
JOURNAL OF PROPULSION AND POWER

Vol. 20, No. 6, November–December 2004

Effect of Paramagnetism and Diamagnetism on Theoretical
Rocket Performance

John Baker∗

The University of Alabama, Tuscaloosa, Alabama 35487-0276
and

Orenthral T. Morgan†

Pratt and Whitney, East Hartford, Connecticut 06108

The impact of an externally applied magnetic field on theoretical rocket performance has been investigated and
the results of this investigation are presented and discussed. The application of a magnetic field has been assumed to
impact rocket performance as a result of only the paramagnetic and diamagnetic nature of the constituent species
in order to isolate the related phenomena. For the results presented in this paper, the impact of an applied magnetic
field has been evaluated only for the case of an infinite area combustor. The equilibrium chemical composition
produced in the combustor was assumed frozen as the fluid expanded through a supersonic nozzle. The parametric
investigation examined a model reaction between kerosene and oxygen. The theoretical model was validated by
comparison with existing chemical equilibrium and theoretical rocket performance models for the case of no
applied magnetic field. The results indicate that the application of a magnetic field decreases mixture molecular
mass, increases specific impulse, decreases the expansion ratio required for isentropic flow, and decreases the thrust
coefficient.

Nomenclature
A = area
B = magnetic induction
CF = thrust coefficient
cp = constant pressure specific heat
c∗ = characteristic velocity
g = acceleration due to gravity
H = magnetic field strength
Is = specific impulse
k = ratio of specific heats
MM = molecular mass
m = mass flow rate
n = number of moles
O/F = oxygen-to-fuel ratio
p = pressure
Ru = universal gas constant
T = temperature
u = fluid speed
V = volume
W = work
yi = mole fraction of species i
ρ = density

Subscripts
e = exit conditions
m = iteration counter
mix = mixture
o = stagnation conditions
t = throat conditions
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Introduction

M AGNETIC fields are known to influence the performance of
propulsion systems as a result of the interaction between the

magnetic field and the associated ionized gases, that is, through
the Lorentz body force. Many nonconventional propulsion systems
employ a magnetic field to accelerate plasma in order to produce
thrust.1−3 For solid rocket motors, the application of an applied mag-
netic field has been shown to increase the temperature and pressure
near the burning surface and thus produce up to a ten-fold increase
in the mass burn rate as the result of the interaction between the
magnetic field and the ionized combustion gases.4,5 The interaction
between a magnetic field and an ionized gas is not the only way a
magnetic field can influence the performance of a chemical rocket.
Magnetic fields influence the behavior of all materials as a result
of paramagnetism and diamagnetism. Paramagnetism is the weak
attraction to a magnetic field experienced by a material composed
of atoms with permanent magnetic dipole moments. Because the
magnetic dipole moments of a paramagnetic material are randomly
oriented, there is an insignificant interaction when no magnetic field
is applied. When a magnetic field is applied to such materials, the
atoms align with the magnetic field and produce a mild attraction.
The strength of this attraction is proportional to the strength of the ex-
ternally imposed magnetic field. The magnetic behavior associated
with the dipole moments in a paramagnetic gas must compete with
the randomizing effect of temperature. This behavior is functionally
described by the magnetic susceptibility. The magnetic susceptibil-
ity is the ratio of the magnetization to the magnetic field strength.
In a paramagnetic gas, the magnetic susceptibility is thus a function
of temperature. Materials consisting of atoms with no permanent
magnetic dipole moments exhibit diamagnetic behavior. When an
external magnetic field is applied, the atoms of a diamagnetic ma-
terial develop a net dipole moment. This induced moment opposes
the applied field, and thus a diamagnetic material exhibits a weak
repulsion to an applied magnetic field. The repulsion to the mag-
netic field increases with increasing magnetic field strength. Unlike
paramagnetic gases, the magnetic susceptibility of a diamagnetic
gas is independent of temperature. For chemical rocket engines, the
principal paramagnetic gas is oxygen, whereas most of the other
species are diamagnetic.

Although the forces associated with the interaction between mag-
netic fields and plasmas are orders of magnitude greater than those
associated with paramagnetic and diamagnetic interactions, the
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highly nonlinear nature of the combustion process in a chemical
rocket could potentially be influenced by paramagnetism and dia-
magnetism. Previous research indicates that under certain condi-
tions applied magnetic fields can significantly impact equilibrium
combustion compositions when considering only paramagnetic and
diamagnetic behavior.6 It is not unreasonable to expect that the appli-
cation of an applied magnetic field would therefore affect theoretical
rocket performance as a result of paramagnetic and diamagnetic be-
havior. For isentropic flow through a nozzle, the speed of the fluid
at the nozzle exit can be calculated using7

ue =
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po

)(k − 1)/k
]

(1)

The preceding equation clearly shows that the exit velocity is in-
versely proportional to the square root of the molecular mass. Equa-
tion (1) also shows that the exit velocity is affected by the value of
the mixture ratio of specific heats. Both the mixture molecular mass
and the mixture ratio of specific heats will depend upon the compo-
sition of the exhaust gases, and thus, even without considering the
Lorentz body force, the application of a magnetic field could impact
nozzle exit velocity.

The impact of the Lorentz body force on conventional chemical
rocket motors has been previously investigated.4 The impact that a
magnetic field has on rocket performance as a result of the param-
agnetic and diamagnetic nature of the constituent gases alone has
not previously been investigated. The goal of this investigation was
to determine to what extent paramagnetism and diamagnetism af-
fect theoretical rocket performance. The specific objectives of the
study were as follows: 1) to develop a thermodynamic chemical
equilibrium model that can be used to predict the changes in theo-
retical rocket performance for a chemical rocket in the presence of a
uniform magnetic field considering only paramagnetic and diamag-
netic effects; 2) to validate the thermodynamic model by comparison
with existing chemical equilibrium and rocket performance models;
3) to examine the changes, caused by the application of a magnetic
field, to parameters traditionally used to characterize rocket perfor-
mance; and 4) to draw conclusions as to the relative impact that
paramagnetism and diamagnetism have on rocket performance.

Formulation
To examine the impact a magnetic field has on theoretical rocket

performance, the following assumptions have been made:
1) The exhaust consists of a mixture of ideal gases.
2) The composition of the exhaust gases is frozen throughout the

nozzle.
3) The composition of the exhaust gases is the thermodynamic

equilibrium composition at a state specified by the combustor pres-
sure, the combustor temperature, and the applied magnetic field.

4) The equilibrium composition is that for the following model
reaction of kerosene with oxygen:

CH2 + aO2 → nCO2CO2 + nH2OH2O + nCOCO

+ nH2H2 + nOHOH + nHH + +nO2O2 + +nOO (2)

5) The gases are expanded through a supersonic nozzle attached
to an infinite area combustor.

6) The forces associated with the applied magnetic field are only
paramagnetic and diamagnetic forces, that is, Lorentz forces are not
considered.

7) The flow through the nozzle is isentropic.
8) The magnetic field is assumed to only affect the combustion

process in the infinite area combustor.
As a result of the final assumption, defining the orientation of

the magnetic field vector is not relevant. As shown next, the mag-
netic field is included in the equilibrium combustion model as a
contribution to the work term in the First Law of Thermodynam-
ics and as such does not explicitly include directional effects. The
only paramagnetic species considered is diatomic oxygen. Because
the magnetic susceptibility of oxygen is two orders of magnitude

greater than that of the diamagnetic species, one is intuitively led to
the conclusion that oxygen will play a critical role in determining
the impact that a magnetic field will have on theoretical rocket per-
formance. Recall that it has previously been stated that the magnetic
susceptibility of paramagnetic gases is a function of temperature. In
this effort, the magnetic susceptibility of diatomic oxygen has been
assumed a constant as a result of the lack of information regarding
the temperature dependence of oxygen’s magnetic susceptibility.
Although the assumption of frozen conditions tends to underes-
timate rocket performance, the assumption should not prevent an
evaluation as to whether or not magnetic fields can influence rocket
performance. It has also been assumed that the combustor is an in-
finite area combustor. As with the assumption of frozen conditions,
the assumption of an infinite area combustor significantly simplified
the analysis and should not prevent an evaluation as to whether or
not a magnetic field can influence rocket performance as a result of
paramagnetic and diamagnetic behavior.

From a thermodynamic point of view, paramagnetism and dia-
magnetism impact the First Law of Thermodynamics through the
work contribution. The work contribution, including both boundary
and magnetic field work, can be written as8

δW = −p dV + d

(

V

∫

H dB

)

(3)

Assuming the system consists of only diamagnetic and paramag-
netic ideal gases, a modified expression for the Gibbs free energy
of each component gas can be developed.6 To find the equilibrium
composition for a given chemical reaction at a specified state, the
modified Gibbs free energy was minimized with respect to the con-
servation of mass constraint. This was achieved by the method of
Lagrange multipliers, and details of the computational model can be
found in Baker and Saito.6 For the sake of brevity, the model used
to generate the results presented in this paper will be referred to as
the magneto-equilibrium combustion compositions (MECC) model.
The algorithms for calculating theoretical rocket performance pa-
rameters are identical to those outlined in Gordon and McBride.9

A brief outline of the algorithm used to calculate the results pre-
sented in this paper is presented next for the sake of completeness:

1) The magnetic induction, oxygen-to-fuel ratio, stagnation pres-
sure, stagnation temperature, and associated convergence tolerances
are specified. A listing of these and other baseline parameters is pre-
sented in Table 1. Note that when not explicitly identified, the values
in Table 1 are those used to generate the results.

2) The equilibrium composition in the infinite area combustor is
calculated for the conditions specified in step 1. The mixture gas
constant, the mixture constant pressure specific heat, the mixture
ratio of specific heats, the mixture specific entropy, and the mixture
specific enthalpy are calculated.

3) Assuming that the ratio of specific heats is constant and that
the flow is isentropic, an initial estimate of the throat pressure and
the throat temperature is calculated.

4) Using the estimates from step 3, the throat mixture specific
entropy and the throat mixture constant-pressure specific heat are
calculated. These values were used to calculate the natural log of
the throat temperature via9

(ln Tt )m + 1 = (ln Tt )m + (� ln Tt )m = (ln Tt )m + So − St,m

cp,t,m
(4)

Using the results from Eq. (4), a new estimate of the throat tem-
perature was calculated, and updated values of the throat mixture

Table 1 Baseline parameters

Parameter Baseline value (s)

At 0.0001 m2

B 0.0 T − 2.0 T
O/F 1.8, 2.3, 2.8
po 500 psia, 750 psia, 1000 psia
pe 14.696 psia
To 3000 K, 3300 K, 3600 K
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specific entropy and the throat mixture constant pressure specific
heat were determined. These values were then used to calculate an-
other estimate of the throat temperature. This process was continued
until |� ln Tt | < 1 × 10−10.

5) Using the value of the throat temperature calculated in step
4, the throat mixture enthalpy, the throat ratio of specific heats, the
throat pressure, the throat velocity, the throat density, and the throat
mass flow rate were calculated.

6) A similar algorithm, that is, steps 3 and 4, was used to calculate
the nozzle exit temperature. The exit pressure was specified in the
model input. Using the calculated value of the exit temperature,
the exit mixture enthalpy, the exit ratio of specific heats, the exit
velocity, and the exit density were calculated.

7) Using the calculated values just mentioned, the mixture molec-
ular mass was determined using

MM,mix =
ns∑

i = 1

yi MM,i (5)

the specific impulse using

Is = ue/g (6)

the thrust coefficient using

CF = ṁue/At Po (7)

and the expansion ratio using

Ae/At = ρtUt/ρeue (8)

Model Validation
To validate the results of the model developed during this inves-

tigation, the results for no applied magnetic field were compared
to results from the chemical equilibrium analysis (CEA) model.10

Although a wide range of conditions were examined to validate the
MECC model, two sets of conditions are presented here for valida-
tion purposes:

Case 1:

po = 1000 psia, To = 4000 K, and O/F = 3.0

Case 2:

po = 200 psia, To = 2600 K, and O/F = 1.6

With regard to the chemical equilibrium compositions, the mole
fraction percent difference ranges for the MECC model vs those
using CEA are listed in Table 2. As can be seen from Table 2,
the MECC results compare favorably with the results from CEA
with the percent differences ranging from 0.0 to 1.74%. The differ-
ences are most likely the result of different convergence criteria for
the equilibrium iterations. With regard to theoretical rocket perfor-
mance, the specific impulse, the characteristic velocity, and the ex-
pansion ratio data from the MECC model were compared to results
from the CEA model. Table 3 provides the results of this compari-
son. Again, the MECC results compare favorably with CEA results
with the percent differences ranging from 0.024 to 0.38%. When an
applied magnetic field was applied, the MECC model showed a trend
toward an increasing OH mole fraction with an increasing magnetic
induction. This trend qualitatively agrees with the physical mea-
surements of Hayashi.11 Based upon the preceding comparisons,

Table 2 Validation results: equilibrium composition

Mole fraction Percent different range, %

CO2 0.33–0.84
CO 0.086–0.32
O 0.0
O2 0.0
OH 1.5–2.47
H 0.0–0.8
H2 0.12–1.74
H2O 0.24–1.1

Table 3 Validation results: rocket performance

Parameter Percent different range, %

IS 0.035–0.088
c∗ 0.024–0.030
Ae/At 0.069–0.38

Fig. 1 Mixture molecular mass as a function of magnetic induction
and stagnation pressure.

the results from the MECC model are taken to be valid under the
assumptions just mentioned.

Results and Discussion
Figure 1 is a plot of the mixture molecular mass as a function

of applied magnetic induction for various levels of chamber (stag-
nation) pressure. The molecular mass showed an initial increase
for small values of the magnetic induction. This initial increase in
molecular mass was more pronounced as the stagnation pressure was
increased with a maximum increase in the mixture molecular mass
of approximately 2.38% for the 1000-psia condition. The local max-
imum associated with this initial increase occurred for a magnetic
induction 0.15 T at 200 psia and shifting toward values of larger mag-
netic induction as the pressure was increased. The local maximum
occurred at a value of 0.25 T for a 1000-psia stagnation pressure.

Beyond this local maximum, the mixture molecular mass de-
creased for all stagnation pressures up to a certain saturation mag-
netic induction beyond which the value of the mixture molecular
mass was no longer a function of magnetic induction. As with the
local maximum, increases in the stagnation pressure increased the
value of the saturation magnetic induction. The saturation magnetic
induction was approximately 0.95 T for the 200-psia condition and
increased to approximately 2.0 T for the 1000-psia condition. Be-
yond values of magnetic induction at or greater than the saturation
magnetic induction, the decrease in mixture molecular mass relative
to the mixture molecular mass with no applied magnetic field was
approximately 46.49% for the 200-psia case and 51.59% for the
1000-psia case. Note also that beyond the saturation magnetic in-
duction the mixture molecular mass was constant (MM,mix = 12.12
kg/kmol) for all stagnation pressures considered.

Figure 2 is a plot of the mixture molecular mass as a function of ap-
plied magnetic induction for various levels of chamber (stagnation)
temperature. As with the change in stagnation pressure, the appli-
cation of a magnetic field initially increased the mixture molecular
mass for the stagnation temperature considered. This increase was
more pronounced for larger stagnation temperatures with a maxi-
mum change of approximately 2% for a 3700 K stagnation tem-
perature. For the lowest two stagnation temperatures considered,
no local maximum was observed. The value of the magnetic in-
duction where the local maximum occurred slightly decreased with
decreasing stagnation temperature. Beyond this local maximum, the
mixture molecular mass decreased with increasing magnetic induc-
tion up to a certain saturation magnetic induction. This decrease,
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Fig. 2 Mixture molecular mass as a function of magnetic induction
and stagnation temperature.

Fig. 3 Mixture molecular mass as a function of magnetic induction
and oxygen-fuel ratio.

relative to the values with no applied magnetic field, was approx-
imately 56.4% for a stagnation temperature of 2700 K and 50.4%
for a stagnation temperature of 3700 K, that is, the impact of an
applied magnetic field decreased with increasing temperature. The
saturation magnetic induction increased with decreasing stagnation
temperature with an approximate value of 2.7 T for a stagnation
temperature of 2700 K and 1.8 T for a stagnation temperature of
3700 K. As in Fig. 1, the mixture molecular mass was a constant
(MM,mix = 12.12 kg/kmol) above the saturation magnetic induction.
In addition, once the saturation magnetic induction corresponding
to a fixed stagnation temperature was reached the mixture molecular
mass was again not a function of the stagnation temperature.

Figure 3 is a plot of the mixture molecular mass as a function
of applied magnetic induction for various levels of the oxygen-fuel
ratio. There is an increase in the mixture molecular mass for small
values of the magnetic induction corresponding to an oxygen-fuel
ratio of 2.5 and 3.0. For values of the oxygen-to-fuel ratio less than
2.5, a local maximum was not observed. The peak increase in mix-
ture molecular mass was approximately 2% for the value of the
oxygen-fuel ratio equal to 3.0. The value of the magnetic induction
corresponding to this local maximum shifted to larger values for in-
creased oxygen-fuel ratios. As with the other cases, the application
of a magnetic field of sufficient strength caused a significant de-
crease in the mixture molecular mass up to the saturation magnetic
induction. Relative to values with no applied magnetic field, the ap-
plication of a magnetic field caused the mixture molecular mass to
decrease by approximately 38.2% for the O/F = 1.5 and 52.4% for
O/F = 3.0. Beyond the saturation magnetic induction, the mixture
molecular mass was constant with respect to magnetic induction for
a given oxygen-fuel ratio. Note that the mixture molecular mass is

a function of the oxygen-fuel ratio above the saturation magnetic
induction, but the dependence of the mixture molecular mass on
oxygen-fuel ratio is decreased with the application of a magnetic
field. Beyond the saturation magnetic induction, the percent change
in the mixture molecular mass was approximately 14.3% for the
range of oxygen-fuel ratios considered. With no applied magnetic
field, the percent change in the mixture molecular mass associated
with a change in the oxygen-fuel ratio from 1.5 to 3.0 was 48.2%.

Figures 4–6 are plots of the expansion ratio as a function of mag-
netic induction for various chamber (stagnation) pressures, cham-
ber (stagnation) temperatures, and oxygen-fuel ratios. Recall that
the throat area is fixed for the model developed during this study
and that the nozzle exit area is calculated as that necessary to main-
tain isentropic flow throughout the nozzle. For small applied mag-
netic inductions, there was a slight increase in the expansion ratio
for the larger stagnation pressures and temperatures as well as for
the largest oxygen-fuel ratio considered. After achieving a local
maximum, the expansion ratio decreased as a function of applied
magnetic induction to some saturation magnetic induction value be-
yond which an increase in magnetic induction had no effect. This
saturation magnetic induction increased with stagnation pressure,
stagnation temperature, and oxygen-fuel ratio. With regard to stag-
nation pressure, the percent decrease in expansion ratio relative to
the expansion ratio when no magnetic field was applied was 39.5 and
20.4% for stagnation pressures of 1000 and 200 psia, respectively.
With regard to stagnation temperature, once the saturation magnetic
induction had been reached, the expansion ratio was only a weak
function of stagnation temperature. Beyond the saturation magnetic
induction, the functional behavior of the expansion ratio with re-
gard to the stagnation temperature also changed with the expansion

Fig. 4 Expansion ratio as a function of magnetic induction and stag-
nation pressure.

Fig. 5 Expansion ratio as a function of magnetic induction and stag-
nation temperature.
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Fig. 6 Expansion ratio as a function of magnetic induction and oxygen-
fuel ratio.

Fig. 7 Specific impulse as a function of magnetic induction and stag-
nation pressure.

ratio increasing with increasing temperature. This sort of change
in behavior is more pronounced when considering the expansion
ratio as a function of magnetic induction for various oxygen-fuel
ratios. As can be seen from Fig. 6, beyond a magnetic induction of
approximately 1.45 the expansion ratio decreases with increasing
oxygen-fuel ratio up to the saturation magnetic induction. As the
oxygen-fuel ratio increased, the influence of an applied magnetic
field on the expansion ratio increased. This was expected given the
magnitude of the paramagnetic oxygen’s magnetic susceptibility
relative to that of the diamagnetic fuel and combustion products.

Figures 7–9 are plots of the specific impulse as a function of mag-
netic induction for various chamber (stagnation) pressures, cham-
ber (stagnation) temperatures, and oxygen-fuel ratios. For all of the
cases, the application of a relatively small magnetic field caused a
slight decrease in the specific impulse. For larger applied magnetic
fields, an applied magnetic field increased the specific impulse. With
regard to stagnation pressure, this overall increase relative to the
specific impulse with no applied magnetic field was on the order
of 25% with the percent change increasing for decreasing stagna-
tion pressure. For stagnation temperature, the percent increase in
specific impulse varied from approximately 29% at a stagnation
temperature of 2700 K to a value of approximately 23% at a stag-
nation temperature of 3700 K. For oxygen-fuel ratio, the percent
increase in specific impulse decreased with increasing oxygen-fuel
ratio from a value of approximately 24% for an oxygen-fuel ratio
of 1.5 to approximately 15% for an oxygen-fuel ratio of 3.0. The
existence of a saturation value for the magnetic induction can also
be observed in Figs. 7 and 8. This saturation magnetic induction
value ranged from 1.48 T at a stagnation pressure of 200 psia to a
value of 2.51 T at a stagnation pressure of 1000 psia. With regard

Fig. 8 Specific impulse as a function of magnetic induction and stag-
nation temperature.

Fig. 9 Specific impulse as a function of magnetic induction and
oxygen-fuel ratio.

to stagnation temperature, the saturation magnetic induction ranged
from 2.76 T at a stagnation temperature of 2700 K to 2.46 T at a
stagnation temperature of 3700 K. Although Fig. 9 seems to indi-
cate that a magnetic saturation value also exists for the different
oxygen-fuel ratios, a close examination of the data shows that even
at 2 T there is still a slight increase in the specific impulse with
increasing magnetic induction. The reason for the specific impulse
behavior can be easily explained by examining the molecular mass
data discussed earlier. As the molecular mass decreases with in-
creasing magnetic induction, the associated exit velocity increases,
and thus the specific impulse increases.

Figures 10–12 are plots of the thrust coefficient as a function
of magnetic induction for various chamber (stagnation) pressures,
chamber (stagnation) temperatures, and O/F ratios. As can be seen
in the plots for small applied magnetic fields, the thrust coefficient
was constant or showed a slight increase. This increase was most
pronounced for the case of an oxygen-fuel ratio of 3.0. As with
the expansion ratio, the application of an applied magnetic field of
sufficient strength decreased the thrust coefficient. With regard to
stagnation pressure, the decrease was on the order of 1.5% for the
200-psia case and increased to approximately 6.3% for the 1000-psia
case for a magnetic field at or above the saturation magnetic induc-
tion value. With regard to stagnation temperature, the influence of
the applied magnetic field on the thrust coefficient decreased with
increasing temperature. The decrease in the thrust coefficient ranged
from 6.4% at a stagnation temperature of 3700 K to 7.3% at a stag-
nation temperature of 2700 K. From Figs. 10 and 11, a saturation
magnetic induction beyond which the thrust coefficient is constant
was observed. In terms of stagnation pressure, this saturation mag-
netic induction ranged from 0.99 T at 200 psia to 2.39 T at 1000 psia.
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Fig. 10 Thrust coefficient as a function of magnetic induction and stag-
nation pressure.

Fig. 11 Thrust coefficient as a function of magnetic induction and stag-
nation temperature.

Fig. 12 Thrust coefficient as a function of magnetic induction and
oxygen-fuel ratio.

In contrast, an increase in stagnation temperature decreased the sat-
uration magnetic induction. For a stagnation temperature of 2700 K,
the saturation magnetic induction was 2.76 T, and for a stagnation
temperature of 3700 K the saturation magnetic induction was 2.15 T.
With regard to the oxygen-fuel ratio, no saturation value was ob-
served in the range of magnetic induction considered. From Figs. 11
and 12, a critical value of the magnetic induction was observed
above which the functional relationship for the thrust coefficient
changed. Above a value of magnetic induction of approximately
2.5 T, an increase in stagnation temperature slightly decreased the
thrust coefficient. For a magnetic induction above approximately
1.45 T, a decrease in oxygen-fuel ratio increased thrust coefficient.

The reason for this behavior is not clear. The fact that the applica-
tion of a magnetic field decreased the thrust coefficient was initially
surprising, given the molecular mass and specific impulse behavior
already discussed. To explain this decrease, it is necessary to exam-
ine the definition of the thrust coefficient. For the problem examined
here, the throat area and the stagnation pressure are fixed. From the
specific impulse data it is known that the exit velocity increases with
the application of a magnetic field.

Therefore, to obtain such a decrease in the thrust coefficient there
must be a more pronounced decrease in the product of the exit
density times the exit area. Recall that the application of an applied
magnetic field resulted in a decrease in the exit area in order to
maintain isentropic flow conditions. The result might also imply
that there is a decrease in mixture density with the application of
a magnetic field of sufficient strength. From this discussion, it is
possible to conclude that while the application of the magnetic field
does increase specific impulse changes in the state of the gases as a
result of the magnetic field decrease the thrust of an engine.

Conclusions
A computational model has been used to examine the impact

an applied magnetic field has on theoretical rocket performance.
The model calculated the chemical equilibrium composition of
a kerosene-oxygen mixture at specified conditions and assumed
frozen behavior throughout the supersonic nozzle. Based upon the
results of this study, the following conclusions have been drawn:

1) The application of a magnetic field decreased the mixture
molecular mass, decreased the expansion ratio required to main-
tain isentropic flow conditions, increased specific impulse, and de-
creased the thrust coefficient.

2) For most of the scenarios considered, a saturation magnetic in-
duction existed beyond which an increase in the magnetic induction
had no impact on rocket performance.

3) A critical magnetic induction existed beyond which the func-
tional behavior of the expansion ratio and the thrust coefficient
change. This change was slight with respect to stagnation tempera-
ture, significant with respect to the oxygen-fuel ratio, and was not
observed with respect to variations in the stagnation pressure.

4) Applying a magnetic field to the combustion chamber of a
chemical rocket does significantly influence theoretical rocket per-
formance via the paramagnetic and diamagnetic nature of the con-
stituent gases. Additional investigation is needed to quantify this
impact in an actual chemical rocket.
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