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PERFORMANCE CALCULATIONS FOR 1000 MW, MHD/STEAM POWER PLANTS*

¢, C. P, Pian, P, J, Staiger, and G, R, Seikel
NASA Lewis Research Center
Cleveland, Ohio 44135

Apstract

The effects of MHD generator operating
conditions and constraints on the performance
of MHD/steam power plants are investigated,
Power plants using high-temperature combustion
afr preheat (2500F) and plants using
intermediate-temperature preheat (1100F) witn
oxygen enrichment are corsidered, Variations
of these two types of power plants are
compared on the basis of tixed total
glectrical output (1000 Mia). Results are
presented to show the effects of generator
length and level of oxygen enrichment on the
tlant thermodynamic efficsency and on the
required generator mass flow rate. Factors
affecting the optimum levels of oxygen
enrichment are analyzed. [t {5 shown that
oxygen enrichment can reduce the magnet stored
energy requirement.

Summary

The effects of MHD ¢enerator operating
conditions anJ constraints on the performance
of directly-preheated MHD/steam power plants
are investigated, Two gpneral types of
directly preheated plants are considered.
These are power plants using high-temperature
combustion air preheat (2500 F) and plants
using intermediate~temperature preheat with
oxygen enrichment (1100 F}. A1l the
variations of these two general types studied
are compared on the basis of a fixed total
electrical output (1000 MW),

A calculational procedure is described
which is ideally suited for studying the
tradeoffs between the plant efficiency
(operating costs) and the channel/magnet
length and mass flow rate (capital costs),
Such a tradeoff analysis 15 necessary to
determine the plant with minimum
cost-of~electricity.

Plant performance sensitivity to the
channel and combustor performance assumptions
is assessed., Consideration is given to the
effects of the combustor heat loss model, the
generator electrical stress limits, and the
electrode voltage drop model,

The results of the oxygen enrichment
studizs show that there §s an optimum amount
of enrichment tor a given oxygen production
power sequirement, The optimum enrichment
Tevel willt 1) increase with decreasing
oxyyen production power requirement, and 2
not be greatly affected by the length of the
MHD generator, \

Finally, it is shown that under certain
conditions, oxygen enrichment may lead to a
lower magnet stored energy requirement and
thus to a Tower magnet cost for the same pown
plant output.

Introduction

flost and performance studies of advanned
coai-fired power systems have shown the
puotential advantages of MHO/steam plants,
These well-known studies were conducted by
major utility system m?nufacturers and funded
by both the government! and EPRIZ, The
coal-fired MHD systems were shown to have the
potential for producing electricity at an
attractive cost and in a highly efficient and
environmentally acceptable manner, Subsequent
and more detailed studies have reinforced the
conclusion that open-cycle MHD power
generation can be a viable approach to improve
upon the present methods of generating
electrical power from oil and coal.

As MHD moves toward a demonstration plant
and toward eventual commercialization, the
emphasis of MHD system studies has shifted
from trying to achieve the highest possible
plant efficiencies to such areas as
reliability, availability, costs, and, where
possible, to the use of more near-term
technology subsystems,

The recently completed "Parametric Study
of Potential Early Commercial MHD Power
Plants" (PSPEC)3.4 and the ongoing
"Conceptual Design Study of Potential Early
Commercial MHD Power Plants" (CSPEC) were
initiated to evaluate various possible
"moderate technology" power plants. The PSPLL
parametrically investigated plant
configurations which have the potential for
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eaclier commercial implementation than
advanced M4D plants, The major emphasis of
PSPEC was to identify attractive system

conf fguratfons that do not require the
development of the high-temperature
regenerative aiwr prehedters assumed to be used
in the more advanced plants, The results of
the PSPEC studies were among the factors
considered by the Department of Energy in its
re.pmmendation that the first commercial MHD
piants be of the intermediate-temperature
preheat type with oxygen enrichment of the
combustion air, This recommended plant
configuration was then selected for more
detatled studies in CSPEC., Two contractor
teams led by Avco Everett Research Laboratory,
Inc. and by General Electric Company Space
Sciances Laboratory were involved in these
parallel studies. WNASA Lewis Research Center
managed the ¢ontracts for the Department of
Energy under an interagency agreement.
Supplementary studigs were also performed
in-house at NASA Lewis to help define, guide,
and compare the results of these contracted
studies, 1In this paper, some of the
performance studies conducted at NASA Lewis
will be presented, The summary and evaluation
of the PSPEC contractors' results were
presented earlierd,

The effects of MHD genera:ur operating
conditions and constraints on the performance
of agirect)y-preheated MAD/steam plants are the
subject of the present investigation. Power
plants using high-temperature combustion air
preh¢at (2500 F) and plants using
intermediate-temperature preheat (1100 Fj with
oxygen enrichment are considered, All the
variations of these two plant types studieo
are compared on the basis of fixed total
electrical output (1000 MWa). In the
following section, the calculational procedure
i5 presented, The procedure s then
illustrated by applying it to a "base case"
plant., Next, the plant performance
sensitivity teo channel and combustor
agsumptions is assessed. Consideration is
given to the effects of the combustor heat
loss model, the generator electrical stress
Jimits, and the electrode voltage drop model,
Finally, the results of the oxygen enrichment
studies are presented, The effects of the
oxygen production power requirement on the
plant efficiency is examined, The influences
of the required oxygen production power and
the MHD generator length on the optimal leyel
of enrichment are also studied.

Method of Analysis

)

In this section, the calculationa)
procedure used in this study is described.
The MHD/steam combined cycle plants
investigated are baseload plants with an
electrical output of 1000 MW. The combustor
is fired with I11inois #6 bituminous coal
dried to 2% moisture. The oxidant is
directly-preheated air or oxygen-enriched air;
the seed is potassium carbonate. Other design
parameters are listed in Table I.

r

The MHD genarator calculation requires
that boundary conditions be specified at the
two ends of the channel, The total enthalpy
at the channel inlet s the combustion
enthalpy less the heat loss in the combustor
and noxzle, Generally, the combustor/nozzle
heat loss {s assumed to be 5% of the higher
heating value (HHV) of the coal fed to the
combustor, Another combustor/nozzle heat loss
model, described fn a later section, is alsp
considered for comparison, The stagnation
pressure at the diffuser exit {s taken to be
1.0 atm, The diffuser pressure recovery
coefficient {5 assumed to vary with the amount
of inlet blockage. The functional
relationship used {s shown in Figure 1.

The generator calculations are performed
with a quasi-one-dimension.} flow model, This
model consists of an inviscid ceniral gore
flow with developing boundary layers along the
walls, The turbulent boundary layers are
analyzad by an integral approach, The
thermodynamic and transport properties of the
gas are calculated following Svehla and
McBridef; the procedure of Smith and
Nichols? is used to compute the electrical
properties of the plasma. The generators are
loaded in the Faraday mode and are lofted to
yield an approximastely constant Mach number8,

The electrode-wall voltage drops are
assumed to be of the form:

vg s at bt +cs ™

where §* s the boundary layer displacement
thickness. The tonstants in this polynomial
should realistically be functions of the
generator operating conditions as well as the
current density and Hall parameter
distributions along the channel. Theygare
kept constant in the present anafysis to limit
the complexity of the generator model. The
values of a, b, and ¢ are selected to yield a
streamwise V4 distribution similar to that
used in the Avco PSPEC reference plant #33,

A procedure which has been previously
reported is used £o determine the operating
conditions of the MHD generator8, This
procedure ensures that the generator will
produce the maximum power consistent with a
set of specified internal generator
constraints and consistent with maximizing the
performance of the power plant as a whole.
This technique was used at the outset of the
present investigation to determine the
conditions under which maximum net MHD power
(i.e., MHD AC power output minus compressor
power) is obtained. A set of typical results
is presented in Figure 2, Here, the MHD power
minus compressor power for generators of
different lengths (15, 20, and 25 meters) is
plotted for varjous combustor pressures. The
corresponding values of Kpin are also
shown. Kpip is the minimum value of the
load factor and is used as a control parameter
in the calculational procedure. To obtain the
results of Figure 2, the value of Kpjs is
adjusted in an iterative manner unti] the



des*red channel length and exit pressure are
obtyined for érch of the given generator inlet
conditions, The pptimum operating pressure
for the different length generators can then
be determined from the locatlons of the maxima
in the net MHD power curves. HResults such as
those presented in Figure 2 suggest that
baseload power plant MHD generators (between
15 and 25 meters long) will yield nearly the
maximum net MHD power when loaded at Kpip »
.78, Hence, in this study the loading ;s
fixed at Kpjn * .78, The optimum combustor
pressure wi]] then be assumed to be that which
results in matching the diffuser exit pressure
for the given channel length,

The total gross AC electrical output of
the plants considered in this study is fixed
at 1000 MWg or —_—

Pr = np Py + Pg = 1000 MHg {n

where Py 1s the MHD generator DC output,
¢ is the net steam turbo-generator
@lectrical output,

and ny is the efficiency of the DC-AC
inverter,

In order to satisfy the above condition,
several iterations are usually required
between the channel calculations and the plant
performance calculations, The mass flux
through the MHU power train, and hence the
thermal input to the plant, is adjusted with
each {teratijon until equation 1 is satisfied.

The definityon of plant thermodynamic
efficiency is as in reference 9: the gross AC
power output divided by the higher heating
value of the coal wnput to the plant. It may
be written as

= 1 Y ,
o W[P” (1= Tig) - Py + TglPp + Ps - P]| (2)

where Pe is the power required to

drive the cycle compressor.

Pr is the power in the fuel
input to the plant based on
its higher heating value.

PN is ny Pm -Pg:  the
net power of the MHD
topping cycle for specified
mass flows of coal, seed,
and oxidant to the MHD
combustor,

PL is the sum of stack Josses
and other losses and also
includes the power required
for coal drying,

?s is the power in the seed
associated with converting
it from K2C03 to
K2504.

Po is the power used to drive
the air separation plant
compressors, if required.

is PG"PC*PO
PG/UG + Pc/nc + PG/"Q

an effective efficiency of
the combination of the
steam turbine/generator
tycle and the steam turbine
cycles which drive the MHD
compressor and air
separatisn plant
compressor. ng, g,

and ng are respectively
the e?ficiencies of the
steam turbine generator
cycle and of the steam
vurbine cycle that drives
the MHD compressor and the
air separation plant
compressor,

and ns

Base Case Plant Results

In this section, the methods described
above will be illustrated by application to
plants using air oxidizer preheated to 2500F,
These plants will be referred to as the base
case plants. The performance of the base gase
plants will be used as a point of reference
when the assumed combustor or MHU generator
operating conditions are changed and when
oxygen~enriched air preheated to 1100F is wsed
as the oxidizer,

The variations in the calcultated plant
efficiency and required mass flux as a
function of the generator length are shown for
the base case in Figure 3. The values of the
combustor pressure in atmospheres are dencted
along the curves, The combustor heat loss is
5% of the HHV of the coal input and 70% of the
ash is assumed rejected by the single-stage
combustor, Other important cycle parameters
and performance assumptions used in the plant
performance calculations are listed in Table
I. It can be seen that as the generator is
shortened, the mass flow rate through the MHD
power train must be increased to maintain the
total plant output at 1000 Mg, Several
effects can be jdentified as the Tength of the
MHD generator is decreased, The channel power
output as a fraction of the coal input to the
plant is reduced, The power in the gas stream
between the diffuser exit and the stack
increases relative to the power in the coal
input. This power in the gas stream is used
by the bottoming plant and for oxidant
preheat. The power required for oxidant
preheat increases because of the increase in
the oxidant flow rate and the decrease in the
compressor exit temperature. The power neeied
to drive the MHD compressor decreases because
of the decreased pressure ratio, The net
result is an increase in the fraction of the
total plant output attributed to the bottoming
cycle ang a decrease in the plant
thermodynamic efficiency.



The results in Figure 3 give an indication
of how much org has to sacrifice in decreased
plant afficiency and increased downstream
componant costs (resulting from the increased
mass flow rate) for the potential reduction in
channel and magnat costs (resulting from
shorter Jangths), Hence, this method, as
{1lustrated by the results presented, can
provide the basis for minimizing the power
plant's cost-of-elactricity if component cost
models, in particular & magnet cost model, are
avaflaple.

Plant Performance with Variations in
Lhannel and Gombustor ASsuinptigns

The results showing the sensitivity of the
calculated plant efficiency to various channe!l
and combustor assumptions are presented in
this section, The effects investigated are
variations in the generator electrical stress
limits, the boundary layer voltage drop model,
and the combustor/nozzle heat loss model), For
each of these investigations, the power plant
output was fixed at 1000 MHe and the
oxidizer was air preheated to 2600F.

Because of the nature of tie generator
optimization scheme used, the generator's
operating constraints (the Vimiting values
fmposed on the axig] and totyl electric
fields, Egpqy and hxcr1t) are very

infiuential on the overall glant performance,
Figure 4(a) shows the plant efficiency versus
the generator length for different sets of
assumed physical constraints, The MHD
generators in the base case plants are
operatea with approximately the electrical
stress 1imits that are experienced in
present-day generator endurance tests, The
peak magnetic fields are kept at less than
approximately 6.5 Tesla 5o as to satisfy the
given stress limits. By increasing the
electrical stress limits to

Ecp'i; = 5 kV/m and Excrit = 3 kV/m

higher magnetic field strengths (peak fields
of approximately 8 tesla) can be utilized. As
indicated in the figure, operation at the
higher values of electrical stress and higher
magnetic fields offers significant plant
performance improvemerts, Figure 4(b) shows
the plant performance ‘ensitivity to the
generator voltage drop model. The PSPEC-type
voltage drop mode} used in the base-case
generator calculations is of the form
described previously beginning with about 10
volts at the channel inlet and ending with
about 1 kilovolt at the channel exit, This
streamwise distribution of the boundary layer
voltage drop is substantially higher than
those used in earlier plant studies®? as
typified in figure 4(b) by the ECAS-2 voltage
drop model, One would anticipate that plants
with long MHD generators should be more
sensitive to the voltage drop model than those
plants with shiortor generators. Such a trend
{s shown in Figure 4(b),

Figure 4(c) shows the plant parformance
sensitivity to the combustur/nozzle heat loss
and slag rejection models, A singlenstn?c
combustor was assumed in the base case plant
calcutations with a heat loss of 5% of the
coal HHV and 2 slag rejection of 70X, As &
comparisan, plant performance was Also
calculated using & combustor/nozzle heg& loss
model of a two~stage cycione combustoril,

This model inciudes heat loss correlations
that scele the effects of pressurs,
temperature, and mass flow rate, It is
assumed that 85% of the coal ash is rejected
by the two-stage combustor., The graater heat
1oss of the two-stage combustor contributes to
the poorer performance compared to the base
case plant. The greater performance penalty
of the multi~stage combustor model at low
combustor pressures (short channel lengths) is
caused by a heat loss scaling factor that
varies inversely with pressure,

Plant Performance for Oxygen-Enriched Cases

Directly-preheated plants using
oxygen-enriched oxidizer preheated to 1100F
were also investigated, Again, all of the
results presented are for & fixad plant output
of 1000 MWe.

In Figure 5, the calculated plant
thermodynamic efficiency versus the amount of
oxygen enrichment {is presented for different
air scparation plant comprassor pownr
requirements. The particular results shown
are for channels 20 meters long, but are
typical of the results for other channel
lengths, Each point on this plot gives the
maximum plant efficiency for a specified
oxjdizer oxygen content and a specified oxygen
productjon power requirement,

There is an optimun enrichment which
maximizes the plant efficiency for a given
oxygen production power requirement. This
result was explained in reference 9 and s
briefly described as follows: As the leve) of
enrichment increases, the enthalpy extraction
of the MHD gererator also intreases, The
power required for oxidant preheat decreases
because of the decrease in nxidant mass flow
rate and the increase in compressor exijt
temperature resulting from an increased
pressure ratio. The power required to drive
the MHD compressor and the air separation
plant compressor increases slightly, because
the effect of increased pressure ratio and
increased enrichment outweighs the decrease in
oxidant flow, The power in the gas stream
available to the bottoming plant decreases
because of the decrease in the gas flow rate,
The net result is a decrease in the steam
turtogenerator output, The gain in the MHD
gencrator power output with jncreasing
enrichment {s sufficient at lower, but not at
higher, oxygen enrichment levels to overcome
the decrease in bottoming plant output. Thus,
there is an optimum enrichment which maximizes
the plant efficiency. The level of oxygen
enrichment at which these maximum plant
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efficiencies are reached ircreases with
decraasing nxygen producticn power
requirement, The oxygen production
requirement of 47 kW-hr/ton of equivalent pure
oxygen represents the thermodynamic limiting
case of minimum alr separation work, This
corresponds to ths antropy <hange in mixing

0y anc Ny gases initially divides in an
csiabatic chamber, [t is interesting to note
that the optimum level of oxygen enrichment
for this limiting case Js less than 50 molar
percent oxygen in the rinal vlend stream,

This result implies that baseload plants using
pure orygen as the oxidant, as advocated {in
reference 11, will operate far below optimum
efficiency.

For a fixed level of oxygen enrichment and
a fixed generator length, the MHD generator
power output as a fraction of the plant ¢oal
input remains nearly independent of the oxygen
preoduction power requirement, However; as the
oxygen requres increasingly more power to
produce {i.e. descending along any imaginary
vertical line in Figure 5), the steam
turbngenerator power output {relative to the
plant coal input) will decrease primarily
because of the increased power requirsments of
the air separation plant compressor. Thus,
the plant thermodynamic efficiency decreases
with an increasing air separation plant power
requirement.

Figure 6 presents typical results which
show how 1ittle effect the length of the MAD
generator has on the optimum degree of oxygen
enrichment, Here, the calculated plant
efficiencies are plotted versus oxidizer
oxygen content for various generator lengths,
The assumed oxygen production cost is
200 kWehr/ton of equivalent pure 02, The
valugs of the combustor pressure are indicated
by the dashed curves., Although the optimum
pruossurg increases with longer channels, the
optimum enrichment level remdins at
approximately 35 molar percent,

Figure 7 summarizes the results for the
oxygen-enriched plants. In this figure, the
plant thermodynamic efficiencies at the
optimum levels of enrichment are plotted
versus the oxygen production power
requirement, The shaded region denotes oxygen
production power requirements of less than
47 kW-hr/ton, The figure shows the
substantial gains in plant performance
possible if the oxygen production power can be
reduced, Recent air separation plant studies
have shown that oxygen production power
requirements of the order of 200 ky-hr/ton of
equivalent pure Oy can be achieved 2,

In figure 8, the magnetic energy stored
within the channel volume is plotted against
the plant efficiency for various generator
lengths and various cxy?en production power
requirements, The levels of oxygen enrichment
are at the optimum values. The results for
the base case plani {air oxidant preheated to
2500F) are also plotted for comparison. The

stored magnetic energy within the MiD
generator volume is computed from the
streanwise distributions of the magnetic field
and the generator cross-sectional ar2a as
predicted by the channe) calculations, The
stored energy within the magnet warm bore can
then be estimated from:

Magnetic Storoﬂ warm bore
Energy volume Ll

Magnetic Stored
Fu x Energy Channel volume

where F, is the ratfo of the magnét warm

bore cross-sectional area to channel
cross-sectional area. Since the cost and
welght of the magnet structure are diractly
related to the stored energy, a loder magnet
gnergy requirement implies a lower magnet
cost. Results of Figure 8 show that for an
MHD generator of a given length, oxyosn
enrichment may lead to a lower magnet cest for
the same power plant outpul. The advantage of
the oxygen-enriched plant {in this respect
increases as the power required to produce the
oxygen decreases, This happens because the
optimum enrichment level increases with
decreasing oxygen production power requirement
(Figure 5? resulting in & lower mass flow rate
through the MHD generator and thus a reduction
in {ts volume, However, this advantage
resulting from enrichment must be weighed
against the lower plant efficiency compared to
the base case plant., The results of Figure 8
4150 show that by reducing the channel length,
substantial reduction in the magnetic stored
energy requirement s possible with only a
slight loss in plant efficiency, This is true
whether or not the oxidizer is oxygen enriched.

Concluding Remarks

The results presented show the sensitivity
of the performince of a 1000 MWg MHD/steam
plant to combustor and MHD generator operating
assumptions., The results also show the
significance of the choice of MHD generator
length, The difference in plant performance
with a generator 15 meters long and a
generator 25 meters long is relatively small,
but there is the potential for a significantly
Tower magnet cost with the shorter generator,
For oxygen-enriched plants, the results show
that significant plant performance gains are
possible if the power required to produce the
oxygen can be reduced. In addition, lower
oxygen production power requirements affect
the MHD generator design and operating point
fn a way which lowers the magnet stored energy
requirement and thus its cost.
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Tables [, Major Cycle Parameters

Coal typ2 11l1n0ls #6
Maisture content of ¢oal

delivered to combustor, parcent 2
Oxidizer prehaat temperatuve, F 1100, 2500
Combustor pressure, atm variahle
Combustor fuel-oxigizer ratis

ralative to stoichiometric 1,07
Combustor slag rejection, percent 70, 85
Generator type Faraday
Potassium to coal waight ratio 0,0978
MHD generator iniet Mach number 0.8
fiffuser pressure recovery coefficisnt Variable
Diffuser exit pressurg, atm 1.0
Channel length, meters 15, 20, 25
Compressor polytropic evficiency 0.898

Sulfur removal by seed, parcent removed 9N

Final fuel-oxidizer ratio reiative to
stoichiometric 1.0

atack temperature, F 260

Steam~turbing gengrator cycln
efficiency, percent 41,8

Steam=turbing compressar sycle
effigiency, percent (cycle compressor
and air separation plant compressor) 41,3

Air separation plant compressor power
requirement, kW-hr/tos of equivalent
pure oxygen added 300, 250, 200, 150, 47

Pressure drop from compressor exit to
combustor exit, percent of compressor
exit prassure 0.163



o

g!"‘t6i—'

&g

§U.4-—

o

O
. L l n |
] 5 10 15 20 rH]

INLET BLOCKAGE, %

Flgure Y, ~ Varlation of pressure recovery coelficlent with ditfuser
Infet blockage, DIffusar Inlet mach number approximately 0,8,

500—

040 078 .76
|/ / /

90— j /

2
i

MBS POWER -~ COMPRESSOR POWER, MW
Py
S
i

450}

1
COMBUSTOR PRESSURE, atm

Flgure 2, = Net MHD Power versus combustor prassure
for varlous generator lengths, Generator mass flow
rate = 660 kg/sec, alr preheat temperature = 25000 F,
Egrit = 4 kvim, Eycpyy = 2.5 kvim, Jyepip = 3 Alcm®,

Berit * 4

ORIGINAL PAGE I8
OF POOR QUALITY



P

TE, kois

GENERATOR MASS FLOW RA

g

PLANT THERMODYNAMIC EFFICIENCY, %

8
\

E_

g

[es

515 ! | | | ! f !

H® % B 20 22 24 2% 2
GEMERATOR LENGTH, &

Fujure 2 - Plant thermodynaenc efficiency and generator mass flow raie versus
generator kancdh for TO0 MMe base case plant. 2505° F direct preteat, no
acmen snricheent, %nwmﬂ = 5%of coa® BIV; E o = Ak,
Excrig " 2500m. Jogy = 1A, B - & Humd ers along curves dencle
combusier sressure in dmospheres,

PLANT THERMODYNAMIC EFFICIENC', %

X

510}
P.=
m.nw\

.50

* HIGHER
ELECTRICAL
SIRESSES

5

" BASE CASE

I ! I i | 11

L5

fa} Sensitivity lo efectrical stress assumptiors. Base case
Eeqi= 410, Egpy »2.5K4m, Jiopn = 1ACHZ By = 4
Higher stress case: E o = Sk, £ = 3kvim,
uﬁ%. 1 Emama Bait= 4 P denoles combustor pressure
in atmospheres.,

ECAS-2
sa5L VOLTAGE
DROP
53.0— BASE CASE
7.0 70
s.50— P65
6.5
52.01—
P60
sLs ! ! } i ! { ]

12 14 16 L3 Fad 2 24 %

GENERATOR RENSTH, m

o) Sensitivity to electrode wall boundary layer voltage drop
madel,

Figure 4 - Plant thermodynanic efficency variations with chan-
rel and combustor assumptions. 100044V, plant, 2500°F
preneay, nooxygen enrickment, approximately constant mach
e,



1.5

53 9

g
\»
|

&3 0

X
T
3
(-]

g
l

PLANT TgERMODYNAMIG EFFICIENCY, %
>
|

g
l

T D IS SN S N
mPJNHSmeQMNNANm

GENERATOR LENGTH, ®

fc) seqsiivity ‘o combusiecinoz.te beat boss model. Base case:

beat uss « 5% of coal HEWV, slag rejection = 70%. Ywo-stage
comburstor model: heat boss fuaction of combusior pressure,
emperaice, and mass Bow rate, Slag rejection = 35 %.

Figue & ~ Cancluded.

OXYGEN

o 1093 1L88 PRODUCTION

POWER
12.66 REQUIREMENT =

20— &1 Fa. _..ﬂ

85—

£.9

8.30 1100
4.5 1.%
6.9 12.76
40— “ 159 kw - hr
.81 won

PLANT THERMODYNAMIC EFFICITNCY, %

] ] l ]
s 0 ] [ & 50

MOLE PERCENT O, IN OXIDIZER

Figure 5. ~ Thermodynamic efficiency of 1000 M¥,, power
plants with 20 meter generators versut amount of axygen
enrichment for different aggen production power re-
quirenents. 1100° Fprebs L, Egpp = biim, Eyopp =25
Win, e = 1Ak 2 * =4 appracimately con-
stant mach pupber. T4 combustor pressure in
atmaospheres is noked ctong the curves.




.5

Foy
=3
-

(=]

&
At

g

\
\ N bm
\ Pe*8atm Pg* 10atm
\

PLANT THERMODYNAMIC EFFICENRCY, =

Pe » 6 atm

0 | l | | |
25 30 » 40 45 50
MOLE PERCENT 05 IN OXIDIZER

Flgure 6. - Plant thermodynamlc efficlency versus percent
oxygen enrichment for 1000 MW, power plants assuming
200 tkw ~ hr)iton oxygen product?on power requirement,

11000 F preheat, Egppy * 4 kvim, Eyepip = 2.5 kvim,
chrll «1Am?, Berit * 4 Approximately constant mach
number, P, denotes combustor pressure,

n
(=3

I
~

& O

MAXIMUM PLANT THERMODYNAMIC EFFICIENCY, %

| I
100 200
OXYGEN PRODUCTION POWER, (kw - hrliton EQUIVALENT PURE 0

Figure 7, - Maximum plant thermodynamic efficiencies versus
oxygen production power for different generator lengths, Total
plant output = 1000 MWg, 1100° F preheat, Eqpyy = 4 kvim,

Egcrit * &5 KIm, dycpyy = 1 Alem?, B = 4.



2500° F PREHEAT,

O AR {BASE CASE]
110(P F PREHEAT
OPTIMUM ENRICHMENT
A 300tkw = hrllton
o 200 (kw ~ hriiton
] 130 ‘kkww - ﬂr)i!on
20001 O A lkw=hrliton
oHdm
2800 1
2600 =
2400 f—
2
g
2 2200 {— o 20m
= .
g
E
5 2000
= 2%m
[=3
g
& 1800 |
S
2
2
& 1600 & 15m
y 4
2
=
1400 \
20m
1200
1000
15m
I J
80045 55

50
PLANT THERMODYNAMIC EFFICIENCY, %

Figure 8, - Stored magnetic energy versus plant thermo-
dynamic efficlency. Power plant output = 1000 MW,,
Eopiy » 4 KWIM, Eyeriy® 2.5 kim, Jyeriy = 1 Alem?,

Berit = 4



—

. Report No. 2. Government Accwsion No, 3. Recipient's Catalog No.

NASA TM-81667

4, Title and Subtitle . Report Date ,
PERFORMANCE CALCULATIONS FOR 1000 MWe
0 6. Performing Organization Code
MHD/STEAM POWER PLANTS 7'78-»11?-059.
7. Author(s) B. Performing Organization Report No
C, C. P, Plan, P, J, Staiger, and G, R, Selkel E-688
; 10. Work Unit No.
9. Performing Organization Name and Address

National Aeronautics and Space Administration

11. Contract or Grant No.
Lewis Research Center

Cleveland, Ohlo 441835 13. Type of Repart and Period Covered

. Sponsoring Agency Name and Address

U.S. Department of Energy Technical Memorandum

Office of Magnetohydrodynamics 14, Sponsoring Agency SodeReport No.
Washington, D,C, 20545 DOE/NASA/10769-13

Supptementary Notes
Prepared under Interagency Agreement DE-AIO1-77ET10769, Prepared for Nineteenth Aersspace
Sciences Meeting sponsored by the American Institute of Aeronautics and Astrorautics, St, Louis,
Missouri, January 12-15, .1981'

. Abstract

The effects of MHD generator operating conditions and constraints on the performance of MHD/
steam power plants are investipated, Power plants using high-temperature combustion air pre-
heat (25600 F) and plants using intermediate-temperature preheat (1100 F) with oxygen enrichment
are considered. Variations of these two types of power plants are compared on the basis of fixed
total electrical output (1000 MWe), Results are presented to show the effects of generator pfant
lengsth and level of oxygen enrichment on the plant thermodynamic efficiency and on the required
generator mass flow rate, Factors affecting the optimum levels of oxygen enrichment are
analyzed, It is shown that oxygen enrichment can reduce the magnet stored energy requirement,

17. Key Words (Suggested by Author{s}} 18. Distribution Statement ~
Magnetohydrodynamics; MHD; Unclassified - unlimited
Electric power generation; STAR Category 44
MHD generators DOE Category UC-90g
19. Security Classif. {of this report) 20. Security Classif. {of this page) 21, No. of Pages 22, Price’
Unclassified Unclassified

* For sale by the National Technical Information Service, Springfield, Virginia 22161
*



	1981008053.pdf
	0001A02.jpg
	0001A02.tif
	0001A03.tif
	0001A04.tif
	0001A05.tif
	0001A06.tif
	0001A07.tif
	0001A08.tif
	0001A09.tif
	0001A10.tif
	0001A11.tif
	0001A12.tif
	0001A13.tif
	0001A14.tif
	0001B01.tif
	0001B02.tif
	0001B03.tif




