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Abstract: A new type of central air-conditioning system for Japanese condominiums has
been developed, tested and evaluated. This system is composed of a heat pump air-
conditioner, a small ductwork and underfloor chambers, which are usually formed to prevent
the floor impact sound and vibration, and which are thermally insulated well for this
development.

The paper describes the measurements and evaluations that were made in both winter and
summer. Room temperature was generally stable because of controlling supplied air volume.
Floor surface temperature was about 2 °C higher than room air temperature in winter. On the
other hand, it was about 1 °C colder than room air temperature in summer. These results
suggest that this system should create thermal comfort and high energy efficiency in
Japanese condominiums.

Key Words: underfloor chamber, central air-conditioning system, heat pump air-
conditioner, condominium, comfortable indoor climate

1 INTRODUCTION

Heat pump air-conditioner is one of very popular heating equipments in Japanese
condominium. Nevertheless people do not always use it, but sometimes use other heating
equipments, such as portable kerosene stoves and electric heaters, when they want to heat
rooms. The reason is that temperature of supply air (SA) is lower than that in other heating
equipments. In addition, low level of thermal insulation in envelopes is a problem in
Japanese housings, as it creates cold indoor climates.

The trial calculation of the primary energy for heating (JSBC 2009) is shown in Figure 1. Heat
pump air-conditioners should be more often used even in winter from viewpoint of energy
conservation, because they have higher energy efficiency than other heating equipments.
The authors attempted to improve air-conditioning system in condominiums. A new type of
central air-conditioning system was designed, constructed and tested in a full-scale test
dwelling unit.
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Figure 1 TRIAL CALCULATION OF THE PRIMARY ENERGY FOR HEATING

2 DEVELOPMENT OF A FLOOR CHAMBER AIR-CONDITIONING SYSTEM

A new central air-conditioning system for Japanese condominium has been developed in
order to achieve thermal comfort as well as energy conservation. Heat pump air-conditioner
was adopted from view of energy conservation. Besides a central air-conditioning system
was used to keep thermal comfort. High thermal insulation in envelope is needed to heat up
a whole dwelling unit of condominium by a heat pump air-conditioner which has high energy
efficiency. To create thermal comfort, vertical distributions of air temperature in rooms must
be as uniform as possible in winter. If conditioned air is supplied to the underfloor space,
much thermal radiation from the floor is expected as shown in a floor heating system.

Thus the new central air-conditioning system, which is illustrated in Figure 2, has been
designed and constructed. The air-conditioning unit (indoor unit) was set up in the ceiling of
the passage, and conditioned air was supplied to the underfloor space through the duct. By
supplying the warm air to the underfloor space, the floor was heated slightly, and thermal
radiation was emitted from the floor surface. Afterwards, conditioned air was blown to the
room through the floor air outlet unit, and returned to the air-conditioner through the inlet in
the ceiling of the passage.
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Figure 2 NEW CENTRAL AIR-CONDITIONING SYSTEM FOR JAPANESE CONDOMINIUMS
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3 OUTLINE OF A TEST DWELLING UNIT AND THE AIR-CONDITIONER

The specifications of a full-scale test dwelling unit are shown in Table 1 and the plan is
shown in Figure 3. The dwelling unit imitates the plan of a general condominium for families
in Japan. The east, west, upper and lower sides of the dwelling unit face the buffer space.
The envelopes of the buffer space are covered with the insulation material of 100 mm in
thickness. The buffer space is designed to reduce heat loss through east, west, upper and
lower sides of the dwelling unit. Temperature in the buffer room is controlled as equal to
dwelling unit temperature.

Table 1 SPECIFICATIONS OF A TEST DWELLING UNIT

SPECIFICATIONS
plan general condominium for families in Japan(3LDK)
floor space 78 m
size wide 6,400 mm, depth 12,250 mm, height 2,500 mm (partry 2,150 mm)
living: wide 4,000 mm, height 2,000 mm
window room1,2: hight 1,000 mm

*all windows are double glazing (5 mm + air 6 mm + 5 mm)

|f|oor outlet unit

it loset

I

18 TtoiTet air—conditione
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—» North gremote control ler buffer space

Figure 3 PLAN OF A FULL- SCALE TEST DWELLING UNIT

The specifications of air-conditioner are shown in Table 2. The heat pump air-conditioner
(indoor unit) and ventilation system were set up in ceiling of the passage of the dwelling unit.
Outdoor air was taken by a ventilation fan and was mixed with indoor air taken through the
inlet. The mixed air was air-conditioned and then was supplied to the underfloor chamber
through the duct in the center part of the dwelling unit.

In each room, air dampers were placed to the floor outlet units and remote controllers were
installed. By controlling the SA volume of each room by the proper damper of the floor outlet
unit, the room temperature is kept comfortable.
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Table 2 SPECIFICATIONS OF HEAT PUMP AIR-CONDITIONER

SPECIFICATIONS

cooing capacity 5 kW
heating capacity 5.6 kW
rated send air volume 750 m/h
rated electricity 1,700 W

voltage 200 V

4 MEASUREMENT OF THE ROOM AIR TEMPERATURE AND FLOOR SURFACE

To analyze the characteristic of air-conditioner’s operation and thermal comfort in the rooms,
air flow rate, electricity and various temperatures in Table 3 were measured in the dwelling
test unit during 6days in winter when all rooms in the dwelling unit were set up at 22 °C, and

6days in summer which were set up at 28 °C.

Table 3 ITEMS OF THE MEASUREMENT

MEASUREMENTITEMS
outside
each room at height 1,100 mm (living room, Japanese room, room1, room2)
temperature
floor surface (each room)
supply air (supply duct, outlet of each room)

air volume supply air (differencial pressure)
solor radiation outside

electricity air—conditioner

41 CHANGING OF THE TEMPERATURE IN WINTER MEASUREMENT

The changing of the room air temperature of each room and the floor surface temperature is
shown in Figure 4. There were few days when the lowest temperature of the outside is below
0 °C. The air-conditioner was operated, and the SA temperature in the outlet of each room
rises to about 30 °C or more when the room air temperature fell to the designated
temperature which was 22 °C. The SA temperature in the outlet of each room moves up and
down according to the heat load.

In the living room, the temperature of room air was higher than 22 °C in daytime, because of
the solar radiation. The temperature of the other room was controlled approximately the
designated temperature which was 22 °C.

Comparing the temperature of the floor surface with the room air temperature, In the living
room, the floor surface temperature was 2 °C higher at nighttime and it was more equal in
daytime. The floor surface temperature was 1 °C higher than the room air temperature in the
Japanese room and room1, 2 °C higher in the room2. It was confirmed that the temperature
of the floor surface was slightly warm.
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4.2 CHANGING OF THE TEMPERATURE IN SUMMER MESUREMENT

The changing of the room temperature of each room and the floor surface temperature is
shown in Figure 5. The highest temperature of the outside in daytime is exceeded 30 °C on
all 6 days and there were few days exceeded 35 °C. The SA temperature of each room falls
under 25 °C in daytime when the air-conditioner operated by the room air temperature rises.
The SA temperature of each room moved up and down according to the heat load.

In the living room, the temperature of the room air was often exceeded 28 °C by the solar
radiation. On the other hand, the temperature in Japanese room was lower than 28 °C,
because the minimum volume of SA for 24 h-ventilation was supplied to Japanese room,
though. The temperature of other rooms were controlled at the designated temperature
which was 28 °C or less.

Comparing the floor surface temperature with the room air temperature, the floor surface
temperature was equal to or 1 °C colder than room air temperature. It was confirmed that the
temperature of the surface was not too cold.

4.3 COMPARISON OF EACH ROOM TEMPERATURE IN WINTER AND SUMMER

The point of the comparison is that the temperature of each room SA is not same. This
means that the temperature and air flow in the underfloor chamber was not uniformity.

And, there was a difference of the temperature of the floor surface, too. It is appeared that
the temperature of the floor surface is related to the temperature in the underfloor chamber.
To create thermal comfort, it is necessary that the temperature of each room is uniformity as
possible. To design this system for various condominiums, it is important that the
temperature of the floor surface and room air in each room is estimated accurately in
advance. It is our future tasks to build up the method to estimate the temperature in the room.

4.4 VERTICAL DISUTRIBUTION OF THE TEMPERATURE IN WINTER AND SUMMER
The vertical distribution of each room temperature in winter on 12/27 is shown in Figure 6.
Excluding the period when the room is heated by the solar radiation, the temperature of the
room air was from 20 °C to 23 °C. In addition, the temperature of the floor surface was 2 °C
higher than the room air temperature. The temperature distribution was small in height from
100 mm to 2,300 mm.

The vertical distribution of each room temperature in summer on 8/11 is shown in Figure 7.
At 6:00, the air-conditioner was not operating because the room temperature was lower than
the designated temperature which was 28 °C, the all air temperature of the room at each
height is about 26 °C.

At 12:00, the air temperature was increased with the height of the measure point. The reason
of the vertical distribution at 12:00 can be summarized in two points. First, the vertical
distribution is tends to be enlarged by the solar radiation, because the cooling capacity in the
living room is exceeded by the strong solar radiation. Second, blowing the SA from floor
outlet unit is tends to be enlarged the distribution, because the SA is colder and heavier than
the room air, and the SA remains in the bottom of the room.

10" EA Heat Pump Conference 2011



temperature [°C] temperature [°C] temperature [°C] temperature [°C]

temperature [°C]

ambient condition

- - - - solor radiation (horizontal) ‘

outside temperature

15 T T T 2,500
! VA e, !
10 T ) T 2,000
o~ SN N A N A
3 N NN
0 i i i 1,000
| o .IW\ | \I/ .
-5 1 N P A 500
-10 P - » P s ! - ! N 0
12/22 12/23 12/24 12/25 12/26 12/217 12/28
living room
living room (h=1100mm) - - - - living room(floor surface)
living room (west outlet) living room (east outlet)
34 T T T T
32 s N o
- ——1 R Ty 1| Tr—
AT A VL PR N L VAVATON PO 1 P
‘ A | g 1) P
26 ‘ l 3 v T R VEVA) ‘VU
24 QX AN N\
2 i aians S N e o
12/22 12/23 12/24 12/25 12/26 12/27 12/28
Japanese room
‘ Japanese room (h=1100mm) - - - - Japanese room (floor surface) Japanese room (outlet)‘
34 | | | |
32 | | | |
30 l l l :
2 A\ WW N AR JWVW\ W N
26 : Y /W M : ya | M
24 - \/f \I R . ‘e \W
22 ) = e g m > '~rwrw(:_m,ﬁv
| | | | A A ~
20 | | | |
12/22 12/23 12/24 12/25 12/26 12/27 12/28
room1
‘ room1 (h=1100mm) - - - room1 (floor surface) room1 (outlet) ‘
34 | | |
2?, | | |
| | |
28 ‘ ‘ (\(\!\W\ ‘ W\VA
: (o, 11 AT A )
24 e Lo L )
22 W'V' ‘T ~ 2in'A2' " vvvv
20 : : :
12/22 12/23 12/24 12/25 12/26 12/27 12/28
room2
‘ room2 (h=1100mm) - - - :room2 (ﬂoor surface) room2 (outlet) ‘
34 T T
49 I o o |
28 \M M M |
2 N R M
M e AA N S NAVA N AR A "l\
22 —</ \/ ; VN V' ;v— S Y YT vvwv *' N
20
12/22 12/23 12/24 12/25 12/26 12/27 12/28

Figure 4 CHANGING OF THE TEMPERATURE IN WINTER
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Figure 6 VERTICAL DISTRIBUTION OF ROOM AIR TEMPERATURE IN WINTER
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Figure 7 VERTICAL DISTRIBUTION OF ROOM AIR TEMPERATURE IN SUMMER
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5 PERFORMANCE OF AIR-CONDITIONER OPERATION

The frequency and cumulative frequency of the air-conditioned heating value in winter and
summer is shown in Figure 9.

The ratio that the air-conditioned heating value was 4 kW or less was about 80 %, while the
rated capacity of the air-conditioner was 5.6 kW when it is heating. The mode of air-
conditioned heating value was from 2 kW to 2.2 kW.

Moreover, the ratio that air-conditioned heating value was 1.6kW or less was more than 80 %,
while the rated capacity of the air-conditioner was 5.0 kW when it is cooling. The mode of air-
conditioned heating value is from 1.4 kW to 1.6 kW.

This result indicates a possibility that the capacity of the air-conditioner may be small.
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Figure 8 FREQUENCY DISTRIBUTION OF THE AIR-CONDITIONED HEATING VALUE IN WINTER
AND SUMMER
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6 CONCLUSIONS

The new central air-conditioning system that aimed to achieve the thermal comfort and
energy conservation using the underfloor space as an air supply chamber for Japanese
condominiums is developed. To evaluate the system, the full-scale dwelling test unit was
constructed imitating general Japanese condominium for families. In addition air flow rate,
electricity around the air-conditioner, the temperature distributions of the rooms were
measured to analyze air-conditioner’s operation and indoor thermal comfort, consequently
the following have been concluded.

(1)This system can keep the room air temperature approximate to the designated
temperature in winter and summer.

(2)The temperature of the floor surface was 2 °C higher in winter, and 1 °C colder in summer

than room air. So thermal comfort is achieved in winter, and besides the temperature of floor

surface is not too cold in summer.

(3)The air temperature of the room that was heated by solar radiation was higher than other

rooms in winter and summer. In particular, the room temperature was higher than the

designated temperature in summer.

(4) The temperatures of the SA are not same, because air flow in the underfloor chamber is

not uniform.

(5) According to the result of the measurement, there is a possibility that the capacity of the

air-conditioner may be a little small. There is a high performance air-conditioner that the COP

is over than 6 in the small capacity air-conditioners for domestic use. If using the higher

performance air-conditioner, more energy conservation can be achieved.

7 REFERENCES
JSBC 2009, “The Standards of Judgment for Residential Construction Clients Guide Book”,
Japan Sustainable Building Consortium, pp 146.

10" EA Heat Pump Conference 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


