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amended April 30, 1928; 370 O. G. 757) 

This invention deals with wet-type, water 
separating, steam-inhibiting exhaust mufflers 
which may be adapted for use on watercraft en 
gines to avoid detection of the craft by the enemy 
in time of war. In operations within possible 
range of enemy observation, or detection by 
sound, it is necessary not only to muffle the noise 
of the exhaust but also to render it invisible in 
the daytime or at night. It is therefore very 
desirable to inhibit the discharging of Sparks, 
flame, steam plumes and even water spray, which 
may interfere with activities on deck and other 
operations. 
The object of the present invention is to con 

Struct a muffler which Will Serve the above pur 
pose in a simple yet efficient manner. 
A further object is to make a muffler of the 

above type adaptable for either original installa 
tions, or to replace muffers on existing installa 
tions which may not be as efficient for the pur 
poses outlined. 
A further object is to build a muffler which will 

eliminate Sparks by introducing One or more 
water Spray curtains into the path of the ex 
haust gases, will then separate the water par 
ticles out by centrifugal action and will then 
conduct the comparatively dry gases through 
a heat exchanger to raise their temperature well 
above the ambient point before releasing them 
into the atmosphere, so as to enable their Sufi 
cient dispersion in the air before any visible con 
densation can occur. m 

Further and more specific objects will become 
apparent as this description proceeds, with ref 
erence to the accompanying drawings of some 
illustrative examples of construction, in - which: 

Fig. 1 is a diagrammatical sectional view of a 
preferred form of my muffler; 

Fig. 2 is a sectional view thereof taken at either 
- or 2-2 in Fig. 1; 
Fig. 3 is a sectional view of another form of my 

muffler, which has only one spray chamber and 
one centrifuging chamber; 

Fig. 4 is a sectional view of still another form, 
having means for passing the gases through the 
Water Spray and Whirling them in a more re 
Stricted passage; . 

Fig. 5 is a sectional view of still another form, 
using a shield for directing the gases into more 
intimate contact with the spray curtain prior to 
Whirling the gases; 

Fig. 6 is another form similar to that of Fig. 4 
but having the whirling means placed before the 
Spray means; W 

Fig, 7 is another form of muffler, having re 
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stricted conduits for directing the gases toward 
the water spray nozzles; 

Fig. 8 is another form similar to that of Fig. 7 
but with the inlet and outlet in reversed positions 
and the Spray nozzles transposed to cover the 
end of the inlet duct; 

Fig. 9 is another form, in which the heat ex 
changer unit is separated from the Spray cham 
ber and centrifuging means, for better insulation; 

Fig. 10 is another form, in which a portion of 
the hot exhaust gases is bled into the outlet to 
aSSistin raising the temperature of the Outgoing 
gases; 

Fig. 11 is another form, showing the use of heat 
conducting fins. On one portion of the inlet con 
duit and a cooling jacket around another, and 

Fig. 12 shows another and final form adapted 
for replacement of a conventional muffler used 
in a submarine installation. 

Similar parts in the several forms and figures 
of the drawings are designated by like numerals. 

Referring to Fig. , the exhaust gases from the 
engine enter the muffler through a suitably lo 
cated inlet connection which leads into jacket 
2, covered by insulation 3. Thence, the gases flow 
into chamber 6 where they are mixed with water 
supplied through any suitable means 5. The 
wetted gases then flow through conduits , which 
are curved, bent or otherwise so disposed as to 
induce a whirling motion of the medium in cham 
ber 8. Additional water is Supplied in chamber 
8 in order to cool the gases further and to con 
dense the steam formed in chamber 6. Excess 
Water in chambers 6 and 8 is removed through 
drains 0 and , respectively. The whirling ac 
tion in chamber 8 facilitates the water-removal 
process. The gases pass from chamber 8 to the 
next chamber 4 through conduits f3 which are 
Similar to conduits . In chamber 4 the en 
trained Water is Separated from the exhaust gases 
by centrifugal force and gravity. Any water re 
maining in the gases at this stage is largely water 
Vapor which cannot be removed by mechanical 
means, but is treated by a subsequent process. 
Water is removed from chamber 4 through drain 
2. The gases then flow into conduit 5. Before 

leaving the muffler they must traverse that sec 
tion of conduit 5 which has heat transfer fins 4 
and is surrounded by jacket 2, and which is 
heated to a relatively high temperature by the 
incoming, hot gases from the engine. In this 
region, the temperature of the outgoing gases is 
raised, and by this process the formation of 
-Visible steam at the outlet terminus T of the 
muffler is inhibited. 
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The objects of the invention which relate to 
the Wetting of the exhaust gases, the separation 
of entrained water and the inhibition of Steam 
formation may be accomplished by various de 
Vices, different in design, arrangement, form and 
number of chambers employed, but similar in 
principle to that shown in Figure 1. Diagram 
matic examples of some of the many possible 
variants of the basic idea are shown in Figures 3 
to 12, inclusive. Figure 3 shows a device con 
sisting of only two chambers 20 and 2. All of 
the Water is introduced in the first chamber 20; 
Water separation takes place in the second cham 
ber 2. Figures 4, 5 and 6 depict single chamber 
mufflers in Which the introduction and separa 
tion of water and the reheating of the outgoing 
gases all occur in the same chamber. Figures 7 
and 9 show devices in which the reheating jacket 
is formed by the shell of the muffler. Figure 8 
illustrates an arrangement which is the inverse 
of that in Figure ... In Figure 8 the cool, out 
going gases surround the conduit bearing the 
hot, incoming gases, whereas in Figure 1 the Op 
posite arrangement is used. Figure 9 shows one 
of the many possible ways in which the muffler 
constituting this invention may be built in sec 
tions 22 and 23. The sections may be separated, 
if necessary. 
In Fig. 11, the incoming gases are passed 

through the central conduit 5, through a water 
spray against a reverse baffle 26 at the end of 
the muffler into chamber 29, then through cen 
trifugal ducts T into chamber 2, where they pass 
through another Water Spray, then through ducts 
3 into chamber 2 whence they enter the heat 
exchanger portion by way of the restricted angu 
lar passage 27, and after being reheated, they are 
discharged through the outlet . 

Fig. 12 shows a form of muffle built in accord 
ance with the present principles and adapted to 
replace a specific installation in a submarine. 
The conventional location of the old tail pipe is 
shown in dot and dash lines at 26. The discharge 
in the new installation is at 7 into the tail pipe 
2. The inlet S is coupled to the exhaust mani 
fold 29 of engine 3) which passes down through 
the wall of the engine compartment. 
By suitable location of the component parts, 

any of the devices involving the principles of 
this invention may be adapted for operation in 
either horizontal, vertical or in any intermediate 
position. The horizontal position shown in the 
figures is used only for convenience in represen 
tation. 
The arrangement of component parts does not 

necessarily need to be concentric, circular, or 
Symmetrical. 
The principles of operation outlined above and 

their adaptation to practice are not limited to 
any particular number, shape, size or arrange 
ment of the conduits, external shells, external 
connections or other component parts employed, 
nor by the directions of gas-flow occuring within 
the muffler. 
To conserve the heat available for raising the 

temperature of the outgoing gases, jacket 2 in 
Figure 1 is preferably covered on either or both 
sides by a suitable heat-insulating material 3, or 
it may be made entirely of such material. The 
purposes of jacket 2 may also be served by struc 
tures having multiple, or cellular Walls. 
To improve heat transfer between the income. 

ing and outgoing gases, conduit 5 in any of the 
forms shown may be equipped with fins 4 (Figs. 
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4. 
1 and 8) or other devices 4" (Fig. 1) used for 
extending heat-transferring surfaces. 

Conduits, such as and 3 in Figure 1, which 
are curved Or bent may be perforated in any 
Suitable mainer to make then act as acoustical 
fiiters with side-branches. When so perforated, 
the perforations should be placed on that side 
of the conduit which is opposite to the direction 
in which the medium flowing through the conduit 
is impelled by the centrifugal force developed by 
curvature or bending of flow-path. By so doing, 
unWanted leakage of the medium is niriinized 
without impairing the acoustical filtering func 
tion of the side-branches. 
Water drains such as AG, and 2 in Figure 1. 

should be connected to conduits which either 
terminate below the Water-line of the vessel or 
else are so constructed as to have appropriate 
acoustical filtering properties for miniinizing 
noise leakage through the drainage path. Such 
filters may be constructed by suitably perforating 
drain conduits as shown, e. g., at 25 in Fig. 31, 
to form acoustical filter side-branches, by con 
bining perforations with tubes, by enclosing the 
drain conduits with a cover to form Spaces which 
are acoustically connected to the conduit for fil 
tering purposes, or by filtering devices inserted 
into the conduit. 
Wet mufflers, in which a portion of the hot 

gases coming into the muffler are directly ad 
mitted into and mixed with the cooler outgoing 
gases and serve to reheat the latter, are one of 
the variant forms of this invention. An ex 
ample of such construction is shown in Figure 10, 
by the bleeder 3 for admitting a portion of the 
hot exhaust gases from the inlet f directly into 
the heater portion of duct i5. 

Centrifuging action by whirling the mixture 
of gases and water particles on their journey 
through the muffler may be obtained in any one 
of a number of different Ways, only Some ex 
amples of which are shown diagrammatically in 
the drawings. In FigS. 4 and 6 inclined vanes 7 
are used in the outlet end of the jacket 2. In 
Fig. 5, similar vanes 7' are used around the end 
of the duct 5. 
Where space permits, it may be advisable in 

some installations to make the heat exchanger 
portion of the muffler as a separate unit 22 cou 
pled to the rest of the muffler 23, as shown in Fig. 
9. The specific design for any pairticular instal 
lation will obviously depend on many factors and 
considerations to suit requirementS. 
The scope of the present invention is therefore 

not limited to the particular modifications of the 
device disclosed in the drawings, but is defined 
by the appended claims. 
This invention may be used by or for the Gov 

ernment of the United States for governmental 
purposes Without the payment to me of any roy 
alties thereon or therefor. 
What is claimed is: 
1. A wet type exhaust muffler comprising a 

Casing having inlet and outlet sections in heat 
eXchanging relation concentrically arranged, the 
outlet section being a pipe extending through one 
end of Said casing and nearly to the other, the 
inlet section being an insulated cylindrical baffle 
formed in the casing around the outer end of the 
outlet Section and having an annular opening at 
its inner end in communication with a Wetting 
and cooling chamber, Water Spray means in said 
chamber, an annular Wall around said outlet Sec 
tion in said casing having helically shaped con 
duits passing therethrough from said chamber 
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to a water separating chamber, and drainage 
means for carrying away the excess and separated 
Water from said chamber. - ". 

2. A wet type exhaust muffler comprising a 
casing having inlet and outlet sections in heat -exchanging relation concentrically arranged, the 
outlet Section being a pipe extending through one 
end of said casing and nearly to the other, the 
inlet section being an insulated cylindrical baffle 
formed in the casing around the outer end of 
'the outlet 'section and having an annular Opening 
in its inner end in communication with a wetting 
and cooling chamber, water spray means in said 
chanber, an annular wall around said outlet 
'section in said casing having helically shaped 
'conduits passing therethrough from said chamber 
to a separating chamber, and drainage means for 
carrying away the excess and separated water 
from said chamber, said conduits having per 
forations therein for assisting in the attenuation 
of the noise level. 

3. A. Wet type exhaust, muffler comprising a 
casing, inlet and outlet means passing, concen 
trically through one end of said casing, the inlet 
being inside the outlet means and extending 
nearly to the other end of the casing where it 
flares and is provided with water sprays, an an 
nularly grooved deflecting baffle at said end of 
the casing for smoothly reversing the flow from 
Said inlet means into the annular space around 
it, a pair of axially spaced annular walls in said 
casing around said inlet means forming a middle 
annular wetting and cooling chamber having 
water Sprays therein and a drying annular cham 
ber in communication with the annular opening 
between the inlet means and the inner end of 
the concentrical outlet means, helically shaped 
conduits passing through said walls for imparting 
a whirling motion to the gases for mixing them 
with the sprays in the middle chamber and for 
centrifugally separating the particles of water 
out of the gases as they pass through the drying 
chamber before entering the outlet means, axial 
fins On Said inlet means for increased heat trans 
fer to the dry gases as they pass through the out 
let means, and drains in said drying and wetting 
chambers and in said end space for collecting the 
excess and separated water connected to a com 
non manifold. 

4. A wet type exhaust muffler as defined in 
claim 3 wherein the casing has vent passages at 
the top of said chambers and space connected to 
a common manifold, there being a series of per 
forations in Said conduits and said manifolds for 
aiding in the attenuation of the noise level. 

5. A wet-type exhaust muffler comprising an 
Outlet conduit, means having an outlet end for 
passing the hot gases entering the muffler in heat 
exchanging relation with said outlet conduit, 
water spray means positioned in the muffler in 
the vicinity of said outlet end for spraying the 
Said gases after they pass through said heat-ex 
changing means, deflecting means positioned in 
the muffler in the vicinity of the side of the spray 
means remote from said outlet end for imparting 
a whirling motion to the gases after they leave 
the Water Spray means to separate the Water par 
ticles therefrom before passing the resulting con 
paratively cool and dry gases through said outlet 
conduit. 

6. A wet-type exhaust muffler comprising an 
outlet conduit, an inlet conduit in heat exchang 
ing relation with said outlet conduit, water spray 
means in said muffler beyond said inlet conduit for 
quenching any incandescent particles in the ex 
haust gases, and helical conduits in the vicinity 
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6 
of the side of the spray means remote from said 
inlet Conduit provided with noise attenuating 
perforations for centrifugally separating the 
Water from said gases after they pass the water 
Siray means and before they reach the outlet 
conduit. 

7. A counter-flow Wet-type exhaust muffler 
Corin prising an inlet conduit positioned near one 
efid of the inliffler adapted to conduct exhaust 
g3.ses thereinto, a tail pipe extending through the 
Gne end to its inlet and near the other end of 
the filifier provided with a longitudinal passage 
in juxtaposition to Said inlet conduit near the one 
end of tha Ru?ier for maximum heat transfer 
fron said inlet conduit to said tail pipe passage 
whereby the fiovii of the exhaust gas is from the 
iinlet coil duit around and along the tail pipe to 
the said inlet end near the other end of the 
aufier where it eitars the said longitudinal pas 
Sage and CWS is a direction counter to the flow 
fron said inlet conduit, water spray means for 
the gases flowing from said inlet conduit, a parti 
ticin in Said lufties between said water spray 
ilieans and the inlet end of said tail pipe provided 

heiically fol'Inned conduits passing there 
ligh for imparting a whirling movement to 

the gases to assist, in separation of the water par 
ticles therefroia and drainage means for th 
Water from both sides of the partition. 

8. A counter-fiCW wet-type, exhaust muffler 
comprising an inlet conduit positioned near one 
end of the muffler adapted to conduct exhaust 
gases thereinto, a tail pipe extending through 
the one erad to its inlet end near the other end of 
the muffler provided with a longitudinal passage 
in juxtaposition to said inlet conduit near the 
One end of the muffler for maximum heat trans 
fer from said inlet conduit to said tail pipe pas 
Sage whereby the flow of the exhaust gas is from 
the inlet conduit around and along the tail pipe 
to the Said intet, end near the other end of the 
muffler where it enters the said longitudinal 
passage and flows in a direction counter to the 
flow frcin said inlet conduit, water spray means 
for the gases flowing from said inlet conduit, a 
partition in Said muffler between said water spray 
means and the inlet end of said tail pipe provided 
With helically formed conduits passing there 
through for imparting a whirling movement to 
the gases to assist in Separation of the water 
particles therefrom and drainage means for the 
Water from both sides of the partition, said helical 
Conduits also provided With perforations there 
along for attenuating the noise level. 

9. A Wet-type exhaust, muffler for internal com 
bustion engines cornprising inlet and outlet 
means, a Section provided with passages or spaces 
arranged in heat-transferring relation to one an 
other so that the hot gases flowing through the 
inlet means can impart neat to the cooled gases 
leaving the mi2ffier through the outlet means, a 
SSCOild Section provided With Water Sprays for the 
gases CCning fron the inlet means to cool them 
and to quelch Sparks, a drain for the excess 
Water in this section, a third section connected 
to the outlet, means provided with means for 
in parting a Whirling motion to the gases coming 
from the second section for centrifugally Separat. 
ing the water particles from the wet gases and 
draining nea,2ns in said third Section for the 
Separated Water. 

10. A wet-type exhaust muffler comprising an 
outlet portion, an inlet conduit having heat-ex 
changing relation with said outlet portion and a 
second portion connected With said inlet conduit 
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and outlet portion provided with continuous 
water spray means in said muffler at the inner 
end of Said inlet conduit for quenching sparks 
and cooling the exhaust gases, helically curved 
conduits in said Second portion between the Spray 
means and the outlet portion provided with noise 
attenuating properties imparted to them by open 
ings of suitable size and Spacing along their 
lengths, said conduits serving to Separate the en 
trained Water by whirling the gases prior to their 
reaching said outlet portion, and drain means in 
said Second portion for carrying away the excess 
Separated Water. 

11. A Wet-type exhaust muffler comprising a 
casing divided into transverse Sections, inlet and 
Outlet ducts telescopically arranged in the first 
Section to transfer heat from the inlet, duct to the 
Outlet gases, the said inlet duct extending along 
and exteriorly of the said outlet duct and termi 
nating in the first section at its inner end in an 
annular opening, the said outlet duct extending 
through the other Sections to its inner end at a 
point near the end of the casing, water spraying 
means at the inner end of the inlet duct in the 
first section for quenching and cooling the gases, 
means for imparting a Whirling motion to these 
cooled Wet gases as they flow on through the sec 
tions to separate the water particles out of the 
gases, drainage means in each section to carry 
away this sprayed water and passage means in 
the last section to the inner end of the outlet 
duct, 
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12. A wet-type exhaust muffler comprising a 

casing divided into transverse sections, the first 
Section adapted to function as an exhaust gas 
inlet, a gas outlet conduit arranged in heat ex 
changing relationship with the first section 
extending in the casing through the sections to 
its terminus at a point near the end wall of the 
casing, a baffle adapted to form the inner end 
Wall of the inlet Section provided with passages 
from Said Section to a second section adapted to 
wet and cool the gases flowing therethrough, water 
Spray means in the said second section, a baffle 
Wall provided with helical conduits passing there 
through from said second to a third, separating 
Section, drainage means for carrying away the 
excess Water in the Second and third sections of 
the casing and direct leakage means between said 
first gas inlet section and gas outlet conduit. 

GEORGE WOHLBERG. 
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