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Abstract 

Analytical and experimental results are presented on a 
comparison of the electrical characteristics and propulsion 
performance of direct current and alternating current arc-jet 
engines. On the basis of experiments on a hydrogen radiation-
cooled arc-jet engine operated on both a.c. (lOOO to 1500 cps) 
and d.c. power, there appears in terms of propulsion perform-
ance to be no clear-cut advantages of single-phase a.c. over 
d.c. or vice versa. Electrically, the d.c. arc-jet engine is 
shown to be more stable than the a.c. arc-jet engine in terms 
of the required ratio of mean operating voltage to open-circuit 
voltage. Further, in experiments with a radiation-cooled arc-
jet engine, it has been shown that the engine could operate 
stably over a wider power range with d.c. than with single-
phase a.c. input power. 

I. Introduction 

Of the different proposed electric propulsion schemes, the 
arc-jet engine is probably closest to hardware realization for 
operation at power levels of the order of 10 kw or greater. 
Thrust measurements and long duration tests have established 
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firmly the performance and reliability of the engine.̂ -~3 
Possible missions for the arc jet using a 30-kw nuclear-electric 
power supply have been analyzed and documented.̂ " The time for 
integration of the space electric power supply with the arc-jet 
engine is at hand. 

The objective of this paper is, then, to examine some funda-
mental aspects of direct and alternating current arc-jet engine 
characteristics in view of the proper matching of the engine 
with a space electric power supply. The pertinent questions 
are as follows: 

1) What are the pertinent features of d.c. and a.c. arc-jet 
engine characteristics? Can these characteristics be expressed 
in simple, generalized forms in order to enable rational esti-
mates of arc stability, ballast requirement, power factor, as 
well as arc transients and oscillations? 

2) In terms of engine performance, weight, stability and 
control, should the future arc-jet engine be operated directly 
with a.c. power or with rectified power? 

A schematic of a typical radiation-cooled 30-kw arc-jet 
engine used in the present experiments is shown in Fig. 1. 
The engine consists of a tungsten anode-nozzle combination 
and a tungsten cathode. The propellant is introduced tan-
gentially into the annular space between the cathode and anode. 
From this annular space, the working fluid flows past the 
cathode and into a constrictor section, where it is heated by 
the arc discharge and subsequently expands in the supersonic 
nozzle. The engine shown in this picture is approximately 
2 in. in diameter and k in. long. 

II. Direct Current Characteristics of 
the Arc-Jet Engine 

Like most devices involving an arc discharge, the arc-jet 
engine has a drooping voltage-current characteristic^, i.e., 
the higher the arc current, the less is the voltage required 
to maintain this current. Typical voltage-current curves for 
the engine shown in Fig. 1 are presented in Fig. 2. 

Obviously, one cannot couple a device with a drooping voltage-
current curve directly to a constant voltage power supply. 
Such an arrangement is inherently unstable, as can be seen in 
Fig. 3. Here the heavy curve represents the arc voltage-current 
characteristic, and the horizontal light line represents the 
characteristic of the constant voltage power supply. Tne 
operating point, which is the intersection of the two curves, 
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is unstable since any accidental shift to the left (lower 
current) would cause an increase in arc voltage requirement 
over and above what can be supplied by the powerplant, result-
ing in a further drop of current and eventual extinction of 
the arc. On the other hand, an accidental shift to the right 
would lead to continued increase in arc current until the 
device is burned out. 

A. Ballast Resistance 

The usual remedy of the type of instability just described 
is the use of a series resistor called "ballast." If the 
resistor is not too large, then the voltage of the power supply 
(including the ballast) will intersect the arc characteristic 
at two points, one at a higher voltage than the other (Fig. 3). 
It is clear from the argument just given that the upper point 
of intersection is still an unstable one, whereas the lower 
point of intersection is stable. This is then the operating 
point of the arc-jet engine with this power supply. It is 
convenient for subsequent discussion to define a "ballast 
ratio" and an "arc voltage ratio:" 

B.R. = Уъ/Уо = l - V.R. (1) 

V.R. = Va/VQ = 1 - B.R. (2) 

The arc voltage ratio signifies the effectiveness of the 
utilization of the power supply, whereas the ballast ratio 
signifies the penalty in voltage which has been paid to obtain 
arc stability. 

It is clearly desirable to operate with as low a ballast 
ratio as possible. To reduce the ballast ratio, the arc must 
be operated at a more favorable voltage ratio. It can be seen 
from Fig. 3 that the maximum possible voltage is given by the 
power supply characteristic that is tangent to the arc char-
acteristic . It is interesting to note that this higher arc 
voltage is achieved by increasing the series resistance rather 
than by decreasing it. 

It will be shown that this critical resistance, as well as 
the maximum voltage ratio and the minimum ballast ratio, can 
be determined with simple expressions involving only the slope 
n of the arc voltage-current characteristic plotted on a log-
log chart (Fig. 2). For a small range of currents, the V-I 
curve can be expressed as 

va = c i"n (3) 
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The power supply curves can be expressed as 

R I 

At C, the point of the tangent 

V = V p o 

* Va 
d I d I 

and 

V-, = v„ 

Substituting Eqs. (3) and (k) into Eqs. (5) and (6), one 
obtains 

Ro = n ^cAc) 

B.R.„,„ = n/(l + n) 
m m 

V.R, 
max = 1/(1 + n) 

00 

(5) 

(6) 

(T) 

(8) 

(9) 

For most arc-jet engines, n lies between 0.1 and 0.3, so 
that the minimum ballast ratio is about 25%. For devices whose 
characteristic V-I curves have steeper slopes, greater ballast 
ratio is needed. 

B. Reactive Ballast for d.c. Arc-Jet Engines 

The use of resistive ballast as just discussed results in a 
net loss due to the ohmic heating of the resistor. Since nearly 
all presently planned nuclear-electric powerplants will provide 
alternating current, it is necessary to use a rectifier to 
convert the a.c. power to d.c. power. Thus, a reactive ballast 
can be used on the a.c. side of the rectifier to achieve the 
required voltage drop, as is shown in Fig. k. In this manner, 
the combination of the rectifier and the arc-jet engine acts 
as a resistive load in series with a reactive ballast, which 
does not introduce a power loss. The voltage current character-
istic of this power supply is shown at the left of Fig. k and 
can be expressed as 

V^ = V. f> (xc i2/ Vo2)] (10) 

Using thex same procedure as previously employed for resistive 
ballast, the expression for the critical reactance becomes 

n2 (Vc / Ic) (11) 
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Furthermore, 

B.R. 
m m 

V-R-max 

1 - [ 1 / (1 + n)* ] (12) 

[l / (1+ n)i] (13) 

For n = 0.3, B*Remin = ~L6°IO for the reactive ballast compared 
with 25^ for the resistive ballast, indicating that, with a 
reactive ballast, the arc voltage could be as high as &+°lo of 
the open circuit voltage of the power supply compared to 75$> 
for a resistive ballast for arcs with n = 0.3« 

C. Powerplants with Built-in Drooping Characteristic 

Most generators are designed with an open circuit voltage 
higher than the voltage at rated output. Thus they also would 
have a drooping V-I curve, which is often sufficient for 
stability without an external ballast. The percent voltage-
rise of a generator when the rated load is removed is called 
the regulation. In other words, if the arc voltage and current 
is considered to be the rated load of the generator, then 

reg = (V0 - V a ) / Va (lA) 

It is clear that stating the minimum ballast ratio is equival-
ent to stating the required generator regulation 

regmin = B-R-mln/(l " B-B'min) (ü?) 

Although the V-I curves for a generator usually cannot be 
described exactly by either Eq. (3) or Eq. (lO), the conclusions 
derived from Eqs. (8, 9> 12, and 13) still may be used as rough 
guides to the stability of the arc engine generator combination. 
Taking the results of Eqs. (8) and (9) as pessimistic estimates, 
one may conclude roughly that, for n < 0.3, a generator with 
a regulation greater than 33$> can be used to provide power to 
an arc-jet engine without the necessity of ballast. 

At the Avco Research and Advanced Development Division, 
Electrical Propulsion Laboratories, direct current arc-jet 
engines have been operated without difficulty from a l·O-kw, 
variable frequency (5OO to 1500 cps) a.c. power supply with 
only a bank of rectifiers and no external ballast. 

III. Alternating Current Characteristics of 
the Arc-Jet Engine 

Outstanding questions concerning the electrical character-
istics of an alternating current arc jet engine include the 
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following: 

1) What are the electrical requirements for a stable, self-
sustaining discharge? 

2) What are the wave shape and the power factor character-
istic of the discharge? 

3) What are the effects of frequency on these factors? 

Although it is desirable to have answers to these questions 
for both single-phase and multiphase systems, for simplicity, 
the following discussion has been concentrated on single-phase 
alternating current arcs. It is believed, however, that most 
of the qualitative conclusions drawn for the single-phase 
system also will apply for multiple-phase systems. 

In order to obtain the voltage and current characteristics 
of the arc-jet engine at a.c. frequencies representative of 
the projected nuclear-electric power systems, e.g., Snap 8, 
a variable frequency, a.c. power supply was constructed. This 
system is shown schematically in Fig. 5- It consists of two 
alternators, rated at 20 kw each, driven on the same shaft by 
a variable-speed d.c. motor, which in turn Is powered by direct 
current power available in the laboratory. By adjusting the 
relative phase of the two alternators, one can obtain either 
single-phase, two-phase, or three-phase power. It also is 
possible to obtain three-phase from two-phase by using a tee-
wound transformer. The unit is designed to deliver up to kO kw 
at frequencies between 5OO and 2000 cps. 

Typical instantaneous voltage and current characteristics of 
a radiation-cooled arc-jet engine operated on 1000 and 15ОО cps 
power are shown in Fig. 6. Typical rms voltage-current curves 
are shown in Fig. 7. 

It is not easy to judge the stability of a.c. arcs and their 
dependence on frequency merely by viewing these curves. In 
order to gain an understanding of the a.c. arc stability at 
different frequencies, a simple dynamic analysis has been 
carried out. 

A Dynamic Analysis 

An arc-jet engine whose d.c. voltage-current characteristics 
can be expressed in the form of Eq. (3) will be considered. 
To derive an expression for its a.c. characteristics, it is 
convenient to introduce the concept of conductance: 
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G = I/V (16) 

The conductance of an arc varies with the temperature of the 
anode, cathode, and particularly with the temperature of the 
plasma forming the positive arc column. For an engine operat-
ing at a given flow rate, these temperatures depend on the 
applied arc current as well as the heating history of the arc 
itself. If a constant current is applied for a long time, the 
arc conductance and the voltage eventually will reach the 
steady-state value, which is described by Eq. (3). In other 
words, the steady-state conductance is 

Gss = (1/c) I l | 1 + n (IT) 

The absolute value sign is introduced so that the conductance 
always will be positive. 

If, however, the arc current varies rapidly, the heat capacity 
of the plasma and the electrodes may prevent the temperatures 
and hence the arc conductance from keeping pace with the current 
variations as prescribed by Eq. (17). In such a case the con-
ductance will differ from that given in Eq. (17), although it 
will try continuously to approach the steady-state value 
corresponding to the instantaneous current. This can be 
expressed in the form 

1 1 1+n 
T (dG/dt) = Gss - G = (l/c) I I I - G (18) 

where T denotes the arc time constant. As a first approxi-
mation, T will be considered to be a constant. 

Since the discharge in an arc-jet engine is maintained by 
thermal ionization, the arc time constant T should be equal 
to the thermal time constant of the body of plasma forming 
the positive column. Standard heat transfer treatises give 
the following expression for a cylindrical body of gas with 
radius r and thermal diffusivity9 

T = O.18 r2/ a (19) 

For the engine shown in Fig. 1, r = 0.19 cm. Assuming a 
mean value of a = 5OO cm^/sec, T was found to be of the 
order of 10"5 sec. 

For alternating current, the I in Eq. (l8) is a periodic 
function of time. The exact shape of the I vs time curves is, 
however, a result of the interaction of the arc with a given 
power supply. The simplest manner by which to represent an 
a.c. power supply is to consider it as consisting of a 
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sinusoidal voltage source with a series inductance as shown 
in Fig. 8. 

From KirchoffTs law, the loop equation of the circuit in 
Fig. 8 is 

Vp sin 0>fc = L (dl/dt) + (I/G) (20) 

where V = open circuit peak voltage of power supply 
L = ballast inductance 
CD = 27Г f = angular frequency of a.c. current 

To obtain the arc voltage and current as functions of time, 
it is necessary to solve the ordinary differential Eqs. (l8) 
and (20) simultaneously with the periodicity conditions 

G ( t ) = G ( t + 2ir/cD ) (21) 

I ( t ) = I ( t + 2ir/o) ) (22) 

Equations (l8) (20) (2l) (22) can be normalized to the 
following form: 

CDT §5 = 1̂ 1 " ^ conductance equation, Eq. (l8)(23) 

X ^ = sin 6 - i Kirchoff Ts law, Eq. (20) (2̂4-) 

*y (0 ) = 7 (6 + 27Г ) conductance periodicity (25) 
condition, Eq. (2l) 

j (6) = j (@ + 2тг ) current periodicity (26) 
condition, Eq. (22) 

where Q = ü>t (27) 
l/n 

j = I (Vp/c) (28) 

_!/n (l+n)/n . , 
7 = GC X/n Vp (29) 

(_l+n)/n 
X = Ш ь с l/n Vp (30) 

j represents the normalized instantaneous arc current, and 7 
is the normalized instantaneous arc conductivity; n, ОУГ> 
and X are three characteristic constants: n is the exponent 
for the steady-state voltage-current characteristics, озт is 
a dimensionless frequency ratio that is proportional to the 
ratio of the power supply frequency to the reciprocal of the 
arc time constant, and ~k represents a dimensionless measure 
of the series inductance. Solutions to these equations for 
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different sets of values of n, ОУГ and X have been obtained 
with a digital computer. 

The influence of CDT on the instantaneous arc characteristics 
can he seen in Fig. 9, which shows the arc voltage and the arc 
current as functions of time for n = 0.2, X = O.OO5, and 
0)T= 0.1; 1.0; and 10. It is seen that, for coT= 0.1, the arc 
voltage and current are highly anharmonic, whereas for high 
frequencies, they are essentially sinusoidal. Similarly, the 
plots for instantaneous voltage vs current are quite irregular 
for CDT = 0.1. As on" increases, the instantaneous voltage vs 
current curves become progressively similar to those of a pure 
resistor. These characteristics are essentially similar to 
observed trends reported in the literature.5 

Note also that the curves for CDT = 0.1 are quite similar to 
the experimental curves shown in Fig. 6 taken at frequencies 
of 1000 and 1500 cps. From this, one may deduce that, at 
these frequencies, the value of COT for this arc-jet engine is 
of the order of 0.1. Hence, 

T ~ O.l/o) « 0.l/27Tf ~ 10~5 sec (31) 

In a.c. machinery, it is customary to use rms averages of the 
voltage and current, defined as 

v = I Tir 1 v ae j 
* 6 

For a given COT and n, each value of X fixes one set of j and 
v. Therefore, by obtaining solutions for different values of 
the power supply characteristic X , one may obtain the rms 
voltage-current characteristics. The calculated rms voltage-
current characteristics for n = 0.2 and ÜOT= 0.1, 1.0, and 10 
are shown in Fig. 10. For comparison, the corresponding curve 
for d.c. also is shown. It is seen that the a.c. curves are 
basically similar to the d.c. curves, having the same negative 
slope. 

— Stability of the a.c. Arc 

Referring to Fig. 10, it is noted that solutions exist only 
for reasonably low voltage ratios. As explained for the d.c. 
case, the maximum operating voltage ratio is a measure of the 
stability of the arc and is related directly to the minimum 
ballast ratio and the minimum required regulation. 
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Both the maximum voltage ratio and the minimum required 
regulation are shown in Fig. 11 as functions of the dimension-
less frequency. The corresponding values for d.c, according 
to Eqs. (l2) and (l3); also are shown for comparison. It is 
seen that, for GOT =0.1, the a.c arc is considerably less 
stable than the d.c arc As the frequency ratio 0)T increases, 
the ballast requirement gradually approaches the d.c values. 

It has been suggested '' that, at high frequencies, the slope 
of the V-I characteristic for the alternating current arc be-
comes positive and that no ballast is required. This indeed 
is not the case. For, although the instantaneous voltage-
current characteristics do become positive, the rms voltage-
current curves continue to have slopes similar to their d.c. 
counterparts. Figure 11 clearly indicates that although 
increased frequencies do result in decreased ballast require-
ments, the a.c arc always requires more ballast than a 
corresponding d.c. arc. 

C. Power Factor 

Another quantity of interest is the arc power factor, which 
is the ratio of useful power to the product of rms voltage and 
current 

27Г 

ТЯГ X I V d 0 
P.F . = ^ JQ (3k) 

I V 
rms rms 

Although the arc current and arc voltage as shown in Fig. 9 
appear to be in phase, the power factor still could be less 
than unity because of the presence of higher harmonics. The 
calculated arc power factor for n = 0.2 and 0)T = 0.1, 1.0, 
and 10 are shown in Table 1. 

The power factors have been measured experimentally for the 
Avco 30~kw arc-jet engine. For frequencies of 1000 to 1500 
cps, the measured power factors were between TO and 80^. 
These correspond approximately to COT = 0.1, as previously 
estimated. 

In conclusion, the foregoing studies indicate that, for 
frequencies in the vicinity of 1000 cps, the a.c arcs are 
less stable than the d.c. arcs and thus require greater ballast 
resistance. The power factor of the alternating current 30-kw 
arc-jet engine at 1000 to 1500 cps is about 75%» Both the 
power factor and arc stability will improve at higher frequenc-
ies. 
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It is expected that these general conclusions also will be 
valid qualitatively for multiphase arcs. 

IV. Comparison of Alternating Current 
vs Direct Current Power for Arc-Jet Propulsion 

The choice between a.c. and d.c. arc-jet engines must depend 
on a large number of considerations. Among the important factors 
that should be considered are engine performance, stability, 
control, weight advantage, etc. These will be discussed 
separately. 

A. Engine Performance 

Although the development of the d.c. arc-jet engines presently 
is more advanced than a.c. systems, it has been suggested^>® 
that the rapidly fluctuating nature of the high frequency a.c. 
may provide more uniform heating of the propellant and thus 
result in improved propulsion performance. In order to deter-
mine whether there is any fundamental difference between a.c. 
and d.c. in arc-jet engine operation, the engine shown in Fig. 1 
was operated with both single-phase a.c. and d.c. power, and 
engine performances were carefully measured. The results of 
the experiment are presented in Fig. 12. 

Although the d.c. data in Fig. 12 were slightly superior to 
the a.c. data, the difference was considered insignificant in 
view of the experimental uncertainties. 

It is Recognized that the best d.c. engine design may not be 
the best a.c. engine design and vice versa. However, it is 
felt that the forernentioned experimental data do indicate that 
to a first-order approximation there is no fundamental differ-
ence between the propulsion performance of a single-phase a.c. 
powered arc-jet engine and a d.c. powered arc-jet engine. 

B. Engine Stability 

The simple analysis presented previously indicated that the 
a.c. arcs are less stable than d.c. arcs. For a typical arc-
jet engine, such as the one shown in Fig. 1, the value of CDT 
is about 0.1 at 1000 cps. Tnus Fig. 11 shows that, for n = 0.2, 
an a.c. system requires more than twice the ballast of a 
corresponding d.c. system with a reactive ballast (as in Fig. k). 

In many cases, the designed regulation of the power supply 
may be more than sufficient to ballast the a.c. arc. If this 
is the case, the relative instability of the a.c. arc is not 
a serious disadvantage. On the other hand, If the designed 
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regulation of the power supply is insufficient, or only barely 
sufficient for ballasting purposes, then the a.c. arc would be 
at a disadvantage when compared with the d.c. arc. 

C. Engine Control 

It is conceivable that, during a projected mission, the arc-
jet engine may have to meet a throttling requirement, i.e., 
change the propellant flow rate and electrical power input 
according to guidance requirements. At first glance, it appears 
that this represents an advantage for the a.c. system, since 
an a.c. power supply generally is understood to be much easier 
to control. However, since in all likelihood the future space 
powerplant will be an a.c. system, it is possible that the 
control of the d.c. arc can be accomplished on the a.c. side 
before the current is rectified. Thus, there is no substantial 
difference between the control of an a.c. arc and a d.c. arc 
powered by rectified current. 

The greater stability of the d.c. arc represents an asset 
from the standpoint of control, since the engine operating 
conditions can be varied over a wider range without introducing 
unstable conditions. This is demonstrated clearly in Fig. 13, 
which shows the voltage and the power factor for single-phase 
a.c. and d.c. runs of the same arc-jet engine at constant 
propellant flow rate. It is seen that, although the engine 
could be operated with d.c. at current as low as 50 amps, the 
a.c. runs were only stable at currents appreciably greater 
than 100 amps. At low current, the observed low power factor 
(less than 50$>) indicated that the engine could conduct only 
during one half-cycle. 

In agreement with theoretical expectations, the 1500-cps 
runs are seen to be more stable than the 1000-cps runs. 

D. Weight Comparison 

It has been suggested that a possible disadvantage for the 
d.c. arc-jet engine is the weight penalty associated with the 
rectifier. In order to obtain a quantitative estimate of this 
weight penalty, a three-phase full wave rectifier with the 
necessary heat sink radiator has been designed and built in 
this laboratory.-3 Tne unit is shown in Fig. lk. The diodes 
are commercially purchased silicon devices rated at 80 amps 
each, and the fins are made of aluminum. The unit is designed 
to deliver 30 kw at 2^0-amp d.c. output and has been used 
successfully in the laboratory to convert 1000 to 1500 cps a.c. 
to d.c. for arc-jet engine experiments. The entire assembly, 
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including the six diodes, radiator, and copper cables, weighs 
less than 8 lb. 

On the other side of the picture, the low power factor and the 
low stability for the a.c. arc may constitute a weight penalty 
for a pure a.c. system. As discussed previously, the observed 
power factor for the Avco 30-kw arc-jet engine at 1000 cps was 
approximately 75̂ » This means that both the generator and the 
control reactors, if any, must be designed to carry one third 
more than the actual useful power. 

Without specific details of the alternator design, it is 
difficult to estimate how large a weight penalty is associated 
with the low power factor and instability of the a.c. arc. It 
probably is safe to say that these are at least comparable to 
the weight of the rectifier for the d.c. arc. Therefore, it 
appears that the a.c. system does not a priori hold a weight 
advantage over a comparable d.c. system. 

V. Other Aspects of Arc Characteristics 

The success of the dynamic arc model as shown in Eq. (l8) in 
providing a physical understanding of the a.c. arc behavior 
suggests that the model might be also used to study other non-
steady arc phenomena. A qualitative discussion of some of 
these phenomena in the light of this model is given below. 

A. Ripple Amplification 

Operators of d.c. arc-jet devices have been annoyed by the 
fact that the ripples of a rectifier arc often higher with an 
arc load than with a resistor at the same power. This obvious-
ly is caused by the negative incremental impedance associated 
with the drooping V-I characteristics. However, in view of 
the dyriemic model discussed in the foregoing, one may expect 
that this ripple amplification will take place only at low 
ripple frequencies. At ripple frequencies that are high rela-
tive to the time constant of the arc, one may expect the arc 
conductance to remain relatively constant, as a result of the 
thermal inertia of the arc column. Therefore, the ripple 
should be comparable to that of a resistive load. 

B. Self-Excited Oscillations 

Arc-jet devices often are known to exhibit oscillations that 
cannot be traced back to power supply ripples or other known 
fluctuations. It is reasonable to assume that at least some, 
if not most, of these oscillations are caused by the coupling 
of the electrical circuit to the fluid mechanical or acoustical 
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circuit through the intermediary of the thermal arc. Since such 
a coupling is effective only for frequencies less than l/2 7TT, 
one may expect this type of oscillations to be restricted to 
these relatively low frequencies. This is in qualitative agree-
ment with the oscilloscope traces of the arc voltage for the 
engine shown in Fig. 1. The observed high-frequency oscilla-
tions were of the order of 20 to ̂ 0 kc, corresponding to a 
time constant of approximately lO"^ sec. 

C. Voltage Transients 

The high induced voltage due to a sudden blowout of the arc 
is a frequent cause of component failures in arc-jet laborator-
ies. In view of the dynamic arc model, one may expect that it 
would take about T sec to alter the arc current significantly. 
Thus the order of magnitude of the voltage transient may be 
given by the relationship 

Vt - order of (LI/T ) (3k) 

Without detailed analysis, it is not clear whether the column 
time constant or the electrode time constant should be used in 
Eq. (зМ- The subject merits further study, both experimentally 
and theoretically. 

VI. Conclusions 

The results of the foregoing study can be summarized best by 
referring to the questions asked in the introduction. 

A. Arc Electrical Characteristics 

It has been shown that the static and dynamic electrical 
characteristics of arc-jet engines can be described with 
sufficient generality and accuracy by a simple model. The 
model employs an empirical power law for the static behavior 
which is modified by a linear transient relationship for the 
dynamic behavior. Using this model, specific results have been 
obtained for the stability and other properties of the d.c. and 
a.c. arc-jet engine. These results are in good agreement with 
experimental evidence. 

B. a.c. vs d.c. Operation 

Based on actual performances tests and dynamic analyses, it 
has been shown that, in terms of engine thrust and efficiency, 
there is not significant difference between d.c. and single-
phase a.c. in the 1 to 2 kc frequency range. In terms of 
stability and control, the d.c. system appears to be 
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advantageous over a comparable a.c. system. Specific weight 
comparisons are not possible until more information on power-
plant design becomes available. However, a completed proto-
type rectifier has demonstrated that the rectifier does not 
constitute a weight disadvantage for the d.c. system. 
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Table 1 Arc power factor vs dimensionless 
frequency for n = 0.2 
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Power 
factor 
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CATHODE TERMINAL 
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ELECTRICAL 
POWER IN 
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ANODE CAP 

PROPELLANT GAS IN 

Fig. 1 30-kw radiation-cooled arc jet engine 
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Fig. 2 Typical voltage vs current curves for arc jet engines 
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Fig. 3 d.c. arc jet engine coupled to a constant voltage power 
supply with a resistive ballast 
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5 Variable frequency laboratory power supply space power 
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Fig. 6 Instantaneous voltage-current characteristics for the 
single phase a.c. arc jet engine 
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Fig. 7 Typical root-mean-square voltage-current characteristics 
for a.c. arc jet engines 
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Fig. 8 Assumed power supply model for the dynamic analysis of 
a . c . arc j e t engine charac ter i s t ics 
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10 Predicted mean voltage and current characteristics for 
the single phase a.c. arc jet engine 
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Fig. 11 Arc stability criteria vs dimensionless frequency 

50 



POWER SYSTEMS FOR SPACE FLIGHT 

1300, 

1200 

2E 1100 

£ lOOOh-

9001 

i 1 г 
CONSTANT POWER INPUT! 

* 0 KILOWATTS 

\ O Ю00 CPS 
X 1500 CPS 

A DC 

J L 
Ò.IO 0.12 0.14 0.16 0.18 0.20 0.22 

HYDROGEN FLOW, grams/sec 

200i 

CO 

I 

UJ 

z 

1 1 1 1 

~s<r 
иЖ^ r 

i i i i i 

i 

O 1000 CPS 
X 1500 CPS 

д crc J 

1 .1 
I50h 

0.10 0.12 0.14 0.16 0.18 0.20 0.22 
HYDROGEN FLOW, grams/sec 

Fig. 12 Comparison of engine performance for a.c. and d.c. runs 
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Fig. lA Diode-radiator assembly 


