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DESCRIPTION 

Title 

AIR CONDITIONING SYSTEM 

Field 

5 [0001] 

Embodiments described herein relate generally to an air conditioning system adapted 

to control a server room accommodating servers thererin, within a prescribed range of 

temperatures. 

Background 

10 [0002] 

Using a room as a server room, there can be computing machines such as servers 

installed in the room. Providing the computing machines are servers, for instance, such the 

server room is referred to as a data center. Such computing machines dissipate heat while 

working. If installed servers increase in number, like the case of data center, the whole servers 

15 have increased heat dissipation, so there is use of an air conditioner for producing cold air, to 

supply to a data center, by blowing up from under the floor, for instance. Further, there are 

fans provided to servers, or for racks accommodating servers therein, and adapted to intake cold 

air for cooling servers. There are fluxes of air warmed by servers being cooled, and let out of 

servers, to discharge as return air from the data center. Flux of return air discharged from the 

20 data center may be cooled at the air conditioner, to again provide to the data center, or 

discharged outdoor, as evacuation of air. 

[0003] 

For such an air conditioning of data center, there was a technique using a set of racks 

of a type that accommodated therein a server or servers and took in cold air at the front side to 

25 let out as return air through the upside or the back, and a set of roundabout preventing devices 

each preventing streams of return air from going roundabout toward the front side. For 

instance, this might be a set of shield plates fixed to upsides of racks to prevent return air from 

mixing with cold air, allowing for effective use of cold air. 

[0004] 

30 Also, there was a technique using an air blowing fan improved for efficient cooling. 



2 
It employed a fan tower (as an air blowing device) installed in a server room, and configured to 

have fluxes of air suctioned from lower spatial regions in the room, to blow out into upper 

spatial regions, so air was suctioned into upper portions of racks. In this configuration, the air 

blowing device served to send cold air in a lower space in the room to an upper space, so those 

5 fluxes of air being suctioned from the upper space had lower temperatures than ever. Further, 

racks had decreased fluxes of cold air in their lower portions, where temperatures were raised 

higher than ever, so as a whole, they had reduced temperature gradients in the vertical direction, 

with reduced variations in temperature of suctioned air. In addition, their bottoms had 

openings formed therethrough, with adjusters operable to open and close, affording to suppress 

10 variations in temperature of cold air, allowing for saved energy, as well. 

[0005] 

However, those techniques in the past had fluxes of air delivered from fans to supply 

to racks, driven by fans at the racks to blow onto servers, cooling them, discharged as fluxes of 

return air from the racks, and suctioned by a return air fan at an air conditioner, without mixing 

15 with cold air. That is, there was a connected single-duct configuration having those air streams 

striking therethrough, though there being the air conditioner and servers as flow passage 

resistances. On the other hand, for the single-duct configuration, there was use of fans forcing 

air therethrough, with actions of the fans interfering with each other, not simply causing air 

streams to be unstable, but also consuming undue power, as an issue. 

20 [0006] 

Further, for such fans, there was use of speed uncontrollable induction motors 

affording to have equilibrium flux converged in accordance with a balance of air flow between 

the fans. However, for fans put under an inverter revolution number control, there were 

revolution numbers insisted in between, with their situations of revolution number control 

25 interfering with each other, causing hunting, as another issue. 
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Summary 

Problems 

[0008] 

As described, the techniques in the past employed fans as air blowing elements 

5 operable with, among others, interfering actions, causing unstable air streams consuming undue 

power, and hunting, as issues. 

[0009] 

In view of the foregoing issues, embodiments herein provide an air conditioning 

system adapted for stable control of air blowing elements to implement an energy saving. 

10 Solution 

[0010] 

To achieve the object, according to an embodiment, there is an air conditioning system 

including an air conditioner, an air blower, a sensor, and a controller. The air conditioner 

works for supply to cold spaces. The air blower produces streams of air in and between a 

15 server room and the air conditioning system. The sensor takes a measure of current or power 

as consumption at servers. The controller operates on the measure at the sensor, to control the 

air blower. 

Brief Description of the Drawings 

[0011] 

20 Fig. 1 is a diagram of entirety of an air conditioning system according to a first 

embodiment. 

Fig. 2 is a graph showing a relationship between air flow and power consumption 

employed in the air conditioning system in Fig. 1. 

Fig. 3 is a graph showing a relationship between blower revolution number and air 

25 flow employed in the air conditioning system in Fig. 1. 

Fig. 4 is a diagram of entirety of an air conditioning system according to a second 

embodiment. 

Fig. 5 is a graph showing a relationship between pressure difference and power 

consumption employed in the air conditioning system in Fig. 4. 

30 Embodiments 
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[0012] 

There will be described air conditioning systems according to certain embodiments, 

with reference to the drawings. In the description below, like configurations are designated by 

like signs, omitting redundancy. 

5 [0013] 

(First Embodiment) 

As shown in Fig. 1, according to a first embodiment, there is an air conditioning 

system la configured to control supplying cold air for a cooling service to a server room 20, 

which has installed therein a set of computing machines such as servers that dissipate running 

10 heat. 

[0014] 

The server room 20 has therein a combination of hot area or space 22 and cold areas 

or spaces 21 defined as different spaces. More specifically, the server room 20 is separated 

into a hot space 22 and a set of cold spaces 21, by provision of racks 23 (23a, 23b, 23c, 23d) 

15 with closure plates 25, the racks 23 serving for accommodation of computing machines such as 

servers (non-depicted). 

[0015] 

There are fans 24 (24a, 24b, 24c, 24d) each provided to a rack 23 or for a server. The 

racks 23 as well as servers are each arranged for use of revolutions of a fan 24 to take in cold air 

20 residing in a cold space 21, cooling a server working with heat dissipation, to let out as heated 

return air to the hot space 22. In the example illustrated in Fig. 1, where the racks 23 are 

mounted on a floor 26 that is double floored for under floor distribution of cold air from air 

conditioner, for instance, there are arrays of openings 27 formed in the floor 26, each in position 

to supply cold air to a cold space 21 defined by and between racks arranged with their air intake 

25 sides opposing each other, so cold air is let into the racks 23, causing such streams of return air 

as outflowing to the hot space 22. 

[0016] 

As illustrated in Fig. 1, the air conditioning system la includes an air conditioner 11 

operable for cooling air to supply cold air to the set of cold spaces 21, a first blower 12a 

30 operable to send cold air cooled at the air conditioner 11, to the server room 20, a second blower 
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12b operable to send return air discharged from the hot space 22, to the air conditioner 11, an 

ammeter 13 adapted to take a measure of current as consumption at servers in the server room 

20, and a control device 14 configured for operations based on a measure at the ammeter 13 to 

control the blowers 12a and 12b. 

5 [0017] 

Such being the case, the air conditioning system la is adapted to have cold air, as it is 

cooled at the air conditioner 11, sent by the first blower 12a to the server room 20, and 

discharged as return air from the server room 20, to again cool at the air conditioner 11, to 

circulate to the server room 20, allowing for servers to be kept normal. If servers bear 

10 increased loads, the servers' heat dissipation increases, with an accompanying increase in 

revolution number of fans 24, as well. As the revolution number of fans 24 increases, there are 

increased fluxes of air as gaseous body moving from the cold spaces 21 to the hot space 22, 

with the need to send increased fluxes of cold air to the cold spaces 21. It also is needed to 

send an increased flux of return air from the hot space 22 to the air conditioner 11, to circulate a 

15 stable flux of air in the air conditioning system la. 

[0018] 

Therefore, the control device 14 is adapted for use of the ammeter 13 to predict a load 

on servers, for operations depending on the load on servers to control the blowers 12a and 12b, 

to have an adjusted flux of air circulating in the air conditioning system la. 

20 [0019] 

More specifically, the control device 14 includes a power determiner 141 configured 

to input a current value as a measure from the ammeter 13, for operation to determine power 

consumption of servers from the current value. More specifically, the power determiner 141 

has a mathematical expression or table set stored therein in advance for determination of power 

25 consumption, and is adapted for use of the mathematical expression or table set to determine 

power consumption from current value. 

[0020] 

This is followed by operation of an air flow determiner 142, which is configured to 

operate on power consumption determined at the power determiner 141, to determine therefrom 

30 an air flow produced by the fans 24. To have a stable flux of air circulating between the air 
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conditioning system la and the server room 20, there should be an air flow produced by the first 

blower 12a to be consistent with fluxes of air produced by the fans 24, as well as an air flow 

produced by the second blower 12b. More specifically, there is a relationship between air flow 

and power consumption, indicative as illustrated in Fig. 2, so the air flow determiner 142 has a 

5 mathematical expression or table set stored therein in advance for determination of air flow, and 

is adapted for use of the mathematical expression or table set to determine an air flow from 

power consumption. The air flow thus determined constitutes a target air flow of blowers 12a 

and 12b. 

[0021] 

10 This is followed by operation of a blower controller 143, which is configured to 

determine a revolution number of the blowers 12a and 12b, as it is required for the blowers 12a 

and 12b to produce the target air flow determined at the air flow determiner 142, for use of the 

revolution number to thereby control the blowers 12a and 12b. More specifically, there is a 

relationship between blower revolution number and air flow, indicative as illustrated in Fig. 3, 

15 so the blower controller 143 has a mathematical expression or table set stored therein in advance 

for determination of revolution number, and is adapted for use of the mathematical expression 

or table set to determine a revolution number from air flow. For control of blowers 12a and 

12b to be implemented by controlling revolution number of an inverter, for instance, the 

above-determined revolution number constitutes a revolution number for revolution number 

20 control of the inverter. 

[0022] 

It is noted that instead of the ammeter 13, there may be use of a power meter for 

measuring power consumption of servers. For use of a power meter, as the power determiner 

141 is unnecessary, the air flow determiner 142 may be adapted to determine an air flow by 

25 using a measure of power consumption at the power meter. 

[0023] 

Further, in Fig. 1, the air conditioning system la has two blowers 12a and 12b 

implemented as air blowers for producing streams of air in and between the air conditioning 

system la and the server room 20, while there is no limitation to the number of air blowers, so 

30 this may be one or two or more, subject to streams of air to be produced in and between the air 
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conditioning system la and the server room 20. 

[0024] 

As described, the air conditioning system la according to the first embodiment is 

adapted to work in accordance with fluxes of air by fans 24, to control the blowers 12a and 12b 

5 for air flow adjustment, permitting streams of air to be stable without interferences between 

actions of blowers 12a and 12b and fans 24, allowing for saved undue consumption of power. 

Further, it can prevent hunting even in the inverter revolution number control mode. 

[0025] 

(Modification) 

10 Further, the air conditioning system la may employ, besides the ammeter 13 or power 

meter, an air flow meter (non-depicted) for measuring, among others, a flow rate of cold air 

flowing into the first blower 12a or a flow rate of return air flowing into the second blower 12b. 

For use of air flow meters, the blower controller 143 may be adapted for feedback control to 

establish prescribed deviations between measures at the air flow meters and a target air flow of 

15 blowers 12a and 12b determined at the air flow determiner 142. 

[0026] 

More specifically, the blower controller 143 may be adapted for feedback control of 

the second blower 12b to establish a prescribed deviation between a value of air flow measured 

at a first air flow meter (non-depicted) installed upstream of the first blower 12a and a target air 

20 flow of the second blower 12b determined at the air flow determiner 142. Also, the blower 

controller 143 may be adapted for feedback control of the first blower 12a to establish a 

prescribed deviation between a value of air flow measured at a second air flow meter 

(non-depicted) installed upstream of the second blower 12b and a target air flow of the first 

blower 12a determined at the air flow determiner 142. The blower controller 143 then used 

25 may be a proportional control. 

[0027] 

(Second Embodiment) 

Fig. 4 shows an air conditioning system lb according to a second embodiment, which 

is different from the air conditioning system la described with reference to Fig. 1, in that it 

30 includes a differential pressure meter 15 substituting for the ammeter 13 to measure a 
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differential pressure between a cold space 21 and a hot space 22, and a control device 14b 

substituting for the control device 14 to make use of a measure at the differential pressure meter 

15 to control blowers 12a and 12b. The rest of configuration of the air conditioning system lb 

is similar to the air conditioning system la, and is adapted for use of cold air produced at an air 

5 conditioner 11 for cooling servers dissipating heat in a server room 20, while circulating return 

air to the air conditioner 11, for circulation of air as gaseous body in and between the air 

conditioning system lb and the server room 20. 

[0028] 

There are changes in revolution number of fans 24 causing changes in flux of air 

10 moving from cold spaces 21 to the hot space 22, with a difference developed between flux of 

cold air being supplied to the cold spaces 21 and flux of return air being discharged from the hot 

space 22, which difference may be increased, with increased differences between pressures in 

the cold spaces 21 and pressures in the hot space 22, as well. In situations differential 

pressures increase between the cold spaces 21 and the hot space 22, the air conditioning system 

15 lb has streams of air getting unstable in its entirety, so the control device 14b makes use of a 

measure at the differential pressure meter 15 to control the blowers 12a and 12b. 

[0029] 

More specifically, the control device 14b incudes a blower controller 143b, which is 

adapted to input thereto a measure of the differential pressure meter 15 as a value of differential 

20 pressure between the cold spaces 12 and the hot space 22, and compare the differential pressure 

value with a target differential pressure that is a prescribed target value of differential pressure, 

to operate when the measure of differential pressure meter 15 is larger than the target differential 

pressure, to decrease revolution numbers of the blowers 12a and 12b. On the other hand, if the 

measure of differential pressure meter 15 is smaller than the target differential pressure, the 

25 blower controller 143b operates to increase revolution numbers of the blowers 12a and 12b. 

This example implements a proportional control for changing the revolution numbers. 

[0030] 

In this case, the target value of differential pressure is determined using a relationship 

between differential pressure and power consumption. The relationship between differential 

30 pressure and power consumption is indicative as illustrated in Fig. 5, for instance, so the blower 
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controller 143b is configured to have a mathematical expression or table set stored therein in 

advance for determination of a certain target value of differential pressure, and is adapted for use 

of the mathematical expression or table set to determine a target value of differential pressure 

from power consumption of servers in the server room 20. In other words, the air conditioning 

5 system lb includes an ammeter for taking a measure of current, or a power meter for taking a 

measure of power, as consumption at servers, and the blower controller 143b is adapted to 

operate on such a measure of current or power, to determine a target value of differential 

pressure, for comparison between the target value thus determined and a measured value, to 

control the blowers 12a and 12b. 

10 [0031] 

In an exemplary situation where the air conditioning system lb has no measures (such 

as a voltmeter or ammeter 13, power determiner 141, air flow determiner 142) for services to 

measure power consumption in the server room and determine a target value of differential 

pressure, the blower controller 143b may be configured to have a target differential pressure as a 

15 prescribed value preset thereto, to use the value anytime irrespective of power consumption. 

[0032] 

Further, the air conditioning system lb may have a differential pressure meter 15 

adapted not for the service to measure a differential pressure as it is between a cold space or cold 

spaces 21 and the hot space 22, but for a service to measure a differential pressure as it is 

20 between a region or regions in a server or servers and the hot space 22, or a differential pressure 

as it is between a space or spaces in a rack or racks 23 and the hot space 22, in combination with 

a power determiner 141b adapted to determine power consumption from such a measure of 

differential pressure, for operations thereon to control the blowers 12a and 12b, allowing for 

similar effects to be obtained. 

25 [0033] 

As described, the air conditioning system lb according to the second embodiment is 

adapted to work in accordance with fluxes of air by fans 24, to control the blowers 12a and 12b 

for air flow adjustment, permitting streams of air to be stable without interferences between 

actions of blowers 12a and 12b and fans 24, allowing for saved undue consumption of power. 

30 Further, it can prevent hunting even in an inverter revolution number control mode. It is noted 
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that even in failure of a fan or fans 24 for any server or servers still running, there may be use of 

a differential pressure, for operations to control the blowers 12a and 12b to produce streams of 

air as necessary, affording to ensure required air fluxes. 



Reference Signs List 

la, lb.. .air conditioning system 

11... air conditioner 

12a, 12b.. .blower (as an air blower) 

13.. .ammeter (as a sensor) 

14,14b.. .control device 

15.. .differential pressure meter 

20.. .server room 

21... cold space 

22.. .hot space 

23... rack 

24... fan 

141,141b.. .power determiner 

142...air flow determiner 

143.. .blower controller 
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CLAIMS: 

1. An air conditioning system connected to a server room, the 

server room being configured with a cold space and a hot space 

separated from each other, and the server room including a server 

disposed between the cold space and the hot space, to have cold 

air supplied through the cold space, heated by dissipation of heat 

at the server, and discharged as return air through the hot space, 

the air conditioning system comprising: 

an air blower configured to produce streams of air in and 

between the server room and the air conditioning system; 

a differential pressure sensor configured to measure a 

differential pressure between the cold space and the hot space, 

or a differential pressure between the hot space and a region in 

the server or a space in a rack accommodating the server; 

a sensor configured to take a measure of current or power as 

consumption at the server; and 

a controller configured for operations to determine a target 

value of differential pressure to the measure of current or power 

at the sensor using a predetermined relational expression, and to 

control a flux of air to be produced at the air blower by comparing 

the target value with a value measured at the differential pressure 

sensor. 


