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from a cooling liquid (W) to a current of air (A) made to
forcibly flow, and a soundproofing engine enclosure (35)
design in which a soundproofing enclosure (35) shields
the noise sources of a heat engine (31) and a motor gen-
erator (34) while a radiator (30) is outside the enclosure.
The radiator (30) for cooling down the cooling liquid (W)
circulating through the heat engine (31) is comprised of
an inner cylinder (1), porous-metal bodies (3,4) ar-

rangedinthe innercylinder (1) and made of ametal such
as aluminum or aluminum alloys high in thermal conduc-
tivity so as to have therein interconnecting voids permit-
ting the current of air (A) to flow, and an outer cylinder
(2) arranged around the inner cylinder (1) so as to pro-
vide an annular passage (11) for the cooling liquid (W).
The soundproofing enclosure (35) shields an engine
body (36), engine mount (38), water pump (42), fuel in-
jection pump (43) and motor generator (34).
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Description

[0001] The present invention relates to a radiator
composed of porous metallic substance high in thermal
conductivity and also relates to a soundproofing system
for a heat engine shielded acoustically with a sound-
proofing enclosure of a sound isolatingmember contain-
ing therein vacuum cavities.

[0002] A cogeneration system of a heat engine/elec-
tric power generator set in general utilizes the combus-
tion of fuel such as kerosene or the like. Most cogenera-
tion systems have been customarily stationed in urban
districts or highly-populated areas and become a major
problem of environmental pollution due to their exhaust
gas, noise, vibration or the like.

[0003] In priorart of the soundproofed engines, a heat
accumulator with an engine has been proposed in Jap-
anese Utility Model Laid-Open No. 128150/1987, in
which the engine is submerged in a heat-transfer medi-
um such as water or the like filled in a heat accumulating
reservoir. Disclosed in Japanese Ultility Model Laid-
Open No. 4943/1990 is a heat-emitting machinery with
sound isolating means in which a housing contains the
machinery emitting noise and heat in operation. In ad-
dition, a soundproofed engine of water cooled type,
shown in Japanese Utility Model Laid-Open No.
166248/1989, has been well known wherein the engine
with a muffler is installed in a soundproofing enclosure
filled with liquid in which are in combination submerged
the engine and muffler.

[0004] Meanwhile most gasoline engines and diesel
engines have the superchargers such as turbo-charg-
ers. It is well known that compressing air by the super-
charger causes temperature rise in the intake air or in
the heat engine owing to adiabatic compression. The
temperature rise in the intake air in the engine decreas-
es the volumetric efficiency and increases the temper-
ature of air-fuel mixture, which results in increasing the
tendency to combustion knock. To cope with the phe-
nomenon, the engines are in general provided with the
radiators for cooling down the cooling liquid by dissipat-
ing the heat picked up in the heat engine.

[0005] Most conventional radiators have the fans that
are driven by the crankshafts through the endless belts
drivingly connecting the fans with the pleys secured on
the crankshafts. The hot liquid from the heat engine is
circulated through many small pipes equipped with fins,
while cooled by a current of air, which is created by the
action of the fans as well as the motion of the vehicle
and forced to flow rapidly through the spaces between
fins to thereby dissipate the heat in the cooling liquid.
To augment the surface area to radiate heat, the con-
ventional radiator as described above is formed in quad-
rangle regardless of the fan being of circular configura-
tion. As a result, the radiator is provided with the heat
exchanger having the surface area that is fixed in size
with no regard to the temperature of the cooling liquid,
so that the cooling effect is reduced extremely.
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[0006] As being well known to those skilled in the art,
the cooling liquid flowing through the radiator core may
be heat exchanged with atmospheric airflow created by
the fan or the motion of the vehicle. To utilize the fresh
air movement caused from the motion of the vehicle, the
radiator is arranged ahead of the engine. In contrast,
openings must be provided towards the transmission
behind the engine for the egress of the airflow. Further
the radiator core is usually formed with fins on the exte-
rior of the tubing and pipes through which may flow the
cooling liquid. In this way, the heat-transfer surface ex-
tension inevitably results in making the radiator larger
in size.

[0007] Inthe radiator to cool the intake air for the heat
engine, it should be high in efficiency of heat exchanging
with gaseous substance or the intake air to be cooled,
nevertheless compact in size as well as resistant to
pressure and vibration.

[0008] Inthe meantime, the machinery or plants com-
bined with the heat engines are easily recognized as a
source of noise pollution and thus desired to shut off or
control noise that is emitted from the engines. It has
been, however, substantially impossible to absolutely
soundproof the engine with the radiator by the enclosure
shielding the engine because the openings should be
provided ahead and behind the engine for entrance and
egress of cooling air.

[0009] It is well known that a porous-metal body may
be produced of the metallic substance such as alumi-
num or aluminum alloys, which is high in thermal con-
ductivity. Thermal conductivity of aluminum is 220W/
m-K, SizN, is 20W/m-K and SiC is 90W/m-K. It will be
apparent that aluminum is higher in thermal conductivity
comparison with SigN4 and SiC. Accordingly, it may be
proposed to produce the radiator with making use of alu-
minum high in thermal conductivity.

[0010] Considering thermal conductivity of substanc-
es, gases such as air are low in thermal conductivity
and, therefore, it is necessary for uniform heat transmis-
sion to extend the area of heat-transfer surface in con-
tact with the gases.

[0011] This inventor filed a co-pending patent appli-
cation in Japan, concerning a heat exchanger having a
porous ceramic member, the application number of
which is 299472/1998. As having been explained in the
specification of the co-pending application, quantity Q
of heat transmitted from one substance to another is de-
fined by

Q=K -Ag (Ty-Ta) -t

where K is the coefficient of overall heat transmission;
Ag , the mean area of heat-transfer path; Ty , the tem-
perature of cooling liquid; T, , the temperature of airand
t is the heat-transfer interval.

[0012] Moreover, the coefficient of overall heat trans-
mission K is given by
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K=1/ (X, +X,+X;)
in which

X,=(1/0,4) X(Ag / A)

Xo=(8,/%y) X (Ag/A,)

Xg=(1/0ny) X (Ag/Ay)

and further where . 4 is the air heat-transfer rate; A4,
the thermal conductivity of solids; oy , the liquid heat-
transfer rate; Ay, A; and Ay, , the areas of contacting
surface between heart-transfer substances; and 9, is
the thickness of the wall.

[0013] As defined by the above formulae, as . 4 is far
too small, the reciprocal of o , becomes large with the
result of reducing the coefficient of overall heat trans-
mission K. This causes the decrease of the whole quan-
tity of heat transmitted from one substance to another.
To cope with this, it should be required to lessen the in-
fluence on the coefficient of overall heat transmission K,
that is, to make the areas A, and Ay, larger, thereby re-
ducing their concern with the coefficient of overall heat
transmission K. It is thus preferred to form aluminum in
a porous body having the extended heat-transfer sur-
face, which is in thermal communication with a heat-re-
ceiving side, whereby A, counterbalances o, , and X
becomes larger with the result of remarkable improve-
ment in heat radiation.

[0014] Most heat engines for cogeneration systems
to generate the electric power are of a stationary type
that is prone to cause major pollution problems owing
to the engine exhaust, noise and vibration emitted from
the engines. Underground engines may be projected
impede the transmission of noise and vibration emitted
from the engines. The underground engines are very
hard to be exploited because of the question of sites on
one hand and the installation costs on the other. The
vehicle engines for various industrial works, when oper-
ated in urban districts or highly-populated areas, be-
come the major source of noise. To cope with this noise
problem in urban sites, the electric power generator in-
dependently of the heat engine is conventionally provid-
ed for carrying out the works and shrouded with the
soundproofing shell.

[0015] Modern hybrid cars provided in combination
with the engines and motors might become increasingly
popular in urban districts and residential areas. Hybrid
car pollution will arise from noise generated from the en-
gines and motors as well as exhaust gases emitted out
of the engines. Diesel engines superior in thermal effi-
ciency might accomplish reduction of exhaust gases,
whereas the noise pollution due to diesel engines might
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become a major problem. The hybrid cars have no pow-
er transmission system, but is provided with a motor that
is easily recognized as a source of noise pollution. To
diminish hybrid bar noise pollution, it is preferred to pro-
vide soundproofing motor enclosure designs.

[0016] Most diesel engines are in general higher in
peak cylinder pressure and also greater in explosion
load. It is thus very hard to diminish the engine noise.
Any engine enclosure designs may be most preferable
to overcome the noise pollution resulting from the diesel
engines. Nevertheless it is quite difficult to completely
shield with the soundproofing shell because many ac-
cessories are attached to the engine bodies.

[0017] On most engines for the vehicles, the radiator
is usually arranged ahead of the engine to utilize the
fresh air movement caused from the motion of the vehi-
cle. This cooling system requires to be opened towards
the transmission behind the engine for the egress of the
current of air. It will be thus understood that the radiator
is an obstacle to the engine enclosure designs. That is,
the decibel level of the engine noise cannot be reduced
by an enclosure shrouding the engine block, which is
opened to the atmosphere for entrance and egress of
the current of cooling air to the radiator. Shielding the
exhaust manifolds with the soundproofing shell causes
other problem of overheating in the shells.

[0018] Noise and vibration occurring in the massive
stationary engines have become a major problem in a
structure to which is installed the engine of large size.
The vibration of noisy machinery, or heat engine, is
transmitted through the whole structure and causes sec-
ondary noise at places where the vibration is matched
in frequency to that of the structure. This phenomenon
is making it much more difficulty to suppress the vibra-
tion and noise. In other words, the noise emitted from
the engines involves two noise components, one of
which is air-borne noise of sound radiation and the other
of which is noise owing to vibratory motion of the engine
itself, transmitted as air-borne vibration to the structure
where resonance occurs when the noise frequency ap-
proaches the natural frequency of the structure. The res-
onance results in secondary noise radiated and spread
from the interior of the structure over the community.
[0019] By the way, an electric power generator com-
bined with a heat-insulating engine has a great gener-
ating capacity of, for example, about 100KW that may
be utilized for various appliances. It may be, for in-
stance, proposed to utilize the electric power of the en-
gine/electric power generator set for actuating an elec-
tric fan to blow a current of cooling air through a radiator
that is mounted at any other suitable location on the ve-
hicle than ahead the engine. In such case as described
just above, the radiator has to be designed so as to
make effective use of the cooling airflow charged by the
electric fan.

[0020] Sound insulating panels have been conven-
tionally employed for isolating noise occurring in the en-
gines. For maximum effective isolation of noise source,
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it has been well known to provide partitions of heavy ma-
terial, or partitions consisting of, in combination, solids
and gases. Where the engine is confined within a narrow
closed space, there is a fear that sound wave, or the
origin of noise, is reflected on the surfaces of the parti-
tions and amplified by resonance or the like, resulting in
causing complicated vibrations. In addition, for the most
effective isolation of the noise emitted from the engines,
a laminated composite structure may be preferred that
consists of a laminated composite core through which
might penetrate the sound wave, and a skin of heavy
material, for example, lead or the like, enclosing there-
with the composite core, and further the composite core
being composed of afirst solid, a gas and a second solid
which are laid one on top of another in alternate layer.
As an alternative, recommendable for effective sound
isolation is a double panel structure of hollow-core type
in which a spacing between the parallel, spaced heavy
panels is decompressed or in vacuum so as to discon-
tinue the transmission of the sound wave.

[0021] The inventors have already develope im-
proved soundproofing structure for heat engines
through their investigation of the prior art described
above. Refer to Japanese Patent Laid-open Nos.
30453/1998 and 159582/1998.

[0022] The soundproofing structure for engines, dis-
closed in 30453/1998, has an electric power supply sys-
tem mounted on a carrier for the purpose of suppressing
noise and vibration generated by the engine. The
wheeled carrier having mounted thereon a heat engine/
electric power generator set is installed on a base laid
in an accommodation space at the installation site. The
accommodation space is defined by laminated compos-
ite walls, each of which walls is comprised of a metallic
housing of hollow-core type, rubber-made coating lay-
ers attached to the inside surfaces of the housing, and
a corrugated supporting member inserted within the
housing. The hollow-core housings are each keptin vac-
uum.

[0023] Another soundproofing structure for engines,
disclosed in 159582/1998, has an enclosure unit of mul-
ti-layered walls for containing an engine therein. The
multi-layered wall is composed of a hollow-core struc-
tural member of synthetic resin or metal with which is
encapsulated a porous plate of porous or fibrous mate-
rial having a vacuum layer therein, a foamed structural
member of foamed resin surrounding around the hollow-
core structural member, a saw-toothed sheet consisting
of heat resisting glass wool and a supporting member,
and a square-corrugated metal sheet, the saw-toothed
sheet being arranged inside the enclosure unit while the
square-corrugated metal sheet being arranged outside
the enclosure unit.

[0024] For maximum effectiveness in isolation of
noise emitted from the vehicle engines, however, the full
coverage of the engine with the soundproofing capsule
is most preferred. Nevertheless, complex shaped heat
engine components and accessories have made it
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much more difficult to form the soundproofing shells by,
for example, molding press, which are accurately ad-
justed in their shapes to the shapes of the engine com-
ponents and accessories so as to reduce the clearance
between the shell and its associated component as
small as possible to thereby achieve the effective cov-
erage of the engine components with the shells.
[0025] An aim of the present invention is to provide a
radiator for transferring heat from a hot liquid to a cold
air, which may be installed at any other required location
than ahead the heat engine, and more particularly to
provide a improved radiator in which passages to flow
a current of air therethrough are provided by porous-
metal bodies of metals such as aluminum or aluminum
alloys or the like high in thermal conductivity, thereby
exposing more metal surface to the current of air to in-
crease the coefficient of overall heat transmission, and
fans are incorporated in the radiator. The porous-metal
bodies may be fabricated by making use of prior art such
as salt cores or the like.

[0026] Anocther aim of the present invention is to pro-
vide a soundproofing engine enclosure design wherein
a sound insulating enclosure is made form a laminated
composite panel easy to be formed by press work while
easy to be kept at its interior in the decompressed or
vacuum condition, and wherein the radiator is designed
s0 as to have no necessity of utilizing the fresh air move-
ment caused from the motion of the vehicle and there-
fore may be installed at any other required location than
ahead the heat engine for most effective sound isolation
by the soundproofing enclosure of noise occurring in ve-
hicle engines, cogeneration system, electric power plant
engines, water pumps, motor generators or the like, and
further wherein the soundproofing enclosure shields the
heat engine and its associated equipment of noise
sources to thereby prevent radiation of noise.

[0027] A further aim of the present invention is to pro-
vide, in a radiator for transferring heat from a cooling
liquid to air for cooling down a cooling liquid for an en-
gine, the improvement comprising an inner cylinder
made of metal high in thermal conductivity and providing
a cylindrical air tunnel for flowing the air therethrough,
an outer cylinder arranged around the inner cylinder so
as to provide therebetween an annular passage for flow-
ing the cooling liquid, porous-metal bodies arranged in
the inner cylinder and made of a metal high in thermal
conductivity so as to have interconnecting voids permit-
ting the flow of the air therein, and fans arranged in the
inner cylinder so as to made the air flow in the porous-
metal bodies.

[0028] In another aspect of the present invention, the
porous-metal bodies each are made of aluminum or alu-
minum alloys, and have a porous structure formed by
molten metal that is poured in a mold of foamed ure-
thane resin having therein foams charged with salt
cores. In addition, fins to radiate heat formed around
both the inner and outer cylinders are also made of any
one of aluminum and aluminum alloys.



7 EP 0 935 058 A2 8

[0029] For the most efficiency of thermal conductivity
in metals such as aluminum or the like, just only melt-
deposition of aluminum particles is insufficient and it
should be required that the metal itself is uniform, con-
tinuous in metallography. To cope with the requirement,
the porous-metal bodies for the radiator of the present
invention have the metal-continuity without thermal in-
terruption as well as the porous structure involving in-
terconnecting voids therein. This porous-metal bodies
of aluminum or aluminum alloys may be produced by a
molten metal of aluminum or aluminum alloys that is
poured in a mold charged with salt cores, which have a
melting point of 700 °C higher than aluminum of a melt-
ing point of 600 °C .

[0030] Most prior heat exchanges used in diesel en-
gines or the like are provided with thin metal fins for ex-
tending the heat-transfer surface in contact with gases,
or gas-side heat-transfer surface. This gas-side heat
transfer surface, however, is at most about 4 times as
large as that of the heat-transfer surface in contact with
liquids, or liquid-side heat-transfer surface. The attain-
ment over 4 times causes the heat exchanger becomes
too large in size. In contrast, the porous-metal body de-
veloped for the radiator of the present invention is ca-
pable of making the gas-side heat-transfer surface area
extend in the range of from six to twenty times as large
as the liquid-side heat-transfer surface.

[0031] In another aspect of the present invention, the
porous-metal bodies are different in porosity with each
other and stacked in the inner cylinder in series along a
direction of a current of air.

[0032] In further another aspect of the present inven-
tion, any porous-metal bodies relative rich in porosity
are upstream the current of air while other porous-metal
bodies relative less in porosity are downstream the cur-
rent of air. That is, the porous-metal bodies may be se-
lected in their porosity or density so as to achieve the
most cooling efficiency at the areas where the temper-
ature difference of the liquid with the air is larger, while
so as to adjust the air resistance that might increase
when the porous-metal bodies rich in density alone are
used. Likely, the pitches of the helical fin in the annular
passage for the cooling liquid are designed so as to
achieve the most cooling efficiency at the areas where
the temperature difference of the liquid with the air is
larger, while so as to adjust the liquid-flow resistance
that might increase when the helical fin shorter in pitch
alone are used.

[0033] Inanother aspect of the present invention, the
porous-metal bodies in the inner cylind are of honey-
comb structure. Moreover for improving thermal con-
ductivity, walls of cells in honeycomb appearance are
selected such that the thickness of the walls in the core-
side honeycomb is relatively thinner compared with the
walls in the periphery-side honeycomb.

[0034] In another aspect of the present invention, the
fans are arranged upstream and downstream with re-
spect to the porous-metal bodies in the inner cylinder,
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one to each side.

[0035] In another aspect of the present invention, the
fin in the annular passage within the outer cylinder ex-
tends helically, continuously from an inflow port to an
outflow port for the cooling liquid so as to make the cool-
ing liquid flow in a direction opposite to that of the current
of air in the air tunnel. Further, the fin is of a variable-
pitch type in which the pitches of helical at the upstream
portion of the annular passage are larger compared with
the downstream portion. This helical fin may help ensure
the smooth flow of the liquid, which is guided along the
fin in the annular passage. The helical fin may be simply
generated by helically cutting the outer peripheral sur-
face of the inner cylinder.

[0036] In another aspect of the present invention, the
fans are driven by the motor that may be adjusted by
means of the commands of a controller in accordance
with the operational conditions of the engine. The gen-
erator encapsulated together with the heat engine in the
soundproofing enclosure may provide the electric power
that is sufficient to drive the fans in the radiator remote
from the heat engine. The fans may be, thus, actuated
by making use of the electric power originating in the
generator to thereby forcing the cooling air into the ra-
diator. Further the fans may be controlled in response
to the operational conditions of the heat engine so as to
help achieve the most cooling efficiency.

[0037] In further another aspect of the present inven-
tion, the outer cylinder is provided around the periphery
thereof with fins for air cooling, and a silencer is mounted
at the egress opening of the air tunnel in the inner cyl-
inder.

[0038] In the improved radiator as described just
above, it will be noted that the inner cylinder for the air
tunnel is formed in right circular configuration in cross
section in coincidence with the peripheral airflow con-
figuration of the fans and the air tunnel accommodates
therein porous-metal bodies that have interconnecting
voids for permitting the current of air to flow through the
air tunnel. This makes it possible to bring the current of
air forced by the fans into effective contact with the po-
rous-metal bodies while extend the surface area ex-
posed to the current of air, or the heat transfer area.
Moreover, as the porous-metal bodies have the metal-
continuity without thermal interruption, they may func-
tion as the metal bodies superior in thermal conductivity,
which are great in coefficient of overall heat transmis-
sion with resulting in increasing the heat exchanging ef-
ficiency of the radiator.

[0039] With the coefficient of overall heat transmis-
sion K in the radiator being applied to the formula de-
scribed above, the following relations may be given to
X4, Xsand Xy, for the intake air, aluminum-made porous-
metal body and cooling liquid, respectively.

[0040] Now on the supposition that the liquid heat-
transfer rate oy is 1200 /K; the air heat-transfer ratea
o, , 58/K; the thermal conductivity of aluminum-made
porous-body A, 220W /m-K; and the thickness of the
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wall 8, 0.005m;

X, =(1/58)(Ag/A )=1.7x 10 % (Ag/A,)
X,=(0.005/220)(Ag/A, )=2.27 X 10 (Ag/A,)

X,=(1/1200)(A4/A,,)=0.83% 10" (Ag/A)

[0041] If X; and X, are equal to each other, the result-
ing equation is given by

083X 10 (Ag/A)=1.7 X 102(AL/A,)(A /A, )= 20.5

[0042] This states that the area of heat-transfer sur-
face in contact with intake air, or the air-side heat-trans-
fer surface, should be more than or equal to about twen-
ty times as large as that of the heat-transfer surface in
contact with the cooling liquid, or the water-side heat-
transfer surface.

[0043] Meanwhile, in order to provide the air-side
heat-transfer surface of twenty times the water-side
heat-transfer surface in the prior fin-equipped heat ex-
changer, for example, having fins of 3mm in thickness,
closely spaced apart with the interval of 2mm, it will be
made abnormally large-scaled because the height of the
fin should be determined a half as long as the span of
the thickness of fin and the distance between the adja-
cent fins.

[0044] In contrast, the gas-flow paths formed of po-
rous-metal bodies may, easily satisfy this requisition, or
the air-side heat-transfer surface of twenty times as
large as that of the water-side heat-transfer.

[0045] Another aim of the present invention is to pro-
vide a soundproofing engine enclosure designs wherein
a soundproofing enclosure is mounted to an engine
body having combustion chambers for constituting the
engine, an engine mount for fixing the engine body to a
bed frame, and a transmission casing for a transmission
connected to a power take-off shaft through a clutch;
wherein the soundproofing enclosure shields at least
the engine body, a water pump attached to the engine
body for circulating the cooling liquid to cool down the
engine body, a fuel injection pump mounted to the en-
gine body for forcing fuel into the engine, and a motor
generator connected to the power take-off shaft be-
tween the clutch and the engine, and further wherein the
radiator is arranged outside the enclosure for cooling
down the cooling liquid that is made to circulate through
the engine by the action of the water pump. The radiator
arranged outside the soundproofing enclosure is pref-
erably of the structure described hereinbefore.

[0046] I|n another aspect of the present invention, the
engine and the radiator are communicated with each
other through cooling liquid hoses that bore through the
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soundproofing enclosure.

[0047] In another aspect of the present invention, the
soundproofing enclosure shields through elastic bodies
of sound insulating rubber at least all of the engine
mount, the cooling liquid hoses, intake pipes for feeding
intake air to the engine, exhaust pipes for expelling ex-
haust gases from the engine, the transmission and the
fuel pipes for supplying fuel to the engine.

[0048] Inanotheraspect of the present invention, both
the exhaust manifolds for expelling the exhaust gases
out of the combustion chambers and the exhaust pipes
connected with the exhaust manifolds are formed in
heat insulating structure so as to suppress radiation of
heat in the soundproofing enclosure. As a result, the
temperature in the soundproofing enclosure may be
kept from exceeding limits that might otherwise cause
deterioration of the devices confined in the enclosure.
[0049] In another aspect of the present invention, the
motor generator has two functions, one of which is to
convert braking force into electric energy and another
of which is to serve as a starter motor.

[0050] In another aspect of the present invention, the
soundproofing enclosure is formed from a soundproof-
ing panel of hollow-core type that is kept in a substan-
tially vacuum condition.

[0051] The soundproofing enclosure, especially,
comprises a laminated composite structure that is com-
posed of metal sheets confronting each other with a
spacing therebetween, and an intermediate layer keep-
ing the metal sheets at the design spacing relation and
connected at its opposing surfaces to the metal sheets
by fusion-seizure of hard rubber, the laminated compos-
ite structure being able to be formed in a design config-
uration by press molding, the spacing between the con-
fronting metal sheets being hermetically sealed at the
peripheral edges of the metal sheets by means of seal-
ing members, and interconnecting voids in the interme-
diate layer being decomposed to the substantially vac-
uum condition. That is, the sound insulating panel for
the soundproofing enclosure may be produced from the
laminated composite structure that is composed of a
pair of the metal sheets and the intermediate layer in-
terposed between the metal sheets. The laminated
composite structure is subjected to the press forming
and the cutting by a cutter so as to be finished into the
design configuration, then the sealing member is ap-
plied over the confronting peripheral edges of the metal
sheets so as to cover the spacing between the metal
sheets and to seal hermetically the intermediate layer
between the metal sheets, and the voids in the interme-
diate layer confined between the metal sheets are de-
compressed to the substantially vacuum atmosphere.
[0052] In an another aspect of the present invention,
the soundproofing enclosure is provided on the inside
thereof with a liner of sponge rubber.

[0053] In a further another aspect of the present in-
vention, the fans are arranged upstream and down-
stream with respect to the porous-metal bodies in the
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inner cylinder, one to each side, and driven by the motor
that is adjusted in speed by means of the commands of
the controller in accordance with the cooling liquid tem-
peratures and the operational conditions of the engine.
[0054] That is, the motor generator encapsulated to-
gether with the heat engine in the soundproofing enclo-
sure may generate the electric power that is sufficient
to drive the fans in the radiator remote from the heat
engine. The fans may be, thus, actuated by making use
of the electric power originating in the motor generator
to thereby forcing the cooling air into the radiator. Fur-
ther the fans may be controlled in response to the cool-
ing liquid temperatures and the operational conditions
of the heat engine so as to help achieve the most cooling
efficiency.

[0055] On the soundproofing engine enclosure de-
sign as described just above, since the soundproofing
enclosure may shield the heat engine with its associated
devices, exclusive of the radiator, the enclosure may be
made simple in its configuration while the engine may
be encapsulated with ease. Moreover the soundproof-
ing enclosure may acoustically confine therein the noise
generating from the heat engine and generator to help
ensure the quietness of the vehicle or the like.

[0056] As most vehicles for industrial works require
the large electric power and usually operate under idling
in highly-populated areas of the urban districts, the
noise pollution has become a major problem. In con-
trast, according to the soundproofing engine enclosure
design of the present invention, the crankshaft is dis-
connected when idling by the disengagement of the
clutches so as to cut off the noise transmitting route, so
that no output and noise from the engine are allowed to
reach specific applications. Consequently, the only vi-
bration-transmitting path remains in the transmission
case so that about 90% of noise may be isolated from
the environment.

[0057] Employing the soundproofing engine enclo-
sure design of this invention results in eliminating the
necessity of installing separate generators whereby the
heat engine and its associated devices may be made
compact in structure.

[0058] As apparent from the foregoing, the sound-
proofing engine enclosure design of the present inven-
tion may isolate the noise due to the heat engine in the
soundproofing enclosure to thereby prevent the noise
from spreading over the community. Because no power
output from the engine when idling, especially, is applied
to the transmission, the soundproofing enclosure may
ensure the sound isolation for the noise originating in
the motor generator that generates the electric power
for operating the working applications, resulting in the
provision of very quiet operation. Moreover in the heat
engine design shielded with the soundproofing enclo-
sure of the present invention, both the exhaust mani-
folds and the exhaust pipes are covered with the heat
insulating structure so as to suppress radiation of heat
from the exhaust gases into the soundproofing enclo-
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sure. As a result, the temperature in the soundproofing
enclosure may be kept from exceeding limits that might
otherwise cause deterioration of the devices equipped
with the heat engine. The heat engine designis kept in
a substantially vacuum condition.

[0059] The soundproofing enclosure, especially,
comprises a laminated composite structure that is com-
posed of metal sheets confronting each other with a
spacing need of a separate engine that might otherwise
be provided on the vehicle for generating the electric
power.

[0060] The radiator constructed as described above
may provide the remarkably extended heat transfer sur-
face that is exposed to the current of air, thereby attain-
ing the increase of high heat exchanging efficiency with
the cooling liquid. The radiator also makes possible larg-
er heat transfer surface area than is provided in the prior
radiators equipped with fins and, therefore, may be
made compact in structure.

[0061] The radiator of the present invention is superi-
or in heat exchanging efficiency as well as may be min-
iaturized and further uses the current of air forced by the
action of the fans. Hence this radiator may be installed
wherever needed with respect to the engine by simply
connecting the annular passage thereof with the hot lig-
uid outlet and cool liquid inlet of the engine through the
hoses or the like. This makes it possible to free the en-
gine design from the critical limitations regarding the ra-
diator while shroud the heat engine and its associated
devices, exclusive of the radiator, with the soundproof-
ing enclosure.

[0062] In another aspect of the presenting member is
applied over the confronting peripheral edges of the
metal sheets so as to cover the spacing between the
metal sheetse voids therein. Further the rubber-made
sponge plate for the intermediate layer is preferably
mixed with any one of carbon and ceramics for enhanc-
ing the strength and hardness. As an alternative, the in-
termediate layer may be made from coarse wire netting,
each wire of which is covered with a hard rubber coating.
[0063] As apparent from the foregoing, press molding
of the laminated composite structure may easily form
the soundproofing enclosure. To produce the laminated
composite structure composed of metal sheets and the
intermediate layer of hard rubber, following application
of an adhesive agent on the metal sheets and/or the in-
termediate layer, they are laminated one on the another
in such a manner that the intermediate layer, or the
sponge plate of hard rubber, is sandwiched between the
confronting metal sheets. Subsequently heating treat-
ment is applied to the laminated structure that is in turn
integrated into the laminated composite structure in
which the layers are fusion-seized together with each
other with the voids being contained therein. The com-
posite structure is then subjected to the press forming
and the cutting by a cutter so as to be finished into the
design configuration with an air vent. Finally the voids
confined between the metal sheets are decompressed
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to the substantially vacuum condition through the air
vent that is in turn plugged. Although the metal sheets
may happen occasionally, locally to make direct contact
with each other on the press forming of the laminated
composite structure, the hard rubber with vacuum voids
are substantially interposed between the metal sheets
to keep the sufficient sound isolation. It will be noted that
the vibration of noise may be absorbed by the hard rub-
ber while the transmission of noise itself may be discon-
tinue at the vacuum or decompressed layer between the
metal sheets.

[0064] In the soundproofing composite structure for
providing the soundproofing enclosure component, in
which the discontinuities of noise may be obtained ef-
fectively at the spacing between the confronting metal
sheets kept in the decompressed or vacuum condition.
The intermediate layer interposed between the metal
sheets has the function of keeping the decompressed
or vacuum spacing between the metal sheets even
when deformed by press molding. Elastic hard rubber
of the intermediate layer may impede the transmission
of vibration. The laminated composite structure of the
metal sheets and the intermediate layer may be formed
by pressing in the design configurations for the engine
enclosure. Further, the intermediate layer contains the
interconnecting voids that may be simply decom-
pressed.

[0065] Other aims and features of the present inven-
tion will be more apparent to those skilled in the art on
consideration of the accompanying drawings and fol-
lowing specification wherein are disclosed preferred
embodiments of the invention with the understanding
that such variations, modifications and elimination of
parts may be made therein as fall within the scope of
the appended claims without departing from the spirit of
the invention.

[0066] Embodiments of the present invention will now
be described hereunder, by way of example only, with
reference to the accompanying drawings, in which:-

FIG. 1 is a schematic front elevation view showing
a heat engine provided with a soundproofing enclo-
sure according to the present invention.

FIG. 2 is a schematic side elevation view showing
a heat engine covered with the soundproofing en-
closure of FIG. 1.

FIG. Sis a schematic sectioned view showing a pre-
ferred embodiment of a radiator according to the
present invention.

FIG. 4 is a schematic sectioned view showing a first
embodied structure of the radiator of FIG. 3, the
view being taken on the plane of the line B-B of FIG.
3.

FIG. 5is a schematic sectioned view showing a sec-
ond embodied structure of the radiator of FIG. 3, the
view being taken on the plane of the line B-B of FIG.
3.

FIG. 6 is a fragmentary perspective view showing a
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preferred embodiment of a laminated composite
structure in a soundproofing panel according to the
present invention.

FIG. 7 is a fragmentary sectioned view illustrating a
first embodiment of the laminated composite struc-
ture in the soundproofing panel shown in FIG. 6.
FIG. 8 is a fragmentary sectioned view illustrating
another embodiment of the laminated composite
structure in the soundproofing panel of FIG. 6, and
FIG. 9 is a perspective view showing a soundproof-
ing enclosure formed by molding press.

[0067] An embodiment of the soundproofing enclo-
sure for heat engines according to the present invention
will be in detail explained below with reference to FIGS.
1and2.

[0068] The soundproofing enclosure for heat engines
according to this invention may be applied to, for exam-
ple, a heat engines 31 of a diesel cycle engine or the
like utilizes the combustion of fuel such as kerosene,
heavy oil, gaseous fuel or the like. The heat engine 31
may be adapted for stationary cogeneration systems us-
ing steam for both power generation and heating, vehi-
cle engines, power generation engines andthe like. The
heat engine 31 is of the type, which operates on the four-
stroke cycle wherein the phases of intake, compression,
combustion, expansion, and exhaust occur sequential-
ly.

[0069] The heat engine 31 has, for example, a cylin-
der block, a cylinder head fixed to the cylinder block,
cylinders formed by cylinder liners fitted in cylinder bore
in the cylinder block, and pistons making reciprocation
movement in the cylinders. The exhaust gas generated
in the cylinders of the engine 31 is discharged through
exhaust manifolds 49 and exhaust pipes 32. The ex-
haust pipes 32 communicated with the exhaust mani-
folds 49 may be provided therein with means for recov-
ery of energy from the exhaust gases, for example, tur-
bo-chargers or power generation gas turbines (not
shown). The heat engine 31 also has a power take-off
shaft 33 drivingly connected to a motor generator 34 that
is to generate electric energy. The motor generator 34
has two functions one of which is to convert braking
force into electric energy and another of which is to
serve as a starter motor.

[0070] Inthe prior soundproofing structure for the heat
engines of the type as described just above, in case
where a soundproofing enclosure 35 has confined the
engine 31 within a narrow closed space, there is a fear
that sound wave is reflected on the inside surfaces of
the enclosure and amplified by resonance or the like,
resulting in causing complicated vibrations. To cope with
such problem, the soundproofing enclosure 35 of the
present invention, although the details of the enclosure
will be described hereinafter with reference to FIGS. 6
to 9, is fundamentally composed of a hollow-core wall
structure within which is kept in substantially vacuum so
as to discontinue sound transmission through the wall.
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The wall structure is formed in a laminated composite
wall in which is arranged a sound-absorbing composite
member of a combination of fibrous material and elastic
material, which has both sound-absorbing effect and
vacuum-preserving effect. The enclosure 35 of the
present invention is made from the hollow-core sound-
proofing structure having a cavity therein decom-
pressed to the substantial vacuum.

[0071] The soundproofed engine design of this em-
bodiment is comprised of an engine body 36 having
combustion chambers for constituting the heat engine
31, an engine mount 38 for fixing the engine body 36 to
abedframe 37, atransmission 40 connected tothe pow-
er take-off shaft 33 through a clutch 39, the soundproof-
ing enclosure 35 attached to both the frame 37 and a
transmission case 41 of the transmission 40 so as to
shield at least the engine body 36 and the engine mount
38, and a radiator 30 arranged outside the enclosure 35
for cooling down a cooling liquid circulating through the
heat engine 31.

[0072] The soundproofed engine design of this em-
bodiment further includes a water pump 42 mounted to
the engine body 36 to circulate the liquid for cooling
down the heat engine 31, a fuel injection pump 43
mounted to the engine body 36 for forcing fuel into the
heat engine 31, and a motor generator 34 connected to
the power take-off shaft 33 through a crankshaft gearing
47 (not shown in FIG. 2) of a crankshaft. The sound-
proofing enclosure 35 is formed so as to shield all of the
water pump 42, motor generator 30 and fuel injection
pump 43. Cool-liquid hoses 44, 45 bore through the
soundproofing enclosure 35 at design locations for com-
municating between the heat engine 31 and the radiator
30 as well as between the radiator 30 and water pump
42, respectively.

[0073] In the soundproofed engine design described
above, the soundproofing enclosure 35 is opened at the
areas through which extend the engine mount 38, cool
liquid hoses 44, 45, intake pipes 46 for charging the in-
take air into the combustion chambers of the heat en-
gine 31, through intake manifolds 50, the exhaust pipes
32 for discharging exhaust gases out of the engine 31,
the transmission 41 and fuel pipes (not shown) for sup-
plying fuel to the heat engine 31. Packed around the
boundaries of openings in the enclosure 35 are elastic
members 48 of sound isolating rubber.

[0074] Both the exhaust manifolds 49 and the exhaust
pipes 32 connected with the exhaust manifolds 49 are
formed in heat insulating structure so as to suppress ra-
diation of heat in the soundproofing enclosure 35. For
the provision of the heat insulating structure of the ex-
haust manifolds 49 and pipes 32, composite tubing may
be, for example, used wherein walls of heat resisting ce-
ramics or the like or walls for forming ports are arranged
inside the tubing and shrouded with heat insulating
member of ceramic fibers or the like. The temperature
in the soundproofing enclosure is kept from exceeding
limits that might otherwise cause deterioration of equip-
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ment such as the water pump 42, fuel injection pump
43, motor generator 34 and the like.

[0075] Referring next to FIGS. from 3 to 5 illustrating
a preferred embodiment of the radiator 30 according to
the present invention.

[0076] The radiator 30 is to cool down hot liquid W
from the heat engine 31 with air A. The radiator 30 is
primarily comprised of an inner cylinder 1 for providing
an cylindrical air tunnel 10 for the current of air A, the
inner cylinder 1 being made of a metal high in heat con-
ductivity, an outer cylinder 2 surrounding around the in-
ner cylinder 1 so as to provide an annular passage 11
between the both cylinders through which may flow the
cooling liquid W, porous-metal bodies 3, 4 high in con-
ductivity arranged in the air tunnel 10 and having inter-
connecting voids available for flowing the current of air
A, and fans 5, 6 provided in the inner cylinder 1 to draw
fresh air through the porous-metal bodies 3, 4.

[0077] The current of air A is forced into the inner cyl-
inder 1 from an ingress opening 14 and then expelled
from an egress opening 15 by means of the driven fan
5, 6. The hot liquid W circulates into the annular passage
11 in the outer cylinder 2 through an inflow port 12 from
a hot liquid pipe 27 connected to a hot liquid hose 45.
The cooled liquid W then returns to the heat engine 31
through an outflow port 13 connected to a cool liquid
pipe 28 and a cool liquid hose 44. It will be noted that
the inner cylinder 1 is formed in right circular configura-
tion in cross section in coincidence with the peripheral
airflow configuration of the fans 5, 6 to thereby use with
most efficiency the draft or ventilation power of the fans
5, 6. The outer cylinder 2 is flanged at its longitudinally
opposing ends 26 to which is secured the inner cylinder
1 with sealing members 17 so as to keep the cooling
liquid W from leakage.

[0078] The porous-metal bodies 3, 4 are made of alu-
minum or aluminum alloys and produced by pouring alu-
minum or molten aluminum alloys in a mold of foamed
urethane resin containing therein open cells filled with
salt cores. That is, the molten aluminum may burn away
the foamed urethane resin, thereafter flushing the salt
cores out of the aluminum casting results in the porous-
metal bodies of aluminum casting. The inner cylinder 1
is made of metallic substance of aluminum or aluminum
alloys identical with that of the porous-metal bodies 3, 4.
[0079] A plurality of porous-metal bodies 3, 4, two
bodies being shown in FIG. 3, in the inner cylinder 1 is
different in density or porosity with each other. The po-
rous-metal bodies 3, 4 are stacked in the cylinder 1 in
series along the direction of the current of air in such a
relation that any porous bodies relative rich in porosity
or lean in density are upstream with respect to the cur-
rent of air while other porous bodies relative less in po-
rosity are downstream the current of air. That is, the po-
rous-metal body 3 s rich in porosity and the porous-met-
al body 4 is less in porosity. The porous-metal bodies 3,
4 may are designed in their porosity or density so as to
achieve the most heat exchanging efficiency in consid-
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eration with both the flowing directions of the current of
air A in the air tunnel 10 and the cooling liquid W in the
annular passage 11. For example, the porous-metal
body 4 rich in density may be arranged near the inflow
port 12 through which the hot liquid W may go into the
annular passage 11, to thereby promote the heat ex-
changing effect with the current of air A.

[0080] As an alternative, porous-metal bodies 23, 24
of honeycomb structure may be substituted for the po-
rous-metal bodies 3, 4 in the inner cylinder 1 of the ra-
diator 30. Walls 22, 25 of cells in honeycomb appear-
ance are selected for heat conduction such that the
thickness of the walls 22 is, as shown in FIG. 5, suffi-
ciently thin compared with that of the walls 25.

[0081] The fan 5 is provided upstream with respect to
the porous-metal body 3 in the inner cylinder 1 whereas
the fan 6 is arranged downstream the porous-metal
body 4 in the inner cylinder 1. Moreover the fans 5, 6
are anchored to the inner cylinder 1 by means of bracing
rods 18, 19 respectively. The fans 5, 6 are necessary 1o
be arranged such that the perimeters of the fans may
approach the inside surface of the inner cylinder 1 as
closer as possible so as to make clearance spaces S
smaller to increase the velocity of airflow for the highest
attainable fan efficiency. The fans 5, 6 are moreover
driven by the motor that may be adjusted in speed by
means of commands of a controller 20 in accordance
with the operational conditions of the heat engine 31.
For instance, as the cooling liquid W is heated up to
higher temperature when the heat engine 31 operates
under full load, the rotational frequency of the fan motor
increases to make the volume of the airflow increase so
as to enhance the heat exchanging effect resulting in
lowering the temperature of the cooling liquid W. In con-
trast, when the heat engine 31 operates under partial
load, the temperature rise of the cooling liquid W is rel-
atively moderate. The rotational frequency of the fan
motor is slowed down so as to reduce the volume of the
current of air whereby the temperature of the cooling lig-
uid may be kept at adequate level. In same cases, for
controlling the blowing power of the fans, any one of the
fans 5, 6 alone may be driven with the other being left
free.

[0082] Providedinthe annular passage 11 inthe outer
cylinder 2 is a helical fin 7 to radiate heat rapidly. The
fin 7 extends helically, continuously from the inflow port
12 to the outflow port 13 so as to make the cooling liquid
W flow in the direction opposite to that of the current of
air A. The fin 7 may be made of aluminum or aluminum
alloys identical with that of the inner cylinder 1. Forma-
tion of the fin 7 may be made by cutting helically the
outer peripheral surface of a hollow, thick cylindrical
blank.

[0083] The fin 7 is of a variable-pitch type in which the
pitches of helical at the upstream portion of the annular
passage 11 is larger compared with the downstream
portion. The variable-pitch helical of the fin 7 makes it
possible to reduce the flow resistance of the cooling lig-
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uid resulting in increasing the heat exchanging efficien-
cy.

[0084] Theoutercylinder2is provided around the out-
er periphery thereof with air-cooling fins 8 that transfer
heat from the cooling liquid W to the atmosphere.
[0085] The radiator 30 described just above is com-
bined with the heat engine 31 by connecting the inflow
port 12 of the outer cylinder 2 with hot liquid pipe 27
communicated to the hot liquid outlet of the heat engine
while by connecting the outflow port 13 of the outer cyl-
inder 2 with the cool liquid pipe 28 communicated to the
cool liquid inlet of the engine. The radiator 30, therefore,
is not required to be installed ahead the heat engine 31,
but may be arranged at any design location with respect
to the heat engine 31.

[0086] Mounted at the egress opening 15 of the air
tunnel 10 in the inner cylinder 1 is a silencer 9 that com-
prises a cylindrical casing 16 connected to the inner cyl-
inder 1, and a plurality of partitions perforated at 21 and
spaced from each other in the casing 16. The silencer
9 at the egress opening 15 of the inner cylinder1 may
made the radiator 30 quiet. It will be thus understood
that the heat engine 31 having the radiator 30 of this
invention may provide the sound insulation vehicle that
is preferably applicable to hybrid cars, industrial cars or
the like.

[0087] The following will describe preferred embodi-
ments of soundproofing panels for the soundproofing
enclosure 35 with reference to FIGS. 610 9.

[0088] A soundproofing panel for constituting the
soundproofing enclosure 35 is, as shown in FIG. 6, of a
laminated composite structure 60, 70 each of which is
comprised of at least a pair of metal sheets 51, 52 con-
fronting each other with a spacing therebetween, and
an intermediate layer 53 keeping the metal sheets 51,
52 at the design spacing relation. Following press mold-
ing, the laminated composite structures 60, 70 are each
sealed up with sealing members 54 at the peripheral
edges of the metal sheets 51, 52. The metal sheets 51,
52 may be made of, for example, steel sheet, aluminum
sheet or the like while the sealing member 54 may be
of hard rubber. Although the sealing member 54 is
shown in FIG. 6 by phantom lines, the laminated com-
posite structure 60, 70, when being used in the form of
flat soundproofing enclosure components 35, are really
sealed with the sealing member 54 that adheres to the
whole peripheral edges of the metal sheets 51, 52 to
thereby hermetically seal the spacing between the metal
sheets. For the laminated composite structure 60, 70 to
be formed in the enclosure component 35 shown in FIG.
9, the sealing members 54 should be applied after the
press forming process has been completed.

[0089] In the laminated composite structur 60, the in-
termediate layer 53 is, as shown in FIG. 7, made of a
hard rubber member 55 that is seized by fusion to the
metal sheets 51, 52 at spots where it is in contact with
the metal sheets 51, 52. Voids 58 formed in the inter-
mediate layer 53 are, moreover, confined in the spacing



19 EP 0 935 058 A2 20

between the metal sheets 51, 52 and decompressed or
kept in the substantially vacuum condition. The interme-
diate layer 53 is composed of the porous plate 55 of hard
rubber, which contains therein voids 58 and is mixed
with carbon or ceramics for enhancing the mechanical
strength and hardness.

[0090] As an alternative shown in FIG. 8, the laminat-
ed composite structure 70 may be comprised of an in-
termediate layer 63 made from coarse wire netting 56,
each wire of which is covered with a hard rubber coating
57.

[0091] Pressing may form any of the laminated com-
posite structures 60, 70 into the design shape. FIG. 9
shows the soundproofing enclosure component 35
formed by press molding from any of the laminated com-
posite structure 60, 70. The enclosure component 35
may be connected by the use of mounting holes 62 with
other components similarly produced, to thereby inte-
grate the complete soundproofing enclosure 35 for en-
capsulating the heat engine therein. At integration of en-
closure components the adjoining components 35 are
hermetically connected with each other by means of
hard rubber member that is applied and seized by fusion
in clearances between the confronting areas of the op-
posing components 35.

[0092] The laminated composite structures 60, 70
may be produced by the steps described hereinafter.
[0093] Any of the laminated composite structures 60,
70 may be provided by sandwiching the intermediate
layer 53 between a pair of confronting metal sheets 51,
52 and then integrating the intermediate member 53
with the metal sheets 51, 52 by fusion seizure at areas
where they are in contact with each other. The laminated
composite structure 60, 70 is subjected to the press
forming and the cutting by a cutter so as to be finished
into the design configuration. Subsequently the sealing
member 54 is applied over the confronting peripheral
edges of the metal sheets 51, 52 so as to cover the spac-
ing between the metal sheets and to seal hermetically
the intermediate layer 53 between the metal sheets 51,
52. Finally the voids 58 in the intermediate layer 53 con-
fined between the metal sheets 51, 52 are decom-
pressedto the substantially vacuum atmosphere where-
by there may be provided the soundproofing enclosure
component 35 of design configuration.

[0094] Accordingto molding process applied, the lam-
inated composite structure 60, 70 may be fabricated in
the soundproofing enclosure 35 for shrouding the heat
engine for noise isolation. Moreover the soundproofing
enclosure 35 may be provided on the inside thereof with
a liner 64 of sponge rubber for reducing the reflection of
sound wave within the enclosure 35.

[0095] While the present invention has been de-
scribed in its preferred embodiments, it is to be under-
stood that the words which have been used are words
of description rather than limitation and that changes
within the purview of the appended claims may be made
without departing from the true scope and spirit of the
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invention in its broader aspects.

Claims

1. A soundproofing engine enclosure design wherein
a soundproofing enclosure is mounted to an engine
body(36) having combustion chambers for consti-
tutingthe engine(31), an engine mount(38) for fixing
the engine body(36) to a bed frame, and a trans-
mission casing(41) for a transmission(40) connect-
ed to a power take-off shaft(33) through a clutch
(89); wherein the soundproofing enclosure(35)
shields at least the engine body(36), a water pump
(42) attached to the engine body(36) for circulating
the cooling liquid(W) to cool down the engine body
(86), a fuel injection pump(43) mounted to the en-
gine body(36) for forcing fuel into the engine(31),
and a motor generator(34) connected to the power
take-off shaft(33) between the clutch(39) and the
engine(31), and further wherein the radiator(30) is
arranged outside the enclosure(35) for cooling
down the cooling liquid(W) that is made to circulate
through the engine(31) by the action of the water
pump(42).

2. The soundproofing engine enclosure design ac-
cording to claim 1, wherein the engine(31) and the
radiator(30) are communicated with each other
through cooling liquid hoses(44,45) that bore
through the soundproofing enclosure(35).

3. The soundproofing engine enclosure design ac-
cording to claim 1, wherein the soundproofing en-
closure(35) shields through elastic bodies(48) of
sound insulating rubber all of the engine mount(38),
the cooling liquid hoses(44,45), intake pipes(46) for
feeding intake air to the engine(31), exhaust pipes
(82) for expelling exhaust gases from the engine
(81), the transmission and the fuel pipes for supply-
ing fuel to the engine(31).

4. Thesoundproofing engine encl sure design accord-
ing to claim 1, wherein both the exhaust manifolds
(49) for expelling the exhaust gases out of the com-
bustion chambers and the exhaust pipes(32) con-
nected with the exhaust manifolds(49) are formed
in heat insulating structure so as to suppress radi-
ation of heat in the soundproofing enclosure(35).

5. The soundproofing engine enclosure design ac-
cording to claim 1, wherein the radiator(30) is com-
prised of an inner cylinder(1) made of metal high in
thermal conductivity and providing a cylindrical air
tunnel(10) for flowing the air(A) therethrough, an
outer cylinder(2) arranged around the inner cylinder
(1) so as to provide therebetween an annular pas-
sage(11) for flowing the cooling liquid(W), porous-
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metal bodies(3,4) of a metal high in thermal conduc-
tivity arranged in the inner cylinder(1) and having
interconnecting voids permitting the flow of the air
(A) therein, and fans(5,6) arranged in the inner cyl-
inder(1) so as ato made the air(A) flow in the po-
rous-metal bodies(3,4).

The soundproofing engine enclosure design ac-
cordingto claim 5, wherein the porous-metal bodies
(8, 4) are made of any one of aluminum and alumi-
num alloys and each have a porous structure
formed by pouring molten metal in a mold of foamed
urethane resin having therein open cells charged
with salt cores, and helical fins(7) to radiate heat
formed around both the inner and outer cylinders
(1,2) are made of any one of aluminum and alumi-
num alloys.

The soundproofing engine enclosure design ac-
cording to claim 5, wherein the fans(5,6) are ar-
ranged upstream and downstream with respect to
the porous-metal bodies(3,4) in the inner cylinder
(1), one to each side, and the fans(5,6) are driven
by the motor that is adjusted in speed by means of
commands of a controller(20) in accordance with
the operational conditions of the engine and the
temperature of the cooling liquid.

The soundproofing engine enclosure design ac-
cording to claim 1, wherein the motor generator(34)
has two functions, one of which is to convert braking
force into electric energy and another of which is to
serve as a starter motor.

The soundproofing engine enclosure design ac-
cording to claim 1, wherein the soundproofing en-
closure(35) is formed from a soundproofing panel
of hollow-core type that is kept in a substantially
vacuum condition.

The soundproofing engine enclosure design ac-
cording to claim 1, wherein the soundproofing en-
closure(35) comprises a laminated composite
structure (60,70) that is composed of metal sheets
(51,52) confronting each other with a spacing ther-
ebetween, and an intermediate layer(53,63) keep-
ing the metal sheets (51,52) at the design spacing
relation and connected at its opposing surfaces to
the metal sheets(51,52) by fusion-seizure of hard
rubber(55), the laminated composite structure
(60,70) being able to be formed in a design config-
uration by press molding, the spacing between the
confronting metal sheets(51,52) being hermetically
sealed at the peripheral edges of the metal sheets
(51,52) by means of sealing members(54), and in-
terconnecting voids(58) in the intermediate layer
(53,63) being decomposed to the substantially vac-
uum condition.
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11.

12.

13.

14.

15.

16.

17.

22

The soundproofing engine enclosure design ac-
cording to claim 10, wherein the intermediate layer
(53,63) is made of a sponge plate of hard rubber
(55) containing the voids(58) therein.

The soundproofing engine enclosure design ac-
cording to claim 11, wherein the hard rubber(55)
providing the rubber-made sponge plate for the in-
termediate layer(53,63) is mixed with any one of
carbon and ceramics for enhancing the strength
and hardness.

The soundproofing engine enclosure design ac-
cording to claim 10, wherein the intermediate layer
(53,63) is made from coarse wire netting(56), each
wire of which is covered with a hard rubber(55) coat-

ing.

The soundproofing engine enclosure design ac-
cording to claim 10, wherein the laminated compos-
ite structure(60,70) composed of a pair of the metal
sheets (51,52) and the intermediate layer(53,63) in-
terposed between the metal sheets(51,52) is sub-
jected to the press forming and the cutting by a cut-
ter so as to be finished into the design configuration,
then the sealing member(54) is applied over the
confronting peripheral edges of the metal sheets
(51,52) so as to cover the spacing between the met-
al sheets(51,52) and to seal hermetically the inter-
mediate layer between the metal sheets(51,52),
and the voids(58) in the intermediate layer(53,63)
confined between the metal sheets(51,52) are de-
compressed to the substantially vacuum atmos-
phere.

The soundproofing engine enclosure design ac-
cording to claim 10, wherein the soundproofing en-
closure(35) is provided on the inside thereof with a
liner of sponge rubber(64).

A radiator for transferring heat in a heat exchanging
manner from a cooling liquid(W) to air(A) for cooling
down a cooling liquid(W) for an engine(31), said ra-
diator comprising an inner cylinder(1) made of met-
al high in thermal conductivity and providing a cy-
lindrical air tunnel(10) for flowing the air(A) there-
through, an outer cylinder(2) arranged around the
inner cylinder(1) so as to provide therebetween an
annular passage(11) for flowing the cooling liquid
(W), porous-metal bodies(3,4) of a metal high in
thermal conductivity arranged in the inner cylinder
(1) and having interconnecting voids permitting the
flow of the air(A) therein, and fans(5,6) arranged in
the inner cylinder(1) so as to made the air(A) flow
in the porous-metal bodies(3,4).

The radiator according to claim 16, wherein the po-
rous-metal bodies(3,4) each have a porous struc-
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ture formed by pouring molten metal in a mold of
foamed urethane resin having therein foams
charged with salt cores.

The radiator according to claim 16, wherein fins(7)
to radiate heat formed around both the inner and
outer cylinders(1,2) are made of any one of alumi-
num and aluminum alloys.

The radiator according to claim 16, wherein the po-
rous-metal bodies(3,4) in the inner cylinder(1) are
different in porosity with each other and stacked in
the cylinder in series along a direction of a current
of air.

The radiator according to claim 19, wherein any po-
rous-metal bodies(3,4) relative rich in porosity are
upstreamthe current of air while other porous-metal
bodies(3,4) relative less in porosity are downstream
the current of air.

The radiator according to claim 16, wherein the po-
rous-metal bodies(3,4) in the inner cylinder(1) are
of honeycomb structure.

The radiator according to claim 21, wherein walls of
cells in honeycomb appearance are selected such
that the thickness of the wall in the core-side hon-
eycomb is relatively thinner compared with the wall
in the periphery-side honeycomb.

The radiator according to claim 16, wherein the fans
(5,6) are arranged upstream and downstream with
respect to the porous-metal bodies(3,4) in the inner
cylinder(1), one to each side.

The radiator according to claim 16, wherein the fin
(7) in the annular passage(11) within the outer cyl-
inder(2) extends helically, continuously from an in-
flow port(12) to an outflow port(13) for the cooling
liquid(W) so as to make the cooling liquid(W) flow
in a direction opposite to that of the current of air(A)
in the air tunnel(10).

The radiator according to claim 24, wherein the fin
(7) is of a variable-pitch type in which the pitches of
helical at the upstream portion of the annular pas-
sage(11) are larger compared with the downstream
portion.

The radiator according to claim 16, wherein the fans
(5,6) are driven by a motor that is adjusted in speed
by means of commands of a controller(20) in ac-
cordance with the operational conditions of the en-
gine(31).

The radiator according to claim 16, wherein the out-
er cylinder(2) is provided around the periphery
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thereof with fins(8) for air cooling.

28. The radiator according to claim 16, wherein a si-

lencer(9) is provided at the egress opening(15) of
the air tunnel(10) in the inner cylinder(1).
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