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i INTRODUCT ION

This study was undertaken to determine the characteristics of a condenser
inventory control system and its effectiveness in controlling mercury condensing
pressure for all disturbances the SNAP-8 system is likely to encounter during a
10,000 hour mission. For the control system to be effective it is required to
maintain the condensing pressure above a low limit dictated by the mercury pump
minimum NPSH to prevent pump cavitation and below a high limit dictated by a
failure to provide required turbine power output due to excessive back pressure,
The control system was added to the analog computer simulation of the SNAP-8
flight reference system (Rev. B) and computer runs were made.

i DESCRIPTION OF THE INVENTORY CONTROL SYSTEM

The condenser inventory control system as shown in Figure A consists of
a metal cylinder which contains a metal bellows with precharged gas on one side
and liquid mercury on the discharge side. The cylinder is connected to the
condenser mercury discharge manifold such that a movement of the bellows due
to pressure changes causes a shift in condenser inventory and therefore con=-
densing length, Since the condensing pressure is a direct function of conden-
sing length, an inventory system should be able to control the condensing
pressure. As an example of how this system operates a sun-shade system tran-
sient can be examined. When the main radiator goes from a sun to a shade
enviromment, the NaK temperature of the condenser drops approximately 20°F
causing the condensing pressure of the mercury to drop. This causes a pressure
unbalance across the control bellows which results in mercury being shifted
into the condenser until pressure equilibrium is again established. The con-
densing pressure increases as the condensing length decreases until the inven-
tory control stops injecting mercury. There is some offset of the cendensing
pressure from the original control s et point due to:

1. The bellows spring gradient
o Change in gas pressure with bellows volume changes
3. Change in condenser pressure drnp with condensing length

The offset is minimized in the direction of decreasing spring gradient
and increased gas volume.




An analysis of the dynamics of the control system is shown in the
appendix along with the resultant transfer function for the system. This
analysis contained the following assumptions:

B 3 The system is operating in an earth orbit under zero "G"
conditions. (there are no vehicle acceleration forces)

2. The mercury in the inventory cylinder acts as one continuous
mass.

3. Fluid damping is present due to the movement of the liquid
mercury through a restricted area entering or leaving the
cylinder.

. The damping is viscous (proportional to the first power of
velocity).

ITT DESCRIPTION OF THE CONDENSER COMPUTER SIMULATION

The analog computer simulation of the SNAP-8 condenser was modified to
reflect the latest information available from the “"MECA" testing of the con-
denser. The condenser overall heat transfer coefficient was increased from
1000 to 1900 BTU/hruftz-oR and pressure drop vs. condensing length was inserted
into the simulation. The latest -1 condenser tube geometry was used; tube area
and volume equations were written to accurately describe the tapered tube.
Since the computer simulation depicts the flight reference "B" mercury flow
rate of 9100 1bs per hour; the number of tubes was reduced to 60 to provide
the same flow per tube as the =1 condenser and, therefore, the same pressure
drop. The condenser equations are as shown in the appendix.,

IV DESCRIPTION OF THE COMPUTER RUNS

The initial control system gain was found to be excessive for the system
since the system became unstable when the control was switched into the loop.
The initial gain was derived to provide for % psi pressure regulation (see
appendix) for s 50 lbs of inventory change. The gain was reduced to approxi-
mately - 5 psi for = 50 1bs of inventory change as shown in Figure B. This
gain does not represent the highest gain which could be obtained since the




{ damping factor and natural frequency of the system could be changed to provide
for increased stability margin., Figure B shows the locus of operation of the
control with changes in condenser NaK outlet temperatvies. The intersection
of the control set point pressure and rated NaK temperature shows the nominal
rated operating point of the condenser. The resultant condensing pressure for
a change in NaK temperatures would correspond to the vertical intersection with
the temperature curve if no inventory control were present. In other words,
the locus of pressure with changes in NaK temperatures occurs at a constant
condensing length for no control. With an inventory control, the condensing
length varies with changes in contrecl inventory and pressure is controlled
along the slanted line which results in less total pressure deviation for given
NaK temperature changes. The higher the control gain the more nearly horizontal
the control line becomes and the smaller the resultant pressure variations for
temperature changes. The control line in Figure B below the normal operating
line shows the effect of 20 lbs loss of mercury from the inventory cylinder
which includes 10 lbs of leakage past the TAA space seals and a 10 1b shift of
mercury to the boiler. The drop in the operating line is caused by reduced gas
pressure in the bellows when it expands to occupy the volume left by the 20 lbs
of mercury. This variation in pressure could be minimized by sizing the gas
; volume larger initially since the pressure change is inversely proportional to
’ initial gas volume. Leakage of 20 1lbs without a control is represented by an
‘ increase in condensing length corresponding to the 20 lbs reduction in condenser
inventory. The resultant condensing pressure is then the intersection of the
new condensing length with the rated NaK temperature line. A limitation on the
effectiveness of the inventory control is apparent on close examination of

Figure B, The pressure profiles of the condenser approach a horizontal asymptote

at long condensing lengths which coincide with the vapor pressure of mercury
corresponding to the NaK outlet temperature. This occurs because the minimum '
mercury condensing temperature cannot be less than the NaK coolant temperature.
Therefore the minimum condensing pressure obtainable is dictated by the coolant

and not the control. Amy attempt to reduce the pressure to that minimum would

result in a complete evacuation of the mercury inventory in the condenser. .
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Computer runs which were made on the computer are summarized in Table I
and include sun-shade, variations in NaK exit temperature of the condenser,
and 20 1bs leakage from the control cylinder. Vehicle load changss of 35 kw
were made but are not reported since the steady state changes in pressure are
small with or without the control. A sun-shade computer run with and without
the inventory control system is shown by Figures E and F respectively.

v SUMMARY AND CONCLUSIONS

The condenser inventory control system is a feasible means of controlling
condensing pressure although there are limitations on its effectivenesé. These
limitations involve the requirement of maintaining system stability which may
require increased pressure regulation limits by a necessity to reduce the
control gain. The lack of control of condenser NaK exit temperature also limits
the minimum obtainable condensing pressure regardless of control gain. The
inventory control therefore is more effective in increasing condensing pressure
than raducing it. A biasing effect on the operation of the inventory control
would be the effect of acceleration forces on the liquid mercury columns during
orbit departures. This effect could be somewhat minimized by equalizing the
column heights by proper location of the control cylinder in relation to the
condenser nominal interface position of the mercury.

Advantages of the condenser inventory control involve its simplicity,
reliability and ability to maintain a relatively fixed inventory in the con-
denser with mercury leakage and variable boiler inventory.
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