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Abstract

Rice drying is a post-harvest technique for loss prevention. For Thai
férmers, the natural sun drying is the present method for rice drying.
Though the method is efficient for the first crop &rying the disadvantages
‘are the losses of grain and also it ean not efficiently use for second
crop drying because of rainy season.

In order to come up with-a_befter metho& for rice drying, several pro-
jects have been carried out by governmental agencles and universities.
Thia project is one of thems The ﬁain objective of the project is to seek
for a better method and equipment fof”tice drying at a better efficiency
sud low cost. | -

From the study'on losées due to the’;acknesa of better drying method,

237ﬁthe sizes of the losses are used as the dndex for consideration of necessi-

ty of farmers and government to have a better drying method than the natu-
ral sun drying. Moreover, the gizes of the losses can be used as an
.opportunity cost that tan be reduced by a better drying method. The study

shows that it is essential for both farmers and govermment to seek for a

- better drying method.

From the study on educatioﬁal’background and_technological acceptability
of Thai farmers which are the target consumers éf the project, the suitable
& consumers and xice-dryerccharacteristics care-specified) for, the technical
&éyelopment of rice dryer. With the tenhnulogical acceptability and econo-
mic status, the size of the demand on best rice dryer is predicted.

The rice dryer specified for the research and development 1s that the
ficg dryer.is a compartment of an occupied rice bin installed at the upper

péft of the bin closed to the roof. The roof of the bin which is made of



&

2 rolled gavanized sheet is used as an absorber plate by black painting

. end then covered with glass. The hot air will be drawn into the drying

compartment by a blower driven by an electricity or a diesel engine.

The design of the rice dryer which is of a forced air circulation type

15 designed by a computer simulation techmique.  The validation of the

gsimulation model of the rice dryer.l is tested by the compatison of the cal-

culated data and the experimental data of a scaled rice dryer of 50 kg.

:_,.‘t‘:apa__city-. The simulation model is accepted for its validation, Hence,

it can be used for designing rice Elry"er.

Other than the validation test of the simulation model, the scaled rice

'drye'r is used in collecting data for benefit and cost analysis.

From costs derived from the scaled rice dryér and information of con-

struction materials, the comstruction cost and operating and maintenance

2 cogts are estimated for a rice dryer of 1 t{:inj_'da.y capacity at average

I__:'-s.olar' radiation or 2. tons/day on the good solar radiation which is a
‘r-e’comended size for real utilization. The comparison between the cost of

 the rice dryer and the benefit which will eamn from a best rice dryer is

made and the recommendation is that the developed rice dryer is more suit-

Lo e s (e il

~able for a cooperative than an individual farmer.
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L ) 4 \ 1 - 4 ”
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: Production yearbook 1975, Food and Agncultural Organization of the United Nations —Rome.

mim 4 ¥ wonninrvoslismalng  uazvoIuIbEMA WA, wleb—ln&ed
Table 4  Rice : Farming in Thailand snd Selected Countries, 1973—1975.
i i T % 44 4 ; o 4 g N -
HEninuIngy | Hﬂ’ﬂlnﬂﬂﬂﬂh TIUIUHDAND
. Harvested area . Average yield Production
tazing ‘Country . : ' % ,
W&ad b¥ea bod o Waeo b&od bSed | Wded | Wxed
1973 1974 1975 1973 1974 1975 1973 1974 1975
aj,090 1; liag—nn. tl,ooo il
1,000 rai kg. per rai 1,000 tons
Tny " Thailand 48,394 | 45,831 53,250, 308 292 283 14,898 13,386 | 15,092
mh | Burma 30,494 | 80,525 | 31,944 282 281 292 | 8,602 | 8,583 9,339
gﬂnun gmmtw . Fed. Malasia 4,619 4,625 4,3-1’:f 426 453 417 1,967 2,003 © 2,005
um]mm Philippines 21,481 22,119 23,128 260 256 282 5,594 5,660 6,512
14-.3 China 217,025F 3320,175F 225,000F 516 523 518 | 111,954F | 115,213F | 116,470F
m]u “Japan 16,387 " | 17,025 | 17,28% | 963 938 990 15,778 15,963 17,101
«nnm!mmn Korea Rep. 7,387 7,53} 75612 792 820 852 5,854 6,178 6,485
© EnIyeIIm U.S.A. 5,487 6,4 1441, 087 =167 793 817 4,208 5,098 5,789
’J";":“ Brazil 29,969 27,362 32,806 239 237 234 7,167 6,483 7,674
oLty India 239,281 | 237,012 | 241,250F | 276 255 292 66,077 60,380 70,500 F
shnumu Pakistan 9,450 |- 10,025 10,469 - 390 346 363 3,682 3,470 3,804
!Mﬂi‘l'!ll'rﬁ Bangladesh 61,737 | 61,900 63,231 289 274 292 17,863 16,930 18,468
ouTi;uwa Indonesia 52,525 53,356 | 153,744 409 426 . 430 . | 21,500 22,732 23,100
saumalan Worid Total 346,812 | 848,356 | 880,500 382 378 391 | 323,163 | 321,040 | 343,871
d
R H l.l!ﬂ'nﬂ"l‘l!ﬂll1nnB¢Iﬂ!H]ﬂlmﬂﬂlﬂ1
Javinaoy 9 h11mmzmnm'nulmwnmnmwmmnmmmmﬂmma—mdw
Sources : Thailand : Division of Agricultural Economics, i
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yrmundsTeu (Babt Housshold)
i da .
UMD ENIBY
(8izg of Cultivated Ares Under Management)
_ dwh el -da e W ed-tst.x 19 mo—eaa 1T
3 - (Less than 2 Rai) (2-59 Rab) (6-149 Rai) (15-299 Rsi) (30-84.9 Ral)
T o | o - '
Year Region ToWN | spdmmg o TR Fdna | ox of IR rmm o o] TEIAIN |guqogmme of TR fogrgmia| o2

: : wsowon | |TRVAEME g L T il 1L L] [, LI L] Twlignd
wmes | T s | i T can | i | R L cost| umer | ™ N | imses | T fe conn

Farm& | Farm IF'““ Fu%i Ferm Farm | Farmt & | Famm Farm | Farm& | Farm ll“iu'm Ferm & | Farm lFlm

N?ul-'im Expens neome i:l arm Expeases N}mhm Expensas Tncome | Non Farm Exponses neome N?g;‘m Expeuises Beoma

" (Central Plain) [20.348.27 [14,615.48 | 5,732.79 [u.gu.cﬂ BB40.28 [18,000.51 [12,204.97 | 5.072.48 | 8.389.49 {15.591.02 | 0.810.47 | 9.012.98 [19.264.75 | 7.802.79 [11,382.00

| szileen ; r & A : A
(East) {FROT5.89 | 9.269.73 |22.608.16 (48,074.29 (16.095.28 Ll’l.'iu'.sr {21.280.86 [10.261.64 [1.019.22 {16.206.67 | 7.265.58 le.081.01 |17.090.90 | 8.502.90 | 950009
bltebled mrTusemasswin | R ,
G978/74) (North East) 9278.17 | 1,089.88 | 5,189.99 | 7.297.07 | 264995 | 4.654.02) 4.714.88 | 1.309.57 | 3,505.01 [17,195.01 | $.214.70 [15,078.81 | 6.259.98 | 2,729.08 | 4,550.28
o - B
(Norsh) 9.680.89 | 1.501.94 | 5,080.95 [19.270.51 | 1,070.27 | 9,200.24| 7.680.05 | 2,620.88 | 6,158.20 [11.241.08 | 2541.42 m.an.m.n 5.181.00 | 8.691.08
(West) 20.409.3 [10,480.12 Lmr.n&nmrmnrmrxntﬂ #7858 ru.uur £.468.00 uu.nr!.m.u 9.299.78 [18.694.00
' ot :
(South) 1,16 | 1,485.58 {18.961.61 [54,250.19 | . 640.51 |34.180,08 ruuu 107697 | 0.514.79 {10,991.19 | 1,960.95 | 8.981.84 [16.961.11 | 4.860.08 | 0.501.08
(Avernge) 15.212.80 ¢.umrn.nui lﬂ_l.m.gs_ '3.274.81 | 8.588.24 | 9,496.18 | 490530 usm-ro.m.u 2.980.51 | 7.162.76 [12.396.70 | 4.889.34 | 8.000.52
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PBRCENTAGE OF FARM HOUSEHOLDS ACCORDING TO BIZRS OF FARM !!DLDING FOR AGRICULTURE

T LY eeod | wson’ [weoa it 0w’ | nevo” [ bres” 5;‘!'»1-:' weor?| neoc’ [neoe” | wees” waon”
Size of Farm Holdms 1963 | 1964 | ‘1965 {1966 | 1967 | 1968 { 1969 | 1970 | 1971 | 1972 | 10973 | 1074
Ueena 2 wryJ/ »
Less than 39 | 348 | 306") 265/} 232 | 208 | 183 | 161 | 142 | 124 | 109 | 0.96
2~ 59 1456 | 1321 | af99 1088 | 987" 895 | 812 | 737 | 669 | 607 | 550 | 490
6 — 14.9 29.38 | 28.83 | 28.29 12776 | 27.2¢ 2623 1 2623 | 2574 | 25.26 | 2478 | 24.32 | 2387 -
15 — 299 2751 | 27.91 | 28.32/] 28.79 | 2915 }.20.57 | 30.00 | 3044 | 30.89 | 31.34 | 3179 | 32.25 ®
30 — 449 13.35 | 1353 | 1398 | 24.33 {1475 | 1518 | 1663 | 16.08 | 16.55 | 17.03 | 17.53 | 18.04
46— 599 | 601 ) 635 | 672 | 70 751 {f‘;@p& 840 | 887 | 9.38 | 9.92 | 1049 | 11.09
60 — 1330 . . 5.08 | 553 | 603 | 657% 735 § 7.80 | 850 | 925 | 10.08 | 1099 | 1197 | 13.04
NN 140 035 {038 | 042 | 045 1 049 | 054 |.095 | 064 | 070 | 076 | 083 | 0090
More than J

L e S —

“n 1 dweluinway 3 weay AniheedRunin t'mnuwmnmﬁ

NDAATHIAIMITINYAT m:m‘mn“muzlmau

drzauniloy nouATEERIMTINEAY MIZNTINNY AT B EUNTE

Souree 1/  Agriculture census 1963. National Statistical Organization, Office of the Prime Minlstry
2/ DAE:, Ministry of Agriculture and Co-operatives

Estimate by DAE: Mitiistry of Agriculture snd Caioperatives’,
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Table | Crain loss of 4 rice varieties harvested at different harvest dates, Gapan,

Nueva Ecija (wet, 1972 and dry, 1q_§)

ey P e | s B e e e e -~ el R o g — - s .. ———

-

- v — —— . —— g G~ m e e s e wen i m——a

_Treatment (Date of harvest)

e e — |

P —

- e o —

] ' =6 _O (Harvest) ¥
Variety Type of - g M, C. Grain H. ¢, Crafn W, T, Grain
: irriga- S 1ARY - loss at loss at loss
tion sadd g harvest (kg/ha) harvest (kg/ha) harvest (kg/ha)
. ' Wet Season
IR 20 Irrigated LS s 150 208 27.5  18.0  44.6
F F 000 s/ (0.80%) (1.30%)
Rainfed / v 3 g B.4' 19.5 20.8 16.8 34.8

PRSNGSR W N __ B R 7 S (Y &) I

M he e B e S g S B Ba 8 b e R e g ————————

o WY SR Trzatment (Date of barvest)

PEGHRCL N, _____9 ....,.._.'."’.5‘_....
Variety Type of M. C. Grain M. C.  Crain 1. C.  Grain
irriga- at loss at loss at loss

tion harvest (kg/ha) harvest (kg/ha) - narvest (kg/ha)

—_— ' L
- WM et o B mgm e sl A B e e m vk e B M s momm mom o= o— owow =

Dry Season

IR 20  Irrigated 22,4 . 38.8 20,0  61.7 16.6 74.1
. , (1.00%) (Lo43%) (2.06%)

IR 24 Irrigated,| 23.1 | 23.6 20.1 bl 118.2. 4s.C
3 0797y © 0 (1927%) = (1.73%)

C4~63 Irrigated 23.0 58.9 20.6 78.9 16.6 74.6
(L64%) | o €21 12) , (2.10%)

TR 253 Irrigated (23,2 | | 82.3 . .20.5| 102.6 18. 1 EN1E22.3
(z A?%) (3.03%) (3719%)

Hf'bi_'

at

_(1.85%)

e e e RS % SS—

Grain
loss

barvest (kg/ha)

L]

£~ o

16.3

- e -

74.0
(2.08%)

46.8
(2.00%)

87.9

(2.68%)

128,8
(4.067)

w/ Figures in parentheses indicate grain loss &
yvield.

8 a percent of cneal grain

Lo uthnuLy

501



Table 2

‘116

Rough rice yield and percent head and milled rice yields for
mechanically and sun-dried IR?&? samplea harvested at 10 different dates_
~ IRRI, 1972 wet season.

Rough

s M,C, Mechanical e Sun-dried

Days of : .at ¢ rice : Head : Broken : Total : Head : Broken : Total

harvest : har- : yield ¢ rice ¢ rice : milled : rice : rice : miiled
(0S)* : veet s(kg/ha): % ¢ % ¢ % ¢+ %2 : % .2
105 23,8 5933  62.7 9.1 71.8 56.5 15.7 72,2
108 22,7 6200 64.4 7.6 72.0  54.2 18.0 72,2
111 20.4 6533 _62.1 9.9 72,0 46.3  25.2 75.5
114 19.1 6233 __63.7 87 72,4, 59.2 13.5 72.7
117 18.8 5400 62,9 9.4 12.3 53.7 18.3 72.0
120 17.9 5267 58«4 14.3 . 72,7 54.5 19.0 73.5
123 17.2 51007 4541 26,9 72,0~ . 41.6  31.3 72.9
126 17.5 5400 44,2/ 27.8 72.0 . 38.2 34.7 72.9
129 19.2 4433 39.7// 31.2 70.9 " 17.7  52.0 69.7
132 20.9 5133 /34.0 //36.7° 70.7 13.9 55.3 . 6%.2
b

Table 3

*Days after seeding.

- Rough rice yield and perceﬂt hesd and milled rice y*eldu for
mechanically and sun-dried IR24 aaaplea harvested on 10 different dates,
IRRI, 1972 wet season. A8

Rough

: M.C. H Hechantcal t Sun~dried

Days of ; at ; rice : Head : Broken : Total ; Hea roken . lotal

harvest : har- ; yield § rice ; rice : milled ¢ rice : rice . milled
(DS)* : vest :(kg/ha): T : % g% ¢ % % 2
113 24,5~ 2533 1443 23.8 68.1 7 | 31.5 37.2 68.7
116 21.7 2667 | (51,6 '17.1 68,7 33.8 35,7 69.5
119 19.5 2200 54.5 16.6 €9.1 46.8 22,2 69,0
122 17.4 1833, .51.0 i7.0 68,0 47.0 21.0 68.0
125 23.6 1567 [ 35.8 30.7 66.5 19.3 47.0 66.3
128 16.2 933 44,5 20.5 65.0  40.8 25.0 65.8
131 18.0 900 - - = 26,6 38.3 64.9
134 19,6 200 - - - L= - -
137 = - - = - - - -
lm - - - - - - L -

]

*Daya after seeding.
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Y < 194 + 0.4
Tond Y = aﬁiﬂﬁmun111§i;1ﬂuﬂuuﬁaL5nﬂﬁn 2 o (fiuiu)

X = uanﬁu11ﬂﬁ11uﬁu1d1n(ﬁuaﬁunﬁn)
ua.ﬂ1nﬂﬂ1uﬂunﬁﬁlﬁv1nnﬂ1ﬁﬁuimianaﬂﬁsuauaTunw11oﬁ .1 ua-qﬁﬂﬂ1nunalﬂﬂ
q1nﬁuﬁ11annau:ﬁﬁLﬁunsﬁ(Linear Regre951on Equatian)

Y = a‘+~bx
Tavdl Ca=% - bx

b= RINY ”‘“ix)( EY:L
3 fxi:i-— q 7
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gayalunmarnusumsanvAasn1IIn lauy

a* gasnafiela  mnwRswniIIe
(Fuamun) Tovrwunifin
% (Fuku) ¥, oo g e @D
2813 8.71 5.1(1) 75,69 44, 42 306 ,6 53,73 128 .35
2514 10.99 8.81 120.78 /(7484 281.95 31.88 85.59
2515 16.27 8.40 264 .71 1ae.§1A- 88 .00 16.24 40 .10
2518 29.18 10.88 881.47/  316.02 8.76 2.58 4.74
2617 - - 29.88 14,50 892.81 43%.26 13.40 4.28 7.58
2518 30.27 14,60 816427 433.954, 16,40 4.29 8.38
2819 28.18 14.00(2) 794.13° "394.55??}f 3.84 2,46 8.08
2s20 32.96 15.4 108E.36 507;séiivs’45.4a 8.82 20 .02
2521 40 .43 18,6 \1§g§,§§>.;a§:£;q —201.82 16.56 57.83
2522 . 36.33° 18.3 1248.21 646.54 82,99 94,48 53,48
124,34 7884.99 174.07 408.185

. 262.20

3658,87 1010.29
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(10(3659.87) -~ (262.2)(124.34))/(10(7884.99)—(262.2)2)

0.40

o
i

(124.34/10) -.0.&0(262.2/109

- 1'94

409.15//(1010,29)(174.97)

H
il

= 0,97
31271 ¢ Snlnd 1 usaed aaduifusiasasneyamsnfuanusavanassalau b
1ylulinuas (B 1sunss uaz iflassnsn ¢ ﬂr'l"uﬁuu;:l'n uiaa1 1feyamznn iRuffunanunes
masaloun fufumulugae ‘
indams Y = 1.94 +s0.411 azmangz iuensR e ltselovsuaidnlia 2 a8
savils inalulareql akeRsa il a.2
" angedl Rz

; 4 /| e | i i
ATsMAAT WA M aves laseloumunai@ngiin 2 as

g uai1§11ﬂﬁ1aﬁ1g1u1;' ?1a11uﬁavn111m1uu1nu1n;§n

() (k)

~ 2523 aa.@éfﬁ - 15.15

2524 , ’a.01 : {6‘54'
2525 35.03 : 15.85
2526 . 86,08 g 16 .37
2527 a7.18 :i‘_ 16,80
2528 38.28 17.28
2528 39.43 17.71
2520 40;51 18.18

1 inmaewaal sl mumeamans wumsknluuasstoasunuiienn (15) Semiman wa
asati1g idu 1ededenas 3 Aell gumesimiafuns wlenifouirielaseeae

fl 2515-2522 (18) Telmussuna 2034.32 un/ induu
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[INITIALIZE DATA]

HT
HB

COMPUTE H#s, HiST
HDT, HT

{ CONPUTE  RB

R £ 0.0 OR

0 w8 = 0.0

F

| COMPUTE xx'rl

.

'!.2 nuunwmﬂﬂ:unmaﬂu RADIA ‘nmunm'mmme ﬁﬂlﬂﬁ"lﬁﬂl’
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INITIALIZE DATA|
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fINITIALIZE DATA

| COMPUTE RH, RHH, ME|

(Tia1 = Thl {cowpPUTa Tiw | |
| PO

NO

irie < Tiw1) < 0.0

{compuTE RHE]

COMPUTE Y

[compire we, ]

1

lcompute  DEIM, TA)

fcompuTs TE}

-‘ . 3 - . . . -y ¢
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MAIN PROGRAM

THIS PROGRAM SIMULATE THE PROCESS OF SOLAR.RICE DRYER, TO PREDICT THE

DRYING OF RICE USING SOLAR ENERGY

REAL MO, M
COMMON DAX SLOPE, AZMTH,ALAT

COMMON A, FP ALF, UL TAU, Flmnm

COMMON An:n,smmmzn,MC,DEPTH,DTIME

COMMON TC,HR,TD,TW,TA,HT, THOT,EFF,M, TH, THW , CELM
pmmmn OFSUBROUTINE mm(mm DAY, SLOPE s AZMTH)
READ(1,11) DATE,DAY,SLOPE,AZMIH,ALAT

PARAMETER OF SUBROUTINE COLLEC(A, FP #ALF, UL, TAU, FLWRT)
READ(1,21) A,FP,ALF,UL,TAU,FLWRT

PARAMETER OF SUBROUTINE DRYING(TIMEC ABIN,FL, PTE MO,WEIGH DTIME)
READ(1, 31) TIMEQO, ABIN, FLWRTB , MC, WEIGH, DTIME
DTIMEl = DTIME*60,

BD = 499.70 + 8,33*MC%100./(MC + 100.)

DEPTH = WEIGH*100./(ABIN*BD) ¥

WRITE (3, 13) DATE, MO, TTMEO, WEIGH, DEPTH FLWRTB,ABIN,DTIMEL,
*A,SLOPE , AZMTH, FRyALE, TAU, UL, FEWRI,ALAT :
WRITE(3,43)

WRITE(3,23) TIMEO,MO

AM = TIMEC

IM = TIMEC

BM = IM

CM = AM - BM

TC = BM + CM/0.6 + DTIMEIZ.

DO 300 J = 1,20

INPUT OF THE PRDGRAM(TIME,HR TD,TW,TA)
READ(1,4) TIME,HR,TD,TW,TA

IF(TIHE .EQ. 0.0) GO _TQ 500

TCl = TIME + DTIME#*0,60

AM1 = TC1

IMl = TC1

BMl = TN1

CML = AM1 - BMl

IF(CML .GT, 0.59) TC1 = BMI + 1. +.CM1 - 0.60
CALL RADIA

CALL COLLEG

CALL DRYING ,

WRITE(3,33) TCl,HR,M,DELM,TA,TW,THOT,TB, THW,EFF
TC = TC + DTIME

MCT= M

CONTINUE

CONTINUE /

FORMAT (16,F3,0,3F5,2)

FORMAT (F4,2,2F3,2,F4.1,F3.2,F6,2)
FORMAT(F4.2,F4,.2,76,2,F4,2,F5.2,F3.2) :
PORMAT (1H1,//10X,44HSIMULATION OF RICE DRYING USING SOLAR ENERGY
* {]_{)x'44}1********************H****************t**ﬁ#*

* ///12X,17HINITIAL CONDITION,10X,4HDATE,I10
® [12X, 1 7TH***ddkikkkhkkdhih 10X, L4H* dikkikhihidhik

* f/13x 16HMOISTURE CONTENT,F12,2,2X,11H%Z DRY BASIS
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* f13X,10HTIME START, F18.2
* /13X,14HWEIGHT OF RI€E,Fl4.2,2X,8HKILOGRAM
* /13X,134DEPTH OF RICE,F15.2,2X, 10HCENTIMETER
% /13X,16HDRYING FLOW RATE,F12.2,2X,5HKG/HR
/13X,18HAREA OF DRYING BIN,F10.2,2X,5HSQ.M.
/13X,13HTIME INTERVAL,F13.0,4X,6HMINUTE
/ /12X ,32HSPECIFICATION OF SOLAR COLLECTOR
]12}{ . 3 2}1*************************ﬁ*******
/ /13X ,4EAREA , F24 .2 ,2X, 5HSO ..M,
/13X,5HSLOPE,¥23.2,2X,6HDEGREE
/13X,13HAZIMUTH ANFLF F15,2,2X ,6HDEGREE
/13X,11HEFF. FACTOR, ¥17.2 -
/13X, 17HPLATE ABSOR;TANCE F11.2
/13K,19HCOVER TRANSMITTANCE ,F9.2
/13X, 2HUL,F26, 2,2X,13HKT /S0 .M, -HR=C
/13X, 9HFLOW RATE4F19,2,2X,5HKG/HR
* /13X,8HLOCATION, on 24 2x GHDEFREE :
43 FORMAT(1HI, lflllx 4HTIME 4x 2HHR, 6X, 2HMC , 5%, 4HDELM, 3X , 2HTA,, 5%,
* 3HTWA,4X 4HTHOT,SX ZHTR,BX BHTWE 43 SHEFF f11x 4H**** 4X,
* QUk%, 6X, 2Hk% 5K, 4H¥k*¥% 3K ZF** sx 3H*** 4x,4n**** 2X,2H%*% 5%,
* 31.1*3* .ﬁx 33***;) _
23 _FORMAT(/IOT F542,9%,77.2)
41 FORMAT(F4.2,F6.2,3F4;2)=
33 FORMAT(/10X,F5.2,F9%:2,8%7,2)
STOP
END

o N N N O H RN N R N
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SUBROUTINE RADTA

THIS ROUTINE (SOLAR RADIATION PROCESSOR) PROCESSES SOLAR RADIATION
DATA MEASURED ON A HORIZONTAL SURFACE TO ESTIMATE THE RADIATION
INCIDENT ON A TILTED SURFACE USING AN ASSUMPTION THAT THE DIFFUSE
RADTATION IS TAKEN TO BE UNIFORMLY DISTRIBUTED(RC = 1, 0)
REKKXRPARAMETER* %k &%

DAY -~ THE DAY OF THE YEAR
SLOPE - THE SLOPE OF THE COLLECTOR SURFACE WITH RESPECT TO THE
~ HORIZONTAL(DEGREE)
AZMTH - THE AZIMUTH OF ORIENTATION ANGLE (DEGREE)
*&***INPUT*****
HR ~ THE TOTAL RADIATTON INCIDENT ON A HORIZONTAL SURWACE
(XJ/S0.M.-HR)
iy b2y - TIME OF THE DAY
REAREQUTPUTR AR %%
HT - THE TOTAL RADIATION INCIDENT ON A'TILTED SURFACE(KJ!SG .~HR)
HBT - THE BEAMJRADIATION INCIDENT ON A TILTED SURFACE (KJ /S0, M. ~HR)
HDT - THE DIFFUSE RADIATION INCIDENT ON A TILTED SURFACE
(K3/SQ M.~-HR)

DATA RDCONV/0.,0174533/,P1/3. 1415927/ sc/ 871./
COMMON DAY, SLOPE, AZMTH ,ALAT, :
COMMON A, P, ,ALF, UL, TAL , FLURT

COMMON ABIN,FLWRTB,MG DEPTH, DTIME .

COMMON TC,HR,TD,TW,TA,HT,THOT ,EFF,M,TB ,THY ,DELM
COSLAT = COS(ALAT*RDCONV}

SINLAT = SIN(ALAT*RDCORV)

COSAZM = COS (AZMTH*RDCONV) :

SINAZM = SIN(AZMTHARDCONV)

COSSLP = COS(SLOPEARDCONV)

SINSLP = SIN(SLOPE*RDCONV) -

HT = 0.0
HBT = 0.0
HDT = 0.0
HB = 0.0
HD = 0,0
RB = 0.0

IF(HR.LE.0.0) GOTO LO
COMPUTER SOLAR DECLENATION(DECREE)
DECL = 23.45%SIN((284., + DAY) /365, %P1#*2,)
COSDEC = COS (DECL*RDCONV)
SINDEC = SIN(DECL*RDCONV)
5% ECC = 1.~ 0,033%COS(2, *PT*DAY/365) | °
ECC IS THE ECCENTRICITY CORRECTION FACTOR FOR THE SOLAR CONSTANT
HRANG = (12.~ TC)*15,
COSHR =  COS(HRANG*RDCONV)
SINHR = SIN(DECL*RDCONV)
COSTZ = CINDECXSINLAT + COSDEC*COSLAT*#COSHR
COSTZ IS THE COSINE OF THE ANGLE OF BEAM RADIATION INCIDENT ON
HORIZONTAL SURFACE
IF(COSTZ.LE.0.0) GO TO 10
HFX = SC*ECC*COSTZ
HEX IS THE EXTRATERRESTRIAL RADIATION ON A HORIZONTAL SURFACE
SC IS THE SOLAR CONSTANT
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COSTT = SINDEC*SINLAT*COSSLP - SINDEC*COSLAT*SINSLP*COSAZM

* +COSDEC*COSLAT*COSSLP*COSHR
* +COSDEC*SINLAT*SINSLP*COSAZM*COSHR
X, +COSDEC*SINSLP*SINAZM*SINHR

COSTT IS THE COSINE OF THE ANGLE OF BEAM RADIATION INCIDENT ON A
TILTED SURFACE
IF(COSTT.LE.0,0) GO TO 10
RB = COSTT/COSTZ _
RB IS THE RATE OF BEAM RADIATION ON TILTED SURFACE TO THAT ON
HORIZONTAL SURFACE
IF (RB,LE.0.0 .OR.RB.GT.5.) RB = 0. 0
XKT = HR/HEX
XKT IS THE RATIO OF TOTAL RADIATION on A HORIZONTAL SURFACE TO THE
EXTRATERRESTRIAL RADIATION '
IF(KKT.GT.O.?S)XKT =10,75 |
= HR*(1.0045 + ((2.6313%XKT - 3.5277)*XKT + 0.04349)*XKT)
HD IS THE DIFFUSE RADIATION ON A HORIZONTAL SURFACE(KJ/SO M.=HR)
IF(HD.LE.0,0)HD = 0.0
HB = HR - HD
HB IS THE BEAM RADTATION ON A HORIZONTAL SURFACE (KJ/SO M.-HR)
HBT = HBXRB _
HDT = HD ' % '
HT = HBT + HDT .
10 CONTINUE
RETURN
END
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SUBROUTINE COLLEC
THIS ROUTINE(FLAT PLATE COLLECTOR) SIMULATES THE THERMAL PERFORMANCE
OF A FLAT PLATE SOLAR COLLECTOR _
*kkk*XPARAMETE R &% #

A -~ COLLECTOR AREA(SQ.M.)

FP - COLLECTOR EFFICIENCY FACTOR

ALF -~ COLLECTOR PLATE ABSORPTANCE

TA ~ TRANSMITTANCE OF THE COVER

FLWRT - COLLECTOR AIR FLOW RATE (KG/HR)

UL - THE OVERALL ENERGY LOSS COEFFICIENT
*****INPUT*****

HT - TOTAL RADIATION INCIDENT ON THE TILTED COLLECTOR SURFACE

(KJ/SQ.M.=HR)

TD - INLET AIR TEMPERATURE(C)

TA - AMBIENT TEMPERATURE (C)

*****OUTPUT*****

QU - THE USEFUL _ENERGY COLLECTION RATE(KJ/HR)
" THOT - HOT AIR TEMPERATURE LEAVING THE COLLECTOR(C)
EFF - THE COLLECTOR/EFFICIENCY (PERCENT)

DATA EG/0.88/45B/5.6697E-08/,CPA/1. 005/
COMMON DAY ,SLOPE,AZMTH ,ALAT
COMMON A,FP,ALF,UL,TAU,FLWRT
COMMON ABIN.FLWRTB Hc DEPTH DTIME 1
COMMON TC,HR,TD,TW, TA ,HT THﬂT,EFF,M TB, THw DELM
THOT] = TD %
20 CONTINUE S N _*
= (THOTL + TﬂO*O 5 e W
™ IS THE MEAN ATIR TEMPERATURE
QU = AXFP* (HT*TAU*ALF - UL*(TH
THOT = QU/(FLWRTCPA) + TD
IF(ABS(THOT = IHOTI) LT 0 01) Gc TO 30
THOT1 = THOT™ =
GO TO 20
30 CONTINUE ‘ AT
EFF = QUI(HRtA)*loo._“
RETURN
END
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SUBROUTINE DRYING

THIS ROUTINE SIMULATE THE PROCESS OF DRYING OF RICE.

*ERRAPARAMETERA %k k&

ABIN - DRYING BIN AREA(SO.M.)

FLWRTB - DRYING BIN AIR FLOW RATE (KG/HR)

MC - INITIAL MOISTURE CONTENT OF RICE (% DRY BASIS)

DEPTH - DEPTH OF RICE IN THE DRYING BIN(CENTIMETER)

DTIME - TIME INTERVAL OF DRYINC (HOUR)

*****INPUT***** :

D ~ INLET AIR TEMPERATURE ENTERING THE COLLECTOR(C)

™ ~ WET BULB INLET AIR TEMPERATURE ENTERING THE COLLECTOR(C)
THOT - HOT AIR TEMPERATHRE ENTERING THE DRYING BIN(C)
*****OUTPUT*****

M - MOISTURE CONTENT OF A RICE AT ANY TIME (%DRY BASIS)
T8 - OUTLET AIR TEMPERATURE LEAVING THE DRYING BIN(C)

TBW - WET BULB OUTLET TEMPERATURE LEAVING THE DRYING BIN(C)

REAL M,MC,ME,MR
DATA CPA/1. 005/,pA/101 325/

COMMON DAY SLOPE,AZMIH,ALAT

COMMON A,FP,ALF,UL;TAU FLWRT

COMMON ABIN,FLWBIB,ME,DEPTH,HTIME

COMMON TC,HR,TD,TW,TA, HT , THOT ,EFF ,M, TB, THW, DELM

COMPUTE EQUILIBRIUM MOISTURE CONTENT or RICE
TDK = TD + 273.15
TWK = TW + 273.15"
THOTK = THOT + 273.15
PSW = 6.89475*EXP(51.5945 = 6834, 2?1/THK - 5. 16923*AIBG(TWK))
PSW IS THE SATURATION VAPOR PRESSURE OF THE INLET AIR ENTERING THE
COLLECTOR AT THE TW(KPA) -
HFGI 1S THE LATENT HEAT OF VAPORIZATION OF WATER OF THE INLET AIR
ENTERING THE COLLECTOR AT TW (KJ/KG) -
HFGL = 2502.5353 = 2:3857%TwW
PV = PSW - CPA*(PA - PSW) /(0. 6219*HFGI)*(TB W)
PV IS THE VAPOR PRESSURE OF THE INLET AIR ENTERING THE COLLECTOR (KPA)
PS = 6,89475%EXP (51,5945 ~ 6834,271/TDK ~.5.16923*%ALOG(TDK))
PS IS THE SATURATION VAPOR PRESSURE OF THE INLET AIR ENTERING THE
COLLECTOR AT TC(KPA)
PSH = 6.8947S*EXP(51,5945) < 6834), 271/THOTK <=\ 5,16923*%AL0OG(THOTK)
PSH IS THE SATURATION VAPOR PRESSURE OF THE OUTLET AIR LEAVING THE
COLLECTOR AT THOT(KPA)
RH = PV/PS
RH IS THE RELATIVE HUMIDITY OF THE INLET ATR ENTERING THE COLLECTOR
RHH = PV/PSH" ©
RHH IS THE RE.I.ATIVE HUMIDITY OF THE OUTLET AIR LEAVING THE COLLECTOR
ME = ((-ALOG(l., - RHH))/(3.45366E- 05%(THOT + 46.20056)))**(1,/2.4451

COMPUTE THE WET BULB TEMPERATURE OF THE OUT LET AIR LEAVING THE
COLLECTOR
THWI = 25,
50 CONTINUE
HFG2 = 2502,5353 - 2,38576*THW1
HFG2 IS THE LATENT HEAT OF VAPORIZATION OF WATER OF THE OUTLET AIR
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LEAVING THE COLLECTOR AT THW1(XKJ/KG)

THWK = THW1 +274.15

PSHW = 6.89575%EXP(51.5945 ~ 6834,271/THWK - 5, 16923*ALOG(THVK)

PSHW IS THE SATURATION VAPOR PRESSURE OF THE OUTLET AIR LEAVING THE
COLLECTOR AT TEWL(KPA)

Rl = (6334,271/THWK = 5.16923)/THWK

Bl = CPA * (PA - PSHW)

B2 = 0.6219%HFG2

Fl1 = B1*(THOT - THW1) - B2%(PSEVW - PVY)

F2 =-Bl - CPA*(THOTETHHI)*PSHW*RI - B2XPSHWSR1+0, 6219*2 385?6*(PSHW-PV)

THY = THW1 = F1/F2 .
THW Is THE WET BULB TEMPER&TUQE OF TBE OUTLET AIR LEAVING THE
COLLECTOR(C)

IF (ABS (THW~THW1),LT.0. 01) co 10 60

THW1 = THW - :

GO TO 50

60 CONTINUE

COMPUTE THE RELATIVE HHHIDITY OF AIR EQUILIBRIUN TO THE MOISTURE
CONTENT
REE = 1, =~ EXP(-(3'45366E-05*(THOT+ 46. 20056)*(MC**2 4451)))

COMPUTE THE DRY BULB AIR TEMPERATURE EQUILIBRIUW TC TEE NOISTURE
CONTENT : :
B = B1/B2
TEl = 25.
70 CONTINUE
TEK = TBl + 273. 15 ;
PVE = RHE%6,89475*EXP (51, 59&5-683& 271/TEK—5 lGQZB*ALOG(TEK))
PVE IS THE VAPOR PRESSURE OF THE AIR EQUILIBRIUM TO THE MOISTURE®
CONTENT

Y

R2 = -(6834.271/TEK+5.16923) /TEK -
F3 = PSHW-B*(TEl=THW)=PVE

F4 = PVE*R2~-B

TE = TE1-F3/F4

TE IS THE AIR TEMPERATURE EQUILIBRIUM TO THE MOISTURE CONTENT
IF(ABS(TE-TEI) LT.0.01) GO TO 80
TEl =
0 TO 70
80 CCNTINUE

COMPUTE THE TIME UNIT , ‘
PO = 1,
90 CONTINUE
GCPO = =G*PO
F5 = 0,5-0. 750*(EXP(GPO)+EXP(4.*GPO))/4.+(EXP(9 %GP0))/%.)
F6 = 0.750%C* (EXP (GPO)+EXP (4 .*GPO)+EXP (9,.*GP0))
P = PO - F5/F6
P IS THE PERIOD OF HALF RESPONSE(HR)
IF (ABS(P-P0).LT.0.0001) GO TO 100
PO = P
GO TO 90 : : ; :
100 CONTINUE 5 w
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Y = DTIME/P
Y IS TEE TIME UNIT

COMPUTE THE DEPTH FACTOR
NP = DEPTH/100.
DEP IS THE DEPTH OF RICE IN THE DRYING BIN(METER)
BD = 499,70+8.33*MC*100, l(nc+100 )
BD IS THE BULK DENSITY OF RICE
HFG = 2502,5353 = 2,38576*THOT i
HFG IS THE LATENT HEAT OF VAPORIZATION OF MOISTURE IN THE RICE
W = BD*ABIN#DER/(1.+MC/100,)
W 1S WEIGHT OF RICE TO BE, DRIED
D = W*HFC¥(MC-HE) / (FLWRTB*CPA*P* (THOT-TE) *100, 3
D IS THE DEPTH FACTOR

COHPUTE THE' MOISTURE CONTENT OF RICE AT ANY TIME
= 2, **D/(2  REDERD  #RY=1,)
MR IS THE MOISTURE RATIO OF  RICE
M = ME _# MR¥ (MC-ME)
DELM = MC/= M | .
COMPUTE THE DRY/BULB AIR TEMPERATURE LEAVING THE DRYING BIN
'EDL = 499,70+ 8.33%1%100./ (0100 )
WW = (BD=BD1)*ABINADEP
WW IS WEIGHT OF WATER REMOVED .
TB = THOT-WWHHEG/ (CPAXFLWRIE*DTIME)
TB IS THE AIR TEMPERATURE LE&yIﬁG THE DRYING BIN(C)
RETURN
END
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| SIMULATION O F RICE DRYING USING SOLAR ENERGY

* INITIAL CONDITION © . DATE 90181
MOISTURE CONTENT  21.46% DRY BASIS
TIME START i 9.00 i
WEIGHT OF RICE LAY : 50.00  KILOGRAM
DEPTH OF RICE - TTE CENTIMETER

DRYING FLOW RATE-'
AREA OF DRYING BIN
TIME INTERVAL

SPECIFICATION OF S

AREA 5Q.M.

SLOPE DEGREE
AZIMUTH ANGLE DEGREE
EFF. FACTOR '

PLATE ABSORPTANCE

covm mmsmmmcs ;
N KJ/SQ.M.-HR-C
" FLOW RATE KG/HR
LOCATION = DEGREE

ﬁﬂ']U‘l«L’JVIEJ‘USﬂ'ﬁ
QW’]%W ﬂiﬂ,LﬁJ‘I/‘i']’J‘Vl El']ﬂ?.l




TIME

9.00 ;

9.15

9.30 :

9.45
10.00
10.15
10.30
10.45
11.00
11.15
11,30
11.45
;. «12,00

1281.88
1778.10
1860.80
2005.53
2067.56
2274.31
2357.01
2419.0L
2584 .45
2625.80
2667.15
2708.50

MC

21.46
21.23
20.96
20.66
20,36
20.06
19.7h
19.k40
19,0k

18,664

18.29
17.92
3755

DELM

0.23
0.27
0.29
0.30
0.30
0.32
0.3k

0.36

0.37
J0.37
0.37

f0.37.

TA

28.43

29.40
30,10
30.33
31.13
31.70
32.43

32.63
33.00°

33.27
33.47

33,77
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TWA

22,63
23.03
22,97
23423
2,00
24,03
24.07
23,58
23.87
23.67
23.67
123,83

THOT

31.29
33.49
34,35
34.91

,35.82

36.88
37.79
38.12
38.80

39,25

39.54
39.94

28.32
29099
30.56

31.0L4

31.83

32.65

33.29

33.40:

33.93
3%.30
3k.55
34.98

TWB

23.h2
2.1k
ok.12
24 . 46
25.22

25.37

25.45
24,98
24,93
25.23
25.26

25.43

EFF

73.84
76.12

75,59

75.51
75.11
T5.k2
75.27
75.13
75.40

75.32

75.31
75.36
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10,15 1860.80| 20.39 0.24 31.37“ 2547 1/35.97 '38.13| 30.00 | 26.47 81,81
10.30| 1778.10] 20.00| 0.39 | 31.67 |'25.70 | 36,40 38,53 | 30.00 | 26.63 8€.03
10.45| 161269 | 19.52| 0.48 [+32:50 | 25.77 | 37.30 | 39:83 | 30.83 | 26.83 98.50
11.00| 1943.50 | 19.28| 0.24 | 32:25 [ 25.60 | 3797 | 39.93| 31.67 | 26.53 94.33
49.15 1695.40 18.62| 0.66 32.60 25.50 S Te0 7 40.23 31,?3. 27.00 98.96
11,30 | 1529.99 | 18.25{ 0.37 | 33.70 25.63‘ 38.17 40,50 | 32.43 | 26.77 a6, 64
11.45 | 1486.64 | 17.69| 0.56\) [ 53230 | 257331/1123 716 [ 41,250 32.87 | 27.00 97.15
12,00 | 1529.,99 | 17.14] 0.55 | 33.07 [ 25.60- | 37.40=| 41.13 | 33417 | 26.67 93,65
12,15 |'1240.53 | 16.7% 9-41 52:97| | 25,37 (| 36:63 | 40.17 | | 34450) | 26.37 27,64
L12.30| 1323.24 | 16.32) 0.0t | 33,53 | 25.67 | 37.50 | 40.43| 34.35 | 26.70 2%, 25

£hT



-
N1TIN .0 ‘ﬂﬁl&ﬁﬂ‘!?“ﬂﬁﬂ#ﬂ!ﬂ"}‘} L

“

v

¥ - T
vaenlnulgugeoing (8 unsamu 2524)

b d . ¥ i ¢ vr“,
s mhilarwruue tnos Bk sino—i- 1

- uﬁqaﬁﬂnﬁ naqgéu 4nnT QmmgﬁgiﬂuUﬂfﬁ(°ﬁ) qmﬁgﬁﬁﬂﬁ qqmgﬁﬁ qmwgﬁﬂﬂnvqnﬁﬂutcﬁ) Urz@nsnm

1207 |(flaval [12991) [anmaan [ neziaasnisting | anuuesujuuunn [ nrsidnz[nrzivhs | esauoeiy
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9,30 21,51 AR
"9.45] 1571.34| 21.26] 0.25 30.37 [(25,45 | 34.97- | 39.23| 28.00 | 26,17 96. 88
10,00| 1447.30[ 21.11| 0,15 30043 ;25;50 %ﬁﬁsfag' 39.00] 28.60 | 26.07 77.74
10.15| 1757.42| 20.77] 0.34 30.85 | 25.73 'h34:5o 39.13| 26.50 | 26.23 69.11
f1o.3o 1674.72}) 20,39 0.38 31.10 | /25487 _'§@2$5 39.231 29,33 | 26.53 69.76
10.45.| 2294.99] 19.95| 0.44 | 32.47 L2613 | 3785 | 40.57] 30.73 | '27.07 77429
11,00} 1964.18] 19.38] 0.57 32.17 | 25.43 ¢ 38,05 .f 41450| 31.90 | 26.83 98. 73
11.15__2598.37*'18;76 0.62 51,60 | 25.27 35.23 | 41.00| 31.83 | 26.30 50. 09
11.30|' 2357.01| 18.48] 0,28 32.87 |-25.57 | 37.70 | 41.73] 32.43 | 26.83 67.82
11.45| 2274.31| 17.97| 0.51 53033 10255250 | P840 | 42.20f 32.40 | 26.23 7377
12.00| 2687.82| 17.69| 0.28 33,77 5515 39.50 42,60} 32,55 | 26.47 75;01
12,15 | 2770.53 | 17.004,00968/ | 734657)/<25:13 9| |40987) 7| @3} 10| ")33350 || 27.0¢ 75.25
12.30 | 2294.99| 16.41| ©.59 | 34.53 | 25.40 | 40.07 | 43.50| 34.00 | 27.30 79.89
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9,00 21,46
9.15| 1281.88| 21.26] 0.20 28443/ 22.63 | 31.30 | 36.63| 26.00 | 23.83 74.09
9.30| 1778.10} 21.,16| 0.10 29.40 | 23,03 | 32,67 37.00| 26,90 23.67 60.86 I~
. - ; (i}
\| 9.45| 1860.80] 20.53| 0.63 30.100 | 22.97 | 33:53 | 37.23| 26,93 | 24.93 61.00
= 110.00 2005,53| 20.19| 0.34 30.33 | 23:23 | 34.23 38,00 27.67 | 24,17 64,35
10.15| 2067.56| 19.76| 0.43 31413 | 24.00 | 35.37 | 38063 29.30 | 25.13 67.87
10,30 2274.31| 19.38| 0.38 | “31.70 | 24.03 | 36.47 - 39.43 | 29,20 | 25,43 69. 41
10.45| 2357,01| 18.72| 0.66 32.43 | 24.07 | 37.53 | 39.33| 29.80 | 25.20 71.61
11.00| 2419.04] 18.16] 0.56 | 32.6%4 2353 | 37.90~) 40.17| 30.17 | 24.87 72.10
11.15| 2584.45| 17,60 0.56 33.00 | 123,37 | (38Js0 J|[46.578 30.53 | 25.00 70.43
11.30| 2625.80| 17.14| 0.46, | 33,27 | 23,67 | 38.95 <} 41.27| 31,40 | 25.63 71.33
11.45| 2667.15| 16.64]0.50 1033047 || 252670 35,47 | 41183/ 1320507 25.67 74,45
12,00| 2708.50| 16.23| 0.41 33,77 | 23.83 | 39.87 | 43.10 25,83 74.53
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