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Development on a Fully Passive Solar Lumber Drying Apparatus (Part 2)
— Thermal evaluation of capability of the apparatus based on volumetric solar heat collection —
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Abstract

In this development, first, solar radiation incidence on various tilt surfaces was seriously discussed to calculate the
solar radiation incident around a transparent hot house. Second, according to a new concept of "volumetric solar heat
collection™, a solar radiation incident upon the house and solar heat collected within the house were
calculated supposing a fully passive solar lumber drying apparatus "East-West type" and "South-North type"
as the real model. Third, a proving test on the fully passive solar lumber drying apparatus was carried out
five times from autumn 2006 to early summer 2007, by applying this method of volumetric solar heat
collection, the data obtained from which were processed numerically and the operation performance of the
apparatus was analyzed. Consequently, on the base of solar radiation incidence on the floor area, the
efficiency of volumetric solar heat collection for both two models; "East-West and South-North",
nearly 150% through a year which was outstandingly larger than that of an active solar air collector, so that

attained
the operation performance of the solar lumber drying apparatus was evaluated to be excessively good.
X—U— N KBE BURE, FEANANE. GREINE, KEERE. KBBARMLE

Key Words: Solar thermal, Transparent hot house, Volumetric solar radiation incidence, Volumetric solar heat collected,
Efficiency of volumetric solar heat collection, Solar lumber drying

A AR A A AN A A AT

LAY T KGR A RS B O FER % (£ D2)

1. Fz2ME

HIERIRIE (L OIS 0 7= DI KB E R AR EE e 5T
KW%*®&@%E%AﬁLWKﬂK?%D\%@tm@
HHNERIRBORETH D, EF5b T TIAEAY=
— AN R BB LEBHEECABRAOT 7 F 1 7B L
VoS V7B L > CENEREIED, NEHICARM 2%
WLUTEBRIED (T2 7 47 - Ry v 7 RBHARMEER
R (B RBEL, ERITEEN S BRREAT
S T&f, SERIOEMEREDIRBESE, 72747
EEEHE LTINS B A BV R BEMIME S — N AR BEATL
EBIEEIC LB Ny T EBICINZ T, KM OB
o TH U BE A IMTTF OBEMEO F 7 7 F&EFB

*| TIRRILERFLE
(F090-0804 i dL AT T H42% 1)
E-mail;Hiromu.Baba@mb6.seikyou.ne.jp

#1~*3 v )b g IR S
(F089-3705 EFUTFMT6 T H17%H13)
E-mail;kmkana@bridge.ocn.ne.jp

w4 U B AR R B E T AR A AR - MR
(T089-3705 LB R A TR HTALs 41 T HES)
E-mail;kogafor@mbox.nc.kyushu-u.ac.jp

(B2 20084 H8H)

e

Vol.34, No.5

LTy v THET AL 2 A0BAEE LR (58483
o7 R ERI FAK B | (B 2 H0) TR AR L

HELPERFEBEVELTEOMELZHLMMILTE T,
TNETCERRE~OAROABROERT TR EIC

KEWZERRBIOLSH->TWE, LarL, BRHEAZO
AFRBHOEHRBIIEANTERNOT, FEIEL->TERD
IR LRV, FOREHERBEICIIA TV AR
7

FZTRBETHE, ETEARE~TENICART LA
FizonwT TEEASR] OBETEAL, Fhizd &3<
BREREABOERAOHEEIZ W TRE L BERER UL,
KICAHEBET —F S— X L HREARE T RO TEHRE
~OPTBERELX TR LI, 3FEI [522y VT KBE
FIRARM G IRERE | OFERET MK T2 EREBROBED
AEEREEICZOFEEFERAL THINL, BHanE
FERABLZI AT L CAEBORNMEEL M. ML
77

BB, EWYA FirdbiE - BE RO RFIFEETE
(43°14.5'N,143°33.5'E) T & 5.,

9. RiEEBREOHEE Y

KB A F—




s

B - &l - mE - ER

BHRBIIAFTTHHEBARNBFED, © 4 oEMlAE
g ° Ik e TRTE, NUALBEET >4 E~
DAFT L AFREEZHRMLTRO) TRO LD,

I(H) = A 10,7, 0,0 )+ A, 1(90,-90) + A, 1(90,0)

+4,,,1(90,90) + 4,,,1(90,-180) (D

T, ADIZBWT, FAOF 1 BXERE., %2 HEIL

WEEE, B3 THIIEEREM. 4 4 HIXWmEEE R OWE 5 Hiddk
EEOEMEANBETH S,

U, I H w: BEAHBHE kJ/h, 104, 2) : REA
(4, 0) VEHEANE /D h 25T, 22T, 4, a: 8%
H ORI AR OFRAT T, ¥, Arf: BREE m'. dwe
: BEBEWEE m’. Aws : THBETEAE m’. Aww : PHBETEE m’. Awn
CArBEERE M Th B,

WE, FEORBAVC)O LEICANT A EME D HE
o)z, RE~G)FEESETHQICL>TRkD LS

~8)
o

(1 + cos&) (1 - cosﬁ)

1(6’,0()=[NDcosi+1SC >
(2)

gIHO

cosi = sin #cosf + sin Bcoshcos(A - a) (3)
sin /2 = sin ¢sin d + cos¢gcosd cost (4)

sin A =cosdsint/cosh (5)

TrC, o EREEERFE kI/mh, Le: REILAHE
kd/m’h, fwo: KEEEE AHE kJ/m’h, p.: HIFO T 1~
R i EREOERE AT ORTAC b KIFEE ., 4
CKBBEOFNA °, B °, ¢ HLEOKE °, §: K
BoRiE° Th D,

() DFEDE | BUIEEB SRS, F 2 EIXHEL B HE

&U%3ﬁiﬁﬁ#5@ﬁ%ﬁ%& YTH B,

IIT, HERFIIEOASF AFRBEOHERE TR,
20e) (1+cos 90)
f1(90 -90)dt = f]ND cos idt + fISC _""5—*

t1(we)

1+ cos90
+f Plyo——= ( )
12(we) 1 1
= [sinhdt+— [I;.dt +— ,0 1yodt (6)
tlE{/‘e) f gf

K (6) DFHHEOESRAETRTIHED O B 1] (we 1T EE

Journal of JSES

AU T 0D AR, 12 (we) IXEBEO REAE Y T L
DHEAERT Y, MELBHEORHBHORSIITT S

R D TR RIT A TOHEIC BEZl s D HIR
DFEZ ss TH B,

AMERRB OB T BT 2 REAROKRE F &
T (@ TI(Q2)%E B OHOBEL] (sp) 205 BiREEZ (ss) £ T
oL, ThEaEROIRALRESMZEbESZ L0 L

> TRDLNB,

XL THOHIZ

Q)= Y f1<H>m,dr

day=lgr
" 12(rf) t2(we)
= 2 A, f 1(6, a)dt + Awe f[(90,—90)dt
day=1 () ti{we)
12(ws) £2(ww)

+Am.f]@Q®w+Amfo%wmm
11(ws) £1(ww)
£2(wr)

A,, f 1(90,-180)dr (7
t1(wn)

K (N DEEDOBHRI A RTEFICBWT, AUE 1H
D tl(we) L FEEEIZ A BT 3 M 72 0 58D B REH], 12(we) bk BLEE
EARVIZILDLIAERL, UTRETH S,

¥z, RQOF2EKEOEIHEIZDNTH, MREDHE
OHEFR NS HEBZIETH A0, BEHEIEZRET A2
WREEELTH D,

21 EmBENEOREMN

T, AFEEEOEH THABEHRBRBICL D v 7
KEBFAIZB O TCL, BREA~OAHFOL T  BEFE~
DAHEFHAT DL ZAITHERH D, HIEFCEL TEE
REARES L THIEE ORIPEI > ERIPRES
NTWHDT, ZZTHREFNOEERET~DOAN B HE
EEANE)ZEL L TEODREBERTT 5, TORE.
FEEBEEICART I BHRICHTA2FOMEDEE, BE
EROBRORET, FEICARTIEZIFRG OARA
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Fig.12 Rate of evaporaition heat on the five solar lumber drying
tests
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Fig.13 Several sorts of heat input and heat output on the five solar
lumber drying tests
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Fig.14 Heat fractions of heat input, R(=Qin/Qout), rates of evaporation heat &

heat loss
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