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57 ABSTRACT 
A fuel recovery apparatus including a service station storage 
tank and a fuel transfer line for connection with a truck tank. 
Condenser means is provided for receiving vapor expelled 
from the storage tank during filling thereof and the condensed 
fuel is returned to the storage tank in liquid form. A vapor 
return conduit may be provided for cycling the expelled vapor 
back to the ullage in the truck tank during emptying thereof. 

9 Claims, 6 Drawing Figures 
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FUEL WAPORRECOVERY APPARATUS 
This invention relates to a vapor emission prevention and 

vapor conservation system for automobile gasoline service sta 
tions which will prevent or reduce the emission of hydrocar 
bon vapors to the atmosphere from such stations. 
The emission of unburned hydrocarbon vapors to the at 

mosphere is recognized as a major source of air pollution and 
is a contributory factor in the formation of “smog." When 
gasoline is pumped into automobile gas tanks the liquid dis 
places vapors which flow out of the filling spout to the at 
mosphere. These vapors contain large amounts of hydrocar 
bon. Liquid often overflows from these tanks or splashes out 
at the conclusion of filling and falls to the ground where it 
vaporizes to the atmosphere. When gasoline is pumped into 
the station underground storage tanks from tank trucks to pro 
vide gasoline supply to the station pumps, the liquid displaces 
vapors which flow out of the filling spout or out of the tank 
vent line to the atmosphere. These vapors contain large 
amounts of hydrocarbon. 
The object of this invention is to prevent the emission to the 

atmosphere of the principal part of vapors from all of these 
sources incident to gasoline service station operations and to 
recover the principal part of the hydrocarbons contained in 
these vapors and return them in liquid form to the storage 
tanks, the recovered liquid also having an economic value. 
The general method provides for gathering such vapors and 
liquids into a collecting and balancing system which returns 
part of them to space made available by displaced liquids in 
the system and collects all vapors in excess of these amounts in 
a vapor surge chamber where they are drawn off and the 
hydrocarbon contentis then reduced to liquid by compression 
and condensation in a special mechanical refrigeration 
system, after which it is returned to storage. Essentially 
hydrocarbon-free vapors, or air, is then discharged from this 
system to the atmosphere. When gasoline is withdrawn from 
the service station storage tank and pumped into a motor vehi 
cle gasoline tank, the principal volume of vapors and liquids 
displaced from the motor vehicle tank will be conveyed by the 
vapor balancing system to the service station storage tank 
because the volume of liquid transferred from the service sta 
tion storage tank to the motor vehicle gasoline tank being 
filled is substantially equal to the volume of vapors displaced 
from the motor vehicle gasoline tank being filled. It is known 
that the volume of vapors displaced from a tank being filled 
with a volatile liquid, such as gasoline, may be greater than the 
liquid entering the tank. These excess vapors are generated 
due to bubbling, splashing and agitation of the liquids. These 
excess vapors are collected in a surge chamber. When gasoline 
is introduced into the station underground storage tanks from 
gasoline tank trucks, the principal volume of vapors displaced 
from the station underground storage tanks will be conveyed 
by the vapor balancing system back to the gasoline tank truck 
because the volume of liquid transferred from the gasoline 
tank trucks to the station underground storage tanks being 
filled is substantially equal to the volume of vapors displaced 
from the station underground storage tank being filled. Excess 
generated vapors are collected in a surge chamber. All such 
excess vapors are drawn off, compressed and the hydrocarbon 
content condensed in a special mechanical refrigeration 
system and returned to storage. 
Another object of this invention is to provide a means, suita 

ble for installation in new or existing service stations at little 
cost, which will prevent the emission of volatile vapors from 
the fuel supply tanks of such service stations by closing or 
eliminating the vents of said fuel supply tanks. Then, when 
liquid is introduced into such a closed-vent tank, it is neces 
sarily injected at a pressure which will compress the vapors 
within the tank to provide room for the entering liquid. This 
increased pressure will then cause sufficient vapors to con 
dense until the vapors in the tank reach equilibrium, at which 
time the pressure within the tank will equal the vapor pressure 
of the liquid at the temperature existing. When liquid is 
withdrawn from such a closed-vent tank, the increased vapor 
space will cause a transient lowering of the pressure within the 
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2 
tank, the lower pressure inducing evaporation of liquid in the 
tank sufficient to return the pressure to the equilibrium state. 
It is essential that no air be introduced into such closed-vent 
tanks during operation because its low boiling point will 
prevent its condensation. Therefore, a manually operated vent 
is essential to vent air which may exist within the tank at start 
up or after cleaning or maintenance. 
Other objects will be apparent from the description, 

drawings and appended claims. 
DESCRIPTION OF THE DRAWINGS 

FIG. is a schematic view of a fuel vapor recovery ap 
paratus embodying the present invention; 

FIG. 2 is a detailed view, in enlarged scale and partially 
broken away, of an adaptor fitting included in the apparatus 
shown in FIG. 1; 

FIG. 3 is a schematic view of a second embodiment of the 
fuel vapor recovery apparatus of the present invention; m 

FIG. 4 is a vapor condensing apparatus which may be util 
ized with the fuel vapor recovery apparatus shown in FIG.3; 

FIG. S is a schematic view of a modification of the ap 
paratus shown in FIG. 1; and 

FIG. 6 is a sectional view of a modification of the adaptor 
shown in FIG. 2. 

In the drawings, FIG. 1 is a diagram of one arrangement il 
lustrating a simplified, vapor emission prevention system, 
which, for economy, omits the vapor surge, compression, 
refrigeration and related components, but which substantially 
curtails vapor emissions. 
To fill the service station tank 5, the gasoline delivery truck 

1, discharges gasoline via the pump 2, valve 3 and discon 
nectable line 4 into the service station tank 5. Vapors dis 
placed from the service station tank 5, exit via line 6, and a 
volume of vapor substantially equal to the volume of liquid 
leaving the truck tank 1, enters the truck tank 1, via the 
disconnectable line. 7. If the vapor volume rate flowing 
through line 6 differs from the liquid volume rate flowing out 
of the gasoline truck tank 1, the differential volume leaves or 
enters the system from or to the atmosphere via line 8 and the 
vacuum pressure relief valve 9. To fill the motor vehicle fuel 
tank 10, gasoline flows from the service station tank 5, via line 
11, to the service station metering pump 12, thence to the 
motor vehicle fuel tank 10, via line 13, valve 14 and filling 
spout 15, which is inserted through the fuel tank vapor-hose 
connector 16. Vapors displaced from the motor vehicle fuel 
tank 10, flow through the inlet nozzle 17, entering the vapor 
hose connector 16 via the space around the outside of the 
filling spout 15, thence flowing through the vapor hose 18 and 
the sloping line 19, to the service station tank 5. If the volume 
flow rate of vapors entering the service station tank 5, differs 
from the volume flow rate of liquid leaving said tank 5, the dif 
ferential volume leaves or enters the system from or to the at 
mosphere via line 6, line 8 and vacuum pressure relief valve 9. 

FIG. 2 is a fragmentary diagrammatic view showing the 
vapor hose connector 16, assembled to the motor vehicle fuel 
tank inlet nozzle 17, and the inserted filling spout 15. An es 
sential feature of the vapor hose connector 16, is that the con 
figuration of that portion connecting to the gasoline tank noz 
zle 17, closely duplicates the corresponding configuration of a 
standard motor vehicle gasoline tank cap, thereby providing a 
convenient, vapor-tight attachment of said connector to noz 
zle 17. The gasket 23, may be attached to the vapor hose con 
nector 16. The center hole in the flexible diaphragm 24, is 
sized to closely fit around the inserted filling spout 15, thereby 
preventing the escape of vapors to the atmosphere. The annu 
lar retaining ring 20 and screws 21, provide support and 
fastening for said flexible diaphragm 24. The vapor-hose con 
nection thread 22 is integral with the vapor-hose connector 
16. 
FIGS. 3 and 4 in the drawings are diagrammatic flow dia 

grams of one embodiment of the invention, FIG. 3 showing the 
vapor balancing and excess vapor collection system, and FIG. 
4 showing the vapor compression and refrigeration system. 
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In FIG. 3, gasoline is pumped from the gasoline tank truck 
25 by the truck pump 26 through the truck hose 27 to the tank 
filling connection 28, hose 27 being connected by the special 
vapor recovery connection 29. Gasoline then gravitates down 
the filling line 30 to the storage tank 31. Rising liquid level in 
gasoline storage tank 31 then forces vapor, in equal volume to 
counter flow, up filling line 30 thence via line 32 to the vapor 
space in gasoline tank truck 25. Vapor recovery line 32 may 
be integral with gasoline unloading hose 27 or may be part of 
the fixed service station equipment. The vapors having been 
prevented from discharging to the atmosphere, as is com 
monly the case, are removed with the truck to gasoline truck 
loading terminal where the vapor is then recovered by facili 
ties existing at said terminal. In addition to these vapors, ex 
cess vapors are generated in the process of filling gasoline 
storage tank 31 due to bubbling, splash, agitation and/or tem 
perature change of the liquids. These excess vapors tend to 
build up the pressure in underground gasoline storage tanks 
31 and gasoline tank truck 25, thereby causing flow of this ex 
cess vapor through vapor balancing line 33, line 34 containing 
valve 35, and distributor 36 into vapor enricher and surge tank 
31. These vapors are discharged through vapor distributor 36 
up through a liquid consisting of regular grade or other 
gasoline, thereby becoming enriched to a point well above the 
explosive range and are thereafter accumulated in tank 37 un 
til, at a predetermined vapor accumulation, they exit via line 
38, which connects to the vapor recovery compression and 
condensing system shown diagrammatically in FIG. 4. 
Gasoline service station pumps 39 are used for the purpose of 
filling motor vehicle fuel tanks 43 with gasoline. Gasoline is 
pumped from the gasoline service station pumps 39 through 
the filling hose 40 to filling nozzle 41, being connected thereto 
by fuel tank hose connector 42, one form of which is shown in 
FIG. 2. Rising liquid level in the motor vehicle fuel tank 43 
forces vapor in equal volume to counterflow up through filling 
nozzle 41, thence through hose connector 42 and respective 
hoses 44 and 163 to line 45. Liquids tending to splash from 
nozzle 41 will either run back into motor vehicle fuel tank 43 
or through respective hoses 44 and 163 to line 45. Vapors and 
liquids in line 45 flow to tanks 31 via lines 45, 47,34 and 33, 
line 47 including an automatic drain valve 48 for dumping 
liquid into line 34 and retaining vapor. Check valves 46 
prevent backflow through hoses 44 and 163. Hoses 44 and 
163 may be integral with or separate from hose 40. Hose 163 
is located partially within the gasoline pump outer housing. 

Excess vapors generated in the process of filling motor vehi 
cle fuel tanks flow through line 49 containing valve 50 to line 
34, there joining the vapor stream flowing to tank 37 as 
hereinbefore described. 

Partial condensation of vapors in tanks 31 because of a 
reduction in temperature will reduce the pressure therein 
causing vapors to flow from vapor surge tank 37 to tanks 31. If 
the volume of vapors in tank 37 is insufficient to meet this de 
mand, the reduced pressure in the system will open 
vacuum/pressure relief valve 51 allowing air to enter the 
system via line 52 containing valve 53, thereby protecting the 
system from being subjected to a partial vacuum which its 
components cannot withstand. 
Vapor surge tank 37 provides vapor surge volume to reduce 

cycling frequency of the vapor compression and condensing 
system, FIG. 4, and to reduce the size requirement of this 
latter system otherwise dependent on maximum load incurred 
while unloading gasoline tank trucks 25, to underground 
gasoline storage tanks 31. 
Pump 54 transfers gasoline from gasoline pump suction line 

55 via line 56, to tank 37. Liquid level in tank 37 is controlled 
by level controller 57 actuating pump 54. High liquid level in 
tank 37 is indicated by high level alarm S8. Emergency pres 
sure or vacuum conditions are relieved by vacuum pressure 
relief valves 51 and 64 which open at predetermined settings 
to admit air or vent vapor to the atmosphere. The part of tank 
37 not containing hydrocarbon vapors is vented to the at 
mosphere by line 59. 
Vapor surge tank 37 can be by-passed by opening valve 48 

in line 47 and closing valves 35 and 50. 

10 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

4 
The volume of vapors in surge tank 37 controls the vapor 

compression and refrigeration system shown in FIG. 4. 
Although alternate methods of sensing the volume of vapors in 
surge tank 37 may be used, in FIG. 3 the position of flexible 
diaphragm 60 actuates level transmitter 61, which, through 
controller 62, transmits a controlling signal via control line 63 
to the compression, refrigeration system, shown in FIG. 4. 

In FIG. 4, by closing valve 64 in control line 63 and opening 
either valve 65 in airline 66, or valve 67 in vent line 68, the air 
signal in line 69 can be manually controlled, over-riding the 
automatic signal from control line 63, and providing for start 
ing the compression refrigeration system immediately when 
starting to unload truck 25 into tanks 31. 
When valve 64 is open and valves 65 and 67 are closed, the 

variable pressure pneumatic signal in line 69 represents the 
volume of vapors in vapor surge tank 37, shown in FIG.3. 
At predetermined set points, pressure switches 70 and 71 

will respectively start and stop vapor compressor 72, air 
cooled condenser fan motor 73 and refrigeration compressor 
74. 
At predetermined set points pneumatic relays 75 and 76 will 

respectively half-load and full-load vapor compressor 72. 
When vapor compressor 72 is operating, vapors from vapor 

surge tank 37, shown in FIG. 3, flow via line 38 to the low 
pressure cylinder 77 of vapor compressor 72 where it is com 
pressed, then discharged through line 78 to cooler 79 where 
part of the gasoline and water vapors are condensed. Conden 
sate and vapors then flow through line 80 to liquid vapor 
separator 81. Liquids exit separator 81 via line 82 containing 
automatic liquid draining valve 83 to dryer 84 where water is 
removed, thence via line 85 to liquid collecting line 86. All 
liquids collected in line 86 return to storage tanks 31 via lines 
86, 34 and 33. Vapors exit separator 81 via line 87 to chiller 
88 where additional gasoline vapors are condensed. Conden 
sate and vapors flow through line 89 to liquid vapor separator 
90. Liquids exit separator 90 via line 91 containing control 
valve 92, which is controlled by level controller 93, to liquid 
collecting line 86. Vapors exit separator 90 via line 94 to the 
high pressure stage of vapor compressor 72 where they are 
compressed and discharged through line 95 to cooler/chiller 
96 where additional gasoline vapors are condensed. The liquid 
and vapor mixture flows from cooler chiller 96 through line 97 
to vapor/liquid separator 98. Liquids exit separator 98 via line 
99 containing control valve 100, which is controlled by level 
controller 101, to liquid collecting line 86. Vapors which are 
substantially free of hydrocarbons are vented to atmosphere 
from separator 98 via line 102, which contains back-pressure 
regulating valve 103 and silencer 104 and which terminates in 
the air stream of a cooler 108. 
Unduly high level in separator 98 is indicated by high-level 

alarm 105 which is actuated by pressure switch 106. 
Refrigeration compressor 74 discharges refrigerant gas 

through line 107 to condenser 108. Liquid refrigerant flows 
through line 109 to accumulator tank 110, thence through 
lines 111 and 112, heat exchanger 113 and line 114 which 
contains control valve 115 to cooler 79. Liquid level in cooler 
79 is controlled by level controller 116, controlling valve 115. 

Similarly, liquid refrigerant flows through line 111, heat 
exchanger 117, line 118 containing control valve 119 to 
cooler/chiller 96. Balance line 120 provides a flow path for 
liquid refrigerant to chiller 88. Liquid level in chiller 88 and 
cooler/chiller 96 is controlled by level controller 121 con 
trolling valve 119. 

Vaporized refrigerent flows from cooler79 via line 122 con 
taining back-pressure regulating valve 123 to heat exchanger 
113, thence via lines 124 and 125 to vapor/liquid separator 
26 and line 127 to the suction of refrigeration compressor 

74. 
Similarly, vaporized refrigerant flows from chiller 88 

through line 128 containing back-pressure regulating valve 
129, and from cooler/chiller 96 through line 130 containing 
back-pressure regulating valve 131, thence through line 132 
to heat exchanger 117, thence via lines 133 and 125 to 
vapor/liquid separator 126, thence via line 127 to the suction 
of the refrigeration compressor 74. 
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Liquids from separator 126 flow to the crankcase of 
refrigeration compressor 74 via line 134. 
Cooling water flows to vapor compressor 72 via line 135 

containing pump 136, thence via line 137 to cooler 79, thence 
via line 138 to surge tank 139. Make-up water is supplied 
through line i40 containing float-operated valve. 241 which 
controls the liquid level insurge tank 139. 

In FIG. 5, another embodiment of this invention is shown 
wherein vapors in the service station supply tank 141, and op 
tionally in motor vehicle tanks 46, are kept under pressure 
equal to the vapor pressure of the gasoline fuel, thereby 
providing a closed system with no vents normally open to the 
atmosphere, so that all hydrocarbon vapors are contained and 
not permitted to escape to the atmosphere. 

In FIG. 5, fuel from truck tank 140 is pumped into service 
station supply tank 141 via line 142 using truck pump 143. As 
liquid enters tank 141, vapors therein are compressed into a 
smaller vapor space causing a transient state of higher pres 
sure and higher temperature. During this transient state, heat 
is transferred from the compressed vapors to the surroundings 
and the pressure in the vapors decreases until, at the end of 
said transient state, the temperature and pressure reach an 
equilibrium, at which time the pressure in tank 14 equals the 
vapor pressure of the fuel therein at the temperature prevail 
ing in said tank 14. 
Valve 144 in vent line 145 is normally closed, being used for 

emergency venting of air at startup after tank i4 has been 
opened for any reason. It is essential that air not be permitted 
to accumulate in tank 14 or in the entire closed system 
because, due to the low condensation temperature of liquid 
air, no condensation of air would occur in the system. There 
fore, a much higher pressure would occur in tank 141 during 
the transient state occuring when liquid enters said tank 141. 
Pressure indicator 153 on tank 141 therefore would indicate 
the presence of an unduly high amount of air in the system due 
to some malfunction, and the need to purge the system of air 
by opening valve 144 and filling tank 4 with liquid, thereby 
forcing all vapors and air out vent line 145. 
Motor vehicle fuel tank 46 is filled from tank 14 via line 

147, metering pump 148 and hose 149, containing valve 150 
and terminating in filling spout 151, which is inserted in fuel 
tank filling nozzle 152 through filling hose adapter 153. 

FIG. 6 is a diagrammatic fragmentary view of filling spout 
151 attached to adapted 153 by connector 154, and showing 
adapter 153 with integral check valve 155, adapter 153 being 
attached to fuel tank filling nozzle 152 by means of lugs 156. 
Gaskets 157 and 158 are attached to adapter 153, using ce 
ment or other suitable means. 

Pressure/vacuum relief valve 159 prevents over or under 
pressuring the system upstream from pump 148 and pres 
sure/vacuum relief valve 160 prevents over or under pressur 
ing the system downstream from pump 148. Pressure indicator 
161 will show a high pressure reading if air is in tank 146 when 
it is being filled, thereby indicating that air should be displaced 
from said tank 146. To exhaust air from a motor vehicle tank 
146, the adapter 153 is removed, the tank 146 is filled with 
fuel displacing all vapors, and adapter 153 is replaced. 

During operation of the motor vehicle, vacuum/pressure re 
lief valve 162, which may optionally be connected to tank 146 
or adapter 153, prevents under or over pressure of fuel tank 
146. Pressure transmitter 135 senses low pressure in the suc 
tion line 38 of vapor compressor 72 and, at a predetermined 
set point, pressure transmitter 136 actuates low pressure 
alarm 137 to indicate an unduly low pressure in line 38. 

claim: 
1. Fuel vapor recovery apparatus comprising: 
a first fuel tank; 
a fuel transfer line for connecting a second fuel tank with 

said first tank to prevent loss of fuel vapor during transfer 
of fuel to said first tank; 

condenser means for condensing fuel vapor; 
a vapor conduit for connecting the upper portion of said 

first tank with the inlet to said condenser means; 
a liquid line connecting the condenser means outlet with 

said first tank; 
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6 
sensing means for sensing the production of fuel vapor in 

said first tank and responsive to the production of a 
predetermined amount thereof to produce a signal; and 

control means connected with said sensing means and said 
condenser and responsive to said signal to operate said 
condenser whereby the vapor expelled from said first 
tank during filling thereof may be condensed by said con 
denser and returned to said first tank. 

2. Fuel vapor recovery apparatus as set forth in claim 1 that 
includes: 

a surge tank interposed between said tank and condenser 
means and including volume control means for applying a 
substantially constant pressure to the vapor received 
therein; and 

pressure control means responsive to a predetermined pres 
sure for admitting flow from said surge tank to said con 
denser means at said predetermined pressure whereby 
vapor received therein from said first tank during filling 
thereof may be stored in said surge tank for subsequent 
return to said first tank when drainage thereof creates ul 
lage. 

3. Fuel vapor recovery apparatus as set forth in claim 1 
wherein: 

said condenser means includes a first stage compressor con 
nected with said first tank for compressing said vapor to a 
selected pressure, a first stage refrigeration unit con 
nected with said first stage compressor for cooling said 
vapor to a selected temperature, a separator connected 
with said first stage refrigeration unit for separating the 
liquid fuel from the vapor, a second stage compressor 
connected with the vapor outlet of said separator for 
compressing said vapor to a relatively high pressure, and 
a second stage refrigeration unit connected with said 
second stage compressor for cooling said vapor to a rela 
tively low temperature to precipitate liquid fuel 
therefron. 

4. Fuel vapor recovery apparatus as set forth in claim 1 that 
includes: 
a vapor line for connecting the upper portion of said first 
tank with the upper portion of said second tank whereby 
vapor being expelled from said first tank during filling 
thereof may be returned to the ullage of said second tank. 

5. Fuel vapor recovery apparatus as set forth in claim 1 that 
includes: 
means interposed between said storage tank and condenser 

for saturating the vapor being expelled from said storage 
tank below the ignition point thereof. 

6. Fuel vapor recovery apparatus as set forth in claim 2 
wherein: 

said volume control means includes a moveable member 
forming one wall of said surge tank and pressure respon 
sive means for positioning said moveable wall to maintain 
said substantially constant pressure. 

7. Fuel vapor recovery apparatus as set forth in claim 3 that 
includes: 

a refrigeration system for cooling said first and second stage 
coolers, said system including a refrigerant condenser; 
and 

means for exhausting the vapor from said second stage 
chiller in heat exchange relationship with said refrigerant 
condenser. 

8, Fuel vapor recovery apparatus comprising: 
a first fuel tank; 
a fuel transfer line for connecting a second fuel tank with 

said first tank to prevent loss of fuel vapor during transfer 
of fuel to said first tank; 

condenser means for condensing fuel vapor; 
a vapor conduit for connecting the upper portion of said 

first tank with the inlet to said condenser means; 
a liquid line connecting the condenser means outlet with 

said first tank; 
a surge tank in said vapor circuit; 
control means responsive to a predetermined pressure in 

said surge tank for admitting flow from said surge tank to 
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said condenser means at said predetermined pressure 9. Fuel vapor recovery apparatus as set forth in claim 8 
whereby vapor received therein from said first tank dur- wherein: 
ing filling thereof may be stored in said surge tank for sub- said surge tank includes a movable wall for being moved by 
sequent return to said first tank when drainage thereof pressure build up in said surge tank to increase the creates ullage and when said predetermined pressure is volume of said surge tank. 
reached said condenser means will be actuated. 
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