A.

II. STATUS OF TuCENJOLOGY

COAL’E§§IEICATEGN

Coal gasification was a cogmercial reality in the 1800's and fell
from favor with the advent of petroleum and natural gas. Today the
Lurgi (Germzn) and Koppers (German) gasifiers are the leaders in
commercial units. Efficiency of these units is relatively low
(65Z to 70Z), economics of the process are poor (96¢ to $1.10/1063tu),
operations are limited to only specific nom~caking coals, coal feed
sizes fall within a narrow range and maximum unit size per reactor is
small. Relief from such limitations is the driving force behind the
congoing and future R&D program.

Present activity is primarily directed toward fluidized bed,
fixed bed and entrained flow gasifiers. Pilot plants are under
construction to convert up to 50 tons of coal per hour. Proven low
temperature gas clean up systems removing sulfur and particulzte
matter are utiiized at this time with development proceeding on high
temperature gas clean up systems increasing thermal converss~:
efficiency to be integrated at a future d:te.

Projections based on R&D results to date indicate thermal
plant efficlencies of 807 or better is achievable in the proposed
larger size units, economics of 60¢ to 70¢IlO5 Btu, run-of-the-mill

cool sizes, and single gasification reactors capable of supplying

1000 MWe fuel requirements.




" Small-scale tests have demonstrated the successful marriage
of iow—Btu gas with the gas turbines/steam combines power cycle
at efficiencies in the 407 range.

Two co-funded piilot/demonstration plant contracts are in
force between OCR (2/3 cost) and Imdustry Comsortums (1/3 cost)
including electric utilities,

Barriers to Implementation

Problem areas rather than barriers are well identified and

efforts are now undetway or are scheduled to resolve them:

High~temperature raw gas clean-up.

Available systems operate in the 400°F or less range and require
cooling the raw gas, thereby reouiring heat exchange cooling
{capital cost) and loss of sensible heat {loss of efficiency).
Two approaches are being persued to raise operating.temperatures
to the 1500°F to 2000°F range.

Turn-down operations ratic

Power generation im utilities requires jgzqd - following
capability of the energy supply system sometimes as much as a
50% or more reduction. Low-Btu gas sources must have this
capability since gas, once generated, does not readily lend itself
to storage. The R&D program attacks this problem by developing
desipgn features and optimizing the number of reactors with operating
and capital economics. This problem requires additional study,

test and evaluation.




3.

Life of materials

Long-term continuous operation at peak temperatures is yet
to be proven at credible sizes. The various ﬁlanned pilot-size
installations will prove or‘disprove present techniques and R&
findings now underway.

Ongoing R&D

Foreign RED low-Btu coal gasification is practically non-
existent. Most effort appears to be in upgrading existing
technology into high-Btu gas. In the U.S., 1974 funding is
$12 miilion.

B. GAS TURBINES

Closed-cycle gas turbines with HTGR

The high-power Closed-Cycle Gas Turbine Power System
hAs been under development since 1939. To date there are many
plants producing electrical power from 2 Mi to 30 MW, some
plants having over 100,006 operating hours and future systems
with expectations of over 50% efficiemcy. The operating plants
and expected results from larger plants in the 1160 MW range
have shown or indicated the following advantages: (1) Lozd
regulation by pressure level variation; (2) High and constant
efficiency over wide power-range with simple cycles; (3) Constant
temperatures atvall loads (low thermal stresses); (4) Tuarbo-
machinery blading working at constant design point and elevated

Reynolds numbers; (5) Low pressures combined with High Temperature




sefvice; (6} No dimensions of rotating mechanism (valves) at
elevated temperature; (7) Small dimensions of rotating machinery
and heat exchangers; (8) Low or no cooling water requirement

(air ccoling); (9) Free choice of working mediums, e.g., heliun;
nitrogen, carbon dioxide; {10) Possibility of using new materials
for componenis {no oxidation in inert gases); (11) Clean cycle;
no rroblems associated with contaminated atmosphere; (12) Car

~ use a varlety of fuels ~ gas, oil, solid, nuclear; (13) Possibility
of light double-wall design; (14) High unit outputs possible;
(15) Direct waste heat utilization at elevated temperatures for
heatiang purposes without affecting power cycle efficiency (total)
energy plants); (16) Limited effects associated with changing
density of atmosphere with altitude; (17) Lower weight to power
ratio than-conventional power systems in thé higher outputs.

The reference design parameters proposed based on the status of

the technology today would be as follows:

Anbient air temperzcure 75°F {23.9°C)

Total compressor pressure Tatio 2,35

Turbine inlet tamperature 1500°F (815°C)
Compressor inlet temperature 95.5°F (35.3°C)
Compressor discharge pressure 1000 psia (69 bars)
Number of compressors 1

Pressure loss ratio 0.075

Recuperator efifectiveness 0.89

Turbine isentropic efficiency 91.0%




Compressor isentropic' efficiency 88.5Z

Turbine disk cooling flow 3.4%

Compressor leakage flow 0.2%

Bearing losses (based on net output) 1.0%

Generator Efficiency 98Z

Primary system héat loss 25 MW (t)
Station auxiliary power 5 MW (e)

Station efficiency 35.93%

Net electrical output 1078 MW (e)
Reactor thermal power 3000 MW (t)
Compressor helium flow rate 14,789,400 1b/hr

{1863 kg/sec)

Since the net electiical output Indicated is 1078 MW, the
requirement for the demonstration of a power conversion system
of a 275 MW size is mandatory. The techmology of turbo machines
of this mapgnitude is within the grasp of turbo-compressor developers.
An Important cosstruction of 2 50 MW(e) closed cycle helium gas
turbine, a total energy plant, being built by EVD (Energie~Versorgung
Okerhousen) will be gas-fired by a radically cew-design, very-
compact gas heater. The layout of the plant will allow many
operating tests such as regulation of a heliun closed-cycle gas
turbipe using dimensions which would correspond with future sizes
in the 275 MY range. This plant is to go into operation in the
second half of 1974. There is also a test installation of Julich

which will allow testing of full-size turbine wheels for future




pla:;ts up to 300 MH as well as testing dents, insulation, and
valves to temperatures in 900 to 1000°C region.

This progressing technology will directly support a planned,
designed compoment tested and then assembled as an experimental
demonstration plant at the 275 MY net output level in the middle
80's. -

Combined cycle using high-temperzture open—cycle gas turbines

Past exverience with high-temperature open-cycle industrial

gas turbines have been limited in size and temperature to less
than 80 MW (e) and 18C0°F to 2000°F with overall conversion
efficiency at about 407 in the combined-cyele application.
It is planned that 2 plant will c'ome into service thls year at
the 175 ¥W(e) level 95 Mil{e) and 80MiW(e) from hot gas exhaust
with an estimated efficiency of 41%. The plant is to burn #2
distillate fuel. Technology for gas turbime components needed
by high-performance coal-gasification plants do mot presently
exist. '

Open cycle gas turbines are usad _',:'.n a variety of power
producing systems. aad improvement in their performance in these
applications, including reduction in fuel copsumption, depends
primarily on increased turbine operating témperatures. The
results from the 2500°F gas turbine development will umdoubtedly

find use in some of these applicatiomns.



The development of high temperature (2500°F) gas turbine

components and systems for 6pen-cyc1e applications provide a
double benefit ro electrical power generation. A 2300°F turbine-
compressor rotating unit is ﬁeeded for future high~efficiency
gas combined-cycle palnts, which will provide for more effective
conversion of coal into clean fuels. The use of this kind of
rotating wnit with a low-No, clean-fuel combustor wili provide
the gas turbine topping cycle ‘for a high-efficiency combined
cycle plant which will more effectively utilize the cozl-
derived clean fuel and other clean fueis such as hydrogen produced
by many different means (nuclear and non~nuclear).

Some of the major problem areas that have to be addressed

in the development of higher temperature open-cycle gas turbines

are in areas of:

Water-cooled turbime blades

Catalytic combuster systems (low emicssion)

Ceramic turbine blades and costings

Clean and alternative fuels (coal, hydrogen)

With the application of these principles as far as they
are developed, a high-efficiency combined cycle will be demonstrated

in the late 1970's Indicating a system efficiency of 48% at the
100 WW(e)} level.
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um (MA-GI“ETOEYERODYNAMCS)
Present Status

Three bas:l'c categories of MHD eiectrical power generation systems
are currently. in various stag.s of development in the U.S. and
throughout the world. These are: open cycle plasma systems; closed
cycle liquid metal systenms; Iand closed cycle plasma systems. There is
a substantial degree of commonzlity in the three MHD concepr;s;
however, ezch system possesses mmique characteristics which tend
to set it apart. Thus, three parallel research effcrts of varying
size have been mownted by several countries to develop each system
somewhat independent of the other. An excellent sumnary of the status
of R&D on MED is given in the 1972 report “"W¥D Electrical Power
Generation," Atomic Fnergy Review 10 (3), IAFA Viemna (1972) 377 pp.

The development of open cycle MHD techmology has been conducted
mainly in terms of commercial central station application but has also
Involved special applications, particularly for the powering of wcapons
and power supplies for special military installations. These develop-
ments have progressed to the point where the first pilot piant for
central station operation (U-25) has been constructed in the USSR.
This plant operates onr natural gas and is at present undergoing
shzkedown. Uhen operated at full design cond:itions, it will have a
power output from its MHD generator of slightly over 20 megawatts.

In the Upited States, based on the recommendations of the 1962
Office of Science and Techrology repart entitled, "MAD for Cemtrai
Station Power Generation: A Flan for Actiom," the 0ffice of Coal

Research of the Departmeant of the Interior started in 1971 z modest




program to develop some of the basic aspects of MHD techmology
needed to prepare the engineering data for later larger scale
facilities and integrated plant operations. OCR has established

12 contractors in different areas of MHD. The largest program is
being conducted by Aveco Corporation. The Aveo effort has
concentrated on clean fuel although coal combustion can be simulated.
In contrast, the other major experimental effort at the UTSI is
directed towards the operation of MHD gemerators directly on the
products of coal combustion.

In othef programs, Stanford Unmiversity is investigatirg
basic MHD flow phenomena and boundary layer phencmena, and MIT is
looking into the fundamental properties of MHD materials. Major
materials work, particularly in coal slag, is geing undertaken by
the Bureau of Mines, a three-stage combustor is being set up to
study the de—ashing of coal combustion products prior to tke
-generator duct and Westinghouse Research Laboratories are setting
up 2 small facility to study both generator duct materials and the
cperation of chemical regeneration systems. Other OCR contractors
are concerned with system evaluation, comporent design, amnd
material evaluation.

By far the largest program in open cycle MED is being conducted
in the USSR. At one time, however, substantial programs also existed
in the United Kingdam, France and Federal Republic of Germany, but
wera terminated because of the view prevailing in these countries
that electirc powef generation needs could be met entirely by nuclear

fuel base-load plants and gas-turbine systems for peaking purposes.




In contrast to open c¢ycle concepts, liguid metal and closed cycle

systems are not as well developed. These two systems, however, are ideal
when used in combination with nuclear sources of heat and R&D efforts

are being pursued throughout the world. Liquid metal MHD systems are
unde;r study primarily by the USSR, France, .Czechoslovakia, Austria,

and in the United States by Argonne National Laboratory and the Jet
Propulsion Laboratory. Closed cycle plasma res.earch is ongoing in the
USSR, common market countries, Jazpan and in the United States, principally
by the General Electric Company. In general both liquid metal -and

closed cycle concepts have been shown to be technically viable. However,
further theoretical and experimental work needs to be s;ondr;::ted before pilot

plants can be constructed.

Barriers to Implementation

The construction and start-up in several countries of experimental plants
and Inplants and installations, including the U-25 piiot plant in the
USSR, are the main advance in the field of open cycle MHD. '~ The search
for design and engineerirg solutions that will ensure the relizble
operation of all components of MHD power stations during a predetermined
service life is characteristic of the work being dome with thzse plants

and installations.

Increasing the service life of the basic components of MHD plants is
a very important problem for the immediate future. The problem of
developing short-operation MHD plants has been virtually solved, but
in the case of base-load plants the service life of elec_trodes,'

insulating walls and certain other components of the MHD generator



and the auxiliary equipment is still relatively short.

In recent years engineering and economic analyses have indicated the
possible applications of various types of open-cycle MHD plants in
electrical power genmeration. It has been shewn that the relative simplicity
of the MHD plant proper makes its use as a peak-load plant a worthwhile
economic proposition, while, in conjunction with a steam—turbine plant,

MHD rasults in a substantial increase in efficiency (60%) and is an

economically viable means of base-load generation.

The closed-cycle plasma MHD gererator itself has proven to be feasible.
Sufficient experimental and theoretical background exists to permit

extrapolation to large sized with confidence, but mo heat source exists.

The development of methods to reduce the major sources of losses, such
as instabilities, should be pursued. The technology of long-~life ducts
has not been thoroughly investigated. However, it seems that no major
difficulties should arise, taking into account the much less severe working

conditions compared to the open-cycle duct now in an advanced stage of

develcpment.

The prospect for introducirg closed~cycle plasma MHD plants into
electrical power generation depends to a great extemnt on the development
of high-temperature (2000°K) gas-~cooled reactors. Many engineering and
technological problems remain to be solved but experimental work has

been planned, to achiave this aim.




Liquid metal MED plants have also reached the stage where experimental
installations are being enlarged. The start-up in the USSR of a closed

cycle MED plant is a substantial achievement.

Like closed cycle plasma MHD plants, liguid metal MED plants promise to
be most successful when used in combination with nuciear sources of heat.
However, the requirements with regard to the preheat temperature of the
coolant {(liquid metal) in the nuclear reactor are less extreme in this

case, a temperarure in the range 1200°F being quife sufficient.

At present, therefore, open cycle MHD plants are the clesest to being
introduced into electrical power gemeration. Already there are grounds
for considering it possible to build pilot peak-load and base-load

open cycle MHD plants capable of good engineering and economic pexformance.

Overall the main barrier is lack of sufficient funding to maintain R&D

at levels warranted by the advantages projected for these systems.

Ongoiag R&D

The largest program in MHD is being conducted in the Soviet Union and

is estimated to exceed an annual funding zate of $50 million. In contrast,
~ the USA, principally under OCR sponsorship, has open cycle work ongoing
vhich amounts to spproximately $7.8 million for FY 1974. Closed cycle

R&D funded primarily through AEC and DoD is estimated to be about

$.6 million for FY 1574. .



D.

Potassium Togping Cycle

The technology for the potassiim Rankine system Qas developed during the
1960's as part of the nuclear space power program conducted by NASA, AEC
and the Air Force. As a result of this effort, hundreds of thousands
of hours of'beneficial testing have been accumulated on components for
use with potassium. For example, the AEC successfully built and operated
pumps, boilers, condensers, and a small 10 kW vapor turbine. NASA con-
structed a "breadboard" power plant facility to test potassium turbines
that comprised, in addition to the turbine, a fossil-fired furnace/boiler
of 3 MK heat input capacity, an 8-inch vapor throttle valve, a condenser
and 2 boiler~feed pump. The two largest potassium turbines ever built
were tested at 1500°F in this facility, each for more than 5000 houzrs.
The results of the work conducted by.these government agencies have been

to demonstrate the technical feasibility of the potéssium Rankine cycle.

The system was built entirely of stainless steel and was operated in air.
The boiler was fired with natural gas and boiled potassium at 15C0 -
1550°F. The rotor of the potassium turbine was supported by cil-
lubricated bezrings and drove a dynamometer that was operated in air;

an argon-buffer shaft seal kept air from entering the potassium loop and
potassium from mixing with the lubricant. An oxygen - control device
continually monitored the potassium stream for contamination by small

amounts of oxygen and continually purfied a small portion of the potassium




stream by removing trace amounts of oxygen; the problems of oxygen control
for the sodium stream in the IMFBR program are very similar to those for
potassium, and the results of this very large program should substantially
benefit the both pctassium - tepping system and the liquid metal MHD

systes.

The teéhnology which has been developed for the potassium space power
system can readily be applied to the development of a topping plant of
high efficiency for stationary power. No new "breakthroughs" in technology
are required and much of the potassium component and system testing was
conducted at the operating conditions appropriate to the topping plant.

The effort proposed herein is, therefore, aimed directly at proving the
advantages of building commercial-scale (1000 MW) plénts by construction

of a pilet plant by 1979 and a demomstration plant by 1983.

NASA and OCR nave begun a joimt program to develop the potassium topping
plant for use with both coal in a fiuidized bed and fuels derived from
coal. A preliminary design and economic assessment of a commercial-
scale plant and a concepiual design of a pilot plant will be prepared
by an industrial team by early FY 1975. In addition, the AEC's 0zk
Ridge National Laboratory is building a module of a pressurized furnace[

Pe - sivm bodiler.



E. Fuel Cells

The fuel ceil was discovered by Sir William Grove in 1839, but found
its first practical use in the United States Space Program, where Fuel Cells
were used to furnish electrical power in the Apolio and Gemini missions because
_of their favorable power to weight ratio. The fuel cell is a simple device
which resembles in a great many respects the familiar lead;acid storage
battery used in cars. It differs fr&m the storage battery in that the elec-
trodes of the fuel cell do not change with use. The fuel (e.g., Hp) 1is
converted into water at the electrode by electrochemical oxidation, producing
electricity. The fuel cell works as long as fuel is supplied to the fuel
electrode. |

Fuel cells are presently under development fér advanced spzce, under-
water, and other government special purpose applications. The technology
required to satisfy the government application does not lend itself to direct
transfer to the civilian sector where economics are of paramcunmt importance.

The major effort to develop comzercialized fuel cells in the U. S. A,
is by Prat:t and Whitney Aircraft (PWA) using hydrogen-eir fuel cells. Thaerc
are matrix cells using phosphoric acid as the eiectrolyte. PWA has one major
program with the gas industry (TARGET) to provide fuel cells as. part of a
total energy system for apariments, commercial use, and possibly individual
residences, A second major program is with the electric utility companies
to develop dispersed fuel ceil generator stations. These two programes are
probably being supporred with a total of 15 million/year.

In the TARGET program a number of 12 KW demonstratcr power plants are
presently in operation. The hydrogen is furnished by reforming natural gas
on site.

In the dispersed fuel cell generator program, the present projected cost

of the PWA power plant on a production bzsxs is $350/KW with an cperating




life of 16;000 hours. Substantial progress has been made in the last five
vears; specific material cost has been reduce 10-fold, and operating life
izcreased 5-fold, A specific cost of $185/KW and a 40,000 hour operating
life would establish the fuel cell as an economic electric gemerator. Rate
of progress has becn limited by funding..

Another major comdiercial fual cell piogram with private funding is a
joint effort between France's Alsthom znd Jersey Enterprises, Inec., which is
a subsidiary of Standard 0il of New Jersey (EXXOM). This 5 year $10 million
effort is aiwed primarily at developirg methanol~fueled fuel cell systems
for small power applications in the 5-25 KW range. Recently this effort was
extended to embrace the dispersed fuel cell generator zpplication. It is
reported that rmethyl alcohol can be produced at a favorably low price of zbout
$1.00/006 BTU. It can also be made extremely pure, which is important for
fuel cell use.

Englehard Minerals and Chemicals Corporation is offering commercial
hydrogen~air fuel cells using phosphoric acid matris cells in various sizes.
The hydrogen is obtained by cracking ammonia. This cell has over a year of
démonstrated life,

A number of U. S. and foreign organizations including GE. Westinghouse,
Allis~Chzlmers, Union Carbide, British Railways, Brown-Boveri and others have
also been involved in fuel cell activities over the past decade.

Fuel cells are low-voltage direct-current devices and thus this character-
istic must be designed around. At present platinum is the electro-catalyst
of cheice but it is expensive and scarce. Fuel cell life also is less than
desirable, the flexibility of fuel cell use would be improved if a wide

variety of fueis were available for direct. use.



F. Use of Waste Heat and Fuel

(1) Waste - Heat atilization

One of the highest energy demands in the country is in the area that
can be handled by small decentralized energy producing systems. A nomninal
~size that has wide application is in the area of 1 to 3 Mi(e) for small
industry} shopping centers, total uti;ities systems, arnd institutional (hospital-
school-etc) and rthe 11ke. There are at least 600 rotal energy systems designed
or operating in the United States using off~the-shelf technology. With the
development of innovative technologies and the 2pplizatica- of the most
successful of these advanced ideas, much iwproved and more efficient and
reliable management and use of waste heat can be realized.

Many areas of energy conversjon, heating, ventilation, air conditioning
waste water treatment, potable wate treatment, control of systems, solid waste
processing, distribution systems, and fuel sources are in operation and in

manyv stages of product improvement.

There is a requirement that the most applicable of these be advanced
and used in a appropiate application. Some enmergy converties lend their
relves to waste heat usage better tham others.

(2) Use of waste fuels

Methods of emergy recovery'and cenversion from waste fuels include:

(1) Combustion of wastes in incinerators with heat recovery to generate steam,

(2) combustion of waste fuels in utility, induscrial oxr commercial boilers,
(3) combustion of waste fuels in fluidized bed combustoer with energy recovery
by steam or gas turbine, (4) corversion of wastes by pyrolysis iato solid,
liquid, or gaseous fuels for use in supplemeating natural fuels, and (5)
bio—chemical conversion of wastes to liquid (alcohol) fuel for use in
supplementing natural fuels.

Incineration of urban wastes with heat recovery is little used in the




U. S. A small number of U. §. municipal incinerators generat=z éteam for
on~-site use or for sale and some smaller commer::;ial and institutional incin-
eraztors use waste heat boilers for central heating and other uses. But these
incinerators generally pollute the atmosphiere and are socially offemsive. i
These wastes can be burned without pollution and with good energy recovery
if B0 or 9C percent of the cowmbustion heat comes from a conventional fuel.
The use of shredded municipal refuse as an auxiliary fuel to provide 10-15
percentt of the emergy input in z utility dDoiler is currently being demonstrated
under joint sponsorship of the federal Environmental Protection Agency, the
City of St. Lowis and the Tmion Electric Co. This program will determine the
costs and teckniques of processing and suspension firing shredded mumicipal
refuse in a pulverized coal firiag utility boiler. This demonstration is
scheduled for completion ir late 1974. Preliminary studies indicate that
the combired net costs of electrical generation and waste dispesal can be
reduced by firine s0lid waste as an auviliary fuel. No adverse environmental
effects are expected; Further work is needed to develop technolgoy for pro-
cessing, storage and transportation of urban wastes and for fiting it imn .
oil-burning utility boilers amd in smaller industrial 2nd commezecial bollers.
Fluidized-bed combx.xstors are under developzent for use in advanced power
pimis and waste-disposal plants. The waste-disposal plant, which is curremtly
under development at pilot-plant scale, apyera:&c on shredded mumicipal wastes

and generates electricity by use of a g&s turbine. Fossil fuels are wused

only for plant startup. Major developmant preble:;s inclvde erosion, corrosion
and fouling in the gas turbine By thé particle~laden combustion gases. It is
anticipated that development of high-temperature gas cleaning aquipwent for
the plant will be completed in late 1975. Development of this fluidized-bed

for gas turbines should be completed throuzhk fuli-scale demonstration since



it is a new process and would probably not receive other support until proven.

Fluidized-bed combustors with chemically active beds are currently being
developed to provide a more cost-effective and environmentally acceptable
method of producing power from high-sulfur coal. Demonstration of the use
. of auxiliary waste fuels in these combustors should be conducted during the
overall develcpment program which is scheduled for completion in 1979.

Fuels to supplement natural fossil fuels can be made by the conversion
of waste fuels througn pyrolysis (gasification) and reforming techniques.
While these processes are not cconomically or thermally as efficient as direct
comburation, clean fuels can be gererated for use elsewhere. The Bureav of
Mines estimates a possible production of 170 million barrels of oil pex
vear from organic wastes. The conversion of municipal waste, forestry waste
and agriculture waste to oil and gas-ous fuels is currently being studied |

at laboratory and small pilot-plant scale. Numerous laboratory experiments

and several pilot plants have demonstrated the feasibility of geaneratiag fuels
from various wastes. A 200 tpd pyrolysis plant which will operate on municipal
wastes is being designed and is scheduled to complete demonstration tests in
1976. About 40Z of the dry orgamics in the incoming waste stream will be
converted to an oil with a heating value of 10,600 BTU/1b. Economics of the
process depead to a large degrez upon credits obtained through tecdvery of
aludnum, glass smd ferrous mntals contaiped in the input muricipal wastes.
Other plants are also under dcveloprent by private industr;.' The waste-fuel
pyrolysic techniques are designed primarily for waste disposal and have not
been optimizcd for enmergy recovery. Without goveramsent support, implementation
of this technology to generate clean fuels for mon-cemtral pover-station use
will be delayed until 1985 or later.

Promising biochemical techniques for the zereration of alcohol fuels

from municipal refuse and sewage sludge or from agricuitural wastes have




. have been demonstrated in laboratory experiments. Development of these

processes are currently hampered by R & D fund limitations.



G. LOW - TEMPERATURE CYCLES

The thermodynamic properties of many of the potential wcrking £luids
are readily available and widely known; examples are amcnonia, the freoms,
‘and various Dowtheoms, already in commercial use for refrigenation and the
supply of process heat. The AEC and NASA have supported R & D on organic-~
Rapkire cycles at Aerojet and Surdstrand for about a decade, z2lthough these
systems were of only 3-50kw. Adaptation of this existing technology to higher

powers is required.




"

ADVANCED CONCEPIS

The feasibility of some components of a CO2 (Fehex) cycle has been
demonstrated. A 20 HP supercr;tical €O, closed loop was operated

in 1960 and a 60 HP turbopump was successfully tested in 1%71. These
tests indicated component advantages in:a‘ficiency, size, weight,

and first cost over steam turbines which the cycle would replace in

electric power genmerating central station systems.

The technical uncertainties to the 002 systenm include:

1. The design, size, materiais zand c;st of primary and secondary
heat exchangers

2. The lifetime of turbine bearings and high-pressure shaft
seals

3. The economic evaluation of the whole coaversion systems
(a design study) by erchitect-engineering firm.

The DOI is funding a 0.5 million dollar effort inm FY 1974 for

anglytical studies and experimental work on subscale components.

Virtually all research in Thermionic Power Conversion up to the

present time (AEC/NASA) has been directed toward the development of

‘high-temperature, reliable thermionic converters for space power

applications. In life tests an electrically heated converter has



exhibited constant performance at 2900° F for over five years.
Individual converters have demonstrated conversion efficiencies
of about 16% at temperaturcs of 3100° F. A 10 kilowatt thermionic
nuclear reactor is uander construction in France, and a 10 kilowatt
thermionic reactor has been in coperatior in the USSR since 1970.
Advanced types of thermionic converters haverbeen deronstrated in
the laboratory which are potentially capable of efficient operation
at temperatures low encugh for use as a topping cycle in an advanced
fossil fuel decentralized power plant.
The technical uncertainties to the thermionic topping cycle include:
1. The improved performance of thermiomic converters at lower
texperatures (1800-2000° F).
2. Materizls and heat transfer technology to a2llow operation
in corrosive environments.
The AFC is funding a 0.7C miliion dollar effort in F7 1974 on work
directed toward impraviﬁg the efficiency and lifetime of the basic

thermionic diode at low temperature (2000° F).

A thermogzlvanic energy comverter is a high-temperature (1000° C)
hybrid between a regenerative fuel cell and a thermoelectric device

(could be considered a liquid thermoelectric device or a galvaaic

conceatration cell). A lasboratory device utilizing sodium as the working

£luid and a solid-state electrelyte-{alumina) has been built and

demonstrated a conversion efficiency of about 307.




The technizal uncertainties to Improved performance include:
l. 7The zack of available solid electrolytes to conduct

iens cther than scdium
Z. The peed for suilteble electrodes and corrosion-resistant

cell materiais.
Efforts to date have been limited to sbout two years of 2 one-men
effort.
Thermai oscillators are machines in which freely oscillating
positive-displacement elements (free pistoms) periodically subdbject
a working fluid (helium or hydrogen) to a thermodynamic cycle
(Stirling type), producing 2 met work output. Laboratory models of
this device have demonstrated a cycla-indicated.thermal efficiency of
60Z at 1400° ¥. A 30 watt linear alternator-free piston Stirling

engine has achieved 10% overall efficiency at 8C0° G.

Technical uncertainties to the thermal oscillator engine are:
1. The power output limitations of this type engine when
combined with linear electric power genmerators.
2. The size of heat-transfer surfaces required for engines
in the kilowatt range of power.
3. The performance of the engine gas seals.
Free-piston Stirling eangines have been under investigation for the
past few years at universities in England, Canada, and the United
States. Some limited fadustrial investigatilons are being conducted and.a

Stirling free-piston engine, implantzble nuclear heart—assist system,



is being developed under the sponsorship of the Natiopal Heart

and Lung Institute. A

Yew high-tecperature sclenium—composition thermoelectric materials

are under development with a potential thermocouple efficiency of

16% in the temperature interval‘of 1800°/400° F. An all-selenide

thermocouple has operated over 3000 hours with stable performanace

in the remperature interval 1500/400° F.

The technical uncertainties to the advanced thermoelectric materials

are:

1. The need to optimize the N-leg material to match the P-leg
paterial performance in tke thermoccuple.

2. 7The need to dewonstrate statle thermoelectric couplz perfor-
mance at hot-junciion temperature of 1800° F.

The AZC is supporting this work for space syétems application and

the FY 1974 fundiwg is 0.4 million dollars.




L.

ENABLING TECHNCLOGY

(1) Superconducting Electrical Machinery
The technology of electrical ﬁachinery - meters, generators,
and transformers - have reached their limit of development by
conventional meens. The meximum size of generators which may be
factory built and shipped to the powér plant site is now limited
by their physical size which may be handled by our transportation
systems (railroad bridges and tunnels, e.g.). The principal
advantages of superconducting machinery would be a marked
reduction in weight and size which im larger units could achieve
economlcs of 15-20% in cost per kilowatt capacity. An added
benefit would be in increase in conversion efficiency up to 1%

in the larger units. The recommended program ie directed toward

the development of the next generation of multimegawatt generators,

motors, and transformers for energy conversion, including materials,

refrigeration technology and manufacturing., Industry would be

intimately involved, including cost sharing in the later stages.

Westinghouse and MIT have built.5 MVA and 2 MVA generators,

respectively. The English have completed a 3,250 HP superconducting

motor znd are building a ome MW motor-generztor set for naval
prcpuition. The French, Japanese, znd Germans also have active

programs in thls area.



2)

There are no technological barriers anticipated in this sub-
program; however, considerable engineering R&D will be required.
The availability of higher-trénsition-temperature supercopducting
wire would result in lower refriperation and development costs
and further increase the overall system efficlency.

Advanced Materials Technology

The first gemeration of MHD generators, gas tubines, and other
conversion systems will, of necessity, be constructed using
currently available materials at the lixit of the state of the
art. The next generation will require advanced materials or
materials which are insufficiently industrial in terms of the
environment or the conditions under which they will be expected
tc perfora. For example, micro—impurities in helium (E2 & CO)
can have catastopic effects on gas turbine blades and cther
components even at moderate temperatures. The mechanisms and
rates of an attack are pcorly understood and zlternate materials
must be found to insure long life and reliability for advanced-

HIGR applicatiocms.

For MAD the mechanisms of seed and siag At:ack in insulator,electodes,

and duct materials must be investigaged. Slag must be characterized.

For many of the existing candicates mzterials the required data
back of mechanical, electrical, and chemical properties does not
exist and must be acquired to optomize their use, project their

long~term performance, and permit meaningful component testing.




For heat exchanges high strenth, creep. 2nd cyclic-fatigue
resistant materials are required which also are corrosion
reslstant, have low permability to diffusive, contamining
species, and are thermally. conductive. Heat exchanges are
cormon to all conversion systems; yet each imposes its own set of
materials requirements. Expensive and time-consuming failures

in the past have shown that this is 2 neglected area of technology.

FUNDING
5 18 11 718 19 7319
____/ orderly 8 g 11 144 10 52.4
Maximum 12.8 14.0 17.4 17.4 17.4 79.0

Minimun 1.8 5.0 7.0 7.0 7.0 27.8%




