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57 ABSTRACT 

A winter environment military vehicle having means 
for removing moisture and other condensibles from 
the engine exhaust so that the gaseous combustion 
products eventually discharged into the cold atmo 
sphere will contain insufficient condensibles to form a 
visible fog. Elimination of visible fog avoids the prob 
lem of enemy detection of the vehicle by observance 
of tell tale fog cloud rising into the atmosphere. Fog 
elimination may be accomplished by routing the prod 
ucts of combustion through an air-cooled, heat ex 
changer which cools the combustion products and 
thereby condenses out the fog-producing components 
before they reach the vehicle tail pipe. 

Claim, 2 Drawing Figures 
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EXHAUST MOISTURE REDUCTION BY . 
PROTOTYPE HEAT EXCHANGER 

BACKGROUND OF THE INVENTION 
Landmilitary operations may be hampered by enemy 

observation of motorized military vehicles, either while 
moving or at idle. Vehicle engine exhausts contain 
completely vaporized water and other condensible 
hydrocarbon vapors. Under summer conditions such 
condensibles in the engine exhaust gases remain in the 
gaseous state and thus pose no problem with regard to 
informing the enemy of the vehicle location. Under. 
winter conditions the moisture, and the other condensi 
bles, condense almost instantaneously as the engine 
exhaust emerges from the tail pipe. The condensed 
vapors form a highly visible fog that tends to rise as it 
diffuses into the atmosphere. Therefore one or more 
vehicles travelling cross country or along a highway 
produce a rising fog cloud which can be visible for a 
number of miles. It would be desirable to eliminate the 
fog cloud so that the vehicle or vehicles could remain 
concealed from enemy eyes. 

SUMMARY OF THE INVENTION 
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tor 18, and then through the fan into the engine com 
partment. w 

Heat exchanger 30 is proportioned so that its finned 
face area has approximately the same directional con 
figuration as the face area of radiator 18. Thus, headers 
32 and 34 are spaced apart approximately the same 
distance as headers 24 and 26, and end plates 40 are 
spaced apart approximately the same distance as the 

10 

15 

20 

25 

The present invention proposes an engine exhaust 
arrangement wherein the exhaust gases are passed 
through a heat exchanger that is cooled by an engine 
driven fan. As the gases pass through the heat ex 
changer, water and other condensibles are condensed 
and removed from the gas stream. The gas exiting 
through the tail pipe contains a lowered condensibles 
concentration, insufficient to form a visible fog. 

THE DRAWINGS 

FIG. 1 fragmentarily illustrates a vehicle having one 
embodiment of the invention incorporated therein. 
FIG. 2 is a frontal view of a heat exchanger used in 

the FIG. 1 vehicle. . . . 

With more particular reference to FIG. 1, there is 
fragmentarily shown a military truck 10 having a front 
hood 12 which serves to house an internal combustion 
engine 14. The engine drive shaft 16 may be opera 
tively connected to the ground-engaging wheels (not 
shown) to propel the vehicle in the usual fashion. 
The engine may be of the liquid-cooled type wherein 

a waterantifreeze coolant solution is circulated through 
coolarit passages in the engine block. A conventional 
engine-driven water pump (not shown) circulates the 
coolant through the engine and through a radiator 18 
that is cooled by an engine-driven fan 20 disposed 
within a shroud 22. Radiator 18 includes the usual 
headers 24 and 26 at its upper and lower ends, and the 
conventional finned core 28 therebetween. w 
Disposed directly in front of radiator 18 is a multi 

tube heat exchanger 30 having an upper header 32, a 
lower header 34, and a single row of eightheat transfer 
tubes 36 extending therebetween. Tubes 36 are pro 
vided with plate type heat transfer fins 38 along their 
entire length for enhancing transfer of heat to the flow 
ing air stream. End plates 40 may be suitably located at 
the lateral ends of the fins to confine the flowing stream 
to the finned areas. 

It will be understood that during operation of the 
engine the fan 20 will be rotated to draw air from the 
zone 42 forwardly of the vehicle. The air is initially 
drawn through heat exchanger 30, then through radia 
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corresponding side walls of the radiator. The aim is to 
ensure that the face area of each of units 18 and 30 is 
entirely exposed to the action of fan 20, whereby each 
of the heat transfer units 18 and 30 are made as effi 
cient as possible under given operating conditions. 
Heat exchanger 30 is preferably located relatively close 
to radiator 18, to promote air flow through the ex 
changer. 
Header 32 of heat exchanger 30 is connected to the 

engine exhaust manifold 44 by means of a large diame 
ter tube 46. Header 34 is connected to a conventional 
tail pipe 48 by means of a large diameter tube 50. Hot 
combustion gases flow from manifold 44 through tube 
46 and into header 32. The hot gases are then sepa 
rated into eight individual gas streams as they flow 
downwardly into tubes. 36. The streams recombine in 
lower header 34, and flow to the atmosphere through 
tube 50 and tail pipe 48. 
As the hot gases flow downwardly through heat trans 

fer tubes 36 they are cooled from a relatively high 
temperature, e.g. 550°F, to a relatively low tempera 
ture, e.g. 50°F. The cooling effect is achieved by reason 
of the scrubbing action of the fan air moving across the 
surfaces of fins 38. The cooled exhaust gases enter 
header 34 along with condensed liquid droplets of 
water and hydrocarbons. The droplets are for the most 
: part retained in header 34, while the cooled gases pass 
into tube 50. A small opening, pipe, valve, etc, may be 
located at the lower surface of header 34, as at point 
52, to discharge the condensed liquid. The small open 
ing is sufficiently small so that only an insignificant 
quantity of gas passes therethrough. A liquid trap could 
be provided to entirely preclude gas flow through the 
liquid discharge opening. 

It is believed that header 34 probably acts somewhat 
in the nature of an inertial droplet separator, since 
presumably the liquid-gas mixture coming out of each 
tube 36 is caused to undergo a directional change as it 
flows into and along the header; the curved surface of 
the header may impart a further component of spin to 
the mixture. At any rate, tests show that the heat ex 
changer does in fact remove condensed liquid droplets 

is from the gas stream without the need for a separate 
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liquid separator device. . . . . . . . . 

Preliminary tests have been conducted to compare 
performance with and without the FIG.2 heat ex 
changer. Two vehicles were employed, each being a 2% 
ton winter environment military truck powered with an 
internal combustion engine developing 146 brake 
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horsepower. The experimental heat exchanger 30 in 
cluded two headers 32 and 34, each formed of steel 
pipe having a diameter of about 3 inches and a length 
of about 20 inches. Each of the eight heat transfer 
tubes 36 was formed out of a 1 inch diameter copper 
tube having a length of about 19 inches. 
When a vehicle of the above described type, but 

without heat exchanger 30, was run in an atmosphere 
of about minus 10°F the exhaust from the tail pipe was 
a highly visible white cloud containing entrained mois 
ture droplets; presumably the moisture in the exhaust 
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gas stream was instantaneously condensed as it passed 
from the relatively hot tail pipe out into the relatively 
cold winter atmosphere. When a similar vehicle, 
equipped with the described heat exchanger, was run 
under the same conditions (at the same time) the ex 
haust was substantially cloudless. Measurements 
showed a temperature at inlet header 32 of about 
550°F, and a temperature at the outlet header 34 of 
about 150°F. It is believed that complete elimination of 
visible fog could be achieved by increasing the effective 
surface area of the heat exchanger so that the outlet 
header temperature was reduced to approximately 
50°F. Such an increase in surface area might be real 
ized by various expendients, such as by increasing the 
number of heat transfer tubes or by using two rows of 
tubes instead of one row as shown. 
The illustrated heat exchanger is a single pass unit 

wherein the heat transfer tubes are arranged in parallel 
flow relation, not series flow. With such an arrange 
ment the upper ends of each tube 30 are at approxi 
mately the same temperature, e.g. 550°F, and the lower 
ends of each tube 30 are at the same temperature, e.g. 
50°F. The tubes therefore thermally expand and con 
tract equally during operation of the vehicle so as to 
simplify the task of avoiding thermal strain. The heat 
exchanger can be mounted by rigidly clamping one of 
headers 32 or 34 in a fixed location, and allowing the 
other header to float, thereby relieving thermal stresses 
set up in tubes 36. A floating arrangement of this type 
permits use of plate type fins 38 instead of the more 
costly spiral ribbon type that would be required if the 
tubes did not expand equally. 
End plates 40 can be attached to the heat exchanger, 

or not, as the particular vehicle design may require. As 
shown, each plate 40 is attached to the heat exchanger 
by means of two plate-like brackets 41 carried by the 
endmost tubes 36; the brackets may be locked to the 
tubes 36 by the same process that is used to lock the 
fins 38 onto the tubes. Thus, as under conventional 
practice, mandrels may be run through the tubes to 
expand the tubes against the fin collars, not shown; at 
the same time the tubes lockingly expand within the 
holes in brackets 41. Plates 40 can be loosely joined to 
brackets 41 to avoid thermal distortion effects, as by 
means of ear-slot connections 43. 
The illustrated parallel flow arrangement of tubes 36 

advantageously distributes or separates the gas flow 
into eight separate flows. The linear flow rate of the gas 
in each tube 36 is about one-eighth of the flow rate that 
would be achieved in a comparison series flow arrange 
ment. The parallel flow arrangement may suffer as 
respects heat transfer coefficient due to a lesser scrub 
bing action on the tube inner surfaces. However the 
parallel flow arrangement is believed to offer a signifi 
cant advantage as respects a lessened pressure drop. 
The parallel flow arrangement also is probably prefera 
ble because of easier collection of the condensate. In a 
series flow arrangement the condensibles would alter 
nately condense and reboil in different sections of the 
tube, presenting the problem of moving the condensate 
along the tube length. There would be the additional 
problem of adding tube surface to make up for the 
relatively ineffective surface covered by the liquid. 
Heat exchanger 30 could presumably be arranged 

with the inlet header at the bottom of the device so that 
the gases were caused to flow upwardly through tubes 
36. However it is believed that upflowing gases might 
tend to re-entrain condensed liquid droplets in the 
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4 
outgoing stream. The illustrated downflow arrange 
ment is therefore the presently preferred arrangement. 
Heat exchanger 30 could presumably be arranged 

with tubes 36 extending horizontally. However the 
device would need to be oriented in a slightly typed 
condition to achieve the necessary drainage of the 
tubes. During turning of the vehicle on downslopes or 
inclines, the heat transfer tubes might temporarily be 
prevented from draining properly. Therefore it is pre 
ferred to orient the heat exchanger with the tubes ar 
ranged vertically. The vertical tube arrangement may 
theoretically suffer in that the horizontal fins form 
ledges for potential collection of dirt or debris. How 
ever, it is believed that the fins can be kept sufficiently 
clean by periodic maintenance. 
Tubes 36 are preferably chosen small enough to pro 

vide a sufficient tube surface area per unit cross sec 
tion, yet large enough to avoid undesirably large pres 
sure drops. Using round tubes, a tube diameter of at 
least about 1 inch is preferred; other tube configura 
tions should use a correspondingly large hydraulic ra 
dius. The tubes are preferably spaced apart about 1 
inch to achieve satisfactory fin area and free space for 
low drag on the fan-induced airstream. 
Heat exchanger 30 was conceived as a device to 

prevent visible fog at the tail pipe under winter condi 
tions. It appears however that the device may offer 
some advantage in military and/or civilian vehicles as 
an air pollution control device for removing objection 
able vapors from engine exhaust gases. U.S. Pat. No. 
3,691,772 indicates that hydrocarbons can be removed 
by routing the exhaust gases through a condenser. It 
appears that applicant's heat exchanger 30 could be 
used to condense out objectionable vapors such as 
unburned hydrocarbons and sulfuric acid from the 
exhaust stream. The liquid condensate might in some 
situations have to be collected in a holding tank con 
nected to discharge opening 52. 
U.S. Pat. No. 1,715,630 to S. A. Snell and U.S. Pat. 

No. 2,116,718 to P. T. Stubbs indicate that exhaust 
gases can be muffled by cooling processes. Apparently 
such cooling processes lower the density of the gases to 
produce a lessened pressure at the tail pipe, hence a 
lessened shock wave and lessened auditory output. The 
presumed operation supposedly follows the equation: 

PV, 
t, 

P.V. 
t 

where subscript 1 refers to conditions upstream from 
the heat exchanger, and subscript 2 refers to conditions 
at the tail pipe discharge. 
Since V substantially equals V, the cooling of the 

gases from temperature t to temperature t, results in a 
corresponding pressure drop from P to P, and a corre 
spondingly low pressure disturbance at the tail pipe 
discharge. It is believed that applicant's heat exchanger 
30 could produce a sound muffling action on the ex 
haust gases so as to avoid the need for the conventional 
muffler or to at least improve the sound muffling action 
when a conventional muffler is used. 

I claim: 
1. A land vehicle adapted for use in winter environ 

ments comprising a propulsion engine of the liquid 
cooled type; means for cooling the engine including a 
radiator for reducing the temperature of the coolant, 
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and a fan for drawing air through the radiator; duct 
means for exhausting combustion products from the 
engine; said exhaust duct means comprising a multi 
tube heat exchanger located upstream from the radia 
tor in near adjacency to the radiator and directly in the 
airstream developed by the fan, whereby both the radi 
ator and heat exchanger are air-cooled by said fan; said 
heat exchanger having sufficient tube surface area so 
that the gases discharged to the winter atmosphere 
have insufficient condensibles to form a fog visible 
beyond sight of the vehicle; the radiator and heat ex 
changer occupying spaced vertical planes forward of 
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6 
the fan; the heat exchanger comprising an inlet header 
for receiving gases from the engine, an outlet header 
directly below the inlet header, and a number of heat 
transfer tubes extending vertically between the headers 
in the airstream developed by the fan, said heat transfer 
tubes being arranged in parallel flow relation to receive 
component gas streams from the inlet header for indi 
vidual cooling by the airstream; said heat exchanger 
and radiator having approximately the same face area 
so that each face area is entirely exposed to fan action. 

k is 


