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The Comparative Analysis of Drying-Conditions, -Rates, -Defects and-Yield, and
Heat-Efficiency in Solar-Dehumidification-Drying of Oaks With Those in Conven-

tional Air-,Semi-Greenhouse Type solar-, and Kiln-Drying ¢!

Hyoung Woo Lee >Hee Suk Jung*?

SUMMARY

Seasonal semi-greenhouse type sclardrving of 2.3cm-and 5.0cm-thick lumber of Quercus
aliena Blume and Quercus variabilis Blume was carried out to investigate the possibility of
solar-drying of wood and to decide the active solardrying period 1n Korea In the active
solar-drving period obtained solar-dehumidification-, semi-greenhouse type solar-, air. and
kiln-drying of 2.5c¢m-thick lumber of oaks were carrted out to analyze drving-rates, -defects,
and -yield in each drying-method and o calculate dailv total absorbed solar-radiation by the
solar dryers. The energy balance equations were set up, considering all the energv require-
ments, to analyze the heat efficiencies of semi-greenhouse tvpe solar- and solar-dehumidifi-
cation-drver.

In a seasonal drving the drying rate of semi-greenhouse type solar-dryer was highest in
summer, and greater in fall, spring, and winter in crder. Solar-drying time was 45% in
summer to 50% in winter of the air-drying time, and more serious drying-defects occurred 1n
air-drying than in solar-drying. In the active solarrying period. April, May, and June, the
average drying rate in solardehumidification-drving was 1.0%/day and greater than
0.8%/day in semi-greenhouse typs sola-drying. In solar-dehumidification-drving the time

required to drv lumber to 10% moisture content was less than 60 days. and solar-dehumidi-

{ication-drying showed the highest drying-vield. 65.G1%, than the other drying methods.
The daily total absorbed solar radiations were 8.51MJ on the roof collector and 6.22 MJ on

the south wall collector. In the energy blance 69.48% of total energy input was lost by heat
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conduction through walls, roof. and floor. 11.68% by heat leakage, 1.33% by heating the
internal structures of the solardrver. and 5.38% by airventing. Therefore. the heat efficien-
cy of semi-greenhouse type solar-drver. 13.13%, was lower than that of solar-dehumidifica-
tion-dryer, 14.04%.

Sclar-drying of lumber in Korea showed the possibility to reduce the air-drying-time in
every season and the efficiency of solar-dehumidification-drying was higher than that of
semi-greenhouse type solar-drying.
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Kiln-drying schedule for 2.5cm-thick lumber of oaks
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Table 3., Monthly average temperature and relative humidity of, and temperature and relative humidity
differences between indoor and outdoor during active solar-drying period
“ Temperature H Temperature " Relative i Relative humidity
Month | Item {c) difference ()} i humidity dif ference
! B Max. i Min. Avg, 1 Max, Avg. (l’é) , N %)
S.D.D. po50.8 12,9 26.9 34.2 15.9 75 x 9
) S D 47.9 1 12.8 26. 4 3.3 0 15.4 5 ! 9
April ! o j |
C 62.6 | 12.6 29.9 46,0 17.9 - !
A 16.6 5.5 11.0 - = B -
S.D.D. 5L 9 17.9 32.7 29.9 ; 15.7 58 ! - 8
S.D. 0 501 15.6 29.1 78.1 ; 12.1 62 ; ~ 2
I i
May C . 88,4 ¢+ 15,5 35.4 46.4 i 18. 4 ‘ - i -
A 22.0 11.7 17.0 - - 1 64 ’ -
|
! | !
$.D.D. | 570 31.4 0.0 | 316 188 43 | ~33
S.D. 50. 8 25.0 | 34.7 254 135 . 52 - 24
June | i ~ ! oo i
f C 539.8 23. . 374 344 ¢ 16,2 - ! -
: i ; i !
! A 25. 4 20.6 21.2 - - 76 ;
{S.D.D.:solar- dehumidification dryer S, D. :semi-greenhcuse type solar dryer

(C:collector A:ambient)
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Table

solar-, solar-dehumidification-, and kiln~drying

4. Regression equations and estimated drving times

to 30%, 15%, and 10

DUrves

% moisture content for

oaks

of 2.5cm-thick lumber of

Sapwood : a B . oy
Mw?‘r}'ing method Species ‘ pmzrzxzy i(/m : 7}?_0%%5«10“ equation ! ?jtggz};(}imf;;f";z(?g; ! 3
Quercus <50 : k , ‘
diena ! _;;j“  MC=63.2464X0.9735" | 98 | 54 69 | 0.99224
Bl o MC==50, 8238 % (), 9738 i 17 46 61 ¢ 0.96737
Solar-drying |
Quercus <50 MC =60, 8013 % 0. 9739 [ 53 68, 0.99050
variabilis >50 P MC=54.0519%0.9735" | 19 48 63 | 0.97423
Bl
Quercus <50 MC =67, 8605 %0, 9678" o5 46 | 58 ’ 0. 99459
aliena >50 MC =356, 2179 X 0. 9669* 19 39 31 | 0.98806
Solar- B 3
dehumidification i
drying Quercus <50 P MC=67. 7503 X0, 9582" 25 47 1 39 0.99479
variabilis >50 | MC=58.3932 % 0. 9668" 20 40 352 0.98649
| BL :
Quercus | <050 ; MC=69. 8569 < 0. 9001* 8 5 19 1 0.98480
aliena >50 MC=57. 6332 x{), 8908* 6 2 13 0.99319
Bl !
Kiln-drying ‘ ~ ‘
| Quercus | <50 MC=65. 4848 0. 9036" 8 15 19 0. 98973
variabilis ; 250 MC =56, 9861 X . 8934" 6 12 16 0.949313
Bl !
j |
* [ time in day
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Table 5. Comparison of drying rates according to the height in the lumber pile of 2. Sem-thick lumber of

oeks during active solar-drying period

Unit : % /day }

Sapwood proportion (%)
Species Drying method Course o >5( 1 <50 o
IMC-30% | 30%-10% | IMC—10% | IMC-30% | 30%- 10% |IMC - 10%
17-20 | 2.4 0.6 11 20 05 | 11
13-16 | 2.1 0.4 0.8 LY 04 | 09
Solar-drying 9- 2 14 0.5 0.8 L2 o 1 0. ,
5- 8 0.9 0.4 0.6 L1 05 0.7
Quercus -4 0.9 2.5 0.7 L1 05 08
aliena ) ) ‘
Bl 17-20 | 2.5 0.6 L4 L7 0 | Lo
Solar- 13-16 | 15 0.9 11 L6 |07 o1l
dehumidification 9-12 | 1.3 0.8 11 L1 0.7 0.9
drying 5-8 1 0.9 0.9 29 | L1 05 08
1-4 . 009 0.7 | 08 L1 0.6 0.9
17-20 1 2.2 08 | L4 | 22 0.6 10
L 13-18 0 L3 0.4 0.6 | L3 0.4 03
Solar-drying 912 14 0.5 0.7 L 0.5 | 0.8
» | | 5-8 1.2 0.4 0.7 1 LI 0.5 | 07
Quercus | L o1-4 L1 0.7 | LU 0.5 0.7
variabilis : ; f
BL ! 17— 2.5 0.7 L1 17 0.6 11
| Solar- 1B-16 16 0.6 Lo | 15 0.6 1
| dehumidification 912 L? 0.7 Lo | Lz 0.7 | L
 drying . 5-8 L1 6.7, 0% o L1 08 09
1-4 | 12 66 | 0.9 | L1 06 | 09
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Table ©. Analysis of daily solar radiation in Swwon

i

: : Dailyv
: . Iv Dailv :
. Daily Dails Dadly e Dailv . solar
Position | . ground- j total ; T
i beam ¢ diffusc total * Transmittance ' radiation
: of : : i reflected absorbed :
Month o osolar 0 solar solar . .absorbtance . on a
¢ collector L T solar e solar L
; radiation | radiation _ . radiation U product ¢ horizontal
: : i radiation i radiation | faca
! i i ! SUrs 3y
, (M) (MJ) M3 M) oMy ‘ (MJ)
‘Roof 831 | sus 0 s 17.66 | 9.86 0. 56
April ' South ‘ ~ ; i | - B | R 17. 584
! Po35% L 483 340 ¢ 734 0.55
. ~wall i ; I ¥ ;
: Roof 7.300 0 8.68 . 9.32 16,30 1 8.23 0.50 |
South i o o , | 17. 70
May . o Led o 483 >, 82 12.30 5,97 0. 49
~wall |
! ! :
Roof 5.5 | 9.08 | 030 MM 744 1 0,50 :
June South | ? L ‘ 15. 60
Loz - 506 1 511 1120 5.34 .18 ;
—waH l : s
, | ! | |
Roof Tt b 870 033 6. 30 8.51 0.52 ‘
! i : ‘
South | § o ) 3 17.05
Average 208 ) 48t L 547 12.30 6.22 (.51
-wall ! i |
‘ i
L Il i H
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Table 7 Energy balance for a charge dried in solar~and solur-dehumidification-deyer

L Solar-drying Solar-dehumidification drying
Energy requirements Unit Moisture content _range _ Moisture kontem range
L IMC-30% ] 30% - 10% | IMC—10% | IMC = 30% | 30% - 10% | IMC - 10%
Energy required to = MJ 114. 94 68.71 ; 183. 65 139. 27 » 69,60 | 208, 87
evaporize water L% 70. 14 10,08 4. 77 73.98 1115 28, 08
from wood % 10. 15 1.83 ¢ 719 11.77 5.13 8. 16
Energy required to | MJ 48.93 | 37.60 86. 53 48.98 4111 90. 09
raise the tempera- I i
ture of wet lumber % 29.86 ¢ 21.93 25.81 26,02 24.31 25,58
to the temperature i
inside solar drver % 4.33 2,64 3,39 414 3.03 3.58
Energy required to | MJ 0. 00 65. 12 65. 12 0.00 58. 41 58. 41
overcome the hygr- % 0.00 37.99 19. 42 0.00 34. 54 16. 34
oscopic force % 0. G0 4,58 2.55 0.00 4.31 | 2.30
Total energy required | 163,87 | 17143 335.30  188.25 | 16912 | 357.97
to remove water from| o 100, 00 100. 00 100.00 100,00 100. 00 100. 00
lumber % 14.47 1206 1313 | 15.91 12. 48 14. 04
MJ 72.71 64. 59 137.30 | 627 0. 00 2.7
Vent losses % 7.51 517 6.19 6. 30 0.00 2.41
% 6. 42 154 5.8 5. 30 0. 00 2.41
MJ 774. 25 1000.25  1774.50 827,91 | 964.30 1792, 21
Conduction losses % 79.92 80. 00 79, 98 83.22 81. 29 82.15
% 68.38 | 70.36 69,48 69.947 | 7114 70. 61
I :
L MJ N7.63 180,78 298, 41 106. 69 216. 89 317.58
Leakage losses L% 219 ¢+ 1446 13.45 1012+ 18.28 14. 65
L% 10,40 | 12.72 11.68 851 . 16.00 12.59
i ; X i
Energy required to 371 1,66 8. 40 355 | 5 11 8. 66
raise the tempera- | ;
ture of dryer com= . 0.39 0.7 0. 38 0.36 0.43 039
ponents to the te- 5 : |
mperature inside o, 0.33 0.32 0.33 0. 50 0.38 0.34
solar dryer
MJ o ogg a3 1s0.zs 2218061 994.98 | 118630 , 2181.%%
Total energy losses | % | 10000 | 100.00 . 100.00 100.00 100,00 100,00
%o 85.53 | 8794 8697 84.09 87.52 85.95
MJ 1132.20 | 142171 2653.91 1183. 23 1355.42 . 2538.65
Total energy inqut %, - - - - -
% 100.00 ¢ 10000 100,00 100. 00 100.00 . 100.00
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Average number and maximum length of surface.and end-check, and percentage of lumber

checked at the end of drying during active solar-dryirg period

! i Sapwond | . Sufacecheck . Endcheck _
Dving: method Species copo o | !Jm}k" Maximum ! Per”ontagn of Numberi Mammum? Per((n’agp of
Drying: me pecies F g/?l"" length Immberchew.,l\ed of % length  lumber checked
o e cotte Lo | e
N L Quercus >50 Tt 27 2 48 23 | 100
alienaBi <8 oBrooms w0 |54 w3 100
Air-drying j | ! ‘
Quercus N S O 50 Al 24 ; 10t
variabilis B, S ILd 00 0 75 25 100
‘ | j | |
Quercus L oom 1 L Le 38 02 | a1 :
aliena Bl Lo 36 | 4y 7 0.5 | Lo 33
! | ! |
Solar-drying 1 0ereus >0 Lz 08 ) 1 62 1
swariabilisBl <500 a1 1 33 67 0.4 L3 36
: 1
Quercus >80 L3 23 | 19 0.3 0.5 1
Solar- oliens B|. <500 4 16 58 0.7 0.8 18
dehumidification : l ‘
drying Quercus >3 1 04 0.8 7 0.2 3 1
variabilisBl <500 023 2.6 48 0.4 0.5 2
| Quercus LS50 05 |09 2 | 01| a1 1
oliena B, Lo 13 9.3 5 03 65 13
Kiln-drying ¢ ,
Quercus | > 0 1.2 20 L0 0.2 7
isariabilisgy | <50 Li b4 56 L0 0.6 | 2
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Table 9 Drying vield of 2. 5em-thick lumber of caks during active solar-drying period
_ | | Sapw hickness loss | Width loss
Drving method | ; apmof)d T\d\nen‘s 085 t mﬁ k \;17_1(1
Svecies proportion Hem) (%t )
pecies (%, | Twist Bow ' Cup bhru,l\age Warp
Quercus 250 101 07 LN L5467
' 2.01 9,01 | 56.48
Air-deving diena Bl 50 e 0.01 | 3648
Quercus 250 2,02 0 825 0.3 9223 . 7321
variabilis Bl <50 .01 | 0,48 | 0.13 90.51 ) 6579
Quercus 50 0.01 | 0,87 ;017 86.51 ¢ G005
aiena B <50 0.00 | 074 | 019 8185 | 30.18
Solac-drying Quercus 50 2011 6320l 0o ol sl
variabilis B| <50 D] 6630211 0 038! 8622 | 5529
Quercus >50 001 | 46 | 01T D 0 D030 85,58 | 6277
6,46 t |
Solar- | aliena Bl <50 001 | gy | OB 0 Doy 8435 | 60,91
I i | i
dehu:f’.f*”‘“"” ' Quercus S50 [ 80L| 827009 0 0N 05| 853 | 7028
yine variabilis B} <50 001039 001 G004 012 8369 | 66.0
- Quercus >50 D001 [ 49022 0 13 031 | 8083 . 5388
| aliena Bl <50 0L G& 00 e33O0l % 404
Kieding 1 guercus 50 o lelr | 0lz] 0 013 02 B | LY
wariabilis g s 0, 03 L0131 0 00w &9 63
EIRIER Y] KRG 2% 73.21%, Agen A, RS e S AU iRl A4
of Ae 72.94% 8 JEro] B KBRS v]o} HHE 1 L Aol A A E Y a1 53,
o] A% 70.28% Kt L & HIRMNERE B RA-E 50% 014 o] Kitel e vl & 4184 24y

o} FaGRe WAl g 50%0 3k A s
Hal & 50%01 % olstollA  BREKBEEEE
BE BT 60%01 ] ERKES Mo 11y
T ERE] 65.01% 2 KHumige 2% 63,
9% BT T Fot 474A HRHERT ERlE
M FEFALE o AN RRER LB
#EiRst BEEE A 2EUTAME AR
Fige A9t 2en AFoMe £RER
BriBAIRE RS A9 212t w8 GHRICES
JeE oy H ERKEER oM SRR
Bl B9 59.66% % LRER kigsEgo) A
- 55.90% Btk k35l
U FIUFE 2FITET G Sl
L, ¥ 7% 25 A8 50%0]»;}0
F7F AL 50%018H) AR o BRI
- HERE T, KRgtke A ﬁiisﬁliﬁc:qso}
e Azxrt 383 APHR Rapo £2
ojFol detAl B e A gty grow

o

rio o -40 m}o
s
424
lo
H

BE f¢ ox

i

st e,

5. #&

Dy
#p

2 97e vdve 97 B 5
HEE 4o 2R 23URg 3
AR st A SRR KBRERs 2

Al ete] EERBREG RS S4stn, w99
WS AR BREABREER, SRS
BABARE € KARSRES dAs9eH, #
REBes Hysis. LR Rk
(l?: MREEE, R Y GRICES via - B

18he 39, KEE#h =ejolo] e F5He

At dold ) KoL g Vst RERY
PRBAHEY =etololel By RAslmgx
Felvstel ) RRFER KIgsERe RIEAH
Bk 48 7heAde FYao

€ 7N 42 dES ggy g

A
e

olE



AMITHIE 1985 59

LoOBRER FEREG g Al miagte]o

ol MR wis gY H ol 36T

=

vl elar, 1€ mel 2 e HAens v)es)
@, ‘ff:%‘igwi Hf w2 1090] 100 %
B, A 293 10Cd w1k g
Jromi 2Lt e E AHslEgo
Ui, e ] ‘HRT;“ of gl wWEo] =)
22wt i ddgEe 9 Et ks
%‘ﬁﬂﬁﬁﬁﬁ' 44, 59, 18w 6,,‘0,3*11‘}.
3. (B RPRAAE R AR O A el S
68 7HAL et ok PEER KB <ol
B OSICAA Aestdn, BRERER ol
ololl M= 57C7HA Asatach BriEdER =
grolofe] Ao R EA KB vl
ol Adirsrch A RS
ES BRI A A s
Wit GIEE s REBAEREREAA 1.0%, 1
24 pRER RBRES] 6.8% . AKd

0% e, EEHge 3.4% /Hy¥vr #H

5. (EVEAERENE SRR A A s %ol
W oo]3kel K] HEEFE 10% 748 Hrw
BHET BRERBAGRAM 525 59¢, +
R KRB R A 62T} 69Y ARFEUL
vi. R BN e 1593 19U AasUL
U RRES A 12697 HAxEoly $ps
14.3% 742 A =5k

G KPR B R o A A & 50% o)
o} olshel Kite]l & 30%olA 10% W7
A BREABRGERAYNE RRTY KBH SIS
gzl vis) 27% 9 17% 9 BHEEEE e U2
t},

7. G AIS R IR ARl KIBE = 2ol o] o
e dd HE AHEE A SERE A FdEl
A&fEo] 8.70MJ2A FEEASE 7.27M] 3
A HHE 0.33MJR oF Boloud Waes g
HARHOHES 5. 3#\1}3. A g &4
€ H3 AHEe ARERFN 8 oIMIR

h

o

a4

v EEEY A 22MIK T B 550
Y, Wi EEE - M ERES 0529

Tk
1 ¥

i
i

wo ETE RN I AR ol
V- A ol &
o 2jéte] 69.48%, &7 &l ¢sta] 11.68%,
TR gl 2fale] 0.33% I, Sr)ol s}
S RRER KEBE e elojol = 5 38% Gon
LESEE =ololole 2. 41% %) w,lf}‘ﬂ %
BER AGHE atoloj o] IS 13.13% 2 A

TRBSE veboloja] g (404%HT) @

FIBE T gho] oo

HE deluiAs dAw

9 EM BRI A A iﬂ A FE
H{j%{ﬁiéo HL;uz,l ;r\n‘v w {:) ’5 ,7;1@@21*
el 36%, PREERET S 43%, TEM SpE
:§§§,@éf:§'9} 19%, TL2)al KEREZHEER O 89% 9
2 ch

10, (i A PE R IR R A B aisle) 9
o AT A ,*Jfé‘o**\ﬁ‘“' , R KR
BER 4 RREEIA 25 17 ““FOIO‘QL}
FEEgEol e 5 T vhebbol

SRR N h%?ﬂér{;f:ﬁﬁf’aﬁzl BRI Ry Aed

& 7.5%%) BRIEABEE R A 63, 0% 24
T8 14.3% 9! FaREE ] 63, 8%, 25
T& 8.3%%1 BERES 58.7%, 183 £

TE 8.9% Q) PREM AR ] 55.9% B}

Literature Cited

L. Bos, P ] 1977, Constructing and operating 4

small solarheated lumber drver. For. Prod.
Util. Tech. Rep. No. 7.

2. Cech, M. Y. and F. Plaff. 1978. Dehumidi-

fication drying of spruce studs. For. Prod. J.

Vol 28 No. 3.

3. Chen, P. Y. S 1981 Design and tests of a



FFE - AN B THe RAABMIIR S It BE S,
g B R e RITIOR CRIREY KM 9 PAECR ekl ek - T 5

500BF solar kiln. For. Prod. J. Vol. 31. NO.

4 cemreeens . W. A. Helmer. H. N. Rosen, and D. J.
Barton. 1982. Experimental solar dehumidifier
kiln for drying lumber. For. Prod. J. Vol 32
Np. 9.

5. - and W. A. Helmer. 1982. Principles of
dehumidification dryving. For. Prod. J. Vol 32.
No. 5.

6. oooeees , wemmeen . and H. N. Rosen. 1984. Ener-
gy efficient lumber dry kiln using solar collec-
tors and refrigeration system. United States
Patent 4, 432, 147, Feb. , 21, 1984.

7 oo and W. A Helmer. 1987. Design and
tests of a solar-dehumidifier kiln with heat
storage and heat recovery systems. For. Prod.
] Vol 37. No. 5.

& Cuppett, D. G. and E. P. Craft. 1975, Low-
temperature forced-air-drying of Appalachian
hardwoods. USDA NE-328.

9. Duffie, J. A. and W. A. Beckman. 1980. Solar
engineering of thermal processes. John Wiely
& Sons. Inc.

10. Eckelmann, C. A. and J. 1.. Baker. 1976
Heat and air requirements in the kiln drying of
wood. Purdue Univ. Res. Bull. No. 233

11, th¥ERF7eEE. 1988 FUF &FES £ &FIH
BAZESl B BHFE. MERRTREE

12. Helmer. W. A. . P. Y. S. Chen, H. N. Rosen,
and S. W. Wang. 1980. A theoretical model

for solar-dehumidification drying of wood.
Proc. 2nd International Symposium,
Drying'80, Vol. 2 :21-28.

13 s R , and M. B. vaidya 1982. A
computer model to simulate solar and solar
dehumidification lumber drying. Trans.
ASME Vol 104:182-186.

14, e , e . and S. Nazer-Adl. 1983. A

mathematical model for a solar absorption
tumber drying system. Proc. Gateway Energy
Conference:44-53.

15, s and P. Y S. Chen. 1985. Computer
simulation of a new method to dry lumber
using solar energy and absorption refrigera-
tion. Wood & Fiber Sci. 17 (4):464-476.

16, ceomeenn . 1986. A general collector sizing
method for solar kilns. For. Prod. ]. vol. 36.
No. 6.

17, wreees 1987, Model development and econ-
mic evaluation of a sensible unit utilized in a
solar-dehumidification lumber drying svstem.
Wood & Fiber Sci. 19(3%:246-261.

18. @i#/E. 1982, AMEHRS £l Ubnt

19. P REFE 1964~1987. REAHR FER

20 BETHEFEERE 1980, KHol He@EAL
BT FH#5:.F2201 ~F2202,

21, Krevzig, Erwin, 1972, Advanced engineering
mathematics. John Wiely & Sons Inc.

22, Litle, K. L. 1977, Design and performance
of foreign solar lumber dryer. Practcal applica-
tion of solar energy to wood processing.
FPRS:35-48.

23 - 1979, Solar-heated water dries lumber.
For. Prod. J. Vol 29. No. 2.

24 o 1981, Effect of weather on dry kiln

venting losses. For. Prod. J. Vol 31. No. 6.
25, - 1984, Industrial use of solar heat in

lumber drying:a long term performance report.
For. Prod. J. Vol 34. No. 9.

26. Liu, B. Y. H. and R. C. Jordan. 1963. The
long-term average performance of {lat-plate so-
lar energy collecters. Solar Energy Vol 7:53.

27. Lumley, T. G. and E. T. Choong. 1979
Technical and economical characteristics of

two solar kiln designs. For. Prod. J. Vol. 29.



A R VAR SRR e )

No. 7.

28 Maldonado, E. D and E. C. Peck. 1962
Drying by selar radiation in Puerto Rico. For
Prod. J. Oct. . 1962.

29. s E 2 2A. 1986, ARBEFIHIAM G2
(). RERXHAH 104,

31. Oliveira, L. C.G. . C.Skaar, and E M.
Wengert. 1982, Solar and air lumber drying
during winter in Virgima. For. Prod. ] Vol.
32. No. L.

32 Orgill. J. F. and K. G. T. Hollands. 1977.
Correlation equation for hourly diffuse radia-
tion on a horizontal surface. Solar Energy Vol
19:357.

33. Peck. E. C. 1962. Drying 4/4 red oak by
solar heat. For. Prod. J. Mar. , 1962

34. Plumtre, R. A. 1983 Some thoughts on de-
sign and control of solar timber kilns. For.
Prod. ] Vol 33.

35. Rasmussen, E. F. 1965. Seasoning small
quantities of lunber. FPL-089.

36. Read, W. R. . A. Choda.and P. 1. Copper.
1974 A sclar timber kiln. Solar Energy Vol
15:309-316.

37. Satish Kumar. 1981, Utilization of solar
energy in India. For. Prod. J. Sep.

38. Schneider. A. , F. Engelhardt, and L. Wag-
ner. 1979, Comparative investigations on air-
drying and solardrying of lumber under Cen-
tral European weather conditions, Part
1.Experimental station and results of the first
drying test. Holz als Roh- und Werkstoff 37.

39. Sharma. S. N. 1981. Solar drying of bwilding
timber. N, B. O. Journal. Oct. 1981

40, oo , Prem Nath, and S. P. Badon:. 1982,

A direct method for determination of energy

savings by thermal insulation in a glasshouse

tvpe solar kiln. ] Timb Dev Assoc (India),
Jul. 1982

41 Srau, J. F. 1984, Transport processes in
wood. Springer-Verlag.

42 Skaar. C 1972, Water in wood. Syracuse
Univ. Press.

43 FrEH R E Sb 3AL 1980, KM EIIC Hit
LEBAOFIRELIR). AERHH. 108

A4, e 1981 (28R, 8H.

W HRERF®R F725%

46. Taylor. K. J. and A. D. Weir. 1985. Simula-
tion of a solar timber drver. Solar Energy Vol
34, No. 3.

47 FRE967T. RGO i L T IRwRE
B, AHI1E

48, Troxell, H. E and L. A. Muller. 1968. Solar
lumber drying in the Central Rocky Mountain
Region. For. Prod. J. Vol. 18 No. L.

49 Tschernitz, J. L. and W. T. Simpson. 19749,
Solar-heated lumber dryer for tropical lati-
tudes. Solar Energy Vol 22:563-566.

50, woees and oo . 1984, Solar dry kiln for
tropical latitudes. For. Prod. J. Vol 34 No 5.

51. <o and -—---. 1985. FPL design for lum-
ber dry kiln using solar/wood energy in tro-
pical latitudes. FPL-44.

52, - 1986. Solar energy for wood drying
using direct or indirect collection with
supplemental heating:A computer analysis.
FPL Res. Pap. 477

53. USDA FPL . 1974, Wood handbood. US
Government Printing Office p20-6.

54. Wengert, E. M. 1971. [mprovements in solar
dry kiln design. FPL-0212

55 Wetherby, E. C. 1980, Improvements in de-
humidification drying. Midwest Seasoning

Assoc



