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(54) Exhaust-heat recovery system for engine

(57) An exhaust-heat recovery system (1) compris-
es a catalytic converter (30), an exhaust heat exchanger
(40), an air conditioner (20) and an engine controller
(50). The catalytic converter (30) is such that exhaust
discharged from an engine (2) is passed therethrough
and combustible components in the exhaust are burned
through catalysis therein. The exhaust heat exchanger
(40) induces heat exchange between the exhaust hav-

ing passed through the catalytic converter (30) and a
coolant having passed through the engine (2). The air
conditioner (20) generates a heating wind by means of
the heat exchange between the coolant having passed
through the exhaust heat exchanger (40) and an air con-
ditioning wind. The engine controller (50) controls incre-
mentally the combustible components in the exhaust to
be burned in the catalytic converter (30) when the pre-
scribed condition for heating is not satisfied.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an exhaust-
heat recovery system for an engine in order to utilize
exhaust heat for air conditioning, heating, etc. by means
of efficient recovery thereof from the engine.

2. Description of the Related Art

[0002] There has been conventionally well known a
system disclosed in JP 1-132415A, which utilizes ex-
haust heat from an engine for heating the interior of a
vehicle. The system heats a coolant for the engine uti-
lizing the exhaust heat and sends a heating wind into
the interior of the vehicle by passing the heated coolant
through a heat exchanger disposed along a warm-air
duct.
[0003] The system has a problem that the volume and
temperature of the exhaust vary depending upon the
magnitude of a load on the engine. When the load on
the engine is large enough to generate sufficient ex-
haust heat, a coolant for the engine is efficiently heated
using the exhaust heat. When the engine is idling (the
vehicle is at rest but the engine is still in operation) in a
cold period such as winter, the volume of the exhaust is
small and the temperature thereof is also low due to a
very small load.
[0004] Therefore, when the engine is idling in a cold
period, it is difficult to heat the coolant for the engine
using only the exhaust from the engine in order to heat
the interior of the vehicle.

SUMMARY OF THE INVENTION

[0005] The object of the present invention is to provide
an exhaust-heat recovery system for an engine such
that heat quantity of exhaust is increased by means of
promoting combustion of the exhaust through catalysis
using a catalytic converter in the case where sufficient
heat quantity cannot be obtained.
[0006] In order to achieve the above object, the
present invention provides an exhaust-heat recovery
system for an engine comprising: a catalytic converter
through which exhaust discharged from the engine is
passed and in which combustible components in the ex-
haust are burned through catalysis; an exhaust heat ex-
changer where heat is exchanged between the exhaust
having passed through the catalytic converter and a
heat-transfer medium having passed through the en-
gine; an air conditioner with a heat exchanger for heat-
ing where a heating wind is generated by means of the
heat exchange between the heat-transfer medium hav-
ing passed through the exhaust heat exchanger and an
air conditioning wind; and an engine controller for per-

forming incremental control on the combustible compo-
nents in the exhaust to be burned in the catalytic con-
verter when a prescribed condition for heating is not sat-
isfied.
[0007] According to the present invention, since the
engine controller controls incrementally the combustible
components in the exhaust to be burned in the catalytic
converter when the prescribed condition for heating is
not satisfied, the combustion in the catalytic converter
is promoted to increase the heat quantity of the exhaust
as well as to increase efficiently the temperature of the
heat transfer medium to exchange heat with the exhaust
in the exhaust heat exchanger.
[0008] Consequently, even when sufficient heat quan-
tity of the exhaust from the engine cannot be obtained,
the heat-transfer medium can be raised up to a high tem-
perature by the sufficient exhaust heat, and thereby the
air conditioning wind exchanging heat with the heat-
transfer medium in the heat exchanger for heating can
be efficiently warmed to produce a desired heating wind.
[0009] Further, since the heat-transfer medium can be
heated quicker, the engine can also be heated quickly
to raise the temperature of an engine lubricant. Thereby,
viscosity of the lubricant can be reduced to decrease
friction loss of the engine and to improve mileage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig.1 is a diagram showing a schematic overall con-
figuration of a first embodiment of the present in-
vention.
Fig.2 is a diagram showing the first half of a flow
chart for performing the exhaust-heat recovery con-
trol according to the first embodiment of the present
invention.
Fig. 3 is a diagram showing the second half of a flow
chart for performing the exhaust-heat recovery con-
trol according to the first embodiment of the present
invention.
Fig.4 is a diagram showing a schematic overall con-
figuration of a second embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0011] A first embodiment of the present invention will
be described referring to Fig.1 to 3.
[0012] An exhaust-heat recovery system for an en-
gine 1 includes, as shown in Fig.1, an engine cooling
system 10, an air conditioner 20, a catalytic converter
30, an exhaust heat exchanger 40 and an engine con-
troller 50. The engine cooling system 10 cools an on ve-
hicle engine 2 by means of heat exchange with a coolant
(a heat-transfer medium). The air conditioner 20 intro-
duces a heated coolant of a heating medium circulation
channel 15 into the interior of a heater core 21 (a heat
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exchanger for heating) and then generates a heating
wind by means of heat exchange between an air condi-
tioning wind and the heated coolant. The catalytic con-
verter 30 burns combustible components in the exhaust
through catalysis by passing the exhaust from the en-
gine 2 in the interior thereof. The exhaust heat exchang-
er 40 causes the exhaust, which has passed through
the catalytic converter 30, to exchange the heat with the
coolant of the heating medium circulation channel 15.
The engine controller 50 is an engine control means
and, as described later, increases the combustible com-
ponents in the exhaust to be burned in the catalytic con-
verter 30 when a condition for heating is not satisfied.
[0013] The exhaust from the engine 2 is usually re-
leased into the air from the rear of a vehicle by connect-
ing an exhaust pipe 3 to an exhaust manifold (not shown
in the figure) of the engine 2. The catalytic converter 30
is disposed at the end on the upstream side of the ex-
haust pipe 3. The catalytic converter 30, the exhaust
heat exchanger 40 and a muffler 4 are disposed down-
ward of the exhaust pipe 3 in this order.
[0014] The exhaust pipe 3 has a main channel 5 and
a bypass channel 5a, and includes a first switch valve
6, a second switch valve 7 and a third switch valve 8 are
provided in the interior thereof. The main channel 5 has
the exhaust heat exchanger 40 along the interior there-
of. The exhaust, which has passed through the catalytic
converter 30, bypasses the exhaust heat exchanger 40
by passing through the bypass channel 5a. The first
switch valve 6, the second switch valve 7 and the third
switch valve 8 are exhaust channel switching valves and
define the channel through which the exhaust passes
by closing either the main channel 5 or the bypass chan-
nel 5a.
[0015] The first switch valve 6 is provided at the inlet
portion of the bypass channel 5a. The second switch
valve 7 is provided at the inlet portion of the main valve
5. The third switch valve 8 is provided at the outlet por-
tion of the main channel 5. Actuators 6a, 7a and 8a are
driven with control signals from the engine controller 50
to open or shut the first switch valve 6, the second switch
valve 7 and the third switch valve 8 respectively.
[0016] The engine cooling system 10 is a coolant
channel, which circulates the coolant sequentially
through the engine 2, a radiator 11, a thermostat 12, a
water pump 13 and the engine 2. The coolant in the en-
gine 2 flows out of a cooling channel disposed within a
cylinder block and a cylinder head of the engine 2, and
circulates along the engine cooling system 10. In the en-
gine cooling system 10, the coolant flows via the radiator
11 and the thermostat 12 into the water pump 13, and
is delivered under pressure to the engine 2.
[0017] The heating medium circulation channel 15 is
another coolant channel, which circulates the coolant
sequentially through the engine 2, the exhaust heat ex-
changer 40, the heater core 21, the thermostat 12, the
water pump 13 and the engine 2. The coolant in the en-
gine 2 circulates along the heating medium circulation

channel 15 in addition to the engine cooling system 10.
In the heating medium circulation channel 15, the cool-
ant passes through the exhaust heat exchanger 40 and
the heater core 21, and then is delivered under pressure
to the engine 2 via the thermostat 12 and the water pump
13.
[0018] The thermostat 12 controls the flow rate of the
coolant passing through the engine cooling system 10
and the heating medium circulation channel 15 by de-
tecting a coolant temperature. When the temperature of
the coolant is lower than the prescribed one (for exam-
ple, 80°C), the thermostat 12 shuts down the engine
cooling system 10 and lets the whole coolant pass
through the heating medium circulation channel 15.
[0019] The air conditioner 20 includes the heater core
21, a fan 22, an evaporator 23 and an air-mixing door
25. The fan 22 generates an air conditioning wind. The
evaporator 23 is disposed on the downstream side of
the fan 22 and composes a refrigerating cycle (not
shown in the figure). The heater core 21 for heating is
disposed on the downstream side of the evaporator 23.
The air-mixing door 25 is disposed between the evapo-
rator 23 and the heater core 21 and closes either the
inlet portion of a channel 24 or that of a channel 24a,
wherein the channel 24 passes an air conditioning wind
through the heater core 21, and the channel 24a passes
an air conditioning wind so as to bypass the heater core
21.
[0020] The refrigerating cycle includes, as generally
known, a compressor (not shown in the figure) for press-
ing a refrigerant, a condenser (not shown in the figure)
for cooling the refrigerant at high pressure with the air
outside and an expansion valve (not shown in the figure)
for adiabatically expanding the refrigerant having been
liquidized by the condenser. Through the function of the
expansion valve, the refrigerant expands adiabatically
turning to be at a low pressure and a low temperature.
Then, the air conditioning wind is cooled and dehumid-
ified by passing the refrigerant through the evaporator
23 to exchange heat between the refrigerant and the air
conditioning wind.
[0021] Through the heater core 21 passes a heated
coolant circulating along the heating medium circulation
channel 15. By exchanging heat between the heated
coolant and the air conditioning wind flowing along the
channel 24, the air conditioning wind is warmed up and
blows as a heating wind into the interior of the vehicle.
[0022] A plurality of signals outputted from an air con-
ditioning controller 26 controls rotation of a fan motor
22a of the fan 22, degree of opening of the air-mixing
door 25 controlled by an actuator 25a and driving of the
compressor, respectively. The air conditioning controller
26 is connected to the engine controller 50 and inter-
changes information therewith.
[0023] When an occupant operates manual levers
(not shown in the figure) or manual buttons on an air
conditioning operation panel (not shown in the figure) to
change the target temperature in the interior of the ve-
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hicle, the information is inputted into the air conditioning
controller 26 and then is outputted from the air condi-
tioning controller 26 to the engine controller 50. The en-
gine controller 50 decides whether an increase in heat-
ing power of the air conditioner 20 is necessary or not,
on the basis of the difference between the target-tem-
perature set by the occupant and the actual temperature
in the interior of the vehicle.
[0024] The catalytic converter 30 reduces hazardous
components in exhaust. In catalytic processes em-
ployed in the catalytic converter 30, an oxidation catalyst
type and a ternary catalyst type are known. The oxida-
tion catalyst type process is of a type such that CO or
HC in exhaust is oxidized and thus requires excess ox-
ygen in the exhaust. The ternary catalyst type process
is of a type such that reduction of NOx and oxidation of
CO or HC are processed at once by passing exhaust
through a catalyst at a theoretical air-fuel ratio or ex-
tremely near to it. Both processes heat the catalytic con-
verter 30 by burning (oxidizing) combustible compo-
nents in exhaust.
[0025] An exhaust temperature sensor 51 is provided
between the catalytic converter 30 and a branching por-
tion 5b at which the inlet portions of the main channel 5
and the bypass channel 5a are borne. A value detected
by the exhaust temperature sensor 51 is outputted to
the engine controller 50.
[0026] The exhaust heat exchanger 40 is provided
along the main channel 5. The exhaust heat exchanger
40 efficiently receives heat from exhaust passing along
the main channel 5. Further, providing an introducing in-
let 40a and a discharging outlet 40b for a coolant on the
exhaust heat exchanger 40, the coolant is heated
through exchanging heat between the coolant and the
exhaust by passing the coolant therethrough along the
heating medium circulation channel 15. The heated
coolant flows out from the discharging outlet 40b and is
delivered to the heater core 21 of the air conditioner 20.
[0027] Along the heating medium circulation channel
15, water temperature sensors 52, 53 are respectively
provided between the engine 2 and the exhaust heat
exchanger 40 and between the exhaust heat exchanger
40 and the heater core 21. Values T1, T2 detected by
the water temperature sensor 52, 53 are outputted to
the engine controller 50.
[0028] An exhaust flow rate sensor 54 is provided be-
tween the muffler 4 and a joining portion 5c at which the
outlet portions of the main channel 5 and the bypass
channel 5a are borne. A value detected by the exhaust
flow rate sensor 54 is outputted to the engine controller
50.
[0029] Into the engine controller 50, inputted are the
detected values from the exhaust temperature sensor
51, the water temperature sensors 52, 53 and the ex-
haust flow rate sensor 54, the target temperature in the
interior of the vehicle from the air conditioning controller
26, the signals such as a vehicle speed, an accelerator
aperture, an on-off about the engine operation (an igni-

tion switch) and a temperature of the coolant passing
through the engine 2. The engine controller 50 decides
a condition for heating on the basis of these input sig-
nals. When the condition for heating is not fulfilled, the
amount of combustible components in the exhaust to be
burned in the catalytic converter 30 will be controlled
incrementally if necessary.
[0030] The engine controller 50 performs, according
to a flow chart shown in Fig.2 and Fig.3, the incremental
control on the amount of the combustible components.
In the step S1, the above data is inputted to the engine
controller 50 for deciding the heating condition.
[0031] In the step S2, it is decided whether the vehicle
is at rest or in motion by judging whether the vehicle
speed is at zero or not. When the vehicle is in motion,
the incremental control will not be performed and the
process will be forwarded to the step S3. When the ve-
hicle is at rest, the process will be forwarded to the step
S4 because of satisfying the condition for the incremen-
tal control on the combustible components.
[0032] In the step S3, the exhaust from the engine 2
passes along the bypass channel 5a by opening the first
switch valve 6 and shutting the second switch valve 7
and the third switch valve 8. By closing the main channel
5, the exhaust will be prevented from passing through
the exhaust heat exchanger 40.
[0033] In the step S4, it is decided whether the engine
2 is unloaded or loaded by judging whether the acceler-
ation aperture is at zero or not. When the engine 2 is
loaded with the acceleration aperture having been
turned on, the incremental control on the combustible
components will not be performed and the process will
be forwarded to the step S3. When the acceleration ap-
erture is at zero, the process will be forwarded to the
step S5 because of satisfying the condition for the in-
cremental control on the combustible components.
[0034] In the step S5, it is decided whether the engine
2 is in operation or at rest. When the engine 2 is at rest,
the incremental control on the combustible components
will not be performed and the process will be forwarded
to the step S3. When the engine 2 is in operation, the
process will be forwarded to the step S6 because of sat-
isfying the condition for the incremental control on the
combustible components.
[0035] In the step S6, it is decided whether the tem-
perature of the coolant is higher than or equal to the pre-
scribed temperature (for example, 75°C) or less. When
the temperature of the coolant is less than the pre-
scribed temperature, the process will be forwarded to
the step S7 in order to control incrementally the com-
bustible components. When the temperature of the cool-
ant is higher than or equal to the prescribed tempera-
ture, the process will be forwarded to the step S9.
[0036] In the step S7, the demand for increasing the
amount of the combustible components is outputted
from the engine controller 50 to the engine 2.
[0037] In the step S8, the exhaust from the engine 2
is passed along the main channel 5 by shutting the first
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switch valve 6 and opening the second switch valve 7
and the third switch valve 8, and is supplied to the ex-
haust heat exchanger 40.
[0038] In the step S9, it is decided whether the signal
for demanding an increase in heating power has been
outputted from the air conditioning controller 26 or not.
When there exists a demand for an increase in heating
power, the process will be forwarded to the step S7 in
order to perform the incremental control on the combus-
tible components. When there is no demand for the in-
crease in heating power, the process will be forwarded
to the step S10.
[0039] In the step S10, calculated is the difference ∆
T (= T1 - T2) in the temperatures of the coolant between
the upstream side and downstream side of the exhaust
heat exchanger 40.
[0040] In the step S11, when the difference ∆ T in the
temperatures is less than the prescribed temperature
(for example 12 °C), the process will be forwarded to
the step S7 in order to perform the incremental control
on the combustible components. When the difference ∆
T in the temperature is higher than or equal to the pre-
scribed temperature, the process will be forwarded to
the step S12.
[0041] In the step S12, it is decided whether the ex-
haust temperature is higher than or equal to the pre-
scribed temperature (for example 250 °C) or less. When
the exhaust temperature is less than the prescribed tem-
perature, the process will be forwarded to the step S7
in order to perform the incremental control on the com-
bustible components. When the exhaust temperature is
higher than or equal to the prescribed temperature, the
process will be forwarded to the step 513.
[0042] In the step 13, it is decided whether a flow rate
of the exhaust is larger than or equal to the prescribed
flow rate (for example 250 L/min) or less. When the flow
rate is larger than or equal to the prescribed flow rate,
the process will be forwarded to the step S3 without per-
forming the incremental control on the combustible com-
ponents. When the flow rate is less than the prescribed
flow rate, the process will be forwarded to the step S7
in order to control incrementally the combustible com-
ponents.
[0043] The incremental control on the combustible
components increases unburned hydrocarbons (HC) in
the exhaust from the engine 2.
[0044] There are several known methods for increas-
ing unburned hydrocarbons, for example, as described
on page B7-27 or on page B7-31 in "Mechanical Engi-
neering Handbook" compiled by Japan Society of Me-
chanical Engineers (1987 edition). Unburned hydrocar-
bons are increased by carrying out one of the methods
such as making the engine 2 misfire, making the fuel
burn partially, decreasing or increasing an air-fuel ratio
to a large extent, shifting the ignition timing from the or-
dinary setting in motion to the other, making the com-
bustion cylinder stop.
[0045] According to the above constitution, when the

condition for heating is not satisfied in the exhaust-heat
recovery system 1 of the first embodiment, the engine
controller 50 performs the incremental control on the
combustible components (the unburned hydrocarbons
in this embodiment) in the exhaust to be burned in the
catalytic converter 30. Thereby, the combustion in the
catalytic converter 30 is promoted by introducing the ex-
haust enriched with the unburned hydrocarbons into the
catalytic converter 30.
[0046] The more heated the interior of the catalytic
converter 30 is, the more exhaust heat quantity passing
through the catalytic converter 30 increases. Since the
coolant within the heating medium circulation channel
15 exchanges heat with the exhaust having been en-
riched in heat quantity, the coolant temperature can be
efficiently increased in the exhaust heat exchanger 40.
[0047] Consequently, even when heating power is in-
sufficient or when sufficient exhaust heat is not available
due to a small load on the engine 2, the coolant can be
heated up to a high temperature by the enriched suffi-
cient exhaust heat. As a result, since an air conditioning
wind exchanges heat with the heated coolant in the
heater core 21 of the air conditioner 20, the air condi-
tioning wind can be efficiently heated to produce a de-
sired heating wind.
[0048] Further, the engine 2 is rapidly warmed up to
increase the temperature of a lubricant for the engine
by making the heated coolant flow into the engine 2 from
the heating medium circulation channel 15. Moreover,
since the viscosity of the lubricant is lowered and the
friction loss of the engine 2 can be reduced, the mileage
can be improved.
[0049] In the first embodiment, the incremental con-
trol on the combustible components by the engine con-
troller 50 is processed by increasing the amount of the
unburned hydrocarbons in the exhaust from the engine
2. Since the unburned hydrocarbons is burned surely
and efficiently to increase generated heat quantity in a
short time in the catalytic converter 30, the heat quantity
given to the coolant is increased and the heating time
of the coolant is shortened in the exhaust heat exchang-
er 40.
[0050] Since the incremental control on the combus-
tible components is performed when the vehicle is at
rest but the engine 2 is in operation, namely, during
idling of the engine 2, it can be avoided that a part of the
combustible components may be released into the air
beyond the capacity of the catalytic converter 30.
[0051] When the combustible components are in-
creased, there is a fear that a part of the combustible
components may be released beyond the processing
capacity of the catalytic converter 30. However, the cat-
alytic converter 30 has practically such capacity as to
be able to burn the combustible components through the
reaction at the maximum output of the engine 2. Con-
sequently, the whole amount of the combustible compo-
nents produced during idling never goes beyond the
processing capacity of the catalytic converter 30 and is

7 8



EP 1 426 602 A1

6

5

10

15

20

25

30

35

40

45

50

55

completely burned out by performing the incremental
control on the combustible components during idling of
the engine 2.
[0052] The heating condition is determined by a tem-
perature of the coolant or by a demand, from the air con-
ditioner 20, for an increase in heating power. When a
temperature of the coolant is low, the heating power of
the heater core 21 should also be low, and therefore
heating power of the heater core 21 will be enhanced
through heating the coolant by means of performing the
incremental control by the engine controller 50 on the
combustible components in the exhaust depending up-
on the temperature of the coolant.
[0053] Further, by means of performing the incremen-
tal control by the engine controller 50 on the combustible
components in the exhaust in response to a demand for
an increase in heating power, a heating temperature de-
sired by the occupant can be obtained.
[0054] The heating condition is also determined by an
exchanged heat quantity in the exhaust heat exchanger
40, not limiting to the temperature of the coolant or the
demand, from the air conditioner 20, for an increase in
heating power. When the exchange heat quantity in the
exhaust heat exchanger 40 is small, the temperature of
the coolant should not be efficiently heated up, and
therefore the temperature of the coolant will be efficient-
ly heated up through increasing the exchanged heat
quantity by means of performing the incremental control
by the engine controller 50 on the combustible compo-
nents in the exhaust depending upon the exchanged
heat quantity.
[0055] The temperatures of the coolant, which deter-
mine the heating condition, are detected by the water
temperature sensor 52 provided on the coolant channel
extending from the engine 2 to the exhaust heat ex-
changer 40 and by the water temperature sensor 53 pro-
vided on the coolant channel extending from the ex-
haust heat exchanger 40 to the heater core 21. Since
the water temperature sensor 52, 53 are provided on
the heating medium circulation channel 15 without in-
cluding the radiator 11, the temperature of the coolant
flowing into the heater core 21 can be measured accu-
rately.
[0056] Locations at which temperatures of the coolant
are measured can be any one of the locations except
those mentioned above, such as the coolant channel 15
from the heater core 21 to the engine 2, the coolant
channel in the engine 2, the coolant channel in the ex-
haust heat exchanger 40, the coolant channel in the
heater core 21.
[0057] Since a demand, which decides the heating
condition, for an increase in heating power of the air con-
ditioner 20 is judged on the basis of the difference be-
tween a target temperature in the interior of the vehicle
set by the occupant and an actual temperature in the
interior of the vehicle, namely a room temperature de-
viation, a shortage of the heating power of the air con-
ditioner 20 can be detected accurately enough to pro-

duce a desired heating wind in response to the occu-
pant's-choice:
[0058] A similar working effect can be obtained, even
if a demand for an increase in heating power is judged
on the basis of the difference between an outdoor tem-
perature and an indoor temperature, or the difference
between a target blow down temperature and an actual
blow down temperature, and is not limiting to the differ-
ence between a target temperature in the interior of the
vehicle and an actual temperature therein.
[0059] Further, as a method for judging a demand for
an increase in heating power, adding to the above men-
tioned methods, a method of decision by detecting a sur-
face temperature of the occupant or those of interior
parts with an infrared-rays sensor and comparing them
with a prescribed target value, or a method of judgment
on the basis of the difference between a temperature of
the external air and a target room temperature can be
selected.
[0060] Since heat quantity exchanged in the exhaust
heat exchanger 40, on which a heating condition is to
be determined, is judged on the basis of the difference
between an inlet temperature and an outlet temperature
having been detected by the water temperature sensors
52, 53, of the coolant passing through the exhaust heat
exchanger 40, the incremental control on the combus-
tible components can be precisely performed due to the
fact that the exchanged heat quantity in the exhaust heat
exchanger 40 can be measured accurately.
[0061] A similar working effect can be obtained, even
if an exchanged heat quantity in the exhaust heat ex-
changer 40 is judged on the basis of the difference be-
tween an inlet temperature and an outlet temperature of
the exhaust passing through the exhaust heat exchang-
er 40, the difference in volumetric flow rates of the ex-
haust passing through the exhaust heat exchanger 40
between at an inlet portion and at an outlet portion, an
exhaust volume or an exhaust temperature in the engine
2, or a fuel or an air volume used in the engine 2.
[0062] To be more precise, temperatures of the cool-
ant at the inlet portion and at the outlet portion of the
exhaust heat exchanger 40 are detected respectively to
find the difference in temperature therebetween. If the
temperature difference is smaller than a prescribed val-
ue, it will be decided that the above mentioned ex-
changed heat quantity is smaller than a prescribed val-
ue. For example, if the difference in temperatures (usu-
ally, the temperature at the outlet portion is higher) of
the coolant in the engine 2 at the inlet portion and at the
outlet portion of the exhaust heat exchanger 40 is small-
er than 5 °C, it will be decided that the exchanged heat
quantity is smaller than the prescribed value.
[0063] Further, temperatures of the exhaust at the in-
let portion and at the outlet portion of the exhaust heat
exchanger 40 are detected respectively to find the dif-
ference in temperature therebetween. If the tempera-
ture difference is smaller than a prescribed value, it will
be decided that the above mentioned exchanged heat
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quantity is smaller than a prescribed value. For exam-
ple, if the difference in temperatures (usually, the tem-
perature at the inlet portion is higher) of the exhaust at
the inlet portion and at the outlet portion of the exhaust
heat exchanger 40 is smaller than 50 °C, it will be de-
cided that the exchanged heat quantity is smaller than
the prescribed value.
[0064] Here, strictly speaking, the exchanged heat
quantity in the exhaust heat changer 40 should be cal-
culated in consideration of specific heat or mass flow
rate of an operative fluid. In the first embodiment, the
exhaust-heat recovery system 1 is used as a secondary
heat source mainly when the vehicle is idling at its start
or waiting for the traffic light to change. Therefore, once
the vehicle starts running, a load of the engine increases
and heat quantity in the exhaust also increases following
that, and consequently frequency of using the exhaust-
heat recovery system 1 as the secondary heat source
will be reduced.
[0065] Considering these facts, the specific heat or
mass flow rate of the operative fluid can be simply de-
termined because the objects to be detected are a cool-
ant and exhaust. Therefore the amount of the ex-
changed heat can be estimated even though the above
difference in temperature cannot be detected.
[0066] When exchanged heat quantity is judged by a
volume of the exhaust from the engine 2, it will possibly
be decided that the exchanged heat quantity is smaller
than a prescribed value only if the volume of the exhaust
is smaller than the prescribed value, for example 250 L/
min.
[0067] When exchanged heat quantity is judged by an
exhaust temperature, it will possibly be decided that the
exchanged heat quantity is smaller than a prescribed
value only if the temperature of the exhaust is lower than
the prescribed value, for example 250 °C.
[0068] When exchanged heat quantity is judged by
the difference in volumetric flow rates, at the inlet portion
and at the outlet portion, of the exhaust passing through
the exhaust heat exchanger 40, it will possibly be decid-
ed that the exchanged heat quantity is smaller than a
prescribed value only if the difference in the volumetric
flow rates is smaller than the prescribed value, for ex-
ample 40 L/min.
[0069] Since exhaust is reduced in its volumetric flow
rate by being cooled with the exhaust heat exchanger
40, the exchanged heat quantity will also be large when
the difference in flow rates of the exhaust at the inlet
portion and at the outlet portion of the exhaust heat ex-
changer 40 is large.
[0070] Exhaust is, after being passed through the cat-
alytic converter 30, passed along either the bypass
channel 5a bypassing the exhaust heat exchanger 40
or the main channel 5 including the exhaust heat ex-
changer 40 by means of the first switch valve 6, the sec-
ond switch valve 7, and the third switch valve 8. Thereby,
since the engine controller 50 determines whether the
exhaust passes the exhaust heat exchanger 40 or not,

the exhaust can be set not to pass through the exhaust
heat exchanger 40 if the coolant is at a high enough tem-
perature not to be necessary to receive heat from the
exhaust.
[0071] As a result, the coolant can be protected from
being heated too high by a high ambient temperature as
in summer, etc. and a cost increase can be avoided by
preventing enlargement in size of subsidiary cooling
systems, such as the radiator 11, an engine cooling fan
in the engine cooling system 10 in comparison with the
case where the exhaust always passes through the ex-
haust heat exchanger 40.
[0072] Additionally, although the first switch valve 6,
the second switch valve 7, and the third switch valve 8
were provided as an exhaust channel switching valve,
there is no necessity for limiting it thereto and any valve
structures can be employed only if switching between
the main channel 5 and the bypass channel 5b can be
done therewith.
[0073] Since the exhaust from the engine 2 is re-
leased into the air after passing through the catalytic
converter 30, the exhaust heat exchanger 40 and a muf-
fler 4 sequentially toward the downstream side of the
engine 2, the exhaust can be passed through the ex-
haust heat exchanger 40 still holding its high heat quan-
tity and restraining the degree to which the heat of com-
bustion of the exhaust generated in the catalytic con-
verter 30 is cooled by the open air. Therefore, the heat
quantity given to the coolant can be increased.
[0074] The volume of the exhaust is reduced through
giving the exhaust heat to the coolant in the exhaust
heat exchanger 40. Therefore, the amount of the ex-
haust having passed through the exhaust heat exchang-
er 40 can be reduced to enhance dissipative effect of
the muffler 4.
[0075] Since, after flowing out of the engine 2, the
coolant returns to the engine 2 passing sequentially
through the exhaust heat exchanger 40 and the heater
core 21, the coolant having received heat from the ex-
haust in the exhaust heat exchanger 40 is directly de-
livered to the heater core 21. Therefore, the degree to
which the coolant is cooled by the open air, etc. between
the exhaust heat exchanger 40 and the heater core 21,
can be restrained to enhance heating effect further.
[0076] A second embodiment of the present invention
will be described referring to Fig.4. Besides, the detailed
description will be omitted giving the like reference num-
bers to the like components as those in the first embod-
iment.
[0077] A exhaust-heat recovery system 1a for an en-
gine is, as shown in Fig.4, provided with a bypass chan-
nel 16, through which a coolant is delivered from the en-
gine 2 directly to a heater core 21 bypassing an exhaust
heat exchanger 40, along a heating medium circulation
channel 15. Further, a fourth switch valve 17 and a fifth
switch valve 18 are provided as medium switching
valves for closing either the heating medium circulation
channel 15 or the bypass channel 16.
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[0078] The fourth switch valve 17 is provided on the
bypass channel 16 and the fifth switch valve 18 is pro-
vided on the heating medium circulation channel 15,
which extends from the engine 2 to the exhaust heat
exchanger 40. The fourth switch valve 17 and the fifth
switch valve 18 are controlled to open or shut by com-
mand signals outputted from an engine controller 50 (re-
fer to Fig.1).
[0079] When the fourth switch valve 17 is opened and
the fifth switch valve 18 is shut, the coolant having
flowed out from the engine 2 is delivered directly to the
heater core 21, passing not through the exhaust heat
exchanger 40 but through the bypass channel 16.
[0080] When the fourth switch valve 17 is shut and the
fifth switch valve 18 is opened, the coolant having flowed
out from the engine 2 is delivered without passing
through the bypass channel 16 directly to the exhaust
heat exchanger 40. Heat between the exhaust and the
coolant is exchanged in the exhaust heat exchanger 40.
[0081] Further, an oil-warmer 60 for exchanging heat
between the coolant and an automatic transmission (not
shown in the figure) is provided on the downstream side
of the exhaust heat exchanger 40 in the heating medium
circulation channel 15 (on the downstream side of the
heater core 21 in the present embodiment). Moreover,
the automatic transmission can be replaced with a man-
ual transmission.
[0082] Additionally, a bypass channel 61a bypassing
the oil-warmer 60 is provided, and a sixth switch valve
62 and a seventh switch valve 63 are also provided as
warmer switching valves for closing either a channel 61
or the bypass channel 61a.
[0083] The sixth switch valve 62 is provided on the
bypass channel 61a and the seventh switch valve 63 is
provided on the cannel 61. The sixth switch valve 62
and the seventh switch valve 63 are controlled to open
or shut by command signals outputted from an engine
controller 50 (refer to Fig.1).
[0084] When the sixth switch valve 62 is opened and
the seventh switch valve 63 is shut, the coolant having
flowed out from the exhaust heat exchanger 40 and hav-
ing passed through the heater core 21 returns to the en-
gine 2 passing not through the oil-warmer 60 but along
the bypass channel 61a.
[0085] When the sixth switch valve 62 is shut and the
seventh switch valve 63 is opened, the coolant having
flowed out from the exhaust heat exchanger 40 and hav-
ing passed through the heater core 21 returns to the en-
gine 2 passing not along the bypass channel 61a but
through the oil-warmer 60.
[0086] Since either the channel 15 or the bypass
channel 16 is closed by opening or shutting the fourth
switch valve 17 and the fifth switch valve 18 in the ex-
haust-heat recovery system 1a for the engine, when the
coolant is hot enough or when heating is not needed as
in summer etc., total duct friction resistance can be re-
duced as a result of shortening the circulation path of
the coolant and the miniaturization of the water pump

13 can also be achieved by bypassing the exhaust heat
exchanger 40 and by passing the coolant having flowed
out of the engine 2 along the channel 16.
[0087] Additionally, although the fourth switch valve
17 and the fifth switch valve 18 were provided as an me-
dium switching valve, there is no necessity for limiting it
thereto and any valve structures can be employed pro-
vided that closing of either the channel 15 or the bypass
channel 16 can be done therewith.
[0088] Since the oil-warmer 60 for exchanging heat
between the coolant and a lubricant for the transmission
(not shown in the figure) is provided on the downstream
side of the exhaust heat exchanger 40, the coolant hav-
ing received heat from the exhaust via the exhaust heat
exchanger 40 can be delivered to the oil-warmer 60.
Consequently, in a cold period as in winter, etc. the lu-
bricant for the transmission can be rapidly warmed to
operate smoothly and the friction loss of the transmis-
sion gears can be reduced.
[0089] Since either the channel 61 or the bypass
channel 61a is closed by opening or shutting the sixth
switch valve 62 and the seventh switch valve 63, the
timing of delivering the coolant having been heated in
the exhaust heat exchanger 40 can be controlled as de-
sired.
[0090] Thereby, the coolant passes along the bypass
channel 61a until the coolant reaches a prescribed tem-
perature, and after the coolant has reached the pre-
scribed temperature the heated coolant can be deliv-
ered to the oil warmer 60 bypassing the coolant along
the channel 61.
[0091] At the early stage of heating in a cold period,
the coolant can be supplied to the oil warmer 60 after
giving priority to heating the interior of the vehicle by
passing the coolant having been heated in the exhaust
heat exchanger 40 through the heater core 21 and the
bypass channel 61a, wherein the coolant on the down-
stream side of the heater core 21 coming to have some
heat quantity to spare. Therefore, both improvement of
the heating performance and smooth operation of the
transmission are realized.
[0092] Further, the sixth switch valve 62 and the sev-
enth switch valve 63 are provided as a warmer switching
valves, there is no necessity for limiting it thereto and
any valve structures can be employed provided that they
have a valve structure such as to close either the chan-
nel 61 or the bypass channel 61a.
[0093] Although the exhaust-heat recovery system for
the engine of the present invention has been described
referring to the first and second embodiments as the ex-
amples, there is no necessity for limiting it thereto and
any other embodiments can be employed without going
beyond the gist of the present invention. For example,
although heating was performed by passing the coolant
for the engine 2 through the exhaust heat exchanger 40
and heater core 21, it can be also employed that a heat-
ing channel including the other heat-transfer medium,
except the coolant, passing through the engine 2 is con-
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stituted and then the heat-transfer medium receiving
heat from the exhaust heat exchanger 40 will be deliv-
ered to the heater core 21 and the oil-warmer 60.

Claims

1. An exhaust-heat recovery system for engine com-
prising:

a catalytic converter (30) through which ex-
haust discharged from an engine (2) is passed
and in which combustible components in the
exhaust are burned through catalysis;
an exhaust heat exchanger (40) where heat is
exchanged between the exhaust having
passed through the catalytic converter (30) and
a heat-transfer medium having passed through
the engine (2);
an air conditioner (20) with a heat exchanger
for heating (21) where a heating wind is gener-
ated by means of the heat exchange between
the heat-transfer medium having passed
through the exhaust heat exchanger (40) and
an air conditioning wind; and
an engine controller (50) for performing incre-
mental control on the combustible components
in the exhaust to be burned in the catalytic con-
verter (30) when the prescribed condition for
heating is not satisfied.

2. The exhaust-heat recovery system according to
claim 1, wherein the incremental control on the
combustible components is such that the amount of
unburned hydrocarbon in the exhaust discharged
from the engine (2) is increased.

3. The exhaust-heat recovery system according to
claim 1, wherein the incremental control on the
combustible components is performed when the ve-
hicle is at rest but the engine (2) is still in operation.

4. The exhaust-heat recovery system according to
claim 1, wherein the condition for heating is speci-
fied by at least one of a temperature of the heat-
transfer medium, a demand for an increase in heat-
ing power of the air conditioner (20), and an ex-
changed heat quantity in the exhaust heat exchang-
er (40).

5. The exhaust-heat recovery system according to
claim 4, wherein the temperature of the heat trans-
fer medium is measured at, at least one of a heat-
transfer medium channel (15) from the engine (2)
to the exhaust heat exchanger (40), a heat-transfer
medium channel (15) from the exhaust heat ex-
changer (40) to the heat exchanger for heating (21),
a heat-transfer medium channel (15) from the heat

exchanger for heating (21) to the engine (2), a heat-
transfer medium passage within the engine (2), a
heat-transfer medium passage within the exhaust
heat exchanger (40) and a heat-transfer medium
passage within the heat exchanger for heating (21).

6. The exhaust-heat recovery system according to
claim 4, wherein the demand for an increase in
heating power of the air conditioner (20) is outputted
from the air conditioner (20) on the basis of at least
one of the difference between a target temperature
in the vehicle set by an occupant and an actual tem-
perature in the vehicle or an actual temperature out-
side the vehicle, and a target temperature of an air
conditioning wind at an outlet thereof.

7. The exhaust-heat recovery system according to
claim 4, wherein the exchanged heat quantity in the
exhaust heat exchanger (40) is calculated from at
least one of the difference between a temperature
of the heat-transfer medium at an inlet portion of the
exhaust heat exchanger (40) and that at an outlet
portion of the exhaust heat exchanger (40), the dif-
ference between a temperature of the exhaust at an
inlet portion of the exhaust heat exchanger (40) and
that at an outlet portion of the exhaust heat ex-
changer (40), the difference between a volumetric
flow rate of the exhaust at an inlet portion of the ex-
haust heat exchanger (40) and that at an outlet por-
tion of the exhaust heat exchanger (40), the exhaust
volume in the engine (2), the exhaust temperature
in the engine (2), the amount of fuel used in the en-
gine (2), and the amount of air used in the engine
(2).

8. The exhaust-heat recovery system according to
claim 1, further comprising:

a bypass channel (5a) along which the exhaust
having passed through the catalytic converter
(30) passes bypassing the exhaust heat ex-
changer (40);
a main channel (5) along which the exhaust
having passed through the catalytic converter
(30) passes through the exhaust heat exchang-
er (40); and
an exhaust channel switching valve (6, 7) for
closing either the bypass channel (5a) or the
main channel (5).

9. The exhaust-heat recovery system according to
claim 1, wherein the exhaust discharged from the
engine (2) passes sequentially through the catalytic
converter (30), the exhaust heat exchanger (40)
and a muffler (4) toward the downstream side of the
engine (2), and then is discharged into the air.

10. The exhaust-heat recovery system according to
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claim 1, wherein the heat-transfer medium flows out
of the engine (2), and then passes sequentially
through the exhaust heat exchanger (40) and the
heat exchanger for heating (21), and returns to the
engine (2).

11. The exhaust-heat recovery system according to
claim 1, further comprising:

a bypass channel (16) along which the heat-
transfer medium is directly delivered bypassing
the exhaust heat exchanger (40) from the en-
gine (2) to the heat exchanger for heating (21);
a main channel (15) along which the heat-trans-
fer medium passes through the exhaust heat
exchanger (40); and
an medium channel switching valve (17, 18) for
closing either the bypass channel (16) or the
main channel (15).

12. The exhaust-heat recovery system according to
claim 1, further comprising:

an oil warmer (60) for generating the heat ex-
change between the heat-transfer medium and
a transmission lubricant on the downstream
side of the heat exchanger for heating (21).

13. The exhaust-heat recovery system according to
claim 12, further comprising:

a bypass channel (61a) along which the heat-
transfer medium passes bypassing the oil
warmer (60);
a main channel (61) along which the heat-trans-
fer medium passes through the oil warmer (60);
and
an warmer switching valve (62; 63) for closing
either the bypass channel (61a) or the main
channel (61).
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