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EBINEST B. IMILIER AND WAITER IL. IEDEI, OE IBAIIIMORE, IMARZI.AND, AssIGNoRs 

IO IEE SILICA GEI, CORPORATIONI, OE BAILTIMORE, IMARZILAND, A CoRPoRATIolN 
OIE MIAIRY?AINID) 

REFBIGERAING APPARATUs 
Application filed March, 11, 1925. Serial No. 14,758. 

Thisinvention relatestorefrigeration and 
relates more particularly to a systelm of rg 
frigeration im which a liquid refrigerint s 
evaporated and the vapor therefron is ad 

5 sorbed in the pores of a porols inaterial in 
the substantial absence of permanent gases, 
the porous material being subsequently ac 
tivafed so thatit may adisorbagain, by liber 
ating the adisorbed Vapor. 

10 This invention hasparticular reference to 
the donstruction of an air-Cooled adisorber 
unit suitable for tise in such a system of 1e 
frigeration, and has reference also to a ri 
way carrefigeatig plat in which this 

15 air-cooled adsorber is employed. 
It is an object of this invention to providle 

a form of adsorlber which has a maxinum 
doolingandheatingsurfaceperpound of I00r 
ous material, and which has also a mininum 

20 distance of heat travel through the I00rols 
Imaterial. - -- 

A further object of this invention is to 
provide an adsorber unit of this character 
whichissimple in construction and economi 

25 cal to manufacture. 
A still further object is to provide a re 

frigerating plant for a railway car Whichis 
adapted to be used in conjunction with the 
air-cooled adsorber referred to above. - 

30) Other objects and advantages of Qur in 
vention will be apparent fron the following 
description, taken in conjunction With the aC 
companying dravings.whigh forn a IPart of 
this specification, and in which: - 

Figure 1 is a side elevation of a ailway 
car refrigerating installation einbodying our 
invention, the side of the carand a part of the apparatusbeingbroken away tomore clearly 
show the invention; ’ - 

40, , IFigure 2 is a top plan view of the same; 
IFigure 3 is a fragimentary transverse wer 

tical section taken on the ine 3-3 of Hig 
ure 1; -- , Figure 4is an enlarged fragmentarylogi 

45 tudinal vertical section taken on the line 
4-4 of Higure 3: 

Figure 5 is a view similar to Pigure 1, 
showing ourair-cooled adsorber utilized in a 

. railway car refrigerating installation of a 
0 diferent type; - 

3 5 

Iigure 6san enlarged fragmentary hori 
Zontal section of one of the adisorber units, 
tagn on theline 6-6of Pigures1 and 5: and 

Higure 7is a cross section of one of the ad 
sorber units, taken on the line 7-7 of Fig 
llire 6. - -- 

. IReferring more particularly to the draw 
ings, in Which like reference characters de 
110te like II)arts throughout the several views 
thereof Pigures1 to 4, inclusive, show a rail 
Wity (Ir refrigerating plant according to one 
embodiment of our invention. 
A railway refrigerating car 10 is mounted 

0m trucks11havingwheels 12. Apartitionor 
Illkhead 13separates one end ofthe car from 
the remainder and forms a chamber or com 
IPartillont, 14, whichissuitably heat-insulated 
fron the Irest of the car. The top of the com 
Partiment 14 is open, and the bottom is like 
Wise ope but may be glosed by means of 
shillitters 15. An air-cooled aldsorber 16, the 
details of which vill be later describedi, is 
Imounted in the compartment, 14. The com 
IPartmgnt 14 is asoprowided mer theboton 
thereof with a pipeconnection 17, thru which 

55 

60 

65 

70 

75 

lot gses maybe introduced into the cham 
ber 14. 
A condenser 18 is mounted on the top of 

the caradjacent the compartment, 14. This 
Condlenser may be of any suitable type, and 
asshown consists of a header 19, tubes 20con 
Inected thereto, water jackets 21 surrounding 
the tubes 20 and connected in seriesby means 
of pipes 22, and valved connections 23and 24 
communicating with the end water jackets. 
Said connections being adapted to be con 
nected to suitable cooling Water supply and 
discharge pipes when the condenseris in 
operation. 
An eVaporator 25 is mounted inside the 

Imain Iportion of the car adjacent the parti 
tion 13 and the top of the car. The evapo 
1rator Imay Comprise a plurality ofcylindrical 
tanks 26 communicating with the header 19 
of the Condenser by means of pipes 27. The 
evaporatortanks 26 areprovided with trans 
verse bafies 28, the object of which is topre 
vent theliquid refrigerant from rushingfrom 
one end to the other of the tank during the 
motion of the car, Bach pipe 27is adapted 
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to the inside of t 
spaced that when two coonerafing trays 36 

2 

tolocclosed by a valve 29, therebyshutting of 
Communi('ation between the evaporatortanks 
26 an(l tlhe (rondlenser lhea(ler 19. "Ilhe valves 
29) trt, 1mantially operablelymeans ofhandles 
30. an(l tlhe Construction of the valve and its 
010ttting1)arts is shown in detail in IRigure 
4. "I'llit" (Val)0rator tanks inay also be 1910 
witl(l witll suitable dril) 19ans, mot sillown, to 
cattll wator Condensing on the outside of the 
tanks tutl(l II)reventit from damagingg00(ls in 
the Ca1. - 

The header 19 is also connected by means 
of a Dipe 31 With a valcuumpump 32, a(la)ited 
to be driven by means of a belt 33 fron a 
IDilley on the axle of the wheel 12. The plDe 
31 is IDrovidled with a check Walve 34, Which 
is adal)ited to open when the pressure on the 
IDump sidle of the Walve is less tlian that on 
the sidle connected to the header 19. 
Referring particularly to IFigures 6 and 7. 

the adsorber 16 comprises a series of spaced 
units, each of which consists of a Irelatively 
thinhollow metallic shell 35, of substantially 
rectangular contour. The shells 35 may be 
Imadlein twopieces, each symmetricalhalifibe 
ing IDreferably manufactured by stamping 
Cupped and fianged edges on a plate of sheet) 
metal, thereby formingashallow tray36 hav 
ing a peripheral fiange 37. IEach tray 36 is 
provided with a plurality of metal spacers or 
fins 38, which be welded along one edge 

e tray, these fins being su 
are joined, preferably by welding together 
their flanges 37, a fin projecting from one 
tray will be spaced midway between two fins 
secured to the other tray, as shown in Rigure 
6, and Willbe almostimcontact with the opp0 
sitetray. Thesespacers areused asstifeners 
to prgvent colepsing of the wals when the adsorber is subjected to a greater external 
than internal pressure, and also Serve to con 
duct heat away from the porous material. "Ilhe spacers 38domotextendtheentirelength 
ofthe shell 35, butterminate a distance above 
the bottomand below the top of the shell. A 
screen 39issecuredadjacent thelowerends of 
te spacers. 38, and servgs to support the 
charge of adsorbent material whichisloaded 
into the shell only as far as the top of the 
spacers. A pipe 40 connects each unit with 
its neighborand the unit mearest thepartition 
13is connected to the header 19bymeans of a 
Valpor pipe 41. "These pipes 40 and 41 com 
muricate with the interior of the shells 35 
thru apertures disposed above the upperends 
of the spacers 38. - 
Adsorbing materials suitable for the pres 

ent invention should have pores of suchsize 
that the material Will adsorb Water vapor to 
such an extent astocontain motlessithanabout 
10% of its own weight of water when in 
equilibrium with water vapor at 30° C. and 
a partialpessure gfsubstantially 22mm, of mercury.T Preferably silica gel is employed 
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as the Dorous material. 
Dores of such size thatit will adsorb Water 
Wapor to such an extent as to Contain ap 
proximately 21% of its own weight of Water 
when in equilibrium with water vapor unde 
tlhe aboWre conditions. IBut other adsorbents 
1night be used provided they have a sufficient 
10ercentage of theirinternal volume made up 
of Small pores. "Ilhus, activated CoCoanut 
Clhardotl,gels ofoNide oftin, aluminum, tung 
sten, or iron, gols of combinations of two or 
Imote of these oxides, orgels of combinations 
of one or more of these oxides with silica, inight he advantageously employed. 

"The ol)oration 0ftlissystemis verysimple, 
To start the apll)artutusimo1)erationtle evap 
orator 25 is first fille(l vith a suitalle liquid 
refrigerant, su(hasbrine. Thevalves 29 may 
thembe openerl an(l vilien the carstarts onits 
1rin the al)parattls willbeeviliclatedby means 
ofthe plimp32. Theliquidin the evaporator 
25 will be evaporated ly heat fron the ob 
jectstobe Cooled, andl the resulting Wapor Will 
1)ass thronigh the pi1)e 27 into the lheadler 19 
and thence throtigh the pipe 41 into the ad 
sorber 16. Hore it vill bo a(lsorlbedl in the 
silica gel or (nthor adisorl)ent. Of course it is 
1tindlerstood tliat in certain tumount of Wapor 
vill be constantly Clirawn of ly the vactium 
pump) 32 an(l l0st by exhalstion to the atimos 
phere, but theloss ofrefrigeratingliquidthus 
sustainedisslight and dloes notinterfere with 
the operation of the apparatus. Occasional 
ly, of course, liquid must be addled to the 
evaporator 25 to compensate for that lost. 
When the car reaches the end of its rum the 
apparatus maybe activated, asit is called, or 
tut in condition for another adsorbing cycle 
y liberating the adisorbed vapor fromthe 

Iporous material as by heatingin a suitable 
Imanner. This is accomplished by closing 
the valves 29 and the shutters 15, connecting 
.the connection 17to a source of hotgases from 
an activating station alongside of the track, 
and connecting the condenser 18 to cooling 
vater supply and discharge pipes by means 
of the connections 23 and 24. The hot gases 
entering through the connection, 17will heat 
the adsorbent and catuse the refrigerant ad 
sorbed therein to be driven of as vipor into 
the condenser 18, where it is cooled and con densed toliquid. Asthecarisstationary dur 
ing this operation, of course the Wacuum ptimp32ismotrunningandthecheckvalve 34 
is closet. When theadsorbing material has 
been substantially freed from vapor, the 
source of hotgases maybe disconnected from 
the connection 17, theshutters 15opened and 
the adsorber 16 permitted to cool of. If it) 
is desired to hasten this cooling operation, 
cold air may be forced to circulate thru the 
chamber 14 by connecting a suitable blower 
to the connection 17. The valves 29 may Inow 
be reopened, whereupon the liquid im·the 
condenser 18will drainbackinto the evapo 
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rator 25. Upon discommection of the cooling 

10 

water supply and discharge pipes from the 
condenser 18, ‘the car is ready to start upon anothertripand the apparatisisincondition 
for a repetition of the refrigerating cycle. 
In the modification shown in Figure 5, the 

structure of therailway cr, the adsorber compartiment, and theadsorber units maybe 
the sameas that shown in Iigures1 to 3, and 
the same reference characters are therefore 
applied to these parts. The condenser and 
"the Vacuum pump of the previous modifica 

15 

20 

tion are, however, entirely eliminated, and 
the structure of the evaporator somewhat 
changed. - 

Ilhe evaporator 50, shown in Higure 5, Imay 
consist of a plurality of cylindrical tanks 51 
having bafies 52 therein, and connected by 
Ipipes 53 to a header 54. Bafies 55 prevent 
iquid from the evaporator tanks from spill 
inginto the pipes 53 during movement of the 
car, and thus getting into the adsorber 16. 

Ilhe header 54 is connected to theadsorber 
.by means of a pipe 56, in whichis mounted a 
checkvalve 57, whichis adapted toopen when 
the pressure in the adsorber is less than that 
in the evaporator. Ilhe tops of the adsorber 
Units 35, are Connected together by pipes 58, 
and the bottoms of the units arealsoconnect 

30 ed in series by means of pipes 59. A vent 
- pipe 60 is Connected to the last unit of the 

series and extends thru the end wal of the 
car. This vent pipe 60 is prowided with a 
checkvalve 61 adapted to open when the pres 

5 surein theadsorber exceeds that ofthe atimos 
phere -- 
The operation of this system iscompletely 

disclosed in our co-pending application Se 
rial No. 14,759 filed concurrentily herewith, 
and ineed motberepeated in detail. It issuf 
ficient to state here that theadsorbed vapor 
isliberated from the porous material in the 
adisorber and discharged to the atimosphere, carryingwitital permanentgases fromithe 

50 

appagatus. (The systern is then ready for a 
repetition of the adsorbing cycle. 
Having thus described ierinvention what 

is claimedas newand desireditobesecured by 
Lettes Ptentis: - - 1. A railway carreftrigerating plant;com 

. Iprisingin combination, a railway car having 
a Compartment Closed from the irest of the 
crbgtogentgthe atiosphere, an air-cooled 

5 
adsorberin said chamber having a charge of 
porous adsorbing Imaterial therein, and an 
evaDorator always containing a quantity of 
liquid in the main portion of said car con 

· nected to said adsorber. 
60) 

ing a compartiment closed from the rest of 

2. A railway gar refrigerating plant, com 
prising in combination, a railway car hav 
the car but open to the atimosphere, an air 
cooled adsorber in said compartiment having 

6) 
charge of porous adsorbingmaterial tere 

in, anevaporatorin the main portion ofsaid 

car connected to said adsorber, a condenser. 
connected to said adsorber and said eVap0 
rator, and means forshutting of communica 
tion between the evaporator and the Con 
denser and the adsorber. - 

3. A railway car refrigerating plant, com 
prising in combination, a Irailway car having 
a separate compartment at one end thereof, 

3 

70 

openings in the topand bottom of said com 
partment, a connection for introducing hot 
gases into said compartiment, an air-cooled 
adsorber in said compartment.iaWing 
charge of porous adsorbing material therein, 
a vapor pipe connected to said adsorber, a 
condenser connected to Said vapor pipe, an 
evaporatormounted Within the main portion 
of Said car and also Connected to Said Wapor: 
pipe, means for shutting of Communication 
between said evaporatorand said vaporpipe, 
and a vacuum pumpirconnected tosaid vapor 
IDipe. - 

4. -- 

in which said vactium pump is driven from 
Ilhe combination as claimed in claim 3, 
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an axle of the Irailway car, and is connected 
to said vapor pipe thru a check valve 90 
adapted to open When the pressure is less on 
the pump side than on the Wapor pipe side. 

5. A railway refrigerating plant, compris 
ing in combination, a railway car having a 
compartiment closed from the rest of the 
car but open to the atimosphere, an adsorber 
in said compartiment, Ineans to cause the mo 
tion ofthe carto force air through said com 
Ipartnent to cool said adsorber, an evapora 
tor in the main portion of said carconnected 
to said adsorber, and a, Condenser connected 
to said adsorber and evaporator. 

95 

100 

6. A Irailway refrigerating plant, com 
prisingin combination, a Irailway car having 
a compartiment closed from the rest of the 
car, an adsorber in said compartment, means 

105 

to cause air to pass through said compart 
ment when the Car is in motion to cool said 
adsorber, an evaporatorin the main Iportion 
of said ca containing body of Iliquid and 
an unrestricted connection between Said ad 
sorber and Said evaporator. -- 

7. A Irailway car refrigerating plant, com 
prisingin combination, a railway car having 
a compartiment closed from the rest of the 

110 

115 
car, a multipart adsorber in said compart 
ment, means to cause air to pass through 
said compartment to cool said adsorber, an 
evaporator in the main portion of said car, 
a condenser outside of Said Car and Connec 
tions between said adsorber, Said evaporator 
and said condenser. - - - 

In testimony whereof we hereunto afix 
our sigmatures. 

WAILTER IL. IEDEL, 
EENESI MIER. 
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