oo bbobbooudubobbogd

104 oobboboobooobbbbn

N o ov
[ O ov

O o o o™

ogoboopbodboooboobboobbooboobboobboobooou
00000doodooddoooooodoooooooooooooooooog Cop
gobboooboooboobboooboobboobboobooboboobbooobo
ddooooboooboobobooobooooboobboobooooobooboobooooo
gobboooboooboobboooboobboobboobooboboobbooobo
ddooooboooboobobooobooooboobboobooooobooboobooooo
gobboooboooboobboooboobboobboobooboboobbooobo
ddooooboooboobobooobooooboobboobooooobooboobooooo
000000oooooooooooooooogooRr410ACO0Do08WOOOOO
0000000 APFO Annual Performance Factord 0 52400000

gooooooooooooobooooooooooooooooooo

gooo

doooobobooobooobuooobuoooboooo
0o0ooooDoDooOoooooDboaoIPCCO
Intergovernmental Panel on Climate Changed 00 2007 O
040000 00000000 000000000000
doddoooooooono 24000000000000
20600000 CO20000 2000000000 50%000
doddddoooooooooooooooooooooo
doodooooboobooboobooboooboobooo
gooobdddooooooooooobooboboooooo
gooobooobooboobuooboobobooboooo
goooboobooboobuooboobboboboo
oo obbbbooobo
0000000 10000000000 SCWO Standing
ColumnWellOOOODODODODODODOODOODOODODOOO
00000000 ?2000000000000000000

“0000000 0O0DO0O0OOO0OO0OOOOoOOoOooOO
200000000000 000
“(@)ooOoooooooooo ooo

oboboooobooboobooooboboboooboobobo
gobooboooobobboooobbooobobooobboon
gboboooboobobooobooboobooooboobo
0000000000000 000000200000
000000000000004 00000000000
obobooooobobobooboobooboboooobobo
oobooboooobobbooobbooobobooobobOoon
oobooooobboooobbooobobooobobboon
obobooooboobooboooooboobbobooboobobo
gbobooobooboboooooboooboobooboobo
gboboooboobooboboboobooboboboobo
gobooboooobobboooobbooobobooobboon
gboobooobooboboboboooboobobobooo
oobooboooobobbooobbooobobooobobOoon
000000000000 00000000000000
obooooooboboooooboboooog
gboooboooboboobooobooboboboobooobon
0000000000000 0000000000000
TO00000000000000000000000000



gbobooobooooooboboboooboobobobo
gboboooboobobooooobooooobooobo
gbobooobooboboooobobobobooboobo
oobooboooobobbooobbooobobooobobOoon
oobooboooobobbooobbooobobooobobOoon
obobooooboooobobobobobobooboobobo
obobooooobooboooooboon

gaagoboboo
gbhl1oobooboobooboobooboobooobooban
gboobooborboooobooz20bbooboobobooon
00000000000 1000000 sCwoooooo
oobooboooobobbooobbooobobooobobOoon
oboboooobooboboobobobobobooboobobo
obooooboobooooboboboooboboobooo
gbobooobooboboooobooboboooboobo
gobooboooobobboooobbooobobooobobboon
goobooooob20b0b0000bOb00oooboobo0oooo
gboboooobooboobobobooobooboboobo
gboobooooooobooooonog

oDoooooon
goddoodoobooooooooooooooon
Jdb000oooooooooooboooooboooooo
Jo0ddoooodooooooooooboooooooao
godooobooooboooobooobooooooaoo
godooboooboboooobouoooboboooooooo
00000000000 000O0000O000O0oO0ooao
000000000000 0A7000000000000
goddoobodobOoooooooooooooooaon
00000000000 COP(Coefficient of Performance)]
SPF(Seasonal Performance Factor)d O O APF(Annual

b1 booooooboboooobon

oooooo 48kW (0O 120 —70)

oooooo 48kW (0 O 400 —450)
ooo goooooooOg  11kW
ooooo 00000o00ooon

oooooo oooooooo
ooo 0.4kWx2

gb2 ODOoOOoO0OO0oOoOOobooD

0o ooooog oooooan
0o [W/(m200)] nbbbbd (O]
0o 1.6 0.08 9.7
0o 2.7 0.07 17.4
0o 3.7 0.06 23.4

iy
A
AREAR

(EW)

Y
ERAE— RS
)
— H#hFKEL

: i 1/ \vh—
AN TEAVEFS POy

gb10000000

7k ]
B]R —

uvEz

&ﬁ)@rﬁ

%
FEAEH

[EfEH

gb20o0oboooooooono

Performance Factor)d 0 0 OO

0.0 0O0DO0OOO
00000000000000000000000 3800
000000000000000000000000000
000000000000010000000000000
000000000 0000D0000 1000000000
DAm2|00000000000 @MJIm2o00000
0@+ MJm2l000000000002000000000
00000000000000000000000000
0000000000000 100000020000000
000000000 Qo 00000 QeI 0D DOODOO
000000000000000000000000000
00000000000000000000000000 8
00000000000000000000000000
O000Ground ClubD D DO OOOODODODO

Qs 000000(L)

=(T,, —26)xq+ uxtxJ



Qe =(22-T,, )xq—uxtxJ 000000(2)

000070000[[0l0¢q000000[W/(m200)]10z

00000000 «00000I0JO000000 [W/m2l0
U00¢U000 x0000000D0D0D0D0D00D000000
000000000000000 70 MAJ0000000
01000000000000000 20040000000
000o000oOooooo 800018000 00000000
0000000000oOoOono 26000000000 2200
00o0oo0oo0o0o0000000000000000000
000000000000000 Am2l0000000 10
0J000000000O00s000ooooon

000000(8)

A=MIN(Z D)
Qp Qu

0do0eUi000d0ooooobooooepoooon
O000o0000oo0bgx0 00000000 ooonn
Q,p00000000000000000000

o033 bDooooooboo

go Qcp Q]zp A Qac Qab
oo (W/m2] | [W/m2] | [m2] | [MJ/m2] | [MJ/m?]
oo 90 48 537 89 121
od 98 59 492 131 80
oad 86 40 559 156 28

0030000000000 Db00b00bD0O0D U0 Qd
ddobobbbooouobobobbooououubobo
gogbodbooobobooboobuoobbuooobooboo
oooboQu,ubbboobObbooonoonononoonononon
0 389000003330 000000000000 98W/m?
ooo000000000000000Qu0 0000000
gobodbooobboboobooboobobooboboboo
0000000000ooooooooooosawmioood
yo4b000b00b0bOobDbOoObOo0obOooboOon

0.0 ODbobobooboo

gooobbobbboboodoooooooooboboobon
gogbodboooobbooboobboobboobboboo
000000000 DODDOO000D0DoDDODOOO0n0 NIST
O National Institute of Standards and Technology 00 00 O
0000000 REFPROPP OO OO OOOOOOOOOO
gb20000000b00 701200000 4004500000
00 POHOOOODOOOOOODOOOOO @moooo
gobodboodobbooboobuoobuoooobooo
gogbodboobbooboobuooboobboooboo
gopbodgsboobobooboboobooboobboboo
oooo0booooDobbooooobooooboooooo
0o0o0odoooooDoooboobooboooooobooo

60 60
760 - 7 50
%40
@ 30 i ey,
£ 20 T Al ) v
4 : R0 -] el TE

10 - e e (P,

Far et SN

1n 12/31

OcOOnO
ugb4 ODOOO0ODOOOOOOOOODO

0.8

071 /_\
., 0.6 i i
B /
R 0.5 /
2o,
g y =-0.001x* |+ 0.0247x3 - 0.2168x? + 0.7543x - 0.1551
03

0.2

0.1

0 T :
0 2 4 6 8

JEAE
005 00000ooOooooogiio
oboobooobooboobooooobooboboooboobo
OO0000o0O00opoooOoA70oD0 /00 100000000

O00000004000600 COPOSPFOAPFOOOO
gooo

CoP=Q/(P. +P, +P,) 000000(4)
SPF=[__Qat/[(R+P +R)d 000000(5)
APF =[_Qdt/[ (R+P +P)dt 000000(6)

0000QDODO000DOO0O/00o00kwWIOROO
OoookwWIOP,OOOOOOKWI?2OP, 0000000
OkWIDODOOOOn-Off 000000 OD0O0O0OO0O0OOOO

12131



goooo offtiiigooooooooooooooo
gbobobobooboobobobooobooboboobo
03 00000000000000000000000
O0O0O0O0O0D040000000000CASE1~CASE3DO
obobobobobobooobobobobobooboobobo
O000OO0O00oDo0OO CASE400000O0bOOoooooo
oboboooobooboboooooboboobooboobobo
OO0 R407COOOO0OO0OOOOOO R410A0DODOO
OOOOO0OO0O0OCASESOO0OOOOODObODODDODOOO
gbobooobooboboobooboboboo2b00b00o
OOCOOO0OOO0O0OO0OCASEeOOOOOOOOODODODOO
00O000oOoA 7000 1000000000000000
ooooboobooboooobobobooobobooobooo
go0ooOoOoOoOoooOoDoDoOODOD SPFOOO APFOO
goooOoOoooooOoooOoOoOOOOoOOO copoO
O copO0OdOdOddgooooooooooobooooooo
go

ooooog

0.0 ODooobooocobogoo

0060 CASE 1000 0R410A0 A 7:50 O Pw:0.8kWO
O000OCO000DOO00ODOO00ODadoDOOodbm
goooOoOo0oOooOcbO00OoOooUoUooooO corpoO
OOo0OOoOoOoOoabOOOObODO COPOOOOOODODOO
Oo0o0o0oU0ooouooooooooooog cop OO
OcOOOOOSPFOAPFOOOOOOOOOODOODODOO
OOoCOOoOOOO0OO0 APFODODODOD 18000000
00 2%0000000000 APFO 5240000000
OOCASE10000000D0OCO0OOSPFOAPFOOOO
obooosooboboooobobbobebbO0O70DO0O
ooboboooobboooobbooobobooobobboon
OOOO0OOOOCASEZI 0000 SPFOAPFO CASE 1O O
gbooooboooboboooboobobooboobooboo
OO0 APFOODOOOOO 17% 00000000 7%00
gooospFOO0O0OOOODOOOOODOOODOODODOO
gobooboooobbooobboooboboooboboon
000000 APFOOOODOOOODOOOODDO 22%
OOOOO0OO0OO0ODCASE3sDOOODOODOOOODODOO SPF
oboboooobooooboobobooboooboobobobobo
OO0 APFOOOOOOO 4% 00000000 3%0000
gbobooboobooboobobobooboobobobo
gboboooboobobooobooboobobobobobobo
O0O0O0O0 APFDO 49900000000000 5%000
oooooon

0.0 ODOoboooogooo

CASE 40000000 R407COODOOOOOODOODO

ogb4 DOOOO

ooooo
ooo gooa oag ATIO
(W] ol
CASE 1 oo R410A 0.8 5
CASE 2 oo R410A 0.8 5
CASE 3 oo R410A 0.8 5
CASE 4 oo R407C 0.8 5
CASE 5 oo R410A 1.6 5
CASE 6 oo R410A 0.8 10
10 10
a 8 a 8
S s 8 6
o ? [ )
s 4 £ 4
8 2 % 2
o Lo v i o) S
1234567809101112 1234567809101112
MONTH MONTH
( 00000000
10 10
a 8 a 8
& &
O ¢ O 6
8 2 £
o Lo v i o b v v
12345678 9101112 123456789101112
MONTH MONTH
() 00000000
10 . 10
8 6 8 6,
g 2, ondBiiN ° Y,
s 4 £ 4
8 2 % 2
0 0

12345678 09101112 1234567 89101112
MONTH MONTH
(c) ODDOOOODOODOOODOOOOO
gbe6 CASE10 copOmOO

000 R410A0DOOOOOR407COOODOO 10000
goodbobobobobobooouoooobobao
O Displacement VolumeOO 42m3/h 0 R410A O 28m3h O
000000000000 000D000000CASE40 O
0000008000 OR410A0 000 SPFOAPFOODO
00000000 D000o0oooOdoOooooo APF
0000000 18%0 00000 2%00000CR407C
00000 APFO 435 0000R410A 00000000
ud 21%0000000000

0.0 ODoObOboboooooogo

goobooddooooooooobooooooooooo
000000000000 CASESOD00DOO0ODOOOO
doodoo0ooooOobOobooooooo P,O0ODO



CASE 100.8kWO O 2001.6kWOOOOOOOOOOO
OOOOO0OO00OD0O0O09000DOOOOCASE 50 SPFO
APF O00O0OOOOOO00OO0ODOOOODOOOOOOOOO
APFO0ODOOO0OD 11%00000000 4% 000000
CASE 50 Pw:1.6kWO O O OO APFO 49500 0 O CASE
10Pw:0.8kWOOOOOOOODOOO 600000000
o0 boooobobobooobobobooboobon
OoOoOoOOoAPFOOO0OOOOOOOOCODOODOODODDOO
.0 bODooboboooboobogoo
gobobooobobooobboooobobooobbooon

gboboooboobobobobooboobobobooo
goboobooobobboooobbooobobooobbooon
gbobooobooboboooboooooobooboobo
oboobooobooboobooooboobooooobobo
oboobooboobooboooooboooogooooobo
oo0ooOoOoOooDoOoooooA70O0O0ODOOOOO
OOOOCASEe0UJA 70 100D0C0COODODODODOOO
ATO50000000000000000100 CASE6O
OOOOOOSPFOUAPFOOOOOOOOODOODODOOO
OOOOO0OO0OO0OD0 APFOOOOOOO 8%OO00OO

005 CASE1000DDOOOODOR410A0A 7- 500 A2 0.8kwD

a0 0000 | 0DoOoOoOo oo 000D | OODODoO0OO og APF
[kWOh] [kWOh] SPF [kWOh] [kWOh] SPF
00 3,688 4.85 2,790 3.90 4.44
oo 17,896 3,050 5.87 10,869 2,528 4.30 5.16
oooooo 2,995 5.97 2,490 4.36 5.24
006 CASE200000000OR4I0AOA 7= 500P,: 0.8kWO
a0 0000 | ODoooOooo oo 0000 | ODO0OoOooO og APF
[kWOh] [kWh] SPF [kWOh] [kWOh] SPF
00 2,206 6.04 6,360 2.85 3.67
oo 13,321 1,703 7.82 18,116 6,169 2.94 3.99
oooooo 1,658 8.04 5,670 3.20 4.29
007 CASE300D0000DODOORAI0ADA 7= 500P,: 0.8kWO
a0 0000 | ODoooOooo oo 0000 | ODO0OoOooO oo APF
[kWOh] [kWOh] SPF [kWOh] [kWOh] SPF
00 4,979 4.85 949 4.56 4.80
oo 24,137 4,987 4.84 4,327 908 4.77 4.83
oooooo 4,799 5.03 904 4.79 4.99
008 CASE40D0D0O000DODOORA7COA 7= 500PA,: 0.8kWO
a0 0000 | ODoooOooo oo 0000 | ODO0OoOooO oo APF
[kWOh] [kWOh] SPF [kWOh] [kWOh] SPF
00 4,595 3.89 3,226 3.37 3.68
0o 17,896 3,799 4.71 10,869 2,940 3.70 4.27
oooooo 3,727 4.80 2,891 3.76 4.35
009 CASE5000000D0DOORAI0ADA 7= 500P,;: 1.6kWO
a0 0000 | ODOooOooo oo 0000 | OO0OOoOooO oo APF
[kWOh] [kWOh] SPF [kWOh] [kWOh] SPF
00 3,688 4.85 2,790 3.90 4.44
0o 17,896 3,337 5.36 10,869 2,691 4.04 4.77
oooooo 3,220 5.56 2,590 4.20 4.95
0010 CASE 600000000 DORA10AOA 72 1000 A, 0.8kWO
a0 0000 | ODOooOooo oo 0000 | OO0OOoOooO oo APF
[kWOh] [kWOh] SPF [kWOh] [kWOh] SPF
00 3,688 4.85 2,790 3.90 4.44
0o 17,896 3,583 4.99 10,869 2,788 3.90 4.52
oooooo 3,385 5.29 2,628 4.14 4.78




OO0 6%000000000CASE 6 00000 APF O
478 OOOOCASE 10A 705000000000000
10%0000000000

gogd
gooboboooobboooobboooobboooooo
0000D0@O0O00048kW)000000000000DO

0000 oooo ApFOOOO0OOOO7O0OOOODOOO

gbooooobooboooobooboboooobg

O00o0oOooOooOoooOoODOO APFOOOODO 5.240
4.2904.9900000

00000 R407CO0 R410ADD00OOODOOO 21%0
APFODOOOOOOO

goooOooo0o0oooOoooOoOooboOooDooOoa 1o
010000 s000000000010%0 APFOOOOO
good

oooooooooo PO 1ekWOO 0.8kW OO OO
Oo0O0OO0O0e6%0O APFOOOODOOOO

oooooooooooooDoODODOOO APF O 20
7% 0 0000000000000 APFO 4018% 0000
ooooooog

gbhoboobobooboooboobooboooooooobooon
oboboooboooobooboboooboboobooboboobo
gbobooooboboboooboooboobooooboobooboo
gbobooobooboboooboboobooboboobo
gbobooobooboboboboboobooboboobo
gbooooob

ggd

gboboboboboooooooobobooooobooon
obobooooboobooboooooboobobonooboobo
gobooboooobobboooobbooobobooobobboon
gboboooboobobooooboobobooboobao
gboobooboboobooboboboobooboboobo
gboboboobooboobobobooobooboboobo
ogboooobooboboobooboboboboboooobobo
gbooooooboooog

0 1000000000000000000O0O0000C0OO00OO
ooooo

0 200000000000000 04kWx 2000.8kWOO OO
oooooooooolkwoooooo

g3oooooooooooobboOoOobobooobooooooboOoo

gboooooboooboo o oooooobooooooDo
000o0o0oooooooobooooboobo

g o
goobobbo vu2roogooobooboboooooboo

LR K&

LRAS Y

APF
w

CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6

ob7 DODOOOAPFOODOO

O0o0O0O0OoOoooNEDOMOOCOOOOOOOOOooo
goboboooobobboooobboooobooobbooon
goboobooobobbooobbooobobooobobOoon
gboboooooooboooog

gboobooooooobo

00000o0oooooooooooooooooooooooo
00oo000oDo00ooo00oDoo0oDooo0mon 208sCW
00000o0o0oooooooooOoOoOoOoOO0oOoOoUooooooog
gooOooOo0ooDOooODOO0OO0DOO0OO0DODOod2008-800
pp.1851-1854

oooo
1) IPCC Fourth Assessment Report, International Panel on Climate
Change, 2007 (http://www.ipcc.ch/ipccreports/ar4-syr.htm)
2) C.D. Orio et a., A Survey of Standing Column Well Installations in
North America, ASHREA Transactions, pp.109-121, 2005
3y 0000000000000 00O0O0oooooooO 200
goo0o0ooo00ooO0o0oooO0o0oooOo0o0oooOOo0n
00000 5540 0 pp.41-46, 2002
4) J0000O0OC0OO0OO0000O0ODOOOOO0OOOOooOoOOOO
00000000000 MmMmO000 00 Dvol.260No.40pp.408-4130
2001
5 00000000OOOOOO000OO0ODOOOOOOOOoOooO
ooo00oooo0o0@o 1y oooo0oooooooooo0o
000000000000 pp.1299-1300, 2006
6) DU0000D0O0ODOOOOOO00D0OO0ODDODOOOOUOOOOOO
0o00ooo0oo0o0@oO 3)00oooooooooon0o
0000000000000 o0oo0oo0o0o0ooooooooo
pp.593-5940 2007
7 0000000000 0O0O0000O0OO0O000OoOoOOO0
0000000000 000bO0 40 DOODUOOUOODUOOODOD
goboboooboobobooooobobooobooboboooobo
0 pp.1729-17320 2007
sgi0i0o0opoobo0oobO0bO0obOO0b0obOO0bUobOobOoOooDo
oooobobooobboob 1 000b0bOoobobooobooo
000000000000 00000000000O000ONo.1010
pp.11~200 2005
99 0000000 DODOOOO Nationa Institute of Standards and
Technology [ http://www.nist.gov/srd/nist23.htm0
10) Y.Shiba, R.Ooka, K.Sekine, Development of High-Performance
Water-to-Water Heat Pump for Ground Source Application, ASHRAE
Transactions, Volume 113 Part 2, LB-07-029, pp.261-270,2007
1) 000000DoOoU0DoOOoOoOoDoOoO0DoOOoOooOoOoOoDOO
0000000000000 OO pp.1591-15940 2004
12) DO0000OO00O0O0D0OOO000O0O000O00ODO0O0O0O00
00o00o0O0o000bO0obD0O0O00bOobOU0ObOU0O0ObDOobDOooOoo
0000000 6380 0O pp.473-4790 2009

obo2149 00000




Development of Water and Air Sources Hybrid Heat Pump System Using Groundwater

Circulatory Wells
Part 1 — System Concept and Annual Performance Prediction

by Yujin NAM™*, Ryozo OOKA"?, Yoshiro SHIBA ™

Key Words: Hybrid Heat Pump System, Groundwater, Annual Performance Prediction

Synopsis. By utilizing the relatively stable temperature of
groundwater, groundwater heat pump (GWHP) systems can
achieve a higher coefficient of performance and can save more
energy than conventional air-source heat pump (ASHP) systems.
However, it is difficult for only ground heat source to meet the
heating and cooling loads with an annual balance. In order to
optimize the operation of GWHP systems, it is necessary to
develop a system using both groundwater and air sources
according to the condition of building loads and temperature.
Furthermore, groundwater should be used only as a heat source by
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recharging in one or two wells to prevent the subsidence and save
the boring cost. This research has developed a GWHP system that
employs a hybrid heat pump system with groundwater wells using
multi heat source, groundwater and air source. In this paper,
several case-studies were conducted to predict an annua
performance of the developed system on the various conditions,
such as location of introduction, type of refrigerant, and capacity
of pump. As aresult, the system APF in base case, which isusing a
refrigerant of R410A and a pump of 0.8kW in Tokyo, was
calculated as 5.24. Moreover, the developed hybrid system on the
each condition achieved the improved APF by 4 to 17% compared
to using only air as heat source.
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