RIHRELATBFFEFTH  No. 77 2013

A03—Ay AN A= MK[ AT LOREFK

AW AE N B TR R
RO o E T

Development of Interlock Ventilation System

Yoshihide Suwa Yoshiaki Ozeki Takashi Tsuchiya
Hiroshi Harashima Chikako Yabe

Abstract

A countermeasure to the heat in perimeter zones resulting from solar radiation is very important for
achieving thermal comfort in indoor environments. In this research, an advanced facade system named IVS
(Interlock Ventilation System) was developed. This system accumulates the heat from solar radiation in
perimeter zones and expels this high-temperature air to outside the window. Characteristics of this system were
studied by mock-up experiments and CFD analysis. Energy required operating the IVS was estimated and
compared with that for an AFW (Airflow window system). Then it was found that energy required for
operating the former was about 30% less than for the latter during summer. The optimum design of solar-blinds
used in this system was also studied in terms of its reflectivity and air-tightness. These results show that the
IVS is expected contribute to energy conservation.

R E:3

XY A= H )= NZBT D AR ORI, Pl BNERBRE A ER TS ETRERETH D, MEROB AT A
IR, B x A X —OBWHT=RT7 7P — RV AT LLELT, A ¥ —ay AR A—FBREK AT b
(IVS : Interlock Ventilation System) # Bi%E L7z, RN OLEHEINTNE=T 7 r—U 4 » NU%ETIE, B@n»
BIENN L 7= A 22 LR 25 Z L N% L, ZOEDOTINAX —2NHE L T5, KU AT MMIEH TRE L
FRAEBEE ATy oS SE, A ¥ —u vy 7 REZBAIEL CZhz BN T2 b 0T, [EIY
BULERIC T R LR — R B L L2V, AVAT AR LS BEL, ZOEMICKLE LR T3 LF &
ERELIEAER, =778 —0UA 2 RUIZHARB0%EITE 2 Z ERbhote, FEMERIZEID R ZT

LOBPKIERE 2 AR L, BIXBZRPEEMEIC LD eVt 2/oNn 5 Z & MR8 LT,

1. IZL®IZ

NRY A —=H =BT D HFOXKIL, R EN
REGREZ BT 2 ECHEHETHD, THET, XU A
— B = OB EEE LT 7= RV AT AL L
T, =7 7u—UA Ry (LLTARW) R ESESE RS
XBIGEHER TR, L, ZTUHEDY AT AT
I, il H BRI U7 BE 22 TR 5 Z L %<
FDOEODOTRNLX—%PE LT 5,

EH DL, EROBY AT AMIHARE =R LX—HD
BWHT- 7 7 =RV AT ALLELT, A ¥—avs
ARV X —Z W5 v AT A (Interlock Ventilation
System, LAFIVS) ZBE3E L7z, AT AT AT EE TR
L7zBEBEE 0 T v o NI &8, BIRMICES
B L CZnaBINCHEH T 5 b DT, BUELERIC =
ANF—FNELE L2,

AR TEART AT LD EEIZ SV TR 7214,
FRISRERZ L DBV R OMR, [y Ial—va v
(LUFCFD) 12 & % v A 7 AENEMERE O MFHE R I L OV
TR F—PERE DIREFE ROV THE T 2,

2. EHmE

2.1 SATLDREBEHE

BHNODOHBEEEBESIETHHELELT, 77914
R — VA7 ) — U AT 5 7E08 KN TH 5,

LOLENNCT T4 > REFERLEZSAICE, 7794
VREETT AL OMICEIRFEIERAER SN, ZOER
BN T T4 ROMBOLENICHRALTA > T VT
=Nl 525 (Figla)),

ARWTIE T Z4 > RORNWNTH T ZA &3S, HobT
AR &R L C H R BUGER D BN~ DA % B
1795 (Fig.1b)), AFWEHHATHERY XA —F V=20
RARE IR EIND, LrL, BEENEZ S &0
TREEELKE L RD-OBTHEE LB Rtk
WS DA B EL, TOEODOTRLX—NYBEL A
5, T, 794V REBRT T A LEDOBOEIEZER %
BEFHETEOEEINTICHL T H 2 R TENIE, &
DICAZRN X =RV AT LEFEBTEDL LB T,

Lo LEACB O S mIRERZHET 2 AT AT
1, AMNEESHEERBE O M dy o TIRWZIEICEIR
RN TE P, AT VT Y= IREAALTLE



KA TETT ] No. 77 R A—=Z A Z—nm v 7 KK 2T L ORSE

IAREMEDLE X bND, £ T, Fig20 L5127 714>
Fer— V27 U= 2 BT B0 FEICEVEE D
FADF % R ZFT, Fy¥ o /N TFEOBONE A 322
WCEVAUERIRZEREZ T ¥ oSN S ' 5, Fv
UONNRFEIRIE 2 2 IS A2E, T N TR OB
AZELT, BAMUB N ZBT CTF ¥ v "NOLER & B
WCHEH T B, 2oL 5122 BETOB AERIZ OV T OB
BiEx A ¥ —nmy ZHIET 5 &, SRR K D BB
BE~ORBERIETHZ LN TE D, AVAT ATIET
NTOLELRERPNEINC L > TITORADT, VAT A
HAICME L 225 = R VF — [ TEERIE S AT 2B X O
2 HATOB O ORABEOEEE h DA T L L, BEEDOS
BTN, B XX —MRBICENT- AT ARHIRFT
xpLEZREY,

2.2 BHERBRICEDHBMROMER

ELILV AT AT, BANCEIRESZ YT 55
WCBR AU AT L2, HEEFIC S R 2Py ©
EEMEIPNEELRD, FICHEREY I T v
ZRUEL, P ROMERIEREIT 572, Fig3l3EFREE
BB L OZNZAWTHE LIZF v v SNIREE DOREFZ
fbkTh s,
FEERIEEIIRTAIC RIS AN Tl 7 Az a1, PNER
W2 — A7 U — 2 &3E L7 AKR600mm (W) X 580 mm
(D) X 1660 mm (H) DFETH 5 (0§71 (W) 1IoEfHe ) 7o A
ELT—HETNHLEETALELTND) o T AHE
0—/LAZ Y —2 & OEEEIZ260mm & L, NEREEH (XA Y
AF L TWEA L=, FO EEIIIEZEE 0 HTF v oo
L 1L T600 mm (W) X580 mm (D) X360 mm (H) M A~2— R
ZExlT, ENAL, BAMINZZIZEI400 mm (W) X200 mm
(D) DBAPABE & 7% ) 7=, FEBRIZ, F T AEIZ500WD ARG
FUTIBTHEREN L TF v S\NEFIEREE CTLE
HE&E, IVSOEERZ L T 2 WATOEEZ BHEES T
1Tol,

Fig.3 b)i%, BAMNRE & F ¥ L SNIRE & DZENR10°CLL
bllpol b X PBEESED LD L L TER LR

ARAMR T 22

a) FEBRALE

Experimental Setup

F v P ARNGIRE (C)

Thd, ZEHE—F (RE LA ORES(TIZHE
WRTET 20T, EERTITIEIC K E Rz g2 5 2

BZER W~
_E EL o
VT =

/ LSS F—H T A

BURERRT IV AST

A UR

AN

T F AR

LI

a) XL

Without Countermeasure

b) =7 7u—UA Ky
Air-Flow-Window System
Figl 774> R=8BHT7 A5 OEREK DTN
Airflow of Hot Air from the Space between Window Shades
and Window Glasses

| s emERERLC
ERZE e
NI A ~HEH]
Ly
i | 2
F= Pt =
mIE— | HEpE — |

Fig2 A4 v & —1 v 7 AN A —FEPR AT A
IVS : Interlock Ventilation System

BB I SRR (20~30%))

30 L

g

T N
10 = Hed | sRE | HERL [ERsh [ HEEL
0 1 1 1 1
100 200 300 400 500

kFH (s)

b) F v /SN E DR
Time-dependent Change of Temperature in the Chamber

Fig.3 fi% 3B & 2PN R O ERR
Performance Test by the Simplified Model

2



KA TETT ] No. 77 R A—=Z A Z—nm v 7 KK 2T L ORSE

~
~
~

Jeban ]
Em]
i B [=2=y 8
2PN -
ZEE— K P E— 1

<“—>

2E—F (ARBKE—K)

e
prd

EfE—F

Figd F v LN Z[ElE KT A& ViR
An Example which adopts a Revolving Drum for the Chamber

T00s Tals

BECT)

T80s

ZHRT—F

|
\
Fig.s5 v > SNIREDA D CFD ¥ = L—3 3 ViER

Result of CFD Simulation for Temperature Distribution in the Chamber

TW5, Lo LPEAE— RORMEIXRISHED T v o E
FOBAZRFOV AT ACEBEO LD L7052 & AT
Ihb, BIMUMERIEAZTEE L CERATo70 L 25,
BEAMAUBI O 2B L THH20~30B TF ¥  ASNDOEIR
ELITFERRINRE R IND Z LB bhoT, A
BERENDDHAITE SICEMN TERZMmTE L0
ETHTES, ZOZEND, KVATATEF v
W SRR ZE RN T 2 B I —[EIRREE, S HRb bk
B — REWEZAT O IRMEMEEZ T2 2 & T, o7k
BWEREER S OND Z LR TE L,

3. YRATLONYI—Lavit

3.1 Fv U/NICEE K5 LZERAWN-EEK

IVSOIEARTE TIE, SEHFEET ¥ N2 2 DOBIHE%
EHT 28 E LTWe, BEEVHTF v N idED L
FIRIRTHL KL, HlxiEF v e LT 2o0EEE R
T LEFRIENC AW AER A B 2 Hivd, Figdd L H I
il KZ 2, AMAI R 2B D 28, Wl KT A olalER
kv zhznolnz Oz 5

LI 5L, BEEAREIC LY AN OBMBELRIETE
%, FigdDfFITiX, BAAfEOLRIZED A & —m
JEEICINZ, 2/ 2ME— R ERETX 5, BOTH
FEBLCEFE—RZEMAT 5L, BARBKD AIHE
725, FIFigd TIXHIERMIGE 7 F 4 R TlE7e<
O—NAJ)—=rE Lz, =NV A7 ) =3 BHE=R
A& DRIOKEEDRHFRLT L, VSO =—v g b L
TIET 74 REV bEFRIEBEZ BN D, Fig20 41Tl
T4 R EHNPOEN~OBDRANEEET B2, 7
T4 RIZINZ, BREEZFRITT-N, FigdTlda—/L A
7V =N ORENEFRTWD,

3.2 FyUNnNRBEAHDODL I aL—23Y

[Bl#E R T A& AW 2T JIHONWT, Fv o NIR
BESTR DB DCFDY 2 = L—Y a3 » &21T o 72,
R EFigSIIRT, 22 TR SER () Wifke
LTCa— VA7 Y= EBELER, YIalb—var
R, SEE—RICBWTE—LR Y Y= TZIFE
BDREIRER E 2o CTHER R T AF ¥ U SN2 I8
BE T REER, PEEVE— RIZBWTF v /3N D



KA TETT ] No. 77 R A—=Z A Z—nm v 7 KK 2T L ORSE

EHRZE KRBT ICBA R SN DRI LS BB LT

VAT MERICHLERER T AN F g/ NRET D
Wi, Fr U A\WIZAREZRIR Y < OBVEZRTL, ZE
E— R - YEEE— OB A BE LK MR 20580
b5, LinL, FYonNFHEICHLTED EY ETHIR
EREEMT DL, AR LZBRICERZEKBENIC
MRTHAREME DB X DI, T v SN~ OROER &
L BREOHBIZHIRT 20BN S D, BT —
RIZBIT LIz &, =R 7 Y= T TEET v
VNI BB EIND I L LR BT, ZoEIREE
SAEBWNANZHA S TN, v— 27 ) —r
ORBEMELEREEL RS, CFDY I alb—ailky, &
SFHICAE DT ¥ VB RORELE, TEE—F -k
BT — FEOUBEZ 2T ) 2O DORERECE=4 Y v
TN EIZOWTORFNATRE L 22 o 72,

4. SRTLOEBRAIRILIY—

41 TRILXF—HEOHE

IVSOFHEIE, BRI L » TRO b= BEFOLES %
ZOFEFERBIMNIPEHT 2 RI2H D, F Z TIVSOEHIZ X
BTN —%RE L, BEFOAFWE i LY,
4.1.1 SRTFLDOETILE

IVS 3 L UMFW DFEET L AFig6llrd, =2 T
BOFSARIHST AN O L E L L LTEBY, M
22D OAM, WHFBHASEIIBER L TR, £V AT
L DOBEENC e B NIBBAAFIC AN T/hE L, E72BR

@FIEITIRER LT

NGy T v
e /_/,-7’ faf .\@ﬁ?ﬂ(ﬂﬂkx?ﬁ&
4! =
S| A
O iE: O 1’
@B A : @B
] él
: @A S @HNHALR
S | e et m [§| ot Hu, E)
© AT I\ L — | AT I\ T L —

=@+@+®
a) AFW O<E 7 /L(CASE-1)

~@+@+0

Fig.6 A v —ma v 7 Y A —HEWK L AT A
IVS : Interlock Ventilation System

Tablel FRE L=/ —2A
Estimated Cases

b) IVS O &7 /L(CASE-2,3)

L LIy AT A

CASE-1 | AFW: =7 71— 4R

CASE-2 | 1VS: (AR ATy DB £0 & i Rpfh R L A2

IVS: (ARB AR OB EV LS D= F

ASE- L . .
CASES | vk el , AT 856 D ISR LA

BRORMIKTFT D2 D, ZRHERS LI,

Z 2 TlITable WRT 3D —AEMME LT, T4
b, CASE-1CIIAFWDSH A ZEE L, T X TORLNIZE
W BEE S OB E 0 I3+~ C Lt cOB+ 5
HDE Lz, FRIVSIZOWTHE, T XTORZNIZBWT
FAERBFED OB E Y 2 BIMNE TR a5 L7
BB &CASE-2, o AN E— BB E Y 2 BIMNCE
TS BAFRI 7 R R D AR & 25#8 U 7= 454 % CASE-3
L7z,

AFWDIGE (CASE-1), 7T A > RN _BHEEHE L,
Z ZICPAMEIE RS OB RS AN L2 A O B EE
OLFER L TENICATT 0O % kDD, 771
RN B CHUS L 728\ OIZ W T, shifids KOV
FEVREIC LD BNICIRAT 2@ L, =7 7 —k
RELTERBTUIEEIND LODIZHBEEL TERENR
HEL, O+@+@0AFHE AT LEHT R LF—L
LT DL e Lz, —JF, VS IZ2oWTIENT 7
AV FRHEHBY I AREBREL, FiBBHICE D AN
@ L OKHR - B EVREIC LV IRAT D00 %
HETLIN, MIFT T ABLOT T4 > R THESE L2
DIz2N T, EREICR S TRINCHER T b0 & T
% (Thbb®=0) , =X LERESEBMIHEHT S
BUCRIBEOAR E BT DL LD, BEHER LR
& DAZHRITFig.6 b HFR TR L2 I Tiibh b &5
ZHNHOT, HEMCZOREERBBRAELE EHL,
FRARITHE T 2AKAMONEL DD E LTIVS O
HHTRILX—2Q+@+O0&F & LTER LI,
4.1.2 ZEEH

KHEE LTI n (W) X1.3m H), Ml BAY S
Z15mm, PN : BIAA T A8mm, 225 JENE200mm THERL T
2H0L Ui, BFALIHEE, mMmm, WHmafge L,
AR R OEREET A ¥ ARG T — 20 6H8 AD
eI (8~20 B IZ DWW T T o7,

4.2 B—RAOIRIILX—HEHER

Fig71Z 1 A OEH = r L F—REMEEZ 7y —2 2
LI LT RERTH D HmZFIC & » T d 5 &,
AFW 24858 L 72CASE-1 CIii® B 36 L O 2> H OFA
IfF (@Q+@) DEFH2651k]/day, BKLEITHLELR
Ani (@) 232932k]/day THY, 1 By OEHZ=R/LF
—35583k]/day &g o7z, —J5, IVS Z4HZE L72CASE-2
B L OCASE-3 TIZE@m» S OEEE (@O+O) H3AFW (2
FE_KIB0%FEERE < D b DD, 1 BAyO#EHxT RV
¥ —|XCASE-2T3973k]/day, CASE-3T3912k] /day T ¥,
IVS JZAFW 12 H~I30% O L X —HI A FTRE TH 5
ZENbhotz, 728, CASE-2 LCASE-3 TILEMA T x
VX —ITIE E A EFENR 2o T2, ZHUIBEE D & i/
ROKHECHE L MR TEIUE, AN DOBETIEE
D DRI LERTENTH D T L ER LTS,
R HNLOFNE L DM L UCiE, B - /O
A= X —XRIERET, WHEIZE520% 07 < 72



KA IEFTH. No. 77 RV A—Z A v Z—n v 7 KR AT LA DOBF

E 8,000 = - - - = = o 3%: 5
) =
= 5,000 = 5,000
| J |8
H 4,000 H 4,000 =
= =
2,000 3,000
i &
2,000 2,000
k 1,000 'rQ 1,000 1
a0 N
=
£ so00, . 6500
= SE e — = =
= 1 DT CIE L. = S TFLS [t
;e TBEORT S 60007 - ARND AT 5732
40001 | : 5435 &
= ) sspoFTETTE T IO T T I T T T
M 3000- X ) |
H R 5.000H--mmmm oo 4833 T R
HE 2 000 H :
b B 4 s00{-------- 356 oo T
ﬁ 1,000 B% l
~ I B 1 R s bmmme e
N0 N :
‘ Y 3500 | | | | | [
0%  10% 20% 30% 40% 50% 60%
REEERE AT 2ERMAED S (CasE-2)
Fig.7 1| A5O3y A7 MEA T RV F —3EHE R
Estimated Necessary Energy to Operate the System during Fig8 774 ¥ ROKEHMIC L 5% (Fim)
a Day Influence by the Air-tightness of Window Shades
=
2
=2
|
A+
=
EAs
H
HE
B
3
Ik
N
! CASE-1 CASE-2 Bl Rl BlE G
AR S oA rEEE
1.25(8 138 1758 28

AT LBRATR LY — (d/day)

6,000 _

5,000 |

4,000

3,000

2,000 {_

1,000 (.

Fig9 774 ROAFKFREICLLIHE (W)
Influence by the Solar Reflectance of Window Shades (at the Window facing West)

CASE-1 CASE-2
VS

CASE-1 CASE-2
AFW V5

68
Fig.10 EHOHEANREHICB TS 27 LEHT R X—0H (FH)

VS VS

38 £

I
I
I
I
CASE-1 CASE-2 | CASE-1 CASE-2
I
I
I
I

7R

Necessary Energy to Operate the System during each Month in Summer (at the Window facing West)

5



KA TETT ] No. 77 R A—=Z A Z—nm v 7 KK 2T L ORSE

STW5D, HENTEEIZHA~AD A WEHIE, B ORI
E1% D B OO I ZEFRERIHE (8~20 Bf) % FHHA
RELELTVWDLREDTHD, ZNOREMBELY, Bl
IR E Y 2 BAMCHEH T D CASE-2 O R T4 PEfE
R CTEZDARUERH D Z EnbrroT,

4.3 DRTLOFREFEEICET BiaE
431 IS4V FDOREHICKDEE

IVS TiX, BEICT T7A > FRBK _EBEEO X ) LEKE
IRREE R, T 2 CTENAI~ OB E Y RIS T
LTI & R DR EBMRRICOW TR Lz, BELESE
PRI34. 1DCASE-1, CASE-2 & [RIEkTH 5, Fig.8ILFEHEH D
CASE-2 (ZHB W TR & 2 AR BB R L T0~60% &
HELIEGAEOBTH D, el Lz L oIz, IVS II&
D 5 OB (D+©Q) AAFW TR E DS, 274
TUHET HHABONHINCE 580868 L7 b, RKE
TR LTEHE T Z OANRER A L, IRIRED50% 2L
ETIFARW L 1IVS OEA = R X —N R Uie, AR
s, KA T LAOBMMEZHERT 2 ICITRREEZ N
50% AN & F D EEA B B &I U 7o, TVSIZBAKTIRIC &
LUK EIEARL LTWEOT, BUlE D OFEIRER
BENIZEN IR WVEREHEIT 5 2 & TIVS OEREm 3
FREEE X LD,
4.3.2 754 FOBSRIEICKHEE

IVS TIEANIAT 7 ABTFEAE LRV D T, ARW IZHAE
D5 ORI (D+Q) ICLDEBNRKEL 2D, 20
I ARRFARORERT IV FERATHZET
B ATRE L £ 2 b D, Figld 7 74 v N A S R
HEEFELTIVS DR RV —2RAE LB RTH D,
VS CIHERBIZIHE T 5 =R L X —BUNER DT,
TIA v RO BRKERE R ETDIZEE T L —1k
FEAMETDZ ENLND,

4.4 BEHOERIZEITBIVS OFERE
441 EARKEHDERE

B (6~9 A) IZBTFA2EANRKFHOBEREIZONTY
AT AER TR NVF — DO 21T o7z, REHOBEEIC
DONTIE, EHEILIET A X AKET =2 b A5 H O
FEANKIREN BT 5 H AKX ADOREKR & Lz, £ofh
DEMIT4. 1 EFETH 5,
4.4.2 EHOERIZEITAIVS OHME

B 6~9 A) ITBIF2KEHAREKADT AT LAEHT
F X —EFig 1012777, 1VS Z487E L7-CASE-2 DiEH
TRILF =T, 8 HITHA~AT AB X9 A13#15~20%,
£726 HIIHI50% D722 o7, 6 AoV TIERERD

R &N Do lclcd Bz o5, WThoAICE
WTHIVS (CASE-2) DJEF = R/LX—[FAFW (CASE-1)
IZH~H930% 072 <, BT W TIRIVS IZ—ED2h 5
MWD ENbrolz,

5. F&H

RY A== NIBIT DR, OB RLF—
PRICENT BV OEBZ BN E LT, 41 ¥ —my Y
HRY A= FHLR T AT L (IVS) ZIRE L, MatORER,
B xBE AT NE LUSHTRRRZ E¥bnrolz,
AR CHIZMRAELLTICE DD,

1) BRIEBRICK DAY AT M XL DA 4y Al fe 7
T TR LT,

2) RKVAT LDONY) == gL LTF v Nl
K7 LEHWEREREL, CFDvIalb—va
W& VERRFCRIT DT v L NNIREE A O R A
L&A &M LTz,

3) EMIREFRAOEMA= AL —Z2REL, KLV 2AT LD
EBHT ALY I T 7 —0 4 FUZH~30%
FREHNN CE 20 H 5 2 & 2R LT,

4) 774 v ROKEM, AFREEIZOWTERYRAT A
DRI Z TS D720 DL & 157,

LSBIIAR AT AOEMRLEHIEL, LV RMRER

FEOHERE A O ATREMZBRFT L TV FETH D,

SEXH

1) IR BoOMEREQ) BoOMERE, 2K - figd T
%, 75(10), pp.873~875 (2001).

2) fox RER : BOMEGR) =7 7a—UA v Ry (%
KRITIAE), ZERT - fAE T, 75(10), pp.877~882
(2001).

3) MFREML HPRE, HWEM =7 7e—vA R
U OBOTEEEIZBE T B AFTE, B AR E AR R
ST 4R, Vol.57, pp.675~676 (1982).

4) EFGAFEE, LREESL, BEE, KNS, /N
KEE A+ A B —a v T KXY A—=F AT LD
BAZE(Z D2) AT L DRI LR, H AR YR
DT HALE, pp.959~960 (2013).

5) /NBEHIPA, BREHATE, JRIRE, TEES, KEET
A H—ay 7 ANY A—=F AT LAOBRFE(CED
B = RFX—HEORF, A ARBREES KRS P
THFEIAE, pp.961~962 (2013).



	１. はじめに
	２. 基礎検討
	３. システムのバリエーション化
	４. システムの運用エネルギー
	５. まとめ

