
1 

{DESCRIPTION} 

{Title of Invention} 

MULTI-STAGE SUPERCHARGING SYSTEM AND DEVICE AND METHOD 

FOR CONTROLLING THE SAME 

{Technical Field} 

{0001} 

The present invention relates to a multi-stage 

supercharging system and the device and method for controlling 

the multi-stage supercharging system. 

{Background Art} 

{0002} 

For the purpose of realizing higher output power and 

lower power consumption, double-stage supercharging systems 

have been conventionally proposed for internal-combustion 

engines. For example, PTL 1 discloses a double-stage 

supercharging system configured such that a cooler is 

interposed between a low-pressure turbocharger and a high-

pressure turbocharger and that a flow of air compressed at the 

low-pressure turbocharger is cooled at the cooler and then, is 

supplied to the high-pressure turbocharger. 

{Citation List} 

{Patent Literature} 
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{0003} 

{PTL 1} 

Japanese Unexamined Patent Application, Publication No. 

2012-87737 

{Summary of Invention} 

{Technical Problem} 

{0004} 

In the above-described double-stage supercharging system, 

when the sucked air is cooled by the cooler, moisture 

contained in the compressed air is condensed to generate water 

mist. There is a probability that the water mist collides 

against an impeller of the latter-stage supercharger, leading 

to damage of the impeller. With damage of the impeller, the 

efficiency of the supercharger is lowered. In addition, if a 

broken piece (s) enters a cylinder of an internal-combustion 

engine, such a broken piece(s) causes, e.g., sliding portion 

failure or seizure. 

{0005} 

The present invention has been made in view of the above-

described situation, and is intended to provide a multi-stage 

supercharging system capable of reducing generation of water 

mist in cooling of compressed air and to provide the device 

and method for controlling the multi-stage supercharging 

system. 
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{Solution to Problem} 

{0006} 

A first aspect of the present invention provides a 

control device of a multi-stage supercharging system which 

includes a first supercharger of a low-pressure side, a 

cooling means that cools air discharged from the first 

supercharger, and a second supercharger of a high-pressure 

side that compresses the discharged air after cooling and 

which supplies, to an internal-combustion engine, air 

compressed in at least two stages. The control device 

includes an information acquisition means that acquires, as 

input information, the sucked air temperature, the sucked air 

humidity, the sucked air pressure, and the discharge pressure 

of the first supercharger, a water vapor partial pressure 

calculation means that calculates the water vapor partial 

pressure of the discharged air of the first supercharger by 

using the sucked air temperature, the sucked air humidity, the 

sucked air pressure, and the discharge pressure of the first 

supercharger as parameters, a target temperature setting means 

that sets, as a target temperature, a temperature at which the 

water vapor partial pressure calculated by the water vapor 

partial pressure calculation means reaches a saturated water 

vapor pressure, and a cooling control means that controls the 

cooling means such that the sucked air temperature of the 



4 

second supercharger reaches equal to or higher than the target 

temperature. 

{0007} 

For example, in order not to generate water mist from air 

sucked into the second supercharger, the sucked air 

temperature of the second supercharger may be simply 

increased. However, an increase in the temperature of the 

sucked air leads to lowering of the efficiency of the 

supercharger. For this reason, it is preferred that a 

temperature increase is avoided, considering the efficiency. 

As described above, it is important to control the sucked air 

of the second supercharger to an optimal temperature, 

considering generation of water mist and the efficiency of the 

supercharger. 

According to the first aspect of the present invention, 

the water vapor partial pressure in the discharged air of the 

first supercharger is calculated, and then, the temperature at 

which such a water vapor partial pressure reaches the 

saturated water vapor partial pressure is obtained. 

Subsequently, such a temperature is set as the target 

temperature of the sucked air of the second supercharger. 

Since this target temperature indicates the minimum 

temperature at which no water mist is generated from the 

sucked air of the second supercharger, generation of water 

mist can be avoided, and lowering of the efficiency of the 
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supercharger can be reduced as much as possible. As described 

above, according to the first aspect of the present invention, 

the suction temperature of the second supercharger can be 

controlled within a suitable range, considering generation of 

water mist and the efficiency of the supercharger. 

{0008} 

In the control device of the multi-stage supercharging 

system as described above, the information acquisition means 

may further acquire, as the input information, the rotation 

speed or the air flow rate of the first supercharger, and the 

target temperature setting means may use the water vapor 

partial pressure calculated by the water vapor partial 

pressure calculation means and the sucked air temperature, the 

sucked air pressure, the discharge pressure, and the rotation 

speed or the air flow rate of the first supercharger to set, 

as the target temperature, such a sucked air temperature of 

the second supercharger that a condensed water amount 

contained in air sucked into the second supercharger reaches a 

predetermined allowable condensed water amount determined 

depending on the characteristic of the second supercharger. 

{0009} 

According to the above-described configuration, the 

temperature at which the condensed water amount contained in 

the sucked air of the second supercharger becomes coincident 

with the preset allowable condensed water amount is set as the 
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target temperature. For example, in the case of the structure 

in which an impeller of the second supercharger has a 

relatively-high strength and a certain amount of condensed 

water is allowed, entering of condensed water is allowed 

within an allowable range, and the target temperature of the 

sucked air of the second supercharger is decreased 

accordingly. Thus, the efficiency of the second supercharger 

can be more improved as compared to the case where entering of 

water mist is prevented. 

{0010} 

In the control device of the multi-stage supercharging 

system as described above, the target temperature setting 

means uses, as an unknown value, a water vapor partial 

pressure in the sucked air of the second supercharger to set 

an expression indicating the condensed water amount contained 

in the sucked air of the second supercharger, obtains the 

water vapor partial pressure when the expression is equal to 

the allowable condensed water amount, and set, as the target 

temperature, a temperature at which the water vapor partial 

pressure reaches the saturated water vapor pressure, for 

example. 

{0011} 

A second aspect of the present invention provides a 

multi-stage supercharging system including a first 

supercharger of a low-pressure side, a cooling means that 
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cools air discharged from the first supercharger, a second 

supercharger of a high-pressure side that compresses the 

discharged air after cooling, and the control device of the 

multi-stage supercharging system as described above. Air 

compressed in at least two stages is supplied to an internal-

combustion engine. 

{0012} 

A third aspect of the present invention provides a method 

for controlling a multi-stage supercharging system which 

includes a first supercharger of a low-pressure side, a 

cooling means that cools air discharged from the first 

supercharger, and a second supercharger of a high-pressure 

side that compresses the discharged air after cooling and 

which supplies, to an internal-combustion engine, air 

compressed in at least two stages. The method includes an 

information acquiring step of acquiring, as input information, 

the sucked air temperature, the sucked air humidity, the 

sucked air pressure, and the discharge pressure of the first 

supercharger, a water vapor partial pressure calculating step 

of calculating the water vapor partial pressure of the 

discharged air of the first supercharger by using the sucked 

air temperature, the sucked air humidity, the sucked air 

pressure, and the discharge pressure of the first supercharger 

as parameters, a target temperature setting step of setting, 

as a target temperature, a temperature at which the water 
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vapor partial pressure calculated at the water vapor partial 

pressure calculating step reaches a saturated water vapor 

pressure, and a cooling control step of controlling the 

cooling means such that the sucked air temperature of the 

second supercharger reaches equal to or higher than the target 

temperature. 

{0013} 

In the method for controlling the multi-stage 

supercharging system as described above, at the information 

acquiring step, the rotation speed or the air flow rate of the 

first supercharger may be further acquired as the input 

information, and at the target temperature setting step, the 

water vapor partial pressure calculated at the water vapor 

partial pressure calculating step and the sucked air 

temperature, the sucked air pressure, the discharge pressure, 

and the rotation speed or the air flow rate of the first 

supercharger may be used to set, as the target temperature, 

such a sucked air temperature of the second supercharger that 

a condensed water amount contained in air sucked into the 

second supercharger reaches a predetermined allowable 

condensed water amount determined depending on the 

characteristic of the second supercharger. 

{0014 } 

In the method for controlling the multi-stage 

supercharging system as described above, at the target 
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temperature setting step, a water vapor partial pressure in 

the sucked air of the second supercharger may be used as an 

unknown value to set an expression indicating the condensed 

water amount contained in the sucked air of the second 

supercharger, the water vapor partial pressure may be acquired 

when the expression is equal to the allowable condensed water 

amount, and a temperature at which the water vapor partial 

pressure reaches the saturated water vapor pressure may be set 

as the target temperature. 

{Advantageous Effects of Invention} 

{0015} 

According to the present invention, generation of water 

mist in cooling of compressed air is reduced. Thus, the 

problem of water mist in a latter-stage supercharger can be 

solved, and the advantageous effect of avoiding damage of, 

e.g., an impeller can be produced. 

{Brief Description of Drawings} 

{0016} 

{Fig. 1} 

Fig. 1 is a diagram schematically illustrating an example 

configuration of a double-stage supercharging system as a 

multi-stage supercharging system of a first embodiment of the 

present invention. 
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{Fig. 2} 

Fig. 2 is a block diagram of the functions of a control 

device of the first embodiment of the present invention. 

{Fig. 3} 

Fig. 3 is an example graph showing the relationship 

between a saturated water vapor pressure and a temperature. 

{Fig. 4} 

Fig. 4 is a block diagram of the functions of a control 

device of a second embodiment of the present invention. 

{Description of Embodiments} 

{0017} 

(First Embodiment) 

A multi-stage supercharging system of a first embodiment 

of the present invention and the device and method for 

controlling such a multi-stage supercharging system will be 

described below with reference to drawings. 

Fig. 1 is a diagram schematically illustrating, as one 

example of the multi-stage supercharging system of the present 

embodiment, an example configuration of a double-stage 

supercharging system. As illustrated in Fig. 1, a multi-stage 

supercharging system 1 includes, as main components, a first 

supercharger 2 of a low-pressure side, an intercooler (a 

cooling means) 3 cools air discharged from the first 

supercharger 2, a second supercharger 4 of a high-pressure 
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side compresses the discharged air after cooling, and a 

control device 5. 

{0018} 

Compressed air discharged from the second supercharger 4 

is cooled by an intercooler 6, and then, is supplied to an 

internal-combustion engine 7. A high-pressure second turbine 

10 and a low-pressure first turbine 11 are provided at an 

exhaust gas pipe 8 though which exhaust gas of the internal-

combustion engine 7 is discharged, and are rotated by exhaust 

gas. 

{0019} 

The second turbine 10 is uniaxially connected to the 

second supercharger 4, and the first turbine 11 is uniaxially 

connected to the first supercharger 2. Thus, the rotational 

force of the second turbine 10 and the rotational force of the 

first turbine 11 are transmitted respectively to the second 

supercharger 4 and the first supercharger 2, thereby driving 

the second supercharger 4 and the first supercharger 2. 

In this multi-stage supercharging system 1, the sucked 

air temperature Ti (°C), the sucked air humidity Hi (%), the 

sucked air pressure Pi (kPa), and the discharge pressure P2 

(kPa) of the first supercharger 2 and the sucked air 

temperature T2 (°C) of the second supercharger 4 are detected 

by sensors (not shown), and then, are output to the control 

device 5. 
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The control device 5 controls the intercooler 3 such that 

the sucked air temperature T2 of the second supercharger 4 

reaches a proper temperature, considering, e.g., both of the 

soundness and efficiency of the second supercharger 4. 

{0020} 

Fig. 2 is a block diagram of the functions of the control 

device 5. As illustrated in Fig. 2, the control device 5 

includes an information acquisition section 21, a water vapor 

partial pressure calculation section 22, a target temperature 

setting section 23, and a valve opening degree control section 

{a cooling control means) 24. 

The information acquisition section 21 acquires the 

sucked air temperature Ti (°C), the sucked air humidity Hi {%), 

the sucked air pressure Pi (kPa), and the discharge pressure P2 

(kPa) of the first supercharger 2 and the sucked air 

temperature T2 (°C) of the second supercharger 4, these 

parameters being detected by the sensors. 

{0021} 

The water vapor partial pressure calculation section 22 

calculates, using the sucked air temperature Ti (°C), the 

sucked air humidity Hi (%), the sucked air pressure Pi (kPa), 

and the discharge pressure P2 (kPa) of the first supercharger 

2 as parameters, the water vapor partial pressure Pw2 (kPa) of 

air discharged from the first supercharger 2. 

One method for calculating the water vapor partial 
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pressure Pw2 (kPa) of air discharged from the first 

supercharger 2 by the water vapor partial pressure calculation 

section 22 will be described below. 

{0022} 

First, the water vapor partial pressure PW1 (kPa) of air 

sucked into the first supercharger 2 is represented by the 

following function expression (1) using the sucked air 

temperature Ti (°C) and the sucked air humidity Hi {%) as 

parameters. 

{0023} 

Pwi = Fxi(Ti, Hi) (1) 

{0024} 

Specifically, the water vapor partial pressure Pwi (kPa) 

of air sucked into the first supercharger 2 can be obtained by 

multiplying a saturated water vapor pressure PWI_SAT (kPa) at 

the sucked air temperature Ti (°C) by the sucked air humidity 

Hi (%) . The saturated water vapor pressure PWI_SAT (kPa) at the 

sucked air temperature Ti (°C) can be, for example, obtained 

from a graph showing the relationship between a saturated 

water vapor pressure PW_SAT (kPa) and a temperature T (°C) as 

shown in Fig. 3 or an approximate expression for calculating 

these parameters. 

{0025} 

Next, the ratio of the water vapor partial pressure to an 

air pressure is saved before and after compression performed 
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by the first supercharger 2, and therefore, the following 

expression (2) is established. 

{0026} 

Pwi/Pl = Pw2/?2 (2) 

{0027} 

When expression (2) described above is solved to obtain 

the water vapor partial pressure PW2 (kPa) of air discharged 

from the first supercharger 2, the following expression (3) is 

established. 

{0028} 

Pw2 = ( P2/P1) Pwi C 3 ) 

{0029} 

As described above, the water vapor partial pressure PH2 

(kPa) of air discharged from the first supercharger 2 can be 

obtained using expressions (1) and (3) described above. 

Thus, the water vapor partial pressure calculation 

section 22 stores, e.g., expressions (1) and (3), and the 

water vapor partial pressure Pw2 (kPa) of air discharged from 

the first supercharger 2 can be easily obtained by 

substituting predetermined parameters obtained by the 

information acquisition section 21 into these arithmetic 

expressions. 

{0030} 

The target temperature setting section 23 obtains a 

temperature T3 (°C) at which the water vapor partial pressure 



Pw2 (kPa) of discharged air calculated by the water vapor 

partial pressure calculation section 22 reaches a saturated 

water vapor pressure PW2_SAT (kPa), i.e., the temperature T3 

(°C) at which a humidity reaches 100 (%) at the water vapor 

partial pressure PW2 (kPa), thereby setting the temperature T3 

(°C) as a target temperature Ttg (0C). This can be obtained 

using, e.g., the graph shown in Fig. 3. 

{0031} 

The valve opening degree control section 24 controls, for 

example, the opening degree of a flow rate adjustment valve 15 

provided at the intercooler 3 such that the sucked air 

temperature T2 (°C) of the second supercharger 4 reaches the 

target temperature Ttg (°C) set by the target temperature 

setting section 23. A well-known control method such as 

feedback control and feedforward control may be optionally 

used as the method for controlling the sucked air temperature 

T2 (°C) to be coincident with the target temperature Ttg (°C). 

Adjustment of cooling intensity by the flow rate adjustment 

valve 15 has been set forth as one example, and for example, 

other methods may be used to adjust the cooling intensity. 

{0032} 

According to the multi-stage supercharging system 1 

having the above-described configuration, air compressed at 

two stages by the first supercharger 2 and the second 

supercharger 4 is supplied to the internal-combustion engine 
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7. Waste air in the internal-combustion engine 7 is 

discharged to the exhaust gas pipe 8, and drives the second 

turbine 10 and the first turbine 11 provided at the exhaust 

gas pipe 8. Thus, the second supercharger 4 and the first 

supercharger 2 each rotate using the rotational force of the 

second turbine 10 and the first turbine 11 as power. 

Further, the sucked air temperature Ti, the sucked air 

humidity Hi, the sucked air pressure Pi, and the discharge 

pressure P2 of the first supercharger 2 and the sucked air 

temperature T2 (°C) of the second supercharger 4 are detected 

by the sensors (not shown), and then, are output to the 

control device 5. 

{0033} 

These values detected by the sensors are obtained by the 

information acquisition section 21 of the control device 5, 

and then, are output to the water vapor partial pressure 

calculation section 22. In the water vapor partial pressure 

calculation section 22, the information input from the 

information acquisition section 21 is substituted into 

expressions (1) and (3), and in this manner, the water vapor 

partial pressure Pw2 (kPa) of air discharged from the first 

supercharger 2 is obtained. The water vapor partial pressure 

Pw2 (kPa) is output to the target temperature setting section 

23. 

{0034} 



In the target temperature setting section 23, the 

temperature T3 (°C) at which the water vapor partial pressure 

PW2 (kPa) of discharged air obtained by the water vapor partial 

pressure calculation section 22 reaches the saturated water 

vapor pressure PW2_SAT (kPa) is obtained using the graph shown 

in Fig. 3. Then, the temperature T3 (°C) is set as the target 

temperature Ttg (°C). 

{0035} 

The set target temperature Ttg (°C) is output to the valve 

opening degree control section 24, and then, the opening 

degree of the flow rate adjustment valve 15 is controlled 

based on the target temperature Ttg (°C) . This can reduce, in 

theory, water mist contained in air sucked into the second 

supercharger 4 to zero. 

{0036} 

As described above, according to the multi-stage 

supercharging system 1 of the present embodiment and the 

control device 5 for the multi-stage supercharging system 1, 

and the method for controlling the multi-stage supercharging 

system 1, the water vapor partial pressure Pw2 (kPa) of air 

discharged from the first supercharger 2 is calculated, and 

then, the temperature T3 (°C) at which the water vapor partial 

pressure Pw2 (kPa) reaches the saturated water vapor partial 

pressure PW2_SAT (kPa) is obtained. Subsequently, the 

temperature T3 (°C) is set as the target temperature Ttg (°C) 
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of air sucked into the second supercharger 4. The target 

temperature Ttg (° C) indicates the minimum temperature at which 

no water mist is generated in air sucked into the second 

supercharger 4. Thus, considering both generation of water 

mist and the efficiency of the supercharger, the target 

temperature Ttg (° C) can be set at an optimum temperature. 

{0037} 

The valve opening degree control section 24 does not 

necessarily control the sucked air temperature T2 of the 

second supercharger 4 to be coincident with the target 

temperature Ttg (°C), and may be control the sucked air 

temperature T2 (°C) of the second supercharger 4 to be equal 

to or higher than the target temperature Ttg (°C) . For 

example, in the valve opening degree control section 24, a new 

target temperature may be set by adding a preset certain 

amount of margin to the target temperature Ttg (°C), and the 

valve opening degree control section 24 may control the valve 

opening degree such that the sucked air temperature T2 (°C) of 

the second supercharger 4 reaches the new target temperature. 

Such control lowers the efficiency of the supercharger to some 

extent, but is superior in that it can be further ensured that 

generation of water mist is avoided. 

{0038} 

(Second Embodiment) 

Next, a multi-stage supercharging system of a second 



19 

embodiment of the present invention and the device and method 

for controlling such a multi-stage supercharging system will 

be described. 

In the first embodiment described above, the target 

temperature Ttg (°C) is set based on the water vapor partial 

pressure PW2 (kPa) of air discharged from the first 

supercharger 2. On the other hand, in the present embodiment, 

an intercooler 3 is controlled such that the amount of 

condensed water contained in air sucked into a second 

supercharger 4 reaches equal to or less than a predetermined 

allowable condensed water amount preset based on, e.g., the 

characteristics of the second supercharger 4. 

{0039} 

The same points as those of the first embodiment will not 

be repeatedly described below, and differences will be mainly 

described below. 

Fig. 4 is a block diagram of the functions of a control 

device 5' of the present embodiment. As illustrated in Fig. 

4, the control device 5' of the present embodiment includes an 

information acquisition section 21', a water vapor partial 

pressure calculation section 22, a target value setting 

section 23', and a valve opening degree control section 24. 

The information acquisition section 21' acquires a 

rotation speed Ni (rpm) of a first supercharger 2 in addition 

to the sucked air temperature Ti (°C), the sucked air humidity 
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Hi (%), the sucked air pressure Pi (kPa), and the discharge 

pressure P2 (kPa) of the first supercharger 2 and the sucked 

air temperature T2 (°C) of the second supercharger 4. That is, 

in the present embodiment, a rotation speed sensor or an air 

flow rate sensor which detects the rotation speed Ni (rpm) of 

the first supercharger 2 is required. 

{0040} 

The water vapor partial pressure calculation section 22 

calculates the water vapor partial pressure Pw2 (kPa) of air 

discharged from the first supercharger 2 in the manner similar 

to that of the first embodiment described above. 

{0041} 

The target temperature setting section 23' sets, as a 

target temperature Ttg (°C), a sucked air temperature T4 (°C) 

at which the amount of condensed water contained in air sucked 

into the second supercharger 4 reaches a predetermined 

allowable condensed water amount Gwtg. 

The idea on the target temperature Ttg (°C) of the present 

embodiment will be described below. 

{0042} 

First, considering the state of air discharged from the 

first supercharger 2, a pressure is P2, and a water vapor 

partial pressure is Pw2 (kPa). When a temperature is decreased 

to T4 (°C) in this state, the amount Gw of condensed water 

contained in such air is represented by the following 
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expression (4) . 

{0043} 

Gw = C PW_COND*/?2) x Ga (4) 

{0044} 

Pw COND is represented by the following expression (5) : 

PW_COND = Pw2 (kPa) ~ PW4_SAT (kPa) (5) 

{0045} 

In expression (5) , "PW4_SAT" (kPa) denotes a saturated 

water vapor pressure at the temperature T4, and is an unknown 

value. 

{0046} 

Moreover, in expression (4), "Ga" denotes a mass flow 

rate (kg/s), and is represented by the following expression 

(6) : 

Ga =pQ = PiQ/RTi (6) 

A measured value may be used as the mass flow rate Ga. 

{0047} 

In expression (6), "p" denotes a density (kg/m3), and "Q" 

denotes a volume flow rate (m3/s). The volume flow rate Q is 

represented by the following expression (7). Moreover, UR" 

denotes a gas constant {JK~1mol~1) . 

{0048} 

Q = Fx((P2/P1), N) (7) 

{0049} 

The volume flow rate Q is a value uniquely determined by 
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a supercharger characteristic map, using a compression ratio 

and a rotation speed in the first supercharger 2 as 

parameters. 

{0050} 

In expressions (4) to (7) described above, the parameters 

other than the saturated water vapor pressure PW4 SAT (kPa) are 

known values. Thus, the saturated water vapor pressure PW4_SAT 

(kPa) satisfying expression (4) described above is obtained, 

and the temperature T4 (°C) corresponding to such a saturated 

water vapor pressure PW4_SAT (kPa) is obtained from the graph 

between the saturated water vapor pressure and the temperature 

as shown in Fig. 3. In this manner, the condensed water 

amount in air sucked into the second supercharger 4 can be 

taken as the allowable condensed water amount Gwtg. The target 

temperature setting section 23' sets such a temperature T4 

(°C) as the target temperature Ttg (°C). 

{0051} 

For example, when expressions (4) and (5) are solved to 

obtain the saturated water vapor pressure Pw4 SAT (kPa) , the 

following expression (8) is obtained. 

{0052} 

PW4_SAT (kPa) = Pw2 {kPa) - (Gwtg X P2/G3) (8) 

{0053} 

Thus, the target temperature setting section 23' stores, 

in advance, expression (8) and the accompanying arithmetic 
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expressions (e.g., expressions (6) and (7)) for obtaining 

various parameters used for expression (8), for example. The 

saturated water vapor pressure PW4__SAT (kPa) can be obtained in 

such a manner that various determined values acquired by the 

information acquisition section 21' are substituted into these 

arithmetic expressions. 

Then, the temperature T4 (°C) corresponding to the 

obtained saturated water vapor pressure PW4_SAT (kPa) is 

obtained from the graph shown in Fig. 3. In this manner, the 

target temperature Ttg (°C) can be set. 

{0054} 

The valve opening degree control section 24 controls the 

opening degree of a flow rate adjustment valve 15 such that an 

inlet temperature T2 of the second supercharger 4 reaches 

equal or higher than the target temperature Ttg (°C) set by the 

target temperature setting section 23' . 

{0055} 

As described above, according to the present embodiment, 

the opening degree of the flow rate adjustment valve 15 of the 

intercooler 3 is adjusted such that the amount of condensed 

water contained in air sucked into the second supercharger 4 

reaches equal to or less than the preset allowable condensed 

water amount. In the case of the structure in which an 

impeller of the second supercharger 4 has a relatively-high 

strength and a certain amount of condensed water is allowed, 
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entering of condensed water is allowed within an allowable 

range, and the temperature of air sucked into the second 

supercharger 4 is decreased accordingly. Thus, the efficiency 

of the second supercharger 4 can be more improved as compared 

to the first embodiment in which entering of water mist is 

prevented. 

{0056} 

The present invention is not limited only to the above-

described embodiments. Various changes can be, without 

departing from the gist of the invention, made by, e.g., 

partially or entirely combining the above-described 

embodiments. 

For example, the multi-stage supercharging system of the 

present invention is not limited to the double-stage 

supercharging system illustrated in Fig. 1. The multi-stage 

supercharging system of the present invention may be, e.g., a 

three-stage supercharging system. In this case, the above-

described control is applicable as at least one of control of 

an air temperature between first and second stages or control 

of an air temperature between second and third stages. 

{Reference Signs List} 

{0057} 

1 multi-stage supercharging system 

2 first supercharger 
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3 intercooler 

4 second supercharger 

5 control device 

7 internal-combustion engine 

21, 21' information acquisition section 

22 water vapor partial pressure calculation section 

23, 23' target temperature setting section 

24 valve opening degree control section 
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{CLAIMS} 

{Claim 1} 

A control device of a multi-stage supercharging system 

which includes a first supercharger of a low-pressure side, a 

cooling means that cools air discharged from the first 

supercharger, and a second supercharger of a high-pressure 

side that compresses the discharged air after cooling and 

which supplies, to an internal-combustion engine, air 

compressed in at least two stages, comprising: 

an information acquisition means that acquires, as input 

information, a sucked air temperature, a sucked air humidity, 

a sucked air pressure, and a discharge pressure of the first 

supercharger; 

a water vapor partial pressure calculation means that 

calculates a water vapor partial pressure of the discharged 

air of the first supercharger by using the sucked air 

temperature, the sucked air humidity, the sucked air pressure, 

and the discharge pressure of the first supercharger as 

parameters; 

a target temperature setting means that sets, as a target 

temperature, a temperature at which the water vapor partial 

pressure calculated by the water vapor partial pressure 

calculation means reaches a saturated water vapor pressure; 

and 

a cooling control means that controls the cooling means 



27 

such that a sucked air temperature of the second supercharger 

reaches equal to or higher than the target temperature. 

{Claim 2} 

The control device of a multi-stage supercharging system 

according to claim 1, wherein 

the information acquisition means further acquires, as 

the input information, a rotation speed or an air flow rate of 

the first supercharger, and 

the target temperature setting means uses the water vapor 

partial pressure calculated by the water vapor partial 

pressure calculation means and the sucked air temperature, the 

sucked air pressure, the discharge pressure, and the rotation 

speed or the air flow rate of the first supercharger to set, 

as the target temperature, such a sucked air temperature of 

the second supercharger that a condensed water amount 

contained in air sucked into the second supercharger reaches a 

predetermined allowable condensed water amount determined by a 

characteristic of the second supercharger. 

{Claim 3} 

The control device of a multi-stage supercharging system 

according to claim 1 or 2, wherein 

the target temperature setting means 

uses, as an unknown value, a water vapor partial 
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pressure in the sucked air of the second supercharger to set 

an expression indicating the condensed water amount contained 

in the sucked air of the second supercharger, 

obtains the water vapor partial pressure when the 

expression is equal to the allowable condensed water amount, 

and 

sets, as the target temperature, a temperature at 

which the water vapor partial pressure reaches the saturated 

water vapor pressure. 

{Claim 4} 

A multi-stage supercharging system comprising: 

a first supercharger of a low-pressure side; 

a cooling means that cools air discharged from the first 

supercharger; 

a second supercharger of a high-pressure side that 

compresses the discharged air after cooling; and 

the control device of a multi-stage supercharging system 

according to claim 1 or 2, 

wherein air compressed in at least two stages is supplied 

to an internal-combustion engine. 

{Claim 5} 

A method for controlling a multi-stage supercharging 

system which includes a first supercharger of a low-pressure 



29 

side, a cooling means that cools air discharged from the first 

supercharger, and a second supercharger of a high-pressure 

side that compresses the discharged air after cooling and 

which supplies, to an internal-combustion engine, air 

compressed in at least two stages, comprising: 

an information acquiring step of acquiring, as input 

information, a sucked air temperature, a sucked air humidity, 

a sucked air pressure, and a discharge pressure of the first 

supercharger; 

a water vapor partial pressure calculating step of 

calculating a water vapor partial pressure of the discharged 

air of the first supercharger by using the sucked air 

temperature, the sucked air humidity, the sucked air pressure, 

and the discharge pressure of the first supercharger as 

parameters; 

a target temperature setting step of setting, as a target 

temperature, a temperature at which the water vapor partial 

pressure calculated at the water vapor partial pressure 

calculating step reaches a saturated water vapor pressure; and 

a cooling control step of controlling the cooling means 

such that a sucked air temperature of the second supercharger 

reaches equal to or higher than the target temperature. 

{Claim 6} 

The method for controlling a multi-stage supercharging 
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system according to claim 5, wherein 

at the information acquiring step, a rotation speed or an 

air flow rate of the first supercharger is further acquired as 

the input information, and 

at the target temperature setting step, the water vapor 

partial pressure calculated at the water vapor partial 

pressure calculating step and the sucked air temperature, the 

sucked air pressure, the discharge pressure, and the rotation 

speed or the air flow rate of the first supercharger are used 

to set, as the target temperature, such a sucked air 

temperature of the second supercharger that a condensed water 

amount contained in air sucked into the second supercharger 

reaches a predetermined allowable condensed water amount 

determined by a characteristic of the second supercharger. 

{Claim 7} 

The method for controlling a multi-stage supercharging 

system according to claim 5 or 6, wherein 

at the target temperature setting step, 

a water vapor partial pressure in the sucked air of 

the second supercharger is used as an unknown value to set an 

expression indicating the condensed water amount contained in 

the sucked air of the second supercharger, 

the water vapor partial pressure is obtained when 

the expression is equal to the allowable condensed water 
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amount, and 

a temperature at which the water vapor partial 

pressure reaches the saturated water vapor pressure is set as 

the target temperature. 


