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This invention relates to refrigerating appa 
ratus and more particularly to refrigerating ap 
paratus adapted to condition the air for the pas 
senger Compartment of a vehicle or the like. 
One object of this invention is to provide an 

improved refrigerant liquefying unit in which 
the compressor may be directly driven from an 
internal combustion engine. 

Still another object of this invention is to 
provide an improved shaft seal arrangement for 
use with a high speed compressor. 
A further object of this invention is to pro 

wide an improved arrangement for cooling the 
shaft seal by means of liquid refrigerant. 
A still further object of this invention is to 

provide means for recondensing refrigerant which 
may have been evaporated in cooling the shaft 
seal. 
Another object of this invention is to provide 

an improved control circuit for use in the above 
mentioned refrigerating System. 

It is also an object of this invention to improve 
upon the general arrangement of parts in a re 
frigerating System of the type adapted to be 
mounted on a vehicle. 
Another object of this invention is to provide 

an improved means for unloading the compressor 
So as to facilitate cranking of the compressor en 
gine. 

Still another object of this invention is to 
utilize one chamber of a heat interchanger as an 
unloading chamber. 
Further objects and advantages of the present 

invention will be apparent from the following 
description, reference being had to the accom 
panying drawings, wherein a preferred form of 
the present invention is clearly shown. 

In the drawings: 
Fig. is an elevational view with parts broken 

away showing the arrangement of the elements 
on a bus; 

Fig. 2 is a top view showing the general ar 
rangement of the refrigerant liquefying unit; 

Fig. 3 is a fragmentary sectional view taken 
on the line 3-3 of Fig. 2, showing diagrammati 
cally the refrigerant flow circuit; and 

Fig. 4 is a diagrammatic view showing the elec 
trical controls for the refrigerating apparatus. 
In designing air conditioning apparatus for use 

on a bus or the like, it is important to conserve 
on space and weight and at the same time, it 
is also important to provide refrigerant liquefy 
ing apparatus, which requires a minimum amount 
of Servicing from time to time. It is also in 
portant to design the refrigerating apparatus so 

O 

5 

20 

2 5 

35 side Wall of the bus. 

40 

that the refrigerant liquefying mechanism may 
be disconnected from the refrigerant evaporator 
Without disturbing the supply of refrigerant in 
the System and without contaminating the in 
terior of the refrigerant flow path. 

In Fig. 1, of the drawings, we have shown a pre 
ferred embodiment of our invention in which the 
reference numeral 9 is used to designate a con 
ventional passenger bus having a main passenger 
compartment . An air duct 2 is provided be 
neath the floor of the passenger compartment and 
communicates with the passenger compartment 
ld through return air passages 4 provided in 
the floor of the passenger compartment . The 
air to be conditioned is circulated through the 
duct 2 by means of a blower unit 6 mounted 
Within an enlarged portion of the duct 2. The 
blower unit 6 withdraws air from the passenger 
compartment through the openings 4 and dis 
Charges the air into a vertical duct 8 which 
connunicates with a horizontally disposed air 
duct 20 mounted directly above the normal head 
room of the bus. The duct 2 is provided with 
louvers such as 22 for directing air into the main 
passenger compartment and louvers 24 for di 
recting air into the driver's compartment located 
at the front of the bus. While only one set of air 
ducts 8 and 2 can be seen in Fig. 1, it is to be 
understood that a sinlar set is provided on the 
other side of the bus whereby the conditioned air 
discharges into the passenger compartment from 
both sides of the bus. The desired amount of 
fresh air may be introduced into the duct 2, 
through the fresh air grille 26 provided in the 

he mixture of fresh air 
and recirculated air is caused to flow through an 
air filter 28 and a refrigerant evaporator 30 also 
located in the enlarged portion of the air duct 2. 

Liquid refrigerant, is supplied to the evaporator 
30 by the refrigerant liquefying apparatus mount 
ed beneath the air duct 2. The refrigerant 
liquefying apparatus comprises an internal conna 
bustion engine 34 which is direct connected to 
a rotary compressor unit 36. The internal con 
bustion engine 3 also drives a fan 38 which cir 
culates air in through the inlet 42 and out through 
the outlet A. the internal combustion engine 
34 and its associated elements are mounted on 
a frame 64 which also supports the engine radi 
ator 46 and the refrigerant condenser 48. The 
frame 4 is removably and resiliently mounted 
on the bus by means of a plurality of rubber 
like mountings. 

Referring now to Fig. 3 in which the refriger 
ant flow circuit is diagrammatically shown, it is 



2 
apparent that the compressed refrigerant leaving 
the compressor 36 via the line 52, first enters 
the condenser 48 in which the compressed refrig 
erant vapor is converted into liquid refrigerant. 
The liquid refrigerant leaves the cordenser 48 
through the line 56. The liquid refrigerant flow 
ing in line 56 discharges into a shaft Seal cool 
ing chamber 58 through the opening 78 located 
adjacent the bottom of the chamber 58. As 
shown in Fig. 3, the compressor 36 comprises a 
conventional rotary compressor unit 60 which 
discharges the compressed refrigerant at 62 into 
the chamber 64 formed by the outer shell 65. The compressor operating shaft 6 which is an 
extension of the engine shaft, is supported in a 
bearing element 68 secured to the casting 70 by 
means of bolts 7. The member 79, in turn, is 
bolted to the engine housing by means of bolts 
2. 
In order to simplify this disciosure, the details 

of the gaskets which are used for sealing the 
joints between the main compressor casing 85 
and the elements 68 and 0 have beer omitted. 
It is to be understood, however, that the joints 
between these elements are refrigerant tight. In 
order to prevent the escape of refrigerant along 
the shaft 66, a conventional shaft seal unit 74 
has been provided. Inasmuch as shaft seals of 
this general type are old and insasmuch as the 
Specific details of the shaft Sea are inmaterial, 
the details of the shaft seal structure have not 
been shown. 
Inasmuch as shaft seals of all types will gen 

erate a certain amount of heat especially at high 
shaft speeds and inasmuch as it is desirable to 
provide a direct connection between the engine 
and the compressor and to operate the con 
pressor at high speeds, it is important to pro 
vide some unfailing means for cooling the shaft 
Sea; 4. In order to cool the shaft, Seal 4 at of 
the liquid refrigerant leaving the condenser 54 
is caused to flow directly into the chamber 58 
surrounding the main compressor bearing and 
the shaft Sea mechanism 4. The liquid refrig 
erant discharges into the cavity 58 at the point 
78 and leaves the cavity at 8. Inasmuch as the 
heat generated is at times sufficient to vaporize 
a portion of the liduid refrigerant flowing 
through the cavity 58, the refrigerant leaving the 
cavity 58 is circulated through the inner section 
82 of a heat interchanger 84 which also functions 
as a receiver for the condensed liquid refrigerant. 
The liquid refrigerant leaving 82 flows through a 
conventional fixed restrictor 86 before entering 
the evaporator 30. The fixed restrictor 86 may 
be any one of several well known types, such as 
a long length of small diameter capillary tubing 
or it may be of the type disclosed in Patent No. 
2,063,745. A check valve 88 is provided at the 
outlet of the evaporator so as to prevent the 
reverse flow of the refrigerant back into the 
evaporator. The refrigerant vapor leaving the 
evaporator 30 is at a relatively low temperature 
and is passed through the heat interchanger 
84 wherein it serves to cool the refrigerant flow 
ing through the inner portion 82 of the heat 
interchanger. Any refrigerant which may have 
been evaporated in the chamber 58 is recon 
densed in the interchanger. The refrigerant 
vapor coming from the evaporator 30 flows from 
the heat interchanger 84, through pipes 90, check 
valve 92 and thence the inlet 94 of the pump 60. 
The check valve 92 prevents any of the lubricant 
93 from backing up into the interchanger 84 
during the 'off' cycle. 
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2,838,981. 
Inasmuch as the compressor is direct con 

nected to the internal combustion engine, it is 
desirable to provide means for unloading the 
compressor after each shut-down so as to avoid 
having to crank the engine when the compressor 
is under load. For this purpose, i? have pro 
vided a small capacity by-pass line 96 between 
the compressor discharge line 52 and the outer 
chamber of the heat interchanger 84. The by 
pass line 96 is in the form of a very small tube 
whereby the quantity of refrigerant by-passed 
through the line 96 does not materially reduce 
the capacity of the refrigerant system while the 
compressor is in operation. The small capacity 
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by-pass does, however, serve to equalize the 
pressure between the compressor outlet line 52 
and the heat interchanger 84 in a relatively short 
period of time during any period of shut-down. 
By virtue of the check valve 88, the equalization 
of pressure between the high side of the com 
pressor and the low side of the compressor is 
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limited to only a small portion of the refriger 
ant circuit. 
Referring now to Fig. 4, in which the electrical 

control circuit is shown, the reference numeral 
00 designates a storage battery which may be 

kept charged by the bus generator in the usual 
well known manner. Reference numeral f O2 
designates a manual switch which serves to turn 
on and off the entire air conditioning system. 
Reference numeral 04 designates a manual 
switch provided in the blower motor circuit. 
Upon closing of the switches to 2 and 04, the 
blower motor 6 is energized and will continue 
to circulate air within the bus so long as the 
Switches renain closed. Reference numera 06 
designates a manual switch which controls the 
main thermostats O and f2 which in turn 
control the operation of the internal combustion 
engine 34. Closing of the switches 02 and 06 
also energizes a signal light 08 which may, for 
example, be mounted in the driver's compart 
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ment. Whenever the light fos is lit this indi 
cates that the switches fo2 and 06 are both 
closed. The thermostat flo is set to operate at 
a higher temperature than the thermostat ff2. 
The thermostat O controls the circuit to sole 
noid coil 4 which when energized serves to in 
crease the speed of the engine by opening the 
engine throttle so as to increase the capacity of 
the refrigerating system. The low temperature 
thermostat ff2 is in series with the engine igni 
tion coil f6. The thermostats O and f2 are 
preferably placed within the passenger compart 
ment or in the return air stream. Upon closing 
of the thermostat f2, the ignition coil f6 is 
energized. In order to start the engine, how 
ever, it is necessary for the operator to manually 
close the normally open starter push button 8 
which is arranged in series with the solenoid coil 
20, Energization of the coil f20 closes the 

switch 22 which is arranged in circuit with the 
conventional engine starter motor 24. The 
starter motor 24 serves to crank the engine 34 
in the usual well known manner. Just as soon 
as the engine 34 starts, the push button f 8 is 
released so as to open the circuit to the starter 
motor at 22. As the engine 34 gains speed this 
automatically causes opening of the switch 26 
arranged in series with the indicator light 28. 
The switch 26 may be of the type in which the 
air circulated by the engine fan 36 strikes a wind 
vane 27 carried by the switch 26 thereby open 
ing the SWitch. 
By virtue of the above arrangement, whenever 



2,838,981 
the temperature within the passenger compart 
ment is above the temperature at which thermo 
stat () is set, the signal lamp 128 is energized 
provided the engine 34 is not operating. . This 
light, therefore, serves to let the operator know 
that conditioning is required and that he should 
push the starter button 8 so as to start the en 
gine. Upon starting the engine, the indicator 
lamp will no longer be lit. If the temperature 
in the compartment drops below the setting of 
thermostat f 10 the thermostat will open the cir 
cuit to coil 4 whereby the speed of the engine 
will be reduced. If operation of the engine 34 
at the reduced speed provides more than the nec 
essary amount of refrigeration, the temperature 
within the passenger compartment will finally 
drop below the value at which the thermostat 2 

O 

is set, whereby the circuit to the ignition coil 
6 will be opened and the engine will be stopped. 

After each period of shut-down the thermostat 
2 is the first to close, but inasmuch as it is not 

practical to crank the engine at too frequent 
intervals the operator does not restart the engine 
until the thermostat 10 is also closed at which 
time the signal lamp 28 gives the operator notice 
that the temperature in the passenger compart 
ment is above the desired value and that the en 
gine should be started. It is possible, however, 
for the operator to restart the engine, if desired, 
any time after the thermostat f2 has closed. If 
the engine is started before thermostat fo is 
closed the engine will operate at the reduced 
speed since the coil 14 will not be energized un 
der such conditions. 
While I have disclosed two separate thermo 

stats to and 2, it is within the purview of this 
invention to use a single thermostat which closes 
a first circuit to the ignition coil at one tempera 
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ture and which closes a second circuit to the 
throttle control coil 14 at a slightly higher ten 
perature. In order to simplify this disclosure we 
have shown switches O2, 04, O6 and 18 as 
manually operated switches whereas these 
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switches may be operated in response to the 
temperature or humidity of either the outside air 
or the inside air. 
In a refrigerating system of the type adapted 

to be installed on a bus, it is frequently desirable 
to remove the engine and the compressor unit 
from the bus for inspection and repair purposes. 
In order to facilitate the removal of the engine 
and the compressor unit from the bus without 
disturbing the refrigerant charge in the refrig 
erant circuit, a special separable connector 150 
is provided, as shown in Fig. 2. The connector 
50 includes a first dual valve housing 6 which 

carries a pair of manually operable valves 152 
and a second dual valve housing 58 which car 
:ries a pair of manually operable valves 54. The 
housings 56 and 58 are normally held together 
by the bolts 59. The valves are normally open 
at all times when the refrigerating system is in 
operation but are adapted to be closed when it 
is desired to disconnect the evaporator from the 
rest of the system so as to make it possible to 
remove the rest of the system from the bus. The 
arrangement is such that the condenser, which 
is supported on the main frame 44 is removed 
along with the engine 34 and compressor . By 
closing the valves it 2 and 64, the refrigerant 
connections between the evaporator and the rest 
of the system may be disconnected without dis 
turbing the refrigerant and lubricant charge 
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within the system and without introducing any 
inert gas or moisture into the refrigerant circuit. 

It is common practice in the refrigeration art 
to provide a drier cartridge somewhere in the re 
frigerant circuit for absorbing any water which 
may be found in the refrigerant Systern. Car 
tridges of this type are Well known in the art 
and usually comprise a body of anhydrous cal 
cium sulphate. These cartridges are of necessity 
Small and can absorb only a limited amount of 
moisture. I have placed a removable cartridge 
60 of this type between the two sections 56 and 

f58 of the connector S0 whereby upon discon 
necting the refrigerant circuit at 50, the car 
tridge 60 becomes accessible and may be reac 
tivated or replaced so that upon reconnecting 
the refrigerant System a new cartridge may be 
inserted which is capable of removing any mois 
ture which may have found its Way into the re 
frigerant circuit. 
By virtue of the above described arrangement, 

the refrigerant liquefying apparatus may be dis 
connected from the evaporator any number of 
times without disturbing the refrigerant charge 
and Without destroying the effectiveness of the 
drying cartridge. 
While the form of embodiment of the invention 

as herein disclosed, constitutes a preferred form, 
it is to be understood that other forms might be 
adopted, all coming within the scope of the claims 
which follow. 
What is claimed is as follows: 

. . In combination, a compressor including a 
drive shaft, a shaft seal therefor and a shaft seal 
cooling cavity, a condenser, an evaporator, a heat 
interchanger including a first passage and a sec 
ond passage, refrigerant flow connections for di 
recting the compressed refrigerant leaving the 
compressor through the condenser, the shaft seal 
cooling cavity, the first passage of the heat inter 
changer, the evaporator, the second passage of 
the heat interchanger and thereafter into the 
inlet of the compressor, means preventing reverse 
flow of refrigerant from the second passage of 
said interchanger to said evaporator, and means 
for unloading said compressor including means 
for equalizing the pressure between the second 
passage of said heat interchanger and the outlet 
of Said compressor. 

2. In combination, a compressor including a 
drive shaft, a shaft seal therefor and a shaft seal 
cooling cavity, a condenser, an evaporator, a heat 
interchanger including a first passage and a sec 
ond passage, and refrigerant flow connections for 
directing the compressed refrigerant leaving the 
compressor through the condenser, the shaft sea 
cooling cavity, the first passage of the heat in 
terchanger, the evaporator, the second passage 
of the heat interchanger and thereafter into the 
inlet of the compressor. 

3. In combination, a compressor including a 
drive shaft and a shaft seal therefor, a condenser, 
an evaporator, refrigerant flow connections be 
tween said compressor, Condenser and evapora 
tor, said refrigerant flow connections including 
means for conducting liquid refrigerant from said 
condenser into thermal exchange with said shaft. 
seal and thereafter into thermal exchange with 
refrigerant vapor flowing from said evaporator to 
the inlet of said compressor. 

CHARLES F, HENNY. 
SCEARD E. GOULD. 


