowver comsercial compressor
uaite, in the l;ialln: sized dutlding necessary $0 housa the comprescors
and in the smaller sawwdwm foundation required, Couplad to thess ad-
vantagen is she higher perforaance afficlency a¢ the J~33 compressor

impellar, which results im lower pover raguirensnts to handle the sazme



volume of air or exhaust gases. Less electris metor starting u@%ﬁf
‘will be required vhioh is of impertence im motor coss.

- Ny, R K, Bt«dzloy of Genaral Rlestric Company states tht he
vknmn of u ru-n why compressers of the J=33 type maoc bo used
m- au sbon--hm pnrpou for an untmu period of u--. Re
atntu that hie company used J-33 oolpnuor v;bnh for compressing
air in an iastallation wish an expansion rnfugofuuuc turbine as long
us i years bafore any inspeotion wvas made. The Allison Division gives
sinilar reports desed on experience with compressor vheels that lwn
been used for dmtuu taats vith sorvice aquipment. '

In order to ndnpt the J-33 compressor vheel, vhich will ba driven
by & oonunuoml motor through speed stepup Kears, for coaprsssing alr
or svacuating sxhaust gunses, thesa compressor whesls may \bl furnished
vith rmiimd scroll end belle, plenum chasder, ahaft Mrim;
seals and dase. Hovever, it may be possible to uss the oonio;tiom
J=33 compressor casings and bearings. Datail analysis and ﬁnikn will
deterains the proper proc&dnro. | |

18 1s pointed out that aven Hif conventional commercinl machinaes
were }uu’d for the propoued laboratory, machinas of the required size
have never beon made before and the delivery date would be indefh;ita.

[ 8340 -A :

The componant parts of tha comdustion-air syntem are the com-
prassors, aftercoolers, piping, valwws, prassure conirols, snd rehenters.
The capacity of the initial inetsllation shall Y 225 pounds of alr
per ragond compragsed to 55 poundn per squars inch absolute. Piping
and walves will be desigued for a capncuy of 625 pounda per seeond,



transaission presgures &mwag upon amlnh of rnuiml now con-
41sions and pips ni:u. \
. Yor the msw. installatien theve shall Bo thres .1..33 sonvertet

- cOBpressars, cuh consisting of . single; dou'bh-mcs retor, asd .

- eaeh d@_umh‘ n’m:innlz 50 pounds of alr per second at an inlet
air tupoéutu_tq of 70° ?, or a total 6! adout 2L0 pounds of air per
uqonﬁ-n a preasure of 55 pounds par square inch absoluts. Fach
cenpronur nnn mu be drivea hy " lo.m-boéuopo‘m- ntor' through
M nnn;: mn: this will hwnn air at an inlet tupontun of

. Q" )‘ nt § percont overlosd. The normsl apaed of thno imllors for

5 delive ring g pounds of sir per second at a coupreu!on ratlo of '5-’[5

is approximaiely 11,500 rpln. Tosd control for tha compressors shall -
be b{'ﬂtﬂu the nuaber of compressors in service and by blnasdzng off

uxonn m.

i Pressure roguluuon at t!n tost stand to supply the combustion air
as ‘thu roquired inlet pressures to tbg enginae will Yo obtained by
praicnrq rqulaun# valves snd special qnntrola vhich will profido
ialet pressures varying from 55 pounds per square inch nbsolute (ihe
pressure delivered by the compreseor) down to 3 inches of mercury

absolute or lower.

The aftercoolers shall de of the satandard design shell and
" tuba typs caﬁaﬁia' of 'ogolinx ‘the aonpﬂunﬁ air to an approximate
mixim .gbiponfturc of 90" T with nooling-tover water.
thintau vith a ainimun elactrical capacity of 9000 v shall
be provided for rehrating the air to the required temperaturcs for
tho corresponting alr quantities availadle for ioaunc.
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". e sty Somperatures requirsd are:

190° ¥ for 300 pounds per secend Prom 90° P - 8600 kv
(when this cagacity i svailable) T .

m’rtormmﬂrnmu ,m.Qo'r-mom

hoo"rfnnpomasp-r«oou, Trom 90° P - G800 kv
 Befrigerayeq Air:

Bqntyuoat for supplying refrigernted air for uning 1: mt 1u1uﬂod
in ths ultm mmhtimu for the Propulsien Beuuou Ladoratory. It

uelun. hovever, tho plmiu of uir-dohuidi!ﬁm aqnipa-ut and air-
- o:?imwi refrigeration turbines {n the ocomdustion-sir" aystem that will

sake rofrigcutaa ur ndlano in o future inntellation. Infcmuu
obtained rron K, Stoockley is to the atfaet that the Sensral Mlectrie

. Company has been ueing this mathod of obtaiaing refrigerated air for

tuuu for a nwhar of yma and fs conteaplating tho installation of
recirculating syston dnllnring 2‘30 pounds par second of refrigerated sir
for compressor testing. 7or the Propulsion Sciences Laboratory a similar,
bns not rocirenlnting. system can De used which vul include an atroraft-
en;!.m turbine or. eoaprenor rotor coupled to a compressor unit for ths
absorption of wark nscounary in the procees of reducing the cosbustion-

alr tempsrature hy this method. Rﬁjorta and expsrience indicats that

‘several conventional aireraft-engine parts cun be adapted for the in-

stallation to prodnce refrigorated nir. Hr, Btoscklsy reports that
control of tomperaturs and quantity is accurate.

Zxhaust System:

She coaponent parts of the orhauat syaten nre the exhaust-gas coolers,
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ahmhn. inumolorl. piping, valves, and contrels. The capacity
of tho mm; installation shall Yo that requirsd te evacuate exhaunst
gases (at & temperature of 3500° 7) resulting from buraing s fuel-alr
sizture vith & combustion-air flov raté of 100 pounds per M, vhen
the cullet pressure ad the test stand is squivalend to that at an
am&u of 50,000 feet. 7There will hes two or mere stages of compression
- for exhauster inled pressures of aboud £.5 inches of meroury absolute
and lowey, esoh vith a compression ratio of apyroximately 31.7%5. Tht
vsn‘-m_-_ possidle the svacuation of gases in twe stages ef comprassion
vlth a uum in.ht _pressure ;t tlu -:hmﬂor Viu:f.st af ahont 2.5 1nch!9_“_
of mercury abgoluts., It will permit a net drafi loss botvun the engine
outlet and the sxhauster inlet of adeut 1 inch of meroury
. There will be 13 exhanster unite, 10 for the first stage and 3
for the seoond stage of comprsssion. The exhausters shall bve so iuter-
connested and so povered {5100 horsspower or greater) that any one of
thes ocan be used for she ﬂrth the seaond, or the third stsge compression as
required. Bach exhanster unit shall have two J=33 compressor vheels with
adapted housing connected for tandem drive snd for pesrallel operation of
exhaust-gas evacuation. Rach exhauster shall bs capable of evacuating
exhaust gasss at the rate of approximately 121,600 cubic feet per minute at
11,500 rpm. Detailed analysis will deterains how evacuation of gmses at
near sesa-level conditiocns can bYest de done. The load for the exhsusters
shall bs controlled by wvarying the number of units in service and by
bleeding in aiz?"to saintain stability of operation in the machine,
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. Yhe exhauster interacoolers will be of the conventienal shell-and-
tnh or ﬁmd-tuh rpe cayuilc of eoiuu the exhanst gﬂu: to a
h-pmm of 125 » or lm The Mt plpn; and valves shall

!ha tcul“‘ povor nwm tor compressing 2u0 pnaa of alr per

'an u 55 penndn per -quu inch sluom- with the oonnrue 3-33
- "coqmaor. vh-n - Wuur omuonq ot 66 mr«nz h nud h
;30.000 hommr. e uxtm p.\nr rcqurod by ueh oxhsucur |

' ‘Mm at & oouhat mu voluu s %5100 horupw-r at [ coNprass~

iion mt!o of about 3.75, or a total for the 13 exhausters of 66,300

horupuvor. To these pmmr roqmramnts 20,000 horupowar may bs ndded
for auxiliary equipment, inoluding the cooling-vater systas, and 12,000
horuyour vill be added for the maximum co-bunion-air rehsating. The
W mmu.a powayr roqnirmnt for the initial ustannion. there-

R rm. [y 128.300 )wrupom or abont 96 000 kv, o,
h f"-""fln proposed Propulsion Sglsncas,labdoratory wlll roquim
g ymieige Jtenery ——

llumu vk of 120,000 m of 132.000 to 34,500-volt tm:fornclon and
-vltahing oquipdcnt at mbnhunn A, This addition is dused on two

new 132-kv incoming linos with ‘65,000 kva of tranaformer cap&ciiy for

Cll’h 111‘04 . il - . o - ‘T Al -~ .
- v _t S Survedd ; L . ey winA 0%

wov-sni~rosintory With

thess added 1ines (two) the off-peak demand miy be 262,000 kva,

y
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. w |
tram former differential afi revarse power for pach line; bue !
differensial and\grpuhs relay for each 34§ dus., Hatering’equip- |

v li@ft.j--ii addistbn o pover company sring, will comsi o_f.hlmnn.‘_-"
20 meterjay aonduotor "u dlsg _ca office fer remole” netering, and £0 |
addyeional oontuctors sh@lspatch offics for

control.

Equigment required 35/6.9 or 13.2 xr"traneforsatios

consist of transformérs, cirouit\yreskerse and ousdoor sirus

% to inelude 19,000 ¥ in tranaforamers

reqaired £or the 2U0O-vels service £6% muxiliary po fhd lighting for J
this fgrojeat. . s
iy l b nf Tas Tioe: ’
Ths power requirements of tho Propulsion Sclences L;borstory ars
such A excess of the ﬁcrninlbh daytime electric load, ?ho:;cfara.
the ressarch facility will hsve to operste on n night shift, that Le,
.'roi 11:00 p.m. to 7:00 a.n. and at high lond factors. %he present
Altituds ¥ind DTunnel snd the 2ight- by $1x.Foot Supersonic Tunnal also
must oparats on this shift vith the possidle addition of the Right-
br~-Eight Supergoni.o ‘l‘uuﬁal. Pour sajor facilities, of which one
facility may Ve lwnﬁd by two or more additional test stands or
. Altitude chandare, vin Yo operating on the night shift so that the
g«hour night shift for 7 days per woak will have to be divided among
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six or more major pover-using test facilities, %he pover requirosents
as foressen at the prinnt time (1.0., including Fhase I ef. the
Propulsion Saiences Jadoratory) aret



Phase I, Expension,
kw kw

| Albdinde Wind funne? ’;i} 10,000

o N a 625
miu a.mrch muam 28,500 lb}o capac~
' ity, indluding

| zw- by 8ix-Foot sup-mnie Tonnel 90,000 75,500 ior aire
reheating loads.)

kight- by Eight-Poot Suporaonie Tannel 183,000 ,
Propalsion Sciencu hborntory 94,000 276,500
| has,ooo 618,000

-"-z o w*»WWW—Imm in the musber o£ potir— lmm ta-the Labommgﬁ}brw E——

mcessary, although 1:Lu1tationu deﬁnitely exist both ae to ofr-»peak power
donnd and off-puk powor supply and penr-lino upacit.y. Alao, for the 625-
po\md m—ucond laboratory, other means than electrical reheating should be
invnti;atcd because the upacity of the four possibls power lines (238,000 kw)
would be exceeded.

To pond.t oporation at S0 percent of capacity for 65 percent of total
tine. (n apcc:u'iod by the Special Plnol) s the pcrliloible daytiu dound of
the Laboratory will have to be ahoat doubled; that is, increased from
50,000 kw to almost. 100,000 kw. The electric power company should be asked
regarding the possibility of the large required increase in firm demand
beyond the 20-percent increase already indicated as possible. It is emphasized
that the intended fubure expansion of the Propulsion Sciences laboratory (to
625 ponhds per ucpnd capacity) would require an increase in firm demand to

‘-  160,000 ki on the same operation basis, The present depondable capacity of
the pawor company ayatu is stated to be 805,000 kw with an additional oapac-
ity of 130,000 kw being added by 1950 and 75,000 kw by 1952 making a total
capacity of 1,059,000 kw. 8ince the present connected load of the Laboratory,
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which is aﬁﬁ%ximtaly 12 percent ot" the present dependable system capacity,
will be incrused to apmintoly kl percent of the expanded dependable

_system cam t.y rm- Huao I and to approximhly 58 percent for Phase II,

; thc oloctri& ponr compmy ‘should be asked as %o thoir phao for expansion
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!t chanld bc noted that the cost of power tor operation of the Propulsion
schuul L-houtory at chnhnd is s emidnubh itemn. Duol on the
oponti.u time lnd upuity mpond, the uozt of Pover including electriscal
uhutfortho %,OOOhofPhuc I will increase the pw-rbi.uhyupproxi
mately 0220,000 a month or $2,640,000 a year. For the 625-pomdwcnd
laborstory, but not including electrical reheat, the power bill Would be
E incressed vy apprcx:lnhly $107,000 a month or $k,884,000 a yu"r{ '




- Ezocess Vater System)
Large quantities of cooling waisr will bde required to cool the
-:h-ut gnses tefore they oan be handled by the exhausters, te dool

thq eoabuu.on alr after cospression, and te cool the oxhaus n-u

befere and after the compression stages of the ¢ /;n en. or to rensve 2
bo dinipntod in

heat from verious other auxiliary seurces,
& cooling Sewer and the wvager will be reciroulated for reusse.

, _lho process water systen will consist of a cooling tower, water
punps, piping, sediment separation, vater make-up and water treatment
faoilities. The exact eoonm-tower dulgu and pump and ptping
eapueitiu vnl bo dohrnined only affer iha roqa!.rounn ‘of all hut
exchangersserved by the tower have heen fived, In preparing the
estimmten for this proposal, an average rise in the water tempsrature
of 35° P with a 10° ¥ approach to the wet buldb temperature (75° ¥) in the
cooling tewer has bdeen assumed for approximately 21,000,000 Btu per
rinute (5%,000,000 Btu/min fusure) of he#t dissipation. 7This value of
heat dissipation 1is bno& on an air consumption of 22§ pounds per aguare
inch (625 pounds per square inch future) for an air-fuel ratlo of 1b
to 1 giving a fuel quantity of 16 pounds per iquare tnch., A cooling tower
will be comprised of about 20 cells with a make-up water rate of about 3200
gallons per minute for the 225 pounds per second lahoratory and about 70 cells
with a make-up water rate of about 8600 gallons per minute for the 625
pounds per second laboratory. 1r larger temperature-rise values are
practical, a mlior tower and eiroulation system may result dus to the
reduced water quantity required; if a smaller temperature rise is required,

the opposite condition obtains. Detall analysis of equipment using cooling

wvater will determine the best design of the cooling towei as a function of

allomu temperature rise,



~ Congrol and reutiag boirdo will be installed in 2 centrel locstion
to control and show at sny time the position of importans valves on
the principal ¥ ocess systems, wach as comdustion air, sltitule exhmast,
u& $rocess water,’ Controls for the starting of maehinery vill be
M nenr the sachinery. Coatrols will also ba FMM for the
cunu-mm;' water pusps as vell ag the air ocompressors and axhansters.
The iatercommnication system vill include autematic telephouas,
mrmq intercommunion$ion wam. sighsl systoms.. A comdustidle-
;ﬁs W thu vsu ho mﬂdcd to wra o!' the a.mnlauon ot
combustidle gases vhich ugm cunse duagtng ‘1})10.101;9. A mbon— .
dlax}.u fire-extinguishing aystes vill be provided ia the altitude
chaabars %0 o:ting_uhh any fires that may cocur.

 Bessarch Seuimant:

The ressarch equipment for ths Propulsion Sclences Labdoratory will

be two altitude chambers that will be 1901611.4 a8 A part of the initial
construstion program. Theze altitude chanbers will be steel %anks
approxinately 15 feet in dlasetor and 230 feet in over-all length. Ths
assendled length is determined by such included items as plemus chambers,
test chasbers, diffuser ssotion, nnd coolers, The dtffmny in needad
to odbtain maximux Zlsituds and maxizum weight flow conditions, DNesign
and construction ym!ﬂdh' w111 Be nade %o permis removal of tank cuter
and and variom' nections te accommodate changes as they are needed to
suid conditons. Hatohes will be provided to parmis she installation
of cugihu and rassarch smipment. ﬁalancc and thrust-seasuring |
eq\i:lwat will de provided in the tse§ chambera, Provision will be




made for research on turbo-prepeller engines. Power -m hcubserm
bty dynasemeters installed either vithin or m-m tho nlutudo tanh
!ho chanbers will ut ¥e housed exoept for the lutohm aad conirsl
roo-. Al plpm anl ml-n viil be outdoors,

A primary axhanst-gas cooler installasion, poulhly eolpoud of two
§0-pount coolers, will be installed. Inasmach as these coolers sre
u‘tunly oxmntu. ii vill Bde attempted in th- datai) duipx to make
ﬂuu ocalers aﬂua‘blo ts use by sore than one altitude test tank. A
nenndm ttht-gn oooler will also be installed. The auun for
-hioh th-u ooolaru uu ba a!uimd vﬂ.l inelude ﬂu ooonu of

prohcta of eoibunion from a ntniehlo-otrlc mixture of alr and fuc!
1n a rasio of 1k to 1 a¢ a temporature of 3500° ?.
Ballaine, Uullivies, Boads, ¥o.!

The hnbution al.r compressing and sxhanst-gns exhausting aqusp-

‘mt. vith necessary nnr hoiu. slogtrio motors, and controh. wnl Yo

\l,

hmed in sa oqu:(pmut bullding,
An office duilding vilX be provided (for resesrch and mm- p.x-..
sonnhel neaded to0 properly operate the test faoility) immch ao thore
is no office bduilding availadble at or near the proposnsd locauon.
stoan heating plant also ias neceasary nnd will be provided. ‘

r\

At the altisule chaabara. the access and vork srea un bc hohnd

pro'ude space for sdjustnents of models and !mtallauon wr): which
. m v

doss not wrnat moving the model te an overhaul area of tho lahohtory.

..v
\

!mmoh as- thers are no utilitien such as wvater, uwar, n" road-.
sidewalks, or coswmunication in the proposed ares, 1% will be’ m?ﬁ.’gsm to
N\

:

conatruct these i{tems s extensions of presant systems.

e e e
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Cosbxistien air at in. abe
(gmm Wzlg Jlg//: a gg.ooo';t ’

Mml-”wpr‘umucmsmwm

maym-- cmﬁmm;trmmzzsmmsmm

atssmmmmnmmmw
fmthzn:-n COLpressoTS drimthmahwm
from lo,ooo-hempmr elsetric utm Piping

mm, uﬁmoolm, and centrol.l to be dutm&

for handling umitiu up S0 625 pounds per |
ssoond. 3_1,213,000 ’

Rarrigmtod Alr System - Oving to lack of funds, none will be

~ tien of refrigerated sir from the cmbastion afr

pruvidod initially. Plans will be nade, hcvevor,
Zor future alr deying equ:lpmxt and the gonem— o

thmgh air-expansion ’mrbinee.

. Exhaust Syttm - J~33 ocmprcesox-s will bo used ac gas ex-

hensters in groups and stmc! to give sn aver-all

pressure ritic of approximately 12.5 to 1. This

item ¥11l inolude gears, motors, switchgear,

mt.rcoohn, piping and valves, snd contiol and

alamm system. » 2,506,000

Power Supply -~ ‘rhi- itom uu include tmfomr-, cimit-

bmuknrl, buses -nd atrum‘.un, metoring pro-

,mtion oqnixunt foundation, and comtrol ‘ , .

houu. The eleotrical equipment for the
cooling-tower installation vm also be mludcd. 1,756,000



Cost Itniutiﬂ

Conbustion air - 3 in. abe}
N L

_ MmJ-”chchmuﬁm

Aly System - mmamwwm«msm
ct%MMWMMMW
:mthamt-” SOUpTessOTS Mmthmahzwciu
tmm,m-hmmrcmm Pl.;du

T m,mm, and sontrols o be deaigned

for handling capacities up %o 625 pounds per |
sscond. ‘ ' 81,213,000

Refrigerated Air System ~ Owing to lack of funds, none will be
provided initially. Plans will be zade, hcwavor,
for future air deying cquipwn’b and the zoneu-
tion of refrigerated gir from the cambust ion ai.r

| through sir-expinaion turbines.

Zxhaust Systan - J-33 conprescors will be used a0 gas ex-
hausters in groupes and staqu to give an over-all
pressure ratio of approxiut;ly 12.5 to 1. This

item will inolude gears, moters, uitchgur,
intercoolers, pping and vulves, and contiol and
alarm system, . . f ,566,00_0

Power Supply ~ This item will tnclude tnutomnu, otroutt ”
broahsrl, buses and -tmt_un, metering pro-
mtioa oquipment, foundation, snd comtrol |

| hmo. The clm:'ioal equipnent for the | .. - ;z.
ocoling-tower installstion vill also be included. 1,756,000 i



760,000

'mhn, lcmndu-: o:mmt-m coolm, sltivede
 Sash chasbers, foundaticas, belmoss, instruments, .
M mt-, wl oontrol room with Mmtmm. 1.510,000
mmng mmm, and Roads - A machinery equipment building
vm h md M aln offios bnﬂdiu mcn

: :ud m ares ﬁt altitude test oha-bou, water,
g"lmr, xn, -nd telephone oxtmuu, huuu
fphat, m, snd sidewalks. ' 2,418,000

$10,478,000

| osment
198
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of this continuous system capacity for Phaeg II, This increase is
approxim#tely 27 percent of the expanded continuous system capacity
of the electric power company. Therefore, the electric power company
should be agked as td their plans for expansion beyond 1952,
Power Cost: _
It should be nbted that at present rates the éoat of power for
operationvof the Propulsion Sciences Labofatory at Cleveland is a con-
,”éiderable,1tem,M“Basedﬂon,theloperatiﬁg time and capacity proposed; the— - -
cost of power for the 88,000 kw of Fhase I will increase the power bill
by approximately $116,500 a month or $1,758,000 & year. For the 625-
pound-per-second laboratory, the power bill would be increased by
epproximately $607,000 a month or $7,280,000 a year. Reduced rates
‘should be possible.

Process Water System:

- Large quantities of cooling water will be’renuired to cool the
exhaust gases before they can be handled by the exhausters, to cool
the- combustion 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 dls-
sipatedvin a cooling tower and the water recirculated for reuse.

The procé;s water system will consist of a cooling tower, water
pumps, piping; sediment separation, water meke-up and water treatment
factlities. The exact cooling-tower design and pump and piping
capacities will be determined only after the requirements of all heat

exchangers served by the tower have been fixed. In preparing the



estimtes for this proposal, an average rise in the water temperature
of 35° 7 vitﬁ a 10° T approach to the wet buld temperature (750 F) in
the cooling tower has been assumed for approxin&toly 21.006,000 Btu

per minute (55,000,00€ Btu/min future) of heat dissipation. This value
of heat diunipﬂtioniis based on an air consumption of 225 pounds per
..locond (625 pounds per second future) for an alr-fuel ratio of 14 to 1
giving a fus)l quantity of 16 pounds per second. A cooling tower will be

comprised of about 20 cells with a make-up water rate of about 3200 gallons

per minute for ﬁﬁe 225 ponﬁ&iiper Qééoﬁﬁ‘i;ﬂdféisifrAhdﬁﬁﬁsﬁt 70 cells
with a make-up water rate of about 8600 gallons per minute for the 625
pouhdu per second laboratory. If larger temperature-rise values are
prectical, a amailer tower and circulation system may result due to the
reduced water quantity required; if a smaller temperature rise is re-
quired, the opposite condition obtains., Detall analysis of cooling water
réquironontl will determine the best solution of this problem,

The proviously‘stated water capacities are consistent with the
quantities mentioned to the city in co;nection with oué future needs.

Controls, Intercommunications, Fire Protection:

Control and routing dboards vill‘be inatalled in a central location
to centrol and show at any time the position of important vavas on
the principal process u&stems, such as combustion air, altitude exhauet,
and process wvater. Controls for the starting of machinery will be
placed near the machinerj. Controls will also be provided for the

cooling-tower water pumps as well as the alr compressors and exhausters.
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The intercommunication system will include antomstic telephor.os,
mrgency intercommnication gystem, and siznal systems. A com-
bustible-gas aJarl system will be provided to warn of the accumlation
of combustidle gases which might canse dameging explosions. A carbon-
dioxide fire-axtinguishing system will be provided in the sltitude
chambérs to extinguish any fires that may occur.

Research Equipment:

The research equipment for the Propulsion Sciences Leboratory will

be two altitudo cham‘bers that vill be included s a part of the initial

constmction program 'mese altitude chambers will be steel {anks
approximately 20 feet in diemeter and 230 feet in over-all length, The
assenbled length is determined by such included items as plenum chambers,
test chambers, diffuser section, and coolers. The diffuser is needed
to obtain maximm eltitude and maximn weight flow conditions. Design
and construction p;‘oﬁsion will bé made to permit removal of tank
outer end and various sections to accommodate changes as they ore
needed to suit conditions. Hatches will be provided to permit the
installation of engines and research equipment. Balance and thrust-
measuring equipment will be provided in the test chambers., Provision
will be made for research on turbo-propeller engines. Power will be
absorbed by dynamometers installed either within or outside the
altitude tanks. The chambers will not be housed except for the hatch-
way and control room. All ‘pip:lng and coolers will be outdoors.

A primary exhanst-gas cooler installation, possibly composed of
two 60-pound coolers, will be installed, Inesmch as these coolers .

»
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are extremely expensive, it will be attempted in the detail design
to make these coolers available to use by more than one altitude test
tank, A secondary exhanét-gas cooler will also 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 1l to 1 at a temperature of 3500° F,

Building Utilities, Bosds: " |

The combustion air compressing and exhaust-gas exhausting equip-

ment, with necessary gear boxes, electric motors, ani contrclc, will

O

'~

" be housed ir an equipment building,

An office building will be provided (for research and other per-
sonnel needed to properly operate the test facility) inasmich as there
i1s no office building availaeble at or near the propoced location. A
steam heating plant aiso is necessary and will be provided.

At the altitude chambers, the access and work ares will be housed
to provide space for adjustments of models and installation work which
does not warrant moving the model to an overhanl arez of the latore-
tory.

Inasmich as there are no utilities such as water, sewer, gas,
roads, sidewalké, or communication in the proposed area, it will dYe
necessary to construct these items as extensions of present systems.

Plan of Procedure:
The recommended plan of procedure is to contract all possible design

and construction service. An MACA project engineer will be sppointed
who will coordinate research requirements and feasibility with methods
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of fulfillment.  In general, this project engineer will seek to minimisze
the work to be done by NACA persomel and yet obtain the best possible
job from a contractor. The project engineer will direct a small
organisation of experts (see Organization Chart) whose duty it will be
to write performance specifications upon yhich design and construction
cmtracts can be based, This group will consist of selected Cleveland
laboratory research and service representatives who, in addition to
preparing the pefformance specifications, will app}ove firal plauns,
specifications an& construction, according io laboratory standards, for
“structural, electrical, and mechanical engineering. — <

- Project Itemization - Phase I:

The following itemization, involving three principal fields of
specialization, is recomrended 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,
(e¢) Lighting.

(d) Comrunications,
3. Equirment, Piping Systems, and Controls
(a) Equipment,

(1) Combustion air compressors and coclers,
(2) Exhausters and coolers,

(3) Altitude tanks and engine mounts,

(L) Cooling tower and pumps,

(5) Fuel tanks and pumps.

(6) CO, storage tank,

(7). Service air compressor and cooler,

(8) " Acoustical mufflers (if required),
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(b) Piping Systems.
1) Combustion air,

© 2) Exhanst gas.
a Cooling Water.
Reel.

5) COo fire protection.
(6) Service air.

(c) Controls,
l) Combustion air.

2) Exhanst ges.
3 Altitude tank,
Cooling water.

2 Fuel
(7) Service air.
d YOS e
: Construction Schedule: ~
- Start Complete Award
Design specifications for con~ Immediately June 15,
struction design, drafting 1948
¢ and construction specifications -
Contract for Architect-Engineer July 1,
design services 1948
Equipment contracts July 1
, 1948
through
t, 1,
1948
General construction and process Jan. 1,
system construction contracts 1949
through
June 30,
1949

Completion and Operation , July 1,
1350
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PROPULSION SCIENCES LABORATORY

Cost Itemization

(Combustion air — 225 1b/sec at 55 1b/sq in. abs;
altitude exhaust -- 100 1lb/sec at 50,000 ft)

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

716’,00O>-h’or<sepo§vei; él;rctrrirc rmotoxr-sr.‘ biping s;stem,

aftercoolers, and controls to be designed for

handling capacities up to 625 pounds per second. $1,113,000
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 1. This

item will include gears, motors, switchgear,

intercoolers, piping and valves, and control and

alarm system, ‘ 2,408,000
Power Supply - This item will include transformers, circuit

breakers, buses and structux;e, metering pro-

tection equipment, foundation, and control

house, The electrical equipment for the cooling-

tower installation will also be included, 1,756,000
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Process Water System - This item will include the cooling
tower and distribution piping system.
(Estimate is an average. Further analysis ’
needed.) . - 760,000
Controls, Intercommmications, Fire Protection, etc. - This
item will include controls for air compressors,
exhausters, cooling tower, cooling-tower
pamps, valves, telephone, emergency COp system,

and combustible-gas alarm system. 285,000

" Research Equipment - There will be included primery exhanst-
&as coolers, secondary exhsust-gzs coolere,
altitude test chambers, foundations, balances,
instruments, fuel system, and control room with
instrumentation, | 1,212,000

Buildings, Utilities, and Roads - A machinery equipment

building will be proﬁded and elso office
bullding, access and work area at altitude
test chambers, water, sewer, gas, and

telephone extensions, heating plant, roads,

and sidewalks, 2,366,000
$10,000,000
. CM:at
1/21/u48

/?eulse,([ 3//‘5//451

st



APPENDIX B

Subject: Probeble Eleciric Power Requirements of the Flight
Propulsion Research laeboratory

Reference: (a) Report entitled "Comparison of Steem and Electric
Drive for Research Facilities", by Allan H,

' Heidenreich.,
(v) Appendix A,

1. A summary of probable (1951) electrical loads at the Flight

Propalsion Research leboratory are as follows:

Altitude Wind Tunnel 40,000 EW
Engine Research Building 28,500
8t x 6% Supersonic Tunnel 90,000 g e
8! x 8 Supersonic Tunnel
Drive 150,000
Anxiliary 33,000

Propulsion Sciences Bldg. 88,000 (expension way
increase this to

approximately
_ 201,000)

2. The total power required for compre;sing 240 pounds of air
ver second to 55 pounds per square inch absolute with the converted
J=33 compressor, when a compressor efficiency of 66 percent is used,
1s 30,000 horsepower. The maximum power required by each exhauster
evacuating at a constant inlet volume is 5100 horsepower at a
compréssion ratio of about 3.75, or a total for the 13 exhausters. of
66,300 horsepower. To these power requirements 20,000 horsepower may
be edded for euxiliary equipment, including the cooling-water system.
The total installed power requirement for the initial installation,

therefore, is 116,300 horsepower or sbout 88,000 kw.
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3. The proposed Propulsion Sciences leboratory will require

practically duplicating Substation A by the addition of 120,000 kve
of 132,000 to 34,500-volt transformation and switching equipment
at Substation A. This addition is based on two new 132-kv incoming
1ines with 65,000 kva of transforusr capacity for each line. With
these a2iad lines (two) the off-reek demsnd msy be 262,000 kva,

| 4, It appears that with the Precpulsicn Sciences Building end
two altitude chambers, the off-peak research time of 7=R hours per
24 would have to be shared by five Tesearch facilities. ‘I'ne L
location of all of these resesrch facilities at the Flight Propulsion
Research laboratory, Cleveland, Ohio, would certainly result in a low

use factor being obtained for any one of these research facilities.

N %% NI

Allsn E, Heindenreich
AHH:at

1/21/u8
/Fe Vs ec/
315/ 48

e



CONSTRUCTION
ADMINISTRATOR

I

PROJBCT ENGINEER ,

| , | L

' SRUCTURES, UTILITIES BLECTRICAL :

| MBCHANICAL PIPING SYSTEMS
AED ROADS ! AXD OONTROLS
STRUCTURRS ROAD, PARKING, UTILI2IES SUBSTATION & CONTROLS, MOTORS LIGRTING & COMPRESSORS & MISCELLANROUS PIPING SYSTEZNS CONZROLS
AND SIDIVALKS DISTRIBUTION AND AUXILIARIES COMMUNICATION " EXHAUSTERS
i .

off1ee 1. Heatine & 1. Coabustion air 1. Cooling tover & 1. Combustion air 1. Combustion air
e cal '::u;ﬁu‘g compressors and pumps 2. Exhaust gae 2, Exhaust gas
Rquipaent Bldg. 2. Water coolefs 2. Puel tanks & z. Ceoling water : Cooling water
(a) equipment ares (a) domestic 2. Exhausters and pusps : z‘:l : ?‘

(incl, foundations) (b) fire covlars 3. °°2 ttorage tank 5 2 5. %
(b) ocentral contrel room 3. Sewers 3. Servigs atr L. Acoustical 6. Service atr 6. Service air
Shop (a) sanitary compressor & mufflers 7. Altitude
(a) ongine handling area (v) stora cooler chashers
®) research control rooms
Altitude Chasbers
(1neluding engine mounts) 7

:‘ PRCPLPULSION SCIENCES

I (CABCAATORY CASCGANIZAT7C 1Y
. AT .




AIR covvTron

TEST CHAMBER

‘ DIFFUSER COOLER
4 0. CHAMBER
u I X I ﬂ. = I L h d —
\ ILH = al j.w,_% R 1N N .
Tk b R
T T T T = | —— 1 '
n aft-— 0’ D/A.
| , ”
| Lo ( + © 20 pia.
| _ “ : HEADER
. “ “ .
30" —y R [ A L e s5' 35" 20 ]
230’
ELEVATION
n\m
m F16G6. 1
| PROPOSED ALTITUDE CHAMBER
. !

DR. : FJ GUSIK /-30-48
ScaLe : 7= 120"

Jo.% 720



M FH A
TIIY
] :
- ! usazss ) a2
an H ]
i ¥ig 2% 0N
P s auug
Y
" SaBBuy
It 1
HH 1 4R g e
- 2 A MEEE N
ngn T o
1 : 2 4
1 . i
1 e T
i £t ,
s H
an 1 % #
¥ .
- ++ i
| » s
© 2
2
. 4]
r+ ax ot
" EnRSuasd
0 = a 3
:
T
s HHHH
[ 1
B
T o :
-4
11
HEH T
(1 4 1
1 ¥
n T ! 1 3
+ T
= .
= T I
H T
ag ]
- { an
T i 1a &
ank
T
1 o
g1 1 { 1
gl 4 T
] 11
H 11
a H i
1
-
T
HHH
TR
1
I
H--H
HH
181 191
1l
InNE
am
1 r %
A §
F-§-1
-




T« 0 . ~c® - - @0

]
/93 + . . C :
' . )
: 1 e )
t _.\x. -aaa.e ”
» \ I'
i 7 .
N
o . » ! -4.0
. . A d .
. \ )
' e v i \ \
)
. : *
B . . . &
i .n-_ Mr Coumimiad o .
._ * CHimnen
m ) “ ) B . -&l .tl..
[ ’ v " )
— “_ -.I.— fhannea, M . .\’.l
d ’ |
R IR o SV o d
; " secqied \! ] d "
' : - .\
) g ! 7
] _ . \ A $
S \ Vd 4
. M
u. h_ Digrusesn \ . e TA - A o..x. --o
. i / " d m
: _ . Vo VR '
= { s 7
» ' / \
- .. ) v
; ¢
| : Vo
H _ e - - . ' lu
-Teie’Lrar Wnakew R / | ..(\
. ! \
\
. H _
S PR
1 Lo RN
i oe i i -
- v ' o9 _’
Yir s N A
- 1 — . .
4 - e | Prer b .
. H ' - - . [N N 4
. el e ' va. L ﬂ | r : .
N IR I Tt
. L] i i
URERRAT1 !
) | | . \ ;
e | \ svaprarion
- | ¥ :
' \ ' :
- E 'RST m_...bm:.. treal . J R \ T
TaLe - Gyt e ¥ o i / ! oL Tr.ﬁw.mvrrz !
. | _ . Bcane i lon e ﬂ
\ i !
L !
.
\
PP OPULSION SciENCES ~.>00P>.Lo.r*
; WG4

wWiP. 1808






