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Development and Performance Evaluation of Natural Energy Utilizing House (Part 3)
—Humidification effect on living space by the moisture absorption and desorption
phenomenon of an air circulation type simple solar heat utilizing system caused by

radiative cooling and solar radiation—

N HN OEC
Fujinori HANAWA Takeshi MORIKAWA

Abstract

In the course of our experiments on an air circulation type simple solar heat utilizing system installed on a
well-insulated and air-tight experimental house, we found a humidification effect of the solar system that stems from
the radiative cooling at night in winter. An average amount of moisture desorption from the solar system during the
system operation was 12.5 kg/day. Among that, 0.9 kg/day of average amount of moisture was supplied into the living
space. When a calculated moisture loss of 2.4 kg/day by ventilation, that was compensated by the solar system during
5 hours of the operation time, was taken into consideration, total amount of moisture supplied by the system was
calculated to be 3.3 kg/day. This humidification effect, together with the moisture conditioning effect of the walls that
are finished with diatomaceous earth and wood posts and beams that are exposed to the room atmosphere kept the

relative humidity of the living space vary stable with the daily variation of 3 — 5%.
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Fig. 1 Outline of the air type simple solar heat utilizing system

in winter. Air flows are shown with solid arrows.
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Galvalume roof; black, ce=94.7%, £=0.86
Asphalt roofing felts

Structural plywood; 1 12 mm
Under-roof-drafi-path; r 50 mm

Urethane form insulator; ¢ 40mm

Structural plywood; 1 12 mm

Fig. 2 Perpendicular cross section of under-roof-draft-path.
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Fig. 3 Temperature (Tmp), relative humidity (RelH), and absolute humidity (AbsH) of living space (1F South-east part) and outdoor
air, relative humidity and absolute humidity of under-roof-draft-path, during 2008.9.15 — 2009.3.24 (Upper) and 2007.9.15 —

2008.3.23 (Lower).
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Fig. 4 Temperature (Tmp), relative humidity (RelH), and absolute humidity (AbsH) of living space (1F South-east part), outdoor

air, and under-roof-draft-path, Dec, 2008 — Mar, 2009.
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Fig. 6 Daily amount of water supplied to the living space of the experimental house from the under-roof-draft-path by simple solar

system (SSS). The water amount was obtained by multiplying the air flow volume (396 m®/h) of the solar system to the integrated

difference of the absolute humidity between the under-roof-draft-path and the living space and the outdoor air, respectively. Daily

amount of water loss (depicted as minus gain) from the living space by ventilation was also calculated in the same manner using

air flow volume of ventilation (80 m*/h) and the difference of the absolute humidity between the living space and the outdoor air.
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#2075 kg/m® AW B L, HAMHEMHEIT 0.118
kg/day EF A SN 7= LP H 21, 3.1kglkg DAS %
FEIELHZ LD, HEH LP IANLREAET D
KL 366 g/day ThDH. BEH 8 X v HEIC LY %
BT BRI AZBREE LSS, HIBALEIBDEL
HTHTANS 679 g, AMMS 1069 g (& ;7
D 34lg, BMIND 46lg HR;, HAND 338
g, BMnb 608g) FHETHDT, HAMNDL 366¢
DKIVREETDHEORWNORET D KSR
576 g LEE IS, TARLLERMBFOFHEIC L
DKy FEAEREIT 0.94 kg/ day (366 g/day + 576 g/day)
BETh-TEHNENRD. LEN-T, EBRIMF,
AR L OFHEIC L2 KGRI 4 kg/day FRET
D, E BEEMOMAMBERRPTZFLH Y,
XEOEBRMM P, MIETHIT AV v OH T AM@H
DFEMNE 70-80% REDOMEE T, Wo LV LFHEHEN
EULTld, ZOBRICL Y ARBEKEIZL D ERT T
LEIEEEBMNOKRIBD T v 7ENDHRLE
FEZEHOBWVHMEBEICEEL TS EEX DN,
—FHT 150 mm OXZEFELZEL TOHBHERN»O O
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XOREINIVEDOEEZI LN,

DEoZ e, @Y -7 A7 ABBAIICE
REREW D Kb A Ky EITREIZ L D 6.0 kg /day
THHN, TS Y —F7—V AT AL D MiEE
0.9 kg /day 72 b TNTAEIGIC X 2B & 4 kg/day R°F
HITARMDFEBIZI D ARARESTTLEI KGD T
v TR LI L I, EIEEY o REEMO
MERELFREICRSD—REL s TNLIHER TN
7o, (EBRWIMEF, IMEREHE- T 67, BiEDE =
NIZTTEAIE, BWRICBOWTEBEEZFHA LD,
InoomEzhRE, BE L. ) ok, Y —7
— VAT AEBB L WHE, BB S REMIC
I HIZ 2.4 kg DK NKbhDTED, B8 Y —7—
VAT AE, EEMIT 3.3 kg/day OB R & H o
RGN0 T
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Thom & Bonsen (2 X YD $#" S vz AP
(discomfort index 9) ) %, AT, BREFLOSHTH
WHNDIRE, BERSIOREFHEL NF A —XIZLT
Houghten & Yaglou @ )R (effective temperature
10) | gamimm 1D 2 hn ) b EEOBBEE N
THELEBEO —KRAXICLVRkDODOLNDEHHE LT
TRanEbLOTHY 12 %HICEEREEK
<Temperature Humidity Index (THI)> & & L7z 1)
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Fig. 7 Hourly changing pattern of relative humidity, temperature humidity index and temperature of Jan. 3" and Feb. 6™, 2009.
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EEBZONTTO, TOREE W TEIRRY O
DFAEMREEZFML, ZORKEEBICHRE L. )
Z Z TUiE, THI = 0.81 ra + 0.01rh (0.997a-14.3) + 46.3
(ta ; WEC, rh; MHRE (%) 1D <chzbns
THI ZMRBEIC >\ CiFX, THI LiRE 2 AL
LEBEa0 7772k 2000 % 1 4 3 BRBEW
2009 4F 2 A 6 HOMXEE, THI 3L HRE L 1
M lic7ey bL, ZTOEE N L7z (Fig. 7) .

B, [KEWEFTOREICLS L, THI L HAAD
RO X, T2y (55 Rl , WLEW (55-60)
RICHE U2 (60-65) , v (65-70) , &L 72

(70-75), °RXEZ N (75-80),
B ThELARW (85 BLE) | EahTky, ¥ Kk
MRTH I NEFREEEOEE L L.

ZTORE, MBEOHABORENIEFICEE L TV
721 A 3 BiX, FriZEFFO THI 63, HXEE 50%,
L 187 °C IZHFED, TOBRIBEDIKRTE L HIZ
THI BT (772 L, MxhgEIEa - ZBEb L LEE
ESLA EToRBICI2WKBROEDIETFICE
E) L, R 7,8 ﬁ"THIﬁWﬂ%u\ké%Lé%ﬂﬁ’
—WE A2, To% ALt V#Lﬂtﬁwg
D K5y @Wﬁ@mb@mﬂﬁrmsws FER e V|
(PR 9 FE) , IRENREICET DT% 4 FFITHT
THAEEIIHFETETL 48%E o7, TDOH%REIRD
BT E & BT, BEEEEM ~O WU D 2 I FE X FE A3
2% M, 1 KEEBIZHD 50% & &0, IXIER
D{%¢%23ﬁif%%bt.t—&~%%h&
TIFRE R FEERRETH 5.
MAENEYE-7 2 H 6 A%, FrIZEK O THI
58, MR E 60%, =ik 14.4 °C L MAEE RN & < &
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IZ THI BT (72720, MBI - Z#bL L
HEEEE L B OB X D WRIB R DD R0
DEFE) L, BE & & BITFRT 7RICIRED BA (B
MO OKGDOFBI MDD V) FHXHBER 62% 1A T
W, RERNREICET L% 4 O —FEHEFTE T
FIRBEZTETETL S6%E o, TOHERDIK
T e e bz, MmN E TN (5% 9 Kl AHxHE
O KM 59%% flék) L, F 23 FEiC THI 62,
KBE 56%, B 17.7°C Lipo7-. ZORENSHE
ROV A 7V EKYIRT LR BIE, AKX, THI T
MIEWNE T 2R AIE, 1 H 3 HBREBRMEVIX
PFTHDH. T—HERSRWVR, B 2 4 7 H THI
N 60 ZHo7-DIXFRT 4 B D 9 BEE TORT
HYV, LrbEToRMAEICBWVWT 58 L EoE%E
REFL TV, EEEMBREOKE - [EMEZRD
A ZHEDFIATEREDIC, S Y —F7—v AT A
BREOCMBROH HEBLZMAHEDLEDLET, K
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(FEE)) DEBICERC AT A Z2BEEH I Z LI
I2BEEMICHEGESINEZEEZEZLOND NG, [
VAT AOIEROIMBHRE /11X 3.3 kg/day LEHE IR
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