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ABSTRACT OF THE DISCLOSURE 
In preferred form, a gas compressor used in the con 

trol system of a hot gas engine powering a vehicle with 
high frequency of load change. The compressor provides 
plural accumulators which are sequentially discharged by 
?uid from a constantly running oil pump. The accumu 
lators not being discharged are available to receive gas 
from the engine working chamber, permitting a quick 
reduction in gas pressure in the working chamber with a 
relatively slower discharge of gas from the accumulators 
into a gas storage tank. 

CROSS REFERENCE TO RELATED 
APPLICATION 

This is a division of the US. patent application Ser. No. 
696,913 ?led Jan. 10, 1968 and now Pat. No. 3,496,879. 

BACKGROUND OF THE INVENTION 

This invention relates to ?uid pumping devices and more 
particularly to a ?uid pump having internal storage ca 
pacity for receiving excess ?uid ?ow and particularly 
adapted for use as a gas compressor in the load control 
system of a Stirling cycle engine installed in a vehicle 
having a high frequency of load changes between idle 
and full power operation. 

It is known in the art relating to Stirling cycle hot gas 
engines to control the power output by varying the pres 
sure of working gas in the working chamber of such an 
engine between a high pressure, at which full engine 
output is obtained, and a low pressure, at which the engine 
operates at idle. For reasons of ef?ciency, it is desirable 
to use as a working gas in such an engine a light gas such 
as hydrogen or helium. :In order to prevent the waste of 
this gas, it is known to utilize a system in which the 
working pressure is varied by transferring gas between 
a storage vessel and the engine working chamber. The 
storage vessel is normally kept at a pressure higher than 
that of the engine working chamber, and it is, therefore, 
necessary to provide a compressor to remove gas from 
the engine and pump it into the storage vessel. An ar 
rangement using this concept in conjunction with a con 
trol system for a Stirling cycle engine used as the power 
plant for a vehicle is shown in US. patent application 
Ser. No. 692,494 Hetfner and Brandes, now Pat. No. 
3,458,995, the disclosure of which is hereby incorporated 
by reference in this application. 

In the Stirling engine control system of the above ap 
plication, provision is made for manual control of the 
engine torque output through a conventional foot pedal. 
The arrangement is such that when the operator moves 
the foot pedal to reduce the engine torque, gas is pumped 
from the engine working chamber into the storage tank 
by means of a compressor. Means are also provided to 
bypass working gas around the power piston while the 
gas pressure is being pumped down to permit an im 
mediate load reduction. 
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While bypass operation is convenient, it also has its 

de?ciencies. It is ine?icient and therefore costly if it occurs 
during more than a small portion of operating time. Also 
it increases heat rejection to the cooling system and thus 
may require larger capacity cooling equipment than 
might otherwise be necessary. 

Neither of these problems is of much signi?cance in 
many engine applications, probably including vehicles 
in which frequent changes in engine torque output from 
full power to idle are not encountered. It is realized, 
however, that there are certain vehicle engine applica 
tions such as, for example, city busses, in which the rela 
tively frequent alternate application of full power and 
idle engine conditions are the rule rather than the excep 
tion. In such service, the use of a small conventional gas 
compressor would result in the engine’s operation on by 
pass for excessive periods of time with the above men 
tioned effects. On the other hand, an attempt to reduce 
bypassing by the use of a larger compressor would in 
crease pumping losses during periods when no gas is be 
ing pumped. 

SUMMARY OF THE INVENTION 
The present invention solves the problem ‘by providing 

a ?uid pumping arrangement or gas compressor having 
a relatively small output for good e?iciency but including 
internal storage means which permit relatively large vol 
umes of gas to be received into the compressor unit in a 
short period of time and then to be discharged from the 
compressor into the external storage tank over a longer 
period of time. This is accomplished by providing two 
or more accumulator volumes into which gas may be 
received from the engine working spaces and from which 
gas is pumped to the external storage tank. The accumu 
lator volumes are sequentially discharged by connection 
with a small hydraulic pump which pumps hydraulic 
?uid into each accumulator in turn, discharging its gas 
content into the external tank. 

Movable wall means, such as diaphragms, are provided 
in the accumulators to separate the gas from the hydralic 
?uid. When the hydraulic pump is connected to one ac 
cumulator, the other accumulators are available to re 
ceive gas from the engine working space at Whatever rate 
it is delivered. When the pump has discharged one ac 
cumulator, it is connected to the next and begins dis 
charging it; at the same time, the recently discharged 
accumulator has its hydraulic passages connected to drain 
and is ready to receive a further charge of gas from the 
engine working space. 
With this arrangement, the size of the oil pump which 

is the actual pumping mechanism may be kept small 
enough to handle the average volume of gas discharged 
during high duty cycle operation, including the periods 
during which gas is not being discharged. At the same 
time, the size of he accumulator volumes is preferably 
made suf?ciently large to receive a full charge of gas 
when the engine power is reduced from full load to idle. 
In this way, it will seldom be necessary for the engine 
to operate in a bypass condition even though the output 
pumping capacity of the compressor is kept relatively 
small and, as a result, more e?icient operation of the 
engine will result. 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing, the single ?gure discloses a diagram 
matic representation of ?uid pumping means according 
to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring more particularly to the drawing, the ?gure 
represents a preferred embodiment of a ?uid pumping de 
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vice according to the invention. The device includes a pair 
of accumulators 10 and 12, both of which incorporate 
movable wall means such as diaphragms 14 which divide 
the accumulators into ?rst and second chambers 16 and 
18, respectively. 
Chambers 16 of the accumulators 10 and 12 are con— 

nected through spring-biased ball check valves 20 and 22, 
respectively, and conduit 24 with an external gas storage 
tank 24a. The check valve openings include metal anti 
extrusion ?aps 25 which prevent damage to the dia 
phragms while permitting ?ow to the valves. The cham 
bers 16 are also connected through spring-biased poppet 
inlet valves 26 and 28, respectively, and conduit 30 with 
pressure regulating means 30a and therethrough with the 
Working space of a Stirling cycle engine 30b. The check 
valves 20, 22, 26, 28 are arranged to permit ?ow from 
the engine working space to either chamber 16 and from 
either chamber 16 to the external storage tank, but to pre 
vent flow in the opposite directions as well as to prevent 
flow between the two chambers 16. 
Chambers 18 of accumulators 10 and 12 are connected 

through spring-biased anti-extrusion devices 31 and sepa 
rate conduits 32 and 34, respectively, to spaced portions 
of the housing 36 of a spool type selector valve. Valve 
housing 36 also includes drain lines 38 and 40 located 
adjacent its ends and a hydraulic supply line 42 which 
connects with the output of an oil pump 44. An oil tank 
46 maintains a supply of oil for pump 44 and receives 
return oil drained from lines 38- and 40. 

Reciprocally disposed within valve housing 36 is a 
valve spool 48 which includes oppositely disposed end 
portions retaining solenoid cores 50 and 52. The valve 
spool 48 is movable to either of two positions in which 
it may be held by detent means (not shown). 
Around the end portions 50 and 52, a pair of solenoid 

windings 56 and 58 are disposed. These are connected 
to pressure switches 60 and 62, respectively, so as to be 
energizable thereby. The pressure switches are hydrauli 
cally connected with conduits 32 and 34, respectively. 
When the valve spools 48 is in the position shown on 

the drawing, the valve acts to connect hydraulic supply 
line 42 with conduit 34, while conduit 32 is connected 
with drain line 40. In its second position, in which the 
spool valve 48 is moved to the right, it connects hydraulic 
supply line 42 with conduit 32 and conduit 34 is con 
nected with drain line 38. 

The hydraulic system also includes a pressure relief 
valve 64 connected with outlet of oil pump 44 and ar 
ranged to bypass ?uid therefrom to the tank 46 at a pre 
determined pressure. A bypass valve 66 is also connected 
to both the inlet and outlet of oil pump 44 and includes 
a valve spool 68 which is spring-biased in an opening di 
rection wherein the pump inlet and outlet are connected. 
A diaphragm actuator 70, at one end of spool 68, is acted 
on by the gas pressure in conduit 30 through connection 
therewith by a line 72 for a purpose to be subsequently 
described. 
The operation of the above described ?uid pumping 

means is as follows. Oil pump 44 is in continuous opera 
tion whenever the engine is running. It may be driven di 
rectly by the engine or by an auxiliary drive motor (not 
shown) and it could, of course, be operated intermittently 
if that seemed desirable. When, however, the oil pump 
is in operation and valve spool 48 is in the position shown 
in the ?gure, oil is pumped through line 42 and conduit 
34 to chamber 18 of the accumulator 12. This forces 
diaphragm 14 upwardly reducing the size of chamber 16 
and forcing any gas in this chamber out of accumulator 
12 and past check valve 22 through conduit 24 to the 
external storage tank (not shown). 
When the gas in chamber 16 is exhausted and dia 

phragm 14 bears against the sides of accumulators 12, 
the hydraulic pressure in line 34 increases, actuating pres~ 
sure switch 62. This energizes solenoid windings 56, mov 
ing the spool valve to its right hand position and con 
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meeting line 34 with drain line 38. At the same time, line 
42 is connected with conduit 32 so that the oil pump 44 
begins to ?ll chamber 18 of accumulator 10, forcing out 
of it any gas which may be present in its chamber 16 in 
the same manner as was done with accumulator 12. When 
all gas is exhausted from accumulator 10, the pressure 
in line 32 will increase, actuating pressure switch 60 and 
energizing windings 58, thereby moving valve spool 48 
leftwardly again and repeating the cycle. 

While the above described pumping action is taking 
place in one accumulator, the full volume of the remain 
ing accumulator is always available to receive a charge of 
gas from the engine working space through conduit 30 
and one of the two inlet valves 26, 28. Thus, when accu 
mulator 12 is being discharged and the engine is cycled 
from full load to idle, the complete charge of gas is re 
ceivable through conduit 30 and check valve 26 into 
chamber 16 of accumulator 10. Since the gas received is 
under pressure, it easily forces out of chamber 18 the oil 
contained therein, which passes through conduit 32 and 
drain line 40 to tank 46. 
When the pumping cycle on accumulator 12 is then 

completed, the valve spool is moved and the discharge 
of gas from accumulator 10 is begun. At this time, accu 
mulator 12 is available to receive an additional charge of 
gas from the engine working space through conduit 30 
and check valve 28 to chamber 16 of the accumulator 12. 
Whenever the gas pressure in line 30 drops to a pre 

determined low pressure, such that further pumping ac 
tion of the compressor is not required, the reduced pres 
sure on diaphragm actuator 70 permits valve spool 68 to 
move leftwardly, opening the bypass valve 66 and by 
passing hydraulic ?uid around the pump 44. This stops 
further gas pumping action until increased inlet pressure 
in line 30 again closes the bypass valve 66. 

It should be obvious that other means for controlling 
the gas pumping action could be utilized, if desired, to 
assure that all accumulators are fully discharged of gas 
before the bypass valve is opened or pumping is stopped 
in some other manner. In any event, the pumping should 
be stopped when not needed to reduce unnecessary cy 
cling of the valve spool 48 by the pressure switches 60, 
62. 

As a safety measure, pressure relief valve 64 is ar 
ranged to open and dump oil back to the tank 46 if, for 
any reason, hydraulic pressure in the system reaches a 
predetermined maximum pressure above that which 
should be normally encountered. 
With the above described arrangement, the associated 

engine may be operated without the requirement of by 
pass operation under normal conditions if the accumu 
lator volumes and oil pump capacity are properly sized. 
For example, in the engine of a city bus having frequent 
stops with intervening full load operation the accumu 
lators should be sized so that each has the capacity to 
receive a full charge of gas from the engine during a fast 
load reduction from full load to idle without reaching an 
internal pressure as high as the engine idle working 
pressure. 
The oil pump capacity must then be su?icient to dis 

charge a charged accumulator during the shortest normal 
load change cycle including the time required for the steps 
of load reduction from full load to idle, waiting at idle, 
load increase to full load and operation at full load. If 
these requirements are met, the engine would only have 
to operate on bypass when an abnormally short load 
change cycle resulted in a load reduction during a period 
when an empty accumulator was not available. This condi 
tion would be quite infrequent, assuming proper sizing 
of the accumulator volumes and oil pump capacity. 
Even if smaller accumulator volumes than those recom 

mended above were used, the above described arrange~ 
ment would still be useful in reducing the time at which 
the engine would need to operate in the bypass condition 
under full power reductions and possibly eliminating such 
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bypass operation during partial power reductions. Such a 
reduced volume system could also e?ectively reduce the 
cooling requirement for a particular engine to that which 
would normally ‘be required for full load operation and 
thus would be adequate for many purposes. 
As may now be understood, the present invention pro 

vides pumping means combining the advantages of ability 
to receive a substantial gas charge in the brief internal 
during which it is discharged from the engine while having 
a relatively smaller capacity output in order to reduce 
pumping losses to a minimum. The concept appears ideal 
ly suited for use with Stirling cycle engines having high 
load change cycle operation, where it can improve ef 
?ciency and permit the use of smaller cooling systems. 
The arrangement can also, of course, be of value in other 
pumping applications. 

While the invention has been presented by reference to 
a preferred embodiment chosen for purposes of illutration, 
it is apparent that numerous changes could be made 
Within the spirit and scope of the invention as described 
and, accordingly, the invention is to be limited only by 
the language of thelfollowing claims. 
What is claimed is: 
1. In combination, 
a hot gas engine having a working space adapted to be 

?lled with pressurized gas, 
a storage tank adapted to contain gas at a pressure 

normally above that of the working space, 
means connecting said engine working space with said 

storage tank and adapted to be opened to permit the 
discharge of gas from said working space, and 

a gas compressor in said connecting means and includ 
ing at least two accumulators, each having movable 
wall means de?ning a gas chamber and movable to 
vary the volume of said chamber, ?uid inlet means 
connected with each of said chambers and with said 
engine working space, said inlet means including 
means permitting only unidirectional ?ow to said 
chambers, and ?uid outlet means connected with each 
of said chambers and with said storage tank, said 
outlet means including means permitting only uni 
directional ?ow from said chambers, and 

pump means arranged to act sequentially on the mov 
able wall means of the respective accumulators to 
discharge in sequence each of said chambers at a 
predetermined rate into said storage tank, the gas 
chamber of each remaining accumulator not being 
discharged, being capable of receiving gas from said 
engine working space at a flow rate unlimited by said 
pump means, 
whereby said ‘gas compressor is capable of receiving 
gas from said working space at a high ?ow rate for 
short intermittent periods to obtain a quick reduction 
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engine power, while at the same time discharging gas 
at a substantially lower rate over an extended period 
to minimize the expenditure of power for gas com 
pression purposes. 

2. In combination, 
a hot gas engine having a workingsspace adapted to be 

?lled with pressurized gas, 
a storage tank adapted to contain gas at a pressure 

normally above that of the working space, 
means connecting said engine working space with said 

storage tank and adapted to be opened to permit the 
discharge of gas from said working space, and 

a gas compressor in said connecting means and includ 
ing accumulator means arranged to receive gas dis 
charged from said working space at a high flow rate 
for short intermittent periods and pump means ar 
ranged to discharge said accumulator means so as 
to compress and pump said gas into said storage tank 
at a substantially lower rate over an extended period, 
whereby to obtain a quick reduction in engine work 
ing space pressure using relatively low volume pump 
ing means, 

wherein said gas compressor acculator means comprise 
at least two accumulators, each having movable wall 
means separating said accumulators into ?rst and 
second chambers and movable to vary the volume of 
said chambers, 

?uid inlet means connected with each of said ?rst cham 
bers and connectable with ?uid supply means, said 
inlet-means including means permitting only unidi 
rectional ?ow to said ?rst chambers, and 

?uid outlet means connected with each of said ?rst 
chambers and connectable with ?uid receiving means, 
said outlet means including means permitting only 
unidirectional ?ow from said ?rst chambers. 

and said pump means comprise 
hydraulic pump means having an outlet and continuous 

ly operable to deliver a volume of hydraulic fluid 
from said outlet and 

selector means operable to sequentially connect said 
pump outlet with the second chamber of each of said 
accumulators while at the same time connecting to 
drain the second chamber of any remaining accumu 
lator. 
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