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Development on a Fully Passive Solar Lumber Drying Apparatus (Part 1)
—Creation of a new concept and establishment of a soft technology —
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Kimio KANAYAMA Hiromu BABA Shinya KOGA Tomoyoshi SUGAWARA
Abstract

Looking through the past research works again, a new effect created in combination of a few old techniques was
noticed, and a fully passive solar lumber drying apparatus comprising of two house models of "East-West type" and
"South-North type" was designed by ourselves, then a real model was constructed at an eastern field in Hokkaido. As a

result of several lumber drying tests on the drying apparatus, the drying capability of which was demonstrated experimentally

s that larch lumber of 8 ~ 10m’ could be dried out from seven days to fourteen days under an expected moisture con-
tent. In this developing research, a new concept of volumetric solar heat collection owing to a transparent hot house
improved was introduced, and the highly effective performance of the apparatus was estimated analytically as the numer-
als and verified experimentally as the measurements. Namely, one main technology; a transparent hot house for passive
collection of solar radiation, and two elementary techniques; a carbon fiber sheet (CF sheet) for excellent absorption of
incident solar radiation and an insulated cylinder for passive exhaustion of inside moist air were unified altogether, and so a

fully passive solar lumber drying apparatus could be established practically as a model of lumber drying technology.
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Fig.2.4 Comparison of air collection and water collection as
working fluid
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Fig.2.6 Conditional change of moist air inside and outside
lumber drying house during drying process
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Fig.3.1 Simple analytical mode for volumetric and areal solar heat
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Fig.3.2 Transmission-absorption coefficient for volumetric
solar collection and areal solar collection efficiency
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Table 3.1 Solar Radiation (S.R.) Incidence at Experimental Site ; Ashoro (43°14.5'N, 143°33.5'E) MJ/m*“d
Angles of
Surfaces Tit® & | Jan | Feb | Mar | Apl | May |Jun | Jly Aug | Spt | Oct | Nov | Dec | Year
Azimuth a
Roof S.: [(dyf(=i(dpo) | B=0°a=0° | 6768 | 10.15 | 1386 | 1595 | 1775 1786 | 1588 | 13.82 | 1177 | 9.828 | 6.696 | 5.544 | 1217
K drf=I(d)ern | 8=10°a=0° 8.665 12.17 15.61 16.96 18.32 17.92 16.23 14.40 12.72 11.33 8.300 7.202 13.34
South S. ; T (d)ws 6=00°a=0° | 13.46 | 1584 | 1418 | 1033 8.928 §316] 79561 7992 | 8928 | 1123 | 1091 |I1L16 10.76
Fast-West Ss.I(djweww | 0=90%2=909 11.59 17.57 18.58 18.72 20.458 19.94 17.64 15.41 14.04 12.89 9.360 8.748 15.41
Volumetric S.R. Horiz. Roof | 31.82 | 43.56 | 4662 | 4500 | 4727 | 4612 | 4148 | 3722 | 3474 | 3395 | 2697 | 2545 | 3834
Incidence; I(d)e | 10T Roof | 33727 | 74558 | 4837 | 4601 | 4770 | Sl D ares [ 3780 | 3560 | 3542 | Tass7| 2701 | 3951
Best Suit, Tilt S.i(djns |8=39.3%=0° 12.53 1595 | 17.82 | 16.88 16.84 1627 | 1469 | 1364 | 13.14 13.54 1127 | 1058 14.44
S.R. Incidence on Best | Ac=1.292m’
. 16.19 20.61 23.03 21.80 21.76 21.03 18.98 17.63 16.98 17.50 14.56 13.67 18.66
Suit. Surface; I(d)so | Bmax=39.3°
Horizontal Total
. H=0°a=0° 6.768 10.15 13.86 15.95 17.75 17.86 15.88 13.82 11.77 9.828 6.696 5.544 12.17
S.R. Incidence; I{d)uo
Table 3.2 Ratios of S.R. Incidence H(d),¢/Md)gg K(d),,g/l(d)yp and Efficiency of Volumetric Solar Heat Collection 1,
Items Jan | Feb | Mar | Apl | May |Jun | Jly Aug | Spt | Oct | Nov | Dec | Year
Volumetric S.R. Incidence; (d)ws 31.82 43,56 46.62 45.00 4723 46.12 4148 3722 3474 33.95 26.97 2445 38.34
S.R. Incidence on Best Suit.Surf; I(d)so | 16.19 20.61 23.03 21.80 21.76 21.03 18.98 17.63 16.98 17.50 14.56 13.67 18.66
Horizontal Total S.R. Incidence; I(d)uo 6.768 10.15 13.86 15.95 17.75 17.86 15.88 13.82 1177 9.828 6.696 5.544 12.17
Ratio of S.R. Incidence; Rvs=I(d)vs/I(d}so|  1.97 2.11 201 2.06 217 2.19 2.18 2.11 2.05 1.94 1.47 1.86 2.05
" s Rvi=l(dyvs/I(d)mo 4,07 4.29 3.36 2.82 2.64 2.58 2.61 2.69 295 345 4.03 4.60 3.15
e sveaicsr L T e S T i U e T e | 2 | o | e
2.82 2.57 2.02 1. .58 1. 1.57 1.61 1. 07 2.4 2. E
Collection; nve= {I[(d)vs X 0.6} /Kdmo 69 ! 55 S 7 2 2 76 1.89
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Fig.3.3 Introduction to volumetric solar heat collection and the
normal calculation method
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collection and definition of collected heat
Qsn(2)= | Zgaa(E)+ | Zgs: (B0 (3.3)
ZAC, EFREBGHE e 1L
Ne=EEEINE Qu(&) /(A K AF T 2HMEKRAHE)
(3.4)
Fho KGO EEERZ T ZOHBOEHEERE Qu(d)
X

Qsa(2) = (An ODHE AKX BEHE) nve = Que (3.5)
ELTHLNS,

3.5 ERHNZ BT D EEEAGE

FLFE L LCRRK 41 IR T L9 % (58830 V7 KIGE
FIAAMGRER CRER) ) RRICL T, BHEEOF
HEFTARK S OLIICHRET D, FOFEITEMET
NOBHEERUOT, ZhiZRL - THEBAR BHNE

H(Qws FI(d) vs + Aw), FEEERE Qu K ORHEEETNE v
ZEHL, BEROAEZTRTEHIODL SIIRD,

OFIW, BHINEBEERDE e Z HO T, EBERE
By 5ERBOBREFZR LT [EL2 3y U7 KGEF
TR GRTEEY) | O ERIE (H18.12.13 ~ 12.28) %
REET 5, 3.1, M35 RUR3I6EBHLT;

12 A OKFEEHEE A E 1(d) w0=5.544 MI/m'd,
EFE Ar=22.5m ., B¥14 8 XY

M FOKREES2RXENE
14=5.544 X 22.5 X 14 = 1746 MJ

HIE R OEBERE Que=l(Q)r X nve=1746 X 2.02=3527

MI &5,

ZIZT. FEERGIER nve=2.02(=202%) 11 3.6 FOED

RADETH S,
I5Ea/ty VT RGERI AN REE EILE) ) 2E
LChHERICEUOBERRIE LA,
36 WBAEO KT 7y —R
25 WRTE D ICEBVRR ORI O EEDOREEND

INT) AR

I{Q) e=I(d) o X 22.5 X

KEFL AN F—




&Il - By - mHE - B

900 ——————————East-West type;22.5m2(Ashoro)

ﬁ 800 /*\/L \
E730  Noeth su ’:A/:n ..\‘""\ ”
=17p2padue)l’  Roof surfaceirt
\ . ./

L =22.8m2,8=10°a=0°
500

East surface;a
’ » /\/‘—\
West surface;Aww 12.5m2. 6=90°=0 / / \ /
g =13.5m2,0=00°0=00° ¢ ~12.5m2, 0=90%¢=0" 300
2 £ JS——
< L | / e R \\ \—//
i N .

. 200 e —
-* Floor surface;Afl o M ”\m %ﬁw
=225M2, §=0°=0° l/5 i SR s

100 =

%

h=50 m
MdJ/d,

South surfaceAws

45 m

Fig.3.5 Calculation mode! of a fully passive solar 0

N Jan | Feb | Mar | Apl | May | Jun | Jul | Aug | Spt | Oct | Nov | Dec | Year
lumber drying house (East-West type)
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Fig.5.1 Daily change of temperature, humidity, solar radiation and air velocity in insulated cylinder
on solar lumber drying around the winter solstice

Table 5.1 Experimental Results on the 2nd Drying
Test (Dec.13th~28th/06)

Items East-West | South-North
Type Type

To C /Ho% 50 / 792

TiC/H% | 37.0/140 | 36.7/13.0

Qin_GJ 23.6 21.8

e % 205 161

Qe G 43 3.6

Fs % 18.3 16.4

Rev % 10.1 112

Wer kg 980 1010

AM: % (D.B.) 3710 38—9

Table 5.2 Solar Radiation and Inside & Outside Surround-
ing Conditions in Usual Drying Process in Winter

(East-West Type)

Items Initial Condotion Final Condotion
o Wi 500 450~500
To °C -13~5 -18~0

Ho % 50~90 60~90

T C 40~~45 ~40

Hi % 30~45 ~5

Ve mfs 0.8~18 0.7~17
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Fig.5.2 Hourly changes of temp. & humid., air velocity and solar
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