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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—

I g HN &
Fujinort 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, a=94.7%, £=0.86
Asphalt roofing felts

Structural plywood; ¢ 12 mm
Under-roof-draft-path; ¢ 50 mm

Urethane form insulator; r 40mm

Structural plywood; r 12 mm

| F o 410 mm =
: 45 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.

Journal of JSES — 48 — 2013 4F



HIRT AV F —FIFEE OB S & EREETHT (20 3)

— M B2 R B AR BRI & A 7 5 OBSHEE & HEHZ X 2R R & e fE22 M~ oD & -

ERLTEBY, 7—2OEHEENEZELIIETFTLTWS
EEhnweEXSH, EHIC, 4 yHI-ET—X
ZiH T A, WESRZR LT — 700 EIZ 300
D 4057 & BE B % 1 A E SRS R T RNE E 01X S
DEFERELTH 3% BETH-mZ LA LT
Wb, Fz, 2007 EH DT — RO FEAFEZERO
2008 4£ 1 H7 A2 2 H 13 BETHOT — &N
ot — L RKEOBREEREOW M & DJRKIC
FOXRBALTHDA, KB L TRV O JEEZE M
DR E T — 2 IXHEBEH E L TV D il AR o [l R )
DT —HERELSEDLDH LD TIEARWN,

4. ZFRAROERE - BHHEE - BAEEDNEL

X 4 122008 4 12 H 285 2009 45 3 HETOHOH
TEOREEMENRBIORER TEKKORE, 8
SHEE R XM BEOESH 2R L. 12 HWA»
525 HE THROMGEEN 5 - 10 g/m® THEB L
TV A, &M OS5 xR H EBR &8 & 7223,
Z DO WO JE AR ZE T O A 6 XA 53 — 63%, Hoxt
WX 8 — 13 g/m’ THER L. 12 H 25 HUR, 2
A 23 BET, oI, KO @EN 2 - 5
g/m IR T, R O A& SRR 1w T H 80 - 95%
BEIZR Y, Z OREOJEEZR O MR E IR
50% Atk (72720 2 A% 55-60%) , faxhi@ s 7
—10 g/m® THER L7-. Z DR, A5 ok IR 2 & kst
1B O B Sl & 5 22 [ o0 ek i B & AR e B R, %
NEN—EOLEHNRE — R LTS, EZAN 1
A 18 B225 24 H, 1 A 29 B»5 31 H, 2 H
23 B/ b 27 HIZEY WO H kX, ST

°C . % g/m®)
1000

950 [~ L
900 J"" \\,\ L
850 '

800 |—
750
700

IL.
- _.
650 - —_—
i P Sy
50 Under-roof- ‘.'
500 3 =
raft-path; \ .
450 T o
BH A

j
| T S LT
B AbsH _ ,‘W‘L | ._/
250 o ~
200
150
100 |——
50
00

=50
100 Outdaor air; RelH, Tmp, AbsH

200926000 200926600 20032612:00 2009261800 200927000

Year. Month. Day Time

FED FFAT P AN KR RHE FE O i S B L OVR(EZE
M OAREE & EF U722y, FEE2e i offse i@ L 7
g’ FEE MR L2 (ZoOREEIZKT) . 2
BV =T =Y AT A 0MES R L0 UEE2M
OREEFNREr o722 L2k b)) ERNMAICED LIS
ol - BB XOE®RLEND OEE EARFICRS
NDKDSDBIHEN R hotztzbtEZbN5. 3 A
X 13 A5 Y — T — VAT LA&2EETHETOD
M, RROBEWH (IBhb LIEWEEY) EEWE (3
D ERSED D LIER) BRAEIZHN, AR O
SR 2 — 12 g/m® O#FFATIED D\, fEaEZe
MIZIRENRD o F L EmBENS 12 H X
DEV 60 —70% BETH-72. 2O, MR Ex
1 ALRIBED 7-10gm’ THB L7 (1277 LEH
NE =T 1 HO X5 ITEMBTiE Ry .

5. IR %) R D RELE

X 5122009 4 2 H 6 HE LW 7 HOFEMEZER,
FBR T BRI L O K OREE, R R & OE X
WEOEEZ R L. WA &L REB T EK M
FEVX, KA 80% MR THER L TR b DR, HHEO
R E L BICHRT 8:00 (2 EF LIX U HFRET 9:00 (2
95% Lh k&l oiz., &2 ANMEER K O EIL,
WHEBFET 8:00 ICERLITUDHEN, E—21F 6
H2 4/ 10:30, 7 HMAFEI 9:30 Thoiz. fiis
V= F =V AT LAOBRMEFEIZFRET 10:30 - P&
15:30 ThH Y, Z oM, BB @M E I, 6
HiX 13:00 £ T 7 BHIX 11:30 % T 22 o #oxt
WEZ ERl->TWie, 2o enb, fiihY—7—v

(°c, % g/m")
1000 .
95.0 " Living Space;
— RelH /
v | I S [ o/
— o /| Absi
750 AL B [ :
700 I | s
650 1’3/ [/~
60.0 A f "‘
550 Van =% [ Lot
50.0 \ 1] s
450 [Under=roof= "\ : I
400 draft-path:_ ] \ / :I
s RelH™ _—n/ = |
300 Tre 8, |
i AbsH /B K
200 I AW
g . S
100 —=—— 4 T —
50 e
00 / _\_"‘"‘/ ) H&-._ )
&6 / |
-100 L Outdoor air; RelH, Tmp, AbsH |

200927000 200927600 2009271200 2009271800 2009.28 0:00
Year. Month. Day Time

Fig. 5 Temperature (Tmp), relative humidity (RelH), and absolute humidity (AbsH) of living space (1F South-east part), outdoor

air, and under-roof-draft-path, respectively on 6th (left) and 7th (right) Feb, 2009. Simple solar system was operated during the

period shown as shaded area 10:30 — 15:30.
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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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HIRT AV F —FIFEE OB S & EREETHT (20 3)

— M B2 R B AR BRI & A 7 5 OBSHEE & HEHZ X 2R R & e fE22 M~ oD & -

DR OT — 2 2G0T OBRENRKET LD EE X
bhd) . FEE YT — v AT LB S
REIC R S A7 A2 Bl S E WA IciRIC XY
LbhndKoEIE, FHT 24kg Thoiz.

R P EFEEDICEELZOERAN 2 4 & T
14, il 1 £ Thv, BEEFIZKAN BLOT
e 1 ADREREIRAKSEILIZENLZTH 100 g/h,
50 g/, ERICEZRLDESLEEIRD 8) Fnb,
—HOBYNE TORELEOTBFME 6 WFH, 5t
EEE A 8 B LTS L, REENDLEE SN DK
SRR 3 kg CRFE SN AROEBRHMEE
To 2008 EE ORI LP F 2O ML 20.8 m?
Thotz., WARENL RSN LP T ADOFERE
#2075 kg/m® MWD L, HAMEHEIT 0.118
kg/day & FH S 7= LP H &%, 3.1kgkg DKAS %
FEIELZ D, HEH LP IANLREAET S
KL 366 g/day ThSH. BEH 8 L HEIC LY %
ETDHRFETAZBREE LEBS, Y18 IROH
FHTHAMNEL 679 g, EMMNS 1069 g (Hif
A E 34lg, BMNG 46lg H R, HAND 338
g, BMnD 608g) FEETDHDT, HAMNDL 366¢
DKIPRETDHEOREWNORET DK ED
576 ¢ LEHFE IS, TALLERMBFOFEIC L
Bk FEAEREIT 0.94 kg/ day (366 g/day + 576 g/day)
BETh-7EHNENRD. LEN-T, EBRIEF,
AN L OFHERIC L2 K54G &I 4 kg/day FEE T
D, El BEEMOMMBERRPTZFLH Y,
AZEOEBRBM P, MIEXTHIT AV v DOH T AM@
DFEDD 70-80% FRIEDNMEE T, Ko LY EHEEN
EULTld, ZOBRITE Y ARBEKEIZL D ERT T
LEIREEBMNOKRIBD T v 7ENDHELE
FEZEBOBWVHMBEICEE L TNWD EEX DL,
— 5T 150 mm OXZEHFELZEL TOHBHERN»D O
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REREW D Kb A Ky EITHRAIZ L D 6.0 kg /day
THDHN, TNEMS Y —F =V AT AL DB E
0.9 kg /day 72 &6 CNTAEIRIC X 2 & 4 kg/day %
T ARMDFEBICEI D AKARESFT TLEI KGD T
v TR LD ME S, EIEEY O EFEZER O
R A REICR O —RER> TNDERFIN -
7o (FEBRWIR T, MBI dio Tk o T, iEhE=
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6. BEEEHERICKIRAEYEEERETM
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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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EEBZONTTZO, ZTOREE W TERRRY O
DFRAEMEREEZFML, ZOR-KRELBEICHRE L. )
Z Z TliE, THI = 0.81 ra + 0.01rh (0.997a-14.3) + 46.3

(ra ; WEC, rh; FASHRE [%]) 1D <hzbnz
THI ZMRHBEIC SO\ TR E, THI CiRE 225 L
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ks, [RBEWMEFTOREIZLD E, THI L ARAD
WEE O,  T9 (55 Kil) , LW (55-60)
I HE T (60-65) , RV (65-70) , &< 72\
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